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HAS MORE THAN 

300,000 WIRELESS LAN 
DEVICES INSTALLED 
WORLDWIDE 

Nobody has more spread spectrum radios installed worldwide than Aironet. And nobody offers a broader 

line of products for creating wireless local area networks. 

From OEM radios for your wireless devices to our patented ARLAN' network architecture, Aironet can 

be your full line supplier of quality components for a complete, seamless wireless LAN solution. 

AIRONET’S WIRELESS OEM PRODUCTS 
OEM RADIOS 

▲ 2.4 GHz Direct Sequence 
Spread Spectrum 

▲ 900 MHz Direct Sequence 
Spread Spectrum 

▲ 2.4 GHz or 900 MHz 
Low Power MicroRadios" 

OEM WIRELESS LAN MODULES 

▲ 2.4 GHz Frequency Hopping 
PCMCIA at 1&2 Mbps’ 

▲ 2.4 GHz Direct Sequence 
at 1&2 Mbps 

▲ 900 MHz Direct Sequence 
at 860 Kbps 

WIRELESS LAN 
INFRASTRUCTURE PRODUCTS 

▲ ARLAN’ Patented Wireless 
LAN Network Software 

▲ Access Points for Ethernet, 
Token Ring, and LocalTalk 

▲ ISA, Microchannel and 
PCMCIA LAN Adapters 

Aironet 
AIRONET WIRELESS COMMUNICATIONS, INC. 

Wireless Bridges and Repeaters 

Call: T8OO-3-WIRELESS A 818-361-4918 ▲ Information via fax at 818-837-4341 ext. 291 ▲ Visit our Web site at http://www.aironet.com 

ARLAN is a registered trademark, MicroRadio and the Aironet logo are trademarks of Aironet Wireless Communications. Inc. 
All other product or trade references are the trademarks or registered trademarks of their respective owners. ©1995 Aironet Wireless Communications. Inc. 

•This device has not been approved by the Federal Communications Commission. 

Circle 75 for free literature - Circle 76 for immediate requirements. 
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Model AN920 
9 kHz to 2.9 GHz 

Model AN940 
9 kHz to 26.5 GHz 

REDEFINING PERFORMANCE & VALUE 
THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS 

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, 
9 kHz to 22 GHz for the AN930A, and 9 kHz to 26.5 GHz for 
the AN940, the AN900 series of spectrum analyzers can match 
your RF and microwave testing requirements. 

In addition to being full-featured, portable spectrum analyzers, 
each AN900 series model provides unique measurement 
features never before available on any spectrum analyzer. 
A wide 30 MHz resolution bandwidth filter provides 

unequalled measurement capability on wideband or spread 
spectrum signals. When used in combination with the built-in 
FM/AM receiver and modulation measurement scales, direct 
measurement of wideband signal modulation components, 
including frequency agile signals, is possible. 
A 25 MHz digitizing rate enables zero span measurements on 

pulsed RF and digital signals at sweep rates as fast as 200ns/div. 
Pretrigger and posttrigger delay allow precise time interval or 
gated measurements. 

An automatic trace limits test function performs unattended 
monitoring and detection of erroneous signal conditions. 
Captured signals can be automatically stored in memory with 
time and date stamp for later recall and analysis or sent directly 
to a plotter via the standard RS-232 or IEEE-488 interfaces. 
A logical front panel control layout that avoids the use of 

menus or shift keys simplifies operation and enhances user 
productivity. 

Other optional built-in features, including a 2.9 GHz tracking 
generator, quasi-peak detector, and 0.02 ppm time base, 
expand each model's possible uses. 

Contact IFR for more information or to arrange for a 
demonstration of the AN920, AN930A or AN940. 

IFRent/Lease Plan 
An easy way to operate the best in test equipment. 

Caill-800-835-2352 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita. Kansas 67215-8999 U.S.A. 
Phone 316/522-4981 / 1-800-835-2352 / FAX 316/522-1360 
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THE WORLD'S LARGEST SELECTION 
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2kHz- 10GHz $295
Choose from over 480 standard off-the-shelf models from 

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

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

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

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

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

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

cellular communications, cable systems and countless wireless applications. All units 

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

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

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



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

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

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

Call, write or fax for your free Surface Mount Designer's 
Guide and Handbook today! 

C3 Mini-Circuits’ 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCLE READER SERVICE CARD 

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

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 194 Rev Orig 
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Memos 
Cto8GHz $119
(up to +l9dBm output) From ̂(wooqty qty.) 

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in 

amplifiers cover your applications to 8GHz with higher gain, more output, and 
flatter response. Characterized with S-parameter data, these amplifiers are very 

easy to use. Simply sketch an interconnect layout, and the design is done. 
And ERA’S are engineered with wider bandwidths to eliminate your need for costly 

compensation networks and extra gain stages. So, review your present design 
and replace with Mini-Circuits new ERA technology. Lower overall cost, 

wide bandwidth stability, and lots to...ga/n/ 
Mini-Circuits... we’re redefining what VALUE is all about! 

Model 

ERA-1 
ERA-1SM 

ERA-2 
ERA-2SM 

ERA-3 
ERA-3SM 

ERA-4 
ERA-4SM 

ERA-5 
ERA-5SM 

*Freq. 

(MHz) 

DC-8000 
DC-8000 

DC-6000 
DC-6000 

DC-3000 
DC-3000 

DC-4000 
DC-4000 

DC-4000 
DC-4000 

firin 

(dB) 

11.6 
11.0 

149 
13.1 

20.2 
19.4 

13.9 
13.9 

19.0 
19.0 

Max Power Out 

(dBm, @1 dB Comp) 

13.0 
130 

14.0 
13.0 

11.0 
11.0 

▲19.1 
▲19.1 

▲19.6 
▲19.4 

Dynamic Range 

NF(dB) 

7.0 
7.0 

6.0 
6.0 

4.5 
4.5 

5.2 
5.2 

4.0 
4.0 

IP3(dBm) 

26 
26 

27 
27 

23 
23 

▲36 
▲36 

▲36 
▲36 

©Price 
$ea. (10 Qty) 

1.80 
1.85 

1.95 
2.00 

2.10 
2.15 

415 
4.20 

415 
420 

Note: Specs typical at 2GHz. 25°C. 
▲ Typ numbers tested at 1GHz. At 2GHz, Max Pwr Out may decrease by 0.4dB & IP3 by 3 to 4dB 

* Low frequency cutoff determined by external coupling capacitors. 

© Price (ea.) Qty 1000: ERA-1 $119, -2 $1.33, -3 $1.48, -4 or -5 $2.95 SM option same price. 

DESIGNER’S AMPLIFIER KITS: 
K1 -ERA: 10 of each ERA- 1 ,-2,-3 (30 pieces) only $49.95 

K1 -ERASM: 10 of each ERA-1SM.-2SM.-3SM (30 pieces) only $49.95 

K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95 

K2-ERASM: 10 each ERA-4SM.-5SM (20 pieces) only $69.95 

Chip Coupling Capacitors at 12c each (50 min.) 
Size (mils) Value 

80x50 10,22,47,68,100,220,470,680,1000, 
2200, 4700. 6800, 10,000 pf 

120x60 .002, .047, .068, .1 gf 

Typical Biasing 

Configuration ERA 

DOT —\ -f-

R bias (Required) 

X a. 
ERA-1 ERA-1SM 

ACTUAL 
SIZE 

C block 

IN—Ik 

RFC(Optionai) 

C block 

HH 0UT

For ERA models, pin 1 
identified by Red dot. 

C3 Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (71 8)332-4661 INTERNET http://www. minicircuits, com CMCLE RE4OER SERVICE CW 

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

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 214 Rev A 
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featured technology 
28 Measuring Range and 

Reliability for Part 15 
Systems 
Everyone wants to know “How far will this 
system work?” Answer: It depends. From 
the best possible results to actual perfor¬ 
mance, predictions and measurements 
define what is reasonable to expect from 
low power transmitters and their associat¬ 
ed receivers. 

— Bernard Kasmir, P.E. 

36 A Low-Voltage FMIF 
System for DECT and 
other High Speed GFSK 
Applications such as Digital European 
Cordless Telephone (DECT), wireless pri¬ 
vate branch exchanges (WPBX), Telepoint and Radio Local Loop (RLL) 
are served by an integrated circuit designed for high- speed digital 
wireless personal communication services (PCS). 

— Yangpeng Guo, Randall Yogi and Alvin Wong 

cover story 
44 Dual DDS Offers High Performance for Critical 

Applications 
The Globalstar low Earth orbit (LEO) satellite communications system 
makes use of a dual-direct digital synthesizer to meet the demands of 
digital frequency control required by high performance measurement 
systems. 

—Jonathan King 

tutorial 
66 Noise Sources and Noise Calculations for Op 

Amps 
Designers who use IC amplifiers can use information in this article to 
help them account for noise sources within the IC and generated in com¬ 
ponents directly attached to the IC. 

— Stephan Baier 
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74 Measured Effect of Seasonal Foliage Growth 
on a Short UHF Telemetry Link 
A year-long study has documented the fading likely to affect low power, 
fixed link telemetry systems used in areas where seasonal leaf growth 
may increase path loss. 

—Noel E. Evans 

79 An Introduction to Class-F Power Amplifiers 
What may be the oldest technique for improving the efficiency of an RF 
PA, the use of a multiple-resonator output filter, finds an application in 
high efficiency power amplifiers used in cellular and personal communi¬ 
cations systems. 

—Frederick H. Raab, Ph. D. 

RF Design 7 



RF editorial_ 
RF Design's Mission 
and New Editorial Team 

This family of amplifiers has been 
designed to give the system designers 
all the advantages of the larger 
amplifiers in a smaller package. 

By Don Bishop 
Editorial Director 

These drop-in amplifiers provide 
internal voltage regulation, reverse 
polarity protection and unconditional 
stability at a lower cost and better 
space efficiency. What more could 
you ask for? 

I I I I I I I I I I 
SINGLE STAGE 

MODEL# Freq._ Gain Pout N.E 
MSH-3143302-DI 1.8 -2.4 9.0 15.0 S.O 
MSH-4173401-DI 2.0 - 6.0 11.0 16.0 3.S 
MSH-5056601-DI 4.0 - 8.0 S.O 27.0 7.0 
MSH-6144401-DI 8.0-12.0 7.0 20.0 5.0 
MSH-7044401-DI 12.0 -18.0 4.5 20.0 5.0 
MSH-8044201-DI 18.0-26.0 4.5 10.0 5.0 

DUAL STAGE 
MODEL#_ Freq. Gain Pout N.E 

MSH-4352302-DI 2.0 -4.0 23.0 9.0 2.7 
MSH-4227602-DI 4.4 - 5.0 14.0 30.0 8.0 
MSH-4227603-DI 5.3-59 14.0 30.0 8.0 
MSH-5218601-DI 5.9 -6.4 14.0 30.0 8.0 
MSH-5218602-DI 6 4-7.2 14.0 30.0 8.0 
MSH-5218603-DI 7.1 -7.7 14.0 30.0 8.0 
MSH-6245301-DI 8.0-12.0 14.0 12.0 5.0 

TRIPLE STAGE 
MODEL#_ Freq. Gain Pout N.E 

MSH-4455502-DI 2.0 -4.0 28.0 22.0 6.0 
MSH-4552203-DI 2.0 -4.0 35.0 10.0 2.7 
MSH-5452202-D1 4.0 - 8.0 28.0 10.0 3.0 
MSH-5455402-DI 4.0 - 8.0 26.0 20.0 6.0 
MSH-7344401-DI 10.5-15.0 20.0 20.0 5.0 
MSH-7344203-DI 12.4-18.0 20.0 10.0 4.5 

I I I I I I I I I I 
For additional models and 
customized designs, please contact 
our sales dept 

Working as an editor for RF Design 
is the best job in RF engineering. 
Know who told me that? Gary Breed, 
the previous editor for more than 10 
years. He’s correct... even though he 
left... but he hasn’t left entirely. Gary 
continues as our consulting editor 
while he takes up new responsibilities 
for another company, publishing tech¬ 
nical books. 
This month, I’m introducing myself. 

Next month, I’ll be introducing our 
new technical editor. Stacey O’Rourke, 
our assistant editor, joined us a few 
months ago. We’re the new editorial 
team. 
My enthusiasm for RF dates from 

my teenage years, when I became a 
radio amateur and began working for 
broadcast stations. I was a manager of 
a consulting engineering firm for a 
time, and for the past 13 years, I’ve 
been an editor with Mobile Radio 
Technology. In fact, many companies 
that purchase components advertised 
in this magazine, advertise their fin¬ 
ished goods in Mobile Radio Technolo¬ 
gy and other Intertec Publishing mag¬ 
azines. I’m a joiner. I’m a member of 
IEEE and a life member of ARRL, 
QCWA and Radio Club of America. 
Intertec, by the way, is the new 

owner of this magazine, as of Dec. 15, 
1995. Intertec has been in the publish¬ 
ing business for 110 years, and RF 
Design fits well with many of the com¬ 
pany’s other titles, such as Broadcast 

Engineering, Video Systems, Millime¬ 
ter, Cellular Business, WirelessWorld, 
Cellular & Mobile International and 
Dealers’ Product Source. All of these 
publications serve industries that rely 
on RF to move information and images 
form one place to another. 

So, that’s something about me, and 
something about Intertec. I’m looking 
forward to meeting you and our adver¬ 
tisers through phone conversations, 
correspondence and meetings at con¬ 
ferences. 
I’m especially interested in papers to 

publish. Maybe that goes without say¬ 
ing, but I’m saying it, anyway. From 
our mission statement: 
RF Design is the only technical pub¬ 

lication written exclusively for engi¬ 
neers working in radio frequencies 
where the electronic behavior of cir¬ 
cuits and systems requires specialized 
design techniques. We want to present 
both classical and leading edge RF 
design methods using a practical, 
instructional approach—bridging the 
gap between general concepts taught 
in the engineering curriculum and the 
specific practices required for the suc¬ 
cessful design of products using RF 
technology. The broad range of RF 
applications includes communications, 
navigation, medical and industrial 
systems for commercial, consumer, 
aerospace and military uses. 
Ready? Let’s go to it! 

To reach the editors at RF Design, use the addresses and phone numbers on 

MICROWAVE SOLUTIONS, INC. 
1-800-9MSI-AMP (967-4267) 
3200 Highland Ave. Suite 3A 
National City, CA. 91950 

Tel:(619)474-6906 
Fax:(619)474-7003 

http://ivww.mwsolns.com/ 

I I I I I I I I I I 

page 10 or the following E-mail addresses: 
Don Bishop 
Internet: 
don_bishop@intop.ccmail.compuserve. 
com 
On CompuServe, enter this at the 
address prompt: CCMAIL: DON 
BISHOP AT INTOP. 

8 INFO/CARD 5 

Stacey O'Rourke 
Internet: 
stacey_orourke@intden.ccmail. 
compuserve.com 
On CompuServe, enter this at the 
address prompt: CCMAIL: 
STACEYOROURKE AT INTDEN. 
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KALMUS: A TRADITION 
of High Performance, 
Value-Packed 
RF Amplifiers 

When Kalmus began designing and 
manufacturing RF amplifiers in 1971, 
the vision was to produce the best high 

performance product possible tor the best possible price. 

“As we address the needs of the engineering community 
in the 21st century, we never lose sight of this tradition. 
At the same time, however, we are taking our operations 
to an unprecedented level of engineering and 
manufacturing excellence.” 

“For example, our engineering 
and design capability enables 
us to respond rapidly to customer 
requirements. And with improved 
order handling and production 
capability, we are continually 
reducing delivery times.” 

“With the resources of Thermo 
Voltek behind us, Kalmus is 
committed to producing 
technically advanced RF 
amplifiers upon which customers 
can depend, and to expanding 
its leadership position.” 

Kalmus 
offers 
over 120 
ruggedly 
built RF amplifiers for use in EMC testing, 
medical, communications and general laboratory 
applications. A comprehensive line of RF 
amplifier modules and custom amplifier options 
are also available. 

RF AMPLIFIERS 
• Stock and Custom Amplifiers and Modules 
• Meets RF Immunity Standards, including IEC 

1000-4-3 and 1000-4-6 

Straight 

Talk 

About 

RF Power 

Amplifiers. 

EMC Test Amplifiers 
• RF power levels from 1 to 3000 
Watts 

• Covering the frequency spectrum 
from lOKHz to 1GHz 

Communications Amplifiers 
• RF power levels to 1000 Watts 
• Covering communications bands 

to 1GHz 
Pulsed Amplifiers 
• RF power levels to 12 KW 
• Fast rise and fall times, high 

efficiency 
Dual Band Amplifiers 
• RF power levels to 100 Watts 
• Offers operator convenience 
and cost savings without 
technical/capability compromise 

Colin 1. W. Baxter, President 
Kalmus 

Distributed Tube Amplifiers 
• RF power levels to 2000 Watts 
• Cover 14 octaves from lOKHz to 220MHz with rise 
and fall times of better than 3 nanoseconds 

O.E.M. Amplifier Modules 
• RF power levels from 1 to 250 Watts 
• Many stock and custom modules can be tailored for 

specific O.E.M. applications 
For detailed information about the full line of Kalmus RF 
amplifiers, please contact: 1-800-344-3341 

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

Distributor: 

KeyTek • One Lowell Research Center • Lowell • MA 01852-4345 USA 

(800) 753-9835 • Tel: (508) 275-0800 • Fax: (508) 275-0850 

http://www.thermovoltek.com 

Kalmus and KeyTek are divisions of Thermo Voltek Corporation, a Thermo Electron Company. 

Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to 

change without notice. 

Thermo Voltek 
CONTEST BENELUX • COMTEST ITALIA • COMTEST UK • KALMUS • KEYTEK • VERIFIER • UVC 
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RETURN LOSS BRIDGES 
FEATURES: 

5 watt power 
High directivity 
RF reflected port 
Replaceable pins 
Internal reference 
Rugged construction 

Return loss bridges from Eagle cover from .04 MHz to 3.0 GHz. A 
robust five watt power rating, unmatched in the industry, allows for 
versatile measurements. Optional replaceable center pins allow 
quick and economical repair of damaged connectors. Why pay more 
forbridges with fewer features than EAGLE? 

FREE APPLICATION NOTE: High Performance VSWR Measurements 

Redesign 
Established 1978 

Editorial Offices 
5660 Greenwood Plaza Blvd., Suite 350 
Englewood, CO 80111 
(303) 793-0448 Fax: (303) 793-0454 

Editorial Director 
Don Bishop 
(913)967-1741 

Assistant Editor 
Stacey O’Rourke 

Consulting Editor 
Gary A. Breed 

Chairman, Editorial Review Board 
Andy Przedpelski, The Shedd Group 

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

Mode s Availab e 
NUMBER FREQ RANGE DIRECT O/S Ratio PRICE 
RLB150B1 
RLB150N3B 
RLB150N5A 

.04-150 MHz 
5-1000 MHz 
5-3000 MHz 

>45 dB 
>45 dB 
>40 dB 

<0.5 dB 
<0.5 dB 
<1.0 dB 

$279.00 
$389.00 
$595.00 

Senior Managing Editor 
Tom Cook 

VOICE: (520) 204-2597 
FAX: (520) 204-2568 

PO Box 40 10 Sedona, AZ, 86340 
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_ The Duet 
A wireless 

10 Watt 
CDMA 

transmitter 
and tracking 
receiver for 
RSSI, BER 

Intertec Publishing Corporation offices 
9800 Metcalf 
Overland Park, KS 66212-2215 
Tel: (913) 341-1300 

President and CEO 
Raymond E. Maloney 

Senior Vice President 
Cameron Bishop 

Group Publisher 
Mercy Contreras 

Associate Publisher 
Darren Sextro 

Vice President — Circulation 
Nick Cavnar 

Senior Circulation Manager 
Michele Bartlett 

B transmitter 
is Direct 
quence 
iMA modulation 

analy 

with user-selectable 
chip rates between 1 Mbit 

COMPLETE 
DIGITAL 

MODULATION 
SOLUTION to 5 Mbit/sec (including Qualcomm 

rates), PN code lengths up to 232-1 chips, user programmable PN generator 
polynomials and code lengths, as well as dual code generators. All functions 
are programmable via an internal telephone modem for full remote control. 
The receiver link includes four power calculators and an 8 channel 
differential GPS navigation system. Data is collected and displayed on 
a color screen and stored on a PCMCIA memory system for post processing. 

Marketing Manager 
Midwest and West — AR, IA, IL, IN, KY, MI, 
MN, MO, ND, SD, NE, WI, AL, LA, MS, TN, AK, 
CO, ID, KS, MT, NM, NV, OK, OR, TX, UT, WA, 
WY, CA, AZ, HI, Ontario and Western Canada 
Janell Count (303) 220-4291 

Marketing Manager 
East - CT, DE, MA, ME, NH, NJ, NY, PA, RI, 
VT, OH, VA, WV, DC, MD, FL, GA, NC, SC, 
Quebec and Eastern Canada 
Mike Henry (703) 257-1202 

Classified Advertising Manager 
Shannon Shuman 

Reprints Manager 
Ed Laborwit 

List Rental Manager 
Lori Christie 

Creative Director 
Brian Buxton 

The Duet is one of many 
exceptional design solutions from 
Berkeley Varitronics Systems. 
Call today for more information: 

1-908-548-3737 

Berkeley 
Varitronics 
Systems 

Wb pa 
▼ arrmnwM. 

^INTERTEC 
PUBLISHING 
A K - I I I MEDIA COMPANY 

Subscription inquiries: (847) 647-0756 
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SystemView 
B E A N X 

Experience the new generation of PC-based design and simulation tools 

_ 
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Join the professionals. 
Experience SystemView 

by ELANIX. 

IB 
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NOW AVAILABLE: 
Extensive Communications. 
DSP. Logic. KF Analog, and 
User Code design libraries. 

AT&T Bell Labs 
Bell Northern Research 
Dolby Labs • E-Systems 

GEC Plessey 
U General Dynamics 

GTE 
Harris RF Communications 

Hewlett-Packard 
< Honeywell 
0 Hughes • Intel I 
ITT • JPL • Lockheed I 

Loral • MIT Lincoln Labs 
Motorola 

Northern Telecom 
Polaroid • Rockwell 
Sandia National Labs 

Scientific Atlanta 
Stanford Telecomm 
Watkins-Johnson 

Design, develop and test: 

• DSP systems 
• Communications 
• Signal processing 
• Control systems 

Why have so many successful companies 
adopted SystemView by ELANIX for DSP, 
communications and signal processing 
system development? Simple. SystemView 
by ELANIX, running under Windows™, 
helps designers develop products faster 
while dramatically reducing software, 
platform, and maintenance costs. 

SystemView by ELANIX is a key element 

of the design cycle, from system definition 
through hardware prototype testing. 
SystemView by ELANIX enables you to design, 
develop and test not only subsystems, but 
fully integrated end-to-end systems. 

Intuitive and powerful, SystemView by 
ELANIX offers tools for analog, digital, and 
mixed-mode system development, linear 
and non-linear system design, and Laplace 
and z-domain linear system specification. 
These features are made accessible 
through our breakthrough user interface, 
which makes you truly productive within 

SystemView 
BY ELANIX 

minutes of installation. And our new 
selection of feature-rich libraries for DSP, 
Communications, Logic, and RF/Analog 
design gives you the flexibility to cus¬ 
tomize the tool to your specific applica¬ 
tions. 

In short, SystemView by ELANIX will 
dramatically increase the efficiency of 
your entire design team. And all at a 
remarkably low cost. 

But don’t just take our word for it, 
judge for yourself. Try SystemView' by 
ELANIX now! 

For your free evaluation kit call: 
1-800-535-2649 

http://www.elanix.com 

5655 Lindero Canyon Rd . suite “21 • Westlake Village. CA91362 • 818-597-1114 • lax 818-59’l-»27 • e-mail swemV lew «elanix com OELANK, Ini 1995 SyMemView n 1 LANK b a registered trademark of ELANIX. Inc 

European Distributor EnTegra. Ud. • 2 Wallham Rd • Maidenhead. Ik-rkshire Sj6 3NH, England • • hi 01628 829061 • FAX ( hi 01628 824790 • Windows b a trademark ot Microsoft COTpOOtfon 
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The Roadmap to 
Seamless RF Integration 

CUSTOM ANALOG OR 
DIGITAL CIRCUIT 

U.S. Design Center 

Fujitsu Microelectronics, a world leader in UHF bandpass 

SAW filter technology, introduces a master-slice, semi-custom 

LSI capability, ideal for integrating IF/RF front-end circuits. 

This “frame” based technology, a collection of RF building 

blocks defined at metallization, provides a migration path 

from our world-class standard RF technologies to a highly 

integrated monolithic solution. Allowing you to create 

semi-custom designs from our extensive family of cost-effective, 

RF technologies—including prescalers, super analog, PLL, 

and super PLL. 

Fujitsu’s advanced BiCMOS process produces high-speed 

digital functionality with unmatched analog performance, 

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



Building the One Chip Solution 

delivering up to 28 GHz fp in a highly integrated 

single-chip solution. Our advanced technology 

allows you to go from concept to silicon within 

6 months, without the high costs and risks associated 

with full-custom designs. 

Our unparalleled SAW filter technology compliments 

this new development for optimum design integration 

-reducing design cost, size, weight, and time to market. 

What’s more, through our U.S. Design Center, you’ll 

get the comfort and stability of Fujitsu’s extensive 

history as a premiere manufacturer of state-of-the art 

RF solutions. Our complete line of standard products 

are rigorously tested to ensure design quality and 

performance—so that you get a solid foundation 

from which to build an integrated design solution. 

Get on the fast-track to seamless integration—call 

Fujitsu Microelectronics today at 1-800-866-8608, 

or visit our web site at http://www.fujitsumicro.com. 

FUTTSU 
COMPUTERS, COMMUNICATIONS. MICROELECTRONICS 
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lülii» 
for the 1997 IEEE MTT-S 

International Topical 
Symposium on 

Technologies for 
Wireless Applications 

23-26 February 1997. 
Vancouver, B.C.. Canada 

In conjunction with Inter Comm '97, 
the IEEE MTT-S is sponsoring a Topical 
Symposium on Technologies for 
Wireless Applications. Papen 
highlighting the application of RF, 
microwave and millimeter-wave 
technologies to all aspects of wireless 
communications are sought Areas of 
special interest including system design 
tradeoffs, antenna and path design, 
devices and circuits, components for 
consumer products, high speed digital 
processing, design for manufacturing 
and testing, manufacturing 
technologies, packaging and 
interconnection technologies. 

Prospective authors are 
requested to submit 10 copies 
of both a 50 word abstract and 
an extended summary (not to 
exceed 1000 words) with 

supporting figures, clearly stating 
the significant contribution. 

Submit proposed papers to: 

Frank Sullivan 
c/o LBW Associates 
1218 Balfour Drive 
Arnold. MD 21012, USA 
Tel: (410) 647-1591 

Fax: (410) 647-5136 
A separate coser slieet sliould include the 
name, address, telephone and fax numbers 
of the corresponding author 

Deadline fur thé 
receipt of papers is 

26 July 1976. 
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UE calendar_ 
May 

23-24 ESD Tutorials 
Bloomington, MN 

Information: ESD Association, 7902 Turin Rd., Suite 4, Rome, 
NY 13440-2069. Tel: (315) 339-6937; Fax: (315) 339-6793. 

June 
5-7 Wireless Personal Communications 

Blacksburg, VA 
Information: Jack Lilly, Donaldson Brown Hotel and Conference 
Center. Tel: (540) 231-4849; Fax: (540) 231-9886; E-mail: 
jacklily@vt.edu. 

11-12 Radio Data Solutions Europe 
Amsterdam, Netherlands 

Information: Radio Data Solutions Europe, the old Vicarage, 
Haley, Hill, Halifax, HX3 6DR, UK. Tel: 44 (0) 1422 380397; 
Fax: 44 (0) 1422 355604. 

16-21 MTT-S International Microwave Symposium 
San Francisco, CA 

Information: Derry Hornbuckle, Hewlett-Packard; Tel: (707) 
577-3658; Fax: (707) 577-2036, or Jerry Fiedziusko, Space Sys 
tems/Loral Corp. Tel: (415) 852-6868. Fax: (415) 852-5068. 

24-25 Time and Frequency Seminars: Introduction-Level 1 
Boulder, CO 

26-28 Time and Frequency Seminars: Fundamentals-
Level 2 

Boulder, CO 
Information: Wendy Ortega Henderson, National Institute of 
Standards and Technology, 325 Broadway, Boulder, CO 80303-
3328. Tel: (303) 497-3593; Fax: (303)497-6461. E-mail: ortegaw 
@boulder.nist.gov 

July 
21 -26 1996 IEEE AP-S International Symposium and URSI 

Radio Science Meeting 
Baltimore, MD 

Information: Mr. Jon Moellers, Steering Committee Chair, 445 
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331. Tel: 
(410) 993-6774; Fax: (410) 993-7432. 

August 
19-23 IEEE International Symposium on Electromagnetic 

Compatibility 
Santa Clara, CA 

Information: Gherry Pettit, Intel Corporation. Tel: (503) 696-
2994; Fax: (503) 640-6411. 

21-23 Wireless Communications Workshop 
Boulder, CO 

Information: Dr. Roger Marks, National Institute of Standards 
and Technology, 325 Broadway, MC 813.06, Boulder, CO 80303. 
Tel: (303) 497-3037; Fax: (303) 497-7828; E-mail: marks@nist. 
gov 
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Everything pointe 
to the largest 
selection of 
the smallest 
RFICs. 

CG
CM
96
01
 

Introducing more of the 
world’s smallest 3V RFICs 
- with the price, perfor¬ 
mance and size you need 
for wireless applications. 
Now there’s an easy way to get 
the building blocks you need for 
emerging higher-frequency 
applications, such as PCS, PHS, 
wireless data and Wireless Local 
Loop. 

We’ve expanded our SOT-363 
RFIC family with cost-effective 
downconverters and driver 

amplifiers that complement our 
LNA and gain block lines. 

The versatile new MGA-81563 
and MGA-82563 medium-power 
amplifiers deliver excellent 
dynamic range and high effi¬ 
ciency. 

And our new IAM-91563 
downconverter provides high 
conversion gain and linearity, 
with surprisingly low noise figure. 

Plus, you can specify our new 
RFICs with confidence because 
they’re backed by HP quality and 

proven high-volume manufac¬ 
turing capability. 

Our stocking distributor 
Penstock has 20 offices nation¬ 
wide staffed with engineers to 
support your design applica¬ 
tions. 

Call HP at 1-800-537-7715, 
ext. 1430 for a Selection Guide 
and Data Sheets. 

Or get right to the point 
and cah 1-800-PENSTOCK 
for information on 
free samples. 

Tÿpical Performance 
In Northern California, (408) 745-8100 
In Canada, (613) 592-6088 

Part Description Frequency Voltage Current NF Gain IP3 
Number Range (MHz) (V) (mA) (dB) (dB) (dBm) 

► IAM-91563 Downconverter 800-6000 3 9 8.5 9 +2.5 
INA-51063 Gain block DC-2400 5 12 3.0 20.5 +6 
INA-52063 Gain block DC-1600 5 30 4.0 22 +15 

► MGA-81563 Driver amp 100-6000 3 42 2.7 12 +27 
► MGA-82563 Driver amp 100-6000 3 84 2.2 13 +31 
MGA-86563 LNA 1500-6000 5 14 1.6 22 +15 
MGA-87563 LNA 500-4000 3 4.5 1.6 14 +8 

PENSTOCK 
SF/MICSOWAVÍ DltTRliUTION 

an avtct company 

► New product for ‘96 
INFO/CARD 12 
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UEcourses_ 
Communications Technology Training 
June 4-6, 1996, Orland Park, IL 
July 9-10, 1996, Orland Park, IL 
August 6-8, 1996, Orland Park, IL 
September 3-5, 1996, Orland Park, IL 
October 8-10,1996, Orland Park, IL 
November 5-7, 1996, Orland Park, IL 
December 3-5, 1996, Orland Park, IL 

Information: Andrew Corp., Dept 355, PO Box: 9000, San 
Fernando, CA 91341-9978. Tel: (800) 255-1479, ext. 117. 

DSP Without Tears 
June 19-21, 1996, San Jose, CA 

Information: Z Domain Technologies, Inc., 325 Pine Isle 
Court, Alpharetta, GA 30202. Tel: (800) 967-5034; (770) 587-
4812; Fax: (770) 518-8368; E-mail: dsp@mindspring.com. 

Maximize Performance of Transmission Lines 
June 4-6, 1996, Orland Park, IL 

Information: Andrew Corporation, Dept. 355, P.O. Box: 
9000, San Fernando, CA 91341-9978. Tel: (800) 255-1479 
ext. 117. 

Microwave Antenna Measurements: Far-Field, Near-Field, 
Compact Ranges and Anechoic Chambers Topics 
June 11-14, 1996, Northridge, CA 

Information: Shirley Lang, School of Engineering and Com¬ 
puter Science, California State University, Northridge, 
18111 Nordhoff St., Northridge, CA 91330-8295. Tel: (818) 
885-2146; Fax: (818) 885-2140; E-mail: 
shirley.lang@csun.edu 

Intorduction to Global Positioning System (GPS) 
June 12,1996, New Brunswick, NJ 

Information: Jill Baun, Cook College - Office of Continuing 
Professional Educations, Rutgers, The State University of 
New Jersey, PO Box: 231, New Brunswick, NJ 08903-0231. 
Tel: (908) 932-9271; Fax: (908) 932-1187; E-mail: 
ocpe@aesop.rutgers.edu. 

Wired and Wireless Telecommunications Networking 
May 20-24, 1996, Los Angeles, CA 

Information: UCLA Extension, 10995 Le Conte Ave., Suite 
542, Los Angeles, CA 90024. Tel: (310) 825-1047; Fax: (310) 
206-2815. E-mail: mhenness@unex.ucla.edu 

Grounding & Shielding Electronic Systems, and Circuit 
Board Layout 
June, 1996 (dates TBA), Chicago, IL 
August 14-16, 1996, San Jose, CA 

Information: Continuing Education, University of Missouri-
Rolla, 103 ME Annex, Rolla, MO 65409-1560. Tel: (314) 341-
4132; Fax: (314) 341-4992. 

Training Program for Cellular, PCS Staff 
Independent Learning Program 

Information: Virginia Polytechnic Institute and State Uni¬ 
versity, Mobile and Portable Radio Research Group, 840 
University City Blvd., Pointe West Commons, Suite 1, 
Blacksburg, VA 24061-0350. Tel: (540) 231-2970; Fax: (540) 
231-2968. 

