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The MLS series is the newest addition to MITEQ’s line of high-performance
logarithmic amplifiers. Utilizing the lastest MIC (microwave integrated circuit)
technology, these logarithmic amplifiers achieve exceptional performance in
packages as small as 1.8 square inches.The design uses low-noise gain blocks and
the same proprietary detection circuitry as the MLIF series to achieve ultrawide
operational bandwidths. Increased sensitivity and video rise times as fast as 1.5 ns
are available.

OPERATIONAL INPUT
MODEL FREQUENCY DYNAMIC TANGENTIAL VIDEO RISE FALL RECOVERY
NUMBER RANGE RANGE SENSITIVITY FLATNESS TIME TIME TIME

[MHz] [dBm] [dBm] [dB] [ns] [ns] [ns]
MLS-375/250-70 250 to 500 -70 to 0 -75 ±1.0 15 30 40
MLS-550/500-70 300 to 800 -70 to 0 -73 ±1.5 10 25 35
MLS-1000/500-70 750 to 1250 -70 to 0 -73 ±1.5 10 25 35
MLS-2000/1000-70 1500 to 2500 -67 to +3 -70 ±1.5 15 30 40
MLS-3000/2000-70 2000 to 4000 -70 to 0 -72 ±2.0 10 25 35
MLS-5000/2000-65 4000 to 6000 -60 to +5 -63 ±2.0 10 25 35
MLS-6000/4000-60 4000 to 8000 -55 to +5 -60 ±2.0 10 25 35

For additional information or technical support, please contact our
Sales Department at (631) 439-9220 or e-mail components@miteq.com
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Need just the right surface mount, coaxial, thru mount, or flat pack power splitter or combiner for your project?

Mini-Circuits is on the case offering you thousands of high performance, cost-effective models off-the-shelf and

immediately available for your military and commercial applications. Choose from 2 and 3 way to 48 way; 0°, 90°,

180°; 50 &75 ohms covering 2 kHz to 12.6 GHz and beyond, all characterized with detailed data and performance

curves available to you in a flash 24/7 on "The YONI2 Search Engine" at the Mini-Circuits web site. Surface mount

products include highly reliable LTCC designs giving you extremely small size, ultra-low profile, excellent stability over

temperature, and high performance repeatability. Tough built coaxial models are available with SMA, BNC, TNC, and

Type-N connectors and include broadband ZX10 units standing less than 3/4" in size. And when it comes to your

custom needs…just let us know what you’re looking for and our development team will go to work! Add our 1 year

guarantee, knowledgeable applications support, and value pricing, and the decision is easy. Contact Mini-Circuits today!

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

THE WORLD’S LARGEST SELECTION

POWER
SPLITTERS

COMBINERS

2 kHz to12.6 GHz from79¢

IN STOCK

RoHS models available, consult factory.

o S
C O M P L I A N T

TM
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194 Rev I

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW
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Aeroflex / Weinschel’s

SmartStep® technology

streamlines system designs and

device integration by providing

a flexible bus interface and

components that are simple to

configure and control and

offers a unique smarter

approach for designing and

integrating programmable

components into your defense,

mobile, broadband wireless,

cable test equipment and

simulation subsystems.

Whether you’re designing

your own switching/combining/

attenuation wireless simulation

system or require a turnkey

solution, contact Aeroflex /

Weinschel for a wide range of

standard products or custom

engineered subsystems.

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

www.aeroflex.com

Make Your First Step

A SmartStep®

The strength of Aeroflex / Weinschel’s

Subsystem group is the ability to use our

standard catalog as well as in-house

developed production to create, design and

offer subsystem products and capabilities

for today’s most demanding applications: 

•  Cable Modem Testing

• Cellular & Mobile Telecom Fading Simulation

• Subsystems with Low IM Components

• Complex RF Switch Matrices

• Programmable/Switch Controllers

• SmartStep Programmable Attenuators

• Plug & Go Switch/Relay Drivers

• Attenuation Modules & Multi-Channel

Subsystems

Visit http://mwj.hotims.com/16337-4 or use RS# 4 at www.mwjournal.com/info
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Tired 

of endless

iterations, 

tweaks, and 

redesign cycles? 

Wish you could modify or 

compact your layout and see the 

coupling effects on circuit performance 

instantaneously? With ACE,™ AWR’s new 

automated circuit extraction technology, you can. 

ACE extracts layout-driven effects — including coupling in 

multilayered RF modules and ICs — in seconds and stops the

monotony of brute force EM analysis or schematic-driven manual

fracturing techniques. Test drive ACE today at appwave.com/ACE.

ACE. Interconnect 
modeling in seconds

Break
free of
infinite

redesign
loops.
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Tensolite’s HDRFI™ Assemblies use High Frequency Low Loss Coax and a 

unique patent pending interconnect system to transfer high frequency/data

thru a planar connection system, using a z-axis elastomeric connector. This 

allows for very high frequencies to transfer with minimal loss due to the 

connector interface. 

This technology can support Fibre Channel, PCI express or any 

other serial data protocol. HDRFI™ is ideal for ganged high 

density signal count applications that eliminate the problems 

of connector stubbing. Our engineering staff is ready to 

provide technical assistance to meet and exceed all of your 

design challenges.  

TM

High

Density

RF

Interconnect

 (800) 458-9960 phone • (904) 829-3447 fax • For more information go to www.HDRFI.com

®
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Webinars
MWJ/Besser Associates Webinar Series
Tune-up your skills. Join the growing number of
engineers who participate in this monthly series
on RF/microwave theory and practical
applications. 
Baluns: This month’s
webinar will demonstrate
the design and limitations
of passive baluns.
Techniques for obtaining
better balance and
unusual impedance
transformations over a
broad band will be explored.
Presented by Besser Associates
and Microwave Journal.  
Live webcast: 1/15/2008, 11:00 AM (EST)

Online

Executive Interview
In this month’s executive
interview, Microwave Journal
talks with Brian Dupell, President
of DLI, about today’s spectrum
management challenges, the
radar market and the role of
High-Q ceramic-based RF/mW
components in achieving the
performance required by today’s
military and commercial
applications.

Expert Advice
New online feature: Each month, Microwave
Journal asks a noted industry expert to provide
commentary related to the issue’s technical
theme. Our invited expert’s editorial is a starting
point for an interactive dialog among our
readers. Readers may post responses as part of
an ongoing technical discussion. Be part of the
conversation—read and share your comments,
experiences or opinions at
www.mwjournal/experts. 

Win: The first five contributors
are eligible to receive a
complimentary copy of Electrical
Engineering: A Pocket Reference
from Artech House. This
essential, compact-sized (4.5" ×
7.5"), 686-page reference offers
a well-organized resource for
accessing basic electrical
engineering knowledge. This
pocket reference offers an

extensive collection of time-saving equations for
all experts.

January: Dr. Vince Rodriguez,
Senior Principal Antenna Design
Engineer with the Field
Generation Group of ETS-
Lindgren, shares some thoughts
on the challenges of accurately
testing today’s high-frequency
antenna patterns.

Online Technical Papers

“A Low Cost Method for GSM Mobile
Synchronization to Base Station”
Jaleh Komaili, Darioush Agahi and Masoud Kahrizi,
Skyworks Solutions

“Design of Waveguide Bandpass Filter in
the X-frequency Band”
Gaëtan Prigent, Nathalie Raveu, Olivier Pigaglio and Henri
Baudrand

“The Design of a Dual Ultra-wide
Bandpass Filter Using L-Shaped Step
Impedance Resonators”
Chu-Yu Chen and Li-Mei Tu

“Microwave Bandpass Filter and Passive
Devices Using Copper Metal Process on
Al2O3 Substrate”
Chia Song Wu, Hsien-Chin Chiu and Yi-Feng Lin
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www.coilcraft.com 800/322-2645

®

RoHS
COMPLIANT

Their sites have search engines.
Ours has a find engine.

®

On most inductor web sites, their search engine
results in more aggravation than answers.

But Coilcraft’s web site is different.
In seconds, our Inductor Finder will show

you all the parts that meet your electrical and
size requirements. You can sort the results
by your most important parameters. Compare

pricing. Even analyze the core and winding
losses of up to four different power inductors!

You’ll find lots of other design tools to help
you choose the perfect part. And then request
free samples with just a few clicks.

So quit searching for magnetics and start
finding them at www.coilcraft.com!

7.875 x 10.75

Visit http://mwj.hotims.com/16337-28 or use RS# 28 at www.mwjournal.com/info
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popular “Ask Harlan” column. In this
online resource, MWJ asks a noted in-
dustry expert to provide commentary
related to the monthly editorial theme.
Reader responses will be posted as part
of an online dialog for all to share. The
first five people to post a qualified re-
sponse each month will win a copy of
the new Artech House book titled Elec-
trical Engineering: A Pocket Reference.
This month’s expert is Dr. Vince Ro-
driguez, Senior Principle Design Engi-
neer with the Field Generation Group
of ETS-Lindgren. Check it out on our
web site and post your comment soon.
I think that you’ll really like this feature
(and the reference guide).

In February, watch for our “Com-
pany Profile” series, highlighting com-
pany spotlights from the early years,
accompanied by updated profiles of
those companies today. I found it
quite interesting how many of these
companies have evolved over the
decades and several have spawned an
entire corporate family tree.

I’m excited about the year ahead
and I’m proud to be associated with a
publication that has had such tremen-
dous staying power, especially in
these times of constant change. Sin-
cere thanks go out to our loyal read-
ers, advertisers and editorial contrib-
utors for allowing us to serve this in-
dustry for so long. I would be remiss
if I did not also thank the MWJ staff,
who work hard to keep up with these
changes and who consistently deliver
quality products in print and online.

Wishing all of our readers a happy,
healthy and prosperous New Year.

Carl Sheffres
Publisher

In July of 1958, a group of industry
pioneers led by William Bazzy and
including Ted Saad, Seymour

Cohn, Henry Jasik, Ben Lax, Marshall
Pease, Tore Anderson and Gersh
Wheeler launched Microwave Journal.
This year, we’ll celebrate our 50th year
milestone with a number of monthly
print and online features and a com-
memorative 50th anniversary July issue
which will celebrate the people, the
companies and the events that have
helped to shape the RF/microwave in-
dustry during the past half century.

This issue debuts our monthly
“Then and Now” cover story, which
features a reprinted article from the
early years of MWJ that relates to the
current month’s editorial theme, fol-
lowed by an invited article that pro-
vides an update to the current state-
of-the-art for each technology or
product focus. This month’s reprinted
article was written by J.L. Allen of
MIT’s Lincoln Laboratory and was
first published in the May 1962 issue.
The title of the article is “Array
Radars: A Survey of Their Potential
and Their Limitations.” Renowned
radar expert and IEEE Life Fellow
Eli Brookner authors our guest edito-
rial. The title of his article is “Phased-
array Radars: Past, Astounding Break-
throughs and Future Trends.” I hope
that you find this retrospective to be
informative and enjoyable reading.

The MWJ web site (mwjournal.
com) will showcase many new features
and improvements this year. We’ll be
sure to keep you informed as these are
implemented. This month debuts the
new “Expert Advice” feature, which
represents the next generation of the

CELEBRATING
50 YEARS

Visit http://mwj.hotims.com/16337-55

NOTE FROM THE PUBLISHER
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DIGITAL ATTENUATORS

Digi
ta

l S
te

p 
At

te
nu

at
or

s

DC to
 40

00
MHz

Specifications Typical at: TAMB = 25°C

Model Series Interface Z Freq. Atten. Steps Bits Price $ea.
(Ω ) MHz dB dB (Qty.10)

DAT-15R5-P � Parallel 50 DC-4000 15.5 0.5 5 3.55

DAT-15R5-S � Serial 50 DC-4000 15.5 0.5 5 3.55

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

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

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

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

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

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

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

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

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

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

�To specify Supply Voltage:

Add the letter ( P ) to model number for positive +3 volts.

Add the letter ( N ) to model number for Dual ±3 volts.

Example: DAT-15R5-PP or DAT-15R5-PN

0.5 to 31.5 dB in 0.5 and 1dB Steps

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

•  Select 5 or 6 Bit, serial or parallel interface

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

•  High attenuation accuracy, 50 or 75 ohm

• Very high IP3 +52 dBm, 0.2 dB compression@ +24 dBm above1 MHz

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

Exposed 
Top View Metal Bottom

Small 4x4mm Package.

IN STOCK

DAT SELECTION GUIDE

Qty. (1,000)From

ea.

DAT test fixture available.All our surface mount models are available 
in coaxial versions with SMA connectors

$269

ZX76 Series

404 Rev E
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From ea. Qty.1000
IN STOCK

LTCCCOUPLER FAMILY
Directional/Bi-Directional

Mini-Circuits LTCC coupler family offers versatile, low cost solutions

for your 5 to 4200 MHz needs with rugged connectorized

models from .74"x.50" to surface mount couplers from

.12"x.06", the smallest in the world! Choose from our 50&75 Ω
directional and bi-directional couplers with coupling ranging

from 6-22 dB and with capability to pass DC. Mini-Circuits

offers the world’s most highly evolved LTCC technology

delivering both minimal insertion loss and high directivity with

models handling up to 65 W. All of our couplers are ESD

compliant and available as RoHS compliant. For full product

details and specifications for all our couplers, go to Mini-Circuits

web site and select the best couplers for your commercial,

industrial and military requirements.

169$

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

IEEE TOPICAL SYMPOSIUM ON POWER AMPLIFIERS
FOR WIRELESS COMMUNICATIONS
January 21–22, 2008 • Orlando, FL
http://pasymposium.ucsd.edu

IEEE RADIO AND WIRELESS SYMPOSIUM
(INCORPORATING WAMICON)
January 22–24, 2008 • Orlando, FL
www.radiowireless.org

FEBRUARY

INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE (ISSCC 2008)
February 3–7, 2008 • San Francisco, CA
www.isscc.org

MOBILE WORLD CONGRESS
February 11–14, 2008 • Barcelona, Spain
www.mobileworldcongress.com

NATIONAL ASSOCIATION OF TOWER ERECTORS
(NATE 2008)
February 11–14, 2008 • Orlando, FL
www.natehome.com

SATELLITE 2008 CONFERENCE AND EXHIBITION
February 25–28, 2008 • Washington, DC
www.satellite2008.com

INTERNATIONAL WIRELESS COMMUNICATIONS
EXPO (IWCE 2008)
February 27–29, 2008 • Las Vegas, NV 
www.iwceexpo.com

APRIL

CTIA WIRELESS 2008
April 1–3, 2008 • Las Vegas, NV 
www.ctiawireless.com

WCA 2008
April 21–23, 2008 • Washington, DC
www.wcai.com

JUNE

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM (RFIC 2008)
June 15–17, 2008 • Atlanta, GA
www.rfic2008.org

IEEE MTT-S INTERNATIONAL MICROWAVE
SYMPOSIUM AND EXHIBITION (IMS 2008)
June 15–20, 2008 • Atlanta, GA
www.ims2008.org
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AUGUST

IEEE EMC SYMPOSIUM
August 18–22, 2008 • Detroit, MI
www.emc2008.org

SEPTEMBER

WIMAX WORLD AMERICAS
September 30–October 2, 2008 • Chicago, IL
www.wimaxworld.com

OCTOBER
EUROPEAN MICROWAVE WEEK
October 27–31, 2008
Amsterdam, The Netherlands
www.eumweek.com

NOVEMBER
WCA INTERNATIONAL SYMPOSIUM AND BUSINESS
EXPO
November 4–7, 2008 • San Jose, CA 
www.wcai.com

High Power, Small Size,
Broadband Performance
• Broadband from DC to 18 GHz.
• 25 to 150 watts power handling.
• All thin film construction.
• Solder and wire bond attachment.
• High reliability qualified.
• Data sheets available online at 

www.emct.com.

emct.com • rflabs.com
772-286-9300

ISO 9001 and 14001 Certified

RESISTORS

CR0402D
25 watts

CR0505D
50 watts

CR1010D
150 watts

TERMINATIONS

CT0402D
25 watts

CT0505D
40 watts

CT1310D
150 watts

Visit http://mwj.hotims.com/16337-42

COMING EVENTS

CALL FOR PAPERS

IEEE EMC Symposium
by January 15, 2008
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WORKSHOPS & COURSES

CST USERS’ FORUM 2008
■ Topics: CST of America an-
nounces the 5th North American
Users’ Forum to be held at the Net-
work Meeting Center, Santa Clara,
CA, on February 4, 2008. The confer-
ence will provide an opportunity for
users of CST’s products to present
and discuss their work to a wide audi-
ence of interested parties. CST will
present the latest software including a
keynote presentation from its CTO,
Peter Thoma. To register, visit www.
cst.com/content/events/ugm.aspx.
■ Site: Santa Clara, CA
■ Date: February 4, 2008
■ Contact: For more information,
visit www.cst.com.

