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A Winning Combination

C.W. Swift and HUBER+SUHNER
team up to introduce the new
MMBX connector.

Small Dimensions, Maximum performance

- Board-to-Board or Sandwich card connection

- Lowest space requirement- less than 7mm
mated for design flexibility

- Surface mount or through hole design

- Misalignment compensation- 0.7 mm axial
and 0.4 mm radial

- SUCOPRO plating for enhanced solderability f%
- Available in tape and reel or bulk packaging

C.W. Swift & Associates 1s the original RF and
microwave stocking distributor, providing delivery
and personalized sales and service for over 40 years.
Call us today for more information on the
HUBER+SUHNER MMBX connector and a free
product catalog.

4Hy HUBER+SUHNER

INNOVATIVE SOLUTIONS TO COUNT ON

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT - 818-989-1133 -« 818-989-4784 (fax)

In-stock orders received before 4:00 p.m. PST are shipped the same day!
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Visit our new online catalog today @

~Johansonmfg.com

Rockaway Valley Road
Boonton, New Jersey 07005
TEL 973-334-2676 FAX 973-334-2954
www.johansonmfg.com
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THE WORLD'S LARGEST SELECTION

2kHz 1010GHzZ ... 99¢

Choose from over 550 standard off-the-shelf models from 2way and 3way to 48way; 0°, 90°, and

180°; 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog
prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized...
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wirgless applications. And all units come with a

1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run.
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today!

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



W - Minje. .
_!;\N Clre,

m MII’II -CII"CI.IItS L1011

P.0. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http:/www.minicircuits.com  C/RCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 760- pg. HANDBOOK « INTERNET « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY » EEM
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DARING




Facing a ferocious marketplace?
Let RFMD tame your challenges.

We dare to be different by providing highly integrated solutions that help meet

stringent system requirements and reduce your bill of materials.

RFMD employs innovation to develop next-generation processes, circuits,

architectures, standards and packaging in advance of the marketplace.

Our deep design resources and extensive manufacturing capacity enable us

to design a wide range of best-in-class components for all your RFIC needs.
Because true success has no competition.

DARING innovation - it sets us apart.

‘ ))))))))))) ®

MICRODEVICES

Proprietary, State-Of-The-Art
RF Integrated Circuitss"

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention daring when contacting us. www.rfmd.com

RF MICRO DEVICES" and RFMD? are trademarks of RFMD, LLC. © 2001 RF Micro Devices, Inc.
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J G Z from ea.(Qty. 25)

lower thermal resistance
better gain flatness
wide choice of gain
high IP3
high reliability *
& 2 year guarantee*
in stock!

TYPICAL SPECIFICATIONS AT 25°C:

Flatness Max. Power Cuth Thermal DC Price
Freq.® Gain (dB) DC-2GHz @1dBComp. Dynamic Range  Resist,  Operating Power  $ea.
Model MHz)  01GHz 2GHz  (dB) (dBm) NFdB) IP3(dBm) Bjc,°C/W Curent(mA) Volt (26 Qty)
GAL-1 DC-8000 12.7 11.8 0.5 12.2 4.5 27 108 40 34 .99
GAL-21 DC-8000 14.3 13.1 +0.6 12.6 4.0 27 128 40 35 .99
GAL-2 DC-8000 16.2 14.8 0.7 129 4.6 27 101 40 35 99
GAL-33 DC-4000 19.3 17.5 0.9 13.4 3.9 28 110 40 4.3 99
GAL-3 DC-3000 22.4 191 £1.7 12.5 3.5 25 127 35 33 .99
GAL-6 DGC-4000 122 118 +0.3 18.2 4.5 36 93 70 52 149
GAL-4 DC-4000 14.4 135 +0.5 17.5 4.0 34 93 65 4.6 1.49
GAL-51 DGC-4000 18.1 16.1 +1.0 18.0 3.5 35 78 65 45 149

w
»
.‘:‘
~

GAL-5 DC-4000 206 17.5 1.6 18.0 35 103 65 1.49
®Low freq. cutoff determined by external coupling capacitors. AModels tested at 2GHz except GAL-4, -5, -6, -51 at 1GHz
* Subject to terms and conditions of the warranty published in our current Designer's Guide. Complete specifications,

performance data, and reliability report available on our web site Designer’s Amplifier Kit K1-GAL: Only $99.95
o . . Includes 10 of Ea. GAL1,-2,-3,-4,-5,-6,-21,-33,-51 (90 pieces total)
Mini-Circuits...we’re redefining what VALUE is all about! Plus Specifications, S-Parameters, And A Free Test Fixture!

[ IMini-Circuits’ o2 i

CIRCLE READER SERVICE CARD
P.O. Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

V\. " The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
4 o]
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The Digital Alternative
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On Our Cover

Digital Multimode
Technology Redefines
the Nature of RF
Transmission

Tropian’s new Polar
Impact™ technology pro-
vides designers with a
digital solution capable of
multimode and multifre-
quency operation and
offering significant im-
provements in system
performance.

Cover artwork courtesy
Tropian, Inc.
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Design and Test Considerations of Multi-Carrier LMDS
Radios

A large amount of spectrum has recently become available for wireless

providers to offer broadband services with Local Multipoint

Distribution System (LMDS) fixed wireless access technology. This arti-

cle addresses the advantages and disadvantages of using LMDS net-
works to deliver broadband wireless services to consumers.

— Erik Boch, Bob Leroux and Qiming Ren,

DragonWave, Inc.

Datacasting with LMDS and MMDS Systems
The author discusses the feasibility of using two types of terrestrial
microwave platforms, LMDS and MMDS (Multichannel Multipoint
Distribution System), for data broadeasting, including unicast, multi-
cast and broadcast standards.

— Frank Creede, Logic Innovations

Microwave Multiplexer Design Based on Triplexer
Filters

Here is a description of a design procedure for a multiplexer using a

complementary triplexer filter, which allows designers to achieve
matched structures with a large range of frequencies.

— Fudes P de Assuncao, Leondard R.A.X. de Menezes

and Humberto Abdalla, Jr.,

Universidade de Brasilia, Departmento de Engenharia Eletrica

Unilateral Power Gain of an Optically Biased GaAs
MESFET

The authors present an analytical model that observes the microwave
characteristics of an optically biased gallium arsenide MESFET.

— Srikanta Bose, Adarsh Gupta and R.S. Gupta,

University of Delh:
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DIDUCTTS & TTECHINOLOETES
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A General Purpose LNA/PA for Linear and Saturated
Applications

This article presents two new power amplifiers from RF Micro Devices,
the RF2910 and RF2911, that can be tuned over a frequency range of
100 MHz to 1 GHz using a single evaluation board metal pattern.

— Dave Dening, RF Micro Deuvices, Inc.

Product Focus — Oscillators

New oscillator product offerings are featured.

The State of the Passive Components Industry
The author offers an overview of recent changes and expectations in
the passive components market, including predictions for future
growth areas.

— Jiro Miyazaki, Murata Electronics North America
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Gain

" NF GanFist tdBcomp 3rdOrder VSWR  DCCument

Freq Range
(GHz)  (dBmin) (dBmax) (+-dB) pt.(dBm min) ICPmin In/Out max (ma)
MEDIUM POWER AMPLIFIERS (UP TO 2 WATTS)
JCADT-POT 0510 5 35 &0 201 i
JCARZPO1 1.020 3 3 1 30 L 201 800
JCA3-PO1 3742 30 3 1 30 40 201 750
JCAS6-PO1  5.964 30 3 1 30 40 201 850
JCA78-PO1 7984 30 4 1 30 40 201 900
ICAB12-P02 83117 40 5 15 B 40 204 1700
JCA910-PO1 95100 30 4 1 3 40 201 1300
ICA1011-PO1 107117 30 4 1 30 40 201 950
JCA1819-P01 18.1-186 30 5 1 21 37 201 800
RADAR & COMMUNICATION BAND LOW NOISE AMPI.IFIERS
JCAZ3302 2223 30 201
JCA34301 3742 30 1 0.5 10 20 201
JCAS6-502 5459 50 1 0.5 10 20 20
ICA78-305 725115 27 12 0.5 13 3 201 100
JCAS10-305  9.095 2 14 0.5 13 23 151 150
JCAIN12305 117122 27 1.5 05 13 23 151 150
JCA1415-305 140145 26 16 0.5 13 3 151 160
JCA1819-305 18.1-186 22 20 0.5 10 2 151 160
JCA2021-600 202212 30 22 1 13 3 1.5 40
TRI- BAND AMPLIFIERS (5. 85 T0 14.5)
JCA514-201 585145 8 15 2 201 100
JCAS14-300 585145 14 6 15 10 20 201 150
JOAS14302 585145 22 b 15 20 30 2011 350
JCA514-400 585145 25 b 15 10 20 201 250
JCA514403 585145 32 b 1.5 23 33 201
JCA514-501 585145 35 6 15 16 26 201
JCA514503 585145 41 6 1.5 3 3 201 500
ULTRA BROAD BAND AMPLIFIERS (2 0TO 18 GH2)

JCA218-200  2.0-18.0 5 20 '
ICA218-300  2.018.0 23 5 2.5 10 20 201 110
JCA218-400  2.0-18.0 29 5 25 10 0 204 150
JCA218-500  2.0-180 5 25 10 20 201 180

JCA's 3&_atélo_g




Calendar

CONFERENCES

August 19-22, 2001
2001 IEEE Radio and Wireless Conference
(RAWCON2001)
Boston, MA
Information: Dr. Michael S. Heutmaker
Tel: 609-639-3116; Fax: 609-639-3197
E-mail: heutmaker@lucent.com
Internet: http://rawcon.org

August 21-23, 2001
ITCOM+Opticomm 2001
Denver, CO
Information: SPIE
Tel: 360-676-3290; Fax: 360-647-1445
E-mail: exhibits@spie.org
Internet: http://www.spie.org/info/itcom

SEPTEMBER

September 10-14, 2001
International Conference on Electromagnetics in
Advanced Applications (ICEAA 01)

Torino, Italy

Information: COREP-ICEAA 01

Internet: http://www.polito.it/iceaal0l

September 11-13, 2001

PCIA GlobalXChange 2001
Los Angeles, CA
Information: PCIA
Tel: 1-800-759-0300 or 703-739-0300
Fax: 703-836-1608.
E-mail: bergerep@pcia.com
Internet: http://www.pcia.com

September 19-20, 2001

Northcon 2001
Portland, OR
Information: Electronic Conventions Inc.
Tel: 1-800-877-2668; Fax: 310-524-4100
Internet: http:/www.wescon.com

September 19-21, 2001
5th International Conference on Telecommunications
in Modern Satellite, Cable and Broadcasting Services
(TELSIKS 2001)
Nis, Yugoslavia
Information: Dr. Bratislav Milovanovic
Tel: +381 18 529 320; Fax: +381 18 46 180
E-mail: telsiks@elfak.ni.ac.yu
Internet: http://www.telsiks.org.yu
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September 24-26, 2001

EDA: Front-to-Back
Santa Clara, CA
Information: Penton Media Inc.
Tel: 1-888-947-3734

September 24-28, 2001
European Microwave Week
London, UK
Information: Nicola Jedrej
Tel: +44 20 7861 6391; Fax: +44 20 7861 6251
E-mail: njedrej@cmp-europe
Internet: http://www.eumw.com

OCTOBER

October 1-3, 2001
16th International Conference on Applied
Electromagnetics and Communications (ICECOM’01)
Dubrovnik, Croatia
Information: Secretariat
Tel: +385 1 612 98 69; Fax: +385 1 612 98 70
Email: korema@fer.hr
Internet: http://www.rasip.ferhr/korema

October 1-3, 2001
34th Connector and Interconnection Technology
Symposium and Trade Show

Anaheim, CA

Information: ECA

Tel: 703-907-7547

Internet: http://www.ec-central.org

October 1-4, 2001
Communications Design Conference
San Jose, CA
Information: CMP Media
Tel: 415-278-5231; Fax: 415-278-5390
E-mail: dspworld@cmp.com
Internet: http://www.CommDesignConference.com

October 8-12, 2001
Antenna Measurement Techniques Association (AMTA)
Annual Meeting and Symposium

Boulder, CO

Information: Mike Francis

Tel: 303-497-5873

Internet: http://www.amta.org/amtainfo/future.html

October 11-14, 2001
Advanced Technology Workshop on Optoelectronics
Packaging

Bethlehem, PA

Information: IMAPS

Tel: 703-758-1060; Fax: 703-758-1066

E-mail: imaps@imaps.org



u.s. 1-800-452-4844, ext. 7315
canada 1-877-894-4414, ext. 7322

: And wrth everv new format technolagy, or player to enter your
market the pressure mcreases tn keep ahead of pace. Now perhaps
:more than ever choosmg the raght pecple to collaborate with is
cntrcal Conmder someone who knows where the wireless world i is
.headmg Agllem We've been heavuly mvoived with the standards
' rboards smce day one ‘And we re commttted to glvmg you insight
: fmm whtch to base vnur desngn and manufactunng processes that's
as sophlsncated as your new technoiogy And soiuimns that work
together across dismplmes thh worldwide support and axpemse' :
wherever your teams need lt Suddenly those market wandews

- _.dan tseem qune 50 small. ﬂ?@ﬁ?ﬁ?z gﬁgi%ﬁ%‘ﬁ I ﬁdE

 ©2001 Agient Technologiés ADEPSIBH00BAMW
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Calendar

SHORT COURSES

University of California at Berkeley Extension
Design of Analog Integrated Circuits for Mixed-Signal
Integrated Systems

San Francisco, CA ... ... August 6-10, 2001
Information: Continuing Education in Engineering, Tel:
510-642-4111; Fax: 510-642-0374; E-mail: course(@
unex.berkeley.edu; Internet: www.unex.berkeley.edu/
enroll.

Besser Associates
RF and Wireless Made Simple

Mountain View, CA. .. ... August 7-8, 2001
RF and Wireless Made Simple II

Mountain View, CA . .. ... August 9-10, 2001
Applied RF Techniques I

Mountain View, CA...... August 13-17, 2001

Practical Design of Integrated and Discrete Wireless
Circuits

Mountain View, CA. .. ... August 20-22, 2001
RF Wireless System Design Fundamentals

Mountain View, CA ... ... August 22-24, 2001
RF CMOS Design

Mountain View, CA . ..... August 23-24, 2001
Bluetooth: Operation and Use

Mountain View, CA . ... .. August 27-28, 2001
Behavioral Modeling

Mountain View, CA . .. ... August 28-30, 2001
Advanced Wireless and Microwave Techniques

Mountain View, CA. .. ... September 10-14, 2001
Short Range Wireless and Bluetooth

Mountain View, CA ... ... September 25-28, 2001

Information: Annie Wong, Tel: 650-949-3300; Fax: 650-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com.

University of Missouri-Rolla
Grounding and Shielding Electronic Systems
Toronto, ON, Canada . .. .August 8-9, 2001

Denver, CO . ........... September 17-18, 2001
Circuit Board Layout to Reduce Noise Emission and
Susceptibility

Toronto, ON, Canada . .. .August 10, 2001

Denver, CO . ........... September 19, 2001

Information: Sue Turner, Tel: 573-341-6061; Fax: 573-
341-4992; E-mail: suet@umr.edu; Internet: www.
umr.edu/~conted.

Coventor Inc.
MEMS Design and Analysis
San Mateo, CA ......... August 8-10, 2001
Amsterdam, Neth. ...... August 29-31, 2001
Top Down MEMS Design
San Mateo, CA . ........ August 6-7, 2001
Information: Coventor Inc., Tel: 919-854-7500; Fax:

12 - ApPLIED MICROWAVE & WIRELESS

919-854-7501; E-mail: events@coventor.com; Internet:
www.coventor.com.

University of California at Los Angeles Extension
Digital Signal Processing: Theory, Algorithms and
Implementations

Los Angeles, CA
Optical Internets

Los Angeles, CA ........ September 24-26, 2001
Information: UCLA Extension, Short Course Program
Office, Tel: 310-825-3344; Fax: 310-206-2815.

........ August 13-17, 2001

Georgia Institute of Technology
Infrared/Visible Signature Suppression

Atlanta, GA ........... August 28-31, 2001
Advanced Electronic Warfare Principles
Atlanta, GA ........... September 17-21, 2001

Infrared Technology and Applications

Atlanta, GA ........... September 25-28, 2001
Basic Antenna Concepts

Atlanta, GA . .......... September 25-28, 2001
Adaptive Array Radar Processing

Atlanta, GA ........... October 2-5, 2001
Principles of Modern Radar

Atlanta, GA ........... Oct. 29-Nov. 2, 2001
Radar Cross Section Reduction

Atlanta, GA ........... November 5-9, 2001
Infrared Countermeasures

Atlanta, GA .. ......... November 6-8, 2001
Information: Georgia Tech Distance Learning, Continu-
ing Education and Outreach, Tel: 404-894-2547; Fax:
404-894-7398; E-mail: conted@gatech.edu; Internet:
www.conted.gatech.edu.

Agilent Technologies
RF & Microwave Fundamentals

Winnersh, UK .. ........ August 29-31, 2001

Winnersh, UK .. ........ December 4-6, 2001
Network Analysis Measurements

Winnersh, UK .. ........ October 16-17, 2001

Spectrum Analysis Measurements

Winnersh, UK ......... October 18-19, 2001
Information: Tracey Bull, Tel: +44 118 9276741; Fax:
+44 118 9276862; E-mail: tracey_bull@agilent.com.

Arizona State University
Semiconductor Physics and System Reliability

Tempe, AZ . ........... September 10-13, 2001
Information: College of Engineering and Applied
Sciences, Center for Professional Development, Tel:
480-965-1740; Fax: 480-965-8653; E-mail:
asu.cpd@asu.edu.

University of Wisconsin at Madison
DC Power System Design for Telecommunications
Madison, WI ........... September 12-14, 2001



AWR

The part of Goliath is now being played by David.

The balance of power has shifted. The lumbering software of the past has

finally met its match-—a more agile, more accurate high frequency design
solution. Microwave Office 2001. It can literally double your productivity
over legacy design tools.And the precision of its models now makes first-
pass success a reality. No EDA software is more powerful or intuitive either.
Simple optimizations are a snap. It's easy to customize. TR e

And you get regular timely upgrades. Moreover, our

schematic data translators import existing Agilent EEsof : W

All rights reserved.

designs, so you won't lose any valuable data. For more

info, visit www.mwoffice.com or call us at 310-726-3000. Office 2001

Download a fully-functional 30-day trial (just 20MB)
at www.mwoffice.com and start designing today.
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Calendar

Fundamentals of Data Communcations

Madison, WI ........... September 20-21, 2001
Fundamentals of Wireless Data Communications
Madison, WI . .......... September 24-26, 2001

Planning and Implementing Point-to-Point Microwave
Radio Systems

Madison, WI . .......... October 1-3, 2001
Basic Telephony and Digital Switching

Madison, WI .. ......... October 16-19, 2001
Fundamentals of Cellular and PCS Wireless
Communications

Madison, WI .. ......... October 24-26, 2001

Information: Katie Peterson, Tel: 1-800-462-0876; Fax:
608-263-3160; E-mail: custserv@epd.engr.wisc.edu;
Internet: http://epd.engr.wis.edu.

TTi Technology Training Initiative (Tustin Technical
Institute, Inc.)
Fundamentals of Vibration for Test Applications

Santa Barbara, CA . ... .. September 19-21, 2001

Santa Barbara, CA . .. ... November 26-28, 2001
Test Procedures for EMI/EMC/ESD

Santa Barbara, CA . ... .. September 27-28, 2001

Physical Measurement Techniques

Santa Barbara, CA . .. ... October 3-5, 2001
Calibration Laboratory Management

Santa Barbara, CA . . ... .October 8-9, 2001
Measurement Uncertainty

Santa Barbara, CA ... ... October 10-12, 2001
Calibration Processes

Santa Barbara, CA ... ... October 15-17, 2001
Introduction to Mechanical and Structural Theory

Santa Barbara, CA . ... .. November 8-9, 2001
Fixture Design for Vibration and Shock Testing

Santa Barbara, CA . ... .. November 12-14, 2001
Environmental Testing Procedures

Santa Barbara, CA . ... .. November 15-16, 2001
Environmental Test Specifications

Santa Barbara, CA . ... .. November 19-20, 2001
Mechanical Shock Techniques

Santa Barbara, CA . . ... .November 29-30, 2001
Vibration and Shock Test Control Techniques

Santa Barbara, CA . . ... .December 3-5, 2001

Information: Brian P Slatery, Tel: 805-682-7171; Fax:
805-687-6949; E-mail: brian@ttiedu.com; Internet:
www.ttiedu.com.

tel: 650-949-3300

Join a new class of engineers! Over 25,000 satisfied industry professionals profit from our courses.

Besser Associates™
The Worldwide Leader in RF and Wireless Training

201 San Antonio Circle, Building E, Suite 280, Mountain View, CA 94040
fax: 650-949-4400 web: http://www.bessercourse.com

Space for all classes is limited; early registrations are encouraged. Schedule and venues subject to change
The Besser Associates name and logo are trademarks of Besser Associates, Incorporated.

Visit www.bessercourse.com
for our complete course
catalog and current schedule.
Private and/or custom

- training can be delivered at
your workplace. Call 650-949-
3300 for details.

Stop by our website for a full
listing of courses through
December 2001!
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Linearity. Reliability. Power!

Stanford Microdevices’ SXA-289 and SXT-289 functions in repeaters and other infrastructure equipment
amplifiers offer the infrastructure-equipment designer ~ covering the cellular, PCS, WLL, GSM, WCDMA, UMTS,
a rare combination of efficient /s-watt power with ISM, IF and LO bands. And, exceptional linearity makes

high linearity in a low-cost, surface- them an ideal option for multicarrier digital applications.
mountable SOT-89 package. Both
products feature SMDI’s high-
reliability GaAs heterojunction —
bipolar transistor (HBT) technology 50789 Package For more information, visit us at stanfordmicro.com.
and deliver high output 3rd order intercept

performance of better than 40 dBm.

