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San•Tron is proud to announce its low cost, high performance series of Field Replaceable SMAs
Call today or visit our website for more information.

ISO 9001
• Commitment to Innovation
• Dedication to the Customer
• Competitive Pricing

www.santron.com
4 Newburyport Turnpike
Ipswich, MA 01938 USA
Phone: 978-356-1585
Fax: 978-356-1573

• A Wide Selection of Flange Sizes

• EMI Gasket or Ground Plane Available

• Competitively Priced

• Quick Delivery

• VSWR < 1.3 THROUGH 26.5 GHZ

Our Field Replaceable SMA Connectors:

Visit http://mwj.ims.ca/5547-114

Visit http://mwj.ims.ca/5547-77
See us at RWS Booth 834
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Need just the right surface mount, coaxial, thru mount, or flat pack power splitter or combiner for your project?
Mini-Circuits is on the case offering you thousands of high performance, cost-effective models off-the-shelf and
immediately available for your military and commercial applications. Choose from 2 and 3way to 48way; 0°, 90°,
180°; 50&75 ohms covering 2kHz to 12.6GHz and beyond, all characterized with detailed data and performance
curves available to you in a flash 24/7 on "The Yoni Search Engine" at the Mini-Circuits web site. Surface mount
products include highly reliable LTCC designs giving you extremely small size, ultra-low profile, excellent stability over
temperature, and high performance repeatability. Tough built coaxial models are available with SMA, BNC, TNC, and
Type-N connectors and include broadband ZX10 units standing less than 3/4" in size. And when it comes to your
custom needs…just let us know what you’re looking for and our development team will go to work! Add our 1 year
guarantee, knowledgeable applications support, and value pricing, and the decision is easy. Contact Mini-Circuits today!

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

THE WORLD’S LARGEST SELECTION

POWER
SPLITTERS

COMBINERS

2kHz to12.6GHz from79¢

IN STOCK

RoHS models available, consult factory.

o S
C O M P L I A N T

TM
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New Blue Cell™ LTCC 164 Page Handbook...FREE!
For Complete Product Line…See Our Designer’s Guide On The Web Site.

CIRCLE READER SERVICE CARD

194 rev F

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

Mini-Circuits ISO 9001 & ISO 14001 Certified

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
TM

®
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Visit our Web site 

www.cheltonmicrowave.com

the strengths of Microwave Development Company, Atlantic Microwave
and Continental Microwave to form our new Integrated Waveguide
Systems Group of Chelton Microwave. A complete single source for all
your military and aerospace waveguide applications. Our custom inte-
grated subassemblies offer enhanced system performance.

Continental Division brings together

If you’re ready to move up to the next level,
and harness the full power of

integration,we’re ready to take you there.
Call us at 603.775.5200.

11 Continental Drive, Exeter, NH 03833

A Cobham plc subsidiary.

Visit http://mwj.ims.ca/5547-23
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Visit http://mwj.ims.ca/5547-13 • See us at RWS Booth 713
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Experience 
the new wave 
in Noise, 

NoiseWave.
NoiseWave Corp. offers you a new choice 
in Noise Sources!  Backed by expert 
designers in Noise, NoiseWave provides 
reliable Noise Components, Noise Diodes 
and Noise Generators for telecommunications.

Our goal is to give you the most reliable, 
the most advanced and the most cost 
effective Noise products, while providing 
unmatched, superior service.

Contact us to order a standard product, 
always available from stock, or let us 
design a custom noise source guaranteed 
with a quick delivery. 

Life is all about choices.…
Choose NoiseWave, 
the new wave in Noise!

NoiseWave Corp.
Phone (973) 386-1119
Fax (973) 386-1131
info@noisewave.com
www.noisewave.com

Visit http://mwj.ims.ca/5547-10
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Visit http://mwj.ims.ca/5547-66
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2006 IEEE MTT-S RADIO AND WIRELESS 
SYMPOSIUM & EXHIBITION

G U E S T  E D I T O R I A L

122 Welcome to the 2006 Radio and Wireless Symposium

Fred Schindler
A brief introduction by the symposium general chairman to Microwave Week 2006 events scheduled in San Diego

S P E C I A L  R E P O R T S
126 Attending the Conference

Harlan Howe, Jr., Editor, Microwave Journal
Basic information to help you get to and around San Diego, as well as activities planned for the 2006 IEEE MTT-S Radio 
and Wireless Symposium & Exhibition

132 2006 IEEE MTT-S RWS Exhibition Guide
A listing of exhibiting companies, their booth numbers, booth personnel, and products and/or services
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FEATURES

T E C H N I C A L  F E A T U R E S
182 RF Linear Power Amplifier Gain Stabilization Over Ambient Temperature

Oleksandr Gorbachov, STMicroelectronics
Presentation of a possible low cost solution for use in different wireless communication transmitters using a linear power
amplifier

102 The Influence of the Package Environment on the Functioning and Reliability of Capacitive RF-MEMS
Switches
Ingrid De Wolf, Piotr Czarnecki, Anne Jourdain, Robert Modlinski, Harrie A.C. Tilmans, IMEC; Robert Puers, K.U.; 
Joost T.M van Beek, Philips Research; W. Merlijn van Spengen, Leiden University
Discussion of the influences of the zero-level package on the performance of capacitive radio frequency-
microelectromechanical system (MEMS) switches, including temperature, pressure and gas 
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Phone: 315.453.3096
Toll Free in North America: 877.776.6638

www.sonnetsoftware.com

On Target
On Time

Achieve First-Shot Design Success with Sonnet

High Frequency EM Simulation Solutions

GET  YOUR FREE  SONNET  LITE 10 NOW!
Download at:

 http:// www.sonnetsoftware.com/lite

©2005 Sonnet Software, Inc.  All rights reserved.
Sonnet® and em® are registered trademarks of Sonnet Software, Inc. 

Design, fabricate and measure. Determine the failures and redesign.  
Re-build and re-measure. Repeat until the design meets the spec… 
SLAM !   Once again, you’re out of time and budget…..

High frequency design doesn’t have to be this way.  Let Sonnet® guide 
you to success.  With unmatched accuracy, Sonnet’s superior EM analysis 
engine accounts for hidden parasitics, cross-coupling, material losses and 
provides models for structures where models don’t exist.  Sonnet can 
handle your 20-plus layer stack-ups and ultra-thin dielectrics with ease.      
If you can draw it, we can model it….. Accurately!
Integration to major high frequency design frameworks – Agilent 
EEsof EDA’s Advanced Design System, Cadence® Virtuoso®, AWR® 

Microwave Office® and Analog Office™ and Eagleware-Elanix 
GENESYS™ – lets you incorporate Sonnet into your existing design 
flow with ease and with error-free design handoff.
Cut the cycle from weeks to days to just hours.  Let Sonnet improve 
your aim.
SONNET – We get you On Target, On Time, Every Time.

Advanced Conformal Mesh 
and true Thick Metal features 
of Sonnet Professional Release 
10 allow accurate and efficient 
modeling of complex RFIC 
and MMIC structures.

Visit http://mwj.ims.ca/5547-122 • See us at RWS Booth 728
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FEATURES

T U T O R I A L
118 Transistor LC Oscillators for Wireless Applications: 

Theory and Design Aspects, Part III
Andrei Grebennikov, M/A-COM Eurotec Operations
Third of a three-part article describing a new impulse response model 
for oscillator phase noise

S P E C I A L  R E P O R T
134 2005 Editorial Index

A complete listing of 2005 Microwave Journal articles organized by subject and
indexed alphabetically by author

P R O D U C T  F E A T U R E S
140 Calibration Technology Enabling 67 GHz Multiport S-parameter

Measurement with Confidence
Cascade Microtech Inc.
Presentation of a software package offering efficient vector network analyzer
calibration for metrology grade S-parameter measurement

150 Complete Transmit Solutions Using a Quad-band Tx/Rx 
Front-end Module with Integrated Power Control
Skyworks Solutions Inc.
Integration of two InGaP HBT power amplifiers, a BiCMOS power controller
and two PHEMT-based radio frequency switches into a compact 8 × 8 × 1.2
mm front-end module

162 An Ultra-linear SP7T Handset Antenna Switch for
GSM/PCS/EDGE/WCDMA Applications
Peregrine Semiconductor Corp.
Development of an antenna switch that operates at 2.75 V over a frequency
range of 100 to 3000 MHz
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FACT #1: RENOWNED AS NIGHTTIME HUNTERS, OWLS CAN ALSO SEE WELL IN DAYLIGHT. OWLS
HAVE ACUTE HEARING – SO SUPERIOR THAT SOME CAN HUNT ENTIRELY BY SOUND.

FACT #2: TRIQUINT, RENOWNED FOR MILLIMETER WAVE PRODUCTS AND ITS GaAs FOUNDRY ALSO
OFFERS THE WORLD’S MOST HIGHLY INTEGRATED QUAD-BAND GSM PA MODULES AS WELL
AS CDMA MODULES AND COMPONENTS USED ACROSS THE GLOBE.

VISIT US AT THE RADIO & WIRELESS EXHIBITION 2006,

BOOTH #701, JANUARY 17-19 IN SAN DIEGO, CA.

Owls fascinate us.  Long the subjects of superstition, owls actually
perform a great service by controlling nuisance rodent populations.
Although popularly known for excellent eyesight, they also hear
extremely well, making them able and stealthy predators.

TriQuint Semiconductor has long been known as a premier GaAs
foundry, but that’s not all.  Like the owl, our vision extends
much farther.  TriQuint is also a premier wireless handset and base
station manufacturer.

TriQuint’s handset products cover the entire RF front-end, with
SAW filters, PAs / PA modules and pHEMT switches that lead the
industry.  Our TQM6M4001 remains the world’s smallest, most
highly integrated quad-band GSM / GPRS transmit module.  Our
SAW filters and quad-band GSM filter banks are in popular handsets
made by leading OEMs.  Our WCDMA (UMTS) PAM is dual-band

and only 4x4x1.1mm.  TriQuint’s polar and EDGE linear PA modules,
the TQM7M5001 / 5002, are among the smallest and most efficient.

TriQuint is also a leading wireless base station and network radio
supplier.  We’re the top SAW filter base station maker.  Our GaAs
components are found in communications systems around the world.

TriQuint Semiconductor...Connecting the Digital World to
the Global Network.

Phone: +1-503-615-9000 | Fax: +1-503-615-8900 | E-mail: sales-info@tqs.com | Website: www.triquint.com

DID YOU KNOW?

Visit http://mwj.ims.ca/5547-117 • See us at RWS Booth 701
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IEEE Radio and Wireless Symposium
January 17–19, 2006
San Diego, CA

The IEEE Radio and Wireless Symposium
(RWS 2006) is a major expansion of the suc-
cessful Radio and Wireless Conference (RAW-
CON), most recently held in Atlanta, GA, Sep-
tember 2004. This conference maintains a fo-
cus on interdisciplinary aspects of wireless and
RF systems and technology with an emphasis
on how the elements fit together to shape the
latest developments in communications tech-
nology and enable the convergence of applica-
tions. In addition to oral presentations and
posters, RWS includes workshops, panels and a
major exhibition. The inaugural RWS 2006 is
part of a week-long major technical event –
MTT Wireless. Also participating in MTT Wire-
less are the Topical Meeting on Silicon Mono-
lithic Integrated Circuits in RF Systems (SiRF)
and the IEEE Topical Workshop on Power
Amplifiers for Wireless Communications (PA
Workshop). Companies interested in the exhi-
bition or in sponsorships should contact Kris-
ten Dednah at (781) 769-9750 or e-mail: kded-
nah@mwjournal.com. For additional informa-
tion, visit www.radiowireless.org.

SATELLITE 2006
February 6–9, 2006
Washington, DC

The annual SATELLITE 2006 conference and
exhibition is organized by Via Satellite and Ac-
cess Intelligence. SATELLITE 2006 is a global
conference and exhibition where industry ex-
ecutives share marketplace intelligence. This
event offers attendees invaluable business solu-
tions and mission-critical knowledge for specif-
ic operational requirements. For more infor-
mation, visit www.satellite2006.com.

4th ESA Workshop on Millimeter-wave
Technology and Applications
February 15–17, 2006
Espoo, Finland

This joint millimeter-wave event is comprised of
three international conferences including the 4th

ESA Workshop on Millimeter-wave Technology
and Applications, the 8th Topical Symposium on
Millimeter-waves (TSMMW2006) and the 7th

MINT Millimeter-wave International Sympo-
sium (MINT-MIS2006). The event will be
arranged by the European Space Agency (ESA),
MilliLab (Finland), NICT (Japan) and MINT
(Korea). The aim of the conference is to bring to-
gether people involved in research and industrial
development of millimeter-wave components
and systems for space and terrestrial use, and to
explore common areas and synergies in the de-
velopment of millimeter-wave techniques for
commercial and scientific applications. For fur-
ther information, contact Mikko Kantanen, con-
ference secretary, MilliLab, VTT, +358-20-722-
6501, fax: +358-20-722-7029, e-mail: mikko.kan-
tanen@vtt.fi or visit www.vtt.fi/millilab/
conference2006/index.htm.
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17th International Zurich Symposium 
on Electromagnetic Compatibility
February 27–March 3, 2006
Suntec City, Singapore

The 2006 International Zurich Symposium and
Technical Exhibition on Electromagnetic
Compatibility will cover the entire scope of
electromagnetic compatibility. EMC Zurich is
one of the oldest EMC conferences in Europe
and dates back to 1975. A broad forum of ex-

change both for academic and industry alike
are provided. For more information, visit
www.emc-zurich.org.

RF & Hyper Europe 2006
March 21–23, 2006
Paris, France

Now celebrating its 32nd edition, RF & Hyper
Europe 2006 will, for the first time, be organized

RF Chip
Terminations

EMC’s SMT terminations use an asymmetrical
wrap that achieves more power from the same
substrate size. Choose surface mount or full
ground plane styles.

SMT Termination Check List 

• Power levels up to 250 Watts

• Sizes range from 0.04 x 0.02 in. (1.02 x 0.51 mm) 
to 0.375 x 0.375 in. (9.45 x 9.45 mm) 

• Choose AlN, Alumina, BeO or CVD substrates

• Telecom tuned versions available to 2.7 GHz

• Bulk, waffle pack and tape and reel packaging

• High reliability tested chip terminations available

ISO 9001 and 14001 Certified emct.com
(800) 544-5594
(772) 286-9300

High Power and SMT Terminations 
DC to 18 GHz

New CVD Terminations 
DC to 18 GHz and low VSWR

Part Number Size Max. Power*

CT0505D .05 x .05 inches 50 Watts
CT1310D .13 x .10 inches 150 Watts

Visit http://mwj.ims.ca/5547-37

COMING EVENTS

 12M10 FINAL  11/28/05  12:36 PM  Page 15

http://www.emc-zurich.org
mailto:kdednah@mwjournal.com
http://www.radiowireless.org
http://www.satellite2006.com
mailto:mikko.kantanen@vtt.fi
http://www.vtt.fi/millilab/conference2006/index.htm
http://emct.com
http://mwj.ims.ca/5547-37
mailto:kdednah@mwjournal.com
mailto:mikko.kantanen@vtt.fi
http://www.vtt.fi/millilab/conference2006/index.htm


IN STOCK

DC to18GHz from

$6895
ea. (qty.1-9)

SMA SMA N-Type
Female Male Male

6GUARANTEE
mo.

*Mini-Circuits will repair or replace your test cable at its option if the
connector attachment fails within six months of shipment. This guarantee
excludes cable or connector interface damage from misuse or abuse.

CABLESTEST
FLEX

TM

Strength, ruggedness, and reliability…supercharged! That’s what you get
when you choose Mini-Circuits ultra-flexible precision test cables.
Engineered to be a workhorse for your day-to-day test operations, these
triple shielded cable assemblies are qualified to at least 20,000 bends,
employ an advanced strain relief system, and are equipped with
passivated stainless steel connectors, so you can rely on them to
flex, connect and disconnect over and over and over again!
They're so rugged, each test cable is backed by our 6 month guarantee*!
With low insertion loss and very good return loss, you can also rely on
getting good performance over the wide DC-18GHz band. Need them
right away? Overnight shipment is available. So make Mini-Circuits your
test cable connection!   Mini-Circuits…we’re redefining what VALUE is all about!

Frequency Range: DC-18GHz, Impedance: 50 ohms

Detailed Performance Specs and           Shopping Online at: www.minicircuits.com/tcables.shtml

CIRCLE READER SERVICE CARD

403 Rev C

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

RF/IF MICROWAVE COMPONENTS

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
TM

®

ISO 9001 ISO14001 CERTIFIED

Models Connector Length Inser. Loss (dB) Return Loss (dB) Price 
Type (Ft.) Midband Midband $ ea.

Male to Male Typ. Typ. Qty.(1-9)
CBL-1.5 FT-SMSM+ SMA 1.5 0.7 27 68.95
CBL-2FT-SMSM+ SMA 2 1.1 27 69.95
CBL-3FT-SMSM+ SMA 3 1.5 27 72.95
CBL-4FT-SMSM+ SMA 4 1.6 27 75.95
CBL-6FT-SMSM+ SMA 6 3.0 27 79.95
CBL-2FT-SMNM+ SMA to N-Type 2 1.1 27 99.95
CBL-3FT-SMNM+ SMA to N-Type 3 1.5 27 104.95
CBL-4FT-SMNM+ SMA to N-Type 4 1.6 27 112.95
CBL-6FT-SMNM+ SMA to N-Type 6 3.0 27 114.95
CBL-15FT-SMNM+ SMA to N-Type 15 7.3 27 156.95
CBL-2FT-NMNM+ N-Type 2 1.1 27 102.95
CBL-3FT-NMNM+ N-Type 3 1.5 27 105.95
CBL-6FT-NMNM+ N-Type 6 3.0 27 112.95
CBL-15FT-NMNM+ N-Type 15 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 11.7 27 199.95
Female to Male
CBL-3FT-SFSM+ SMA-F to SMA-M 3 1.5 27 93.95
CBL-2FT-SFNM+ SMA-F to N-M 2 1.1 27 119.95
CBL-3FT-SFNM+ SMA-F to N-M 3 1.5 27 124.95
CBL-6FT-SFNM+ SMA-F to N-M 6 3.0 27 146.95
Custom sizes available, 

consult factory.

o S
C O M P L I A N T

TM

79
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by Exposium’s Industry, Commerce & Technolo-
gies department that has taken over from BIRP.
Growth, especially on the international front, is
expected for the event, which will showcase the
technological innovations of some 160 exhibitors
and reflect the current activity in the mobile
telecommunication, data processing, military and
automotive sectors. As always it will be dedicated
to the promotion of RF, microwave, optical fiber
and wireless products and services, not only
through the exhibition but also via technical con-
ferences. For additional information, visit
www.rfhyper.com or contact Exposium, 1 rue du
Parc, 92593 Levallois Perret, Cedex, France +33
1 49 68 51 00, fax: +33 1 49 68 52 31 or e-mail:
rfhyper@exposium.fr.

CTIA Wireless 2006
April 5–7, 2006
Las Vegas, NV

This event focuses on bringing together the en-
terprise industry with the consumer and vertical
markets to exchange ideas, create partnerships
and collaborate to further advance wireless
telecommunications. This global event draws at-
tendees from dozens of different industries in
more than 80 countries around the world, serving
every aspect of wireless providers, users, develop-
ers, buyers and manufacturers. Fore more infor-
mation, visit www.ctiawireless.com.

AMTA Europe Symposium
May 1–4, 2006
Munich, Germany

The first European Antenna Measurement Tech-
niques Association (AMTA) Symposium aims to
build a strong European foundation in the do-
main of leading edge technologies for antenna
and RCS measurements. Topics will address
measurement methods relating to theory and ap-
plication of antennas and radar scattering, ad-
vances in near-field, compact range and RCS
measurements, phased array and adaptive anten-
na testing, automation in RF measurements, di-
agnostic methods and characterizing smart an-
tennas. For more information, visit www.amta.
org/europe or e-mail the technical coordinator at
tech-coord-europe@amta.org.

IEEE MTT-S International Microwave
Symposium and Exhibition
June 11–16, 2006
San Francisco, CA

The IMS Symposium will serve as the center-
piece of Microwave Week 2006. Topics: re-
search, development and application of RF and
microwave theory and techniques. In addition to
IMS2006, a microwave exhibition, a historical ex-
hibit, the RFIC symposium and the ARFTG con-
ference will be held during Microwave Week
2006. The technical sessions will run Tuesday
through Thursday of Microwave Week. Work-
shops will be held Sunday, Monday and Friday,
and the ARFTG Microwave Measurements Con-
ference will be held on Friday. For further infor-
mation, visit ims2006.org. For exhibition infor-
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mation, contact Kristen Dednah, Horizon House
Publications, 685 Canton St., Norwood, MA
02062 (781) 769-9750 or e-mail: kdednah@
mwjournal.com.

IEEE Radio Frequency Integrated Circuits
Symposium
June 11–13, 2006
San Francisco, CA

The 2006 IEEE Radio Frequency Integrated
Circuits Symposium (RFIC 2006) will be held in
conjunction with the IEEE MTT-S International
Microwave Symposium. Call for Papers: papers
are solicited describing original work in RFIC de-
sign, system engineering, system simulation, de-
sign methodology, RFIC circuits, fabrication,
testing and packaging to support RF applications.
Deadline for paper summary submission: Janu-
ary 2, 2006. For more information, visit
www.rfic2006.org.

COMING EVENTS

Visit http://mwj.ims.ca/5547-28
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SONNET TRAINING CLASS

■ Topics: This 1⁄2 day course is an in-
troduction to the use of Sonnet’s 3D
planar electromagnetic simulation soft-
ware. It will offer a hands-on technical
training that is designed to bring new
users up to speed and highlight new
features to experienced users in the
area of high frequency design. For
more information, visit www.sonnet-
software.com/support/training.asp.
■ Site: For location information,
please visit url.
■ Dates: For date information,
please visit url.
■ Contact: Yun Chase, Sonnet Soft-
ware Inc., 100 Elwood Davis Road,
North Syracuse, NY 13212 (315) 
453-3096 or e-mail: chase@
sonnetsoftware.com.

INTEGRATED NONLINEAR
MICROWAVE AND MILLIMETER-
WAVE CIRCUITS

■ Topics: This workshop leverages its
technical program to stimulate the dis-
cussion and promotion of new ideas in
the field of nonlinear microwave and
millimeter-wave circuits, both on active
device characterization and modeling
strategies, CAD analysis methods and
design approaches. For more informa-
tion, visit www.inmmic.org.
■ Site: Aveiro, Portugal
■ Dates: January 30–31, 2006
■ Contact: José Carlos Pedro, Insti-
tuto de Telecomunicações – Pólo de
Aveiro, Aveiro, Portugal +351 234
377900, fax +351 234 377901 or e-
mail: inmmic@av.it.pt.

SATELLITE COMMUNICATIONS
NETWORKS AND APPLICATIONS

■ Topics: This course provides an in-
tensive state-of-the-art review of
satellite communications networks
and applications from a system devel-
opment perspective. The course de-
tails the fundamentals, architecture
and development of modern satellite
networks, with emphasis on broad-
cast, interactive and mobile applica-
tions. For more information, visit
www.uclaextension.edu.
■ Site: Los Angeles, CA
■ Dates: January 31–February 3,
2006
■ Contact: UCLA Extension Bldg.,
10995 Le Conte Avenue, Los Ange-
les, CA 90024 (310) 825-3344.

FAR-FIELD, ANECHOIC CHAMBER,
COMPACT AND NEAR-FIELD
ANTENNA MEASUREMENTS

■ Topics: This course presents the
state-of-the-art in antenna measure-
ments, including far-field, anechoic
chamber, compact and near-field
measurements. The course also in-
cludes range evaluation and compen-
sation techniques and microwave
holography. For more information,
visit www.pe.gatech.edu.
■ Site: Atlanta, GA
■ Dates: November 6–10, 2006
■ Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

SYMMETRICAL COMPONENTS

■ Topics: This course discusses a vari-
ety of topics such as phasors and com-
plex number mathematics, balanced
and unbalanced three-phase systems,
sequence networks, fault impedance
and fault calculation methods. The
course concludes by analyzing short cir-
cuit and open-circuit faults, including
workshops on developing sequence
networks and performing fault calcula-
tions. For more information, visit
http://feeds.eng.usf.edu.
■ Site: Archived on-line course.
■ Dates: Archived on-line for any-
time viewing.
■ Contact: FEEDS Office at the
University of South Florida (813) 974-
3783.

THE ENTREPRENEURIAL
ENGINEER

■ Topics: This short course is an effi-
cient and memorable introduction to
the personal, interpersonal, business
and organizational skills necessary to
help engineers of applied science and
mathematics perform at high levels in
today’s increasingly opportunistic or-
ganizations and enterprises. For more
information, visit http://online.
engr.uiuc.edu/shortcourses/tee/
index.html.
■ Site: Archived on-line course.
■ Dates: Archived on-line for any-
time viewing.
■ Contact: University of Illinois at
Urbana-Champaign, 117 Transporta-
tion Bldg., 104 S. Mathews Avenue,
Urbana, IL 61801 (217) 333-0897 or
e-mail: deg@uiuc.edu.

Visit http://mwj.ims.ca/5547-22

WORKSHOPS & COURSES
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Microlab/FXR.The difference is clear.
When it comes to keeping customers happy, the name of 
the game is clear, distortion-free calls. That’s why you should 
be talking with Microlab/FXR.

Our in-stock wireless components are used by the largest
supplier of infrastructure and deliver:

• Low PIM to reduce churn
• Broadband for future enhanced services
• Low loss to increase coverage

See how we can make a clear difference for you.
Call +1 (973) 992-7700 or visit www.Microlab.FXR.com

WIRELESS COMPONENTS

Better reception means happier customers.

Visit http://mwj.ims.ca/5547-70

 12M12 FINAL  11/28/05  12:44 PM  Page 19

http://www.Microlab.FXR.com
http://mwj.ims.ca/5547-70


ISO 9001: 2000 Certified / ISO 14001 Certified

Simplified layout. Reduced board
space. High power. We design our
solutions to meet your specs, so your
focus can remain where it should
be—on your customer. 

Our RF3158 from RF Micro Devices®

provides designers the premier power
amplifier solution for GSM/ EDGE
handset applications. A dual-mode
PowerStar® power amplifier with
integrated power control and auto-
matic VBATT tracking circuit, the
compact 6x6mm solution requires 
no external routing or external
components.

RF3158 GSM/EDGE PowerStar® PA

• Integrated power control and 
band select

• Automatic VBATT tracking 
technology

• Small 6x6mm square footprint

• Single 3.0V to 4.5V supply voltage

• Input and output terminals 
internally matched to 50 ohms

• GaAs HBT process technology

• Designed to operate in saturated 
mode for GMSK signaling and 
linear mode for 8PSK modulation
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wireless technology

For sales or technical support, 
contact 336.678.5570 or 
sales-support@rfmd.com. 
www.rfmd.com

RF MICRO DEVICES®, RFMD®, PowerStar® and Enabling Wireless ConnectivityTM are trademarks of RFMD, LLC. BLUETOOTH is a trademark owned by Bluetooth SIG, Inc., U.S.A. and licensed for use by RF Micro Devices, Inc. ©2005 RFMD.

We are Wireless.

Cellular
Wireless LAN
Bluetooth®

Infrastructure
GPS

Visit http://mwj.ims.ca/5547-109 • Visit us at MTT Radio & Wireless Week 2006, Booth #313
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WELCOME TO THE 2006
RADIO AND WIRELESS

SYMPOSIUM
FRED SCHINDLER

General Chairman, 2006 Radio and Wireless Symposium

conferences. We have provided a convenient
passport registration system that allows you
to register for all three conferences at a dis-
count.

In addition to the conferences, we have a
commercial exhibition operating Tuesday
through Thursday. It is open to all technical
attendees to all three conferences, as well
as to exhibit-only registrants. The exhibition
offers you the opportunity to efficiently up-
date yourself on the latest offerings in the
marketplace — equipment, components,
systems and subsystems, tools and software.
I always find the information gleaned in the
exhibition to be as valuable as the content
in the sessions. We also thank the exhibitors
for providing refreshments throughout the
week, and a reception on Wednesday
evening.

SPECIAL FEATURES

The technical programs for the RWS,
PAW and SiRF are all very strong. The pro-
grams have the sponsorship of the IEEE
Communications Society and the IEEE Mi-
crowave Theory and Techniques Society.
There are a few items in the program that I
would like to highlight:

Welcome to the 2006 IEEE Radio
and Wireless Symposium and the
weeklong MTT Wireless event. We

have planned the symposium and the over-
all event to give you the opportunity to
learn about the latest in wireless systems,
technologies, components, implementa-
tions, products and tools in a single week
and in a pleasant locale.

The IEEE Radio and Wireless Symposium
(RWS) continues the evolution of the suc-
cessful Radio and Wireless Conference
(RAWCON). RWS brings together a unique
mix of communications systems and RF im-
plementations via invited and contributed
papers, panel sessions, workshops and short
courses. For the first time, the RWS is collo-
cated with two other complementary con-
ferences. The IEEE Topical Workshop on
Power Amplifiers for Wireless Communica-
tions (PA Workshop) has been bringing
leading RF power amplifier engineers to-
gether for many years, and continues in that
tradition. The Topical Meeting on Silicon
Monolithic Integrated Circuits in RF Sys-
tems (SiRF) continues to present the latest
in silicon RF technologies and applications. I
encourage you to take advantage of all three
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www.endwave.com

Leap over cost barriers with two new innovative
technologies from Endwave

If the high cost of semiconductors and mechanical packaging has

been holding you back, Endwave has the answers. 

MLMS™ is an advanced circuit technology using active flip-chip and 

EM coupling methods to minimize semiconductor real estate and RF

wirebonding. Passive circuitry moves onto an inexpensive MEMS-like

substrate that processes with the ease of silicon, but works to 100 GHz. 

Epsilon™ Packaging is a multi-layer substrate and package, all in one.

It replaces costly, bulky metal housings with metallized FR-4 and injec-

tion molded metallized plastics. There are no machined metal parts,

making it light and mass producible, with efficient heat extraction. 

Talk with an Endwave applications specialist today about employing

MLMS and Epsilon Packaging in your next generation designs.

Endwave. Plug us in.

MLMS  (Multilithic MicroSystems)

MMIC-like performance at 30% lower cost
Flip-chip interconnects eliminate wirebonds
Multi-layer substrate achieves higher integration
True system-on-a-chip with mixed IC technology

Epsilon Packaging

Low-cost metallized multi-layer laminate packaging
Integrates chip-on-board and surface mount components
Innovative board design delivers high isolation
Removes weight, cost, and complexity from packaging

Visit http://mwj.ims.ca/5547-40
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Take your thin film circuit ideas from concept to reality,
efficiently and economically, with UltraSource. Tap into
our 14 years of dedication to the science of thin film and
enjoy the benefits of our modern facility. We’ll make sure
your custom circuits are designed for both performance
and manufacturability, and we’ll process them perfectly.

In addition to our latest innovations, the UltraBridge™,
UltraInductor™, and UltraCapacitor™, you can also 
take advantage of our extensive knowledge of films 
and materials.

To learn more, view our informative design guidelines on
our Web site. 

We look forward to serving you.

www.ultrasource.com

22 Clinton Drive, Hollis, NH 03049
P: 800.742.9410 • 603.881.7799 • F: 603.881.9966

THIN FILM—From CAD to FAB—

• Dr. Andrew Viterbi, co-founder
of Qualcomm and developer of the
Viterbi Algorithm, will be our fea-
tured Plenary Session speaker on
Tuesday morning. We are very
pleased that he will be sharing with
us his thoughts on broadband wire-
less. Note that the Plenary Session
is open to all attendees, including
all three conferences and exhibits.
• The featured speech at our ban-
quet on Wednesday evening will
also be very interesting. Jane Zweig,
CEO of the Shosteck Group, a lead-
ing analyst firm in wireless and
communication technologies, will
give a talk entitled “Blurring Bound-
aries — Sorting Out the Future of
Wireless Communications.” Tickets
for the banquet are available at a
modest cost to all attendees and
their guests for a modest fee
through the RWS registration
system.
• Dr. Steve Cripps will give a half-
day Short Course on “RF Power
Amplifiers: New Thoughts on an
Old Subject.”
• Dr. Hans Schantz will give a half-
day Short Course on “Application of
UWB Antennas in Wireless Sys-
tems.”

We are also pleased with this
year’s conference site. San Diego is
a hotbed of wireless communica-
tions research and development. It
is also an attractive locale and an
appealing destination in the Janu-
ary timeframe. Plan to spend a few
extra days to take in the sites, and
bring along a guest to share them
with.

I look forward to seeing you in
San Diego!

Fred Schindler is di-

rector of RFMD’s

Boston Design Cen-

ter. Previously he

has been with IBM,

ATN Microwave and

Raytheon. He has

published over 35

technical articles

and has 11 patents.

He has been active

in the IEEE Mi-

crowave Theory and Techniques Society

for many years and served as president

in 2003. He was technical program vice-

chair for IMS2000. He is the Chair of

IMS2009 in Boston and the 2006 IEEE Ra-

dio Wireless Symposium in San Diego.
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CHANGING THE STANDARDS. 

Two methods, one solution:

»Technology on Demand™«

� … They say that a problem shared is a problem halved.While Time Domain has many
advantages for modeling vias, launches, connectors, packages and boards, this is not
necessarily the case for all applications. CST MICROWAVE STUDIO® now provides Time
and Frequency Domain, hexahedral and tetrahedral meshing in one single interface.
Choose the technology best suited to your structure. In critical cases, cross verification
can give you exceptional confidence in results.

Demand complete technology, demand CST MWS.

CST MICROWAVE STUDIO® has become the standard time domain tool for 3D EM
simulation, and is used world-wide by market leaders such as Motorola, Nokia, Philips,
Raytheon, Siemens, Saab and Sony. Typical applications include the simulation of wave-
guides, couplers, filters, power splitters, multiplexers, planar structures, coax and 
multipin connectors, LTCCs, MMIC packages, RLC extraction, and all kinds of antennas.

3 D EM SIMULATION

CST MICROWAVE STUDIO® 

CST of America®, Inc. | To request literature or a free demo CD | � 7 81 - 4 16 - 27 82, or info: www.cst.com

Visit http://mwj.ims.ca/5547-30 • See us at RWS Booth 512
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ATTENDING THE
CONFERENCE

HARLAN HOWE, JR.
Editor, Microwave Journal

14, 2006. The technical program for RWS in-
cludes 157 papers, five workshops, two
short courses, two panel sessions and a
rump session. A short course will be held on
Saturday, followed by workshops on Sunday
and Monday, RWS technical sessions on
Tuesday through Thursday and a final short
course on Friday. The exhibition will open
on Tuesday and run until Thursday mid-af-
ternoon. In addition, the Power Amplifier
Workshop meeting will be held on Monday
before the RWS sessions. The Silicon RF IC
meetings will start on Wednesday and con-
tinue through Friday. A full program is avail-
able at www.radiowireless.org or you can re-
quest a printed copy via e-mail at kdednah@
mwjournal.com.

TRAVEL TO SAN DIEGO

The San Diego airport (Lindberg Field) is
served by over 25 domestic and international
airlines. The airport is only a short distance
from the convention center. Average taxi
fare is less than $10.00 and is charged by the
ride, not by the passenger. Major rental car
companies are available at the airport. Shut-

T he inaugural IEEE MTT-S Radio and
Wireless Symposium will be held in
conjunction with the 6th Topical

Meeting on Silicon Monolithic ICs, the IEEE
Topical Workshop on Power Amplifiers for
Wireless Communications and the Radio and
Wireless Exhibition. All of the technical
meetings and the exhibition will be held in
Halls G and H and associated meeting rooms
at the San Diego Convention Center, West
Harbor Drive, San Diego, CA. On-site regis-
tration will open at noon, Saturday, January
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© Agilent Technologies, Inc. 2005

More than 30,000 RF engineers use Agilent EEsof EDA

www.agilent.com/find/eesof-innovations

The proof is empirical
There’s truth in numbers. Agilent EEsof EDA is the top design

software choice among engineers for the vast majority of the

world’s wireless devices.

The fact is derived from software products with undisputed

breadth of functionality. Agilent EEsof EDA applications

were created for RF engineers by RF engineers. They have

the capabilities you need the most. And now with the addi-

tion of Eagleware-Elanix you have further ease of use,

new synthesis technology, and additional pricing options

other products can’t touch. Agilent’s team of EDA experts

releases multiple improvement updates each year. And

Agilent has the largest number of technology partners,

application examples, and technical articles in the industry. 

Work the proof yourself. Agilent EEsof EDA can be customized

to fit the precise needs of your projects and budget. Visit

www.agilent.com/find/eesof-innovations to find out more.

Eagleware-Elanix is now part of Agilent EEsof EDA.

See us at RWS Booth 425
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tle services are also available and
many of the hotels offer complimen-
tary shuttles. Amtrak provides rail
service from Los Angeles with con-
tinuing service to Santa Barbara and
San Francisco. Phone 800-USA-
RAIL or e-mail: service@sales.
amtrak.com.

HOTELS

While there are many nearby ho-
tels, there are three hotels with
convention rates. The headquarters
hotel is the Marriott Hotel and Mari-
na, located next to the convention
center. The nearest hotel to Halls G
and H is the Omni San Diego, di-
rectly across the street. The Em-
bassy Suites San Diego – Downtown
is a short distance away. For on-line
booking information, go to www.
radiowireless.org and click on “Ho-
tel Information.” Transportation
from the hotels will not be provid-

ed. The hotels on W. Harbor Drive
are within walking distance. The
downtown hotels are served by a
light rail trolley that stops in front
of the convention center.

SOCIAL HIGHLIGHTS

The Microwave Journal/MTT-S
reception will be held Sunday night
from 6:00 to 8:00 PM in the conven-

tion center. Everyone is invited at
no charge. The PA Workshop recep-
tion and banquet will be held Mon-
day night at the Marriott. Tickets
are required. On Wednesday even-
ing, the Industry Hosted Reception
will be held at the Marriott from
5:45 to 7:15 PM followed by the RWS
Banquet. The reception is open to
everyone. Beverage tickets for the
reception will be included in the
delegate bags. Banquet tickets must
be purchased. The Silicon RF Re-
ception and Banquet will be held
Thursday evening at the Marriott.
Tickets are required.

PLENARY SESSION

The Plenary Session will be held
on Tuesday morning starting at 8:45
AM. After welcoming remarks from
Fred Schindler, general chairman,

and Mohammad Madihian, technical
program chairman, the plenary ses-
sion presentation “Broadband Wire-
less” will be given by Dr. Andrew
Viterbi. Dr. Viterbi has a long record
as a distinguished educator and en-
trepreneur. He was co-founder of
Linkabit and later QUALCOMM. He
is retired as vice-chairman and
chief technical officer of QUAL-
COMM and is currently president of
the Viterbi Group, a technical advi-
sory and investment company. His
principal research contribution, the
Viterbi Algorithm, is used in most
digital cellular phones and digital
satellite receivers. He is credited
with establishing CDMA as the
technology of choice for wireless
communications. He holds six hon-
orary degrees and more awards
than we have room to list here.

EXHIBITION

The Radio and Wireless Exhibi-
tion will feature new products and
services for wireless design engi-
neers from principle suppliers in
the industry, including devices,
components, materials, test equip-
ment, software, subsystems and
systems. The exhibition is open
Tuesday and Wednesday from 9:00
AM to 5:00 PM and Thursday from
9:00 AM to 3:00 PM in exhibition halls
G and H on the street level of the
convention center. Please note that
children under the age of 14 will
not be admitted to the exhibition
halls at any time.

CYBER CAFES

Both wireless and wired cyber
cafes will be available in the build-
ing.

GENERAL INFORMATION

There will be an information
booth in the registration area as
well as an IEEE MTT-S membership
booth.

Free coffee, tea and soft drinks
will be available in the refreshment
area on the exhibition floor.

IEEE policy prohibits recruiting
of attendees during the symposium.
Exhibitors may not post informa-
tion on job opportunities or recruit
for prospective employees.

Smoking is not permitted any-
where in the building.
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*DCto13GHz 99¢
ea.qty.1000from

IN STOCK

WOW! These tiny 0.12"x 0.06" LFCN low pass and HFCN high pass
filters deliver very high rejection outside the passband and virtually
eliminate PC board space demand! Choose from the world’s widest
selection of off-the-shelf Low Temperature Co-fired Ceramic models,
all using our fully automated LTCC manufacturing process to provide
tremendous cost savings that are passed on to you! These
hermetically sealed filters also deliver consistent performance,
superior temperature stability, and high power handling
capability for a low-cost, high-value solution to give you the
competitive edge! So contact Mini-Circuits today and order
these tiny LFCN and HFCN filters from stock.
Mini-Circuits…we’re redefining what VALUE is all about!

Low & High Pass

FILTERS

Designer’s Kits Available
K1-LFCN Contains 35 Units: Only $99.95 

5 ea. LFCN-225, 320, 400, 490, 530, 575, 630
K2-LFCN Contains 60 Units: Only $119.95

5 ea. LFCN-800, 900, 1000, 1200, 1325, 1700, 2000, 2250, 2400, 5000, 6000, 6700
K1-HFCN Contains 40 Units: Only $79.95

5 ea. HFCN-650, 740, 1200, 1500, 1760, 2000, 2275, 2700

LTCC TECHNOLOGY

o S
C O M P L I A N T

TM

For RoHS compliant requirements, 
ADD + SUFFIX TO BASE MODEL No. Example: LFCN-80+

LFCN & HFCN       HFCN-3800
HFCN-5500
HFCN-8400    

•

CIRCLE READER SERVICE CARD

393 Rev S

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

RF/IF MICROWAVE COMPONENTS

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
TM

®

ISO 9001 ISO14001 CERTIFIED

•

Passband fco, MHz Nom. Stopband MHz No. Of Price
Model MHz (Loss 3dB) ( Loss >20dB) Sections $ ea.