DIRECTED ENERGY WEAPONS
2008
■ Topics: This conference provides
insight on leading national perspec-
tives on the current and future role of
Directed Energy Weapons, just as
testing and approval for the Active
Denial System (ADS) is entering the
‘home-run’ to be deployed to opera-
tional fields such as Iraq. Sessions by
the Joint Non-lethal Weapons Direc-
torate (USMC), Directed Energy Ap-
plications Product Office (US Army),
NATO and EDA are featured.
■ Site: London, England
■ Dates: February 19-20, 2008
■ Contact: For more information,
visit www.iqpc.com/uk/DEW2008/MJ.

S600UX USER TRAINING CLASS

■ Topics: The S600UX User Train-
ing Class has been designed to teach
detailed information on how to use
the S600 series Parametric Tester.
During this hands-on session, stu-
dents use Keithley tools to develop
test programs for parametric devices
within the Keithley Test Environment
(version 5.1.x). 
■ Site: Cleveland, OH
■ Dates: March 3–6, 2008
■ Contact: For more information,
visit www.keithley.com.

MODERN WIRELESS DATA
COMMUNICATIONS

■ Topics: This course is tailored to
end users, technology planners, deci-
sion makers and implementers who
need an understanding of both how

wireless works and what the technolo-
gy can do. The information starts with
an introductory level, and progresses
into coverage of the more technical
material at an intermediate depth.
For more information, visit http://
epdweb.engr.wisc.edu.
■ Site: Madison, WI
■ Dates: April 8–10, 2008
■ Contact: University of Wisconsin-
Madison, Department of Engineering
Professional Development, 432 North
Lake Street, Madison, WI 53706
(800) 462-0876.

ANTENNA ENGINEERING

■ Topics: This course provides an
overview of the theory and practice
of antenna engineering, including a
range of antenna types, applications
and electromagnetic properties from
basic to state-of-the-art. Explore a
wide spectrum of frequency from
550 kHz to 550 GHz, with primary
emphasis in the VHF, UHF and mi-
crowave regions. Examine communi-
cations and radar, commercial and
military applications. Explore related
topics, such as radomes, antenna
materials, NEC computer analysis
and antenna-measurement tech-
niques.
■ Site: Atlanta, GA 
■ Dates: April 21–25, 2008
■ Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

PRINTED CIRCUIT BOARD DESIGN
FOR REAL-WORLD EMI CONTROL

■ Topics: The primary focus of this
seminar is to help working engineers
understand the causes of EMC prob-
lems so this knowledge can be applied
to real world product design immedi-
ately. Formulas and equations are not
required and are minimized through-
out the seminar. Understanding the
causes of EMC problems will allow
engineers to make difficult design
trade-off decisions.
■ Site: Oxford, UK
■ Date: June 2008
■ Contact: University of Oxford
Continuing Education, Rewley
House, 1 Wellington Square, Oxford
OX1 2JA +44 (0)1865 270360, or visit
www.conted.ox.ac.uk.
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Our Sales Department is staffed with highly

trained personnel who are ready to help you with

all your product requirements. Our 155,000 sq.ft.

plant and dedicated team of engineers, designers

and production people, are capable of 

addressing any need, however challenging. 

For detailed information on how to best put

our 50 years of microwave expertise and

responsive assistance to work for your company,

call us today or visit us at our web site.

Experience the best international service in the

industry first hand...we’ll spoil you rotten. 

435 Moreland Road, Hauppauge, NY 11788
Tel: 631.231.1700 • Fax: 631.231.1711 • e-mail: nardaeast@L-3com.com • www.nardamicrowave.com

“When the International Sales phone rings, there’s only
one answer...responsiveness. Whether the need is for
technical or commercial service, we’ve got to be there
for our clients. That’s the game.”

AT NARDA,  OUR PEOPLE  MAKE THE  DIFFERENCE

International SalesWayne DeVaul

Visit http://mwj.hotims.com/16337-104 or use RS# 104 at www.mwjournal.com/info
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RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549  •  Tel: 914.241.1334  •  Fax: 914.241.1753

E-mail: sales@rlcelectronics.com  •  www.rlcelectronics.com

RLC is your complete microwave component source...
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.

Our complete line of Directional Couplers covers cellular, octave and broadband frequencies.

Designs include micro-strip, stripline and airline for high power applications.

For more detailed information on Directional Couplers and Directional Detectors, visit our web site.

RLC has the exact solution
you’re looking for.

� Frequencies from 10 MHz
to 40 GHz

� Power ratings up to 500
watts average

� Custom design & packaging

� Low loss, high directivity

� Single or dual directional

� Low coupling variation

� Surface mount

� Directional detectors

� Very low passive
intermodulation designs

� Standard connector types

� Waveguide

ISO 9001:2000 CERTIFIED

Visit http://mwj.hotims.com/16337-123 or use RS# 123 at www.mwjournal.com/info
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www.endwave.com

• Popular frequency bands
(S, C, X, Ku, Ka-Band)

• Ka-band noise figure < 6.0 dB

• 30 to 50 dB typical gain

• High P1dB (models up to +30 W)

• Internal sequential bias protection

• Optional input and output isolators

• Customizable bias, mechanical and
electrical configurations

• Temperature compensation option

A powerful new line up from Endwave

Endwave’s acquisition of ALC Microwave combined with our renowned,

building-block approach, has created an industry-leading suite of rack mount

and modular power amplifiers. These dependable amplifiers are available

in the widest selection of power levels and frequencies. Across frequency

variants, they employ 85% common parts to ensure repeatability and speedy

delivery. They are built for the most demanding radio communication and

VSAT applications. Endwave and ALC. Together, we’ve got the power.

Endwave. Plug us in.

Gain
Frequency Gain Noise Figure Gain Flatness Power Out DC Current

Model* Range GHz dB Min dB Max +/- dB Max P1dB Min IP3 dB Typ +15v, VDC

APA2123-36 2.1 to 2.3 47 3.5 0.5 36 46 2.8 A
APA3438-35 3.4 to 3.6 30 3.5 0.5 35 45 2.8 A
APA3438-38 3.4 to 3.6 30 3.5 0.5 38 48 3.4 A
APA3438-41 3.4 to 3.6 30 3.5 0.5 41 51 5.5 A
APA3642-39 3.6 to 4.2 40 4.0 1.0 39 49 3.3 A
APA4450-40 4.4 to 5.0 40 4.0 1.0 40 50 5.5 A
APA4450-42 4.4 to 5.0 40 4.0 1.0 42 52 3.3 A
APA4450-44 4.4 to 5.0 40 4.0 1.0 44 54 9.5 A
APA5964-36 5.9 to 6.4 40 4.5 0.5 36 46 2.6 A
APA5964-42 5.9 to 6.4 40 4.5 1.0 42 52 5.3 A
APA5964-44 5.9 to 6.4 40 4.5 1.0 44 54 9.5 A
APA5864-46 5.8 to 6.4 40 4.5 1.0 46 56 11.0 A
APA6472-36 6.4 to 7.2 40 4.5 0.5 36 46 2.6 A
APA6472-42 6.4 to 7.2 40 4.5 1.0 42 52 5.9 A
APA7785-39 7.7 to 8.5 40 4.5 1.0 39 49 3.6 A
APA1112-36 10.7 to 11.7 40 4.5 0.5 36 46 2.6 A
APA1112-42 10.7 to 11.7 40 4.5 1.0 42 52 5.9 A
APA1414-37 14.0 to 14.5 40 4.5 0.5 37 47 2.6 A
APA1414-40 14.0 to 14.5 40 4.5 0.5 37 47 2.6 A
APA1414-43 14.0 to 14.5 40 4.5 0.5 37 47 2.6 A
APA3031-36 30.0 to 31.5 27 6.0 1.0 36 43 5.6 A

*APA prefix indicates modular amplifiers operating off DC bias of +12 TO +15VDC. To order rack mount amplifiers
that operate off 120-140 VAC, change the prefix to APR.

All units have a maximum I/O VSWR of 2.0:1, without isolators.

Search our complete line
of amplifiers online!

Visit http://mwj.hotims.com/16337-44 or use RS# 44 at www.mwjournal.com/info
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COVER FEATURE: THEN

Please visit www.mwjournal.com to read this article in its entirety. 
Also, look for our “Cover Feature: Then and Now” series every month this year in 

Microwave Journal as we celebrate our 50th anniversary.
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CST of America®, Inc. | To request literature or a free demo CD (508) 665 4400 | info: www.cst.com

CHANGING THE STANDARDS

� Need to get a solution fast without
slipping up on accuracy? CST puts 3D 
EM on the fast track with new software 
and hardware technology designed to 
fit your workflow groove.

Don’t just judge the book by the 
cover though – the software has to 
perform. Check out the time taken to 
reach your accuracy requirement and 
we are convinced that our simulation 
technology will come out on top. All 
application have different needs. CST 
has the technology to cover them.

CST MICROWAVE STUDIO® [CST 
MWS] is the first commercial HF 3D EM 
code to offer the advantages of time 
and frequency domain, hexahedral 
and tetrahedral meshing, united in 
one interface, allowing you to choose 
the technology best suited to your 

It’s the accuracy
that makes your ideas run faster.

�

application. Embedded in an advanced 
design environment, CST MWS can be 
coupled with all CST STUDIO SUITE™ 
solver technology including circuit
and thermal simulation.

CST MICROWAVE STUDIO® is the 
market leading time domain tool for 
3D EM simulation. It has benefited 
from over 30 years experience in the 
area of numerical field calculation,
and is used by industry market leaders 
worldwide.
� Choose the accuracy and speed 
offered by CST MWS. There’s more to 
performance than meets the eye.

CST MICROWAVE STUDIO® 2008. There’s more behind it.

Visit http://mwj.hotims.com/16337-32 or use RS# 32 at www.mwjournal.com/info
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ment in recent years. Back in 1957 there were
just a few array radars. John Allen’s article, “Ar-
ray Radars: A Survey of Their Potential and
Their Limitations,”24 first published in Mi-
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ELI BROOKNER
Life Fellow IEEE

Over the last five decades since the forma-
tion of the Microwave Journal, phased-
array radars have seen remarkable ad-

vances and wide proliferation around the world.
This is exemplified in Figures 1, 2 and 3, which
give just a few examples of the phased arrays de-
ployed over the last 50 years and under develop-

PHASED-ARRAY RADARS:
PAST, ASTOUNDING
BREAKTHROUGHS AND
FUTURE TRENDS

Phased-array radars have seen ever increasingly wider use around the world over the last five decades. In
recent years, they have seen breakthroughs that led to capabilities not possible in the past. This is
exemplified by the development of GaAs integrated microwave circuits called monolithic microwave
integrated circuits (MMIC) that make it possible to build active electronically scanned arrays (AESA) that
have lighter weight, smaller volume, higher reliability and lower cost. These developments have reached the
point where it is now possible to build a low-cost 35 GHz phased array for a missile seeker costing
$30/element (total cost of array including all electronics divided by the number of elements). This is made
possible because integration allows the whole T/R module to be put on a single chip. For some applications,
it will soon be possible to put multiple receivers or transmitters on a single chip. The advances provided by
Moore’s Law have now made it feasible to do digital beam forming with all its numerous advantages. This
article describes these advances and also covers the potential for GaN and SiC chips that have the
capability of higher peak power by a factor of ten than GaAs chips, arrays with instantaneous bandwidths
of up to 33:1, SiGe low-cost T/R modules and low-cost MEMS arrays. A real radar application for multiple-
input multiple-output (MIMO) has been demonstrated by MIT’s Lincoln Laboratory, which allows the
coherent combining of two radars to achieve a 9 dB increase in sensitivity. MIMO also makes possible the
optimum removal of clutter in over the horizon (OTH) and airborne radars by permitting adaptive control
of the transmit antenna pattern in the receiver.

COVER FEATURE: NOW
INVITED PAPER
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crowave Journal in May of 1962, only
showed the experimental L-band elec-
tronically steerable array radar (ESAR)
that was the predecessor of the FPS-
85. In recent years there have been
many important breakthroughs in
phased-array technology that bode well
for the future of phased-array
radars.1,29–36 This article covers some
of the past developments and the excit-
ing recent new breakthroughs. The
past and recent breakthroughs covered
are listed in Table 1.

GaAs MMIC T/R MODULES
Defense companies have success-

fully applied MMICs to AESA radars
over the last decade.1 The MMIC
APG-79 AESA radar on the F/A-18
E/F allows simultaneous air-to-air
and air-to-ground modes (see Figure
2b).25 This means the aircraft can de-
fend itself while at the same time de-
liver weapons to the target. This is
achieved with only a small increase in
the cost of the radar over the older
mechanically scanned system.(ibid)

AESA has permitted the Wedgetail
AESA L-band arrays to be placed on
the top of a Boeing 737-300 for the
Royal Australian Air Force without
the need of a rotodome, such as used
on E-3 Sentry airborne warning and
control system (AWACS) aircraft (see
Figure 2b). Wedgetail provides 360°
coverage; the two back-to-back dorsal
arrays provide ±60° coverage broad-
side while the antenna above them
provides endfire coverage of ±30°.

SEA-BASED X-BAND (SBX)
RADAR

The 24-story-high Sea-based X-band
(SBX) radar, shown in Figures 4 and 5,
is a new wonder of the world.26 Part of
the US Ground-based Midcourse De-
fense anti-ballistic-missile system, it is
the most powerful phased-array radar
ever produced.

LOW-COST PHASED ARRAYS
Who said AESAs have to be ex-

pensive? On Defense Advanced Re-
search Projects Agency (DARPA)
funding, the feasibility of a low-cost,
$19 K, 35 GHz array was demonstrat-

COVER FEATURE: NOW

Fig. 1  Example tube (T) and solid-state (SS)
passive phased arrays having large
productions.1
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Fig. 2  Example solid-state discrete (D) and
MMIC (M) active arrays.

(a)

(b)

▲
▲
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meets first pass budget approval
First pass accuracy

Agilent Genesys software suites offer a compact EDA

environment for your specific RF and microwave physical

design – at about half the price of our competitors. Each

suite is customized to feature only the applications you 

need. And with Momentum GX, our newly integrated accu-

rate planar EM simulator, you can test designs before 

they’re even built.  

See for yourself. Download a 30-day free trial at 

www.agilent.com/fi nd/eesof-genesys-fi rstpass or call

an Agilent representative to fi nd out which Genesys 

suite is best for you. With fully functional, microwave 

design environments starting at just $3,995, fi rst pass

success is suddenly within reach.

u.s. 1-800-829-4444
canada 1-877-894-4414

Download a free 30-day trial at

www.agilent.com/fi nd/eesof-genesys-fi rstpass

meets first pass budget approval
First pass accuracy

Momentum GX EM simulation 
of a DUT, just part of the new capabilities of Genesys

Four Agilent Genesys suites under $10k 
• Core $3,995*
• Nonlinear Pro $9,995*
• Comms Pro $9,995*
• Designer Pro $9,995*

mulation 
the new capabilities of Genesys

© Agilent Technologies, Inc. 2007 
* Prices subject to change
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ed (see Figure 6).2 DARPA also
funded development of a $10 X-
band, 10 mW, single-chip T/R mod-
ule.3 A 76 GHz photoetched Rotman
lens array costing only a few dollars
was developed for automotive cruise
control.8

COVER FEATURE: NOW

▲ Fig. 3  Other phased array systems
developed or under development.