Find out how the SXA-289 and SXT-289 can satisfy the

power-amplifier requirement in your equipment design.

Part Number Frequency P1dB IP3 Gain Supply Current
Range (dBm) (dBm) @1950 | Voltage (mA)
(MHz) MHz V)
The wide frequency range and power efficiency of our SXA-289 | 5-2000 +24 +42 15.5 5.0 105
SXA/SXT amplifiers make them an excellent choice for driver SXT289 | 18002500 | +24 | +41 | 150 | 50 | 105

> STANFORD -
MICRODEVICES

www.stanfordmicro.com ® 800.764.6642

© Copyright 2001 Stanford Microdevices. Stanford Microdevices is a registered trademark of Stanford Microdevices. Other trademarks are the property of their respective holder. All rights reserved.

Stanford Microdevices is neither affiliated with nor sponsored or endorsed by Stanford University.




Calendar

R.A. Wood Associates
Introductory RF & Microwaves

Lake George, NY ....... September 20-21, 2001
RF and Microwave Receiver Design

Lake George, NY ....... September 24-26, 2001
RF Power Amplifiers, Classes A thru S: How the
Circuits Operate, How to Design Them, and When to
Use Each

Lake George, NY ....... September 27-28, 2001
Information: R.A. Wood, Tel: 315-735-4217; Fax: 315-
735-4328; E-mail: rawood@rawood.com; Internet:
www.rawood.com.

Henry 0tt Consultants
Electromagnetic Compatibility Engineering

Palo Alto, CA . ......... October 2-4, 2001
Advanced Digital Design and Signal Integrity

Palo Alto, CA .......... October 5, 2001
Information: Henry Ott Consultants, Tel: 973-992-1793;
Fax: 973-533-1442.

Monmouth University
Military Radios

West Long Branch, NJ .. .October 3-4, 2001
Dense Wavelength Division Multiplexing (DWDM)

West Long Branch, NJ . . .Oct. 31-Nov.1, 2001
Information: Mickey Kuntz, Tel: 732-571-4491; E-mail:
mkuntz@monmouth.edu; Internet: www2 monmouth.
edu/ctdt/specialcourses.htm.

Process Sciences Inc.
SMT Bootcamp
Boston, MA . ........... October 15-16, 2001
Phoenix, AZ ........... October 18-19, 2001
Austin, TX ............ November 5-6, 2001
Seattle, WA .. .......... November 8-9, 2001
Information: Process Sciences Inc., Tel: 512-259-7071,
Fax: 512-259-7073; Internet: www.process-sciences.com.

International Institute of Connector and
Interconnection Technology (lICIT)
Basic Connector Technology

Orlando, FL. . .......... November 7-8, 2001
Basics of Fiber Optic Interconnection

Orlando, FL .. ......... November 9, 2001
Communications and Standards

Orlando, FL. .. ......... November 9, 2001
Information: Suzanne Romeo, Tel: 1-800-854-4248; E-
mail: sromeo@iicit.org; Internet: www.iicit.org.

Companies, organizations and institutions may sub-
mit information for our Conference and Short Courses
Calendar to: Shannon O’Connor, Managing Editor,
Applied Microwave & Wireless, 630 Pinnacle Court,
Norcross, GA 30071; Fax: 770-448-2839; E-mail:
amw@amwireless.com

More courses listed at www.amwireless.com

Upcoming Editorial Calendar

Ad Closing

Materials

Editorial Emphasis

October September 3 September 10 Microcells & Picocells
Capacitors & Inductors
Digital Modulation
November October 1 October 8 Industrial RF & Microwaves
Attenuators & Terminations
Baseband Circuits
December November 1 November 8 New Wireless Technologies
Filters
Frequency Synthesizers
Advertising Sales Advertising Sales Classified and
Eastern Region Western Region Product Spotlight Ads
Scott Spencer Tim Burkhard Aileen Kronke

Tel: 603-472-8261
Fax: 603-471-0716
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ror Foint-to-muitipoint
Applications...

W) MMDS Point-to- W] UNII Point-to-

Multipoint RF Unit Multipoint RF Unit
«2.5-2.7GHz =5.725-5.825GHz
=Up to 60MHz Tx, Rx *25MHz Tx, Rx Bands

= MDS Tx Option

W) Communications - a Cisco Technology Partner
Other features include:

= Full duplex operation = Single cable interface from IDU to ODU
= Integral antennas = Optional duplexer configurations

For more details, call our toll free number, fax us at 408-577-6620 or
e-mail us at sales@wj.com. Data sheets are available in PDF download
file format by visiting our web site at www.wj.com.

The Communications Edge™
1-800-WJ1-4401

Visit us on the web at www.wj.com
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ar, Accuracy and Spee

That's what you get with Eagleware's new
harmonic balance simulator, HARBEC". From
real-time tuning, to application of artificial
intelligence techniques, to co-simulation with
electromagnetics, HARBEC does it all ... with a

powerful set of features that includes:

Robust Simulation
« unlimited, arbitrary circuit topology
. wide range of nonlinear device models
(diodes, JFET, BJT, MOSFETS, MESFETS)
- wide range of sources (voltage, power,
current, waveform)
« DC analysis and optimization
- unlimited tone harmonic balance analysis
and optimization
High Performance Design
« Al performance optimization
- fast tuning
EM Co-simulation
Spice Model Import
Extensive Parts Library
Equations and Post Processing

And it's fully integrated into the GENESYS suite
of synthesis, S-parameter, electromagnetic and
physical design tools.

So Grab & at and Hold
With nonlinear modules priced at $4990, they're
going fast. And so will your design.

FAGLEWARE,

—d RF and Microwave Design Software

Phone: +1 678-291-0995

Fax: +1 678-291-0971
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News

BRIEFS

* Sage Laboratories, a division
of Filtronic ple, has launched a
phase shifter web site at www.
phaseshifters.com. The site offers
an easy reference tool for design-
ers, including a case study and a
16-page product catalog.

* Tru-Connector has introduced
two new web sites highlighting the
company’s product lines. The main
site, www.tru-con.com, offers the
company’s lines of standard and
custom connectors and cable
assemblies. A second site, www.7-
16connectors.com, provides infor-
mation on the company’s 7-16
coaxial connectors.

* MicroMetrics has two new web
sites. The company’s main site, at
www.micrometrics.com, features
information on the company’s tun-
ing varactors, surface mount pin
diodes, mixer/detectors and ceramic
MEFLFs. A site focused on phase
detectors is also available, at www.
phasedetectors.com.

¢ Signal Technology Corporation
Olektron Operation has launched
an EW subsystems web site at
www.ewsubsystems.com. The site
provides information and specifica-
tions on the company’s EW subsys-
tem product line.

* Glassman High Voltage, Inc.,
has launched a redesigned company
web site at www.glassmanhv.com.
The site provides customers with
information on Glassman’s product
lines, including specifications.

* Melcor Corporation, a sub-
sidiary of Fedders Corporation, has
completed the first phase of the
expansion of its facility in Trenton,
Nd. The work has expanded space
for production capabilities, as well
as engineering and administration.

* Galtronics has opened a new
engineering support center in
Tiberias, Israel, as well as renovat-
ed the existing facility there. A new
20,000-square-foot building will
house administration and support
personnel for the company’s plas-
tics molding assembly process.
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Vishay hoosts manufacturing capacity

Vishay Intertechnology, Inc., has
increased manufacturing capacity
for its 4-pin dual inline optocoupler
devices by 25 percent this year, the
company has announced. These
Vishay Telefunken devices are used
in a variety of electronic systems for
current isolation and prevention of
electric shock.

The company produces optocou-
plers in both standard dual line and
surface-mount packages. Recent
product introductions include a
series of low-profile surface-mount
optocoupler devices that provide
reinforced isolation in a 2.2 mm
high package.

Vishay optocouplers are most

often used in switch-mode power
supplies for mobile phones, digital
cameras and computers.

Vishay, based in Malvern, PA,
manufactures passive electronic
components, discrete semiconduc-
tors, infrared communication
devices and power and analog
switching integrated circuits.

StratEdge to provide
assembly, test services

StratEdge has announced that it
1s now providing complete assembly
and test services for its high fre-
quency ceramic packages.

The new service has been estab-
lished in response to microwave cus-
tomers looking to eliminate the need
to work with bare die, as well as IC
fabricators who want to offer
prepackaged solutions. Assembly
and test of DC to 50 GHz devices
packaged in StratEdge products is
accomplished in the company’s class
100 work area.

StratEdge, based in San Diego,
CA, manufactures ceramic semicon-
ductor packaging for the high-speed
digital, broadband wireless, satel-
lite, point-to-point/multipoint and
VSAT applications.

GTRAN, IQE partner
for epitaxial wafters
GTRAN Inc. and IQE, Plc., have
entered into a partnership that pro-
vides for IQU to supply InP HBT
epitaxial wafers for use in GTRAN’s
next generation fiber optic products.
GTRAN provides data transpon-
der solutions for 10 Gb/s and 40
Gb/s SONET applications. IQE pro-
vides compound semiconductor epi-
taxial wafers for communications.

Companies to team up
for wafer inspection system

nLine Corporation, Light Age,
Inc., Oak Ridge National Laboratory
and InterScience will work together
on a dJoint Venture Advanced
Technology Program to develop a
new system for high aspect ratio
semiconductor wafer inspection.

The system will be designed to
detect defects many times smaller
than current technologies can find.
The new technology will also work
at a much faster rate.

Microspace, IPricot to provide
satellite transmission solutions

Microspace Communications Cor-
poration and IPricot North America
have formed a partnership to offer
turnkey satellite data transmission
solutions, using  Microspace’s
VELOCITY broadcasting services
and IPricot’s IPr-S broadband
router-receivers for high-speed data,
video and audo applications.

Microspace, based in Raleigh, NC,
provides broadcast data and audio
satellite services. IPricot manufac-
tures satellite broadband communi-
cation equipment.

Submit information for our News
section to amw@amwireless.com.




INDUSTRY’S SMALLEST 2.4GHz LNA
INCREASES BLUETOOTH RECEIVER
SENSITIVITY TO -90dBm

The MAX2644 2.4GHz SiGe LNA is internally
matched to 50Q at the output, saving an
inductor and capacitor required in other LNA IC
solutions. Total board space required is only
7mm*—ideal for space-sensitive Bluetooth™
modules.

TYPICAL
CMOS RECEIVER

CMOS RECEIVER
WITH MAX2644
LNA

E _7708m 10 -800Bm

-90dBm

RECEIVER SENSITIVITY

+

MAX2644 LNA Features:

+ 16dB Gain, 2dB NF, -3dBm
Input IP3 for 7mA

+ Adjustable Bias (3mA to 10mA)
¢ +2.7V to +5.5V Supply

V 0"7”" X ’L\@

Bluetooth

e CMOS RF
TRANSCEIVER

+20dBm PA
3x3 UCSP PACKAGE
(1.5mm x 1.5mm)

A Family of Six High-Performance SiGe LNAs are Available in the Ultra-Small SC70-6
Package, Covering Major Wireless Applications from 800MHz to 2700MHz

eam TR ?:B",‘ Fl:(g‘:!:;;EE o "“"msm . APPLICATIONS
MAX2642/43 900 16.7 1.3 0 Yes 900MHz ISM, cellular, PMR, cordless
NEW MAX2644 2450 16 20 3 Yes E;'jgﬁﬁgt':éjg‘zl\}l&ggmeﬂpw WEDMA,
NEW " MAX2654 1575 15 15 -7 — GPS
NEW ‘ MAX2655 1575 14 17 +3 Yes GPS in cellular phones
NEWL MAX2656 1960 135 9 | 18 Yes PCS, DCS, WLL :
Bluetooth is a registered trademark of the Bluetooth Special Interest Group
HomeRF is a registered trademark of the HomeRF Working Group
s s ) FREE Wireless Design Guide—Sent Within 24 Hours! FREE FULLLINE DATA CATALOG
o includes: Reply Cards for Free Samples and Data Sheets

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Time

MAXIMW

www.maxim-ic.com
T ——T— B
Online at www.maxim-ic.com

ON CD-ROM

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94088, (408) 737-7600, FAX (408) 737-7194.

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, Elmo, Nu Horizons, and Zeus
Distributed in Canada by Arrow and Avnet Electronics Marketing.

MAXIM is a registered trademark of Maxim Integrated Products. © 2001 Maxim Integrated Products
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News

BUSINESS AND FINANCE

Marconi acquires Northwood Technologies

Marconi has announced that its Wireless Division
has purchased Northwood Technologies Inc., a
Canadian wireless telecom software company. The
value of the transaction is approximately $27.4 million.

Marconi will be establishing a new Strategic
Business Unit for wireless network planning in Ottawa,
ON, Canada, where Northwood is located.

Marconi supplies advanced communications solu-
tions for networks and wireless worldwide.

M/A-COM SIGNIT receives Defense contract

M/A-COM SIGNIT Products has received a contract
from the U.S. Department of Defense for 71 microwave
receivers, with an option for up to 71 more. The value
of the contract was not disclosed.

Major specifications for the products include a collec-
tion and analysis receiver with superior BER perfor-
mances. The contract was competitively bid.

M/A-COM SIGNIT Products, headquartered in Hunt
Valley, MD, is the world’s largest producer of microwave
receivers.

Endwave receives order from DMC Stratex

Endwave Corporation has received a multimillion
dollar initial order for custom millimeterwave trans-
ceivers from DMC Stratex Networks. The exact value of
the contract was not disclosed.

Endwave, based in Sunnyvale, CA, provides RF sub-
systems and products for cellular backhaul, point-to-
point and point-to-multipoint applications. DMC
Stratex Networks, headquartered in San Jose, CA, pro-
vides wireless solutions for cellular and broadband.

Conductus to supply superconductor system

Conductus, Inc., has signed a purchase agreement
with Dobson Communications Corporation to provide a
minimum of 200 of Conductus’ ClearSite® systems, a
superconductor-based filter system designed to expand
coverage, reduce interference and increase capacity for
analog, digital and next-generation high bandwidth dig-
ital wireless networks.

Conductus, based in Sunnyvale, CA, manufactures
electronic components and systems based on supercon-
ductors for telecommunications markets.

High Frequency
Ceramic Capacitors

NEW LTCC
2.4 GHz Filters

P

High Frequenc
Cergmic Ir?ducto!{'s

I AR RN A

RF Component
Proto-typing Kits

Camarillo,

... FREE JTIsorFT® CAPACITOR & INDUCTOR
SPICE & S-PARAMETER MODELING SOFTWARE

www.johansontechnology.com

California TEL (805)389 1166 FAX (805) 389 1821
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Indispensable Tools for Understanding Key

Aspects of RF and Microwave Design

...just one click away at www.noblepub.com

Filters and Matching Networks Instructor: Randall W. Rhea
Covers practical filters and matching networks, emphasizes
L-C structures and introduces microwave filter structures‘ -

* Field-Coupled Microwave F||ters ‘

 CAE Techniques »

* Real-World Effects

« Matching L

« Direct-Coupled Microwave F|Iters

« Group Delay

« Bandpass Filter Symmetry

. mcludes )
9 one-hout tapes,
manual, and the hook:
HF Filter Design and
& mmﬁmr

Smajation

$895.00

Oscillator Design Principles  Instructor: Randall W. Rhea
Covers design of L-C, transmission line, quartz crystal and
SAW oscillators.
. T
* S-Parameter Review E/ “'“;'“de:
. \ one-hour tapes,
Oscn_lator COHC.BptS . manual, and the book
« Nonlinear Considerations Oscillator Design
* Oscillator Examples and Computer
« Phase Noise Smylgtions:”
« Special Considerations
$595.00

RF/Microwave Transistor Amplifier Design

Instructor: Les Besser
A comprehensive treatment of classical amplifier design tech-
niques. An intermediate level course for engineers with basic
design experience.

« Introduction to CAD ~includes ‘\

« Impedance Matching /’ 6 'th‘-hm"jf":'llzs- )

« Lossless Transformations \ o ramsistor
) . icrowave Transistor /

* Applying Negative Feedback Amplitiers ./

« Classical amplifier techniques \“ -~

« Review of Circuit Fundamentals

« Amplifier Design Methods and Comparisons

.+ a0 $1195.00

Microwave Filters, Couplers and Matching Networks
Instructor: Robert Wenzel

RF Circuit Fundamentals
An introduction to high-frequency analog design for new
engineers, or for engineers from digital or low-frequency
specialties. This class offers thorough coverage of all the basic
concepts specific to RF engineering.

* The Smith Chart and its Applications
NP-16 ..........

 REC :ircmt Fundamentals n
introduces large-signal concepts and covers the following:

Microwave Transmission Lines
and Their Physical Realization
Instructor: Steven-L. March

Six hours of transmission line education on striplines,
microstrip, coupled lines, suspended substrates, coplanar
waveguide,and more.

Introduction to the Smith Chart
Learn the Smith Chart in 50 minutes. This tape shows you how
o ﬂa\dgate around the chart, use various lumped and trans-
mission line elements. A great teaching tool for new engineers.

NP-19 e, L

Instructor: Les Besser

« RF Concepts P

* Lumped-Element Component Methods -~ includes
« Resonant Circuit and Filters (8 “"f‘““';'t"fepi:’ub
« Transmission Line Fundamentals R Circuit Design /
+ Small-Signal Amplla‘ler Design with S-Parameters

$595.00

Instructor: Les Besser

* Microstrip Transmission Lines
 Power Combiners and Dividers
« Broadband Matching Networks
« PIN Diode Circuits

* Broadband Amplifiers

« Large-Signal Amplifiers.

y includes ™
/6 one-hour tapes,
| manual, and the book
\ Transmission Line ,
“_Transformers_~

$595.00

~includes
@ne-hour tapes a@
. manual

$595.00

Instructor: Glenn Parker

/ includes

50-minute video tape>
and manual

— J—

This course covers distributed structures in detail.

« Filter Responses and Basic Calculations
« Realization of Practical Filters

« Filter Design

« Directional Couplers

« Distributed Element Matching Networks

includes —~
(6 two-hour tapes
gnd manuz_:/l,,/

$1195.00

QUANTITY DISCOUNTS — BUY MORE SAVE MORE!
For any TWO video courses, take 5% off
For.any-FOUR video courses, take 10% off
For any 81X video courses, take 15% off

BEST BUY! For the set of EIGHT Take 25% off just $4323
‘{DH SAVE $1441!

For information or to order contact:
Noble Publishing Corporation
630 Pinnacle Court

Norcross, GA 30071

Tel: 770-449-6774

Fax: 770-448-2839
www,noblepub.com
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News

BUSINESS AND FINANCE

Motorola signs network contracts

Motorola, Inc., has announced new contracts for net-
work services, including the company’s first third gen-
eration (3G) infrastructure contracts.

Under the 3G agreements, Motorola will provide
CDMA 1X infrastructure in Portugal for Telesp Celular
and Global Telecom, both controlled by Portugal
Telecom. Motorola will install the system in the Sao
Paulo State countryside and in the states of Parana and
Santa Catarina. The combined value of the two con-
tracts is $147 million.

Other new Motorola contracts:

* An agreement with Zhejiang Branch of China
Mobile Communications Corporation and China Eastern
Communications Company calls for the expanson of the
GSM900 network in Zhejiang Province. The potential
value of the contract is more than $100 million.

* A contract with Kuwait’s Mobile Telecommunica-
tions Co. provides for expansion of the company’s
nationwide GSM network and for a trial of GPRS. The
contract is valued at $22.5 million.

operating companies in northern Mexico, currently
under management control of Telefonica Moviles, will
provide an end-to-end CDMA expansion of the existing
network. The contract is worth $41 million.

* Three contracts with China Mobile Communica-
tions Corporation call for the expansion of the existing
GSM900 and 1800 networks in the Guizjou and Henan
provinces and in the capital city of Beijing. The total
value of the contracts is $34.4 million.

e A $150 million deal with BT Cellnet in the United
Kingdom will encompass expansion of the company’s
existing GSM network, which covers most of the coun-
try. The contract runs through March 2003.

* A six-year agreement with Sprint will provide
equipment and services for the expansion and develop-
ment of Sprint’s national PCS network in the United
States. The contract is worth approximately $200 mil-
lion over the first two years of the contract.

Motorola, based in Schaumburg, IL, provides semi-
conductors, integrated communications solutions,
embedded electronic systems, components and network
supply and infrastructure services.

* A contract signed with four wireless telephone

Uncover the
Possibilities

e [nstant access Lo your board-level
components without de-soldering

\ Snaptop®
Shields

e [ids can be removed and resealed
as often as needed without
affecting locking or shielding
integrity

Think Inside the Box

e [‘'otofab will integrate Snaptop™

functionality into your design
Gontact our Technical Services
Department at 773.463.6211 for
a free sample.

