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How it works: Harlan has selected one question from his “Ask Harlan” column to
be featured in the magazine. Please visit www.mwjournal.com/askharlan to provide an
answer to this month’s featured question (see below). Harlan will be monitoring the
responses and will ultimately choose the best answer to the question. Although all of
the responses to the featured question will be posted on our web site, we plan to pub-
lish the winning answer in the February issue. All responses must be submitted by
January 8, 2007, to be eligible for the participation of the December question.

The winning response will win a free book from Artech House, along with an “I
Asked Harlan!” t-shirt. In addition, everyone who submits a legitimate response will
be sent an “I Asked Harlan!” t-shirt.

Shanthi B. from Commercial Cellphone Makers has submitted this
month’s question:
Dear Harlan,
Why is the open/short/thru method the most preferred calibration method for RF measure-
ments?

If your response is selected as the winner, 
you’ll receive a free book of your choice from Artech House. 

Visit the Artech House on-line bookstore at www.artechhouse.com
for details on hundreds of professional-level books in microwave engineering and related areas

(maximum prize retail value $150).

The October question was submitted by Arun Kumar:
Dear Harlan,
I am involved in Schottky diode mixer design at microwave frequencies. For accurate design, I want
to characterize the diode with the help of the text fixture and network analyzer. As the junction resis-
tance varies with LO power level for characterization of the diode how much LO power should I
give? Some literature says that the LO power should be such that the rectified current from the
diode is in the order of 1 to 1.5 mA. How then should I measure the rectified current through the
diode, which is mounted in the test fixture? Please help.

The winning response to the October question is from 
Scott Wartenberg of Booz Allen Hamilton:
It sounds like you are characterizing a Schottky diode for use in a mixer design. If so, character-
ize the diode at the RF power it will see during circuit operation. Otherwise set the input power
to the lowest RF power that does not significantly modulate the junction yet still produces
enough RF drive for a measurement with adequate dynamic range. Depending on whether it’s a
high or low barrier Schottky, this is between –25 to –40 dBm, respectively. Reliably measuring a
diode’s AC rectified current is difficult even when using precision source/monitor units,
force/sense triaxial cables and high frequency bias tees. With no DC applied (as with a zero-bias
Schottky), significant current flows only during positive AC voltage swings. During negative volt-
age swings, some capacitance is needed to continue sourcing an RMS current. External capaci-
tance withstanding, the diode’s junction capacitance is very small (~100 fF). Driving the input
RF power hard will eventually result in a rectified current of 1 to 1.5 mA RMS but the peak
voltage may damage the device. To improve your measurement, there are a few points worth
mentioning. At low current/voltage, a Schottky diode is highly reflective, its return loss near the
right edge of the Smith Chart. Almost all of the –25 to –40 dBm power will be reflected back,
making fine measurement resolution tricky. To increase measurement sensitivity, many vector
network analyzers (VNA) come with a configurable S-parameter test set. This breaks out access
to the forward (source output) and reverse (receiver input) signal paths. Inserting a low noise
amplifier in the reverse path improves the VNA receiver’s dynamic range. An attenuator or isola-
tor in the forward path ensures diode mixing products do not corrupt the RF source (remember
S-parameters are single-tone measurements). Inserting a DC blocking capacitor at the VNA
port also protects the receiver. A power flatness calibration is recommended. The alternative is
to create a nonlinear Schottky diode model that is a function of both applied DC bias and RF
power. This is a better solution but a lot more work.

October Question and Winning Response

Harlan’s response: 
The actual design of the test fixture will depend on the style of the diode package. The diode
manufacturer may be able to help. As for the bias level, 1 to 1.5 mA is normal for receiver ap-
plications. For modulators it can go up to 10 mA. In order to measure it, you will need a bias
tee, either as part of the fixture or as a separate component in front of the fixture. There is a
good discussion of Schottky diode characteristics in Chapter 2 of The RF and Microwave Cir-
cuit Cookbook, S. Maas, Artech House Inc., 1998, ISBN#0-89006-973-5.

This Month’s Question of the Month
(answer on-line at www.mwjournal.com/askharlan)
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JANUARY 

POWER AMPLIFIER SYMPOSIUM
January 8–9, 2007 • Long Beach, CA
http://pasymposium.ucsd.edu/
IEEE RADIO AND WIRELESS SYMPOSIUM
(RWS 2007)
January 9–11, 2007 • Long Beach, CA 
www.radiowireless.org
7TH TOPICAL MEETING ON SILICON MONOLITHIC
INTEGRATED CIRCUITS IN RF SYSTEMS (SIRF 2007)
January 10–12, 2007 • Long Beach, CA
www.ece.wisc.edu/sirf07
WCA INTERNATIONAL SYMPOSIUM
AND BUSINESS EXPO
January 16–19, 2007 • San Jose, CA
www.wcai.com

FEBRUARY

IEEE INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE (ISSCC 2007)
February 11–15, 2007 • San Francisco, CA
www.isscc.org/isscc/
3GSM WORLD CONGRESS
February 12–15, 2007 • Barcelona, Spain
www.3gsmworldcongress.com
SATELLITE 2007
February 19–22, 2007 • Washington, DC
www.satellite2007.com

MARCH

MILITARY TECHNOLOGIES CONFERENCE
March 27–28, 2007 • Boston, MA
http://mtc07.events.pennnet.com
CTIA WIRELESS 2007
March 27–29, 2007 • Orlando, FL
www.ctiawireless.com
RF & HYPER 2007
March 27–29, 2007 • Paris, France
www.rfhyper.com
INTERNATIONAL WIRELESS COMMUNICATIONS
EXPO (IWCE 2007)
March 28–30, 2007 • Las Vegas, NV
www.iwceexpo.com

APRIL

IEEE RADAR CONFERENCE 2007
April 17–20, 2007 • Waltham, MA 
www.radar2007.org

JUNE

IEEE MTT-S IMS SYMPOSIUM AND EXHIBITION
June 3–8, 2007 • Honolulu, HI
www.ims2007.org
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WCA 2007
June 11–14, 2007
Washington, DC
www.wcai.com/events.htm

JULY

IEEE EMC SYMPOSIUM
July 8–13, 2007
Honolulu, HI
www.emc2007.org

OCTOBER

2007 EUROPEAN MICROWAVE WEEK
October 8–12, 2007 • Munich, Germany
www.eumweek.com

NOVEMBER

ANTENNA MEASUREMENT TECHNIQUES
ASSOCIATION (AMTA)
November 4–9, 2007 • St. Louis, MO
www.amta.org

Serving Earth,
Mars and beyond…
Space Qualified Components

Products may be ordered space qualified to 
MIL-PRF-55342. 

Custom solutions designed to your requirements.
Ask about our quick-turn capability.

emct.com • rflabs.com
772-286-9300

ISO 9001 and 14001 Certified

Visit http://mwj.hotims.com/7966-40

COMING EVENTS

CALL FOR NOMINATIONS
IEEE Joseph F. Keithley Award in
Instrumentation and Measurement

by January 31, 2007
www.ieee.org/portal/pages/about/awards/

sums/keithley.html
CALL FOR PAPERS

European Microwave Week
by February 25, 2007
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CST MWS 2006: ADVANCED
TRAINING AND CO-SIMULATION

■ Topics: This course will illustrate
how to work efficiently with CST
SUITE STUDIO™ 2006. Improve
your performance in using CST MI-
CROWAVE STUDIO® for signal in-
tegrity, power integrity, EMC applica-
tions, filters and waveguide struc-
tures. For more information, visit
www.cst.com.
■ Site: San Bruno, CA
■ Date: December 14, 2006
■ Contact: CST of America Inc., 10
Laurel Avenue, Suite 300, Wellesley
Hills, MA 02481 (781) 416-2782.

PRACTICAL RF 
AND MICROWAVE DESIGN

■ Topics: This intensive, five-day
course provides acceleration through
the RF design learning curve by pre-
senting a comprehensive introduction
to RF and microwave design theory,
techniques and measurements. Al-
though the course includes necessary
theoretical aspects, great emphasis is
placed upon the practicalities of RF
engineering. For more information,
visit www.conted.ox.ac.uk.
■ Site: Summertown, Oxford, UK
■ Dates: January 22–26, 2007
■ Contact: University of Oxford
Continuing Education, +44 (0) 1865
286958 or e-mail: anthony.santiago@
conted.ox.ac.uk.

PHASED ARRAY ANTENNAS
AND ADAPTIVE TECHNIQUES

■ Topics: This five-day course pre-
sents an in-depth look at the hardware
and software that comprise adaptive
phased array systems. The objective is
to present the student with the diverse
spectrum of technologies and algo-
rithms available and to show how they
fit together into a design. The princi-
ples of phased array antennas are cov-
ered first, followed by the details of the
underlying hardware. Practical issues in
system implementation and perfor-
mance are also addressed. For more in-
formation, visit www.pe.gatech.edu.
■ Site: Denver, CO
■ Dates: February 13–16, 2007
■ Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

PRACTICAL ANTENNA DESIGN

■ Topics: The course covers the im-
portant and timely issues involving
modern antenna design and theory.
Developed specifically for engineers
and designers who work with radar
and radio communications, this work-
shop will give participants the under-
standing of antenna theory and tech-
niques, the skills to analyze, design
and measure various antennas, and
the knowledge of antenna measure-
ments. For more information, visit
www.conted.ox.ac.uk.
■ Site: Summertown, Oxford, UK
■ Dates: February 2007
■ Contact: University of Oxford
Continuing Education, +44 (0) 1865
286958 or e-mail: anthony.santiago@
conted.ox.ac.uk.

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.

PCB DESIGN TECHNIQUES FOR
EMC AND SIGNAL INTEGRITY

■ Topics: This course will assist prac-
ticing engineers who are responsible
for PCB designs and system-level
products. Disciplines include PCB lay-
out, logic design, regulatory compli-
ance and EMC. For more information,
visit http://epdwww.engr.wisc.edu.
■ Site: For location information,
please visit url.
■ Dates: For date information,
please visit url.
■ Contact: University of Wisconsin
Madison, Department of Engineering
Professional Development, 432 North
Lake Street, Madison, WI 53706
(800) 462-0876.

CIRCULATORS & ISOLATORS

QUEST for Quality

QUEST for Performance

QUEST for the BEST…

JOIN US

Quality products

with quick delivery

and competitive

prices are our

standard

225 Vineyard Court
Morgan Hill, California 95037

877-QUESTMW (783-7869)
(408) 778-4949 Phone

(408) 778-4950 Fax
circulators@questmw.com  e-mail
http://www.questmw.com  website

See us at RWS Booth 436

Visit http://mwj.hotims.com/7966-102

WORKSHOPS & COURSES
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WELCOME TO THE 2007
RADIO AND WIRELESS

SYMPOSIUM
MOHAMMAD MADIHIAN

General Chairman, 2007 Radio and Wireless Symposium

provides sponsorship. The RWS brings to-
gether a unique mix of communications sys-
tems and RF implementations via high qual-
ity invited and contributed papers, a rump
session, workshops and short courses. Don’t
miss our daily Special Invited Session on
“Enabling Technologies for the Next Gener-
ation Radio and Wireless Networks,” lec-
tured by world-class speakers from industry
and academia.

The IEEE Topical Symposium on Power
Amplifiers for Wireless Communications
(PAS) and Topical Meeting on Silicon Mono-
lithic Integrated Circuits in RF Systems
(SiRF) are also key parts of the program.
The PAS has been bringing leading RF pow-
er amplifier engineers together for many
years, and will continue that tradition. SiRF
has for years presented the latest in silicon
RF technologies and applications and will
continue its strong tradition.

With these three conferences and a large
commercial exhibition along with social

Join us in Long Beach, CA, for the sec-
ond Radio & Wireless Week (RWW)
events January 7–12, 2007, not only to

learn about the latest technological, scientif-
ic and commercial developments, but also to
see friends and experience the Southern
California lifestyle with its excellent climate,
food and shoreline beauty, all wrapped in
one package. The RWW collocates three
prestigious conferences and one major com-
mercial exhibition. The overall focus is on
key technologies covering device level to
system level for the advancement of current
radio and wireless systems as well as creat-
ing new concepts and breakthroughs for
next generation networks.

The centerpiece of the week is the IEEE
Radio and Wireless Symposium (RWS),
which continues the evolution of the suc-
cessful Radio and Wireless Conference
(RAWCON). Three IEEE Societies support
the RWS—the ComSoc and AP provide
technical co-sponsorship and the MTT-S

22 MICROWAVE JOURNAL ■ DECEMBER 2006
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events including free receptions
and daily breakfast and lunch, we
offer you a convenient opportunity
to receive a comprehensive update
in all the technical and commercial
facets of the rapidly changing radio
and wireless landscape. I look for-
ward to seeing you in Long Beach!

Mohammad Madihi-
an joined NEC Cen-

tral Research Labo-

ratories, Kawasaki,

Japan, in 1983,

where he worked on

research and devel-

opment of Si and

GaAs device-based

digital as well as mi-

crowave and mil-

limeter-wave mono-

lithic ICs. In 1999, he moved to NEC Labo-

ratories America Inc., Princeton, NJ, and

is presently the department head where

he conducts PHY/MAC layer signal pro-

cessing activities for high speed wireless

networks and personal communications

applications. He has edited a book called

CMOS-RF and Its Application to Wireless
Network Terminals (Anthology), Tokyo,

Japan: Toriceps, Nov. 2001. He has au-

thored or co-authored more than 140

journal and conference publications in-

cluding 25 invited talks, and holds 70

Japan/US registered or pending patents

on device, circuit and system for wireless

applications. Dr. Madihian received the

IEEE MTT-S Best Paper Microwave Prize

in 1988 and the IEEE Fellow Award in

1998. He holds eight NEC Distinguished

R&D Achievement Awards. He has served

as Guest Editor to the IEEE Journal of Sol-
id-State Circuits, Japan IEICE Transactions
on Electronics, and IEEE Transactions on
Microwave Theory and Techniques. He is

currently serving on the IEEE Speaker’s

Bureau, IEEE Compound Semiconductor

IC Symposium Executive Committee,

IEEE Radio & Wireless Symposium Exec-

utive Committee, IEEE International Mi-

crowave Symposium Technical Program

Committee, IEEE MTT-S Editorial Board

and Asia Pacific Microwave Conference

Technical Program Committee. Dr. Madi-

hian is an adjunct professor in the elec-

trical and computer engineering depart-

ment at Drexel University, and the Editor-

in-Chief, International Journal of Microwave
Science and Technology.
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2007 IEEE 
RADIO AND WIRELESS SYMPOSIUM

Long Beach Convention Center
Long Beach, CA

January 9–11, 2007
http://www.radiowireless.org
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ATTENDING THE
CONFERENCE

HARLAN HOWE, JR.
Editor, Microwave Journal

The technical program for RWS includes
135 papers, six workshops, two short courses
and a rump session. Panel sessions have been
eliminated this year in order to allow the dele-
gates time to visit the exhibition during the
noon lunch break. Workshops will be held on
Sunday and Monday, RWS technical sessions
on Tuesday through Thursday and two short
courses on Friday. The exhibition will open on
Tuesday and run until Thursday mid-after-
noon. In addition, the Power Amplifier Sympo-
sium meeting will be held on Monday and
Tuesday. The Silicon RF IC meetings will start
on Wednesday and continue through Friday. A
full program is available at www.radiowire-
less.org or you can request a printed copy via
e-mail at kdednah@mwjournal.com.

TRAVEL TO LONG BEACH

The Long Beach area is served by three
airports: Los Angeles International (LAX),
John Wayne (SNA) and Long Beach (LGB),
the last of which is the closest and most
convenient.

Cab fares from LAX, SNA and LGB are
about $45, $50 and $20, respectively. Super-

The 2007 IEEE MTT-S Radio and Wire-
less Symposium will be held in con-
junction with the 7th Topical Meeting

on Silicon Monolithic ICs, the IEEE Topical
Symposium 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 A, B and
associated meeting rooms at the Long Beach
Convention and Entertainment Center, 300
E. Ocean Blvd., Long Beach, CA. On-site reg-
istration will open at noon on Saturday, Janu-
ary 6, 2007.
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shuttles are available from all three
airports at slightly lower rates.
Rental car counters are located at
each airport. Driving instructions
are printed in the advance program.

HOTELS

While there are many nearby ho-
tels within walking distance, there
are two hotels with convention
rates. The headquarters hotel is the
Hyatt Regency Long Beach, located
next to the convention center. The
Westin Long Beach is about two
blocks away. For on-line booking in-
formation, go to www.radiowire-
less.org and click on “Hotel Infor-
mation.” Transportation from the
hotels will not be provided. The
outlying hotels are served by a trol-

ley service that stops in front of the
convention center.

SOCIAL HIGHLIGHTS

A complimentary daily breakfast
will be served in the convention
center from 7:00 to 8:30 AM. In addi-
tion, a complimentary lunch for all
delegates will be served in the exhi-
bition hall on Tuesday, Wednesday
and Thursday from 12:00 NOON to
1:00 PM. Morning and afternoon cof-
fee breaks will also be in the exhibi-
tion hall. On Tuesday afternoon
from 5:00 to 7:00 PM there will be an
exhibitor-hosted reception in the
exhibition hall. Complimentary bev-
erage tickets will be included in the
delegate packages.

The Power Amplifier Symposium
Banquet will be held on Monday
evening. The RWS Reception and
Banquet will be held on Wednesday
evening and the SiRF banquet will
be held on Thursday evening. These
events will be at the Hyatt and pur-
chased tickets are required.

PLENARY SESSION

The Plenary Session will be held
on Tuesday starting at 8:30 AM. Af-
ter welcoming remarks from Mo-
hammad Madihian, general chair-
man, and Aly Fathy, technical pro-
gram chairman, and addresses by
Nim Cheung, president – IEEE
Communications Society, and Steve
Kenney, president – IEEE Mi-
crowave Theory and Techniques
Society, the plenary session presen-
tation, “Mobile Terminal – Today
and Future” by Dr. Kiyohito Nagata,
will be given. Nagata is currently

the vice president and managing di-
rector of the Product Division at
NTT DoCoMo, and has been en-
gaged in the company’s R&D strate-
gy planning since 1999.

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
A and B on the lower 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 CAFÉ

A wireless cyber café will be
available in the lobby area at the
front of the building.

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 re-
freshment area on the exhibition
floor. IEEE policy prohibits recruit-
ing of attendees during the sympo-
sium, which means that exhibitors
may not post information on job op-
portunities or recruit for prospec-
tive employees. Smoking and per-
sonal food or beverages are not per-
mitted anywhere in the building.
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2007 IEEE MTT-S
RWS EXHIBITOR

SHOWCASE

Antenna Systems & Technology PubBin
Greenwood Village, CO

Publications

AR Worldwide 312
Souderton, PA

AR Worldwide RF/Microwave Instrumentation
manufactures broadband high power amplifiers
from DC–45 GHz, 1–50,000 watts. Available
test accessories include antennas, directional
couplers, field monitoring equipment, power
meters and much more. Our solid state “S” se-
ries amplifiers (1–800 watts) are well suited for
microwave applications because of their linear-
ity, low noise power output and frequency cov-
erage from 0.8 to 10.6 GHz.
Amplifiers, Antennas, Couplers, 

Software, Test and Manufacturing

Equipment

Artech House 327
Norwood, MA

M. Walsh, S. Schott

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 a spe-
cial 20% show savings.
Publications, Software

Besser Associates Inc. 218
Mountain View, CA

R. Frobenins, J. Lange

Founded in 1985, Besser Associates delivers
live and alternative media training to profes-
sionals working with RF, wireless, digital and
networking technologies. We have trained over
45,000 people in these industries.
Publications, Services

Advanced Test Equipment 325
San Diego, CA

O. Isarevich, M. Jahn

Advanced Test Equipment Rentals offers effec-
tive solutions on rentals, leases and sales of
test and measurement equipment including
network and spectrum analyzers, cellular test
sets and more. Equipment available from Agi-
lent, Anritsu, Aeroflex/IFR, Bird, Narda,
Noise/Com, Rohde & Schwarz, Spirent, Tek-
tronix and more. Call 800-404-2832 or on-line
at www.atecorp.com.
Amplifiers, Antennas, Synthesizers, Test

and Manufacturing Equipment

Agilent Technologies 637
Palo Alto, CA

Agilent Technologies, the world’s premier mea-
surement company, provides the industry’s
broadest portfolio of innovative test and mea-
surement solutions, tools, services and support
to RF/MW engineers responsible for the design,
manufacture and effectiveness of leading-edge
products used throughout today’s wireless
communication and defense industries.
Amplifiers, Attenuators, Mixers/Modulators/

Detectors, Power Supplies, Repeaters,

Services, Software, Systems/Subsystems, Test

and Manufacturing Equipment

Ansoft Corp. 523
Pittsburgh, PA

B. Helsby, H. Randhawa

Ansoft is the leading provider of electromag-
netics and circuit simulation software for high-
performance RF and microwave design.
Achieve 10x improvements in design complexi-
ty and design time using HFSS and Nexxim dy-
namically linked with Ansoft Designer. Design
and optimize LNAs, mixers, VCOs, trans-
ceivers, complex antennas, feed structures,
LTCC, SiP and MCMs.
Software

Bird Technologies Group 536
Solon, OH

D. Distler

Bird Technologies Group consisting of Bird
Electronic Corp., TX RX Systems and Bird
Global Services is a knowledgeable and innova-
tive supplier providing solutions for RF mea-
surement and management in your world. Our
portfolio includes hardware, software, compo-
nents and services. We provide test instru-
ments that are highly accurate, rugged and
easy to use.
Attenuators, Couplers, Filters, Terminations

Cadence Design Systems Inc. 621
San Jose, CA

Cadence enables global electronic-design inno-
vation and plays an essential role in the cre-
ation of today’s integrated circuits and elec-
tronics systems. Customers use Cadence soft-
ware and hardware, methodologies and
services to design and verify advanced semi-
conductors, printed-circuit boards and systems
used in consumer electronics, networking and
telecommunications equipment, and computer
systems. More information about the company
is available at www.cadence.com.
Software

Cambridge University Press 437
New York, NY

J. Lancashire, V. Yaw

Visit our booth for a 20% discount on all titles.
New books include Electromagnetics for

High-Speed Analog and Digital Communica-

tion Circuits by Ali Niknejad; Peak-Power

Control in Multi-Carrier Communications

by Simon Litsyn; and MIMO Wireless Commu-

nications by Ezio Biglieri, Robert Calderbank,
Anthony Constantinides, Andrea Goldsmith,
Arogyaswami Paulraj and H.V. Poor.
Publications
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Cascade Microtech 627
Beaverton, OR

CST of America Inc. 418
Wellesley Hills, MA

CST is one of the two largest suppliers of elec-
tromagnetic simulation software and has con-
tinuously enhanced its position as a market and
technology leader in 3D Time Domain simula-
tion. Information about CST and its flagship
product CST MICROWAVE STUDIO® is avail-
able on the web at www.cst.com.
Software

dBm 625
Wayne, NJ

M. Cagney

Low cost synthesized signal generators, multi
channel up/down frequency converters, satel-
lite link emulators and AWGN carrier/noise
generators.
Synthesizers, Systems/Subsystems, Test and

Manufacturing Equipment, Transceivers

DuPont 427
Research Triangle Park, NC

J. Voultos

DuPont has more than 30 years of experience in
delivering thick film and low temperature cofired
ceramic (LTCC) Green Tape™ to the electronics
industry. We offer strong capabilities in design,
prototyping and material science, and deliver
unique material solutions for optimizing your de-
signs in medical, military, automotive, RF and
telecommunications applications.
Antennas, Attenuators, Couplers, Filters,

Hybrids, Isolators/Circulators, Materials,

Millimeter-wave Components,

Mixers/Modulators/Detectors, Optoelectronic

Components/Fiber Optics, Oscillators, Phase

Shifters, Power Dividers, Printed Circuit

Boards, Repeaters,

Resistors/Capacitors/Inductors, SAW

Devices, Services, Signal Processing

Components, Terminations, Transceivers

EMAG Technologies Inc. 444
Ann Arbor, MI

Emhiser Micro-Tech 430
Verdi, NV

P. Hunter, A. Johnson

Voltage-controlled oscillators, custom designed
and cross referenced VCOs available. Surface
mount from 5 MHz to 11 GHz. Hermetically
sealed TO-8 packages also available. Octaves
available up to 2000 to 4000 MHz. Inquire
about your specification.
Oscillators

Freescale Semiconductor 213
Austin, TX

High Frequency Electronics 630
Bedford, NH

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

High Frequency Electronics is the monthly
magazine for design engineers and managers
seeking ideas and solutions involving analog, digi-
tal, RF, microwave, mm-wave and optical tech-
nologies. The market-driven content covers mate-
rials, devices, components, test equipment, com-
puter-aided design, systems, subsystems, and the
latest information on design techniques, applica-
tions and solution-oriented new products.
Publications

IEEE Communications PubBin
New York, NY

Publications

IEEE Microwave Magazine 628
Piscataway, NJ

S. Schneiderman, M. Rubin

IEEE Microwave Magazine is issued bimonth-
ly and the only magazine sponsored by IEEE
Microwave Theory and Techniques Society
(IEEE MTT-S) concentrating on technical, gen-
eral-interest and applications-oriented articles.
The markets covered include communications
systems and equipment, navigation and guid-
ance systems, aircraft, missiles, space and
ground support equipment, industrial equip-
ment, controls and systems, ICs and micro-
processors, semiconductors, and more.
Publications

JFW Industries Inc. 615
Indianapolis, IN

B. Walker, S. Leonard

JFW Industries Inc. is a leading manufacturer
of innovative RF solutions that include attenua-
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F E A T U R E S

SIMULATES C, X KU
AND KA BANDS

SIMULTANEOUSLY
•

ENABLES VIRTUAL EARTH
STATION SETUP—NO

SATELLITE TIME REQUIRED
•

COMPACT PACKAGE WITH
CONFORMAL ANTENNAS

•
RUGGED, WEATHERPROOF

ENCLOSURE
•

EASY TO OPERATE

The Quad Band Satellite Simulator
from Tampa Microwave offers an
effective and easy to use solution
for testing and training applications,
while eliminating the need for live
“paid” satellite time.  This compact
solution is packed into a rugged
enclosure that is easily transported
for field use.