TABLE I
BREAKTHROUGHS

• Phased arrays everywhere
• GaAs MMIC

• Sea-based X-band (SBX) radar
• 35 GHz $19 K active phased array

• Low-cost MEMS phased array
• GaN, SiC

• SiGe, CMOS
• Digital beamforming

• Packaging and assembly
• MIMO

• Ultra-wideband arrays
• Adaptive arrays

• Space-time adaptive processing (STAP)
• Tube advancements

• Solid-state “bottle” phased-array radars
• Software for design of phased arrays

▲ Fig. 4  Sea-based X-band (SBX) radar.

• Purpose: Tracking and discrimination radar 
for Ground-based Midcourse Defense (GMD)

• Displacement: 50,000 tons; 250 ft 
(~24 stories) high

• Radome: 103 ft high, 120 ft diam., 
18,000 Ibs

• Radar: X-band phased array, 65% populated
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LOW-COST MEMS PHASED ARRAY
If only we had a low loss phase shifter. Then we could go

back to the passive-architecture electronically scanned
phased array with one module feeding many phase shifters
(10, for example). This could potentially reduce the cost of
an electronically scanned phased array by a factor of about
ten. Micro-electromechanical systems (MEMS) offer this
promise. MEMS switches have improved their reliability by
three orders of magnitude over what was reported in Octo-
ber 20033 to a life of 600 billion switches.4,5 There is still
need for improvement in the loss. The loss through a four-
bit phase shifter used in a 1-D scanned radome antenna

space-fed lens (RADANT) is ~1.25
dB. Two lenses are needed for a 2-D
scan so that the two-way loss for a 2-D
scanned RADANT array would be ~5
dB, but progress is being made.5

GaN AND SiC CHIPS
Wide bandgap GaN and SiC

MMIC chips offer the potential of
one to two orders increase in T/R
module power (see Figure 7).27

Table 2 summarizes the major ad-
vantages of GaN. Tables 3 and 4
compare GaN with GaAs. This tech-
nology would make it possible to up-
grade an existing AESA by replacing
the GaAs T/R modules with GaN or
SiC T/R modules having ten times
the power. This provides either a ten
times improvement in search volume

COVER FEATURE: NOW

Raytheon Built $19K
Seeker Array; ~600 EL
~$30/EL, ~40mW/EL

NOTCH
RADIATOR

▲ Fig. 6  No low-cost phased array—not
true anymore.

© 45,056 Best-of Breed Transmit/
 Receiver modules

© 128 modules per subarray
 (352 subarrays total)

© Time-delay steering at the
 subarray level supports
 wideband waveforms

© Nine super-subarrays - clocked
 to suppress grating lobes

XBR
▲ Fig. 5  XBR array architecture.
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▲ Fig. 7  State-of-the-art solid-state and
tube devices.

36 MICROWAVE JOURNAL ■ JANUARY 2008Visit http://mwj.hotims.com/16337-128

 1M27 FINAL  12/27/07  11:41 AM  Page 36

mailto:sales@spaceklabs.com
http://www.spaceklabs.com
http://mwj.hotims.com/16337-128


Visit http://mwj.hotims.com/16337-22 or use RS# 22 at www.mwjournal.com/info

 1M27 FINAL  12/27/07  8:06 AM  Page 37

http://mwj.hotims.com/16337-22
http://www.mwjournal.com/info
http://www.bnztech.com
mailto:info@bnztech.com


or a 78 percent increase in track
range.28 CREE provides commercial
SiC hybrid devices putting out 10 to
60 W for up to 4 GHz and GaN hy-
brid devices putting out 15 to 120 W
from UHF to 40 GHz.16 Their goal is
to provide in one package 550 W
peak and 30 to 40 W average linear
power output using a single-stage
FET. CREE supports the design of
MMIC SiC and GaN chips. For GaN
MMIC they provide 60 W saturated

from 2.5 to 4 GHz and 25 W saturat-
ed from 5 to 6 GHz. See References
16–18 for detailed surveys of state-of-
the-art on GaN and SiC.

SiGe CHIPS
SiGe has the advantage of using Si

as a substrate, the technology of the
low-cost, commercial integrated-cir-
cuit industry and whose extensive re-
sources can be drawn upon. It offers
the potential of higher performance

at low cost. SiGe does not compete
with GaAs with respect to microwave
output power or noise figure. It offers
low cost and the ability to integrate
many functions on a single chip. In
addition to microwave power ampli-
fiers and a low-noise figure receiver
on one chip, it can have A/Ds and
digital circuitry. It can have CMOS
on the same chip, Si CMOS. GTRI is
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TABLE II
GaN TECHNOLOGY ADVANTAGES

GaN has the highest power density of any 
existing technology
• enables reduced chip size – lower cost 

for a given power
• smaller FET size enables broader 

bandwidth because of higher impedance

GaN capable of higher operating voltage
• more efficient power system

GaN on SiC has a superior thermal 
conductivity compared to GaAs
• maintain moderate channel temps at high 

power

TABLE III
ADVANTAGES OF MMIC GaN 

OVER GaAs MMIC

• Provides system advantages re: weight,
cooling, prime power, cost, sensitivity, range

• 28 V vs. 10 V at 2× current (I) provides
5–10× power with ~ same gain 

and efficiency as GaAs
• High voltage GaAs PHEMT at 10 to 20 V 

at lower I provides only 1.5 to 2× power. 
GaN more compact for same power. 

GaN has higher matching Z → wider BW.
• Reliability tests at elevated temperatures

indicate 106 hr life
• Raytheon goal: 1.25 mm transistor, 

40 V, 6.4 W/mm, G = 12 dB, 
PAE = 60% at 10 GHz

TABLE IV
GaN vs. GaAs COMPARISON

Parameter GaAs GaN

Output power 0.5 to 1.5 3 to 6density (W/mm)

Operating 
voltage (V) 5 to 20 28 to 48

Breakdown 20 to 40 > 100voltage (V)

Maximum ~ 0.5 ~ 1current (A/mm)

Thermal
conductivity 47 390(Z)/490 (SiC)
(W/m-K)
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developing a SiGe single-chip T/R module for use in an
AESA radar. Its initial design had a peak power of > 50
mW using a two-stage power amplifier (PA). Work is un-
der way to achieve 1 W peak by using
three stages.19 The cost per element of
an AESA using such a module is expect-
ed to be 1/100 that of a GaAs array using
high-power T/R modules.19 The low
power per module is made up for in a
radar by using a larger array, one that
possibly folds on itself.

CMOS CHIPS
CMOS now operates at microwave

frequencies. It, too, uses a silicon sub-
strate and is the technology widely used
in the computer industry. It holds the
promise of low cost and low power for
the receiver parts of T/R modules. Like
SiGe, it has the advantage of allowing
the integration of many functions on a
single chip, even more so than SiGe.
One chip can have RF, IF, baseband,
microprocessor, memory, tunable filters
and A/Ds —a system on a chip (SOC). It
can be combined with GaAs or GaN for
the microwave power amplifier and low
noise figure receiver. Using GaN has the
advantage of being robust enough that a
limiter may not be needed. Si together
with CMOS offers the possibility of the
integration of many receive and/or trans-
mit channels on a single chip.

DIGITAL BEAM FORMING (DBF)
DBF has arrived for microwave AESA radars (see Figure

8). It provides many significant advantages over analog beam
forming.1 For large arrays I used to say DBF is only being
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▲ Fig. 8  Phased arrays that use digital beam forming.

▲ Fig. 10  X-band 128-element PCB
building block; 2.2 lbs, 7.4" × 1" × 0.21".20

• 8 LNAs
• 8 PHASE SHIFTERS
• GAIN CONTROL/CH
• 8:1 COMBINER
• 6-18 GHz
• NF = 6 dB*
• < 0.7W
• 2.3 × 2.4 mm
• SiGe BiCMOS**

*2-3 dB FOR 6-12 GHz
**USABLE RANGE: 2-60 GHz

▲ Fig. 11  Extreme RF integration: single chip with eight receiver
channels. (Koh & Rebiez, Univ. of Calif., San Diego, MWJ, May,
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PATCH ELEMENT
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done at subarray. This is no longer true.
Elta has done it at the element level for
a 2500-element array at S-band, a ma-
jor breakthrough. Using DBF elimi-
nates the analog combining hardware,
analog down-converting and all the er-
rors associated with them. This in turn
will lead to ultra-low side lobes. It will
allow the implementation of multiple
beams pointing in different directions.
It will enable the adaptive use of differ-
ent parts of the antenna for different

applications at the same time. It per-
mits simultaneous reduction by a factor
of almost two of the transmit RF aver-
age search power and search occupan-
cy.6 The cost savings gained from the
simultaneous reduction by a factor of
almost two of the transmit RF average
search power and search occupancy
will be far greater than the increased
cost due to the greater required signal
processing. At the same time, the
search angle accuracy is improved by

about 40 percent.6 DBF will also per-
mit better adaptive-array processing.

ADAPTIVE-ARRAY PROCESSING
The development of adaptive-ar-

ray processing represents a major
step forward in increasing the useful-
ness of phased arrays. It started with
the invention by P.W. Howells of the
side lobe canceller (SLC), which he
filed on May 4, 1959 (two years after
the formation of the Microwave Jour-
nal) and was patented on August 24,
1965 (US Patent No. 3,202,990). This
was followed by the seminal work of
S.P. Applebaum published as an in-
ternal Syracuse University Research
Corp. report in August 1966 and then
published in the September 1976
special issue on adaptive antennas of
the IEEE Transactions on Antennas
and Propagation. The SLC nulls out
jammers whose signals come in
through the side lobes of the main
antenna by using auxiliary antennas
placed close to the main antenna.
These auxiliary antennas receive the
jamming signals. By appropriate pro-
cessing of the signals received by the
auxiliary antennas, it is possible to
generate jammer signals having the
same amplitude and phase as those
coming in through the side lobes. By
subtracting these signals from the
jammed signals in the main channel
the jamming interference is can-
celled. If a phased array is used to
form the main beam, elements form-
ing the array can also be used as the
auxiliary antennas, thus serving dual
use as elements for the main array
and as the auxiliary antennas. It is
useful to look at the side lobe can-
celler physically from another point
of view. Specifically, the combination
of the main antenna and the auxiliary
elements with its processing can be
viewed as a new antenna system. As
such, its antenna side lobe pattern
will have nulls in the directions of the
jammers while it also has its main
beam pointing in the direction of po-
tential targets to be detected, the di-
rection the main beam would point
when no SLC processing is used.
Very little is published as to which
radars used SLC. This is because of
the sensitivity of such information.

For a phased array there exists an-
other more effective way for canceling
jammers coming in through the side
lobes and even in through the main
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lobe. It is to adjust adaptively the am-
plitude and phase weights of the array
so as to put nulls in the directions of
the jammers while maintaining the
main beam pointing in the required di-
rection. These amplitude and phase
weight adjustments are made based on
the jamming signals received by the ar-
ray and their calculated direction. This
system is known as a fully adaptive ar-
ray processor. Here again it is useful to
view the fully adaptive array from an-

other physical point of view. Just as pre-
viously we viewed the SLC as an array
that puts nulls in the direction of the
jammers, we can now go the other way
and view the fully adaptive array
processor as a SLC.9,40

Fully adaptive arrays have been
too difficult to implement for large
arrays up to now, the hardware and
the processing load being too great.
To reduce the complexity, considera-
tion has been given to doing fully

adaptive array processing at the sub-
array level. This reduces the number
of elements from thousands to a few
tens. This is what is done on the 
UK’s Multi-function Electronically
Scanned Adaptive Radar (MESAR).41

With the advances of DBF, it is now
possible to think of achieving the per-
formance of fully adaptive processing
without its complexity. In fact, the
equivalent jammer suppression of a ful-
ly adaptive array without its computa-
tion and transient penalties can be
achieved. This can be accomplished
with adaptive-adaptive array process-
ing.7 This involves no more than locat-
ing digitally where the jammers are,
then pointing beams at these jammers
(these beams are effectively eigen-
beams)9,10,40 and using these beams as
side lobe cancellers for the main beam
(see Figure 9). For a 1000-element ar-
ray having to cope with 10 jammers, we
now have to invert a 10 × 10 matrix in-
stead of a 1000 × 1000 matrix and the
transient time is reduced by a factor of
100. In a classical fully adaptive array,
one does not make use of the location
of the jammers. But we can easily de-
termine their location rather than to
put on blinders. This method is equiva-
lent to the method of Principal Compo-
nents.9 The jammers can easily be lo-
cated by doing a Fast Fourier Trans-
form across the array. This will not
locate jammers less than a beamwidth
apart, but for many applications it may
be good enough. If better jammer can-
cellation is needed, then two squinted
beams about 3/4 of a beamwidth apart
can be used for each located jammer.
This is because for closely spaced jam-
mers, less than a beamwidth apart, the
eigenbeams are sum and difference
beams.10 Alternately the Music algo-
rithm can be used.13 Adaptive-adaptive
array processing is in the same spirit as
the knowledge aided techniques
DARPA has been recently funding
known as Knowledge Aided Sensor
Signal Processor & Expert System
(KASSPER),42 which they have applied
to Space-time Adaptive Processing
(STAP) discussed in the next section.

STAP
STAP is adaptive-array processing

of a pulse Doppler waveform. It pro-
vides adaptive nulling of ground clut-
ter and jammers on a moving plat-
form. On a moving platform it places
a 2-D Doppler-angle null where the
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clutter is.9 STAP is being used on the
new carrier-based E2-D Advanced
Hawkeye’s AN/APY-9 radar shown in
Figure 1.39 It is used in the littoral
environment.39 It can also be used to
cancel out ground clutter for a
ground-based pulse Doppler radar.37

PACKAGING AND ASSEMBLY
It is now possible to package and

assemble active phased arrays having
low cost, light weight and small vol-

ume. The technique involves the use
of commercial printed wiring boards
(PCB) and no packages for individual
T/R modules. An X-band building-
block array of 128 elements and T/R
modules was built having a size of 7.4
× 10.1 × 0.21 in.20 (see Figure 10).
Its T/R module chips are flip-chip
mounted on the backside of the PCB.
No case is used for the modules. An
approach using low- and high-tem-
perature cofired ceramic (LTCC/

HTCC) for the multilayer board is
presented in Reference 21. The ulti-
mate in packaging and RF integration
is the placement of many receivers or
transmitter channels, or both, on a
single chip together with their com-
biner; see Figure 11, where eight re-
ceiver channels are integrated onto a
single chip.23 This should be possible
for some radar applications in the
near future. Future plans are to inte-
grate 16 to 32 receiver channels on a
single chip and 16 transmit channels
on a single chip operating from 30 to
50 GHz.23

MIMO
Lincoln Laboratory at MIT has

demonstrated that one can coherently
combine two identical radars to achieve
a 9 dB increase in sensitivity.11 They
first transmit from each radar orthogo-
nal waveforms at the same carrier fre-
quency to achieve the coherence on re-
ceive. They next use identical wave-
forms and vary the phase and delays of
the transmitted waveforms to achieve
coherence on transmit on the target as
well as coherence on receive. This pro-
vides a 9° dB increase in sensitivity over
a single radar. By combining N radars
they get an increase in sensitivity of N3.
Another application for MIMO is for
OTH, airborne and ground radars.
With MIMO it is possible by transmit-
ting orthogonal waveforms from sepa-
rate transmit elements or subarrays to
identify and isolate the signals from
each transmit element or subarray. This
then permits the adaptive control at the
receiver of the transmitter pattern so as
to achieve optimum clutter rejection.15

Figure 12 shows this for the case
where an array is used for transmit and
a single element antenna is used on re-
ceive. By using an array on receive as
well as on transmit both the transmit
and receive antenna patterns can be
adaptively controlled for optimum clut-
ter rejection. Nulls can be placed on
the transmit antenna pattern as well as
the receive pattern in the direction of
strong clutter scatterers.