Visit our website for more
information: www.fotofab.com

See us at MTT-S Booth 1043

3758 Belmont Avenue

Chicago, Illinois 60618-5292
phone: 773.463.6211

fax: 773.463.3387

email: engineering@fotofab.com

~ Or e-mail to:
amw@amwireless.com
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Typical Specifications:

Best performance, best innovations, best value. Frequency Lo ) Price
. . . (MHz) level IP3 Conv. Loss Isolation (dB) Sea.
Someone will always be on top. For example, while other Model RF IF (dBm) (dBm) AEFactor (dB) LR L1 (1-9)
companies offer some high IP3 mixers, at Mini-Circuits we've HJE-Q 818-853  40-100 7 22 1.3 7.1 36 25 }835
) . . . . - . - -191 70- 7 . . 5
introduced an entire family of mixers incorporating unique EjK;? 1228_1818 18%}53(% 7 S; },5 ?,2 Sg ?g 10.95
patented technology to deliver the highest IP3 for low, medium, HJK-OLH 818-868  40-100 10 27 17 67 37 27 1295
and high LO power levels. IP3 as high as +38dBm! And unlike ijﬂ?m }228:}318 1?6%%% 118 52 12 ZS SS ?3 1582
other mixers, our HUD and HJK models require no DC power, an-eMH 818-853  40-100 13 31 1.8 67 87 27 1495

. . g o - - 70-1 1, . .
which simplifies circuit layout and makes them very easy to use HJE_;?HH 1228,13}8 18%,330% 3 E ;g gg ?S 1382
in 115 to 2300MHz applications. But while other suppliers are  « HJK-3H 140-180 0520 16 37 21 80 44 44 1695
i i ini-Circui HJK-9H §18-853 40100 17 33 18 67 35 31 1695
concentrating mainly on IP3 performance, Mini-Circuits goes K a8 Tois 1 3 17 er % 5 e
beyond by providing very low conversion loss down to 6.7dB, HJK-21H  1850-1910 180-300 17 36 19 76 28 25 16.95
high isolation up to 49dB, and 1dB RF compression point 3dB 4 g 140-180 0520 16 37 2.1 81 47 45 1595
higher than LO power...all from a smaller, industry standard s HUD-195H  1819-1910 50200 19 38 19 75 38 36 1995

package fitting the same footprint as our popula.r SYM quels‘ AE Factor = [IP3 (dBm) - LO Power (dBm) ] +
Nobody else has these high performance, high IP3 mixers. *Units protected under U.S. patents 5, 416043 and 5,600,169,
B f [ f ** Additional patents pending.
But even if they did, nobody bult M»mv Circuits could offer them Sive (LxW x H): HJK 0.500"  0.375" x 0.23", HUD 0.803" x 0.470" x 0.250"
off-the-shelf at an amazing price from only $10.95 each!

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

L._-.:lMlm-Clrcult

CIRCLE READER SERVICE CARD
P.O. Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

W The Design Engineers Search Engme Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
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Design and Test Considerations
For Multicarrier LMDS Radios

By Erik Boch, Bob Leroux and Qiming Ren
DragonWave, Inc.
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provider community lies in a vari-
ety of areas, including rapid eco-
nomical coverage of large service
areas; high speed, next-genera-
tion service delivery; capability to
deliver IP ATM or TDM services
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from a common network and base
station infrastructure; and fast,
low-cost deployment of end cus-
tomer terminals.

Globally, spectrum allocations have been
assigned for broadband millimeter-wave access
systems. In many cases, the amount of spectrum
released is much greater than that available for
any other service type. Using these large spec-
tral allocations, the operators are able to deploy
systems with very large capacities, often several
Gb/s. These large capacities allow the operators
to configure multistream service offerings with
bandwidths that can compete with other infra-
structure options at virtually all bandwidth and
service category levels, allowing the networks to
serve a broad range of needs ranging from resi-
dential to large enterprise.
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A Figure 1. Typical metropolitan LMDS network deployment concept.

Multicarrier transmitter requirements

When considering broadband license alloca-
tions, equipment manufacturers would ideally
deploy very large bandwidth, high-speed RF car-
riers that minimize the overall complexities of
the associated base stations. Technology limita-
tions tend to dictate the use of a larger number
of narrower bandwidth RF carriers in order to
fill out the available spectrum and maximize the
operators revenue flow. This larger number of
carriers transporting the overall downlinked
data load then drives the need for a high perfor-
mance multi-carrier transmitter that is able to
handle a large number of RF carriers without
causing distortion.



SURFACE MOUNT

SPDT SWITCHES

At Your Finger Tip

SPECIFICATIONS

SR-2min-min

Power Rating,

RF Cold Switching:

Impedance:
Operating Power:
(Failsafe):

Connectors, RF
and Power:

10 Watts

50 ohms

25° C (ma nominal)
12 Vdc at 130 ma
28 Vdc at 75 ma

.018 DIA. Pins

Life:

Switching Time:

Environmental

Conditions:

Operating Mode:
Switching Sequence:

Weight:

Size:

1,000,000 operations
15 milliseconds max.

MIL-S-3928

Failsafe & Latching*
Break before make
0.6 oz

625" x 625" x .40°H

* New Latching SPDT versions now available

Smaller Package
Better Performance

Higher Reliability

RLC Electronics’ miniature
surface mount coaxial switch is
a single pole two position type.
It combines high performance
in a compact configuration.
The switch provides extremely high
reliability, long life and excellent
electrical performance. Power
consumption is less than half
that of miniature connectorized
switches. The SR Series is
available with a choice of four
different operating frequencies,
two coil voltages, and two
different pin configurations.
RLC Electronics is ISO 9002
Certified.

i TRANSFER SWITCHES
ARE ALSO AVAILABLE

RLC ELECTRONICS, INC.

83 Radio Circle, Mount Kisco, New York 10549 » Telephone: 914-241-1334 = Fax: 914-241-1753

e-mail: sales@ricelectronics.com « www.rlcelectronics.com

RLC is your complete Microwave Component source...
Switches, Filters, Power Dividers, Couplers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors

Circle 72



IEVIDSEDESTGIN

# of Carriers | Approximate Transmitter | Back-off reviewing link budgeting analyses. Typically, several
Power Needed from P, 45 kilometer radius cells (3 to 5 km, depending on the rain
16 29 4 region) with high-link availability (~99.995 percent) are
14 28 5 required. Assuming a high gain sector antenna (~20
12 28 5 dBi) and high gain circular probably error (CPE) anten-
10 26 7 nas (~36 dBi), a transmit power of ~17 dBm per carri-

8 26 7 er is required.
6 25 8 The back-off requirements of a multicarrier base sta-
; ;g 12 tion sector transmitter are shown in Table 1. This does
not consider the needed intermodulation distortion per-
P/carrier (dBm) =17 OTX Pygg (dBm) = 383 formance. When a sector transmitter is driven towards

A Table 1. Multicarrier sector transmitter back-offs for var-
ious numbers of supported carriers.

At millimeter wavelengths, there are nominally two
approaches to providing the required power levels asso-
ciated with multicarrier RF transmission. The first,
traveling wave tube technology, requires high to very
high power, a large number of carriers per transmitter
(i.e., 20 to 40 carriers), low reliability and high cost per
sector. This method is also difficult to engineer for out-
door use and results in large prime power consumption
and challenging back-up requirements. Conversely, solid
state transmitter technology offers low to medium
power, a low to medium number of carriers per trans-
mitter (i.e., 5 to 15 carriers), high reliability and low cost
per sector, as well as easier engineering for outdoor use
and low prime power consumption.

When considering a very large broadband block
license, 500 to 1000 MHz of spectrum is available for up
and downlinking. Assuming a roughly symmetric access
traffic load, the deployed downlink bandwidth would be
on the order of 250 to 500 MHz, depending on the spe-
cific spectral license. When considering 30 to 50 MHz of
occupancy per RF carrier, a total of 5 to 12 carriers
would need to be transmitted from each sector trans-
mitter. This capacity requirement is reasonably well
matched to the capacity of a state-of-the-art solid state
transmitter based on the latest PHEMT MMIC power
technology. Currently, this technology provides approxi-
mately 1 to 2 watts of compressed power. Employing bal-
anced power stages in the design of the transmitter
allows this to be practically increased to the 2 to 4 watts
P,4p range.

Further requirements can be established through

compression, various nonlinearities begin to cause unde-
sirable transmitter attributes, such as intermodulation
distortion. The various RF carriers are supported by the
transmitter mix in the transmitter and form spectral
products. In a multicarrier scenario, these products can
end up on top of the desired signals and are, therefore,
not filterable. These products then effectively reduce the
transmitted carrier-to-interference (C/I) ratio which the
supported LMDS CPE receivers must be able to demod-
ulate. The receivers are exposed to a number of ele-
ments that erode the basic received signal-to-noise
(SNR) ratio, including intercell and intersector co-chan-
nel interference, adjacent channel interference, base
station transmitter C/I and basic receiver thermal noise.

When considering various modulation schemes,
degradations from various interference sources and the
base station transmitter intermodulation can be treated
as noise-like signals (in the broadband case) that add to
the thermal noise floor, effectively reducing the receiver
processing threshold. Table 2 shows some typical sce-
narios and how the transmitted C/I can contribute to
overall sensitivity reductions in the CPE receivers that
are being supported by a given multicarrier LMDS
transmitter.

An example of the achievable transmitted waveform
(without transmitter masking filters applied) is shown
in Figure 2 (no linearization) and Figure 3 (with lin-
earization). Shown is a low power DragonWave solid
state sector transmitter handling 12 broadband QPSK
modulated signals (~20 MHz BW). The technology
employed in this transmitter allows it to produce ~20
dBm/carrier power and high-performance linearity with
a Ppgp of only 2 watts. Figures 2 and 3 show the in-band
intermodulation levels by omitting the center carrier so
that the underlying IM product levels can be clearly
seen. It is also possible to see the improvement provided
by linearization of the sectorized transmitter.

A Table 2. Examples of noise and interference factors impacting

received processing threshold.
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SNR at Min | External Resulting | 1), the case with no linearization, the IM levels

Modulation Proclessable Interference | Allowable TX C/(N+I). in are 3 to 5 dB worse, making it suitable for
Scheme Signal cin IM C/l Ve Ieceiver QPSK only. The linearized unit is suitable for
1%(PJJSA|:A 12 ;g ;g :g QPSK, IQQAM or 64QAM, H}aking it more com-
640AM 2o 9 9 o4 patible with the latest overair MAC/PHY layers
that support advanced efficiency enhancing fea-

tures such as dynamic modulation selection
(i.e., IEEE 802.16).
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A Figure 2. A typical LMDS sector transmitter output show-
ing broadband carriers and associated intermodulation
products (transmitter without linearization).

Multicarrier test considerations

Testing the intermodulation performance of a multi-
carrier LMDS transmitter is reasonably straight for-
ward. These transmitter units are typically driven at
low-frequency IFs (S-band or lower) where multicarrier
generators are available or constructible using low cost
sources (i.e., DDS boards). The output intermodulation
results are readily gathered using a conventional spec-
trum analyzer. Figure 4 shows a typical test setup used
for this type of testing.

Several factors must be carefully considered during

A Figure 3. A typical LMDS sector transmitter output show-
ing broadband carriers and associated intermodulation
products (transmitter with linearization).

the setup of this test facility in order to avoid errors
induced by the test setup itself:

¢ Individual carriers generated by the test source must
be fully incoherent. The incoherent signals will then
produce random intermodulation products which then
add up incoherently. Ultimately, this produces lower
average distortion products.

* The multicarrier test source must produce carrier
sidebands that are well below the measured IM prod-
uct levels (>20 dB) put out by the transmitter. If this

DragonWave
Sector
Transmitter
uuT

- Combiner

Multi-Carrier
Source

Spectrum {
Analyzer i

is not the case, then there is a possibility that the
test source is influencing the measured IM per-
formance levels or even causing more products
to be generated.

The test source signals should be close replicas
to the actual modulated data signals that the
transmitter is expected to handle during actual
operation (and during type-approval exercises).
The IM levels and their spectral extend are high-
ly dependent on the specific input signals driving
the transmitter.

Care must be taken to ensure that the spectrum
analyzer is not contributing to the IM products it
reports. Typically, it should be operated well into
the linear region (i.e., 30 dB below compression,
including effects of front end attenuators).
Figure 4 shows the inclusion of a coupler, which
reduces output signal levels from the transmit-

A Figure 4. Example of a test setup for multi-carrier solid state

LMDS sector transmitter intermodulation testing.
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ter well into the spectrum analyzers linear
range. The coupler also ensures that the trans-
mitter is optimally loaded.
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measurement of intermodulation (IM) distortion
products produced. Using simple techniques, this
measurement can be easily undertaken when test
setup pitfalls are avoided. Bl
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A Figure 5. Measured results of the transmitter prototype.

* If the carriers are not evenly spaced in practice, they
should be randomly spaced in testing as well. Random
spacings and bandwidths will reduce overall IM prod-
uct levels, since the IM spectral locations also become
random, thereby reducing the effects of “stacking.”

* The “missing carrier” method of measuring the IM
levels is fairly standard and shows the worst case lev-
els. Care must be taken to accommodate the trans-
mitters operating bandwidth. For example, the 12 car-
rier test results taken in Figure 2 and Figure 3 actu-
ally consume enough bandwidth for 13 carriers, since
the center one is “missed” to allow measurement of
the inband IM levels.

In order to verify the simulations, prototype units
were built and tested. Results are shown in Figure 5.

Conclusion

Broadband LMDS transmitters are required in order
to optimize base station rooftop equipment deployment,
optimize base station costs and increase overall service
revenues. Nonlinear distortion within these multi-carri-
er sector transmitters can be figured through the direct
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Datacasting with LMDS
and MMDS Systems

By Frank Creede
Logic Innovations, Inc.

facilitate datacasting, including unicast

(point-to-point), multicast (point-to-mul-
tipoint) and broadcast, has resulted in the devel-
opment of hub and client receiver technology
that is both cost-effective and functional. The
devices in use provide an exceptional means of
distributing high-speed data in point to multi-
point distribution systems over satellite, tradi-
tional television broadcast, cable television and
terrestrial microwave systems. Each of these
systems offers unique benefits and challenges.
This discussion focuses on two types of terres-
trial microwave platforms — local multipoint
distribution systems (LMDS) and multichannel
multipoint distribution systems (MMDS).

The creation of open network standards to

Datacasting technology

Datacasting technology is available using a
variety of protocols that include, but are not
limited to, ATM, frame relay, and multi protocol
encapsulation (MPE). MPE is based on the
ETSI EN 301 192 standards. The hub equip-
ment used to perform the MPE function is
referred to as an Internet Protocol (IP) to
Digital Video Broadcasting (DVB) Gateway. The
IP to DVB Gateway acts as a router, a gateway,
an encapsulator and, in some cases, a quality-of-
service (QoS) engine and a statistics logging
device for billing purposes. The resulting output
of the IP to DVB gateway is an MPEG transport
stream that is fully compatible with the open
DVB standards. Thus, the IP to DVB Gateway
can be used directly, or multiplexed together
with other MPEG transport streams (Figure 1).

The receiver of the data transmission exploits
the cost benefit of a widespread DVB open net-
work architecture, resulting in very low-cost but
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high-performance data receivers for the DVB
specified modulation techniques that include
QPSK, 8PSK and 16/32/64/128/264 QAM. The
important issue at hand is that the baseband
digital architecture is the same, no matter
which modulation technique is used.

MPE supports unicast, multicast and broad-
cast data transmissions. It offers exceptional
bandwidth efficiency in the multicast and
broadcast modes of transmission because the
data is only transmitted one time, to a host of
receiving clients. MPE systems can support one-
way “pushing” of data, or two-way communica-
tions. For simplicity, only a one-way “push” sys-
tem will be discussed in this article.

MPE and DVB standards are at the core of
the baseband technology for datacasting over a
wide range of transmission platforms. How can
these standards be used in MMDS and LMDS
transmission platforms?

The use of IP data encapsulation into an
MPEG transport stream provides a cost- and
performance-effective approach to multicasting
data on a point-to-multipoint basis. Advanced
encapsulation products provide a number of
critical features to maximize hub and band-
width efficiency. These include, but are not lim-
ited to:

* An advanced route-based design architecture
supporting the network-centric operating par-
adigm.

* An integral QoS engine providing the means
to both guarantee and limit data rates on a
per route basis.

* A buffer status algorithm that provides a
means to dynamically throttle the data from
the multicast server on a route-by-route basis.
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A Figure 1. IP to DVB gateway functionality.

In effect, this precludes the possibility of under or over
flowing the input buffers. This allows excess capacity
to be dynamically filled with productive data.

* Support for both SNMP and DCOM communications
protocols for ease of integration with network man-
agement systems.

Another reason for the use of encapsulated data is the
availability of cost-effective digital receivers in the form
of PCI receiver cards with integral tuners and QAM
demodulators.

The installation of the PCI card receivers provides
the means for a direct multicast data transfer to the
client PC. This data can then be used immediately or
cached on the PC hard drive for instantaneous retrieval
at the user’s convenience.

MMDS and LMDS platform synopsis

MMDS and LMDS are both point-to-multipoint
microwave systems that are licensed, usually on a basic
trading area (BTA) basis. However, that is where the
similarities end. The difference in the frequency bands
of these systems has a crucial effect on the system
design, capacity and usefulness for a datacasting appli-
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quence of such a
choice is that multi-
path (reflections of the
radiated energy from
either the ground or other structures) is induced, due to
reflections of the signal associated with broad antenna
beams. This in turn requires that the modulation tech-
nique provides significant immunity to the effects of
multipath.

Only three demodulator technologies are produced in
sufficient volume to be cost-effective and also provide
some immunity to multipath: 8VSB, COFDM (coded
orthogonal frequency division multiplexing) and CATV
demodulators using QAM. Both 8VSB and QAM use
extensive equalization to counteract the multipath
effects. The equalizers for 8VSB are continuing to be
improved at this time but are not yet sufficiently mature
to meet the requirements associated with these links.
COFDM links, on the other hand, are available. They
offer significant multipath immunity, and operate with
lower E,/N, requirements than QAM modulations.
However, COFDM links do so with less spectral efficien-
cy — that is, fewer bits/second/Hertz than higher order
QAM modulation.

QAM demodulators use extensive equalization to
overcome the multipath in CATV systems. However,
since they were built for the CATV environment — a
very high signal-to-noise environment — these demodu-
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Parameter MMDS LMDS
Frequency band 2.5t02.7 GHz 28.51t0 29.5 + 31.0t0 31.3 GHz
Propagation Good for medium Good for short range,
characteristics range, line-of-sight, line-of-sight, <5 miles
<50 miles Free space attenuation
Free space attenuation >Kd? (or >6 db/octave)
~Kd? (or ~6 dB/octave)
Antenna ~11 times larger ~1/111" the size of

characteristics

than equivalent
LMDS antenna
with same specs

an equivalent
MMDS antenna with
same specs

Since practicality
dictates that
antennas will be of
approximately the
same physical size

MMDS antennas

will have less directivity
(i.e., broader beam-
widths) than LMDS
antennas

LMDS antennas will have
more directivity (i.e.,
narrower beamwidths)
than MMDS antennas

Favored cell Single, large macrocell Multiple, small microcells
architecture
Impact of cell Limited bandwidth Large bandwidth

architecture

availability due to
no frequency reuse

available, which can
effectively be increased
by decreasing cell size

Ability to support
two-way system
architecture

Limited due to
bandwidth, antenna
characteristics and
propagation
characteristics

Well suited due to small
cell size, large available
bandwidth and highly
directive antennas in
reasonably small sized

Link pathology

Long range and broad
antenna beams ensures
significant multipath

Short range and highly
directive antennas mean
little or no multipath

Modulation
preference

High order modulation
producing more bits per
second per hertz, with a
strong multipath
immunity (e.g., DVB-C
QAM or COFDM
modulations)

Lower order modulations
to minimize Eb/N,,
requirements to minimize
self interference (e.g.,
DVB Q/8PSK

modulations)

A Table 1. Link pathologies of LMDS and MMDS.

limited bandwidth for two-way, inter-
active Internet access is certainly fea-
sible, but does not produce broad-
band access to any reasonably sized
population base. However, the use of
datacasting, which exploits the mul-
tiplying effect of data multicast and
broadcast, can provide a cost-effec-
tive and easily deployed model.

The MMDS model described is
dramatically affected by the combi-
nation of bandwidth limitations,
propagation characteristics and the
resulting impact on preferred modu-
lation type. The LMDS environment
has similar cause and effect charac-
teristics, but with a clearly different
conclusion.

LMDS licenses are, like MMDS,
issued on a BTA basis. The “A” licens-
es provide 1.15 GHz of bandwidth in
the 28 to 31 GHz frequency band.
The “B” licenses provide a mere 150
MHz of bandwidth. Operation in this
frequency is clearly “line-of-sight,”
with free space attenuation being
further increased by atmospheric
absorption due to moisture and pol-
lutants. This characteristic is actual-
ly beneficial in deploying a cellular
infrastructure as it helps to reduce
cell-to-cell interference.

The use of the 28 to 30 GHz range
adds another critical feature to sys-
tem design. The high frequency
allows for the design and construc-
tion of small antennas with excellent
directivity. The ability to use highly
directive antennas is one of the key

lators incorporate only Reed-Solomon block decoding,
foregoing the benefits that concatenated forward error
correction (FEC) coding provides in dramatically reduc-
ing the threshold E;/N requirements for the demodula-
tor. Wireless systems, on the other hand, are always lim-
ited by noise. Therefore, the use of QAM modulation in
the MMDS environment imposes very high S/N and cor-
responding E,/N, requirements on the system. These
high S/N requirements produce dramatic self-interfer-
ence in a cellular environment where some level of fre-
quency reuse is the justification of a cellular deploy-
ment. The use of higher order QAM modulation effec-
tively precludes the use of a cellular MMDS deployment
and encourages a single macro-cell architecture.

In the single cell MMDS deployment, the available
bandwidth is limited to the frequency band licensed,
which is equal to or less than 200 MHz total. Using this
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factors to reducing multipath. The reduction or effective
elimination of multipath provides the option to select
more energy-efficient modulation types, without the
need for extensive equalization. DVB-QPSK is an ideal
choice for modulation because it provides very low E/N,,
threshold requirements, is supported by mass-produced,
ASIC-based demodulators and promotes the most pro-
ductive frequency reuse plan for cellular deployments.
LMDS has significant bandwidth, propagation char-
acteristics favorable to cellular infrastructures and mul-
tipath characteristics that can be controlled by design.
Deploying such systems on a cellular basis provides the
means of effectively multiplying the available bandwidth
by the number of cells deployed and allowed for unlimit-
ed bandwidth. Therefore, LMDS systems have been
designed as two-way communications systems incorpo-
rating either frame relay or ATM switching technology.