Above and beyond the superior
performance of our feature-
packed products, what you 
will notice first about 
doing business with 

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

Tampa is how customer needs are
always top priority.  You get the
answers you need, the delivery you’re
expecting, and a level of service
that make doing YOUR job easy.

Let us provide you with a rapid
response proposal on your next
product requirement, and we’ll show
you how good it can be.  Tampa 
offers a selection of in-stock 

products for immediate 
delivery as well as 

quick turn custom 
products.

TRAINING AND EVALUATION TOOL FOR SATELLITE EARTH TERMINALS!

Q U A L I T Y  P R O D U C T S  F R O M  T A M P A : B L O C K  U P  A N D

D O W N  C O N V E R T E R S ,  T R A N S M I T T E R S ,  L O O P  T E S T

T R A N S L A T O R S ,  C U S T O M  R A C K - M O U N T  S U B A S S E M B L I E S .

QUAD BAND SATELLITE SIMULATOR

813 -855 -2251   •   www. tampami c rowave . com

tors, terminations, switches, power dividers,
matrix switches and specialized test systems.
Attenuators, Power Dividers, Systems/

Subsystems, Switches, Terminations, Test

and Manufacturing Equipment

Johnstech International Corp. 318
Minneapolis, MN

Manufacturer and designer of test contactors
for final test. The new ROL Technology pro-
vides excellent electrical performance, me-
chanical reliability and load board preservation.
SelecTest offers same day quotes and load
board footprints. Contactors can be configured

for specific packages and device platings.
Test and Manufacturing Equipment

Keithley Instruments Inc. 527
Cleveland, OH

W. Strickler, M. Millhaem

Keithley continues its leadership in solutions
for emerging measurement needs by introduc-
ing a line of innovative RF test instruments. By
combining high performance with exceptional
speed, flexibility, ease of use and compactness,
these instruments offer new approaches to test
and measurement, helping users save time, ef-
fort and money.

Amplifiers, Connectors/Cables/Cable

Assemblies, Power Supplies, Services,

Software, Systems/Subsystems, Switches,

Test and Manufacturing Equipment

Lorentz Solution 530
Milpitas, CA

R. Dudzinski

Lorentz Solution markets EDA solutions directed
at accelerating EM integrity design closure and fi-
nal signoff. Peakview is the company’s EM design
and verification tool suite that comes equipped
with full wave 3D EM synthesis, layout EM ex-
traction and EM integrity analysis.
RFICs, Services, Software, Transceivers

M/A-COM Inc. 313
Lowell, MA

D. Pierro, P. Hindle

M/A-COM Inc. is a leading supplier of radio fre-
quency (RF), microwave and millimeter-wave
integrated circuits, components and IP private
networks to the wireless telecommunications,
automotive and defense-oriented industries.
M/A-COM’s products include antennas, attenu-
ators, amplifiers, cables, switches, passive de-
vices, mixers and modulators, diodes, transis-
tors and integrated assemblies. Please contact
us at www.macom.com or 800-366-2266.
Amplifiers, Antennas, Attenuators,

Connectors/Cables/Cable Assemblies,

Couplers, Diodes/FETs/Transistors,

Isolators/Circulators, Millimeter-wave

Components, Mixers/Modulators/Detectors,

MMICs, Oscillators, Phase Shifters, Power

Dividers, RFICs, Synthesizers,

Systems/Subsystems, Switches

Maury Microwave Corp. 636
Ontario, CA

J. Adamson, J. Sevic, R. Wallace, E.Kueckels

Automated load pull and noise characterization
systems using USB-controlled high gamma, high
power tuners with gamma greater than 0.99.
Calibration kits and standards for all PNA/
VNAs. Coaxial and waveguide adapters. Con-
nector gage kits, connector torque wrenches.
Connectors/Cables/Cable Assemblies,

Millimeter-wave Components, Software,

Systems/Subsystems, Terminations, Test and

Manufacturing Equipment

MECA Electronics Inc. 632
Denville, NJ

C. Davo, E. Schiebler

Since 1961, MECA has designed and manufac-
tured an extensive line of RF/microwave com-
ponents with industry leading performance in-
cluding fixed attenuators, directional and hy-
brid couplers, isolators/circulators, power
dividers/combiners, RF loads, DC blocks and
bias tees. MECA has long been the “backbone”
of high performance wired and air-interfaced
networks including in-building and BTS appli-
cations. Made in USA.
Attenuators, Couplers, Hybrids, Isolators/

Circulators, Power Dividers, Terminations

Micrometrics Inc. 537
Londonderry, NH

J. Morgan, D. Langan

Offering tuning varactors, step recovery
diodes, Schottky, PIN/limiter and BeamLead
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PIN diodes, capacitors, spiral inductors, thin
film resistors, attenuator pads and epitaxial
growth and coating services for the semicon-
ductor fabrication market.
Attenuators, Diodes/FETs/Transistors,

Resistors/Capacitors/Inductors, Services

Microwave Communications Labs 526
St. Petersburg, FL

K. D’Amato, T. Nguyen, E. Roecker

Microwave Communications Laboratories Inc.
(MCLI) is a leader in the manufacturing of
RF/microwave components. Since 1988, MCLI
has built a solid reputation for high quality and

fast delivery. MCLI is ISO 9001:2000 certified
with an inspection system that ensures high
quality and reliable products. At MCLI, we are
committed to providing exceptional service to
our customers throughout the world and
throughout the 21st century.
Amplifiers, Attenuators,

Connectors/Cables/Cable Assemblies,

Couplers, Diodes/FETs/Transistors, Filters,

Hybrids, Isolators/Circulators,

Mixers/Modulators/Detectors, Oscillators,

Phase Shifters, Power Dividers, Services,

Signal Processing Components, Switches,

Terminations

Microwave Journal 331
Norwood, MA

C. Sheffres, E. Johnson, W. Cook, M. Hallman, 
C. Curley, H. Howe, F. Bashore, K. Moore

Microwave Journal is THE resource for work-
ing RF, microwave and wireless engineers, with
50,000 subscribers worldwide and the most re-
spected editorial content in its field. The re-
designed web site features unique resources,
hundreds of archived articles, expanded event
coverage and a dynamic on-line Buyers Guide.
Weekly e-mail newsletters deliver timely news,
industry analysis, the latest product announce-
ments and expert advice. See us on-line at
www.mwjournal.com.
Publications

Microwave Product Digest 438
Englewood Cliffs, NJ

Publications

Modelithics Inc. 643
Tampa, FL

L. Dunleavy

Modelithics Inc. was formed in 2001 to address
the industry-wide need for high accuracy RF
and microwave active and passive models. Our
current products include commercial device
model libraries that support multiple simula-
tion tools. Modelithics also satisfies a wide
range of custom linear and nonlinear measure-
ment and modeling requirements.
Services, Software

Northwest EMC Inc. 431
Irvine, CA

D. Maynard

Northwest EMC Inc. is the largest independent,
accredited commercial EMC compliance test
laboratory in the United States. Northwest
EMC has convenient locations in California,
New York, Oregon and Washington. Our facili-
ties include FCC listed 10 meter and 3 meter
chambers, as well as a full compliment of im-
munity and wireless testing capabilities. For
additional information, please visit our web site
at www.nwemc.com.
Services

Octagon Communications 438
Englewood Cliffs, NJ

D. Harway

Octagon Communications publishes MPD/Mi-

crowave Product Digest, a new product
tabloid serving engineers working in the RF
and microwave industry involving frequencies
from RF to light. Our affiliate, RD Communica-
tions, publishes MIL/COTS Digest, a product
tabloid dedicated to presenting defense elec-
tronic products designed for use in aerospace
and defense systems.
Publications

Park Electrochemical Corp. 424
Melville, NY

B. Nichols, J. Spiegel, M. Carlson, D. Dahlquist

Park Electrochemical Corp. is an advanced ma-
terials company which develops and manufac-
tures Nelco® RF/microwave and high technolo-
gy digital printed circuit materials and Nel-
cote™ advanced composite materials. Park is
listed on the NYSE as “PKE” and based in
Melville, NY, with global manufacturing facili-
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ties in Singapore, China, France, Connecticut,
New York, Arizona and California.
Antennas, Materials, Printed Circuit Boards

Passive Microwave Technology 436
Camarillo, CA

QUEST Microwave Inc. 436
Morgan Hill, CA

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

RelComm Technologies Inc. 433
Salisbury, MD
J. Tinkler, M. Magda
RelComm Technologies Inc. designs and manu-
factures design enhanced application specific RF
coaxial relays for mission critical communications
including security, safety and intelligence, com-
mercial telecom infrastructure, military defense
fixed/mobile/shipboard, as well as test and mea-
surement instrumentation from DC to 40 GHz.
Switches

RF Design 440
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 PubBin
Sewickley, PA

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. The site offers techni-
cal articles, white papers, application notes,
software tools, industry news, product informa-
tion, discussion forums and much more. Visit
www.rfglobalnet.com.
Publications

RF Industries/RF Connectors Div. 439
San Diego, CA

R. La Fay, D. McReynolds

RF Industries’ RF Connector Division designs and
manufactures coaxial connectors, adapters, cable
assemblies and preparation/installation tools used
in radio communications, wireless devices, broad-
cast installations, LANs and WLANs, antenna de-
vices and cellular infrastructure.
Attenuators, Connectors/Cables/Cable

Assemblies

RFHIC 219
Suwon, Korea

K. Kim

Active device and hybrid manufacturer. Best in
custom design super fast development. MMIC,
PA, LNA, CATVHIC, PLL. New 2.5G/3.5G
WiMAX component solution.
Amplifiers, Attenuators, Couplers, Filters,

Hybrids, Mixers/Modulators/Detectors,

MMICs, RFICs, Switches, Transceivers

RFMD 513
Greensboro, NC

K. Ingram

RFMD® (NASDAQ: RFMD) is a global leader in
the design and manufacture of high performance
radio systems and solutions for applications that
drive mobile communications. Holding over 50
percent market share in PAs and the leading posi-
tion in merchant market EDGE transceiver ship-
ments, RFMD is a trusted solution provider to
major handset manufacturers worldwide.
Amplifiers, Filters, MMICs, Switches,

Transceivers

Rogers Corp. 421
Chandler, AZ

Worldwide supplier and high volume manufactur-
er of leading edge circuit materials that are wide-
ly adopted in the wireless, antenna and telecom-
munication industries. Key product families in-
clude RO4000,® RO3000,® RT/duroid® and
ULTRALAM® 3000 high frequency laminates.
Materials

Rohde & Schwarz Inc. 413
Columbia, MD

R. Pieciak

Rohde & Schwarz is one of the world’s leading
manufacturers of test and measurement, radio
and broadcasting equipment with 6000 employ-
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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. 1-888-837-8772, www.RSA.
rohde-schwarz.com/USA.
Test and Manufacturing Equipment

Sigma Systems Corp. 620
El Cajon, CA

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

Manufacturer of precision environmental, tem-
perature, humidity, and thermal vacuum cham-
bers, hot/cold plates, and wafer chucks, tempera-

ture cycling tool ovens, precision temperature
controllers. Specializing in high accuracy, small
footprint, high production, laboratory thermal
test/conditioning equipment. Exceptional quality
since 1956. Standard, semi-custom, and custom
applications—engineering creative solutions for
unique thermal challenges.
Test and Manufacturing Equipment

Sonnet Software Inc. 619
North Syracuse, NY

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

Sonnet Software Inc. announces the new Sonnet
Suites Release II. In Release II, Sonnet introduces

a simultaneously calibrated internal port that can
be used for highly accurate attachment points of
active and passive components. The new ports
also enable full co-simulation of external compo-
nents and SMD models within the EM analysis
environment. Sonnet also releases a redesigned
and seamless interface to the Agilent ADS suite,
and a new 64-bit EM analysis engine.
Software

Sources East Inc. 645
Campbell, CA

D. Hanes, J. Hyde, W. Pittman

This year SEI is stressing our antennas, GPS
antennas, as well as our die cast waterproof mi-
crowave enclosures. We provide aggressively
priced high frequency interconnect technology.
Today’s specials are tomorrow’s standard prod-
ucts so both low and high volume specials tai-
lored to the individual requirements of our cus-
tomers are always welcome.
Antennas, Connectors/Cables/Cable

Assemblies, Isolators/Circulators,

Terminations

SUSS MicroTec Inc. 533
Waterbury Center, VT

T. Schivo

SUSS MicroTec Test Systems is a world leader in
premium performance on-wafer test solutions,
and has been designing and manufacturing innov-
ative probe systems for over 30 years. With the
increasing complexity of IC devices, our systems
are designed to streamline the testing process by
leveraging our application expertise to provide
complete solutions tailored to your needs. For
more information, visit www.suss.com.
Software, Test and Manufacturing

Equipment

CW Swift & Associates Inc. 212
Van Nuys, CA

A. Swift, S. Swift

Distributor and manufacturer’s rep of precision
RF, microwave and millimeter-wave adapters,
connectors, cable assemblies and components:
1.85 mm, 2.4 mm, 2.9 mm, 3.5 mm, SMA, MCX,
MMCX and other interfaces. Fixed attenuators
and terminations up to 50 GHz. All available
from stock except on St. Patrick’s Day.
Amplifiers, Attenuators, Connectors/Cables/

Cable Assemblies, Couplers, Isolators/

Circulators, Oscillators, Power Dividers,

Resistors/Capacitors/Inductors, Terminations

Synergy Microwave Corp. 319
Paterson, NJ

A. Almeida

Low phase noise planar resonator oscillators ri-
valing the phase noise performance of expen-
sive SAW and CRO/DRO oscillators, YIG-like
VCOs offering ultra-wide bandwidth and low
power consumption, highly versatile synthesiz-
ers in optimized and higher than octave band-
widths, high IP3 FET mixers, wideband mi-
crowave mixers up to 18 GHz, high power sig-
nal processing couplers and 90 degree hybrids.
Attenuators, Couplers, Filters, Hybrids,

Mixers/Modulators/Detectors, Oscillators,

Phase Shifters, Power Dividers, Signal

Processing Components, Synthesizers

Taconic 520
Petersburgh, NY

E. Sandor, S. McGinty
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QUICK TURN MICROWAVE AND 
MILLIMETER WAVE COMPONENTS 

AND SUB-SYSTEM 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, Ku or Ka-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) b) MIL-STD-188-164A Compliant 
for X and Ka-band Models

• Locks to External or Internal 
Reference (Option)

• Custom Frequency Plans Welcome
• Dual, Tri-band and Quad-band 

(C, X, Ku, & Ka) Available
• Custom Packaging 

• Quick Delivery 

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.

Taconic manufactures TacLam,® ORCER, and
TacPreg® PTFE substrate materials for mi-
crowave frequency and high speed digital ap-
plications. Our products range in dielectric
constant from 2.17 to 10 and laminate lengths
up to 106" are supplied. For more information,
call Taconic headquarters at +800-833-1805 or
visit us on the web at www.taconic-add.com.
Materials

Tektronix Inc. 631
Beaverton, OR
D. McCarthy
See the new RSA6100A Real-Time Spectrum
Analyzer, especially if you are looking at pur-

chasing the Agilent PSA E4440A series or the
Rohde & Schwarz FSQ series. Also participate
in the RFIQ Challenge for a chance to win a
trip to Hawaii for MTT-S 2007 or a $100 Radio
Shack gift certificate.
Test and Manufacturing Equipment

Telecommunications 331
Norwood, MA

Publications

Trilithic Inc. 611
Indianapolis, IN

S. Johnson, M. Burton

Trilithic is an innovative provider of RF and mi-
crowave solutions. Our product line includes cus-
tom filters for military and commercial applica-
tions, subsystems for test/verification and pro-
duction environments, and in stock attenuators,
switches and other signal control components for
most requirements. A new series of high “Q” cavi-
ty filters will be featured at this exhibition.
Attenuators, Filters, Power Dividers,

Systems/Subsystems, Switches, Terminations

TTE Inc. 532
Los Angeles, CA

D. Zavac, S. Sodaro, J. Gilmore

Since 1956, TTE Inc. has led the way in the de-
sign, development and manufacture of active
and passive filters from 0.1 Hz to 26 GHz. Most
LC filters are available in one week ARO for 10
or less units, four weeks for 100 units ARO.
Visit our web site at www.tte.com.
Filters

Via Satellite PubBin
Rockville, MD

Via Satellite, the satellite industry’s leading
magazine, keeps its 22,000 global subscribers
“in the know” by providing essential news and
analysis on the commercial communications,
broadcast, military and enterprise sectors of
the satellite industry. Every issue includes in-
formation on current and evolving applications,
infrastructure issues, technology, procurement
reports and business and regulatory develop-
ments around the world. Visit us on-line at
www.viasatellite.com
Publications

Wiley 420
Hoboken, NJ

Wiley is a global publisher of professional, con-
sumer, scientific and technical books, journals,
textbooks and education materials. Among it’s
many imprints are the world renowned “For
Dummies” line as well as Webster’s New World,
CliffNotes, Frommers, Betty Crocker books, and
Jossesy-Bass. To see more about these and our
other imprints, visit Wiley at www.wiley.com.
Publications

Wireless Design & Development 442
Rockaway, NJ

Wireless Design & Development (WDD) is a
portfolio of publications and products that offers
articles, product information and news in all sec-
tors of wireless, covering all frequencies. WDD is
“wider wireless” covering emerging technologies
and markets. WDD offers its monthly publication,
WDD Asia, WDD Asia China Edition, multiple
e-Newsletters, webcasts and more. WDD is an
Advantage Business Media publication.
Publications

Zeland Software Inc. 521
Fremont, CA

J. Zheng

IE3D EM Simulation and Optimization Package
Release 12 with FastEM Design Kit for real-
time full-wave EM tuning, optimization and
synthesis, multi-fold speed improvement and
multi-CPU support, Boolean enabled equation-
based geometry editing and automated equiva-
lent circuit extraction and optimization.
Antennas, Filters, MMICs, Printed Circuit

Boards, RFICs, Software
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(MANPADS). Vigilant Eagle aims a focused, precisely
steered beam of electromagnetic energy at a terrorist’s
missile, diverting the threat away from the targeted air-
craft. Because Vigilant Eagle is ground-based rather than
installed on individual aircraft, it can protect all aircraft
inside an airport area. Vigilant Eagle consists of three in-
terconnected primary components: a distributed missile
detect and track system, a command and control system,
and the active electronically scanned array, which is a bill-
board-sized array of efficient antennas linked to solid-
state amplifiers that provide the beam that diverts the
missile. 

“Raytheon’s Vigilant Eagle defeats man-portable mis-
siles in seconds, without an alteration to or involvement
by the aircraft using the airport,” said Mike Booen, vice
president of Directed Energy Weapons at Raytheon Mis-
sile Systems in Tucson, AZ. “Not only has our Vigilant Ea-
gle system proven effective, but it protects all aircraft us-
ing an airport and can be rapidly deployed at a reasonable
cost.” 

Ground-based Vigilant Eagle provides anti-MANPADS
protection for a fraction of the cost of airborne systems
being developed. Vigilant Eagle also has a far lower false
alarm rate than other systems and uses proven, mature
technologies. 

Raytheon plans to conduct validation activities and im-
plement a unique interoperability test bed at a site deter-
mined by DHS to provide data for DHS’s assessment of
Vigilant Eagle’s capability to defeat MANPADS. The test
bed is an initial step to implementing counter-MANPADS
to protect flights at airports. 

Raytheon’s airport security solutions also include a con-
tract with the Port Authority of New York and New Jersey
to provide a Perimeter Intrusion Detection System
(PIDS) to safeguard the region’s four airports: John F.
Kennedy International, Newark Liberty International, La
Guardia and Teterboro. The Raytheon-led team will de-
sign, develop and deploy the security system; provide
complete infrastructure development; integrate existing
and future access controls and intrusion detection sys-
tems; and provide training and maintenance. PIDS is the
first large scale, fully integrated design and built project at
any major domestic airport.

Harris Corp. announced
that it is the first com-

pany to successfully uplink
to a Milstar satellite using
an Advanced Extremely
High Frequency (AEHF)
Navy Multiband Terminal
prototype system. This
milestone follows the com-
pany’s announcement last
month that it was the first

to acquire and track low- and medium-data-rate wave-
forms on Milstar 6 using the same prototype terminal. An
SCA 2.2.1 compliant software programmable modem de-
veloped by Harris was instrumental in both successful

Harris Corp.

Achieves Uplink 

to Milstar Using

AEHF Navy Terminal 

Northrop Grumman has
been awarded a $357

M, indefinite delivery, in-
definite quantity contract
by the US Citizenship and
Immigration Services 
(USCIS), an agency within
the Department of Home-
land Security (DHS), to
continue providing biomet-
ric capture services in sup-

port of US citizenship applications and green card re-
newals. The contract is for one base year with four one-
year options and has a potential value of $750 M over a
five-year period. 

Biometric capture services involve electronic scanning
and recording of fingerprints and photograph and signa-
ture collection for identification purposes. The contract
work will be performed in all 50 US states at 136 Applica-
tion Support Centers (ASC), with possible future expan-
sion overseas. Northrop Grumman has provided these
services to USCIS since 1999. “Northrop Grumman is
proud of its past performance and continued opportunity
to significantly contribute to our nation’s homeland securi-
ty,” said James Cameron, president of Northrop Grum-
man’s Technical Services sector. “Whether supporting our
Department of Defense warfighters in the field or the
Department of Homeland Security here in the United
States, our goal remains the same: to provide innovative
solutions and services to our valued customers.” 

Under Northrop Grumman’s management of the bio-
metric program, USCIS has reduced its fingerprint rejec-
tion rate from 20 to 1.5 percent, the lowest such rate at
DHS. Rejections are caused by improper finger print
recording. Factors that have led to the reduction in the
reject rate include additional fingerprint technician train-
ing, the creation of a certification-training program for
quality assurance and improvements USCIS made to the
fingerprinting computer systems. Northrop Grumman’s
teammates include USE Inc., Orlando, FL, Pinkerton
Government Services Inc., Mansfield, MA, and Interna-
tional Organization for Migration, Geneva, Switzerland. 

R aytheon Co. has been
awarded a $4.1 M con-

tract by the Department of
Homeland Security, to
demonstrate the suitability
of its Vigilant Eagle Airport
Protection System to func-
tion in a civilian environ-
ment and protect aircraft
from the threat of shoul-
der-fired missiles. 

Vigilant Eagle provides an invisible dome of protection
around airports or airfields, offering all aircraft—interna-
tional or domestic commercial flights as well as military
and private planes—protection from terrorist surface-to-
air missiles including Man-portable Air-defense System

Raytheon 

to Demonstrate

Aircraft Protection

System

Northrop Grumman

Awarded $357 M

USCIS Contract
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2, 4 and 8-way configurations in stock

Wide 800 - 2500MHz frequency range

Available with SMA or Type N connectors

Custom configurations also available

You can get one of Trilithic’s new broadband 
Wilkinson power dividers fast – for antenna 
sharing, in-building systems, subsystems 
and applications requiring power division or 
combining.

www.trilithic.com 1-800-TRILITHIC

For your solution, call Trilithic or visit us online 

demonstrations. Once fielded, the terminal will serve as
the common element of naval information networks, pro-
viding interconnection of individual naval assets with oth-
er services and eventually with the Global Information
Grid. 

In 2003, Harris won a contract to develop four proto-
types for the next-generation AEHF Navy Multiband
Terminal. The US Space and Naval Warfare Systems
Command is scheduled to perform a competitive
downselect and issue a contract in June 2007 for the en-
gineering, manufacture and development (EMD) phase
of the program. Should Harris win the EMD phase
competition, the overall value of the program for the
Harris team could exceed $1 B by 2015. “This uplink
demonstration marks another defining milestone in the
development of next generation, Navy protected SAT-
COM terminals that offer multiband communication ca-
pabilities in a single terminal,” said Sheldon Fox, vice
president and general manager of the Department of
Defense Program business unit of Harris Government
Communications Systems Division. “We now have suc-
cessfully achieved both uplink and downlink capabilities
ahead of schedule—key steps in demonstrating that our
next-generation AEHF terminal can communicate suc-
cessfully with Milstar satellites.” 

Acquisition of and uplink with the Milstar satellite was
performed at Harris Naval SATCOM Integration and Test
Facility in Palm Bay, FL, utilizing a KGV-136, the newest
generation cryptographic unit. The successful demonstra-
tion was the culmination of two years of Harris-sponsored
waveform design and hardware/software development as
part of the prototype competition sponsored by the Navy
Program Executive Office for C4I. 

Coupled with an earlier demonstration of the new, ex-
tended data rate (XDR) waveforms and the Milstar down-
link capability, this latest demonstration confirms that
Harris is on plan to provide US Navy ship, submarine and
shore installations with full access to the communications
capacity provided by the AEHF satellite constellation.
This approach offers the Navy better access to SATCOM
assets and increased bandwidth, as well as protection from
jamming and interception of transmissions. 

The Navy Multiband Terminal Phase 1 program is a
43-month effort to design and develop prototype Q-band
SATCOM submarine and shipboard terminals in support
of the US Navy’s FORCEnet concept. Additional phases
will add high performance Ka- and X-band capabilities to
the common terminal. The resulting system will replace
current single- and dual-band terminals, yielding signifi-
cant life-cycle cost reductions and improved reliability.  ■
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benches, will provide real time relative positioning and in-
ter-vehicle communication services with a dynamic range
between 3 m to 30 km and a positioning accuracy of 1 cm.
It will be used for the European Space Agency’s and
CNES’ next generation formation flying missions.