ULTRA-WIDEBAND ARRAYS
Ultra-wideband array technology

is here. This technology allows the
use of one antenna for many different
applications at different bands.
Raytheon has developed a dual-polar-
ized notch-radiating element that has
an instantaneous bandwidth from 1.8
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Screening Inspection
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to 18 GHz.3,43 The Georgia Technical
Research Institute (GTRI) is devel-
oping an array having 33:1 instanta-
neous bandwidth with potential of
100:1.38

TUBE ADVANCEMENTS
Tubes are making major ad-

vances.12,14,22 The availability of pow-
erful software now allows the design
of tubes without the need for trial

and error. It has been recently shown
that it is feasible to build an active 
2-D phased array at X-band using
TWTs that fit within the array lattice,
one TWT per element.12

SOLID-STATE “BOTTLE” 
PHASED-ARRAY RADARS

The new E-2D radar uses a solid
state “bottle” transmitter. Its range is
350 nmi.39

SOFTWARE FOR THE DESIGN 
OF PHASED ARRAYS

Powerful software is available now
(like HFSS, PARANA and CST) that
allows the prediction of the perfor-
mance of antennas to very high accura-
cy without the need for costly trial and
error constructions and measurements.
An array designed in the mid ’70s re-
quired much trial-and-error and mea-
surements. Today it can be designed
without trial-and-error to a small frac-
tion of a dB using Ansoft’s HFSS.  ■

ACKNOWLEDGMENT
I thank Raymond Hale, Colin

Whelan and John DeFalco of
Raytheon Co. for their input on GaN,
SiC, SiGe and CMOS.

References
1. E. Brookner, “Phased Arrays and Radar:

Past, Present and Future,” Microwave
Journal, January 2006, pp. 24-46; see also
International Symposium on Phased-array
Systems and Technology, Boston, MA, Oc-
tober 2003, pp. 1–11.

2. T. Clark, “Low-cost Cruise Missile De-
fense (LCCMD),” DARPA web site, Au-
gust 24, 2005. 

3. L. Corey, International Symposium on
Phased-array Systems and Technology,
Boston, MA, October 2003.

4. L. Corey, GTRI, private communication.
5. J. Maciel, Radant Tech. Inc., private com-

munication; see also J. Maciel, J.F. Slocum,
J.K. Smith and J. Turtle, “MEMS Elec-
tronically Steerable Antennas for Fire
Control Radars,” 2007 IEEE Radar Con-
ference, April 17–20, 2007, Boston, MA. 

6. R. Davis and R. Fante, IEEE Transactions
on Antenna & Propagation, July 2001, 
pp. 1043–53. 

7. E. Brookner and J. Howell, “Adaptive-
Adaptive Arrays Processing, IEEE Proc.
April 1986, pp. 602–04.

8. M. Russell, et al., IEEE Trans. of MTT
12/97, pp. 2444–2453.

9. J.R. Guerci, Space-Time Adaptive Process-
ing for Radar, Artech House Inc., 2003.

10. W.F. Gabriel, “Adaptive Arrays: An Intro-
duction,” Proc. IEEE, Vol. 64, No. 2, Feb-
ruary 1976, pp. 239–272.

11. S. Coutts, K. Cuomo, J. McHarg, F. Robey
and D. Weikle, “Recent Distributed Co-
herent Aperture Measurements for Next
Generation BMD Radar,” 2007 IEEE
Radar Conference, April 17–20, 2007,
Boston, MA.

12. B. Levush and E.J. Dutkowski, “Vacuum
Electronics: Status and Trends,” 2007
IEEE Radar Conference, April 17–20,
2007, Boston, MA.

13. H. Gu, “Angle-Tracking Adaptive Array:
Adaptive-Adaptive,” 2007 IEEE Radar Con-
ference, April 17–20, 2007, Boston, MA.

14. R.J. Barker, J.H. Booske, N.C. Luhmann,
Jr. and G.S. Nusinovich, Modern Mi-
crowave and Millimeter-wave Power Elec-
tronics, Wiley-Interscience and IEEE
Press, 2005.

48 MICROWAVE JOURNAL ■ JANUARY 2008Visit http://mwj.hotims.com/16337-105

COVER FEATURE: NOW

 1M27 FINAL  12/27/07  8:11 AM  Page 48

http://www.nickc.com
mailto:sales@nickc.com
http://mwj.hotims.com/16337-105


Visit http://mwj.hotims.com/16337-10 or use RS# 10 at www.mwjournal.com/info

 1M27 FINAL  12/27/07  8:11 AM  Page 49

http://mwj.hotims.com/16337-10
http://www.mwjournal.com/info
http://www.amlj.com
http://www.microwavepower.com


Bandwidths to 50GHz

Low f cutoff down to 3.5kHz

DC voltages to 1.5kV

DC currents to 7A

Coaxial and SMT packages

Serial data testing

Broadband RF applications

General purpose lab use

Broadband component test

www.picosecond.com

Picosecond Pulse Labs offers 
a variety of models with a
wide range of capabilities, 
all with the same high 
performance standards you
have come to expect from 
our products.

The Technology Leader in
High-Speed Analog Signals

High Performance

Excellent for Applications
Model Bandwidth

Loww 
Frequency

3dB
Maxx DCC 
Voltage

Maxx DCC 
Current

5530A 12.5 GHz 20 KHz 200 V 10 mA

5531 10 GHz 750 KHz 1.5 KV 20 mA

5541A >26 GHz 80 kHz 50 V 100 mA

5542 50 GHz 10 kHz 16 V 100 mA

5542K 40 GHz 12 KHz 16 V 100 mA

5542LL >40 GHz 12 kHz 16 V 100 mA

5545 20 GHz 65 kHz 50 V 500 mA

5546 7 GHz 3.5 KHz 50 V 500 mA

5547 15 GHz 5 kHz 50 V 500 mA

5550B 18 GHz 100 kHz* 50 V 500 mA*

5575A 12 GHz 10 kHz* 50 V 500 mA*

5580 15 GHz 10 kHz 50 V 2 Amp

5585 18 GHz 2 GHz 100 V 6 Amps

5586 5 GHz 1 GHz 100 V 8 Amps

5587 2 GHz 200 MHz 100 V 6 Amps

5589 2.8 GHz 300 MHz 100 V 7 Amps

SM100 13 GHz 14 kHz 16 V 500 mA

SM101 15 GHz 7 kHz* 16 V 500 mA

BIAS TEE PRODUCT SPECIFICATIONS

2500 55th Street, Boulder, CO 80301  • Tel: (303) 209-8100  • Fax: (303) 447-2236

15. G.J. Frazer, Y.I. Abramovitch and B.A.
Johnson, “Spatially Waveform Diverse
Radar: Perspectives for High Frequency
OTHR,” 2007 IEEE Radar Conference,
April 17–20, 2007, Boston, MA.

16. Milligan, et al., RadarCon-2007.
17. Kopp, RadarCon-2007.
18. Rosker, RadarCon-2007.
19. Mitchell, et al., RadarCon.
20. Puzella and Alm, RadarCon-2007.
21. S. Al-Taci, MCIC, Un. College London.
22. E. Brookner, “Phased Array and Radar

Breakthroughs,” RadarCon-2007.
23. Koh and Rebiea, Microwave Journal, May,

2007.

24. J. Allen, Microwave Journal, May, 1962, 
pp. 67–79.

25. J.K. Green, “F/A-18E/F AESA,” Military
Radar Conference, June 26-27, 2007.

26. J.F. Fellows, “SBX Overview,” Military
Radar Conference, June 26-27, 2007.

27. N. Kolias, Raytheon Technology Today,
No. 2, 2007.

28. M. Russell, RadarCon-2007.
29. E. Brookner, “Phased Arrays for the 

New Millennium,” Proceedings of 
the IEEE 2000 International Symposium
on Phased-array Systems and Tech-
nology, Dana Point, CA, May 2000, pp.
3–19.

30. E. Brookner, “Phased Arrays : Major Ad-
vances and Future Trends Into the Next
Millennium,” Proceedings of the 28th

Moscow International Conference on An-
tenna Theory and Technology, Moscow,
Russia, September 1998, pp. 24–42.

31. E. Brookner, “Phased-array Radars, “ Scien-
tific American, February 1985, pp. 94–102.

32. E. Brookner (Ed.), Practical Phased-array
Antenna Systems, Artech House Inc., 1991.

33. E. Brookner, Aspects of Modern Radar,
Ch. 2, Artech House Inc., 1988.

34. E. Brookner, Radar Technology, Artech
House Inc., 1977.

35. E. Brookner, “Radar Imaging for Arms
Control,”  Ch. 11 in Arms Control Verifica-
tions, The Technologies That Make it Possi-
ble, K. Tsipis, D.W. Hafemeister and P.
Janeway (Eds.), Pergamon-Brassey’s, Lon-
don, UK, 1986.

36. E. Brookner, “Large Phased-array Radars,”
Ch. 7 in Nuclear Arms Technologies in the
1990s, D. Schroeer and D. Hafemeister
(Eds.), American Institute of Physics, New
York, NY, 1988.

37. Farina, et al., “Multichannel Radar: Ad-
vanced Implementation Technology and
Experimental Results,” Proc. 2005 IRS,
Berlin, September 6–8, 2005, pp. 317–330.

38. GTRI, Horizon Magazine, 2006.
39. Machine Design, March 22, 2007.
40. R.A. Monzingo and T.W. Miller, Introduc-

tion to Adaptive Arrays, John Wiley &
Sons Inc., 1980.

41. M.C. Wells, “MESAR Adaptive Nulling,”
IEE Colloquium, June, 1990.

42. J. Guerci and J. Bergin, “Military Radar,”
June 25–27, 2007.

43. K. Trot and R. Cummings, et al., Interna-
tional Symposium on Phased-array Sys-
tems and Technology, October 2003,
Boston, MA.

44. S. Brierley, Raytheon Co.

Eli Brookner received his
BEE degree from The City
College of the City of New
York in 1953 and his MEE
and DrSc degrees from
Columbia University in 1955
and 1962, respectively. He
has been at the Raytheon Co.
since 1962, where he is a
Principal Engineering
Fellow. There he has worked
on the ASDE-X radar,
ASTOR Air Surveillance
Radar, RADARSAT II,
Affordable Ground-based

Radar (AGBR), major Space-based Radar programs,
NAVSPASUR S-band upgrade, CJR, COBRA DANE,
PAVE PAWS, MSR, COBRA JUDY, THAAD, Brazilian
SIVAM, SPY-3, AEGIS, BMEWS, UEWR, Surveillance
Radar Program (SRP) and COBRA DANE Upgrade. Prior
to Raytheon he worked on radar at the Columbia
University Electronics Research Lab. (now RRI), Nicolet
and Rome AF Lab. He received the IEEE 2006 Dennis J.
Picard Medal for Radar Technology & Application “For
Pioneering Contributions to Phased-array Radar System
Designs, to Radar Signal Processing Designs, and to
Continuing Education Programs for Radar Engineers;”
the IEEE 2003 Warren White Award; the Journal of the
Franklin Institute Premium Award for best paper award
for 1966; and the IEEE Wheeler Prize for Best
Applications Paper for 1998. He is a Fellow of the IEEE,
AIAA and MSS. He has published four books: Tracking
and Kalman Filtering Made Easy (1998); Practical
Phased-array Antenna Systems (1991), Aspects of Modern
Radar (1988) and Radar Technology (1977). He gives
courses on radar, phased arrays and tracking around the
world (22 countries). Over 10,000 have attended these
courses. He was banquet speaker and keynote speaker six
times. He has over 110 papers, talks and correspondences
to his credit. In addition, he has over 80 invited talks and
papers.

50 MICROWAVE JOURNAL ■ JANUARY 2008Visit http://mwj.hotims.com/16337-110

COVER FEATURE: NOW

 1M27 FINAL  12/27/07  8:12 AM  Page 50

http://www.picosecond.com
http://mwj.hotims.com/16337-110


Model AMK-2-13+ is a miniature surface
mount frequency doubler that accepts input
signals from 5 to 500 MHz and provides
output signals from 20 to 1000 MHz. It
operates with input signal levels from +4 to
+10 dBm and exhibits typical conversion
loss of 11.4 dB. Relative to the desired
second-harmonic outputs, fundamental-
frequency and third-harmonic levels are
typically rejected by -45 dBc, with fourth-
harmonic rejection of typically -22 dBc. The
broadband doubler is housed in a package
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and is ideal for extending the range of LOs,
in satellite communications frequency
converters, and in frequency synthesizers.
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typical isolation of 32 dB. Designed for VHF and
cellular applications, the power combiner exhibits
typical amplitude unbalance of 0.15 dB. The typical
VSWR is 1.51:1 or less at all ports. The rugged
5-way power combiner is supplied with SMA
connectors and measures 6.00 x 4.50 x 1.38 inches.
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OCTAVE BAND LOW NOISE AMPLIFIERS 
Model No.    Freq (GHz)    Gain (dB) MIN Noise Figure  (dB)    Power -out @ P1-dB 3rd Order ICP VSWR 
   CA01-2110    0.5-1.0    28    1.0 MAX,    0.7 TYP    +10 MIN +20 dBm 2.0:1 
   CA12-2110    1.0-2.0    30    1.0 MAX,    0.7 TYP    +10 MIN +20 dBm 2.0:1 
   CA24-2111    2.0-4.0 29    1.1 MAX,    0.95 TYP    +10 MIN +20 dBm 2.0:1 
   CA48-2111    4.0-8.0 29    1.3 MAX,    1.0 TYP    +10 MIN +20 dBm 2.0:1 
   CA812-3111    8.0-12.0    27    1.6 MAX,    1.4 TYP    +10 MIN +20 dBm 2.0:1 
   CA1218-4111    12.0-18.0    25 1.9 MAX,    1.7 TYP    +10 MIN +20 dBm 2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10  MIN  +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10  MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10  MIN +20 dBm 2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10  MIN +20 dBm 2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10  MIN +20 dBm 2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10  MIN +20 dBm 2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10  MIN +20 dBm 2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10  MIN +20 dBm 2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10  MIN +20 dBm 2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10  MIN +20 dBm 2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10  MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33  MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35  MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30  MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30  MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33  MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33  MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30  MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21  MIN +31 dBm 2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure  (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10  MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10  MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22  MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30  MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10  MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30  MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23  MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30  MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10  MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20  MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24  MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz) Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12  MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18  MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16  MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12  MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16  MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18  MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

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

Visit our web site at www.ciaowireless.com for our complete product offering.
Visit http://mwj.hotims.com/16337-26 or use RS# 26 at www.mwjournal.com/info
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Northrop Grumman
Corp. has received a

follow-on contract from the
US Army Communications
and Electronics Command
to provide soldiers addi-
tional Frequency Hopping
Multiplexers (FHMUX)
antenna systems. The pri-
mary function of the FH-
MUX is to reduce the

number of antennas while providing RF isolation between
multiple frequency hopping radios. The FHMUX oper-
ates across the 30.0 to 87.975 MHz band and has the abil-
ity to combine up to four Single Channel Ground and Air-
borne Radio System (SINGARS) transceivers in a single
antenna. The award, valued at $20 M, represents the fifth
production delivery order and brings the total contract
value to $90 M to Northrop Grumman’s Government Sys-
tems Division under this indefinite delivery, indefinite
quantity contract, originally awarded in 2005. 

“The TD-1456/VRC FHMUX greatly reduces interfer-
ence from other radios while reducing the visual target
signature of the command and control platform,” said
Martin Simoni, site director of Northrop Grumman’s
Xetron facility. “Simultaneous transmissions from anten-
nas that are in close proximity to each other often result in
self-jamming, greatly reducing the effective range of com-
munications. This phenomenon, sometimes referred to as
cosite interference, is mitigated with the use of FHMUX
that restores up to 90 percent of the range performance.”
Northrop Grumman will produce an additional 230 FH-
MUX systems and 1005 spare assemblies. Work will be
performed at the Northrop Grumman Xetron facility in
Cincinnati, OH.