Typ. Min. Qty. 10
LFCN-80 DC-80 145 190 7 3.99
LFCN-95 DC-95 165 220 7 3.99
LFCN-105 DC-105 180 250 7 3.99
LFCN-120 DC-120 195 270 7 3.99
LFCN-225 DC-225 350 460 7 2.99

LFCN-320 DC-320 460 560 7 2.99
LFCN-400 DC-400 560 660 7 2.99
LFCN-490 DC-490 650 800 7 2.99
LFCN-530 DC-530 700 820 7 2.99
LFCN-575 DC-575 770 900 7 2.99

LFCN-630 DC-630 830 1000 7 2.99
LFCN-800 DC-800 990 1400 5 1.99
LFCN-900 DC-850 1075 1275 7 1.99
LFCN-1000 DC-1000 1300 1550 7 1.99
LFCN-1200 DC-1200 1530 1865 7 1.99

LFCN-1325 DC-1325 1560 2100 5 1.99
LFCN-1400 DC-1400 1700 2015 7 2.99
LFCN-1450 DC-1450 1825 2025 7 2.99
LFCN-1500 DC-1500 1825 2100 7 2.99
LFCN-1525 DC-1525 1750 2040 7 2.99

LFCN-1575 DC-1575 1875 2175 7 2.99
LFCN-1700 DC-1700 2050 2375 7 1.99
LFCN-1800 DC-1800 2125 2425 7 2.99
LFCN-2000 DC-2000 2275 3000 5 1.99
LFCN-2250 DC-2250 2575 2900 7 1.99

LFCN-2400 DC-2400 2800 3600 5 1.99
LFCN-2500 DC-2500 3075 3675 7 1.99
LFCN-2600 DC-2600 3125 3750 7 1.99
LFCN-2750 DC-2750 3150 4000 7 1.99
LFCN-2850 DC-2850 3300 4000 7 1.99

LFCN-3000 DC-3000 3600 4550 7 1.99
LFCN-5000 DC-5000 5580 6800 7 1.99
LFCN-6000 DC-6000 6800 8500 7 1.99
LFCN-6700 DC-6700 7600 9300 7 1.99
HFCN-650 850-2490 650 480 7 1.99

HFCN-740 900-2800 740 550 7 1.99
HFCN-880 1060-3200 880 640 7 1.99
HFCN-1200 1380-4600 1180 940 7 1.99
HFCN-1300 1510-5000 1300 930 7 1.99
HFCN-1320 1700-5000 1320 1060 7 1.99

HFCN-1500 1850-5500 1550 1250 7 1.99
HFCN-1600 1950-5000 1600 1290 7 1.99
HFCN-1760 2100-5500 1760 1230 7 1.99
HFCN-1910 2200-5200 1910 1400 7 1.99
HFCN-1810 2250-4750 1810 1480 7 1.99

HFCN-2000 2410-6250 2000 1530 7 1.99
HFCN-2100 2500-6000 2100 1530 7 1.99
HFCN-2275 2640-7000 2275 1770 7 1.99
HFCN-2700 3000-6500 2500 1800 7 1.99
HFCN-3800 4250-10000 3800 3200 5 2.49
HFCN-5500 6000-11500 5500 4500 5 2.99
HFCN-8400 9000-13000 8400 6000 5 2.99
LFCN = Low Pass, HFCN = High Pass
LFCN Models: U.S.Patent #6,943,646 except LFCN-800,-1325,-2000 &-2400.

For applications requiring DC voltage applied to the input or output, add suffix
letter "D" to model number ( DC resistance to ground is 100 megaohms min.)
and add $0.50 to unit price. 

*

•
•

•
•

Detailed Performance Specs and            Shopping Online  for these models, 
and our full line of SMA filters, see www.minicircuits.com/filter.html

80

 12M36 FINAL  11/28/05  12:47 PM  Page 29

http://www.minicircuits.com
http://www.minicircuits.com/filter.html


Yes,  there  are  a  few th ings
we don’t  make laminates  for.

For  everyth ing e lse ,  there ’s  I so la .

Isola  Corp. ,  3100 West  Ray Rd. ,  Sui te  301,  Chandler,  AZ,  85226,  (800)  845-2904,  www. isola-usa.com
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Ceramic-filled
low loss material

IS640-300 PTFE/Epoxy
blend

Isola IS640 – Laminates For RF/Microwave and High Speed Digital Applications Using Conventional Processing. Introducing Isola’s
IS640 family of laminates – the first resin matrix laminate in the RF/Microwave and High Speed Digital class to satisfy all design-critical
requirements: superior electricals with a flat response over frequency, laminate and prepreg forms in typical thicknesses and sizes, and
ease of known conventional processes. Contact Isola today for more details.

IS640 PRODUCT STRENGTHS

• Superior signal integrity from 
2 to 20 GHz

• Customized Dk – 3.00, 3.20, 3.25, 
3.38, 3.45

• Utilizes standard E-glass

• Conventional FR-4 type processes

• Tack-free prepreg

• Standard prepreg glass styles – 106,
1080, 3070, 2113, 2116 and 1652

• Superior drilling performance – 
no ceramic filler

• Standard thicknesses available from 
0.0027" to >0.120"

• Compatible with Isola grades FR406,
IS410 and FR408 for hybrid MLB

IS640 VS. COMPETITION
dB/INCH LOSS 1-10 GHz

Microstrip with 0.008” lineBased on 0.030” material
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Visit http://mwj.ims.ca/5547-56

I so la  Corp.  3100 West  Ray Rd. ,  Sui te  301,  Chandler,  AZ 85226,  (800)  845-2904,  www. isola-usa.com

Data courtesy of Northrup Gruman

Int roduc ing the IS640 fami ly–

A fu l l  se lect ion  of  res in -based laminates  
and prepreg for  RF/Microwave and 

High Speed Dig i ta l  appl i cat ions .  

IS640 laminate and prepreg material is a unique

formulation for the RF/Microwave and High 

Speed Digital markets. IS640 exhibits stable 

electrical properties over a broad frequency range

of 2 to 20 GHz. Produced with stringent thickness

and electrical tolerances, IS640 provides designers

with consistent line impedance. 

IS640 is available in multilayer core thicknesses

(0.0027"- 0.010") and thicker core material 

(0.020”, 0.030” and 0.060”) for RF and Microwave

applications. Standard panel sizes are available, 

providing a complete materials package solution.

Core
Thickness

Dk
 2.0 GHz 

Dk Dk Df Df Df 
5.0 GHz 10.0 GHz 2.0 GHz 5.0 GHz 10.0 GHz

0.0030 3.10 3.10 3.10 0.0033 0.0034 0.0034
0.0040 3.49 3.49 3.49 0.0038 0.0039 0.0039
0.0050 3.43 3.43 3.43 0.0037 0.0038 0.0038
0.0060 3.46 3.46 3.46 0.0038 0.0038 0.0038
0.0060 3.10 3.10 3.10 0.0033 0.0034 0.0034
0.0080 3.45 3.45 3.45 0.0038 0.0039 0.0039
0.0100 3.43 3.43 3.43 0.0037 0.0038 0.0038

Dissipation Factor
Glass 
Fabric

Resin 
Content (%)

Pressed
Thickness

   Nominal  

Dielectric Constant

106 72 +/-1.5% 0.0022" 3.00 3.00 3.00 0.0031 0.0031 0.0031

1080 65 +/-1.5% 0.0030" 3.07 3.06 3.06 0.0033 0.0034 0.0034

2113 57 +/-1.5% 0.0035" 3.29 3.28 3.28 0.0036 0.0036 0.0036

3070 54 +/-1.5% 0.0040" 3.37 3.36 3.36 0.0037 0.0037 0.0037

2116 54 +/-1.5% 0.0050" 3.37 3.36 3.36 0.0037 0.0037 0.0037

1652 52 +/-1.5% 0.0060" 3.43 3.42 3.42 0.0037 0.0038 0.0038

  2 GHz 5 GHz 10 GHz   2 GHz 5 GHz 10 GHz

0.0115

0.0095

0.0075

0.0055

 2
Frequency (GHz)

IS620

APPE

IS640

55% RESIN
0.0030

5 10

IS640 Df COMPARISON

ALL IS640 PRODUCTS AVAILABLE IN:

0.020”, 0.030” and 0.060” thicknesses

Dk AND Df VALUES AT 10 GHz

IS640-345 = Dk 3.45, Df 0.0045

IS640-338 = Dk 3.38, Df 0.0042

IS640-325 = Dk 3.25, Df 0.0035

IS640-320 = Dk 3.20, Df 0.0035

IS640-300 = Dk 3.00, Df 0.0034

IS640 Prepreg Electrical Properties

Electrical data tested by Bereskin Stripline Method at ambient temp.

Electrical data tested by Bereskin Stripline Method at ambient temp.

Pressed Thickness: Calculated using a dielectric thickness model developed by Isola for its resin 
systems. The pressed thickness values should be used as a starting point. Thicknesses will be slightly
different depending on inner layer retained copper (signal vs. ground) and the copper foil weight.

IS640 High Speed Digital Laminate Electrical Properties

ATTENUATION (16” TRANSMISSION LINE)

The data, while believed to be accurate and based on analytical methods considered to be reliable, is for information purposes only. 
Any sales of these materials will be governed by the terms and conditions of the agreement under which they are sold.
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Analog Devices Inc. 722
Norwood, MA

C. Dervin

Analog Devices has a broad portfolio of RF ICs,
including complete chipsets and a full range of
high-performance RF function blocks, includ-
ing direct digital synthesizers; phase-locked
loop synthesizers; detectors and logarithmic
operational amplifiers; fixed and variable-gain
amplifiers; TruPwr™ RF power detectors; mix-
ers, modulators and demodulators; and inte-
grated IF amplifiers. 
Amplifiers, Optoelectronic

Components/Fiber Optics, RFICs, Signal

Processing Components, Synthesizers,

Switches, Transceivers 

Anderson Electronics 929
Hollidaysburg, PA

Precision quartz crystal manufacturer of low
phase noise application, double rotated crystals
for military and hi-reliability applications. Also
clock oscillators, VCXOs and TCXOs. 
Oscillators 

Anritsu Co. 835
Richardson, TX

Anritsu provides test and measurement solu-
tions for wired and wireless communication
systems including optical, microwave/RF, wire-
less, and digital instruments for R&D, manufac-
turing, field test, and maintenance. Anritsu is a
leader in the entire wireless market with solu-
tions for 802.11 WLAN, Bluetooth and mobile
phone test including W-CDMA, GSM/GPRS/
EDGE and cdma2000.
Test and Manufacturing Equipment 

Ansoft Corp. 713
Pittsburgh, PA

C. Boyle

Advanced Test Equipment Corp. 707
San Diego, CA

M. Jahn, N. Romero, J. Tighe

Advanced Test Equipment offers rental, sale,
and lease solutions for test and measurement
requirements. We offer turnkey solutions for
projects, carrying off-the-shelf products includ-
ing amplifiers, antennas, attenuators, oscilla-
tors, power supplies, and EMC/ESD/RFI sys-
tems from Agilent, Amplifier Research, Anritsu,
ETS-Lindgren, Giga-Tronics, Keithley, Narda,
National Instruments, Rohde & Schwarz,
Schaffner, Tektronix, etc. 
Amplifiers, Antennas, Power Supplies,

Synthesizers, Systems/Subsystems, Test and

Manufacturing Equipment 

Aethercomm Inc. 718
San Marcos, CA

Aethercomm Inc. is a leading provider of high
power linear and pulsed solid-state power am-
plifiers to military satellite communications and
commercial wireless customers. Our experi-
enced RF engineers design and manufacture
hardware from 10 MHz to 40 GHz. 
Amplifiers 

Agilent Technologies Inc. 425
Palo Alto, CA

L. Brown-Scott

Agilent Technologies Inc. is a global technology
leader in communications, electronics, life sci-
ences and chemical analysis. Agilent provides
market, technology and measurement exper-
tise with the broadest portfolio of innovative
wireless communication test solutions, wireless
communication services, and support for com-
ponents, wireless communication devices and
base station test.
Software, Test and Manufacturing

Equipment 

Ansoft is a leading provider of circuit, system,
and component-level EM simulation software
for high-performance RF design. Visit our
booth to see how you can achieve 10x improve-
ments in RF design complexity and design time
using the newly released HFSS v10, Nexxim v3,
and Ansoft Designer v3 in a dynamically linked
design environment. 
Software 

Applied Wave Research Inc. 839
El Segundo, CA

S. Weedon, G. Chrisikos, J. Kirshman, G. Paparisto

AWR’s Microwave Office 2006 design suite has
been radically enhanced to provide the most
powerful and flexible RF/microwave design en-
vironment available in the industry. This latest
product release continues to deliver key pro-
ductivity improvements, including the APLAC
simulator, to microwave designers, shortening
design cycle time and speeding time-to-market
for RF/microwave products.
Software 

Applied Wireless Inc. 929
Camarillo, CA

R. Wiekamp

Wireless data, audio, video and remote con-
trols; 300, 400 and 900 MHz modules and
turnkey products.
Transceivers 

AR Worldwide 702
Souderton, PA

AR Worldwide RF/Microwave Instrumentation
manufactures broadband high power amplifiers
from DC–40 GHz, 1–50,000 W. Available test
accessories include antennas, directional cou-
plers, field monitoring equipment, power me-
ters and much more. Our solid-state “S” series
amplifiers (1–800 W) are well suited for mi-
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Load Pull and Noise Test Engineers

Multi Purpose Tuner* - MPT

A precision electromechanical tuner for in-fixture and on-wafer Load Pull and Noise measurements, combining:

Using three independent RF probes, the MPT synthesizes several 

million impedances at the fundamental and harmonic frequencies.

This allows independent harmonic tuning, high VSWR prematching

and most other crucial tuner features, all in a single unit.

Focus now offers you the universal

*Patent Pending

Wideband Fundamental and Harmonic tuning without Triplexers or Harmonic resonators

High VSWR (Prematching tuner); more than 100:1 @ 3 GHz

Multi-octave coverage in 0.8 - 50 GHz frequency range

MPT is compatible with all Focus application software.

Due to its iTuner control, it allows users to develop their

own test software using LabViewTM,  VeeTM, Visual BasicTM, 

MatlabTM, C,  C++,  etc...

Ask for Product Note 79.
1603 St. Regis

Dollard-des-Ormeaux, Quebec

Canada, H9B 3H7

Tel: 514-684-4554

Fax: 514-684-8581

Email: info@focus-microwaves.com

Web: www.focus-microwaves.comThe Expert’s Choice

Additional features:
High resolution (95 million or more calibrated tuning points)+

High power (50 W (APC-7), 100 W (N),  200 W (7/16))

Vibration free on-wafer tuning (no horizontal axis movement)

TCP/IP (iTuner) control for User developed software
+ Calibration time: less than 30 minutes per set of harmonic frequencies

Independent Harmonic tuning of Amplitude and Phase

using the MPT (fo=6 GHz, 2fo=12GHz, 3fo=18 GHz)

MPT tuning using vertical probe movement only

New Product Launch

Visit http://mwj.ims.ca/5547-46 • See us at RWS Booth 739
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JERSEY MICROWAVE DESIGNS, DEVELOPS AND 
MANUFACTURES QUICK TURN MICROWAVE 

COMPONENTS AND SUB-SYSTEMS SOLUTIONS.

Phone: 908.684.2390 (ext 23) • Fax: 908.684.2391
email: sales@jerseymicrowave.com • www.jerseymicrowave.com

The Jersey Microwave Block Converter series are specially designed to translate

a block of L-Band frequencies to either S, C, X or Ku-Band frequencies, or vice

versa, for use in transmitting or receiving applications for Intelsat, Eutelsat, and

other communications systems.

Phase-Locked Block Converters

• Low Power Consumption

• Stable Gain Over Temperature

• Low Output Phase Noise

a) Intelsat / Eutelsat Compliant for 
C & Ku-band Models

b) MIL-STD-188-164A Compliant 
for X-band Models

• Locks to External 50 MHz Reference 
(10 MHz Optional) or Internal Reference
with a Frequency Stability of +/- 2.5
ppm over temperature

• Custom Frequencies Available

• Dual and Tri-band Available

BLOCK & UP/DOWN CONVERTERS

RECEIVERS & TRANSMITTERS

LNA & POWER AMPLIFIERS

FREQUENCY MULTIPLIERS

PHASE LOCKED DROs

RF SWITCHES/SWITCHED FILTERS

DIGITAL/VOLTAGE CONTROLLED

ATTENUATORS/SUB-SYSTEMS

LOGARITHMIC AMPLIFIERS

PHASE SHIFTERS

Contact us to discuss your custom 
specifications or to select from one of 

our standard product designs.

crowave applications because of their linearity,
low noise power output and frequency cover-
age from 0.8 to 10.6 GHz. 
Amplifiers, Antennas, Couplers, Software,

Test and Manufacturing Equipment 

Artech House 224
Norwood, MA

M. Walsh, J. Stone

Artech House is a leading publisher of profes-
sional-level books and timesaving software for
engineers and managers in microwave engi-
neering, wireless, radar, signal processing,

MEMS, nanotechnology, and other high-tech
fields. Stop by our booth to browse classic and
just-released titles and take advantage of spe-
cial 20% show savings.
Publications, Software 

Besser Associates Inc. 706
Mountain View, CA

R. Frobenius

Besser Associates provides technology-based
training to both technical and non-technical
professionals in RF, wireless, and digital com-
munications industries worldwide. 

Amplifiers, Antennas, MMICs,

Optoelectronic Components/Fiber Optics,

Oscillators, RFICs, Services, Signal

Processing Components,

Systems/Subsystems, Test and

Manufacturing Equipment, Transceivers 

Bird Technologies Group 816
Solon, OH

D. Distler

Bird® Technologies Group, consisting of Bird®

Electronic Corp. and TXRX Systems®, is a
global, innovative supplier of RF products, sys-
tems, services and educational solutions, which
enable our customers’ success. Join us at Booth
816 as we introduce an expanded range of RF
and microwave coaxial components. 
Attenuators, Couplers, Filters, Power

Dividers, Signal Processing Components,

Systems/Subsystems, Switches,

Terminations, Test and Manufacturing

Equipment 

Bowei Integrated Circuits Co. 516
Shijiazhuang, Hebei, China

C. Jian

Bowei is one of the leading RF/microwave solu-
tion providers in China. Bowei has developed a
broad range of product lines including ampli-
fiers, VCOs, crystal oscillators, filters, attenua-
tors, power dividers, switches, frequency dou-
blers and comb generators. 
Amplifiers, Attenuators, Filters,

Mixers/Modulators/Detectors, Oscillators,

Phase Shifters, Power Dividers 

Cambridge University Press 738
New York, NY

J. Lancashire

Titles on display will include Krishnamachari,
Networking Wireless Sensors; Goldsmith, Wire-
less Communications; Lee, Planar Microwave
Engineering; Davidson, Computational Electro-
magnetics for RF and Microwave Engineering;
plus many more books in RF, electromagnetics,
wireless, and related areas. There will be a 20%
discount on all titles.
Publications 

Cascade Microtech 537
Beaverton, OR

J. Nakaya

Cascade Microtech is a worldwide leader in
precise electrical measurement and test of ICs
and other structures. For technology business-
es and scientific institutions that need to evalu-
ate small structures, Cascade Microtech deliv-
ers access to and extraction of electrical data
from wafers, packages, circuit boards and mod-
ules, MEMS, and more.
Test and Manufacturing Equipment 

Chin Nan Precision Electronics Co. 804
Taipei, Taiwan

As an ISO 9001 2000 version qualified manufac-
turer, we provide a full range of quality RF con-
nectors and cable assemblies. Connector range
includes SMP, SSMA, SSMB, CN-2.92, 7.16, SMA,
SMB, SMC, MMCX, N, BNC and TNC.
Connectors/Cables/Cable Assemblies 

Coilcraft Inc. 819
Cary, IL

P. Liebman, K. Smith, C. Lapinski
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Visit http://mwj.ims.ca/5547-41 • See us at RWS Booth 720

 12M38 FINAL  11/28/05  12:51 PM  Page 35

http://mwj.ims.ca/5547-41
http://www.eudyna.com
mailto:sales@eudyna.com


Worldwide maker of high frequency chip induc-
tors, SMD power magnetics, filters, and trans-
formers. 
Resistors/Capacitors/Inductors 

Commercial Microwave Technology 812
Rancho Cordova, CA

T. Rankin, J. Davis

CMT manufactures filters, duplexers, multi-
plexers and integrated filter based assemblies
for commercial, wireless, military and space/Hi-
Rel applications 400 MHz–40 GHz.
Filters 

Corning Gilbert Inc. 515
Glendale, AZ

Corning Gilbert (www.corning.com/corning-
gilbert) brings interconnect solutions to today’s
military and commercial markets. The compa-
ny’s RF and microwave products portfolio in-
cludes a breadth of coaxial push-on and
threaded connectors, well-suited for a variety
of military and commercial applications. Prod-
ucts are used in radar systems, telecommunica-
tions and wireless base station equipment,
satellite systems and antenna arrays.
Connectors/Cables/Cable Assemblies 

CST of America Inc. 512
Wellesley Hills, MA

N. Lebedeva

CST is one of the two largest suppliers of elec-
tromagnetic simulation software and has con-
tinuously enhanced its position as market and
technology leader in 3D time domain simula-
tion. With over 80 employees worldwide and a
network of qualified distributors, 120 people
are dedicated to the development and support
of its EM products in more than 30 countries.
Software 

dBm 625
Wayne, NJ

M. Cagney

New precision frequency tunable AWGN carri-
er/noise generators for cellular/3G and SAT-
COM applications. Wideband satellite link emu-
lators for satellite and ground station (VSAT)
RF channel impairment testing (delay, doppler,
fading, phase-shift) plus tunable multi-channel
RF up/down frequency converters and multi-
octave frequency synthesizers. Low cost
portable signal generator.
Synthesizers, Systems/Subsystems, Test and

Manufacturing Equipment, Transceivers 

Delta Electronics Mfg. Corp. 621
Beverly, MA

TH, MR

Delta Electronics Mfg. Corp. is a full line sup-
plier of RF/microwave and new millimeter-wave
coaxial connectors. Our 50 years tradition of
quality military and commercial products, com-
plete customer satisfaction and strong engi-
neering services make Delta Electronics the
supplier of choice. Contact us at
www.deltarf.com.
Connectors/Cables/Cable Assemblies,

Millimeter-wave Components 

DuPont Micro Circuit Materials 800
Research Triangle Park, NC

Electro Rent Corp. 535
Van Nuys, CA

P. Chu

Electro Rent, a national leading test equipment
solution provider since 1965, offers for rent,
lease, trade and purchase wireless communica-
tions test sets, spectrum/vector signal analyz-
ers, analog/digital/vector signal generators, ca-
ble/antenna analyzers, drive test systems, etc.,
from Agilent/HP, Rohde & Schwarz, Anritsu/
Wiltron, Tektronix and more. Call 1-800-688-
1111 or visit www.electrorent.com for details.
Power Supplies, Services, Test and

Manufacturing Equipment 

Elektrobit Inc. 737
Oulu, Finland

J. Auer, T. Freeman

Elektrobit is a leading-edge developer of wire-
less communication solutions and a world
leader in high-end wireless test equipment.
Elektrobit’s radio channel emulators, channel
sounders and air interface development plat-
forms provide unique capabilities for advanced
testing of new cellular, WLAN and WiMAX sys-
tems including MIMO, smart antenna and SDR
technologies.
Test and Manufacturing Equipment 

36 MICROWAVE JOURNAL ■ DECEMBER 2005Visit http://mwj.ims.ca/5547-144

 12M38 FINAL  11/28/05  12:52 PM  Page 36

http://www.deltarf.com
http://www.electrorent.com
http://mwj.ims.ca/5547-144
http://www.corning.com/corninggilbert
http://www.corning.com/corninggilbert
mailto:info@vectorfields.co.uk
mailto:info@vectorfields.com
http://www.vectorfields.com
http://www.vectorfields.com


It’s the RF story no one else can

tell. Because no one else can deliver 

a full RF solution from handset

subsystem to base station.

Our RF story starts at the very

beginning of the RF industry and

extends into the very latest RF

technologies in development today.

While much of the industry still

struggles to find RF solutions for

WCDMA handsets, we’re releasing

our 4th generation solution.

While much of the industry

ponders earlier generation RF LDMOS

for base stations, we’re working on

our 8th generation.

We pioneered high voltage plastic

packaging and were the first company

to bring 100,000 hours MTBF to RF.

Today, we continue to lead in reliability,

innovation and performance.

In fact, our active role in shaping the

industry has lead to new levels of

excellence in standards like UWB and

the ZigBeeTM protocol.

While others are

promising RF leadership, we’re

already delivering on our leadership

promise to our customers.

No one understands the underlying

technologies and economics of 

RF better. We’re here to help you

transition to new technologies as

they develop. Whether it’s 3G, 4G 

or WiMAX. RF is our story. Join us

as we write the next chapter.

RF from end-to-end

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. ©Freescale Semiconductor, Inc. 2005.

It’s ) )) ) ) ) ) ) ) )

Download your free RF Spectrum Screensaver 
at freescale.com/end2end

Visit http://mwj.ims.ca/5547-47 • See us at RWS Booth 223
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EM Software & Systems 638
Stellenbosch, Western Cape, South Africa

C.J. Reddy

FEKO (www.feko.info) is a comprehensive com-
putational electromagnetics (CEM) code based
on the accurate “full wave” Method of Moments.
The leading MLFMM and the MoM hybrid with
asymptotic high frequency techniques (PO and
UTD) allow simulation of electrically large prob-
lems, e.g. antenna placement. Several techniques
including Finite Element Method (FEM) are
available for dielectric regions.
Software 

EMAG Technologies Inc. 415
Ann Arbor, MI

K. Sabet

EMAG Technologies Inc. is a provider of innov-
ative RF front-end solutions. The company of-
fers commercial and custom visual CAD tools
for analysis and design of microwave antennas,
circuits and wireless systems. Other services
include design, prototyping, test and measure-
ment of integrated antennas and RF front-end
systems. 
Antennas, Millimeter-wave Components,

Software 

Emerson & Cuming 634
San Marcos, CA

S. Burns

Emerson & Cuming is a world leader in the de-
sign and manufacture of high performance
polymers for your most challenging circuit and
component assembly applications. We deliver
the highest quality assembly and protection
materials including: underfills, encapsulants,
thermal interface materials, solder alternatives
and coatings.
Materials 

Emhiser Micro-Tech 428
Verdi, NV

Empower RF Systems 635
Inglewood, CA

D. Faigenblat, T. Koster

We design and manufacture personal communi-
cation network modules and systems for pag-
ing, cellular, PCS, IMT-2000, WLL and WiMAX.
We design and sell LNAs, repeaters, connec-
tors, adapters, power dividers, directional cou-
plers and PIN-diode switches, attenuators and
limiters. 
Amplifiers, Connectors/Cables/Cable

Assemblies, Couplers, Power Dividers,

Repeaters, Switches 

Eudyna Devices USA Inc. 720
San Jose, CA

C. Burnett, W. Gould, T. Iida, N. Kuwata

Eudyna manufactures a complete range of mi-
crowave field effect transistors and GaAs
MMICs for use in communications and radar
systems from 900 MHz to 76 GHz. Applications
include cellular and wireless phone and LAN
systems, terrestrial radio link, satellite teleme-
try and satellite system uplink and downlinks,
phased array radar, DBS receivers, etc. 
Amplifiers, Diodes/FETs/Transistors,

Millimeter-wave Components, MMICs,

Optoelectronic Components/Fiber Optics,

Phase Shifters, Switches 

European Microwave Week 222
London, UK

The European Microwave Week exhibition is
organised by Horizon House Publications Ltd.
Following this year’s event in Paris, EuMW2006
will take place at the G-MEX/MICC Centre,
Manchester, UK. Those wishing to take part in
EuMW2006, which is held on the 11th, 12th and
13th September 2006, please come to our stand
to register and pick up a floorplan. 

Filtel Microwave Inc. 731
Vaudreuil-Dorion, QB, Canada

C. Sutton, J. Degado, J. L’Ecuyer

Filtel specializes in the design and manufacture
of low-cost, high-performance cavity filters,
diplexers, couplers, circulators and isolators up
to 50 GHz. Filtel will showcase new hot stand-
by couplers for ODU radios.
Couplers, Filters, Isolators/Circulators,

Power Dividers, Terminations 

Filtronic Compound Semiconductors 639
Newton Aycliffe, UK

S. Cornelius, G. LaBelle, G. Edwards, S. Knight

Filtronic Compound Semiconductors has a
well-established line of pHEMT semiconduc-
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Microwave Division: 48 Mivtza Kadesh St. Bene Beraq, 51203 ISRAEL, Tel. 972(3)6175655, Fax. 972(3)6175299, Email: trm1@elisra.com, www.mw-elisra.com

M i c r o w a v e  D i v i s i o n

MICROWAVE COMPONENTS
& SUBASSEMBLIES

Elisra Microwave Division has over 35 years of proven experience in supplying
best of class components and Multi-function integrated assemblies for a wide
variety of RF and Microwave Applications up to 50 GHz.

• Multi-function Integrated Assemblies up to 50 GHz
• Solid State Amplifiers LNA & HP up to 18 GHz
• PIN Diode Control Devices
• IF and Video Signal Processing
• Frequency Sources 0.5-18 GHz

Visit http://mwj.ims.ca/5547-35
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INCORPORATED

The Linearized Amplifier Specialists
1007 Whitehead Road Ext., Trenton, NJ 08638

Toll Free: (888) 772-7791  Tel: (609) 538-8586  Fax: (609) 538-8587
Email: sales@stealthmicrowave.com  Web site: www.stealthmicrowave.com

No matter what requirement you have for
COTS RF power amplifiers, Stealth
Microwave can meet your needs. Our diverse
product line ranges in frequency from 200
MHz to over 20 GHz with output powers from
1 Watt to over 600 Watts. Our designs utilize
the technologies and features needed to
withstand the harsh environments of military
applications. Our high reliability has been
demonstrated with over 1000 units presently
deployed in military programs that include
back-pack/vehicle data links and complex
satellite communications transmitted from
the Stealth B2 Bomber.

We also have placed over 15 of our most
popular models in stock in order to meet
your "need by yesterday" requirements. Visit
our web site for more information or call our
sales staff today!

HAVING A DIFFICULT TIME FINDING
A COTS AMPLIFIER TO MEET YOUR 
SPECIFIC REQUIREMENTS?

HAVING A DIFFICULT TIME FINDING
A COTS AMPLIFIER TO MEET YOUR 
SPECIFIC REQUIREMENTS?

HAVING A DIFFICULT TIME FINDING
A COTS AMPLIFIER TO MEET YOUR 
SPECIFIC REQUIREMENTS?

MAKES IT
POSSIBLE!
MAKES IT
POSSIBLE!

ISO9001: 2000 Certified

tors which have found wide acceptance in ap-
plications for base station receivers and trans-
mitters, WLAN products, mmWave radios, mili-
tary and others. Filtronic complements its
product line with the GaAs switches and power
FETS. Please visit our Web site at www.filtron-
ic.com for more information. 
Amplifiers, Diodes/FETs/Transistors,

Millimeter-wave Components, MMICs,

RFICs, Switches 

Freescale Semiconductor 223
Austin, TX

J. Grimme, D. Wilson

Freescale is a global leader in the design and
manufacture of semiconductors for automotive,
consumer, industrial, networking and wireless
markets. Freescale became a publicly traded
company in 2004 after more than 50 years as part
of Motorola and is one of the world’s largest semi-
conductor companies with 2004 sales of $5.7 B. 
Amplifiers, Mixers/Modulators/Detectors,

Optoelectronic Components/Fiber Optics,

RFICs, Signal Processing Components,

Software, Systems/Subsystems 

Gel-Pak 705
Hayward, CA

D. Davis

Gel-Pak, a division of Delphon Industries, is a
leading manufacturer of device shipping and
handling carriers used predominantly by the
semiconductor, optoelectronics, telecommuni-
cations, and medical industries.
Materials 

Global Communication 
Semiconductors 827
Torrance, CA

S. Yu

GCS provides pure-play compound semicon-
ductor wafer foundry services for RFICs,
MMICs and optoelectronic components using
both GaAs and InP technologies. 
Amplifiers, Diodes/FETs/Transistors,

Millimeter-wave Components,

Mixers/Modulators/Detectors,  MMICs,

Optoelectronic Components/Fiber Optics,

Oscillators, Phase Shifters, Repeaters,

RFICs, SAW Devices, Services, Switches 

High Frequency Electronics 538
Bedford, NH

S. Spencer, G. Breed, T. Burkhard, G. Rhodes

High Frequency Electronics is published
monthly for design engineers and technical
managers seeking ideas and solutions involving
analog, digital, RF, microwave, mm-wave, and
optical technologies. The market-driven con-
tent covers materials, devices, components,
test equipment, computer-aided design, sys-
tems, subsystems and more. High Frequency

Electronics has the latest information on de-
sign techniques, applications and solution-
oriented new products.
Publications 

Hittite Microwave Corp. 329
Chelmsford, MA

B. McGreevy, N. Hildreth

An innovative designer and manufacturer of
analog and mixed-signal ICs, modules and sub-
systems for RF, microwave and millimeter-wave
applications covering DC to 110 GHz: automo-
tive, broadband, cellular infrastructure, fiber
optics, microwave & millimeter-wave communi-
cations, military, space and test & measure-
ment. Our RFIC/MMIC products are developed
using state-of-the-art GaAs, InGaP/GaAs, InP,
SOI and SiGe semiconductor processed utiliz-
ing MESFET, pHEMT, mHEMT, & HBT devices.
Amplifiers, Attenuators, Millimeter-wave

Components, Mixers/Modulators/Detectors,

MMICs, Optoelectronic Components/Fiber

Optics, Oscillators, Phase Shifters, Power

Dividers, RFICs, Switches, Test and

Manufacturing Equipment 

IEEE Communications 
Magazine Publications Bin
New York, NY

Publications

IEEE Microwave Magazine 923
Piscataway, NJ

S. Schneiderman, M. Rubin

IEEE Microwave Magazine is the only maga-
zine sponsored by the IEEE Microwave Theory
& Techniques Society (IEEE MTT-S) and con-
centrates on technical, general-interest and ap-
plications-oriented articles. The markets cov-
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ered include communications systems and
equipment, navigation and guidance systems,
aircraft, missiles, space and ground support
equipment, industrial equipment, controls and
systems, ICs and microprocessors, semicon-
ductors, components, and more.
Publications 

Integrated Engineering Software 815
Winnipeg, MB, Canada

D. Craigen, T. Smith

Computer-aided Engineering (CAE) software for
electromagnetic, thermal and structural design
and analysis. The methods may be coupled for a

multi-physics analysis. Either boundary element,
finite element or a hybrid of these methods is
used to calculate the electric, magnetic, thermal
or stress fields. The major feature of the software
is the use of hybrid methods that allow paramet-
ric changes to optimize a design.
Software 

JFW Industries Inc. 520
Indianapolis, IN

B. Walker, S. Watkins

JFW Industries is a leading designer and manu-
facturer of innovative RF solutions that include
attenuators, terminations, switches, power di-

viders, matrix switches and specialized test
systems. 
Attenuators, Power Dividers, Switches,

Terminations, Test and Manufacturing

Equipment 

Johanson Manufacturing Corp. 426
Boonton, NJ

B. Ko

RF & microwave tuning products: high Q vari-
able (trimmer) capacitors, multi-turn and sin-
gle-turn with sapphire, alumina, air, and cus-
tom ceramics. Tuning elements with metallic,
ceramic, and dielectric resonators. High Q di-
electric resonators in custom configurations
and full range of dielectric constants. Low cost
contract assembly: sub-assemblies, modules,
and components.
Resistors/Capacitors/Inductors 

Johnstech International Corp. 513
Minneapolis, MN

B. Abrams

Johnstech International manufactures and dis-
tributes high performance contactors for lead-
free device testing, pad, leaded, edge devices
and other packages requiring superior electri-
cal and mechanical performance.
Test and Manufacturing Equipment 

Journal of Electronic Defense 228
Norwood, MA

JED, the Journal of Electronic Defense, pub-
lished under contract to the AOC, is the lead-
ing authority on C4ISR, information operations,
command and control warfare, electronic war-
fare and integrated military systems. JED cov-
ers the full spectrum of the international de-
fense-electronics industry, and focuses on the
entire sensor-to-shooter decision cycle.
Publications 

Keithley Instruments Inc. 612
Cleveland, OH

W. Strickler, R. Green

Keithley continues to provide leadership in solu-
tions for emerging measurement needs with new
RF test equipment. For facilities testing wireless
devices that face intense cost reduction pressure
but cannot compromise measurement quality,
Keithley will be the price-performance leader, de-
livering only essential high-performance test ca-
pabilities at a significantly lower price.
Power Supplies, Software,

Systems/Subsystems, Switches, Test and

Manufacturing Equipment 

Kyocera America Inc. 517
San Diego, CA

San Diego-based Kyocera America Inc. designs,
manufactures and assembles a broad range of mi-
croelectronic packaging solutions and optoelec-
tronic components for the telecommunications,
wireless, optoelectronic, semiconductor and spe-
cialty products markets based on advanced ce-
ramic and plastic material technologies. Kyocera
has the widest range of material options; and our
US Assembly Technology Division performs both
flip chip and wire bond assembly. 
Antennas, Materials, Millimeter-wave

Components, MMICs, Optoelectronic

Components/Fiber Optics,

Resistors/Capacitors/Inductors, RFICs,

Services, Systems/Subsystems 

42 MICROWAVE JOURNAL ■ DECEMBER 2005Visit http://mwj.ims.ca/5547-148

 12M38 FINAL  11/28/05  12:54 PM  Page 42

http://mwj.ims.ca/5547-148
http://www.northropgrumman.com
http://www.winchesterelectronics.com


Visit http://mwj.ims.ca/5547-39 • See us at RWS Booth 635

 12M38 FINAL  11/28/05  12:54 PM  Page 43

http://mwj.ims.ca/5547-39
http://www.EmpowerRF.com


Our new world-class SAW 
manufacturing facility has
been commissioned and is
now accepting commercial
orders.

• Rapid custom designs 
available in various 
implementations

• Commercial, military and 
space applications

• Linewidths down to 
0.35 µm 

• Established Bluetooth™
designs (2.4 GHz)

• Single wafer runs to 
volume production

We’re ready to combine top
notch customer service with
competitive pricing...

Custom SAW Filters

www.saw–device.com
155 Sheldon Drive Cambridge, Ontario Canada N1R 7H6

T 647-887-SAWS F 519-622-1691
E saws@comdev.ca 

Are you ready?

Lansdale Semiconductor Inc. 929
Tempe, AZ

C. Daria

Manufactures commercial and military inte-
grated circuits that are no longer manufactured
by the original manufacturers.
Mixers/Modulators/Detectors, RFICs,

Synthesizers 

Lark Engineering Co. 646
San Juan Capistrano, CA

D. Sherman, L. Wong

Lark has engineered a new family of surface-
mount combline filters from 5 to 15 GHz with a
bandwidth from 3 to 20%, with exceptionally low
insertion loss. Impedance is 50 ohms; insertion
loss between 0.5 dB and 1.5 dB; package size 0.5"
H × 0.5" W × 0.75–2.125" L. Designed to meet mil-
itary environmental specifications.
Filters 

Lighthorse Technologies Inc. 220
San Diego, CA

M. Held

RF connectors and cable assemblies, from DC
to 26.5 GHz. 

M/A-COM Inc. 213
Lowell, MA

D. Pierro

M/A-COM is a leading supplier of radio fre-
quency (RF), microwave and millimeter-wave
integrated circuits and IP networks to the wire-
less telecommunications and defense-related
industries. M/A-COM’s products include semi-
conductor devices, RF integrated circuits, pas-
sive and control devices, antennas, subsystems
and systems. For more information, visit our
Web site at www.macom.com. 
Amplifiers, Antennas, Attenuators,

Connectors/Cables/Cable Assemblies,

Couplers, Diodes/FETs/Transistors, Filters,

Hybrids, Isolators/Circulators, Materials,

Millimeter-wave Components, Mixers/

Modulators/Detectors, MMICs, Oscillators,

Phase Shifters, Power Dividers, Resistors/

Capacitors/Inductors, RFICs, Signal

Processing Components, Synthesizers,

Systems/Subsystems, Switches, Transceivers 

Martronix Inc. 929
Newbury Park, CA

R. Wiekamp

Manufacturers’ representative for quality com-
panies supplying electronic components and
engineering services to Los Angeles and San
Diego based customers. 
Amplifiers, Attenuators,

Connectors/Cables/Cable Assemblies,

Couplers, Diodes/FETs/Transistors, Filters,

Hybrids, Oscillators, Resistors/Capacitors/

Inductors, SAW Devices, Signal Processing

Components, Systems/Subsystems,

Terminations, Transceivers 

Maury Microwave Corp. 419
Ontario, CA

R. Zohrabian, J. Adamson, R. Wallace, J. King

Device characterization systems for load pull and
noise including nonlinear measurements 250
MHz–110 GHz. New 200:1 automated tuner for
large devices. Coaxial and waveguide calibration
kits for all popular network analyzers. Coaxial and
waveguide adapters and components.
Connectors/Cables/Cable Assemblies,

Millimeter-wave Components, Services,

Software, Systems/Subsystems,

Terminations, Test and Manufacturing

Equipment 

S.G. McGeary Co. 934
West Melbourne, FL

L. Herring, S. McGeary, J. Riter

Manufacturer (ISO-9001:2001) of precision
coaxial connectors including cable connectors,
receptacles and adapters that are precision
grade (18–110 GHz) and readily available.
SGMc specializes in new and custom designs.
Product types include: 1.00 mm, 1.85 mm, 2.4
mm, 2.9 mm, 3.5 mm, 7 mm, N, SMA, SSMA,
PGM. Configurations: straight, right-angle, 2
and 4 hole flange, bulkhead.
Connectors/Cables/Cable Assemblies,

Millimeter-wave Components 

MECA Electronics Inc. 534
Denville, NJ

C. Davo, E. Schiebler

Since 1961, MECA (Microwave Electronic Com-
ponents of America) designs and manufactures
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ar worldwide • rf/microwave instrumentation
USA 215-723-8181 or 800-933-8181 for an applications engineer.
In Europe, call EMV– Munich: 89-614-1710 • London: 01908-566556 • Paris: 33-1-47-91-75-30 • Amsterdam: 31-172-423-000

ISO 9001:2000
Certified

Copyright© 2005 AR Worldwide. The orange stripe on AR Worldwide products is Reg. U.S. Pat. & Tm. Off.