V itelec Electronics Ltd.,
part of Emerson Con-

nectivity Solutions, is com-
bining its operation with
Midwest Microwave Inter-
national Ltd., a supplier of
low loss RF cable assem-
blies and microwave com-
ponents. The merger fol-
lows Emerson’s recent ac-
quisition of Midwest

Microwave Inc. of Saline, MI, US, and Midwest Mi-
crowave International Ltd, based in Chelmsford, Essex,
UK. It is a move intended to bring significant benefits to
customers both in the UK and Europe.

Supplying an extensive range of standard and custom
low loss cable assemblies, together with microwave com-
ponents including attenuators, power dividers, couplers,
terminations, precision connectors and adaptors, Mid-
west’s product offering combines perfectly with Vitelec’s
high quality range of RF cables and connectors. As well as
the clear synergies between the product ranges, Vitelec
will also be relocating to Midwest’s expanded Chelmsford
facility, bringing increased capacity and development of
custom solutions.

Customers of the new combined Connectivity Solu-
tions are likely to benefit in a number of areas. Indeed,
the new business will provide a wider RF product offer-
ing, all supported by a world class manufacturing and as-
sembly facility, together with a sophisticated European
warehouse and logistics operation. As a result, levels of
customer service will be further enhanced while the move
illustrates Emerson’s long-term commitment to the UK
and European marketplace. 

R esponding to increased
demand from com-

mercial satellite operators
and government organisa-
tions, QinetiQ is launching
a European satellite inter-
ference geolocation serv-
ice. This service will assist
in the fight against mali-
cious or accidental disrup-
tion to satellite communi-

cations services. Hosted in the UK and operating on a
24/7 basis the service will allow customers to rapidly iden-
tify, and accurately locate, the source of interference to
their satellites.

Provided on a pay-as-you-go annual contract the serv-
ice is based on QinetiQ’s state-of-the-art satID® system

European Satellite

Interference

Location Service

Vitelec and Midwest

Merge

The GSM Association,
Ericsson and multina-

tional telecommunications
group MTN have teamed
up to establish biofuels as
an alternative source of
power for wireless net-
works in the developing
world. The three organisa-
tions have set up a pioneer-
ing project in Nigeria to

demonstrate the potential of biofuels to replace diesel as a
source of power for mobile base stations located beyond
the reach of the electricity grid. 

The project comprises the setting up of a pilot
biodiesel powered base station solution in Lagos and will
later deploy biodiesel fuelled base stations in rural regions
of southeastern and southwestern Nigeria. The three or-
ganisations are setting up a supply chain designed to ben-
efit the local population by sourcing a variety of locally
produced crops and processing them into biofuel.
Groundnuts, pumpkin seeds, jatropha and palm oil will be
used in the initial pilot tests. The GSMA and Ericsson will
draw on the findings of the pilot to help operators across
the developing world determine whether they can use
biodiesel to power their networks in rural areas. 

Karel Pienaar, CTIO of the MTN Group, proffered,
“The early adoption of biofuel powered mobile networks
would place Africa at the forefront of a new wave of inno-
vation that is making mobile communications affordable
and accessible across the developing world.”

Alcatel Alenia Space will
develop and supply the

S-Band Formation Flying
Radio Frequency (FFRF)
sensor for the Prototype
Research Instruments and
Space Mission technology
Advancement (PRISMA)
mission. PRISMA is an
eight-month flight mission
funded by the Swedish Na-

tional Space Board (SNSB), with the Swedish Space
Corp. (SSC) as prime contractor and developed in coop-
eration with the German Aerospace Centre (DLR), the
Danish Technical University (DTU) and the French
Space Agency (CNES).

Its primary goal is to perform guidance, navigation and
control demonstrations as well as in-flight validation of
sensor technologies for future missions in which ren-
dezvous and formation flying are a prerequisite. Alcatel
Alenia Space’s French and Spanish subsidiaries will de-
sign, develop, manufacture, test and supply the FFRF
sensor, under the frame of the bilateral Earth science mis-
sions agreement signed between CNES and CDTI (the
Spanish space agency). 

The FFRF sensor, which will comprise two FFRF ter-
minals, two sets of antennas and two associated test

Alcatel Accepts

PRISMA Space

Mission

Biofuelling Wireless

Networks in Africa
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and exploits advanced patented techniques to deliver a
highly accurate and fast service. The company has already
secured its first European customer for the service, which
mirrors a similar geolocation operation based in Singapore
and serving Asia.

Rob Rideout, QinetiQ’s satID Business Group manager,
said: “This European service launch will complement our ex-
isting Asian service and provide customers with access to a
dedicated geolocation service capability that is unique in Eu-
rope. We now provide a cost-effective, service-based alterna-
tive to satellite operators who do not wish to commit to pur-
chasing a system but still want to promote a satellite commu-
nications service that includes the added protection and
piece of mind of a geolocation capability.”

STMicroelectronics and
Nanotron Technologies

GmbH have announced a
definitive, non-exclusive
agreement under which
the two companies will
jointly develop complete
solutions for the Real Time
Location Systems (RTLS)
market. These solutions of-
fering robust communica-

Wireless

Collaboration 

for ST 

and Nanotron 

tion, precision ranging and high accuracy positioning will
operate on emerging low data rate (LDR) networks that
meet the recently begun efforts to establish a low data
rate wireless personal area network (IEEE 802.15.4a)
standard. Nanotron brings to the initiative its expertise
and intellectual property in the design and manufacture
of RF systems using the Chirp Spread Spectrum radio
hardware and software, while STMicroelectronics will
contribute world class capabilities in semiconductor tech-
nology and development, as well as its global manufactur-
ing and marketing resources. 

The work will involve joint development of compo-
nents and reference designs for a complete roadmap of
next-generation location awareness solutions with hard-
ware, software and tools, for the industrial and the active
RFID asset tracking market. A first joint Chirp product
from the partners is planned for launch in early 2007. 

“The continued growth of active RFID applications
depends upon advancements in RF technologies, like
Chirp and symmetric double-sided two-way ranging, to
enable solutions that are highly robust, highly accurate
and simple to deploy at low cost,” said Jim Nicholas, gen-
eral manager of ST’s Microcontroller Division. “By work-
ing with Nanotron, we intend to complement our RF
LDR products with new high performance reliable com-
munications platforms that will dramatically improve our
customers’ time-to-market.”  ■
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W i-Fi and active radio
frequency identifica-

tion (RFID) technologies
are locked in a long battle
to capture the burgeoning
market in healthcare asset
tracking, according to a
new study by ABI Re-
search. With less than five
percent of North American
healthcare facilities cur-

rently equipped with asset-management systems, this
market, says industry analyst Sara Shah, “is up for grabs.” 

Hospitals own lots of expensive equipment, from basic
items such as wheelchairs to the most sophisticated med-
ical machinery. At any given time, much of it is hard to
find: either in use or in storage. The result: over-inventory
and under-utilization of assets. Both Wi-Fi and active
RFID systems allow hospitals to know where their equip-
ment is, nearly in real time. 

“Wi-Fi location system vendors are focusing on health-
care,” says Shah, “because most hospitals have Wi-Fi net-
works in place and many medical devices are Wi-Fi-
equipped for patient monitoring. The value proposition is
that they can keep their existing infrastructure and add
new elements.” Wi-Fi location vendors such as Aeroscout,
Ekahau and Pan-Go will also argue that their technology
is standard-based and non-proprietary. On the other hand,
RFID vendors such as RF Code and Radianse point to
the wide application of RFID for asset tracking and their
longevity in the industry. 

Wi-Fi is a viable solution for hospitals but most hospi-
tals will need to install extra access points because their
networks were not designed for this purpose. “The inte-
gration process can also be more difficult than many seem
to believe,” says Shah, “and requires extensive system
configuration in order to determine accurate location.” 

“Active RFID and Wi-Fi in the RTLS Market” ana-
lyzes the impact Wi-Fi vendors will have on the market
and explains the differences between RFID and Wi-Fi
systems, including both applications and vertical markets.
It forms part of ABI Research’s RFID, M2M and Wi-Fi
research services.

Survey data collected
from US customers in

the past year reveals how
the growth potential of
global wireless markets is
being seriously underesti-
mated. Aside from the US,
markets with a high per-
centage of prepaid services
also contribute to this mis-
judgment. 

The term that has caused the most confusion is “wire-
less penetration,” which was intended to mean the per-
cent of the population that used (was penetrated) by wire-
less phones. An example of this deep confusion was found

Much Greater

Growth Potential 

in Wireless Markets

Worldwide

Wi-Fi and Active

RFID Vying for

Healthcare Asset

Management

L ow labor costs and a
fast-growing domestic

market will spur China’s
consumer electronics man-
ufacturing industry to more
than double by 2010, re-
ports In-Stat. The industry
will grow from $71.5 B in
2006 to $167 B by 2010,
the high-tech market re-
search firm says. China’s

mature supply chain, a skilled labor force and convenient
logistics are the key factors to attract outsourcing manu-
facturers from abroad. 

“About two-thirds of China’s electronic manufacturing
revenue comes solely from foreign-funded or Sino-foreign
joint ventures,” says Anty Zheng, In-Stat analyst. “The
world’s top ten electronics manufacturers have all invest-
ed in China and consider China to be a key region in their
global manufacturing facility layout.” 
Recent research by In-Stat found the following:
• China-based electronics manufacturing companies
contributed about 8 percent of China’s total $425 B elec-
tronics manufacturing revenue in 2005.
• Compared to its mature manufacturing environment,
China’s R&D ability, especially in chip design and solu-
tions, is still weak: over 90 percent of chips for electronics
manufacturing still depend on imports.
• A few Chinese fabless IC companies have set up
successful models to win in niche markets like the
video/audio chip market in mobile communications and
MP3.

The research, “Electronics Manufacturing in China,”
covers the market for consumer electronics production in
China. It examines China’s current electronics manufac-
turing industry and development trends, with forecasts on
electronics manufacturing revenue by several product cat-
egories through 2010. Companies interested in cooperat-
ing with Chinese electronics manufacturing companies or
fabless companies will find the marketing intelligence
necessary to penetrate the country’s electronics manufac-
turing industry. The report provides valuable references
related to electronics manufacturing for any IC compa-
nies looking to sell chips in China.

This research is part of In-Stat’s China Semiconductor
and Electronics Manufacturing Service. Semiconductor
consumption by application for China is at the core of this
service and it forecasts semiconductor consumption in
crucial segments, including 3G mobile devices and infra-
structure, IC cards and consumer electronics devices.
Semiconductor consumption for all of Asia is also ad-
dressed by country and an additional step toward present-
ing the whole picture is taken with an assessment of elec-
tronics manufacturers in China.

A related In-Stat report, “Semiconductor Manufactur-
ing Capacity by Country in Asia, 2006,” details the semi-
conductor manufacturing capacity of various countries in
Asia, and also looks at the capital spending trends in this
industry. A separate section deals with the DRAM manu-
facturing in Asia.

China’s Consumer

Electronics

Manufacturing Will

More Than Double

by 2010
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in one research firm’s declaration that “one third of the
world’s population now has a cellular phone.” That con-
clusion was based on dividing the number of phone lines
by the world’s population. Since there are three times as
many people as there are mobile phones, obviously one-
third of the people have mobile phones. The math behind
the assumption was elegant, simple and wrong. 

During the past year, In-Stat has asked thousands of
wireless subscribers in the US and Canada if they have
more than one mobile phone number. Fifteen to over 17
percent responded that they did, indeed, use more than
one mobile phone; most had one for personal use and one
for business; many use a standard cell phone for most
voice calls and have a second device—usually a Blackber-
ry—as their second phone. 

Here is the effect of these multi-line subscribers: at the
end of August 2006, the Cellular Telephony and Internet
Association (CTIA) stated there were 218.4 million wire-
less subscribers in the US. The CIA Factbook on-line
states that the US population at the time was approxi-
mately 298.4 million people. The simple math (lines di-
vided by people) finds 73.2 percent “penetration” in the
US. The incorrect conclusion is that nearly three-quarters
of the people in the US have mobile phones. 

However, using data from In-Stat surveys that suggests
that about 15 percent of those users have two cell phone
subscriptions (or more) changes that figure substantially.

• 218.4 million total subscribers
• 15 percent dual ownership
• 32.7 million users with two phones

That means there are 32.7 million fewer people in the US
who have cell phones than the so-called “penetration rate”
suggests. True penetration is closer to 60 percent and there
are over 30 million potential new wireless subscribers that
have not been recognized in the past. Outside the US, the
over counting is even greater. Because many users, especially
those using prepaid wireless services, purchase multiple SIM
cards from different carriers, “penetration rates” exceed 100
percent in several countries. Tiny Luxembourg takes the
prize with over 1.3 wireless phone lines per resident or 130
percent “penetration.” 

Without an accurate count of the number of sub-
scribers using multiple devices, it is impossible to accu-
rately estimate the number of people who still do not have
mobile phones. The highly desirable “total addressable
market” is larger—perhaps much larger—than it appears. 

During 2006 and into the future, In-Stat is expanding a
broad range of consumer surveys to include more respon-
dents in Europe, Asia and elsewhere. These data will be
used throughout In-Stat in developing accurate estimates
of wireless users worldwide and will provide even more
accurate forecasts of wireless subscribers, handsets and
infrastructure as well as applications such as mobile video
and multimedia those subscribers will use.  ■

 12M17 FINAL  12/4/06  9:50 AM  Page 56

http://mwj.hotims.com/7966-58
mailto:sales@jfwindustries.com
http://www.jfwindustries.com


■ Applied Wave Research Inc. (AWR®) announced
that in order to better serve the company’s rapidly ex-
panding Japanese customer base, it has opened a dedicat-
ed sales, marketing and support center in Japan, and has
appointed Michiyoshi Endo as managing director. A grad-
uate of the Tohoku Institute of Technology with a BS de-
gree in electronics engineering and telecommunications,
Endo-san worked as an applications engineer at Kyocera
Co. Ltd., before moving into sales and marketing, strate-
gic planning, customer service and business development
for various high technology software and hardware com-
panies in Japan and Asia.

■ D2 Technologies announced that it has opened a De-
sign Center in Maynard, MA, just outside of Boston. The
center will be focused on the development of software
products for mobile communication devices. Zigurd Med-
nieks, chief software architect, heads the Design Center.
Mednieks is a widely respected technologist, and the au-
thor of books and book chapters on telephony and pro-
gramming published by leading publishers.

■ EDO Corp. announced it has opened a new facility to
manufacture state-of-the-art battlefield communications sys-
tems in Charleston, SC. The operation employs 50 people,
with a projected growth to 70 in 2007. The new facility is re-
sponsible for supporting the Transition Switch Module
(TSM) program, a key component of the Marine Corps net-
work-centric battlefield communications strategy. In 2005,
EDO was awarded a contract with a maximum value of $240
M for the procurement of multiple configurations of TSMs.

■ UltraSource Inc., a supplier of custom thin film cir-
cuits and ceramic interconnect devices, has announced
the expansion of the company’s cleanroom facilities at its
corporate headquarters and manufacturing facility in Hol-
lis, NH. Citing increased customer opportunities and
business expansion, UltraSource has commenced building
an additional 1500 square feet of cleanroom manufactur-
ing space. The added cleanroom space brings the total
cleanroom space at UltraSource to 6000 sq. ft. and will al-
low for optimization of lean manufacturing cells to en-
hance manufacturing productivity and product flow.

■ Endwave Corp., a provider of high frequency RF
modules for telecommunications networks, defense elec-
tronics and homeland security systems, announced the
completion of the relocation of its corporate headquar-
ters. The new address is: Endwave Corp., 130 Baytech
Drive, San Jose, CA 95134 (408) 522-3100, fax: (408) 522-
3197, www.endwave.com.

■ CPS Technologies, a leader in the design and produc-
tion of metal matrix composites, has announced a strate-
gic partnership with sp3 Diamond Technologies Inc.
(sp3), a supplier of DiaTherm™ diamond heat spreaders
and diamond products for solving thermal management
challenges in high performance applications. Geared to-
wards meeting the growing market need for electronics
packages with enhanced thermal dissipation require-
ments, the two companies are partnering to provide AlSiC
packages with diamond pins.
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INDUSTRY NEWS
■ Symmetricom Inc., a leader in precise time and frequen-
cy products and services, announced the acquisition of Tim-
ing Solutions Corp., a privately held company based in
Boulder, CO, that provides high performance time and fre-
quency products and services for government, aerospace and
military markets. Under the terms of the agreement, Sym-
metricom paid approximately $8 M in cash.

■ Andrew Corp., a leader in communications systems
and products, has agreed to acquire EMS Wireless, a Nor-
cross, Georgia-based division of EMS Technologies Inc.
Under the agreement, Andrew will pay $50.5 M in cash
for EMS Wireless, a major designer and manufacturer of
base station antennas and repeaters for cellular networks
in North America. Its customers include the major wire-
less operators in the US.

■ Kulicke & Soffa Industries Inc. announced the sign-
ing of an agreement to acquire Alphasem, a supplier of
die bonder equipment, from Dover Technologies Interna-
tional Inc., a subsidiary of Dover Corp. The purchase
price is $30 M, subject to a working capital adjustment. 

■ RF Micro Devices Inc. (RFMD) announced that, as a re-
sult of the pending merger of Jazz Semiconductor with a
wholly owned subsidiary of Acquicor Technology Inc.,
RFMD expects to sell its equity interest in Jazz Semiconduc-
tor for an aggregate cash consideration of approximately $24
to $27 M. Upon completion of the merger, which is expected
in the first quarter of calendar year 2007, Jazz Semiconduc-
tor will become a wholly owned subsidiary of Acquicor. 

■ Vishay Intertechnology Inc. and International
Rectifier Corp. (IR) announced they have reached an
agreement for the sale of IR’s Power Control Systems
(PCS) business to Vishay. The PCS business includes IR’s
Non-focus Products business and certain product revenue
from its Focus Products business, including certain dis-
crete planar MOSFETs, discrete diodes and rectifiers,
discrete thyristors, and automotive modules and assem-
blies. The PCS business accounted for revenue of approx-
imately $300 M, or 26 percent of revenues in IR’s June-
ending fiscal year 2006. The PCS business is expected to
be sold for approximately $290 M in cash. 

■ RF Monolithics Inc. (RFM) announced it will offer its
recently acquired asset management software through and
under the name of its subsidiary, Aleier Inc., and discontin-
ue use of the Caver-Morehead Systems brand. The new
name reflects the expanded scope that RFM plans for Aleier. 

■ Interplex NAS, a manufacturer of metal stamping, in-
sert molding and a full line of solder and flux bearing edge
clips, has announced the completion and move to its new
corporate headquarters in Northvale, NJ. The new 54,000
square foot facility allows the company to further its
streamlined design philosophy by having all aspects of the
engineering process under one roof. For more informa-
tion, contact Joseph Praino, national sales manager, Inter-
plex NAS, 232 Pegasus Avenue, Northvale, NJ 07647
(201) 768-8388 or e-mail: joe.praino@us.interplex.com.
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■ Tektronix Inc. announced that it is working with Lite-
Point Corp., a provider of advanced wireless test solu-
tions, to create an end-to-end test solution for WiMAX.
The effort between LitePoint and Tektronix, including
new test tools for troubleshooting WiMAX application de-
sign utilizing a Tektronix Real-Time Spectrum Analyzer,
will address the full value chain of test needs from pre-
development through to final production test. The collab-
oration will provide fast time to production and low cost
per test manufacturing solution for WiMAX.

■ Skyworks Solutions Inc. announced that Broadcom
has selected its WLAN 802.11n 2 × 2 multiple input, multi-
ple output (MIMO) front-end module (FEM) reference
design to complement its Intensi-fi™ draft-802.11n
chipsets. The proposed 802.11n Wi-Fi® specification signif-
icantly increases the wireless range and speeds the transfer
of data, empowering more robust applications to be effec-
tively run over public hotspots and private networks.

■ BAE Systems, National Instruments and Phase
Matrix Inc. (PMI) announced a joint initiative to develop
a PXI Express-based synthetic instrument for military and
commercial RF and microwave applications. PMI is cur-
rently developing a 100 kHz to 26.5 GHz family of down-
converter modules in a 3U PXI Express-compatible for-
mat to support PXI RF and microwave applications. BAE
Systems, a leader in synthetic instrument systems, plans
to build a next-generation synthetic instrument based on
the new downconverter module family, using National In-
struments PXI Express chassis, controllers and intermedi-
ate frequency (IF) digitizer modules as well as National
Instruments LabVIEW graphical development software
for host and FPGA-based signal processing.

■ Tyco Electronics and Versatile Systems Inc. an-
nounced the expansion of the SyncSeer™ system capabil-
ities by adding M/A-COM RFID components to the
SyncSeer system. The SyncSeer system is an intelligent,
technology infrastructure and information management
system comprised of hardware and software for compa-
nies in the entertainment, retail, health care, government
and education marketplaces. Under the terms of the al-
liance, M/A-COM Inc. will provide multi-protocol fixed
and embedded UHF RFID readers and antennas.

■ A Development Test Mode for the WiMAX 802.16e
protocol conformance test solution has been released by
Aeroflex and AT4 Wireless (formerly known as
CETECOM Spain) on behalf of the WiMAX Forum. The
availability of the Development Test Mode gives first-line
WiMAX equipment manufacturers, chipset developers and
protocol stack developers an early opportunity to test both
subscriber and base station functionality and interoperabili-
ty throughout the development phase of their products.

■ Harris Corp.’s Broadcast Communications Division
Radio Business Unit has donated its Platinum Series® Z5,
5 kW, solid-state, FM transmitter to the first independent
Iraqi women’s radio station, Radio Al-Mahaba. The new
Harris transmitter will transmit within a 60 to 90 mile ra-
dius of the station’s Baghdad location and will reach peo-
ple in approximately half of the 18 provinces.

■ Silicon Laboratories Inc., a leader in high perfor-
mance, analog-intensive, mixed-signal ICs, recently cele-
brated ten years of mixed-signal innovation. By funda-
mentally changing semiconductor architectures, Silicon
Laboratories has achieved multiple industry firsts in the
communications, wireless, networking, power and micro-
controller markets. Silicon Laboratories has built a portfo-
lio of market leading products leveraging mixed-signal
trade secrets, a world-class engineering team and more
than 700 issued or patent pending innovations. 

■ WJ Communications Inc. announced that it has suc-
cessfully achieved certification from the South Korean
government Ministry of Information Communication
(MIC) for its RFID UHF WJR7090 reader module and is
now approved for sale in Korea.

■ Palomar Technologies, a supplier in precision au-
tomation equipment and process development for micro-
electronic assembly, announced that it has been recerti-
fied as meeting the requirements of ISO 9001/ANSI-ASQ
Q9001:2000 and is registered by SGS.  

■ PSI-TEC Corp., a wholly-owned subsidiary of PSI-
TEC Holdings Inc., announced that the company’s inde-
pendent laboratory results came back positive, confirming
the thermal stability of its Perkinamine electro-optic ma-
terials. Thermal stability as high as 350°C was confirmed.

CONTRACTS
■ Lockheed Martin has been awarded a contract valued
at approximately $120 M to provide the US Army with
five Enhanced AN/TPQ-36 radars. The contract was
awarded by the Army’s Program Executive Officer-Intelli-
gence, Electronic Warfare and Sensors (PEO-IEW&S);
the radars—also known as the EQ-36 Counterfire Target
Acquisition Radar—will be delivered within 36 months.

■ The Evans Capacitor Co. has won a $3.03 M contract
from Lockheed Martin Missiles and Fire Controls, Or-
lando, FL, to supply capacitor banks for Lot III produc-
tion of the Apache helicopter Arrowhead Program. Ar-
rowhead is the Modernized Target Acquisition and Desig-
nation Sight/Pilot Night Vision System (MTADS/PNVS)
for AH-64 Apache attack helicopters. Evans will supply
two specially built and packaged capacitor banks for the
system. It will manufacture approximately 250 Arrowhead
ship sets by the end of 2007.

■ Microsemi Corp., a manufacturer of high performance
analog/mixed-signal integrated circuits and high reliability
semiconductors, has announced that Congress has appro-
priated $1.8 M to allow Microsemi’s Power Products
Group (formerly Bend, Oregon-based Advanced Power
Technology) to develop technology related to the use of sil-
icon carbide semiconductor components in military avion-
ics applications. It is expected that the program will be ad-
ministered by the Air Force Research Laboratory (AFRL).

■ Agilent Technologies Inc. and AT4 Wireless (for-
merly known as CETECOM Spain) announced that Agi-
lent’s Measurement Systems Division and Wireless Busi-
ness Unit have won a contract valued at more than US $1
M jointly with AT4 Wireless for fixed and mobile WiMAX
conformance test and regulatory test systems with Tele-
com Technology Center Taiwan.  

AROUND THE CIRCUIT
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■ RF Industries’ RF Neulink Telemetry Division an-
nounced it has been awarded a $77,000 order for modi-
fied models of its flagship NL6000 wireless modem from
Lockheed Martin. 

■ IKE Micro, a build-to-print contract manufacturer serving
the defense and commercial markets, announced that it was
awarded a large order from a division of Tyco Electronics.
IKE Micro received an order from M/A-COM, Lowell, MA,
for 13,500 amplifier assemblies to support a military radar
program. The order will be completed in 2007.

FINANCIAL NEWS
■ Credence Systems Corp. reports sales of $109.6 M
for the third quarter of fiscal 2006 ended July 31, 2006,
compared to $111.9 M for the same period in 2005. Net
loss for the quarter was $461.4 M ($4.61/per share), com-
pared to a net loss of $41.7 M ($0.43/per share) for the
third quarter of last year.