Harris Corp. has com-
pleted the transition of

the Federal Aviation Ad-
ministration’s (FAA) weath-
er radar data in the conti-
nental US to the FAA
Telecommunications Infra-
structure (FTI) network,
enabling air traffic con-
trollers to receive a much
greater volume of weather

radar information faster then ever before. The Weather
and Radar Processor (WARP) system provides the FAA
with the software tools to consolidate weather data from
several sources into a single, integrated, real-time display
for air-traffic operations in the continental US, Alaska and
Puerto Rico. WARP’s digital capability supports quicker
turnaround to ensure that controllers have the most accu-
rate and up-to-date information. Under contracts awarded
in 1996 and 2005, Harris developed, installed and is cur-
rently supporting WARP systems at the FAA’s 21 Air
Route Traffic Control Centers, the Air Traffic Control
System Command Center and the William J. Hughes

Harris Team

Completes 

Weather and Radar

Processor System

Transition to FAA

Northrop Grumman

to Provide US Army

with Multiplexer

Antenna Systems

The modernized Global
Posit ioning System

Block IIR (GPS IIR-M)
satellite launched from
Cape Canaveral has been
declared fully operational
for military and civilian
navigation users around
the world, following a suc-
cessful on-orbit checkout
by a combined US Air

Force (USAF)/Lockheed Martin team. The satellite,
designated GPS IIR-17M, is the fourth in a series of
eight Block IIR-M satellites that bring new capabilities
to military and civilian users of the GPS system. Each
GPS IIR-M satellite features a modernized antenna
panel that provides increased signal power to receivers
on the ground, two new military signals for improved
accuracy, enhanced encryption and anti-jamming capa-
bilities for the military, and a second civil signal that
will provide users with an open access signal on a dif-
ferent frequency. 

“With a disciplined approach, proven processes and
a strong industry-government partnership, the team
once again demonstrated its ability to rapidly move an-
other high-performance GPS IIR-M spacecraft into op-
erations for the user,” said Don DeGryse, Lockheed
Martin’s vice president, Navigation Systems.

Lockheed Martin’s operation team concluded the
on-orbit deployment and checkout of all spacecraft sys-
tems in just over six days, allowing the Air Force Space
Command’s 2nd Space Operation Squadron (2 SOPS)
based at Schriever Air Force Base, CO, to conduct the
navigational payload initialization. The satellite was
subsequently declared operational for both civil and
military users. “The team’s focus on operational excel-
lence and mission success is at the heart of this pro-
gram and we look forward to working side by side with
our customer to sustain this critical system for military
and civil users worldwide,” DeGryse said.  

The satellite joins three IIR-M satellites and 12 oth-
er operational satellites within the current 28-space-
craft constellation. The team prepared the fifth GPS
HR-M satellite for its scheduled launch on December
20, 2007, from Cape Canaveral. The Global Positioning
Systems Wing, Space and Missile Systems Center, Los
Angeles Air Force Base, CA, is planning to launch the
three remaining GPS IIR-M satellites in 2008, one of
which will include a new demonstration payload that
will temporarily transmit a third civil signal, known as
L5. Lockheed Martin is also leading a team, which in-
cludes ITT and General Dynamics, in the competition
to build the US Air Force’s next-generation GPS Block
III. The new program will improve position, navigation
and timing services for the warfighter and civil users
worldwide, and provide advanced anti-jam capabilities
yielding improved system security, accuracy and relia-
bility. The USAF’s Global Positioning Systems Wing is
scheduled to award a multi-billion dollar development
contract in early 2008.

Modernized GPS

Built by Lockheed

Martin Declared

Operational
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More is Less WaveCor Dual Synthesizers from ITT

put more performance in one box for less.

WaveCor’s radically simplified architecture

and innovative DDS technology produces the

industry’s fastest switching speed at less than

200 ns. A tuning resolution of 1 Hz and a

9 GHz phase noise of -125 dBc/Hz @ 10 kHz

make them ideal for the most demanding

radar, EW, ATE and SIGINT applications.

Visit our Web site for more details.

978-441-0200 • www.ittmicrowave.com

Technical Center. The transition of the WARP system is
another important milestone in the progress of the FTI
program. During the 15-year FTI program, Harris is up-
grading and improving telecommunications and opera-
tions functions at more than 4000 FAA facilities nation-
wide, and providing the FAA with a more secure, more
efficient network that is expected to save $600 M over the
life of the program.

Raytheon Co. has suc-
cessfully flight-tested a

key component of the Net-
work Centric Airborne De-
fense Element (NCADE)
missile-defense system
with the intercept of a test
ballistic missile. The test at
White Sands Missile
Range, NM, demonstrated
the NCADE’s infrared

seeker’s ability to acquire and track a ballistic missile tar-
get in the boost phase. The NCADE is an air-launched
weapon system designed to engage short- and medium-
range ballistic missiles in the boost and ascent phases of
flight. The NCADE provides an interim or near-term so-
lution to boost- and ascent-phase threats. “This test pro-

Raytheon

Successfully Tests

New Air-launched

Missile Defense

System

vides clear evidence that the NCADE seeker is a viable
solution against a boosting ballistic missile threat,” said
Mike Booen, Raytheon Missile Systems vice president of
Advanced Missile Defense. “NCADE fills a critical niche
in the Ballistic Missile Defense system and provides a rev-
olutionary, low-cost approach to interceptor development
and acquisition.” 

A US Air National Guard F-16 test aircraft from the
Air National Guard Air Force Reserve Command Test
Center, Tucson, AZ, launched the AIM-9X airframe that
carried the NCADE seeker. The NCADE interceptor
leverages many proven components and technologies, in-
cluding the aerodynamic design, aircraft interface and
flight control system of Raytheon’s Advanced Medium-
Range Air-to-Air Missile (AMRAAM). The commonality
with the AMRAAM enables the NCADE to launch from a
wide variety of aircraft. The NCADE’s small size enables
it to be carried by and launched from smaller unmanned
aerial vehicles, providing a potential operational advan-
tage. The NCADE also leverages proven imaging-infrared
seeker components from existing Raytheon production
programs. This enables a potentially rapid development
and fielding path. Last year, Raytheon teammate Aerojet
successfully tested the NCADE second-stage axial-
propulsion system, demonstrating the maturity of this new
propulsion system. Future testing will improve the mis-
sile’s divert and attitude-control systems.  ■

DEFENSE NEWS
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Circumstantiality
makes the difference

Comprehensive portfolio of microwave products for the
measuring of RF and digital signals up to 50 GHz/30 Gbps

Optimized solutions for applications in manufacturing 
and laboratories as well as for research and development

Customer specified solutions for test equipment users, 
CEM's and OEM's

Excellence in Connectivity Solutions

HUBER+SUHNER AG
CH-9100 Herisau, Switzerland
Phone +41 (0)71 353 41 11
Fax +41 (0)71 353 45 90
www.hubersuhner.com
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European Defence Industry including an effective pan-
European supply chain, securing an autonomous Euro-
pean alternative in the long term.”

To employ its wireless
communications exper-

tise to improve vehicle
communication and safety
by promoting mobility and
services, Wavecom S.A. has
become a member of the
MOV’EO competitiveness
hub. The hub groups to-
gether a number of French
players in the transport and

automotive sectors for promoting economic and industrial
development. As a member, the company will specifically
make technological contributions to two of the strategic
focuses of the hub. 

The first is the road safety emergency call initiative,
where Wavecom will concentrate efforts on tests, assess-
ment and use of embedded communication solutions in
vehicles. The initiative has been developed in response to
a major European road safety objective aimed at reducing
the number of deaths and injuries caused by car accidents
by 2010. The company also plans to contribute to the de-
velopment of cooperative systems between vehicles and
infrastructure to allow better information exchange, thus
further improving road safety. 

The second focus of Wavecom’s efforts is mobility and
services. The company’s technological input, supported by
its progress in designing smart wireless electronic commu-
nication solutions with its Wireless Microprocessor,® aims
to support development of new business models for better
use of transport services by encouraging data exchange be-
tween vehicles and traffic with transport centres.

Danish defence compa-
ny Terma and the Na-

tional Aerospace Laborato-
ry (NLR) of the Nether-
lands have signed a
cooperation agreement
within the framework of es-
tablishing a European
Electronic Warfare Com-
petence Centre. The com-
pany’s decision to establish

the centre is based on more than 20 years of close rela-
tions and cooperation with the Royal Netherlands Air
Force (RNLAF) as well as NLR.

The EW Competence Centre is scheduled to be estab-
lished by the spring of 2008, starting up in existing Terma
B.V. facilities in Leiden as well as at NLR in Amsterdam.
According to the plan, maintenance, repair, and overhaul
(MRO) related activity will be established in the Woens-
drecht area in that timescale to service the EW systems in
use with the RNLAF.

Terma and NLR

Open European 

EW Centre

Wavecom Joins

MOV’EO Hub

T rusted Borders, a con-
sortium of companies

led by Raytheon Systems
Ltd. of the UK and includ-
ing QinetiQ, has signed a
contract with the UK Home
Office to develop and imple-
ment the nation’s e-Borders
project, an advanced border
control and security pro-
gramme. Work has already

begun, building upon the country’s current pilot programme
for border control and expanding it into a fully flexible, scal-
able and robust e-Borders capability within two years. 

Ninety-five percent of the work will be carried out in
the UK. The prime contractor for the consortium is
Raytheon, which will be responsible for systems integra-
tion, travel services and overall project management.
QinetiQ is responsible for security accreditation and hu-
man factors. The international defence and security tech-
nology company is a specialist in designing customer-
facing processes and secure systems that comply with UK
Government requirements. 

Other supporting members of the Trusted Borders con-
sortium are leaders in their respective fields who bring a
strong record of performance and delivery to the e-Borders
programme. They are: Serco – responsible for infrastructure
and service management; Accenture – leading the training of
end users of the system and helping to measure the overall
business benefits of the programme; Detica – in control of
intelligence and analytics services; Capgemini – responsible
for the development of business; and Steria – responsible for
the development of the Agency interfaces. 

Addressing the French
Senate Defence Com-

mission, the President of
the AeroSpace and De-
fence Industries Associa-
tion of Europe (ASD), Åke
Svensson, set out the in-
dustry’s vision for the fu-
ture in terms of defence
and security industrial ac-
tivities in Europe. He un-

derlined the aerospace and defence industry’s high con-
tent of cutting-edge technology, which contributes to the
wider competitiveness and quality of life in Europe, as
well as the global context.

He stated, “Creating the Single European Defence
Equipment Market will be a most important contribution to
the required level of long-term affordability of the European
defence effort. Future defence capability will also require
new technologies that we do not master today. European
spending on R&D is lagging behind the US significantly. Eu-
rope needs to spend more, and to spend wisely, so that its in-
dustrial capability is built up for the future.

“Development in the right direction in these three ar-
eas will result in a reshaped and even more competitive

ASD President

Offers European

Vision

Trusted Borders

Contract with 

UK Home Office
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The activities that the competence centre will provide
includes MRO of Terma and third party products, inte-
grated logistics support, modification and upgrade pro-
grammes, technical support and outsourcing services, EW
training services and development and support of “mis-
sion-critical” systems and applications.

As a partner, the capabilities that NLR will contribute
are mechanical or electronic design, prototyping and low-
rate production, development and testing of embedded and
application software, functional and environmental system
testing, aircraft integration support, obsolescence manage-
ment and modification and/or upgrade programmes.

Price and size constraints
have limited the use of

automotive radar systems to
higher-end, luxury vehicles.
That is set to change with
Infineon Technologies’ an-
nouncement of a new family
of radar system ICs (RA-
SIC™), which could bring
long- and medium-range au-
tomotive radar to mid-range
cars as soon as mid-2010. 

Infineon has 

Mid-range Cars 

on its Radar

With the European Union planning to continue its
safety campaign aimed to further improve road safety
and decrease the number of traffic accidents by 50 per-
cent by 2010, there is a clear need for the large-scale
introduction of integrated safety systems that can help
reduce accident risk in critical situations. Long and
medium range radar systems can play a valuable role by
identifying obstacles and automobiles ahead, despite
visibility.

Infineon’s RXN7740 radar chip has the capability to
meet these criteria. It is a highly integrated front-end chip
for the 76 to 77 GHz frequency range, which includes
function blocks for the oscillator, the power amplifier and
four mixers for multiple antennas. Compared to current
radar systems, which implement these functions discrete-
ly, the radar chip is claimed to enable vendors to shrink
their radar systems to a quarter of the current size, while
reducing system costs for the radio frequency module by
more than 20 percent. 

The front-end chip uses a manufacturing technology
based on silicon germanium (SiGe) with a transit fre-
quency of 200 GHz. The technology, developed with
the aid of Germany’s Federal Ministry of Education
and Research (BMBF) as part of the KOKON project,
has been designed and qualified specifically for auto-
motive use.  ■
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TYPICAL SPECIFICATIONS
Model Frequency (MHz) LO Pwr. IP3 1dB Comp. Conv.Loss Isolation (dB) Price $ ea. 
No. RF LO IF (dBm) (dBm) (dBm) (dB) L-R L-I Qty.(1-9)

LAVI-9VH+ 820-870 990-1040 120-220 +19 +36 +23 7.2 46 46 15.95

LAVI-10VH+ 300-1000 525-1175 60-875 +21 +33 +20 6.3 50 45 22.95

LAVI-17VH+ 470-1730 600-1800 70-1000 +21 +32 +20 6.8 52 50 22.95

LAVI-22VH+ 425-2200 525-2400 100-700 +21 +31 +20 7.7 50 45 24.95

LAVI-2VH+ 2-1100 2-1100 2-1000 +23 +34 +23 7.5 48 47 24.95

LAVI-25VH+ 400-2500 650-2800 70-1500 +23 +32 +20 7.5 50 45 24.95

U.S. Patent Number 6,807,407

• Very Wide Band, 2-2500 MHz
• Very High Isolation, up to 52 dB

• Very High 1 dB Compression, up to +23 dBm
• Very Low Conversion Loss, from 6.3 dB

VERYHIGH IP3...to+36dBm

MIXERS
2to2500 MHz

Mini-Circuits shielded RoHS LAVI frequency mixers
deliver the breakthrough combination of very 

high IP3 up to +36 dBm, ultra-wideband operation, 
and outstanding electrical performance. 

By combining our advanced ceramic, core & wire, and
semi-conductor technologies, we’ve created these
evolutionary broadband mixers that are specially
designed to help improve overall dynamic range so you
can realize lower distortion and combat interference in
today’s crowded spectrum. They’re the very best, very
low in cost, and immediately available off-the-shelf
from the world leader in mixer technology, Mini-Circuits!

IN STOCK

ea. Qty. (100)From1395$

It’s an industry first…only from Mini-Circuits! 

412 RevC

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW
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IN STOCK

DC to18 GHz from

$6895
ea. (qty.1-9)

SMA SMA N-Type
Female Male Male

6GUARANTEE
mo.

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

CABLESTEST
FLEX

TM

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

Frequency Range: DC-18 GHz, Impedance: 50 ohms
Models Connector Length Inser. Loss (dB) Return Loss (dB) Price 

Type (Ft.) Midband Midband $ ea.
Male to Male Typ. Typ. Qty.(1-9)

CBL-1.5 FT-SMSM+ SMA 1.5 0.7 27 68.95
CBL-2FT-SMSM+ SMA 2 1.1 27 69.95
CBL-3FT-SMSM+ SMA 3 1.5 27 72.95
CBL-4FT-SMSM+ SMA 4 1.6 27 75.95
CBL-6FT-SMSM+ SMA 6 3.0 27 79.95
CBL-10FT-SMSM+ SMA 10 4.8 27 87.95
CBL-12FT-SMSM+ SMA 12 5.9 27 91.95
CBL-15FT-SMSM+ SMA 15 7.3 27 100.95

CBL-2FT-SMNM+ SMA to N-Type 2 1.1 27 99.95
CBL-3FT-SMNM+ SMA to N-Type 3 1.5 27 104.95
CBL-4FT-SMNM+ SMA to N-Type 4 1.6 27 112.95
CBL-6FT-SMNM+ SMA to N-Type 6 3.0 27 114.95
CBL-15FT-SMNM+ SMA to N-Type 15 7.3 27 156.95

CBL-2FT-NMNM+ N-Type 2 1.1 27 102.95
CBL-3FT-NMNM+ N-Type 3 1.5 27 105.95
CBL-6FT-NMNM+ N-Type 6 3.0 27 112.95
CBL-15FT-NMNM+ N-Type 15 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 11.7 27 199.95

Female to Male

CBL-3FT-SFSM+ SMA-F to SMA-M 3 1.5 27 93.95

CBL-2FT-SFNM+ SMA-F to N-M 2 1.1 27 119.95
CBL-3FT-SFNM+ SMA-F to N-M 3 1.5 27 124.95
CBL-6FT-SFNM+ SMA-F to N-M 6 3.0 27 146.95

o S
C O M P L I A N T

TM

403 Rev I

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW

Custom sizes available, 
consult factory.
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COMMERCIAL MARKET

to 2011, the high-tech market research firm says. “The
pure-play foundries are becoming more important as out-
sourcing from integrated device manufacturers is on the
upswing,” says Mayank Jain, In-Stat analyst. “Pure-play
foundries have maintained their lead in developing lead-
ing-edge process technologies. DRAM and Flash manu-
facturing capacity in the region is also witnessing substan-
tial growth.”