GigsGalore.
1S1G4A    
1Watt   
0.8-4.2 GHz  

1S4G11   
1Watt   
4-10.6 GHz 

5S1G4   
6.5 Watt  
0.8-4.2 GHz 

5S4G11   
5Watt   
4-10.6 GHz 

10S1G4A   
13 Watt  
0.8-4.2 GHz 

10S4G11   
10 Watt  
4-10.6 GHz 

15S1G3   
15 Watt  
0.8-3.0 GHz 

20S4G11
20 Watt
4-10.6 GHz

25S1G4A   
25 Watt  
0.8-4.2 GHz 

30S1G3   
30 Watt  
0.8-3.0 GHz 

50S1G4A   
50Watt   
0.8-4.2 GHz 

60S1G3   
60 Watt   
0.8-3.0 GHz 

100S1G4   
100 Watt   
0.8-4.2 GHz 

120S1G3   
120 Watt   
0.8-3.0 GHz 

200S1G4A   
200 Watt
0.8-4.2 GHz 

240S1G3A   
240 Watt
0.8-3.0 GHz 

400S1G4   
400 Watt
0.8-4.2 GHz 

450S1G3   
450 Watt
0.8-3.0 GHz

540S1G4
540 Watt
0.8-4.2 GHz

600S1G3
625 Watt 
0.8-3.0 GHz

700S1G4
700 Watt 
0.8-4.2 GHz

800S1G3
800 Watt 
0.8-3.0 GHz

10ST1G18   
10Watt   
0.8-18 GHz 

20ST1G18   
20Watt   
0.8-18 GHz 

15T4G18   
15Watt   
4.2-18 GHz 

20T4G18   
20 Watt   
4.2-18 GHz 

40T18G26A   
40 Watt   
18-26.5 GHz 

40T26G40A   
40 Watt   
26.5-40 GHz 

200T1G2   
200 Watt
1-2 GHz 

200T1G3A   
200 Watt
0.8-2.8 GHz 

200T2G4   
200 Watt
2-4 GHz 

200T2G8A   
200 Watt
2.5-7.5 GHz 

200T4G8   
200 Watt   
4-8 GHz  

200T8G18A   
200 Watt   
7.5-18 GHz 

250T1G3   
250 Watt   
1-2.5 GHz 

250T8G18   
250 Watt
7.5-18 GHz  

300T2G8   
300 Watt
2.5-7.5 GHz 

500T1G2   
500 Watt
1-2.5 GHz 

500T2G8   
500 Watt
2.5-7.5 GHz 

500T8G18   
500 Watt   
7.5-18 GHz 

750TP1G3/200T*
750/500 WattPulse   
1.15-3.1 GHz

1000T1G2B   
1000 Watt   
1-2.5 GHz 

1000T2G8B   
1000 Watt
2.5-7.5 GHz

1000T8G18B  
1000 Watt
7.5-18 GHz 

1000TP1G2A   
1000 Watt Pulse
1-2.5 GHz  

1000TP2G8B   
1000 Watt Pulse
2.5-7.5 GHz 

1000TP8G18B  
1000 Watt Pulse   
7.5-18 GHz 

1000TP1G3*
1000/500 Watt Pulse
1.15-3.1 GHz

1500T1G3A
1500 Watt
1-2.5 GHz

1500T2G8A
1500 Watt
2.5-7.5 GHz

1500T8G18
1500 Watt
7.5-18 GHz

2000TP1G2A  
1700 Watt Pulse
1-2.5 GHz  

2000TP2G8A  
2000 Watt Pulse
2.5-7.5 GHz  

2000TP8G12  
2000 Watt Pulse   
8.2-12.4 GHz 

2000TP8G18  
2000 WattPulse   
7.5-18 GHz

4000TP1G2
4000 Watt Pulse
1 - 2 GHz 

4000TP2G4
4000 Watt Pulse
2 - 4 GHz 

4000TP4G8
4000 Watt Pulse
4 - 8 GHz 

4000TP8G12
4000 Watt Pulse
8 - 12 GHz 

4000TP12G18
4000 Watt Pulse
12 - 18 GHz

From 0.8 GHz To 40 GHz, And Everything In Between For EMC & Wireless Testing.
When EMC and Wireless testing is your gig, you need choices. AR Worldwide has 

microwave amplifiers from 0.8 - 40 GHz and everything in between. Solid State to 800 watts 
or TWTAs to 4000 watts. Another example of the AR Worldwide Competitive Edge.

AR Worldwide Competitive Edge products supply a multitude of RF solutions to companies 
around the world.  Our limitless support network reaches the far corners of the world.  And, 
everything we sell is backed by the best comprehensive warranty in the industry.

So when you’re looking for just the right microwave amplifier for your total testing needs, 
remember… AR Worldwide has a wide world of gigs.

To learn more, visit www.ar-worldwide.com or call AR Worldwide RF/Microwave
Instrumentation at 215.723.8181.

*1.15-1.45 and 2.7-3.1 GHz for radar simulation.

Visit http://mwj.ims.ca/5547-18 • See us at RWS Booth 702
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RF/LO IF LO Conversion LO-to-RF
Model Frequency Frequency Power Loss (dB) Isolation

Number (GHz) (GHz) (dBm) Typ./Max. (dB) (Min.)

DOUBLE-BALANCED VERSIONS

DM0052LA2 0.5 – 2 DC – 0.5 7 – 13 6.5/8.5 30
DM0104LA1 1 – 4 DC – 1 7 – 13 5.5/7.0 30
DM0208LW2 2 – 8 DC – 2 7 – 13 7.0/8.0 30
DM0416LW2 4 – 16 DC – 4 7 – 13 7.0/8.0 30
DB0218LW2 2 – 18 DC – 0.75 7 – 13 6.5/8.5 22
DB1826LW1 18 – 26 DC – 2 7 – 13 7.5/9.5 20
DB0226LA1 2 – 26 DC – 0.5 7 – 13 9.0/10 20
DB0440LW1 4 – 40 DC – 2 10 – 15 9.0/10 20
M1826W1 18 – 26 DC – 8 10 – 15 9.0/12 25
M2640W1 26 – 40 DC – 12 10 – 15 10/12 28

TRIPLE-BALANCED VERSIONS

TB0218LW2 2 – 18 0.5 – 8 10 – 15 7.5/9.5 20
TB0426LW1 4 – 26 0.5 – 8 10 – 15 10/12 20
TB0440LW1 4 – 40 0.5 – 20 10 – 15 10/12 18

Input Input Output Conversion Rejection
Model Frequency Power Frequency Loss (dB) (dBc, Typ.)

Number (GHz) (dBm) (GHz) Typ./Max. Fund. Odd Harm.

DROP-IN VERSIONS
SXS01M 0.5 – 3 8 – 12 1 – 6 13/16 -20 -25
SXS04M 2 – 9 8 – 12 4 – 18 13/15 -20 -25
SXS07M 3 – 13 8 – 12 6 – 26 13/17 -18 -25

CONNECTORIZED VERSIONS
SXS2M010060 0.5 – 3 8 – 12 1 – 6 13/16 -20 -25
SXS2M040180 2 – 9 8 – 12 4 – 18 13/15 -20 -25
SXS2M060260 3 – 13 8 – 12 6 – 26 13/17 -18 -25

Additional models available with 60 day lead time, please contact MITEQ. 
Above models also available with optional LO power ranges, please contact MITEQ.
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RF/LO Conversion LO-to-RF
Model Frequency Loss Image Rejection Isolation

Number (GHz) (dB) Max. (dB) Min. (dB) Min.

IMAGE REJECTION MIXERS
IRM0204(*)C2(**) 2 – 4 7.5 18 20
IRM0408(*)C2(**) 4 – 8 8 18 20
IRM0812(*)C2(**) 8 – 12 8 18 20
IRM1218(*)C2(**) 12 – 18 10 18 20
IRM0208(*)C2(**) 2 – 8 9 18 18
IRM0618(*)C2(**) 6 – 18 10 18 18
IR1826NI7(**) 18 – 26 10.5 15 20
IR2640NI7(**) 26 – 40 10.5 15 15

RF/LO Conversion Balance LO-to-RF
Model Frequency Loss Phase (±Deg.) Amplitude (±dB) Isolation

Number (GHz) (dB) Max. Typ./Max. Typ./Max. (dB) Min.

I/Q DEMODULATORS
IRM0204(*)C2Q 2 – 4 10.5 7.5/10 1.0/1.5 20
IRM0408(*)C2Q 4 – 8 11 7.5/10 1.0/1.5 20
IRM0812(*)C2Q 8 – 12 11 5/7.5 .75/1.0 20
IRM1218(*)C2Q 12 – 18 13 10/15 1.0/1.5 20
IRM0208(*)C2Q 2 – 8 12 7.5/10 1.0/1.5 18
IRM0618(*)C2Q 6 – 18 13 10/15 1.0/1.5 18
IR1826NI7Q 18 – 26 13.5 10/15 1.0/1.5 20
IR2640NI7Q 26 – 40 13.5 10/15 1.0/1.5 15

RF Conversion Carrier Carrier Suppression
Model Frequency Loss Suppression Carrier - Fundamental IF

Number (GHz) (dB) Max. (dBc) Min. (dBc) Min.

IF DRIVEN MODULATORS
SSM0204(*)C2MD(**) 2 – 4 9 20 20
SSM0408(*)C2MD(**) 4 – 8 9 20 18
SSM0812(*)C2MD(**) 8 – 12 9 20 20
SSM1218(*)C2MD(**) 12 – 18 10 20 18
SSM0208(*)C2MD(**) 2 – 8 9 20 20
SSM0618(*)C2MD(**) 6 – 18 10 20 18

MODEL NUMBER OPTION TABLE
(*) LO/IF P1 dB C.P.

Add Letter Power Range (dBm) (Typ.)
L 10 – 13 dBm +6
M 13 – 16 dBm +10
H 17 – 20 dBm +15

For full data sheets on the
products shown, please visit

www.miteq.com/adinfo

For Carrier Driven Modulators, 
please contact MITEQ.

(**) IF FREQUENCY
Add Letter OPTION (MHz)

A 20 – 40
B 40 – 80
C 100 – 200
Q DC – 500 (I/Q)

Visit http://mwj.ims.ca/5547-90
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an extensive line of RF/microwave components
with industry-leading performance including
fixed attenuators, directional and hybrid cou-
plers, isolators/circulators, power divider/combin-
ers and RF loads. MECA serves all areas of the in-
dustry including world class network providers
and supporting supply chain infrastructure. 
Attenuators, Couplers, Hybrids,

Isolators/Circulators, Power Dividers,

Terminations 

Merrimac Industries Inc. 529
West Caldwell, NJ

R. Dec, B. Dornan

Offering all of the critical passive RF compo-
nents and low cost custom multifunction inte-
grated solutions required to develop linearized
power amplifiers for wireless infrastructure
base stations. All the basic function blocks, ex-
cluding RF power transistors, are available
from Merrimac. For linear power amplifier ar-
chitectures, wireless infrastructure equipment
manufacturers can rely on Merrimac as the sin-
gle reliable source for end-to-end RF compo-
nent solutions. 
Amplifiers, Antennas, Attenuators,

Couplers, Filters, Hybrids, Millimeter-wave

Components, Mixers/Modulators/Detectors,

Phase Shifters, Power Dividers, Printed

Circuit Boards, Repeaters, Shielding, Signal

Processing Components, Transceivers

Micrometrics Inc. 616
Londonderry, NH

J. Morgan, D. Langan

Micrometrics is a manufacturer of silicon
diodes for wireless, space and military applica-
tions. Products include hyperabrupt and mi-
crowave tuning varactors, SRDs, PIN, limiter,
beam lead PIN diodes and Schottky diodes. In
addition, we offer capacitors, thin film resis-
tors, spiral inductors and attenuator pads.
Diodes/FETs/Transistors,

Resistors/Capacitors/Inductors 

Microsemi Corp. 216
Irvine, CA

E. Volk, D. Brown, P. Bibeau, S. Litchfield, M. Kim,
Y. Qian, C. Silver

Microsemi Corp., headquartered in Irvine, CA,
is a leading manufacturer of advanced InGaP
HBT power amplifiers for IEEE 802.11 wireless
local area network applications including card-
bus, mini-PCI and access point equipment. Mi-
crosemi’s WLAN product portfolio features am-
plifiers ranging from 2.4 to 5.9 GHz, designed
for 802.11 a/b/g and n applications. 
Amplifiers, Diodes/FETs/Transistors 

Microwave Journal 228
Norwood, MA

C. Sheffres, E. Johnson, F. Bashore, W. Cook, 
M. Hallman, C. Curley

Microwave Journal® (www.mwjournal.com)
is the resource for working RF, microwave and
wireless engineers. The magazine reaches
50,000 readers with the most respected editori-
al content in its field. Engineers are provided
with the latest in technical information, special
reports, new products and news shaping the
current and future landscape of RF/microwave
communications. 
Publications 

Microwave Product Digest 924
Englewood Cliffs, NJ

Publications 

Mimix Broadband Inc. 834
Houston, TX

J. Teinert

Mimix Broadband Inc. supplies optimal semi-
conductor solutions for wireless, satellite and
defense applications from DC to 50 GHz. We
feature highly integrated receivers and trans-
mitters, mixers, power amplifiers and oscilla-
tors, as bare die or in surface-mount packages.
Now that we have acquired Celeritek, we also
offer packaged gain blocks with excellent gain
and power, linear power modules and 2 to 18
GHz MMICs that exceed 1 W in power. 
Amplifiers, Attenuators,

Diodes/FETs/Transistors, Millimeter-wave

Components, Mixers/Modulators/Detectors,

MMICs, Optoelectronic Components/Fiber

Optics, Oscillators, Phase Shifters, Power

Dividers, RFICs 

Modelithics Inc. 636
Tampa, FL

L. Dunleavey
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107 Woodmere Road | Folsom, CA 94536
916.351.4500 | Fax: 916.351.4550
nmw.sales@L-3Com.com | www.nardamicrowave.com

microwave-west

Model Number DC Path to Antenna Port

AFD41A8219-01 Yes – 1900 Port Only

AFD41A8219-02 Yes – 850 Port Only

AFD41A8219-03 None

AFD41A8219-04 Yes – Both Ports

Model Number Connector Usage DC Path Monitor Port

AFD41A8289-45 7/16 DIN Female Indoor No No

AFD41A8289-46 7/16 DIN Female Outdoor No No

AFD41A8289-50 7/16 DIN Female Indoor Yes No

AFD41A8289-51 7/16 DIN Female Outdoor Yes No

AFD21A8289-42 Type ‘N’ Female Indoor No No

AFD21A8289-08C Type ‘N’ Female Indoor No Yes (BNC)

Model Number Connector Usage DC Path

SFD41A1819-11 7/16 DIN Female Indoor No

SFD41A1819-12 7/16 DIN Female Outdoor No

SFD41A1819-16 7/16 DIN Female Outdoor Yes

SFD41A1819-17 7/16 DIN Female Indoor Yes

Model Number Description A’ Notch Filter LNA Duplexer

AFM21A8384-03 AMPS B-Band RX Filter

AFM21A8384-04 AMPS B-Band & A’ Notch Filter X

AFM21A8384-05 AMPS B-Band & LNA X

AFM21A8384-06 AMPS B-Band & Duplexer X

AFM21A8384-07 AMPS B-Band, A’ Notch, LNA X X

AFM21A8384-08 AMPS B-Band, A’ Notch, Duplexer X X

AFM21A8384-09 AMPS B-Band, LNA, Duplexer X X

AFM21A8384-10 AMPS B-Band, A’ Notch, LNA, Duplexer X X X

Call factory for delivery of
AMPS/PCS Combiners.

Visit http://mwj.ims.ca/5547-95
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Engineering Global GaAs Solutions

www.filtronic.com

Filtronic Compound Semiconductors, Ltd.
Heighington Lane Business Park, Newton Aycliffe, Co. Durham, DL5 6JW, United Kingdom

Main Phone: +44 (0)1325 301111; Main Fax: +44 (0)1325 306177
Filtronic Compound Semiconductors, Inc.

10181 Bubb Road, Cupertino, CA  95014-4133
Main Phone: 408 850-5790; Main Fax: 408 850-5766

Filtronic’s wide range of switch
components manufactured using
the 'FL05' 0.5um pHEMT switch
process offer excellent perform-
ance through 6GHz. Applications
include Handset and WLAN anten-
na switching as well as many other
instances where high power, low
loss and low distortion signal rout-
ing is required. Both absorbtive
and reflective designs are included
in the product portfolio.

Filtronic's well established line of
pHEMT semiconductors have
found wide acceptance for applica-
tions in base station receivers and
transmitters, wireless LAN prod-
ucts, millimeter wave radios, mili-
tary applications, and others.
Fabrication of these products takes
place in Newton Aycliffe, UK.
Filtronic sales and marketing, new
product development activity, and
applications engineering support
are available from the U.K. and
from our office in Cupertino CA.
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Modelithics is the premier provider of high-pre-
cision models and measurements for mi-
crowave/RF design. We have the experience,
equipment, and knowledge to precisely mea-
sure components and build software models
that enable popular circuit simulation tools to
generate accurate predictions of as-built per-
formance. You will move from concept to prod-
uct faster with Modelithics models. 
Services, Software 

Modular Components National Inc. 422
Forest Hill, MD

Neltec 418
Tempe, AZ

M. Carlson, B. Nichols, J. Spiegel, A. Mastrangelo,
L. Gulia

Neltec’s N9000 PTFE laminate material system
is designed for critical microwave components,
antennas and subassemblies. Neltec also offers
high temperature microwave grade FR-4 mate-
rials with tightly controlled dielectric constant
tolerances. N4380-13 RF has a Dk of 3.8 and Df
of 0.007 and N4350-13 RF provides a Dk of 3.5
and Df of 0.0065. 
Antennas, Materials, Printed Circuit Boards 

Netcom Inc. 838
Wheeling, IL

W. Roeder, S. Raza

Netcom is a leading designer and manufacturer of
RF electronic components and assemblies for mil-
itary and commercial use. Netcom’s product line

includes filters, power supplies, frequency control
devices, and RF & analog assemblies. 
Amplifiers, Filters, Oscillators, Power

Supplies, Systems/Subsystems, Transceivers 

Network Sciences 929
Phoenix, AZ
R. Goodwin, D. Kampar, S. Kampar
Network Sciences manufactures application-
specific (custom) crystal and LC filters and dis-
criminators for commercial, military, telecom
communications and instrument applications.
We offer an extensive line of cost-effective fil-
ters and discriminators currently being pro-
duced, plus the design and manufacturing ca-
pability to offer new products to meet your
unique design objectives.
Filters 

Octagon Communications 924
Englewood Cliffs, NJ
R. Markhouse, D. Harway, K. Hoppe
Octagon Communications publishes MPD/Mi-

crowave Product Digest, a product tabloid
serving the RF and microwave engineering
community in both commercial and govern-
ment markets involved with design, develop-
ment and application for systems and subsys-
tems involving frequencies from RF to light.
Our affiliate, RD Communications, publishes
MIL/COTS Digest, a product tabloid dedicated
to presenting COTS products designed for use
in aerospace and defense systems.
Publications 

Opteos Inc. 415
Ann Arbor, MI

Opteos Inc. is a manufacturer of innovative RF
test instruments and a measurement service
provider based on patented laser optic tech-
nologies for non-contact, non-invasive internal
analysis for various RF circuits and aperture
level near-field mapping of virtually any type of
antenna or array with frequency coverage from
near DC to beyond W-band. 

Passive Microwave Technology 334
Camarillo, CA

Peregrine Semiconductor Corp. 723
San Diego, CA

Peregrine Semiconductor (www.psemi.com)
designs, manufactures, and markets high per-
formance RFICs for mobile wireless and wire-
less infrastructure; broadband communica-
tions; space, defense and avionics markets. The
company’s patented UltraCMOS™ mixed-signal
process offers significant advantages over com-
peting processes in applications where RF per-
formance, low power and monolithic integra-
tion are paramount. 
Attenuators, Mixers/Modulators/Detectors,

RFICs, Synthesizers, Switches 

Q Microwave Inc. 335
San Diego, CA

E. Maat, C. Higginson, C. Shauan
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B I P O L A R  /  L D M O S  /  M O S C A P S
MOSCAPS & RF TRANSISTOR DIE

PEAK DEVICES INC. 
 Manufactures RF Die & MOSCAPS

Part  Capacitance Dim X Dim Y Top Back Short
Number  Value (pF) (mils) (mils) Metal Metal Bar

PD500M5G NPN 18 250mA 5GHz 2dB @ 500MHz 17dB @ 500MHz
PD2G8G NPN 10 100mA 8GHz 1.3dB @ 1GHz 15dB @ 1GHz

Peak Devices  Type BVceo ICmax Ftau NFmin GU(max)
Part Number

PD470M12V1 NPN 20 12.5v 470MHz 1w 8dB
PD470M12VP5 NPN 16 12.5v 870MHz 0.5w 10dB
PD870M12V1 NPN 16 12.5v 870MHz 1w 8dB
PD470M12V2 NPN 16 12.5v 470MHz 2w 12dB
PD470M28V1 NPN 30 28v 470MHz 1w 10dB
PD470M28V1P PNP -40 -28v 470MHz 1w 8dB

Peak Devices Type BVceo Vcc Freq Pout Gain
Part Number

Peak Devices Type Freq Freq of Supply RF Pout Gain
Part Number  Range Characterization Voltage (Watts)

GENERAL PURPOSE LOW NOISE RF DIE
(wafer form or waffle pack)

LOW POWER PRE-DRIVER DIE 
(wafer form or waffle pack)

STATE-OF-THE ART LDMOS DIE 
(wafer form or waffle pack)

MOSCAPS (wafer form or waffle pack)

ARF4C60 LDMOS 0-3GHz 895MHz 28 30 19dB
ARF4C80 LDMOS 0-3GHz 895MHz 28 45 19dB

MOS3-8 8 80 30 Gold Gold No
MOS3-10.3 10.3 80 30 Gold Gold No
MOS3-38 38 80 30 Gold Gold No
MOS3-85 85 80 30 Gold Gold No
MOS1-15 15 160 30 Gold Gold No
MOS1-36 36 160 30 Gold Gold No
MOS1-55 55 160 30 Gold Gold No
MOS1-80 80 160 30 Gold Gold No
MOS1-130 130 160 30 Gold Gold No
MOS7-115 115 185 30 Gold Gold YES
MOS7-190 190 185 30 Gold Gold YES
MOS4-25 25 200 30 Gold Gold No
MOS4-25 25 200 30 Gold Gold No
MOS4-38 38 200 30 Gold Gold No
MOS4-55 55 200 30 Gold Gold No
MOS4-115 115 200 30 Gold Gold No
MOS4-215 215 200 30 Gold Gold No
MOS8-14 14 215 30 Gold Gold No
MOS8-34 34 215 30 Gold Gold No
MOS8-41 41 215 30 Gold Gold No
MOS8-68 68 215 30 Gold Gold No
MOS8-200 200 215 30 Gold Gold No
MOS45-25 25 230 30 Gold Gold No
MOS45-35 35 230 30 Gold Gold No
MOS45-215 215 230 30 Gold Gold No
MOS2-19 19 240 30 Gold Gold No
MOS2-225 225 240 30 Gold Gold No
C16A60 16 160 60 Gold Gold No
C24C60 24 160 60 Gold Gold No
C160A60 160 160 60 Gold Gold No
C23C80 23 220 60 Gold Gold No
C29C80 29 220 60 Gold Gold No
C52C80 52 220 60 Gold Gold No
C230C80 230 220 60 Gold Gold No ES COMPONENTS

108 Pratts Junction Road
Sterling, Massachusetts 01564
Phone: 978-422-7641
Fax: 978-422-0011

E X C L U S I V E LY  D I S T R I B U T E D  B Y  E S  C O M P O N E N T S

Available In Wafer Form Or Waffle Packs

Visit http://mwj.ims.ca/5547-99
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Q Microwave is the fast filter company. Filter
specialties include lumped-element, cavity/
combline, and ceramic resonator topologies
from 20 MHz to 20 GHz.
Filters 

QUEST Microwave Inc. 334
Morgan Hill, CA

A. Campbell, B. Campbell, N. Khayat, G. Grund

QUEST Microwave Inc. manufactures ferrite
products (isolators and circulators) for cellu-
lar/PCN/PCS communications, point-to-point

radios, LMDS, and SATCOM/VSAT transceivers
and converters.
Isolators/Circulators 

R-Theta Thermal Solutions Inc. 813
Mississauga, ON, Canada

Reed Business Information 927
Rockaway, NJ

RelComm Technologies Inc. 729
Salisbury, MD

J. Tinkler, M. Magda

RelComm Technologies Inc. designs and manu-
factures design-enhanced application-specific
RF coaxial relays for mission critical communi-
cations including security, safety and intelli-
gence, commercial telecom infrastructure, mili-
tary defense fixed/mobile/shipboard, as well as
test and measurement instrumentation from
DC to 40 GHz.
Switches 

Res-Net Microwave 929
St. Petersburg, FL

M. Ewin

From our main location in Largo, FL, Res-Net
Microwave, a worldwide provider of microwave
products for over 20 years, provides microwave
attenuators, terminations, resistors, MIL-C-17
cable, and preformed semi-rigid cable assem-
blies. Our products are provided in a wide
range of styles: flanged, chip, stripline, and nu-
merous coaxial configurations. 
Attenuators, Power Dividers,

Resistors/Capacitors/Inductors,

Terminations 

RF Design 439
Overland Park, KS

RF Design is the only publication written exclu-
sively for RF and microwave design engineers to
provide the latest practical information needed to
design leading-edge radio frequency products
that work across the spectrum.
Publications 

RF Globalnet 937
Erie, PA

E. Merkle

RF Globalnet is the Internet’s leading source of
technical information for the RF/microwave de-
sign industry, serving the needs of engineering
professionals since 1996. Source product data,
download demo software, read industry head-
lines and technical papers, discuss your design
problems, and more at www.rfglobalnet.com.
Publications 

RF Industries (RF Connectors Div.) 700
San Diego, CA

R. LaFay, D. McRaynolds

RF Industries’ RF Connectors Division designs
and manufactures coaxial connectors,
adapters, cable assemblies and preparation/in-
stallation tools used in radio communications,
wireless devices, broadcast installations, LANs
and WLANs, antenna devices and cellular infra-
structure. 
Attenuators, Connectors/Cables/Cable

Assemblies 

RF Micro Devices 313
Greensboro, NC

K. Ingram

RFMD is the world’s number one provider of
power amplifiers for handsets and is a trust-
ed PA supplier to every major handset manu-
facturer. Featuring PowerStar® PA solutions,
RFMD’s broad product portfolio includes Po-
laris™ Total Radio™ transceivers, WLAN so-
lutions, single-chip CMOS solutions for Blue-
tooth® applications, and GPS and wireless in-
frastructure products. 
Amplifiers, Diodes/FETs/Transistors, Filters,

Mixers/Modulators/Detectors, MMICs, RFICs,

SAW Devices, Switches 
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Rogers Corp. 328
Chandler, AZ

Worldwide supplier and high volume manufac-
turer of leading edge circuit materials that are
widely adopted in the wireless, telecommunica-
tions, and computer industries. Key products
include Rogers RO4000®, RO3000®,
RT/duroid® series high frequency laminate ma-
terials, and Rogers R/flex® 3000 liquid crys-
talline polymer laminates.
Materials, Printed Circuit Boards 

Rohde & Schwarz Inc. 613
Columbia, MD

C. Petrole

Rohde & Schwarz is one of the world’s leading
manufacturers of test and measurement, radio
and broadcasting equipment with 6000 employ-
ees and worldwide sales topping $1 billion. In
America, we have locations from coast to coast.
We’re known for responsive support and serv-
ice infrastructure for fast calibrations and serv-
ice turnaround.
Test and Manufacturing Equipment 

Roos Instruments Inc. 912
Santa Clara, CA

M. Flatten, T. Dobrino, O. Rodriguez, M. Roos, 
C. Rossi-Roos

Roos Instruments, the premier supplier of high
speed RF and microwave ATE systems, has
helped industry leaders like IBM, Freescale, In-
fineon, and Intel produce highly complex RF
and microwave products. The combination of
unmatched throughput, high MTBF and effi-
cient development methodology equate to the
industry’s lowest life cycle cost. 
RFICs, Test and Manufacturing Equipment 

Rosenberger of North America 434
Lancaster, PA

K. LaRue, T. Burnett, J. Mohammed

Coaxial connectors and cable assemblies as
well as other passive microwave components.
Connectors/Cables/Cable Assemblies 

Semflex Inc. 930
Mesa, AZ

D. Hartje, J. Parsons

Semflex designs and manufactures flexible mi-
crowave frequency coaxial cables and custom
cable assemblies and connectors for the mili-
tary/aerospace, commercial OEM and test in-
strumentation markets worldwide.
Connectors/Cables/Cable Assemblies 

Semi Dice Inc. 518
Los Alamitos, CA

D. Cormack, D. Minter, L. Margeson

Wafer and die products. Bare die distribution;
major lines include Analog Device, Intl Rectifi-
er, Fairchild Semi, Micron Tech, National Semi.
Value-added services offered — wafer process-
ing and LAT testing.
Diodes/FETs/Transistors,

Resistors/Capacitors/Inductors, Services,

Signal Processing Components 

Sigma Systems Corp. 913
San Diego, CA

R. Freiwald, S. Hoover, E. Moore, J. Booher, 
D. Fennessy

Sigma Systems creates precisely controlled
temperature environments for testing and pro-
cessing. A manufacturer of environmental,
temperature, humidity and thermal vacuum
chambers, hot/cold plates and wafer chucks,
tool ovens, precision controllers. Specializing in
high accuracy, small footprint, high production
and laboratory thermal test and conditioning
equipment of exceptional quality since 1955.
Test and Manufacturing Equipment 

Simulation Technology & Applied
Research 642
Mequon, WI

J. DeFord, B. Held

Analyst V8 is a powerful, finite element-based soft-
ware package for RF and wireless design. When
linked to interconnected desktop computers or
dedicated computer clusters, Analyst will greatly
expand your design capacity as compared with any
other design tool. Please come by our booth for a
demonstration and your evaluation copy.
Software 

Skyworks Solutions Inc. 523
Woburn, MA

InGaP HBT amplifiers for the broadband, wire-
less access and telecommunications markets
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North Amer ica +1.480.967.5600
Europe /  Far  Eas t  +335.6298.5290
www.parkelect ro .com

Park Advanced Material Technologies

Neltec’s N9000 substrate materials are proven to
offer the best PIM performance in the industry. The
“PIM” passive intermodulation performance of the
N9000 materials is up to 25% better than other
non-woven or woven PTFE laminates currently
available.

One of the many features that make Neltec
Advanced RF / Microwave materials a real value.
Contact us today to find out more.

Still Fighting PIM
In Your Passive Components?

See Neltec at IEEE MTT-S Wireless, Booth 418

N9000 RF / Microwave Materials
Feature:
PIM performance better than -155 dbc

Benefit:
Little or no signal cancellation for
reliable end-products and happier
customers

Visit http://mwj.ims.ca/5547-96 • See us at RWS Booth 418
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• Frequency range DC to 65 GHz
• Insertion Loss 0,65 dB/m @ 18 GHz
• Flexibility up to 1 million flexures
• Velocity of signal propagation up to

86%

• MIL qualified assemblies
• Highest phase stability Vs Flexures &

temperature
• Highest insertion loss stability Vs

Flexures & temperature

C o n n e c t e u r s  E l e c t r i q u e s  D e u t s c h
Deutsch Bus & Microwave

17, rue Lavoisier  27000 EVREUX - FRANCE  •  Tél : +33 (0)2 32 23 58 83 - Fax : +33 (0)2 32 23 58 61
E-mal : dbm@compagnie-deutsch.com    •    Web : www.compagnie-deutsch.com

ALPEN
HighPerformance

ALPEN
SuperDynamic

ALPEN
MegaFlex

AlpenTest
Microwave Test

Assemblies

Your Partner for
THE RIGHT CONNECTION

Deutsch Bus & Microwave

The Best 
Microwave Assemblies 

on the Market

The Best 
Microwave Assemblies 

on the Market

which exhibit low noise and high linearity per-
formance characteristics over an exceptionally
wide frequency range. These 50 ohm cascad-
able products are ideal for cellular base sta-
tions, cable and satellite TV systems, 802.11
(WiFi) and Bluetooth systems. SKY65013,
SKY65014, SKY65015, SKY65016. 
Amplifiers, Attenuators, Couplers,

Diodes/FETs/Transistors, Materials, MMICs,

Phase Shifters, Power Dividers,

Resistors/Capacitors/Inductors,

Synthesizers, Systems/Subsystems, Switches 

Sonnet Software Inc. 728
North Syracuse, NY

J. Rautio, J. Willhite, S. Carpenter, M. Kobasa, 
R. O’Rourke, Y. Chase

For over 20 years, Sonnet Software continues
to be a center of excellence for high frequency
EM simulation software for microwave and mil-
limeter-wave design engineers. Visit the booth
to see the industry-standard planar EM simula-
tor for S-parameter and full-wave SPICE ex-
traction of high frequency components.
Software 

Sources East Inc. 212
Campbell, CA

D. Hanes, J. Hyde, W. Pittman

RF and microwave components: connectors,
power dividers, antennas, isolators, circulators,
cast boxes, attenuators, terminations. 
Attenuators, Connectors/Cables/Cable

Assemblies, Isolators/Circulators, Power

Dividers, Terminations 

Southwest Microwave Inc. 843
Tempe, AZ

J. Kubota, B. Clyatt, D. Leavitt, B. Rosas, D. Shaff

Industry lowest RF leakage < –100 dB. Industry
lowest typical VSWR. Broadband 67 GHz mi-
crowave contacts for size no. 20 cavities for D-
sub, micro-D, D38999 connectors. Microstrip,
stripline and coplanar launches. End launch
coplanar connectors to 50 GHz, field replace-
able “extended power” 27+ GHz super SMA, N
and TNC for 18+ GHz, 1.85 mm to 67+ GHz,
and many others and specials. 
Connectors/Cables/Cable Assemblies 

Spectrum Microwave Inc. 828
Fairview, PA

W. Witt, R. Graham, B. Ward, T. Moore, 
T. Krahling, L. Marsala, K. Fabin

Spectrum Microwave designs and manufac-
tures a broad line of microwave assemblies and
components. Our products include hybrid am-
plifiers, filters, mixers, VCOs, DROs, switch fil-
ter banks, multipliers, converters, and synthe-
sizers. Spectrum Microwave’s products are
used in systems enabling radar, electronic war-
fare, communications systems, guidance,
telemetry, avionics, medical, and CATV applica-
tions. 
Amplifiers, Antennas,

Connectors/Cables/Cable Assemblies, Filters,

Hybrids, Mixers/Modulators/Detectors,

Oscillators, Power Dividers, Synthesizers,

Systems/Subsystems 

C.W. Swift & Associates Inc. 935
Van Nuys, CA

A. Swift, S. Swift

High frequency right angle adapters: 2.4 mm,
2.9 mm, 3.5 mm. 40 GHz and 50 GHz fixed at-
tenuators and terminations with 2.9 mm or 2.4
mm connectors. Sucotest-18 cable assemblies.
Available from stock. 
Attenuators, Connectors/Cables/Cable

Assemblies, Resistors/Capacitors/Inductors,

Terminations 

Synergy Microwave Corp. 715
Paterson, NJ

A. Almeida

Highly versatile wideband synthesizers cover-
ing greater than one octave frequency band-
width, low thermal drift highly linear VCOs, ul-
tra-wideband VCOs covering over one octave
frequency range and high IP3 FET mixers, and
high power signal processing couplers and 90-
degree hybrids. 
Attenuators, Couplers, Filters, Hybrids,

Mixers/Modulators/Detectors, Oscillators,

Phase Shifters, Power Dividers, Signal

Processing Components, Synthesizers 

Taconic 629
Petersburgh, NY

56 MICROWAVE JOURNAL ■ DECEMBER 2005Visit http://mwj.ims.ca/5547-33

 12M38 FINAL  11/28/05  12:58 PM  Page 56

mailto:dbm@compagnie-deutsch.com
http://www.compagnie-deutsch.com
http://mwj.ims.ca/5547-33


MCA1

For Commercial, Military, and Industrial Use, Mini-Circuits proudly introduces
the MCA1 series of Low Temperature Co-fired Ceramic (LTCC) frequency mixers.
Highly reliable, only 0.080" in height, and "tough as nails", these patent pending
mixers have all circuitry hermetically imbedded inside the ceramic making them
temperature stable and impervious to most environmental conditions. The process
also gives you high performance repeatability and very low cost. There’s a variety
of broadband models and LO power levels to choose from, so you can use
these mixers in a multitude of designs and applications. And MCA1 mixers
are ideal for the COTS program! Just check all the specs on our
web site. Then, choose the model that best fits your needs.
Our team is ready to handle your requirements with quick
off-the-shelf shipments, custom designs, and fast 
turn-around/high volume production.

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

IN STOCK

Model LO Freq. Conv. LO-RF Price
Level Range Loss Isol. $ ea.
(dBm) (MHz) (dB) (dB) (Qty. 10)

MCA1-85L 4 2800-8500 6.0 35 9.45
MCA1-12GL 4 3800-12000 6.5 38 11.95
MCA1-24 7 300-2400 6.1 40 5.95
MCA1-42 7 1000-4200 6.1 35 6.95
MCA1-60 7 1600-6000 6.2 30 7.95
MCA1-85 7 2800-8500 5.6 38 8.95
MCA1-12G 7 3800-12000 6.2 38 10.95
MCA1-24LH 10 300-2400 6.5 40 6.45
MCA1-42LH 10 1000-4200 6.0 38 7.45
MCA1-60LH 10 1700-6000 6.3 30 8.45
MCA1-80LH 10 2800-8000 5.9 35 9.95
MCA1-24MH 13 300-2400 6.1 40 6.95
MCA1-42MH 13 1000-4200 6.2 35 7.95
MCA1-60MH 13 1600-6000 6.4 27 8.95
MCA1-80MH 13 2800-8000 5.7 27 10.95
MCA1-80H 17 2800-8000 6.3 34 11.95
Dimensions: (L) 0.30” x (W) 0.250” x (H) 0.080”

from ea.(Qty.1000)

B

New Blue Cell™ LTCC
164 Page Handbook...FREE!

Detailed Performance Data & Specs Online at: www.minicircuits.com/mixer2.html

LTCC MIXERS
300MHz-12GHz

$395

CIRCLE READER SERVICE CARD

385 Rev G 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

Mini-Circuits ISO 9001 & ISO 14001 Certified

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
TM

®

For RoHS compliant requirements, 
ADD + SUFFIX TO BASE MODEL No. Example: MCA1-85L+

o S
C O M P L I A N T

TM

81
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D. Boulanger, E. Sandor

Taconic is a global manufacturer of high perfor-
mance copper-clad PTFE coated fiberglass and
PTFE coated fiberglass/ceramic laminates for
microwaves and RF, and high speed digital ap-
plications. Laminates are available with Dks
ranging from 2.17–10.0 in a multitude of dielec-
tric thicknesses. Manufacturing facilities are lo-
cated in the US, Ireland, and Korea. 
Materials 

Talley Communications Corp. 831
Santa Fe Springs, CA

R. Banales, M. Musial

Talley Communications is a leading distributor
of wireless communications infrastructure
products. Custom cable assemblies and custom
kitted solutions are additional services Talley
has provided for 23 years. With five distribution
centers in the US, Talley can provide quick and
cost-effective delivery nationwide. 800-949-
7079, www.talleycom.com, sales@talleycom.
com.
Amplifiers, Antennas, Attenuators,

Connectors/Cables/Cable Assemblies,

Couplers, Filters, Isolators/Circulators,

Power Dividers, Power Supplies, Repeaters,

Terminations 

Telecommunications International 228
London, UK

Horizon House Publications reports and ana-
lyzes communications business technologies,
products and services through the leading in-
dustry magazine, Telecommunications®

(www.telecommagazine.com). The magazine is
published in two editions — the International
edition (circulation 18,000) and the Americas
edition (circulation 50,000). Free subscriptions
are available to qualifying professionals work-
ing in the industry. 
Publications 

Telegartner Inc. 807
Franklin Park, IL

R. Souders, P. Spiros

Telegartner is a leading manufacturer of coaxi-
al connectors (BNC, TNC, UHF, mini-UHF, N,
7/16, 1.6/5.6, FME, SMA, SMB, SMC, SSMB,
MCX & MMCX), surge suppressors (gas tube
and 1/4 wave stub), connectors for corrugated
cables (1⁄4" to 15⁄8"), jumper cables, coaxial cable
assemblies, fiber optic connectors, pigtails,
patch cables and adapter cables. 
Connectors/Cables/Cable Assemblies,

Optoelectronic Components/Fiber Optics,

Terminations 

Trilithic Inc. 619
Indianapolis, IN

M. Burton

Offering a broad line of choices for your RF and
microwave requirements. Whether you need an
“off the shelf” attenuator, termination, or
switch, or a custom designed filter, diplexer, or
subsystem, our innovative engineers create so-
lutions that are cost effective and exhibit high
performance. Featuring the new broadband
Wilkinson power dividers, designed and manu-
factured for applications including in-building
systems, test and verification labs, and inte-
grated test modules. 
Attenuators, Filters, Power Dividers,

Switches, Terminations 

TriQuint Semiconductor 701
Hillsboro, OR

TriQuint is a leading GSM/EDGE, CDMA and
WCDMA RF front-end module and component
maker. TriQuint is the world’s leading base sta-
tion SAW filter manufacturer and a leading
broadband (WLAN/WiFi/WiMAX) producer.
TriQuint also manufactures GaAs amplifiers
and BAW filters for microwave/millimeter-wave
applications. 
Amplifiers, Attenuators, Couplers,

Diodes/FETs/Transistors, Filters, Millimeter-

wave Components, MMICs, Optoelectronic

Components/Fiber Optics, Oscillators, Phase

Shifters, RFICs, SAW Devices, Services,

Signal Processing Components, Switches 

Tronser Inc. 719
Cazenovia, NY

J. Dowd, M. Tronser

Air dielectric variable capacitors, sapphire di-
electric capacitors microwave tuning elements,
RF enclosures, precision milled and turned
components. 
Amplifiers, Filters, Oscillators,

Resistors/Capacitors/Inductors 
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SATELLITE SIMULATOR
The Performance of Satellite Loop-back Test, Without the Cost

T h e  R a p i d  R e s p o n s e  S u p p l i e r  o f  C h o i c e

For applications where training is critical
for reliable team performance, but the

expense of live satellite time is a constant
roadblock,Tampa Microwave offers an
affordable solution that enables satellite
terminal training, evaluation and trouble-
shooting without the need for “paid”

satellite time. The LTT-03-W-198
“Satsim” provides users with the 

performance required to
effectively train, evaluate and
troubleshoot your satellite 
terminals, in one rugged, highly
portable unit.