■ PulseWave RF™ Inc. (formerly PropheSi Technolo-
gies™ Inc.), a fabless semiconductor company providing
modules for the wireless infrastructure market, an-
nounced that it closed a $30 M Series C funding round
led by Oak Investment Partners. Existing PulseWave RF
investors, including Austin Ventures, Bay Partners and
Genesis Campus, also participated in the round. Pulse-
Wave RF will use the funding to commercialize its Class
M power amplifier module, a digital power amplifier ar-
chitecture for wireless base stations. In addition, the in-
vestment will support the company’s expansion of its op-
erations, sales and marketing and engineering teams.

■ Jacket Micro Devices (JMD), a supplier of small, high
performing RF modules, announced it has received $12 M
in venture funding. New investor Intersouth Partners led the
round with participation from existing investors Noro-Mose-
ley Partners, Sevin Rosen Funds and Imlay Investments.
The new round of financing will be used to expand product
development and ramp production of the company’s recent-
ly introduced products for 802.11n applications.

■ Chip Estimate Corp., a provider of architectural-level
chip planning solutions, announced that it has raised $3.5 M
in expansion financing in two closings. ITU Ventures, who
participated in the original seed funding of the company, led
this round. The company has raised $5.5 M since its incep-
tion in 2003, and will use the latest round to fund working
capital growth and accelerate the product roadmap for estab-
lishing tight and meaningful integration of architectural plans
with industry-leading EDA implementation systems.

NEW MARKET ENTRY
■ ElectroMagneticCareers.com, a new career web site
focused exclusively on RF and microwave, antenna, radar,
EMC and related test engineers, was launched in October
2006. Bringing together employers and engineers within
the industry, ElectroMagneticCareers.com facilitates tal-
ent hunt for employers and job search for microwave and
RF engineers. With the variety of related expertise cate-
gories, one can now pin-point the exact skill set matching
a project’s needs. 

modular rf
rf/microwave instrumentation • modular rf • receiver systems • ar europe
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Charles Ohiri
Senior RF Engineer
AR Worldwide
Modular RF

“They said it 
couldn’t be done.
We said give us 
three months.”

I love a challenge.  Always have.  Just tell me something
is impossible and I’ll try to prove you wrong.  When I was a
kid, that used to drive my parents crazy.  But today, in my line
of work, that attitude really comes in handy.  

Like when I was asked to create an RF amplifier for
WiMAX.  They wanted it no larger than 3" x 5" and the
amplified signal had to maintain its linearity.  Conventional
wisdom said you couldn’t build an amp that small with almost
perfect linearity. My team said, “give us three months.”

The result is our new WiMAX band 802.16-2004
compliant 20-watt module.  It’s 3" x 5" and its linearity is
practically perfect. But we were wrong about one thing.
We told them it would take at least three months, but we
delivered the module in 45 days.

To learn more visit us www.ar-worldwide.com or
call 425-485-9000.

Visit http://mwj.hotims.com/7966-22 • See us at RWS Booth 312
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PERSONNEL
■ EADS North America Defense Test
and Services announced the appoint-
ment of Steve Karlovic to vice president
of business development and customer
support, with responsibility for world-
wide business development, sales and
customer support in addition to corpo-
rate communications. Prior to joining the
company, Karlovic was responsible for  
related logistics programs at Lockheed 
Martin Simulation, Training and Support 
in Orlando, FL.

■ Micronetics Inc. announced that Kevin Beals has
joined the company as vice president of business develop-
ment. Beals brings nearly 25 years of related design and
sales experience with highly integrated technologies for
military and commercial electronic markets. Most recent-
ly, Beals served as district sales manager at M/A-COM
Inc., where he had contributed for the past 15 years. 

■ Paratek Microwave has opened a new advanced engi-
neering Design Center in the Chicago suburb of Crystal
Lake, IL, naming Keith Manssen, vice president of engi-
neering for commercial products, to run the operation.
Manssen comes to Paratek with over 25 years of wireless
and mobile phone industry experience, most notably with
Motorola where he spearheaded the development of its
highly successful StarTAC and GSM phones.

■ Technical Communities Inc. an-
nounced that Alfredo Perez will join
the company as a vice president-busi-
ness development. Perez, who will be
based in the Washington, DC-area,
comes to Technical Communities from
IPIX Corp., Reston, VA, where he was
vice president of sales. As a vice presi-
dent-business development, Perez will
assume responsibility for a strate-
gic approach to the company’s contin-

ued business expansion of GSA distribution of IT prod-
ucts and services. He will be directly responsible for the
establishment of agreements between Technical Commu-
nities and manufacturers as well as ongoing sales strategy.

■ Advanced Control Components Inc.
announced that Mark Perhacs has
joined the company as the director of
sales and marketing. Perhacs has spent
the last 18 years in the RF and mi-
crowave industry. His experience in-
cludes sales and business development
for companies focused on the commer-
cial and military industries. Most re-
cently he was the sales manager for 
Aeroflex-KDI Integrated Products in

Whippany, NJ. Perhacs will be managing all of the foreign
and domestic representatives, as well as setting marketing
strategy for the company’s products. He may be reached
via phone at (732) 460-0212 x267 or e-mail:
mperhacs@advanced-control.com.

▲ Mark Perhacs

▲ Alfredo Perez

▲ Steve Karlovic

Visit http://mwj.hotims.com/7966-90 • See us at RWS Booth 643

Visit http://mwj.hotims.com/7966-26

AROUND THE CIRCUIT

Untitled-2   1Untitled-2   1 12/19/06   10:56:18 AM12/19/06   10:56:18 AM

http://mwj.hotims.com/7966-90
http://mwj.hotims.com/7966-26
mailto:mperhacs@advanced-control.com
http://www.astrolab.com
mailto:info@modelithics.com
http://www.modelithics.com/Free-models
mailto:sales@astrolab.com


66 MICROWAVE JOURNAL ■ DECEMBER 2006

■ Centerline Technologies announced the appointment of
Robert Naugler to the position of operations manager. In
this capacity, Naugler is responsible for the day-to-day oper-
ation of Centerline Technologies’ lapping, polishing and dic-
ing operations. His responsibilities also include the supervi-
sion of quality, production and statistical process control.
Naugler has extensive experience in operations manage-
ment, process development, and research and development.

■ Auriga Measurement Systems LLC announced the ad-
dition of Agostino Augie Papetti as director of global
marketing. Papetti has 40 years of experience focusing on
global marketing and building strong customer relations.
Previous to Auriga, Papetti was employed by Agilent
Technologies and Hewlett Packard in a variety of sales
and marketing positions focusing on the microwave and
millimeter-wave business segments, the aerospace and
defense market, and the GaAs Foundry Infrastructure. At
Auriga, Papetti will refine the company’s strategy to grow
the global marketing enterprise to support the three core
Auriga business lines of modeling and design services,
characterization instruments, and test and measurement
systems, and to expand into related fields. 

■ Elcoteq SE announced that Richard Appleby has
joined Elcoteq as director, America Operations. Formerly
vice president of North America Manufacturing for Fox-
conn, Appleby has over 25 years of experience in the elec-
tronics manufacturing industry. At Elcoteq, Appleby will
be responsible for all aspects of operations management.

■ Fox Electronics announced David
Hsiao has been hired as its new manag-
er of sales and marketing for Fox Asia
Pacific. Hsiao will manage Fox’s rapid
growth in this area, which includes Tai-
wan and China. He will also open a new
Fox office in Taiwan. In addition, Hsiao
will be responsible for the marketing
and sales of Fox’s full range of frequency
control products. Before joining Fox,  
Hsiao worked as managing director of

sales for Hosonic Electronic Ltd. at the Hosonic headquar-
ters, and as vice president at Hosonic (HK) International
Co. Ltd. The Fox Asia Pacific’s sales headquarters is located
at 4/7 Gold & Silver, Commercial Building, 12-18 Mercer
St., Central, Hong Kong.

■ XMA Corp. announced the appointment of Thomas
Kuhn as senior microwave component engineer. In this posi-
tion, he will be responsible for expanding XMA’s new prod-
uct design introductions along with fresh inputs for the man-
ufacturing teams at XMA’s Manchester, NH, and Tianjin,
China facilities. Kuhn has several years experience in New
Product Design and Technical Support of Manufacturing. 

■ RFMW Ltd. announced it has appointed Richard
Sisterson as the new sales engineer for the San Diego, CA
territory. Sisterson comes to RFMW Ltd. from CK Associ-
ates, the manufacturer’s rep for M/A-COM, MuRata, Intersil
and Honeywell. Prior to that, he spent five years with Future
Electronics as a technical solutions manager and the regional
analog and RF specialist for the San Diego region.

▲ David Hsiao

Visit http://mwj.hotims.com/7966-92
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REP APPOINTMENTS
■ Electronic component distributor Digi-Key Corp. and
Antenova Ltd. announced the signing of a global distrib-
ution agreement. Based in Cambridge, UK, Antenova is a
developer and supplier of high performance integrated
antenna solutions for a wide range of wireless applications
for mobile handsets, portable devices and other consumer
electronics. Antenova products are available for purchase
directly from Digi-Key and are featured in its print and
on-line catalogs.

■ Aethercomm Inc. announced it has appointed 
K-Tech Sales as the company’s exclusive sales represen-
tative covering northern California. K-Tech Sales will rep-
resent and support Aethercomm’s entire product offering.
The company can be reached at: 100 Century Center
Court, Suite 405, San Jose, CA 95112 (408) 437-1808 or
visit www.ktechsales.com.

■ Teledyne Relays has added Mouser Electronics Inc. as
an authorized global distributor of its switching products. 

■ Palco Connector announced the appointment of
Jaytech Sales as the company’s newest sales representa-
tive, covering the New England states. Palco designs and
manufactures catalog and custom RF and microwave coax

connectors, contacts and cable assemblies. Jaytech is lo-
cated in Dracut, MA, and may be reached by phone (978)
453-8797 or e-mail: richjerome@comcast.net.

■ Reactel Inc., a manufacturer of RF and microwave fil-
ters, multiplexers, switched filter banks and sub-assem-
blies to the commercial, military, industrial and medical
industries, announced the appointment of VP Electron-
ics as the company’s representative in Maryland, Virginia
and Washington, DC. For more information about VP
Electronics, visit www.vpelectronics.com or call Vince
Pirro at (410) 489-9554.

■ LNX Corp. announced the appointment of Special-
Ind as its representative in Italy. Special-Ind brings 50
years experience in the marketing of microwave products
for the defense and commercial business. LNX designs
and manufactures microwave and millimeter-wave prod-
ucts combined with digital technology for the same mar-
kets. Special-Ind can be reached at 02-6074741, fax: 02-
66800493 or e-mail: specialind@specialind.it.

■ G.T. Microwave Inc., Randolph, NJ, announced the
company’s appointment of domestic representative,
Odyssey 1, to cover Colorado and Utah. The members of
Odyssey 1 were allotted the task of covering prospective
customers in the Midwest region of the United States.
The company’s headquarters is stationed at 970 East 3300
South #7A, Salt Lake City, UT 84106. The company’s web
site can be located at www.odyssey1.biz.

Visit http://mwj.hotims.com/7966-61
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TECHNICAL FEATURE

principles of DBR are recalled before describ-
ing in detail the design of a microstrip DBR
filter in Ku-band.

WHAT IS A DBR
The generic structure, shown in Figure 1,

can be described as a parallel association of
two different bandstop structures of equiva-
lent input impedances, ZS1 and ZS2. Obvious-
ly, the impedance of the whole structure is de-
fined as

This equation shows that the stub associa-
tion has no effect on the frequencies of the
transmission zeros that always appear when Z
= 0, that is when ZS1 = 0 or ZS2 = 0. The indi-
vidual incidence of each bandstop structure is

Z
Z Z

Z Z
S S
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+
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RF filters are commonly implemented
inside receivers, with rigorous specifi-
cations about rejection of the adjacent

transmitted frequency band, in order to pre-
serve them from possible damage and degra-
dation due to high transmit power.1 Nowa-
days, these difficult problems are the subject
of intensive studies in microwave planar fil-
ters.2–5 For such applications, the use of dual
behavior resonators (DBR) appears to be a
very convenient solution because they allow
the control of two attenuated bands on either
side of one bandpass.6,7 A DBR results from
the association of two different parallel band-
stop structures. Each of them brings its own
transmission zero with respect to its funda-
mental resonant condition. At the same time,
their association is transparent within a given
operating frequency once the bandstop struc-
tures have been properly connected under
constructive recombination criteria. It results
in a bandpass response created between the

above-mentioned lower and up-
per rejected bands. Quite often,
a DBR filter can be an alternate
solution whenever classical pla-
nar solutions are unable to
solve a given problem.8–18 This
tutorial is aimed at showing
how to benefit from this partic-
ular planar topology. The basic

DESIGN OF MICROSTRIP
DUAL BEHAVIOR
RESONATOR FILTERS: 
A PRACTICAL GUIDE

ZS1 ZS2 

Fig. 1  The basic resonant
structure of a DBR. ▼
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then preserved. Nevertheless, a
bandpass can be created when the
equivalent input impedances ZS1 and
ZS2 have the same modulus, but be-
come out-of-phase. Indeed, in this
case, the total impedance, Z, tends
towards infinity. According to the
number of available parameters and
to the initial behavior of each band-
stop structure, a DBR allows the in-
dependent control of:
• 1 pole in the operating bandwidth

• 1 transmission zero in the lower
attenuated band
• 1 transmission zero in the upper
attenuated band

Such a structure can produce a re-
sponse like the one shown in Figure
2. One should nevertheless keep in
mind that spurious resonances appear
on each side of the bandpass. Conse-
quently, this kind of resonator is only
usable over a limited frequency
range.

DBR FILTER SYNTHESIS
In planar technology, conventional

bandstop structures can be easily im-
plemented by using open stubs or
short-circuited stubs, with or without
stepped-impedances. Figure 3 shows
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▲ Fig. 3  Examples of DBRs.
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some examples of DBRs. The first
one, (a), is made of uniform open-cir-
cuited stubs of different lengths,7,19

whereas the second one, (b), results
from the combination of stepped-im-
pedance stubs and open-circuited
ones.6,7 The third DBR structure, (c),
is composed of uniform short-circuit-
ed stubs of different lengths,7 and the
last one, (d), corresponds to an asso-
ciation of short-circuited stubs and
open-ended ones.7 General synthe-

ses, all based on classical slope para-
meter formalism, have been pro-
posed.7 To illustrate the potential of a
DBR filter, an ideal transmission line
circuit (see Figure 4) has been simu-
lated with Agilent-ADS.™

The simulated response produced
(see Figure 5) is similar to that of a
fifth-order DBR filter based on uni-
form-length, open-circuited stubs: a 4
percent fractional bandwidth centered
at 1 GHz, with transmission zeros dis-

tributed symmetrically on each side of
the bandpass. As an example, only the
equations relative to the DBR n° 4 are
given (see Figure 4), characterized by
the parameters k4lf and k4hf equal to
0.91 and 1.09, respectively. These pa-
rameters define the position of the
transmission zeros with respect to the
central frequency. The proper slope
parameter of this DBR is denoted by
b4 and set to 1 here; b4 acts as a de-
gree of freedom. Of course, the equa-
tions for the other DBRs are similar. It
is worth noting that, because of the in-
dependence of DBRs, the transmis-
sion zeros are also independent. Flexi-
bility is one of the great advantages of
such a particular topology.

DESIGN OF A KU-BAND
ALUMINA MICROSTRIP 
DBR FILTER
Fourth-order Ku-band DBR Filter

The design of a DBR Ku-band fil-
ter in microstrip technology will now
be considered. This example will al-
low making explicit the design
methodology, from the ideal trans-
mission line model and associated
synthesis to the manufactured circuit
and final measurements. The focus
will be on the particular features of
this filter as well as on the difficulties
met during the design. The proposed
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▲ Fig. 4  Ideal transmission line scheme of a
fifth-order DBR filter based upon uniform-
length, open-circuited stubs.
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DBR Ku-band microstrip filter is
slated to be incorporated in a receiver
aboard a telecommunications satel-
lite. Figure 6 gives its precise specifi-

cations with respect to frequency.
This filter must be able to eliminate
the transmit (Tx)-band without seri-
ously affecting the very close receive

(Rx)-band. The at-
tenuation within the
Tx-band, between
10.7 and 12 GHz,
must be better than
35 dB. For the
bandwidth defined
within 12.75 and
13.5 GHz, the loss-
es and flatness need
to be better than 3
and 0.6 dB, respec-
tively. No specifica-
tions are given for
the frequencies lo-
cated before the Tx-
band and after the
Rx-band. Therefore,
the main problem
here is to get better

rejection while restricting the num-
ber of resonators to be used so as to
reduce both the level of insertion
losses and the structure size. Filter
topologies including transmission ze-
ros are obviously well suited to this
kind of problem. Moreover, the lack
of specifications outside the frequen-
cy band between 10.7 and 13.5 GHz
makes the DBR topology appear as a
good candidate.

Until now, designers have usually
developed classical hairpin filter solu-
tions. Indeed, the electrical perfor-

mance of a fifth-order hairpin filter
built on alumina substrate (εr= 9.9, h =
254 µm) was found to meet the desired
specifications for insertion losses, flat-
ness and Tx-band attenuation equal to
2.30, 0.5 and better than 47 dB, re-
spectively. With this solution, the over-
all size of the structure (6.6 × 2.9 mm2)
remains small. However, this filter is
very sensitive to technological varia-
tions because the smallest width for
the slots is only 46 µm. Not only the
sensitivity to dimensional variations,
but also the influence of packaging
must be considered with great atten-
tion. Since a fourth-order DBR filter
should be sufficient to give the re-
quired out-of-band rejection, uniform-
length stubs are chosen because of the
availability of general synthesis7 and
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▲ Fig. 8  Microstrip transmission line model of the fourth-order Ku-band DBR filter.
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TABLE I
INPUT PARAMETERS OF THE 

FOURTH-ORDER, IDEAL TRANSMISSION
LINE DBR FILTER SIMULATION

Dual BehaviorGeneral Input Resonators Parameters i=1, 2, 3 and 4

f0 = 13.08 GHz
w = 5.5% kilf = 0.85

ga = gb = 1 S kihf = 1.30
w1p = 1 Rad.s–1 bi = 22.3
Am = 0.01 dB

TABLE II
OUTPUT PARAMETERS OF THE 

FOURTH-ORDER, IDEAL TRANSMISSION
LINE DBR FILTER SIMULATION

Dual Behavior
Resonators Inverters i–1,i 

i=1, 2, 3 and 4

10 = c0/4.f0 1i–1,i = 5.730 mm1ilf = 10/ksbf mm Zc01 = 38.1 Ω = Zc561ihf = 10/kshf mm Zc12 = 37.7 Ω = Zc45Zsilf = 42.0 Ω Zc23 = 51.3 Ω = Zc34Zsihf = 31.5 Ω
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Electrical Specifications
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SP1T 2-18 GHz 2.3 2:1

SP2T 2-18 GHz 2.5 2:1

SP4T 2-18 GHz 2.8 2:1

SP8T 2-18 GHz 4.0 2:1

SP16T 2-18 GHz 7.0 2:1

Absorptive • 60dB isolation • 1µsec switching speed • + 20 dBm cw, 1 w max

specific efforts are made to prevent the
layout from having strong discontinu-
ities. Tables 1 and 2 give the input and
the output parameters chosen for the
synthesis. Since no specifications were
given for the frequencies located be-
yond the bandwidth, the high frequen-
cy transmission zeros were kept free.
In order to simplify the design, all the
DBRs were chosen identical. Finally,
the degrees of freedom of the synthe-
sis were used so that the stub- and in-
verter-impedances fell within 30 and
50 Ω. Such an impedance range pro-
vides a good compromise between in-
sertion losses, rejection, dimensional
sensitivity and junction-discontinuity
size. Figure 7 shows the simulated re-
sponse of the DBR filter with the input
parameters given in Table 1. The next
step is to build the equivalent mi-
crostrip circuit model, based on using
an alumina substrate (εr = 9.9 and h =

80 MICROWAVE JOURNAL ■ DECEMBER 2006Visit http://mwj.hotims.com/7966-49

TECHNICAL FEATURE

|S
11

|, 
|S

21
| (

dB
)

FREQUENCY (GHz)

0

−30

−60

−90

−120

−150
10 12 14 16 18

11.65 mm

εr = 9.9
h = 254 µm 4.58 mm

10.7 12.0 12.75 13.5

▲ Fig. 10  Electromagnetic simulation and
layout of the fourth-order Ku-band DBR
filter.

LE
V

EL
 (

dB
)

FREQUENCY (GHz)

0

−20

−40

−60

−80

−100
10 11 12 13 14 15 16

|S11| Measured
|S11| Simulated
|S21| Measured
|S21| Simulated

Ftx1   Freq=10.70 GHz   dB (Meas1..S(1,2))=-42.02
Max   Freq=13.15 GHz   dB (Meas1..S(1,2))=-1.247
Frx1   Freq=12.75 GHz   dB (Meas1..S(1,2))=-2.374
Ftx2   Freq=12.00 GHz   dB (Meas1..S(1,2))=-35.63
Frx2   Freq=13.50 GHz   dB (Meas1..S(1,2))=-1.224

Frx1

Ftx1
Ftx2

Frx2
Max
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experimental response.
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254 µm) and shown in Figure 8. This model takes into ac-
count discontinuity effects, such as cross-junctions and
open-end effects, as well as metallic and dielectric losses.
Figure 9 shows the simulated response of the circuit and
highlights the importance of the discontinuity effects to be
overcome. The frequency of the transmission zeros can be
adjusted by modifying the stub length, but this change is in-
sufficient to tune the electrical characteristics in the band-
pass. Moreover, such an electrical circuit model is not suit-
able in the present case, because it is unable to take into ac-
count the couplings between stubs, which strongly affect the
response at these frequencies.

Figure 10 shows the electromag-
netic simulation and the associated
layout. The parasitic coupling effects
clearly appear on the response.
Transmission zeros are eliminated.
Nevertheless, the electrical response
can be improved to meet the desired
specifications by carrying out an opti-
mization procedure to correct the
layout. This operation is easily done
by changing the stub’s length to di-
rectly adjust the bandwidth and the
attenuated band; the matching level
is adjusted by modifying the imped-
ances of stubs and inverters. The
lengths of the inverters can be also
used as tuning parameters.

Figure 11 shows that an accept-
able matching level can be easily ob-
tained, but with no full removal of the
damages noticed on the attenuated
band and flatness. It also compares ex-
perimental results with those of the
electromagnetic simulation and shows
that the insertion losses in the band-
width are within 1.2 and 2.3 dB; more-
over, attenuation in the Tx-band is
better than 35 dB. So, even though
the rejection satisfies the specifica-
tions, it is not true for the flatness val-
ue found to be 1.17 dB, and which
must be improved. Figure 12 shows
the layout obtained after further im-
provement. The filter size is 11.2 × 4.4
mm2, and the smallest strip width is
approximately 300 µm. It is worth not-
ing that this layout is not significantly
different from the one used in the
original electromagnetic simulation.

MODIFIED FOURTH-ORDER 
KU-BAND DBR FILTER

By strongly affecting the electrical
response, the couplings between ad-
jacent stubs are at the origin of a true
limitation. It is clear that the change
in the attenuation of the lower atten-
uated band is caused by the coupling
between the low frequency stubs. It
is the same for the upper attenuated
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band because of the coupling be-
tween the high frequency stubs.
These effects are illustrated by sub-
stituting the stubs with microstrip
coupled-line models in a circuit simu-
lator. Figure 13 shows the frequency

response obtained for a symmetrical
second-order filter where symmetri-
cal means two identical DBRs (a); the
electrical response obtained after re-
placing the stubs with a coupled-line
model (b); it makes clear the changes

occurring in the response, especially
those in the frequency regions of
transmission zeros. Thus, a very con-
venient way to overcome damage in
the lower attenuated band is to inter-
change the stubs; it results in the sup-
pression of coupling phenomena in
this frequency range (c). This action
moves away the low frequency trans-
mission zeros and, thus, widens the
attenuated band. The difference of
length between low and high fre-
quency stubs now appears as a new
tuning parameter. Figure 14 shows
the layout obtained after a two by two
exchange of the DBR stubs positions.
Obviously, as in the previous case, a
slight optimization phase is needed to
adjust the response correctly. As
shown in Figure 15, the new possi-
bilities offered by such a configura-
tion are used to improve the rejection
in the lower attenuated band, and
thus to significantly improve flatness
in the bandpass. Once again, experi-
mental and electromagnetic simulat-
ed results are in good agreement.
The insertion loss within the band-
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▲ Fig. 14  Modified layout of the fourth-
order Ku-band DBR filter.
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order Ku-band DBR filter.
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width lies between 1.2 and 1.75 dB,
and the attenuation in the Tx-band is
greater than 40 dB. No significant
change in the global size of the struc-
ture ensues from the geometrical
change. Finally, this filter meets easi-
ly the required specifications.