In-Stat’s research report, “Semiconductor Manufactur-
ing Capacity Trends in Asia,” covers the Asian semicon-
ductor manufacturing market. It examines the semicon-
ductor manufacturing capacity of Asia as a whole and of
individual countries, with a five-year forecast. It also pro-
vides an overview of 300 mm capacity in the region. In
addition, it provides details such as capacity, process tech-
nologies and wafer size for all the leading fabs in the re-
gion.
Recent research by In-Stat found the following:
• There were twenty-five 300 mm fabs operational in the
Asia Pacific region in 2006.
• Singapore will experience the highest growth rate due
to fresh investments from leading memory makers.
• In 2006, Taiwan had the most 300 mm capacity, fol-
lowed by South Korea.

For more information on this research, please visit:
www.in-stat.com.

W ireless LAN (WLAN)
technology has be-

come a standard part of
business networks, and
portable computers with
Wi-Fi and inexpensive
wireless routers have made
connectivity even more
pervasive outside of the
business premises, reports
In-Stat. These trends, and

growth in the Wi-Fi phone market, pose key security chal-
lenges for IT managers, the high-tech market research
firm says. Within wireless security, there are two distinct
markets: client security to protect data when it is trans-
mitted or stored on portable devices and facility security
to monitor the RF environment and enforce policies to
protect network operations and assets on the business
premises. Together these markets are projected to reach
$10.2 B by 2011. 

“In early 2007, the Wi-Fi Alliance announced that it
had certified nearly 100 Wi-Fi phones,” said Victoria Fo-
dale, In-Stat analyst. “Strong continued growth in this
market is expected as operator deployments of combined
Wi-Fi and cellular solutions increase worldwide.”
Recent research by In-Stat found the following: 
• Between 2007 and 2011, close to 1.5 billion client de-
vices with WLAN capability will ship.
• By 2011, dual-mode cellular/Wi-Fi phones will com-
prise almost 50 percent of WLAN clients.
• Many of these devices will be purchased by consumers,
not their companies. 

Wireless Advances

Pose Security

Challenges,

Opportunities 

According to a new re-
port recently released

by Engalco, the merchant
market for silicon-based
RFICs is set to grow rapid-
ly from a global total of
around $12 B in 2006 to
exceed $29 B by 2014.
“The RFIC Report” focus-
es on the following com-
mercial applications: Ac-

tive RFID, Bluetooth, cell phones (handsets), SATNAV
and WiMAX. All of these end-user applications are con-
sidered to be high-volume and forecasts of shipments are
included in the report. Silicon-based RFICs in this con-
text are mainly transceiver RFICs built using CMOS or
BiCMOS processes and operating at frequencies up to
around 5 GHz. In the case of SATNAV, however, the
RFICs are receive-only. Also, both active RFID and
Bluetooth require only relatively low-power transmitters
and this factor reduces the chip selling prices. Some of
the chips use SiGe semiconductor. The leading market
segment is currently RFICs into cell phones (worth
about $11 B annually on a global basis) and this segment
retains its lead until 2013, when active RFIDs are expect-
ed to overtake them. The global market for RFIDs start
fairly modestly at $200 M in 2006, but rise rapidly to
reach almost $28 B in 2014. It is widely expected that ac-
tive RFIDs will be found in a very wide variety of appli-
cations—and then in huge volumes—during the next six
years. For Bluetooth, RFIC applications markets are rel-
atively modest but, again, rapid growth is forecasted, es-
pecially in the case of WiMAX. Markets for RFICs are al-
ways by far the largest in the catchall region known as the
“Rest of the World” (RoW), which includes China, India,
Japan and Korea. Already, most commercial systems are
assembled and manufactured in these countries (particu-
larly China), and “The RFIC Report” anticipates this sit-
uation will prevail in the future. The RoW markets occu-
py 78 to 79 percent of the global total. In this report, av-
erage selling prices (ASP) and shipments are provided in
most instances—again with forecasts to 2014. A total of
74 RFIC manufacturing (or “fabless”) companies are
identified and 32 of these are profiled in depth. The play-
ers that have fabless operations are identified and the en-
tire industry structure is critiqued in detail, including
worldwide sales operations. 

Semiconductor manufac-
turing in Asia has been

increasing at an impressive
pace and that trend will
continue for at least the
next several years, reports
In-Stat. Asian semiconduc-
tor-manufacturing capacity
will increase at a com-
pound annual growth rate
of 10.8 percent from 2006

Asian Chip

Manufacturing

Capacity Growing at

Double-digit Rate

Massive Global

Commercial Market

for Sub-5 GHz

Silicon RFICs
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Coupling
(dB) P/N

Freq.
 Range
(MHz)

Ins.
Loss

dB max.

30 ± 1
50 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1

2-32
2-32

0.5-50
0.5-100
0.5-100
20-200
20-400

100-500
500-1000

1.10:1
1.10:1
1.10:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1

C30-104-481/2*
C50-101-481/1N
C50-100-481/1N
C30-102-481/2*
C40-103-481/2*
C50-108-481/4N
C30-107-481/3*
C40-105-481/4N
C50-106-481/4N

Directivity greater than 20 dB
*  Available in SMA and N Connectors

Directional Couplers

Outline 450/1N

0.10
0.06
0.10
0.30
0.20
0.20
0.30
0.20
0.20

VSWR
In/Out
max.

Input
Power
max.

Dual High Power

100w
2500w
2000w

200w
200w
500w

50w
500w
500w

Isolation
(dB) P/N

Insertion
Loss

dB max.

25
18
20
25
20
20

20
25
20
20

High Power Combiners

0.3
0.5
0.4
0.5
0.3
0.3

0.6
1.2
1.5
1.5

Total Input
Power
max.

25 to 400 Watt Input
VSWR
max.

1.20:1
1.40:1
1.30:1
1.20:1
1.30:1
1.30:1

1.30:1
1.40:1
1.50:1
1.50:1

Freq.
 Range
(MHz)

800-1000
800-2200

1700-2200
10-250
250-500
500-1000

20-400
100-700
30-1100
5-1500

PPS2-12-450/1N
PPS2-10-450/1N
PPS2-11-450/1N
PP2-13-450/50N
PPS2-16-450/20N
PPS2-15-450/20N

PP4-50-452/2N
P4-P06-440
P4-P09-440
P4-P10-440

100w
100w
100w
200w
100w
100w

400w
25w
25w
25w

2-Way

4-Way

*  Available in SMA and N Connectors

Outline 452/2N Outline 481/4NOutline 481/2S
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COMMERCIAL MARKET

Mobile video messaging
services are at the

center of the technology
convergence that is helping
mobile customers realize
greater levels of self-expres-
sion and on-line community
participation. This accord-
ing to Dan Shey, principal
analyst at ABI Research.
“Mobile video messaging is

perfectly positioned to take advantage of the convergence
of increased mobile device capabilities and consumers’ de-
sire for broader communication options beyond voice,”
Shey says. “In fact, we expect the opportunity for mobile
video services to produce a compound annual growth rate
of nearly 60 percent, amounting to $10 B in 2012.” 

But mobile video messaging is just part of a much big-
ger portfolio of mobile services that includes video calling,
video sharing and mobile TV services. The complexity of
the mobile video value chain affects mobile equipment
and service suppliers not only in industrialized countries
but also in developing regions of the world. Given such
complex conditions, ABI Research has created forecasts
for uptake of mobile video messaging and telephony serv-
ices for eight regions of the world: North America, West-
ern Europe, Asia Pacific-Developed, Eastern Europe,

$10 B Mobile 

Video Messaging

Opportunity 

for 2012

Latin America, Asia Pacific-Developing, Middle East and
Africa. The industrialized parts of the world with the
highest concentration of advanced video devices will see
the greatest uptake of mobile video services. However, do
not discount the developing regions. Says Shey: “Social
networking sites such as Orkut are very popular outside of
the US and Europe. Mobile video messaging will facilitate
mobile content delivery using a growing base of video
recorder devices and established 2.5G networks.” 

ABI research’s recent study, “Mobile Video Communi-
cations Services,” provides a comprehensive analysis of
the global mobile video services market. While the main
focus of the report is video messaging and telephony serv-
ices, video broadcast service market forecasts are also in-
cluded. The report examines in detail the network and de-
vice telecommunication enablers as well as the regional
differences for various demand drivers and inhibitors. It is
rounded by a review of the role and current activities of
value chain participants and market forecasts. Forecast
analysis includes video phone penetration and shipments
and video services uptake by customer, service type, rev-
enues and penetration for eight different regions of the
world. The study forms part of two ABI Research Serv-
ices: Business Mobility and Mobile Content, which in-
clude research reports, research briefs, market data, ABI
Insights, the ABI Vendor Matrix and analyst inquiry
support. ■
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■ Elcoteq SE, an integrated electronics manufacturing
services company with original design manufacturing ca-
pabilities in the communications technology field, an-
nounced that it has become the global manufacturing
partner for Telsima, a developer of WiMAX-based broad-
band wireless access and DCME voice-compression solu-
tions. Elcoteq has started volume manufacturing of Telsi-
ma WiMAX CPEs StarMAX 2100 series at its facility in
Bangalore, India.

■ Agilent Technologies Inc. and Multiprobe Inc.
announced their intent to expand the companies’
strategic partnership. As a result, Multiprobe’s Multi-
scan Atomic Force Prober (AFP), a high-resolution
nanoprober, will be sold and supported by Agilent to
customers in Asia and Japan.  This  arrangement
strengthens the existing relationship between the two
companies and expands Agilent’s product offerings to
include the industry’s leading solution for failure analy-
sis in semiconductor devices. 

■ Palomar Technologies, a provider of precision au-
tomation equipment, process development and assembly
services for microelectronics, announced a partnership
with Vision Manufacturing Inc. (VMI), a contract elec-
tronics manufacturer. Through VMI, Palomar Microelec-
tronics will offer printed wiring board (PWB) and surface-
mount technology (SMT) services for its customers to
supplement the process development, prototyping, and
low volume assembly services Palomar Microelectronics
provides.

■ Protium Technologies Inc. and Vanu Inc. have
signed a teaming agreement formalizing their business re-
lationship. Under terms of the agreement, Protium will
continue to design, develop and manufacture a line of RF
front-end equipment to meet the requirements of Vanu’s
software-defined radio architecture. Protium has been
partnering with Vanu on the commercial delivery of its
software radio solution that simultaneously operates
GSM, CDMA and other standards. 

■ RF Micro Devices (RFMD), a designer and manu-
facturer of high-performance radio frequency systems
and solutions, announced it is providing its RF3161
quad-band large signal polar modulation (LSPM)
EDGE power amplifier (PA) module for the Huawei
(Shenzhen, China) U120E 3G multi-mode (UMTS/
EDGE) handset. The highly integrated RF3161 is
packaged in a compact 6 × 6 × 1 mm package. RFMD
anticipates new, incremental EDGE enabled handsets
will feature its RF3161 as well as its high efficiency
RF3159 linear EDGE PA.

CONTRACTS
■ Raytheon Network Centric Systems has selected
Tyco Electronics Corp. as a key supplier on the Multi-
Function Radio Frequency System (MFRFS). Raytheon
has developed MFRFS as the common radar for Future
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INDUSTRY NEWS
■ Dielectric Communications, a division of SPX and a
developer of broadcast antenna systems, announced that
the National Academy of Television Arts and Sciences
will present the company with a Technology and Engi-
neering Emmy® Award at an awards ceremony during
the International Consumer Electronics Show (CES) in
Las Vegas, NV, on January 7, 2008. The award recog-
nizes Dielectric’s accomplishments in designing ATSC
broadcast transmission system RF filters. Dielectric’s
ATSC transmission filters eliminate spurious emissions
that the transmitter may generate outside of the station’s
allotted channel of operation, keeping the transmission
system FCC compliant. 

■ ON Semiconductor Corp. and AMIS Holdings Inc.,
parent company of AMI Semiconductor, announced the
signing of a definitive merger agreement providing for the
acquisition of AMIS by ON Semiconductor in an all-stock
transaction with an equity value of approximately $915 M.
Under the terms of the agreement, which has been ap-
proved by both boards of directors, AMIS shareholders
will receive 1150 shares of ON Semiconductor common
stock for each share of AMIS common stock they own.
The transaction is subject to the approval of shareholders
from both companies as well as customary closing condi-
tions and regulatory approvals. 

■ Nitronex, a designer and manufacturer of gallium ni-
tride on silicon (GaN on Si) RF power transistors for the
wireless infrastructure, broadband and military markets,
has qualified its new, state-of-the-art manufacturing facili-
ty. The move from Raleigh to Durham began in first quar-
ter 2007 and was finished in the second quarter, with
qualification testing completed in October. The complet-
ed qualification verifies that Nitronex has successfully
replicated the process developed in Raleigh at the new
Durham fab and is prepared for volume production. The
successful qualification completes the relocation of the
company into its new 85,000 square-foot R&D and manu-
facturing facility. This move enhances Nitronex’s current
and future manufacturing capacity and capability, while
also providing additional space for expanding research
and development efforts.

■ FCI, a supplier of high speed, high density connectors
and interconnect systems, and Amphenol, a provider of
high performance backplane interconnect systems, have
entered into second source agreements covering three
connector product families: FCI’s ZipLine™ connector
system, and Amphenol’s XCede™ and Crossbow™ inter-
connect platforms. ZipLine is a high-density connector
system with over 80 differential pairs per linear inch on a
25 mm card pitch. This dense packaging also allows extra
space for signal routing on the backplane and improved
airflow for cooling. The XCede and Crossbow platforms
are the high-performance backplane connectors that
achieve over 20Gb/sec in a complete system. 
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Combat Systems manned ground vehicles. This teaming
integrates Tyco Electronics’ advanced MIL600 connector
as the main I/O connector on the Raytheon MFRFS’
processor unit. The connector complies with MIL-DTL-
83527 and EN3682 and incorporates Tyco Electronics’
miniature expanded-beam optical technology.

■ Lockheed Martin Systems Integration awarded a
$0.7 M contract to Phase Matrix Inc. to develop an X-/
Ku-band digitally tuned oscillator for the US Air Force’s
B-2 Spirit stealth bomber. The oscillator will be used to
help modernize the B-2’s electronic systems. Phase Ma-
trix expects to receive orders for additional spares once
qualification of the oscillator has been satisfactorily com-
pleted. Phase Matrix’ new compact, high-performance
digitally tuned oscillator uses low phase noise, fast-settling
voltage-controlled oscillators that are digitally linearized
to provide high frequency accuracy over the frequency
band and temperature range. This high-resolution digital-
ly tuned signal generation module offers low post tuning
drift and high purity.