These systems provide high perfor-
mance and can be rapidly deployed.
The drawback is that they are
expensive on a per subscriber basis
due to the complex switching tech-
nology and the cost of the power
amplifier for the return link.

Reducing the cost of the sub-
scriber terminal is partially achieved
by limiting the power output of the
linear amplifier used for the return
link. The power limitation trans-
lates to an effective operational cell
radius of operation that is most com-
monly 2.5 miles or less. The limited
distance between the hub and the
client receiver further contributes to
the control of multi-path and the
expansion of available bandwidth.

It would appear that LMDS has
all of the benefits. Regrettably, they
are achieved at some significant cost
on a per subscriber basis due to the
cost of two-way terminal equipment.
An overlay of a point-to-multipoint
service, in addition to the existing
two-way infrastructure provides a
low cost means of expanding sub-
scribers with an additional tier of
service.

In LMDS, like in MMDS, the use
of IP encapsulated data allows for
the use of low-cost receivers based
upon the DVB-QPSK products com-
monly used in satellite transmission
systems. The hub equipment, i.e.,
the site and the transmission equip-
ment, is assumed to be present. All
that needs to be added to the hub is
an IP to DVB gateway and a multi-
cast data server. On the client side,
the standard antenna with a LNB
(low noise block) downconverter,
downcoverting the 28 GHz to an L-
band (950 to 2150 MHz) IF frequen-
cy, is standard equipment for the
traditional deployments. Using a
common antenna and adding a low-
cost PCI based receiver card can pro-
vide the same service opportunities
as in the MMDS multicast case.
Additionally, it provides an effective
path to identifying future customers

for the less costly, higher-perfor-
mance two-way communications
capability. &
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Biro CompoNENT PRoDuUCTS, INC.
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BCP Power Attenuator and Termination line includes:

150-WA-FFN-XX 150 Watt Convection Cooled Attenuator
300-WA-FFN-XX 300 Watt Convection Cooled Attenuator
500-WA-FFN-XX 500 Watt Convection Cooled Attenuator
1000-WA-FFN-XX 1000 Watt Convection Cooled Attenuator

150-WT-FN 150 Watt Convection Cooled Termination
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imaging in the design process. This
assures even heat dissipation and
greater reliability in our product.

BiIrRD CoMPONENT PRODUCTS
responds to customer require-
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on time delivery.
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TEST EQUIPMENT ‘

EMC test areas

Schaffner has introduced the
Comparison Noise Emitter CNE
6507, a continuous spectrum radi-
ated noise source with a useable
output from 1.5 to 7 GHz. The
portable unit can be used for carry-

el

ing out checks in GTEM cells, ane-

i

choic chambers and open area test

sites. CNE 6507 is the first broad-
band source to make consistency
checks possible up to 7 GHz.

Schaffner
Circle #147

Receiver for GSM/DCS

A dual band signal strength
receiver for making pathloss mea-
surements in the GSM and DCS
frequency bands is now available
from Practical
Systems
Engineering.
The unit mea-
sures signals
in the ranges
925 to 960
MHz and 1805
to 1880 MHz,
from -20 dBm
to -120 dBm.
The frequency and signal strength
are displayed on the front panel
LCD or can be monitored over an
RS232 interface. Data can be col-
lected and stored in a Microsoft®

Excel spreadsheet. The receiver is |

compact, about 6 x 3 x 2 inches, and
battery powered. The unit is priced
at $3,295. A companion CW trans-
mitter is also available.

Practical Systems Engineering
Circle #148

Bluetooth™ test set

Anritsu introduces the MT8850A
Bluetooth™ test set that meets the
industry’s demand for Bluetooth
test instrumentation. The set con-
ducts measurements in accordance
with RF Test Specification V0.09,
using the Bluetooth protocol stack
for full implementation of test-mod-

mum linear power of 120 watts

| across a 800 to 2500 MHz multioc-
| tave band. All three are suited for

ule signaling. The set is an ideal |

tool for production test of Bluetooth
chip sets and modules, as well as
consumer products using Bluetooth
radios. The MT8850A occupies only
half a rack and weighs 3.5 kilo-
grams, allowing it to fit into any
ATE application. It is priced under
$20,000.

Anritsu Corporation

Circle #149

AMPLIFIERS

Three new amplifiers

Ophir RF has three new ampli-
fiers on the market, all small, light-
weight, high powered, solid state

e

linear amplifiers. Model 5080 has a
minimum linear power of 100 watts
and covers the multioctave band

800 to 4200 MHz. Model 5101 hasa

minimum linear power of 40 watts
across a 800 to 2500 MHz multioc-
tave band. Model 5102 has a mini-

multiband PIM testing, device test-
ing and TWTA replacement.

Ophir RF

Circle #150

Two high-power HBT power
amplifiers

Anadigics has introduced two
new InGaP HBT power amplifiers
for use in multi-mode, multi-band
CDMA handsets that support 2.5G
CDMA applications. The AWT6105

.

-

AWT6106
0116 04584~AD
IWAN

AWTE105
0113 04398
1716-D TAIWAN 1713-H

is specifically designed for cellular
CDMA, CDMA-1X and AMPS appli-
cations in the 824 to 849 MHz
range. The AWT6106 is targeted for
PCS CDMA and CDMA-1X applica-
tions operating at 1850 to 1910
MHz. Both devices combine all of
the necessary passive components
for full compensation and 50-ohm
input/output matching.

Anadigics

Circle #152

Integrated power amplifier
modules

Intarsia has announced the first

| members of a new family of power
' amplifier modules for wireless and

RF applications. The three PA mod-
ules are specifically designed for
single- or double-band cellular
phones and base stations operating
in the PCS frequency band between
1.7 and 1.9 GHz. Additional power
and driver amplifier modules in the
family, targeted at numerous fre-
quencies, applications and markets,
are planned for release in the next
six to nine months.

Intarsia Corporation

Circle #152
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Triple gain amplifier

Atmel has announced a new
triple gain low-noise amplifier man-
ufactured using SiGe technology.

The IC T0952 can be used for con-
superheterodyne or

ventional
direct-conversion receivers in 1800
to 2000 MHz PCN and PCS mobile
phone applications. The T0952,
with three-stage amplifier and

_ SiGe LNA Family

T0

INDUSTRY’S LARGEST INSTALLED BASE

synthesized

LO sources

with:

» crystal control

- ultra-low phase noise

> ps-switching

» multi-octave coverage

> fine resolution
» 0.1 MHz - 3.2 GHz

PTS HAS MANY DIFFERENT MODELS

=GUENG INTHES
PROGRAMMED TEST SOURCES, INC.

9 Beaver Brook Road
Littleton, MA 01460

Tel: 978 486-3400

Fax: 978 486-4495
http://www.programmedtest.com
e-mail: sales@programmedtest.com
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switchable gainm provides a combi-
nation of low noise (NF of 2.5 dB in
high-gain mode), large signal capa-

- bility (IIP3 of -8 dBm in low-gain

mode) and high reverse isolation
(greater than 40 dB).

Atmel Corporation

Circle #153

Coaxial amplifier

Mini-Circuits introduces the
ZHL-1010-75 coaxial amplifier,

which typically provides 47 dBm
IP3 and 88 dBm IP2 to help reduce
intermodulation products within
the 50 to 1000 MHz frequency
band. Additionally, this 12-volt DC,
75-ohm unit delivers 9.5 dB (mini-
mum) gain, *0.7 dB (maximum)

flat, and typical 30 dBm maximum
power output. The unit is equipped
with 75-ohm BNC-Female connec-
tors and heat sink for operation in
the —20 to +65 degrees Celsius
(maximum) temperature range. It
is priced at $149.95 each in quanti-
ties of one to nine.

Mini-Circuits

Circle #154

Dual-supply op amplifiers
Maxim Integrated Products has

introduced the MAX4350 and

MAX4351, which are 210 MHz,

-

MAX4350

B

L3
T
b
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low-power, dual-supply op ampli-
fiers available in the SC70 and
SOT23 packages. The combination
of Rail-to-Rail® outputs, low power
and wide bandwidth in an ultra-
small package makes these op amps
ideal for a variety of wideband
applications for the consumer mar-
ket, including set-top boxes, sur-
veillance video systems, digital
cameras and CD-ROM drives.
Maxim Integrated Products

Circle #155

CABLES & CONNECTORS

Solderless connectors

Times Microwave Systems has
introduced “EZ” solderless TNC
r its LMR-
=

and N type connectors fo

240 low loss coaxial cables. The con-
nectors, designated as EZ-240-TM
and EZ-240-NM, have knurled cou-
pling nuts and crimp-style outer
contact attachment rings. These
connectors are suited for use at the
upper ISM frequency bands of 2.4
and 5.8 GHz because of their low
loss and low VSWR.

Times Microwave Systems

Circle #156

BMA connector

Tru-Connector has introduced a
new high frequency blind-mate
slide-on connector that assures a
positive connection for multiple

interconnect applications. The
BMA connectors feature internal
contact spring fingers to provide a
positive alignment interface with
minimal insertion force and allow
for 0.015-inch movement without
degradation of electrical perfor-
mance. Accommodating a maxi-
mum of 0.050-inch axial- and
+0.020-inch radial misalignment,

the BMA connectors are available
for flexible and semi-rigid cables.
Pricing is $22.45 each, depending
on quanitity.

Tru-Connector Corporation

Circle #157

Cable assemblies
K-Jumpers are the latest high
frequency cable assemblies intro-

' . ¢ Chip capacitors
Let ven kel help . Chip resistors
¢ Chip resistor arrays

you cut down | Pee
your cee Chip thermistors

Engineering kits

... space requirements: Venkel’s new 0201
chip resistors and ceramic chip capacitors
are best suited to meet minimal space
requirements that today’s compact and
high-density designs demand.

... delivery time:with our extensive inven-
tory and one of the shortest lead times in
the industry, we can ship most orders

within 24 hours in full or partial reels. Now,
you can order until 5 pm (CST) and still get.
same day shipping.

... price tag: get factory direct pricing with-
out losing the flexibility of distribution. :

... production bottlenecks: with our KanBan
program — part of Venkel’s Value Added
Services (VAS) program, you have a guaran-
teed inventory of critical items that are
released by you without any predetermined
shipping dates.

... order processing time: our friendly and
knowledgeable sales staff is ready to assist
you at every step of the way.

To learn more about how Venkel is “Actively -
Redefining Surface Mount Passives, ” visit
www.venkel.com or call 1-800-950-8365.

Vil

VENKEL LTD.

Actively Redefining Surface Mount Passives™

www.venkel.com

e-mail: sales@venkel.com
4807 Spicewood Springs Rd., Bldg. 3
Austin, Texas 78759

(512) 794-0081 » Fax (512) 794-0087
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duced by Florida RF Labs. These
assemblies incorporate patent-
pending 2.9 mm (K) compatible
connectors. They may be bent
around a 0.250-inch radius to form

a right angle without loss of perfor-
mance and may be re-bent in excess
of ten times without performance
degradation. The assemblies typi-
cally have better than a 1.25 VSWR

to 40 GHz and feature greater than |

90 dB of shielding. Currently,
Florida RF Labs stocks 6- and 12-
inch lengths of the K-Jumpers,
with lengths available from 2 to 60
inches. Pricing for 1 foot jumpers
starts at less than $45 each in
quantities of 25 pieces. Custom
sizes, including pre-bent low profile
right angles, are also available.
Florida RF Labs

Circle #158

End launch kits

Andrew has

installations. The new kits include
end launch waveguide-to-coaxial
transitions,
premium
coaxial
cable and
connectors

specifically
for higher
frequency
microwave
applica-
tions, plus a
variety of
accessory combinations to meet

46 - AprrLIED MICROWAVE & WIRELESS

introduced End |
Launch Kits for microwave site |

selected |

site-specific requirements. The end
launch kits are currently available
for the 4.4 to 5.0 GHz, 5.85 to 7.75

GHz and 7.7 to 8.5 GHz frequency |

bands.
Andrew Corporation
Circle #159

SEMICONDUCTORS -

SiGe front end IC

Atmel has introduced its highly
integrated RF Silicon-Germanium
(SiGe) front end IC (including a
low-noise amplifier and a power
amplifier) for the radio part of long

range, 100 meter, Bluetooth™ sys-
tems in Flipchip technology. With a
die size of 1.6 x 3.2 mm and a pitch

size of 400 p, it fits into the small-

est applications. For easy assembly,
two additional small-sized packages
are also available (MLP20 with 5 x
5 mm and PSSOP20).

Atmel Corporation

Circle #160

Single-chip transmitter

An integrated, single-chip ampli-
tude shift keyed (ASK) RF trans-
mitter designed specifically to meet
the needs of low-cost loop antenna

transmitters is now available from |

Micrel Semiconductor. Highly inte-
grated in SOIC-8 packaging, the
MICRF102 requires only five exter-
nal components and incorporates
transmit power control and auto-
matic antenna tuning. Features
include 300 to 470 MHz transmit
frequency, 20 kpbs (maximum) data

rate, closed-loop power control,
ASK modulation, 5.75 mA mean
supply current at -2 dBm transmit
power, a shutdown pin, 4 mA space
supply current and supply voltage
of 5 volts.

Micrel Semiconductor

Circle #161

Programmable transceiver
The Honeywell Solid State
Electronics Center (SSEC) has
introduced Radio On a Chip (ROC),
a programmable, single-chip RF
transceiver designed for 434, 868
and 915 MHz wireless frequency
applications. The ASIC uses 0.35
micron CMOS technology and a
direct-down conversion radio archi-
tecture to reduce cost; facilitate on-
chip integration of RE, analog and
digital functions; provide low power
consumption and form the basis of
future customized wireless trans-
ceivers. The ROC is ideal for con-
sumer or business applications.
Honeywell SSEC
Circle #162

Modem chip set

Intersil has introduced its new
CommLink™ OC-3 Modem chip
set and reference design for cus-
tomers who are designing broad-
band wireless Internet and cellular

backhaul infrastructure

equip-
ment. The ISL87060 chip set is
designed to enable rapid deploy-
ment of point-to-point digital radio

systems that support wireless
transmissions of voice, data and
video at OC-3/STM-1 speeds of 155
megabits-per-second.

Intersil

Circle #163



Qty. 25
10dB “DO-IT-YOURSELF”

COUPLER DELIVERS COST SAVINGS
Designed to lower costs through automated
manufacturing, the TCD-10-1W from
Mini-Circuits needs only a commercially
available 50 chm external chip resister,
and a complete 10 to 750MHz directional
coupler is realized. Electrically, this rugged
50 ohm coupler provides 10.3dB+0.5dB
normal coupling with +0.8dB (max.) flatness.
Midband, typical mainline loss is 1.2dB and
directivity is 18dB (typ.) The 50/75 ohm
“Do-It-Yourself” TCD family contains 9 units
with 9 to 20dB coupling for 5 to 1000MHz.

4950 TO 5900MHz MIXERS

HAVE HIGH IP3 AND LOW HEIGHT
Mini-Circuits temperature stable MBA-591L
BlueCell™ mixers are a low 0.070" profile
solution for today’'s compact 4950 to
5900MHz wireless products. Typically at
midband, these patented level 4 (LO) mixers
offer high 15dBm IP3 to help suppress
intermodulation products, 7.0dB conversion
loss, and high 35dB L-R, 26dB L-I isolation
bandwide. High repeatability is achieved
using state-of-the-art automated
manufacturing. Applications include ISM,
satellite, and PCMCIA.

[JMini-Circuits

FEATURED
PRODUCT

DC T0 6000MHz FIXED ATTENUATOR
SERIES IS COST EFFECTIVE

The VAT family is a very low cost, wide
band DC to 6000MHz fixed attenuator
series from Mini-Circuits delivering nominal
attenuation from 1 to 10dB in 1dB steps,
plus 12, 15, 20, and 30dB. Equipped with
SMA Type Male/Female connectors, the
rugged unibody construction measures
only 1.42" long (.370” diameter) and can
handle 0.5 watt power (at 70°C ambient).
ldeal for impedance matching and signal
level adjustment applications. Designer’s
kits available.

SV VCO HAS LOW

PHASE NOISE 400 TO 850MHz
Mini-Circuits has introduced a 400 to
850MHz wide band surface mount voltage
controlled oscillator that operates from a
5V (nominal) power supply. Typically, the
JTOS-850VW operates with 0.5 to 18V
(min. to max.) tuning voltage, and features
low -96dBc/Hz SSB phase noise at 10kHz
offset, 156-80 MHz/V tuning sensitivity,

and high +8.0dBm power output suitable
for LO drive to mixers. Solder plated
J leads provide superior mechanical
integrity over temperature.

$18.95 ea.
Qty. 5

DC TO 4GHz MMIC AMPLIFIER
HAS HIGH RELIABILITY

Mini-Circuits has unveiled the GAL-55, a
newly developed MMIC ampilifier for DC to
4GHZ, and usable to 6GHz. When operated
at 2GHz/25°C, the unit delivers high 18.5dB
gain (+1.7dB typ flat DC-2GHz), maximum
output power of 15.0dBm (typ, at 1dB
comp.), and high 28.5dBm (typ) IP3. These
50 ohm amplifiers are housed in a small
SOT-89 package with exposed metal
bottom for excellent heat dissipation, and
display low 100°C/W (typ, 8jc) thermal
resistance. Usesinclude cellular and PCS.

EBLUECELL‘
TECHNOLOG Y

WORILD’S SMALLEST

2WAY-0° SPLITTERS 5-1000MHz
Micro-miniature SBTC-2-10 power
splitters from Mini-Circuits measure only
0.16"x0.168" square, making them the
smallest 2way-0° power splitters on the
market for the 5 to 1000MHz band.
Incorporating patent pending Blue Cell™
technology, these high performance 50
ohm units typically display low 0.5dB
insertion loss (above 3.0dB), excellent 0.2dB
amplitude, 1.0 degree phase unbalance,
and exhibit excellent temperature stability.
Leads are solder plated.
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Quasar are Europe's leading supplier of flexible/twistable waveguides.

With many years experience and leadership in the waveguide field Quasar
has a reputation for high quality, fast delivery and excellent customer service.

The flexible/twistable waveguides are manufactured in our modern purpose
built premises in the UK, products are available world-wide through our International
chain of distributors with speed and efficiency.

If you need the ultimate in flexibility and reliability at an affordable price,
then make Quasar your number one for flexible waveguides.

Quasar @

Quasar Microwave Technology Limited
Battle Road - Heathfield - Newton Abbot - Devon TQ12 6XU - England.
Tel: +44 (0)1626 834222 Fax: +44 (0)1626 832994
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labtechcircuits
.com

Microwave PCB and MMIC
Packaging Solutions

Post & Pre Bonded Metal Backed PCBs
¢ MMIC Interconnection solutions

MMIC Chip & Wire assembly

Precision high tolerance softboard

e Mixed dielectric multilayers

~7// LABTECH

Full technology support and design
guidelines www.labtechnical.com
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GaAs MMIC up-converter

Mimix has introduced the XU1000, a totally inte-
grated gallium arsenide (GaAs) monolithic microwave
integrated cir-
cuit (MMIC) up-
converter on a
single chip. This
device is a single
fundamental
mixer followed
by a single stage
amplifier. Using
0.15 micron gate
length GaAs
pseudomorphic
high  electron
mobility transis-
tor (pHEMT) device model technology, the up-convert-
er covers the 17 to 27 GHz frequency band with a typi-
cal small signal gain of 0 dB and typical third order
intercept point of +12 dB across the band. The device
features low DC power consumption and operates at
+3.0 VDC. Samples are available now from stock.
Mimix Broadband
Circle #164

LNA/SAW filter/mixer module

RF Micro Devices has introduced the RF3404, a fully
integrated dual band tri-mode receive module incorpo-
rating low noise amplifiers, SAW filters and mixers for
CDMA handset and PDA applications. Manufactured
using an advanced SiGe process technology, the RF3404
offers cellular band gain of 25 dB with a typical noise
figure of 2.0 dB and an IIP3 of -9 dBm. PCS band gain
is typically 25 dB with a noise figure of 2.2 dB and an
IIP3 of -9 dBm. The RF3404 measures 8 x 8 mm and is
designed with an optional LO frequency divider, which
provides the flexibility to use either single or dual VCO
architectures. It is offered in a land grid array laminate
module package.
RF Micro Devices, Inc.
Circle #165

CDMA RF synthesizer

Silicon Laboratories has introduced the Si4135
CDMA RF synthesizer, the newest member of the com-
pany’s Criterium~ RF synthesizer family. The single-
chip Si4135 is designed for single-band, dual-band,
dual-mode and tri-mode CDMA/AMPS handsets and
other IS-95 wireless data applications. It is offered in a
5 x 5 mm MLP28 and is priced at $6.75 in quantities of
10,000 or more. Samples are available now, with vol-
ume production in the third quarter of 2001.
Silicon Laboratories, Inc.
Circle #166
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SIGNAL PROCESSING

Broadband power MOSFET
Motorola has introduced a broad-
band RF power MOSFET optimized
for 1.0 GHz base station applica-
tions. The MRF900R2 is a single-

ended device individually tuned to
operate at the 960 MHz frequency
band and designed to be used in
Class AB for 26-volt base station
equipment. The MRF900R2 is an
array of three 2-watt transistors in
a single, surface mountable, 16-pin
Power Flat Pack (PFP-16) package.
Pricing is $14.40 each in quantities
of 10,000 or more.

Motorola, Inc.