RF and Wireless Made Simple 
July 8-9, 1996,. Los Altos, CA 

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

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

Antennas: Principles, Design and Measurements 
May 14-17, 1996, St. Cloud (Orlando), FL 

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

Modern Receiver Design 
Mobile Satellite Communications Systems 
May 13-15, 1996, Washington, DC 

Modern Digital Modulation Techniques 
May 13-17, 1996, Washington, DC 

Modern Digital Video Processing 
May 15-17, 1996, Washington, DC 

Global Positioning System: Principles and Practice 
May 20-23, 1996, Washington, DC 

Electromagnetic Interference and Control in Modern Com¬ 
munications Systems 
May 20-24, 1996, Washington, DC 

Mobile Communications Engineering 
May 22-24, 1996, Washington, DC 

Analyzing Communicatoins System Performance 
June 10-13, 1996, Washington, DC 

Radio Frequency Spectrum Management 
June 10-14, 1996, Washington, DC 

Spread-Spectrum Communicatons Systems: Commercial 
and Government Applications 
June 10-14, 1996, Washington, DC 

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

Digital and Analog Communication Systems for Non-Engi-
neers: The Fundamentals 
June 17-19, 1996 Washington, DC 

Digital Cellular and PCS Communications: The Radio Inter¬ 
face 
June 24-28, 1996, Washington, DC 

Communications Satellite Systems: The Earth Station-A 
Practical Approach to Implementation 
August 5-8, 1996, Washington, DC 

Cellular and Wireless Telephony 
August 12-16, 1996, Washington, DC 

Wireless Infrastructure Network Engineering for Cellular, 
PCS, LEO, and WPBX 
October 21-25, 1996, Washington, DC 

Satellite Communications Engineering Principles 
November 5-8, 1996, Washington, DC 

Grounding, Bonding, Shielding, and Transient Protection 
November 11-14, 1996, Washington, DC 

Satellite Communications With Emphasis on Mobile Sys¬ 
tems 
December 2-4, 1996, Washington, DC 

Information: The George Washington University, Continu¬ 
ing Engineering Education, Academic Center, Room T-308, 
801 22nd Street, N.W., Washington, DC 20052. Tel: (202) 
994-6106 or (800) 424-9773. Fax: (202) 872-0645; E-mail 
ceepinfo@ceep.vpaa.gwu.edu. 
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Electromagnetic Simulation 
Antenna 
Analysis 

Packaged 
Device Analysis 

</> 

Integrated 
Geometry 

Editor 

Current Density 
and 

Direction Plots 

Fast 
Accurate 

Easy-to-Use 

Graphic 
Plot 

Outputs 

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

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

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

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

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

Europe 
Compact Software 
@ Electronic Software Components GmbH 

Alpenstrasse 20, D-85614, Kirchseeon, Germany 
Phone: +49-8091 -6845 • Fax: +49-8091-4804 
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■Compact 
Software 

MICROWAVE. RF and LIGHTWAVE CAD SOLUTIONS 

201 McLean Blvd. • Paterson, New Jersey 07504 • USA 
TEL: (201) 881-1200« FAX: (201) 881-8361 



RF news 
Japanese Electronics 
Industry Forecasts 
In 1995, total production by the 

Japanese electronics industry is esti¬ 
mated to climb 4.7% from the previous 
year, to ¥22,413.9 billion, primarily 
owing to expanded internal demand. 
In 1996, continued growth in internal 
demand and increased demand for 
semiconductors are forecast to support 
a 5.6% production rise from 1995, to 
¥23,680.2 billion. The 1996 forecast by 
product segment, the domestic market 
for consumer electronic equipment is 
likely to continue to be characterized 
by further moves toward off-shore pro¬ 
duction, marked expansion in imports 
and decreasing prices. With the 
expected introduction of new-concept 

products such as digital video cameras 
(DVDs) and digital video disks 
(DVDs), domestic production in this 
segment is seen rising 1.7% to 
¥2,543.8 billion. 

US Electronic Warfare 
Market to Rebound 
Constrained by military cutbacks 

but propelled by awareness of the 
value of high-technology defense, US 
sales of electronic warfare equipment 
will grow from $1 billion in 1995 to 
$1.45 billion by the year 2001 
rebounding after a decline to $946 mil¬ 
lion in 1997 as programs completing 
development in the mid-1990s enter 
production late in the decade projects 
a new study just release by Frost & 

Sullivan. Rotary-wing aircraft equip¬ 
ment will rise from 13 percent of total 
EW market revenues in 1995 to 20 
percent in 2001 while dominant fight-
er/attack aircraft equipment dips from 
72 to 61 percent in the same period 
forecast the report, US Electronic 
Warfare Market. Other segments 
include other fixed-wing aircraft 
equipment, with 8 percent of 1995 rev¬ 
enues, ground-based equipment, 5 per¬ 
cent and shipboard equipment, 3 per¬ 
cent, according to the study. 

Decline in Semiconduc¬ 
tor Content in Cellular 
Phones 
International Data Corporation 

(IDC) released new forecasts which 

Business Briefs 
Prices Cut Across Entire Signal Processing Product 
Group— Harris Semiconductor announces sweeping price 
cuts across its signal processing product line of linear, data 
acquisition and digital signal processing building block chip 
for video/imagining and emerging communications applica¬ 
tions. Hundreds of products effected, include op amps, data 
converters, industry-standard switches and mixers as well 
as hardwired DSP ICs for wireless communications and 
image processing. 

National Semiconductor Research Center Joins UC 
San Diego Wireless Communications Consortium — 
National Semiconductor Corporation has joined the Center 
for Wireless Communications, a research center sponsored 
by the University of California, San Diego School of Engi¬ 
neering. The new National Semiconductor Research Labo¬ 
ratory (NSRL) will manage National’s participation in the 
Center supporting the company’s focus on moving and 
shaping information through researching advancements in 
networking and network access devices. 

Expanded Facility— In response to increased sales and 
continuing growth, RF Power Components, Inc. has 
expanded their facility to accommodate additional person¬ 
nel and expanded manufacturing capabilities. This will 
allow for the installation of new manufacturing equipment, 
an expansion in the production floor, shipping departments 
and the addition of much needed office space. The renova¬ 
tion is expected to be completed this Summer. 

Silicon Valley Operations Expanded—RF Power Prod¬ 
ucts, Inc. has relocated its corporate marketing staff to San 
Jose, CA, joining the sales, customer support and applica¬ 
tions engineering functions already on site at this expand¬ 
ed location. Their new address is 780 Montague Express¬ 
way, Suite 307, San Jose, CA 95131. 

Micro Extrusion Manufacturing Operations Estab¬ 
lished— Coors Ceramics Company’s Electronic Products 
Group’s facility in Grand Junction, CO has established a 
high volume and prototype manufacturing facility for its' 

micro extruded products. The ISO 9002 certified Grand 
Junction facility, which also manufactures thick film alu¬ 
mina substrates and ceramic ferrules for fiber optic connec¬ 
tors, produces micro extrusions for electronic applications. 

Meta Wave Communications Has Moved—Their new 
address is: MetaWave Communications Corporation, 8700 
148 th Ave. NE, Redmond, WA 98052. Tel: (206) 869-7499; 
Fax: (206) 869-2778. 

European Presence Expanded—Ansoft Corporation has 
established a European sales office. Based in London, the 
office will support all of Europe with a goal of establishing 
additional sales and support sites in Europe, specifically in 
Germany and France. 

Name Change— Electronic Technology Corp. (ETC), a 
leader in wireless communications and electronic manufac¬ 
turing changed its company name to Digital Radio Commu¬ 
nications Corporation. The new name reflect’s the compa¬ 
ny’s vision and central focus of operation. Digital Radio 
Communications Corporation will continue to use the ETC 
name through a newly-formed business unit: Electronic 
Technology Company. 

European Compact Software, Inc has moved— Elec¬ 
tronic Software Components (ESC), the European Compact 
Software, Inc. Representative announces their new 
address: ESC Electronic Software Components GmbH & 
Co. Trade KG, Ramersdorfer Strasse 1, D-81669 
Muenchen, Germany. Tel: 49 89 680055 0; Fax: 49 89 
680055 22; E-mail: 100407.1372@compuserve.com. 

National Instruments to Acquisition— National Instru¬ 
ments of Austin, Texas, has agreed to acquire Georgetown 
Systems, Inc. Georgetown Systems is the privately held 
manufacturer of Lookout™ , and industrial automation soft¬ 
ware package for Windows PCs. It is anticipated that 
Georgetown Systems employees will become National 
Instruments employees upon closing. Lookout development 
efforts will continue at the Georgetown Systems office. 
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• SEIWimAlt SERIES 

As today’s wireless marketplace continues to be redefined, 
so do the strategies that are needed to bring these products 
to market. Industry leaders are seeking opportunities to 
reach the greatest number or prospects. The new RF Design 
Seminar Series provides decision-makers with the most cost 
effective educational experience available to the RF industry. 
Catch the new wave of RF October 21-23, 1996 in 
Wakefield, Massachusetts! 

Basic and Advanced RF and Wireless Engineering Special Courses 

Technical Paper Presentations 

Unlimited Networking Opportunities With Key RF and Wireless 
Users and Suppliers 

October 21-23, 1996 

Colonial Hilton & Resort Hotel 

Wakefield, Massachusetts 

Find out how you can 
participate in the new 
RF Design Seminar Series. 

For exhibiting opportunities 
contact Jessica Cook at 
770.618.0422. 
For registration information 
contact Shelby Smith at 
770.618.0323. 

Intertec Presentations 
6151 Powers Ferry Road NW 
Atlanta, GA 30339 
fax 770.618.0441 

Sponsored by: Redesign 



RF news 
show the semiconductor content of a 
typical cellular handset will decrease 
from an average cost of $75.64 in 1995 
to $57.32 by the year 2000. Even as 
component costs decline, functionality, 
reliability and the ability to customize 
handsets will increase. The major con¬ 
tributor to lower costs is the growing 
integration of cellular ICs. 

Cable Technology Mar¬ 
kets to Pass $2 Billion 
Paced by the upgrading of cable sys¬ 

tems to offer telephony, video-on-

demand and interactive services like 
home shopping, US sales of cable tele¬ 
vision-associated hardware and tech¬ 
nology services will grow from $1.78 
billion in 1994 to $2.36 billion by the 
year 1999 at a 6 percent compound 
annual rate, projects a new study just 
release by Frost & Sullivan. Services 
including engineering, construction 
and network management will rise 
from 10 percent of the combined mar¬ 
kets’ revenue in 1994 to 25 percent in 
1999. Transmission and distribution 
lines rise from 125 to 24 percent while 
currently-dominant line accessories 

Every Designer's Dilemma... 

QUALCOMM'S Single-Chip PLL 
beats the cost of discrete alternatives. 

Considering total cost, board real estate, 
design integration, component count 

and reliability, our PLL is the obvious choice. 

For More Information Call (619) 658-GROW or Fax: (619) 658-1556 
or E-mail: asic-products@qualcomm.com 

QUALCOMM ASIC PRODUCTS 
6455 Lusk Boulevard San Diego CA 92121 

decline in share from 53 to 34 percent 
in the same period. Head-end and stu¬ 
dio equipment accounted for 19 per¬ 
cent of cable technology market rev¬ 
enues in 1994 and security equipment 
another 3 percent, estimates the 
study. 

Contracts 
Direction Finder Selected for F-15 
Flight Tests— Following an intensive, 
four-year down select competition, Lit¬ 
ton’s Amecom division, College Park, 
MD has been chosen by the US Air 
Force and McDonnell Douglas Aero¬ 
space, St. Louis, MO, to provide Lit¬ 
ton’s new LT-500 Precision Direction 
Finding (PDF) system for flight tests 
on an F-15 aircraft. The system will be 
delivered under a $2.4 million contract 
from McDonnell Douglas for flight test 
slated this summer. 

Exclusive Supplier of Front-End 
Technologies for TELE-TV Project 
Selected —ComStream has been 
selected by Thomson Consumer Elec¬ 
tronics as their exclusive supplier for 
front-end technologies and products 
for the nation’s largest wireless televi¬ 
sion system now under development. 
Thomson is prime contractor for 
TELE-TV Systems’ MMDS (Multi¬ 
channel Multipoint Distribution Sys¬ 
tem) designed to deliver up to 100 tele¬ 
vision channels to some 3 million 
homes beginning in late 1996. The 
Thomson contract TELE-TV Systems 
is valued at %1 billion through the 
year 1999 and will include the delivery 
of some 3 million digital set-top 
receivers. The receivers will carry both 
the TELE-TV and the RCA brands. 

UTAM Selects Comsearch as their 
Prime Frequency Coordinator — 
UTAM has selected Comsearch as 
their prime frequency coordinator 
(PFC) to assess the interference poten¬ 
tial for deployment of non-nomadic 
(coordinatable) unlicensed PCS prod¬ 
ucts in the United States. UTAM, des¬ 
ignated by the Federal Communica¬ 
tions Commission as the frequency 
coordinator of the unlicensed PCS 
spectrum, will be managing the transi¬ 
tion of this spectrum from fixed 
microwave use to unlicensed PCS. As 
PCS, Comsearch will perform all Zone 
1 county coordination. In addition, 
Comsearch will perform oversight on 
all Zone 2 coordination. 

May 1996 

INFO/CARD 15 



I fCSIGN FROM START-TO-ART 

1 GENESYS synthesis 
modules make it easy to 

create initial designs for 

L C filters, matching 

networks, active filters, 

oscillators, printed and 

machined filters, 

amplif iers and group delay 

2 Schematics make it easy to enter your own designs, modify 
synthesis created designs and merge subcircuits. Schematics and 

equalizers. The many design alternatives and 

quick evaluation of each help you save time 

and achieve higher performance. 

simulation are integrated 

for back annotation. The 

GENESYS schematic 

module also writes 

Touchstone and Spice 

=A/FILT€R= 

=OSOllATO^| 

ir Mimen 

=MATCH: 

=SuperStor= 
HIGH SPEED SIMULATOR 

unîmes =SCHEMAS 

SPIC€ NETLIST ■ =LAYOUT= 

<_/ =SuperStar= Professional redefines the circuit simulator 

standard. Step up to real time tuning, statistical analysis, 

unrestricted global noise analysis, adaptive optimization, 

accurate models, unparalleled execution speed and the 

industry's easiest to use interface. Non-linear and time 

domain analysis is supported through the Spice interface. 

11th Ad uversary 

Our first program shipped in 1985. 
Today, with thousands of users 

worldwide. Eagleware is a 
recognized leader in RF and microwave 

design software for IBM and compatible PCs. 
Here are a few reasons why we feel GENESYS 
provides uncqualed value: 
» Start to art solution including synthesis 
* One easy to learn interface for all programs 
• Industry's fastest execution means less waiting 
* Accuracy verified with in-house lab 
* Reads industry standard S-parameter files 
* Free technical support with no annual fees 
* Low cost 
* 30 day money back satisfaction guarantee 
Eagleware products run on standard IBM and 
compatible PCs under DOS. Windows 3.1. 
Windows NT and Windows 95. Windows 
versions arc 32-bit for even faster execution. 

NEW! 
7 The new layout 
module creates artwork 
on your plotter or 

printer and in DXF 

(AutoCad) and 

optimized Gerber file formats. Discontinuity and 

transmission line dimensioning, coplanar ground pours, 

multilayers, arbitrary polygons and user footprint libraries 

make RF and microwave layout easier than ever before. 

GENESYS 
Version 5.4 
=SuperStar= Professional simulator $999 

Simulator with schematic entry and layout $1990 

Complete GENESYS package with synthesis $5990 

Layout upgrade for current customers $699 

(Upgrade discounts available for a limited time) 

170 
TEL 03-3988-1731 FAX 03-3988-1706 

SRMC PRIMS INTCRNRTIONRIW 
DIRECT SRLCS & USCfl SUPPORT 
BV FAX, PHONC OR LCTTCR 

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

http://wwweagleware.com eagleware@eagleware.com 

TEL (770) 939-0156 * FAX (770) 939-0157 
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RF news 
Major Wireless Contract— ITS Cor¬ 
poration was awarded a major con¬ 
tract for two metropolitan area digital 
wireless (MMDS) systems. The con¬ 
tract with CAI Wireless Systems, Inc., 
involves construction of a large net¬ 
work of digital transmitters and boost¬ 
ers for Boston, Massachusetts, and 
Norfolk, Virginia. They are the first 
phase of a project to implement digital 
wireless cable service in 13 major met¬ 
ropolitan areas in the eastern United 
States. The orders for Boston and Nor¬ 
folk encompass a minimum of thirty-
three transmitter for each main and 

booster site, along with appropriate 
combiners, backup equipment and 
antennas, ITS will also perform sys¬ 
tem integration to provide equipment 
shelters and a full range of engineer¬ 
ing services to CAI. 

GeoSat Follow-On Satellite Selects 
GPS—Allen Osborne Associates, Inc. 
(AOA) will provide the Global Posi¬ 
tioning System (GPS) receiver for the 
US Navy’s GeoSat Follow-On (GFO) 
Satellite now being manufactured by 
Ball Aerospace and Technology Corpo-
ration (BATC), BATC Selected the 

Cad Caugar far Praoen 
Parfarmance and Raiiabditg 

TO-8, TS-SS, and Surface. Maunt Smptifierc 

Model 
Frequency 
Range 
MHz 

Gain 
dB 

Typ. Min. 

N.F. 
dB 

Typ. Max. 

Power Output 
dBm 

Typ. Min. 

I.P?/I.P.2 
dBm 
Typ. 

D.C. 
Volts mA I 
Nom. Typ. I 

1 Guaranteed Specifications: 0 to 50°C I 

AC155 
AR356 
AC534 
AC572 
AC751 
AC1038 
AC3055 
AC3056 
AC3057 

[ AC4Q54 

5-150 
10-300 
5-500 
5-500 

200-700 
5-1000 
10-3000 

500-3000 
10-3000 

800-4000 

14.8 14.0 
16.0 15.0 
26.5 26.0 
15.2 14.0 
13.0 12.5 
25.5 24.5 
10.5 10.0 
18.8 18.0 
11.0 10.5 
20.0 19.0 

2.2 2.6 
1.5 2.0 
1.7 2.5 
3.4 4.0 
1.9 2.4 
3.6 4.1 
2.6 3.0 
3.0 3.5 
3.1 3.8 
3.0 3.5 

15.0 14.5 
15.5 14.5 
2.0 1.5 

12.5 11.5 
4.8 4.0 

16.5 15.5 
17.5 17.0 
16.0 15.0 
20.0 19.0 
16.0 15.0 

30/44 
28/47 
12/24 
27/35 
20/27 
28/45 
27/35 
27/43 
35/50 
25/38 

5 34 
5 30 
5 15 
5 29 
5 11 
5 70 
5 56 
5 80 
5 80 
5 70 J 

Made in the USn 

38W Santa Trinita Soe. 

Sunnyvaíe, CS 94086 

^fpCDUGFIR 
' EDMPtJNENTS 
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TurboStar®, a satellite-borne GPS 
receiver based on AOA’s TurboRogue® 
GPS receiver because of its exception¬ 
ally clean carrier phase data. The 
Navy’s requirement for the GFO is to 
determine the satellite’s orbit to 5cm 
using post processing techniques. A 
total of 4 TurboStar® receivers have 
been ordered by BATC. A TurboStar® 
receiver has been on orbit in the GPS 
Meteorological Satellite (GPS/MET) 
since April, and another was flown 
briefly on the Wake Field shuttle pay¬ 
load. 

Spectrum Monitoring Solution 
Supplied to Colombia—Technology 
for Communications International 
(TCI) of Sunnyvale, California, and 
Hewlett-Packard Company will play a 
critical role in meeting Columbia, 
South America’s spectrum monitoring 
needs for detecting and identifying 
unlicensed users of its airwaves. TCI 
has been awarded a $17 million con¬ 
tract from the Colombian Ministry of 
Communications for an International 
Telecommunications Union (ITU), 
complaint spectrum monitoring and 
management system. TCI will provide 
the operating software for the license 
database, administrative processing, 
engineering analysis tools and geo¬ 
graphic map display, direction-finding 
equipment, overall system integration 
and turnkey installation, and commis¬ 
sioning of the system in Colombia. HP 
will supplying computers and net¬ 
working hardware, test and measure¬ 
ment equipment and a portion of the 
operating software of the system. The 
system is scheduled to be operational 
in Colombia by 1997. 

Radio Frequency Identification— 
As society grows increasingly depen¬ 
dent on computers and their ability to 
access data instantly, many companies 
have become concerned that some 
information may be a little too accessi¬ 
ble. To battle this problem, CADIX, 
Inc. of Japan, has developed ID-007, 
an automatic, electronic information 
access control system that incorpo¬ 
rates advanced TIRIS™ (Texas Instru¬ 
ments Registration & Identification 
System) technology. The ID-007/TIRIS 
system can be used to rapidly identify 
and authorize registered users, limit¬ 
ing access to sensitive information and 
applications. The system can also be 
used to log information and verify the 
identity of employees as they enter or 
exit the work environment. 
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M/A- COM's expertise in RF/microwave technology is helping companies see new opportunities 

for today's vehicles. We're working with manufacturers worldwide to create applications that make 

travel safer and more convenient. In everything from object detection to 

s auto tolling. From GPS navigation to 
Wireless telephony 

omous intelligent cruise control. We 
Networks for data transmission and navigation 

data communications to auton-
networks 

offer the industry's broadest product 
Remote sensing 

line of innovative wired and unwired RF connectivity solutions. So if you want your wireless 

transportation applications to see their full potential, call M/A-COM. And just ask us how. 

RF/microwave network 
connectivity solutions for 
land-mobile applications. 

Low-cost CPS antennas with 
integrated LNA and preselector. 
Multi-band antennas for com¬ 
munication and navigation. 

V -
Inexpensive discrete and 

integrated circuits for active, 
passive and control functions. 

J an AMP company 

Millimeter wave sensors 
for object detection and 

autonomous cruise control. 

Sales offices in 33 countries around the world. 
Americas 1-800-366-2266 • Europe/Middle East/ Africa 44 (1344) 869 595 • Asia/Pacific 81 (03) 3226-1671 

INFO/CARD 18 



¡¡[industry insight_ 
Digital Cellular Technology Drives 
Component and Instrument Makers 

By Gary A. Breed 
Consulting Editor 

Digital cellular, whether North 
American Digital Cellular 

(NADC), Code Division Multiple 
Access (CDMA), or the Global System 
for Mobile communications (GSM), is 
in a rapid growth mode at present. 
GSM is reaching maturity in Euro¬ 
pean systems, and serves as the basis 
for new PCS systems yet to be con¬ 
structed. NADC is in early implemen¬ 
tation in the U.S. market, with CDMA 
systems just getting started. 
Most industry news regarding digi¬ 

tal cellular concerns is business impli¬ 
cations — investments by major com¬ 
panies, numbers of subscribers using 
the new technology, or the rate of con¬ 
struction in various markets. For an 
RF engineer, this kind of data is use¬ 
ful, but more matters of direct impact 
are more important. 
For engineers who are designing dig¬ 

ital cellular telephone equipment, new 
components are probably the most 
interesting things. Semiconductors in 
particular are foremost in on an engi¬ 
neer’s list of priorities. What functions 
are being integrated onto how few 
chips? How many external components 
are required to complete the design? 
Can all components be accommodated 
in a highly-automated manufacturing 
process? 
Integrated circuits contain the active 

portions of a circuit, including speech 
processing, signal generation, up- and 
downconversion, system control, etc. 
Discrete transistors or modules per¬ 
form the power amplification tasks 
and transmit/receive switching. The 
efforts made by companies in this part 
of the RF business have been well-doc¬ 
umented as they strive to integrate 
more functions onto a single chip of 
silicon, gallium arsenide or silicon-ger-
manium. 
Passive components have gotten less 

attention, in part because they are 
used in all types of circuitry, not just 
cellular or other “hot” wireless applica¬ 
tions. In digital cellular, even these 

Passive components are also impor¬ 
tant in digital cellular design. Sur¬ 
face-mount filters like the Kel-Com 
device pictured above (top), and cou¬ 
plers such as the RF Power Compo¬ 
nents units (bottom) are needed to 
keep the cost of more complex digital 
cellular products in line with cus¬ 
tomer expectations. 

more-or-less universal components 
may have unique requirements. Fil¬ 
ters must have predictable group 
delay, attenuators and switches must 
be rated for the less-efficient class A 
power amplification used for digital 
cellular, and all passive components 
must contribute virtually no distortion 
to the system. 
The manufacturing process is grow¬ 

ing in importance. Cellular telephone 
and paging equipment have driven 
U.S. RF equip[ment manufacturers to 
higher quantity production, requiring 
greater automation. With the relative 
complexity of digital cellular, the pro¬ 
duction test equipment must include 
capabilities for testing the operation of 
a large number of signal and control 

26 

Manufacturers of digital cellular sub¬ 
scriber equipment have a high inter¬ 
est in test equipment, like this CDMA 
Mobile Station Test System from 
Noise Com. 

functions. Nearly all RF test equip¬ 
ment makers have addressed this 
need, developing both new test instru¬ 
ments, and creating operating software 
to customize their general purpose 
units. In some cases, several units are 
integrated into a single test system, a 
job previously left to the customer. 

In summary, digital cellular repre¬ 
sents perhaps the largest design and 
manufacturing effort at this point in 
time. PCS, WLAN and other applica¬ 
tions will come next, but GSM, NADC 
and CDMA are in the pipeline right 
now. Until those systems are fully 
implemented, digital cellular will con¬ 
tinue to be a significant driver of RF 
component and test product develop¬ 
ment. RF 

May 1996 



Low profile, small size, surface mount 
package with big performance and cost advantages. 

It’s virtually impossible to find a better way to develop solutions for wireless 
standards than with M/A-COM power splitters and combiners. And there’s no 
better place to get exactly the splitters/combiners you need than at Richardson. 

► Smallest in their class to maximize PCB space for all applications. 

t Excellent performance and superior repeatability versus conventional 
designs. 

► Industry standard packaging for automated insertion-and-assembly. 

t Low cost and a technology that offers continuous cost performance and 
size enhancements. 

GPS hand-held 
receivers From infrastructure to portables, these devices are fully operational and 

require no additional external components. So for smaller more affordable 
solutions, take a look at the M/A-COM product family of splitters/combiners 
and other passive devices available through Richardson. 

Cellular phones 
and pagers 

Call Richardson for 
in-depth inventory 
support. Their team 
of dedicated appli¬ 
cations engineers 
has over 200 years 
of combined RF 
and DC experience. 

That’s why they can handle 
all your needs from RF 
design support to same 
day shipments, custom 
stocking programs, special 
testing, selecting and 

Insertion Amplitude Phase 
Loss Isolation Balance Balance 

Frequency (dB) (dB) (dB) VSWR (dB) (°) Part No. 
(MHz) Typ. Typ. Typ. Typ. Typ. 

2-Channel 
824-960 0.5 23 1.2:1 0.05 0.5 DS52-0001 
1510-1660 0.4 20 1.3:1 0.05 1 DS52-0004 
1700-1900 0.3 20 1.3:1 0.05 2 DS52-0005 
1850-1990 0.5 21 1.2:1 0.05 1 DS52-0002 
2200 - 2500 0.3 20 1.3:1 0.05 3 DS52-O003 

4-Channel 
824-960 1 23 1.2:1 0.30 2 DS54-0001 
1200-1660 1 23 1.2:1 0.30 2 DS54-0003 
1700 - 2000 1 23 1.4:1 0.30 3 DS54-0002 

New 2200-2500 1 21 1.4:1 0.20 2 DS54-0004 

6-Channel 
824-960 1.3 25 1.4:1 0.30 6 DS56-0001 

matching. Call today for samples and data sheets. When you do, ask about M/A-COM’s 
other passive components as well. 

A Richardson 
vk Electronics, Ltd. 
IS09002 Registered 
(800) RF-POWER U.S./Canada 
More than 33 locations in the U.S. to serve you - U.S. and Canada Toll Free: (800) RF-POWER or (800) 737-6937: 
Internet: http://www.rell.com, U.S. Corporate Headquarters: LaFox, IL (708) 208-2200, Fax (708) 208-2550. 

©1996 Richardson Electronics, Ltd SEM6096 
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Ig7 propagation_ 
Measuring Range and Reliability 
for Part 15 Systems 

By Bernard Kasmir, P.E. 
Consultant 

FCC rules limit the power of Part 15 
transmitters. This limits the range of a 
system. Part 15 receivers are also lim¬ 
ited in performance by economic neces¬ 
sity especially in the choice of the accu¬ 
racy of the local oscillator. This, in 
turn, affects the receiver bandwidth 
that ultimately defines the total sys¬ 
tems range. Assuming that reasonable 
design compromises have been made 
(perhaps a dangerous assumption wor¬ 
thy of other articles), designers are 
therefore interested in defining the sys¬ 
tems range and reliability of their sys¬ 
tems. The basic question then becomes 
“how far will this system work ?" 

Perhaps the first question to consid¬ 
er, is how to define performance. 

Ultimately, performance is related to 
the ability to decode a received signal 

in terms of bit error rate, packet error 
rate or educated eyeballs. One axiom 
usually true is that performance is 
correlated to distance since in the 
limit, the signal will be too weak to be 
received and decoded. 
The development of a method of sys¬ 

tems performance evaluation would be 
desirable. Since distance is involved in 
signal reliability, first choose a dis¬ 
tance. There may be a tendency to 
range the system out for maximum 
distance, but this leads to unreliable 
results. Figure #1 shows the relative 
signal level as a function of distance. 
This follows the 1/X curve for field 
intensity and the 1/X2curve for power. 
At large distances, the slope of this 
curve becomes very shallow and small 
level changes can be experienced over 
relatively large changes in distance. 

More important is that there is no 
reason to measure performance at dis¬ 
tances that the system does not use. It 
would be more useful to define the 
range the equipment will be operated 
at and then to define systems perfor¬ 
mance at that distance in terms of sig¬ 
nal margin and systems reliability. 

System Calibration 
Some initial measurements will 

define the operating parameters for a 
useful, convenient graphical prediction 
of performance. 

Initially, we measure the field inten¬ 
sity of the transmitter at some conve¬ 
nient distance, say three meters. Place 
the transmitter three meters from a 
receiver (or spectrum analyzer) using 
a calibrated antenna. 
The field intensity is: in micro¬ 

Figure 1. Theoretical relative signal level versus distance 
Figure 2. Receiver calibration curve - RSSI output voltage 
versus power at receiver input. 

28 May 1996 



VOLTAGE CONTROLLED 

OSCILLATORS 

25 to 2000MHz (+7dBm output) from K K (5-49) 

It’s a fact! With Mini-Circuits new POS family of shielded, laser sealed, 
voltage controlled oscillators, you pay less and get more...Superior 
Performance, Top Notch Quality, and Value Pricing. Features include wide 
band models with typically octave bandwidths and linear tuning. Low SSB 
phase noise characterized at 100Hz to 1 MHz offsets. Excellent harmonic 
suppression typically more than 30dB below. RF power output of +7dBm, 
excellent for driving level 7 mixers. Miniature size occupying only 0.4”x0.8” 

Model 
POS-50 
POS-75 
POS-100 
POS-15O 
POS-200 
POS-300 

board space. Hermetically sealed and ruggedly constructed for 
tough environments. And best of all, these extremely reliable, high 
performance VCO’s are affordably priced from only $1 1.95 each (qty.5-49). 
Call Mini-Circuits today for guaranteed shipment within one week. 

POS-400 
ROS-535 
POS-765 
POS-1025 

NEW POS-1060 

Freq. Range 
(MHz) 
25-50 

37.5-75 
50-100 
75-150 
100-200 
150-280 
200-380 
300-525 
485-765 
685-1025 
750-1060 

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

DESIGNER’S KITS: 
K-POS1 $124.95 (contains 1ea. all models). 
K-POS2 $79.95(contains 1ea. all models except POS-75,-150,-300). 
K-POS3 $79.95 (contains 2ea. models POS-1060,-1400, -2000). 

NEW POS- 1400 975-1400 
NEW POS-2000 1370-2000 

Phase Noise 
(dBc/Hz) 

SSB@10kHzTyp. 
-110 
-110 
-107 
-103 
-102 
-100 
-98 
-93 
-85 
■84 
-90 
-95 
-95 

Harmonics 
(dBc) 
Typ. 
-19 
-27 
■23 
-23 
-24 
-30 
-28 
-26 
-21 
-23 
-11 
-11 
-11 

Current (mA) Price 
@+12VDC (Qty.5-49) 

Max. $ ea. 
20 11.95 
20 11.95 
20 11.95 
20 11.95 
20 11.95 
20 13.95 
20 13.95 
20 13.95 
22 14.95 
22 16.95 
30* 14.95 
30* 14.95 
30* 14.95 

★Max. Current (mA) © 8V DC. 
Notes: Tuning voltage 1 to 16V required to cover freq, range. 1 to 20V for POS-1060 
to -2000. Models POS-50 to -1025 have 3dB modulation bandwidth, 100kHz typ. 
Models POS-1060 to -2000 have 3dB modulation bandwidth, 1 MHz typ. 
Operating temperature range: - 55°C to +85°C. 

C3 Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits.com cm£ REXOER service card 

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

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 195 Rev C 



volts/meter is calculated as: 

£ _ io«DBM + 107 + AF +CLJ/20) (J) 

Where DBM = value read on receiver, 
AF = antenna factor of the test anten¬ 
na (value obtained from manufacturer 
or calculated from antenna gain) AF = 
9.75/ZX^gain, CL = Cable loss from 
test antenna to receiver. Given CL = 
6dB E = 40,000 gv/m AF = 19.9 dB 
The value of DBM for this measure¬ 
ment would be -40.8 dBm. 
Next, Calibrate the receiver. For 

Part 15 operation, most systems use 
pulse modulation. The receivers usual¬ 
ly have a log video output known as 
the received signal strength indicator 
(RSSI) 
The receiver is calibrated by plotting 

the RSSI output vs. DBM input. A typ¬ 
ical plot is shown in Figure 2. It is also 
necessary to determine the receiver 
sensitivity and reducing the DBM into 
the receiver until (by whatever means 
listed above) decoding ceases. 
This is defined as the threshold 

value and is also recorded. 
From Figure 2, threshold sensitivity 

is -104 dBm 

Plotting a Best-Case Line 
Next, we go to the performance 

worksheet shown in Figure 3. The first 
significant anchor point on this curve 
is obtained by the DBM reading 
obtained when measuring transmitter 
field intensity and the plot of Figure 2 

which is the receiver plot of RSSI ver¬ 
sus DBM From Figure 2, determine 
the RSSI voltage for -40 dBM is 3.8 
volts. 
In the ideal case, the signal level 

decreases 20 dB/decade. Draw a line 
from this anchor point with this slope. 
From Figure 2 in this example, the 
slope is 50mv/dB, or 1 volt for 20 dB. 
This delinees the best case condition 
on line AB. 
Next, draw a horizontal line (CD) for 

the receiver decode threshold value 
previously measured. We then define 
the distance desired to characterize 
systems performance. In this example, 
we chose 100 meters or about 300 feet. 
One more line, this is a vertical line 
(GH) from the value of 100 meters. 
The best case signal margin can now 

be obtained: 
The point of interest is the intersec¬ 

tion of the field intensity line (AB) and 
the vertical line at 100 meters (GH). 
This is the theoretical level that will 
produce a RSSI voltage of 2.3 volts 
Next, we take the vertical displace¬ 
ment between lines ICJ and lines CD 
This is the signal margin. This dis¬ 
placement is 2 volts. 20 dB/volt slope, 
this becomes a signal margin of 40 dB. 
Reliability and signal margin are 

related in Table 1. 

Plotting Actual Performance 
Now the fun begins. The system is 

calibrated in terms of best case for 
parameters we have defined. We now 

Margin Reliability 
0 dB 99% 
30 dB 99. 9% 
40 dB 99 99% 

Table 1. Correlation between margin 
and reliability. 

perform some measurements with the 
total system of transmitter and receiv¬ 
er. 
Back at the test site, place the sys¬ 

tems transmitter and receiver three 
meters apart and record the RSSI pro¬ 
duced by the receiver. In this example, 
the 40,000 pv/m produced a RSSI volt¬ 
age of 3.3 volts 
Referring to Figure 4, the anchor 

point of 3.3 volts is below the original 
anchor point of 3.8 volts indicating 
that the antenna system is not quite 
as good as the test antenna. This may 
be due to several factors such as inad¬ 
equate antenna counterpoise, poorer 
antenna match, different antenna pat¬ 
tern, etc. 

Next, take RSSI readings at various 
distances and draw a second curve 
(A'B') This curve ideally should be 
identical to line AB, but in actuality 
shows a somewhat poorer anchor point 
at 3.3 volts, or 10 dB lower. Also, this 
curve A'B' starts to depart from 20 
dB/decade as the distance increases. 
Curve A'B' intersects the 100 meter 
distance at 1.5 volts. The vertical dis-

Figure 3. Worksheet for range measurements with just the¬ 
oretical best case plotted for a particular receiver. 

Figure 4. Worksheet showing both theortical best case and 
actual measured signal strength. 
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One for digital. One for analog. 
Both for 5 kHz to 6 GHz. 
Communications signal generators 

Whether you're into digital or analog communications, 

we have a signal generator to meet your needs into 

such as EMC? Or testing receivers? Take a look at the 

SMT06 analog signal generator. Future-safe with a 

the next century. 

Today you may be working on a GSM or 

DCS 1 800 application. But what frequency 

range will tomorrow's applications cover? 

How do you meet your immediate needs and 

stay flexible for the future? With the SME06 

digital signal generator. Allowing all types 

of modulation from 5 kHz to 6 GHz. 

Future-safe 
signal generators 

SME06 digital 
communications 

SMT06 analog 
communications 

and EMC 

frequency range way up to 6 GHz. With 

sweep and programmable level correction. 

Excellent broadband FM with deviation up to 

40MHz. Upgradable with a range of options 

to exactly meet your measuring needs. Setting 

new standards with impressive RF properties 

and excellent cost /performance. 