CONCLUSION
The design of a DBR filter in Ku-

band was described with rigorous spec-
ifications in terms of insertion losses,

flatness and rejection. The solution of-
fered sounds very convenient when
there is no constraint outside of a limit-
ed frequency band of interest. The ef-
forts were concentrated on the strong
isolation between the adjacent Tx and
Rx frequency bands, considered as the
main critical point. The present study
was aimed at describing the design
methodology and demonstrating the
possibilities offered by the DBR topol-
ogy while focusing on the previously

mentioned critical point. Compared to
a classical hairpin topology, the pro-
posed solution appears very attractive
in terms of insertion losses, rejection
level and sensitivity to dimensional vari-
ations. An improvement of approxi-
mately 1.2 dB in insertion loss was ob-
tained by only lowering the order in the
case of a DBR filter compared to that
of a hairpin, that is a fourth-order
(DBR) against a fifth-order (hairpin).
Indeed, as the electrical specifications
are met with a very large margin, the
structure can withstand dimensional
variations and dielectric permittivity
tolerance over a large range of temper-
ature amplitude; a spatial application
may undergo temperature variations
from –20° to 60°C. The study of the
possible effects induced on the struc-
ture by packaging showed that, in the
present case study, the addition of a
metallic cover (h = 3 mm) made cor-
rections unnecessary. Similar studies
carried out for different frequency
specifications, such as 10.7 to 12.75
GHz for the Tx-band and 13.75 to 14.8
GHz for the Rx-band, have led to simi-
lar overall performance. Moreover, the
use of over-sizing techniques enables
one to significantly reduce the size of a
DBR structure to get closer to an
equivalent hairpin structure or even
smaller.20 The main drawback of DBR
structures is spurious resonances. Since
they were not detrimental for the re-
ceiver case discussed here, however, no
specific effort was done to suppress
them. Nevertheless, in the prospect of
other applications, this point has been
the subject of thorough investigations,
particularly through the integration of
low pass structures in bandpass struc-
ture and coupled inverters.21 Among
the other issues to be considered in the
future, one should mention the stub
coupling phenomena. They are not tak-
en into account in the present synthe-
sis, and doing it would simplify design
and enhance performances. Alcatel
Alenia Space has selected DBR solu-
tions for use in telecommunications
satellite receivers. The first one is used
in a satellite, which is planned to launch
in 2006.  ■
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more than four measurements are usually per-
formed and curve-fitting techniques are then
used to determine the noise parameters.4–7

Several authors8–10 have proposed improved
methods, using the equivalent transistor noise
model, to provide additional information to
reduce the complexity of the measurement
procedure. The noise models can be broadly
obtained by numerical and experimental ap-
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Pseudomorphic high electron mobility
transistors (PHEMT) have shown excel-
lent microwave and noise performance

and are very attractive for millimeter-wave
and optoelectronic applications. The complete
characterization of these devices, in terms of
noise and scattering parameters, is necessary
for computer-aided design (CAD) of mono-
lithic microwave integrated circuits (MMIC)
or optoelectronic integrated circuits
(OEIC).1–3 The full noise characterization of a
PHEMT requires the determination of four
noise parameters: minimum noise figure Fmin,
noise resistance Rn, optimum source conduc-
tance Gopt and optimum source susceptance
Bopt. The determination of the noise parame-
ters is typically performed by analyzing the
variation of the measured noise figure as a
function of the source impedance. A mini-
mum of four independent measurements is
required. However, for increasing accuracy,

MICROWAVE NOISE
MODELING FOR
ALGAAS/INGAAS/GAAS
PHEMTS
Analytical expressions for the noise parameters of microwave pseudomorphic
high electron mobility transistors (PHEMT) are presented in this article. These
expressions are derived from an accurate small-signal and noise equivalent circuit
model, which takes into account the influences of the intrinsic elements and gate
leakage current. The scaling rules for the noise parameters of the intrinsic part
are determined based on these analytical expressions. The experimental and
theoretical results show that at the same bias condition, good scaling of the noise
parameters up to 26 GHz can be achieved between the large-size devices 
(2 × 40 µm and 260 µm gate width PHEMTs) and the elementary cell (2 × 20 µm
gate width PHEMT).
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proaches, both of which could lead to an equivalent-cir-
cuit representation with adequate parameterization.
These measured noise parameters can be coupled with S-
parameter measurements into an equivalent-circuit mod-
el, an approach that is common for microwave de-
vices.11–16 An empirical relation between the noise figure
and the circuit parameters, employing fitting parameters,
was proposed for GaAs FETs by Fukui.12 More quantita-
tive equivalent-circuit modelings have been pursued by
Statz, et al.13 and Pospieszalski,14 where the noise was
equivalently represented as gate and drain temperature or
resistance/conductance using Nyquist noise sources.

In order to optimize the noise performance of
PHEMTs for low noise applications, fully scalable analyti-
cal expressions for the noise parameters, which can pro-
vide good accuracy and be scalable based on the layout
structure as well as gate width, are very attractive for
MMIC design and have a number of advantages. These
advantages include:
• The noise parameters of different size devices using
the same process can be readily obtained using scalable
normalization model parameters, so low cost and time
savings can be achieved
• They are useful for understanding the physical mecha-
nisms and for evaluating the influence of the different pa-
rameters of the small-signal equivalent circuit model

A. Cappy derived simple analytic expressions for the
minimum noise figure, noise conductance and the opti-
mum source impedance based on an equivalent circuit,
considering only the intrinsic gate-to-source capacitance
and extrinsic gate and drain resistances.17 Unfortunately,
fully scalable analytical expressions for the noise parame-
ters have not been discussed yet. In this article, a set of
new expressions for the four noise parameters of Al-
GaAs/InGaAs/GaAs PHEMTs are derived from an accu-
rate noise equivalent circuit model without any assump-
tions and approximations. The effects of all intrinsic ele-
ments and gate leakage current are taken into account.

The scaling rules for the noise parameters of intrinsic part
are determined, based on these analytical expressions.

THEORETICAL ANALYSIS
Device Structure

The AlGaAs/InGaAs/GaAsPHEMT with 0.25 µm
mushroom gates have been grown and fabricated using
Nanyang Technological University’s (NTU) developed
process technology. The layer structure of the wafer, from
bottom to top, consists of a GaAs undoped buffer layer, a
140 Å undoped In0.22Ga0.78As strained layer, a 40 Å
Al0.25Ga0.75As spacer layer, a 5 × 1012cm–2 Si δ-doping
plane, a 220 Å I–Al0/25Ga0.75As source layer and a Si-
doped 450 Å n+–GaAs cap layer. Here, a PI-gate PHEMT
has been used, which has a 2 × 40 µm gate width (number
of gate fingers × unit gate width) and a pinch off voltage
of approximately –0.8 V. The double heterojunction 
δ-doped PHEMT structure considered in this study is
shown in Figure 1. Figure 2 shows the layout of the in-
terdigitated double heterojunction δ-doped PHEMT.

Noise Model
From the circuit point of view, the FET device can be

treated as a black box of a noisy two-port. As is well
known, the noise behavior of a linear noisy two-port net-
work can be characterized by the four noise parameters,
Fmin, Rn, Gopt and Bopt, with

where

F = noise figure
Ys = Gs + jBs = source admittance
Fmin = minimum noise figure
Rn = noise resistance
Ys = Gs + jBs = optimum source admittance

F F
R
G

G G B Bn

s
s opt s opt= + ( ) + ( )⎡

⎣⎢
⎤
⎦⎥min – – ( )

2 2
1
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▲ Fig. 1  Device cross-section of a double heterojunction δ-doped
PHEMT.
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▲ Fig. 2  Layout of the interdigitated double heterojunction δ-doped
PHEMT.
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The complete PHEMT small-signal and noise equivalent
circuit model, including the intrinsic and extrinsic parts, is
shown in Figure 3. The circuit model comprises the well-
known small-signal equivalent circuit, and six noise
sources e2

g

__
, e2

d

__
, e2

s

__
, i2g
__

, i2d
__

and i2gL

___
. The three noise sources

e2
g

__
, e2

d

__
, e2

s

__
represent the noise behavior of the access resis-

tances Rg, Rd and Rs, and are simply given by: e2
i

__
=

4kTRi∆f, where k is the Boltzmann constant, T is the ab-
solute temperature, Ri is the resistance value and ∆f is the
bandwidth. The two correlated current noise sources i2g

__

and i2d
__

represent the internal noise sources of the intrinsic
PHEMT. These two noise sources are characterized by
their mean quadratic value in a bandwidth ∆f centered on
the frequency f, and can be given by the following expres-
sions1

The cross correlation between i2g
__

and i2d
__

can be expressed
as

where R and P are the gate and drain noise model para-
meters, and C is the correlation coefficient.

i i kT C C PR fd g gs* ( )= 4 4ω ∆

i kT
C R

g
f

i kTg P f

g
gs

m

d m

2

2

2

4 2

4 3

=
( )

=

ω
∆

∆

( )

( )

i2gL

___
represents the gate leakage current noise source,

and is given by18,19

where

IgL = gate leakage current
α = fitting factor

In the small-signal and noise equivalent circuit model,
Lg, Ld and Ls represent the inductances of the gate, drain
and source feed-lines, respectively, Cpg, Cpd and Cpgd rep-
resent the gate, drain and isolation between gate and
drain pad capacitances, Rs and Rd are the source and
drain resistances, Rg is the distributed gate resistance, Cgs,
Cgd and Cds are the gate-to-source, gate-to-drain and
drain-to-source capacitances, respectively, and Ri is the
channel resistance. gm is the transconductance, gds is the
drain conductance and τ is the time delay associated with
transconductances.

DERIVATION OF THE NOISE PARAMETERS
New Expressions for the Noise Parameters

From the intrinsic part of the small-signal model, it can
be found that it consists of seven elements: gm, gds, Cgs,
Cgd, Cds, Ri and τ. The corresponding short circuit Y-para-
meters of the intrinsic small-signal equivalent circuit can
be expressed as20

The corresponding admittance noise correlation matrix
can be expressed as

where VT represents the thermal voltage (VT = kT/q).
Based on the noise correlation matrix technique,21 the

four noise parameters can be directly calculated from the
chain noise correlation matrix
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▲ Fig. 3  Noisy small-signal equivalent circuit model of PHEMT; (a)
extrinsic part and (b) intrinsic part.
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where

with Equations 5 and 6 substituted in Equations 7 to 10,
one gets

where

Scaling Rules
According to the scaling rules of PHEMTs, the intrin-

sic small-signal model parameters have a standard
scaling:22 the intrinsic capacitances, transconductance and
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output conductance are proportional to the gate width
and the intrinsic resistance is inversely proportional to the
gate width, that is

where n represents the number of the elementary cells
for the larger gate width size device, which is defined by

and the superscript c denotes the elementary cell.
Assuming that the time delay remains invariant at the

same bias condition for the same device process, that is τ
= τc, with Equation 18 substituted in Equation 5, one gets

From Equation 20, it can be found that a large gate width
size PHEMT can be viewed as consisting of n elementary
cells with the same gate width connected in parallel.
Based on the noise correlation matrix technique,21 the ad-
mittance noise correlation matrix for a large gate width
size PHEMT can be expressed as

Because the gate leakage current is not scalable, all the
scaling rules for the noise parameters n this article will
not include the effect of gate leakage current (dashed box
in the intrinsic part of the noisy small-signal equivalent
circuit model). With Equations 18 and 21 substituted in
Equation 6, one gets
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TABLE I
PARASITIC PARAMETERS FOR DIFFERENT SIZE PHEMTS

Elements 2 × 20 µm 2 × 40 µm 2 × 60 µm

Cpg (fF) 25.5 25.5 25.5

Cpd (fF) 28 28 28

Cpgd (fF) 4.5 4.5 4.5

Lg (pH) 75 60 40

Ld (pH) 80 65 50

Ls (pH) 10 8 4

Rg (Ω) 8.5 5 1

Rd (Ω) 10.5 5 3.5

Rs (Ω) 6 2.5 1.2

TABLE II
INTRINSIC PARAMETERS FOR DIFFERENT SIZE PHEMTS

Elements 2 × 20 µm 2 × 40 µm 2 × 60 µm

Cgs (fF) 33.0 63.5 85.0

Cgd (fF) 13.5 22.5 35.0

Cds (fF) 2 4 6

gm (pH) 16 31 45

τ (ps) 0.65 0.7 0.7

gds (mS) 1 2 3

Ri (Ω) 28 12 6
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With Equations 22 to 24 substituted in Equations 14 to
17, it can be found that the scaling rules of the noise para-
meters for the intrinsic part are as follows: the minimum
noise figure Fmin remains invariant, the noise resistance
Rn is inversely proportional to the number of elementary
cells, and the optimum source conductance Gopt and the
optimum source susceptance Bopt are proportional to the
number of the elementary cells, that is

Determination of Noise Model Parameters P, R, C and α
Once the small-signal elements are extracted from the

S-parameter measurements, the extraction of the four un-
known noise model parameters can be carried out using
the procedure based on the noise correlation matrix tech-
nique as follows23

1. Calculation of the chain noise correlation matrix for
PHEMT.

2. Transformation of the chain noise correlation matrix to
the admittance noise correlation matrix and subtrac-
tion of pad capacitances (Cpb, Cpc and Cpbc). Because
the pad network is a noiseless network, the admittance
noise matrix remains invariant.

3. Transformation of the admittance noise correlation ma-
trix to the impedance noise correlation matrix and sub-
traction of extrinsic inductances and resistances.

4. Transformation of the impedance noise correlation ma-
trix to the impedance noise correlation matrix.

The noise model parameters can then be determined as
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EXPERIMENTAL VERIFICATION
In order to verify the equations derived for the four

noise parameters, 0.25 µm AlGaAs/InGaAs/GaAs double
heterojunction δ-doped PHEMTs, with 2 × 20 µm, 2 × 40
µm and 2 × 60 µm gate widths, have been characterized.
The S-parameters for model extraction and verification
were measured up to 40 GHz using an Agilent 8510C
network analyzer. The DC bias was supplied by an Agi-
lent 4156A. The microwave noise parameter measure-
ments were carried out on wafer over the frequency
range of 2 to 26 GHz using an ATN microwave noise
measurement system NP5. The extracted values of the
bias-independent small-signal elements for the 2 × 20
µm, the 2 × 40 µm and the 2 × 60 µm PHEMTs are sum-
marized in Table 1. Once the values of the parasitic ele-
ments are known, all bias-dependent elements can be
easily determined by using a direct extraction tech-
nique.22 The corresponding intrinsic parameters gm, τ,
Cgs, Cgd, Cds, Rbi and gds at a constant drain-source volt-
age Vds = 2.0 V and Ids = 6 mA, 12.2 mA, and 18 mA for 2
× 20 µm, 2 × 40 µm and 2 × 60 µm PHEMTs are given in
Table 2. It can be observed that the time delays τ are
nearly constant for different size devices. The extracted
noise model parameters P, R, C and α are summarized in
Table 3. It can be found that P, R and C remain invariant
for four different gatewidth size PHEMTs under the
same bias condition. However, the gate leakage current
cannot be scalable. The measured and computed noise
parameters versus frequency are compared in Figure 4
for a 2 × 20 µm PHEMT under the single bias conditions
Vgs = 0 V, Vds = 2 V. A good agreement is observed. The
new expressions are also compared with the model pro-
posed by A. Cappy17 (green lines). The red lines corre-
spond to the values calculated from Equations 14 to 17.
The new expressions are clearly more accurate than Cap-
py’s. Because of the gate leakage current effect, the mini-
mum noise figure does not cross the zero point. To illus-
trate the efficiency of the scaling rules for noise parame-
ters, the measured and predicted results for larger size
PHEMTs (2 × 40 µm and 2 × 60 µm) are compared in
Figures 5 and 6. The 2 × 40 µm and 2 × 60 µm PHEMTs
can be viewed as consisting of two and three elementary
cells (2 × 20 µm PHEMT) connected in parallel. The
measured data for the intrinsic part of the 2 × 40 µm and
2 × 60 µm PHEMTs are obtained after de-embedding
the extrinsic elements from the measured noise parame-
ters and the predicted data are obtained via the scaling
process (Equations 25 to 28) from the elementary cell (2
× 20 µm PHEMT). Good agreement is obtained between
measured and predicted data to validate the scaling ap-
proach for noise parameters.
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TABLE III
NOISE MODEL PARAMETERS FOR DIFFERENT SIZE PHEMTS

Elements 2 × 20 µm 2 × 40 µm 2 × 60 µm

p 1.50 1.50 1.55

R 1.10 1.10 1.15

C 0.30 0.32 0.35

αlgL 5 × 10–6 4 × 10–6 2 × 10–6
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▲ Fig. 5  Comparison of measured (solid
line) and predicted (dashed line) noise
parameters for a 2 × 40 µm PHEMT.
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▲ Fig. 6  Comparison of measured (solid
line) and predicted (dashed line) noise
parameters for a 2 × 60 µm PHEMT.

CONCLUSION
In this article, a set of new analyti-

cal expressions for the noise parame-
ters of PHEMTs in the microwave
frequency range is proposed. These
expressions are derived on the basis
of an accurate small-signal and noise
equivalent circuit model. The scaling
rules for the noise parameters are de-
termined for different gatewidth
PHEMTs under the same process
condition. The experimental and the-
oretical results show that for the
same bias conditions, good scaling of
the noise parameters can be achieved
between the large-size device and the
elementary cell.  ■
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tem planning. It is meaningful to have some ba-
sis for comparison between interferer levels
that could degrade the link quality and the ef-
fective levels that it is possible to detect when
assessing radio spectrum occupancy. Hence,
how interferences affect digital radio links will
be reviewed first.

THE “VICTIM” OF INTERFERENCE
A single radio terminal, part of a point-to-

point digital radio link, will be considered as
the potential victim of other digital interferers.
Each of the two equipment terminals can be
affected by interference in different ways, de-
pending on the radio network environment
into which the link itself is embedded. Gener-
ally, when referring to power levels, some ref-
erence points in the radio link plant are de-
fined; the usual point corresponds to the con-
nection between the branching network and
the antenna feeder (point C in Figure 1 of
the receiver chain). For split mount equip-
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The development of 3G services is re-
quiring a constant increase in network
capacity from the mobile operator.

Dense access microwave networks, in terms of
links per square kilometer and spectrum occu-
pancy, are needed to connect UMTS nodes to
the core network. Any introduction of a new
link or any capacity upgrade needs careful
planning and the choice of the RF channel is
crucial. When looking for a vacant channel in
the radio frequency spectrum, the normal
practice suggests the use of small and portable
field measurement setups, normally consisting
of a simple receiver (antenna, low noise ampli-
fier and spectrum analyzer). More complex
systems can be conceived, of course, but the
radio network engineer is mainly driven by
operative and economic constrains. Neverthe-
less, the radio link planner should be aware of
the limits of these measurement systems.

In this article, these specific measurement
benches will be analyzed in
terms of sensitivities achievable
in the field and their limitations
with regards to interference de-
tection and their impact on sys-

INTERFERENCE DETECTION
AND MEASUREMENTS FOR
MICROWAVE RADIO LINK
PLANNING

antenna

C

RX Filter and
BranchingReceiver

feeder
DEM

Fig. 1  Receiving section 
of a radio relay system. ▼
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ment (indoor plus outdoor units) this
is the only RF point available from
outside the unit.

THE RECEIVER THRESHOLD
The thermal threshold of a receiv-

er system is the minimum power lev-
el, at the apparatus input, that guar-
anties a bit error rate (BER) better
than a certain value (typically BER =
10–6). The threshold is an important
receiver parameter in link budget
analysis since it impacts on the link
performance. The receiver threshold
level PRX0 (at point C) depends on
the system’s modulation scheme, bit
rate, front-end noise figure and im-
plementation losses

where

(S/N)10–6 [dB] = signal-to-noise ratio
required at the
demodulator input in
order to have
BER=10–6

NRX [dBm] = thermal noise level
Limp [dB] = a positive term that

includes noise figure
and modem
implementation
losses (industrial
margin); typically in
the range 0.5 to 2 dB

RS [MHz] = symbol rate
Fnoise [dB] = receiver noise figure

Examples of threshold values are re-
ported in Table 1, for point-to-point
microwave systems operating in the
18 GHz frequency band. The Euro-
pean Telecommunications Standard

P
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2

Institute (ETSI) also gives values for
various equipment types in different
frequency bands.1

EFFECTS OF INTERFERENCES
The effects of interferences on a

digital radio relay system are normal-
ly quantified in terms of threshold
degradation (see Figure 2). If no in-
terference is affecting the receiver,
the BER curve corresponds to the
additive white Gaussian noise
(AWGN) channel condition (I = –∞
dBm). In the presence of interfer-
ence, the BER curve widens (I =
I(δ)) since the receiver needs more
power to maintain the same S/N ratio
at the demodulator in order to have
the same target BER. Hence, the op-
erating point with BER = 10–6 will be
found at the degraded threshold 
PRX0 + δ.

The signal-to-noise ratio for this
new point corresponds to the degrad-
ed threshold over the power sum of
the receiver noise level NRX (dBm),
plus the interference level I (dBm),
which must be equal to (S/N)10–6,
that is

This formula gives the threshold
degradation δ in terms of the receiver
noise and the interference level at
point C. If more interference sources
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are present, I is the power sum of all
components, supposed uncorrelated.

A δ = 3 dB degradation is obtained
when the interferer level is equal to
the receiver noise (I = NRX), while δ =
1 dB degradation is obtained when
the interferer level is 6 dB below the
receiver noise level. A degradation
equal or lower than 1 dB is normally
accepted, especially in a much pollut-
ed electromagnetic environment. Un-
due degradations (above 3 dB, for ex-
ample) mean that some further opti-
mization in the design of the link has
to be considered.

Compare now the working C/I ra-
tio with respect to the target S/N ra-
tio, for a fixed BER. The carrier level
for the degraded case is

Then, the C/I ratio, the S/N target
and the threshold degradation are
combined as

The threshold degradation is given by

in terms of (S/N)10–6 (equipment pa-
rameter) and C/I ratio (link working
point).

For instance, the C/I ratio corre-
sponding to a 1 dB degradation is
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▲ Fig. 2  The effect of interference.

TABLE I
EXAMPLE OF TYPICAL RADIO EQUIPMENT PARAMETERS

S/N Threshold at Point C ReceiverCapacity Modulation (BER=10–6) (dB) (BER=10–6) (dBm) Noise N (dBm)

16 × E1 4 QAM 13.5 –83 –98

STM-1 32 TCM 17.6 –76 –95

STM-1 128 MCLM 24.5 –71 –97

2 × STM-1 128 TCM 23.6 –69 –94
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This particular C/I value is often
given as a system specification for co-
channel and adjacent-channel inter-
ference rejection1 and it is sometimes
useful to relate it to the (S/N)10–6.
From Equation 7 it is clear that, as
C/I approaches (S/N)10–6, the thresh-
old degradation increases with no
limit; the system cannot work with a
BER better than or equal to 10–6 at
C/I = (S/N)10–6. Figure 3 shows the
effects of the interference in terms of
the degradation curve for a 4QAM
system with a receiver thermal
threshold equal to –83 dBm at BER
= 10–6 (16 × E1 capacity).

In order to design the test bench
to be used in the field to detect dan-
gerous interferer levels, the interferer
levels that can be considered to effec-
tively degrade the receiver threshold
of a radio link must be found. From
Equation 7, the interferer level that
gives a fixed maximum accepted
degradation δ is

C
I
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N

dB
dBδ=

= ⎛
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+
1 10 6
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Figure 4 shows the term A(δ), which
indicates the difference (in dB) be-
tween the interferer level and the
thermal threshold, in order to give δ
dB degradation. For instance, if
(S/N)10–6 = 26 dB and Prx0 = –70 dBm,
A = 31.8 dB for δ = 1 dB, so an inter-
ferer of about –102 dBm is sufficient
to give a 1 dB degradation on the re-
ceiver threshold.

For the two commonly used degra-
dation values, the practical rules are

To some extent, this analysis is a
little pessimistic. In Equation 4, the
thermal noise and the digital modula-
tion interferer are combined in a
fashion that is correct only if the in-
terferer is assumed to be a Gaussian
stochastic signal. This is the case
when the interference term I is the
sum of many independent interfer-
ers. Normally a single digital interfer-
er has a non-Gaussian statistic and
the threshold of degradation is slight-
ly less. In other terms, the same
threshold degradations as in Equa-
tion 10 shall be produced by a single
digital interferer 1 or 2 dB higher.

FIELD DETECTION 
OF INTERFERERS

A trustworthy way to measure the
real impact of the interfering environ-
ment on a certain radio link is to use
the radio link equipment itself. A typi-
cal procedure to evaluate the thresh-
old degradation is to simulate a fading
on the transmitting side and measure
at the receiver the power level that
corresponds to BER = 10–6. The
degradation is the difference between
the threshold measured in the field
and the value obtained from laborato-
ry measurements or system specifica-
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tions. This procedure is reliable, but
needs the radio link to be already in-
stalled. It can be used at the commis-
sioning of the link as a further test,
but it is very impractical in the link-
planning phase. A measurement
bench built with a portable spectrum
analyzer, a low noise amplifier and a
small antenna is a much more flexible
and cost-effective system.

The Measurement System
The measurement system to be in-

vestigated is shown in Figure 5. The
system is composed of a microwave
antenna tuned in the relevant fre-
quency band, a low noise amplifier
(LNA) and a portable spectrum ana-
lyzer (SA). The antenna, typically a
small horn reflector, and the LNA are
connected by a RF cable that should
be as short as possible. Another cable
connects the LNA to the analyzer.

Noise Analysis
In order to evaluate the minimum

interferer signal that the system can
detect, the overall system noise is
evaluated. The noise sources affecting
the system sensitivity include: the an-
tenna noise (electromagnetic noise
coming from the environment and
captured by the antenna), the trans-
mission line noise (mainly due to pas-
sive electric losses of the first cable)
and the LNA noise (electronic and
thermal noise). The SA input RF at-
tenuator is not included in the analy-
sis since it is generally set to 0 dB in
order to have best displayed average
noise level (DANL). Figure 6 shows
all the noise sources in terms of noise

temperature at the system input. The
total system noise temperature TSYS is

where

TA = antenna noise temperature
(TA = T0 = 290 K is assumed)

TL1 = first transmission line noise
temperature

TLNA= LNA noise temperature at the
antenna output

TL2 = second transmission line noise
temperature

TSA = SA’s front-end noise reported
at the system input

expressed in terms of DANL at 1
kHz resolution bandwidth.