Circle #167

Directional coupler

Bird Component Products has
expanded its line of coaxial direc-
tional couplers to include a 100-
watt unit. Model 100-BC-FFN-20

offers input power handling up to
100 watts, frequency range of 225
to 400 MHz and 20 dB coupling.
Directivity is 25 dB minimum,
insertion loss 1.15:1 maximum (pri-
mary and secondary lines) and fre-
quency sensitivity is 1.0 dB maxi-
mum. The coupler is constructed
with type N female connectors.

Bird Component Products, Inc.

Circle #168

Wideband matching DC
and bi-directional coupler

Mini-Circuits has introduced two
new products, a wideband matching
DC (ALMP-5075) and a coaxial bi-
directional coupler (ZABDC10-
25HP). The ALMP-5075 unit is a
wideband surface mount matching
pad engineered for the DC to 3000
MHz freqeuncy band and optimized

to meet performance requirements

IT200B

Contact
sales@rakon.co.nz
to receive your FREE
Product Guide on
CD-Rom

Rakon pioneered the development of crystals
and oscillators capable of maintaining high
levels of accuracy and stability under extreme
environmental conditions.

Rakon offers you:

+ Ongoing development of miniaturized timing
solutions

Crystals and oscillators that perform reliably in
extreme environments

Flexible product specifications for individual
solutions

World leading innovation and expert crystal and
oscillator design

A world where Cellular Phone, Electronics, Global
Positioning Systems (GPS), Instrumentation,

Pagers, Satellite, Telecom, Military, Microwave and
other wireless products can perform in the extreme.

.

Make the jump
with Rakon at
www.rakon.com
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of 50- to 75-ohm wideband match-
ing. The 1500 to 2500 MHz
ZABDC10-25HP monitors forward
and reverse power up to 10 watts,
with a 10 dB £1 dB nominal cou-
pling value, typical insertion loss of
0.55 dB, directivity of 26 dB and
VSWR of 1.1:1.

Mini-Circuits

Circle #169

I-Q modulator

Planar Monolithics Industries
has introduced the PMI Model No.
PS-360-AC, an analog controlled

phase shifter, high speed I and Q

modulator. The modulator has been
optimized for the 3.5 to 6.5 GHz
frequency range. It is designed to
have low spurious harmonics, low
insertion loss and a VSWR of 2.0:1.
It operates with +15 VDC and is
3.25% 3.25 x 0.85 inches.

Planar Monolithics Industries, Inc.
Gircle #170

RF switch for low power

switching applications

M/A-COM,
Electronics, has introduced a new
SPDT GaAs switch suitable for low
power switching applications from
DC to 3 GHz. The switch operates

on a positive or negative control |

voltages as low as 2.3 volts, offers
low insertion loss (<0.4 dB) and
good isolation (>15 dB) at 1.0 GHz.
It is available in an ultra small
SOT-363 (SC-70) plastic package
and is priced under $0.40 each in
quantities of 10,000 ore more.
M/A-COM, Inc.

Circle #171

Directional couplers
Dow-Key Microwave introduces
a line of 10, 12 and 20 dB direction-
al couplers. The C-10-15-1, C-12-
15-1 and C-20-15-1 assemblies com-
bine switching and passive compo-
nents that address automated test-
ing needs for RE, microwave and
wireless product manufacturers.
Designed to cover present and
future wireless frequency ranges,
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a unit of Tyco |

these couplers offer RF perfor-
mance and have low IM properties
(~100 dBec, with an upgrade to -135
dBc optional).

Dow-Key Microwave Gorporation
Circle #172

MATERIALS & MANUFACTURING

Dissolvable spacers
Multi-Seals has introduced
Wash-Aways ~ spacers, designed to
provide consistent spacing between
printed ciruit boards and compo-
nents. These organic polymer spac-
ers locate PCB components during

soldering operations. After solder- |
ing, Wash-Aways dissolve in most
water-solvent baths. This leaves |
uniform spacing between compo- |
nents and boards, which provides |

free circulation of air, mechanical
protection, optimum filleting and
greater accessibility for inspection,
cleaning and conformal coating.
Wash-Aways are available in a wide

range of sizes and shapes to accom-

modate a variety of PCB compo-
nents. They contain no ionizable
materials, salts, sugars, metals or
soaps, and they are non-corrosive,
non-conductive and non-toxic.
Typical dissolving time in hot water

is 2 to 80 seconds, depending on

spacer thickness.

Multi-Seals, Inc.
Circle #173

Shielded enclosures
Lindgren RF Enclosures offers
two shielding systems for control-
ling EMI/RFI noise: the Series 81
Solid Cell Type Construction
Enclosure and the Series 71 Screen
Room. These modular enclosures
are designed to prevent malfunc-
tion of wireless communications

~ Series 7]
. Copper Screen Room =

and electronic devices, as well as to
contain disruptive radiating signals
from high-emission devices. They

prevent sensitive information
inception and protect systems from
high voltage sources and electro-
magnectic pulses. Applications
include EMC product compliance
testing, instrumentation repair,
production line testing and cellular
and paging service.

Lindgren RF Enclosures, Inc.

Circle #174

Conductive foam connec-

tor shields

Laird Technologies has devel-
oped a line of conductive foam con-
nector shields. The conductive
foam provides X-Y and Z axis con-

ductivity, providing enhanced EMI
shielding effectiveness and ground-
ing required by the increasing oper-
ating speeds of computer, telecom-
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munications and aerospace equip-
ment. Conductive foam is ideal for
use in non-dynamic applications,

such as input/output and other |

standard connector configurations.
Improved Z-axis conductivity
improves shielding effectiveness to
more than 110 dB across a wide
range of frequencies. Compression
ranges from 10 to 50 percent of
original uncompressed thicknesses,
which are available in 0.060 and
0.125 inches.

Laird Technologies, Inc.
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Thermoplastic compounds

RTP has developed a family of

thermoplastic compounds that
improve the performance of elec-
tronic devices for use with the new
Bluetooth wireless communications
protocol. These custom materials

feature modified electrical and
dielectric properties that enhance
signal transmission and reception.
A complementary product line pro-
vides EMI shielding to help meet
FCC regulations. Compounds for
Bluetooth™ technology address the
three primary phenomena that
occur when electromagnectic sig-
nals encounter an object. These
phenomena are absorption, reflec-
tion and transmission.

RTP Company
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RF/EMI shields with

removable top covers

PEI has introduced RF/EMI
shields with patented “Easy
Access”” removable top covers,
designed to protect components
from radio frequency/electromag-
nectic interference and environ-

mental hazards, as well as to pro-
vide electrical grounding. Shielding
options for circuit board applica-
tions include one-piece or two-piece
construction, standard materials,
etched holes or patterns for compo-
nent cooling and patented CDW"
(controlled depth/width) etch to
hand-form at specific angles.
Photofabrication Engineering, Inc.
Circle #177

RF Systems

JFW understands that everyone’s RF
testing requirements are unique.
Through the integration of attenua-
tors, switches, matrix switches, power
dividers, couplers, isolators and filter
JFW can provide turnkey solutions to
complicated RF problems. Applications
range from cell system fading emula-

tion and cellular traffic simulation to

automated switching and testing. For
more information, please visit the RF
Test System and Matrix Switch sectior
of our web sit at

www.jfwindustries.com/system.html
www.jfwindustries.com/matrix.html.

JFW Industries, Inc.

Specialists in Attenuation and RF Switching

TeL (317) 887-1340 « Toll Free 1 (877) 887-4539 » Fax (317) 881-6790
5134 Commerce Square Dr. « Indianapolis, Indiana 46237

Internet- http://www.jfwindustries.com

E-mail- sales@jfwindustries.com
IS0 9001 Certified
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OPTIC COMMUNICATIONS

Quad channel set

The Honeywell Solid State
Electronics Center (SSEC) has
introduced a quad channel photo
diode receiver and laser diode dri-
ver set for 10 Gb/s Ethernet fiber
optic applications. Using a XAUI
standard interface, both the receiv-
er and driver meet IEEE 802.3a
standards and have integrated
designs that use the company’s
patented silicon on insulator (SOI)
CMOS technology. The 3.3-volt
powered quad driver accommodates
soft start and hot plug operations,
can disable individual channels and
is gigabit interface converter
(GBIC) compatible for single point
failure detection.
Honeywell SSEC
Circle #178

Driver amplifier

Celeritek has introduced a new
driver amplifier for external fiber
optic modulators targeting high
bandwidth  applications.  The
CMM2030-BD optical wideband
GaAs pre-driver amplifier provides

more gain in the device, reducing
power consumption as much as 75
percent. The amplifier operates
from 30 kHz to 32 GHz, with a lin-
ear gain reponse of 11 dB. Low
internal jitter makes it ideally suit-

ed for high speed digital data appli-
cations. Pricing starts at $90 each
in quantities of 5,000 or more.
Celeritek, Inc.

Circle #179

Advanced DSP hoard and

system catalog

Ixthos has published a compre-
hensive new product catalog. The
catalog covers a broad range of
advanced DSP board and system
level solutions for applications
ranging from commercial and wire-
less telecoms, digital radio and
semiconductor fabrication to seis-
mic exploration/monitoring and
other data intensive applications.
The full-color, illustrated, eight-
page catalog details Ixthos’
CHAMP (common heterogeneous

Customer
Satisfaction
with
Reliability

www.ntktech.com

SANTA CLARA
(408) 727-5180
Fax (408) 727-5076

SAN DIEGO
(760) 747-8843
Fax (760) 747-0689

NTK recunoLocies

PACKAGING RF AND MICROWAVES

BOSTON
(508) 820-0220
Fax (508) 820-3463

NEW JERSEY
(973) 376-6070
Fax (973) 467-5794

Fax (602) 470-9797

Call or
write
to Pmy
of Our
Local
Sales
Offices

PHOENIX
(602) 470-9898

AUSTIN
(512) 338-0727
Fax (512) 338-4350
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architecture for multi-processing)
architecture, which features seg-
mented data passing buses, simu-
latneous, high speed data transfers,
four leading edge DSP processors
and two industry standard PMC
sites for tightly coupled I/O.

Ixthos, Inc.
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Bonding brochure

The Industrial Business Unit of
Adhesives Research has introduced
a new optically clear pressure-sen-
sitive  adhesive  technologies
brochure, as well as a new touch
screen flier for the display market.
The ARclear™ optically clear PSA
product line is available to manu-
facturers around the world for
range of critical FPD bonding appli-
cations. AR can also custom engi-
neer optically clear products for
critical display bonding needs.
Adhesives Research, Inc.
Circle #181

Power amplifiers catalog
Stealth Microwave, a division of

SSB Technologies, Inc., has a new

12-page catalog that features the

58 - APPLIED MICROWAVE & WIRELESS

company’s linear and ultra-linear
power amplifiers with output pow-
ers ranging from 1 to more than

k Stealth Microwave ™

360 watts. Frequency bands range
from 500 MHz to 14 GHz. A com-
pany description is also included in
the catalog.

Stealth Microwave

Circle #182

Isolators and circulators

catalog
M2 Global Technology has
released Volume II of its company

M2 GLOBAL"

catalog, which offers a variety of
isolators and circulators available
in coax, wave-guide, drop-in and
surface mount configurations cov-
ering the frequency range from 300
MHz to 40 GHz. The -catalog
describes the company’s Standard
Ferrite Products; however, a wide
range of custom products is also
available.

M2 Global Technology, Ltd.

Circle #183

Amplifiers, filters and
mixers catalog

Sophia Wireless has released its
new product catalog. Products fea-
tured in the article include ampli-
fiers, filters, frequency multipliers
and mixers. Sophia Wireless offers
broadband point-to-point and
point-to-multipoint wireless solu-

SOPHIA

IR E L E 8 8

P Our products include:

@ Amplifiers
@ rilters
! . Frequency Multipliers

& Mixers

which offer high perfor-

compact size and short
time-to-market. Sophia’s millime-
ter wave components are designed
using 3-D electromagnectic simula-
tion tools.

tions,
mance,

Sophia Wireless, Inc.
Circle #184



Do You Feel Lucky?

Most RF equipment has some protection— but is yours
enough? Research shows 90% of strikes are between
1kA and 50kA and almost a third of all strikes range
from 20kA to 100kA! Energy fields, even from

an indirect strike, can implant crushing voltages

on RF transmission lines.

If your lightning protectors are not multi-strike rated
at higher surge levels you risk losing revenue and
customers.

Experienced engineers, site managers and designers
know that good protection is no accident. That's why
they bet on HUBER+SUHNER lightning protectors

in all their critical applications.

“ H, HUBER+SUHNER
INNOVATIVE SOLUTIONS TO COUNT ON

U.S.A 802-878-0555 www.hubersuhnerinc.com/lightning
Canada 613-271-9771 www.hubersuhner.ca
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Microwave Multiplexer Design
Based on Triplexer Filters

By Eudes P. de Assuncao, Leonardo R.A.X. de Menezes

and Humberto Abdalla, Jr.’

Universidade de Brasilia, Departamento de Engenharia Elétrica

for a multiplexer using the complemen-

tary triplexer filter method. This tech-
nique allows the designer to accomplish
matched structures with a large range of fre-
quencies. The required network conditions that
can be realized with complementary filters are
shown. The design procedure is developed for
the bandpass and bandstop complementary fil-
ters connected at a common junction for narrow
band applications. A stripline structure is
employed to realize one triplexer. Good agree-
ment between the experimental and theoretical
results is achieved.

This article describes the design procedure

Introduction

Multiplexers split a wide frequency band into
a number of signals of different frequency
ranges. The separation of the desired frequency
bands can be achieved by using bandpass filters
combined at a common input, as shown in
Figure 1. The main problem with this topology
is that because filters are reflective devices, per-
formance depends on a good impedance match

FILTER1 | CHANNEL 1

INPUT FILTER 2 @) CHANNEL 2
]
]
I

FILTER N p—@ CHANNEL N

A Figure 1. Diagram of a multiplexer using band-
pass filters combined at a common input.

real and constant for all frequencies. However,
only minimum reactance and minimum suscep-
tance networks can be made complementary [1].
When bandpass and bandstop complementary
filters are connected in parallel or series, they
present a constant-resistance input impedance.
This combination constitutes a diplexer, which
is the basic building block of a multiplexer. For
each channel to be separated, one diplexer is
needed, as shown in Figure 2.

between source and load inside the

passband and a strong mismatch out- | R — N CHANNEL 1

side. If filters are carelzlessly connect- : BANDPASS _:_..

ed together, undesirable mutual |' i

interaction effects appear, because i [ormoeror] | [oanorass] CHANNEL2

the input impedance of each individ- ' FILTER -':]: FLer  [—®

ual filter may be destructive outside L. CHANNEL 3

its own passband. These effects may \ SRTER ShiTen @

degrade the overall performance of DIPLEXER

the system. BANDSTOP| _
One way of accomplishing a match

over a wide frequency range is by

using complementary filters. The
sum of the input impedances will be
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A Figure 2. Diagram of a multiplexer using cascaded comple-
mentary diplexers.
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A Figure 3. Diagram of a multiplexer using cascaded complemen-

tary triplexers.

Another way to design the multiplexer is by using
narrowband complementary triplexer filters [2]. The
triplexer is a four-port device with a constant-resistance
input impedance at the all frequencies, that separates
out two contiguous channels. It consists of two contigu-
ous bandpass filters and one complementary bandstop
filter connected in parallel. It can be cascaded to obtain
a multichannel system without interaction between the
filter channels, as shown in Figure 3.

Complementary multiplexers

The design of complementary multiplexers is based
on the construction and connection of triplexers in cas-
cade. The triplexer consists of two bandpass filters and
a bandstop filter arranged in a way that the sum of the
bandwidth of the two bandpass filters is equal of the
bandwidth bandstop filter. The cutoff frequencies of the
stopband filter cross over at 3 dB points of the inferior
cutoff frequency of one bandpass filter and the superior
cutoff frequency of the other.

The filters are interconnected to produce a constant

Y sp

©]
o]
=

PORT 4

©;
o]
=

Yer

A Figure 4. Diagram of parallel-connected triplexers using
complementary filters.
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. Fmm————— - rgsistance input impedanc.e at all freq.uencies.
: — { orannEL 1 { — :Cmms Flgure 4 shgws a schematic representation of a
. Pt o H noPRs o triplexer using bandpass _and bandstop comple-

! 1 ! ! mentary filters connected in parallel [4].
SIGNAL | | S—— : 1 N —— 1 Since the networks are minimum susceptance,
*— FILTER ':—‘. na BEE ——® == | the input admittances of the bandpass filters and
H 1 H H the bandstop filters have the general form illus-
: BANDPASS J_ ° : BANDPASS __:_. trated in Figure 5. The input admittance of the
i :cmnuaz i - 1 CHANNEL 4 triplexer is approximately the superposition of the
L 1 L. input admittances of the individual filters. The
\ design of the triplexer requires that the cutoff fre-
TRIPLEXER quencies of each filter be such that the real part of
the input admittance is approximately 0.5 mhos

(normalized) for each filter. The normalized input
admittance of the triplexer is shown in Figure 6.
The imaginary components of the input admit-
tances of the filters are conjugates of each other
and provide a constant resistance input impedance for all
frequencies [1, 4].

Design of complementary multiplexers

The triplexer may be used as the basic building block
of multiplexers. Each triplexer separates two contiguous
channels. Since each triplexer provides a constant resis-
tance input impedance, it’s possible to replace the load
resistance of the bandstop filter by another triplexer,
without affecting the performance of the system. Thus,
several triplexers may be cascaded to separate the
desired number of channels.

(@
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A Figure 5. Input admittance of minimum-susceptance net-
works: (a) bandpass network characteristics; (b) band-
stop network characteristics.
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A Figure 6. Input admittance of the complementary triplexer.
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A Figure 7. (a) Interdigital bandpass filter; (b) Parallel-cou-
pled-resonator bandstop filter.
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A Figure 8. Layout of the complementary triplexer.
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One topology of filters that is attractive for narrow
channel triplexers are filters using quarter-wavelength
parallel coupled sections. These filters can be designed
with good accuracy, a compact structure and easy real-
ization. The design of the filters is based on a cascade
combination of quarter wavelength parallel coupled sec-
tions, as shown in Figure 7. For the bandpass filter, the
input and output ports for each section are diagonally
located, and the remaining terminals are open circuits.
In the case of the bandstop filter, the input and output
ports of each section are located on the same line, while
the terminals of the other line are open and short cir-
cuits. Because of the narrow bandwidth, it is possible to
replace the short circuits by open circuit quarter wave-
length stubs, without disrupting the performance of the
filter. Figure 8 shows the layout of the multiplexer com-
posed by two bandpass filters and a parallel-coupled-res-
onator bandstop filter.

The interconnection problem

In a triplexer, adequate performance is obtained when
the filters’ input admittance characteristics are unal-
tered. This does not happen if a redundant element is
introduced at the filters input ports. However, the nar-
row passband filter synthesis requires the introduction
of at least one redundant element in the input port to
achieve realizable impedance levels. Thus, the parallel
connection of the filters that compose the triplexer can-
not be used to obtain a complementary structure.

The interconnection problem for a narrowband
triplexer can be solved by using the parallel-coupled line
configuration shown in Figure 9. The center line section
constitutes the redundant unit element, while the trans-
formers (1:n) and capacitors C are parts of the bandpass
filters. These four-port configurations allow for the
interconnection of the three filters in complementary
form. The appropriate choice of the transform ratio n
allows the use of adequate impedance levels for the pass-
band filter inner sections.

The design procedure starts by the direct synthesis
in distributed parameters (exact synthesis) of the simply
terminated resistive bandpass filters. The realizable
impedance levels are achieved adding unitary elements
of impedance Z at the input and output ports of the fil-
ters. Using the Kuroda transformations, the equivalent
circuit is obtained.

The bandstop filter is designed based in the composi-
tion of a redundant element and the complementary
load presented by the filters.

lfinBS =1- lfinm’l - Yvingpz (1)
where
inps
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A Figure 9. (a) Interconnection network for narrowband
complementary filters; (b) equivalent circuit.

equals bandstop filter input admittance and

ingp

equals bandpass filter input admittance.

Design procedure

A design software program was developed for the
complementary triplexer. The software contains three
independent modules that execute these functions:

* Construction module of the transfer function filters.
This module contains a dedicated graphic interface
that permits the visualization of the frequency
response and input admittances of each filter.

* Graphics visualization and analysis module of the
poles and zeros of filters in the “S” Plane (complex
variable plane).

* Synthesis module of the filter in lumped parameters
and distributed parameters. This module provides the
layout of the filter, including all calculated dimen-
sions, taking into account the fabrication technology.

From the filter specifications and the basic parame-
ters of the transmission structure, it is possible to access
the analysis and synthesis modules of the computer pro-
gram. These modules allow the realization of the circuit
using all necessary data. Figure 10 shows a typical out-
put of the frequency response module, including the
admittances curves, attenuation and the return losses
for each filter. The synthesis module derives the lumped

=~ Mulliplexer

A Figure 10. Frequency responses and admittance curves of
the filters.

A Figure 11. Stripline triplexer design.

and distributed parameters. The program derives the
isolated filters and then the interconnection network. A
screen displaying the layout of a stripline triplexer is
shown in Figure 11.

Experimental results

A triplexer with central frequency of 3.0 GHz and
fractional bandwith of each channel of 2 percent was
designed and tested. The design of the filters was real-
ized by applying the exact synthesis theory followed by
numerical techniques. The tuning was done using a
computer-aided optimization process.

The triplexer was constructed using dielectric sheets
with g, = 2.17, with ground planes having 3.048 mm
spacing. A photograph of the device is shown in Figure
12; its performance is shown in Figure 13.