Interested? Simply call our Hotline on +49 89 

With excellent spectral purity and extremely short 

frequency setting times and fast IEC bus. Helping you 

maximize production throughput. Now and in the future. 

Or maybe you're working on an analog application 

4129 3774 or fax us on +49 89 4129 3777. 

Or send a brief note to Rohde & Schwarz, Mühldorf¬ 

strasse 15, 81671 Munchen, Germany. We'll make 

sure you get the information you need. 

ROHDE&SCHWARZ 
FAX: Argentina (1)3272332 Australia 2 7481836 Austria (I) 602614114 Belgium (2) 7250936 Brazil 111 ) 5055793 Bulgaria (2) 656833 Canada Tektronix |4 16) 747-9799 

Chino (101 8425507 Chile (2) 2278775 Czech Republic |2) 328841 Denmark (43) 437744 Finland (0) 53 1604 France (1 1 41361010 Greece (l| 7215198 Hongkong (2) 8275656 
Hungary (1) 2030282 Indio ( I 1 ) 4626324 Indonesia (21) 8307403/04 Iran (21) 8730283 holy (6) 41598270 Jopan Adrantes, (3) 33420905 Malaysia (3) 7033439 Mexico (5) 5753381 

Netherlands (30) 6048122 New Zealand (4) 2379195 Norway (22) 65802 1 Pakistan (2 1)5680908 Philippines (2) 8105807 Poland (22) 6353544 Portugal (I I) 4120172 Romania 
(1)3122013 Russian Federaban (095) 9549087 Saudi Arabia (1) 4656428 Ext. 229 Singapore 2876577 Slovenia (61) 123461 1 South Africo (1 2) 8042009 Spain ( I ) 7662773 Sweden 

(8)941978 Switzerland (3 1) 9218101 Taiwan (2) 7017068 Thailand (2) 9532245 Turkey (216) 385191 8 United Kingdom (1252) 81 1447 USA Tektronix (503) 627-2565 Vietnam |4) 346188 
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OUR STANDARD MONOLITHIC CRYSTAL FILTERS 
All 2 pole and 4 pole monolithics ship from stock on hand. 

90
.0

 M
Hz
 

70
.0
 M
Hz

 
45

.0
 M
Hz
 

21
.4

 M
Hz

 
10
.7
 M
Hz

 

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM. 
POLES P/N dB ±KHz dB ±KHz dB ±KHz dB dB-MAX dB-MIN. Q/PF 

2 
4 

TE5000 
TE5010 

3 
3 

3.75 
3.75 

20 
30 

18.0 
14.0 -

2 
3 

1.0 
2.0 

50 
60 

1800//+4 
1500//+3 

6 TE5020 6 3.75 60 12.5 * 4 2.0 70 150077+3 
8 
2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 

TE5030 
TE5040 
TE5050 
TE5060 
TE5070 
TE5080 
TE5090 
TE5100 
TE5110 
TE5120 
TE5130 
TE5140 
TE5150 

6 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 

3.75 
6.50 
6.50 
6.50 
6.50 
7.50 
7.50 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

60 
20 
30 
60 
60 
20 
30 
60 
60 
20 
30 
60 
60 

10.0 
30.0 
15.0 
19.5 
13.0 
35.0 
17.5 
22.5 
15.0 
70.0 
35.0 
45.0 
30.0 

90 

80 

80 

80 

12.5 

17.5 

20.0 

40.0 

5 
1 
2 
3 
4 
1 
2 
3 
3 
1 
2 
2 
3 

2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 

80 
50 
75 
90 
100 
50 
75 
90 
100 
35 
60 
90 
100 

1500/7+3 
2700/70 
3100/70 
3100//0 
3100/70 
30OO//0 
3300/70 
33007/0 
33007/0 
5OOO//-1 
5000//-1 
5000/7-1 
5000//-1 

NO. 
POLES 

TEMEX 
P/N 

PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
Í2/PF dB ±KHz dB ±KHz dB ±KHz 

2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 

TE5180 
TE519O 
TE5200 
TE5210 
TE5220 
TE5230 
TE5240 
TE5250 
TE526O 
TE5270 
TE5280 
TE529O 
TE5300 
TE5310 
TE5320 
TE5330 

3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 

3.75 
3.75 
3.75 
3.75 
6.50 
6.50 
6.50 
6.50 
7.50 
7.50 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

15 
30 
60 
60 
15 
30 
60 
60 
15 
30 
60 
60 
15 
30 
60 
60 

12.5 
12.5 
12.5 
10.0 
20.0 
22.5 
22.5 
17.5 
25.0 
25.0 
25.0 
20.0 
50.0 
45.0 
45.0 
33.0 

80 

80 

80 

B0 

12.5 

22.5 

25.0 

45.0 

2 
3 
4 
5 
2 
3 
4 
4 
2 
3 
4 
4 
2 
3 
3 
4 

1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
Z0 
2.0 
ZO 

50 
70 
90 
100 
50 
70 
90 
100 
50 
70 
90 
100 
45 
60 
90 
100 

850/7+6 
850/7+5 
850/7+5 
850/7+5 

1300/7+2 
1400/70 
1400//0 
1400//0 
1500//0 
1600//0 
16007/0 
16007/0 
30007/0 
3000//-1 
3OO07/-1 
3000//-1 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
fl/PF dB ±KHz dB ±KHz 

2 
4 
2 
4 
2 
4 
2 
4 

TE9420 
TE9310 
TE7420 
TE7430 
TE7440 
TE7450 
TE7730 
TE7740 

3-OT 
3-OT 
3-OT 
3-OT 
3-OT 
3-OT 
FUND 
FUND 

3 
3 
3 
3 
3 
3 
3 
3 

3.75 
3.75 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

18 
30 
18 
40 
15 
30 
15 
40 

16.0 
12.5 
28.0 
30.0 
47.0 
50.0 
50.0 
60.0 

3 
3 
2 
3 
2 
3 
2 
3 

1 
1 
1 
1 
1 
1 
1 
1 

40 
70 
40 
70 
40 
70 
40 
70 

2000//-1.0 
2000//-1.O 
3OO0//-1.0 
3000//-1.O 
8000//-1.5 
8OOO//-1.5 
1100/7+1.5 
8O0//+1.0 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAN D LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
Q/PF dB ±KHz dB ±KHz dB KHz 

2 
4 
2 
4 

TE10400 
TE10410 
TE10420 
TE10430 

3-OT 
3-OT 
3-OT 
3-OT 

3 
8 
3 
3 

7.5 
7.5 
10 
10 

18 
35 
15 
35 

30 
25 
30 
40 

35 
80 
35 
80 

-910 
-910 
-910 
-910 

2 
3 
2 
3 

1 
1 
1 
1 

2000//-1 
2000//-1 
2500/7-1 
2500//-1 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
ÍVPF dB ±KHz dB ±KHz dB KHz 

2 
4 
2 
4 
4 

TE10440 
TE10450 
TE10460 
TE10470 
TE10480 

3-OT 
3-OT 
3-OT 
3-OT 
3-OT 

3 
3 
3 
3 
3 

7.5 
7.5 
10 
10 
15 

18 
35 
15 
35 
30 

30 
25 
30 
40 
50 

35 
80 
35 
80 
80 

-910 
-910 
-910 
-910 
-910 

2 
3 
2 
3 
3 

1 
1 
1 
1 
1 

2000//-1 
2000//-1 
2500/7-1 
2500//-1 
4000/7-1 

TEMEX 
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placement (signal margin) from this 
intersection and the threshold value is 
1.2 V (1.5-.3), or 24 dB as compared to 
40 dB for the ideal curve. 
As the environment becomes more 

hostile, range worksheets will show 
deteriorating values of signal margin. 
However, each site is different and 
have to be evaluated individually. 
Because of the variability of measure¬ 
ments caused by multiple reflections, 
measurements for curve A'B' should 
be repeated several times. We than 
can either average out measurements, 
or reproduce worst case, best case by 
producing a thicker A'B' line 
The advantage of this graphical 

analysis is that an installer or field 
engineer will immediately know just 
how this particular system is function¬ 
ing with respect to theory. Severe dis¬ 
crepancies between the ideal and mea¬ 
sured curves can be evaluated and cor¬ 
rected once one knows what to expect. 

Recent studies (1,2) have shown 
that the propagation path loss departs 
from the 1/X curve as the distance 
increases and as obstacles are encoun¬ 

tered in the transmission path. The 
attenuation can deteriorate from 20 
dB/decade to 30 and 40 dB/decade. 
This is another reason for evaluating 
systems performance at the distance 
or interest rather than to evaluate 
performance at some unused maxi¬ 
mum distance. RF 
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Rf integrated circuits_ 

A Low Voltage Monolithic FM/IF 
System for DECT and Other 
High Speed GFSK Applications 

By Yanpeng Guo, Randall Yogi, and Alvin Wong 
Philips Semiconductors 

A Philips low voltage high perfor¬ 
mance monolithic FM ! IF system, the 
SA639, is introduced to meet the 
increasing demand for high speed digi¬ 
tal wireless PCS applications. Experi¬ 
mental performance evaluation includ¬ 
ing Bit error rate (BER), sensitivity to 
frequency off-set, and sensitivity to FM 
deviation variation of this system is 
presented. Results indicate that the 
low voltage SA639 FM/IF system pro¬ 
vides superior performance for high 
speed digital wireless applications. 

To achieve the goal of wireless per¬ 
sonal communications, allowing 

users access to the capabilities of the 
global communications network at any 
time without regard to location and 
mobility, cellular and cordless telepho¬ 
ny have been taken as two major 
approaches. Cellular systems are 
evolving towards smaller cells (micro¬ 
cells) and lower power levels to pro¬ 
vide higher overall capacity. Cordless 
telephones have evolved from home 
appliances towards wide spread “uni¬ 
versal” low power personal communi¬ 
cations systems. With the advent of 
digital cordless telephony, cordless 
systems with enhanced functionality 
have been developed that can support 
higher data rates and more sophisti¬ 
cated applications such as wireless 
private branch exchanges (WPBX) and 
public-access Telepoint systems. One 
of the first digital cordless standards 
is the Digital European Cordless 
Telecommunications (DECT) system, a 
pan-European standard designed to 
connect all of Europe with a common 
digital cordless system. DECT is also a 
flexible standard for providing a wide 
range of services in small cells. 
In this paper, the SA639, a Philips 

Standard CT2/CT2+ DECT PHS PACS 

Region Europe/Canada Europe Japan USA 

Freq. Band 

(MHz) 

CT2: 864-868 

CT2+: 944-948 

1880-1900 1895-1918 Tx: 1850-1910 

Rx: 1930-1990 

Duplex TDD TDD TDD FDD 

Multiple Access TDMA TDMA TDMA TDMA 

No. of channels 40 10 77 16 pairs 

Ch. spacing (kHz) 100 1728 300 300 

Users/channel 1 12 4 8/pair 

Modulation GFSK 

(FM dev. 14-25 kHz) 

GFSK 

(FM dev. 288 kHz) 

PI/4-DQPSK PI/4-DQPSK 

Bit Rate 72 kb/s 1.152 Mb/s 384 kb/s 384 kb/s 

Speech coding 32 kb/s ADPCM 32 kb/s ADPCM 32 kb/s ADPCM 32 kb/s ADPCM 

Frame duration 2 ms 10 ms 5 ms 2.5 ms 
Peak power 10 mW 250 mW 80 mW 200 mW 

Table 1. Summary of digital cordless standards. 

low voltage FM/IF system, with sev¬ 
eral important features such as post 
filter amplifier and active data 
switch is proposed for DECT and 
other high speed digital wireless 
applications. A SA639-based DECT 
receiver evaluation board has been 
developed. Detailed description of the 
SA639 FM/IF system, structure of 
the evaluation board, design informa¬ 
tion, and experimental evaluation 
results are presented. 

Review of the DECT Standard 
DECT is designed as a flexible inter¬ 

face to provide cost-effective communi¬ 
cations services to high user densities 
in small cells. This standard is intend¬ 
ed for the applications such as domes¬ 
tic cordless telephony, Telepoint, cord¬ 
less PBXs, and Radio Local Loop 
(RLL). It supports multiple bearer 
channels for speech and data trans¬ 
mission (which can be set up and 

release during a call), hand over, loca¬ 
tion registration, and paging. Func¬ 
tionally, DECT is closer to a cellular 
system than to a classical cordless 
telephone. However, the interface to 
PSTN or ISDN remains the same as 
for a PBX or corded telephone. Table 1 
is a summary of the key specifications 
of DECT and other digital cordless 
telephone systems. 
DECT is based on Time Division 

Duplex (TDD) and Time Division 
Multiple Access (TDMA) with 10 car¬ 
riers in the 1880 - 1900 MHz band. 
Figure 1 illustrates the DECT 
TDD/TDMA frame structure. The 
completed frame is 10 ms in duration 
with 24 time slots. The first 12 slots 
are allocated for the transmission 
from base station to handsets, and 
the other 12 slots are for the trans¬ 
mission from hand sets to base sta¬ 
tion. Each slot is 417 ps long with 480 
bits. The first 32 bits is a “1010...” 
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Figure 2. Block diagram of GFSK modulator. 

Figure 1. DECT TDD/TDMA frame structure. 
Figure 3. Block diagram of GFSK demodulator. 

sequence for synchronization. The 32 
kb/sADPCM CODEC is used for 
speech coding in DECT, which pro¬ 
vides 320 bits during each 10 ms 
frame. When a call is made, two slots 
(oneis in the first 12 slots, the other 
is in the last 12 slots) are assigned to 
the user for transmit and receive. 
Gaussian filtered FSK (GFSK) mod¬ 

ulation scheme is employed in DECT. 
GFSK is a premodulation Gaussian fil¬ 
tered digital FM scheme. Figure 2 
shows the block diagram of a GFSK 
modulator. The advantages of GFSK 
can be summarized as follows. 

(i) Constant envelope nature: this 
allows GFSK modulated signal to be 
operated with class-C power amplifier 
without introducing spectrum regener¬ 
ation. Therefore lower power con¬ 
sumption and higher power efficiency 
can be achieved. 

(ii) Narrow power spectrum: narrow 
mainlobe and low spectral tails keep 

the adjacent channel interference to 
low levels and achieve higher spectral 
efficiency. 

(iii) Non-coherent detection: GFSK 
modulated signal can be demodulated 
by the limiter/discriminator receiver 
as shown in Figure 3. This simple 
structure leads to low cost GFSK 
receivers. 

The SA639 FM/IF System 
The SA639 is a low-voltage high 

performance monolithic FM/IF sys¬ 
tem with high speed RSSI incorporat¬ 
ing a mixer/oscillator, two limiting 
intermediate frequency amplifiers, 
quadrature detector, fast RSSI op 
amps, post detection filter amplifier, 
and a data switch. The block diagram 
of SA639 is presented in Figure 4. 
The SA639 was designed specially 

for high data rate portable communi¬ 
cations applications and will function 
down to 2.7 V. The data output pro-

24 23 22 21 20 19 18 17 16 15 14 13 

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

Figure 4. Block diagram of the SA639 
FM/IF system. 

vides a minimum bandwidth of 1 
MHz to demodulate high speed data, 
such as in DECT applications. Figure 
5 presents the quad tank S-curve of 
SA639, which indicates the linear 
range to be about 2 MHz. The mea¬ 
sured RSSI characteristics of SA639 
is presented in Figure 6. With more 
than 75 dB dynamic range, the SA639 

Frequency off-set from 110.592 MHz (MHzl 

Figure 5. Quadrature tank S-curve for the SA639 board. Figure 6. Measured RSSI characteristics of SA639. 
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RSSI rise/fall time is 0.8/2.0 [is at -45 
dBm RF level. 
The post-detection amplifier may 

be used to realize a group delay opti¬ 
mized low pass filter. The filter 
amplifier provides 0 dB gain and has 
a 3 dB bandwidth of at least 4 MHz 
in order to keep its frequency 
response influence on the filter group 
delay characteristics at a minimum. 
It can be configured for Sallen & Key 

low pass with Bessel characteristic 
and a 3 dB cutoff frequency of about 
800 kHz. 
The SA639 incorporates an active 

data switch to derive the data com¬ 
parator reference voltage by means 
of routing a portion of data signal to 
an external integration circuit. The 
data switch is typically closed for 10 
qs in the course of 32 bit synchro¬ 
nization sequence, and is open other-
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wise. The time constant of the exter¬ 
nal integration circuit is about 5 to 
10 |is. This active switch provides 
excellent tracking behavior over a 
DC input range of 1.2 - 2.0 V. The 
slew rate is better than 1 V/ms. 
When the switch is opened, the out¬ 
put is in a tri-state mode with a leak¬ 
age current of less than 100 nA. This 
reduces the discharge of the external 
integration circuit. 
As compared to other similar FM/IF 

chips, another advantage of SA639 is 
that during power down mode 
(between data bursts) the data switch 
will output a reference of about 1.6 V 
to maintain a charge on the external 
RC circuit. This idea helps extract the 
reference voltage for the external 
capacitor in a shorter time and 
improves the accuracy of the voltage 
on the capacitor. The overall system 
is well suited for battery operated 
high quality products in digital wire¬ 
less personal communications. 
Detailed specifications of SA639 can 
be found in [3]. 

Structure of the 
SA639 Evaluation Board 
A SA639-based evaluation board has 

been developed based on DECT speci¬ 
fications. The structure of this board is 
illustrated in Figure 7 together with a 
VCO/FM discriminator based GFSK 
modem (modulator/demodulator). The 
demo board contains the entire demod¬ 
ulator as well as the Gaussian low-
pass filter(LPF) for the modulator. 
The DECT modulated signal therefore 
can be generated either by a standard 
DECT signal generator, or by sending 
a 1.152 Mb/s data stream to the on¬ 
board Gaussian LPF (BTb = 0.5), then 
applying the filtered base band wave 
form to a FM signal generator with a 
modulation index of 0.5. The output is 
then the GFSK modulated signal 
(DECT). Baseband eye-diagram at the 
output of the Gaussian LPF is pre¬ 
sented in Figure 8. 
At the output of the limit/frequency 

discriminator, the post-detection 
amplifier is configured as a Sallen & 
Key LPF to eliminate noise. For the 
convenience of operation, the evalua¬ 
tion board is designed in such a way 
that the reference voltage for the data 
comparator can be obtained either 
from the switch controlled DC extrac¬ 
tion circuit, or directly from the power 
supply. If the DECT Burst Mode Con¬ 
trol circuit is available, the active data 
switch can be used to extract and 
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Figure 7. Structure of the SA639 GFSK evaluation board. 
Figure 8. Measured eye-diagram at the output of the trans¬ 
mitter Gaussian LPF. 

track DC level during the synchroniza¬ 
tion sequence. Otherwise the DC refer¬ 
ence can be obtained from the power 
supply and manually adjusted for the 
comparator operation. 
A 2-level threshold detector with 

sampling time adjustment circuit is 
implemented on the board for data 
regeneration. The phase of the data 
clock can be adjusted manually 
through a monostable multivibrator 
(74HC123) to achieve the optimal 
sampling time. The demo board is ini¬ 
tially adjusted for a bit rate of 1.152 
Mb/s. If a different data rate is used, 
the sampling time has to be re¬ 
adjusted. The output of the threshold 
detector is the regenerated binary 
data, which can be sent to a data 
error analyzer to evaluate the BER 
performance. 
The symbol timing recovery (STR) 

circuit is not implemented on this 
evaluation board. Transmit data clock 

either hard-wire connected from the 
transmitter or from a separate STR 
circuit is required for the operation. 
The performance measurements pre¬ 
sented in this paper were conducted 
with hard-wire connected data clock. 
However BER degradation caused by 
STR should not be more than 1 dB [6]. 
This SA639-based GFSK demo 

board is designed with DECT specifi¬ 
cations at RF frequency of 110.592 
MHz, LO frequency of 120.392 MHz, 
and intermediate frequency of 9.8 
MHz. For different frequency plan 
applications, the step-by-step match¬ 
ing circuit design procedure can be 
found in [1]. 

Performance Evaluation 
Performance of this SA639 based 

DECT GFSK system including BER 
and sensitivity to frequency off-set and 
FM deviation variation is experimen¬ 
tally evaluated. Measurement proce¬ 

dures and the measured results are 
presented in this section. 
Figure 9 illustrates the measure¬ 

ment set-up with the SA639 DECT 
evaluation board. A data error analyz¬ 
er is employed to generate a pseudo 
random binary sequence (PRBS) with 
length of 109-l at a data rate of 1.152 
Mb/s. This data sequence is sent to a 
DECT signal generator to generate a 
standard DECT modulated signal at 
110.592 MHz. Another signal genera¬ 
tor is employed to provide an LO sig¬ 
nal at 120.392 MHz for the FM/IF sys¬ 
tem detection. The reference DC volt¬ 
age for the data comparator is 
obtained from power supply for this 
evaluation. Data clock signal is direct¬ 
ly from the data error analyzer. The 
sampling time is manually adjusted 
at the center of baseband eye dia¬ 
gram. Recovered data sequence is fed 
back to the Data Error Analyzer for 
BER measurement. 

4- 110.592 MHz 

Figure 9. Block diagram of the BER evaluation set-up. 
Figure 10. Recovered eye-diagram at the output of the 
SA639. 
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The recovered baseband eye-dia¬ 
gram is shown in Figure 10, and the 
measured BER versus RF input level 
is presented in Figure 11. It can be 
seen that less than -83 dBm RF 
power is needed to achieve the bit 
error rate of IO-3 . Since a typical 
front-end circuit has a better noise 
figure than FM/IF system, it is com¬ 
mon to achieve more than 5 dB signal-
to-noise ratio gain by the front-end 

circuit. Therefore, with the SA639 
FM/IF the overall system sensitivity 
could be better than -88 dBm for the 
BER of 10-3 . Based on our measure¬ 
ments, by applying the Philips 
UAA2077AM 2 GHz image rejecting 
front-end to the SA639 FM/IF system 
the overall system sensitivity is -91 
dBm for the BER of 10-3 . This perfor¬ 
mance compares very well to the 
DECT specifications for public access 

HCMOS/TTL & Sinewave • Surface Mount & Thru-Hole 

WE’VE GOT A LOT 
TO SAY ABOUT 
TCXOs 

equipment (—86 dBm for 10-3 BER). 
The performance degradatioi 

caused by frequency off-set and th 
sensitivity to FM deviation variatioi 
of this system are also evaluated. Fig 
ure 12 presents the measured BE! 
versus frequency offset. Even witl 
(50 kHz offset, only minor degrada 
tion can be observed, and -82 dBr 
RF level is enough for 10~3 BER. Th 
sensitivity of this system to FM devi 
ation variation is illustrated in Fig 
ure 13. Even with 10 percent devia 
tion reduction (259 kHz), less thaï 
-82 dBm RF signal is needed t 
achieve the BER of 10 -3 . Thes 
results indicate that the Philips 
SA639 FM/IF system provides superi 
or performance for DECT and othe 
high data rate GFSK applications. 
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Figure 13. BER vs. FM deviation (RF: 
110.592 MHz; -82 dBm; fb: 1.152 Mb/s). 

manee evaluation of a low-voltage 
monolithic FM/IF system for 
GMSK/GFSK applications,” Proceed¬ 
ings of the Third Annual Wireless 
Symposium, February 13 - 17, 1995, 
Santa Clara, CA. 
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Figure 12. BER degradation caused by frequency offset (RF: -82 dBm). modulation for digital mobile radio 
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Communications, July 1981. 
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Figure 11. BER of the SA639 DECT 
demo board (RF: 110.592 MHz; LO: 
120.392 MHz; fb: 1.152 Mb/s) 

Conclusions 
A Philips low voltage high perfor¬ 

mance FM/IF system (SA6.39) based 
GFSK modem evaluation board is pre¬ 
sented. Experimental performance 
evaluation including bit error rate 
(BER), sensitivity to frequency off-set, 
and sensitivity to FM deviation varia¬ 
tion of this system has been conducted 
based on DECT specifications. Results 
indicate that a superior performance 
can be achieved with the Philips 
FM/IF systems for high speed digital 
wireless applications. RF 
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RF cover story_ 

Dual-DDS Offers High Performance 
for High-Speed GFSK 

By Jonathan King 
Qualcomm 

This article begins with a brief tutor¬ 
ial of Direct Digital Synthesizers 
(DDS), followed by a functional 
description of QUALCOMM’s new 
Q2368 dual DDS. Highlighted in this 
article is the use and application of the 
Q2368 in the Globalstar™(LP) low 
earth orbit satellite system. March 1992 RF Design featured QUALCOMM’s Q2220 K.i.S.S. 
(Keep it Simple Synthesizer) DDS. 
Although the technology was not new, 
it was considered exotic by many RF 
designers who felt comfortable using 
only analog synthesis techniques. 
Since then, direct digital synthesis has 
proliferated, including those “analog 
only” RF designers who appreciate the 
benefits of DDS in their synthesizer 
circuits. In fact, DDS are almost a 
required methodology in today’s mar¬ 
ket-driven wireless systems. 
Now, in 1996, the QUALCOMM 

Q2368 dual DDS offers improved capa¬ 
bility and performance to better satis¬ 
fy the demands of digital wireless com¬ 
munications and the exacting phase 
and frequency control required by high 
performance measurement systems. 

Direct Digital Synthesizers 
in Practice 
DDS can be practically defined as a 

means of generating highly accurate 
and harmonically pure digital repre¬ 
sentations of signals. This digital rep¬ 
resentation is then reconstructed with 
a high-speed Digital-to-Analog Con¬ 
verter to provide an analog output sig¬ 
nal, typically a sinusoidal tone or 
sequence of tones. Many high perfor¬ 
mance DACs with greater clock speed 
and resolution capability are now 
available to obtain extremely low spu¬ 
rious from the DDS-DAC output. Since 
the DDS device output is digitally 
processed, the DDS functionality is 
easily software-configurable, making 
built-in utility more flexible. 
DDS techniques offer unique capa-

Q2368 Architecture 

Figure 1. Functional block diagram of the Qualcomm Q2368 high-speed DDS. 
The two synthesizers on-chip can be operated independently with a clock 
speed of 60 MHz, or in tandem with an effective clock speed of 120 MHz. 

bilities in contrast to other synthesis 
methods. Although limited by the 
Nyquist criteria, (up to one-half the 
frequency of the applied clock refer¬ 
ence), DDS allows frequency resolu¬ 
tion control on the order of milli-hertz 
step size and can likewise allow milli¬ 
hertz or even nano-hertz of phase reso¬ 
lution control. Additionally, DDS 
imposes no settling time constraint for 
frequency changes other than what is 
required for digital control. This 

results in extremely fast frequency 
switching speeds, on the order of 
nanoseconds or a few microseconds. 
All frequency changes are automati¬ 
cally completed in a phase continuous 
fashion; that is, a change to a new fre¬ 
quency continues in-phase from the 
last point in the previous frequency. 
Since the signal being generated is in 
the digital domain, it can be manipu¬ 
lated with exceptional accuracy. This 
allows precise control of frequency or 
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phase and can readily accommodate 
frequency and phase modulation, i.e., 
FSK or PSK, for example. If desired, a 
microprocessor-controlled system can 
be utilized to store open loop compen¬ 
sation data vs. frequency for a particu¬ 
lar device or system parameter. The 
microprocessor can then simply con¬ 
trol the DDS to dynamically correct 
the frequency as needed. With a suit¬ 
able frequency detector in a receive 
system, a closed loop system can easily 
be constructed. 

Q2368 DDS Description 
A functional block diagram of the 

Q2368 is shown in Figure 1. The 
device can be configured as a single 
high-speed DDS capable of operating 
at 120 MHz clock speed when set for 
doubling mode, or as two independent 
DDS devices each capable of operating 
at 60 MHz clock speed when set for 
dual DDS mode. Configuring the 
Q2368 for either mode is accomplished 
by a simple pin setting. The Q2368 
provides 32-bit digital input resolution 
for both frequency and phase control. 

Figure 2. Linear chirp using pro¬ 
grammable start and stop frequen¬ 
cies and chirp time. 

This translates to sO.028 Hz minimum 
frequency step size depending on the 
frequency of the clock reference and 84 
nano-degrees minimum resolution of 
phase control. The 12-bit output 
amplitude resolution also includes 
QUALCOMM’s patented noise reduc-
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Figure 3. Piecewise linear chirp wave¬ 
form generated with dynamic chirp¬ 
rate control. 

tion circuit (NRC) for reducing dis¬ 
crete spurious levels while only slight¬ 
ly increasing the wideband noise floor. 

All phase, frequency and operating 
modes are controlled via a single 
microprocessor interface with user 
options for 8-bit bus control or serial 
control. The control interface selection 
is accomplished by a simple pin set¬ 
ting; serial data output is provided to 
enable daisy-chaining of serial-con¬ 
trolled devices. 
The Q2368’s capabilities includes 

the following list of built-in functions: 

• Programmable Hop Clock mode 
• Programmable Hop Clock Trigger 
• Chirp mode 
• Programmable Chirp Rate 
• Hold control 
• Power-down mode 
• Modulation control 

User control of all functions apply 
identically to either single DDS (dou¬ 
bling mode) or dual DDS (dual mode) 
operation. A brief description of func¬ 
tions is offered here: 
Programmable Hop Clock mode 

(PHC) — The Hop Clock command is 
used to activate new data information 
or enable the various operating modes. 
The Programmable Hop Clock mode 
takes the basic function of the Hop 
Clock one step further by introducing 
a programmable 32-bit duration 
counter derived from the DDS clock 
reference. This is used by the Q2368 
as a built-in timer function which 
allows precise timed intervals of the 
Hop Clock command to be automati¬ 
cally and continuously re-asserted at 
the pre-programmed time intervals. 
This significantly eases the control 
burden and “housekeeping” function of 
the microprocessor. 
Programmable Hop Clock Trigger — 

This feature provides an output pulse 

May 1996 



Frequency 

to simplify designing systems which 
are synchronously locked to the 
Q2368’s clock. The Hop Clock trigger 
is an output pulse that is automatical¬ 
ly generated each time the Program¬ 
mable Hop Clock resets itself, accord¬ 
ing to the programmed time interval. 
A programmable 4-bit register is also 
included to adjust the Hop Clock trig¬ 
ger up to ±7 clock cycles of delay to 
compensate for any circuit path delay 
matching. This greatly facilitates pre¬ 
cise triggering of other system events 
that require concurrent timing with 
DDS operation. 
Chirp mode — The Chirp mode 

implements two phase accumulators 
serially to generate a linearly chang¬ 
ing frequency output. In this mode, 
the output frequency changes at a con¬ 
stant rate, either increasing or 
decreasing the frequency direction. To 
generate a chirp waveform, a linear 
frequency change is added to the first 
phase accumulator to produce an 
instantaneous frequency, f. The first 
accumulator’s output is then integrat¬ 
ed by the second accumulator to. pro¬ 
duce an instantaneous phase, <|> = Jf dt. 
Programmable Chirp Rate (PCR) — 

This feature provides for independent 
control of the chirp sweep rate and the 
output frequency. The limitations on 
the resolution of the sweep rate are 
due to the system clock frequency and 
the size of the phase accumulator. The 
chirp rate control allows the user to 
vary the slope of the chirp signal by 
changing the clock frequency used in 
the chirp mode. The chirp rate control 
introduces a programmable 20-bit 
counter derived from the DDS clock 
reference. This is used by the Q2368 to 
achieve <1 Hz/sec minimum chirp 
sweep rate over the entire clock speed 
range. If a linear sweep only is 
desired, the chirp output is described 
in terms of a start and stop frequency 
and the time (t) interval for the signal 
to travel between the two frequencies 
as shown in Figure 2. Alternatively, if 
the desired output response cannot be 
implemented in one chirp waveform, 
the chirp rate control can be used to 
dynamically adjust the slope of the 
chirp response to achieve a near para¬ 
bolic or piecewise-linear frequency 
output as shown in Figure 3. 
Hold Control — The Q2368’s Hold 

control function allows instant inter¬ 
ruption of operating modes to produce 
a stationary (fixed) output. This is 
accomplished by an external pin 
enable. When operating in the chirp 

Prog. HOPCLK 

activated with 

Duration, T 

Prog. HOPCLK 

disabled 

Prog. HOPCLK 

reenabled 

Output Trigger is 

generated 

Figure 4. A chirp interrupted using the Q2368 s hold control function. 

mode, enabling the Hold control will 
produce a constant output frequency 
corresponding to the exact position of 
where the chirp waveform was inter¬ 
rupted. Enabling the Hold control dur¬ 
ing any other DDS operation will 
result in a zero frequency (DC) output 
until the Hold signal is disabled. As 
expected, the Programmable Hop 
Clock mode is simultaneously inter¬ 
rupted when the Hold control is 
enabled. This allows the programmed 
time interval to be maintained irre¬ 
spective of the Hold interruption time 
as illustrated in Figure 4. All DDS 
operations transition in a phase-con¬ 
tinuous fashion when the Hold control 
is enabled or disabled making it 
attractive for many uses such as burst 
mode, auto-scan, or seek control. 
Power-Down mode — This feature 

provides an independent power-down 
function for each DDS when operating 
in dual mode or a combined power¬ 
down function while operating the 
Q2368 as a single DDS (in doubling 
mode). To allow for power efficient 
standby operation, DDS current con¬ 
sumption is reduced to within the 0.1 
to 10 mA range, depending on the 
clock frequency and operation mode. 
All data residing in the registers is 
retained during power down, although 
new information can still be addressed 
via the processor interface. 
Modulation Control — Aside from 

the 32-bit control available for fre¬ 
quency and/or phase manipulations 
using the microprocessor interface, 
external FSK and PSK modulation 
inputs are also provided as convenient 
control ports. The Q2368 can generate 
BFSK modulation up to 15 Mbps using 
the external multiplex control to tog¬ 
gle between two pre-loaded frequen¬ 

cies. Using the 3-bit external phase 
modulation control, either BPSK, 
QPSK, or 8-PSK modulation can be 
generated up to 15 Mbps for continu¬ 
ous data transmission. Additionally, 
when operating in dual DDS mode, 
quadrature I and Q channels can be 
generated simply by using the exter¬ 
nal phase control to produce two sig¬ 
nals with a 90° offset. 

Device Parameters 
The Q2368 DDS is specified over the 

industrial temperature range 
(—40° to +85°C) and operates from a 

single 5V ±10% supply voltage. Nomi¬ 
nal power dissipation is 0.42 W per 
DDS at 60 MHz clock speed in dual 
mode and 0.8 W when operating as a 
single DDS at 120 MHz clock speed in 
doubling mode. The device is available 
in a 14mm x 14mm, 100-pin PQFP 
style package. 

Globalstar LEO Satellite 
Description 
The Globalstar LEO satellite system 

consists of a constellation of 48 satel¬ 
lites that employ CDMA technology to 
deliver low-cost global telephone and 
data services. The satellites orbit at a 
height of 876 mi., providing coverage 
areas as great as 3100 miles in diame¬ 
ter, compared to the 12 mile typical 
range accommodated by terrestrial 
analog cellular systems. User termi¬ 
nals include CDMA hand sets similar 
to dual mode terrestrial cellular tele¬ 
phones, with communication up to the 
Globalstar satellites at L-band (1610 
to 1626 MHz) and retransmitted to the 
Gateway using the S-band (2483.5 to 
2500 MHz). The ground segment con¬ 
sists of Gateways which use up to four 
bi-directional C-band antennas for 

RF Design 47 



In the Gateway, the Gateway Receiver 
Card (GREC) downconverts and digi¬ 
tizes the re-transmitted signal (IF) for 
the Transceiver Subsystem reverse 
link. The GREC performs the follow¬ 
ing functions: 

Figure 5. Globalstar reverse link frequency plan. 

2085-2285 MHz 
From Antenno 

Figure 6. Gateway receiver card block diagram. 

satellite communication. Within each 
coverage area, these gateways connect 
the satellite signals with the terrestri¬ 
al telephone infrastructure. 

Gateway Reverse Link 
With regards to application with the 

Q2368 DDS, a parochial view of the 

Gateway reverse link will be used to 
highlight its utility in the Globalstar 
system. Figure 5 illustrates how the 
reverse link is configured. The 
received signals from the terminals in 
the 1.6 GHz range are upconverted 
within the satellite to the 7 GHz range 
for re-transmission to the Gateways. 

• Selection of the C-band sub-beam to 
be demodulated 

• Downconversion from the interfacili¬ 
ty IF to baseband 

• I and Q sampling and demodulation 
of the received baseband signal. 