The antenna
noise temperature,
being at the starting
point of the receiver
chain, is one of the
leading components
of the system tem-
perature. This term
is the geometrical
convolution of the
brightness tempera-
ture of the sur-
rounding environ-
ment and the anten-

na radiation pattern.
For instance, supposing a narrow

beam width antenna pointed toward a
region of uniform background noise
temperature Tbg, then TA = Tbg. In
Earth-Space communications, this
could be the case of a ground station
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antenna directed to the sky (TA = 3 to
30 K in the microwave region up to 40
GHz) or the case of a satellite antenna
pointed to the earth (TA = 290 K).
Measurements of brightness tempera-
ture for a ground station receiver have
been reported.2 For clear air condi-
tions, at 0° elevation, the brightness
temperature is approximately 90 K at
5 GHz, increases almost linearly to
290 K at approximately 20 GHz and
then remains constant. For this specif-
ic case, considering that the measure-
ments are made with a wide beam an-
tenna (such as a 30° HPBW horn an-
tenna) with no significant elevation
angle, the antenna temperature is usu-
ally taken to be TA ~ T0 = 290 K.

Keeping in mind that GLNA is gen-
erally much higher than the total loss-
es L1 + L2, the system temperature
simplifies to

Furthermore, if the following condi-
tion is fulfilled

the system noise temperature is sim-
ply

The total output thermal noise, dis-
played by the spectrum analyzer in a
resolution bandwidth RBW (MHz), is

Equation 17 means that the noise pro-
vided by the LNA to the SA shall be at
least 10 dB higher than the SA effective
noise. This condition is often fulfilled
by a good amplifier chain.

THE MINIMUM DETECTABLE
LEVEL

Searching for digital radio sources,
it is very likely to come across noise-
like signals with a flat power spec-
trum density. The emitted power of
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▲ Fig. 6  System noise sources.
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▲ Fig. 5  Interferer detection system.
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these interferers is spread over the
entire signal bandwidth and their
spectral density tends to be buried in
the noise. The interferer level mea-
sured by the SA is

where

RBW (MHz)=SA resolution
bandwidth

FS (MHz) = Nyquist symbol rate of
the interferer signal

I (dBm) = interferer level
captured by the
antenna

The level of the interferer captured
by the measurement antenna is

The level is referred to a virtual point
before the  measurement antenna. To
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evaluate its effect on the microwave
link, it must be scaled to the refer-
ence point C, adding the link antenna
gain GRL and the feeder losses LF

where (θ,Φ) is the polar direction of
the incoming interferer. The interfer-
er-to-noise ratio referred at the SA is

which is valid according to Equation
17.

To be detectable with respect to
the system noise floor, the (J/N)OUT
ratio should be at least zero. In this
situation, the detected signal appears
on the SA as a 2 dB spectrum bump
over the average background noise.3
The minimum detectable interferer
level IMDL at the antenna is then
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For wideband signals, with a symbol
rate much wider than the resolution
bandwidth, the sensitivity of the mea-
surement system is determined by
the interferer bandwidth, the LNA
noise figure and the net antenna gain
(including the first cable loss). The
RBW has no influence, since it
processes wideband signals and noise
the same way. Furthermore, if Equa-
tion 17 is fulfilled, even the LNA gain
has no impact on the bench sensitivi-
ty. IMDL has be be scaled as well to
the reference point C

A “BAD” VARIATION 
ON THE THEME

If the performance of a bench is
analyzed without the LNA, the SA is
connected directly to the measure-
ment antenna via a single RF cable
(loss L1) and the output noise dis-
played on the SA is

The measured interferer-to-noise ra-
tio is

Then, the minimum detectable inter-
ferer level IMDL at the antenna is

It is clear that the term FLNA of
Equation 24 has been replaced by the
term FSA = DANL1kHz + 144, the for-
mer being the SA noise figure. The
test bench without LNA has a drasti-
cally reduced sensitivity by FSA –
FLNA. This severe reduction may cor-
respond to dozens of dBs (30 dB or
more); benches without a proper
LNA could not detect strong interfer-
ers and the measurement session may
become meaningless.

SOME MEASUREMENT ASPECTS
When searching for wideband dig-

ital interferers, reducing RBW does
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not significantly help the system sensitivity. So the choice
of RBW is mainly driven by the sweep time of the SA. A
complete interference search at each radio site often
means scanning the whole spectrum band (both lower
and upper sidebands) from 0° to 360° azimuth at both po-
larizations, at steps equal to the measurement antenna
half power beam width. This corresponds to hundreds of
SA snapshots and the time consumed for each of them is
crucial. From a practical experience, a RBW of 300 kHz
seems to be a suitable trade off between spectral resolu-
tion and sweep time, at least for microwave digital radio
relay systems. If narrowband signals are to be investigated
(that is analog signals with discrete spectrum lines or non-
modulated carriers), smaller resolution bandwidths can be
a better choice.

Video bandwidth (VBW) is another SA setting. It does
not affect the noise floor but averages the display trace,
making the inspection easier. Since it affects the sweep
time, a good choice can be VBW = 30 kHz.

If DANL is not known at 1 kHz, it is possible to scale it
from

With the equipment at hand, it is a good idea to mea-
sure DANL in the frequency range of interest using a 50
Ω load to terminate the SA input. The level of the flat
trace indicated by the SA with RBW set to 1 kHz is exact-
ly DANL1kHz. Equation 17 can be verified by terminating
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the LNA input with a 50 Ω load just before the antenna
flange. If the new background noise level measured is at
least 10 dB above the SA DANL1kHz, Equation 17 is veri-
fied and Equation 24 is valid.

A PRACTICAL EXAMPLE
Consider a test bench used in the field for real radio spec-

trum analysis in the 18 GHz frequency band. Specifically, a
55 MHz free channel is identified in order to deploy a
1×STM-1 32 TCM link with radio parameters taken from
Table 1 and with 0.6 m parabolic integrated antennas on
each side.

The measurement system is composed of a horn anten-
na (GA = 23 dBi) and an LNA (GLNA = 45 dB, FLNA = 2 dB)
directly connected to the antenna flange (L1 = 0 dB). The
SA (Agilent E4407B) is connected to the LNA via a coaxial
cable (L2 = 2 dB).

Equation 17 is fulfilled (DANL1kHz = –112 dBm); from
Equation 19, the predicted noise background is –74.2 dBm.
The system noise is measured closing the LNA input with a
matched attenuator and the average noise background is
about –76 dBm in 300 kHz RBW, as shown in Figure 7.
Taking into account a –2.5 dB factor (due to the under-re-
sponse of the SA log-scale) and an over-response of +0.5 dB
(ratio of the equivalent noise bandwidth to the –3 dB band-
width), the corrected measurement agrees with the predict-
ed value (–76 + 2.5 – 0.5). With this setup, the maximum in-
terferer level IMDL is reported in Table 2 for different in-
terferer bandwidths.

It is interesting now to compare these values with in-
terferer levels that can be considered dangerous for the
planned radio link. Assuming that an interferer is consid-
ered dangerous if δ = 3 dB, from Table 1 and Equation
10a, the maximum interferer level IMAX that it can toler-
ate is –93.6 dBm. If the δ = 1 dB criteria is used, the IMAX
level would be 6 dB lower.

The IMAX level is referred at point C, while measure-
ment setup sensitivity IMDL is the level detected prior to
the measurement antenna. Equation 25 must be used to
compare the two of them.

In this example, GRL = 38 dBi at the antenna boresight
and LFC = 0 dB. For a gain at an angle direction the an-
tenna radiation pattern has to be used. Here, an approxi-
mation of the beam, valid for small angles, was used. The
IMDL at C is reported in Table 3 (link direction). All the
values referred to the direction of the link are greater
than the maximum acceptable interferer level. Angled in-
terferers will be discriminated by the radio link antenna.
The difference between the bench sensitivity IMDL at C
and the maximum acceptable interferer level IMAX is sig-
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▲ Fig. 7  System noise displayed on the spectrum analyzer.

TABLE II
MINIMUM INTERFERER LEVEL 

FOR TWO DIFFERENT INTERFERER BANDWIDTHS

Max Interferer Max InterfererCapacity Modulation IMAX (δ ≤ 3 dBm) IMAX (δ ≤ 1 dBm)

16 × E1 4 QAM –96.5 –102.5

STM-1 32 TCM –93.6 –99.6

STM-1 128 MCLM –95.5 –101.5

2 × STM-1 128 TCM –92.6 –98.6

TABLE III
IMDL REPORTED AT C (LINK DIRECTION)

Interferer IMDL IMDL at C
Bandwidth (MHz) (dBm) (Link Direction) (dBm)

7 –127 –89

13.75 –124 –86

27.5 –121 –83

55 –118 –80
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nificant only in the angular region
close to the link direction. Figure 8
shows the IMDL at C of Table 3,
scaled by the angular discrimination
of the antenna link.

Consider the 55 MHz interferer
(the hardest to detect because of more
spread over the bandwidth). In the an-
gular sector of ±2° with respect to the
link direction, the IMDL is greater than
IMAX. In other words, the antenna link
is not able to discriminate those “hid-
den” (undetected) interferers. If they

are present, they can effectively de-
grade the link (see Figure 9). Outside
this region, possible undetected inter-
ferers reaching terminal A will be re-
duced down to values that will respect
the threshold degradation criteria. For
narrower band interferers, the indeter-
minate angular region is also narrower
(that is ±1° at 7 MHz). From Equation
24, it can be seen that not much can be
done in order to increase the sensitivity
except by changing the measurement
antenna. For instance, a 30 cm parabol-
ic antenna could be used, at least for
the measurements along the link direc-
tion. With this new antenna, the sensi-
tivity could have been increased by 11
dB. However, when performing mea-
surements in the field, it is not always

feasible to use a high gain antenna; this
is especially true for the lower frequen-
cy bands such as 7 or 11 GHz. It is then
up to the radio network designer to in-
vestigate the hidden interferer’s geo-
graphical region, in order to find dis-
tant interfering sources (radio towers,
microwave hubs, etc).

CONCLUSION
In this article, a specific measure-

ment bench was analyzed for in field
interference detection used in the
planning and design of microwave
digital radio links in a polluted elec-
tromagnetic environment, where de-
tailed spectrum analysis is needed.
The test bench considered is com-
posed of a simple portable receiver
scheme suitable for field operation. A
quick noise analysis has been provid-
ed in order to evaluate the measure-
ment performance in terms of achiev-
able sensitivities. With equipment
commercially available, it is possible
to achieve good confidence in the
search of interferers.

Nevertheless, these systems have
inherent limitations that should be
understood by the radio link designer
in order to perform correct radio link
planning and spectrum management.
The impact of these limitations has
been investigated in terms of angular
regions, where the antenna link is not
able to discriminate “hidden” inter-
ferer signals that can effectively de-
grade the link.  ■
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SOFTWARE ANALYSIS
THAT GOES FAR
BEYOND
ELECTROMAGNETICS

Analysis performed with traditional elec-
tromagnetic-field software might give a
good sense of the operation of a mi-

crowave component from the perspective of
pure electromagnetics under ideal conditions.
Real-world operating conditions are not ideal,
however, and the physical phenomena that af-
fect a component’s performance often go be-
yond electromagnetics alone—effects from
heat, stress and even chemical processes
might degrade a component’s performance or
even lead to failure. Furthermore, operating
conditions could make the retrieval of a mal-
functioning component very expensive if not
impossible, especially if the device is severely
damaged or destroyed. In those cases, other
than trying to recreate the problematic oper-
ating conditions in the laboratory, the only
chance an engineer has to evaluate system
performance and determine the cause of cata-
strophic failure is through software simulation.

A new generation of software features well-
proven methods for microwave analysis that

engineers can combine with virtually any oth-
er type of physics. One such tool, COMSOL
Multiphysics, makes this possible by basing its
computational engine on the solution of sys-
tems of partial differential equations. A well-
known example of such a set of PDEs is, of
course, Maxwell’s equations—the basis of any
computer simulation for RF and microwave
design. Multiphysics software can augment
Maxwell’s equations with other equations such
as those for heat transfer and structural defor-
mation for a strongly coupled simulation. Ad-
vanced software tools even allow investigators
to start with a clean slate, allowing them to
build a physics model from first principles and
optionally combine them with ready-made
physics models.

COMSOL INC.
Burlington, MA

PRODUCT FEATURE
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THERMAL DRIFT 
IN A CAVITY PASSBAND FILTER

As an example of a microwave sim-
ulation where multiphysics capabilities
are beneficial, consider a microwave
cavity passband filter exposed to in-
tense sunlight. The result is significant
heating and subsequent thermal ex-
pansion, which might be large enough

to change the cavity’s shape and thus
shift its resonant frequency, a phenom-
ena known as thermal drift. This leads
to poor frequency stability in the entire
system. System engineers need to esti-
mate possible drift in the passband fre-
quency and try to compensate for it.

Figure 1 shows a microwave filter
modeled in COMSOL Multiphysics

consisting of a box with a cylindrical
post centered on one face. It is typi-
cally made of brass and is covered
with a thin layer of silver to minimize
losses. The silver layer is sufficiently
thin to have a negligible influence on
the device’s thermal and mechanical
properties.

The thermal expansion and the as-
sociated drift in resonant frequency
are caused by a uniform increase in
the temperature of the cavity walls.
With COMSOL Multiphysics one can
readily compute the thermal expan-
sion. Specifically it is the shell tem-
plate, which handles mechanical
structures that are too thin to be ex-
plicitly meshed throughout their
thickness. Furthermore, the mode
analysis of the electromagnetic cavity
is done in such a case using the 3D
Electromagnetic Waves template in
the RF Module, a specialized add-on
for COMSOL Multiphysics.

To achieve optimal accuracy, a
special method is needed that
smoothly deforms the original mesh
according to the thermal expansion.
The Moving Mesh capability for han-
dling a deformed geometry in COM-
SOL Multiphysics is used to map the
thermal expansion to the geometry
used for the electromagnetic wave
analysis. This approach accounts for
any changes in shape and volume of
the domain used for the computation
of the resonant frequency. The filter’s
temperature can rise due to power
dissipation in the filter itself, in the
surrounding electronics, or due to ex-
ternal heating. Figure 2 shows the
thermal expansion results for a filter
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▲ Fig. 1  A microwave filter modeled in COMSOL Multiphysics. ▲ Fig. 2  Thermal expansion of the filter cavity at 100°C above the
reference temperature.
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made entirely of brass. The original
shape is shown as a wire frame with
an overlayed exaggerated display of
the expansion.

MODE ANALYSIS
Although an actual filter usually

consists of multiple cascaded cavities,
this discussion limits the analysis to
one cell. The cell consists of a thin

brass shell with a
cylindrical post.
Figure 3 shows the
filter’s lowest eigen-
mode. The typical
quarter-wave reso-
nance of the cylin-
drical post is clearly
visible. A strong ca-
pacitive coupling
between the top of
the post and the top
surface of the box is
also visible.

RESONANT
FREQUENCY vs.
TEMPERATURE

By repeating the
structural and electromagnetic analy-
sis for a number of operating temper-
atures it is easy to obtain a plot of res-
onance frequency versus tempera-
ture. A comparison of two different
designs—one with the entire filter
made of brass and one with the post
made of steel-appears in Figure 4.

The design with a brass hull and a
steel post proves superior with much

less thermal drift and hence im-
proved frequency stability for the en-
tire system. The reason is the re-
duced capacitive coupling between
the top of the post and the nearby top
surface of the box, which results from
the different coefficients of thermal
expansion for the two materials. This
coupling has a strong influence on
the resonant frequency and, when re-
duced, counteracts the effect of an
overall increase in cavity size.

RF MULTIPHYSICS ANALYSIS
OUTLOOK

Thermo-mechanical-microwave
analysis, such as that of the brass-steel
cavity filter case just examined, is
merely one of many possible multi-
physics applications in the RF arena.
Other practical examples include the
study of surface acoustic wave (SAW)
filters and radio-frequency identifica-
tion (RFID) systems. Computing the
frequency characteristics of a SAW fil-
ter requires a combined RF/
mechanical/piezoelectric analysis
where 64-bit solver technology is re-
quired to accurately resolve both me-
chanical and electrical phenomena and
possibly also include heating effects.
For RFID systems, government regu-
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▲ Fig. 4  Resonant frequency versus
temperature for two different designs: one
with the entire filter made of brass and the
other with the post made of steel.

▲ Fig. 3  The magnitude of the electric field for the fundamental
mode of a microwave filter cell as part of a larger cascaded system.

▲ Fig. 5  Microwave analysis of a
microstrip patch antenna with a visualization
of the total energy density.
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lations require vendors to perform
combined RF and thermal analysis to
ensure that effects on the human body
are below given threshold values.

Intense competition suggests
that forward-looking companies in-
volved with research and engineer-
ing in RF and microwaves will turn

to multiphysics for their modeling
and virtual prototyping needs. In
many markets such software tools
can dramatically slash overall devel-
opment t ime, costs and time to
market. When working with military
and defense systems, though, the
stakes are much higher, and so is
the need for the most capable tools
available on the market.

A SIMULATION ENVIRONMENT
FOR MULTIPHYSICS

COMSOL Multiphysics is a fi-
nite-element analysis (FEA) model-
ing environment for simulation of
virtually any physical process in 1D,
2D or 3D. Users can model most
phenomena through predefined ap-
plication templates, but they can
also modify these templates for very
specific requirements or adaptation
to the very latest research findings.
In addition, optional modules add
discipline-specific tools for analysis
in the areas of AC/DC, RF and mi-
crowave, heat transfer,  MEMS,
structural mechanics, acoustics,
chemical engineering, and earth sci-
ence. A wide-range of coupled
analyses are possible by combining
any set of modules. Bidirectional in-
terfaces to MATLAB,® from The
MathWorks Inc.,  and COMSOL
Script give access to multiphysics
FEA from these programming envi-
ronments for further optimization,
pre- and post-processing. A FEA
model can be saved as a MATLAB®

compatible M-file and then used to
create nested for loops over parame-
ters controlling boundary condi-
tions, materials settings, frequency
and CAD geometry dimensions.

RF MODULE
The RF Module provides tai-

lored user interfaces and solvers for
time-domain, frequency-domain
and mode analysis  for RF, mi-
crowave and photonics applications.
The user-interfaces support 2D, ax-
isymmetric 3D and full-wave 3D
analysis. It can be used for tradi-
tional EM-wave simulations such as
that of a balanced microstrip patch
antenna (see Figure 5 )  or for
strongly-coupled multiphysics ap-
plications such as the heating of a
potato in a microwave oven where
the permittivity and equivalent con-
ductivity are functions of tempera-
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▲ Fig. 6  Microwave heating of a potato in a microwave oven.
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design environment. 
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RF Design Productivity –  
Right Out of the Box

ture.  Figure 6 s imultaneously
shows the standing electromagnetic
wave in the oven and the tempera-

ture field within the potato. This
particular simulation shows a “hot
spot” in the center of the potato.

COMSOL Multiphysics provides a
set of automatic and semi-automatic
finite-element meshing utilities for
the creation of triangular, quadrilater-
al, tetrahedral, pentahedral and hexa-
hedral vector (also known as “edge”)
elements of order 1, 2 and 3. These
can seamlessly be combined with ele-
ments used for other types of physics.

The ability to mesh assemblies
(combinations of CAD parts) allows
users to combine different element
shapes in the same model, as shown
in Figure 7 in a magnification of a
meshed part from the aforemen-
tioned microstrip antenna simulation.

Using different-shaped element
types in different parts of a CAD
geometry lets the mesh better adapt
to a geometrical shape that, in turn,
minimizes the number of finite ele-
ments used and thereby speeds up
the solution process.

KEY FEATURES
COMSOL Multiphysics key fea-

tures include:
• Strongly coupled FEA physics
simulations: thermal, structural, fluid,
chemical, semiconductor and more
• Bidirectional MATLAB/COMSOL
Script interface with automatic gen-
eration of M-files
• State-of-the-art 64-bit meshing
and solver technology
• Moving Mesh for deformable do-
mains
• User-defined differential equa-
tions can be added to an FEA simula-
tion
• Add-on modules for advanced
analysis: Heat Transfer, Structural
Mechanics, AC/DC, RF, Acoustics,
Chemical Engineering, MEMS,
Earth Science

RF Module key features include:
• 3D and 2D frequency-domain and
time-domain simulations
• Material properties can be com-
plex valued, anisotropic, discontinu-
ous, frequency dependent, time de-
pendent
• Perfectly Matched Layers (PML)
for wide frequency band truncation
of the computational domain
• Couples seamlessly with any
COMSOL Multiphysics Module.

COMSOL Inc., 
Burlington, MA (781) 273-3322,
www.comsol.com.

RS No. 301
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▲ Fig. 7  The assembly meshing of the coaxial feed of a microwave patch antenna combines
tetrahedral and pentahedral vector finite elements for efficiency.
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MULTI-DOMAIN
SIMULATOR COUPLES
THERMAL AND
STRESS ANALYSES
TO 3D
ELECTROMAGNETIC
SIMULATION

Most of today’s wireless applications
call for a reduction in the physical
size and an increase in the function-

ality of RF and microwave components, forc-
ing designers to adopt a host of new materials
and structures. These densely packed circuits
present a number of engineering challenges
from increased electromagnetic coupling to
increased dissipated power. Integration and
miniaturization exacerbate the interdependen-
cy between electrical, thermal and mechanical
behavior, calling for engineering tools that not
only simulate each domain accurately but cap-
ture the coupling between them. ePhysics ver-
sion 2.0 from Ansoft does just that by dynami-
cally coupling thermal and stress analysis to
HFSS for electromagnetic-based multi-
physics analysis. The combination of ePhysics
with HFSS allows engineers to investigate
quantities such as temperature, stress and
electrical performance for an arbitrary 3D
structure without the need to build and test a
physical prototype.

COUPLED ANALYSES
ePhysics v2 provides powerful multi-discipli-

nary analysis within an electromagnetic-based
design flow. A unique dynamic link mechanism
supports automated data exchange between
dedicated solvers. Through this coupling be-
tween the ePhysics and HFSS solvers, a device’s
behavior can be fully investigated. With these
coupled simulators, engineers can account for
the mechanical and thermal consequences of the
electromagnetic fields that contribute signifi-
cantly to a design’s overall performance. There is
no limit to the number of projects and analyses
that can be coupled in a “daisy chain” fashion to
reproduce the desired application. In such
linked designs, variables can be exchanged be-
tween any two adjacent designs and used wher-
ever needed along the daisy chained designs.
For example, a multi-domain capability is exer-

ANSOFT CORP.
Pittsburgh, PA

PRODUCT FEATURE
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cised as temperature distributions re-
sulting from HFSS derived electro-
magnetic fields that are then channeled
into the ePhysics electrostatic solver to
evaluate the induced mechanical stress
and resulting deformation, as shown in
Figure 1. Note that in this application
the magnetostatic solver in Ansoft’s
Maxwell product provides the distribu-
tion of the nonlinear biasing DC field
in the ferrite component such that
HFSS can accurately calculate the cor-
responding HF fields and losses in the
ferrite.

In this multi-domain analysis, the
thermal analysis provides the temper-
ature distribution source used in the
stress target design for the computa-
tion of the resulting deformation and
stress. The thermal capability in
ePhysics provides nonlinear steady-
state and transient thermal analyses,
including all heat transfer mecha-
nisms: conduction, convection and ra-
diation (which can be coupled to An-
soft electromagnetic solvers), and
stress solvers. The power loss with
volumetric or surface density distrib-
ution information obtained by the 3D
electromagnetic solver HFSS serves
as a highly accurate heat source for

thermal analysis. This allows engi-
neers to obtain a complete thermal
profile of a device including the over-
all temperature distribution and loca-
tion of hot and cold spots in a steady-
state thermal analysis or for any in-
stant in time if the thermal analysis is
transient. In addition to using ther-
mal sources based on HFSS derived
losses, independent thermal sources
may also be applied to the same or
different objects in ePhysics. For ex-
ample, this is very useful to model
additional heat sources that are not of
electromagnetic nature.

The linear stress-analysis engine in
ePhysics is especially useful for ana-
lyzing deformation and stress due to
electromagnetic force density distrib-
ution, thermal deformation, structur-
al stress due to temperature distribu-
tion and more. Power losses comput-
ed by HFSS for microwave and RF
applications are used to determine
the corresponding temperature distri-
bution; subsequently, the tempera-
ture distribution at selected time
steps is used to calculate the corre-
sponding deformation and structural
stress in a microwave/RF component.

DESIGN AUTOMATION
To reduce engineering set-up time

and enhance usability, the new user
interface for ePhysics v2 is based on
the same Ansoft desktop that is com-
mon to HFSS, Q3D Extractor and
Ansoft Designer, implementing nu-
merous automation features specific
to an electromagnetic-centric design
flow. For instance, parameterization of
model geometries and materials is eas-
ily defined for all model design objects

and design optimization is available
through Optimetrics. To assist the en-
gineer in defining complex multi-do-
main analyses, multiple links may be
used in the same solution setup. In the
example of a thermal transient design,
apart from selecting the power loss
distribution calculated in the “source
design,” there are two additional links
that can be created and used in the so-
lution process. The first is a mesh link
to indicate the source of mesh (based
on a design with identical geometry)
and a link to a thermal static design
that allows the use of an existing static
solution as the distributed initial con-
dition (temperature distribution in the
model at Time = 0).

Further automation supports de-
sign and/or project variables being
used in coupled projects. For in-
stance, a variable that has been de-
fined in the source design can be
controlled in the target design. This
capability allows a user to perform
parametric sweeping of an HFSS ob-
ject directly from within an ePhysics
simulation. Thus, the whole range of
simulations in HFSS and ePhysics are
performed such that data flow be-
tween coupled solvers occurs auto-
matically, without stopping the global
solution process. The results of the
parameter sweep are available in the
post processor for viewing without
any additional intervention from the
user. Additionally, coupled designs
utilize data caching technology to
eliminate the need for re-simulating
previously solved structures.