The insertion loss in the bandpass was approximate-
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Unilateral Power Gain of
an Optically Biased
GaAs MESFET

By Srikanta Bose, Adarsh Gupta and R.S. Gupta
University of Delhi

the various functions and operations I

of gallium arsenide MESFETs has
been the focus of intense research for sev- T '
eral years. It has been shown that Grain
microwave characteristics of MESFETSs can SWc/e77;77_—1 7/
be controlled by incident optical radiation W
with photon energy greater than or equal n* /ryhfn‘“"(' n*
to the bandgap energy in the same way as 7 \
varying the gate bias in conventional elec- / \
trically controlled MESFETs [1-6]. Dark o1 oan, | Mumination
Optically biased FETs have many potential
applications, such as high-speed optical l
detectors and converters for interaction of
optical and microwave signals. The opti- Yos
mum noise figure of optically controlled | (b) Cgd
GaAs MESFETSs is lower than conventional 11
MESFETSs [5]. Therefore, high-speed, low I
cost, monolithically integrated optically
gated GaAs MESFETSs are in high demand N —
for high-frequency application in optical
communication systems. {R

The use of optical radiation to control | (a) Incident photon flux

Gate

S

'l
%
mrz_
(=)
N
f
I

This article discusses an analytical
model that predicts the microwave charac-
teristics of an optically biased GaAs MES- '
FET. Admittance and scattering parame- l
ters are extracted and the unilateral power
gain and maximum stable gain are evaluat- 4 Figure 1. (a) Schematic structure of optically hiased
ed; both show a significant improvement GaAs MESFET with active channel profile under dark
under illumination. (Pgpe = 0) and illuminated conditions. (b) Equivalent

circuit model for GaAs MESFET.

Theoretical consideration

The schematic structure of an optically
biased GaAs MESFET with active channel pro- extract admittance and scattering parameters is
file under dark and illuminated conditions is shown in Figure 1(b).
shown in Figure 1(a). Light radiation is allowed The intrinsic Y-parameters for the optically
to fall on the gate metal along the vertical y- biased GaAs MESFET in terms of equivalent
direction. The equivalent circuit model used to circuit elements are given as:
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where

* g is the electron charge

* ¢ is the permittivity of the semiconductor

* ) is the implanted ion dose

* g is the active layer thickness

* N, is the substrate doping concentration

* N,,. is the equivalent doping concentration

* ¢ is the incident photon flux

* 7, p is the life time of electron (hole)

* R is the surface recombination rate

* o is the absorption coefficient per unit length

* V, is the gate to source voltage

* V,, is the drain-source voltage

* V. is the substrate to source voltage

* V,,; is the built in potential at Schottky gate contact

* V,, is the photovoltage developed at the Schottky
junction due to illumination

* Hy,p 18 the electron (hole) mobility

* Z is the device width

* L is the gate length

* R; is the charging resistance

* V,,; is the built in voltage

and
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where R, is the projected range parameter of the
implanted Gaussian profile and o is the straggle para-
meter of the implanted Gaussian profile, V), is the pin-
choff voltage, g, is the device output conductance, C
is the drain-source capacitance, o = 2xf, Y77 and Yy, are
the input and output admittance parameters, Y7, is the
reverse transfer admittance parameter and Y5, is the
forward transfer admittance parameter.

The corresponding S-parameters for optically biased
GaAs MESFET are
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A Figure 2. (a) Input admittance parameter variation with
frequency under dark (#,,, = 0) and illuminated condi-
tions [ = 1.5 x 10" /m%, B, = 8.61 x 108 m, 5 = 3.83
x108m, A = 0.827x10°m, 2= 0.25 um, R, = 2.69 Q,
#, = 102/m3, k, = 3.1 x 10715 m¥s, k, = 3.1 x 107
m3/s]. (b) Reverse transfer admittance parameter varia-
tion with frequency under dark (7,,, = 0) and illuminated
conditions.

The unilateral power gain (UPG) and maximum sta-
ble gain (MSG) are calculated using the relation

2
U= ’Y21 _Y12| (22)
4[Re(Yu)Re(Y22) + Re(Y12)Re(Y12)]
|Sa1|
MSG="21 (23)
S12|

Results and discussion
Figures 2 and 3 show the variation of admittance
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A Figure 3. (a) Forward transfer admittance parameter vari-
ation with frequency under dark (#,,,= 0) and illuminat-
ed conditions. (b) Output admittance parameter variation
with frequency under dark (P, = 0) and illuminated con-
ditions.

parameters with frequency under dark and illuminated
conditions. Figure 2(a) shows that under the illuminat-
ed condition, Y;; improves when the device is exposed to
light radiation and a photovoltage is developed across
the Schottky junction. This voltage effectively reduces
the barrier height, and the depletion layer width
decreases. The channel width increases reducing the
channel resistance and increasing the channel conduc-
tance. The same trend is observed in other Y-parame-
ters. The parameter Yy;, which primarily determines
the gain of the device, shows a significant enhancement
when illuminated, as shown in Figure 3(a).
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A Figure 4. (a) Input reflection coefficient variation with
frequency under dark (7,,, = 0) and illuminated condi-
tions. (b) Output reflection coefficient variation with fre-
quency under dark (#,,,= 0) and illuminated conditions.

Figures 4 and 5 show the variation of scattering para-
meters under dark and illuminated conditions. The
reflection coefficients S;; and Sy, are plotted on the
Smith chart in Figure 4, which iillustrates the improve-
ment in loss under illumination. Figure 5(a) shows that
the reverse transmission coefficient S5, is smaller under
illumination compared to when under dark condition.
The forward transmission coefficient Sy, shows an almost
10 dB improvement under illumination (for example, for
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A Figure 5. (a) Reverse transmission coefficient variation
with frequency under dark (Pype= 0) and illuminated con-
ditions. (b) Forward transmission coefficient variation
with frequency under dark (7,,,= 0) and illuminated con-
ditions.

P,y = 0.1 mW), as shown in Figure 5(b). The cause for
this change is mainly the transconductance of the device,
which increases under illumination [5].

Figure 6 shows the variation of unilateral power gain
with frequency under dark and illuminated conditions.
For a given frequency, the UPG of the device increases
significantly under illumination compared to dark con-
dition. The MSG shown in inset also behaves in a simi-
lar fashion.



BAAS MESFET

Conclusion

An analytical model has been developed to predict
microwave characteristics of optically biased GaAs
MESFET. The admittance and scattering parameters
are evaluated analytically. The plots show that there is a
noteworthy change in admittance and scattering para-
meters of the device under illumination. A significant
improvement in UPG and MSG for the device is ob-
served under illumination. Optically biased GaAs
MESFETs promise potential for optical communication
systems.

Acknowledgement

The authors wish to acknowledge the following insti-
tutions for providing the necessary financial support for
this research: the University Grants Commission,
Government of India; and DRDO, Ministry of Defense,
Government of India. ||

References

1. C. Baack, G. Elze and G. Wolf, “GaAs MESFET: A
high-speed optical detector,” Electronics Letters, Vol. 13,
1977: 193.

2. A. DeSalles and J. R. Forest, Applied Physics
Letters, Vol. 38, 1981: 392-394.

3. A. DeSalles, “Optical control of GaAs MESFETS,”
IEEE Transactions on Microwave Theory and Tech-
niques, Vol. MTT-31, 1983: 812-820.

4. DK.W. Lam and R.I. MacDonald, “GaAs optoelec-
tronic mixer operation at 4.5 GHz,” IEEE Transactions
on Electronic Devices, Vol. ED-31, 1984: 1766-1768.

5. S. Bose, M. Gupta and R.S. Gupta, “Cutoff fre-
quency and optimum noise figure of GaAs optically con-
trolled FET,” Microwave Opt Technology Letters, Vol. 26,
2000: 279-282.

6. S. Bose, M. Gupta and R.S. Gupta, “Id ~ Vd char-
acteristics of optically biased short channel GaAs MES-
FET,” Microelectronics Journal (in press).

7. GW. Taylor, HM. Darley, R.C. Frye and PK.
Chatterjee, “A Device Model for an Ion-Implanted MES-
FET,” IEEE Transactions on Electronic Devices, Vol.
ED-26, 1979: 172-182.

Author Information

Srikanta Bose received a master of science degree in
physics in 1995 from Ravenshaw College (Utkal
University), with specialization in electronics. He joined
the Department of Electronic Science at the University
of Delhi, South Camus, in 1997 as a junior research fel-
low under the University Grant Fellowship Scheme,
Government of India, to pursue a Ph.D. His research
interest includes modeling and simulation of solid state
microelectronic devices (MESFET/OPFET/HEMT/-
MOSFET) for high frequency applications. He has pub-

50
L=5gm Itlumination
Z = 400um Dark { Bypy=0)
T 300K
\\" popl :0.3mw
40 NS w
NI Fopt *021"
a \\\ *\__“:::_-:_»_ ______ pop‘ =01 mw
- B et T
p B pa— S —
g 0 o s
@
3
o
o
El
o 20
5 Fopt =0
= Pyot=03mw
c opt
2 %’h 40 .Jt i%pfﬂl!ﬂw
Sm 3P
wo | S|
10 FE € 20Hopt “0Imw
= L s
g &y Popt =0
§ 0&1
1 5 10 15
Frequency (GHz)
0 1 i

1 5 10 15

Frequency (GHz)

A Figure 6. Unilateral power gain and maximum stable gain
(inset) variation with frequency under dark (£, = 0) and
illuminated conditions.

lished 15 papers in various international journals and
conferences. Currently, he is at the Institute of Electro-
Optical Engineering, NCTU, Hsinchu, Taiwan, as a post-
doctoral research scientist. He can be reached via E-
mail: srbose@usa.net; Tel: +0091-11-4105580; or Fax:
+0091-11-6886606.

Adarsh Gupta received a master of science degree in
physics from the University of Delhi, New Delhi, India,
in 2000. She has been a Ph.D. student at the
Department of Electronic Science, University of Delhi,
South Camus, since 2000 under the DRDO (Defense
Research & Development Organization) Project,
Government of India. Her area of research includes
modeling and simulation of GaN MESFETs for
microwave frequency applications. She has published
two papers in international journals. She can be reached
via E-mail: adarsh23@yahoo.com; Tel: +0091-11-
4105580; or Fax: +0091-11-6886606.

R. S. Gupta is a senior faculty member in the
Department of Electronic Science at the University of
Delhi, South Camus. His research areas include model-
ing and simulation of solid state microelectronic devices
(MESFET/OPFET/HEMT/MOSFET) for high frequency
applications. He is a senior member of the IEEE. He has
published more than 150 papers in in various interna-
tional journals and conferences. He can be reached via
E-mail: rsgu@bol.net.in; Tel: +0091-11-4105580; or
Fax: +0091-11-6886606.

August 2001 - 77



y —

IS & TECHINOLOGES

Digital Multimode

Technology

Redefines the Nature of RF

Transmission

ith each innovation in the
wireless industry to im-
prove capacity, increase

data rates and provide higher quality
of service to the consumer, the hard-
ware needed to enable these improve-
ments becomes increasingly complex.
The advent of third generation stan-
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dards (3G) has created new demands
on current technology that are A Figure 1.
stretching capabilities beyond their

limits. Without new approaches to

meet these challenges, hardware systems
designed to deliver new technologies will be
extremely complex, costly and unreliable.

This article will detail the development of
digital Polar Impact™ technology by Tropian.
Various capabilities enabled by Polar Impact are
presented, along with implementation consider-
ations to optimize the robustness of this design
approach. At the same time, a comparison is
made between Tropian’s polar modulation
approach and conventional methods of power
amplification currently used in the industry. An
analysis is then made of various commercial
applications for polar modulation and its poten-
tial impact on the communications industry.
Finally, a new handset product, TimeStar™ is
introduced; this is a two-chip transmitter solu-
tion that offers significant performance advan-
tages over conventional quadrature modula-
tion/linear amplification approaches.

A new definition for power generation

The Tropian alternative provides a complete
system for power generation, combining the tra-
ditional functions of transmitter and PA into a
single homogeneous solution. Features include:
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Tropian’s Polar Impact modulation overview.

* Multi-mode capability supporting UMTS,
GSM, EDGE, AMPS and ANSI-136;

* Extensibility from handset to base station
power levels;

* All-digital solution, eliminating the need for
external devices to switch between modula-
tion modes;

* High level of spectral purity;

* Power amplifier operated in compression, pro-
viding improved PA stability over tempera-
ture, supply, load and frequency variations;

* Loop bandwidth digitally adjusted, allowing
for support of different modulation modes and
consistent loop performance;

* Power control implemented via digital control,
with no complicated analog control systems
needed;

* Fabrication using standard bulk CMOS
process.

No IQ modulator is used in the Tropian Polar
Impact modulation solution. Using proprietary
architecture, the signal is split into separate
amplitude and phase paths (see Figure 1). Phase
information digitally controlls an on-channel
VCO, which drives the gate/base of the PA. The
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A Figure 2. Power control for a handset UMTS signal where
output power is +28 dBm. ACLR = -50 dBc (=5 MHz),
-60 dBc (+10 MHz).

amplitude information is used to modulate the drain/col-
lector of the output power transistor. Support for burst
timing and power ramp control is provided to comply
with ANSI and ETSI specifications. The power amplifi-
er is driven into heavy compression, acting in a switched
mode configuration. Output power is therefore directly
proportional to the amplitude signal modulating the
drain/collector. This signal not only transfers the infor-
mation for non-constant envelope modulations such as
EDGE and ANSI-136 but also provides an accurate
means for power level control. Controlling power in this
fashion provides a simple and robust alternative to oth-
ers forms of control that rely on diode detectors subject

UMTS EVM Spec

UMTS EVM vs. Qutput Power for 1 DPDCH /"

EVM (%)
=

T T v T T T T T T T
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A Figure 4. UMTS error vector magnitude versus output
power with more than 8 percent margin to spec across all
power levels.
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A Figure 3. Power control for a handset UMTS signal where
output power is -50 dBm. ACLR = -41 dBc (+5 MHz), -48
dBc (=10 MHz).

to parts variation, temperature drift and dynamic range
limitations. Figures 2 and 3 depict Polar Impact power
control for a handset UMTS signal. More than 80 dB
dynamic range can be attained with excellent ACLR. For
all power levels, error vector magnitude (EVM), one of
the most widely used modulation quality metrics in dig-
ital communications, remains below 8.5 percent (the
spec is 17.5 percent). This is shown in Figure 4.

Digital processing enables multimode capability

Given the proliferation of various modulation stan-
dards throughout the world, cellular consumers are
often denied service as they roam between different geo-
graphical areas. These problems are particularly acute
in the North American market, where AMPS, ANSI-136,
GSM and IS-95 are prevalent. Limitations stem from
the use of traditional superhet transmitter designs that
are employed in most handsets in use today.

A typical superhet transmitter is shown in Figure 5.
In most designs of this type, several upconverting mix-
ers are used to translate frequencies from baseband to
RF. In this process, narrowband SAW filters are used to
attenuate various spurious signals generated by the
mixers while also driving the noise floor generated by
the IQ modulator down to acceptable levels. Given that
each modulation standard, such as ANSI-136 and GSM,
operates under a different bandwidth, providing multi-
mode capability becomes expensive, complex and diffi-
cult to accomplish, given the real estate constraints in
most handset designs.

Through digital processing of the transmit signals,
Tropian overcomes these limitations to provide a true
multimode capable solution. By changing a digital com-
mand, EDGE, ANSI-136, GSM or AMPS can be trans-
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A Figure 5. Typical superhet transmitter design for handsets.

mitted by the same chipset with minimal impact on PA
efficiency. This provides an excellent opportunity for
network operators to expand roaming capabilities
offered to customers. True multimode capability also
makes Tropian’s Polar Impact solution ideal for the
GAIT market, enabling both ANSI-136 and GSM capa-
bility from the same handset. UMTS is currently being
added to this portfolio of capabilities.

Solving switch-mode PAs for complex envelope signals
Any amplifier, when driven into heavy compression,
will exhibit amplitude as well as phase distortion. The

latter is usually characterized by a change in the trans-
fer characteristic of the signal’s phase as a function of
drive level. This occurs when input elements of the tran-
sistor, both reactive and resistive, become a function of
input drive. Distortion effects such as AM/AM and
AM/PM will cause spectral regrowth and error vector
magnitude problems.

To overcome these effects, Tropian has developed a
proprietary solution that digitally controls the phase
and amplitude components of the signal. Figures 6 and
7 depict the power spectral density (PSD), with and
without Tropian’s implementation.
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A Figure 6. EDGE PSD showing effects of PA.

A Figure 7. EDGE PSD after Polar Impact.
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A Figure 8. PSD for the base station solution, measured
from -10 degrees C to +70 degree C.

An important benefit derived by compressing the PA
is the relative insensitivity of output power to variations
in temperature, supply and so on. Transistor parame-
ters such as Vbe, Vi, fp and beta are relatively invariant
when the PA is saturated. This allows the Tropian trans-
mit system to be operated open-loop while still meeting
specifications with margin over all power level changes,
temperature extremes and other variations. To illus-
trate this relative insensitivity to variation, Figure 8
shows the PSD of an EDGE signal measured from -10
degrees C to +70 degrees C.

Very little change was also noted at cold tempera-

tures. Operating in an open-loop configuration is not
only more efficient — due to power not being coupled
from the output — but also represents a more manufac-
turable solution.

Compliance with specifications

A significant benefit presented by Tropian’s digital
power transmission solution is the extensive margin
provided to the specifications in all modes. Any increase
in the overall margin to spec translates directly into
improved manufacturing yield and ultimately into lower
cost of ownership. A secondary benefit of providing good
spec margin is the result of fewer dropped calls due to
interference from transmitters operating in adjacent
channels. Also, in systems employing spread spectrum
modulation such as W-CDMA, call capacity is directly
proportional to the presence of noise in alternate fre-
quency channels. Again, carrier capacity is increased
with a reduction in adjacent channel interference.
Typical power spectral density measurements using an
EDGE signal are shown in Figures 9 and 10. Figure 9
shows a high power (20-watt) EDGE PSD plot taken
from Tropian’s base station hardware, while Figure 10
shows the 1-watt EDGE PSD for a handset.

An important advantage with the use of Polar Impact
in meeting such specs is the consistency shown from
unit-to-unit measurements. This results in a low stan-
dard deviation and improved Cp (process capability).
This consistency is derived from the use of digital pro-
cessing of the signal from baseband through the PA.
Using standard CMOS, much of the variation seen in
traditional superhet transmitter designs is eliminated.
Changes occurring due to temperature, supply variation
and power level change are virtually nonexistent in the
digital world.
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A Figure 9. EDGE PSD for a GSM 1800 hase station at 20
watts.
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A Figure 10. EDGE PSD for a GSM 1800 handset at 1 watt.
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The clean spectrum also benefits the base station
manufacturer. Figure 12 shows receive band noise
measurements for a base station application. Using a
100 kHz measurement filter and an assumed sup-
pression of 60 dB from the duplexer, more than 23
dB of margin to spec is achieved.

With such margins, base station manufacturers
will have the opportunity to perform tradeoffs
between spec margin and duplexer suppression. This
provides the ability to reduce duplexer costs and
minimize insertion loss, thus improving efficiency.

Signal quality is another figure of merit for the
quality of a transmit solution. The parameter of
interest is EVM. Typical EVM numbers for both
handset and base station designs remain under 3
percent rms.

Polar Impact advantage: No PA linearization

With nonconstant envelopes used in 2.5G and 3G
standards, various forms of linearization have tradi-
tionally been employed in the base station market to

A Figure 11. Handset broadband spectral purity.

Tropian’s implementation of polar modulation does
not use upconverting mixers to translate low IF fre-
quencies to RF levels. This results in the elimination of
spurious signals generated by these mixers and their
subsequent amplification throughout the transmit
chain. A typical plot showing the broadband spectral
purity of a Tropian handset design is shown in Figure
11. The carrier is centered at 914.6 MHz with a fre-
quency span of 100 MHz (100 kHz measurement filter).
A more than 90 dB spur-free dynamic range is exhibit-
ed, with the actual noise level limited by the floor of the
spectrum analyzer.

ensure signal integrity. Commonly used types of lin-
earization schemes include Cartestian, predistortion
and feed-forward. As crest factors increase in modu-
lation types such as W-CDMA as well as with multicar-
rier signals, feedforward linearization (sometimes com-
bined with predistortion) has become the primary
method for distortion correction. State of the art tech-
nology merely looks at new ways of implementing feed-
forward architecture without addressing fundamental
problems inherent with such complicated and expensive
solutions. A typical feedforward system is shown in
Figure 13.
Feedforward also suffers from manufacturability
problems given variations in PA gain and phase charac-
teristics, use of delay lines, and power detection prob-
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lems. This results in lengthy factory calibration
procedures before deployment. The complexity of
this and other linearization systems also limits fac-
tory yield and is often a source of failure in the field.

By comparison, the Polar Impact solution is
shown in Figure 14. By eliminating much of the
complexity involved in linearization, the Tropian
solution is able to minimize the need for expensive
factory calibration, troubleshooting and rework.
This directly translates into improved yields and an
overall more manufacturable design.

Other applications
Polar Impact technology may also be used in the
following applications:

* uCellular and picoCellular base stations
* Wireless Local Loop
* PBX

A Figure 12. Receive band noise for BTS design.
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¢ Cellular repeaters
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* Wireless LAN

* DSL

 Test equipment market
« Professional Mobile Radio |°

>l

This list is by no means

Final Stage

Delay

Class A Class AB

comprehensive. Other appli-
cations are now under exam-
ination for the benefits that

=1

b@"

Error Stage Error Stage

Tropian’s polar modulation

technology could provide.
One such technology

under active development is

a Professional Mobile Radio
(PMR)  product called

D/A
Converters

@)

Class A

Class A

A/D Converter I :l

TETRA (Terrestial Trunked
Radio). This is a new

4}

European standard for pro-
fessional mobile radio users
enabling voice and data

Microprocessor

transfer while providing

cost-effective, secure and
spectrum efficient communi-
cations. To coexist with
other standards operating in the same frequencies of
operation, adjacent channel power specifications for
TETRA are extremely demanding — on the order of 60
dBc. Most conventional approaches to solving this chal-
lenge have been inadequate at best. With Polar Impact,
the primary limitation to achieving these ACP specs is
the phase noise of the on-channel VCO. The high costs
associated with linearization circuit complexity are elim-
inated. A solution is provided that is stable, manufac-
turable and more efficient than competing solutions.