• Distribution of the digital samples 
for controller post processing 

• Automatic gain control 
• Full C-band Doppler correction and 
partial L-band Doppler correction 

• Matched filtering by means of a 
SAW filter 

• Generation of all local oscillators for 
the downconversion 

The GREC contains two indepen¬ 
dent receivers, each with the ability to 
downconvert and sample a single sub¬ 
beam. Figure 6 shows the conceptual 
block diagram for a single receiver 
path. The RF section translates the 
interfacility IF (2085 MHz-2285 MHz) 
to the final IF (70 MHz). Synthesizer 
A produces 2520 MHz to 2720 MHz in 
2 MHz steps to tune the C-band down¬ 
link center frequency to the high side 
of the 435 MHz IF. Synthesizer B pro¬ 
duces a 350 MHz signal which is used 
to generate the offset for the Doppler 
tracking synthesizer. The Q2368’s dig¬ 
ital output is reconstructed with a 
high speed, 12-bit D/A Converter (Har¬ 
ris HI5731) for optimal spurious-free-
dynamic-range at the Doppler track¬ 
ing synthesizer’s analog output. The 
output of this mixer is filtered to reject 
the 350 MHz LO feedthrough and the 
lower sideband. The resulting 365 

Figure 7. Magnitude of Doppler frequency versus time. Figure 8. Doppler frequency rate of change versus time. 
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MHz LO tunes the 435 MHz IF signal 
to exactly 70.0 MHz. This architecture 
provides fine frequency resolution 
(0.01 Hz) with very fast tuning and 
low spurious content. The 70 MHz 
SAW filter rejects adjacent interfer¬ 
ence and functions as a pseudo¬ 
matched filter. The SAW nearly 
matches the spectral shape of the 
reverse link CDMA waveform. The 
baseband and digital section produces 
samples of the in-phase (I) and quad¬ 
rature (Q) baseband waveforms and 
then distributes the digital samples on 
a single serial multiplexed data 
stream for post processing by a con¬ 
troller unit. 

Doppler Effect in 
Gateway Reception 
Globalstar LEO satellites orbit the 

earth approximately every 114 min¬ 
utes and are therefore available to a 
user for up to 14 minutes. This transi¬ 
tory cycle requires seamless hand-offs 
between satellites and between anten¬ 
na beams within a single satellite to 
maintain continuous phone calls. 
Doppler shift is calculated by the 
Gateway based upon the received sig¬ 
nal from a Globalstar satellite moving 
along its orbital trajectory. The rate at 
which the correction must be per¬ 
formed for a given maximum error in 
the received frequency is considered in 
the Appendix. 
The worse case scenario for the 

Doppler shift is when the Globalstar 
satellite is passing directly overhead 
(see Figure 7). In this figure the 
Doppler frequency, f (t), is expressed 
in kilohertz and is plotted versus time 
in seconds as the satellite passes from 
horizon to opposite horizon. Note that 
the frequency offset is an odd function 
of time, where t = 0 corresponds to the 
satellite passing directly above the 
Gateway. A negative frequency means 
that the satellite is moving towards 
the Gateway while a positive one 
means that the satellite is moving 
away. As an example, the center of the 
Gateway downlink band is 7075 MHz. 
The Doppler shift for this frequency as 
the satellite nears the horizon is about 

(7075 MHz)(6 km/sec) + 
(300,000 km/sec) = 141.5 kHz. 

The rate at which the Doppler shift 
changes is directly proportional to the 
acceleration of the satellite as shown 
in Figure 8. In this figure, the Doppler 
frequency change rate, fa(t), is maxi-
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and high volume require¬ 

ments in our ISO 9001 

certified facilities. 

One Allen Martin Drive, Essex, VT 

TEL: 802-878-0555 FAX: 802-878-8880 

110-1140 Murrison Or., Ottawa, Canada 

TEL: 813-596-6648 FAX: 613-596-3001 

Offices Worldwide 

mum as the satellite passes overhead 
and is an even function of time. As an 
example, at time t=O when the 
Doppler shift vanishes, fa(t) is about 

(7075 MHz )(30.036 m/sec2) + 
(300000 km/sec) = 708 Hz/sec. 

The third derivative of relative satel¬ 
lite position, sometimes referred to in 
classical mechanics as jerk, is denoted 
as js(t). The rate at which fa(t) is 
changing is directly proportional to 
the jerk of the satellite and is shown 
in Figure 9. In this Figure, fj(t) indi¬ 
cates the Doppler frequency jerk in 
Hz/sec2 and is an odd function of time. 
These functions (fd(t), fa(t), and ̂ (t)) 

have a direct bearing on the rate at 
which correction information must be 
communicated within the gateway 
transceiver subsystem reverse link. 

Doppler Tracking Method 
C-band instantaneous Doppler sig¬ 

nature is a continuous function of time 
unique to a particular satellite pass 
and sub-beam. In addition, the mean 
L-band Doppler is added to the C-band 
correction to accommodate the uncer¬ 
tainty due to L-band Doppler. In order 
to reduce the correction update rate, 
the C-band Doppler is approximated 
by a piecewise-linear polynomial. The 
slope of the Doppler correction and the 
initial correction are sent to the GREC 
once every spline interval. A linear 
spline is simply a piecewise linear 
approximation to a given function as 
shown in Figure 10. 
The Doppler shift is corrected by the 

GREC to both reduce the stress on the 
Gateway demodulator frequency 
tracking loop and to avoid increasing 
the 70MHz SAW noise bandwidth. The 
GREC Doppler correction is performed 

by a Q2368 DDS offset synthesizer 
operating in Chirp mode. This mode 
produces a linearly varying frequency 
output by pre-accumulating Accumu¬ 
lator 2 with Accumulator 1. Fine slope 
resolution is provided through control 
of the Q2368’s PCR clock, FPCR . The 
synthesizer output frequency is a 
stair-step approximation to the C-
band piecewise linear approximation 
of the Doppler as shown in Figure 11. 
At every clock period of Accumulator 
1, the output frequency is increased by 
an amount equal to: 

As = PIRA (Fg/2N ) 

where Fs is the system clock, PIRA is 
the value in Phase Increment Register 
A which controls the amount of output 
frequency change with each Accumu¬ 
lator 1 clock cycle, and N is the num¬ 
ber of bits in Accumulator 2. 
The slope of the output is equal to: 

AF = PIRA (Fg/2N X Fpcr ) 

The smallest non-zero slope for a 
constant clock period is obtained when 
PIRA=1, resulting in a minimum slope 
resolution of: 

△Fmin = (Fs/2N)(FpcR ) 

= (0.01 HzX Fpcr ) 

The system clock is 43.75 MHz as 
dictated by the GREC frequency plan, 
hence the frequency slope can be pro¬ 
grammed with a resolution of 0.01 Hz. 
The amount of error caused by the 
slope resolution is calculated below: 
(The unprimed symbols refer to the 
desired frequency versus time curve, 
and the primed symbols refer to the 
output of the synthesizer.) 

Fl = F0 + (AFXAt) 
Fl'= F0' + (AF)(At) 
Fl-Fl '= F0-F0' + (AF-AF'XAt) 

For the case when the starting point 
is correct (F0=F0'), the maximum error 
at the end of a At second interval occurs 
when the difference in the slopes is 
equal to half the slope resolution: 

Slope Errormax = ( 1/2)(FS/2N)(FPCR )(At) 

The error due to the slope resolution 
assumes that FPCR is fixed for all 
spline intervals. If FpCR is optimized 
for each spline interval to match the 
C-band Doppler slope produced by the 
piecewise-linear approximation, the 
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European 

DECT has arrived ' ... 
and Europe's going cordless. It's a 
huge market and you can write 
yourself a great profit story...if you 
have the right correspondent. 

And here it is: ITT's new 

can fit into any design. It offers 
50Q input/output impedance. 

And it's tough and stable enough 
to handle any assignment. 

It will make the most of your 
communications. With constant 

400 mW, 28 dB power gain RFIC 
power amplifier for DECT. 

It requires only a single 3.6 volt 
battery, yet this 1880 -1900 MHz 
amplifier tolerates any mismatch in 
pulsed or CW operation. And, it 
produces an RF output signal strong 
enough to overcome filter and 
switch losses in the T/R path. 

Like any good correspondent, 
it keeps a low profile. Its small 16-pin 
narrow body SOIC plastic package 

input VSWR in either the on or off 
state, it provides a constant load 
for your drive signal. 

Don't risk getting written off 
in this competitive new market. 

Call us at 540-563-3949 or fax 
us at 540-563-8616 for more infor¬ 
mation on this important new ITT 
correspondent. 

ACTUAL 
SIZE 

ITT GTC 
7670 ENON DRIVE 
ROANOKE, VA 24019 

ITTgtc 
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error is reduced. 
Sawtooth error is the maximum dif¬ 

ference between the desired instanta¬ 
neous frequency and the output of the 
synthesizer. The sawtooth error is 
equal to one half of the step size of the 
output. For a frequency change of 
F1-F0 in a time At, the error is: 

Sawtooth Error = (IÆXFI-FOYKFrcr XAt)] 

The maximum frequency change 
however, is related to the maximum 
slope of the Doppler and the time 
interval: 

F1-F0 - (At)(fa(t)max ) 

Al=2 —O—AUl — AU».! —A— At=0.1~| 

Since the maximum satellite acceler¬ 
ation is less than 0.03 km/sec2, the 
maximum rate of change of the 
Doppler shift is about 0.1 ppm/sec. 
The resulting sawtooth error is: 

Sawtooth Error max = (U2)[(fc X0.il/FpcR ] 

where Ç is the C-band reverse link fre¬ 
quency in MHz. 

Q2368 Doppler Tracking 
Implementation 
The Q2368 can be programmed to 

track the C-band Doppler in a number 
of ways. The one described here 
involves updating the value of PIRA 
every 500 msec. The period of FPCr is 
fixed for the entire satellite pass. The 
total error in the frequency is the sum 
of the error due to both the slope reso¬ 
lution and the sawtooth approxima¬ 
tion. Maximum frequency error versus 
FpçR is shown in Figure 12. 
The FPCr clock for Accumulator 1 is 

determined by the relation: 

FpcR = Fg/P = 43.75 MHz/P 

Figure 12. Maximum frequency error versus accumulator 1 clock rate. 

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 

where P is the preset value of the 20-
bit counter. The range of Fj^r is from 
43.75 MHz to 41.72 Hz, therefore the 
AF slope resolution can range from 
437.5 kHz/sec to 0.42 Hz/sec by chang¬ 
ing the value of P. The update interval 
is chosen to be 500 msec to strike a 
balance between tolerable frequency 
error and software complexity. The 
Programmable Hop Clock mode is uti¬ 
lized to provide the continuous auto¬ 
sequencing of the 500 msec update. 
The 500 msec time interval is pro¬ 
duced by programming the 32-bit PHC 
counter with a divide value of 
21,875,000. FPCR is selected to be 400 
Hz to minimize frequency error with 
the chosen 500 msec update interval 
and is produced by programming P 
with a divide value of 109,375. Exactly 
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Your Global Partner for the 21st Century 

Now you can leave the stacks of expensive, complex equipment back 

at the lab and get the job done at a fraction of the time and cost. 

Anritsu Wiltron's Site Master has all the capability you need to com¬ 

mission an antenna system right at your fingertips, including: «Precision VSWR and 

Return Loss measurements «Accurate fault location «Immunity to live site interference 

•Frequency range that covers all PCS/PCN and cellular bands. 

Site Master incorporates advanced measurement and analysis performance that 

other tools can't touch. Its exceptional noise immunity means accurate measurements at 

live sites. Once you've made the measurements, powerful software helps you quickly 

track down faults, monitor RF performance over time, and view data 

in Smith chart format. 

If you want to commission your sites for a fraction of the cost, size and weight of 

more complex systems, call us today for more information or a hands-on demonstra¬ 

tion of the most easy-to-use, portable cable and antenna tester available. 

/inritsu 
Wiltron 

All those who want a better wav 
to commission sites, raise your hand. 

nited States: (800) 230-2972, Canada: (613) 828-4090, Europe: 44 (1582) 418853, Japan: (03) 3446-1111, Asia-Pacific: 81 (3) 3440-2770, South America: 55-21-286-9141, Singapore: 65-2265206 
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Doppler Calculations 

Given Constants _ _ _ -

Time interval t = -500 sec, -499 sec... 500 sec 

Speed of Light c = 2.998 • lO8̂  

Radius of the Earth re = 6378- lO’m 

Radius to the Satellite r5 = 7778 103m 

Angular Velocity of the Satellite to, = 0.00092068613 

Maximum Reverse Link Frequency k = 7075 MHz 

Given X - re cos ©st 
y - r8 - re cos ©¡.t 

r(t) - [(rs - re cos ©st)2 + ke sin ©st)2]* 
r2(t) - r,2 + re2 (sin2 ©,t + cos2 ©»t) - 2 r8 re cos ©st 

Doppler Effect Parameters 

Distance of the Satellite 

to the Gateway_ 
r(t) =Jrs2+ re2 - 2rer8cos(©8t) 

Velocity of the Satellite 
msrer, sin[<o,t| 

V’ ' Jr,2 + re2 - 2re r, cos(<o,t) 

Acceleration of the 

Satellite 

I t _ (cos((Ost)r£ + cos((^ 
a,(t) = <o, r.r.- |r,2 + r? - 2rc r, cos(<ß,t|)" 

Doppler Frequency fdk) = vs(t) 

Doppler Frequency 

Change Rote 
fa(t)=as(t)-

Satellite Acceleration 

Change Rate (jerk) 
js(t) = -©s2 re r8 sin(©st) • 

;2 r82 - re r83 cos(©st) + re4 - re3 r8 cos(©,t) + re2 r8 cos(©gt)2) 

(r82 + re2 - 2rc r8 cos(©st))* 

Doppler Frequency 

jerk 
f»k) sUt)-

Appendix. Summary of Doppler calculations. 

200 cycles of the FpCR occur during 
each spline interval. The frequency 
slope resolution is 4 Hz/sec and the 
tracking error is bounded at 2 Hz with 
the selected implementation. 
The Gateway Transceiver Subsys¬ 

tem software updates the DDS slope 
value every spline interval. In order to 
maintain phase continuity, the initial 
frequency is not updated every inter¬ 
val. Because of the limited slope reso¬ 
lution of the Q2368, there may exist a 
residual frequency error as large as 1 
Hz which carries over into the next 
spline interval. In order to keep this 
error from growing, the software 
selects the slope for interval j that 
minimizes the instantaneous frequen¬ 

cy error at the end of interval j based 
on the following criteria: 

(a) residual error of interval j—1 
(b) desired slope for interval j 
(c) under the constraint that the fre¬ 
quency slope resolution is 4 Hz/sec. 

The following example will be used 
to clarify this. The desired slope for 
interval #1 is 18 Hz/sec and the initial 
frequency is 100 Hz. The Q2368 is pro¬ 
grammed to generate a slope of 20 
Hz/sec from an initial 100 Hz frequen¬ 
cy. At the end of the first 500msec 
interval, the DDS output is 110 Hz, or 
1 Hz too high. The desired slope for 
interval #2 is 19 Hz/sec. The software 

has the option of generating a slope ol 
16 Hz/sec or 20 Hz/sec. In order tc 
reduce the error at the end of interval 
#2, the Q2368 is programmed to pro¬ 
duce a slope of 16 Hz/sec. At the end ol 
interval #2, the DDS output is less 
than the desired output by 0.5 Hz. 

Conclusion 
The Q2368 dual DDS offers a high 

utility design solution for frequencj 
synthesis in digital wireless communi 
cations. In the Globalstar LEOSA3 
system, a method has been describee 
for using the Q2368 DDS to correct the 
Gateway reception for the Dopplei 
effect. Since the rate of the Dopple) 
shift varies numerically more slowlj 
as a function of time than the Dopplei 
shift itself, the time intervals betweer 
updates on the rate of change o 
Doppler can be much greater, for the 
same error in transmitted frequency 
than the time intervals requirec 
between updates of the absolut« 
Doppler shift. This is equivalent t< 
approximating the Doppler frequencj 
as a function of time with a piecewise 
linear polynomial. Therefore, the CPL 
controlling the Q2368 needs to provide 
only the rate of change of frequency as 
opposed to a new Doppler frequencj 
correction for each time instant. 
For more information on the Q2361 

DDS, please contact QUALCOMM 
Incorporated at 6455 Lusk Boulevard 
San Diego, CA 92121-2779. The tele 
phone number is (619) 658-5005, anc 
the fax is: (619) 658-1556; send emai 
to: asic-products@qualcomm.com, oi 
circle Info I Card #250. RI 
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VCOs Are Our Business 
ZCOMM has over 350 VCO products from 40 MHz to 4.5GHz 

for your most demanding applications. 

World Wide Pricing from the World Wide Leader in VCO technology. 
Now on World Wide Web: 

h ttp :!Iwww. zcomm.com 
V603ME04 Frequency Range: 1510- 1650 MHz 

ATTEN IQdB 
Rl -7 . OdB-n lOdBZ 

AMKR -lOG.OdBZHz _______ 
10. 00 kHz marker"\ 
Z—COMMUN 1C AT \ UNS 

AMKR 
10.00 kHz 

° i-ioè .o dB/Hz 

CENTER 1.59041567GHz 

RBW 300Hz WHI

V603ME04 marker 
normal 

marker 
DELTA 

MARKER 

MARKERS 
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SPAN 50.00kHz 
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-106 dBc/Hz,typ. @ 10kHz! 

• DECT & PCS Application Ready ! 

• MINI Surface Mount Pkg. 

• Tape/Reel VCO Delivery 

• $15.95 per VCO (5 pcs.min.) 

Come check out our new address ! Now accepting VISA!MC ! 

http :! Iwww. zcomm . com 

Z-Communications, Inc 
9939 Via Pasar, San Diego, CA 92126 
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hether installing or retrofitting a 
communications system on shipboard, in a 
subway, tunnel, skyscraper, or deep in a 
mine, look to Werlatone experience and 
technology in RF components. 

COMMUNICATIONS SYSTEMS 

We’ve committed over 
30 years to the commu¬ 
nications market and it 
shows. CONTINUOUS 

COVERAGE 
80 - 2200 MHZ 
BROADBAND 
COUPLERS 
COMBINERS 
DIVIDERS 

Our innovative designs ? 
developed specifically 

for Radiating Coaxial 
Cable applications can 
provide uninterrupted II C 
FM radio broadcast, 
cellular phone, 
paging service 
highway tunnels or in 

( it\ subways, « hile 

simultaneously allow¬ 
ing land mobile two 
way communications, including police, fire, 
emergency maintenance and military uses. 

Call our engineering staff to discuss your 

specific application. 

PCS 

CELLULAR 

BROADCAST 

MILITARY 

LAND 
MOBILE 

ERLAT0NE 
DECADES AHEAD 

P.O. Box 47 
Brewster, NY 10509 
Telephone: (914) 279-6187 
FAX: (914) 279-7404 
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RF products 
Surface-Mount Power 
Dividers Cover 660-2000 MHz 
A line of 2-way and 3-way in-

phase power dividers from 
Anaren are now available for 
many wireless applications. 
Four off-the-shelf models are 
offered that cover the following 
frequency bands: 660-1180 
MHz, 800-1000 MHz, 1400-
2300 MHz and 1750-2000 MHz. 
These surface-mount power 
dividers offer typical specifica¬ 
tions that include 16 dB isola¬ 
tion, 0.35 dB insertion loss, and 
VSWR of 1.30:1 (input) and 
1:40:1 (output). Additional per¬ 
formance specifications are 0.2 
dB amplitude balance and 2 

degrees phase balance. Maxi¬ 
mum input power handling is 5 
watts average or CW when ter¬ 
minated with a 1.2:1 or better 
VSWR. 
The two surface mount pack¬ 

age styles used by the devices 
have footprint areas of 0.196 
and 0.312 square inches, with 
edge-plated channels for reli¬ 
able soldering and inspection. 
Prices are as low as $3.50 each 
in large quantity orders. Tape 
and reel packaging for auto¬ 
mated assembly is available. 
Anaren Microwave, Inc. 
INFO/CARD #212 

IF Filters in kHz 
Range for Wire¬ 
less Applications 
Toko America has introduced 

the LF series, a kHz-range 
ceramic filter for use in a vari¬ 
ety of wireless communication 
applications. The devices are 
available in either 4- or 6-ele-
ment types, connected in a lad¬ 
der form. Provided in 450 or 455 
kHz center frequencies, the fil¬ 
ters offer 6 dB bandwidths of 7 
to 31 kHz with 3.0 dB maxi¬ 
mum insertion loss. The 4-ele-
ment filters carry the 

10 MHz OCXO 
Introduced as 
Standard Product 
Micro Crystal introduces their 

new 10 MHz oven-controlled 
crystal oscillator (OCXO) as a 
standard, off-the-shelf design to 
reduce the user’s development 
time. In the past, OCXOs have 
typically been custom orders, 
with attendant time delays, high 
cost and engineering fees. The 

Spectrum Analyz¬ 
ers Offer Value for 
Bench and Field 
The new 2390 Series of gener¬ 

al-purpose spectrum analyzers 
from Marconi Instruments are 
introduced to complement exist¬ 
ing products, including the 
6200B Series. The 2390 series 
comprises three models: The 
2392 for RF applications in the 9 
kHz to 2.9 GHz range, the 2390 
for measurements from 9 kHz to 
22 GHz, and the 2393 for extend¬ 
ed microwave coverage to 26.5 

Current Feedback 
Amplifier for 
Video, Telecom 
Linear Technology announces 

the LT1207, a dual 250 mA, 60 
MHz current feedback amplifier 
targeted at video and telecom 
applications. The device has 
excellent video characteristics of 
900 V/ps slew rate, 0.02% differ¬ 
ential gain and 0.17° differen¬ 
tial phase (typical). The LT1207 
includes a pin for an optional 

LFC/LFCM model numbers, 
with 6-element filters designat¬ 
ed LFY/LFYM. The filters are 
optionally available with 460 or 
468 kHz center frequencies, and 
with group delay variations 
specified. Standard 6 dB band¬ 
widths are ±3, ±4.5, ±6.0, ±7.5, 
±10, ±12.5 and ±15 kHz. Center 
frequency tolerance is available 
as either ±1 kHz of ±2 kHz. 
Toko America, Inc. 
INFO/CARD #213 

new OCXO has frequency stabil¬ 
ity specified at ±0.2 ppm over a 
temperature range of -20 to 
+70°C, and operates from a +12 
VDC supply. Remote frequency 
setting is included, which does 
not require manual adjustment. 
The OCXO is provided in a 14-
pin DIL package, and features 
very fast warm up time and 
needs only 20 mA typical for 
operation at 25°C. Applications 
include base stations, GPS, high-
performance hand-held units, 
RF data collection and medical 
communications. It can be used 
to replace high-end TCXOs in 
many applications, as well. 
Micro Crystal 
INFO/CARD #214 

RF Design 

GHz. All three instruments 
include built-in AM and FM 
receivers 1 Hz resolution fre¬ 
quency counter for easy identifi¬ 
cation of interfering signals. Res¬ 
olution bandwidths from 3 Hz to 
30 MHz allow a wide variety of 
signals to be examined. An 
optional quasi-peak detector and 
filters to CISPR specifications 
allow the 2390 instruments to be 
used for EMC pre-compliance 
testing. RS-232 and IEE-488.2, 
SCPI interfaces are standard. 
Marconi Instruments, Inc. 
INFO/CARD #215 

compensation network for 
heavy capacitive loads. Each 
amplifier has thermal and cur¬ 
rent limiting circuitry. Opera¬ 
tion is specified from ±5 to ±15 
volt supplies, with a current 
draw of 20 mA per amplifier, 
typical, adjustable with an 
external resistor. These fea¬ 
tures allow the device to drive 
cables in video or digital com¬ 
munications systems. The 
LT1207 is provided in a SO-16 
package with flow-through 
pinout to simplify RF circuit 
board layout. Pricing in 1000+ 
quantity is $6.90. 
Linear Technology Corp. 
INFO/CARD #216 
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continued 

SUBSYSTEMS 

Burst PSK Demod 
Bit Sync 
Sigtek introduces the ST-105 

Burst Demod Bit Sync for satel¬ 
lite, point-to-point microwave 

and cable applications. The 
PC/AT compatible unit employs 
digital IF processing at 60 
megasamples/second to demod¬ 
ulate TDM, TDMA, and SCPC 
signal with data rates from 
2400 bps to 4.8 Mbps. BPSK, 
QPSK, it/4 DQPSK or OQPSK 
burst signals can be acquired 

with little or no preamble. The 
ST-105 handles input frequen¬ 
cies from 200 kHz to 22 MHz. 
The optional ST-512 IF transla¬ 
tor allows the use of standard 
70, 140 or 160 MHz IFs. 
Sigtek Inc. 
INFO/CARD #219 

PCMCIA 2.4 GHz 
Antenna 
TELECOM Industries 

announces the first shipment of 
a PCMCIA card antenna for 
wireless LAN applications. The 
low-profile antenna occupies 
just 1.0 X 2.0 X 0.2 inches, 
replacing the protruding exter¬ 
nal whip commonly used in 
these applications. Other ver¬ 
sions can be designed for specific 
card configurations. 
TELECOM Industries 
INFO/CARD #220 

Cellular Diversity 
Receive LNA 
AML Communications an¬ 

nounces additions to the Link 

Balancer™ product line, the 
R100-E and R100 diversity 
LNAs. Both operate in the 824-
849 MHz cellular band and 
operate from 100 VAC or from 
optional DC power supplies. 
Gain is adjustable from -4 to 
+14 dB, with a noise figure of 
1.0 dB for the R100-E and 3.0 
dB for the R100. The units are 
available for rack mount or 
optional mast head installation. 
AML Communications 
INFO/CARD #221 

In-Line Switch 
Assemblies 

Sierra Microwave Technology 
introduces an expanded line of 
In-Line Switches. The switches 
have been developed to cover a 
frequency range of 500 MHz to 
18 GHz (wider range optional), 
with standard models having 
single- to five-throw configura¬ 
tions. Insertion loss ranges from 
2.0 to 3.1 dB maximum, with 
1.6 to 2.7 dB typical perfor¬ 
mance. Isolation of 60 dB mini¬ 
mum, 70 dB typical is standard. 

Both absorptive and reflective 
types are available. 
Sierra MicroWave 
Technology 
INFO/CARD #222 

TOOLS, 
MATERIALS & 

MANUFACTURING 

Smaller PC Board 
Prototype Maker 
T-Tech introduces the Model 

5000 circuit board prototyping 
product. The new model fea-

High Quality ATTENUATORS 
ACCURACY, PERFORMANCE, LOW COST, DELIVERY... 

Manual Step Attenuators 
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839 Manual Step Attenuator 

4550 Programmable Attenuator 

837 50Q DC- 1500MHz 0-102.5dB ,5dB Steps 
839 50Q DC-2000MHz 0-101dB IdB Steps 

1/839 50Q DC-lOOOMHz 0-22.1 dB 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 . IdB Steps 
860 500 DC-1500MHz 0-132dB IdB 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 0-31dB IdB Steps 
4580 500 DC-500MHZ 0-63dB IdB Steps 

For price list and FREE catalog, contact: 

Kay Elemetrics Corp. Mk •• 2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA 
TEL: (201) 628-6200 • FAX: (201) 628-6363 
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tures a smaller footprint than 
its predecessors, and is able to 
make double-sided printed cir¬ 
cuit boards up to 9 x 12 inches. 
The unit accepts Gerber files 
from standard ECAD packages, 
or converts DXF files to Gerber 
using an optional translator. 
Model 500 offers 0.00025 inch 
resolution and 24,000 RPM 
spindle. Price is under $10,000. 
T-Tech, Inc. 
INFO/CARD #217 

Thermoplastic PPO 
Laminates 
NorCLAD Laminates have 

been introduce by Polyflon, 
using a thermoplastic PPO 
(polyphenylene oxide) dielectric. 
With a dielectric constant of 
2.55, NorCLAD has uniform 
electrical properties and is sta¬ 
ble dimensionally and over tem¬ 
perature. PPO has become a 
viable material as aqueous pro¬ 
cessing methods have replaced 
solvent-based chemicals. Pricing 
of the new laminate is 10 to 50% 
lower than existing material 
with comparable performance. 
Polyflon Company 
INFO/CARD #218 

pass filter to its line. The maxi¬ 
mum insertion loss is 2.0 dB in 
the passband, with a bandwidth 
of 237 MHz. Stopband rejection 
is 40 dBc at 769 and 1406 MHz. 
VSWR is 1.5:1 max. 
KP Microwave Components 
INFO/CARD #225 

SAW Filters for IEEE 
802.11 WLAN 
RF Monolithics has intro¬ 

duced a new low-loss SAW filter 
for 2.4 GHz wireless LAN appli¬ 
cations. The SF1067A has a 
center frequency of 350 MHz 
and is designed for IEEE 802.11 
frequency-hopping spread spec¬ 
trum systems. Maximum inser¬ 
tion loss is 10 dB, with a mini¬ 
mum 3 dB bandwidth of 1.05 
MHz. Group delay variation 
across the 3 dB bandwidth is 
less than 250 ns . Ultimate 
rejection is greater than 50 dB. 
RF Monolithics, Inc. 
INFO/CARD #226 

SIGNAL 
SOURCES 

SIGNAL 
PROCESSING 
COMPONENTS 

Custom Surface-
Mount LC Filters 
PTI offers surface-mount LC 

products designed for easy han¬ 
dling and manufacturing. Cus¬ 
tom ESD carriers simplify han¬ 
dling, and the filters have been 

developed to meet soldering 
requirements in large-scale pro¬ 
duction. Custom filter designs 
ire available in wide range of 
types to meet customer needs. 
Piezo Technology, Inc. 
INFO/CARD #224 

1087.5 MHz Surface-
Mount Filter 
KP Microwave Components 

introduces a 1087.5 MHz band¬ 

Glass SMT Crystals 
ECLIPTEK Corporation 

announces the ECCM3 and 
ECCM4 crystals, offering high 
stability in a glass surface¬ 
mount package. The crystals 
are available in 11 MHz to 120 
MHz frequencies, and are able 
to sustain ±10 ppm tolerance 
and ±5 ppm stability over -20 to 
+80°C. The ECCM3 and 
ECCM4 differ only in package 
type and pinout. 
ECLIPTEK Corporation 
INFO/CARD #227 

Miniature OCXO 
The 230-series from MTI-Mil-

liren Technologies, Inc. uses 
both AT and SC-cut resonators 
to achieve performance usually 
found only in larger OCXOs. 
Stability is 2.5x10"® over -30 to 
+70°C for models using SC-cut 
resonators. AT-cut performance 

RF Design 

THE VCXO WITH 
PULLABILITY FROM 

RALTRON. 

Raltron manufactures its 
compact VC 7025 Voltage 
Controlled Crystal Oscillator 
to meet your Phase Locked 
Loop specifications, deliver¬ 
ing deviation sensitivity or 
pullability of up to +1 00 
PPM/V. Big performance in 
a small package. At a price 
you've been looking for. 
Raltron manufactures a 
complete line of the highest 
quality VCXO’s to both 
standard and custom 
specifications. 

RgLTRen 
ELECTRONICS CORP. 

2315 NW 107 AVENUE 
MIAMI, FLORIDA 33172 U.S.A. 
FAX (305) 594-3973 
(305) 593-6033 

ONLY RALTRON HAS IT ALL 
Crystals / Crystal Oscillators 
Crystal Filters / Ceramic Resonators 
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FREQUENCY 
CONTROL 
PRODUCTS 

LAP-TECH Inc. 
230 SIMPSON AVE. 

BOWMANVILLE, ONTARIO 

CANADA L1C2J3 

TEL: 905-623-4101 

FAX: 905-623-3886 

• QUARTZ CRYSTALS 2 ■ 250 Mhz 
Precision glass encapsulation 
Cold Weld and Resistance weld holders 
Leaded and surface mount styles 
Standard and custom design 

• CLOCK OSCILLATORS 0.25 -170 Mhz 
TTL, HCMOSANDECL 
Hermetic packages with through hole 
and surface mount configurations 

• EMERGENCY SERVICE DELIVERY 
• QUALITY * 
.ISO 9002 pending 

INFO/CARD 42 
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TRI. Technologies, Inc. 
LET OUR DESIGN ENGINEERS 
TURN YOUR IDEA INTO A HIGH DEMAND 

WIRELESS PRODUCT 

INDUSTRY CONSULTANTS WITH EXPERTISE IN: 
✓ Linear Amplifier Designs for Analog and Digital Systems 
/ Passive Product Development, Filters, Couplers. Antennas 
✓ Cellular, PCS/PCN & Wireless Local Loop Development 
✓ RF Boosters, Cell Enhancers & In-building Solutions 
/ Reducing costs of Existing RF Products to Increase your Bottom Line 

Let our team of engineers become your development group. We will design a highly 
reliable product to your specifications. We deliver solutions when others deliver promises. 

TRI. Technologies. Inc. • 2155 Stonington Avenue, Suite 218 • Hoffman Estates. II. 60195 
TEL: 847-519-9690 FAX: 847-519-9691 

INFO/CARD 43 

RF products 
over the same range is 2.0xl0~7. 
The industry-standard package 
is 1.42 X 1.07 X 0.76 inches. 
Milliren Technologies, Inc. 
INFO/CARD #228 

TCXO for Wireless 
Utility Applications 
Networks International Corp, 

introduces a TCXO for the wire¬ 
less utility market. The standard 
operating range is -30 to +60°C 
with stability of ±2.5 ppm. The 
frequency range is 9-25 MHz, 
with TTL or clipped sine wave 
outputs. Packages re compatible 
with 14-pin DIP sockets. 
Networks International Corp. 
INFO/CARD #229 

Phase Locked Multi¬ 
pliers Offer Low Noise 
The PLX700 Series of phase 

locked low-noise multipliers 
from Techtrol Cyclonetics pro¬ 
vides output frequencies from 
10 to 250 MHz, and will accept 
input references of 5 MHz or 10 

continued 

MHz. Non-coherent spurious 
rejection is -90 dBc, with coher¬ 
ent spurious rejection of -60 
dBc. Operating voltage is +15 
VDC at 175 mA and -15 VDC at 
5 mA; operating temperature is 
-20 to +60°C. The package is a 
3.0 X 2.0 X 0.75 inch steel can. 
Techtrol Cyclonetics, Inc. 
INFO/CARD #230 

SEMI¬ 
CONDUCTORS 

Wireless Quadrature 
IF Transceiver 
Analog Devices announces 

the AD6432 3-volt transceiver 
for quadrature-modulated wire¬ 
less communication systems. 
The IC by itself can be used for 
low power systems up to 300 
MHz, or for up- and downcon¬ 
version for higher carrier fre¬ 
quencies. The receiver converts 
a signal up to 300 MHz to an IF 
of 10-30 MHz, with -20 to +60 

Proven Performance: 
Hi-Rei Airborne RF Transmitters and Receivers 

Don't Settle for Less 
■ Miniature 8t Rack Mount 

■ UHF/VHF/TV Bandwidths 

B Fixed Frequency/Synthesized Multichannel 

B 2 to 200 Watts Power Output 

B Standard Military Frequency Ranges 

B Off-the-Shelf/Custom Design 

fl Meets Latest IR1Q Specifications 

■ Command Control/Flight Termination Applications 

■ Used in Virtually Eveiy Major Aerospace Program 

■ MILSTD-2000 and WS6536 Workmanship and 
Special Parts Screening Available 

The Highest Quality Available, at an Affordable Price 

For Full Details CALL 215-968-427 1 

aydinJÇ^YEçtor 
Aydin Vector Division • P.O. Box 328 • Newtown. PA 18940-0328 • TEL: 215-968-4271 • FAX 215-968-3214 

In Europe: Aydin International U.K. • 1/3 Hunting Gate • Hitchin, Herts SG4 OTJ • England TEL: 44-0462-434555 FAX: 44-0462-420727 
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IMPEDANCE 

Synergy offers a wide 
range selection of low-cost 
RF impedance transformers for 
a wide variety of signal processing 
applications. These transformers 
come in various transformation ratios, 
from 1:1 up to 36:1 , and in a large selection 
of package styles . . . surface mount - plug-in -
connectorized ... all competitively priced. 
Frequency ranges cover 0.01 MHz up to 1200 MHz 
in various bandwidths. 