The link between simulators in-
cludes various mechanisms that auto-
mate simulator-to-simulator coupling
for multi-domain analysis. Key au-
tomation features include:
• import a starting mesh from the
coupled simulator of any eligible de-
sign (designs must share a common
geometry)
• import the initial temperature distri-
bution from a static thermal solution (if
thermal transient solution is used)
• usage of adaptive mesh refinement
(insures the mapping of the applica-
ble fields and automatically monitors
between different meshes in the cou-
pled designs)
• automatic mapping of parameters
between coupled designs
• power loss density from HFSS is
mapped automatically to any ePhysics
coupled thermal designs

PRODUCT FEATURE
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▲ Fig. 1  Multi-domain analysis couples
electrical, thermal and stress simulations.

▲ Fig. 2  Stress analysis of high power stripline coupler with displacement magnified for easy
visualization (maximum displacement is 0.15 mm).
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NEW ANALYSIS CAPABILITIES
The latest release of ePhysics sup-

ports a new solution sequence from
HFSS “transient” to ePhysics thermal
transient solver. This new capability is
demonstrated in an example of a high
power ferrite circulator wherein the
power loss distribution corresponding
to the power loss peak calculated by
HFSS is channeled to ePhysics for sim-
ulation of the transient temperature. 

The ePhysics coupling supports
HFSS arbitrary excitation sequencing
such that an arbitrary sequence of pow-
er pulses can be efficiently generated to
create the desired ePhysics input as a
function of time, based on a single
HFSS solution. The user definable pa-
rameter setup allows the thermal solver
to calculate global quantities such as
object-wise average temperature, hot
spot and cold spot temperatures and
their respective locations. Also, field
distributions and other calculations can
be performed using the post process-
ing. Additional multi-domain analysis
can be used to simulate the stress and
deformation at user-specified moments
and the corresponding temperature
distributions, as shown in Figure 2.

The features available in the ther-
mal transient solution sequence are
exhibited in the following formulation

ρc∂tϑ = –∇→q + Qv(t,
→x)

→q = –k∇ϑ

In this formulation, Qv represents
the power loss distribution, k is the
thermal conductivity tensor, ρ is the
mass density and c is the specific
heat. The thermal diffusion equation
is solved using the initial temperature
distribution throughout the model
and the boundary conditions speci-
fied by the user. 

ϑ(0,→x) = ϑ0(→x)

Advanced convective and radiative
boundary conditions can be defined

by the user to account for free and
forced convection and thermal radia-
tion effects.

Forced convection is often used in
real life applications to cool down the
high temperatures present in devices
operating under high power steady-
state or transient (pulsed) conditions.
A structure with forced cooling can be
simulated in ePhysics via the dedicat-
ed forced convection and radiation
boundary conditions. Forced convec-
tion is reflected in a model featuring
user-specified convection channels
that allow the flow of a variety of cool-
ing fluids at user specified velocity,
such as the case of the liquid cooled
ferrite circulator with cooling channels
located in the walls of the waveguide
structure, as shown in Figure 3. The
setup of the forced convection on the
walls of the channels allows the user to
choose among a few available fluids or
specify newly defined ones.

Other analysis capabilities intro-
duced in ePhysics v2 include the ability
to handle nonlinear thermal properties
(conductivity vs. temperature), a new
anisotropic stress solution and the op-
tional distributed analysis that provides
distributed computation of parametric
sweeps for multi-physics applications
resulting in a drastic acceleration of
overall simulation time for large para-
metric studies and design optimization.

CONCLUSION
Growing concern over optimal de-

sign, reliability and shortened design
cycles demands simulation technology
that provides the utmost insight into
the electrical, thermal and mechanical
behavior of complex microwave/RF
components. Linking dedicated simula-
tors provides an unprecedented look
into the true nature of the hardware
being developed by engineers today.
Simulation technology and automation
are critical factors in establishing a
multi-domain analysis capability. Such
capability is especially important to de-
signers working with high density and
high power applications where thermal
and stress considerations are no longer
insignificant contributors to overall de-
vice performance.

Ansoft Corp., 
Pittsburgh, PA 
(412) 261-3200,
www.ansoft.com.
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• Proven Reliability
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M2 Global:  a  leading supplier of RF 
isolators  and  circulators and passive
microwave components to the telecom-
munications  and  defense  industries.
Applications include TETRA, TV broad-
cast,   cellular,   GSM,   PCS,   UMTS,
WiMAX,  IFF,  satellite  base  stations,
microwave  radio, and radar in coax,
drop-in and waveguide configurations.
For additional  information  contact us 
at  sales@m2global.com  or  visit  our 
Web site at www.m2global.com.
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5714 Epsilon Drive
San Antonio, TX 78249
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▲ Fig. 3  Geometry of the device with
cooling channels in the walls of the
waveguide.
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A SOFTWARE TOOL
ADDRESSING
CHALLENGES OF
SEMICONDUCTOR
MINIATURIZATION

Current trends in the design of semicon-
ductor devices are forcing design and
test engineers to reevaluate the status

quo and to realize that it is no longer possible
to use traditional design rules and test meth-
ods with new semiconductor systems. More
and more frequently it is becoming necessary
to implement methods involving frequencies
in the gigahertz range, which can be daunting
for engineers who up until now have had
nothing to do with RF or microwaves.

That is why AccuraCV,™ now available in the
SussCal® Professional calibration and measure-
ment software suite, has been introduced. It ad-
dresses the challenges resulting from shrinking
device sizes by making accurate impedance
measurements of physically small elements.
Having the capability to make such measure-
ments is becoming increasingly important—for
instance, the International Technology Roadmap
for Semiconductors (ITRS) reports that in 2012
the thickness of gate oxides, characterized using
impedance measurements, is predicted to be
about half as thick as it is today.

Impedance measurements are critical in
process control, but traditional DC methods

for making impedance measurements suffer
inaccuracies when used on small components.
As a solution, impedance characterization can
be done using scattering (S)-parameter mea-
surements at microwave frequencies. Thus,
AccuraCV is an intuitive tool for optimizing
the frequency of impedance measurements
that will provide the most accurate results. In
addition, it can be used to optimize device de-
sign by reducing the costs incurred during
process control.

CURRENT STATUS
There are several different conventional

methods for measuring device under test (DUT)
impedance. The most commonly used are those
available from commercial impedance analyzers
(based on the measurement of the DUT current
over the applied voltage). These are widely used
in the semiconductor industry and provide an
accurate impedance measurement at frequen-
cies up to 110 MHz. However, for very small de-
vices, extracting the modeling parameters of a

SUSS MICROTEC TEST SYSTEMS
Dresden, Germany
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DUT is becoming difficult in this fre-
quency range, and unwanted effects
such as current leakage significantly re-
duce measurement accuracy.

To overcome this problem, addition-
al effort must be put into the measure-
ment procedure. This includes using
more complicated three-, four- or five-
element DUT equivalent circuits, in
which the parasitic elements—those el-
ements used to describe effects such as
current leakage—must be character-
ized accurately. This reduces the practi-
cal application range of conventional
impedance measurement methods for
characterization of advanced semicon-
ductor components. These limitations
can be overcome by selecting S-para-
meter-based impedance measurement
techniques and increasing the mea-
surement frequency to the microwave
range.

MICROWAVE MEASUREMENT
METHODS

The S-parameters (reflection and
transmission coefficients) of the DUT
can be obtained with the help of a vec-
tor network analyzer (VNA). The main
advantage of a VNA-based measure-
ment system is that it is relatively sim-
ple to measure S-parameters in a very
wide frequency range in one sweep,
from some hundreds of megahertz to
beyond 110 GHz. A very simple rela-
tionship between the reflection coeffi-
cient ΓDUT of the DUT and its imped-
ance ZDUT allows the measurement
software to extract the desired model
parameters easily and at any frequency:

where

Z0 = measurement system reference
impedance

However, the reflection coefficient is
a relative parameter. It is derived in a
measurement system with fixed refer-
ence impedance Z0, which is set at 
50 Ω for most applications. It is sim-
ple to show that the constant error
∆Γ introduced in the reflection coef-
ficient measurements due to the
VNA measurement uncertainty leads
to a nonlinear error function for mea-
sured DUT impedance. This fact lim-
its the accuracy of the impedance
characterization method based on the 
S-parameter measurements.

Z ZDUT
DUT

DUT
=

+⎛

⎝⎜
⎞

⎠⎟0
1
1

Γ
Γ–

ACCURATE MODELING
AccuraCV was developed to meet

the challenge of making accurate im-
pedance measurements using S-para-
meters. It provides accurate model-
ing of the expected measurement
error from the VNA-based measure-
ment system. The mathematical mod-
el takes into account the estimated
value of the measured impedance of
the DUT as well as the measurement
uncertainty of the system. As a result,
the patent-pending AccuraCV algo-
rithm calculates a value of the imped-
ance measurement error over the
specified frequency range.

Typically, most test elements can
be measured at different frequencies.
This requires the test engineer to
find the optimum frequency for accu-
rate impedance measurements either
by trial and error or daunting mathe-
matical calculations. With the help of
this new tool, the optimal frequency
can be found and the measurement
error can be reduced to less than five
percent, depending on the measure-
ment setup and the DUT.

Figure 1 demonstrates the mea-
surement results of microwave capac-
itance/voltage (C/V) characterization
of the gate oxide capacitance of a
next-generation semiconductor com-
ponent optimized and analyzed with
AccuraCV. To achieve the highest
measurement accuracy for the region
of smallest capacitance, the algorithm
calculated the optimal measurement
frequency as 1.3 GHz. At this fre-
quency, the expected measurement
error is reduced to two percent. Ad-
ditionally, the capacitance extraction
error is evaluated over the whole bias
range and displayed as error bars.
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▲ Fig. 1  Results of the gate oxide
capacitance characterization of a next-
generation semiconductor element optimized
with the help of the AccuraCV tool.
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Testing impedance of bias-depen-
dent semiconductor components,
such as transistors and varactors, the
optimum frequency can be calculated
for each bias point, increasing the
measurement accuracy over the
whole range of the impedance varia-
tion of the DUT.

Additionally, the AccuraCV algo-
rithm optimizes test elements used in
process monitoring during fabrication.

The design of the verification element
and its estimated electrical characteris-
tics can be easily adjusted to the mea-
surement equipment type and the un-
certainty of the measurement method.
As a result, the quality of process moni-
toring during production is increased.

It is recognized that the cost of
testing increases proportionally with
the test frequency. Therefore, from a
cost-effectiveness perspective, the

test should be kept at the lowest fea-
sible frequency. By doing this, the
new tool increases the effectiveness
in device design, making it possible
for test elements to be designed to
optimize the required measurement
frequency range.

For example, limiting the test fre-
quencies at which process monitoring
elements are tested to 6 GHz will re-
duce the cost of test because a less
expensive measurement setup is re-
quired. AccuraCV easily calculates
the required impedance of the test
element at the specified frequency 
(< 6 GHz) that will result in the least
amount of measurement error. The
test element can then be designed ac-
cording to these specifications.

CONCLUSION
To decrease the manufacturing

costs of semiconductor devices, more
and more elements are being put on
the wafer, decreasing the size of the
components and increasing chip den-
sity. Due to the miniaturization of de-
vices, S-parameter-based impedance
measurement methods are becoming
more commonplace at both the de-
sign and production phase. AccuraCV
optimizes S-parameter-based meth-
ods by determining the test frequen-
cy that will significantly improve
measurement accuracy.

The tool also finds the balance be-
tween the often competing require-
ments of decreasing the cost of test
and increasing the test accuracy.
From specifications calculated using
the software, the test structures can
be designed for accurate characteri-
zation at lower frequencies.

Last but not least, AccuraCV is in-
tegrated into the SussCal Professional
calibration and measurement soft-
ware suite, providing a full set of
tools required for accurate S-parame-
ter test at the engineer’s fingertips—
from automated system calibration to
measurement optimization. As such,
the wizard-driven design of the soft-
ware guarantees that a user with little
or no RF or microwave measurement
experience can make accurate mea-
surements in a matter of minutes.

SUSS MicroTec Test Systems,
Dresden, Germany 
+49 35240 730, www.suss.com.
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BREAKTHROUGH
SWITCH BLENDS
SMALL SIZE
WITH HIGH POWER
HANDLING
CAPABILITY
AND DURABILITY

The growing trend toward the use of
smaller components in high-end mi-
crowave applications is being driven

fervently by end-user demand for easier mo-
bility and serviceability of equipment. Within
the military realm especially, tactical agility in
the field correlates directly to the use of cer-
tain types of equipment that are rugged and
powerful, yet lightweight and compact.

Unfortunately, when it comes to perfor-
mance, the design of smaller-size components
oftentimes has meant that a certain amount of
power and durability has been sacrificed. The
challenge to microwave engineers has been to
find the best balance of component size,
weight and performance characteristics that

will meet or exceed the re-
quired specifications for a given
application.

Recognizing the critical need
for more powerful, reliable and
miniaturized microwave com-
ponents, Dow-Key Microwave
Corp. recently released its 409
Series single-pole, double-

throw (SPDT) switch designed for drop-in mi-
crostrip or coplanar circuit applications.

SMALL FOOTPRINT, LIGHT WEIGHT
In response to key user demands, the 409

switch has been designed to provide extreme
durability and high power handling character-
istics in a highly compact footprint—0.800" ×
0.600" × 0.640"—that can be mounted directly
onto a microstrip or coplanar circuit assembly,
as shown in Figure 1.

Weighing in at a mere 11.25 grams, the
hermetically sealed 409 switch is almost seven
times lighter and one-third the size of its 401
Series predecessor, which had served as the
industry-standard miniature SPDT switch for
many years. Where switches like Dow-Key’s
401 Series connectorized switches had in the
past been used in applications required RF ca-
bles, the new compact 409 directly launches
the RF signal to the microstrip or coplanar
transmission lines, and provides virtually the

DOW-KEY MICROWAVE CORP.
Ventura, CA
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Fig. 1  The 409 switch
mounted in a PCB fixture. ▼

 12M19 FINAL  11/29/06  9:08 AM  Page 152



same electrical and power handling
characteristics of the venerable 401
but in a small, 310 mm2 area of the
RF circuit space.

FOCUS ON POWER HANDLING
The design process of the 409

switch was a complex engineering
task, starting with an intended mili-
tary application, and working through
numerous trade-offs between the
power handling and size reduction of
the switch.

Military applications demand
much from microwave components:
exposure to moisture, humidity, dirt
and sand; the ability to operate reli-
ably within extreme temperature
variations between –55° to +85°C;
and the capability to withstand high
levels of shock and vibration. Thus,
the two most critical aspects in the
creation of the 409 miniature switch
were to enable it to operate reliably
in harsh environments while afford-
ing it the capacity to handle high lev-
els of power.

HERMETIC SEALING
Metal-to-metal/glass-to-metal her-

metic sealing (1×10–6 atm-cc He/sec)
of the housing was the obvious choice
to enable the switch to perform reli-
ably in harsh conditions. However,
hermetic sealing presents certain

power handling challenges to a small
switch, as the properties of the glass
used in the sealing process present
relatively significant losses for high-
frequency signals.

Additionally, as the switch minia-
turization is limited by the level of
power it must handle, balanced heat
dissipation must be present in the de-
sign. The operating temperature of
all switch components is not only im-
pacted by the external environment
but also increased as a result of the
heat generated by the power trans-
mitted through the device. Without
excellent heat dissipation characteris-
tics, any hot spots on the interface
between the switch and the remain-
der of the assembly could be prob-
lematic for the parts inside the unit,
potentially melting some of its critical
dielectrics.

THERMAL MANAGEMENT
Dow-Key designed the 409 switch

with a focus on thermal management
so as to enable the miniature switch
to dissipate the heat created by high-
frequency RF signals. The dimen-
sions of the 409 switch, particularly
the surface areas that come into di-
rect contact with the microstrip
ground plane, were carefully de-
signed to provide a balanced ex-
change of heat between the unit and
the overall assembly. The company
has also developed a very detailed ap-
plication for the microstrip circuit de-
sign, taking full advantage of the
switch power handling. The result is a
switch that provides extremely low in-
sertion loss, high-integrity routing of
high-power RF signals up to 6 GHz
and 100 W. Figure 2 shows the 409
switch VSWR and insertion loss per-
formance vs. frequency.

BUILT TO LAST
In terms of materials, the 409 switch

is made from aluminum and electroless
nickel with kovar gold-plated contacts.
An extremely robust latching drive
mechanism enables the 409 to be used
in high-vibration and mechanical shock
applications. Rated at an operating life
of one million cycles, the 409 is rated to
operate at frequency ranges between
DC and 6 GHz.

MYRIAD APPLICATIONS
Ideal for redundancy, filter and

amplifier switching in applications

where high isolation is required, the
main uses for the 409 Series switch
will be primarily high-end military in
nature, though it also can be used in
ATE environments. From airborne,
shipboard, amphibious, or land-based
vehicles—or anywhere there exists a
high level of vibration, shock and ex-
posure to extreme temperatures—the
409 is suited for deployment wherev-
er SPDT action is required.

Engineers looking for switch solu-
tions in portable radio applications,
for example, will find the 409 switch
particularly useful due to its small
size and low weight.

For airborne applications in which
vehicles operate in high-vibration en-
vironments, the use of the 409 switch
is attractive due to its ability not only
to withstand high temperature varia-
tions and shock, but because it also
affords high-power capability with
low insertion loss. Further, at a little
over 11 grams each, numerous 409
switches can be outfitted to provide
redundancy and higher performance
levels with a negligible addition of
weight to the aircraft.

In land-based military vehicle ap-
plications, the amount of equipment
that must be carried on board puts
real estate at an extreme premium.
Here, the 409’s small size has the po-
tential to reduce some of the hard-
ware requirements inside the vehicle,
thus helping to maximize space while
achieving the required operational
benefits of the vehicle.

A high-quality alternative to solid-
state devices, Dow-Key’s 409 Series
switch provides microwave engineers
with breakthrough performance and
easy serviceability in an extremely
compact unit for use in high-end,
mission-critical applications. While
other miniature microwave switches
exist on the market, none offer the
409’s level of high-power handling ca-
pacity combined with hermetic seal-
ing. This unique design opens up the
doors for new applications that previ-
ously had been difficult or impossible
to build. For more information, visit
Dow-Key Microwave’s web site at
www.dowkey.com.

Dow-Key Microwave Corp.,
Ventura, CA (805) 650-2329,
www.dowkey.com.
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▲ Fig. 2  The 409 switch’s typical (a) VSWR
and (b) insertion loss performance.
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● Broadband, Microwave and
Wireless Components

“Click to Quote” and “Click to Buy” are new
features of the newly updated Aeroflex/
Inmet web site. The site now allows a user to
obtain a quote for any one of the listed prod-
ucts simply by clicking on the quote button
pictured next to the particular model num-
ber. In addition, a “Buy Now” button has
been added next to each item that is avail-
able for immediate purchase.
Aeroflex/Inmet, 
300 Dino Drive, 
Ann Arbor, MI 48103

www.
aeroflex-inmet.com

● Circuit Design Software
The ACS web site highlights new features of
the LINC2 RF and microwave circuit design
software suite. LINC2 combines high per-
formance RF and microwave circuit design,
synthesis, simulation and optimization into a
single integrated program at an affordable
cost. The software includes a comprehensive
suite of design tools for the exact synthesis of
a wide variety of active and passive circuits.
Applied Computational Sciences (ACS), 
1061 Dragt Place, 
Escondido, CA 92029

www.
appliedmicrowave.com

● On-line Ordering
Ordering from AR Worldwide has become
easier with the addition of on-line ordering
to the company’s web site. Registered users
are able to select products, enter billing and
payment information, and receive acknowl-
edgment of the order. The web site also fea-
tures detailed product pages with download-
able specification sheets, software demos
and application notes. The web site includes
a search that allows users to search by ampli-
fier, keyword, power and/or frequency.
AR Worldwide RF/Microwave
Instrumentation, 
160 School House Road, 
Souderton, PA 18964

www.ar-worldwide.com

● On-line Part Locator
This on-line part locator allows engineers to
type key requirements into an intuitive on-line
form to output a reference table of suitable os-
cillators, with quick links to the full specifica-
tion sheet for each. The part locator covers the
company’s entire range of standard crystal os-
cillator products, including OCXOs, TCXOs,
VCXOs, SPXOs, factory programmable oscilla-
tors for fast delivery, and oscillators approved
by communications chipset manufacturers
Semtech and Zarlink Semiconductor.
C-MAC MicroTechnology, 
Endeavour House, Mercury Park,
Wycombe Lane, Wooburn Green,
Buckinghamshire HP10 0HH, UK

www.cmac.com

● Ultra Precision Lapping,
Polishing and Finishing
Services 

This site features the company’s high quality,
ultra-precision surface finishing in the
telecommunication, semiconductor, commu-
nication, micro-electronic, defense and secu-
rity markets. Services include grinding, lap-
ping, polishing, diamond sawing and laser
machining of metals, ceramic, sapphire and
other materials. 
Centerline Technologies, 
577 Main Street, Suite 270, 
Hudson, MA 01749

www.
centerlinetech-usa.com

● RF and Microwave Components
This web site features the company’s wide
range of RF and microwave components such
as cable assemblies, connectors and adapters,
power dividers, attenuators, amplifiers, bias
tees, and isolators and circulators. Data sheets
and pricing are also available on-line. The
company’s products are designed for markets
that include telecommunications, wireless and
SATCOM, military, instrumentation, con-
sumer electronics, computers and computer
peripherals, commercial aircraft, industrial
equipment and medical equipment.
Electronika International Inc., 
5700 Pearl Road, 
Cleveland, OH 44129

www.
electronikainc.com
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● Components and Subsystems
Endwave’s innovative components and subsys-
tems enable the transmission, reception and
processing of RF, microwave and millimeter-
wave signals in next generation wireless com-
munications networks, defense and homeland
security systems. Featured on the company’s
web site are a variety of single and multi-func-
tion solutions including: JCA amplifiers, oscil-
lators, multipliers, up/downconverters, synthe-
sizers, transceivers, switch arrays and custom
multi-function assemblies. 
Endwave Corp., 
130 Baytech Drive, 
San Jose, CA 95134

www.endwave.com

● Electromagnetic Measurement,
Shielding and Control

The company’s web site has recently gone
through a major renovation. User-friendly im-
provements include: a more robust search en-
gine, graphically enhanced and streamlined
navigation, print-friendly pages and dedicated
solutions areas related to users interests. Cross-
referenced information such as documenta-
tion, standards, related products and informa-
tion enable the user to more efficiently access
the information they need.
ETS-Lindgren, 
1301 Arrow Point Drive, 
Cedar Park, TX 78613

www.ets-lindgren.com

● Custom and Standard Filters
KR Electronics designs and manufactures
high quality filters for the commercial and
military markets. The web site features
bandpass, low pass, high pass, notch, root
cosine, diplexers, group delay networks,
wideband 90° phase splitters, coils and
transformers. In addition to design and man-
ufacturing services, the company offers ex-
tensive test and measurement capabilities
including environmental testing.
KR Electronics, 
91 Avenel Street, 
Avenel, NJ 07001

www.krfilters.com

● RF/Microwave Filters 
and Assemblies

This redesigned web site provides a dynamic
environment for customers to quickly learn
about the company’s products and capabili-
ties. Key highlights include: A Product Find-
er tool to search a database of existing de-
signs; a Package Finder tool to search stan-
dard package outlines and download PDF
data sheets; and a Spotlight section on the
home page to showcase new product up-
dates and news about NIC.
Networks International Corp., 
15237 Broadmoor, 
Overland Park, KS 66223

www.nickc.com
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● Amplifiers, Integrated
Assemblies and Subsystems 

This newly designed web site offers several
new features. The new search tool allows a
user to instantly find any of the company’s
products within the database and the new
drop down menus allow a user to narrow a
search to the items that one is most interest-
ed in. The company’s Orderstat systems al-
low a user to track the progress of an order
daily with automatic e-mail notification re-
garding an order.
Planar Electronics Technology, 
5715 Industry Lane, Unit 11, 
Frederick, MD 21074

www.planarelec.com

● Filters, Diplexers 
and Subassemblies

The company has recently enhanced its web
site to include an on-line filter RFQ tool.
Filter quotes have never been easier, and are
now just a click away. The site also features
the company’s full-line of RF/microwave fil-
ters, diplexers and subassemblies. Addition-
ally, in support of customers worldwide, Re-
actel’s product catalog and data sheets are
available by download.
Reactel Inc., 
8031 Cessna Avenue, 
Gaithersburg, MD 20879

www.reactel.com

● ICs, Modules and Subsystems
This comprehensive, versatile web site has
recently added new product pull-down
menus and RoHS compliant component
pages. The web site details full specifications
for over 430 products, application notes,
quality assurance and product support tools
including Product Cross Reference, Para-
metric Search, PLL Phase Noise and Mixer
Spur Chart Calculators, and expanded 
e-commerce. The company’s new product
selection guide, newsletter and CD can also
be requested from the site.
Hittite Microwave Corp., 
20 Alpha Road, 
Chelmsford, MA 01824

www.hittite.com

● Adaptive RF Tuning Solutions
This web site features the company’s adap-
tive RF tuning solutions for government and
commercial wireless applications. Products
include the Adaptive Impedance Matching
Module (AIMM), which is a closed-loop,
self-contained circuit that senses impedance
mismatches in wireless handsets and instant-
ly corrects for them. Paratek is headquar-
tered in Columbia, MD, with additional of-
fices in Nashua, NH and Crystal Lake, IL.
Paratek Microwave Inc., 
22 Technology Way, 
Nashua, NH 03060

www.paratek.com
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● Digital RF Amplifiers
PulseWave RF™ is a fabless semiconductor
company that develops digital RF power am-
plifier modules. The company’s proprietary
Class M Power technology produces a multi-
carrier power amplifier (MCPA) with a 50
percent reduction in cost and size, and a 40
percent increase in power efficiency. By im-
plementing Class M Power, the overall base
station cost is reduced by 20 percent.
PulseWave RF, 
110 Wild Basin Road, Suite 100, 
Austin, TX 78746 

www.pulsewaverf.com

● RCS Measurement Systems
QuarterBranch Technologies Inc. provides
technical support and design services to the
radar cross section (RCS) measurement
community. The web site includes the com-
pany’s new flagship system, RadarMan,
which is a high speed, broadband pulsed-IF
radar system covering 2 to 18 GHz in a sin-
gle, 7-inch high by 13-inch deep rack-mount
chassis with most of the capabilities and fea-
tures of much larger, more expensive com-
peting systems.
QuarterBranch Technologies Inc., 
4 North Berlin Pike, 
Lovettsville, VA 20180

www.
quarterbranch.com

● RF MEMS Switches
This recently updated web site features the
company’s commercially available RF
MEMS switch. Site features include a tech-
nology section on the advantages of MEMS,
as well as descriptions and literature for the
company’s product line. Order on-line with
TeraVicta or through its worldwide distribu-
tor, Richardson Electronics.
TeraVicta Technologies Inc., 
2535 Brockton Drive, 
Austin, TX 78758-4411

www.teravicta.com

● Engineering Tools Aid 
in Packaging Design

On the Thunderline-Z web site you will find
an advanced search engine of the company’s
entire database of previously designed
feedthrus. Search over 2000 models of RF/50
Ω, DC and capacitor/filter feedthrus to find
the model that most closely resembles your ap-
plication. In addition, you will find an imped-
ance reference calculator. Use this tool to cal-
culate the opposing dimension of glass-to-pin,
or pin-to-glass, that will achieve optimal im-
pedance in your RF or microwave package.
Thunderline-Z, 
11 Hazel Drive, Hampstead, NH 03841

www.thunderlinez.com
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NEW WAVES: RWS Product Showcase
■ Signal Generator