• Simultaneous C, X, Ku and Ka band
operation 

• Reduces system operation costs
• Enables training without satellite time
• Improve efficiency – multitask 

exercises using one Satsim
• Enables communication between 

terminals 
• Small, lightweight, easy to operate,

easy to install 
• Set it and forget it!

Tampa offers a selection of in-stock 
products for immediate delivery as well 
as quick turn custom products: Block Up
and Down Converters,Transmitters, Loop
Test Translators, Custom Rack-Mount
Subassemblies.

Call us today for a rapid response 
proposal for your product needs.

ISO9001:2000

Tel: 813.855.2251
www.tampamicrowave.com
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Digital Attenuators with 
55 dBm IIP3.

StepItUp
If you're looking to take control of your RF line-up, try
Peregrine’s UltraCMOS™ 50- and 75-ohm Digital Step
Attenuators. Compared to GaAs or voltage-controlled analog
solutions, UltraCMOS 5- and 6-bit monotonic DSAs offer the
highest linearity and attenuation accuracy, lowest distortion 
and easiest implementation on the market today.  

UltraCMOSTM Digital Step Attenuators. 
Simply Designed. Profoundly Different.
PE4302 � PE4304 � PE4305 � PE4306 � PE4307 � PE4308

The PE430x DSA family from Peregrine will give your RF design
the simplicity, reliability and stability you’ve been looking for:  
� Versatile Tri-mode Control Interface serial, parallel or direct
� Exceptional Linearity IIP3>+50 dBm maintained across steps

1 MHz  – 4 GHz specified with a real-world +18 dBm/tone
� High ESD 500 V HBM eases handling and manufacturing 
� Market-leading Attenuation Accuracy and monotonicity
� Unique Power-up Preset Control
� +34 dBm peak power handling for high crest, 

multicarrier systems
� 3V Single-supply Interface no negatives, 

no translation, no glue

UltraCMOS will change how you design RF.
With other RF products, extraordinary designs require 
extraordinary effort. And GaAs 
simply runs out of gas. Now
there’s UltraCMOS technology 
for a new generation of 
RF designs. UltraCMOS
delivers excellent 
ESD tolerance, ease-of-use
and manufacturability, 
and unprecedented 
linearity and bandwidth 
for products you can 
count on.

Peregrine Semi –
from antenna-in to data out.
For more than a decade, Peregrine Semiconductor has 
engineered leading-edge RF CMOS solutions on sapphire 
for the most demanding rad-hard applications. Today, its
UltraCMOS technology enables monolithic integration 
throughout a broad portfolio of commercial RF and mixed 
signal ICs, including RF Switches, Mixers, PLLs and 
Prescalers, and performance that can’t be touched. So if you 
want an RF solution that will get you from design to money 
in no time, step on up to a new way of designing for RF. 

Call Richardson Electronics, the industry’s leading provider 
of engineered solutions, for samples and pricing or visit
psemi.com for technical documentation.

Highest Linearity and P1dB
Strong IIP3 to below 1 MHz
Best Accuracy
Serial/Parallel Control
Full performance at 3V

Need Outstanding Broadband Linearity?

Visit www.rell.com/locations.asp for a complete listing of our 70 worldwide locations. USA/Canada: 1-800-737-6937 International: 1-630-208-3637 rfwireless.rell.com
The Peregrine name and logo are registered trademarks and UltraCMOS is a trademark of Peregrine Semiconductor Corp. ©2005 All rights reserved.

Changing how you design RF. Forever.
psemi.com

The Peregrine name and logo are regestered trademarks and UltraCMOS is a trademark of Peregrine Semiconductor Corp. ©2004 All rights reserved.

Visit http://mwj.ims.ca/5547-100 • See us at RWS Booth 723
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• Multi-Octave Power Divider/Combiners
• Octave Band Directional Couplers 
• Attenuators, Terminations, Isolators/Circulators
• L, S, C, X and Ku Bands

Toll Free: 866.444.6322 • Phone: 973.625.0661
Fax: 973.625.9277 • sales@e-meca.com • www.e-meca.com

MECA ELECTRONICS, INC.
459 East Main Street • Denville, NJ 07834

Designing & Producing Value-Added RF/Microwave 
Components and Sub-Assemblies Since 1961

MECA DELIVERS HIGH FREQUENCY
COMPONENTS OFF THE SHELF!

MECA IS THE BEST KEPT SECRET IN
THE HIGH FREQUENCY WORLD

New Catalog Supplement
“Focus on High Frequency”

TTE Inc. 234
Los Angeles, CA

D. Zavac, S. Sodard,
J. Gilmore

Since 1956, TTE has led in the design, develop-
ment and manufacture of active and passive fil-
ters. Available from 0.1 Hz to 26.5 GHz, stan-
dard LC and 315P combline filters are available
in two weeks ARO. TTE also manufactures cus-
tom diplexers, multiplexers, transformers,
baluns and inductors. Visit our new interactive
Web site: www.tte.com. 
Filters 

Via Satellite Publications Bin
Rockville, MD
J. Rosone
Via Satellite is the leading global satellite maga-
zine, providing expert business analysis and tech-
nical insights into the space and satellite indus-
tries. The readers of Via Satellite are provided
with timely and valuable editorial, essential in re-
maining competitive and profitable in the global
satellite marketplace. Via Satellite is the flagship
publication of the Access Intelligence, Satellite
Group. To receive your free subscription to Via

Satellite, please visit www.omeda.com.
Publications

West Bond Inc. 735
Anaheim, CA

R. Straight, I. Malcolm, B. King

Manufacturer of automatic, semiautomatic and
manual ESD protected micro-bonding equip-
ment and accessories since 1966. Ultrasonic,
thermosonic, and thermocompression wire/rib-
bon bonders, eutectic and epoxy die bonders,
insulated wire bonders, and pull testers, LED
illuminators, heated and cold workholders,
temperature controllers, ultrasonic transduc-
ers, ultrasonic power supplies and wire de-
spoolers. Visit www.westbond.com for more in-
formation. 
Test and Manufacturing Equipment 

Wiley 435
Hoboken, NJ

Founded in 1807, John Wiley & Sons Inc. pro-
vides must-have content and services to cus-
tomers worldwide. Its core businesses include
scientific, technical, and medical journals, en-
cyclopedias, books, and on-line products and
services; professional and consumer books and
subscription services; and educational materi-
als for undergraduate and graduate students
and lifelong learners. 
Publications 

WIN Semiconductors Corp. 814
Tao Yuan Shien, Taiwan

R. Donahue

WIN Semiconductors is a world leading compa-
ny providing dedicated foundry services to a
design and system-based clientele. Our ad-
vanced 6" HBT and HEMT MMIC technologies
support RF applications from 100 MHz to 100
GHz. Our current customers cover various ap-
plications including mobile communications,
satellite and auto radar. We pride ourselves in
professional service at a competitive price. 
Amplifiers, Antennas,

Diodes/FETs/Transistors, Millimeter-wave

Components, MMICs, Optoelectronic

Components/Fiber Optics, RFICs, Switches 

Wireless Design & Development 927
Rockaway, NJ

T. Purpura

Wireless Design & Development is a portfolio
of publications and products that offer articles,
products, news, and technology in all sectors of
wireless, covering all frequencies. WDD offers
its core monthly publication, plus WDD Asia,
the WDD Journal, the “Emerging Technology
News” e-newsletters, webcasts, and more.
Wireless Design & Development is a Reed
Business Information publication. 
Publications 

Zeland Software Inc. 413
Fremont, CA

J. Zheng

Zeland offers high performance EM simulators
for the design of MMIC, RFIC, RFID, mi-
crowave circuits and antenna, PCB and signal
integrity. Our IE3D EM simulator is seamlessly
integrated into Cadence Virtuoso, Cadence Al-
legro, and Applied Wave Research’s Microwave
Office ’04 to improve designer’s productivity. 
Antennas, Filters, MMICs, Printed Circuit

Boards, RFICs, Software
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Features:

• Competitive Pricing & Fast Delivery

• +5 to +28VDC Operation (model dependent)

• Military Reliability & Qualification

• Compact Size

• Removable SMA Connectors

• Unconditionally Stable (100% Tested)

Options Include:

• Limiting Amplifiers

• Input Limiter Protection up to 100W

• Integrated Gain Attenuation 

• Phase & Amplitude Matching /Tracking

• Environmental Screening for Military

• Integrated Bias-T

• Integrated Phase Shifters up to 360 

Degrees of Control Range

• Temperature Compensation

• Space Qualification and Screening to 

MIL-PRF-38534/MIL-STD-883

Ciao Wireless, Inc . 4000 Via Pescador • Camarillo, CA 93012

Tel (805) 389-3224 • Fax (805) 389-3629 • sales@ciaowireless.com

Visit our web site at www.ciaowireless.com for our complete product offering.

LOW NOISE OCTAVE BAND AMPLIFIERS
Model No. Frequency Gain Noise Figure Output Power (dBm) 3rd Order ICP VSWR

GHz dB MIN dB MIN @ P1 dB Comp PT dBm TYP MAX
CA01-2110 0.5 - 1.0 28 1.0 MAX, 0.7 TYP +10 +20 2.0:1 
CA12-2110 1.0 - 2.0 30 1.0 MAX, 0.7 TYP +10 +20 2.0:1 
CA24-2110 2.0 - 4.0 32 1.2 MAX, 1.0 TYP +10 +20 2.0:1 
CA48-2110 4.0 - 8.0 32 1.4 MAX, 1.2 TYP +10 +20 2.0:1 
CA812-3110 8.0 - 12.0 27 1.8 MAX, 1.6 TYP +10 +20 2.0:1 
CA1218-4110 12.0 - 18.0 25 2.0 MAX, 1.8 TYP +10 +20 2.0:1 

ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Frequency Gain Noise Figure Output Power (dBm) 3rd Order ICP VSWR

GHz dB MIN dB MIN @ P1 dB Comp PT dBm TYP MAX
CA0102-3110 0.1 - 2.0 28 2.0 Max, 1.5 Typ +10 +20 2.0:1 
CA0106-3110 0.1 - 6.0 28 2.0 Max, 1.5 Typ +10 +20 2.0:1 
CA0108-3110 0.1 - 8.0 26 2.2 Max, 1.8 Typ +10 +20 2.0:1 
CA0108-4112 0.1 - 8.0 32 3.0 MAX, 1.8 Typ +22 +32 2.0:1 
CA26-3110 2.0 - 6.0 26 2.0 MAX, 1.5 TYP +10 +20 2.0:1 
CA26-3113 2.0 - 6.0 28 4.0 MAX, 3.0 TYP +27 +37 2.0:1 
CA26-4114 2.0 - 6.0 22 5.0 MAX, 3.5 TYP +30 +40 2.0:1 
CA618-4112 6.0 - 18.0 25 5.0 MAX, 3.5 TYP +23 +33 2.0:1 
CA618-5113 6.0 - 18.0 24 5.0 MAX, 3.5 TYP +27 +37 2.0:1 
CA618-6114 6.0 - 18.0 35 5.0 MAX, 3.5 TYP +30 +40 2.0:1 
CA618-6115 6.0 - 18.0 35 6.0 MAX, 3.5 TYP +32 +41 2.0:1 
CA218-4110 2.0 - 18.0 30 5.0 MAX, 3.5 TYP +20 +30 2.0:1 
CA218-4112 2.0 - 18.0 29 5.0 MAX, 3.5 TYP +24 +34 2.0:1 
CA218-4113 2.0 - 18.0 29 5.0 MAX, 3.5 TYP +27 +37 2.0:1 

NARROW BAND AMPLIFIERS
Model No. Frequency Gain Noise Figure Output Power (dBm) 3rd Order ICP VSWR

GHz dB MIN dB MIN @ P1 dB Comp PT dBm TYP MAX
LOW NOISE:
CA01-2110 0.4 - 0.5 28 0.75 MAX, 0.45 TYP +10 +20 2.0:1 
CA01-2112 0.8 - 1.0 28 0.75 MAX, 0.45 TYP +10 +20 2.0:1 
CA12-3116 1.2 - 1.6 25 0.75 MAX, 0.5 TYP +10 +20 2.0:1 
CA23-3110 2.2 - 2.4 30 0.75 MAX, 0.5 TYP +10 +20 2.0:1 
CA23-3110 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10 +20 2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10 +20 2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10 +20 2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10 +20 2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10 +20 2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.5 TYP +10 +20 2.0:1 
CA1819-4110 17.7 - 18.3 20 2.0 MAX, 1.8 TYP +10 +20 2.0:1 
MEDIUM POWER:
CA12-3114 1.35 - 1.85 30 4.0 MAX, 3.0 TYP +33 +41 2.0:1 
CA23-4110 2.7 - 2.9 32 4.0 MAX, 3.0 TYP +33 +41 2.0:1 
CA34-6116 3.1 - 3.5 40 4.5 MAX, 3.5 TYP +35 +43 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30 +40 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33 +41 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33 +42 2.0:1 
CA1218-5116 12.0 - 18.0 35 6.0 MAX, 5.0 TYP +30 +40 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30 +40 2.0:1 
CA1722-4110 17.0 - 22.0 25 3.5 MAX, 2.8 TYP +21 +31 2.0:1 
CA1718-4110 17.7 - 18.1 25 5.0 MAX, 4.5 TYP +27 +37 2.0:1

COMPETITIVE PRICING OFFERED
Model No. Frequency Gain Noise Figure Output Power (dBm) Unit Price

GHz dB MIN dB MIN @ P1 dB Comp PT Qty 1-9 $US
CA12-A02 1.0-2.0 26 1.6 +10 $395
CA24-A02 2.0-4.0 26 1.8 +10 $395
CA48-A02 4.0-8.0 24 2.0 +10 $395
CA812-A02 8.0-12.0 22 2.5 +10 $395
CA1218-A02 12.0-18.0 16 3.5 +10 $395

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit http://mwj.ims.ca/5547-24
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System Engineering Agent. Sailors from USS Russell
(DDG 59) also used the Aegis BMD Weapon System to
successfully transmit Minuteman III trajectory data via
satellite through the Ballistic Missile Defense Communi-
cations System to the Ballistic Missile Defense command
and control center at the Joint National Integration Cen-
ter in Colorado Springs, CO. The MDA and the US Navy
are jointly developing Aegis BMD as part of the Ballistic
Missile Defense System (BMDS). Ultimately, 15 Aegis
destroyers and three Aegis cruisers will be outfitted with
the capability to conduct Long Range Surveillance and
Tracking (LRS&T) and engagement of short and medium
range ballistic missile threats using the Aegis BMD
Weapon System and its Standard Missile-3 (SM-3). To
date, eight Aegis destroyers have been upgraded with the
LRS&T capability and two cruisers have been outfitted
with the emergency engagement and LRS&T capability.
The Aegis Weapon System is the world’s premier naval
defense system and is the foundation for Aegis BMD, the
primary component of the sea-based element of the Unit-
ed States’ BMDS.

Harris Corp. has been
awarded a competitive

procurement contract to
supply the US Marine
Corps’ Multiband, Multi-
mission Radio (MBMMR)
Standardization Program
with its combat-proven
Falcon® II AN/117(C) ra-
dios. The first delivery or-
ders of $67 M have been

awarded as part of a multi-year $205 M blanket purchase
agreement. Deliveries of the new MBMMR systems will
begin in the company’s second fiscal quarter. “We have
had the opportunity for the past several years to provide
the US Marine Corps with advanced HF and multiband
tactical radios and support. The selection of the Falcon II
AN/PRC-117F(C) as the MBMMR standard is a strong
validation of the operational performance and reliability
of our radios,” said Dana Mehnert, vice president and
general manager of US Government products, Harris RF
Communications Division. Under the contract, Harris will
supply its AN/PRC-117F(C) manpack and AN/VRC-
103(V) vehicular systems. The Harris AN/PRC-117F(C) is
an advanced multiband radio covering the entire 30 to
512 MHz frequency spectrum. Its embedded COMSEC
has NSA certification, ensuring compliance with secure
US Government Type-1 encryption algorithms. In addi-
tion, the radio is JITC certified for operations over mili-
tary standard satellites. The AN/VRC-103(V) vehicular
product is a fully integrated, compact communications
system that includes the Harris AN/PRC-117(C) tactical
radio and the Harris AM-7588 Multiband Power Amplifi-
er. This system also covers the entire 30 to 512 MHz fre-
quency range, offering 50 W PEP transmit power, embed-
ded COMSEC, SATCOM and ECCM capabilities. The
radios will be used to upgrade and replace the Marine

Harris Corp.

Awarded $205 M

Contract for US

Marine Corps

MBMMR Radios

Northrop Grumman
Corp. has successfully

demonstrated the capabili-
ties of an advanced high
power amplifier for the US
Army that is capable of en-
abling critical communica-
tions for the network-cen-
tric Future Force. Army
Future Force concepts in-
clude information superior-

ity and improved situational understanding through the
integration of data from joint forces. These capabilities re-
quire a highly secure wideband network to share large
amounts of real-time information among forces on the
ground, sea and air. A key enabler of this capability is an
efficient power amplifier with enough power to transmit
wideband data waveforms such as the Wideband Net-
working Waveform (WNW) over distances warfighters re-
quire. WNW is currently under development by the Joint
Tactical Radio System (JTRS) program. Nine months af-
ter the program’s start, Northrop Grumman demonstrated
that its software-defined radio (SDR) power amplifier
could provide enough output power to enable WNW
communications at the required range and throughput. In
addition, Northrop Grumman’s high efficiency design met
the difficult size, weight and thermal requirements of the
JTRS ground platform. All high risk areas were addressed
and high efficiency and output power over an extremely
wide bandwidth were achieved. Northrop Grumman’s
SDR power amplifier is being developed under the Army
Communications-electronics Research Development &
Engineering Center (CERDEC). CERDEC’s Radio En-
abling Technologies and Nextgen Application Army Tech-
nology Objective program develops and transitions tech-
nology insertion solutions to the JTRS program. Northrop
Grumman’s test program for the advanced power amplifi-
er included an unusual stress test to explore the ability to
transmit a large amount of data in a short time. The am-
plifier was subjected to a full-power, 100 percent duty cy-
cle stress test for four minutes. The amplifier operated
normally during the entire test and key component tem-
peratures remained within their limits even at the end of
the test interval.

The Aegis Ballistic Mis-
sile Defense (BMD)

Weapon System successful-
ly detected and tracked an
unarmed US Air Force
Minuteman III interconti-
nental ballistic missile
(ICBM). Aegis detected
the missile when it rose
above the horizon and im-
mediately began BMD

tracking operations. Lockheed Martin develops the Aegis
BMD Weapon System for the US Navy and the Missile
Defense Agency (MDA) and also serves as the Combat

Aegis Weapon

System Successful 

in Ballistic Missile

Tracking Exercise

Northrop Grumman

Demonstrates JTRS

Power Amplifier 

for Army
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650 Suffolk Street, Suite 205 • Lowell, Massachusetts 01854 USA
phone 978-441-1117 • fax 978-441-2666 • www.auriga-ms.com

Going in circles
with constant VSWR?

Auriga will help
straighten you out.

Auriga’s tuner-based characterization test systems 
with contour VSWR circles help design maximum 

airtime–even after antenna breakage. 

Corps active duty and reserve components legacy’s tactical
radio systems, and also will be used for other USMC pro-
grams such as Target Location, Designation and Hand-off
System (TLDHS), Counterintelligence/Human Intelli-
gence (CI/HUMINT) and Assault Breacher Vehicle
(ABV). 

R aytheon Co. has been
awarded a $52 M US

Navy contract to provide
engineering services for the
Relocatable Over the Hori-
zon Radar (ROTHR) pro-
gram. The award is a five-
year indefinite delivery, in-
definite quantity contract
to provide continuing engi-
neering support on the

radar systems, including both hardware and software
maintenance and upgrades. “This contract reflects the ex-
cellent ongoing relationship between the Navy and
Raytheon, as well as Raytheon’s commitment to satisfying
our customer’s critical needs for assured technical and
program support,” said Mary Petryszyn, Raytheon vice
president, Joint Battlespace Integration. “We are proud
that the Navy continues to look to Raytheon for reliable

Raytheon Awarded

$52 M Contract to

Provide ROTHR

Engineering Services

products and service to ensure our homeland is safe.”
ROTHR is a high frequency radar system designed, built,
operated and maintained by Raytheon to provide long-
range surveillance capability to the US Government in
support of the US counter drug mission. Demonstrated
performance, cost effectiveness and growth potential have
led to planning for an expanding role for ROTHR to in-
clude surveillance capability for homeland defense. “As an
operational and deployed asset with ground-based results,
ROTHR is a reliable and cost effective proven solution for
improving the security of the US coast line,” said
Petryszyn. ROTHR has been operational with the US
Government for more than 15 years, supporting the
counter drug mission in the Caribbean Sea and South
America. Each radar system provides in excess of four
million square miles of coverage area. The network sys-
tem of ROTHR radars operates 24/7/365 and tracks 4.5
million aircraft per year. It is currently the US Govern-
ment’s primary surveillance system for the counter drug
mission. Raytheon has provided full life cycle mission sup-
port for the radars since the initial installations to improve
performance and reliability as part of Raytheon’s integrat-
ed approach to predicting customer needs, sensing prob-
lems and preemptively applying solutions. Mission sup-
port enables Raytheon to maintain readiness and deliver
operational capability on demand, allowing its customers
to focus on their mission.  ■

Visit http://mwj.ims.ca/5547-20
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STC Microwave Systems, part of Crane Aerospace & Electronics, provides
development through production of components, sub-systems, and systems. Our
products, backed by over 30 years of innovation, experience and reliability, are used in
military/defense, aerospace, industrial and space ground applications.

Visit www.craneae.com/172, call 480-961-6269 or email
electronics@craneae.com for more information.

Frequency Generation,
Conversion and Control

Visit http://mwj.ims.ca/5547-29
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begin the process to create the IET, which will require
approval by the Privy Council.

Once formed, the IET will have the largest number of
professionally registered engineers and engineering tech-
nicians in the UK, working in a wide range of sectors in-
cluding ICT, robotics, manufacturing, power engineering,
transport, contracting and building services, defence and
the armed services.

Professor John O’Reilly, president of the IEE, said:
“This is a historic step for both institutions. Members
have shown themselves ready to embrace the future and
ensure that institutions that have served decades of engi-
neers remain relevant in the 21st century.” He continued,
“Engineering is becoming increasingly interdisciplinary
and global and it is important that institutions reflect the
way in which their members operate.”

Likewise, Lord Trefgarne, president of the IIE, com-
mented: “The engineering profession has for far too long
been fragmented and undervalued. By bringing together
all key members of the technical team, whatever their
professional status, IET holds out the hope of creating a
more coherent and representative organization for our
profession.” He added: “The new institution will be better
attuned to meet the needs of its members, of employers
who need well qualified staff, and of wider society which
benefits from the products and services underpinned by
our collective efforts.”

In its Wireless Operator
Benchmarking Report Q2

2005, Strategy Analytics re-
ports that average margins
per user (AMPU) in Central
and Eastern Europe fell al-
most 30 percent in 2Q 2005.
Operators are losing ground
with AMPU levels 50 per-
cent below the global aver-
age in the current quarter.

“On face value, the rapid fall in the value of new sub-
scribers in Russia and the Ukraine is a cause for con-
cern, although underlying profitability remains strong,”
explained Sara Harris, senior industry analyst at Strategy
Analytics and the report’s author. “Exceptional sub-
scriber growth in those countries is driving strong
EBITDA growth, ranging from 19 percent at MTS to 55
percent at Vimpelcom. This is still a lucrative region for
global operators.”

David Kerr, vice president of the Global Wireless Prac-
tice, added, “By contrast, EBITDA growth was 10 percent
in North America and a meager 2 percent in Western Eu-
rope. Following more than three years of growth, AMPUs
have posted annual declines for the last three quarters in
Western Europe and there is no return to growth in sight.
Regulatory pressure on interconnect rates, sluggish data
AMPUs, and an increasingly competitive market driven
by limited subscriber growth, MVNO activity and 3G
launches, are all taking their toll on financial stability in
the region.”

East European

Wireless Profitability

Continues to Slide

Ericsson has reached an
agreement with Mar-

coni Corp. plc to acquire
the parts of the company’s
telecommunications busi-
ness that are strategically
important to Ericsson. Er-
icsson will acquire assets
representing about 75
percent of  Marconi ’s
turnover and will pay ap-

proximately £1.2 B in cash on completion, subject to
certain closing adjustments. The acquisition will add
roughly £1 B in sales and is expected to have a neutral
effect on Ericsson’s EPS in 2006 with positive contribu-
tion from 2007.

The businesses to be acquired can be divided into two
main business types, Network Equipment and Network
Services. The former covers the design and supply of
communications systems that transmit and switch voice,
data and video traffic, including optical networking,
broadband access, data networks, microwave radio and
next generation switching. The businesses within Mar-
coni’s Network Equipment that will be acquired had a
turnover of approximately £0.7 B in the financial year
ended March 2005.

Network Services covers a broad range of support serv-
ices to telecommunications operators and other providers
of communication networks, including installation, com-
missioning and maintenance, and value-added services.
The businesses within Marconi’s Network Services that
will be acquired had a turnover of approximately £0.3 B in
the financial year ended March 2005.

The acquisition requires approval from Marconi’s
shareholders and clearance from the relevant competition
and other regulatory authorities, including the European
Commission. At the time of going to press the Board of
Marconi intends to recommend that Marconi sharehold-
ers vote in favour of the transaction at an extraordinary
general meeting. Subject to receipt of the necessary ap-
provals, the transaction is expected to be completed at
year-end 2005.

Two of the UK’s leading
engineering institu-

tions, the Institution of
Electrical Engineers (IEE)
and the Institution of In-
corporated Engineers
(IIE), have announced that
their members have voted
to create a new institution,
to be known as the Institu-
tion of Engineering and

Technology (IET), which will come into being in early
2006. The IEE has 120,000 members worldwide and the
IIE 40,000. The IEE voted 73.5 percent in favour while
members of the IIE voted 95.7 percent in favour. Now
that the decision has been taken, both organizations will

IEE and IIE 

Members Vote 

to Amalgamate

Ericsson to Acquire

Key Assets 

of Marconi’s

Telecommunications

Business
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Your High Power Waveguide Solutions

Tel: 978 772-7774   Fax: 978 772-7775  
“The New Thinking in Wireless Technology”

Renaissance Electronics’ NEW Waveguide Product
Group can minimize sizes, weight; while enhancing
system integration and performance.
Established in 1991, Renaissance Electronics has
become a leader in component based technology.
With the addition of P&H Laboratories we have
expanded our Waveguide Assemblies and
Components heritage and offer not only Waveguide
Components but Integrated Assemblies. Visit the
Waveguide Product Section on our web site at
www.rec-usa.com/wg for more information

Email us with your exact specification to 
wgsales@rec-usa.com

Other products include: Circulators/Isolators; Switch Matrices; 
EM Switches; Combiners/Dividers; and Transmitter Combiners

Call today for a complimentary 50-minute consulta-
tion to discuss your requirement. Ask for Lisa Felix,
Waveguide Sales Specialist, to schedule your session.
Reference keycode MWJ1205.

• System integration not going together right? 
• Bolting together too many components?

ISO 9001 Certified

Northrop Grumman’s
UK-based Sperry Ma-

rine has been awarded a
$4.3 M contract to retrofit
new-generation navigation
radars on more than 100
German Navy warships
from ET Marine Systeme
GmbH, prime contractor
for the navigation-systems
modernisation programme. 

Under the four-year contract, the ships’ existing nav-
igation radars will be replaced by Sperry Marine’s
BridgeMaster E 340 radar systems, including commer-
cial, navalized and tactical variants, in X-band, S-band
and dual-band configurations. The contract includes
training, spares, installation, engineering and project-
management support. ET Marine Systeme will inte-
grate the radars with the ships’ electronic chart display
and information systems and automatic identification
systems. 

The first installations are scheduled to take place in the
first quarter of 2006. In the meantime, Sperry Marine is
supplying BridgeMaster E systems for the German Navy
training school and test sets.

Northrop Grumman

Wins German Navy

Radar Contract

MTN Nigeria has se-
lected Harris Corp. to

provide microwave radios
that will increase the ca-
pacity of the existing Y’hel-
lo Bahn high capacity GSM
network backbone by 75
percent. Orders of $4.1 M
have been received for
MegaStar 155 PX mi-
crowave radios that will

augment what is already the largest wireless network
backbone in Nigeria, spanning more than 4,500 km and
traversing more than 120 towns and villages.

A key requirement of the new agreement is to counter-
act the difficult propagation conditions in various regions
of Nigeria, such as wide variability related to temperature,
humidity, geography and vegetation. The MegaStar 155
PX high capacity synchronous digital microwave radio for
OC-3 or STM-1 transport meets these requirements. It
operates in the 5, 6, 7, 8 and 11 GHz bands, interoperat-
ing with standard SONET/SDH multiplexers and ATM
switches, and features a wide selection of antenna cou-
pling unit arrangements that accommodate both standard
and non-standard channelization plans.  ■

Harris Gives

Nigerian Network

More Backbone

Visit http://mwj.ims.ca/5547-107
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eachfrom
$2495

POWER SPLITTERS
2Way-0° 2MHz-12.6GHz       4Way-0° 800MHz-2.7GHz   

TYPICAL SPECIFICATIONS
2WAY-0° Frequency Isolation   Insertion Loss(dB) Price $ea.
Model (GHz) (dB) Above 3.0dB (Qty.1-24)

ZX10-2-12 .002-1.2 21 0.5 24.95
ZX10-2-20 .2-2 20 0.8 24.95
ZX10-2-25 1-2.5 20 1.2 26.95
ZX10-2-42 1.9-4.2 23 0.2 34.95
ZX10-2-71 2.95-7.1 23 0.25 34.95
ZX10-2-98 4.75-9.8 23 0.3 39.95
ZX10-2-126 7.4-12.6 23 0.3 39.95

4WAY-0° Above 6.0dB
ZX10-4-11 .8-1.125 20 0.6 38.95
ZX10-4-14 1.1-1.45 20 0.8 38.95
ZX10-4-19 1.425-1.9 20 0.75 38.95
ZX10-4-24 1.675-2.35 20 0.9 38.95
ZX10-4-27 2.225-2.7 20 1.0 38.95

SERIES A new breed of SMA power splitters is small in size, small
in price, and big on features. They’re the ZX10 series of 2way and 4way
power splitters from Mini-Circuits! These 50 ohm splitters give you excellent
performance with low insertion loss and high isolation. Each easily
mountable model is extremely small in size, so you conserve real estate in
laboratory, production, and system environments. And thanks to exclusive
patent pending unibody construction, ZX10 splitters are rugged and
phenomenally low in price. All models are IN STOCK! So contact
Mini-Circuits now for individual units, or buy the whole collection for the
lab, and never get caught short. Have the signal splitting and combining
power you need, on hand when you need it, with ZX10!
Mini-Circuits...we're redefining what VALUE is all about!

K1-ZX10 Designer’s Kit (2Way)
1 of Each Model (7 total ) $199.95
FREE Deluxe Wood Storage Case !

Detailed Performance Data & Specs Online at: www.minicircuits.com/ZXSPLITTERS.pdf

4Way-0°
(L) 2.04"x (W) .60"x (H) .75"
Dimensions include case bracket

NEW!

CIRCLE READER SERVICE CARD

398 rev.Org

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

ISO 9001  ISO 14001 CERTIFIED

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
TM

®

See our 244 page RF/IF Designer’s Guide in EEM (Electronic Engineers Master)

2Way-0°
(L) .74"x (W).90"x (H) .54"
Dimensions include case bracket Patents Pending

82
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DIGITAL ATTENUATORS

Digit
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DAT test fixture available.

Specifications Typical at: TAMB = 25°C
Model Series Interface Z (Ω ) Freq. Atten. Steps Bits Price $ea.

MHz dB dB (Qty.10)
DAT-15R5-P � Parallel 50 DC-4000 15.5 0.5 5 3.55
DAT-15R5-S � Serial 50 DC-4000 15.5 0.5 5 3.55

DAT-15575-P � Parallel 75 DC-2000 15.5 0.5 5 3.55
DAT-15575-S � Serial 75 DC-2000 15.5 0.5 5 3.55

DAT-31-P � Parallel 50 DC-2400 31.0 1.0 5 3.55
DAT-31-S � Serial 50 DC-2400 31.0 1.0 5 3.55

DAT-3175-P � Parallel 75 DC-2000 31.0 1.0 5 3.55
DAT-3175-S � Serial 75 DC-2000 31.0 1.0 5 3.55

DAT-31R5-P � Parallel 50 DC-2400 31.5 0.5 6 3.80
DAT-31R5-S � Serial 50 DC-2400 31.5 0.5 6 3.80

DAT-31575-P � Parallel 75 DC-2000 31.5 0.5 6 3.80
DAT-31575-S � Serial 75 DC-2000 31.5 0.5 6 3.80

�To specify Supply Voltage:
Add the letter ( P ) to model number for positive +3volts.
Add the letter ( N ) to model number for Dual ±3 volts.
Example: DAT-15R5-PP or DAT-15R5-PN
Patent Pending

Detailed Performance Specs and           Shopping Online for our surface mount 
and coaxial models at: www.minicircuits.com/dsa.shtml

0.5 to 31.5dB in 0.5 and 1dB Steps

24 Models To Choose From
•  Choose single +3V or dual +3V, -3V supply voltage @ 100µA

•  Select 5 or 6 Bit, serial or parallel interface

•  Up to 31.5dB, either 0.5 or 1dB steps

•  High attenuation accuracy, 50 or 75 ohm

• Very high IP3 +52dBm, 0.2dB compression@ +24dBm above1MHz

• CMOS programmable start-up and always immune to latch-up

Exposed 
Top View Metal Bottom

Small 4x4mm Package.

From world-class performance to very competitive prices, 
count on Mini-Circuits DAT digital attenuators for the 
solutions to fit your needs!

IN STOCK

DAT SELECTION GUIDE

CIRCLE READER SERVICE CARD

404 Rev B

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

RF/IF MICROWAVE COMPONENTS

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
TM

®

ISO 9001 ISO14001 CERTIFIED

Qty. (1,000)

$269
From

ea.
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COMMERCIAL MARKET

its reliability and interoperability in retail environments.
The fact that 13 major CPG players will be working to-
gether with Target and Wal-Mart also reinforces a second
trend in the RFID supply chain. To date, the retailers
have driven RFID momentum with mandate announce-
ments and, in the case of Wal-Mart, continued rollout
roadmap communication. Michielsen notes, “As analytical
tools develop and as CPG cooperate more with one an-
other, the CPG-retailer relationship will evolve from a re-
tail ‘push’ market to a more balanced retail/CPG ‘push-
pull’ market.” The University of Arkansas’ out-of-stock
RFID findings illustrate that CPGs can benefit from
RFID. Tag costs are decreasing, data sharing and analysis
tools are improving, and the RFID opportunity is becom-
ing clearer and more compelling. As both industry RFID
motivations move toward equilibrium, RFID investments
will likewise become more substantive and convincing.
Retail and consumer goods RFID deployments involve
cooperation, partnership, planning and integration. The
latest release of ABI Research’s “RFID Research Service”
details network infrastructure management opportunities
and profiles the stakeholders. 

Seemingly, not a day goes
by and another govern-

mental organization is an-
nouncing plans to build a
wireless mesh network.
The value of these net-
works is clear — communi-
ties can cost effectively
provide high speed wireless
voice and data communica-
tion services to their em-

ployees, residents and visitors. The challenges associated
with realizing the benefits of these wireless networks are
significant. With ten years of experience in wireless net-
work development and implementation, Wireless Valley’s
team of wireless industry experts have seen the benefits
and pitfalls of these deployments and are helping cus-
tomers address the challenges. The implementation of a
wireless mesh network can be deceivingly simple. Install
the access point (AP), plug it into an electrical source and
turn it on. The APs automatically identify and connect to
other APs in line of sight. In reality, this is rarely, if ever,
the case with wireless deployments. Wireless Valley chief
product officer, Dr. Roger Skidmore, points out, “If you
do not consider and plan for all of the operational and en-
vironmental factors which impact each installation, the
network will not have the necessary coverage and capacity
to provide the quality of service expected by users. In
many cases, this renders the network useless for many of
the intended applications. This is especially detrimental if
public safety or emergency medical teams hope to com-
municate using the network.” In order to properly set up
a municipal wireless mesh network, planners need to con-
sider the following three issues:
• Environment – Many factors impact the performance
of wireless signals. The construction and location of build-

Challenges Loom 

for Delivery 

of Wireless Mesh

Network Promises

Members of the Great
Lakes Chapter of Sur-

face Mount Technology As-
sociation (SMTA) and the
Chicago Public Schools-
Education to Careers
(CPS-ETC) Program reaf-
firmed their success and
commitment to a program
that has brought hands-on
knowledge of electronic

manufacturing into the classrooms of Chicago students ea-
ger for real-world experience and education. SMTA and
CPS-ETC leaders held a press conference and spoke of
the ongoing success of a program well into its third year
that prepares students for their lives beyond the class-
room, by combining a rigorous academic program with ca-
reer and technical education, hands-on training and expo-
sure to the career world. The Great Lakes Chapter of
SMTA has worked for the last two and a half years with the
CPS-ETC program and the local high tech manufacturing
community to align ETC’s electronics manufacturing cur-
riculum with industry standards. Program leaders engaged
Institute of Printed Circuits (IPC), the recognized industry
standards authority, and made a substantial financial con-
tribution that allowed ETC electronics instructors to be-
come IPC-certified in August 2005. Working in conjunc-
tion with Chicago schools, the Great Lakes Chapter devel-
oped the Electronic Manufacturing Education Model
program. This program is unique at the high school level
and is an example of the collaboration that can make
schools and business communities more successful.
Richard Wierzbicki, the local teacher who worked with the
SMTA to implement the program, said, “Our students
have responded with enthusiasm to this program and have
shown considerable interest in all aspects of the electronics
manufacturing industry and skills, from circuit design and
software to actual manufacturing processes such as solder-
ing and tests. The practical, real-world experience that this
program provides is something they really want.” For more
information about the CPS-ETC Electronics Manufactur-
ing Program, visit www.etcchicago.com.

In early supply chain
RFID deployments, the

information flowing back to
suppliers has been frag-
mented and limited. But
the recent joint announce-
ment by Target and Wal-
Mart that they will share
EPC data gathered from
their RFID systems with
13 manufacturers who sup-

ply them with consumer packaged goods (CPG) marks a
significant development. According to Erik Michielsen,
ABI Research director of RFID and ubiquitous networks,
the data-sharing pilot reinforces the notion that there is a
need to consolidate data across fewer platforms to ensure

EPC Data Sharing

Highlights RFID

Collaboration

Industry/Academic

Partnership Brings

Electronics Skills 

to Chicago Students
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Hi-Rel By Design

 SPECIAL HERMETIC PRODUCTS, INC.

SHP seals are identifiable in many ways: 

�� The uniformity of the solder joint when installed 

�� The uniformity and fire polish of the glass 

�� The absence of voids and cracks in the glass 

�� The quality and consistency of plating 

�� The success of the companies who use them 

Call us today for your FREE SAMPLES! 

39 Souhegan Street – P.O. Box 269, Wilton, New Hampshire  03086    TEL (603)654-2002  FAX (603)654-2533 

email: sales@shp-seals.com  -  website:  www.shp-seals.com

Visit http://mwj.ims.ca/5547-124

COMMERCIAL MARKET

ings, foliage and other natural and manmade obstructions
can degrade or block wireless signals.
• Use of the network – The number of users accessing
the network and the type of applications they will employ
are important to consider. For example, significantly more
users will access the network in a government office than
in a parking lot. Also, applications such as public safety
communications require high bandwidth and secure, un-
interrupted service.
• Coverage and connection – One of the benefits of a
mesh network is that all the APs can potentially share in-
formation with each other and transport traffic. However,
if the traffic has to travel through too many APs in the
mesh before it gets to a backhaul connection, the user will
experience unacceptable delays. At the same time, it is
important to make sure that there are enough connections
available to each AP to ensure redundancy. If one or sev-
eral APs are not operational, the network should still be
able to function efficiently if it has been designed proper-
ly. Obviously, this ‘balancing act’ between coverage and
connections can be quite difficult to determine.

The traditional way to plan and design wireless net-
works is through a site survey. This process involves pow-
ering up an AP in a part of the area to be covered, taking
measurements of signal strength and coverage and then

repeating the exercise until you have covered the entire
region. This highly manual and time-consuming process is
not practical for most municipal mesh projects, which are
usually quite large in scope. Plus this method only enables
planning for wireless coverage; it does not consider how
the network will be used and what applications will be op-
erating. The preferred alternative is a combination of
computer-based design with a limited site survey used to
optimize the design. This method enables a repeatable
and scalable process in which users place APs and select
which ones will have wired connections to the network,
run simulations of the proposed network’s operation and
adjust the design to address any identified coverage holes
and capacity problems. Perhaps most important, this
method understands and accounts for two items not con-
sidered in a site survey: the environmental and interfer-
ence factors, which impact the wireless signal and the ca-
pacity and bandwidth needs of the network. Once the de-
sign is complete and the network implemented, the user
can conduct a limited site survey to determine any adjust-
ments that might be necessary. Properly planning a wire-
less mesh network will bring many benefits including
more complete coverage, faster speed, strong reliability,
ease of deployment, and lower implementation and oper-
ational costs.  ■
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INDUSTRY NEWS
■ Pendulum Instruments AB, Stockholm, Sweden, and
XL Microwave Inc., Oakland, CA, announced they have
reached an agreement for Pendulum to acquire the assets
and operations of XL Microwave. XL Microwave develops
and produces microwave counters and antenna alignment
products and has existing sales partner relationships in the
US. Through the acquisition, Pendulum will establish a
daughter company called Pendulum Instrument Inc. in
the current premises of XL Microwave.

■ EMS Technologies Inc. announced the signing of a de-
finitive agreement for the sale of the assets and operating lia-
bilities of its Space and Technology/Montreal division to
MacDonald, Dettwiler and Associates Ltd., Vancouver,
BC, Canada. The parties are seeking to close the transaction
during 2005, subject to the satisfaction of normal closing
conditions and clearance by Canadian antitrust authorities.
The terms of the transaction were not disclosed.