And, as always, the experienced Synergy Applications 
Engineering Team is ready to answer technical questions and 
help with your high volume or custom designs for transformers, 
mixers, power dividers, couplers, filters, modulators, and VCOs. 

SMC 
TRANSFORMERS 
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Product Focus — Cables and Connectors 
Reel Coax Packaging 
Andrew Corporation an-nounces REEL 

PAX™, a new cable dispenser for easier 
handling of HELIAX® superflexible cable 
and braided cable. One carton holds a 

500-foot reel of 1/4 or 3/8 inch HELIAX or 
braided cable, or a 250-foot reel of 1/2 inch 
HELIAX. 
Andrew Corporation 
INFO/CARD #233 

TNC for Semi-Rigid Line 
Coaxicom introduces a “pre-assembled” 

TNC bulkhead jack for RG402 (0.141 inch 

diameter) semi-rigid cable. Model 
4539CC-430-1 is directly soldered to the 
cable jacket after stripping back the cen¬ 
ter contact and plugging it into the cap¬ 
tive female contact. The connector is also 
accepted by ULTRAFLEX MDC8141 by 
MIDISCO and other types of reformable 
and rigid cable. 
Coaxial Components Corp. 
INFO/CARD #234 

Two-Piece Signal and 
Power Connectors 
A new two-piece DIN multipurpose PCB 

connector is introduced by Methode Elec¬ 
tronics. Each piece has six power and 42 
signal contacts. Signal contacts are posi¬ 
tioned in three parallel rows of 14 con¬ 
tacts at 0.100 inch spacing. The header is 
offered in both DIP solder and press fit 
configurations to accommodate a 0.125 
inch thick board. The receptacle has 
optional tail lengths for either 0.062 or 
0.164 inch boards. 
Methode Electronics 
INFO/CARD #235 

Solderless Connector for 
LMR-400 
Times Microwave Systems introduces 

the first Type N crimp-style solderless con¬ 
nector for LMR-400 low-loss cable. Using 
the ST-400-EZ stripper and a standard 
0.429 inch hex crimp tool, a connector can 

be installed in minutes. The connector 
body is silver plated brass, the center con¬ 
tact is gold plated beryllium copper, with 
the center pin captivated in PTFE dielec¬ 
tric. The EZ-400-NMH connector is $8.50 
and the ST-400-EZ tool is $50.00. 
Times Microwave Systems 
INFO/CARD #236 
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RIDE THE W 
OF PHONON 
EXPERTISE! 

SAW components and 
subsystems for IF signal 
processing in military and 
professional OEM equipment. 

Engineering support and unique 
design capabilities enable 
prototype development allowing 
more competitive NRE pricing and 
quick delivery. 

Pionon 
CORPORATION 

INFO/CARD 46 

COMMUNICATIONS: IF bandpass filtering 
for: cellular base stations, microwave links, 
mobile digital radio, MSK matched filters. 
RADAR: Wide band matched filters, pulse 
compression using bi phase, linear and 
non-linear frequency modulations. 
ELECTRONIC WARFARE: Real time 
spectrum analysis, channelized filter banks, 
delay lines. 
SPACE: High reliability SAW components 
for satellite use. 

PHONON CORPORATION 
P.O. Box 549 
7 Herman Drive, Simsbury, CT 06070 
Tel: (860) 651-021 1 Fax: (860) 651-8618 

RF POWER 
AMPLIFIERS 
2MHz to 2 GHz 
Modules 1 W to IkW 

Rack Mount Amplifiers to 2 kW 
Custom Designs 
Short lead times 

Broadcast/Comm./EW/Industrial/Medical 
Fixed/Portable/Mobile 

1 Silicon Valley 
— 4P O W E R 
_J—LJ AMPLIFIERS 
The RF People 

529B Forman Dr., Campbell, CA 95008 

CALL 1-800-986-9700 
or fax 1-408-986-1438 

INFO/CARD 47 
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IB gain and linear-in-dB analog gain con-
;rol. The transmitter include I-Q modula¬ 
tors accepting modulation bandwidths up 
to 1 MHz, -15 dBm output power, and a 
sower control function, in 1000s, the 
W6432 is $7.25. 
Analog Devices, Inc. 
INFO/CARD #231 

10- and 12-Bit High- Speed 
A/D Converters 
Burr-Brown offers the new ADS800 series 

if monolithic A/D converters. The devices 
rre fabricated using a 0.6 pm process, and 
feature advanced pipeline techniques and 
e5 volt supply operation. The devices in the 
family are: ADS800, 12-bit, 40 MHz sam¬ 
pling; ADS801, 12-bit, 25 MHz sampling; 
ADS802, 12-bit, 10 MHz sampling; ADS820, 
10-bit, 20 MHz sampling; and the ADS821, 
10-bit, 40 MHz sampling. Pricing (1000s) 

ranges from $7.45 for the ADS820 to $35.00 
for the ADS800. 
Burr-Brown Corp. 
INFO/CARD #237 

Complete GSM Device Family 
Lucent Technologies (formerly part of 

AT&T) has introduced the Sceptre™ semi¬ 
conductor GSM hardware platform. The 
first part of the system is the DSP1618 
with 24k of on-chip ROM for full capability 
of implementing the GSM physical layer. 
The DSP1628 is an improved voice com¬ 
pression device, scheduled for release in 
the 3rd quarter of 1996. The currently-
available W2020 transceiver IC will be 
upgraded to support GSM offshoots, 
DCS1800 and PCS1900. 
Lucent Technologies 
INFO/CARD #238 

IF Amplifier 
Designed for CDMA 
A low-cost adjustable gain GaAs IF ampli¬ 

fier handles a wide range of signals, includ¬ 
ing CDMA, PCS and spread spectrum. The 
KGF2441 from Oki Semiconductor offers a 
gain/attenuation range of 90 dB, and oper¬ 
ates over the frequency range of 70 to 250 
MHz. The device operates from a single +5 

VDC supply, with an input impedance of 
1000 ohms and output impedance of 250 
ohms. Pricing for 1000+ quantities is $4.45. 
Oki Semiconductor 
INFO/CARD #239 

SPOT Switches 
for 100 MHz to 2.5 GHz 
California Eastern Laboratories 

announces the availability of the NEC 
UPG133G, a GaAs T/R switch for WLAN, 
digital cordless phones, cellular and PCS 
applications, the device operates from 100 
MHz to 2.5 GHz with 0.6 dB insertion loss 
(typical, at 2 GHz). Off isolation is 22 dB, 
and the UPG133G will handle signal levels 
up to 30 dBm. Operation is from a 3 volt 
supply, with the UPG132G version avail¬ 
able for -3 volt operation. Pricing is from 
$1.00 in production quantities. 
California Eastern Labs 
INFO/CARD #240 

TEST EQUIPMENT 

Enhanced Digital 
Communications Test Sets 
Tektronix announces major new capabil-

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)438-4420 
FAX (619) 4384759 

PROTOTYPE CIRCUIT BOARDS 
WITH THRU-HOLE PLATING.... 
FABRICATED AT YOUR BENCH 

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

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

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

► Solderable thru-hole plating with 
conductive epoxy. 

► Tool speed to 60,000 RPM onFR-4, 
Duroid™, PTFE, G10 materials. — 236? fevtoMot n» 
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RF Design 

► 

► 

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

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

(1-800-345-5753) or FAX to: 1-503-643-3662 
CAD/CAM 
SYSTEMS INC. 

INFO/CARD 49 
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ities for the CMD57 and CMD80 Digital 
Communications Test Sets. The CMD57 is 
a self-contained test system for GSM, 
DCS1800 and PCS1900 base stations, now 
incorporating an in-service test capability 
that allows network operators to test with¬ 
out disconnecting from the network. The 
CMD, a complete CDMA test solution, now 
includes Rate Set 2 PCS (13K vocoder) 
data rates, enabling mobile phones to be 
tested for full parameters. The CMD57 is a 
product of Rohde & Schwarz, and the 
CMD80 is a joint development of Tektronix 
and Rohde & Schwarz. Both are marketed 
and supported in the U.S. and Canada by 
Tektronix. 
Tektronix. Inc. 
INFO/CARD #243 

Generator Tests 
Multiple Formats 
Anritsu-Wiltron announces the 

MG3660A, a digital modulation signal 
generator adaptable to changing stan¬ 
dards. Modular architecture and 3 kHz to 
2.75 GHz frequency range allow the 
MG3660 to accommodate new operating 
parameters. Modulation modules are cur¬ 
rently available for: NADC, PHS, PDC, 
GSM, DECT, PACS, WCPE, TETRA, CT2, 

and PCS1800. Price of the instrument is 
$29,950. 
Anritsu Wiltron 
INFO/CARD #244 

Field Strength Meter 
IC Engineering introduces the DIGI-

FIELD digital display field strength meter 
with a frequency response of DC to 12 GHz. 
The unit is useful for measuring antenna 
patterns, making RFI/EMI measurements, 
and other measuring and monitoring appli¬ 
cations. The new Model “C" combines the 
sensitivities of previous units: 150 
nanowatts at 100 MHz, and 2 nanowatts. 
Price is $229.00. 
IC Engineering 
INFO/CARD #245 

EMC/ESD PRODUCTS 

Extrusion Grade 
Composites for ESD 
LNP Engineering Plastics now provides 

custom formulated conductive, static-dissi¬ 
pative and anti-static thermoplastic com¬ 
posites for the extrusion market. Base 
resins available include polycarbonate, 
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I GHz Clock 
Oscillators, 
Less Than 
3psec Jitter! 

Master clocks, frequency multipliers, VCXOs, 
and programmable synthesizers, ideal for high 
performance computer, telecommunications, 
ATE, and data communications applications. 

• 300MHz-! GHz 

■ 10, 25, or 40 ppm stability 

■ Single supply operation 

■ Extended temperature ranges 

SONET Designers! 

622.08 MHz VCXOs 
available NOW for 
your SONET applications! 
Call for further 
information and 
specifications. 

usai 
« ECL/PECL logic 
compatibility 

I S. EN ISO 9001 

MORE IN MICROELECTRONICS 

ro networks corp. 
324 Clark St., Worcester, MA 01606 
Tel. (508) 852-5400 ■ FAX (508) 853-8296 
E-Mail - sales@mnc.com Web Site - http://www.mnc.com 
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ABS and poly propylene. The conductive 
filler can be carbon powder optionally rein¬ 
forced with stainless steel. 
LNP Engineering Plastics 
INFO/CARD #246 

ESD Footwear 
Promotes Comfort 
Birkenstock announces its new line of 

ESD footwear, bringing ergonomic and 

orthopedic design to the workplace. Avail¬ 
able in adult men’s and women's sizes, 
the shoes offer a resistance of 105 to 108 

ohms and a fully dissipative outsole. They 
also feature long life and repairability. 
Birkenstock Footwear 
INFO/CARD #248 

100 HHZ-2.4 GHZ SPECTRUM RNRLVZER 

PA2500 compact-portable 

• Notebook or Desktop via Parallel port. 
• -130dBm to +15dBm signal range. 
• Fully Synthesized 
• Spurious Free Dynamic Range > 70dB. 
• 5 resolution Bandwidths, 500KHZ - 500HZ 
• Size 11.25" W X 1.7" H x 9.75", wt. 8 lbs 

For more information call or write... 
750 amber Way, Nipomo, CA 93444 
Tel: [805] 581- 5771 Fax: [805] 583-8270 
Internet E-mail: DKD INST @ AOL.COM 

®DKD INSTRUMENTS 
INFO/CARD 51 
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PLLatinum™: the industry's 
highest performing PLLs. 

HARGE 
UMPS 

(PLLatinum PLLs feature exceptional charge pump balance and tuning range.) 

PLLatinum. 
SINGLES LMX1501A LMX1511 LMX2315 LMX2320 LMX2325 

IF Input-Main PLL 1.1GHz 1.1GHz 1.2GHz 2.0GHz 2.5GHz 

cc(typ) @3V 

’owerdown (typ) 

6mA 

N/A 

6mA 

N/A 

6mA 

30pA 

10mA 

30pA 

11mA 

30pA‘ 

How do you build the world's best PLL? You 

start with the world's best charge pump. Just check 

out the spurious output of National Semiconductor's 

single and dual frequency synthesizers. 

Because you need a low leakage charge pump, 

National has designed the best. We guarantee the 

lowest TRI-STATE * leakage spec in the industry. 

With wider VCO tuning range and highly repeat¬ 

able PLL loop performance, you can turn the volume 

down. No need for extra filtering requirements that 

add more parts. 

Plus, our PLLatinum family of PLLs are so well 

balanced, they absolutely eliminate dead-zone. 

Pumped? Call us for a complete information kit 

with a product selection guide and free samples. 

1-800-272-9959, Ext. 671* 
)UALS LMX2330A LMX2331A LMX2332A LMX2335 LMX2336 LMX2337 

F Input-Mam PLL 

F Input-Aux PLL 

2.5GHz 

510MHz 

2.0GHz 

510MHz 

1.2GHz 

510MHz 

1.1GHz 

1.1GHz 

2.0GHz 

1.1GHz 

550MHz 

550MHz 

c(typ) @3V 

jwerdown (typ) 

13mA 

1pA 

12mA 

1pA 

8mA 

IpA 

9mA 

1pA 

13mA 

1pA 

9mA 

1pA 

♦In Europe call +49 (0) 180 532 78 32 (English) or +49 (0) 180 530 85 85 
(German); in Japan call 81-43-299-2300; in Southeast Asia call 852-2737-1600. 

National Semiconductor*' 

Moving and shaping the fu tur e' 

© 1996 National Semiconductor Corporation. PLLatinum is a trademark 
and TRI-STATE is a registered trademark of National Semiconductor 
Corporation. All rights reserved. 
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tutorial_ 

Noise Sources and 
Noise Calculations for Op Amps 

By Stephan Baier 
Burr-Brown Corp. 

Designing electronic systems means 
dealing with noise because noise is 
inevitable in electronics. If not account¬ 
ed for right from the definition phase 
through component selection and 
design, the results can be disastrous. 
Especially in wide band systems 
designed to process very weak signals 
noise considerations are mandatory. 
Often, noise is viewed as a mysterious 
by-product of electronics and therefore 
designers tend to ignore it because of 
the involved supposedly “complex” cal¬ 
culations, or they make some critical 
generalizations. The scope of this article is to provide a short, easy-to-use reference for 
those designers who use IC amplifiers 
and want to be knowledgeable about 
the noise performance of their circuits. 
The emphasis is on the noise that is 
directly related to the integrated circuit, 

which are the internal noise sources, 
and the noise that is generated in the 
components directly attached to the IC. 

Kinds of Noise 
First, we make the distinction 

between noise and interference, with 
interference being unwanted signals 
induced into the circuit from external 
unrelated sources, like power lines, 
motors, computers, etc. Noise is relat¬ 
ed to all passive and active compo¬ 
nents within the circuit and is the por¬ 
tion of an error signal that could not 
have been predicted by the DC error 
analysis. Noise can be random or 
repetitive, voltage or current, narrow¬ 
er wide-band, high or low frequency. 

Colors of Noise 
It is very common to characterize dif¬ 

ferent forms of noise either as “white” 
or “pink” noise. Thermal noise (= John-

son noise) and shot noise is frequency 
independent, up to about 100 GHz, and 
therefore referred to as ‘white’ because 
of its similarity to white light, being a 
composite of all colors, and containing 
all frequencies. Pink noise, has an 
amplitude that changes over frequency: 
the flicker (1/f) noise or Popcorn noise 
are examples here. Pink noise is often 
formed by passing white noise through 
a filter with a 3 dB per octave roll-off. 

Noise Density Spectrum 
The characterization of noise in 

terms of its ‘spectral density’ makes 
the specification and calculation ol 
noise in differing bandwidths relative¬ 
ly easy. For this reason it is widely 
used among IC manufacturer to speci¬ 
fy the noise performance of their prod¬ 
ucts. An example of a graphic repre¬ 
sentation of a noise density spectrum 
is shown in Figure 1. 
The noise spectral density is simply 

the rms value of a noise voltage (en) or 
noise current (in) expressed as a volt¬ 
age or current per root Hertz NHz). 
The short mathematical derivation of 
this is as follows: the power spectral 
density is defined as the derivative of 
noise power over frequency with the 
units watts per hertz: 

Because power is proportional to the 
square of rms voltage or current, the 
following equations for voltage and 
current noise spectral density can be 
derived: 

= ¡dË? En(rms) V (2)

n \ df VÃf ’VHz 

(3) 

Figure 1. Voltage and current noise spectral density of OPA628, a voltage feed¬ 
back op amp with a 160 MHz bandwidth. 

Another name for the noise spectral 
density that can be found in various 
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800 to 2400MHz, to +26dBm from $199 
In a broadband amplifier, excellent low-noise performance is 

generally synonymous with low power output because of design 
compromises. Not so with Mini-Circuits’ TO-, ZEL-, and ZHL- low-
noise amplifier series, where a noise level less than 1.5dB is 
accompanied with up to +26dBm power output. In front-end 
applications, it is undesirable for the amplified output to appear back 
at the input; these amplifiers effectively isolate the output signal from 
the input by as much as 35dB and use the shortest possible lead 
lengths to minimize parasitics and optimize NF performance. 
Detailed performance specs are included in our 740-pg RF/IF 
Designer's Handbook. 

Low-noise amplifiers are available in a rugged hermetically-
sealed TO-8 package, or in a tiny (less than one cubic inch) EMI-
shielded case, or a hefty EMI-shielded case for high power models. 

Available from stock, priced from $199 with better than 1,5dB NF 
performance, there’s lots to shout about. 

SPECIFICATIONS 
Pin Model TO TO 

0812LN 1217LN 
Connector ZEL ZEL 
Version 0812LN 1217LN 
Freq. (GHz) 0.8-1.2 1.2-1 .7 
.... * 16 1.6 NF, db. max , 5 

Gain dB, min. 20 20 
Output Pwr., dBm +8 +10 

1 dB Comp 
Intercept Pt 18 25 

3rd order. 
dBm typ. 

Price $ (Qty. 1 -9) TO $199.00 

NOTES: 
1. NF max. at room temperature. 

Increases to 2 dB typ. at +85°C. 
2. SMA connectors only. ZEL and ZHL units. 
3. Operating temperature: -54°C to +85°C. 
4 DC power. 15V, 70mA for TO and ZEL. 

t5V. 725mA for ZHL 
5. VSWR 25:1 
* TO-8 includes test fixture loss. 

Mini-Circuits’ 

TO 
1724LN 
ZEL ZHL ZHL ZHL 

1724LN 0812HLN 1217HLN 1724HLN 
17-2 4 0.8-1 2 1.2-1 / 17-2 4 
16 
1.5 1.5 1.5 15 
20 30 30 30 s

+10 +26 +26 +26 

22 36 36 36 

ZEL $274.00 ZHL $349.95 

P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com Circle reader service CW 
For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E EDS ...Let Our Experience Worte For You. F 128 Rev C 



publications is spot noise, which is 
essentially the same, because it usual¬ 
ly defines the frequency “spot” with 1 
Hz bandwidth. 

Thermal Noise 
Thermal noise results from random 

motion of free electrons in a conductor 
caused by thermal agitation. This 
leads to the expression ‘Thermal noise 
power’, which is directly proportional 

to temperature and frequency: 

Pu=kTB; — (4) 
s 

where k is Boltzmann’s constant 
(1.38xl0-23 joules/kelvin), T is the 
absolute temperature (K) and B is the 
bandwidth (1/s) of the system. The 
units of kTB are usually joules/second. 
Because this is the same as watts, the 
term power becomes meaningful here. 

Figure 2. Interchangable resistor 
noise models. 
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W Power Module 
Frequency 
DC Supply 
Pl dB 

1.8GHz - 2.0GHz 
Vdd=+9V Vgg=-4V 
>34dBm 
>10dB/25dB 
>40% Efficiency 

ACI Rejection Level <-60dBc @ Pout 800mW 
Modulation n/4 DQPSK 

■■■ 
Output of Hexawave's PHS Baseband Modulator Showing -65dBc ACI 

Hexawave provides custom design and manufacturing services for 
jOOMHz - 4RHz 1W to 4W power modules. Contact us now with 
your power module requirements by E-mail: kchsu@hw.com.tw. 

AWAVE 
Hexawave, Inc. 
2 Prosperity Road II 

' Scierjce-Based Industrial Park 
Hsinchu .Taiwan 

Int'l Customer Service: 
Tel: 886-35-785100 
Fax:886-35-770512 
U.S. Customer Service: 
Tel: 1-703-690-8909 
Fax:1-703-690-8414 

Figure 3. General operational amplifi¬ 
er noise model. 

In conductors and semiconductors 
thermal noise is always present. For 
example, at temperatures above 
absolute zero an ohmic resistor is a 
voltage noise source and its root-
mean-square (rms) thermal noise is 
defined by: 

en = v4kTRB (5) 

Although noise is most often given 
as a voltage source, it can be easily 
transferred into a current source, as 
shown in Figure 2. 
A more common way to express the 

thermal noise of a resistor is to use the 
spectral noise density. Here, the rms 
value of noise is normalized to a 1 Hz 
bandwidth: 

= 4kTR <6) 
VHz 

The units are then usually given as 
nV/^Hz for a voltage source, or pA/^Hz 
for a current source. This form is 
advantageous since for white noise the 
spectral density is constant; by simply 
multiplying it by the square-root of the 
noise bandwidth (NBW) of the system 
the total rms noise is obtained. 
A useful number is that a Ikohm 

resistor has noise of 4nV/\Hz at room 
temperature (+25 °C = 298 K). In an 
attempt to reduce thermal noise, three 
options are available: reduction in 
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AGILE FREQUENCY GENERATORS-DIRECT SYNTHESIZERS 

FREQUENCY SYNTHESIZERS 

Accurate, stable frequencies on command, fast switching. For NMR, SATCOM, Surveillance, 
ATE, Laser, Fluorescence, Clock Sources. Low noise/jitter. Sources adapting to your needs 
with options. High demonstrated reliability. 20,000 + delivered in 20 years. 

Frequency 
Range Resolution 

Switching 
Time' 

Phase-Continuous 
Switching2

Rack-Mount 
Cabinet Dim.3

Remote-Control 
Interface 

Price 
Example4

PTS 040 .1-40 MHz 
optional 

.1 Hz to 100 KHz 1-20ps optional 5!4"Hx19"W 

BCD (std) 
or 

CPIB (opt) 

$5,330.00 
(1 Hz resol., 
OCXO freq, std.) 

PTS 120 90-120 MHz 
optional 

.1 Hz to 100 KHz 1-20ps optional 5!4”Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$5,330.00 
(1 Hz resol., 
OCXO freq, std.) 

PTS 160 .1-160 MHz 
optional 

.1 Hz to 100 KHz 1-20ps optional 5!4"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$6,495.00 
(1 Hz resol., 
OCXO freq, std.) 

PTS 250 1-250 MHz 
optional 

.1 Hz to 100 KHz 1-20ps optional 5!4"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$7,440.00 
(1 Hz resol., 
OCXO freq, std.) 

Type 1 

PTS 310 

Type 2 

.1-310MHZ 1 Hz 1 -20ps standard 3'/2"Hx19"W 
BCD (std) 

or 
GPIB (opt) 

1 Hz resol., 
OCXO: $6,425.00 

1 Hz resol., 
OCXO: $5,850.00 

PTS 500 1-500 MHz 
optional 

.1 Hz to 100 KHz 1-20ps optional 5'A"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$8,720.00 
(1 Hz resol., 
OCXO freq, std.) 

PTS 620 1-620 MHz 
optional 

.1 Hz to 100 KHz 1-20ps optional 5%"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$9,625.00 
(1 Hz resol., 
OCXO freq, std.) 

PTS 1000 0. 1-1000 MHz 
optional 

.1 Hz to 100 KHz 5-1 Ops optional 5!4"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$11,830.00 
(1 Hz resol., 
OCXO freq, std.) 

PTS 3200 1-3200 MHz 1 Hz 1-20ps optional 5!4"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$14,850.00 
(1 Hz resol., 
OCXO freq, std.) 

PTSxIO 

user 
specified 
10 MHz 
decade 

1 Hz 1-5ps standard 3'/2"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$3,000.00 
(1 Hz resol., 
OCXO freq, std.) 

PTS 
D310 

two 
channels 

.1-310MHz .1 Hz 1-20ps standard 5!4"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$8,560.00 
(.1 Hz resol., 
OCXO freq, std.) 

PTS 
D620 

two 
channels 
1-620 MHz .1 Hz/.2Hz 1-20ps standard 5!4"Hx19"W 

BCD (std) 
or 

GPIB (opt) 

$13,240.00 
(.1 Hz/.2 Hz resol., 
OCXO freq, std.) 

1 Lj 

1 Switching Time is dependent on digit (decade) switched; 
_ ■ see detailed instrument specifications. 

■ ' 2 For applicable digits, see detailed instrument specifications. 
3 Bench cabinets are 17" wide. 

1 4 Prices are U.S. only and include Manual and Remote (BCD) 
— Control; PTS 3200 Digital Front Panel. 

PROGRAMMED TEST SOURCES, INC. 
P.O. Box 517, 9 Beaver Brook Rd., Littleton, MA 01460 Tel: 508-486-3400 FAX: 508-486-4495 
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resistance, bandwidth or temperature. 
However, temperature reduction has 
generally a minor impact since noise 
power is proportional to the absolute 
temperature, T = °C + 273 K. 

Shot Noise 
Shot noise (or Shottky noise) is a 

white current noise caused by the 
quantized and random nature of cur¬ 
rent flow. 
The shot noise current spectral den¬ 

sity is defined by: 
— 2 
is = 2qIDCB (7) 

with: q = electron charge (1.6x10^ 19 

coulombs), IDC = DC current B = noise 
bandwidth. 

Figure 4. Brickwall and linear-rolloff 
system responses which enclose the 
same noise power. 

Figure 5. Op amp noise model includ¬ 
ing external resistor noises. 

Flicker (1/f) noise 
Flicker noise is caused by contamina¬ 

tion and defects in the silicon lattice 
structure resulting in the action of com¬ 
bination-recombination of carriers in 
the emitter-base area of a transistor. 
Even though it is mainly associated 
with bipolar processes similar noise has 
been found on CMOS processes as well. 
One formula that describes the flicker 
noise current spectral density is: 

7-2 2ql0CfcB (g) 

lf - ?

with: q = electron charge, IDC = DC 
current, fc = corner frequency, f = 
frequency of interest, Af = noise band¬ 
width, Y = an exponent between 1 and 2. 

Popcorn noise 
Another peculiar form of noise is the 

popcorn or burst noise. It has its name 
from the sound it makes in an audio 
system and the pulse shape appear¬ 
ance when viewed on an oscilloscope. 
The noise bursts appear randomly 
with different amplitudes and dura¬ 
tion of up to milliseconds, which 
makes it a low frequency effect. 
The source of this kind of noise is 

described as localized punch-through 
of emitter-base junction (also called 
emitter piping) and contamination in 
the emitter-base region by metallic 
ions. It is like flicker noise, process 
related and was a more serious prob¬ 
lem at one time than it is today due to 
modern process control capabilities. 
The popcorn noise spectral density is 
given by the equation: 

with: K = a constant for a particular 
device, Ic = a direct current, C = a con¬ 
stant between 0.5 and 2, fc = a corner 
frequency related to the process, f = 
frequency of interest, B = noise band¬ 
width. 

Op Amp Noise Model 
A simplistic way of describing the 

total noise of an op amp is to extract the 
internal noise generators and locate 
them at the input of the now “noiseless” 
op amp. As shown in Figure 3, the 
model uses one noise voltage source 
located in series with the non-inverting 
input and two noise current sources 
between each input and ground. It is 
important to note that all noise genera¬ 
tors are independent and provide uncor¬ 
related, random noise. Even though the 
current sources show an arrow in their 
symbol the generated noise does not 
have a defined flow direction. Keeping 
in mind that noise sources, because 
they are uncorrelated (i.e., one noise 
signal cannot be transformed into the 
other), have to be summed together by 
their root-sum-of-their-squares (RSS), a 
negative sign associated with the signal 
would become positive. Therefore, signs 
have no meaning in noise analysis. 
Unfortunately, designers often tend 

to compare only the specified voltage 
noise (en) figures on the data sheets 
and make their selection based on the 
“if it’s lower, it’s better” rule. The 
problem with this is that it ignores the 
contribution from the current noise 
(in) which can become the dominant 
noise signal, depending on the type of 
op amp and the source resistance. To 
obtain the total noise the current noise 
has to be multiplied by the source 
resistance and added to voltage noise: 

ent = Ven +(inRS)2 (10) 

The consideration of the noise cur-

rent is also important for an accurate 
calculation of the noise figure, as we 
will discuss later. 

Bipolar vs FET op amps 
The current noise of an op amp is 

directly associated with the bias cur¬ 
rent. In fact, in absence of noise current 
specifications taking the bias current 
and applying it to the shot noise equa¬ 
tion (in = ̂ q lb B) will lead to a good 
approximation. For example, an op amp 
with a bipolar transistor input stage the 
current noise spectral density will be in 
the order of 0.56pA/^Hz, for a bias cur¬ 
rent of lb = IgA. This noise signal does 
not vary much over temperature. Differ¬ 
ent is the situation with FET op amps: 
because FET input type op amps pro¬ 
vide input bias currents magnitudes 
lower than bipolar types, the noise cur¬ 
rent contribution is also much smaller, 
e.g. lOpA of bias current result in only 
1.8fA/vHz noise. However, because the 
bias current of FET op amps typically 
doubles for each 10 K increase of the 
junction temperature, the current noise 
increases by a factor of ̂ 2 with each 1C 
K rise. Another note of caution should 
be made; these current noise calcula¬ 
tions hold true only for those op amps 
that do not have an internal bias cur¬ 
rent compensation scheme. For bias 
compensated op amps the specified bias 
current is the difference between the 
base current and the compensating cur¬ 
rent. Although, the DC-bias current 
would ideally cancel, from the noise 
point of view two sources of equal value 
have to be rms-summed togethei 
accounting for a ̂ 2 ( or 40%) increase ir 
noise current. As a general guideline foi 
the selection of the appropriate op amp 
type: bipolar op amps traditionally 
exhibit higher current noise than FET 
types, but are superior in their voltage 
noise. Therefore they are more suited 
for applications with low source imped-
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anees. With new process technologies, 
FET op amps are approaching bipolar 
voltage noise performance while retain¬ 
ing their very low current noise. One 
example is the OPA655 from Burr-
Brown, a 400 MHz FET op amp with 10 
fA/VHz noise current and only 5 nV/VHz 
of noise voltage. For applications with 
high source impedances, e.g. transim¬ 
pedance amplifiers (W converter) with 
high gains, FET op amps are the prime 
choice. 

Noise Figure 
Traditionally, the noise figure has 

been the standard noise parameter for 
RF components, such as transistors. 
Nowadays IC manufacturers have 
added noise figure specifications to the 
noise spectral density numbers, and 
this for a good reason. Integrated op 
amps achieve now bandwidth in excess 
of 1GHz (the OPA640 from Burr-Brown 
has a 1.3 GHz bandwidth) and RF 
designer can easily replace several dis¬ 
crete components with the IC. There¬ 
fore, op amps have to perform in the 
standard RF environment of 50ohm or 
75ohm impedances, for which the noise 
figure originally was developed. This 
already indicates that noise figure not 
only reflects the noise contributions of 
the IC itself, but rather describes the IC 
with its attached components (feedback 
network, source and load resistance) as 
an entity. Using the noise figure a gain 
block can be completely characterized in 
terms of its noise. Therefore, total sys¬ 
tem noise calculations can easily be 
done by adding the noise figure num¬ 
bers of each processing stage together. 

Calculating Noise Figure 
The noise figure itself is the loga¬ 

rithm of the signal-to-noise ratio on 
the input of the amplifier to the sig-
nal-to-noise ratio at the output. 

NF - 10 log *S/N n̂ (11 > 

To calculate the noise figure for an 
op amp gain stage the following equa¬ 
tion is more appropriate: 

NF = 10 logi 1 + e° +(1nR s)2>] (12) 
4kTRs ) 

It can be seen that the noise figure 
includes the voltage and current noise 
power from the amplifier. The noise 
current (in) flows through the source 
impedance (Rs), therefore the depen¬ 
dency of the noise figure to the source 

resistance. If given in a graphic from 
the noise figure is plotted over a range 
of source impedance. 
The noise figure plot has a very char¬ 

acteristic shape: it has a minimum at a 
certain source resistance and increases 
for lower and higher resistances. 
Towards lower resistance the main 
noise contribution comes from the 
amplifier’s noise voltage. For the rising 
side (increasing resistances) the noise 
current takes over and accounts for the 
increase in the noise figure. For a 
given source impedance the selection of 
the right op amp is a practical way to 
design a low-noise amplifier. 

Comparing Noise in 
VFAs and CFAs 
In some wideband applications not 

only the noise performance of an op 
amp is important but also its distortion. 
Then current feedback amplifiers (CFA) 
have an advantage because of their 
higher loop gain at higher frequencies 
compared to voltage feedback amplifier 
(VFA). Because current feedback ampli¬ 
fier have asymmetrical input imped¬ 
ances the bias current on the inverting 
input us typically higher than on the 
non-inverting input. Therefore, the 
inverting noise current on a CFA can be 
up to 10 times higher compared to volt-
age-feedback amplifier. Another restric¬ 
tion with CFAs is that the feedback 
resistor value has to stay within a speci¬ 
fied range to insure stable operation, 
and cannot be arbitrarily reduced to 
improve the noise performance. 

Noise Bandwidth 
Before actually measuring or calcu¬ 

lating the total noise of a system one 
question to ask is “What is the band¬ 
width of my system?”. This is a very 
important determination because 
noise is proportional to the bandwidth. 
In order to calculate the total integrat¬ 
ed noise in volts rms, the total output 
noise spectral density (e ) given in 
nV/V'Hz is multiplied by the square¬ 
root of the bandwidth. The implication 
of this is that ‘bandwidth’ in this case 
means that the upper frequency cor¬ 
ner has an infinite roll-off, resembling 
a “Brickwall” filter. Generally, this is 
not the case and the transfer function 
of the measurement channel is more 
like a low-order Butterworth low-pass 
filter. By adding a factor into the 
equation of the integrated noise, the 
bandwidth of the theoretical brickwall 
filter now encloses the same noise 
power (or area) as the real filter trans¬ 

Filter 

Order 

Noise Bandwidth 

(NBW/f-3dB) 

Roll-Off 

• dB per octave) 

1 1.57 6 

2 1.22 12 

3 1.15 18 

4 1.13 24 

5 1.11 30 

Table 1. Conversion Chart for Noise 
Bandwidth using Butterworth filter 
responses. 

fer function, see Figure 4. This method 
is only applicable as long as the gain 
response is flat, within ±1 dB, over the 
bandwidth of interest. If the system 
response exhibits higher gain peaking 
a different approach, e.g. piecewise 
integration of the noise, should be con¬ 
sidered to obtain accurate noise pre¬ 
dictions. The contribution of the 1/f-
noise is usually neglected since it rep¬ 
resents an insignificant term in wide¬ 
band systems. 

Noise calculation example 
The following discusses the calcula¬ 

tion of op amp noise in a simple non¬ 
inverting configuration. Shown in Fig¬ 
ure 5 is the op amp noise model with 
the external noise sources. To derive 
the total output noise, each term is 
multiplied by its gain and taken to the 
output as a voltage. All terms are 
added together as the square root of 
the sum of their squares. The individ¬ 
ual terms are: 

Rs-VikTRs'JlÆj (18)

/ D \ 

¡bn -*ibnRS^l+^ (14) 

G Rf ï 
^"( rJ (15) 

ibi - ibiRf <16 > 

R^rkTRgjL (17a)

n g 

Rf - ; 4kTR7 (17b)

(i biRf)2 + 4kTRf[l + |l-jj 2
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Crest Factor 
p-p/rms 

Percent of time peak 
is exceeded 

2 32% 
3 13% 
4 4.6% 
5 1.2% 
6 0.3% 
6.6 0.1% 
7 0.05% 

noise data with the noise observed on 
the oscilloscope. RF 
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Table 2. Crest factors for converting 
rms noise into peak-to-peak noise. 

Equation 18 provides the general 
form for the total output voltage noise. 
Note that this represents the noise 
spectral density per VHz. 