Timestar'rxm

Incorporating Polar Impact technology for cellular
handset applications, TimeStaryy is a complete trans-
mitter chain taking baseband input and producing RF
output power. This modulator/power amplifier chipset is
a cost-effective, compact solution for GAIT,
GAIT/EDGE, GSM/EDGE/GPRS and D-AMPS cell
phones, wireless modems and connected PDAs. All
bursting and ramping profiles for each standard have
been digitally implemented in the modulation and power
control hardware. System development time can there-
fore be significantly reduced due to this all-inclusive
architecture.

TimeStar also exceeds all ETSI/ANSI requirements
for signal quality and produces specification-compliant
RF signals compatible with existing base station
receivers. UMTS capabilities for the TimeStar solution
are in development.

Conclusion
With the proliferation of the various standards, fre-

A Figure 13. Schematic of a common type of feedfoward linearization system.

quencies and power levels used to enable wireless com-
munications, a need is developing to produce a compre-
hensive solution that can accommodate these different
requirements. The limitations inherent with hardware
approaches to the problem are apparent. A pure digital
solution that is truly capable of multimode and multi-
frequency operation is needed. The Polar Impact
approach offers this capability while providing dramatic
improvements in system performance. n

For more information, contact:
Tropian Inc.

20813 Stevens Creek Blvd.
Cupertino, CA 95014

Tel: 408-865-1300

Internet: www.tropian.com

or circle Reader Service #200

> >

Polar™ Impact

AM
Mod

0_0 g

A Figure 14. Polar Impact solution, with no linearization
required.
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A General Purpose LNA/PA
for Linear and Saturated

Applications

By Dave Dening
RF Micro Devices

he RF2910 power amplifier
was designed as a low-cost gal-
lium arsenide HBT solution for

portable applications that require up
to 33 dBm saturated power or an

equivalent linear power performance | PWRREF
with appropriate backoff. The
RF2911 power amplifier was designed | g

for saturated applications, such as
GSM. Both the LNA and PA may be
tuned over a conservative frequency | ac
range of 100 MHz to 1 GHz. The
amplifier combinations are packaged
in a small footprint 4 x 4 mm, 20-pin
package to minimize board space.
The key to the wide tuning range is
breaking the power amplifier between
the stages and providing external
access. The low parasitic inductance
provided by the package allows a rea-
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sonably low @ interstage match. The
end user can then tailor the load and
various matching networks to the
specific application.

The limits to the tuning range are not
absolute. The bottom limit of 100 MHz is rec-
ommended due to the size of the blocking capac-
itors for the power amplifier output stages. As
the frequency decreases, the impedance of these
capacitors increases. While this increased im-
pedance can be accommodated in the matching
network, the effect is to limit the usable band-
width. The positive side of this effect is that the
gain also increases with reduced frequency so
that higher interstage impedances can be toler-
ated. The recommended upper frequency limit
is determined by the gain and the ability to real-
ize a useful interstage and output impedance.
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A Figure 1. RF2910 block diagram and package pin-out.

The 1 GHz value is more useful as a rule of
thumb than the absolute limit. The amplifiers
can be matched for higher frequency operation.
The limiting frequency for a given application is
probably the desired gain. The power amplifier
has two stages, and the LNA is a single stage.
Figure 1 shows an equivalent circuit
schematic of the RF2910, as well as a pin-out of
the package. Feedback has been included
around both stages of the power amplifier. This
Improves stability but requires a DC blocking
element in the input-matching network. A simi-
lar blocking capacitor requirement occurs for
the input match on the LNA. To avoid degrad-
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becomes the power control for the RF2911. The two
chips are similar in their pin-out configurations,
and the RF2910 evaluation board has been used for
the development testing of the RF2911.

Pout (dBm})
-

—+ Pout (dBm)
| 914 5MHz
- | |-e-915MHz
e | |-—915.5MHz
—— 916MHz

LNA section

The LNA is optimized for the middle of the tun-
ing range. However, respectable noise figures are
obtained at other frequencies. The data in Table 1

'70 T T L)
-20 -15 -10 -5 0
Pin per Tone dBm)

was obtained by tuning the evaluation PWB for two
different frequencies. Depending on the desired
performance, various tradeoffs are possible to opti-
mize noise figure, gain or input match. The data in
Table 1 was obtained with the LNA-OUT pin biased
at 2.5 volts, a quiescent current of 4 mA and the

A Figure 2. LNA two-tone performance.

Frequency (MHz)
220

S,, (dB) Gain (dB) | nF (dB)
~10.1 19.2 1.1

900 -12.7 98 1.6

A Table 1. Typical LNA performance at various frequencies.

ing the noise figure, the LNA transistor base and emit-
ter are brought out directly to package pins. This also
allows for an external bias if required, or for additional
emitter inductance for lower frequency applications.
The pin-out for the RF2911 is similar to Figure 1,
with the exception of the “BIAS GND2” signal, which is
connected on the die and thus is not brought out. The
first stage bias control, “BIAS1,” shown for the RF2910

Q3E pin grounded through a trace on the evalua-
tion board. The tuning goals were a 2:1 input
VSWR with optimum noise figure. Each measure-
ment employed a different part/test board with
input and output networks tuned to that frequency.
The linearity performance of the LNA is enhanced by
self-biasing, as shown in Figure 2. At low input power,
the distortion limits are determined by the bias current.
In this example, the collector current was set at 4 mA
and the projected small signal IP3 is about 7 dBm. As
the input power increases, the circuit self-biases and
maintains almost a 30 dB margin between the funda-
mental tones and the third-order intermodulation prod-
ucts. During this interval, the higher order products
increase in power but remain lower than the thirds.
Then, at an input power of -3 dBm, the output load and
the Vie supply voltage (which are both externally
adjustable) begin to limit the output signal swing and
the distortion products resume their increasing trends.

For this example, the IP3 determined by the collec-
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tor bias voltage and LNA load impedance is greater
than 12 dBm.

Tuning the PA

Breaking the RF2910 PA between stages is the
key to its wide tuning range. External networks can
then adjust the input, interstage and output match-
ing for the desired frequency and application. The
evaluation board also supports a mode where the
output stage can be tuned to optimize its perfor-
mance before the driver stage is connected. This
mode eliminates stage-to-stage interactions and
allows the output load and second harmonic termi-
nation to be optimized first.

Tuning the PA on an evaluation board should
start with the output stage and the desired applica-
tion. Suppose the application requires a linear amp
with 27 dBm linear output power at 915 MHz. A
load impedance of about 3.0 —j1.5 ohms presented

A Figure 3. Section of evaluation PCB configured for output stage

measurements.
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to the @2 collector has been found to work well
when using a 3.6-volt power supply. There is a 1.9
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pF on-chip parasitic crossover capacitor
between the @2 collector and emitter. The
inductance of the bond wires and evaluation
board trace, to the second harmonic cap loca-
tion, is about 2.8 nH.

The PA-OUT bond wire inductance is about
0.3 nH. (The evaluation board will allow you to
slide the matching caps to compensate for any
error in the inductance.) The output matching
network may be created using conventional
methods or software. The second harmonic
should be terminated in a low impedance. The
effect of the components supplying power to
the device should also be considered.

After placing the output network on the
% evaluation board, redirect the RF input from

A Figure 4. RF2910 evaluation board setup for two-stage PA operation.
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A Figure 5. RF2910 tuned for 915 MHz using CDMA modu-
lation.
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A Figure 6. RF2910 linearity performance at 915 MHz with
CDMA modulation.
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PA-IN/Q1-BASE to @2base by rotating the var-
ious blocking caps as shown in Figure 3. Next,
cut the Vi line to the @1C at the notch. A 56
pF 0402 blocking cap for the final connection
works well because it is close to self-resonant. Using a
network analyzer, measure the input impedance for @2-
IN pin (@2 base in the figure) after resetting the mea-
surement reference planes. At 915 MHz, an impedance
of 2.7 + j9.3 was measured at the last blocking cap of the
@2-IN node. This measurement can be used to create a
temporary match for the output stage for initial tuning
and later for the interstage design. While the output
stage of the amplifier is powered, the second harmonic
trap and the load impedance may be tuned for the
desired performance.

A series C shunt L works well to match the Q2-IN
impedance to a 50-ohm or interstage load. A series cap
between @2base and Q1C followed by a shunt L for the
Vee feed realizes this network. Do not forget to patch
the cut in the Vi feed line to Q1C. Next, rotate the
Jumpers to route the input signal back to the PA-IN/Q1-
BASE. Then, measure the input impedance and synthe-
size the input-matching network. Now, tweak the load,
the second harmonic termination, the interstage match
and the bias points for the desired performance. Figure
4 shows the relevant section of the evaluation PCB
where the power amplifier is set up for the two-stage
operation.

PA performance

The data in Figure 5 shows the results of this tuning
procedure. A CDMA modulation was chosen to provide a
comparison with other linear amplifiers designed specif-
ically for a given application. When considering the
RF2910 for applications where a standard part is avail-
able, a careful trade-off should be conducted to assure
that cost, board space and performance are optimized.

Comparing Figure 5 and 6 shows that this amplifier
supports a -46/~55 dBc ACPR/ALTPR at 27.5 dBm out-
put power with about 28 percent power-added efficiency.
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A Figure 7. RF2910 tuned for 220 MHz using CDMA modu-
lation.

The key to the wide tuning range is the access to the
interstage matching. Another application needed
greater than one watt of linear power at 220 MHz.
Figures 7 and 8 show the results of tuning an RF2910 to
these specifications. This tuning pattern supports
CDMA linearity requirements at greater than 31 dBm
output power.

Power sense technology

The PAs in the RF2910/RF2911 chips provide indirect
indication of the output power (patent pending).
Transistors @4 and @5, as shown in Figure 1, provide
this feature. @4 is a scaled version of the output device
(Q2) complete with scaled bias resistor and coupling
capacitor. The collector current for Q4 (labeled
PWR_SEN) is a reduced sample of the collector current
in @2. Since the output-matching network transforms
the RF current in @2 into output power, the RF collec-

A Figure 8. RF2910 linearity performance at 220 MHz with
CDMA modulation.

tor current is proportional to the output power. The bias
current in the @4 collector produces an error in the pre-
dicted output power, which is corrected by the current in
transistor @5. Transistor @5 is a scaled version of the
output device, with a scaled bias resistor but no coupling
capacitor. Thus, the collector current in @5 (labeled
PWR_REF) is proportional to the bias current. Sub-
tracting the @5 collector current from the Q4 collector
current provides an accurate indication of the output
power,

The evaluation board uses a 390-ohm pull-up resistor
to Ve as the current indicating element for @4 and @5.
A future chip development will integrate this power
sense and processing function. When a processor with
A/D inputs is available, the following calculations may
be used to indicated the output power. Figure 9 shows
the measured power sense currents as a function of the
output power for the board tuned to 915 MHz. The third
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A Figure 9. RF2910 power sense currents.

A Figure 10. RF2910 power sense currents processed into a
dB scale.
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curve, labeled “Delta Sen,” is the difference in the two
collector currents. Since this power-sense function indi-
cates the actual output power, then the LOG of the
“Delta Sen” current versus the output power is a
straight line. The LOG function converts the measured
current to a dB scale.

Figure 10 illustrates this calculation and shows that
the power indication is accurate over a three-decade
range. The grainy structure at low power levels is due
to measurement quantization accuracy.

Conclusions

The LNA/PA combinations in the RF2910 and
RF2911 were designed as general purpose RFICs that
can be tuned over a frequency range of 100 MHz to 1
GHz using a single board metal pattern. The LNA pro-
vides good gain, intercept performance and noise figure,
while the PA sections can be tuned to provide linear out-
put power above 30 dBm or saturated outputs greater
than 34.5 dBm. The chips are supplied in a 4 mm square
surface mount package to minimize board area and are
priced at less than $2 each in quantity. [ |

HECHNOINOGIES!

Author information

Dave Dening received a doctorate in physics from
Rensselaer Polytechnic Institute in 1973 and a doctorate
in electrical engineering from Virginia Politechnic
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electronics industry. He is currently a senior staff engi-
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For more information, contact:

RF Micro Devices Corporate Headquarters
7628 Thorndike Road

Greenshoro, NC 27409-9421

Tel: 336-664-1233

Fax: 336-931-7454

Internet: www.rfmd.com

or circle Reader Service #201

On our cover: Using CAD/CAE in Design

ers will also be featured.

Technical Features: Satellite and Space Systems

Receivers”

Also featured

Product Focus: Spectrum & Network Analyzers

Next month in Applied

Eagleware Corporation introduces Version 8 of its GENESYS design suite, featuring the
addition of a test equipment interface and other new capabilities.

New CAD/CAE products from Agilent EEsof EDA, Cascade Microtech, Coventor and oth-

* “DSP-Based Carrier Acquisition and Tracking for Burst TDMA Mobile Land and Satellite

Mohammed K. Nezami of Mnemonics, Inc., reports on all-digital carrier synchronization
for burst-type TDMA signals subjected to white noise and severe frequency shift.

* “Analysis and Design of Redundant Networks for Satellite Payloads”
Lorenzo Simone of Italy’s Alenia Spazio details techniques for the design of the redun-
dant networks employed in the transmitter section of a satellite payload.

* “PHEMT Technology Improves Passive Mixer Design for 3G Applications”
Shane Collins of M/A-COM describes the design of a high IIP3 FET mixer using PHEMT
technology to achieve better conversion efficiency with a lower drive level.

Featuring new analyzer products from Anritsu, IFR System, Avcom and others.

e
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IN FILTER SYNTHESIS PERFORMANCE

ng h Performance and ContrOI. That's what you get with Eagleware’s new direct synthesis
filter program, S/FILTER™. From arbitrary transmission zero placement, to unequal termination impedances, to optimized
custom designs, S/FILTER does it all ... directly from your specified design criteria.

You're in control of response shape, element values and topology. So break free from normal filter design limits and:

« synthesize multiple solutions per design « apply transforms to create custom designs

« maximize realizability based on your goals - maximize economy: place zeros where needed

And it's fully integrated into the GENESYS suite of synthesis, nonlinear, S-parameter, electromagnetic and physical design tools.

So Grab a Seat and Hold On! with modules priced at $2490, they’re flying fast. And so will your design.

U e GLEW R -
E RF and Microwave Design Software E Fax: 41 678-291-0971
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Product Focus — Oscillators

ere are some of the newest oscillator
products targeted for the radio frequen-
cy and wireless market:

Voltage controlled oscillators

Synergy Microwave has introduced a new line
of voltage controlled surface acoustic wave
(SAW) oscillators (VCSOs). The VCSOs incorpo-
rate a SAW resonator in the tank circuit to
achieve exceptional phase noise while maintain-
ing excellent immunity to microphonics and

vibration. The VCSO-0OC12, operating at 622.08
MHz, offers -105 dBc/Hz phase noise at 1 kHz,
-135 dBe/Hz at 10 kHz and -155 dBc¢/Hz at 100
kHz, with a pulling range of 100 kHz over 1 to 4
volts tuning range. The VCSO-0C48, operating
at 2488.32 MHz, offers phase noise of -120
dBc/Hz at 10 kHz and — 140 dBc/Hz at 100 kHz,
with a pulling range of more than 400 kHz. Both
models operate at 5 volts, provide a +10 dBm
output and are housed in 0.625 x 0.625 x 0.2
inch packages. They are suited for digital radios
with high order QAM, LMDS radios, high data
rate receivers and clocks for optical carriers.
Synergy Microwave Corporation

Circle #185
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Programmable clock oscillators

Raltron Electronics has released a new fami-
ly of programmable clock oscillators for proto-
type development
and product man-
ufacturing. Model
CP2 operates at
up to 200 MHz on
a 5.0-volt power
supply and uses
50 mA. Model
CP4 operates at
up to 100 MHz on
a 3.3-volts power
supply and uses
30 mA. Both mod-
els are available with +20 ppm, =50 ppm or
+100 ppm stability and feature an output
enable/disable function for use in per-channel
multiplexers and other applications that require
the output to be switched off to high Z.
Raltron Electronics Corp.
Circle #186

Atomic clock oscillator

Temex announces the availability of a new
rubidium atomic clock series, RAFS, that is
approved by the European Space Agency for use
in the Galileo Global Navigational System. The
RAFS has a low
temperature sensi-
tivity of less then 1
x 10713 degrees
Celsius, required
for radio-naviga-
tion applications.
The RAFS exhibits
short-term stabili-
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For additional information, contact Synergy's
sales and application team.

201 McLean Boulevard, Paterson, NJ 07504

Phone: (973) 881-8800 Fax: (973) 881-8361

E-mail: sales@synergymwave.com

World Wide Web: www.synergymwave.com
Circle 15
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ty of less than 5 x 10-* per 10,000 seconds and drift of
less than 3 x 10713 per day. Its long-term stability of less
than 1 x 10710 for the first year is controlled by a sys-
tematic burn-in and pre-aging process.

Temex Components

Circle #187

-

Slim oscillator

Rakon Limited expands its SMD TCXO line with a
new 7 x 5 x 1.8 mm, low-cost oscillator that features an
analogue IC for compensation. The IVT7500 SMD
VCTCXO can operate on any supply voltage between 2.7

W70 and 5.5 volts. Frequency sta-
/ s bilities are as compact as +1
. "l ppm over a temperature

range of —40 to +85 degrees
Celsius. The clipped
sinewave frequency output is
from 10 to 26 MHz. The
oscillator consumes 1.2 mA,
and its Root Allan Variance is
from 0.2 to 1.0 ppb over 1 second Tau. Applications
include GSM/TDMA/APMS cellular phones, PCMCIA
CDPD cards and two-way pagers.

Rakon Limited

Circle #188

Linear-tuned VCO

A compact, 12-volt, voltage-controlled oscillator has
been made available by Mini-Circuits. The broadband
ROS-400 typically provides 200 to 380 MHz near octave
band tuning, -100 dBc per hertz SSB noise phase at 10
kHz offset, 9.5 dBm
power output and -24
dBc harmonic suppres-
sion. The 0.5 x 0.5 x 0.18
inch size conserves board
space. Applications
include test instruments
such as signal generators.
The oscillators are available from stock for $14.95 each
in quantities of 5 to 49.
Mini-Circuits
Circle #189

Ultra miniature VCXO0s

Vectron International has introduced a series of ultra
miniature, surface mount voltage controlled crystal
oscillators (VCXOs). The VC-800 VCXO is a quartz-sta-
bilized square wave generator with a CMOS output and
is tested at CMOS and TLL logic levels. It is hermetical-
ly sealed in a 3.2 5.0 2 mm ceramic leadless chip carri-
er with six contact pads. Selected frequencies between
1.544 MHz and 77.76 MHz are available with a 3.3 or 5.0
supply voltage. Phase jitter performance is better than
<6 ps rms for frequencies greater than 12 MHz. The

96 - APPLIED MICROWAVE & WIRELESS

VC-800 is suited for applications including xDSL CPE,
PCMCIA cards, handsets, digital video and
ATM/SONET/SDH. Pricing is less than $6 each in OEM
quantities, depending on specifications.

Vectron International

Circle #190

Surface-mount oscillators

SaRonix has introduced its new line of surface-mount
programmable oscillators, the PrO S8002C Ceramic
Series. To meet the immediate needs of design engineers
in a matter of 24 to 48
hours, these low-jitter oscil-
lators can be programmed
by local distributors. The
oscillators are available
with a frequency range of 1
to 125 MHz and operating
voltages of 3, 3.3 and 5.
Period jitter is 50 ps maxi-
mum at 33+ to 90 MHz, 100 ps maximum at 5+ to 33
MHz and 167 ps maximum at 1 to 5 MHz.
SaRonix
Circle #191

Phase-locked loop module

Z-Communications has developed a new phase-locked
loop module, the PLL2716A, for the MMDS network
market. The PLL2716A is designed to cover 2715 to
2717 MHz, with a 1 MHz step
size. The module offers a spec-
tral signal of -100 dBc at a 10
kHz offset and -123 dBc at a
100 kHz offset, or an RMS
phase error of 1.25 degrees
integrated over 100 hertz to
100 kHz. In production quan-
tities of 1,000 pieces, the unit cost is $15.95 each.
Z-Communications, Inc.
Circle #192

Mixed-signal phase locked loops

The new SCG4000s and SCG4500s from Connor-
Winfield are mixed- mg‘ﬂal phase-locked loops. Features
include phase locked output
frequency control, low jitter
crystal oscillator for multi-
plying up to OC48, LVPECL
outputs with disable funec-
tion, one or two selectable
reference at 8 kHz, LOR and
LOL alarm, 3.3 wvolt DC
power supply, small size (1 square inch) and frequencies
of 155.52 and 166.63 MHz.
The Connor-Winfield Corporation
Circle #193



AAA R Qo o [RV.N 0] 340 REALLY DELIVER

Sawtek...Your Total SAW Solution!

Sawtek’s voltage controlled SAW oscillators deliver

the specs you need for low g-sensitivity, very low

noise floors and low phase noise. The differential
output Emitter Coupled Logic (ECL) clock is perfect
for the low jitter requirements of SONET, Ethernet
and network servers. Sawtek’s new single-ended
sine wave oscillator is ideal for broadband
applications such as SONET, LMDS/MMDS point-to-point and multi-point microwave systems.
When your designs demand vibration immunity and aggressive cost-effectiveness, demand

oscillators from Sawtek...they deliver.