■ EPCOS, a manufacturer of passive electronic compo-
nents, has decided to sell its Tantalum Capacitors Busi-
ness Unit. Negotiations with a US manufacturer of capaci-
tors, Kemet, are already in an advanced stage. The deci-
sion to sell the business unit is part of a repositioning of
the product portfolio.

■ Richardson Electronics Ltd., a global provider of engi-
neered solutions for the RF, wireless and power conversion
markets, announced it has reached an exclusive agreement
with Mimix Broadband Inc., a supplier of gallium arsenide
(GaAs) semiconductors. Under the terms of the agreement,
Richardson Electronics has secured exclusive global distribu-
tion rights to Mimix’s diversified line of GaAs semiconductor
products that span the spectrum from DC to 50 GHz.

■ Agilent Technologies Inc. announced several plans
for its product lines following its recent acquisition of the
business of Eagleware-Elanix. Expected changes include
price decreases, a new customer investment protection
program, Advanced Design System translators and a
trade-in offer to users of non-Agilent software. The price
decrease is for non-US Eagleware-Elanix customers only
and is made possible through the efficiency gains Agilent
expects to make in its global infrastructure.

■ Sage Laboratories Inc. celebrated the opening of its
new state-of-the-art manufacturing facility in Hudson, NH.
The 55,000 square foot facility was completely renovated to
accommodate the RF/microwave production flow of the
company’s products. From standard catalog components to
highly sophisticated integrated subsystem and multi-function
assemblies, products follow an efficient manufacturing path
from incoming inspection through assembly, test and to the
shipping dock. Previously, Sage Laboratories had occupied
facilities in Merrimack, NH and Natick, MA. Combining the
two groups enhances the capabilities of the company by
blending past practice design engineering and manufactur-
ing technologies from each into the facility in Hudson.

■ Sigma Systems Corp. announced that it has moved to
a 10,000 square foot facility in El Cajon, CA. It is still in
the greater San Diego area, and only about 10 minutes
from the company’s original location of almost 50 years.
The new address is: 1817 John Towers Avenue, El Cajon,
CA 92020 (619) 258-3700 or fax: (619) 258-3712.

■ AR Worldwide RF/Microwave Instrumentation has
completed construction of a microelectronic laboratory
that meets requirements for Class 100K and Class 10K
environment conditions. The new lab is being used to
produce hybrid circuits based on thin and thick film sub-
strates. The new microelectronic capabilities enable the
company to extend its product frequency range perfor-
mance from 10 to 25 GHz and eventually beyond. 

■ Microfabrica, a manufacturer of micro-device and
micro-system fabrication, announced it has moved its factory
and corporate headquarters from Burbank to a new facility
in Van Nuys, CA, spurred by the company’s growth. The
new site is 39,300 square feet, nearly twice the size of the
previous location. The building, located at 7911 Haskell Av-
enue, contains a state-of-the-art custom-built clean room.

■ Applied Wave Research Inc. (AWR®) and Flomerics
announced a partnership that will enable RF/microwave
engineers analyzing circuit layouts using AWR’s Micro-
wave Office® software to study the electromagnetic per-
formance of key components in 3D using the Micro-
Stripes software from Flomerics.

■ Chipcon AS, a supplier of ZigBee-ready integrated cir-
cuits, and Cirronet Inc., which has incorporated Chipcon
ICs into a broad line of ZigBee products, have aligned to
facilitate the creation of third-party ZigBee wireless solu-
tions. Under the arrangement, Chipcon and Cirronet will
partner to provide developers complete module-level so-
lutions for industrial ZigBee applications. 

■ Mathsoft® announced the integration of its Mathcad
software with the National Instruments LabVIEW
graphical development environment to provide advanced
joint calculation and measurement solutions. The integra-
tion will create an end-to-end design, measurement,
analysis and reporting environment that will help engi-
neers more efficiently, accurately and intelligently execute
product development work.

■ Digital Fountain Inc., a supplier of forward error correc-
tion technology for reliable communications, announced that
its patented DF Raptor™ technology has been standardized
by 3GPP, the 3rd Generation Partnership Project, as a
mandatory component of the Multimedia Broadcast/Multi-
cast Service for 3rd generation cellular networks.

■ Dynaco, a fabricator of high reliability rigid-flex, flex
and rigid printed circuit boards and assemblies for the
military/aerospace market, has announced that it has been
certified as a Small Disadvantaged Business by the US
Small Business Administration. 
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■ RLC Electronics Inc. now offers the capability of 10-
day production for certain filter items. This service has ac-
tually been in place for several years and the company feels
confident to roll this official program out across its world-
wide customer base. This 10-day production service charge
is a nominal 50 percent premium from the base price.

■ Times Microwave Systems has significantly length-
ened its warranty and now offers a One Year Replacement
Warranty on SilverLine™ TuffGrip™ test cables for wire-
less RF field testing applications. The new warranty stipu-
lates that for a period of one year from shipment, Times
will repair or replace the cable, at its option, if the con-
nector attachment fails.

■ RF Monolithics Inc., a developer, manufacturer and
supplier of radio frequency wireless solutions, announced
that the US Federal Communication Commission (FCC)
has certified the company’s DM2100™ module, a mesh-
enabled low power module. In related news, the company
announced it has obtained ISO/TS 16949:2002 automo-
tive quality certification and ISO 14001 certification.

CONTRACTS
■ M/A-COM announced that the company has signed a
contract to design, deploy, operate and maintain New
York’s Statewide Wireless Network with the New York
State Office of Technology. The contract amount is
valued at approximately $2 B over 20 years, making it the
largest statewide public safety communications project to
be awarded in the United States.

■ Symmetricom Inc., a designer and manufacturer of
precise time and frequency products and services, an-
nounced the company was awarded a contract from Dell
Inc., a diversified information-technology supplier and
partner, worth $995,000 for Symmetricom’s TymServe
2100™ versatile GPS network time servers, a durable, de-
pendable and accurate NTP server. 

■ Modelithics™ has completed the first phase of sub-
strate-scalable models for Dielectric Laboratories’ (DLI)
Opti-cap,® Milli-cap,® Ultra High-Q and other surface-
mounted capacitors. Modelithics is now distributing free S-
parameters for the components from its Web site to the
DLI landing page at www.modelithics.com/mvp/dli/. Mod-
elithics also announced the availability of new Global Mod-
els™ that represent entire families of components on all
common substrate types and thicknesses. The models will
be distributed and supported along with future releases of
Modelithics CLR Library™ software.

FINANCIAL NEWS
■ Andrew Corp. reports sales of $517 M for the fourth
quarter ended September 30, 2005, compared to $487.8 M
for the same period last year. Net income for the quarter
was $7.2 M ($0.04/per share), compared to a net income of
$0.6 M ($0.00/per share) for the fourth quarter of last year.

■ RF Micro Devices Inc. (RFMD) reports sales of $177
M for the second quarter of fiscal 2006 ended September

30, 2005, compared to $149.1 M for the same period last
year. Net income for the quarter was $5.9 M ($0.03/per
diluted share), compared to a net loss of $6.7 M
($0.04/per diluted share) for the second quarter of last
year. In related news, RFMD announced that it has en-
tered the market for DC-DC converter power manage-
ment components. Concurrently, the company an-
nounced that it has commenced shipments to a tier-one
handset manufacturer for use in CDMA handsets.

■ Silicon Laboratories Inc. reports sales of $103.9 M
for the third quarter ended October 1, 2005, compared to
$121 M for the same period last year. Net loss for the
quarter was $745,000 ($0.01/per diluted share), compared
to a net income of $21 M ($0.39/per diluted share) for the
third quarter of last year.

■ ANADIGICS Inc. reports sales of $29.3 M for the third
quarter ended October 1, 2005, compared to $25.1 for the
same period last year. Net loss for the quarter was $6.8 M
($0.20/per share), compared to a net loss of $8.3 M
($0.25/per share) for the third quarter of last year.

■ WJ Communications Inc. reports sales of $8.1 M for
the third quarter ended October 2, 2005, compared to
$8.9 M for the same period last year. Net loss for the
quarter was $3.4 M ($0.05/per common share), compared
to a net income of $1.2 M ($0.02/per common share) for
the third quarter of last year.

■ Superconductor Technologies Inc. reports sales of
$3.9 M for the third quarter ended October 1, 2005, com-
pared to $7.3 M for the same period last year. Net loss for
the quarter was $3.6 M ($0.03/per diluted share), com-
pared to a net loss of $5.2 M ($0.06/per diluted share) for
the third quarter of last year.

■ RF Industries Ltd. reports sales of $3.3 M for the third
quarter ended July 31, 2005, compared to $2.7 M for the
same period last year. Net income for the quarter was
$194,000 ($0.05/per diluted share), compared to a net in-
come of $266,000 ($0.07/per diluted share) for the third
quarter of last year.

PERSONNEL
■ California Eastern Laboratories
(CEL) announced that Kevin Beber
has joined the company as vice presi-
dent of worldwide sales. With twenty
years’ experience in the high technolo-
gy and semiconductor industry, Beber
will guide the restructuring of the
company’s sales organization. He
comes to CEL from Lumileds Lighting
where he served as vice president of 
Asia Pacific sales. Prior to Lumileds,

Beber spent 15 years with Hewlett-Packard and Agilent,
most recently serving as director of marketing for Agi-
lent’s Wireless Semiconductor Division.

■ Xpedion Design Systems Inc. announced the additions
of Steve Lloyd, vice president of engineering for Beceem
Communications, Vladimir Aparin, senior RF designer
for Qualcomm, Asad Abidi, professor of electrical engi-

▲ Kevin Beber
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neering at UCLA, and Tom Lee, associate professor of
electrical engineering at Stanford, to its technical advisory
board. These additions will provide the company with ex-
pert guidance on product direction to meet the demand-
ing needs of future RFIC design.

■ NEC America Inc. announced that Bruce Blain, vice
president of NEC’s Radio Communications Systems Divi-
sion, has been elected to the National Spectrum Man-
agers Association (NSMA) board of directors. The NSMA
is a voluntary international association of top executives in
the microwave and wireless telecommunication indus-
tries. Having a strong background in the digital mi-
crowave radio industry, Blain will provide NSMA valuable
insight on market trends, development issues, as well as
manufacturing and industry standards.

■ Aeroflex Inc. announced the appointment of Fred
Jiang Qi as China country manager for its test and mea-
surement group. In this position, Qi will be responsible
for all of the company’s test solutions sales activities in
China. He will also coordinate product installations, cus-
tomer training and support. Qi comes to Aeroflex with 15
years experience in the test and measurement industry. 

■ Aeroflex-Weinschel Inc. announced that Dave Hardesty
has accepted the position of vice president of sales and mar-
keting for the company. Most recently, Hardesty held the
position of manager of Federal Business Development and
Marketing at LTI DataComm, a federal systems integrator.
He has over 18 years of network engineering, sales and mar-
keting experience with commercial and government cus-
tomers. He can be reached at (301) 846-9222 or e-mail:
david.hardesty@aeroflex-weinschel.com.

■ Elcoteq Network Corp. announced that Mitchell
Schoch, former VP sales and account management for
Solectron, has been appointed vice president, sales and
marketing, Elcoteq Americas. Schoch has a strong back-
ground in sales, marketing and strategic development and
extensive experience working in the EMS industry and
high tech companies.

■ Jacket Micro Devices Inc. (JMD), a
provider of organic RF integrated pas-
sive products, announced that Bob
Bayruns has joined the company as
vice president of engineering. Bayruns
has over 25 years of experience in the
design of RF semiconductor compo-
nents and systems. Most recently, he
served as vice president of engineering
and product development at WJ 
Communications Inc.

■ Renaissance Electronics Corp. announced that Thomas
Daly has joined the team as a sales and marketing specialist
for the Waveguide Division. Daly brings to Renaissance ex-
tensive experience in the telecommunication industry along
with a proven track record of sales leadership, which will fur-
ther enhance the company’s customer focused expertise.

▲ Bob Bayruns
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■ Rogers Corp. announced that David
Lipari has been named the new mar-
keting manager of its Advanced Circuit
Materials Division, located in Chan-
dler, AZ. In his new assignment, Lipari
will be responsible for the manage-
ment of the business unit’s global mar-
keting function, including market de-
velopment, product management, cus-
tomer service and technical support. 
Lipari has served as vice president of

marketing/operations at Techloss Consultants and also as
international sales and marketing director at Motorola.

REP APPOINTMENTS
■ The founders of Associated Technical Sales LLC
(ATS) announced the company’s debut as manufacturers’
representatives in southern California. ATS will provide
full-service technical sales representation of technologies
for the mixed-signal, RF, microwave and lightwave mar-
kets in southern California. For more information, please
contact ATS at (877) 287-1737 or visit www.ats1rep.com.

■ G.T. Microwave Inc., Randolph, NJ, announced the ap-
pointment of two new representatives to cover foreign terri-
tories. Telecom Associates has been allotted the task of
covering prospective customers in the Asian Rim, Africa and
South America. Telprom S.r.I. will be responsible for Italy. 

■ Technical Research and Manufacturing, a designer
and manufacturer of RF and microwave passive signal
control components, announced several new rep appoint-
ments. RF Microwave Ltd. will be responsible for all of
Canada; Technical Marketing Associates will handle
northern California; Con-Tek Marketing will cover Col-
orado, Utah and Wyoming; RF Microwave Inc. will be
responsible for Arizona and New Mexico; and Ranier
Marketing will handle the Pacific Northwest.

WEB SITE
■ TestMart SellDirect is a new on-line marketplace that
offers free buyer protection, unlimited free seller listings
to those buying and selling scientific and technical equip-
ment. The new marketplace eliminates inherent risks, up-
front costs and high fees that may be associated with exist-
ing pre-owned equipment markets and auction Web sites.
More than 3000 equipment listings have been posted at
www.selldirect.testmart.com.

▲ David Lipari
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Website: www.midwest-microwave.ltd.uk

Visit http://mwj.ims.ca/5547-76

AROUND THE CIRCUIT

WHAT CAN YOU FIND AT www.mwjournal.com?
FREE ON-LINE BUYER’S GUIDE. Use this invaluable

reference source for locating companies, 
their products and services. 

Is your company in the guide?

 12M6 FINAL  11/28/05  1:19 PM  Page 80

mailto:sales@midwest-microwave.com
http://www.midwest-microwave.com
mailto:sales@midwest-microwave.ltd.uk
http://www.midwest-microwave.ltd.uk
http://mwj.ims.ca/5547-76
http://www.ats1rep.com
http://www.selldirect.testmart.com
http://www.mwjournal.com


Aeroflex / Weinschel’s

SmartStep® technology

streamlines system designs and

device integration by providing

a flexible bus interface and

components that are simple to

configure and control and

offers a unique smarter

approach for designing and

integrating programmable

components into your defense,

mobile, broadband wireless,

cable test equipment and

simulation subsystems.

Whether you’re designing

your own switching/combining/

attenuation wireless simulation

system or require a turnkey

solution, contact Aeroflex /

Weinschel for a wide range of

standard products or custom

engineered subsystems.

Aeroflex / Weinschel, Inc.
800-638-2048
301-846-9222
www.aeroflex-weinschel.com
sales@aeroflex-weinschel.com

www.aeroflex.com

Make Your First Step

A SmartStep®

The strength of Aeroflex / Weinschel’s

Subsystem group is the ability to use our

standard catalog as well as in-house

developed production to create, design and

offer subsystem products and capabilities

for today’s most demanding applications: 

•  Cable Modem Testing

• Cellular & Mobile Telecom Fading Simulation

• Subsystems with Low IM Components

• Complex RF Switch Matrices

• Programmable/Switch Controllers

• SmartStep Programmable Attenuators

• Plug & Go Switch/Relay Drivers

• Attenuation Modules & Multi-Channel

Subsystems

Visit http://mwj.ims.ca/5547-5

 12M6 FINAL  11/28/05  1:20 PM  Page 81

http://www.aeroflex-weinschel.com
mailto:sales@aeroflex-weinschel.com
http://www.aeroflex.com
http://mwj.ims.ca/5547-5


TECHNICAL FEATURE

For WLAN applications, Intersil (now
Conexant) utilizes a closed-loop power control
for the 802.11b/g frequency band (2.4 to 2.5
GHz). Here, a power detector samples the
transmitter output power and the base band
chip adjusts the power with a certain toler-
ance. This approach works well to compensate
for the temperature variations of an entire
transmitter chain as well as component pro-
duction tolerances. However, the component
tolerances in the output chain between the
power detector and the antenna connector, as
well as the accuracy of the detector character-
istics using standard components and existing
PCB structures from different vendors, are
still creating output power variations of at
least ±1 dB at temperatures between +25° and
+85°C.

ATMEL utilizes an open-loop control circuit
approach for its 802.11b WLAN system PA. It
uses a thermistor to stabilize the PA parameters.
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OLEKSANDR GORBACHOV
STMicroelectronics
Taipei, Taiwan

The temperature stability of the RF out-
put power level has become especially
important for different handheld wire-

less communication systems. For GSM mobile
handsets, an analog closed-loop power con-
trol, incorporated in the transmitter power
amplifier (PA) chain, allows the main parame-
ters of the PA to be stabilized over the ambi-
ent temperature range required by industry
standards. This can be done due to a fixed lev-
el of the input power driving the GSM PA.
However, the power level stabilization for the
driver stages is still an important issue. This
can be done as well, at the expense of some
efficiency degradation of the PA. All existing
CDMA mobile transmitters (cellular, PCS,
UMTS, cdma2000) do not have a direct
closed-loop power control of the RF PA, re-
sulting in the need of a careful design, taking
into account the temperature stability of the
parameters as one of the main features. Gain
variations of 3 to 5 dB over the operating tem-
perature range are usual in existing CDMA
PA with fixed drive signal levels and fixed bias
and control voltages.

RF LINEAR POWER
AMPLIFIER GAIN
STABILIZATION OVER
AMBIENT TEMPERATURE
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However, the changes in output power
still exceed 2 to 3 dB over the +25° to
+85°C temperature range. Not just the
transmitter front-end shows variations
of output power over temperature be-
cause of the output PA used in the cir-
cuit. The small-signal RFIC transceiver
driving the final PA itself has at least a 1
dB power drop between +25° and
+85°C. The test results also depend on
the platform used because of the differ-
ent heat sinking. In the meantime, the
PA is the most current consuming de-
vice in the transmitter chain and its be-
haviour plays a crucial role in the out-
put power temperature dependence.
An important fact is that the RF PA,
used for wireless applications, is a non-
linear device operating under large-sig-
nal conditions, resulting in variations of
its spectral characteristics over temper-
ature as well (not only gain and power).
Because the current need of the indus-
try is low power consumption, the PA
vendors are supplying amplifiers with
high efficiency. In this case, the spec-
trum efficiency (ACPR) and digital sig-
nal quality (EVM) may be degraded
even if one can stabilize the output

power by driving the PA input with a
closed loop like Intersil. On another
side, a large temperature variation re-
quires a larger dynamic range of the
transceiver, creating stability problems
and increased current consumption (to
have a large enough margin to com-
pensate for gain variation). Moreover,
the temperature calibration is a time
and cost consuming process during
mass production. Therefore, one has to
stabilize the power output with small
variations of the transmitter gain, re-
taining a reasonable spectrum purity
and digital signal quality (such as
EVM). This article presents a possible
low cost solution that could be used in
different wireless communication
transmitters using a “linear” PA.

METHODS USED 
FOR STABILIZATION

The main parameters of RF
CDMA power amplifiers, which are
influenced by ambient temperature
variations, are power gain and lineari-
ty expressed in adjacent channel pow-
er ratio (ACPR) for adjacent and al-
ternate channels. The gain and ACPR

(at the rated output power) variations
over temperature are caused by many
factors, such as the transistor current
gain (β) change with temperature,
leading to an alteration of the I-V
characteristics, the fr and fmax values
change with the particular current
setting of the transistor used and the
heat dissipation ability from the ac-
tive cells of the PA to the heat sink,
etc.1 Moreover, all of these variations
are dependent on the initial (quies-
cent) bias conditions of the PA. The
situation becomes more complicated
with the requirements for a small
quiescent current when the idle bias
operating point requires class AB or
near to class B operation of the PA.
The wide range of operating current
and self-biasing effects present more
challenges with parameter variations.

Consider GaAs HBT power ampli-
fiers that are mostly used today in the
wireless industry. The collector cur-
rent of an HBT, biased by a voltage
source through the base resistor RB,
can be expressed as2

where

IS = saturation current
VBE and IB= base emitter voltage and

base current, respectively
T0 and T = ambient and junction

temperature, respectively
α = thermo-electric

feedback coefficient 
(α ≈ 1.2 to 1.3 mV/°C
for GaAs HBT)

The base current can be represented
as

where

IP = hole current component
C = hole and electron current 

ratio at the emitter junction at
∆E = 0

∆E = effective difference in energy
barrier seen by electrons and
holes
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β = current gain

At the collector-emitter voltage VCE
applied to the transistor, the junction
temperature can be expressed in the
form

where

Rth= thermal resistance of the HBT
from the junction to the heat
sink

From Equations 1 and 2, one obtains

For reference, Figure 1 shows the
simulation plot (Equation 4) of the col-
lector current change in percent, versus
the base voltage change in mV for the
reasonably high current levels used in a
mobile GaAs HBT-based PA at a fixed
temperature (the base ballast resistance
has been chosen to be minimum as
well). Although the process variations
and the absolute temperature may
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change this plot a little, this curve gives
a good starting point to evaluate a PA
and tune the circuit.

It is known that stabilizing the
power gain and collector current over
temperature at different power drive
levels results in a stable output power
and spectrum purity for digitally
modulated standards with non-con-
stant power envelope signals such as
QPSK, OFDM, etc.3 From Equation
4, one can see that maintaining a con-
stant base voltage for the transistor
results in a very complex temperature
dependence of the collector current.
Even for a fixed ambient tempera-
ture, a positive temperature feedback
loop inside the semiconductor het-
ero-structure results in obvious varia-
tions of the I-V characteristics for dif-
ferent base resistances connected for
measurements.2 Connecting a “right”
base resistance value can cure this
problem for a fixed temperature.2
This resistance value, however, is de-
pendent on the absolute temperature
and this approach cannot be imple-
mented over a wide temperature
range. As well, the thermal resistance
variations between the transistor and
the heat sink play a great role in the
compensation. This base ballast resis-
tance is usually chosen as low as pos-
sible to prevent the so-called thermal
runaway in HBT structures (both
GaAs and SiGe devices4) and protect
them from destruction and, at the
same time, to maintain the highest
possible power gain value. The β val-
ue for the transistors available in in-
dustry varies from one vendor to an-
other (within 50 to 300 in most cases)
and is dependent on the particular
technology process used. Each
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▲ Fig. 1  Typical collector current variation
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▲ Fig. 2  Current mirror circuit for biasing
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Output 2nd Operating
Frequency Vtune Kvco ØN@10KHz Power Harmonic Pulling Pushing Vcc Icc Temp

Part Number (MHz) (Vdc) (MHz/V) (dBc/Hz) (dBm) (dBc) (MHz) (MHz/V) (Vdc) (mA) (°C)

V150ME03 100 to 200 0 to 12.5 10 -111 7 ± 5 -10 <1 <1 12.0 26 -40 to 85

V220ME01 200 to 239 0.5 to 4.5 14 -120 7.5 ± 2.5 -22 <0.5 <0.5 5.0 16 -40 to 85

CLV1277A 1213 to 1341 0.5 to 4.5 38 -108 2.5 ± 2.5 -15 <1 <1 5.0 22 -40 to 85

CRO2155A* 1960 to 2350 1 to 14 40 -106 7 ± 2 -10 <2 <0.5 6.0 27 0 to 85

CRO2780A* 2650 to 2910 0.5 to 15 20 -111 3 ± 3 -10 <0.5 <0.5 10.0 34 -40 to 85

CRO2880A 2760 to 3000 0 to 15 18 -110 12.5 ± 2.5 -20 <1 <1 10.0 29 -40 to 85

V950ME07 3900 to 6000 0 to 20 126 -80 4.5 ± 4.5 -14 <36 <14 5.0 21 -40 to 85

CRO4500A 4499 to 4501 0.5 to 4.5 12 -104 2 ± 2 -15 <1 <2 5.0 20 -20 to 70

Step Output ØN@ ØN@ 2nd Ref Lock Operating
Frequency Size Power 10KHz 100KHz Harmonic Sup Time Vcc Icc Temp

Part Number (MHz) (kHz) (dBm) (dBc/Hz) (dBc/Hz) (dBc) (dBc) (msec) (Vdc) (mA) (°C)

PCA1445C 1444 to 1446 1000 5 ± 2 -120 -140 -20 -59 3 5.0 40 -40 to 85

PCA1550A 1500 to 1600 1000 1.5 ± 2.5 -103 -124 -15 -70 3 5.0 40 -40 to 85

PSA2000C* 1970 to 2030 100 2 ± 2.5 -107 -128 -15 -70 2.5 5.0 30 -40 to 85

PCA3040C* 3040 to 3040 1000 3 ± 3 -112 -132 -8 -60 1 5.0 35 -40 to 85

PSA3330C 3305 to 3335 125 0 ± 3 -106 -130 -12 -70 1 5.0 35 -40 to 85

PSA3500A 3400 to 3600 1000 0 ± 3 -85 -109 -15 -70 2 5.0 40 -40 to 85

PSA3707C 3675 to 3738 250 0 ± 3 -105 -128 -15 -70 2 5.0 40 -40 to 85

PSA4202C* 4144 to 4260 250 0 ± 3 -96 -119 -12 -70 1 5.0 40 -40 to 85

* New Product

VCO

PLL

Z C VCOAdMi J l0405 d 4/23/2005 3 13 PM1
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foundry provides different transistors
with different temperature depen-
dence of the current gain.

The common way to stabilize the
HBT temperature parameters is the
current mirror circuit presented in
Figure 2. This circuit allows the col-
lector current to be stabilized over
wide temperature variations. R2 is the
base ballast resistance. The collector
current through L2 is proportional to

the current through R1. The simulated
collector current change versus tem-
perature for this circuit is shown in
Figure 3 for two different reference
voltages applied to the Vref pin (2.7 V is
often used for high power operation
and 1.7 V is often used for low power
CDMA PA operation to save current
consumption5). It shows that the cur-
rent mirror circuit can maintain the
collector current within ±4 percent for
large current operation. However, this
variation reaches ±12 percent if one
wants to implement the low power op-
eration function as well. By choosing

the resistor R1 as an
external one, with a
positive temperature
coefficient of ap-
proximately +667
ppm/°C, one sup-
posedly can stabilize
the collector current
for large-signal oper-
ation. At the same
time, the small-sig-
nal current stability
could also be im-
proved. If one

chooses the external resistor R1 with a
+2019 ppm/°C temperature coefficient
for the final small-signal current stabi-
lization, the large-signal current tem-
perature stability becomes worse.
Therefore, some trade-off is needed if
one has to use the power saving ability.
More complicated current mirror and
other biasing circuits are available to
minimize the gain variations of bipolar
transistors over temperature.6

The entire previous discussion
above could be true if the β of the tran-
sistors used in the circuit is indepen-
dent of temperature. However, even
for the InGaP structures, which claim
the “lowest” sensitivity of parameters
over temperature (compared to the Al-
GaAs previously widely used in indus-
try), the β variation over operating tem-
peratures exceeds 40 percent7 for a
fixed collector current and is directly
transformed into power gain variations.
For reference, Figure 4 shows some
typical dependences of β versus tem-
perature for a fixed collector current
for InGaP and SiGe HBTs available in
the market (the current density has
been chosen reasonably high). It is ob-
vious that β is decreasing at elevated
temperatures. The SiGe HBT has a
much lower temperature dependence
than the GaAs device (this depends on
the Si and Ge relative contents in the
structure). Sometimes β has a maxi-
mum value at mid-temperatures that is
dependent on the particular structure
used and current density chosen.
RFMD has developed a special molec-
ular beam epitaxy process (MBE) for
InGaP HBTs to keep β almost constant
versus temperature. This process is
currently used for W-CDMA PAs.7
Careful design of the SiGe HBT profile
avoids variation of β over temperature
or even “reverses” its slope.8 Alvarino,
et al.7 are also using a closed-loop cur-
rent control circuit shown in Figure 5.
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▲ Fig. 5  RFMD CDMA PA closed-loop current control circuit.
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ZX60-2510M 0.5-2.5 12.9 5.4 +28.8 17.1 5.0 95 59.95
ZX60-2514M 0.5-2.5 16.4 4.8 +30.3 18.3 5.0 90 59.95
ZX60-2522M 0.5-2.5 23.5 3.0 +30.6 18.0 5.0 95 59.95
ZX60-3011 0.4-3.0 11.5 1.7 +31.0 21.0 12.0 120 139.95
ZX60-3018G 0.02-3.0 20.0 2.7 +25.0 11.8 12.0 45 49.95
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Power consumption is reduced by 37%!
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on Sirenza to deliver robust, rugged and reliable performance.

ISO 9001:2000
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A Single Patent.
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Parameter Units
5V Active Bias 8V Passive Bias

SBB-5089 SBW-5089 SBA-5089
Frequency GHz 0.05-6 DC-8 DC-5
Gain@850 MHz dB 20.7 20.3 20
Gain@1950 MHz dB 20.2 18 18
OIP3@850 MHz dBm 38.6 35.5 36
OPI3@1950 MHz dBm 34.8 34 34
P1dB@850 MHz dBm 20.5 20.1 19.7
P1dB@1950 MHz dBm 20.4 19.4 19.5
NF@1950 MHz dB 4.2 3.9 4.5
Idd mA 80 80 80
Vsupply V 5 8 8
Total Pdissipation mW 400 640 640
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Each transistor stage on the GaAs chip
has a control circuit provided by the sil-
icon chip. Both chips are embedded
into the same plastic package. Only the
precise reference voltage resistor R3 is
placed outside the package. The varia-
tion of the quiescent current is within
12 percent of the nominal value at
room temperature for a 3.4 V bias sup-
ply and standard production
tolerances.7 Although the quiescent
current is tightly controlled, the power
gain variation versus temperature be-
tween –30° and +85°C reaches 5 dB at
the frequency extremes for a maximum
rated power of 27.5 dBm for WCDMA
operation. Therefore, to stabilize the
gain at large-signal operation, one has
to fix the large-signal current (for refer-
ence, the quiescent current for a PA
used in mobile communications can be
5 to 10 times lower than the large-sig-
nal current).

PROPOSED CIRCUIT 
AND TEST RESULTS

Usually, all the power amplifiers
for wireless communications available
in the industry utilize a stable voltage
reference provided externally or in-
ternally by the low dropout voltage
regulator (LDO). This stability re-
quirement is made obvious from the
curve of collector current variation as
a function of changes in base voltage.
Instead of keeping this voltage con-
stant, one has to change it over tem-
perature to keep the gain and output
power constant. The question is, what
should be this dependence? To evalu-
ate it, the bias mirror circuit (three-
stage InGaP HBT PCS-CDMA PA)
has been used where the voltage mir-
rors and each active transistor has

been biased directly from the voltage
source through the small ballasting
resistor R2. All RF matching has
been maintained as for standard up-
link PCS-CDMA operation with max-
imum available output power of 28.5
dBm for the particular transistor
stage and an ACPR of approximately
–50 dBc. Three different size transis-
tor structures (correlated with partic-
ular stages) with 250 µm2, 950 µm2

and 6750 µm2 emitter areas have
been tested (the current density is
approximately 20 kA/cm2). The refer-
ence voltage has been adjusted and
the base-emitter voltage has been
measured over temperature while
keeping the collector current con-
stant. The test results for those tran-
sistor stages are shown in Figure 6.

The lower blue dashed line repre-
sents directly the base-emitter voltage
for the largest transistor (marked as
no. 3). The blue solid line is the volt-
age measured through a 5 Ω resis-
tance inserted in series with the base
of the same transistor. It is obvious
that the insertion of the 5 Ω resis-
tance is preventing a thermal runaway
at temperatures higher than +70°C
and it “linearizes” the base voltage
curve needed to maintain a constant
collector current. The small-size tran-
sistors’ stages already have series base
ballast resistances on-chip greater
than 30 Ω and the base voltage versus
temperature needed to stabilize the
collector current is linear as well. The
same behaviour applies for both
large-signal operation and idle cur-
rent. Moreover, it can be seen that all
base voltage curves are almost parallel
to each other. Therefore, if one can
provide a decreasing linear reference
voltage dependence over tempera-
ture, a stable collector current and
output power can be achieved. The
same result can be found from Equa-
tion 4, using a reasonably large base
resistance value. An absolute voltage
level is not as important as the tem-
perature slope. Of course, it should
not be forgotten to put a large enough
value of a ballasting resistance and not
to supply the base directly from a
voltage source to prevent a thermal
runaway. In this case, a simple resis-
tive divider circuit may be used for all
stages with biasing from a single volt-
age reference source.

To verify the proposed principle of
output power stabilization over tem-
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perature, the circuit in Figure 7 has
been used. A high precision adjustable
LDO, with ±1 percent tolerance, has
been used to provide a stable reference
voltage to all three transistor stages of
the amplifier. In the feedback circuit, a
resistive divider with one thermistor
has been used to provide a decreasing,
“almost” linear voltage at the appropri-
ate level (this approach is similar to the
one used by MAXIM to drive LCD dis-
plays9). The resistors R1, R2 and Rt
play the main role; R3, R4 are used just
to shift the absolute voltage to the level
needed for each particular stage. All

three base chains are
connected to the
point 1 of the circuit
through the ballast
resistors R5. The
LDO used had a
1.235 V nominal ref-
erence voltage. The
negative tempera-
ture coefficient
(NTC) thermistor
type 0402 has been
used as a control ele-
ment (±5 percent

nominal tolerance and B = 3650K ±3
percent). A linear slope of 120 to 130
mV is needed to provide temperature
stability of the collector current. This is
accomplished by R1 in parallel with Rt
and R2. The silicon LDO chip and the
GaAs PA chip have been mounted on
the same laminate PCB (a modular ap-
proach has been used). Rt has been po-
sitioned on the same PCB between the
silicon and GaAs chips.

The compensation voltages are
shown in Figure 8. The red solid line
represents the voltage needed at
point 3. The three dashed lines below

represent the LDO reference voltage
data provided by vendor. The upper
red dashed line is the theoretical line
at point 1 calculated for the reference
voltage provided by vendor. The blue
solid line is the real measured data at
point 1. The brown and green lines
present the calculated data for pro-
duction tolerance margins that may
be useful for yield evaluation.

To match the real (blue) line for
the point 1 of circuit with the needed
(red) line at point 3, the resistive di-
vider R3, R4 is used. It is obvious
that the real line can match the need-
ed one with fairly good tolerance (just
low temperature and high tempera-
ture have some discrepancy). The
main intention was to keep the large-
signal collector current constant at
the 28.5 dBm level for PCS-CDMA
operation (up-link mobile) at room
temperature. Figure 9 shows the test
results of the current changes over
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▲ Fig. 7  Test circuit used for current stabilization over temperature.
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▲ Fig. 9  Current test results for the
proposed circuit.
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temperature for different VCC volt-
ages applied to the PA. It can be seen
that the large-signal operation cur-
rent (for 28.5 dBm at VCC = 3.4 V)
has the minimum variations through
temperature (+5 to –1 percent), al-
though the quiescent current varia-
tions are maximum for this case.
Changing the VCC voltage level also
results in wider margins of the oper-
ating current variations.

The large-signal gain variation is
less than 2 dB for VCC = 3.4 V (see
Figure 10). Mainly, this gain varia-
tion is caused by the discrepancy be-
tween the needed and real base volt-
age curve at low temperatures. For
temperatures from +25° to +85°C,
the gain varies by less than 0.3 dB. At
lower vcc voltages, the gain varies by 2
and 3.5 dB, respectively. However,
this is not as important as for VCC =
3.4 V, since the driving circuit has al-
ready “enough” gain margin. The
large-signal ACPR over temperature,
shown in Figure 11, exceeds the
standard specification. The room and

extreme temperature test results, for
gain and ACPR versus output power
level (with changing input drive sig-
nal level), are shown in Figures 12
and 13, respectively. It is obvious
that, at low signal levels, the gain
variation is larger than for maximum
rated power. At the same time, the
ACPR margin is well below the stan-
dard requirements. The intermediate
temperature dependence of the para-
meters is presented in Figures 14
and 15, showing quite well the stabil-
ity of the parameters.

The low VCC voltage operation
gain and ACPR over temperature
shown in Figures 16 and 17 show
the suitability of implementing this
thermo-compensating circuit with
DC-DC VCC control to substantially
increase the efficiency of PA at low
and mid power levels.10
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▲ Fig. 12  Gain test results for the proposed
circuit at room and extreme temperatures.
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CIRCUITS PROPOSED 
FOR GAIN VERSUS
TEMPERATURE STABILIZATION

The proposed power stabilization
principle is suitable not only for PA
designers but for systems designers as
well, with some preliminary knowl-
edge of the PA internal structure.

Consider the circuit in Figure 18.
First, one has to evaluate the point 1
voltage dependence required for the

current stabilization. A particular
LDO should then be chosen with a
known temperature dependence of
its reference voltage (not only its tol-
erance) so it results in different final
output parameters. It is obvious that
different LDO part numbers have a
different shape of the reference volt-
age over temperature even for the
same tolerance at room temperature.
It should be noted that a smooth

shape of the reference voltage versus
temperature (increasing or decreas-
ing with temperature such as shown
in Figure 19) is preferred to “lin-
earize” the base voltage control
curve. Any “bending” or “kneeing” at
mid-temperatures has to be avoided.
The ATMEL solution, mentioned
previously and seen by the author,
has this problem with an incorrectly
chosen LDO. It is also important to
choose the correct tolerance for the
other resistors used in a circuit (such
as 0.1 to 1.0 percent) and their tem-
perature coefficients as well (±50
ppm/°C is a good choice). In this
case, the circuit designed may be
suitable for high volume production.
By changing the resistor values in the
circuit, one can create a different
temperature shape of the voltage
needed (not only linear). Placing the
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thermistor, LDO and PA close to
each other on a common PCB will al-
low compensating for the tempera-
ture variations of the whole transmit-
ter circuit. It is important to know
that one does not need to follow an

exact value of temperature. One just
needs to shrink the possible range of
those variations. Special care should
be taken during the assembling
process. Thermistors “do not like”
overheating during a soldering proce-

dure. The vendors
usually provide data
sheets with some
tolerances that in-
clude the soldering
procedure margins.
Following these as-
sembly procedures
is a must.

An example of
the circuit design
procedure is de-
scribed below:

Consider the
thermo-compensat-
ing circuit shown

previously. Let us suppose that the bal-
last resistance R5 is low and β = 50. Ap-
ply a voltage V1 = 2.8 V to pin1. The
voltage at point 4 is approximately
+1.25 V at room temperature (for In-
GaP and AlGaAs HBT). Let the cur-
rent through resistor R4 be 5 mA. In
this case, the resistance R4 value is R4
= (2.8–1.25)/0.005 = 310 Ω. The ther-
mo-electric feedback coefficient is cho-
sen as α = 1.2 mV/°C. By that, one
needs the voltages of 2.866 and 2.728 V
at point 1 at –30° and +85°C, respec-
tively, to stabilize the collector current.
The LDO reference voltage is chosen
as Vref = 1.175 V. Let it be stable with
temperature. Choosing an NTC type of
resistor Rt, with a 1 kΩ nominal value
at +25°C and a thermal coefficient B =
3650K, R1 = 750 Ω, R2 = 6.8 kΩ, R3 =

5.227 kΩ results in a
voltage variation at
point 1 between
2.733 to 2.862 V at
–30 to +85°C, which
is very close to what
one needs. Some
fine-tuning is neces-
sary for real devices
for which the test
data is available.

For very tight
control, a high preci-
sion LDO may be
used, like the MAX-
IM part with up to
±0.1 percent toler-
ance (although their
price is higher than
for less tolerant
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▲ Fig. 18  Thermo-compensating circuit that may be implemented
with any PA.
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▲ Fig. 20  Example of a highly linear thermo-compensating circuit.
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ones). For a highly linear voltage con-
trol curve, high precision (±0.12 per-
cent) thin film platinum resistance tem-
perature detectors may be used.11 A 5
GHz WLAN PA with a thermo-com-
pensated circuit is shown in Figure 20.
The price of these Pt-RTDs is compa-
rable to the NTC ones. As before, let
us consider some real situations. The
base current drawn through R4 is 2 mA
(as in reality). The voltage at point 1 is
2.9 V at +25°C. The point 1 voltage
should be 1.188 and 1.318 V at +85°
and –30°C, respectively. Consider only
the output transistor stage of the PA
with β = 50. For the same LDO, with a
1.175 V reference voltage, the choice of
Rt = 1 kΩ as Pt-RTD, with TCR =
3750 ppm/°C (and ±0.48 percent toler-
ance), R1 = 7.5 kΩ, R2 = 4 kΩ, results
in the perfect match needed.

These examples show that the
LDO introduction to the circuit ele-
vates the current consumption of the
whole circuit by only 0.2 to 0.3 mA.
The circuit proposed allows utilizing
easily the power shut-down function
and the power control function as
well. All the speculations above are

valid for different types of RF PA
used in wireless communications
(GaAs, Si, SiGe, bipolar, HBT, MES-
FET, CMOS, Bi-CMOS, etc.). Only
the absolute voltage levels and their
shape over temperature are different.
The circuit proposed is very flexible
and may be used successfully in dif-
ferent portable wireless systems.

CONCLUSION
The simulation and test data con-

sidered in this article, along with the
circuits proposed, may be applicable
to the existing and future designs for
mobile phone and WLAN PAs. Not
only the RF PA output power can be
stabilized over temperature but the
entire transmitter RF chain as well.
Certainly, the closed-loop power con-
trol approach may be used in addition
to the circuits considered (analog-
loop or through base band) to elimi-
nate variations of supply voltages and
production tolerances as well. By
that, one will be aware that the most
nonlinear part of the transmitter
already has no problems with
temperature.