Measuring Noise 
So far noise has been referred to in 

rms or spectral density form. When¬ 
ever measuring noise with an oscillo¬ 
scope the crest factor has to be 
included. The crest factor provides a 
statistical measure of the relation¬ 
ship between the rms noise and its 
peak value. The reason for statistics 
in noise measurements is that noise 
is a random event and its amplitude 
has a Gaussian probability distribu¬ 
tion. This means that voltage noise 
peaks are many times greater than 
the rms noise, but the highest peaks 
occur very infrequently and are there¬ 
fore difficult to measure repeatedly. 
Table II lists the different crest fac¬ 
tors that should be used to estimate 
peak-to-peak noise. 
For example, using a crest factor of 

6.6 means that 99.9% of the existing 
noise falls within the limits of the 
peak-to-peak values. This is also a 
good number for comparing calculated 
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RF ¡propagation_ 

Measured Effect of 
Seasonal Foliage Growth 
on a Short UHF Telemetry Link 

By Noel E Evans 
University of Ulster, N. Ireland 

Users ofVHFIUHF mobile radios in 
wooded regions are familiar with 
increased incidence of signal fade-out 
in spring and summer as leaf growth 
takes place. This is often not a serious 
problem for vehicular systems since 
natural movement will restore satisfac¬ 
tory operation in a short time frame; 
special purpose, fixed links may pre¬ 
sent real difficulties, however, and low 
power telemetry systems are especially 
prone to failure with even small 
increases in path loss. Accordingly, a 
specific and naturally obstructed radio 
path was studied for a full year in a 
part of Northern Ireland subject to an 
annual rainfall of over 750 mm. 

Short radio paths of 1-5 km are often 
used in rural areas for animal 

telemetry and for agricultural moni¬ 
toring and control purposes. Remote 
transmitters/receivers are battery 
powered, are generally constrained to 
using a minimum amount of hardware 
and must operate to a strict power 

budget; output signal-to-noise ratios 
may be marginal and the reliability of 
uncoded digital links will deteriorate 
rapidly with relatively small increases 
in path loss [1]. For example, as shown 
in Figure 1, an additional 4 dB loss in 
a non coherent FSK system can drive 
the bit error rate from 2E10-4 (a just-
acceptable design level) to 2EI0-2 
(poor). Antenna heights are often nec¬ 
essarily low in telemetry and telecom¬ 
mand applications, so paths for this 
type of link are liable to offer signifi¬ 
cant excess loss due to obstructions 
such as hills and vegetation. The dif¬ 
fraction loss for multiple edges and the 
loss due to wooded regions may be cal¬ 
culated with reasonable accuracy, but 
changes due to leaf generation and 
subsequent depletion require experi¬ 
mental measurement. 

The Propagation Path 
The year’s monitoring was carried 

out on a 462 MHz fixed link operating 
over the ground profile shown in Fig¬ 

ure 2. This plot does not indicate the 
foliage present and ignores the rela¬ 
tively insignificant amount of Earth 
curvature which occurs at a transmit¬ 
ter-receiver spacing of 2.4 km. The sig¬ 
nal path lies across sparsely-populated 
farmland, with traditional thorn hedg¬ 
ing used for field separation. The 
hedges are on average 1.5 m high and 
0.75 m wide; in total, they account for 
less than 1 percent of the exposed path 
length and have little effect on propa¬ 
gation. The dominant obstacle is a 
drumlin close to the receiver which 
supports a grove of naturally seeded, 
mature beech and oak trees. The tree 
heights range from 10 - 20 m, with cor¬ 
responding trunk diameters of 25 - 6C 
cm. The grove is approximately 150 m 
in diameter with a floor of thick 
undergrowth, again mainly oi 
hawthorn and up to 1.5 m in depth. 

Link Equipment 
Incoming carrier levels were record¬ 

ed at 17:00 GMT on alternate days, 

Figure 1. Error probability Pe in a non-coherent FSK link. 
Eb is the signal energy per bit and No is the average noise 
power density in W/Hz. 

Figure 2. Elevations between the link's transmitter and 
receiver. Losses include tree-space loss, knife edge losses 
for each hill, rounded obstacle loss for E3 and foliage loss. 
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E 1 E 3 
Fresnel Parameter -0.22 -0.12 0.38 
Edge Loss (dB) 3.9 5.0 10.0 
Rounded obstacle 

loss (dB) 
- - 3.5 

Table 1. Calculated values of signal 
path ground loss, totalling 22.4 dB. 

Figure 3a. Receiver hardware block 
diagram. Recorded signal levels were 
averaged from 60 samples taken at 1 
second intervals. 

Figure 3b. AR2002 AGC characteristic, 
with 19 dB of antenna port attenuation. 

Path Loss Calculations 
using a measurement receiver (a mod¬ 
ified AOR 2002 preceded by a variable 
attenuator) with its AGC voltage fed 
to an averaging voltmeter/logger built 
around a Psion Organiser II: Figure 3 
summarizes the sampling details and 
shows the AGC calibration curve used. 
The custom transmitter had a regulat¬ 
ed power output of +34.5 dBm and the 
receiver noise floor was -130 dBm. 
Both units were checked for parame¬ 
ter drift on a weekly basis; the com¬ 
bined power outpuVsensitivity stabili¬ 
ty was maintained at ±0.2 dB through¬ 
out the measurement period. Vertical 
antenna polarization was in use, with 
a three element (6 dBd) Yagi at the 
transmitter and a 5 dBd collinear at 
the receiver. Both antennas were 
mounted 5 m above ground level, well 
clear of nearby obstacles; the feeder 
loss was 2.5 dB in total. 

For comparison with practical mea¬ 
surements, the link’s attenuation (dB) 
was calculated by summing the free-
space loss of 93.4 dB with excess 
ground loss, LG, and foliage loss, LF. 
LG was made up of individual contri¬ 
butions from each of the three hills 
present, E]( E2 and E3. For analysis 
purposes each was treated as a knife 
edge. Table 1 gives loss figures derived 
using Deygout’s method; this returns 
good accuracy for three, well spaced 
obstacles, one of which is dominant 
12], A rounded obstacle loss [3] was 
calculated for the main edge E3 and 
included in LG The foliage loss was 
calculated using an exponential decay 
model [4] for dense, dry, in leaf trees, 
according to: 
Lf = 1.07 dF06 (1) where dF is the 

foliage depth in meters. For the grove 
in question this gave a value of 21.6 

Figure 4a. Received signal levels at 17:00 GMT, recorded using apparatus of 
Figure 3a, from July 1993 to July 1994. 

dB which, when added to the other 
loss factors, gave a theoretical total of 
137.4 dB. The corresponding minimum 
received signal power expected was 
therefore -90.2 dBm; this figure was 
validated in practice. 

Experimental Findings 
Figure 4(a) is the receiver’s input 

power profile obtained during the 
measurement period; Figure 4(b) 
shows the maximum/minimum air 
temperatures prevailing, while Figure 
4(c) indicates the rainfall noted on a 
daily basis. Climate data was derived 
from a weather station at the transmit 
end of the link The received power 
profile was biphasic in nature, with 
well-defined slopes between the winter 
(no leaf) and the late summer (full 
leaf) conditions. The maximum differ¬ 
ence, summer to winter, was 8 dB. 
Maximum signal levels over the win¬ 
ter period correlated with the months 
during which the minimum air tem¬ 
peratures regularly fell to freezing 
point and below, and there was no 
active growth. The transition from 
maximum attenuation at the end of 
the growing season was quite sharp, 
at 6.7 dB per month. It is likely that 
leaf drop was accelerated by the dry 
period in October/November. Although 
tree leaves reached their maximum 
area and density by the end of July 
1993, the underlying vegetation con¬ 
tinued to thicken throughout the 
growing period and contributed to 
overall signal attenuation, attaining 
maximum impact in September. In 
1994, new-leaf generation was 
observed in May; this was followed by 
a steady fall in received signal power, 
at about 1.8 dB per month. Periods of 
moderate rainfall (over 30 mm per 
week) followed by higher than normal 
day temperatures promoted fast 
foliage growth and transient reduc¬ 
tions in signal level of up to 2 dB. This 
was very noticeable during the May-
June and August-September periods; 
the effect is attributed to surges in 
leaf/stem moisture caused by 
increased transpiration [5]. Diurnal 
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daily. 

variations from wet to dry conditions 
(including mist) resulted in signal 4 
strength fluctuations of 1 - 1.5 dB. 
Such changes occurred during the year 
but increasted in late summer when 
foliage volume was at a maximum. A 6 
cm fall of wet snow in mid-February 
resulted in an additional 0.5 dB loss 
during the short period it persisted. 

Conclusion 
It is likely that isolated (single day) 

sampling of foliage attenuation is not 
adequate in situations where a rela¬ 
tively small change in path loss may 
adversely affect link reliability. This is 
particularly true when weather condi¬ 
tions promote fluctuating rates of leaf 
growth and the link is low-power-con¬ 
scious. In the type of path discussed, 
up to 2 dB daily variation in attenua¬ 
tion can occur on a year round basis, 
depending largely on the rainfall; 
weekly totals of up to 15 mm restrict 

the variability to about 0.5 dB. Dry 
spells outside the growing period show 
best signal strength stability. The 
exact slopes of biphasic signal 
strength plots measured from year to 
year will ultimately depend on local 
climatic conditions; the information 
presented here should, however, be 
representative of behavior in a Cool 
Temperate zone since the weather 
data collected in 1993/94 showed no 
significant anomalies. RF 
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Bp amplifiers 

An Introduction to 
Class-F Power Amplifiers 

By Frederick H. Raab, Ph.D. 
Green Mountain Radio Research Co. 

High-efficiency power amplifiers 
(PAs) can be implemented by true 
switching-mode techniques (classes D 
and E) at frequencies from VLF 
through HF and sometimes even VHF. 
At UHF and higher frequencies, how¬ 
ever, it is difficult to find transistors 
capable of switching fast enough for 
class-D and class-E operation. In addi¬ 
tion, the drain I collector capacitance, 
leadinductance, lead length (including 
bond wires), and dispersion (frequen¬ 
cy-dependent propagation velocity) 
make implementation of ideal tuned 
output circuits difficult. As a result, 
there is considerable recent interest 
inclass F for improving the efficiency of 
PAs in cellular- and personal-commu¬ 
nication systems. 

Aclass-F power amplifier (PA) uses 
a multiple-resonator output filter-

to control the harmonic content of its 
drain-voltage and/or drain-current-
waveforms, thereby shaping them to 
reduce dissipation and to increase effi¬ 
ciency. It is probably the oldest tech¬ 
nique for improving the efficiency of 
an RF PA. This paper introduces class 
F through five basic circuits: 

•Third-harmonic peaking, 
•Second-harmonic peaking, 
•Transmission line with parallel-
tuned output, 

•Transmission line with series-tuned 
output, and 

•Arbitrary number of correct harmon¬ 
ic impedances. 

In the first four configurations, at 
least one of the waveforms is a perfect 
half sine wave or square wave and 

therefore contains a complete set of 
even or odd harmonics. In the more 
general case, neither waveform is com¬ 
plete. 

All analyses in this paper are based 
upon ideal transistors, which are shown 
here as MOSFETs. They are assumed 
to have neither saturation voltage nor 
on-state resistance, and to be ideal cur¬ 
rent sources or switches. The effects of 
nonzero saturation voltage or resistance 
can be included through the use of an 
effective supply voltage, as described in 
Chapter 14 of [1]. 

Third-Harmonic Peaking 
The circuit and waveforms for a 

third-harmonic-peaking class-F PA 
areshown in Figure 1. The circuit is 
identical to that of a single-ended-
class-B or C PA except for the addition 
of third-harmonic resonator L3-C3. 
This is the classic Tyler circuit [2]; 
other examples are given in [3] and[4]. 
The third-harmonic resonator is a 

parallel-tuned circuit and therefore 
represents the drain with an infinite 
impedance at 3f. The impedance at 
the fundamental frequency is load 
resistance R. The impedance is zero at 
other frequencies. There is therefore 
no impediment to the half-sine-wave 
drain current of class-B operation, 
which consists of de, fundamental fre¬ 
quency, and even harmonics. The 
drain-voltage waveform has the form 

vd(0)= (1) 
V DD + V 0m sin 0 + V 3m sin 36

where 0 = cot, co = 2nf, and f is the fun¬ 
damental (angular) frequency. 
At low drive levels, the level of the 

driving signal determines the magni¬ 
tude in„.v of the drain current, 
which in turn determines the funda¬ 
mental-frequency output current Iom . 
As in a class-B PA, 

^Om “ (2) 

and 

Po = 
v2 
V 0m 

2R (3) 

At lower drive levels, the third har¬ 
monic is generally small and the 
drain-voltage waveform remains most¬ 
ly sinusoidal. 
As drive is increased past the point 

at which Vom = VDD , the MOSFET 
enters saturation near the minimum 
voltage. The high impedance at 3f 
allows the presence of a third harmon¬ 
ic, which flattens the drain-voltage 
wave form. Odd-harmonic symmetry 
causes the flatness near the minimum 
drain voltage to be mirrored near the 
maximum voltage. The requirement 
for flatness near the minimum voltage 
causes the phase of the third harmonic 
to be as shown in (1). 
The amplitudes of the fundamental¬ 

frequency and third-harmonic compo¬ 
nents are determined through a 
process much like that in a saturating 
class-C PA (Section 13-2 of [1]). For a 
maximally-flat waveform [1], [5], V3m 
= Vom/8 and the corresponding funda¬ 
mental-frequency at peak output volt¬ 
age is Vom = (9/8)Vdd. The peak power 
output 

p = 81Vdd 
0 128R 

v2
= 0.633—^ 

2R (4) 
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Figure 1 Third-harmonic-peaking class-F power amplifier 
Figure 2. Second-harmonic-peaking class-F power 
amplifier. 
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is 27-percent greater than that for 
class-B operation. 
The dc-input current is related to 

peak drain current and output current 
as in a class-B PA, hence Idc = (1/n) 
iDmax = (2/7t)I The dc-input power is 
therefore (9V2DD/4ttR) and the effi¬ 
ciency at PEP is 

P ■ q = = — = 0.884 (5) 
Po 32 

Second-Harmonic Peaking 
The circuit for the second-harmonic 

peaking PA (Figure 2) is similar to 
that of the third-harmonic peaking 
PA, the additional resonator creates a 
high impedance at the second harmon¬ 
ic. The drain current is a square wave, 
containing only de, fundamental-fre¬ 
quency, and odd-harmonic compo¬ 
nents. PAs of this type are described 
by McAlpin [6] and Zivkovic [7]. 
The principles of operation are gen¬ 

erally the same as those of third-har¬ 
monic peaking. The drive causes the 
MOSFET to act as a current source. 
Harmonic components of the drain 
current are bypassed to ground by par¬ 
allel-tuned output tank Ll-Cl. The 
fundamental-frequency voltage creat¬ 
ed on the load also appears on the 
drain. As drive is increased past the 
maximum output for class-B opera¬ 
tion, the MOSFET begins to saturate. 
This creates a second-harmonic volt¬ 
age, which flattens the drain-voltage 
waveform, causing it to approximate a 
half sine wave. 

Drain-Voltage Waveform — The 
drain-voltage waveform is described by 

Efficiency and Power-Output Capa¬ 
bility — The efficiency of the second-
harmonic peaking PA is 

F 

vd(9) = 
V DD + V 0m sin 0 + V 2m cos 20

(6) 

Flattening of the waveform requires 
the second-harmonic cosine rather 
than sine. 
Maximum flatness is achieved with 

V2m = -Vom/4. For maximum output, 
the minimum drain voltage is zero, 
hence Vorn = (4/3)VDD . The power out¬ 
put is therefore 

p _ V 0m _ 8 V DD 

0 2R 9 R (7) 

= 0.888 —22. D 

The peak drain voltage is vDmax = 
(8/3)Vdd . 

Drain-Current Waveform — The mag¬ 
nitude of the output current at PEP is 
Iom = (4/3)Vdd/R. Since the drain cur¬ 
rent waveform is a square wave, I = 
(2/7t)inmn^. The peak drain current is 
therefore 

: _ 2n Xe® 
'Dmax g p (8) 

and the dc-input current is 

J -it -2EÏDD (9)
1dc Q *Dmax « D

USA 

The power output capability is 

p Pq di) 
1 max 

v I) max U) max 

= — = 0.159 
2n 

which is the same as the transmission¬ 
line class-F PAs described in the 
nexttwo sections. 

Transmission Line 
with Parallel-Tuned Output 

In theory, it is possible to include an 
infinite number of additional res¬ 
onators in the harmonic-peaking cir¬ 
cuit of Figure 1, thus allowing a true 
square-wave voltage and therefore 
100-percent efficiency. Such a PA is 
implemented in practice (Figure 3) by 
using a quarter-wavelength transmis¬ 
sion line and a parallel-tuned output 
circuit. This type of PA [8], [4] is used 
at VHF where implementation of 
lumped-element networks (e.g., Fig¬ 
ures 1 and 2) is difficult, but the 
inductance between the drain and the 
case remains relatively small. 
The quarter-wavelength transmis¬ 

sion line (Figure 13-10, [1]) transform-
sthe load impedance according to\sq 
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Figure 3. Class-F power amplifier with quarter-wavelength 
line and parallel-tuned output. 

Figure 4. Class-F PA with quarter-wavelength line and 
series-tuned output. 
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R = ̂  
Rl (12) 

at the drain. For an even harmonic, 
the short circuit on the load side of the 
transmission line is repeated, produc¬ 
ing a short circuit at the drain. How¬ 
ever, for an odd harmonic, the short 
circuit at the load is inverted, produc¬ 
ing an open circuit at the drain. A 
resistive load is produced at the funda¬ 
mental frequency. 
At low drive levels, the FET acts as 

a current source. As drive increases, 
the FET enters saturation and har¬ 
monics are generated. Since the trans¬ 
mission line presents a high imped¬ 
ance to all odd harmonics, all odd har¬ 
monics can be present. The output can 
therefore increase until the drain¬ 
waveform is a complete square wave 
and the FET is saturated for a full half 
cycle. In this case, the FET acts as a 
switch rather than a saturating cur¬ 
rent source. 

It is most convenient to analyze oper¬ 
ation in terms of the fundamental-fre¬ 
quency drain-load impedance R. The 
fundamental-frequency component of 
the square-wave drain voltage is 

4 
Vim““ VDD (13) 

JI 

hence the power output is 

p 8 V DD (14) 

°" 3t2 R 

T2 Ro Rq (18) 
R R2

Transmission Line 
with Series-Tuned Output 
Kazimierczuk [9] describes a class-F 

PA with a quarter-wavelengthtrans¬ 
mission line and a series-tuned output 
circuit. This circuit (Figure 4) is the 
dual of that of Section 4 and repre¬ 
sents the limit to improvement of the 
second-harmonic-peaking PA (Section 
3) by additional resonators. At VHF, a 
series-tuned output network is gener¬ 
ally considerably more practical than 
a parallel-tuned network. 
The FET or other active device is 

driven to act as a switch. The series-
tuned output circuit (Ll-Cl) presents 
to the transmission line a resistance at 
the frequency of operation and an 
open circuit at all harmonics. 
The quarter-wavelength transmis¬ 

sion line transforms the load imped¬ 
ance according to (12). For an even 

harmonic, the open circuit on the right 
side of the transmission line is repeat¬ 
ed, producing an open circuit at the 
drain. However, for an odd harmonic, 
the quarter-wavelength line inverts 
the open circuit, producing a short cir¬ 
cuit at the drain. 
When the switch is open, iD = 0. Since 

the drain-current waveform can be 
composed only of de, fundamental-fre¬ 
quency, and odd-harmonic components, 
the only possible drain-current wave¬ 
form is a square wave (Figure 4). When 
the switch is closed, vD = 0. Since the 
drain-voltage waveform can be com¬ 
posed only of de, fundamental-frequen¬ 
cy, and even-harmonic components, the 
only possible drain-voltage waveform is 
a half sinusoid. The drain current and 
voltage waveforms are identical to 
those in the current-switching class-D 
PA (Figure 14-3 of [1]). 
The average drain current must be 

the de input current entering the PA 
through the RF choke, hence 

'Dmax ~ ̂ Idc (19) 

The fundamental-frequency compo¬ 
nent of the drain current is 

I, =1Xdd (15) 
lm % R 

Current flows only during half of the 
RF cycle and is composed of de and 
even harmonics. It must therefore be a 
half sinusoid with peak 
T 1 ■ 8 V pp 
^dc — ^Dmax = 2 p (16) It JT R 
The dc-input current is therefore 
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Similarly, the average voltage on the 
drain must be the de voltage applied to 
the input of the RF choke, hence 

vDmax (20) 

From standard Fourier analysis, 
the amplitude of the fundamental-fre¬ 
quency component of the drain volt¬ 
age is 

Vim -¿VDD (21) 

The power output is therefore 

yr 2 
p = Vlm = 71 VDD 
° 2R 8 R (22) 

assuming that the transmission line is 
lossless. The quarter-wavelength line 
causes the output voltage to be phase-
shifted by 90° relative to the fundamen¬ 
tal-frequency components of the drain 
voltage and current. The amplitude 
Vom of the output in the actual load Ro 
can be determined by applying the 
impedance transformation (18) to (21). 
The amplitude of the fundamental-

frequency component of the drain cur-
rentis that of the drain voltage (21) 
divided by R. The application of stan¬ 
dard Fourier-series analysis to the 
drain-voltage waveform also yields 

I -ll I-*lm ^dc ^Dmax 
JÏ Jt 

(23) 

Putting (21) and (23) together yields 

T, , VDD (24) 
dc 8 R 

Comparison of (22) and (24) again 
yields an efficiency of 100 percent for 
an ideal PA of this type. 

General Load Network 
At UHF and above, it is seldom pos¬ 

sible to provide the right harmonic 
impedance (open or short) at more 
than a few frequencies. A number of 
recent class-F designs, for example, 
use transmission lines to control the 
second and third harmonics [10], [11], 
In one case, dielectric resonators are 
used to implement a Tyler-type fifth¬ 
harmonic-peaking PA [12] at 900 MHz. 
The characteristics are derived 

through a Fourier-series analysis [5] 
that relates the peak and fundamen¬ 
tal-frequency component of the voltage 

orcurrent to its dc component. The 
resultant efficiencies and power-out-
put capabilities for various combina¬ 
tions of contolled harmonics are given 
in Table 1. RF 
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HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 

RF software 
New Cellular Testing 
System 
Telecom Analysis Systems, Inc., Eaton¬ 

town, NJ (TAS) announces version 2.0 of 
the GT-Cellular Automatic Cellular Modem 
Test System. Enhanced software provides 
powerful features for thorough evaluation 
of cellular modem performance. New hard¬ 
ware simplifies the test setup and provides 
even more testing capabilities. 
TASKIT/Auto for Windows software auto¬ 
matically controls modem performance 
tests and measures essential tests results 
such as throughput and call connect relia¬ 
bility. Pre-defined test procedures enable 
meaningful testing to begin immediately. 
The PC-POD software accessory test PC 
Card and controller less cellular modems. 
Telcom Analysis Systems, Inc. 
INFO/CARD #205 

RF/Microwave Linear 
Simulator 

Eclipse 4.0 for Window is here. A compre¬ 
hensive element library, programmable 
user-variables, unlimited graph sheets, 
multiple sweep types, manual tuning, opti¬ 
mization, custom graphs, complete on-line 
reference manual and element library, pro¬ 
ject notes —it all adds up to raw power. 
With intuitive notebook interface, drag and 
drop objects, context sensitive pop-up 
menus and object properties dialog boxes, 
desktop publishing features— not only will 
you get it done fast but you’ll have fun 
doing it. 
Eclipse 
INFO/CARD #204 

CDMA Simulation Model 
Library 
ICUCOM Corp., the developer of ACO-

LADE, the Advanced Communication Link 
Analysis and Design Environment soft¬ 
ware, has introduced a new optional simu¬ 
lation model library for IS-95a Code-Divi¬ 
sion Multiple-Access (CDMA) systems. 
ACOLADE’s modeling capabilities support 
multi-layer hierarchical design. Custom 
code is gracefully accommodated; the sys¬ 
tem is fully extensible. 
ICUCOM Corp. 
INFO/CARD #203 

Fast Nonlinear Simulation 
for PC-based Designers 
Avista Design Systems announces the 

release of Spectre/XL features interactive 
simulation for nonlinear communications 
circuits such as mixers and receivers, espe¬ 
cially the frequency translation of signals 
and noise. Spectre/XL embeds accurate cir¬ 
cuit simulation inside Microsoft Excel. 
Spectre/XL’s instant what-if analysis gives 
RF and microwave designers a powerful 
tool for developing, evaluating and optimiz¬ 
ing high-frequency circuits. 
AVISTA DESIGN 
INFO/CARD #202 

2 METER VHF AMPLIFIERS 

35 Watt Model 335A. $ 79.95 Kit 
75 Watt Model 875A . $119.95 Kit 
Available in kit or wirwi/tested 

HF AMPLIFIERS per MOTOROLA BULLETINS 

Complete Parts Liat tor HF Amplifiers Described 
in the MOTOROLA R.F. Device Data 

AN758 300W EB63 140W 
AN762 140W EB27A 3OOW 
AN779L 20W EB104 600W 
AN779H 20W AR305 3OOW 
AR313 300W 

NEW» 1K WATT 2-50 MHz Amplifier 
MOTOROLA AR347 

POWER SPLITTERS and COMBINERS 
2- 30MHz 

600 Watt PEP 2—Port . $ 69.95 
1000 Watt PEP 2—Port . $ 79.95 
1200 Watt PEP 4—Port . $ 89 95 

100 WATT 420-450 MHz PUSH-PULL LINEAR 

AMPLIFIER — SSB-FM-ATV 

KEB67-PK (Kit) . $159.95 
KEB67-PCB (PC Board) . $ 18.00 
KEB67—I (Manual) . $ 5.00 

We also stock Hard-to-Find parts 

CHIP CAPS—Kemet/ATC 
METALCLAD MICA CAPS—Unelco/Semco 
RF POWER TRANSISTORS 
MINI-CIRCUIT MIXERS 
SBL—1 (1-500Mz) . $ 6.50 
SBL—1X (10—1000MZ) . $ 7.95 

ARCO TRIMMER CAPACITORS 

Broadband HF Transformers 
Add $4.50 for shipping and handling. 

For detailed information and prices, call or write tor our free catalog. 

FAX (513) 429-3811 

INFO/CARD 14 

High Stability Ovenized Oscillator 
The SC10 10 MHz quartz oscillator uses an SC cut crystal to provide an 
extremely low aging rate, high thermal stability and very low phase noise. 
For the most critical frequency and timing applications, the SC10 is the 

ultimate solution. 

Grade 
Aging 

Thermal Stability (0-50° C) 

Phase Noise: 10 Hz 
100 Hz 
1 kHz 

Operating Range 

Allan Variance (1 second) 

J 

<1x10'9/day 

<±2x10’9
<-120 dBc/Hz 
<-150 dBc/Hz 
<-155 dBc/Hz 

O°to5O°C 

<1x10-’1

K 
<5x10'’°/day 

<±1x10'9
<-125 dBc/Hz 

<-150 dBc/Hz 
<-155 dBc/Hz 
-10° to +60”C 

<5x10‘12

A 
<2x10'1°/day 

<±5x10‘1° 
<-150 dBc/Hz 

<-150 dBc/Hz 
<-155 dBc/Hz 
-20° to +70’0 

<2x10’12

RF Design 

• SMD construction 
• Electronic and mechanical 
frequency tuning 

• +15 or +24 VDC operation 

Pin, SMA, SMB or SMC 
connectors 
Size: 2” x 2” X 4” 

• $250 base price for J grade 
(quantity of 100) 

STANFORD RESEARCH SYSTEMS 
1290-D Reamwood Avenue, Sunnwale, CA 940Ô9 
TEL: (40Ô) 744-9040 FAX: (40Ô) 744-9049 

INFO/CARD 61 85 



RF literature 
New Crystal Oscillator 
Cartilage and Selection 
Guide Available 
Champion Technologies, Inc. recently 

released a new Product Catalog and Selec¬ 
tion Guide for their full line of crystal oscil¬ 
lators. Technical information, specifications 
and mechanicals are featured in this cata¬ 
log for over 60 of champion’s VCXOs, 
TCXOs, VCTCXOs, data clocks and related 
products. This wide line of products offers 
frequency ranges up to 155.52 MHz for gen¬ 
eral purpose to high frequency or tight sta¬ 
bility applications. Additionally, this cata¬ 
log offers a detailed selection guide, phase 
noise definition, custom product definition 
guide and an extensive definition of terms 
section. 
Champion 
INFO/CARD #211 

Weinschel Corporation 
Express Catalog 
The updated Express catalog from Wein¬ 

schel Corporation contains a wide variety 
of standard products which can be shipped 
within 24 hours of placing your order 
(guaranteed or we pay the shipping). Prod¬ 
ucts include Fixed Attenuators, Adapters, 
Terminations and Weincschel and Sickles 
Distribution Sales. 
Weinschel Corporation 
INFO/CARD #210 

New Brochure on Surface 
Mount Resistor Designs 
Ohmite Manufacturing Company, Skok¬ 

ie, Illinois has just released a new brochure 
high lighting their four technologies in sur¬ 
face mount resistor design. Featuring its 
wide offering in surface mount resistor 
design with five wattage ratings in wire 
wound configurations, three wattage rat¬ 

ings in wire wound configurations, three 
wattage ratings in carbon composition con¬ 
struction, two ratings in metal film and five 
ratings in power film units, the brochure 
offering, such as, four leaded Kelvin con¬ 
nections and pedestal or recessed base con¬ 
figurations in seven package sizes. Resis¬ 
tance ranges are from .005 ohm to 22.0 
megaohm over a wide range of power rat¬ 
ings from .125 to 3.5 watts. 
Ohmite Manufacturing 
INFO/CARD #209 

Comprehensive Guide on 
Accurate IEC 1000-3/EN 
61000-3 Compliance Testing 
Hewlett-Packard Company announces 

the availability of a free, comprehensive 
guide —compliance Testing to the IEC 
1000-3-2 (EN61000-3-2) and IEC 1000-3-3 
(EN 61000-3-3) Standards—to aid environ¬ 
mental and design engineers in establish¬ 
ing accurate IEC 1000-3/EN 61000-3 com¬ 
pliance testing. This 56 page application 
note helps electronic-product manufactur¬ 
ers worldwide interpret IEC 1000-3/EN 
61000-3 standards accurately. The impetus 
for the standards stems from the European 
Union’s concern over the quality of distrib¬ 
uted electrical power. 
Hewlett-Packard 
INFO/CARD #208 

Electronic Enclosures 
Product Line Introduced 
Altech Corp, has announced the avail¬ 

ability of a new 96-page, user-friendly, full 
color catalog of Electronic Enclosures. This 
catalog details Altech’s newest product 
extension with technical data, drawings, 
product photos and ordering tables. The 
comprehensive, easy to follow catalog cov¬ 
ers nonmetallic and metal electronic enclo¬ 

sures. The sturdy, carefully engineered 
designs and quality construction afford 
maximum protection for your electronics. 
Altech’s enclosures give your product a 
solid, precision look. Altech’s off the shelf 
standard designs eliminate the need for up¬ 
front tooling costs. Electronic Enclosures 
are available in a wide range of families 
including Top Cover, Slanted, Readout, 
Front Panel, Handle Transport, Mini Pock¬ 
et, Keyboard, Hand Held, Aluminum, 
EMI/RFI, Potting and Storage. 
Altech, Inc. 
INFO/CARD #207 

Wireless Test Equipment 
Brochure 
Noise Com, Inc., released a 12 page four-

color capabilities brochure on the compa¬ 
ny’s comprehensive line of communications 
test equipment, designed to simulate “real 
world” conditions in wireless applications. 
The family of products featured in the 
brochure is targeted at the emulation of 
impairments in modern digital communica¬ 
tion systems, such as CDMA, TEMA, GSM, 
FDM, PCS, SATCOM and others. The 
brochure contains easy-to-read explana¬ 
tions of products, their applications and 
features. Product offering includes: multi¬ 
path fading, wideband channel and satel¬ 
lite link emulators; precision C/N. jitter, 
precision noise and VXIbus noise genera¬ 
tors; AWGN for cellular and PCS; CDMA 
amplifier test set; NPR (Noise Power Ratio) 
test station; mobile station test and base 
station test interfaces; noise figure mea¬ 
surement devices; and antenna VSWR and 
interference monitor. A full page is devoted 
to the company’s complete line of broad¬ 
band noise components for applications in 
the GHz range. 
Noise Com, Inc. 
INFO/CARD #206 

■I RF Literature/Product Showcase IM 
RF POWER AMPLIFIERS 

LOW COST 
HIGH PERFORMANCE 
FREQUENCY SOURCES 

CRYSTAL OSCILLATOR-MULTIPLIER 

1 MHz-2GHz 1W-1KW 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 

651 Via Alondra, #712 
Camarillo, CA 90312 USA 

TEL: (805) 388-8454 
FAX: (805) 389-5393 

/ MODEL VS A - $195.00 .01 GHz TO 1.0 GHz 
/ MODEL USA - $245.00 i.oghz to i.oghz 
/ MODEL SSA - $295.00 i.oghz to o.ighz 
RF OUTPUT: +8dBm min., at any spot frequency 

in above ranges 
FREQ. STABILITY: ±30ppm, -20'c to +60‘c 
B+: + 12 to + 16 VDC 

5350 Ka!Uk0 Court’ M°°rPar1i ' ca 93021 UllllldllLU (805)523-2390 FAX (805) 523-0065 
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Only TECDIA has THREE! 
SINGLE LAYER CHIP CAPACITORS 

THREE 
Type C 
100V 

FOR CAPACITORS WITH: 
• Extremely smooth and uniform metalized surfaces 
• Pt metalization to withstand 400 C die attach temperature 
up to 20 min max 

• TiW adhesion layer to prevent diffusion and provide 
stability at very high temperatures 

TtCCIA 
2672 Bayshore Parkway. Suite 702, Mountain View, CA 94043 

Tel: (415) 967-2828 Fax:(415)967-8428 

EMI Spacer Gaskets Simplify Commercial Installation 

Durable, low cost conductive elastomers molded onto plastic spacer frames install 

quickly by bond or automation. Spacer gasket shielding effectiveness exceeds 65 

dB from 100 MHz to 10 GHz. Customized gasket cross section and spacer shapes 

enable precise placement in closely toleranced installation with very low closure 

force requirements. 

Chomerics, div. of Parker Hannifin Corp. 
77 Dragon Court 

Woburn, MA 01888 
Tel: 617-935-4850 
Fax: 617-933-4318 

INFO/CARD 103 INFO/CARD 104 INFO/CARD 105 

Vacuum Capacitors Eclipse 4.0 for Windows 

COMET is a worldwide recognized supplier 
of high voltage/high vacuum capacitors for 
the broadcast, semiconductor, RF 
heating/drying, medical (MRI), scientific, and 
military marketplaces. Our rugged ceramic 
envelope capacitors are available in capaci¬ 
tance ranges from 3 pF to 6600 pF, current 
ratings to 1000 amperes, and peak test volt¬ 
ages to 100 kV. Most are interchangeable 
with competitive types, and we provide 
design proposals for custom requests within 
a matter of days. 

Comprehensive 
Element Library 

User-defined 
Equations 

Flexible Sweep 
Capability 

Multiple Graph 
Sheets 

Manual Element/ 
Variable Tuning 

Optimization 

Customizable 
Graphs 

Network Analyzer 
style Markers 

An I nparalleled RF/Microwave Linear Simulator 

only 

INFO/CARD 106 

MARKET RESEARCH 
Put the information resource power of 
one of the country's largest business-to-
business publishing companies to work 

for you. Our Marketing staff will create a 
custom research study to meet your 

information needs. 