■ MFG Galileo Composites (Sparks, NV), a specialist
in the design and manufacturing of custom composite
radomes and reflectors, has secured funding for a sec-
ond Defense Advanced Research Projects Agency
(DARPA) assignment to advance technology for ground-
based radomes. The “Research and Development for RF
Performance of Ground-based Radomes” proposal was
submitted in response to the Elusive Surface Target En-
gagement Technology, DARPA/Federal Business Op-
portunities Broad Agency Announcement 07-15, and se-
lected by DARPA on September 26, 2007. This latest
project is a follow on to the company’s earlier research
and development work for DARPA that primarily ad-
dressed durability and maintainability aspects of radome
performance. The objective of the follow-on project is to
explore new methods that will increase radome RF per-
formance characteristics while decreasing maintenance
costs for end users in military, defense and commercial
applications.

FINANCIAL NEWS
■ Tundra Semiconductor Corp., a developer of sys-
tems-interconnect technologies, reported financial results
for the second quarter of fiscal 2008, which ended Octo-
ber 28, 2007. On October 23, the company provided up-
dated revenue guidance for the quarter in the range of
$17 M to $18 M. Revenue for the second quarter of fiscal
year 2008 was $17.9 M, a 19 percent decrease over the
second quarter in fiscal year 2007, and an 11 percent de-
crease from the first quarter of fiscal year 2008.

■ Merrimac Industries Inc., a designer and manufac-
turer of RF microwave components, subsystem assem-
blies and micro-multifunction modules, announced sales
from continuing operations for the third quarter of 2007
were $6.6 M, an increase of $1.1 M or 20.2 percent com-
pared to the third quarter of 2006 net sales of $5.5 M. 

■ Tower Semiconductor Ltd., an independent specialty
foundry, announced its revenue for the third quarter of
2007 was $56.6 M, representing an increase of 10 percent
when compared to revenue of $51.5 M reported in the
third quarter of 2006.

NEW MARKET ENTRIES
■ Superconductor Technologies Inc. (STI), a
provider of high-performance infrastructure products
for wireless voice and data applications, announced it
signed a binding definitive agreement for a joint ven-
ture with Hunchun BaoLi Communications Co. Ltd.
(BAOLI) (Hunchun City, China) to manufacture and
market STI’s SuperLink® interference elimination solu-
tion for the China market. The joint venture will be
called Hunchun BaoLi Superconductor Technology
Co. Ltd. (HBST) and will  be registered in Ji l in
Province. Products will be manufactured initially in
Shenzhen and ultimately in the Commercial Coopera-
tion Zone located in Hunchun City, Jilin Province. The
sales and marketing division will be based in Shenzhen.
Under the terms of the agreement, STI will provide an
exclusive license in the China market of the enabling
technology and BAOLI will provide the manufacturing
expertise and financing. 

■ Vanguard Microwave Solutions is a new startup
company specializing in the design and manufacture of ul-
tra-wide bandwidth passive components up to 65 GHz.
Vanguard was formed by a group of engineers with a com-
bined experience of more than 50 years in designing,
manufacturing and testing. The company currently offers
ultra-broadband directional couplers, 90° and 180° hybrid
couplers and power dividers, and will design custom com-
ponents. Find Vanguard Microwave on the Web at
www.vanguardmicrowave.com.

PERSONNEL
■ The Radio Club of America (RCA)
presented Louis J. Meyer, director of
technical marketing, radio frequency
(RF), at Andrew Corp., with its 2007
Alfred H. Grebe Memorial Award for
outstanding achievement in designing
quality electronic components and
equipment on November 16 during
the 98th Anniversary RCA Awards Ban-
quet at the New York Athletic Club, 
New York City. The Radio Club of

America is the world’s oldest radio communications soci-
ety, founded in 1909 in New York City to promote coop-
eration among those interested in the advancement and
scientific study of radio communications. Meyer is being
honored for exemplary contributions to the field of RF
communications, which spans industries as varied as mis-
sile defense systems to wireless communications. Meyer’s
45-year career was spent largely at Decibel Products, a
Richardson, TX-based firm specializing in antenna design
and manufacturing for the cellular marketplace, which
Andrew acquired in 2003. He holds two patents in
telecommunications technology, and is currently vice
chair of the Telecommunications Industry Association
sub-committee TR-8.11, Antenna Systems. 

▲ Louis J. Meyer
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■ Ion Beam Milling Inc. announced
that it has appointed industry veteran
Carmen Losanno vice president of
sales. Losanno will lend his 45 years of
experience to drive Ion Beam Milling’s
strategic direction, growth, new business
development and all worldwide sales ef-
forts. He joins Ion Beam Milling from
Advanced Reproductions, where his last
position was vice president of sales.

■ Rohde & Schwarz today announced
the appointment of Christopher A.
French as vice president and general
manager of Rohde & Schwarz Canada.
French is responsible for the overall
management of Rohde & Schwarz
Canada’s operations, including sales of
test and measurement equipment,
broadcast transmitters, and aerospace
and defense products.

■ Aeroflex/MicroMetrics, a manufac-
turer of RF/microwave diodes and pas-
sive semiconductor devices for com-
mercial and military communications,
announced that Joseph G. Bukowski
has recently joined its engineering
team in its MicroMetrics Semiconduc-
tor Division, Londonderry, NH, as a
senior applications engineer. Bukowski
brings over 30 years of practical RF 
and microwave circuit design experi-

ence and knowledge utilizing silicon and GaAs-based
semiconductors. His particular area of expertise is based
in broadband and high power control circuit designs in-
volving PIN diode switches, attenuators and limiters. He
is the co-author of several technical microwave publica-
tions and US product design patents. 

■ SUSS MicroTec, a supplier of precision manufacturing
and test equipment for the semiconductor and related
markets, has appointed Wilfried Bair to the position of
vice president strategic business development. Initially he
will focus on further developing the company’s 3D pack-
aging and 3D integration product portfolio. An expert in
3D technology applications, Bair has many years of
management and business development experience in the
semiconductor industry throughout Europe, the US 
and Asia. 

■ Fairchild Semiconductor, a global supplier of high per-
formance products that optimize system power, recently
appointed Justin Chiang senior vice president of the
newly formed Power Conversion, Industrial & Automo-
tive Product Group. This new organization includes
Fairchild’s Power Conversion, High Voltage and Automo-
tive product lines and will focus on leveraging the group’s
extensive expertise in developing advanced power supply

▲ Joseph G. Bukowski

▲ Christopher A. French

▲ Carmen Losanno
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and power management solutions for this fast growing
market segment. Chiang formerly served as Fairchild’s
vice president of system power within the Analog Prod-
ucts Group. Prior to joining Fairchild he held a variety of
technical and senior management positions with Raychem
Corp. and Tyco Electronics. 

■ Applied Wave Research (AWR), a developer of high-
frequency electronic design automation tools, an-
nounced that Rick Bottomley has joined the company
as its chief financial officer (CFO). In his new role, Bot-
tomley will be responsible for the company’s global fi-
nances, accounting, and fiscal planning activities, as well
as helping to evaluate business opportunities and strate-
gies. He joins AWR with over 20 years of experience
across all facets of financial management in the high-
tech industry.  

■ Elcom Technologies Inc., a designer and manufacturer
of a wide range of RF solutions for the defense and com-
mercial market, announced the appointment of Jim Davis
as chief executive officer, reporting to the board of direc-
tors. His primary charter is to exploit Elcom’s early suc-
cess derived from its modular RF digital architecture and
synthesizer technology. Uri Yaniv will continue his role as
CTO and chairman of the board.

■ Ansoft Corp. announced the retirement of Thomas
A.N. Miller, the company’s CFO, effective December
31, 2007. Miller, who is one of the company’s founders
and has served as CFO since February 2004, will be suc-
ceeded by Shane Emswiler, Ansoft’s vice president of
finance. Emswiler is a certified public accountant that
joined Ansoft in September 2004 from Ernst & Young,
where he was a senior manager in the assurance and ad-
visory practice.

REP APPOINTMENTS
■ RECOM, a power supply specialist for DC/DC and
AC/DC converters, has appointed Allied Electronics as
its new distributor for the North American market. Al-
lied Electronics is a small order, high service level dis-
tributor of electronic components with 56 sales branches
across the United States and Canada. In addition to the
175 lines of on-board DC/DC, AC/DC converter and
switching regulator products offered in the new printed
catalog, Allied Electronics will now also have fast access
to the extended RECOM portfolio of over 10,000 differ-
ent products. 

■ ANADIGICS Inc., a supplier of wireless and broad-
band communications solutions, announced that it has
selected Rochester Electronics to be its authorized
distributor of discontinued products. Rochester Elec-
tronics works with 30 semiconductor manufacturers to
provide a reliable aftermarket source for discontinued
products. Rochester will continue filling orders for
ANADIGICS customers when products reach end-of-
life status and beyond. All ANADIGICS products

Visit http://mwj.hotims.com/16337-103

AROUND THE CIRCUIT

 1M6 FINAL  12/27/07  9:23 AM  Page 72

http://mwj.hotims.com/16337-103
http://www.mtiwe.com


Mini-Circuits tiny SBTC 2 way-0º and SCA 4 way-0º power splitters are

the world’s lowest priced and smallest size splitters operating within

5 to 2500 MHz band. But that’s not all. Patented LTCC technology provides

outstanding performance features including low insertion loss down to

0.3 dB typical, excellent 0.2 dB amplitude and 1 degree phase unbalance

(typ), and superior temperature stability. Pads are solder plated, and

connections are assembly welded for high temperature

reflow reliability. As demand for smaller gets

bigger, blow away the competition with 

Mini-Circuits space saving, money saving
SBTC and SCA power splitters.

354 Rev J

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

IF/RF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW

All models are 
RoHS compliant

2WAY&4WAY
SPLITTERS

$169
ea.(qty.1000)

world's smallest

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

Model Frequency Z Price $ea.
(MHz) (Qty. 25)

SBTC-2-10+ 5-1000 50 Ω 2.49

SBTC-2-20+ 200-2000 50 Ω 3.49
SBTC-2-25+ 1000-2500 50 Ω 3.49

SBTC-2-10-75+ 10-1000 75 Ω 3.49
SBTC-2-15-75+ 500-1500 75 Ω 3.49
SBTC-2-10-5075+ 50-1000 50/75 Ω 3.49
SBTC-2-10-7550+ 5-1000 50/75 Ω 3.49

SCA-4-10+ 5-1000 50 Ω 6.95
SCA-4-10-75+ 10-1000 75 Ω 6.95
SCA-4-15-75+ 10-1500 75 Ω 7.95

SCA-4-20+ 1000-2000 50 Ω 7.95
LTCC construction

U.S. Patent No. 6,963,255

•
•

IN STOCK

SBTC 
( 0.15"x 0.15"x 0.15" )

SCA 
( 0.3"x 0.25"x 0.19" )

5 to 2500 MHz from

Visit http://mwj.hotims.com/16337-88 or use RS# 88 at www.mwjournal.com/info
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distributed by Rochester Electronics are supplied fac-
tory direct. 

■ Richardson Electronics, a global distributor of RF
and wireless electronic parts and components, announced
today the extension of its distribution agreement with
Wavecom SA to include North and South America. The
strategic partnership will expand Richardson’s distribution
of Wavecom’s Wireless CPU(r) products and wireless
communications solutions.

■ Kaben Wireless Silicon Inc., a designer of wireless
semiconductors specializing in frequency synthesizers, ad-
vanced filtering and RF and mixed-signal designs, an-
nounced that it has joined the Jazz Semiconductor IP
Partners program of Jazz Semiconductor and has been
qualified as a Silicon-proven IP provider. The Applica-
tion-specific IP Providers program from Jazz is intended
to help its foundry customers speed time to market, re-
duce development risk, lower development costs and im-
prove return on investment by qualifying semiconductor
IP providers and design partners that have pre-tested and
validated their methodologies for compatibility with Jazz
Semiconductor.

■ EMC Technology and Florida RF Labs has appointed
several new manufacturers’ representatives. In the US,
the partnership has added Custom & Wireless Sales to
cover Northern California. Internationally, they have
added Hi-Tech RF & Microwave Solutions to cover the
Netherlands, Belgium and Luxembourg; YE Internation-
al to cover Russia and the Baltic States; LKC Oy to cover
Finland; and Consulting Conexion Lider to handle
Spain and Portugal. For a full list of contacts and current
sales representatives, visit www.emct.com or
www.rflabs.com. 

■ Sivers IMA AB, a manufacturer of microwave sources
such as ultra-wideband VCOs and FMCW microwave
front ends, has added five new organizations as its sales
channels. In the US: Sertech is its representative in
Pennsylvania, Delaware and Southern New York state; 
T & E Repco in Florida; Grant Technical Sales in Ari-
zona, New Mexico and El Paso County in Texas; and
Thorson West in Northern California. Kaytronics EXIM
PVT. Ltd. with offices in Hyderabad and Bangalore is the
company’s representative in India.

■ Atlantic Microwave Ltd., a microwave equipment
and component manufacturer, is addressing developing
markets in the Pacific Rim and Australia regions with the
appointment of key sales representatives in Australia and
South Korea. In Australia the new representative is Stan-
ford Technologies Ltd., 737 Burwood Road Hawthorn,
Victoria 3122 Australia, Tel: +61 (0) 3 8862 6336, Fax:
+61 (0) 3 9804 0202, e-mail: grant@stanford.net.au. In
Korea, the new representative is Phoas Co. Ltd., Room
1002, Anyang K-center, 1591-9, Burim-dong, Dongan-gu,
Anyang-si, Gyeonggi-do, Korea 431-815, Tel: +82 31 384
1094, Fax: +82 31 384 2177, e-mail: phoas@chol.com.

Visit http://mwj.hotims.com/16337-23

Visit http://mwj.hotims.com/16337-78

AROUND THE CIRCUIT
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COVERING MULTIPLE MICROWAVE RADIO BANDS!

� High Gain: 30 dB

� Output IP3 to +32 dBm

� P1dB Output 
Power to +23 dBm

� +5V @ 130 mA

No External Matching!

HMC633 & HMC633LC4 Wideband Driver Amplifiers, 5 to 17 GHzHMC633 & HMC633LC4 Wideband Driver Amplifiers, 5 to 17 GHz

HMC635 Wideband Driver Amplifier, 18 to 40 GHzHMC635 Wideband Driver Amplifier, 18 to 40 GHz

HMC634 & HMC634LC4 Wideband Driver Amplifiers, 4 to 20 GHzHMC634 & HMC634LC4 Wideband Driver Amplifiers, 4 to 20 GHz

�  Gain to 20 dB

� Output IP3 to +32 dBm

� P1dB Output 
Power to +23 dBm

� +5V @ 280 mA

No External Matching!

� Gain to 23 dB

� Output IP3 to +32 dBm

� P1dB Output 
Power to +24 dBm

� +5V @ 130 mA

No External Matching!
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HMC633 Gain, OIP3 & P1dB

HMC634 Gain, OIP3 & P1dB

HMC635 Gain, OIP3 & P1dB

See www.hittite.com for Our Complete Amplifier Product Line
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MMIC SOLUTIONS FOR MICROWAVE RADIOS TO 64 GHZ

See www.hittite.com for Our Complete Mixer Product Line!