The gain/power stabilization circuit
can be implemented as a small size
module with one or several adjustable
components (resistors) placed external-
ly. The use of this circuit in an entire
transmitter chain will replace the LDO
currently implemented in many de-
signs (mobile phones, WLAN, etc.) to
keep a stable PA control voltage.  ■
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fecting the speed of the switch. The package
can also protect the switch against the envi-
ronment and, as such, solve several switch re-
liability problems in an indirect way. In this ar-
ticle, the two latter issues are discussed: the
effect of pressure on the functionality of the
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RF-MEMS switches offer a number of
advantages for switching in the giga-
hertz range because of their low inser-

tion loss, high linearity and low power con-
sumption.1 Several publications have reported
on the performance of such switches, but
more for non-packaged ‘naked’ samples. It is
clear that the packaging process and the pack-
aging environment can have a large impact,
both negative and positive, on the functionali-
ty and reliability of these switches. A first pos-
sible impact of packaging on a switch is the
packaging temperature profile. Often these
temperature steps are higher than any step
seen by the device before packaging and can,
for certain switches, have detrimental ef-
fects.2,3 A second direct problem of packaging
is out-gassing of the packaging material. Espe-
cially for ohmic switches, this can have a di-
rect impact on the contact resistance.3 How-
ever, the package can also be used to control
the pressure inside the cavity, in this way af-

THE INFLUENCE OF THE
PACKAGE ENVIRONMENT
ON THE FUNCTIONING AND
RELIABILITY OF CAPACITIVE
RF-MEMS SWITCHES

This article discusses the influence of the packaging process and environment on the functioning and
reliability of capacitive RF-microelectromechanical systems (MEMS). It is shown that the packaging
temperature profile can change the mechanical stress in the suspended metal bridge of the MEMS.
Decreasing the environmental pressure strongly influences the switching speed of a switch, but if it
becomes too low, it causes anomalous vibration effects. When testing at the same pressure, the lifetime
of the capacitive switches is shown to be higher in a nitrogen environment than in an ambient air
(laboratory) environment. The lifetime is determined by the charging process of the insulator. It is
shown that this charge is not stable and that the switch recovers when it is not actuated. 
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switches and the influence of the en-
vironment (N2 versus air) on the reli-
ability of the switches. The results
given are for zero-level packaged ca-
pacitive RF-MEMS switches.

SWITCH AND ZERO-LEVEL
PACKAGE

A schematic cross-section of a typ-
ical capacitive RF-MEMS switch is
shown in Figure 1. The structure is
essentially a coplanar waveguide
(CPW) with an aluminum “bridge”
above it and a dielectric layer located
on top of the CPW. A number of etch
holes are present in the bridge. When
the bridge is up, an RF signal can
propagate under the bridge to the
other side. Application of an actua-
tion voltage between the bridge and
the CPW inner conductor causes an
electrostatic attractive force between
them, which pulls the bridge down.
In the down-state, the capacitance
formed by the metal/dielectric/bridge
metal stack is large, causing a large
mismatch; the RF signal is reflected
and the switch is off. A MEMS pack-
age has to protect the device against
external influences such as pressure,
humidity, chemicals and particles.
For MEMS processed on a wafer, it
is mandatory to encapsulate them at
the wafer level, in order to prevent
exposure of the free structures to par-

ticles and debris
produced during
the dicing and han-
dling process. For
most switches, this
process should be
done at relatively
low temperatures.
Two sealing meth-
ods, typically used
at IMEC, are met-
al/solder sealing or
polymer (BCB)
sealing, as shown in
Figure 2.1,4,5 The
metal sealing has
the advantage to be

hermetic, but it requires processing
on the MEMS substrate. The BCB
sealing requires only processing on
the top cavity and at the same time
provides electrical isolation but does
not provide a hermetic seal. Figure 3
shows an example of RF-MEMS
switches packaged on wafer level us-
ing a glass cap and BCB seal.6

INFLUENCE OF THE PACKAGING
TEMPERATURE

The bridge of the RF-MEMS
switch is, in general, made of metal,
such as Au-, Pt- or Al-alloy. During
packaging, the switch will be subject-

ed to different temperature steps.
The BCB process, for example, typi-
cally requires a curing step at about
250°C.7 A question that arises is
whether the metal of the MEMS
bridge can stand this temperature.
This was investigated by Modlinski,
et al. for several Al-alloys.2 They mea-
sured the bow of a wafer caused by a
uniform metal film as a function of
temperature, using a laser scanning
technique. From the bow, the stress
in the metal film can be deduced.
Figure 4 shows a typical example
measured on an AlCuMgMn alloy.
This film was initially under approxi-
mately 150 MPa tensile stress at
room temperature. When heated up
to 200°C and cooled back down, the
stress did not change. It can then be
expected that a MEMS bridge, made
of this material, would not be de-
formed due to such a temperature
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▲ Fig. 1  Schematic cross-section of a
capacitive RF-MEMS device.
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▲ Fig. 2  Schematic picture of (a)
metal/solder sealing and (b) polymer (BCB)
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▲ Fig. 3  Example of zero-level packaged capacitive RF-MEMS
switches using a glass cap and BCB sealing.
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step. However, when the temperature is increased above
200°C, the stress curve starts deviating from its linear,
elastic behavior at a certain critical temperature (Tc =
~225°C) and the stress changes due to plastic deforma-
tions in the material. In this experiment, the temperature
was increased to 400°C. Cooling down resulted in a high-
er tensile stress value at room temperature (~300 MPa).
Actually, cooling down from any temperature higher than
Tc would result in a higher tensile stress. Therefore, if the
packaging temperature profile exceeds Tc for a certain
material, the stress in the MEMS bridge will change and
the bridge might deform. This effect can result in the fail-
ure of the switch or an unwanted drift of the switch per-
formance.

The effect of temperature during a packaging step on
an RF-MEMS switch is not always destructive. Figure 5
shows an optical profile picture of the metal bridge of a
non-packaged metal RF-MEMS switch, taken with a
Veeco/Wyko instrument.8 The bridge is slightly curved
downwards. A picture of a similar bridge (on the same
chip) was taken after zero-level packaging using BCB and
a glass cap. It is clear that in this case the deformation is
very small and actually in the “good” direction; the bridge
is a little bit less curved downwards. This sample did sur-
vive the packaging step. A profile measurement through a
glass cap is not possible using conventional profilometry
lenses. However, it is possible when a lens with a compen-
sation glass is used. The packaged sample was measured
by Veeco Instruments Inc., using a special 10x TTM ob-

jective. This objec-
tive contains a
c o m p e n s a t i o n
glass holder in
which a glass piece
of the same thick-
ness as the glass
cap is placed. In
this way, fringe
contrast images
and resulting pro-
file images can be
taken even
through the glass
cap of a zero-level
packaged MEMS
device.

INFLUENCE OF
THE PRESSURE

The effect of
the pressure on the
functioning of a
switch was studied
for two different
bridge designs, a
mechanically stiff
(switch A) with
small holes and a
less stiff one
(switch B) with
larger holes, shown
in Figure 6. The
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▲ Fig. 6  Examples of bridge designs; (a)
stiff and (b) less stiff.
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switches were realized using the
Philips PASSI™ process.9 The devices
are designed to operate at gigahertz
signal frequencies, but a dedicated
10.65 MHz “reliability” test set-up, de-
veloped at IMEC and called the elec-
trical life test (ELT) system, was used
to monitor the capacitance changes of
the RF-MEMS switches as a function
of time.10 The devices were actuated

at a 1 kHz rate with
a 30 V unipolar
square wave, and
operated in a Suss-
MicroTec PAV150
MEMS environ-
mental chamber
with a nitrogen at-
mosphere. A
schematic drawing
of this chamber is
shown in Figure 7.
The chamber is ded-
icated for MEMS
testing and allows

control of the pressure, temperature
and gas composition inside the cham-
ber while electrically testing the
MEMS, both with DC and RF
probes, and while optically monitoring
the MEMS. Changes in capacitance
were sampled at a 1 MHz frequency
to closely monitor these changes dur-
ing bridge motion and to study possi-
ble bouncing or ringing effects, with-
out inducing errors due to aliasing ef-
fects. A typical example of an ELT
measurement (at 1 atm N2) of the ca-
pacitance change ∆C during the actu-
ation and release of a capacitive RF-
MEMS switch is given in Figure 8.
All the changes in capacitance men-
tioned in this article are plotted in ar-
bitrary units. When the bridge is actu-
ated with a voltage higher than the
pull-in voltage of the bridge, the ca-
pacitance abruptly increases (the
bridge moves down and touches the
dielectric). The pull-in time, tpull-in,

can be deduced from these curves.
Upon release of the switch (Vactuation =
0 V), the bridge moves up and the ca-
pacitance decreases again. The pull-
out time, tpull-out, can also be deduced.

The switching speed is increased
drastically if the device is operated at
reduced pressure. Figure 9 shows
the same device operated at 2 × 10–4

mbar N2. In this case, the pull-in and
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▲ Fig. 7  Schematic picture of the MEMS test chamber (PAV).

▲ Fig. 8  Change in capacitance versus time
for the switch with a stiff bridge.

∆C

TIME (µs)

1.0

0.8

0.6

0.4

0.2

0

1200 1600 2000

Actuation

Release

1 bartpull-in 

tpull-out 

▲ Fig. 9  Stiff bridge switch operated at low
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a successive ap-
p r o x i m a t i o n
method was used.
In this method, a
pressure interval is
determined in
which the critical
damping is located. This interval is divided in half by per-
forming an experiment at the pressure in the middle of
the interval. When overshoot occurs, the critical damping
point is located in the higher pressure half of the interval,
otherwise in the lower pressure half. The interval in
which the critical damping point has been found to be lo-
cated is cut in half again by performing another measure-
ment, and so on, until the critical damping point has been
accurately found. This method is very effective — high
speed electronic analog-to-digital (A/D) converters use
the same principle to accurately determine the value of a
voltage.

Figures 11 and 12 show the results for the stiff and
for the floppy bridge. Only the pull-out part of the ∆C
versus time curve is shown, that is, when the bridge
moves from the down position (large C) to the up position
(small C). For both designs, there is a clear decrease in
pull-out time with decreasing pressure. The stiff bridge
does not show overshoot at 0.125 bar. At 0.075 bar, a small
overshoot is visible, at 0.09 bar, no overshoot appears,
while vacuum (2 × 10–4 mbar) results in a large overshoot.
The switch with a less stiff design (switch B) and with a
lower surface area shows overshoot already at 0.25 bar, as
expected for a less-stiff switch. Not only the pressure in-
side the package, but also the gases inside the package
cavity influence the MEMS. Figure 13 shows lifetime
plots of capacitive switches. These measurements were
also performed using the ELT system. The plots show the
change in capacitance, ∆C (in arbitrary units), between
up- and down-state of the switch as a function of the
number of cycles. Three switches from different origins
and with different insulator material were tested. The first
has SiO2 as the insulator, the second Ta2O5 and the last
SiNx. For all switches, ∆C stays rather constant for a cer-
tain number of cycles, and then suddenly drops. This
‘end-of-life’ is caused by the bridge sticking to the insula-
tor; the bridge remains in the down-position. This is a
well-known failure mode in capacitive RF-MEMS switch-
es and is caused by a charge that builds up in the insulator
when the switch bridge is touching the dielectric.12–16
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pull-out times are much shorter. In addition, however, a
large overshoot effect causing a long settling time is ob-
served when the bridge returns to the up-state (low ca-
pacitance). Because the device is not damped anymore
when not touching the dielectric, it starts vibrating with a
large amplitude (overshoot).11 Figure 10 shows a magni-
fication of part of the signal measured when the bridge
reaches the down-position. It is clear that even when go-
ing down and touching the dielectric, a vibration effect
called bouncing can be observed. This effect has to be
avoided and it is clear from the figures that an optimum
pressure exists (critical damping), at which the bridge
moves very fast, but no overshoot occurs when it moves
back up. To experimentally obtain the optimum pressure,

TECHNICAL FEATURE

▲ Fig. 11  Change in capacitance during down-to up-state at different pressures.
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▲ Fig. 12  Change in capacitance of the stiff
switch after the transition from down-to up-
state for different pressures.
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The high voltage required to actuate
the switch induces high electrical
fields across the insulator, causing
charge trapping. The experiments on
these switches were performed at dif-
ferent switching frequencies, at dif-
ferent actuation voltages and on dif-
ferent designs, so the lifetime cannot
be compared.16 The three switches
were tested in normal (laboratory) air
as environment, and, under the same
actuation conditions, in nitrogen gas.

For all three, the lifetime is clearly a
factor of approximately 100 times
longer in N2. These effects are attrib-
uted to the humidity of the air and its
influence on charge trapping in the
insulator.12

It is known that humidity en-
hances the charge trapping, leading
to a faster charge build-up and, as is
shown here, a shorter lifetime of the
capacitive switches. It is interesting to
note that for the three different ox-

ides, the increase in lifetime when
changing from normal laboratory air
to nitrogen gas is very similar, where-
as it is well known that these three
different insulators have a rather dif-
ferent charge trapping sensitivity.
This could indicate that these charg-
ing effects occur at the surface of the
insulators. Another mechanism that
could play a role is the difference in
breakdown voltage of the small gap
between the bridge and the insulator
for the different environments. From
these experiments, however, no clear
conclusions can be made at this time.
It is clear that additional research on
these charging mechanisms in differ-
ent environments is required. The
charge typically disappears after some

TECHNICAL FEATURE

▲ Fig. 13  Lifetime plots of three different
capacitive switches in air and nitrogen
environment with (a) SIOx, (b) TIO5 and (c)
SINx insulators.
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that is higher than
the actuation volt-
age, until the fail-
ure of the switch.
The results of a fast
CV-curve, mea-
sured immediately
after failure of this
switch, are shown.
The curve is clearly
shifted to the right
and is also narrow-
er. The first obser-
vation is well
known and mod-
eled.13,14 It is
caused by charging
of the insulator, causing an increase in the pull-in voltage.
The second effect is less well known but often observed in
capacitive switches. It is caused by a non-uniform distribu-
tion of this charging.15 During this fast CV measurement,
the switch is functioning and pulling in and out during the
voltage ramp. In the ELT test, however, the switch is de-
clared ‘failed’ because when switching fast from 35 V to 0 V,
it will stay pulled-in.14 The results of a fast C-V measure-
ment, performed on the same switch 19 hours later, are then
shown. During that time, the switch was kept in a nitrogen
environment. One clearly sees a partial recovering of the
switch: the C-V curve is shifted back to the left and broad-
ened again. This confirms that the charges decay in time and
that this typical failure of capacitive RF-MEMS is not a per-
manent one. However, even after 19 hours, the charge did
not disappear completely, indicating that these traps,
whether they are surface or bulk, or holes or electrons, have
a rather long decay time.

CONCLUSION
This article discussed some influences of the zero-level

package on the performance of capacitive RF-MEMS
switches. The influences of temperature, pressure and gases
were discussed. The packaging process requires a certain
temperature profile, which can affect the mechanical stress
of the metal MEMS bridge. It is clear that when designing
and processing an RF-MEMS, this effect has to be studied
and taken into account to avoid that a good functioning RF-
MEMS device will fail or change its functionality after being
packaged. One of the main disadvantages of MEMS switch-
es compared to, for instance, RF transistors and PIN-
diodes, is their low switching speed.17 For many applica-
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time. This effect is shown in Figure 14. First, a fast C-V
experiment is performed. This is done using the ELT sys-
tem by applying a triangular waveform to the switch in-
stead of the normal unipolar square waveform to actuate
the switch. The fast C-V principle is shown in Figure 15.
During application of this triangular pulse, the change in
capacitance is measured. The result is plotted in what are
called fast C-V curves. The advantage of this measure-
ment method is that it is very fast (~1 ms) compared to
conventional C-V measurements (~1 min), so that only
limited charge trapping takes place, which is, in general,
not the case in conventional C-V measurements.

The results of a fast C-V measurement on a fresh switch
are shown first. It is a symmetrical CV curve, showing clear
pull-in (approximately ±22 V) and pull-out (approximately
±10 V). Next, a lifetime test is performed at a voltage (35 V)

TECHNICAL FEATURE

▲ Fig. 14  Fast C-V measurements of a capacitive switch (a) before test, (b) after test and (c) 19 hours later.
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AVERAGE AMPLITUDE PHASE INSERTION
FREQUENCY MODEL POWER BALANCE BALANCE ISOLATION LOSS VSWR

(MHz) NUMBER (CW Watts) (±dB, Max.) (±Deg., Max.) (dB Min./Typ.) (dB, Max.) (Max.)

50 – 110 M-51-111-96W802 600 0.3 2.0 20/23 0.30 1.2:1
100 – 500 M-12-52-92W502 200 0.85 2.5                 14/18 0.85 1.35:1
100 – 500 M-12-52-98WF502 800 0.8 2.0 18/20             0.30 1.2:1
120 – 230* M-121-231-92W012 300 0.5 2.0 20/27 0.30 1.2:1
150 – 250 M-151-251-94W012 400 0.3 2.0 20/25 0.30 1.2:1
200 – 400* M-22-42-92W102 250 0.5 2.0 20/25 0.30 1.2:1
200 – 400 M-22-42-95WB302 500 0.4 2.0 19/23 0.25 1.2:1
200 – 1000* M-22-13-92WD502 250 0.75 3.0 20/23 0.50 1.3:1
250 – 500 M-251-52-92W102 250 0.5 2.0 20/25 0.30 1.2:1
300 – 500 M-32-52-92W102 250 0.4 2.0 20/23 0.25 1.2:1
300 – 950 M-32-951-92W102 250 0.6 2.0 20/23 0.25 1.25:1
400 – 550 M-42-551-92W102 250 0.2 2.0 20/25 0.20 1.2:1
400 – 700 M-42-72-92W012 250 0.5 2.0 20/25 0.30 1.2:1
400 – 1000* M-42-13-92W102 250 0.6 2.0 18/20 0.25 1.2:1
400 – 1000 M-42-13-95WB302 500 0.6 2.0 20/23 0.20 1.2:1
400 – 1000 M-42-13-91KW402 1000 0.6 2.0 20/25 0.20 1.2:1
440 – 880 M-441-881-92W102 250 0.5 2.0 20/25 0.20 1.2:1
700 – 1400* M-72-142-92W102 250 0.5 2.0 18/25 0.30 1.25:1
800 – 1600 M-82-162-92W102 250 0.5 2.0 20/23 0.25 1.2:1
800 – 1600 M-82-162-95WB302 500 0.5 2.0 20/25 0.20 1.25:1
800 – 1600 M-82-162-91KWB912 1000 0.5 2.0 20/25 0.20 1.3:1
800 – 2500* M-82-252-92W122 200 0.6 4.0 18/20 0.40 1.25:1
800 – 4200 M-82-43-92W122 200 0.5 4.0 16/20 0.20 1.2:1
960 – 1220 M-961-1221-92W102 200 0.3 2.0 18/25 0.30 1.25:1
960 – 1220 M-961-1221-95WB302 500 0.4 2.0 20/23 0.20 1.2:1

1000 – 2000 M-13-23-92W102 200 0.5 3.0 18/24 0.30 1.25:1
1000 – 2000 M-13-23-95WB302 500 0.5 3.0 18/22 0.20 1.2:1
1200 – 1400 M-122-142-92W102 250 0.4 3.0 20/23 0.25 1.2:1
1200 – 1400 M-122-142-95WB302 500 0.4 2.0 20/25 0.20 1.2:1
1300 – 3000 M-132-33-92W102 200 0.6 3.0 18/23 0.25 1.2:1
1400 – 2400 M-142-242-92W102 200 0.5 3.0 16/20 0.25 1.2:1
1400 – 2800 M-142-282-92W102 200 0.5 3.0 16/20 0.25 1.2:1
1500 – 3000 M-152-33-92W102 200 0.6 3.0 18/22 0.25 1.25:1
1700 – 2500 M-172-252-92W102 200 0.4 3.0 20/23 0.25 1.2:1

* Multiple packages are available on these models, please contact MITEQ.180 degree and coaxial versions are available upon request
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tions, a high switching speed is mandatory. In this article, it
is shown that choosing a suitably low pressure, in combina-
tion with a well-selected device stiffness, can be used to op-
timize the switching speed of RF-MEMS switches. On the
other hand, it is shown that a pressure that is too low can re-
sult in an anomalous vibration behavior for some MEMS. It
is clear that for optimal performance, the devices have to be
used in a zero-level package with an internal optimal pres-
sure, or the design has to be adapted, depending on the de-
sired speed for a certain application and on the environmen-
tal conditions (space versus earth applications). The first so-
lution requires a constant, well-controlled pressure of the
package; the second solution requires adapted MEMS de-
signs taking into account application dependent functioning
and reliability issues.

It is also shown that capacitive MEMS switches with
SiOx, SiNx or Ta2O5 insulators exhibit a higher reliability
when operated in N2 than in air. This is most likely related
to enhanced charging of the insulator in the presence of
humidity. Again these results influence the demands for the
zero-level packaging of such switches. A fully hermetic
package is likely to be required, and this hermeticity should
be kept constant during the lifetime of the device.  ■
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TUTORIAL

In Part I of this tutorial article,1 a detailed
discussion and analysis of the start-up and
steady-state oscillation conditions for tran-

sistor LC oscillators was given, with emphasis
on CMOS devices. Part II2 presented both
linear and nonlinear phase noise models for

parallel feedback and
negative resistance os-
cillators. Part III de-
scribes a new impulse
response model for
phase noise, which be-
came popular recently.
It specifies the contri-
bution of the noise
components located
near integer multiples
of the oscillation fre-

quency in terms of waveform properties and
circuit parameters.3,4 By using this nonlinear
approach, it is impossible to derive an explicit
relationship between the oscillator stability
conditions, amplitude-to-phase conversion
and phase noise power density, unlike using
the Kurokawa approach. However, such an ap-
proach, based on the inherent time-varying

nature of the oscillator, provides an important
design insight by identifying and quantifying
the major sources of phase noise degradation.
The derivation of the expression for excess
phase was based on postulating the unit im-
pulse response as a function of the oscillator
waveform. The relationship between excess
phase and the circuit parameters, however,
can be explicitly derived using a well-known
phase plane approach.5

IMPULSE RESPONSE NOISE MODEL
Phase Plane Approach

The behavior of autonomous, second-order,
weakly nonlinear oscillation systems with low
damping factor close to linear conservation
systems and small time-varying external force
f(t) can be described by

d x

d
x n t

2

2
1

τ
+ = ( ) ( )
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where

x = time-dependent variable,
voltage or current

τ = ω0t = time normalized by 
the angular resonant
frequency ω0

The phase plane method6 is one of
the theoretical approaches that allows
one to analyze qualitatively and quan-
titatively the dynamics of the oscilla-
tion systems described by the second-
order differential equations such as
Equation 1. By setting the small ex-
ternal force equal to zero, the solu-
tion of the linear second-order differ-
ential equation takes the form of

where

A = amplitude of the oscillation
φ = phase of the oscillation

The phase portrait shown in Figure 1
represents the family of circular tra-
jectories enclosing each other with
radii r = A depending on the energy

x A A

dx
d

A A

= +( ) =

= +( ) =

cos cos ( )

– sin – sin (

τ φ ψ

τ
τ φ ψ

2

33)

stored in the system. Such an isolated
closed trajectory is called a limit cycle.

Let us define the variations of the
amplitude A(t) and phase φ(t) under
effect of the external force applied to
the oscillation system.6 Assuming that
the effect of the external force is
small and these variations are slow,
the amplitude and phase can be con-
sidered constant during a natural pe-
riod of the oscillation. Equation 1 can
then be rewritten in the form of two
first-order equations as

From Equations 4 and 5, it follows
that the instantaneous change of the
ordinate y by a value of dny = ndτ will
occur, due to the small external force
injected into the oscillation system.
This corresponds to a step change of
the representative point M0 from the
position K to the position L, resulting
in the amplitude and phase changes,
as shown. These changes can be de-

dx
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termined from the consideration of a
triangle KLN by

Thus, the separate first-order differ-
ential equations for the time-varying
amplitude and phase can be obtained
from Equations 6 and 7 as

Since the right-hand sides of Equa-
tions 8 and 9 are small, time-averaged
differential equations can be used in-
stead of the differential equations for
the instantaneous values of the ampli-
tude and phase. Hence, the changes
of the amplitude and phase for a time
period t ≤ T are defined as
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▲ Fig. 1  Phase portrait of a second-order
oscillation system (a) and the effect of an
injected impulse (b).
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Figure 2 shows the equivalent cir-
cuit of the negative resistance oscilla-
tor with an injected small perturba-
tion current i(t). In a steady-state os-
cillation mode, when the losses in the
resonant circuit are compensated by
the energy inserted into the circuit by
the active device, the second-order
differential equation of the oscillator
is written as

where ω0 = 1/���LC� is the resonant fre-
quency and v(t) is the voltage across
the resonant circuit. If a current im-
pulse i(t) is injected, the amplitude
and phase of the oscillator will have
time-dependent responses. Accord-
ing to Equations 10 and 11, the resul-
tant amplitude and phase changes
have a quadrature dependence with
respect to each other. When an im-
pulse is applied at the peak of the
voltage across the capacitor, there will
be a maximum amplitude deviation
with no phase shift (b). On the other
hand, if the current impulse is ap-

d v

dt
v

C
di
dt

2

2 0
2 1

12+ =ω ( )

plied at the zero crossing, it will re-
sult in a maximum phase deviation
with no amplitude response, as
shown in (c).

Suppose that a perturbation cur-
rent i(t), injected into the oscillation
circuit, is a periodical function that
can generally be expanded into a
Fourier series

where

I0 = DC component of the current
Ikc= kth cosine current harmonic

amplitude
Iks = kth sinusoidal current harmonic

amplitude and ∆ω << ω0

In this case, the small external force
can be redefined as

Consequently, substituting Equation
13 into Equations 10 and 11 and tak-
ing into account that ω0 + ∆ω ≅ ω0
results in

where V is the voltage amplitude
across the capacitor C. In this case,
only the fundamental components of
the injected current i(t) can con-
tribute to the amplitude (sine ampli-
tude) and phase (cosine amplitude)
fluctuations given by Equations 15
and 16, because for the DC and kth-
order current components, the argu-
ments for all their integrals in Equa-
tions 10 and 11 are significantly at-
tenuated by the averaging over the
integration period.

The output voltage of an ideal co-
sine oscillator with constant ampli-
tude V and phase fluctuations ∆φ can
be written as
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▲ Fig. 2  Second-order LC oscillator and
the effect of an injected impulse.
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resulting in an output spectrum of
the oscillator with sidebands close to
the oscillation frequency ω0. Since,
for a narrowband phase modulation
with small phase fluctuations, sin
[∆φ(t)] ≅ ∆φ(t) and cos [∆φ(t)] ≅ 1,
the phase modulation spectrum given
by Equation 17 can be rewritten by
using Equation 16 as

which is similar to the single-tone
amplitude modulation spectrum con-
taining the spectral components cor-
responding to the carrier frequency
ω0 and two close sideband frequen-
cies ω0 – ∆ω and ω0 + ∆ω.

The injection of the current

has similar effect, resulting in twice
the noise power at the sidebands.
Therefore, an injected total current
i(t) results in a pair of equal side-
bands at ω0 ± ∆ω with a sideband
power Psb relative to the carrier pow-
er Pc given by

Now let us assume that a station-
ary thermal noise current with a
white power spectral density i2n

__
is in-

jected into the oscillator circuit close
to carrier. Then, by making a replace-
ment between the amplitude and
root-mean-square current values
when I2

1c/2 = i2n
__

, the single sideband
power spectral density for the phase
fluctuations at ∆ω offset from the
carrier ω0 in the 1/f region can be
written using Equation 20 as

Taking into account that i2
n

__
=

4FkT/RL for ∆f = 1 Hz, QL = ω0CRL
and PL = V2/2RL, where RL is the
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tank parallel or load resistance, Equa-
tion 21 can be rewritten as

which is similar to the one for the
negative resistance oscillator (see
Equation 26 in Part II2).

Effect of Higher Order Harmonics
Generally, the transition from soft

start-up oscillation conditions to steady-
state self-sustained oscillations is pro-
vided as a result of the degradation of
the device transconductance in a large-
signal mode, when the active device
operates in both pinch-off and active
regions. As a result, for the cosine volt-
age across the resonant circuit, the out-
put collector (or drain) current i(t) rep-
resents a Fourier series expansion

where

I0= DC current
In= amplitude of the nth harmonic

component

If the oscillation frequency is equal to
the resonant circuit frequency, which
means that the active device has no
effect on the oscillation frequency,
then the fundamental component of
the collector voltage will be in phase
with the fundamental component of
the collector current. However, for all
higher order voltage harmonics the
impedance of the resonant circuit will
be capacitive since the collector cur-
rent harmonics are mostly flowing
through the shunt capacitance.
Therefore, for the Meissner oscillator
circuit shown in Figure 3, the volt-
age at the input of the active device
can be approximately represented as

where Vink << Vin1 for a high value of
the oscillator loaded quality factor.

In this case, when the active de-
vice’s transfer characteristic is approx-
imated by a second-order polynomial
i(t) = a0 + a1vin + a2v2

in and the input
voltage vin(t) in Equation 24 is limit-
ed to the first two factors when k = 2,
the output fundamental current cor-
responding to the two-harmonic in-
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put voltage can be written as

where I1 = gmVin1, gm = a1 is the aver-
age transconductance for cosine in-
put voltage. Equation 25 can be
rewritten in the form of

From Equation 26, it follows that the
presence of the second-order voltage
harmonic contributes, first to the
changes in the fundamental ampli-
tude (I1 ≠ I'1) and average transcon-
ductance

and second, to the appearance of the
phase shift φ1 between the funda-
mental current and fundamental volt-
age. The latter means that the device
transconductance becomes complex
due to the effect of the higher order
harmonics and its magnitude and
phase depend on the harmonic level.
For example, an increase of the har-
monic level results in a decrease in
the oscillation frequency.

Physically, the influence of the har-
monic content on the frequency varia-
tion can be explained as follows: if the
oscillations are purely sinusoidal, the
energy distribution in both arms of the
resonant LC-circuit is equal; when the
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▲ Fig. 3  Schematic of a parallel feedback
oscillator.
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harmonics appear, the currents corre-
sponding to them flow mainly through
the capacitive arm, and therefore they
increase the electrostatic energy of this
arm in comparison with the inductive
arm; in order to keep the energy equal
in both arms, the fundamental frequen-
cy must slightly decrease with respect
to the frequency given by the tank cir-
cuit only.7

In a general form, the frequency
deviation ∆ω, caused by the presence
of harmonics of the voltage v on the
resonant circuit, can be obtained
from

where k is the order of harmonic and
mk = Vk/V1 is the ratio of the harmon-
ic voltage component to the funda-
mental voltage.7

In view of the multiharmonic rep-
resentation of the oscillator output
spectrum due to the device and reso-
nant circuit nonlinearities, the total
phase fluctuations can be represent-
ed by a superposition integral as a re-
sult of each harmonic contribution.
This is similar to the Fourier harmon-
ic expansion in the frequency domain
of the voltage waveform, when the
phase trajectory on the phase plane is
a result of the phase trajectories with
different radii and velocities corre-

∆ω
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2

21
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1 28= ( )
=

∞

∑– – ( )k m
k

k

sponding to the DC shift and har-
monic amplitudes. In this case, Equa-
tion 11 can take the general form

in a dimensionless periodic function
characterizing the shape of the limit cy-
cle or phase trajectory corresponding to
the oscillation waveform and depend-
ing on the oscillator topology. It is
called the impulse sensitivity function
(ISF) for an approximate model for the
oscillator phase behavior3 and serves a
similar role at the perturbation projec-
tion vector (PPV) for the exact model.8
The initial phase φn in Equation 30 is
not important for random noise sources
and can be neglected. For an ideal case
of a purely sinusoidal oscillator, c1 = 1
and Γ(t) = cosω0t. Now if any stationary
noise current with a white power spec-
tral density i2n

__
/∆f is injected into the os-

cillator circuit close to any harmonic
nω0 + ∆ω or nω0 – ∆ω, it will result in a
pair of equal sidebands at ω0 ± ∆ω.
Then, the total single sideband power
spectral density for the phase fluctua-
tions in a bandwidth ∆f = 1 Hz can be
written, based on Equation 21, as

where Γrms is the root-mean-square
value of Γ(t).4 Thus, the total noise
power near the carrier frequency of
the oscillator is a result of the up-con-
verted 1/f noise near DC, weighted
by coefficient c0, the noise near the
carrier weighted by coefficient c1 and
the down-converted white noise near
the second- and higher order har-
monics weighted by coefficients cn, n
= 2,3,…. The converted phase noise
due to the conversion from one side-
band to another can be of the order
of 6 dB higher than the additive noise
in the oscillator.9

From Equation 31, it follows that
the effect of the converted phase
noise can be reduced by minimizing
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the DC coefficient c0 and the higher
order harmonic coefficients cn, n =2,
3,…, of the (τ), approximating the co-
sine waveform of the injected node
voltage. Figure 4 shows the voltage
waveforms corresponding to (a) class
F with flattened waveform consisting
of the fundamental and third har-
monics only and (b) inverse class F
consisting of the fundamental and
second harmonics only.10 To realize
the symmetrical flattened voltage
waveform, the ratio between the fun-
damental and third harmonic should
be equal to V1/V3 = 9, while the ratio
between the fundamental and second
harmonic is equal to V1/V2 = 4 for the
symmetrical waveform close to the
half-cosine shown. Hence, the level
of higher order harmonics is signifi-
cantly smaller for the symmetrical
flattened voltage waveforms. It
should be noted that, in class E oper-
ation with a non-symmetrical voltage
waveform, the effect of the second-
and higher order harmonics is signifi-
cant, resulting in a high value of the
voltage peak factor. The importance
of the symmetry is necessary also to
minimize the coefficient c0 responsi-
ble for the low noise up-conversion
and amplitude-to-phase conversion.3
A phase noise improvement can be
achieved by reducing the effect of the
device and circuit nonlinear capaci-
tances (see Part II,2 Equation 42).
Due to the amplitude-to-phase con-
version, the phase for each higher or-
der harmonic changes with amplitude
resulting in a generally asymmetrical
voltage waveform.

Equation 29 describes an approxi-
mate phase noise behavior, compared
with the accurate equation given by
Demir, et al.,8 where the phase of φ(t)
also appears in its right-hand side.
Such a simplified phase noise model
is valid for the case of stationary noise
sources like white noise. However,
when the noise sources are no longer
stationary, it can be accurate only in
the limits of an assumption of the
small phase shifts for which cos ∆φ is
close to unity. This implies that the
approximate model is not accurate
enough to analyze neither injection-
locking phenomenon nor related is-
sues like the behavior of phase differ-
ences of coupled oscillators.11

The response of the oscillation sys-
tem to an impulsive noise can be pro-
vided by its direct measurement with
a SPICE simulator, when an impulse
is injected into the node of interest of
the oscillator circuit and the oscillator
simulated for a few cycles after-
wards.3 By substituting the equivalent
current noise source of each individ-
ual node in Equation 29, the phase
contribution of each node can be cal-
culated.12 However, any further ana-
lytical simplification based on the or-
thogonal decomposition of noise into
amplitude and phase components
may not yield the correct result.13

CYCLOSTATIONARY NOISE
The noise sources in an oscillator

generally cannot be modeled only as
stationary since the statistical proper-
ties of some of them may change with
time in a periodic manner. Such types
of noise sources are referred to as cy-

clostationary. If the thermal noise of
the resistor has a stationary nature,
then the collector (or drain) shot noise
of the transistor is an example of cy-
clostationary noise due to the time-
varying nature of the collector current.
The most important issue is that the
collector shot noise is dominant, com-
pared to the noise from the base resis-
tance or tank losses, and can con-
tribute approximately 70 percent of
the total phase noise of the oscillator.12

Figure 5 shows a simplified, sin-
gle-ended, common gate CMOS Col-
pitts oscillator configuration where
the required regeneration factor for
the start-up oscillation conditions is
chosen using a proper ratio of the
feedback capacitances C1 and C2.
The idealized voltage and current
waveforms corresponding to the
large-signal operation in idealized
class B with zero saturation voltage
are shown in Figure 6.

Equation 23, or the drain time-
varying current, can be rewritten in
the form of

where αn is the ratio of the nth har-
monic current amplitude to the peak
output current Imax, expressed through
half the conduction angle θ as

where

γn(θ) = current coefficients

To account for the cyclostationary
drain noise source as a result of total
noise sources injected at frequencies
nω0 ± ∆ω, Equation 31, in a general
form, can be rewritten as

where i2nd

__
= 2qImax is the drain current

noise power density in a frequency
bandwidth ∆f = 1 Hz. The Fourier
components for the current waveform
close to half-cosinusoidal show that
the drain shot noise is mixed mostly
with the fundamental and second har-
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▲ Fig. 6  Ideal class B drain voltage and
current waveforms.

 12M41 FINAL  11/29/05  7:53 AM  Page 130



HUBER+SUHNER – Excellence in Connectivity Solutions

RF Power Switch
The one solution for switching and transmitting

Benefits
– Replaces your RF relay 
– Simplifies your PCB layout 
– Reduces costs of ownership 
– Optimises the RF adaption

Applications
– RF power amplifiers 
– Applications up to 80 W 
– Standard interfaces QN, QMA, N, TNC, SMA

Features
– Reliable 
– Smallest dimensions 
– Excellent electrical and mechanical performance 
– Easy to handle

HUBER+SUHNER AG
RF Communications
CH-9100 Herisau, Switzerland
Phone +41 (0)71 353 41 11
Fax +41 (0)71 353 45 90
www.hubersuhner.com

Visit http://mwj.ims.ca/5547-53

 12M41 FINAL  11/29/05  7:55 AM  Page 131

http://www.hubersuhner.com
http://mwj.ims.ca/5547-53


monics to contribute to the total phase
noise of the oscillator.

To minimize the oscillator phase
noise, it is very important to choose the
optimum value of the feedback ratio k
= C2/C1 for the same total capacitance
C = C1C2/(C1 + C2). This is because
different values of the conduction angle
correspond to different harmonic con-
tribution to the output spectrum. In
the case of class B with θ = 90°, the
third-, fifth- and higher order harmon-
ics can be eliminated since their cur-
rent coefficients γn (for n = 3,5,…) be-
come equal to zero. As a rule-of-
thumb, the optimum feedback ratio for
a Colpitts oscillator can be chosen to be
approximately k = 3.5 to 4.3,12

CONCLUSION
The impulse response model for the

oscillator phase noise, which has be-
come popular recently, is explained
based on a well-known phase plane ap-
proach. This model specifies the contri-
bution of the noise components located
near integer multiples of the oscillation
frequency in terms of waveform prop-
erties and circuit parameters. By using
this nonlinear approach, it is impossible
to derive an explicit relationship be-
tween the oscillator stability conditions,
amplitude-to-phase conversion and
phase noise power density, unlike with
the Kurokawa approach. Such an ap-
proach, however, based on the inherent
time-varying nature of the oscillator,
provides an important design insight by
identifying and quantifying the major
sources of phase noise degradation.  ■
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Wideband capabilities for widespread applications
Herley meets requirements for high-performance microwave systems and subsystems

without compromise. Our wide range of solutions for radar, EW, simulators, ATE, and

frequency-agile equipment provide superior performance from microwave to millimeter wave.

1.5 MHz – 3000 MHz 
Power Amplifiers
• Reconfigurable

• System BIT

• Multi-platform

Time Delay Units
• 6–8 bits

• S to X band

• 3° phase ripple

• High phase accuracy and stability

Integrated Microwave Assemblies
• 0.5 to 40 GHz

• High-power capabilities to 2 kW

• Expert vertical integration

• Wide range of functions/capabilities

Visit http://mwj.ims.ca/5547-50
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Looking for an author? 
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on-line database for archived
Microwave Journal articles
dating as far back as 1997.

Simply click
“The Magazine,” 

“Editorial Archives” 
and then plug in 

your search criteria

To see one’s work in print is
the rightful reward of every cre-
ative engineer and scientist. The
editors of Microwave Journal in-
vite you to submit your technical
manuscripts for consideration to
be published in one of  our up-
coming issues. Technical articles,
application notes and tutorial ar-
ticles based on the monthly edi-
torial themes are encouraged.
Editorial themes include wire-
less, radar and antennas; RF
components and systems; test
and measurement; amplifiers and
oscillators; semiconductors and
MMICs; commercial applica-
tions; IVHS and ITS; dual tech-
nologies; communications and
PCN; passive components; and
control devices, modulation and
DSP.

Design features should
contain new and innovative tech-
nical ideas of practical use and
interest to our predominantly en-
gineering readers. Papers should
be 14 to 16 double-spaced pages
and contain 8 to 12 visual aids in
the form of sketches, graphs,
photographs or tables. 

Papers should be submit-
ted to the attention of the Tech-
nical Editor and will be reviewed
promptly by our Editorial Re-
view Board prior to acceptance.
Articles outside of the monthy
themes also will be considered.

SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street

Norwood, MA 02062
(781) 769-9750

Fax (781) 769-5037
e-mail:
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www.thinfilm.com

Thin Film Fabrication Technology
� Complete In-House Thin-Film Circuit Fabrication Service

• Pattern Generated Photomasks

• CO2 Laser Drilling

• Multiple Sputtering Systems

� Quick Turn on Engineering Prototypes

� Air Bridges/Crossovers with Polyimide

� High-Rel Screening per MIL-STD Available

� Wide Selection of Material and Metalizations

� Hollow Plated and Solid Plated Vias Capability

� AI203, AIN, BeO, Quartz, Sapphire, Ferrites, Titanates

� Multiple Part Number Array (Pizza Array) Capability

� Testing and Inspection per MIL-STD 883

� Predeposited Gold/Tin (Au/Sn) USA
� PHONE 510.661.4287

� FAX 510.661.4250

� WEB www.thinfilm.com

� EMAIL atp@thinfilm.com

� 3439 Edison Way

Fremont, CA 94538

CHINA

� PHONE (021) 6250-4777

� FAX (021) 5284-6651

� Gu-Lang Road, 415 nong

No. 4 Bldg 2nd Floor South

Shanghai, China 200331

Visit our Web site for free samples:

Visit http://mwj.ims.ca/5547-17
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CALIBRATION
TECHNOLOGY
ENABLING 67 GHZ
MULTIPORT
S-PARAMETER
MEASUREMENT
WITH CONFIDENCE

Cascade Microtech has developed Win-
Cal 2006™ with new software tools to
address the many testing challenges

brought on by the increase in the volume of
complex, high speed semiconductors that are
designed for use in mobile communications
products such as cell phones, PDAs and lap-
top computers. Compounding the multi-giga-
bit high speed requirement is the fact that
lower operating voltage ICs are becoming in-
creasingly susceptible to random bit errors
forcing engineers to differential circuit designs
to increase noise immunity. With this com-
plexity comes an increased need to make ac-
curate and repeatable multiport RF measure-
ments on-wafer for design validation and to
ensure they do not fail in production. Since
the responsibility for testing often falls to the
research and development team, many engi-
neers must perform — for the first time —
high frequency device characterization using a
wafer probing station coupled with a multiport
vector network analyzer (VNA). 