Awareness Studies 
Market Potential 
Market Share 
Focus Groups 
Custom Studies 
Inquiry Follow-Up 
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For a free consultation contact: 
Jennifer Warun (770) 618-0394 
Tina D'Aversa at (770) 618-0337 

http://www.inmind.com/ati 
for a fully functional demo 

Arden Technologies, Inc. 
PO Box 286 • Forest, VA 24551 

Voice 804-525-6837 Fax 804-525-5376 
e-mail: arden@inmind.com 

INFO/CARD 107 

Portable Spectrum Analyzers 
PS - 2A Series 

K * I 

-FL Ideal for Wireless Products 

-ru 1008 & 0805 Models ' 

<5 High Q & Self Resonant Frequency 

-rh S-Parameters data on disk 

USA • Tel: 619 674 8100 • FAX: 619 674 8262 
Europe • Tel: 353 93 24107 • FAX: 353 93 24459 

Asia - Tel: 65 741 5277 • FAX: 65 741 3013 
World Wide Web • http://www.pulseeng.com 

INFO/CARD 108 

Automatic 
Modulation 
Analyzer 

for 150kHz 
to 2.4GHz 
Range 

Wayne Kerr's Model 
AMM 20002Q is a 

• 0.1 - 1060MHz range in one scan ( 0 - 100MHz in 11 span widths) 
• Measurement range: -108 dBm to +20 dBm 
• Fully portable for field operation 
• 5 resolution bandwidths ( 10 KHz - 1 MHz ) 
• 50 dB input attenutor in 10 dB steps 
• 2 / 10 dB scale display with base line clipper 
• Multi-turn tuning 
• Built-in AM / FM demodulation with speaker 
• Digital controlled center frequency display 
• Tracking generator ( optional PS-2A TG-01 ) 
• AC / DC / Battery powered ( optional +12 V battery pack ) 
• Compact size (10.3" x 4.0" x 12.3") light weight (approx. 10 lbs) 

List Price: $2175 ***$1895*** Introductory offer 

V.TECH Instruments, Inc. Tel (201) 546-7635 

171 Burns Ave, Lodi, NJ 07644 Fax (201) 546-7651 

INFO/CARD 109 

high performance automatic modulation meter 
for accurate analysis of baseband and modulat¬ 
ed carrier signals from transmitters and receivers 
operating in the 150kHz to 2.4GHz range Ideal 
for testing two-way radio, wireless and broad¬ 
cast transmissions. Measures AM/FM/PM, carri-
er/audio frequency, and carrier/audio level dis¬ 
tortion. Both AC and DC battery operation with 
standard IEEE 488.2 interface. 

Wayne Ken, Inc., 11 Sixth Rd.. Woburn, MA 01801-1744 

Tel: (61 7) 938-8390 wayne kehr 
Fax: (617)933-9523 

INFO/CARD 110 



RFm arke tpla ce 
Classified display ads are available at $125 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 1-800-443-4969, ask for Shannon Shuman. Or fax your ac 
copy for a rate quote to (770) 618-0342. 

areer Opportunities 

COI 
CDI Telecommunications is part of 
a large public corporation (NYSE) 
serving customers nationwide. 

We are seeking experienced personnel 
for the following positions: 

CELLULAR & PCS 

EM 
» California 
* Arizona 
I Oregon 

» Colorado 
» Texas 
» Washington 

YOUR 

RECRUITMENT 

EFFORT SHOULD 

START HERE 

Program Managers Real Estate Specialists 
RF Engineers Technicians 

Network Engineers Installers 

Call: (800) 669-1890 ext. 39e 
or Fax resume to: 

CDI Telecommunications, Inc. 
800-875-1904 

P.O. Box 4056 Dept. RFD 
Scottsdale, AZ 85261-4056 

E.O.E. 

RF-Wireless Communication 

Digital Cellular, Cordless PCN 

DSP: Video, Audio, Multimedia 

Custom VLSI Design-CMOS 

IC Design: Digital, Analog, Mixed Signal 

ASIC/FPGA Ddesign (VHDL, XILINX) 

ROBERT MILLER & ASSOCIATES 
5850 Oberlin Drive #3 10 • San Diego, CA 92 121 

PH: 619-566-4325 
FAX: 619-566-4376 
email: rmiLleasoc@aol.com 

Co with one of the nation's most 
established search firms, the leader in the 
Wireless Industry. We have earned the 

respect of America's Wireless 
organizations through a reputation built on 

experience, integrity and results. 
Let F-O-R-T-U-N-E work for ycu. 

800.875.2230 

Iff-o-r-t-u-n-e 
——— Communications Group 

Div. of Fortune Personnel Consultan» 
18552 MacArthur Blvd. #345 

Irvine, CA 92715 
Fax:71 4.250.8535 
Fax:71 4.250.8046 
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iee us on the Worldwide Web at: http://www.gi.com 

nation’s communications 
future is taking shape at Gl 

From digital compression to fiber optics to advanced interactive information navi¬ gators, General Instalment in San Diego, CA is a world leader in the vital tech¬ 

nologies necessary to develop the broadband delivery infrastructure that will drive 

the convergence of the computer, telephone, consumer electronics and entertain¬ 

ment television industries. Our new technology will give Cable TV customers access 

to a broad range of interactive multimedia services. We invite you to join the team 

that is bringing the power of computers to cable television. 

PRODUCT DESIGN ENGINEERS 
Project lead and design engineer positions are available. Will design state-of-the-art 

video and audio decompression products encompassing a broad range of technolo¬ 

gies, including MPEG-2, embedded 68K, DES-based decryption, and digital QPSK 

demodulation. Responsible for product development from concept to production. 

Requires BSEE (MSEE preferred) with 3+ years in design ot digital hardware. 

Experience in consumer product design, ASIC desigrVtest, C programming, and 

design for manufacture is highly desired. (Code: KPDDE) 

HARDWARE DESIGN ENGINEER 
Requires BSEE (MSEE preferred) and minimum 5 years of experience in several of 

the following areas: Motorola 68K family microprocessors, analog and digital hard¬ 

ware design test debugger, multi-layer printed circuit board design, DSP, ATM, 

QPSK, video/audio. Working knowledge of C, C++. Xilinx, EPLDs, VHDL, antVor 

Verilog is a plus. Experience with high-volume consumer electronics preferred. 

(Code: KHDDE) 

Other positions are available in Firmware, Digital Design, RF Analog, Modem, 

Packaging, Software, Test, CMOS VSLI, and Quality. 

Please send your resume with salary history/requirements, indicating Code, to: 

General Instrument, Attn: HR Dept., Code_ , 6262 Lusk Blvd., San Diego, CA 

92121; E-mail in ASCII Text only: jobs@gi.com Equal Opportunity Employer. 

Principals Only, Please. 

General Instrument 

RF ENGINEERS 

I Aztech Recruitment provides recruiting services to technical clients mainly in the West & 
South West, but also to other parts of the US., Canada, Europe & the Pacific. We charge 
no hiring fees to either applicants or employers. If you have a BS/MS/AA degree with rel¬ 
evant experience then mail/fax us your resume with salary indicator. 

RF DESIGN/TEST ENGINEERS 

This leader in wireless networks for portable scanning and data acquisition systems 
seeks experienced RF DESIGN ENGINEER with BS/MS, to work on the design, develop¬ 
ment and testing of Wireless LAN's, including cards containing RF circuits from base¬ 
band to 2.4 Ghz, CPU's and gate arrays including PCMIA interfaces. BSEE and 5+ years 
RF design/test/manufacturing experience. Synthesizers, microwave components (900 
Mhz, 2.4Ghz), RF design tools and FCC/ETSI certification experience preferred. They also 
require NETWORK TEST ENGINEERS to either help develop test plans, ATE suites test 
documents, or for configuration, SW test, evaluation & administration, with Ctt. assem¬ 
bler, Visual Basic, UNIX shell programming, DOS, Windows NT/95, OS/2 UNIX Novell, 
Ethernet, TokenRing and Wireless RF Network (802.11) 

REDESIGN ENGINEER 

I
 Phonic Ear Inc., the world leader in the field of speech and hearing electronics, estab¬ 
lished in 1963 and based in rural Sonoma County north ot San Francisico. seeks an RF 
Engineer with 5+ years RF/analog design experience to help design new products for the 
21st Century. You should have a BSEE, and experience must include phase lock loops, 
pulse width amplifiers, RF and basic digital circuits. The position will involve all aspects 
of analog circuit design. The company also requires Test and Manufacturing Engineers 

RF/POWER SUPPLY DESIGNERS 
For an expanding Rocky Mountain company, the technical leader in hi-rel plasma ion 
andmagnetron power processors tor the semiconductor/thin film industries. They seek 
experienced engineers to design RF generators, solid state amplifiers and matching net¬ 
works; or in high power DC/low frequency AC output SMPS design (30kw-200ks rarge): 
or medium power DC SMPS design (300w-10kw range). Candidates require BS/IVSEE 
and a minimum of 5 years relevant design experience, with strong RF skills, knowledge of 
regulations (UL. VDE. CSA. etc.) and expertise in magnetic, EMI and control loop designs. 

_ 41 31 N. 24th Street, Suite A116 • Phoenix, AZ 8501 6 
A FC H Cal1 (602) 955-8080 or Fax (602) 955-9639 
• • t^TT Email aztech@amug.org 
Recruitment Co. Web Site at: http//:www.azrecruit.com 
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WIRELESS TELECOMMUNICATIONS DIVISION 

Connect with the best in RF. 
< 
< 
< 
< 
◄ 
◄ 
< 
< 
< 
< 
◄ 

Where do you want to go in your career — and how far? If 
you want to work with the best in RF technology, where lead¬ 
ing developments in cellular, worldwide connection, PCS and 
global connections are happening, wireless communications is 
your vehicle. As part of our Wireless Telecommunications 
Division, you'll be moving forward with low cost, high perfor¬ 
mance worldwide wireless networks for the consumer market¬ 
place. With multinational technology leader Hyundai, you'll 
experience a culture of entrepreneurial spirit supported by a 
corporate-wide commitment to creating world class 
products right here in America. 

Sr. RF/Analog ASIC Engineer 
Develop Bipolar/BiCMOS RF and analog ASICs for low power wireless 
applications like the IS-95 CDMA cellular phone. A BS/MS/PhD in EE 
and 5+ years of experience required. Must be familiar with all phases of 
RF and analog IC design. Experience with design tools of simulation and 
layout is essential. Understanding of design issues low phase noise VCO, 
third intermodulation, power management circuit design a definite plus. 
Job Code: JC-468 

< 

◄ 

Be involved in developing an IS-95 CDMA Cellular/PCS portable 
phone. This handheld unit will enable a user to access a world¬ 
wide connection. Join us in one of the following opportunities. 

RF/Analog ASIC Engineers 
Develop RF and analog ASIC. Requires a BS/MS in EE and 3+ years 
of experience and expertise in simulation tools. ADC and DAC design 
experience is preferred. 1C modeling experience is advantageous. 
Job Code: JC-469 

► 

< 

RF Manager 
Manage and lead an RF project team. An MS/PhD in EE and 10+ years of 
relevant experience are required. Must be familiar with all aspects of RF 
design including: simulation tools, test equipment, the design of RF mod¬ 
ules and components like amplifiers, VCOs, PLL and filters. Experience 
in cellular terminal and related IC design is desirable. Job Code: JC-470 

Product Managers 
Define product features for the IS-95 cellular phone system, understand 
the market trend and monitor activities in the cellular industry. A 
BS/BA/MBA in EE. CS. Business or equivalent and 7+ years of cellular 
industry or product experience are essential. Must be familiar with the cel¬ 
lular industry in general. Knowledge of any specific area of the industry 
like CDMA is a definite plus. Job Code: JC-472 

► 
► 
► 
► 

4 
I 

< 

RF Design Engineers 
Participate in the design of the RF and analog portion of a CDMA cellular 
phone. Requires a BS/MS in EE and 5+ years of related experience. RF 
circuit design experience, knowledge of RF components desirable. Board 
level design experience preferred. An exceptional new graduate will be 
considered. Job Code: JC-467 

Please send your resume, indicating job code of interest, 
to: Hyundai Electronics America, Human Resources, 510 
Cottonwood Drive, Milpitas, CA 95035. FAX (408) 232-81 15. 
Email: staffing@hea.com. Visit us on the World Wide Web 
at: http://www.hea.com/ Principals only, please. EOE. 

< 
RF Associate Engineer or Technician 
Assist RF design engineers to develop, build and test the RF/analog por¬ 
tion of the CDMA cellular phone. An AA in EE and 3+ years of related 
experience are necessary. Must be familiar with RF measurement and test 
equipment like network and spectrum analyzers. Must be able to learn new 
cellular test equipment. Job Code: JC-465 

I 

4 

HYUNDAI 
E O 

A World Of Influence 

► 
► 
► 
► 
► 
► ► 
► 
► 
► ► 
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Career Opportunities 
We specialize in the placement of 
RF, Network, Systems, Antenna 

engineers and managers in 
Design and Manufacturing. 

a Carnegie Resources, Inc. Professional Search 
1100 S. Mint St. • Suite 102 • Charlotte, NC 28203-4034 

Ph: (704) 375-7701 • Fax: (704) 375-7727 

■ ANTENNA ENGINEERING & DESIGN I 
Wanted: Expert in RF Propagation. 

Designing new or improving existing designs for excel¬ 
lent performance or least mfg. cost. 100- 1,500MHz 
Contract work leading to permanent position. Salary 
and profit share possibly considered. Sunny S. Florida. 
Send confidential replies to: 

RF-Design Classified. Box #37313, 6151 Powers 
Ferry Rd., NW, Atlanta, GA 30339 

SENIOR TCXO 
DESIGN ENGINEER 

90 

Join The PCS Revolution! 
Join the world's leading companies with Teleconsult. Teleconsult, Inc., is an estab¬ 
lished international engineering company and has been providing services to its For¬ 
tune 500 clients for over 25 years. Great compensation and career opportunities 
available immediately for experienced wireless professionals (2+yrs exp.). 

Domestic & International Positions 
Permanent and Contract 

CELLULAR - PCS - GSM 

• RF Engineers 
• Systems Engineers 
• Switch Engineers 
• Design Engineers 

• Interconnect Engineers 
• RF Technicians 
• Network/Traffic Engineers 
• Program Managers/Directors 

Send confidential resume to: 
Director - Wireless • Fax: (202) 3 37-7S34 

Email: 7222652@mcimail.com 

Teleconsult 
Teleconsult, Inc. 27 15 M. Street, N.W., • Washington, DC 20007 

A minimum of five years experience in 
the hands-on design and manufacturing 
support of temperature compensated crys¬ 
tal oscillators (crystal frequency range of 
1 MHz to 160 MHz). MSEE degree is 
desired, but success as an oscillator 
design engineer is essential Must be 
able to specify appropriate quartz crystals 
as required by specific oscillator require¬ 
ments. Good communication skills are 
required. Must be able to interface with 
every function in the sales, design and 
manufacturing of TCXO units. 
Experience with phase noise design and 

measurement, environmental considera¬ 
tions (i.e. shock, vibration, acceleration, 
power supply ripple, humidity, salt spray 
and altitude), reliability (MTBF) and ther¬ 
mal data calculations and design criteria, 
test design and equipment setup for the 
testing and verification of customer speci¬ 
fied oscillator characteristics and quoting 
to customer detail requirements are 
desired 
OSCILLATEK is a growing market 

leader in the quartz crystal oscillator field 
and serves the international marketplace. 
OSCILLATEK offers an attractive salcry 
and benefits package, including 401 (k), 
profit sharing, medical, dental, life and 
disability coverage. Please send or FAX 
(no phone calls, please) your resume and 
salary history to: 

OSCILLATEK 
A Dover Technologies Co. 
Personnel Administration 
620 N. Lindenwood Or. 

□lathe, KS 66062 

Leadership 
California Eastern Laboratories, Inc. (CEL) is an 
employee-owned corporation. CEL is NEC’s partner in 
sales, marketing and prrxluct development of RF and 
microwave semiconductors and photocouplets. 

SI IC Design Engineer 
You should lx- experienced/familiar with the design of high frequency/ 
RF Silicon Bipolar Integrated circuits including differential amplifiers, 
Gilbert Cell mixers, oscillators, AGC amplifiers, high speed Op-
Amplifiers, IQ Modulators/Demrxlulators, Frequency DownconvertetV 
Upconverters or PLUSynthesizers. You will Ire responsible for recom¬ 
mending line-ups which integrate the above functions into subsystems 
and systems targeted at the Wireless and Multimedia marketplaces. 
Familiarity with subsystem and systems level design techniques a plus. 
Experience using an integrated design framework, such as Cadence 
Analog Artist, with SPICE type simulators is a plus. Interface with our 
NEC partners during the design, fabrication, assembly and evaluation 
phases of the project may require occasional travel to Japan for 1-2 
week perirxls. Interface with customers to determine and access their 
specifications and requirements will be necessary in addition to main¬ 
taining a grxrd technical interface with the customer. You should be 
familiar with various types of RF measurements including Noise 
Figure, Conversion Gain, IIP3,1M3 and Power Compression. 
This position requires a BSEE with 5 years direct experience or a MSEE 
with 3 years direct experience. Familiarity with semiconductor and IC 
device processing techniques preferred. 
California Eastern Laboratories, Job Number 189RF, 
4590 Patrick Henry Drive, Santa Clara, CA 95054, 
FAX 408/988-0279. E-mail: hr8cel.com. CEL is an Equal 
Opportunity Employer. Principals only, please. 

CEL f California Eastern 
L Laboratories 

Baseband Analog Circuit Design: Baseband analog circuit designers for cordless telephony systems at 900 MHz and 46/49 
MHz. BSEE 5 yrs. 

RF,Microwave Test Engineers: Develop and retine automated RF/Microwave test methodologies for product characteriza¬ 
tion. production test, system test and FCC Certification. BSEE 

Regional Field Sales: Aggressive individuals to create and serve new accounts Positions are located throughout tie 
U S A. An engineer who wants to enter sales world is acceptable Base salary, commission and car BSEE 

RF/Analog Hardware Design Develop state of the art cordless telephony systems at 900 MHz and 46/49 MHz Exper -
ence with synthesizers, LNA, mixers. IF receivers, transmitter circuit. Power amplifiers and receiver designs BS/MS. 
5 plus years. 

Sr. Project Antenna Design: Lead the conception, design and development of a wide variety of antennas and antenna 
systems, including both reflector and array systems using microstrip, stnpline and waveguide technologies BS/MS with 
5 years experience 

RF Design Manager: Lead a team of RF engineers from initial design and implementation through product intergration and 
testing into high volume production. 8+ years of RF design with emphasis on low cost radio design BS/MS 
Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products.Circuits to be designed 
include: power amplifiers, LNAs, mixers. IF amplifiers, buffer amplifiers.RF frequencies are 900 and 1800 Mhz 

Product Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing revenue anc 
price objectives, setting internal cost targets and oversight of internal product realization schedules 

Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products.Circuits to be designed 
include, power amplifiers. LNAs. mixers. IF amplifiers, buffer amplifiers RF frequencies are 900 and 1800 Mhz 

Sr. Analog IC Designers: Responsible for conceptual circuit design and developing new analog/mixed signal ic’s. BS/MS 
expenence in A/D D/A. ASIC's bipolar and BiCMOS 

Rf Systems Engineer PCS: Responsible for developing radio system performance requirements including 
modulations/demodulations. coding, channel models, deployment models, hardware performance requirements, interfer¬ 
ence rejection, blocking power control, handover ect . BS/MS 

We specialize in the placement of wireless. RF. microwave communications 

FOR THESE AND OTHER OPENINGS 800 Turnpike St. • North Andover. MA 08145 
CALL COLLECT: TEL: 508-685-2272 E-mail: micsoarch@aol.com FAX 508-794-5627 

May 1996 



:areer Opportunities 

When telecommunications professionals around the world talk about advanced opportunities, chances are that 
they are talking about Ericsson.. .and relying on Ericsson technology to carry the conversation. 

At Ericsson, ue’re dedicated to developing technology that’s revolutionizing the way the world communicates. Our new $20 million, 240,000 square foot R&D Center, presently 
under construction in Research Triangle Park, North Carolina, is evidence of our commitment to design, manufacture and market the next generation of award-winning digital/ 
analog cellular and wireless products. Be part of a team developing a hand held satellite terminal or another program developing a PDC terminal for the Japanese cellular system. 
The following positions offer very challenging opportunities allowing participation from an early phase in the program throughout the full design cycle. Join one of several new 
program areas seeking RF engineers. 

The following openings currently exist at our Research Triangle Park, NC facility: 
RF Design - BSEE or MSEE with some RF Design experience. Receiver, transmitter and synthesizer designers of interest Competence in computer based design as well as 
hands-on experience. Design work carried into production. Understanding of practical tradeoffs with components and layouts necessary. JOB CODE: 95SAT277 

Real-Time Embedded Software BSCS or BSCE, or equivalent, with some recent experience in the development of real time embedded software. As part of a 
team, will be responsible for the definition, design, implementation and testing of S/W products through entire life cycle. Must have C programming experience. JOB CODE: 
95RMOT413 

RF ASIC Design - BSEE with MS preferred to work in BiRMar and BiCMOS area. Need several years experience with four years in cellular. JOB CODE: 
95RMOT416 

ASIC Design, Mixed-Signal ASIC — BSEE with 3+ years of Mixed-Signal ASIC design. Will design Mixed Mode ASIC circuits containing voice, codecs, AD/DA 
converters together with different forms of filtering. JOB CODE: 95 ASIC8 

The following openings currently exist at our Lynchburg, VA facility: 
Our Lynchburg facility headquarters Private Radio Systems, R&D, Design and Manufacturing, as well as cellular telephone manufacturing and radio systems manufacturing. 

Sr. Staff RF Verification Engineer 
Requires BSEE/MSEE with 5+ years RF experience. Component/board circuit design experience preferred. Working knowledge of cellular phones or other mobile communications 
required; knowledge of FCC, EIA/T1A/CT1A standards a plus. JOB CODE: RFVE/NM 

Technical Support Engineer 
This position supports our Latin American Sales Region for Private Radio Systems. Requires BSEE, technical proficiency in telecommunications, and 1 -3 years successful 
experience in technical support of mobile communications systems. Must be fluent in Spanish, both written and verbal. JOB CODE: TSE/NM 

Test Engineer 
Requires 5+ years test engineering experience with emphasis in RF testing and FM communications systems. Recent experience in automated manufacturing systems a plus. 
Good background in C programming a must. JOB CODE: TE/NM 

Regulatory Compliance Engineer 
Integrate and prepare submission of cellular/mobile radio products for certification by regulatory agencies such as FCC, UL, FM, CSA and Global equivalents. Requires BSEE, 
3+ years related experience, and effective verbal/written communication skills. JOB CODE: RCE/NM 

RF Design Engineers 
Positions are available in receiver, synthesizer, VC0, power amplifier and system design. Selected candidates will design commercial RF communication systems in the DC-1 .8 
Ghz range for analog and digital products. Requires BSEE (MSEE desired), 5+ years related experience, and knowledge of transceiver design in land mobile and/or cellular 
products. Excellent analytical skills and familiarity with simulation/CAD tools are required; knowledge of linear modulation and TDMA is preferred. JOB CODE: RFDE/JW 

To apply for a Lynchburg, VA position via EMAIL, you may respond to: job_lyh@ena.east.ericsson.se 

Ericsson offers an excellent salary and benefits package in addition to tremendous opportunity for career advancement 

To apply, please FAX resume, indicating JOB CODE and LOCATION of interest to: 
800-611-7414 

Or, visit our World Wide Web Site at < http://www.ericsson.com > We are an equal opportunity employer. 

ERICSSON s: 
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Career Opportunities 

SUNBELT OPPORTUNITIES ' 
Several of our growing commercial major electronic companies located in the 
southeast have asked us to identify candidates in the mid-level experience range. 

RF EXPLOSION 

BSEE SR Safelight Earth Station Tracking to 75K 
BSEE SR Microwave Antenna Systems Test Eng. to 70k 
BSEE Section Head RF Wireless Comm. Product Design to 65K 
BSEE SR RF Design - Receivers/Synthesizers/VCO/Power Amp to 65K 
BSEE RF Product Support Eng. to55K 
BSEE SR Power Supply Design Eng. to 65K 
BSME Mechanical Component Eng. to 60K 

fortune 

RF state of the Art Developer seeks degreed engineers to join 
expanding staff Positions available for the following: Fiber Optics, 
CATV, Cellular, Wireless, Analog/Digital . Test, MMIC, Mgmt. 
Additional oppts. available for Packaging, Mechanical Design, 

Power Supply, Acoustic, HW/SW, Systems Integration. 

For consideration send your resume to: 
Louis Schwartz, Technical Employment Consultants 
52 E. Street Road • Suite C1 • Feasterville, PA 19053 

Ph: 2I5-396-I840 • Fax: 2I5-396-I5OI 

PERSONNEL CONSULTANTS OF RALEIGH, INC. 
P.O. Box 98388R • Raleigh, NC 27624-8388 
Phone: 919-848-9929 • Fax: 919-676-5099 

Stan Deckelbaum 

R.F. ENGINEERS: NATIONWIDE 
R.F./CELLULAR/WIRELESS/PCN/PCS 

CDMA/TDMA/SPREAD SPECTRUM/VSAT 
STAFF & MANAGEMENT POSITIONS 

Respond to: CTH, Ltd. 
440 Harlem Av. - Glenview, II. 60025 
Ph. 847-657-0102 Fax 847-657-0061 

email <cth@ais.net> 

RF and MICROWAVE 
Design/Production/Mfg. 

for 
CATV MMDS (Products & Systems) 

Live and work in Boca Raton, Florida 
Fax Resume: 1-407-998-3712 

ENGINEERING 
PERSONNEL SERVICES 

• RF / Analog & Digital Circuit Design 
• Hardware / Software Design 
• Cellular / PCS System Design 

Send resume to address below 

ALL LEVELS OF POSITIONS FILLED GLOBALLY 

Employer inquiries welcome. 

PMIIh-, Communication Resources, Inc. 
The Communication Personnel Specialists 
P.O Box 141397, Cincinnati, OH 45250 
606-491 -541 0 fax 606-491 -4340 
E-Mail, Careercom@AOL.com 

Peregrine's UTSi technol¬ 
ogy offers microwave 
speeds, inherent isolation, 
and the economy of CMOS. 
Join us as we grow to be¬ 
come a leading manufac¬ 
turer of high-performance 
wireless communications 
ICs. Compensation pack¬ 
ages include early-stage eq¬ 
uity participation. Positions 
are open in the San Jose and 
San Diego offices. 

Senior RF IC Design Engineer (San Jose) 
BSEE or MSEE and seven years experience. 
Skills in the development or highly integrated 
functions including amplifiers, mixers, and 
VCOs. Understanding of matching techniques, 
radiated coupling issues, design techniques 
from DC to 2.5 GHz. Experience with cellular 
communications, RF test and measurement. 

Analog IC Design Engineer (San Jose) 
BSEE or MSEE with four years experience. 
Experience with CMOS PLLs, high-speed 
mixed-signal IC circuit design, and converters 
(ADCs, DACs). SPICE simulation and modeling. 

Senior RF Test Engineer (San Jose) 
Five years experience. Knowledge of RF IC test¬ 
ing methods. Experience with 800 MHz to 2.5 
GHz, UNIX script, C, Pascal. BSEE preferred. 

Sr. RF Field Apps. Engineer (San Diego) 
BSEE or MSEE with five years experience in PLL 
and prescaler IC applications and design. Un¬ 
derstanding of communication systems theory. 
Familiarity with radio architectures. 

RF Lab Engineer (San Diego) 
Five to seven years experience in hardware 
laboratory environment. Experience in build¬ 
ing electronic boards and fixtures, RF and elec¬ 
tronic testing. BSEE preferred. 

Send résumé attention: MS 242-4 
Fax:619-523-2655 
E-Mail: jobs@peregrine-semi.com 

Peregrine Semiconductor Corpi 
_ 2909 Canon Street, San Diego, CA 92106_ 

300 Orchard City Drive, Suite 142, Campbell, CA 95008 

Windows of Opportunity & Growth 
At A World Class Company 

As a world leader in cellular/wireless communications. LCC has 
provided comprehensive solutions to 47 countries on 5 continents 
for 14 years. We have designed and optimized more cellular sys¬ 
tems in the U.S. and abroad than all of our competitors pul 
together. 
Our talent pool, can-do spirit, unparalleled range of design tools, 
and full-cycle support (including turn-key project management) 
have made us the largest, most experienced, and most trusted 
team of design engineers in the cellularAvireless industry. 
We are now hiring a large number of wireless design engineers at 
all levels from entry to management. Entry level positions 
require a BSEE; MS in communications is a plus. Higher level 
positions require cellular system design experience in any of the 
technologies such as AMPS/TDMA, SMR/ESMR. GSM and CDMA. 
E’asl learners in closely related fields are also encouraged to 
apply. 
LCC provides competitive salaries, excellent benefits, an in-house 
"institute" for accelerated technical growth, promotion form with¬ 
in. and the opportunity to work and travel all over the world. 
Join Team LCC! For immediate consideration, send your resume 
today to: LCC. L.L.C.. Dept. PCS. 21 11 Wilson Blvd.. Suite 1200. 
Arlington, VA 22201. FAX: (703)358-8896, E-mail: 
.Miguel_7,urila@srntp_gw.lccinc.com. Visit our homepage al 
http://www.lccinc.com and career page al http://www.occ.com. 
EOE. 
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PCS/PCN/CELLULAR/CDPD 
RF/HW/SW/FW/DSP 
Terminals/Systems 

ITZPRTRICK & fíSSÜCWTESl 

16540 East Ashbrook Dr - Fountain Hills. AZ 85268-2832 
E-Mail: FITZPAT@ix.netcom.com । 

FAX: (602) 956-7644 
— 

ENGINEERING 
- OPPORTUNITIES ~ 
Nationwide positions available tor 

Engineering, R & D and Management 

candidates with our Communications 

Clients in Venture Capitol to Fortune 

100 corporations. 

Reply confidentially to: 

EXECUTIVE SEARCH NETWORK 
7 1¿E. Milner St. • Dept. RF3 
Arlington Heights, IL 60004 

Fax (847) 394-1841 / 1891 (alternate) 
E-mail: esn@ais.net 

Leader in the placement of RF Professionals 
Call Toll Free 800-433-2160 FAX 817-599-4483 
• Digital Design Eng. - Design micro processor hardware & 

firmware. C++, 5 yrs. exp W. loc. to 70K 
• Software Eng. • 3 yrs. exp. Develop operating software for 

high speed communications, equt. C+. W loc. to 70 
• RF Design Eng. - Design, develop & test analog & RF circuits. 

CAE design. W loc. to mid 60sK 
• RF/Analog Eng - Design, develop & test of analog & RF cir 

cuits. CAE design. W loc. to mid 60sK 
• System Eng. • Wireless consumer products, modems & tele 

phones. NE loc. Salary Neg. 
• Circuit Design Wireless Terminals - AMPS. TOMA or CDMA 

desired. Salary to 80K 
• RF Circuit Design - 800-900 MHz and 1800-2000 MHz. 

Dev.radio architectures. 4 loc. To 85K. 

• Standards Rep. • Strong engineering & anal. Good PCS & 
Cellular knowledge NJ loe. 70-85K 

• RF Design- CATV amplifier. FL loe. 65-85K 
• Test Eng. - Sm. hardware/firmware products. 3 Iocs. Sal. neg. 
• DSP Design ■ Wireless products. Dallas loe. 70++ 
• DSP Design - C program. CDMA a plus. NE loc. 

• Software/Firmware Eng. - 6800 & 80x86 micro processors. 
UNIX environment. FL loc. Salary neg. 

• Mechanical CAO Eng - Pro Engineer user. ABS/PC design 
guidelines. NE loc. Salary open. 

• DSP Eng - Have too many locations. Call for preferences. 
Call for full details on these and our many other 

domestic and international positions. 

Rhein Tech Laboratories, Inc. 
(An FCC Compliance 

and Engineering Laboratory) 

This integral position will be responsible 
for supporting Lab Technicians, and 
other departments on lab issues. 

Must possess a BS Degree with solid 
experience. A good understanding 
of Emissions and Immunity Testing 

and Trouble Shooting is also required. 
We are opening a brand new office in 
Richardson, Texas. We need a loyal, 
hardworking, enthusiastic individual to 
help in the opening of our new site. 

Join a rapidly growing industry leader 
and get connected with success! 
You will enjoy an excellent 
compensation package. 
Please fax resume to: 

Shelley Grandy (703) 689-2056 or 
mail to 360 Herndon Parkway 

Suite 1400, Herndon, VA 22070 
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JIM YOUNG & ASSOCIATES 
One Young Plaza 1235 Ranger HighwaY Weatherford, TX 76086 
Call for information about these and many other opportunities nationwide 

SENCORE ELECTRONICS 
The South Dakota Business Of The Yearl 

Sencore, a leading manufacturer of electronic test equipment, can help you 

grow professionally, and Sioux Foils can provide a superb environment for you 

and your family to live. If you are looking for a company that will challenge 

your talents and open your future horizons, we may be the company you've 

been looking for!! 

Position Available 
RF Designer 

• MSEE (BSEE Minimum) • 3-7 years work experience in 

RF circuit design 

Experience in: 
• Analog design • RF test equipment 

• Video & CATV applications • Excellent communication skills 

Advantages to working at Sencore: 

• Sioux Falls is one of the top ten places to live in the U.S. 

• Sencore offers competitive salaries and a comprehensive benefit package 

■ Progressive -team environment 

• No state income tax 

Sencore, Sioux Falls, and YOU - The Perfect Combination! 

Send your resume 
with salary 
requirements to: 

Attn Garrett Carter (RF/RF) 
3200 Sencore Drwe 
Sow Falls. SO 57107 

1-605-339-0100 -1-800-736-2673 
FAX: 1-605-335-6379 

Designs, Manufactures and Markets Electronic Test Equipment 

An Independent FCC Engineering Laboratory 

Computer 

Antarctic Support Associates (ASA) seeks technically 
qualified personnel (full-time) to work in Denver, New 
Zealand and Antarctic locations. 

TELECOMMUNICATIONS ENGINEER 
Responsible for design, engineering and implementation 
of satellite systems, digital multiplex equipment, commer¬ 
cial telephone industry services, leased lines, and data 
communications. A knowledge of EMI is desired. Must be 
competent with RF engineering concepts and principles. 
College degree in engineering along with a minimum of 5 
years experience and competent writing skills are re¬ 
quired. Installation/implementation field experience is de¬ 
sirable. Response Code: CO/BJ 

COMPUTER ENGINEER 
Responsible for the design, engineering and implementa¬ 
tion of data networks, including both local and wide area 
networks. Knowledge of network topologies, routers, rout¬ 
ing principles (SPF, EIGRP, RIP), TCP/IP, IPX and 
AppleTalk. Working knowledge of Cisco routers, Synoptics 
equipment, CSU/DSUs, SunNet manager and SNMP 
management tools desired. Response Code: CR/JJ 

Proof of US citizenship is required and all applicants must 
be able to pass strict physical and dental exams for 
deployment to Antarctica. 
For consideration, fax or mail resume with cover letter no 
later than April 30, 1996. 

ANTARCTIC SUPPORT ASSOCIATES 

ATTN: (Response Code) 

61 Inverness Drive East, Suite 300 

Englewood, Colorado 80112 

FAX: (303) 790-9130 

EOE 
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I HAVE 30 YEARS EXPERIENCE 
As a Nationwide RF Specialist, Microwave, Ampli¬ 
fiers. Transmitters. Receivers, Synthesizers, Filters. 
NMIC, L-Band, KU-Band. Satellites, Antennas, 
Audio, Video, Telecomm, CATV, Wireless, VHF, UHF, 
Radio, Commercial or Military Communications. 

Call, Fax, Mail Resume to: Bill Elias, Dept. RF 
P.O. Box 396. East Brunswick. NJ 08816 

Phone: 908-390-4600 Fax: 908-390-9769 [ 

ELIAS ASSOCIATES 
I Annually A National Award Winning Search Firm | 

MIDWEST ^OPENINGS 
RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 
BS/MS, 2-8+ yrs. experience, base-band to 3.0 Ghz, in any of the fol¬ 
lowing: Receivers, Transmitters, Power Amplifiers, Synthesizers, 
Spread Spectrum. RF ASIC/MM1C Design, Modems, Communica¬ 

tions DSP. Requires strong analytical skills and experience in RF cir¬ 
cuit simulation using RF CAE tools. Reply with assured confidential¬ 
ity to: 

Don C. Gallagher BSME 
Gallagher & Associates 

4IB Baitinger Cl., Sun Prairie. Wl 53590 

(608)837-5647 Fax(608»837-6096 
Now review details of all our engineering openings on the Web at: 

http://www.midwestcareers.com 

kRF Power Amplifier Engineer^ 
Responsibilities include design, testing and introduc¬ 
tion of new products. Requires Feed Forward Power 
Amplifier design capability & experience. Self-starter 
and hands-on experience. Relocation supported. 