The Agilent N9310A RF signal generator rein-
forces Agilent’s entry into the low cost test in-
struments market and delivers on the compa-
ny’s commitment to provide leading-quality
and cost-effective products to customers. The
N9310A RF signal generator covers ranges
from 9 kHz to 3 GHz and full range of modula-
tion types, including AM, FM, phase modula-
tion, pulse modulations and an optional IQ
modulator. With external IQ source, it can eas-
ily generate various types – even I/Q modulat-
ed signals such as GSM, CDMA and OFDM
signals as seen in modern digital communica-
tions systems.
Agilent Technologies Inc., 
Santa Clara, CA (800) 829-4444,
www.agilent.com.
Booth 637 RS No. 216

■ RF System-in-Package Kit
The RF System-in-Package (SiP) Kit includes
new Cadence SiP RF products and methodolo-
gies for automating and accelerating the entire
design process of RF SiPs for wireless commu-
nications applications. It also provides cus-
tomer-proven SiP implementation methodolo-
gies based on an 802.11 b/g wireless local area
network (WLAN) design. This enables fast and
streamlined adoption of the SiP design tech-
nique with low risk. This Cadence Kit, along
with the previously released Cadence RF De-
sign Methodology Kit, expands Cadence’s RF
design offerings in the wireless segment.
Cadence Design Systems Inc., 
San Jose, CA (408) 943-1234,
www.cadence.com.
Booth 621 RS No. 220

■ 40 W Power Amplifier 
These new SCPA linear solid-state power am-
plifier modules are designed for CDMA appli-

cations. Model
CMW1042 deliv-
ers 40 W of pow-
er over 869 to
894 MHz and of-
fers a nominal 54
dB gain. This
module meets
the FCC specifi-
cations for digital

modulation and is rugged and unconditionally
stable, making it suitable for all types of appli-
cations. Model CMW1042 is part of AR World-
wide’s extensive new family of power amplifier
modules for wireless amplifiers such as
CDMA, HDTC and WiMAX.
AR Worldwide Modular RF, 
Bothell, WA (425) 485-9000, 
www.ar-worldwide.com.
Booth 312 RS No. 218

■ Laser Powered Probe
The newest addition to the AR Worldwide
RF/Microwave Instrumentation family of laser 

powered probes
is the revolution-
ary new 3 MHz to
18 GHz probe.
Model FL7018
designed and
manufactured by
AR operates con-

tinuously without recharging or battery re-
placement. All AR laser powered probes fea-
ture an internal microprocessor to provide lin-
earization, temperature compensation, control
and communication functions. Other laser
powered probes available include the FL7030
(5 kHz to 30 MHz) and the FL7006 (100 kHz
to 6 GHz).  
AR Worldwide RF/Microwave
Instrumentation, 
Souderton, PA (215) 723-8181, 
www.ar-worldwide.com.
Booth 312 RS No. 219

■ Simulation Software
The latest version of HFSS™ is a software pro-
gram designed for electromagnetic field simu-
lation and S-parameter/full-wave SPICE ex-
traction of high frequency and high speed
components. Learn about the latest develop-
ments in distributed processing for HFSS that
deliver significant productivity gains for de-
signers of on-chip embedded passives, PCB in-
terconnects, antennas, RF/microwave compo-
nents and high frequency IC packages. 
Ansoft Corp., 
Pittsburgh, PA (412) 261-3200,
www.ansoft.com.
Booth 523 RS No. 217

■ Electromagnetics for 
High Speed Analog and Digital
Communication Circuits

This book reviews the fundamentals of electro-
magnetism in passive and active circuit ele-

ments, highlight-
ing various effects
and potential
problems in de-
signing a new cir-
cuit. The author
begins with a re-
view of the basics
– the origin of re-
sistance, capaci-
tance and induc-
tance – then pro-
gresses to more
advanced topics
such as passive

device design and layout, resonant circuits, im-
pedance matching, high speed switching cir-
cuits, and parasitic coupling and isolation tech-
niques. Using examples and applications in RF
and microwave systems, the author describes
transmission lines, transformers and distrib-
uted circuits.
Cambridge University Press, 
New York, NY (212) 924-3900,
www.cambridge.org/us/engineering.
Booth 437 RS No. 221

■ 3D EM Time Domain Tool
CST MICROWAVE STUDIO® 2006B offers
enhanced performance and robustness particu-
larly in the Time Domain solver, due to the new
Fast PBA mesher and the new flexible subgrid-
ding scheme with drastically reduced memory
requirements. Alongside increased mesher and
solver performance, users of the Frequency Do-
main solver now benefit from numerous new
features and improvements such as the facility
to excite structures by plane waves and slanted
ports. Coupled simulation between CST MWS’
Frequency Domain TET solver and CST EM
STUDIO™’s magneto-static solver has been im-
plemented in order to simulate realistic biasing
of ferrites. The interoperability between the
high frequency solvers and the thermal solver
has been further improved.
CST of America® Inc., 
Wellesley Hills, MA (781) 416-2782,
www.cst.com.
Booth 418 RS No. 222

■ Synthesized Signal Generator

The model SSG 10/4000 is a synthesized signal
generator that operates from 10 MHz to 4
GHz. The SSG is targeted towards applications
that need low cost, simplicity of operation, con-
nectivity and excellent RF performance. The
SSG can be controlled via the front panel or
remotely controlled via IEEE-488.2, RS-232
and 10/100BaseT Ethernet. The instrument
weighs only 7 lb. and measures 10" × 10.5" ×
2.75". Key specifications include a settling time
of 200 µs, spurious rejection of at least 55 dB
and output noise floor is –145 dBm/Hz. 
dBm LLC, 
Wayne, NJ (973) 709-0020,
www.dbmcorp.com.
Booth 625 RS No. 223

■ Handheld RF Power Meter
The model 3500 is a handheld RF power meter
designed to make RF power measurements 

in both field and
R&D lab environ-
ments. With a
wide frequency
range of 10 MHz
to 6 GHz, the
model 3500 is
useful in a variety
of applications,
including test of
mobile phone and
cellular infrastruc-

tures, WLAN devices, RFID readers, WiMAX
devices and wireless sensors. Its large dynamic
range of –63 to +20 dBm enables the model
3500 to measure signals either directly from the
device under test or through layers of cabling
and fixtures. Price: $1500.00.
Keithley Instruments Inc., 
Cleveland, OH (800) 688-9951,
www.keithley.com.
Booth 527 RS No. 224
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(formerly Agilent), ATC, Advanced Power
Technology (APT), Freescale, Johanson, Mura-
ta, Micrometrics, NEC, Philips and Sirenza.
The new releases also offer significantly in-
creased flexibility in pad geometry modeling.
Modelithics Inc., 
Tampa, FL (813) 866-6335,
www.modelithics.com.
Booth 643 RS No. 227

■ Inner DC Blocks
This family of RoHS compliant, DC blocks
covers wireless band applications from 0.400 to 

3.000 GHz. Avail-
able in 7/16 DIN,
N, BNC and
TNC configura-
tions with RF
power ratings to
500 W (2.5 kW
peak) and break-
down voltages to
2.5 kV making
them ideal for

eliminating unwanted DC voltages or surges to
tower top amplifiers. Delivery: stock to two
weeks. Made in the USA.
MECA Electronics Inc., 
Denville, NJ (973) 625-0661, 
www.e-meca.com.
Booth 632 RS No. 226

■ Hot Switchable Relay
The 1P2T “hot switchable” relay’s configuration
utilizes standard type ‘N’ connectors and 

mechanical pack-
age outline. Its in-
ternal contacts
employ special
arc-quenching al-
loys and are com-
plimented with 
a make-before-
break switching
configuration. Ex-
ceptional RF per-

formance is rated to 8 GHz with hot switch
power levels rated at 100 W CW to 2 GHz field
tested beyond 100K cycles, 80 W CW to 4 GHz
and 60 W CW to 8 GHz.  The p/n RDL-
2N3A8-HI is available to ship from stock.
RelComm Technologies Inc., 
Salisbury, MD (410) 749-4488,
www.relcommtech.com.
Booth 433 RS No. 228

■ Crimp Connectors

These two crimp connectors are designed for
LMR-400 and Belden 9913 cables. The BNC,
RFB-1106-I, is designed to perform to a mini-
mum of 4 GHz and the TNC, RFT-1202-I, to a
minimum of 7 GHz, dependent upon the coax-
ial cable used in the assembly. Both connectors
feature gold-plated contacts, which can be sol-

dered or crimped, Teflon® insulation and nick-
el-plated brass bodies.
RF Industries/RF Connectors Division, 
San Diego, CA (800) 233-1728,
www.rfindustries.com.
Booth 439 RS No. 229

■ Power Amplifier

The RF3266 power amplifier is the latest addi-
tion to RFMD’s 3G front-end portfolio target-
ing the Region 1, IMT Band, transmit path.
With energy conservation in mind, the RF3266
incorporates the company’s innovative power
saving technology enabling enhanced low-
power-mode efficiency while simultaneously
meeting the stringent linearity requirements of
HSDPA modulation. RFMD has neatly pack-
aged this innovation into a 3 × 3 × 0.9 mm
QFN package giving manufacturers the best
MSL capability available in WCDMA power
amplifiers. Combined with an integrated pow-
er detector, the RF3266 delivers a small, low
profile solution size enabling the form factors
needed to differentiate these solutions in the
3G mobile devices marketplace.
RFMD,®
Greensboro, NC (336) 664-1233,
www.rfmd.com.
Booth 513 RS No. 230

■ Low Gradient 
Temperature Chambers

These low gradient chambers are a replace-
ment for constant temperature oil bath systems.
The “Basic” low gradient package offers tem-
perature gradients of ±1.0°C, and the “Ultra”
low gradient chambers can achieve ±0.4°C, or
better predicated on the DUT load. Both ver-
sions of Sigma’s low gradient chambers operate
in a temperature range of –70° to +150°C.
These low gradient temperatures are achieved
using Sigma’s special high CFM blowers strate-
gically positioned to maximize cross flow and
turbulence in the convective airstream within
the chamber interior. 
Sigma Systems Corp., 
El Cajon, CA (619) 258-3700,
www.sigmasystems.com.
Booth 620 RS No. 231

■ 24 GHz UWB Radar Sensors
This new generation of 24 GHz ultrawideband
(UWB) radar sensors is designed for military 

autonomous vehi-
cles, leader/fol-
lower sensing and
driver-assistance
automotive appli-
cations. The
short-range radar
sensor is a highly-
integrated “smart
sensor” designed

to improve safety and driver comfort functions
in military and automotive applications by pro-
viding object detection and tracking up to
within a few centimeters of the sensor with a
range up to 30 m. These radar sensors are de-
signed to operate in harsh weather and envi-
ronmental conditions better than other sensing
technologies, such as infrared devices.
M/A-COM Tyco Electronics, 
Lowell, MA (978) 442-4825,
www.macom.com.
Booth 313 RS No. 225

■ Component Model Library
The Modelithics Library,™ an accurate tool set
for RF and microwave designers, features sev-
eral updates, including new models for active
and passive devices manufactured by Avago

Visit http://mwj.hotims.com/7966-30

NEW WAVES
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■ Public Safety and SMR Filter
The model CFB6-815 is a public safety and
SMR filter that features a passband of 806 to 

824 MHz and is
ideally suited for
in-building bidi-
rectional amplifi-
er applications
that require a
compact mechan-
ical package. Iso-
lation is specified
at 90 dB at Fc

±36 MHz and the insertion loss is 1 dB. The
design provides high “Q” and stable tempera-
ture performance and provides an excellent
building block for compact diplexers and mul-
tiplexers. Size: 1.90" × 3.063" × 6.094".
Trilithic Inc., 
Indianapolis, IN (317) 895-3600,
www.trilithic.com.
Booth 611 RS No. 235

■ High Frequency EM Simulation

The company has recently announced the new
Sonnet Suites Release 11. In Release 11, Sonnet
introduces a Co-calibrated Internal Port that ex-
hibits exceptional dynamic range, and can be
used for accurate attachment points of active or
passive components. The new ports also enable
full co-simulation of surface-mount part models
within the EM analysis environment. Sonnet
also announces a redesigned and seamless GUI
interface to the Agilent ADS suite.
Sonnet Software, 
North Syracuse, NY (315) 453-3096,
www.sonnetsoftware.com.
Booth 619 RS No. 232

■ Voltage-controlled Oscillator

This ultra low phase noise, broadband voltage-
controlled oscillator (VCO) is designed for signal
sources operating fundamentally from 200 to 600
MHz. The DCYR2060-5 is based on the compa-
ny’s proprietary patented and other patents pend-
ing technology, which increases bandwidth, low-
ers phase noise, responds to fast tuning and high-
ly improves immunity to phase hits. The phase
noise is typically –119 dBc/Hz at 10 kHz offset
from the carrier and reaches the noise floor of
–165 dBc/Hz at approximately 4 MHz. Size:
0.75" × 0.75" × 0.2", RoHS compliant packaging
and can be delivered in tape and reel for auto-
matic assembly processes.
Synergy Microwave Corp., 
Paterson, NJ (973) 881-8800,
www.synergymwave.com.
Booth 319 RS No. 233

■ Real-time Spectrum Analyzer

To address highly complex digital RF environ-
ments, the RSA6100A series of real-time spec-
trum analyzers offers the industry’s leading
combination of 110 MHz real-time bandwidth
simultaneous with 73 dB spurious-free dynam-
ic range. The RSA6100A series are the most
capable and effective instruments available for
solving even the most demanding digital RF
test challenges. The DPX™ waveform image
processor technology transforms volumes of
real-time data to produce a live RF spectrum
presentation that reveals previously unseen RF
signals and signal anomalies.
Tektronix Inc., 
Beaverton, OR (800) 835-9433,
www.tektronix.com.
Booth 631 RS No. 234

■ EM Simulation and
Optimization Package

The release of IE3D V12 features a FastEM
Design Kit for real-time full-wave EM synthe-
sis; multi-fold speed improvement and multi-
CPU support for improved efficiency; an equa-
tion based schematic-layout editor with
Boolean operations for easy and flexible geom-
etry editing; and lumped equivalent circuit au-
tomatic extraction and optimization for conve-
nient circuit designs. 
Zeland Software Inc., 
Fremont, CA 
(510) 623-7162, www.zeland.com.
Booth 521 RS No. 236

NEW WAVES
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RS 60

RS 56

Laboratory

(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•
•10X/30X Stereo Zoom Trinocular Microscope • Flourescent Illuminator •

•Compatible with additional Magnetic Mount Positioners(optional)•

•Compatible with industry standard microwave probes(optional)•

•Cost effective for research projects•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

(503) 531-9325 [FAX]
www.jmicrotechnology.com

Extremely Low Cost

< $10,000 US

DC/RF/Microwave Test

Research Performance / Student Price

Jmicro Technology

FREE
Product Information

Now Available Online
at

Info Zone
The new Web-based product information system

From

Just visit 
mwjournal.com/info

and enter the RS number from the ad 
or editorial item 

or 
request information by company name 

or product category
It’s Easy, It’s Fast, It’s FREE
GET IN THE ZONE!

Personal

Probe

Station

Personal

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

Very Low Cost

High Function

A  P r o b e  S t a t i o n  O n  E v e r y  B e n c h

MICRO-ADS
Visit http://mwj.hotims.com/7966-(RS#)
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POWER
PRODUCTS
BROCHURE

This 36-page
brochure fea-
tures the compa-
ny’s line of mi-
crowave PIN
diodes and mod-
ules for small
signal/high speed
switching, large
signal switch-
ing/attenuators,
limiters and
Schottky mixers in a variety of surface-mount
and high-rel packages, plus its new line of RF
power semiconductors for avionics, radar, mi-
crowave, broadband, HF/VHF/UHF commu-
nications and high voltage MOSFETs. Includes
useful selector guides and case style outlines.
Microsemi Corp., 
Irvine, CA (949) 221-7100,
www.microsemi.com.

RS No. 200

SPACEBORNE
PRODUCTS
DATA SHEET

This newly up-
dated “Products
for Spaceborne
A p p l i c a t i o n s ”
data sheet in-
cludes an expla-
nation of the fa-
cilities, manufac-
turing flow
processes, pro-
grammatic and
quality require-
ments, as well as a listing of the company’s
Space Heritage since 1982. The company’s em-
phasis is predominantly in technically challeng-
ing spaceborne requirements.
MITEQ Inc., 
Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 201

SHORT FORM
AMPLIFIER
BROCHURE

This catalog
highlights the
company’s new
amplifier product
line that offers
low cost, high
quality and quick
turnaround (“off
the shelf” on
some products
and four weeks
from time of or-
der in most cases). These amplifiers are suitable
for use in commercial, military, test equipment,
prototype and laboratory applications. 
Narda Microwave-West, 
Folsom, CA (916) 351-4500,
www.nardamicrowave.com.

RS No. 202

PRODUCT
SELECTOR GUIDE

This product se-
lector guide
highlights the
company’s exten-
sive selection of
high frequency
circuit materials
for many types
of applications.
The materials
range from low
loss, others are
temperature sta-
ble, some are rigid while others are suited for
low cost commercial applications. The infor-
mation contained in this guide assists the read-
er in designing with the company’s laminates.
Rogers Corp., 
Rogers, CT (860) 774-9605,
www.rogerscorporation.com.

RS No. 203

SELECTION
GUIDE

The microwave
switches selec-
tion guide fea-
tures 20 families
of coaxial switch-
es and relays in a
tabular format.
The guide pro-
vides detailed in-
formation about
the company’s
switches and re-
lays, which span
the range from DC to 26.5 GHz and cover
SPDT (single-pole, double-throw) up to SP8T
and transfer switches. The brochure includes
21 listed parameters such as frequency range,
coil voltage, connector type, temperature
range, contact life, RF performance, available
options, shock and vibration.
Teledyne Relays, 
Hawthorne, CA (800) 284-7007,
www.teledynerelays.com.

RS No. 204

COMPONENTS
CATALOG

The aerospace
and defense prod-
uct catalog com-
bines the compa-
ny’s core product
offering for space,
commercial air-
craft, aerospace
electronics, de-
fense electronics
and in-flight net-
working applica-
tions. The catalog
provides nearly 700 pages of detailed information
on products suitable for or specially designed for
the aerospace and defense electronics industry.
Tyco Electronics Corp., 
Harrisburg, PA (800) 522-6752,
www.tycoelectronics.com.

RS No. 205

Visit http://mwj.hotims.com/7966-143

Visit http://mwj.hotims.com/7966-28

NEW LITERATURE
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Thomas H. Lee 
Cambridge University Press • 880 pages; $80, £45
ISBN: 0-521-83526-7

THE BOOK ENDTHE BOOK END

This book is a response to the students,
hobbyists and practicing engineers who

have complained about the lack of a modern
reference that balances theory and practice.
Chapter 1 provides a short history of RF and
microwave circuits. Chapter 2 introduces
some definitions and basic concepts. Chapter
3 provides a brief introduction to the Smith
chart and S-parameters. Chapter 4 presents a
number of impedance matching methods.
Chapter 5 surveys a number of popular con-
nectors, their domain of applications and the
proper way to take care of them. Chapter 6
examines the characteristics of lumped, pas-
sive elements at microwave frequencies. The
most common way of building a microwave
circuit, microstrip, is introduced in Chapter
7. Chapter 8 presents several methods for
making impedance measurements, ranging
from time-domain reflectometry to vector
network analysis. Chapter 9 is devoted to mi-
crowave diodes. Chapter 10 builds on that

foundation to describe numerous mixers.
Since active circuits are more interesting,
Chapter 11 presents a survey of transistors,
providing a somewhat unified treatment of
these transistors and focusing on just two
types (MOSFETs and bipolars). Chapter 12
considers how to squeeze the most of whatev-
er transistor technology is used. Chapter 13
shifts from broadband to low noise amplifica-
tion and Chapter 14 describes the principles
underlying noise figure measurements.
Chapter 15 shows how to produce instability
to build oscillators. Chapter 16 describes
phase-locked loop synthesizers. Chapter 17
analyzes the important subject of phase noise
while Chapter 18 describes phase noise mea-
surement methods. Chapter 19 describes
spectrum analyzers, oscilloscopes and probes.
Chapter 20 presents numerous ways to im-
plement power amplifiers. Chapter 21 is ded-
icated to antennas, while Chapters 22 and 23
focus on the design of passive filters.

Planar Microwave Engineering:
A Practical Guide to Theory, Measurements and Circuits

Wenhua Yu, Raj Mittra, Tao Su, Yongjun Liu and Xiaoling Yang
Artech House • 270 pages; $119, £72
ISBN: 1-58053-085-3

which the code is based. The book is divid-
ed in two parts. In the first part, Chapters 1
to 8, the basis concepts of the 3D Cartesian
FDTD method are introduced, such as the
boundary conditions, near-to-far field
transformation and enhancements to the
FDTD, which is followed by a discussion of
the parallel implementation of the FDTD
method. In the second part, Chapters 9
and 10, the basic concepts of the body of
revolution (BOR) FDTD method are intro-
duced. The topics of absorbing boundary
condition, near-to-far-field transformation,
singular boundary condition and simulation
technique for the partially symmetric prob-
lem are discussed, followed by the parallel
implementation of the BOR/FDTD
method. Finally, two appendices introduce
the basic routines pertaining to the MPI li-
brary, its installation, the configuration of
this library and that of the MPICH, and
how to set these up on a PC cluster.

Parallel Finite-difference Time-domain Method

To order this book, contact:
Cambridge University Press

100 Brook Hill Drive
West Nyack, NY 10994-2133

(845) 353-7500

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

THE BOOK END

Computational electromagnetics has
found broad applications in scientific

research and engineering. The finite-
difference time-domain (FDTD) method is
well suited for analyzing problems with
complex geometrical features as well as
those containing arbitrarily inhomogeneous
materials, but the technique places a rela-
tively heavy burden on computer re-
sources. One approach to circumvent this
problem is to resort to a parallel processing
technique. The focus of this book is on par-
allel implementation of the FDTD method.
To provide some necessary background on
the FDTD method, the reader is referred
to the existing literature, where details in
the background material can be found.
However, some code segments are includ-
ed in both the C and Fortran programming
languages that are designed to help the
reader understand the structure of parallel
code and the programming method on
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2 Advanced Control Components Inc.  . . . . .167 . . . . . . . . . . . .732-460-0212 732-460-0214 http://mwj.hotims.com/7966-2
3 Advanced Switch Technology  . . . . . . . . . .179 . . . . . . . . . . . .613-384-3939 613-384-5026 http://mwj.hotims.com/7966-3
4 Aeroflex/Inmet, Inc.  . . . . . . . . . . . . . . . . . .132 . . . . . . . . . . . .734-426-5553 734-426-5557 http://mwj.hotims.com/7966-4
5 Aeroflex/KDI-Integrated Products  . . . . . .143  . . . . . . . .973-887-5700 ext. 500 973-884-0445 http://mwj.hotims.com/7966-5
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14 Allwin Technology, Inc.  . . . . . . . . . . . . . . . .52  . . . . . . . . . .+86-25-84304950 +86-25-84304959 http://mwj.hotims.com/7966-14
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17 Anaren Microwave . . . . . . . . . . . . . . . . . . . .97  . . . . . . . . . . . .800-411-6596 315-432-9121 http://mwj.hotims.com/7966-17
18 Anritsu Company . . . . . . . . . . . . . . . . . . . . .33  . . . . . . . . . . .800-ANRITSU 972-671-1877 http://mwj.hotims.com/7966-18
19 Ansoft Corporation  . . . . . . . . . . . . . . . . . . .133 . . . . . . . . . . . .412-261-3200 412-471-9427 http://mwj.hotims.com/7966-19
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21 Applied Wave Research, Inc.  . . . . . . . . . . .154 . . . . . . . . . . . .310-726-3000 http://mwj.hotims.com/7966-21
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25 Astrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . .86 http://mwj.hotims.com/7966-25
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