Leveraging off of 20 years of on-wafer VNA
calibration and measurement experience, Win-
Cal 2006 software offers advanced tools that
exceed the needs of today’s multiport VNA
users. Multimedia tutorials, self-guided Wiz-
ards and pre-optimized quick set ups provide
fast starts for both novices and experts. The
highly interactive graphical user interface pro-
vides access and control to every element of
the system — VNA, probes, calibration stan-
dards and all measurements. Fully automatic
VNA calibrations using industry standard rou-
tines, or Cascade Microtech’s advanced,
patented routines on par with the best NIST
methods are provided at the click of a button.
Enhanced reporting features allow operators
to manipulate multiple sets of raw and calibrat-
ed data, standard measurements and VNA er-
ror correction terms, or transform them into
H-, X-, Y- or differential S-parameters. 

CASCADE MICROTECH INC.
Beaverton, OR

PRODUCT FEATURE
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OML INC.

300 Digital Drive • Morgan Hill, CA 95037 • Tel: (408) 779-2698 • Fax: (408) 778-0491  •  www.omlinc.com
Outside US: Radar Systems Technology • Tel: (650) 949-8041 • Fax: (650) 949-8082 • sales@rst-radar.com

OML Making Obsolescence
OBSOLETE!

OML VNA modules can move with you as you update your VNA equipment.  
OML can reconfigure your OML VNA or VNA2 modules that have been setup for an 
Agilent 8510 to function with the Agilent PNA or Anritsu Panorama/Lightning VNAs.

www.omlinc.com

OML protects your investment in millimeter wave vector analysis
with cost effective upgrade options

VNA Transmission
module

VNA Transmission/
Reflection attenuated

power module

VNA source or
Transmission/

Reflection module

1st generation
VNA module

with attenuator

VNA2 module
with attenuator

OML can also upgrade your 1st generation OML millimeter wave
VNA modules to the new smaller OML millimeter wave

VNA2 modules with improved performance

Visit http://mwj.ims.ca/5547-98
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67 GHz MULTIPORT ON-WAFER
MEASUREMENT CHALLENGES

The rise in the need for reliable
differential millimeter-wave S-para-
meter measurements for circuit
modeling gave advent to the multi-
port VNA. Today’s multiport VNA
relies on four-port, single-ended S-
parameters transformed mathemati-
cally to produce the needed differ-
ential S-parameters. This technique
works well assuming the measure-

ment ports are uncoupled error-cor-
rected coaxial measurement ports.
To produce the same single-mode
coaxial TEM quality VNA measure-
ment environment, metal-fingered
multi-contact coplanar waveguide
(CPW) probes have been replaced
by Cascade Microtech’s patented
thin film MIC tips, which reduces
crosstalk from typically > 10 per-
cent at 20 GHz for metal-finger
probes to less than 1 percent at 67

GHz for thin film tips. Additionally,
for the physically larger multiport
calibration standards to maintain
single-mode, uncoupled operation,
it is necessary to use mode-sup-
pressing elements on the substrate
— developed and patent pending
by Cascade Microtech — and
prober auxiliary chucks proven to
be mode-free beyond 110 GHz.

CALIBRATION, VERIFICATION
AND MONITORING ARE THE
KEYS TO ACCURATE
MEASUREMENTS

When performing on-wafer mea-
surements above 50 GHz, there are
many issues that can affect the accu-
racy and reliability of the data, in-
cluding vector repeatability, probe
contact planarity and contact cleanli-
ness. At the heart of WinCal 2006 re-
sides software tools designed to mini-
mize and control all systematic errors
and thus produce and maintain the
environment for highest quality mea-
surements yielding more accurate
model extractions.

Under the System Qualification
Tools, shown in Figure 1, operators
now have access to tools that assure
the mechanical integrity of all of the
VNA test ports, cables and multi-con-
tact RF probes testing each of these
critical parameters. Probe contact
planarity is critical to high frequency
S-parameter measurements because
the most frequent operational error
prior to calibration is due to a lack of
planarity. Ensuring contact cleanli-
ness is important because contamina-
tion can and will accumulate with
multiple device contacts during the
measurement routine, which can
cause intermittent test errors and in-
accurate results.

WinCal 2006 Repeatability Tools
allow users to test the vector repeata-
bility of all measurements necessary
for calibration. At any time during
calibration, a test can be performed
to test the repeatability of all mea-
surement ports, simultaneously, to
ensure their stability, which is neces-
sary for calibration. This test is done
prior to calibration to ensure system
integrity; the calibration will abort
when repeatability is inadequate on
any port.

Under the WinCal 2006 Calibra-
tion menu, users first define the
number of VNA ports to calibrate,
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then select from a list of industry standard calibration
methods such as SOLT, LRM or advanced algorithms
such as SOLR or Cascade Microtech’s proprietary LRRM
algorithm. In the case of the multiport VNA, WinCal
2006’s SOLT algorithm is optimized by the new reduced
thru method allowing full correction from measurement

of only four thrus instead of the previously required six.
The reduced thru method minimizes the number of ele-
ments, definitions and moves, which speeds up the rou-
tine while reducing errors resulting from over-determina-
tion of standards. Once the calibration preferences are se-
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▲ Fig. 2  Impedance standard substrate management tools for
calibration.

▲ Fig. 1  System qualification and reliability tools.
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ValuePacked
MMICAmplifiers

DCto8GHz from99¢
ea. (Qty.25)

InGaP HBT
lower thermal resistance

better gain flatness
wide choice of gain

high IP3
high reliability

2 year guarantee

Gali 

TYPICAL SPECIFICATIONS AT 25°C:

SOT-89
Actual Size

Assembled Test Fixture

� Low frequency cutoff determined by external coupling capacitors.
Complete specifications, performance data, and reliability report available on our web site.

For detailed specs visit: www.minicircuits.com/amplifier.html

Amplifier Designer’s Kits:
K1-Gali: Only $99.95
Contains 10 Ea. of Gali 1, 2, 3, 4, 5, 6, 21, 33, 51 ( 90 pieces total )

K2-Gali: Only $64.95
Contains 10 Ea. of Gali 6F, 4F, 51F, 5F, 55 ( 50 pieces total )

Both Kits include complete data sheets and a free test fixture!

CIRCLE READER SERVICE CARD

346 Rev. I 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

Mini-Circuits ISO 9001 & ISO 14001 Certified

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
TM

®

Gali    74+ available only as RoHS compliant. 
To order other models as RoHS compliant, 
ADD + SUFFIX TO BASE MODEL No. Example: Gali    1+

all models In Stock

Model Power Out Thermal DC Operating Pwr. Price
Freq. � Gain (dB) @1dB Comp. Dynamic Range Resist. Current   Device $ea.
(MHz) 0.1GHz (dBm) NF (dB) IP3 (dBm) θ jc,°C/W (mA) Volt (25 Qty.)

Gali     1 DC-8000 12.7 12.2 4.5 27 108 40 3.4 .99
Gali    21 DC-8000 14.3 12.6 4.0 27 128 40 3.5 .99
Gali    2 DC-8000 16.2 12.9 4.6 27 101 40 3.5 .99
Gali     33 DC-4000 19.3 13.4 3.9 28 110 40 4.3 .99
Gali     S66 DC-3000 22 2.8 2.7 18 136 16 3.5 .99
Gali     3 DC-3000 22.4 12.5 3.5 25 127 35 3.3 .99
Gali     6F DC-4000 12.1 15.8 4.5 35.5 93 50 4.8 1.29
Gali     4F DC-4000 14.3 15.3 4.0 32 93 50 4.4 1.29
Gali     51F DC-4000 18.0 15.9 3.5 32 78 50 4.4 1.29
Gali     5F DC-4000 20.4 15.7 3.5 31.5 103 50 4.3 1.29
Gali     55 DC-4000 21.9 15.0 3.3 28.5 100 50 4.3 1.29
Gali     52 DC-2000 22.9 15.5 2.7 32 85 50 4.4 1.29
Gali     6 DC-4000 12.2 18.2 4.5 35.5 93 70 5.0 1.49
Gali     4 DC-4000 14.4 17.5 4.0 34 93 65 4.6 1.49
Gali   51 DC-4000 18.1 18.0 3.5 35 78 65 4.5 1.49
Gali    5 DC-4000 20.6 18.0 3.5 35 103 65 4.4 1.49
Gali    74+ DC-1000 25.1 18.3 2.7 38 120 80 4.8 2.35

      2

o S
C O M P L I A N T

TM
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 Our exclusive triple convertible semi-automatic ultrasonic wire bonding machine: 
      The 454647E wedge-wedge and ball-wedge wire bonding machine, with 
    convertibility for either 45° or 90° feed, and ball bonding, all in one machine.

• 45° and 90° Wire Feed Convertibility

• Wire or Ribbon Bonding 

• Ball-Wedge Bonding 

• Throatless Chassis 

• ESD Protection 

• Adjustable Work Platform 

• Orthogonal X, Y, and Z Axes 

                        See the West·Bond Model 454647E and other fine West·Bond equipment at  
   IEEE/MTT-S Radio & Wireless Exhibition in San Diego Convention Center, Booth # 735, January 17-19, 2006.

1551 S. Harris Court  Anaheim, CA   92806

www.westbond.com
Ph. (714) 978-1551 Fax (714) 978-0431

e-mail: sales@westbond.com

  The Best Performance in Convertibility……….. 
   WEST·BOND’s 454647E Wedge & Ball Bonder 

lected, WinCal 2006 will direct the probe station to move
to the required standards, take raw S-parameter measure-
ments, compute the VNA error terms and set the VNA
corrections — all automatically. WinCal 2006 allows users
to mark when structures have reached this limit, and re-
tain the status of these bad structures. Once 
a structure is marked bad, the prober will never visit 
it again. WinCal 2006 will keep track of the good stan-
dards and the bad standards and manage the Impedance
Standard Substrates (ISS) commonly used today (see 
Figure 2).

WinCal 2006 Validation Tools, shown in Figure 3, al-
low the operator after calibration to check the corrected
S-parameter of all the measurement ports against previ-
ously determined good measurements depending on
their standard of choice. As with previous versions of
WinCal, users can select from verification elements resi-
dent on Cascade Microtech’s Impedance Standard Sub-
strates as the reference standard. However, with WinCal
2006, it is also possible for a user to compare current
measurements to previously filed reference measure-
ments, or better yet, can provide their own “golden de-
vice” as the reference standard for validation. This capa-
bility allows the utmost level of flexibility while main-
taining the reliability and repeatability of high frequency
S-parameter measurements.
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▲ Fig. 3  Port validation tools.
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WinCal 2006 Monitoring Tools allow the user to mea-
sure the drift of any or all of the VNA ports simultaneous-

ly. User defined drift limits can be set for any or all S-pa-
rameters to monitor the stability of the VNA test system
and assure the integrity of the resultant S-parameter mea-
surements (see Figure 4). Any change to the VNA test
system after calibration could cause the calibration to be
invalid. With WinCal 2006’s monitoring tools, a user is no-
tified in real-time when any port drifts past the defined
drift limits.

CONCLUSION
WinCal 2006 offers the most trustworthy and efficient

vector network analyzer calibration available for metrolo-
gy grade S-parameter measurement. Through on-line wiz-
ards and tutorials, it provides a fast start for new and ex-
perienced users. The enhanced validation capabilities as
well as flexible reporting functions offer a higher level of
confidence in RF measurements. WinCal 2006 was devel-
oped as the calibration platform for the future by allowing
for customization and future functionality. Its ease-of-use
will eliminate errors in the VNA calibration process in RF
device characterization, and allow more users to make
meaningful and valuable measurements.

Cascade Microtech Inc., 
Beaverton, OR (503) 601-1000,
www.cascademicrotech.com.

RS No. 302

�You can enhance your professional prestige and earn
substantial royalties by writing a book or software package.
With over 500 titles in print, Artech House is a leading pub-
lisher of professional-level books in microwave, radar, com-
munications and related subjects.  We are seeking to pub-
lish new microwave engineering books and software in
areas such as microwave and RF device design, wireless
communications, advanced radar and antenna design, elec-
tromagnetic analysis, RF MEMS, and more.

�We are currently seeking potential authors among engi-
neers and managers who believe that they can make a con-
tribution to the literature in their areas of expertise.  If you
have published technical papers, conducted professional
seminars or solved important real-world problems, then you
are an excellent candidate for authorship.

�We invite you to submit your manuscript or software
proposal for review.  For a complete publications catalog
and Author’s Questionnaire please contact:

Tiina Ruonamaa
Commissioning Editor
Artech House
46 Gillingham Street,
London SW1V 1AH, UK

Tel: +44(0) 207 596 8750
truonamaa@artechhouse.com

Mark Walsh
Editor
Artech House
685 Canton St.
Norwood, MA 02062

1-800-225-9977
mwalsh@artechhouse.com

Call for Book and 
Software Authors

www.artechhouse.com
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▲ Fig. 4  User-defined drift limits for monitoring.
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Narda means high performance.
High performance is just one of the many 
reasons design and manufacturing engineers
make Narda RF coaxial attenuators their first
choice. Narda’s extensive product range of
coaxial RF attenuators provides the utmost
flexibility for control and measurement of
microwave energy. Both fixed, step and 
variable attenuators are available covering 
frequency ranges up to 50 GHz.

Please visit our web site to view detailed
specifications of our large selection of RF
coaxial attenuators. We’re sure you’ll find one
that meets your exact requirements.

435 Moreland Road, Hauppauge, NY 11788
USA Tel: 631.231.1700  Int’l Tel: 631.231.1390
Fax: 631.231.1711
e-mail: nardaeast@L-3com.com 
www.nardamicrowave.com

Visit http://mwj.ims.ca/5547-94
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COMPLETE
TRANSMIT
SOLUTIONS USING A
QUAD-BAND TX/RX
FRONT-END MODULE
WITH INTEGRATED
POWER CONTROL

Leaping ahead in the race to deliver
more and more functionality and value
to the handset maker, Skyworks Solu-

tions has introduced the industry’s best trans-
mit front-end solution (SKY77506) for
GSM/GPRS segment. Two InGaP HBT power
amplifiers (PA), a BiCMOS power controller
and two PHEMT-based RF switches have
been integrated into a compact 8 × 8 × 1.2
mm module. All RF output and input ports
are DC blocked, ESD protected and matched
to 50 Ω. Figure 1 shows the block diagram of
the device.

KEY FEATURES
The SKY77506 module features direct an-

tenna connection without additional harmonic
filtering or ESD protection components. It
represents the lowest power consumption
transmit solution and offers 48 percent GSM
power-added efficiency (1200 mA @ 33 dBm)
and 42 percent DCS/PCS power-added effi-
ciency (680 mA @ 30 dBm), resulting in the
longest talk-time transmit solution. Its power
flatness allows calibration at only one frequen-

cy per band. It also features a wide input pow-
er range (0 to 6 dBm) and there are no oscilla-
tions greater than –36 dBm at 12:1 VSWR.

Receive port selectivity is 25 dB and only
four external passive components are re-
quired. The new SKY77506 module is ex-
tremely rugged with no risk of damage trans-
mitting into any load impedance.

COMPARATIVE ADVANTAGE
SKY77506 provides a significant advantage

over the PA + ASM approach to design front-
end solutions. In summary, the front-end
module (FEM):
• Eliminates the need for a PA-to-switch de-
sign effort while providing optimal matching
and all harmonic filtering.
• Offers significantly lower current than a PA
+ ASM combination, which directly translates
to longer talk-time (see Figure 2).
• Post-PA losses are minimized, enabling
higher efficiency and longer talk-time.

SKYWORKS SOLUTIONS INC.
Woburn, MA

PRODUCT FEATURE
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RF Relay Store.com is the answer to your urgent small
quantity needs.  RelComm Technologies NOW offers a
huge selection of RF Coaxial Relays with many options

available for shipment from Stock.

Purchase On-Line with No Hassels – Visa, MC, AMEX

www.rfrelaystore.com

RF Coaxial Relays – DC to 18 GHz
Very Affordable High Performance Building Blocks

Design Enhanced For Mission Critical Communications
Extremely Low Loss from DC to 18GHz

1P1T, 1P2T, 2P2T, Transfer, Multi-Throw Configurations
PCB Mount, SMA, and N-Type Connectorized

Starting @ $49.00 each for 10-14 units
Ship from Stock (Same Day to 36 Hours)

E X C E L L E N C E B Y D E S I G N

P R O V I D E D B Y :

R E L C O M M T E C H N O L O G I E S ,  I N C .
6 1 0  B E A M S T R E E T ,  S A L I S B U R Y ,  M A R Y L A N D 2 1 8 0 1
T E L E P H O N E ( 4 1 0 )  7 4 9 - 4 4 8 8 ,  F A X ( 4 1 0 )  8 6 0 - 2 3 2 7

w w w . r e l c o m m t e c h . c o m

Visit http://mwj.ims.ca/5547-106 • See us at RWS Booth 729
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• Reduces BOM part count, easing
supply chain, purchasing and invento-
ry management.
• Provides tested, guaranteed per-
formance at the highest assembly lev-
el; no yield loss due to tolerances
stack-up or mismatch between PA
and an ASM on the phone board.
• Is compatible with 1.2, 1.5, 1.8,
2.5, or 3.3 V control logic.

SWITCH DIPLEXER FRONT END
The SKY77506 is configured with

separate 1P3T T/R switches for high

and low bands. A diplexer, positioned
between the switches and the antenna,
combines the two bands but also pro-
vides additional value to the designer. It
provides a DC path between the anten-
na pin and ground, which provides a
high degree of ESD protection and
eliminates the need for an external
shunt inductor or spark gap. It also pro-
vides DC blocking between the anten-
na pin and active internal circuits. The
antenna pin can be directly connected
to the antenna or a coax connector. The
diplexer provides a significant amount
of frequency selectivity between the
PHEMT switches and the antenna (see

Figure 3). This greatly reduces the
handsets’ vulnerability to strong out-of-
band interferers or “blockers,” such as
from broadcast television or radio
transmitters that can intermodulate
with unprotected switches and gener-
ate unwanted interference.

CURRENT-REGULATION POWER
CONTROL ADVANTAGES

The SKY77506 is based on the inno-
vative Skyworks integrated power con-
trol (iPAC) current-regulation power
control approach, which has proven to
result in the lowest current and longest
handset talk-times. Current regulation
is accomplished by measuring the dif-
ferential voltage across an internal pre-
cision low loss sense resistor. An inter-
nal control loop automatically adjusts
the PA bias to maintain a constant ratio
between ICC and VRAMP. Unique de-
sign approaches were used to provide
immunity to temperature and supply
voltage variations. The iPAC function
also eliminates the need for directional
couplers, detector diodes, power con-
trol ASICs and other power control cir-
cuitry. The power-added efficiency
(PAE) versus POUT characteristic of a
current controlled PA is distinctly dif-
ferent than that of a voltage-controlled
PA. Most importantly, the peak effi-
ciency occurs at a power level that is
approximately 0.5 dB lower than the
maximum output power. This results in
a PAE that is 5 to 8 percent higher over
the critical output power range (see
Figure 4). This translates to a current
that is more than 15 percent lower at
the highest power levels. The current-
regulation method of power control
also maintains a predictable supply cur-
rent that is independent of antenna im-
pedance changes commonly caused by
hand/body proximity. This alleviates

PRODUCT FEATURE
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▲ Fig. 1  Block diagram of the SKY77506 front-end module.
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▲ Fig. 2  Battery current and talk time.
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So you don’t have to.
We spend more time in here.

When you choose more reliable RF components,
you spend your valuable time doing your job —
rather than servicing your equipment.

For less downtime, less maintenance, and fewer
headaches, depend on Bird. Our customers 
trust our technology — from easy integration 
and set-up to dependable, worry-free performance.
For over 60 years, Bird has been providing 
trusted RF products and backing them up 
with best-in-class service.

We understand the demands of your
world.

Attenuators
Freq: DC to 18 GHz
Power: .5W to 1,500W
• A variety of dB values and 

connector options

866-695-4569  |  sales@bird-technologies.com  |   www.bird-technologies.com

Real world solutions for RF applications.

Pick up a copy of our new components catalog. Visit us at:

January 15-20, MTT Wireless Week, Booth #816

Terminations (Loads)
Freq: DC to 18 GHz
Power: .5W to 1,500W
• Plus calibrated 

mismatch loads
• A variety of connector

options are available

Visit http://mwj.ims.ca/5547-21
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14–20 Jan 2006
San Diego, CA

THE NEW MTT-S RADIO AND WIRELESS
SYMPOSIUM/EXHIBITION IS ON THE WAY!

A Must for Radio and Wireless Professionals

PLAN TO BE IN SAN DIEGO FOR ITS DEBUT

JANUARY 14–20, 2006

157 High Quality Papers
5 Workshops

2 Short Courses
2 Panel Sessions
1 Rump Session

PLUS
• 6th Topical Meeting on Silicon Monolithic ICs
• IEEE Topical Workshop on Power Amplifiers 

for Wireless Communications
• Radio & Wireless Exhibition

FOR A FULL PROGRAM VISIT: www.mttwireless.org

OR CONTACT:
Kristen Dednah – Horizon House Publications
781-769-9750 • kdednah@mwjournal.com

On-line registration is now open at:
www.mtt-sregistration.com
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FREE
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Now Available Online
at
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Just visit
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request information by company

name or product category
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2 Emery Avenue
Randolph, NJ 07869 USA
973-361-5700 Fax: 973-361-5722
www.gtmicrowave.com
e-mail: gtmicrowav@aol.com

The Leading Edge in Performance.

ULTRA BROADBAND
I & Q Vector Modulator 
or Digital Phase Shifter

2 GHz 18

4 dB

2 dB

0

2 dB

4 dB

30°

15°

0

30°

15°

S21 MAGNITUDE

S21 PHASE

Phase States For 0, 90°, 180° and

270° @ 0 dB Amplitude

Modulators•Attenuators•Phase Shifters•Switches•Custom Sub-Assemblies

• 9:1 Bandwidth 
2-18 GHz

• Simultaneous Phase 
& Amplitude Control

• Linear Control Slope

• Size: 3.5" x 4.25" x 0.71"

• Flatness vs Frequency
±20°/3 dB

• Resolution < 0.1°/
0.06 dB

Send For Our 
New Catalog

any need for concern about call-drops
due to drooping battery voltage during
high current surges, and allows more of
the battery discharge cycle to be used.

POWER CONTROL ACCURACY
Integrating the power amplifiers,

matching networks and harmonic fil-
ters into a single module enables pre-
dictable impedances to be optimally
tuned by design. This results in a very
flat output power versus frequency.
This allows accurate power control to
be achieved by calibrating at only one
frequency per band (see Figure 5).
Additionally, Skyworks has developed a
quick calibration algorithm based on an
algebraic curve fitting that has enabled
customers to achieve complete power
calibration of a quad-band handset in
less than six seconds. This greatly en-
hances the production test capacity and
throughput by reducing the amount of
test stations required. Contact Sky-
works application engineering for cali-
bration details and S/W tools.

EASY DESIGN-IN 
FOR RAPID DEVELOPMENT

The result is a compact, high perfor-
mance module that greatly simplifies
transmitter design. The repetitive lay-
out turns, previously required to match
a discrete PA to a discrete antenna
switch module, are no longer necessary.
With these functions integrated into a
single module, optimal matching and
harmonic filtering can be easily
achieved in a single design pass.

CONCLUSION
Skyworks’ industry-leading RF inte-

gration expertise has been combined
with its best-in-class power amplifier
performance to yield a high perfor-
mance, highly integrated, low cost, easy
to use transmit solution for GSM/
GPRS handsets. The SKY77506 is a
third generation transmit plus front-
end module (Tx-FEM) that is a signifi-
cantly evolved successor to the
SKY77500 and SKY77501, Tx-FEMs
that are presently shipping at a mil-
lions-per-week rate.

Skyworks Solutions Inc. 
(781) 376-3000,
www.skyworksinc.com.
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Fig. 5  Power-controlled accuracy in GSM
and DCS/PCS bands.▲
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For more information please contact: sales@work-gmbh.com or have a look 
at our web site: www.work-gmbh.com

Raiffeisenstrasse 12 • D–83607 Holzkirchen • Germany • Phone:  + 49 80 24 64 080
Fax: + 49 80 24 64 08 40 • E-Mail: sales@work-gmbh.com • www.work-gmbh.com

Electronic MIL & Space Products
from an European Supplier

Oscillators (0.1 – 24 GHz)
• VCO
• Digital Programmable Oscillators
• Phase Lock Oscillators

General Purpose Synthesizers 
(0.1 – 24 GHz)
• DDS Synthesiters
• Multioctave Synthesizers

Microwave Synthesizers
• Low Phase Noise Synthesizers

Space & Navigation Equipment 
(1 – 40 GHz)
• Satellite Ground Control Equipment
• Galileo Signal Simulators
• Pseudo Lites

Radar Synthesizers (1 – 24 GHz)
• Very Low Phase Noise Synthesizers
• Fast Hopping Synthesizers

Radar Front End (1.2 – 24 GHz)
• Analog Radar
• DDS Driven FM CW Radar

ECM Equipment (1 – 40 GHz)
• Fake Signal Insertion Radar
• Multi Carrier Transponders

Visit http://mwj.ims.ca/5547-149
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AN ULTRA-LINEAR
SP7T HANDSET
ANTENNA SWITCH
FOR GSM/PCS/
EDGE/WCDMA
APPLICATIONS

Industry standards bodies — such as the
3GPP Standards organization governing
global cellular networks such as GSM,

PCS, EDGE and WCDMA — are traditional-
ly chartered to create a stable business envi-
ronment for advancing technology in a com-
petitive market. These industry standards —
as simple as the pitch of a PCB or as influen-
tial as the premise of Moore’s Law — offer
suppliers an equal opportunity to compete,
and provides an industry the best chance to
grow and prosper. Additionally, industry stan-
dards enable well-defined product roadmaps,
which in turn set clear objectives for rapid
technology advancement using focused re-
sources. Without achievable directives, an in-
dustry stagnates as misaligned resources and
product roadmaps reach a dead-end.

The cellular phone industry enjoyed well-
defined guidelines for performance and
mechanical footprint during the transition
from analog to Second Generation (2G and
2.5G) standards. Today’s 3G environment,
however, is more complicated. The market

continues to grow, however through consoli-
dation now fewer companies compete for a
larger share of the integrated design.

At the “RF front end” of the cellular hand-
set, the antenna switch module (ASM) and
power amplifier (PA) module have advanced
on a steep learning curve due to the well de-
fined expectations of handset manufacturers.
The initial ASMs supported a single frequency
band and were 5.5 × 10 mm. Today’s ASMs —
81 percent smaller than their predecessors —
are tasked to support four bands with signifi-
cantly better RF performance, and to fit in 3.2
mm2. Complexity is at an all time high, and
the learning curve has hit an inflection point.
The number of variations and the lack of
GSM/WCDMA architectural, functional and
mechanical standards has stalled advance-
ment. As well, the number of frequency bands
and the aggressive technical requirements of
the multi-mode, multi-band GSM/WCDMA

PEREGRINE SEMICONDUCTOR CORP.
San Diego, CA
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Monolithic Integration
Starts with UltraCMOS™

RF | ANALOG | PASSIVE | DATA CONVERSION | DIGITAL

High-performance
Mixed-signal RF CMOS ICs

RF Wireless Switches 
for Mobile and Infrastructure
� NEW GSM/WCDMA Handset Switches

PE42660 SP6T and PE42672 SP7T
� World-class Linearity
� Exceptional ESD Tolerance @ 1500 V all ports
� 1.8V and 2.75V CMOS Control Input

Broadband CATV/DTV Switches
� NEW PE4272 /PE4273 SPDT replace pin diodes
� NEW PE4274 SPDT with Unpowered Operation
� High Isolation, High Linearity

Digital Step Attenuators
� PE430x—6 & 5 bit, 50 & 75 Ohm, Serial & Parallel
� Programmable Power-Up State and best broadband IP3

Phase-Lock-Loop Frequency Synthesizers
� PE3341—embedded EEPROM
� Operates up to 2800 MHz

Prescalers
� PE351X—operates DC to 1500 MHz

Mixers
� PE4140–Highest available IP3 for a passive mixer 

on the market today

Call Richardson Electronics, the industry’s leading 
provider of engineered solutions, for samples and pricing 
or visit psemi.com for technical documentataion.

PE4261
Flip-Chip

SP7T
1006µm x 1206µm

IP3 >68 dBm

Visit www.rell.com/locations.asp for a complete listing of Richardson Electronics worldwide locations.
USA/Canada:1-800-737-6937   International:1-630-208-3637   rfwireless.rell.com

Changing how you design RF. Forever.
psemi.com

The Peregrine name and logo are registered trademarks and UltraCMOS is a trademark of Peregrine Semiconductor Corp. ©2005 All rights reserved.

PE42672

PE42660

See us at MTT RWS San Diego Booth #723

SP6T
IP3 >70 dBm

Visit http://mwj.ims.ca/5547-101
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handset have overcome the limits of
traditional RFIC technologies such as
GaAs. Most critically affected by
these ultra-high performance specs
are the antenna and the RF switch.
The antenna must effectively radiate
from 800 to 2200 MHz, a daunting
task given the miniscule area allowed
for the antenna. The RF switch must
be capable of switching up to eight
paths of high power RF signals with
low insertion loss, high isolation and
exceptional linearity.

To create a WCDMA/GSM hand-
set that is spec compliant, handset
manufacturers have been incorporat-
ing separate WCDMA and GSM ra-
dio sections in one case — not a strat-
egy any handset manufacturer would
want on its roadmap for long. So
while the industry has set its sights
high, it has struggled to find a solu-
tion, until now. At the European Mi-
crowave Conference (EuMC) in
Paris, France, Nokia presented a pa-
per addressing its quest to integrate
into a single radio architecture.1 The
Peregrine PE42660 SP6T switch, de-
signed in Peregrine’s UltraCMOS™
process with HaRP™ technology, was
identified as a high throw count
switch that meets the linearity re-
quirements defined by the 3GPP
standard: an IP3 of +65 dBm. Typical
SP6T/SP7T GaAs pHEMT switches
have IP3 of only +57 dBm. And now,
Peregrine’s newest HaRP-enhanced
PE42671 SP7T switch provides for
dual WCDMA bands and a quad-
band GSM radio to be connected to a
single antenna, delivering an un-
precedented +68 dBm IP3. 

PE42671 – TRUE MULTI-BAND
PERFORMANCE

The PE42671 SP7T switch inte-
grates one or two WCDMA and three
or four GSM frequency bands (see
Figure 1). Its four transmit ports with
unprecedented linearity (IP3 = +68
dBm) allow for spec-compliant hand-
sets and efficient front-end architec-
tures. Beyond linearity, the PE42671
switch also provides significant design
value over other technologies such as
PIN diode and pHEMT configura-
tions. Small size and versatile layout, as
shown in Figure 2, enable the applica-
tion designer to use the PE42671
switch in extremely small RF modules.
The SP7T switch is comprised of two
transmit ports that can be used for
GSM/PCS/EDGE, two transmit/re-
ceive ports that can be used for either
WCDMA or as receive ports and three
symmetric receive ports. On-chip
CMOS decode logic facilitates three-
pin low voltage CMOS control, while
high ESD tolerance of 1500 V at all
ports, no blocking capacitor require-
ments and on-chip SAW filter over-
voltage protection devices make this
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▲ Fig. 1  The PE42671 SP7T switch.
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SWITCHES

Model Freq. In-Out Isol. Ins. Loss 1dB Comp. Price $ea.
(GHz) dB(typ) dB(typ) dBm(typ) (Qty. 10)

• M3SW-2-50DR DC-4.5 60 0.7 25 4.95
� M3SWA-2-50DR DC-4.5 65 0.7 25 4.95

(Qty.1-9)
• ZASW-2-50DR DC-5 90 1.7 20 89.95
� ZASWA-2-50DR DC-5 90 1.7 20 89.95

Supply voltage +5V, -5V. TTL control.
Switching time 10nsec (typ).

• Reflective � Absorptive

SPDT, DCupto5GHz From

$195
Mini-Circuits wideband SPDT switches offer very high isolation up to 90dB at
1GHz, built-in TTL driver with blazing fast 10nsec switching speed, and the
ability to withstand severe operating temperatures. But that's not all!
Reflective and absorptive models are available to suit your design requirements;
M3SW's 3x3mm MCLPTM surface mount package with exposed metal bottom
for excellent grounding and heat dissipation and ZASW's tough built coaxial design
with SMA-F connectors. No matter which model you choose, you'll get strong
performance and rugged reliability at a price that crushes the competition.
So look no further. You’ll find just the right switch for your commercial,
industrial, or military application right here at Mini-Circuits!
Mini-Circuits...we’re redefining what VALUE is all about!

ea. (10,000)

Mini-Circuits 
Low Profile (MCLP™)

Detailed Performance Data & Specs Online at: www.minicircuits.com/model

3x3mm

*

*
*

SPECIFICATIONS ( @ 1GHz )

SUPER FAST
VERY HIGH ISOLATION

IN STOCK

CIRCLE READER SERVICE CARD

379 Rev H

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

ISO 9001  ISO 14001 CERTIFIED

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
TM

®

See our 244 page RF/IF Designer’s Guide in EEM (Electronic Engineers Master)

ZASW

88
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device the ultimate in integration and
ruggedness. The switch operates at
2.75 V over a frequency range of 100
to 3000 MHz and offers low transmit
insertion loss of 0.60 dB at 900 MHz
and 0.80 dB at 1900 MHz. Tx-Rx isola-
tion is 47 dB at 900 MHz and 40 dB at
1900 MHz. Its input third-order inter-
cept is +68 dBm at 50 Ω and its IMD3

is –111 dBm (with +20 dBm Tx and
–15 dBm blocker signals).

STATE-OF-THE ART HARMONICS
Harmonic performance of the RF

switch is a critical element of the an-
tenna switch module. Typical switch
technologies such as PIN diode and
GaAs pHEMT provide only 6 dB of
margin, requiring up to three or four
design iterations to match the LTCC
to the switch before hitting the speci-
fication. At the maximum operating
power of +35 dBm, the HaRP-
enhanced UltraCMOS switch deliv-
ers –50 dBm P3fo, which is 20 dB of
margin to the GSM specification of
–30 dBm. The second harmonic is
fundamentally low in UltraCMOS
technology because distortion is sym-
metric on positive and negative volt-
age swings. In the GSM system, this
very low even-order distortion for the
second harmonic is desirable because
the second harmonic of the GSM
transmit band falls in the DCS re-
ceive band. The less than –50 dBm
second-harmonic performance allows
for less noise transmitted in the DCS

band and increased system capacity
for the carrier.

ULTRACMOS PERFORMANCE
ADVANTAGE

UltraCMOS is a standard CMOS
processing technology, however as op-
posed to building devices on silicon, a
conducting substrate, it places devices
directly on top of a sapphire substrate.
The perfectly insulating sapphire allows
UltraCMOS to maintain all the positive
attributes of bulk CMOS including low
power operation, manufacturability, re-
peatability, scaling properties and IP
block re-use, and to deliver the RF per-
formance required for 3G applications
and beyond.

Reference
1. T. Ranta, J. Ellä and H. Pohjonen, “Antenna

Switch Linearity Requirements for GSM/
WCDMA Mobile Phone Front-ends,” 8th Euro-
pean Conference on Wireless Technology Pro-
ceedings, Paris, France, Oct. 2005, pp. 23–26.

Peregrine Semiconductor Corp.,
San Diego, CA (858) 731-9400,
www.psemi.com.
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▲ Fig. 2  PE42671 die top view.
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Xinger® 0404,
nano-profile
baluns
While matching ceramic balun on performance,
our all-new Xinger-brand unbalanced to balanced
transformers are a “must” for modern, consumer
applications, featuring:
> Nano-profile, sub-miniature SM format,

only .039 x .039 x .026” (1 x 1 x .65mm)
> Low loss: 0.6dB typ
> Typical return loss: >16dB
> Compliance with 802.11 a, b, g; MIMO; 

Bluetooth®; Zigbee
> Models covering 2400-5900MHz
> Wide variety of differential impedances
> Non-conductive surface
> Lead-free to RoHS
> Proven, high-volume manufacturing capability 
Call for our free samples.

Xinger® 0603,
ultra-low profile
baluns, jumpers,
and crossovers 
Get better performance from a lower-profile,
industry-standard package, with a closer look at
our family of Xinger-brand sub-miniature baluns,
jumpers, and crossovers:
> Low-profile, SM package measures a mere

.059 x .029 x .027” (1.5 x .75 x .7mm) 
> Low loss: 0.7db typ
> Typical amplitude balance: <0.6dB
> Covering a wide range of bands, from 2300MHz

to 6.0GHz... 802.11a, b and g Uniband I and II, 
WiMAX, UWB, Bluetooth®, Zigbee, and more

> Wide variety of differential impedances,
from 25Ω to 200Ω

> Jumpers and crossovers offer high trace-to-trace
isolation and cross RF traces without plated 
through-holes or extra PWB layers

> Balun family offers industry-standard footprints 
> Non-conductive surface
> RoHS compliant
Call for our free samples or our complete
CCG engineering kit (qualified inquiries).

Xinger® 0805,
ultra-low profile
baluns
Compare Xinger-brand 0805 surface mount baluns
to ceramic or discrete “lumped element” baluns
on performance and price — and you’ll discover
why they’re fast becoming a favorite industry-wide. 
> Measures a mere .08 x .05 x .03” (2 x 1.25 x .7mm)
> Low loss: starting at 0.6dB typ
> Typical amplitude balance: <0.6dB
> Compliant with all current consumer band

allocations, from 400-6000MHz... 802.11 a, b and g
Uniband II and III, WiMAX, UWB, Bluetooth®, 
Zigbee, and more

> Wide variety of differential impedances,
from 25Ω to 400Ω

> Lead-free design to RoHS
> Proven, high-volume manufacturing capability
Call for our free samples or our complete
CCG engineering kit (qualified inquiries).

In Europe, call 44-2392-232392 > ISO 9001 certified 
Visa/MasterCard accepted (except in Europe)800-411-6596  >  www.anaren.com 

Components to help you design tomorrow.

Yesterday.

Today.