Fax resume and salary requirements to : 
Attn: Engineering Dept. Fax: (213) 254-8066 

HUNDREDS OF OPPORTUNITIES CURRENTLY AVAILABLE 
NATIONWIDEII (PERMANENT AND CONTRACT) 

• PCS RF Design Engineers (CDMA, GSM) 
• PCS Field Engineers, Technicians 
• PCS Test Engineers, FCC/UL Compliance 
• Mechanical Design Engineers 
• Cellular RF Design Engineers 
• Cellular RF Technicians 
• Digital Microwave Techs (Alcatel, DMC, California 

Microwave) 
• Entry-Level Engineers 
• Motorola Systems Field Technicians 

(TRUNKING, MOBILES, TWO WAY, PAGING) 
• Site Acquisition Specialist/Troinees 

• Paging Technicians (GLENAYRE/MOTOROLA) 
HX * Motorola Service Managers 

Fox resume to: Sylvie Hernández 
Ml (954) 704-2683 or call(954) 704-2682 

320 S. Flamingo Rd, Suite 118. 
p. pines. FL, 33027 

INTERNATI 
ASSIGNMENTS 

• RF Engineers 
• Design Engineers 
• System Engineers 
• Equipment Engineers 
• Project Managers 
• Acquisition Specialists 
• Switch/Field Technicians 

ICellular/PCS RF Engrs/Mgrs to $190sl 
ÍMicrowave/Antenna/Mechanical Engrs 
(PLLs/VCOs/mixers/filters/IF amps/LNAs/DROs 0.8-1 2GHz) 

» VHF/UHF Video Project Engineers 
I Software Development Engineers 
Please fax resume in confidence to Randall at 

916-549-4168 
Randall F. Chambers & Associates 
P.O. Box 723, Bella Vista, CA 96008 • Tel: 916-549-5331 

Career Networks 
Recruiters for the Wireless 
& Telecom Industries 

800-JOB LINK™ 
Specializing in Sales, Marketing, 
Technical, Engineering, Operations 

& Executive Placements 

RF ENGINEERS 
Are you... 

... Working harder but receiving less recognition? 

... Tired of being lost in the corporate infrastructure? 

... Wanting to really make a difference? 

We’re a small, autonomous company in 
a large division of a multi-national corpo¬ 
ration focused on a rapidly-growing seg¬ 
ment of our industry. We currently have 
immediate opportunities for experienced 
RF Engineers at our West Coast facility. 

Successful candidates will have a BSEE 
degree (MSEE a plus) and a min. 5 yrs. 
direct experience in circuit design of 
high-performance, low-power VHF & UHF 
transmitters and receivers. Background 
with frequency synthesizers, SMT, FCC-
type acceptance and high-quality/low-
noise audio amplifiers is preferred; 
microprocessor familiarity & knowledge 
of digital audio is a definite plus. 

We offer highly competitive salaries, 
comprehensive benefits including med-
ical/dental/life, pension and 401 (k), and 
long-term career satisfaction. 

For immediate consideration, send 
resume with salary history in confidence 
to: 

Box 41341 
RF Design 

6151 Powers Ferry Rd. 
Atlanta, GA 30339 

Our Employees Are Aware Of This Ad 
EOE m/f/d/v 

call: 800-431-2806 
fax: 914-592-7246 

Send Resume to: 
37 East Main St. 

Elmsford, NY 10S23 

% 
Gables One Tower, Suite 801 

1320 S. Dixie Highway 
Coral Gables, FL. 33146 

joblink@aol.com 

Fax Resume to (800) JOB-FAXX 

RF Design 

nnnrínant^l 
FIELD SERVICE CORPORATION JOIN OUR TEAM 
PCS & WIRELESS SPECIALISTS 

A developing, vibrant biomedical com¬ 
pany — creator of the world's most 
advanced device which allows deaf peo¬ 
ple to hear — seeks an adept, high-
energy RF engineer who would like to 
be part of a team intent on advancing 
technology to improve people’s lives. 
Reporting to the director of engineer¬ 
ing, responsibilities include the design, 
analysis, building, testing, and docu¬ 
mentation of RF circuits in the 10 to 100 
MHz range for use in or with 
implantable medical devices. M.S. E. E., 
or equiv., plus 5-7 years' design experi¬ 
ence and knowledge of implantable RF 
devices required. Compensation and 
equity position commensurate with 
responsibility. 
Interested candidates should send 

resume to: 
Doreen Streltzoff 

Advanced Bionics Corporation 
12740 San Fernando Road 

Sylmar, CA 91342 

ADVANCED 
IONICS“ 
CORPORATION AA/EOE 

■ EMI/EMC ENGINEERS BSEE and 
3+ years' EMI/EMC experience or 
experienced engineer with BSEE and 
three or more courses in RF/Electro-
magnetics. Will perform system, 
chassis and circuit level design, 
analysis, testing and associated 
documentation. 

■ ASIC DESIGNER BSEE and 2+ 
years’ experience in ASIC design. 
Must be familiar with floorplanning, 
VHDL and synthesis, verification and 
device evaluation. Additional knowl¬ 
edge of high-speed logic design and 
a CT MX SAV environment is desired. 

Positions are in Greenville, Texas (40 
miles northeast of Dallas). Please e-mail 
your resume to: carrellei@gvl.esys.coin 
or fax to: 903-408-2637 or mail to: 
E-Systems Greenville Division. P.O. Box 
6056 CB.X 81. Dept. RFD596, 
Greenville. Texas 75403-6056. 

E-Systems 
A Raytheon Company & 

Equal Opportunity Employer M/F.DA 
Females and minorities are encouraged to respond. 

15 Citizenship required. 
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'boducts & Services 

RF CONSULTING -
Specializing in Part 15 radio devices: 

INSTRUMENT CARTS 

Design 
EMC MEASUREMENTS 
Part 15 liaison 

Propagation analysis 

Mobilize Lab & Test Equipment 
FREE CATALOG! Over 100 carts including 
shock-proof, oscilloscope & computer models! 

MOBILE-TRONICS CO., INC. 
(800) 368-8181 ID# RF496 

Bernard Kasmir P.E. 
351 12th 5t. • Cresskill. NJ 07626 

201 »568«4498 Fax: 2O1»568«7O83 
Bkasmir@AOL.com 

See my article “How Far" in the May issue of HF Design 

PROBLEM 

GINEERING_ 
Electromagnetics - Antennas 

Microwave - RF - Wireless Systems 
Computer Programming - Interfacing 

David G. Shively, PhD 

Atlanta, GA dgshively@aol.com 
(770) 499-9377 http://members.aol.com/dgshively/ 

Fully Integrated Product 
Design Facility, Microwave, RF, 

Analog, Digital, and Mechanical Design 
Fast Response-Exceptional Results 

Geotek Design Services 
18512 Carrot St. • Suite 108 • Spring, TX 77379 

Ph: (713) 376-4606 
Fax:(713) 251-3860 

Part 15 Wireless Designs 

Use one of our 
proven RF 

designs for your next | 
wireless project. Apex i 
offers over 70 years 

PLL-DataSender* - PLL Universal Programmer 
“For engineers who design PLL frequency synthesizers” 

• A book-sized, stand alone, hand held unit. 

• Provides immediately programming solutions for serial 
input PLL ICs supplied by Fujitsu, Hitachi, IC Works, 
Mitsubishi, Motorola, Philips, Plessey, Qualcomm. Sanyo, 
Siemens, Telefunken, Toshiba and other manufacturers. 

• Customized programmers also available. 

of combined wireless 
design experience and 
extensive test and 
simulation 
capabilities 

Spread Spectrum 
Systems 

Portable, 
Low Power, 
Small Size Devices 

MYcom Instruments 
Tel: 408-946-1973 Fax: 408-262-4763 
142 N. Milpitas Blvd., Suite 277, Milpitas, CA 95035 

■ RF Identification 
Devices 
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CALI FOR 

■ Pagers 

■ GPS 

■ Keyless Entry 

2400 Central Ale., Suite A, Boulder£$ 80301 
(303) 443-6699 FAX (303) 443-4974 

E Mail: 75017.3120@Co.wuserve.com 

Target Responsive 
Decision Makers 

'ECBUITMENT 

With A List From 
RF Design 

Rent the circulation file of this 
publication for your direct mail needs. 

Call Etta at (770)618-0266 or 
fax (770) 618-0347. 

9INTERTEC 
PUBLISHING 

_  SCTE 
Sustaining 

Veter Member 

Eroehlich & Co. 
■ executive search 

RF Communications Positions: 
Designers, Engineers, Managers 

Wireless/Telecomm/CATV/Video/Voice/Data 

RF Equipment and Systems Design: Transmitters, 
receivers, amplifiers, mixers, filters, synthesizers, 
modulators, demodulators, PLL's, VCD's. Skills . 
include: PCS, PCN, Spread Spectrum, DSP, 
CDPD, TDMA, CDMA, QPSK, QAM & others. 

□igital/Analog, DC to 2 GHz. ◄ 

Nationwide. Call or write. Fees paid. 

P.O. Box 339 Weatherford, TX 76086 
(800) 742-4947 • Fax: (817) 594-1337 

E-Mail: 72774.3617@compuserve.com 

CONNUNICATIONS 
■■■■ENGINEERS 
Our clients are hiring RF engineers with 

the following skills: 

Wireless Telecomm, 
Cellular, Mobile, Tele¬ 
phony, NPCS, spread 
spectrum, DSP, AMPS, 
SMR, GSM. CDPD. 
TDMA, CDMA, WLAN, 
WPBX, Transmitters, 
Recievers, modulators, 
demodulators, low 
noise amps, mixers, 
oscillators, filters, DOS, 
synthesizers, 900/1900 
MHz. 

♦ Never a fee 

to applicants 

♦ Positions 

available 

nationwide 

♦ Send email, 

fax or call 

Randy Brei today! 

Brei & Associates, Inc. 
P.O. Box 445 Marion. IA 52302-0445 
(319) 377-9196 Fax (3 19) 377-92 19 

RBREI@NETINS.NET 
http://www.NETINS.NET/showcase/RDBREI/ 
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RFdesign 
The Buyers’ Guide is a convenient guide to suppliers 
of products and services available for design and 
development engineers. Buyers' Guide listings are 
sold on an annual basis at the rates shown. 

DISCRETE COMPONENTS 

Regular Listing 

Additional Line 
Bold Listing 

Per Issue Total/Year All orders must be prepaid. You can forward 
$22.00 $264.00 your check or charge your ad to: 
$19.00 $228.00 
$25.00 $300.00 Sb í®] S 

Additional Line $21.00 $252.00 

1”Ad $200.00 $2,400.00 
Drop Out In White $25.00 $300.00 

For information on closing dates and details on a 
special Introductory Offer, call 1-800-443-4969. 
Ask for your yellow page representative. 

MODULAR COMPONENTS 

CAPACITORS 
Vacuum 
COMETNorth America, 11 Belden Ave.. Norwalk, CT 06850 . (203) 852-1231 

Surcom Associates, Inc., 2215 Faraday Ave., Suite A. Carlsbad, CA 92008 . (619) 438-4420 

Variable 
COMETNorth America, 11 Belden Ave., Norwalk, CT 06850 . (203) 852-1231 

AMPLIFIERS 
Broadband 
Dressler HF Technik Gmbit, 

Werther Str. 14-16, D-52224, Stolberg, Germany . +49-2402-71091 Fax: (-71095) 

CRYSTALS/RESONATORS 
Jan Crystals, P.O. Box 60017, Fort Myers. FL 33906-6017 . (800) JAN-XTAL 

SC-cut Crystal Resonators 

For your Sc-cut crystals requirement frequency 4-20 Mhz 3rd overtone, High 0, low 

aging 5x10" - lx 10 10 per day, calibration ±0.5 ppm. G-sensitivity up to <3xl0'°/g 

Holders HC37, HC40. 

FILTERS 
Delta Microwave Inc.. 840 Vira Alondra. Camarillo. CA 93012 . (805) 987-6892 
Crystal 
Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013. (717) 243-5929 

RF Microwave 
Microwave Circuits. Inc., 6856 Eastern Ave., NW, Washington, O.C. 20012 . (800) 642-2587 

Saw 
Phonon Corp., 7 Herman Dr., P0 8ox 549, Simsbury, CT 06070 . (203) 651-0211 

SAW Components & Subsystems . Fax (203) 651-8618 

11 Beith Hadfus St., Jerusalem 95483 Israel Tel. +972-2-6510082 Fax. +972-2-6510292 

Quartz 

American KSS Inc. 
Quartz Crystal 

Products 
Corporate Office 
3295 Scott Blvd., Suite 100 
Santa Clara. CA 95054 
Tel: (408) 986-9577 

Fax: (408) 986-1717 

Eastern Regional Office 
401 E. Louther St. 
Carlisle, PA 17013 

Tel: (717) 243-6008 
Fax: (717) 2434343 

Southern Regional Office 
5696 Peachtree Parkway 
Norcross, GA 30092 

Tel: (770) 263-3768 
Fax: (770) 263-3769 

RFM 4441 Sigma Road 

RF Monolithics, Inc. W :2iJÄ;S 

SAW-based RF Components and Modules for the Low-Power 
Wireless, High-Frequency Timing, and Telecommunications Markets 

Transmitters • Receivers • Resonators • Oscillators • Clocks • Filters 
Call, write, or fax for a free product data book. 

OSCILLATORS 

Oak Frequency Control Group, 

100 Watts St, P0 Box B, Mt. Holly Springs. PA 17065 (717) 486-3411 

FJ REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your AT Crystal requirements, including High 
Frequency Fundamental Oscillator Crystals up to 
155.52 MHz and Filter Crystals to 150 MHz HFF. 

FJ REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Oscillator requirements, Clocks, 
TCXO’s, VCXO’s, OCXO’s, Hybrid & Discrete. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

IALPEY-FISHEIÆ1 
A SUBSIDIARY OF 4UTK 

FUNDAMENTALLY Better! 
‘AT’ Crystals for all of your FILTER 
and OSCILLATOR requirements • Ideal 

^LPEY-FISHERU 
A SUBSIDIARY OF3UTK 

for SONET - SDH - ATM 

■ HCMOS TTL to 80 MHz 
■ ECL to 630 MHz FUNDAMENTAL Crystals to 350 MHz 
■ VCXOs to 200 MHz 
■ SMD to 300 MHz 800-982-5737(ext. 244) 

Valpey-Fisher Corporation • 75 South Street • Hopkinton. MA 01748 Fax: 508-497-6377 
• Wide spur-free areas • Superior spurious suppression 
• Pullability up to 1000 ppm 
• Fundamental Crystals to 350 MHz 

489 East North Street • Carlisle, PA 17013 

Call: 717-258-5425 
Fax: 717-258-5840 

DIODES 
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851 ...(508) 256-4113 ext.3311 

Varactor 
Knox Semiconductor, Inc. 
13 Quarry Rd., P.O. Box 609, Rockport, ME 04856. (207) 236-6076 Fax(207) 236-9558 

HIGH POWER DIODE SWITCHES 
Hill Engineering, 461 Boston Rd., Topsfield. MA 01983 . (508)887-5754 Fax 887-7244 

Crystal 
Oak Frequency Control Group, 

100 Watts St., P0 Box B, Mt. Holly Springs, PA 17065 . (717) 486-3411 

Saronix, 151 Laura Ln., Palo Alto, CA 94303 . (415) 856-6900 (800) 227-8974 

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 . (512) 450-1400 
Phase Locked 
Mode Space Digital 

235 Circle Drive, State College. PA 16801 . (814)466-3327 FAX:(814)466-6577 

SYSTEM SUBASSEMBLIES 

INTEGRATED CIRCUITS/MCM 
California Eastern Laboratories, 

4590 Patrick Henry Dr.. Santa Clara, CA 95054-1817 . (408) 988-3500 Fax (408) 988-0279 

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763. (516) 732-3448 

PRINTED CIRCUIT BOARDS 
Harmon Electronics, Inc.. 601 N. Main. Warrensburg, M0 64093 . (816)747-2236 

RF, Analog & Mixed-Signal ASICs 
Full-Custom Designed ICs: Bipolar, CMOS, BiCMOS 

Frequency Synthesis, Mixers, Amplifiers. A/Ds, D/As, Switched Cap Circuits 

CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572 
• PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS 

• ALL POPULAR MICROWAVE LAMINATES: PTFE -TEFLON - DUR0ID - GX 

• MULTI-LAYERS - QUICK TURN - EXOTICS 

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713 

TEL (602) 745-8515 FAX (602) 747-8334 MODEM (602) 747-51 08 

RTG Inc TEL (3 10) 534-30 16 • FAX: (3 IO) 534-3728 
P.O. Box 3986, Torrance. CA 905 10 • E-MAIL sales@rtg.com 

ANTENNAS 
Sinclair Technologies, Inc.. Oriskang Dr., Tonawanda, NY 14150 . (800)288-2763 

RF Design 97 



RF Design Yellow Pages continued from page 97 

RETRANSMISSION COMPONENTS RF TRANSMISSION COMPONENTS 
Custom & Specialty 
Myers Engineering International, Inc. 

P.O. Box 15908. Ft Lauderdale. FL 33318 . (954) 345-5000 Fax: (954) 345-5005 

Site 
Dapa, Oeleware Park Centre, Suite 6, Olean. NY 14760 . (800) 325-OAPA 

ATTENUATORS 
Coaxial 
SV Microwave. 3301 Electronics Way, West Palm Beach, FL(407) 840-1800 Fax (407) 844-8551 

VACUUM CAPACITORS 
COMET North America, 11 Belden Ave., Norwalk, CT 06850 . (203) 852-123 

VACUUM TUBES 

CABLE ASSEMBLIES 
SRC Cables, 5590 Skylane Blvd.. Santa Rosa, CA 95403 . (707)573-1900 

Cable Interconnect Systems 
C&M Corporation, 51 S. Walnut St.. Wauregan. CT 06387 . (203) 774-4812 

Svetlana 
ELECTRON DEVICES 

FILTER ASSEMBLIES 

M REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Filter requirements from 1 KHz to 
150 MHz Fundamentals and up utilizing Overtone 
Crystals. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

Low Pass 
Coll Specialty Co.. 2730 Carolean Ind. Or.. PO Box 978. State College, PA 16801 .. (814)234-7044 

ISOLATORS/CIRCULATORS 

AEROTEK COMPANY LIMITED 
Manufacturers of Circulators and Isolators 
Coaxial and Drop-in types, 400 MHz-18 GHz 
"TOP QUALITY, REASONABLE PRICE" 

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand. 
AEROTEK Tel: (662) 311-4448, 332-5035 Fax: (662) 332-5034 

Airiron Corp., 200 E. Hanover Ave., Morris Plains, NJ 07950 . (201)539-5500 

MICROWAVE CONNECTORS 
Applied Engineering Products, P.O. Box 510, New Haven, CT 06513 . (203)776-2813 
Coaxial Connectors, Inc.. 1500 N.W. 62nd St..Ste.5O1. Ft. Lauderdale. FL 33309. (305)772-2664 
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe. A2 85282 . (800) 587-5995 

PRECISION 
RF CONNECTORS 
Molex. Inc., 2222 Wellington Ct.. Lisle. IL 60532 
Specialty Connector Company. 
2100 Earlywood. Franklin, ÍN 46131. 

. 800-MOLEX78 

(317)738-2800 Fax:(317) 738-2858 

SURGE & TRANSIENT PROTECTORS 

Lightning Suppressors • D.C - 26 GHz 
Coaxial • Powerline • Digital 

FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635 | 

SWITCHES 
Electromechanical 
Dow-Key Microwave Corp., 1667 Walter St, Ventura, CA 93003 . (805) 650-0260 
Matrix Systems corp., 5177 N. Douglas Fir Rd., Calabasas. CA 91302 . (818) 222-2301 
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542. (501 ) 856-2685 

SYNTHESIZERS 
Novatech Instruments, 
1530 Eastlake Ave. E„ #303, Seattle, WA 98102 . (206)322-1562 Fax (206) 328-6904 

TELEMETRY 

Ac TEL (702) 345-2705 
V Verdi. Nevada USA “ FAX (702) 345-2484 

Will customize to your requirements: 
Transmitters & Receivers 
Telemetry • Video • Digital • Command • Beacon 

Command Encoders & Decoders Since 1978 

TEST SOCKETS & TEST FIXTURES 
Condel Microwave Technology, 19925 Stevens Creek Blvd., Cupertino. CA 95014 . (408)253-1811 
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RUSSIAN POWER TUBES 
RUSSIAN MICROWAVE TUBES 
Quality Engineering and Manufacturing 

Tel: (800) 578-3852 • Fax: (415) 233-0439 
3000 Alpine Road • Portola Valley. CA 94028 

WATTMETERS & LOADS 

ß HENRY RADIO 

Wattmeters, Elements, Directional 
Couplers, Loads, Attenuators, etc. 

TOLL-FREE (800) 877-7979 
2050 S Bundy Dr.. Los Angeles. CA 90025 • Phone (310) 820-1234 • FAX 310-826-7790 

WAVEGUIDES & COMPONENTS 
Electromechanical 
MBF Microwave. Inc., Rt. 2, Box 252A. Hardy. AR 72542 

MATERIALS AND HARDWARE 

(501) 856-268 

CRYSTAL BLANKS 
Reeves-Hoffman. 400 W. North St.. Carlisle, PA 17013 . (717) 243-592 

MOBILE DATA TERMINALS 
Dinet, Inc. (AVL/GPS) . (619) 724-5355 Fax: (619) 724-620 

PACKAGING/CRYSTAL HOLDERS 
Crystal Holders 
United Glass to Metal Sealing, Inc, 11A Executive Park Dr., North Billerica. MA 01862... (508)670-649 

Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013. (717)243-592 

PC BOARDS 
Laminates. Polyester Cooper Clad 
Glasteel Industrial Laminates. P.O. Box 910, Collierville, TN 38027. (901) 853-507 

TEST EQUIPMENT 
Racal Instruments. 4 Goodyear St., Irvine, CA 92718. (800) 722-252 

ANTENNA TEST & RF INSTRUMENTATION 
Anritsu Wiltron Co.. 490 Jarvis Dr.. Morgan Hill. CA 95037 . (408) 776-8300 Fax (408) 776-174 

RF TEST & MEASUREMENT EQUIPMENT 
COAXIAL DYNAMICS. INC., 
15210 Ind. Pkwy.. Cleveland, OH 44135 . (216) 267-2233 Fax (216) 267-314 

Grayson Electronics. 306 Enterprise Dr.. Forest. VA 24551.. .(800) 800-746 3 Fax (804) 385-769 

SERVICES 

CONSULTANTS 
Matrix Micro Systems. Inc., P.O. Box 675, Northport, NY 11768 . (516) 754-115 
RF/Microwave Circuit Design, RF Design, Prototyping . email: fk@ix.netfcom.cor 

OEM PRODUCTS 
Locus, Inc., 1842 Hoffman St., Madison Wl 53704 . (608) 244-050 

RECRUITMENT 
Technical Employment Consultants, 52 East St. Rd., Suite C-1 Feasterville, PA 19053 
Refer fo advertisement on page 94. (215) 396-1840 Fax (215) 396-150 

TELEMETRY SYSTEMS & ENGINEERING 
Telemetry Technologies, Inc., 3307 West St.. Rosenberg. TX 77471 . (713) 344-900 

SOFTWARE & SYSTEMS, CAD/CAE 
SOFTWARE 
Circuit Simulation 
Design Automation, Inc., 4 Tyler Rd., Lexington, MA 02173 . (617) 862-8998 Fax (61 7) 862-376 
ingSoft Ltd. - the providers of the RF Designer® Solution. (41 6) 730-961 
213 Dunview Ave., North York, ON M2N-4H9, Canada: . Fax:(41 6) 226-086 

Waypoint Software, 
5540 Manor Court, Woodland Park, CO 80863-9084. (719) 687-5458 (Waypointsw@aol.i 

SYSTEM SIMULATION 
RHR Laboratories, 207 Harding Blvd. W.. Richmond Hill, Ontario. CN L4C 8x6 . (905) 884-239 
Tesott, Inc.. 205 Crossing Creek Ct.. Roswell. GA 30076 . (800) 631-111 
Makers of TESLA Com Simulator . Fax (770) 664-5817 Inti (770) 751-978 

May 



EMC 
IBIÄOESffl 

Produzis â airffe ©teöw 
The Products & Services Directory is a convenient For information on rates, closing dates año 
guide to suppliers of products and services for the details on a special Introductory Offer, call 
EMC/ESD industry. Products & Services Directory 1 -800-443-4969. Ask for your yellow page 
listings are sold on an annual basis. representative. 

ELECTRONIC COMPONENTS AND EQUIPMENT ELECTRONIC COMPONENTS AND EQUIPMENT 

EMI SUPPRESSION COMPONENTS 
EMI/RFI Filters 
RtroN Corp., P.O Box 743 Skokie. IL 60076 . (708) 679-7180 

Ferrite Beads. Rods, Forms 
Fair-Rite Products Corp., P.O. Box J, Wallkil, NY 12589. (800) 836-0427 

ESD AND SURGE CONTROL COMPONENTS 
Lightning Arrestors 
Fischer Custom Communications, 2905 W. Lomita Blvd, Torrance, CA 90505. (310) 891-0635 

CABLE AND CONNECTORS 
Connectors And Adapters 
ADC Telecommunications. 4900 W. 78th St., Minneapolis, MN 55435 . (800) 366-3891 X3000 

Optical Fibers And Connectors 
ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 . (800) 366-3891 X30O0 

EMC TEST EQUIPMENT -EMISSIONS 
Absorbers 
Advanced Electromagnetics, Inc., P.O. Box 711719, Santee, CA. 92072- 1719. (619) 449-9492 
Microsorb Technologies, Inc., 14A Airport Dr. Hopedale, MA 01747 . (508)634-1900 
Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

Anechoic Chambers 
Advanced Electromagnetics, Inc., P.O. Box 711719, Santee, CA. 92072- 1719. (619) 449-9492 
Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

Antennas 
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705 . (301) 937-8888 

EMCO. P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
Antennas Above 30 MHz 
Antenna Research Associates. Inc., 11317 Fredrick Ave., Beltsville, MD 20705. (301) 937-8888 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Antennas Masts 
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705. (301) 937-8888 

Current Probes 
Fischer Custom Communications, 2905 W. Lomita Blvd, Torrance, CA 90505. (310) 891-0635 
Ion Physics Corp., 11 Industrial Way, Atkinson NH 03811 . (603) 893-6687 

Ferrite Absorber Tiles 
Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

GTEM Cells 
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705 . (301) 937-8888 

Line Impedance 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Line Impedance Stabilization Networks 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 
Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

Near Field Probes 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Shielding Effectiveness Testers 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

EMC TEST EQUIPMENT - SUSCEPTIBILITY 
Antennas 
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705. (301) 937-8888 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

E-Field Probes 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

GTEM Cells 
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705. (301) 937-8888 

EMCO, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

EMC TEST EQUIPMENT - SUSCEPTIBILITY 
Power Amplifiers 

Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 . (817) 249-4180 
Pulse Generators 
EMCO, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
Sheilded Fiber Optic Links 
Antenna Research Associates. Inc., 11317 Fredrick Ave., Beltsville, MD 20705. (301) 937-8888 

ESD TEST EQUIPMENT 
ESD Event Detectors 
TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY. 14103. (800) FOR-TREK 
Surface & Volume Resistivity Meters 
TREK INC., 3932 Salt Works Rd.. P.O. Box 728, Medina, NY. 14103 . (800) FOR-TREK 

MATERIALS, HARDWARE AND PACKAGING 

SHIELDING MATERIALS 
Antenna Towers 
EMCO, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
Conductive Adhesives 
Venture Tape Corp., 30 Commerce Rd.. Rockland. MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Conductive Fiber/Fabric 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Gasketing Materials 
Venture Tape Corp., 30 Commerce Rd.. Rockland. MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Laminates 
Venture Tape Corp., 30 Commerce Rd., Rockland. MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Positioning Controls 
EMCO, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

Shedding Foils and Tapes 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370. (800) 343-1076 Fax: (617) 871-0065 
Tripods 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
Turntables 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

ESD PACKAGING 
Antistatic and Conductive Polyurethanes 
Pad-Tastics, Inc., P.O. Box 50479. Cicero, IL 60650 . (708) 780-8402 FAX (708) 780-1636 

ESD ENVIRONMENTAL CONTROL 
Antistatic or Conductive Flooring 

norcT ESD Safe Rubber Flooring for Work Areas _ 
1-800-332-NORA Iza 

Nora Rubber Flooring 

TEST LABORATORIES AND CONSULTANTS 

LABORATORIES 
TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112. (800) 472-7999 

CONSULTANTS 
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, SI. Paul. MN 55108 . (612) 330-3728 

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-5O+ years exp. 

You won't get 
any calls if 
no one 
knows your 
number. 

But the RF Design and EMC Test and Design 
Directory can help solve that problem. Our 
directory will put you in touch with over 

40,000 decision makers in the RF Design and EMC 
industry. There are fantastic introductory offers 

that make advertising even easier. 

Call 1-800-443-4969 for details. 
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RF guide to editorial coverage 
Allen Osborne Associates, Inc. 24 
Altech, Inc. 86 
AML Communications 58 
Analog Devices, Inc. 60 
Anaren Microwave, Inc. 57 
Andrew Corporation 20, 62 
Anritsu Wiltron 64 
Ansoft Corporation 18 
Avista Design 85 
Ball Aerospace and Technology 
Corporation 24 
Besser Associates 20 
Birkenstock Footwear 64 
Burr-Brown Corp. 63 
CADIX, Inc. 24 
California Eastern Labs 63 
Champion Technologies, Inc. 86 
Coaxial Components Corp. 62 
Comsearch 22 
ComStream 22 
Coors Ceramic Company 18 
Eclipse 85 
Ecliptek Corporation 59 
Electronic Software 18 

Frost & Sullivan 18, 22 
GeoSat 24 
Harris Semiconductors 18 
Hewlett-Packard 24, 86 
ICUCOM Corp. 85 
IC Engineering 64 
International Data Corporation 18 
ITS Corporation 24 
KP Microwave Components 59 
Linear Technology Corp. 57 
Litton 22 
LNP Engineering Plastics 64 
Lucent Technologies 63 
MacNeal-Schwendler Corp. 87 
Marconi Instruments, Inc. 57 
McDonnell Douglas Areospace 22 
Meta Wave Communications 18 
Methode Electronics 62 
Micro Crystal 57 
MIC Technology 87 
Milliren Technologies, Inc. 59 
National Instruments 18 
National Semiconductor Research 
Center 18 

Networks International Corp. 6C 
Noise Com 26, 8€ 
Ohmite Manufacturing 8€ 
Oki Semiconductor 63 
Philips Semiconductors 3€ 
Piezo Technology, Inc. 5£ 
Polyflon Company 5£ 
Qualcomm 44 
RCA 22 
RF Monolithics, Inc. 5£ 
RF Power Components 18, 2€ 
Sierra MicroWave Technology 5f 
Sigtek, Inc. 53 
Techtrol Cyclonetics, Inc. 6C 
Technology Communications 
International 24 
Tektronix, Inc. 63 
Telcom Analysis Systems, Inc. 8F 
TELECOM Industries 53 
Thomson Consumer Electronics 22 
Times Microwave Systems 62 
Toko America, Inc. 5r¡ 
T-Tech, Inc. 53 
UTAM 22 

RF advertising index_ __ 
ADVERTISER_ PAGE #. READER SVC # ADVERTISER- PAGE #. READER SVC# 

Aironet . 2. 75 M/A Com (3 Divisions). 25 . 18 

American Radio Realy. 71. 56 Matrix Systems Corp. 34 . 23 

Anritsu Wiltron. 53A-53 . 35 Micro Networks Corp. 64 . 50 

Aydin Vector Division. 60  44 Microwave Solutions. 8. 5 

Berkeley Varitronics Systems . 10 . 7 Mini Circuits . 4-5,76-77,67,29,6,105  3,58,53,20,4,64,66,67.69,71 

California Eastern Labs . 106  65 MTTS Show . 14 . 11 

Communication Concepts. 85 . 63 National Semiconductor . 65 . 52 

Compact Software . 17 . 13 Nearson, Inc. 46 . 31 

Cougar Components . 24 . 17 Noise Com, Inc. 19-20 

Delphi Components. 43  29 Penstock. 15 . 12 

DKD Instruments. 64 . 51 Pentek . 40 . 27 

Eagle . 10 . 8 Phonon Corporation. 62 . 46 

Eagleware . 23 . 16 Programmed Test Sources. 69 . 55 

Ecliptek Corporation. 42  28 Qualcomm . 22 . 15 

Elanix, Inc. 11 . 9 Raltron/Time & Freq . 59 . 41 

Electro Dynamic Crystal . .52  36 The Remarcable Company . 78 . 63 

ENI. 35 .   24 Richardson Electronics . 27 . 19 

Fujitsu Microelectronics. 12-13 . 10 Rohde & Schwarz. 31 . 21 

Future Electronics. 39  26 Silicon Valley Power Amps . 62 . 47 

Giga-tronics Inc. 37  25 Stanford Research. 85 . 61 

Henry Radio. 83  60 Surcom Associates. 63 . 48 

Hexawave . 68  54 Synergy . 61 . 45 

Hitachi Metals America. 49 . 33 Temex. 32-33 . 22 

Hubert Suhner, Inc. 50  34 TRL Technologies . 60 . 43 

1FR Systems Inc. 3. 2 Valpey-Fisher . 81 . 59 

ITT GTC. 51. 37 Voltronics . 73 . 57 

Kalmus Engineering . 9. 6 Werlatone, Inc. 56 . 39 

Kay Elemetrics . 58  40 XTAL Technologies, Ltd . 49 . 32 

Lap-Tech. 59  42 Z Communications . 55 . 38 

LPKF CAD/CAM Systems, Inc. 63 . 49 
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load insensitive (+9dBm output) 
From Mini-Circuits.. .here’s the ZOS solution! A winning lineup of 
low cost, connectorized voltage controlled oscillators that typically 
provide wide octave band linear tuning, low phase noise, and 
excellent 25dB harmonic suppression. The dual output provides 
well isolated ports(47dB typ), and frequency settings are virtually 
independent of the load. Applications include frequency 
monitoring, PLL circuitry, laboratory use, and as a frequency 
source for burn-in, power test, and other production testing. So, 
turn to the ZOS solution for reliable, high performance VCO’s 
with the “ GJ Mini-Circuits” stamp of value. 

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

Model Freq. Range Phase Noise Pulling, Typ. Harmonics 
No. (MHz) (dBc/Hz) (MHz)pk-pk (dBc) 

Min.-Max. SSB@10kHzTyp. @OdBr Typ. 

ZOS-50 25-50 -107 \ 0.012 -22 
ZOS-75 37.5-75 -110 0.016 -26 
ZOS-100 50-100 -111 0.026 -29 
ZOS-150 75-150 -107 0.017 -26 
ZOS-200 100-200 -106 0.015 -25 

ZOS-300 150-280 -103 0.017 -27 
ZOS-400 200-380 -100 0.021 -24 
ZOS-535 300-525 -96 0.018 -27 
ZOS-765 485-765 -96 0.033 -27 
ZOS-1025 685-1025 -92 0.051 -25 

Notes: Tuning voltage 1 to 16V required to cover freq, range. Power output 
+9dBm Typ. (Main). Power 12V DC, +130mA (MAX.). Operating 
temperature range: -55°C to +85°C. 

C3 Mini-Circuits . « 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCLE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
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Is this what 
12 GHz fT Bipolars: 
one third the size of a SOT-23! 
Need performance, but short on real estate? 

Visit us at 
MTT-s 

Booth 616 F 

BIPOLAR 
ITO INOLOGY 
has finally come 

DOWN TO? 

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 0 dB 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. 
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’ Need Product Information Fasti' 
Use CEL 's 24 Hour Fax Sytem! 

CEL/Fax 800-390-3232 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 
SOT- 323 Style 

NEC -33' Pkg 
SOT-23 Style 
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California Eastern Laboratories 
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CD 
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00 

NEC '39' Pkg 
SOT-143 Style 

NEC 
CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com 

Sales Offices Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645 0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307 

Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600 

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682 
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