Differential ECL Clock VCSO

+ Frequencies from 600 MHz to just over 1 GHz

+ Surface Transverse Wave (STW) technology offers very
low jitter at high fundamental frequencies (<.3 pS RMS)

Single-Ended Sine Wave VCS0
¢ Frequencies from 300 MHz to 2.5 GHz

« STW technology offers low phase noise (~120 dBc/Hz to
135 dBc/Hz at 10 kHz, -165 dBc/Hz at 1 MHz) and exceptional
high frequency jitter performance (<5 fS RMS)

SAWTEK

INCORPORATED

www.sawtek.com

Phone: (407) 886-8860 ¢ Fax: (407) 886-7061
E-Mail: infoesawtek.com
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SMD oscillator

Fox Electronics has introduced a new surface mount
oscillator, the F500 Series SMD, which measures a com-
pact 5 x 3.2 mm, with a profile of 1.4 mm, making it
ideal for use in micro-
miniaturized versions
of wireless and
portable electronic
devices. Manufactured
in a ceramic package,
the F500 series oscilla-
tor providse a frequen-
cy range of 1.800 to
50.000 MHz, with a
frequency stability of =100 ppm. An addltlonal model
offers a stability variant of =50 ppm. The new oscilla-
tors are available in 3.3 and 5 volt versions. Operating
temperature range is —-10 to +70 degrees Celsius. An
extended temperature unit provides an operating tem-
perature range of —40 to +85 degrees Celsius. Pricing is
$4 each in quantities of 1,000 or more.
Fox Electronics
Circle #194

GPIB counter/timer

Racal Instruments introduces a new benchtop or
rack-mount GPIB counter/timer. This 225 MHz univer-
sal counter/timer incorporates a temperature-controlled
crystal oscillator
(TCXO) as a stan-
dard feature, pro-
viding users with
internal oscillator
stability of one
part per million
(0.0001 percent).
Ideally suited for E=22
laboratory and test system apphcatlons the 2201 also
replaces Racal Instruments’ 199X series counter/timers
and facilitates legacy test system upgrading through
simple front panel controls and the included LabVIEW
and LabWindows CVI drivers.
Racal Instruments, Inc.
Circle #195

Surface mount VCXO0s and oscillators

M-tron Industries has introduced the MPV3 series
3.3-volt surface mount voltage controlled crystal socilla-
tor (VCXO) and the M5R series surface-mount oscilla-
tors, both ideal for Gigabit Ethernet, xDSL, Stratum IV,
SONET/SDH and PLL clock recovery applications. The
MPV3 series is available in frequencies between 10.000
and 622.08 MHz and offers =20 ppm stability over oper-
ating temperature, with .5 ps jitter performance at f;>1
kHz. The M5R series is available in frequencies between
19.440 and 622.08 MHz and provide =20 ppm stability
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over operating temperature, with 1 ps jitter perfor-
mance. Both series offer single and dual complementary
PECL-compatible outputs. Pricing for both models
starts at $15 in 10,000-piece quantities.

M-tron Industries, Inc.

Circle #196

SAW-based oscillators
Micro Networks has developed a series of voltage-con-
trolled SAW oscillators (VCSOs), ideal for high-perfor-

mance telecommunication applications. The M600
series features low

phase noise and jitter o

over a frequency range &mh’\%“e’

of 300 to 900 MHz,
These devices are suit-
ed for phase-locked
loop applications, as
well as clock and data
recovery and clock
smoothing  circuits
used in OC-12, OC-48 and OC-192 SONET/SDH sys-
tems. The M600 series is available in a 28-pin surface
mount package and offers an output disable feature that
forces the output into a static condition, enabling an
external clock to control the output frequency.

Micro Networks

Circle #197

Series crystal

International Crystal Manufacturing has introduced
the LFN1000 series crystal. Manufactured in a TO-5
(HC-35) package, the LFN1000 is suited for data trans-
mission and microwave applications. The series offers a
frequency range from 10 to 160 MHz and is specified at
series resonance and optional temperatures of 25 or 75
degrees Celsius. The series resonance crystals are
designed to meet the high-stability, low phase noise
applications commonly required of crystals that are mul-
tiplied up to the GHz range.
International Crystal Manufacturing Co., Inc.
Circle #198

Cavity-stabilized oscillators

Gilliand Electronics offers ELVA-1’s CIDO-series cav-
ity-stabilized millimeter-wave oscillators, which produce
fine-spectrum resolution and low phase noise with high
output power and frequency stability. CIDOs are avail-
able in waveguide bands from 26 to 150 GHz. Standard
CIDO models are supplied mounted on a finned heatsink
and can maintain their operating frequency within a few
megahertz over their operating temperature range of
—50 to +80 degrees Celsius, with no temperature con-
troller or heater.
Gilliand Electronics, Inc.
Circle #199



source

TEMPERATURE COMPENSATED
CRYSTAL OSCILLATORS

Complete Range
Of TCXO'’s...

* Frequencies to 160 MHz

* Models From 2.5 ppm
to 0.05 ppm

e Aging to 0.7 ppm for 10 Years

~» Satcom TCXO’s +1x107

- 0°Cto+70°C

Phase Noise as low as
e ol B o

We are the One!
VECTRON 166 Glover Avenue, Norwalk, CT 06856

INTERNATIONA L Tel. 1-88-VECTRON-1 « Fax. 1-888-FAX-VECTRON
e-mail: vectron@vectron.com

A TECHNOLOGIES COMPANY W om www.vectron.com
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WORLD’'S WIDEST SELECTION

V(Os .

12.5103500MHz .5 112, 3

Want a miniature surface mount, shielded plug-in, or rugged
coaxial voltage controlled oscillator with the right stuff for your
project? Contact Mini-Circuits! From custom designs to standard
catalog models always in stock, we'll supply extra robust, 100% tested
VCO solutions you need at a price you can afford. Choose from narrow to broad to octave band
widths. Select linear tuning, low phase noise, and 5V models optimized for PLLs and synthesizers.
And pick from an innovative array of miniature SM packages as small as 0.370" square for a variety of
designs and applications. You can quickly find the model you need using "The YONI Search Engine"
at the Mini-Circuits web site. Just enter your specs...click...and immediately start evaluating
suggested VCO solutions using the actual measured performance data displayed. But perhaps
you need a custom design. Not a problem! Contact us for our lightning fast response, low
prices, and quick turnaround. Give the competition real competition...specify Mini-Circuits VCOs!

New 2001 VCO Handbook...FREE!

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



[JMini-Circuits

CIRCLE READER SERVICE CARD
P.O.Box 3501 66 Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

M” 2 ] The Design Engmeers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www. minicircuits.com

ISO 9001 CERTIFIED
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Product Spotlight

Waveguide Hardware and Software Solutions

@ Rigorous EM field analysis based software
(WindowsNT/98/2000) is available for design and
analysis of all types of waveguide filters (E-plane,
iris, dual iris, asymmetrical iris, evanescent mode
LPF, BPF, bandstop dual mode), Diplexers (E-Tee,
H-Tee and Bifurcated common junction)

AREMCO

-

This Software is very reasonably pricea!

4 Rigorous EM field analysis based designed
low-loss Waveguide Ceramic Block and air
cavity filters are available for applications in 900
MHz to 50 GHz frequency band.

Consulting services are available for:

® Development of custom software for
waveguide component and circuit design

Use Aremco’s high strength, easy-to-handle
temporary adhesives for dicing, grinding and
polshing all types of ceramic, electronic, optic,
and metallurgical materials. ..
© Semiconductors - Liquid Crystals
© Optoelectronics  © Single Crystals

® Development of waveguide hardware | *Dense Ceramics Ferrites
o .« Piezoelectri And More...
For your specific needs contact eWAVE | Ciezoataris  ©fwd Hore
Customer Service: Email:ewavel@qwest.net | AREMCO PRODUCTS, INC.

+ 707-B Executive Boulevard Valley Cottage, NY 10989
- 914-268-0039 = Fax 914-268-0041

www.aremco.com = e-mail; aremco@aremco.com

Tel: (505) 792 3878 Fax: (505) 792 0827

Circle 250 Circle 251

Frequency Multipliers

PUBLISHING

Tel: 770-449-6774
Fax: 770-448-2839

Quality Reconditioned
Network & Spectrum Analyzers

etc. by Agilent HP Tektronix Fluke OR VISIT US ONLINE:

&  www.wilmanco.com and other major manufacturers
2 Tel (805) 523-2390 www.naptech.com
Wilmanco -~ (805) 529-0892 - 1-800-336-7723 WWW.nOblepu b.com

Circle 252 Circle 253 Circle 39

How to place Product Spotlight and Classified ads in

Apphied
~ 7 MICROWAVE & WIRELESS

Our Product Spotlight section allows you to show Classifieds rates are available and are agency-com-
off your company’s products or services in an econom- missionable if material is supplied. Or, if you prefer,
ical 1/9 page color ad. Ads may be sent camera ready, our staff can make up the ad for you. Classified dis-
or we’ll make up an ad for you! All you’ll need to pro- play ads are available in standard ad sizes or by the

vide is a product photo, company logo and a descrip- column inch.

tion of the product you want to advertise. For more information on advertising in these two
Our Classifieds section is the place to advertise sections, including rates and deadlines, please con-

career opportunities, consulting services, used test tact Aileen Kronke, Tel: 770-449-6774; Fax: 770-448-

equipment and just about anything else. Special 2839; E-mail: aileen@noblepub.com.

102 - APPLIED MICROWAVE & WIRELESS



European Microwave

comes to London in
2001...

From high frequency semiconductor materials, to components and
sub-systems, through to complete systems for wireless communications,
automotive and radar applications, European Microwave Wee

encompasses the complete wireless & microwave market. i
(A {
BiIBtR

UL i G

[] Three conferences featuring over 700 presentations make European
Microwave Week the most comprehensive conference-based learning
event in the world.

[0 Your chance to see all the latest technological developments first-h 4"":
at the international European Microwave Week exhibition. Register ni
for your free exhibition entrance ticket. |

How to Register (exhibition & conferences).
[] Register Online at: www.eumw.com

[ ] Telephone our hotline for a registration form on: +44 (0)870 429 4300

Sponsored by Platinum Sponsors

XN @ Agilent Technologies

Gold Sponsors

nolithic

- united :
nrl Su semiconduciors . iy

For Conference & General Enquiries:
Nicola Jedrej, Event Manager
Tel: +44 (0)20 7861 6391

Email: njedrej@cmp-europe.com

MICROWAVE  :coveoiwe: (R . L
EUMA ENGINEERING 24-26 sEPYEMBAR Jodh | ERREEE =: OS.=0 o

European Microwave A: vn R BURO PR R SsE HWW.EIIHN.I:III i S - b S S

31 EUROPEAN \ CONFERENCEM\ The 31st European Hrd [
MICROWAVE ' hjﬁ. W.f,,m.,.,..,‘
N \® 4 The European Gallium Arsenuiehnd" !
@ AA % g %} @ 1 Application Symposium (GAAS_M T

TENGLES The European Conference on Wireless Technblagy&EGWJ - octrg
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Product Spotlight

Very Low Cost
High Function

A compact full featured, modestly priced, manually operated probe station
developed for engineers and scientists.
Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

* BenchtopSize(<1ft’)  Vacuum chuck « X-Y-@ stage *

* X-Y-Z probe positioners ®Top Plale Z-1ift ®Vacuum Accessory Manifolde
* TX-40X Stereo Zoom Microscope # Adjustable Halogen liluminator «
#Vacuum Accessories ® Compatible with 40GHzs probes
* Accessories for Thermal Chucks and Probe Cards ¢

J microTechnology
3744 NW Bluegrass Pl
Portland, OR 97229

o Test walers, microstrip packages and surface mount components e
503} 614-9509
5037 5319325 [FAX]

Technola, =
@ cuk wiew jmicrotechnology.com

A Prohe Station On Every Bench
Circle 254

NEED A REFRESHER GOURSE"

Oscillator Design and

Computer Simulation is for

you! This guide to oscillator

design discusses the design

of L-C transmission line,

quartz crystal and saw oscil-

lators. Written for experi-

enced engineers as well as

newcomers to the field, this book covers:

Scott Spencer

* Analysis and Oscillator Fundamentals
*® Biasing

~ Publisher
Eastern region sales
Tel: 603-472-8261
slspencer@CSl

*® Computer Simulation

® Noise ® Uniting and Starting

Oscillator Design and Computer Simulation,1995
[End ed.) 320 pages ISBN 1-884932-30-4

5 Ways To Order Call: 770-449-6774
Mail: 630 Pinnacle Court
Norcross, GA 30071
Fax: 770-448-2839
E-mail: orders@noblepub.com
Internet: www.noblepub.com |

Semi-Rigid Cable Assemblies
Custom built on CNC Benders, with our design
software available to customers, Our 141 SMA
assemblies offer 19dB return loss to 33 GHz.
Flexible Coax Cable Assemblies
RG types, Conformable, LMR, or TFlex. Our
new SRC-316 offers 20% lower loss than RG316
with 9()dB -:hleldmj,'

~ Circle 256

Classifieds

THE KLG SEARCH GROUP

“A premier scarch and recruiting firm
serving the wireless industry.”

e%ecmz’lz’%g SSuccess

for technical, engineering, and
operations including management
through executive level positions.

Contact Kathleen Luis

Tel: (206) 440-1003

Fax: (200) 440-1031

c-mail kluis(accessone.com

iSHnsay aJiH j29

Authors’ Guidelines

Applied Microwave & Wireless does not use a detailed author’s guide!
We don't want to make your job of writing any more difficult. We're edi-
tors, and it’s our job to make sure your efforts are presented to our
readers in a professional manner.

To submit an article for publication in Applied Microwave & Wireless
magazine, send a proposal or abstract to the address given at right.
Please be sure to include a contact name, telephone and fax numbers,
and e-mail address.

We will notify you if we want to publish your work and will ask you
to submit the final article, including all figures and images, both on disk
and in hard-copy form. Articles are accepted on PC-formatted disks or
by e-mail, with Microsoft Word documents preferred. Figures and
images should be high-resolution (minimum 300 dpi, 600 dpi preferred)
to ensure high quality when printed. We cannot accept low-resolution
JPEGs or other web-formatted image files.

We’ll need to receive your final article at least eight weeks before the
date of publication. You may consult our Editorial Calendar online at
www.amwireless.com and indicate a topic on your proposal, although
we cannot guarantee publication in a specific issue.

Submit article proposals to:

Applied Microwave & Wireless
630 Pinnacle Court
Norcross, GA 30071

E-mail: amw@amwireless.com

|
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THESE TO YO

{ER READING

Spectrum and Network Measurements

Robert A. Witte
This book covers the theory
and practice of spectrum and
network measurements in
electronic systems. Witte's
thorough coverage of critical
concepts, such as Fourier
analysis, transmission lines,
intermodulation distortion,
signal-to-noise ratio and S-
parameters enables the read-
er to understand the basic
theory of signals and systems,
relate it to measured results,
and apply it when creating
new designs.

2001, 2nd edition, 320 pages, ISBN 1-884932-16-9
NP-38... .00t ssssnnssnnnnnnnsnssss $59.00
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REMENTS

Robers X Wilte

Electromagnetic
wewe  § Field Measurements

in the Near Field
i:“ci'“’E""““*ﬁ Herbert Trzaska

In this book, internationally
respected EMF measure-
ment expert Hubert Trzaska
discusses the specific prob-
lems of EMF measurements
in the near field and the
main factors limiting meas-
urement accuracy. In light
of the growing concern over
the intensity of these fields and their potential health
risks, Trzaska describes methods that provide accu-
rate data to aid in the development of new, improved
standards. Measuring methods examined are electro-
magnetic fields (EMF), electric fields, and magnetic
fields. Measurement discussions include power densi-
ty and photonic EMF measurements.

2001, 232 pages, ISBN 1-884932-10-X
NP'31--------------------.---lll-lssgloo

MEASUREMENTS

IN THE NEAR FIELD

Radio Receiver Design

Kevin McClaning and Tom Vito
This comprehensive and
well-written reference
presents a systematic dis-
cussion of the character-
istics of individual
receiver components and
their interaction in cas-
cade. Written by engi-
neers for engineers,
Radio Receiver Design
focuses on useful and
proven concepts that can
be used daily by working
engineers.

2001, 796 pages, ISBN 1-884932-07-X
NP-35 ... civrrrnansnnnnsssnsssassss $89.00

Transmission Line Transformers
Jerry Sevick, W2FMI

Written for both
amateurs and professionals,
this book remains the defini-
tive text on the subject of
transmission line transform-
ers for high frequencies. The
fourth edition of this classic
volume expands the coverage
of what is already the most
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Guest Editorial

The State of the Passive Components

Industry

By Jiro Miyazaki
Murata Electronics North America

During the last 12 to 18 months, there has been no

better analogy to explain the passive component
industry’s business cycle than that of climbing a
mountain and reaching the highest peak. The analogy
still works today, but the scenario has changed. As we

ties to drive the market and move that process along.
One of the key focuses is on e-commerce. While many
dot com companies have gone bust and soured even the
most ardent believers, this area holds a tremendous
amount of untapped potential. With increased reliance

collectively started venturing down the
other side of the mountain, we were star-
tled to find an avalanche in progress. No
one could have predicted this. Once an
avalanche starts, it’s nearly impossible to
stop. The challenge is to try not to get
caught up in the tumble while strategiz-
ing a new plan of attack.

At Murata, we too have had a “snowy”
year, but spring may not be too far off.
The requirements of the industry in 2000
and 2001 unequivocally prove the law of
supply and demand. Last year, the
demand for electronic consumer goods
was so high that most component suppli-
ers were challenged well beyond their
capacity to keep up. Factories were oper-
ating around the clock and still backlogs
(in some cases up to a year) were not
uncommon.

This year, all that has changed. Many
component suppliers failed to realize that
the economy had lost its momentum.
Reaction to this change had been slow
because true product demand was hidden
from component suppliers within multi-
ply levels of the supply chain. Purchase
orders that were placed and subsequent-
ly amplified throughout the supply chain
were now being re-scheduled or can-
celled. With the increase of available

Jiro Miyazaki is vice prest-
dent of marketing for Murata
Electronics North America.
He is responsible for product
marketing, segment market-
ing, geographic marketing
and marketing systems. He
has held general manager
positions with Murata since
1985, most recently serving in
that capacity for sales and
marketing in the western
region of Japan. Mr. Miyazaki
received a bachelor of science
degree in engineering in 1969,
from Ritsumeikan University
in Kyoto, Japan. Visit Murata
online at www.murata.com.

on information technology (IT), growth
and expansion of B-2-B exchanges will
continue to flourish in support of new
supply chain management models.

Additionally, Internet access continues
to grow, with consumers commanding
faster, more reliable service. This, in
turn, stimulates demand for broadband
access technologies and wireless access
via mobile devices. We are now witness-
ing a trend specific to the broadband out-
look: STB suppliers are incorporating
more functionality into their equipment,
including Bluetooth™ and 802.11(b).
However, there is a downside. Industry
standards that are still in flux, a lack of
infrastructure and competing technolo-
gies could hold back the potential for this
market, resulting in slower growth than
originally expected.

On the cellular phone front, the hand-
set market is slumping, but we do expect
to see recovery in the next two quarters.
We base this on the following trends:
web-enabled hand held (H/H) growth,
2.5G H/H (GAIT and EDGE), the inte-
gration of E-911 and fixed 3G frequencies
for the United States. Things to watch
here include consumer interest in I-mode
H/H and a subscriber base that may be
nearing saturation.

product, we entered the inventory burn-off phase.

Fortunately, there are some positive indications that
the readjustment condition is nearing an end. In mid-
June, the Electronic Components Association reported a
slight uptick in orders, after months of steady decline.
Further, some companies (including Murata) had posi-
tive book-to-bill ratios. This seems to indicate that con-
ditions are no longer worsening and that, we hope, a
recovery is drawing nearer.

While we wait for the industry to return to normal,
healthy conditions, we must seize additional opportuni-

108 - APPLIED MICROWAVE & WIRELESS

All that said, here’s our bottom line: we expect strong
growth for the STB segment and moderate increases for
the cellular phone and DSL and cable modem markets.

We may be coming down the other side of the moun-
tain, but we must be mindful of the avalanche that is
still grumbling. We’re not in the free and clear yet.

While there are many unknowns, one thing is certain
— innovation will continue to drive the components and
electronics industries throughout both storms and fair
weather. We must continue to hope that the latter is
next on the horizon. [ |



Next to Teradyne, other Bluetooth™test companies

are still teething.

While other semiconductor wireless test solutions are still in their infancy, Teradyne’s Catalyst
system is already out there working for a living. In fact, a majority of the world’s Bluetooth
devices are tested on Catalyst. And it looks like we've got more design-ins than all others
combined. But then, Catalyst does all the tests, not just some. And it tests faster. We're # 1
baby, and that's the true-blue truth. To learn more contact Harding.Ounanian@teradyne.com or

call 617 422 2125 right now.

j ERAUYNES

BLUETOOTH is a trademark owned by Telefonaktiebolaget L M Ericsson, Sweden Www,teradyne com
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Our Expertise — Coaxial Assembly Technology.
We have been supplying RF and microwave interconnection
solutions for the most sophisticated
airborne military electronic systems
in the harshest environments for

more than 50 years. With our

unmatched engineering and
production capabilities we can
also provide the most cost effective coaxial assemblies
for commercial applications. Get the benefit of
our expertise, call us with your application at

1-800-TMS-COAX or visit our web site at

www.timesmicrowave.com.

TTI M ES MICROWAVE SYSTEMS

A Smiths Industries company

World Headquarters: 358 Hall Avenue, Wallingford, CT 06492 * 203-949-8400, 1-800-867-2629 FAX: 203-949-8423
International Sales: 4 School Brae, Dysart, Kirkcaldy, Fife, Scotland KY1 2XB UK ¢ +44(0)1592655428 FAX: +44(0)1592653162
www.timesmicrowave.com
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