Visit http://mwj.ims.ca/5547-12
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● EMI, Thermal Management
and Wireless Antenna
Products

This Web site features the company’s design
and manufacture of EMI, thermal manage-
ment and wireless antenna products. The
site supports the company’s new branding
campaign titled “Global Solutions: Local
Support.” The site contains enhanced prod-
uct information, industry applications, news
releases and a literature/application request
section.
Laird Technologies, 
3481 Rider Trail South, 
St. Louis, MO 63045

www.lairdtech.com

168 MICROWAVE JOURNAL ■ DECEMBER 2005

www.ar-worldwide.com

● 3D Electromagnetic Field
Simulation Software

This recently updated Web site features the
company’s 3D EM simulation software for
high frequency applications. New additions
to the site include: Web-based videos
demonstrating the state-of-the-art 3D EM
simulator CST MICROWAVE STUDIO®,
applications examples, technical support
area and downloads. 
CST of America® Inc., 
10 Laurel Avenue, Suite 300, 
Wellesley Hills, MA 02481

www.cst.com

● Optoelectronic Couplers
Vishay Intertechnology has substantially re-
duced thermal design time for its customers by
providing thermal models of its optoelectronic
couplers via the “SmartParts3D” Web site.
Mechanical engineers can now download com-
pact models of Vishay optoelectronic couplers
and incorporate them directly into thermal
simulations using the Flotherm software from
Flomerics. This approach is faster and more
accurate than the alternative of modeling the
couplers from scratch.
Flomerics Inc., 
4 Mount Royal Avenue, Suite 450,
Marlborough, MA 01752

www.flomerics.com

● ICs, Modules and Subsystems
This comprehensive, versatile Web site of-
fers recently added product pull-down
menus and RoHS compliant component
pages. The site details full specifications for
over 376 products, application notes, quality
assurance and product support tools includ-
ing Product Cross Reference, Parametric
Search, PLL Phase Noise and Mixer Spur
Chart Calculators, and expanded E-com-
merce. The company’s new 2005 Autumn
Product Selection Guide, newsletter and
CD can also be requested.
Hittite Microwave Corp., 
20 Alpha Road, Chelmsford, MA 01824

www.hittite.com

● Components and Subassemblies
This revised Web site offers an introduction
to the company’s products and services. The
company’s accomplishments have been
largely in the development and manufacture
of frequency conversion and control compo-
nent products. The company’s expertise in
the base products (amplifiers, oscillators,
switches, filters and mixer assemblies) sup-
ports the higher integration assemblies.
Product data sheets are available in .pdf file
format for ease of viewing and printing.
Jersey Microwave, 
432 Sand Shore Road, Unit 7,
Hackettstown, NJ 07840

www.
jerseymicrowave.com

WEB UPDATE
SEARC

H
 

● Amplifiers and RF Test
Instruments

This Web site is comprised of three companies
and offers the breadth and support to respond
to each company’s customer needs. RF/Mi-
crowave Instrumentation offers a line of RF
and microwave power amplifiers, antennas,
field probes and additional EMC test acces-
sories. Modular RF manufactures RF amplifi-
er modules and broadband and solid-state RF
amplifiers. The Receiver Systems section of
the Web site spotlights the new EMI receiver
as well as leak and pollution detectors. 
AR Worldwide, 160 School House Road, 
Souderton, PA 18964-9990

 12M8 FINAL  11/28/05  3:31 PM  Page 168

http://www.ar-worldwide.com
http://www.cst.com
http://www.flomerics.com
http://www.hittite.com
http://www.jerseymicrowave.com
http://www.lairdtech.com
http://www.jerseymicrowave.com


Visit http://mwj.ims.ca/5547-1

 12M8 FINAL  11/28/05  3:31 PM  Page 169

http://mwj.ims.ca/5547-1
mailto:sales@aa-mcs.com
http://www.aa-mcs.com
http://www.quanta-tech.com


170 MICROWAVE JOURNAL ■ DECEMBER 2005

● Simulation Models
This Web site is designed to serve the simula-
tion needs of RF and microwave engineers.
The site centralizes access to information on
models for thousands of individual compo-
nents. The models are used to simulate com-
plex designs using high frequency circuit simu-
lation tools. The site includes features that al-
low each visitor to register only once, yet gain
access to specialized information from a wide
variety of component vendors.
Modelithics Inc., 
3650 Spectrum Boulevard, 
Tampa, FL 33612

www.modelithics.com

● Virtual Instrumentation and
Engineering Community

This Web site offers clear answers to techni-
cal questions along with information on the
company’s virtual instrumentation software
and hardware products in nine languages. It
includes an extensive technical support sys-
tem and offers a searchable knowledge base,
troubleshooting wizards, and access to an ex-
tensive global community of the company’s
customers.
National Instruments, 
11500 N. Mopac Expressway, 
Austin, TX 78759

www.ni.com

● Embedded Wireless Modules
This recently expanded Web site adds an ex-
tensive section on the company’s new Wire-
less Systems Group, and provides informa-
tion on the company’s new line of standard
embedded wireless modules, as well as its
new business designing and manufacturing
custom, application-specific modules. The
company’s modules are designed to support
the longest battery life of any wireless mesh
networking node.
RF Monolithics Inc., 
4441 Sigma Drive, Dallas, TX 75244

www.rfm.com

● Connectors, Components and
Cable Assemblies

This redesigned Web site provides the latest
information on the company’s high frequency
connectors, components and cable assemblies,
and highlights manufacturing and assembly lo-
cations around the world, the international
sales network, quality and environmental poli-
cies and company news. As a new service,
product catalogs and data sheets can be down-
loaded as .pdf files. 
Rosenberger Hochfrequenztechnik
GmbH & Co. KG, 
P.O. Box 1260 
D-84526 Tittmoning, Germany 

www.rosenberger.de

● On-line Product Search
Function

This on-line parametric search function is de-
signed to help engineers select specific relays
or switches based on a wide variety of charac-
teristics. As users choose options from drop-
down menus from a list of parameters, the
search engine indicates how many devices are
available that meet the selected criteria. Users
can stop anytime to review results or continue
refining many choices down to a single device.
Teledyne Relays, 
12525 Daphne Avenue, 
Hawthorne, CA 90250

www.
teledynerelays.com

● On-line Marketplace
This new on-line marketplace offers free
buyer protection, and unlimited free seller
listings to those buying and selling scientific
and technical equipment. The new market-
place, TestMart SellDirect, eliminates inher-
ent risks, upfront costs and high fees that
may be associated with existing pre-owned
equipment markets and auction Web sites.
More than 3000 equipment listings are al-
ready posted by hundreds of independent
sellers worldwide.
TestMart, 
550 Taylor Avenue, 
San Bruno, CA 94066

www.
selldirect.testmart.com
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NEW WAVES: RWS Product Showcase
■ Broadband Power Amplifier

The model SSPA 0.5-2.0-20 is a high power,
broadband, silicon carbide (SiC) RF amplifier
that operates from 0.5 to 2 GHz and delivers
approximately 20 W of RF power to the load.
This power amplifier (PA) can be used from
400 to 2200 MHz with minor degradation in
gain and power. This PA is ideal for broadband
military platforms as well as commercial appli-
cations because it is robust and offers high
power over a multi-octave bandwidth. This
model operates with a base plate temperature
of 85°C with no degradation in the MTBF for
the SiC devices inside.
Aethercomm Inc., 
San Marcos, CA (760) 598-4340,
www.aethercomm.com.
Booth 718 RS 216 

■ Bandwidth Digitizer

This 40 MHz bandwidth (BW) digitizer offers
14-bit resolution and 78 dB dynamic range for
use with its 6.7, 13.2 and 26.5 GHz PSA series
high performance spectrum analyzers. The
new wide bandwidth digitizer provides high
precision signal capture for designers of radar,
satellite, military, emerging digital communica-
tions and 3G wireless systems employing high
data rate modulation. Additionally, the compa-
ny’s 80 MHz bandwidth digitizer is now avail-
able for the lower frequency 6.7 and 13.2 GHz
PSA models.
Agilent Technologies Inc., 
Palo Alto, CA (800) 829-4444,
www.agilent.com.
Booth 425 RS 217 

■ Microwave Synthetic
Instruments

This family of six high performance microwave
synthetic instruments supports the US Depart-
ment of Defense NxTest vision of flexible,
modular and morphable instrumentation, and
will be LXI compliant. The six modules in-
clude: N8201A, a 26.5 GHz performance
downconverter that provides three IF output
frequencies of 7.5, 21.4 and 321.4 MHz to of-
fer three different signal bandwidth capabili-
ties; the N8221A, a 30 MS/s IF digitizer with a
21.4 MHz IF input that provides 80 dB dy-
namic range, 14 bits of resolution and 8 MHz

modulation bandwidth; the N8241A, an arbi-
trary waveform generator featuring a 1.25 GS/s
sampling rate and 15 bits of resolution simulta-
neously; the N8212A, a 20 GHz performance
vector upconverter that functions as a mi-
crowave source with greater than 2 GHz I/Q
modulation bandwidth; and the final two are
the 20 GHz and 40 GHz versions of the
N8211A, a performance analog upconverter
that generates a stimulus signal with good AM,
FM and pulse modulation capabilities.
Agilent Technologies Netherlands B.V.,
Amstelveen, The Netherlands 
+31 20 547 2000, www.agilent.com.
Booth 425 RS 218

■ Circuit-design Software Tool

Ansoft Designer SV is a free microwave and ra-
dio frequency circuit-design software tool
based on the latest commercial version of An-
soft Designer. The software provides students
and professionals with an easy-to-use tool for
applying basic circuit theories and techniques
while developing high frequency engineering
skills. This version introduces a new planar
electromagnetic solver and a complete high fre-
quency linear circuit simulator. Features in-
clude a problem-size-restricted planar EM
solver, a complete set of linear component elec-
trical models, company proprietary physics-
based distributed and discontinuity models, and
a fully integrated schematic/layout editor.
Ansoft Corp., 
Pittsburgh, PA (412) 261-3200,
www.ansoft.com.
Booth 713 RS 219

■ High Frequency Software

This feature-packed 2006 version of Mi-
crowave Office® design suite continues to de-
liver key productivity improvements to mi-
crowave designers that shortens design cycle
time and speeding time-to-market for RF and
microwave products. The latest version of this
software offers a new integrated filter synthesis

solution using Nuhertz Technologies’ filter syn-
thesis technology. High frequency circuit de-
signers can now perform accurate filter synthe-
sis quickly and easily from within the unified
AWR design platform. The feature offers com-
plete synthesis capability for passive, transmis-
sion line, active, switched capacitor and digital
filters, as well as two graphical user interfaces.
Applied Wave Research Inc., 
El Segundo, CA (310) 726-3000,
www.appwave.com.
Booth 839 RS 220

■ Solid-state Amplifiers
The model 200S1G4 is a 200 W, 0.8 to 4.2
GHz solid-state amplifier. All “S” series ampli-

fiers (1 to 800 W)
are well suited for
wireless applica-
tions because of
the linearity, low
noise power out-
put and frequen-
cy coverage from
0.8 to 10.6 GHz. 
AR Worldwide
RF/Microwave
Instrumentation, 
Souderton, PA 

(215) 723-8181, www.ar-worldwide. com.
Booth 702 RS 221

■ Obsolete Connector
Replacements

These functional equivalents are available for
most RF coaxial connectors and adapters that
are obsolete or discontinued. Available inter-
faces include SMA, SMB, SMC, MCX, NC,
TNC, N, C, SC, HN, LT and C. Body materi-
als include brass, stainless steel and aluminum,
plated with gold, silver, nickel, anodize and
olive drab. Contact materials are brass, berylli-
um copper or phosphor bronze, with gold or
silver plating. Dielectric options include virgin
PTFE and other dielectric materials. Various
body configurations are available.
Aviel Electronics, 
Las Vegas, NV (702) 739-8155,
www.rfindustries.com.
Booth 700 RS 222

■ VSA Transmitter Tester
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.3-3000MHz as low as99¢
each (qty. 100)

RFTRANSFORMERS

IN STOCK

TC+

TCM+

Detailed Performance Specs and           Shopping Online at: www.minicircuits.com/transf.shtml

Get the competitive edge with the help of these
ultra-small RoHS compliant TC+ and TCM+
transformers, immediately available off-the-shelf
from Mini-Circuits! Choose from dozens of low
cost models with broad bandwidths within the
0.3 to 3000MHz frequency range, impedance
ratios from 0.1:1 to 16:1 ohms, and good return loss.
Quality built, these lead-free performers are
constructed with high strength plastic base,
all-welded, and equipped with solder plated
leads for high reliabil ity and solderabil ity,
excellently suited for your automated pick-and-place
assembly operations. So depend on Mini-Circuits
TC+ and TCM+ RoHS compliant families for your
total RF transformer solutions.

ELECTRICAL CONFIGURATIONS

Ω Elec. Freq. Ins. Loss• Price $ea.
MODEL Ratio Config. (MHz) 1dB (MHz) (qty. 100)
TCM1-1+ 1 C 1.5-500 5-350 .99
TCML1-11+ 1 G 600-1100 700-1000 1.09
TCML1-19+ 1 G 800-1900 900-1400 1.09

TCM2-1T+ 2 A 3-300 3-300 1.09
TCM3-1T+ 3 A 2-500 5-300 1.09

TTCM4-4+ 4 B 0.5-400 5-100 1.29
TCM4-1W+ 4 A 3-800 10-100 .99
TCM4-6T+ 4 A 1.5-600 3-350 1.19

TCM4-14+ 4 A 200-1400 800-1000 1.09
TCM4-19+ 4 H 10-1900 30-700 1.09
TCM4-25+ 4 H 500-2500 750-1200 1.09

TCM8-1+ 8 A 2-500 10-100 .99
TCM9-1+ 9 A 2-280 5-100 1.19

*Step down transformer.   TC+ and TCM+ Dimensions (LxW): 0.15"x 0.16" •Referenced to midband loss.  

o S
C O M P L I A N T

Ω Elec. Freq. Ins. Loss• Price $ea.
MODEL Ratio Config. (MHz) 1dB (MHz) (qty. 100)
TC1-1T + 1 A 0.4-500 1-100 1.19
TC1-1 + 1 C 1.5-500 5-350 1.19
TC1-15 + 1 C 800-1500 800-1500 1.29
TC1.5-1 + 1.5 D .5-2200 2-1100 1.59
TC1-1-13M + 1 G 4.5-3000 4.5-1000 .99
TC2-1T + 2 A 3-300 3-300 1.29
TC3-1T + 3 A 5-300 5-300 1.29
TC4-1T + 4 A .5-300 1.5-100 1.19

TC4-1W + 4 A 3-800 10-100 1.19
TC4-14 + 4 A 200-1400 800-1100 1.29
TC8-1 + 8 A 2-500 10-100 1.19
TC9-1+ 9 A 2-200 5-40 1.29

TC16-1T + 16 A 20-300 50-150 1.59
TC4-11+ 50/12.5 D 2-1100 5-700 1.59
TC9-1-75+ 75/8 D 0.3-475 0.9-370 1.59

TCM+ ModelsTC+ Models

*
*

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

CIRCLE READER SERVICE CARD

377 Rev G

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

RF/IF MICROWAVE COMPONENTS

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
TM

®

ISO 9001 ISO14001 CERTIFIED
89
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Agilent’s E4406A is a flexible R&D or produc-
tion test set for cellular base stations, ampli-
fiers and components. Electro Rent, a national
test equipment provider, offers for rent, lease,
trade and purchase wireless communications
test sets, spectrum analyzers, vector signal gen-
erators/analyzers, network analyzers, RF power
meters, noise figure analyzers, phase noise
measurement systems, RFI/EMI analyzers, ca-
ble/antenna analyzers, cell site testers, and
RF/microwave amplifiers from Agilent/HP, Ro-
hde & Schwarz, Anritsu/Wiltron, Tektronix and
Boonton. 
Electro Rent Corp., 
Van Nuys, CA (800) 688-1111,
www.electrorent.com.
Booth 535 RS 254

■ Calibration and Measurement
Software

WinCal 2006 is a next generation vector net-
work analyzer calibration software platform
that provides users a precision 2-port and 4-
port RF calibration/measurement tool as well
as many powerful features that remove the
complexity of using a vector network analyzer.
WinCal’s guided and intelligent system config-
uration, Wizards and Tutorials allow both new
and experienced users to get started quickly,
producing accurate and reliable RF measure-
ments. Price: $5000.
Cascade Microtech, 
Beaverton, OR (503) 601-1180,
www.cascademicrotech.com.
Booth 537 RS 223

■ High Frequency Connectors
This extended frequency line of SMA connec-
tors offers a maximum VSWR of 1.25 to 26.5 

GHz and has
Teflon TFE insu-
lators. Recepta-
cles in this series
have conductive-
polymer gaskets
available for
EMI/RFI sensi-
tive applications.
These connectors
feature a maxi-

mum VSWR of 1.10 in the range of DC
through 18 GHz and 1.15 from 18 to 27 GHz.
These connectors use an Ultem 1000 contact-
support bead, allowing them to withstand tem-
peratures as high as 160°C. Panel receptacles in
this series incorporate a metal pressure ring to
provide 360° of good RF grounding capability.

Delta Electronics Manufacturing Corp.,
Beverly, MA (978) 927-1060,
www.deltarf.com.
Booth 621 RS 225

■ WiMAX Amplifier
The model 7059 is an amplifier module de-
signed for the emerging WiMAX market. This 

module is capable
of handling single
and multi-FA
WiMAX signals
for small base sta-
tions and re-
peaters. This 3.4
to 3.6 GHz/20 W
(2 W WiMAX)

amplifier utilizes linear advanced GaAs FET
power devices that provide high gain, wide dy-
namic range, low distortions and good group
delay and phase linearity. Good performance,
long-term reliability and high efficiency are
achieved by employing direct injection Pre-
D™, advanced matching networks and com-
bining techniques.
Empower RF Systems Inc., 
Technology Distribution Division,
Inglewood, CA (310) 412-8100, 
www.rf-components.net.
Booth 635 RS 226

■ Wideband Voltage-controlled
Oscillators

The model HMC586LC4B, model
HMC587LC4B and model HMC588LC4B are 

wideband volt-
age-contro l led
oscillators (VCO).
These fully inte-
grated MMIC
VCOs cover fre-
quencies from 4
to 8 GHz, 5 to 10
GHz and 8 to

12.5 GHz, and feature ultra small QFN 4×4
mm RoHS compliant packaging, SSB phase
noise as low as –105 dBc/Hz at 100 kHz offset,
and minimal DC power consumption of 55 mA
at +5 V.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.
Booth 329 RS 227

■ Electromagnetic Software

The version 6.2 of SINGULA is a 3D full-
wave, electromagnetic simulator that helps re-
searchers and scientists reduce design time
while improving product performance. Based
on the combined-field integral equation
(CFIE), SINGULA uses the method of mo-
ments (MoM) coupled with physical optics.
Accurate and easy to use, SINGULA is ideal
for high frequency problems with large open
regions and where the modeling boundaries

must be precise. SINGULA solves high fre-
quency applications such as antennas,
EMC/EMI problems, microstrip power di-
viders and filters, and waveguide filters and
transitions. Promotional price: $10,900.
Integrated Engineering Software,
Winnipeg, MB, Canada (204) 632-5636,
www.integratedsoft.com.
Booth 815 RS 228

■ Band Reject Filter
The model CMN485 is a band reject filter that
has been developed for service providers that 

are experiencing
co-location issues
arising from the
current Sprint-
Nextel re-band-
ing. The CMN-
485 offers a pass-
band of 869 to
894 MHz with in-

sertion loss of less than 1 dB maximum. Rejec-
tion is 65 dB minimum from 896 to 901 MHz.
Commercial Microwave Technology Inc.,
Rancho Cordova, CA (916) 631-4364,
www.cmtfilters.com.
Booth 812 RS 224

■ Switch Attenuators
The model 50RA-003 and model 50RA-004 are
rocker switch attenuators. The 50RA-003 oper-

ates in a frequen-
cy range from DC
to 500 MHz while
the 50RA-004 op-
erates in a range
from DC to 1000

MHz. Both models offer an impedance of 50 Ω
nominal, attenuation range of 0 to 65 dB in 1
dB steps, attenuation steps of 1, 2, 4, 8, 10 and
20 dB, and RF input power of 1 W average at
25°C, 250 W peak (1 µs). RF connector types
include BNC, TNC, SMA or N female.
JFW Industries Inc., 
Indianapolis, IN (317) 887-1340,
www.jfwindustries.com.
Booth 520 RS 229

■ Combline Filters
This family of surface-mount combline filters
operates in a frequency range from 5 to 15 GHz 

and offers a band-
width from 3 to 20
percent, with ex-
ceptionally low in-
sertion loss. These

filters offer an impedance of 50 Ω and insertion
loss between 0.5 to 1.5 dB. The filters are de-
signed to meet military environmental stan-
dards. Size: 0.5" × 0.5" × 0.75" – 2.125".
Lark Engineering Co., 
San Juan Capistrano, CA (949) 240-1233,
www.larkengineering.com.
Booth 646 RS 230

■ SPDT Switches

The model MASWSS0192 and model MASW-
007107 are RoHS compliant SPDT switches
designed for applications where ultra fast set-
tling time, high linearity, low insertion loss,
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Antelope Valley Microwave
Millimeter wave amplifiers, multipliers, mixers,
up/down converters

Cables to Go
PC, networking and premise wiring cable assemblies

*Connectronics
Coaxial connectors

*Dynawave
Coaxial connectors and interconnects

*EZ Form Cable Co.
Semi-rigid and flexible coaxial cable, cable 
assemblies

*Huber+Suhner
Coaxial connectors, adapters, cable, lightning 
protectors, antennas, Sucoflex cable assemblies, 
fiber optic connectors

J microTechnology
Probe stations, microwave test accessories

*Johanson Dielectrics
Chip capacitors

*Johanson Manufacturing
Variable capacitors, tuning elements, ferrite chip
inductors

Microwave Components
Air coil inductors for microelectronics

*Midwest Microwave
Couplers, power dividers, DC blocks, fixed or 
variable attenuators, phase shifters, connectors,
adapters

M Wave Design
Waveguide components, including waveguide-to-
coax adapters, directional and crossguide couplers, 
waveguide bends and twists, low and high power 
terminations, isolators and circulators–both wave-
guide and coaxial

Poseidon Scientific Instruments
Ultra low noise microwave reference oscillators,
reduced noise amplifiers, low noise regenerative
frequency dividers, sapphire loaded cavity resonators

*RF Industries
RF coaxial connectors, adapters, cable 
assemblies, tooling

*S.G. McGeary Co.
Coaxial connectors, adapters

*SV Microwave
Coaxial connectors, adapters, attenuators, 
terminations, resistance card materials

*Swift Wrench
Thumb wrench for SMA connectors

Featuring These Manufacturers:

C.W. SWIFT & Associates, Inc.

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd.
Van Nuys, CA  91411

Tel: 800-642-7692 or 818-989-1133
Fax: 818-989-4784
sales@cwswift.com

*We stock these distributor lines!

Closedd everyy St.. Patrick’ss Day !

Distributorr andd Manufacturer’ss Representatives
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high isolation, small size and low cost are re-
quired. Time and measurement applications
that require this fast response time can utilize
either the MASWSS0192 (0.5 to 3 GHz) or the
MASW-007107 (0.5 to 6 GHz), which are de-
signed to have a settled on state within 0.1 µs.
The MASWSS0192 is packaged in a SC-70 and
the MASW-007107 is packaged in a 2 mm 8-
lead PQFN. 
M/A-COM Tyco Electronics, 
Lowell, MA (800) 366-2266,
www.macom.com.
Booth 213 RS 232

■ SMA Reverse Polarity
Connectors

These SMA reverse polarity connectors are de-
signed for RF applications. A variety of con-

nector options are
available includ-
ing jacks and
plugs, cable and
PCB termination,
bulkhead and
panel mounts,
and straight and
right angle. These

connectors are suitable for ZigBee radio,
WLAN, WiFi and RFID applications.
Lighthorse Technologies Inc., 
San Diego, CA (858) 292-8876,
www.rfconnector.com.
Booth 220 RS 231

■ Automated Tuner

This automated tuner features over 200:1
VSWR. This super high matching tuner allows
users to make measurement on large devices.
The 50 GHz turnkey noise parameter system
operates from 250 MHz to 110 GHz.
Maury Microwave Corp., 
Ontario, CA (909) 987-4715,
www.maurymw.com.
Booth 419 RS 233

Power Divider/Combiners
These compact, high performance Wilkinson
power divider/combiners are ideally suited for 

C-, X- and Ku-
band systems ap-
plications. Two-
and four-way
SMA female
models feature
high isolation, low
insertion loss,

good VSWR and good phase/amplitude balance.
Available in 4 to 8 GHz, 7 to 12.4 GHz and 12.4

to 18 GHz bands from stock. These divider/
combiners are made in the US.
MECA Electronics Inc., 
Denville, NJ (973) 625-0661, 
www.e-meca.com.
Booth 534 RS 255

■ Power Amplifier
The model LX™5511 is a power amplifier op-
timized for WLAN applications in the 2.3 to

2.5 GHz frequen-
cy range. The
LX5511 power
amplifier is imple-
mented as a two-
stage monolithic
microwave inte-
grated circuit with
active bias and
output pre-
matching. This

device is manufactured with an InGaP/GaAs
heterojunction bipolar transistor IC process
with a single low voltage supply of 3.3 V, 26 dB
power gain between 2.3 to 2.5 GHz at a low
quiescent current of 90 mA. Size: 16-pin 0.9
high × 3 mm square. Price: $0.45 (10,000).
Microsemi Corp., 
Irvine, CA (949) 221-7100,
www.microsemi.com.
Booth 216 RS 234

■ Three-chip Transceiver Solution

This gallium arsenide (GaAs) monolithic mi-
crowave integrated circuit (MMIC) 13/15 GHz
chip set consists of a highly integrated image re-
ject receiver and transmitter, and a compact,
two-stage power amplifier. The image reject mix-
ers eliminate the need for an image bandpass fil-
ter after the amplifier to remove thermal noise at
the image frequency. The receiver, model
14REC0607, the transmitter, model 14TX0614,
and the amplifier, model 15MPA0566, feature an
Rx conversion gain of 13 dB, Rx noise figure of 3
dB, Rx IIP3 of +3 dBm, Tx conversion gain of 8
dB, Tx OIP3 of +17 dBm, PA gain of 20 dB and
PA Psat of 27 dBm.
Mimix Broadband Inc., 
Houston, TX (281) 988-4600,
www.mimixbroadband.com.
Booth 834 RS 235

■ RF Switches
The model PE42672 SP7T and model PE42660
SP6T are RF switches that have been released

on the HaRP-en-
hanced UltraC-
MOS process and
are designed for
quad-band GSM
and GSM/WCD-
MA handset ap-
plications. The

former is said to be the world’s first monolithic

SP7T switch with an on-board CMOS decoder.
This highly integrated solution simplifies and
lowers the cost of RF designs by reducing over-
all part count by as many as six devices and 13
wire bonds. The PE42660 switch is drop-in
compatible with the PE4263 GSM handset
switch that was released at the end of 2004.
Both devices have good RF performance levels
offering exceptional linearity (PE42672: 2fo –85
dBc and 3fo –79 dBc; PE42660: 2fo –88 dBc and
3fo –85 dBc); IP3 better than +70 dBm; 1.5 kV
ESD tolerance; 2.75 V operating voltage and ul-
tra-low power consumption.
Peregrine Semiconductor Corp., 
San Diego, CA (858) 731-9400,
www.psemi.com.
Booth 723 RS 237

■ Substrate Material
The N4350-13 RF and N4380-13 RF are en-
hanced epoxy resin system materials with tight-
ly controlled dielectric constants, low signal
loss properties and good thermal properties
designed to be used in many cost and perfor-
mance-sensitive applications that would other-
wise require a PTFE material. These products
are suitable for many applications including
amplifiers, components, multi-layer boards and
short-range antennas.
Neltec, 
Tempe, AZ (480) 967-5600,
www.parknelco.com.
Booth 418 RS 236

■ RF Coaxial Relay
The TTL series is a single-pole, double-throw
relay with a single-line TTL driver. This SMA 

connectorized re-
lay allows for cost
reduction while
promoting effi-
ciency by requir-
ing only one TTL
line to be used,
which results in

no timing issues when switched from line to
line. Product is available with a latching config-
uration. Size: 1.34" × 1.50".
RelComm Technologies Inc., 
Salisbury, MD (410) 749-4488,
www.relcommtech.com.
Booth 729 RS 253

■ Radio Module
The POLARIS™ 2 TOTAL RADIO™ module
is a highly integrated complete radio consisting 

of transceiver and
transmitter mod-
ules designed to
support up to
four frequency
bands while oper-
ating under the
GSM, GPRS and
EDGE interface

standards. This solution provides handset man-
ufacturers the benefits of minimal size, re-
duced component count and flexible baseband
interfaces, reducing time to market while still
achieving good RF performance. Reduced
power consumption through unique digital po-
lar and GMSK modulators provides extended
talk time, minimal heat dissipation and long
battery life.
RF Micro Devices Inc., 
Greensboro, NC (336) 664-1233,
www.rfmd.com.
Booth 313 RS 238
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■ 8 and 24 GHz 
Vector Network Analyzers

The ZVA series of vector network analyzers in-
cludes the ZVA8 (300 kHz to 8 GHz) and
ZVA24 (10 MHz to 24 GHz). Dynamic range is
greater than 135 dB, output power is more
than 15 dBm and power sweep range is greater
than 50 dB. Measurement speed is less than
3.5 µs per test point, and less than 6 ms for 201
test points. Switching time between channels is
less than 1 ms and less than 10 ms when
switching between measurement routines. The
instruments provide broad measurement func-
tionality and are easy to use.
Rohde & Schwarz Inc., 
Columbia, MD (410) 910-7800,
www.rohde-schwarz.com/usa.
Booth 613 RS 240

■ Gain Block Amplifiers
The model SKY65013, model SKY65014, mod-
el SKY65015, model SKY65016 and model 

SKY65017 are 50
Ω, InGaP HBT,
gain block ampli-
fiers that deliver
good broadband
performance. The
models feature
gain from 13 to
21 dB and output
power (P1dB)
from 14 to 19

dBm. These gain blocks have high output
third-order intercept (IP3) and gain compres-
sion points (P1dB).
Skyworks Solutions Inc., 
Woburn, MA (781) 376-3000,
www.skyworksinc.com.
Booth 523 RS 241

■ Cluster Computing

The emCluster™ computing solution reduces
EM analysis time and shortens design cycles.
This newly added emCluster module can split a
project and assign individual analysis frequen-
cies to available resources across an IT cluster
environment. This parallel process approach
significantly reduces the completion time of the

EM analysis to just a fraction of what it would
have taken with a single computing resource. 
Sonnet Software Inc., 
North Syracuse, NY (315) 453-3096,
www.sonnetsoftware.com.
Booth 728 RS 242

■ 60 GHz Microwave Contacts

These SSBP microwave contacts provide broad
bandwidth while drastically reducing packag-
ing space. Using standard plastic insertion/ex-
traction tools, versions of SSBP contacts fit in
size 20 contact cavities for D-Sub, Micro-D
and D38999 connectors. These “next genera-
tion” microwave contacts provide high density
packaging, increased signal integrity, improved
system reliability and assembly cost reduction.
Southwest Microwave Inc., 
Tempe, AZ (480) 783-0201,
www.southwestmicrowave.com.
Booth 843 RS 243

■ Switch Filter Bank

This isolated switch filter bank offers a com-
pact, two-channel selectable filter suitable for
IF filtering. This filter bank uses integral input
and output isolators for the required return
loss (VSWR) without compromising its narrow-
band performance. This isolated switched filter
bank assembly enables RF engineers and sys-
tem designers to dynamically configure a sys-
tem’s capabilities. The assembly features input
and output isolators to provide a consistent 50
Ω load, dual selectable bandwidths (85 and 50
MHz), lightweight aluminum housing, 40 dB
reverse isolation and internal voltage regula-
tion. Size: 6.5" × 1.75" × 1". Weight: 8 ounces.
Spectrum Microwave Inc., 
Palm Bay, FL (321) 727-1838,
www.specwave.com.
Booth 828 RS 244

■ Prepregs and Laminates
This line of low loss, bromine-free prepregs
and laminates are designed for antennas. TLG
prepregs and laminates are ideal for antenna
designs with dielectric constants, which are
consistent throughout the material and are
available from 2.90 to 3.50.
Taconic, Advanced Dielectric Division,
Petersburgh, NY (800) 833-1805,
www.taconic-add.com.
Booth 629 RS 246

■ Circuit Materials

The R/flex® 3000 family of liquid crystalline
polymer (LCP)-based circuit materials in-
cludes the R/flex 3600 LCP single-clad lami-
nate and the R/flex 3850 double-clad laminate.
R/flex 3850 laminate is produced in a range of
copper and film thicknesses, just as the single-
clad laminate, and is available in standard pan-
el formats. These materials offer a unique
combination of mechanical, electrical, thermal
and environmental properties for tightly con-
trolled impedance flex interconnections, next
generation wireless handsets, high density flip
chip packages and moisture resistance sensors.
Rogers Corp., 
Rogers, CT (860) 774-9605,
www.rogerscorporation.com.
Booth 328 RS 239
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■ Voltage-controlled Oscillators
The DCSR series of voltage-controlled oscilla-
tors (VCO) are based on the company’s propri-

etary and patent-
ed technology
that matches ce-
ramic resonator
oscillators in
phase noise per-
formance, but ad-
ditionally im-
proves immunity
to phase hits.

These high performance VCOs are designed
for single frequency applications, with enough
bandwidth to cover thermal drift, pulling and
pushing. These VCOs are ideal for carrier gen-
erators in high data capacity radios.
Synergy Microwave Corp., 
Paterson, NJ (973) 881-8800,
www.synergymwave.com.
Booth 715 RS 245

■ EMC Guide
This fully revised, updated and expanded edi-
tion of the book, Introduction to Electromag-
netic Compatibility, is now available. This
guide is an invaluable reference for industrial
professionals interested in EMC design. This
second edition has been substantially rewritten
and revised to reflect the developments in the
field of EMC.

John Wiley & Sons, 
Hoboken, NJ (877) 762-2974,
www.wiley.com.
Booth 435 RS 250

■ Reverse-polarity RF Coax
Connectors

The term “reverse-polarity connector” refers to
a standard sized cable plug that contains a fe-

male center con-
tact instead of the
standard male
contact. Con-
versely, the mat-
ing receptacle
must also contain
a non-standard
male center con-
tact instead of a
female center

contact. These connectors are commonly used
as the interfaces on antennas, access points and
WLAN circuit cards making it necessary for
the mating connectors to be compatible. The
company offers a wide range of reverse-polari-
ty TNC and SMA connectors for WLAN appli-
cations.
Telegartner Inc., 
Franklin Park, IL (630) 616-7600,
www.telegartner.com.
Booth 807 RS 247

■ Foundry Services
These foundry services are designed for design
and system-based clientele. The company’s ad-
vanced 6" HBT and HEMT MMIC technolo-
gies support RF applications from 100 MHz up

to 100 GHz. Current customers cover various
applications including mobile communications,
satellite and auto radar.
WIN Semiconductors Corp., 
Kuei Shan Hsiang, 
Tao Yuan Shien, Taiwan 
886-3-397-5999, www.winfoundry.com.
Booth 814 RS 251

■ Eight-way Power Divider
The model WPD-50/8 SMA is a 50 Ω, eight-
way broadband Wilkinson power divider that 

covers an 800 to
2500 MHz fre-
quency range and
offers a minimum
of 20 dB (25 dB
typical) of port-
to-port isolation
with an insertion

loss of 1.4 dB nominal above the theoretical
split. This model features an aluminum enclo-
sure with SMA female connectors on all ports
and is well suited for applications including in-
tegrated test modules, and test and verification
labs. Delivery: available from stock.
Trilithic Inc., 
Indianapolis, IN 
(800) 344-2412, 
www.trilithic.com.
Booth 619 RS 248

■ Quad-band Filter
The model 890054 is a quad-band filter mod-
ule compatible with Freescale’s “Transamm” 

EDGE transceiv-
er. This filter
bank offers its
best receive path
noise figure when
paired with
Transamm. The
company utilizes

its smallest chip-scale SAW filters in this mod-
ule, which enables a low cost, small size solu-
tion for EDGE phone manufacturers.
TriQuint Semiconductor Inc., 
Hillsboro, OR 
(503) 615-9000, 
www.triquint.com.
Booth 701 RS 249

■ Electromagnetic Software

IE3D EM Package 11.2 is seamlessly integrat-
ed into Cadence Virtuoso for RFIC design.
IE3D can also create models ready for simula-
tions directly from Cadence Allegro. IE3D’s
Automatic GDSII to IE3D Flow is integrated
into the design flow of some major semicon-
ductor companies for device modeling. IE3D
is seamlessly integrated into Microwave Office
2004 from AWR. The company’s most recent
release of FIDELITY FDTD EM Simulator
5.0 offers formula-based geometry modeling
and fully automated meshing. 
Zeland Software Inc., 
Fremont, CA (510) 623-7162,
www.zeland.com.
Booth 413 RS 252
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(RF)MicroProbe

Station

Laboratory

(RF)MicroProbe

Station

A ultra compact, manually operated  probe station for engineers,
scientists and students. Measure Microwave, RF and IV parameters of
Semiconductor Devices. Characterize MEMS, wireless, photonic and

nanoelectronic components and assemblies.

• Benchtop Size(1ft2) • 2”  Vacuum chuck  with pump• 1” X-Y-Ø stage with z-lift•
•2 ea. 0.5” X-Y-Z probe positioners, includes 2 ea. 18 GHz probes & DC needles•
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J microTechnology
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Portland, OR 97229
(503) 614-9509

(503) 531-9325 [FAX]
www.jmicrotechnology.com
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DC/RF/Microwave Test
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Jmicro Technology
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Station
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Probe

Station

J micro  Technology

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 .

• Benchtop Size(<1ft2) • Vacuum chuck • X-Y-Ø stage•
•X-Y-Z probe positioners •Top Plate Z-lift •Vacuum Accessory Manifold•

•6.5X-112.5X Stereo Zoom Microscope • Adjustable Halogen Illuminator •
•Vacuum Accessories • Compatible with 40GHz+ probes•

• Accessories for Thermal Chucks and Probe Cards•
•Compatible with Magnetic Mount Positioners•

•Test wafers, microstrip packages and surface mount components•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

(503) 531-9325 [FAX]
www.jmicrotechnology.com
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Technology
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 Kingston, On
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MICRO-ADS
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To see one’s work in print is the rightful reward of every creative en-
gineer and scientist. The editors of Microwave Journal invite you to
submit your technical manuscripts for consideration to be published in
one of our upcoming issues. Technical articles, application notes and
tutorial articles based on the monthly editorial themes are encouraged.
Editorial themes include wireless, radar and antennas; RF components
and systems; test and measurement; amplifiers and oscillators; semi-
conductors and MMICs; commercial applications; IVHS and ITS; dual
technologies; communications and PCN; passive components; and con-
trol devices, modulation and DSP.

Design features should contain new and innovative technical ideas
of practical use and interest to our predominantly engineering readers.
Papers should be 14 to 16 double-spaced pages and contain 8 to 12 vi-
sual aids in the form of sketches, graphs, photographs or tables. 

Papers should be submitted to the attention of the Technical Editor
and will be reviewed promptly by our Editorial Review Board prior to
acceptance. Articles outside of the monthy themes also will be consid-
ered.

SEND ALL MATERIAL TO:
Microwave Journal

685 Canton Street, Norwood, MA 02062
(781) 769-9750 • Fax (781) 769-5037
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NEXT GENERATION MOBILE HANDSETS

Juniper Research estimates that the total mobile subscriber market will reach
$2.7 B by 2010 and that shipments of handsets will break the $1 B mark by 2009
on the back of emerging Asia Pacific markets and increasing replacement rates in
mature markets.

3G subscribers are predicted to grow from 30 million in 2004 to over 300 mil-
lion by 2010. However, while representing a step-jump in technology for deliver-
ing current services with better quality, 3G’s benefits derive more from its ability to
accommodate greater numbers of users and network traffic, especially voice, than
its support of advanced services delivery.

EMBEDDED MILITARY COTS MARKET TO REACH $3.25 B BY 2008
A recent report by Venture Development Corp. forecasts the market for em-

bedded merchant COTS boards, integrated systems, operating systems and soft-
ware development tools to grow at a compound annual growth rate of 6.27%,
reaching an estimated $3.25 B by 2008.

The merchant COTS market comprised 0.4% of combined North American and
Western European defense expenditures in 2003. Although this represents only a
small fraction of total expenditures, COTS is still a very attractive market.

United States military expenditures account for 47% of global military spending
and are more than double those of Western Europe, so it’s not surprising that
North America comprised 76.4% of the total market for the examined embedded
COTS products in 2003.

Solutions in Microwave Communications

 10 MHz through 30 GHz
 Amplifiers

• LNAs to <0.4 dB NF
• SSPAs to >300 watts
• High Dynamic Range

 Frequency Converters
• Fixed & Variable LO
• Image Reject

 Fast Turnaround on custom designs
• ‘In House’ capability
• RF & Mechanical CAD
• PCB Fabrication
• Pick & Place Assembly

• Design, Fabrication, Test
Government & Commercial

High Performance & Custom
Amplifiers, Converters and

Sub-Systems

Locus Microwave, Inc.
1963 Cato Ave., State College, PA 16801

Tel: +1 814 861 3200 Fax: +1 814 861 5195
www.locusmicrowave.com
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In “Transistor LC Oscillators for
Wireless Applications: Theory and
Design Aspects, Part I,” a tutorial by
Andrei Grebennikov that appeared in
the October issue of Microwave Jour-
nal, Equation 11 should read

In addition, in Equations 25, 26
and 28 the effect of feedback capaci-
tances C2 and C3 are not taken into
account for simplicity.

V
Q

C
IL=

( )
( )

γ θ
γ θ ω

1

0 0
0 11( )
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■ The Design of Modern Microwave
Oscillators for Wireless Applications:
Theory and Optimization

U.L. Rohde, A.K. Poddar and G. Böck
Wiley-Interscience
558 pages; $120
ISBN: 0-471-72342-8

Many technical and scientific works have been pub-
lished with respect to oscillator development, with-

out comprehensive work covering all the important as-
pects of oscillator development ranging from fundamen-
tals, device technology, supply noise, analysis methods,
design and optimization methodologies for practical

design of various types of os-
cillators. Most articles con-
centrate on classic design
strategies based on measure-
ments, simulation and opti-
mization of output power
and phase noise, and not on
a systematic composition of
the whole design procedure,
leading to optimum perfor-
mance of all relevant oscilla-
tor features. The purpose of
this book, which is based on
practical and theoretical re-
search and decades of work,

is to fill this gap. Chapter 1 summarizes the historical evo-
lution of harmonic oscillators and analysis methods. Chap-
ters 2 to 5 deal with the most important building blocks.
Following a discussion of the basic theory on semiconduc-
tor devices and large-signal parameters, the most modern
devices are chosen as examples. A whole chapter is devot-
ed to the various types of resonators, an important subject
for microwave applications. Chapter 6 concentrates on
the fundamentals of oscillator design, starting with the de-
rivation of the oscillating condition under the assumption
of a simplified linear network. Next, the nonlinear case is
analyzed. Chapter 7 addresses the fundamentals of oscil-
lator noise. Derivation and application of the extended
Leeson formula is shown extensively. A tutorial treatise on
phase noise measurements closes the chapter. Chapter 8
concentrates on analysis and optimization of phase noise
in oscillators. Chapter 9 gives five design examples for
practical oscillators and for extensive validation of the cir-
cuit synthesis described. Chapter 10 addresses the topic
of coupled oscillators. It is shown that the design of ultra-
low phase noise voltage-controlled oscillators (VCO) with
a wide tuning range is possible using this concept. In
Chapter 11, a variety of validation circuits for wide band
coupled resonator VCOs are given.
To order this book, contact: John Wiley & Sons Inc.,
One Wiley Drive, Somerset, NJ 08875 (800) 225-
5945.

■ Intelligent Vehicle Technology Trends

Richard Bishop
Artech House
362 pages; $89, £55
ISBN: 1-58053-911-4

This book is intended to provide an overview of devel-
opments in the Intelligent Vehicle (IV) domain for en-

gineers, researchers, government officials and others in-
terested in this technology. The book opens with “big pic-
ture” considerations, introduces the major players in the
IV domain and then addresses key functional areas in-
depth. The latter portion of the book is devoted to ad-
dressing some non-technical issues and a view toward the
future is offered in conclusion. Chapter 2 reviews govern-
ment safety goals and takes a look at long-term visions
that have been developed worldwide. Chapter 3 reviews
the key IV application areas of convenience, safety, pro-
ductivity and traffic assistance. Chapter 4 examines major
government IV R&D programs and strategies. Chapter 5
examines the stance of the vehicle industry with respect to
IV systems. Chapter 6 focuses on lateral/side sensing and
control systems. Chapter 7
focuses on longitudinal sens-
ing and control systems.
Chapter 8 addresses inte-
grated systems, the next logi-
cal step beyond stand-alone
lateral or longitudinal sys-
tems. Chapter 9 extends the
system concept to coopera-
tive vehicle-highway sys-
tems. Fully automated road
vehicles, a dream long-held
by futurists, are the focus of
Chapter 10. Chapter 11
speaks to floating car data
systems, a relatively near-term IV application that can ex-
tend the “information horizon” for both drivers and auto-
matic crash avoidance systems. A review of IV systems
would be incomplete without examining the interaction of
drivers with IV technology. Chapter 12 addresses IVs as
human-centered systems. Chapter 13 moves beyond the
technology to examine challenges in product introduction.
IV system design must be responsive to customer and so-
cietal issues to be successful in a market-driven arena.
Chapter 14 looks forward to identify enabling technolo-
gies important to future progress. Finally, Chapter 15 of-
fers a brief synthesis of the overall IV domain and some
observations on the part of the author. 
To order this book, contact: Artech House, 685
Canton St., Norwood, MA  02062  (781) 769-9750
ext. 4030; or 46 Gillingham St., London SW1V 1HH
UK +44 (0) 207-8750.
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