HMC620 & HMC620LC4 I/Q Mixer / IRMs, 3 to 7 GHz

�  Confi gurable As
I/Q, SSB & IRM Circuits

�  Input IP3 to +28 dBm

�  Wideband IF, DC - 5 GHz

�  Die, SMT & 
 Module Versions 

A SELECTION OF OUR I/Q & IMAGE REJECT MIXERS
RF/LO

Freq. (GHz)
Function

IF Frequency
(GHz)

Conversion
Gain (dB)

Image
Rejection (dB)

Input IP3
(dBm)

Package
Part

Number

1.7 - 4.5 I/Q Mixer / IRM DC - 1.5 -8 - 23 LP5 HMC340LP5E

3 - 7 I/Q Mixer / IRM DC - 3.5 -7.5 33 23 Chip HMC620

3 - 7 I/Q Mixer / IRM DC - 3.5 -7.5 32 22 LC4 HMC620LC4

4 - 8.5 I/Q Mixer / IRM DC - 3.5 -7.5 40 23 LC4 HMC525LC4

5.9 - 12.0 I/Q Mixer / IRM   DC - 1.5 -8 30 18 Chip HMC256

6 - 10 I/Q Mixer / IRM DC - 3.5 -7 40 23 LC4 HMC520LC4

6 - 10 I/Q Mixer / IRM DC - 3.5 -7.5 40 28 LC4 HMC526LC4

8.5 - 13.5 I/Q Mixer / IRM DC - 2 -7.5 34 28 LC4 HMC527LC4

8.5 - 13.6 I/Q Mixer / IRM DC - 3.5 -7.5 38 24 LC4 HMC521LC4

11 - 16 I/Q Mixer / IRM DC - 3.5 -7.5 35 24 LC4 HMC522LC4

11 - 16 I/Q Mixer / IRM DC - 3.5 -8 35 26 LC4 HMC528LC4

15 - 23 I/Q Mixer / IRM DC - 3.5 -8 25 25 LC4 HMC523LC4

19 - 33 I/Q Mixer / IRM DC - 5 -8 25 17 Chip HMC-MDB172

22 - 32 I/Q Mixer / IRM DC - 4.5 -10 20 20 LC3B HMC524LC3B

31 - 38 I/Q Mixer / IRM DC - 3.5 -10.5 17 21 Chip HMC555

35 - 45 I/Q Mixer / IRM DC - 5 -8 25 17 Chip HMC-MDB171

36 - 41 I/Q Mixer / IRM DC - 3.5 -11 18 23 Chip HMC556

55 - 64 I/Q Mixer / IRM DC - 3 -9 30 16 Chip HMC-MDB207

26 - 33 Sub-Harmonic I/Q Mixer / IRM DC - 3 -11 22 16 Chip HMC404

54 - 64 Sub-Harmonic I/Q Mixer / IRM DC - 3 -12.5 30 7 Chip HMC-MDB218

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!
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Distributed in the Americas by Future Electronics:   800 Future-1, ext. 2754   www.futureelectronics.com/rf
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HMC630LP3E Vector Modulator, 700 to 1000 MHz

� Continuous Phase Control: 360°Continuous Phase Control: 360°

� Continuous Gain Control: 40 dBContinuous Gain Control: 40 dB

� Output Noise Floor: -160 dBm/HzOutput Noise Floor: -160 dBm/Hz

�  High Input IP3: +35 dBm

HMC631LP3E Vector Modulator, 1800 to 2700 MHz

Output Noise vs. Phase Settings @ F=2 GHz
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Output Noise as Low as -162 dBm/Hz

� Continuous Phase Control: 360°Continuous Phase Control: 360°

� Continuous Gain Control: 40 dBContinuous Gain Control: 40 dB

� Output Noise Floor: -162 dBm/HzOutput Noise Floor: -162 dBm/Hz

�  High Input IP3: +34 dBm

Linear Gain vs. Phase Settling

Consistent Gain vs. Phase Setting
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NEW!

IDEAL FOR CELLULAR/3G & WIMAX/4G LINEARIZATION CIRCUITS!

NEW!

See www.hittite.com for Our Complete Modulator & Demodulator Product Line

W!
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Today’s handsets have to meet tough
technical requirements. Mobile phones
have to deal with an ever-increasing

number of services, while at the same time the
cost of the systems is being reduced. R&D in
the mobile phone industry copes with this sit-
uation by continuously improving the mobile
phone efficiency in order to accommodate
service enhancements in the mobile network.
Thus, we are moving towards mobile designs
that are not only becoming thinner, smaller
and more complex with every generation, but
also have to perform with the same or even
better performance, and in more frequency
bands.

In addition to maximizing the antenna-ac-
cepted power of the handsets, the effects on
the antenna performance from surrounding
objects such as the human body have to be

studied and considered. Homogeneous mod-
els are used when measuring the effects on
antenna performance and represent a conser-
vative estimation of antenna losses and dissi-
pated power. The performance of the antenna
and the entire system may be quantified using
sets of technical requirements for both passive
and active modes.

In passive mode, the antenna performance
is often measured by the antenna efficiency,
which is subdivided into the radiation efficien-
cy and the return-loss efficiency. In active

78 MICROWAVE JOURNAL ■ JANUARY 2008

ELECTROMAGNETIC
SIMULATION OF
MOBILE PHONE
ANTENNA PERFORMANCE
The telecommunications sector is making great advances aimed at delivering an
even stream of high-tech devices, covering the significant consumer demands in
this sector. Electromagnetic (EM) simulation is becoming an increasingly
important tool in the design flow, not only at the antenna level but also at the
phone and environmental levels. This article compares simulated results with
measurements for several steps in the phone design chain.

OMID SOTOUDEH
Sony Ericsson Mobile Communications
Kista, Sweden
TILMANN WITTIG
CST GmbH
Darmstadt, Germany

APPLICATION NOTE
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HITTITE - VELOCIUM OPTICAL DRIVER AMPLIFIERS
Frequency

(GHz)
Function

Gain
(dB)

Group Delay 
Variation (ps)

Output P1dB
(dBm)

Output Voltage 
Level (Vpk-pk)

VELOCIUM
Part Number

HITTITE
Part Number

DC - 35 Wideband Optical Driver 15 ±10 21 8 AUH249 HMC-AUH249

DC - 45 Wideband Optical Driver 14 ±10 16.5 8 AUH232 HMC-AUH232

0.5 - 65 Wideband Optical Driver 10 - - 2.5 AUH312 HMC-AUH312

NEW!

NEW!

NEW!

HITTITE MICROWAVE NOW OFFERS VELOCIUM PRODUCTS!

� Small Signal Gain: 14 dB

� Output Voltage Swing: 8V pk-pk

� High Speed Performance: 
   46 GHz 3 dB Bandwidth

� Very Low Jitter: 0.4 ps RMS

HMC-AUH232 Modulator Driver Amplifier, DC - 45 GHz

HITTITE - VELOCIUM WIDEBAND DRIVER AMPLIFIERS
Frequency

(GHz)
Function

Gain
(dB)

P1dB
(dBm)

Bias Supply
VELOCIUM

Part Number
HITTITE

Part Number

17.5 - 41 Driver 21 20 +5V @ 295mA AUH256 HMC-AUH256

DC - 35 Wideband Driver 15 21 +5V @ 200mA AUH249 HMC-AUH249

DC - 45 Wideband Driver 14 16.5 +5V @ 180mA AUH232 HMC-AUH232

0.5 - 65 Wideband Driver 10 - +8V @ 60mA AUH312 HMC-AUH312

NEW!

NEW!

NEW!

NEW!

� Gain to  21 dB

� P1dB Output Power: +20 dBm

� Psat Output Power: +23 dBm

� Output IP3: +27 dBm

HMC-AUH256 Microwave Driver Amplifier, 17.5 to 41 GHz

RFIN RFOUT

Vdd

Vgg

Contact Us for Your SMT Amplifi er Requirements

Functional Diagram

Functional Diagram

RFIN RFOUT

Vdd

Vgg

Visit http://mwj.hotims.com/16337-59 or use RS# 59 at www.mwjournal.com/info
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HITTITE - VELOCIUM LOW NOISE AMPLIFIERS
Frequency

(GHz)
Function

Gain
(dB)

NF
(dBm)

P1dB
(dBm)

Bias
Supply

VELOCIUM
Part Number

HITTITE
Part Number

1 - 12 Low Noise 17 1.5 19 +5V @ 55mA ALH444 HMC-ALH444

2 - 22 Low Noise 16 1.7 14 +4V @ 45mA ALH482 HMC-ALH482

5 - 20 Low Noise 13 2.2 16 +5V @ 30mA ALH435 HMC-ALH435

14 - 27 Low Noise 18 2.5 14 +4V @ 90mA ALH216 HMC-ALH216

14 - 27 Low Noise 20 2 14 +4V @ 90mA ALH476 HMC-ALH476

18 - 40 Low Noise 10 3.9 12 +5V @ 45mA ALH445 HMC-ALH445

22 - 26.5 Low Noise 25 3 12 +2.5V @ 52mA ALH311 HMC-ALH311

24 - 32 Low Noise 21 2 7 +5V @ 68mA ALH364 HMC-ALH364

24 - 40 Low Noise 11.5 4 15 +4V @ 60mA ALH140 HMC-ALH140

24 - 40 Low Noise 12 3.5 13 +4V @ 45mA ALH244 HMC-ALH244

24 - 40 Low Noise 22 2 11 +5V @ 66mA ALH369 HMC-ALH369

27 - 33 Low Noise 20 3 12 +2.5V @ 52mA ALH313 HMC-ALH313

35 - 45 Low Noise 16 2 6 +4V @ 87mA ALH376 HMC-ALH376

37 - 42 Low Noise 22 3.5 12 +2.5V @ 52mA ALH310 HMC-ALH310

57 - 65 Low Noise 21 4 12 +2.5V @ 64mA ALH382 HMC-ALH382

71 - 86 Low Noise 14 4.5 7 +2.4V @ 30mA ALH459 HMC-ALH459

71 - 86 Low Noise 14 5 7 +2V @ 50mA ALH509 HMC-ALH509

2 - 20 Wideband LNA 10 3.5 10 +2V @ 55mA ALH102 HMC-ALH102

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

HITTITE MICROWAVE NOW OFFERS VELOCIUM PRODUCTS!

18 New LNA MMICs for Applications from 1 to 86 GHz!18 New LNA MMICs for Applications from 1 to 86 GHz!

�  Frequency Range: 71 - 86 GHz

�  Low Noise Figure: 4.5 dB

�  High Gain: 14 dB

�  Ideal for Short Haul E-Band Radios

�  DC Blocked RF I/Os

�  DC Supply: +2.4V @ 30 mA

In Stock!
nnn Sn Snn SSStStoc

St cccckk!
n Stock!

S

HMC-ALH459
71 - 86 GHz

Functional Diagram

RFIN RFOUT

Vdd

Vgg

Contact Us for Your SMT LNA Requirements

Visit http://mwj.hotims.com/16337-60 or use RS# 60 at www.mwjournal.com/info
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NEW DIGITAL VGAS FEATURE HIGH IP3 AND WIDE BANDWIDTH!

HMC625LP5E Variable Gain Amplifier, DC - 6 GHz

Ideal for Cellular/3G, WiMAX/4G, Test & Measurement and Military Applications

Insertion Gain @
Major Attenuation States, Vdd= +5V

�  Up to +33 dBm Output IP3 in All States

�  Variable Gain: -13.5 to 18 dB in 0.5 dB Steps

�  Dual Mode CMOS/TTL Control Interface:
3-Wire Serial & 6-Bit Parallel

�  Serial Output for Cascaded Applications

�  6 dB Noise Figure @ Max. Gain

�  5x5 mm QFN SMT Package
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IN STOCK VARIABLE GAIN AMPLIFIERS COVERING DC TO 6 GHz 
Frequency

(GHz)
Function

Gain Control
Range (dB)

NF *
(dB)

Output IP3 *
(dBm)

P1dB
(dBm)

Bias
Supply

Package
Part

Number

0.5 - 2.2 Analog -20 to 24 5 41 23 +5V @ 265mA LP5 HMC640LP5E

0.05 - 0.75 5-Bit Digital -8 to 15 4.4 38 19 +5V @ 60 mA LP4 HMC628LP4E

DC - 1
6-Bit Digital,

Serial & Parallel Control
-11.5 to 15 4.3 36 20 +5V @ 90mA LP5 HMC627LP5E

DC - 1 6-Bit Digital, Parallel Control 8.5 to 40 4 36 20 +5V @ 176mA LP5 HMC626LP5E

DC - 6
6-Bit Digital,

Serial & Parallel Control
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mode, the entire system efficiency is
defined by the total radiated power
(TRP) on transmitting (Tx), and the
total isotropic sensitivity (TIS) on re-
ceiving (Rx). The active performance
of the handset is often measured us-
ing exact and time-consuming proce-
dures. These have to be conducted
several times during the development
phase of the device. Furthermore,
the product has to be developed to a
certain stage before any measure-
ment or reliable prediction of anten-
na performance is possible.

Numerical simulation of terminal
antennas has been actively discussed
in literature. There has been consider-
able development in both hardware

and software recent-
ly and it is important
to continuously up-
date the field with
the latest develop-
ments. This article
considers the accu-
racy of calculation of
mobile phone mod-
els by comparing
these calculations
with measurements.
The models used are
taken from the re-

cently released Sony Ericsson M600
mobile phone1 and measurements
were conducted at Sony Ericsson’s test
facilities. The emphasis is on the accu-
racy of calculations using the present
state-of-the-art.

SIMULATION TECHNOLOGY
For all simulations, the 3D EM

tool CST MICROWAVE STUDIO®

(CST MWS),2 based on the finite in-
tegration technique (FIT),3 was used.
This method represents a consistent
transformation of the analytical
Maxwell equations into a set of matrix
equations, the Maxwell Grid Equa-
tions (MGE). Thereby, essential
physical properties of the analytical
equations, such as energy conserva-
tion and passivity, are maintained in
discrete space.4 The MGEs can be
solved by various techniques, from
statics to the optical regime, in the
time and frequency domains.

In the microwave range, the fre-
quency domain approach is very flexi-
ble in the choice of discretization
(tetrahedral or Cartesian meshes may
be used), but it requires the solution
of a large linear system of equations
for each frequency step. The time do-
main solver, in contrast, if used on a
Cartesian mesh, only requires matrix

vector multiplications and therefore
scales linearly with the number of
mesh cells, both in terms of memory
requirements and in simulation time.
This offers an advantage for complex
simulation models such as mobile
phones; however, traditional time do-
main methods like FDTD can exhibit
poor convergence properties.

Within the frame of FIT, advanced
meshing techniques such as the Per-
fect Boundary Approximation (PBA)®
and Thin Sheet Techniques (TST)™
can be implemented. Still based on a
Cartesian mesh, the geometry is de-
scribed conformally, but all the ad-
vantages of a time-domain approach,
like memory efficiency and broad-
band results, are maintained. To im-
prove the efficiency of certain simula-
tions even further, a stable multi-level
sub-gridding scheme can be imple-
mented.

In order to calculate radiation effi-
ciency correctly, it is important to
model the skin depth of lossy metal
accurately. FIT can be extended to
consider the frequency dependency
for permeability, permittivity and
conductivity in one broadband simu-
lation. Taking dispersion into account
is especially important when model-
ing tissue-simulating materials.

ANALYZED STRUCTURES
The EM simulations conducted on

the M600 mobile phone was done on
several system complexity levels.
These are shown in Figure 1, from
left to right with the least complex
structures, such as the simple anten-
na design and PCB, to the complete
phone structure containing several
hundred components and finally the
entire system using the head of the
Standard Anthropomorphic Model
(SAM),5,6 a homogeneous hand mod-
el and the full phone.

In real mobile phones, many ob-
jects in the vicinity of the antenna el-
ement have to be considered because
of their effect on the performance of
the system. Therefore, great care
must be taken when selecting and
setting the correct simulation para-
meters for the relevant objects.

The analysis of antenna perfor-
mance in the vicinity of bodies often
comprises assumptions and simplifi-
cations. In general, homogeneous
bodies are utilized in order to mea-
sure the most conservative behavior

APPLICATION NOTE

TABLE I
CONVERGENCE STUDY 

FOR THE ANTENNA LEVEL CASE IN FIGURE 1

Run 1 Run 2 Run 3

No. of mesh-cells 221,610 383,160 660,539

Simulation time (s) 450 690 1130

Max. difference – 0.067 0.014

Radiation efficiency 1 GHz 0.894 0.901 0.906

Radiation efficiency 2 GHz 0.908 0.924 0.923

▲ Fig. 1  Analysis phases of the mobile phone study.

▲ Fig. 2  The converged mesh for the
antenna simulation.
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of the system. Because of this, homo-
geneous head and hand models are
used for simulations as well.
Throughout this work, the antenna
effects were quantified by calculating
input impedance and antenna effi-
ciency.

SIMULATION AT ANTENNA LEVEL
At the antenna level, the design

and optimization of the antenna itself
is the prime goal. Results of interest
are typically the return loss, radiation
efficiency and radiation pattern of the
antenna at various frequencies. Even
though the transient solver is used for

the simulations, frequency quantities
like near and far fields can be evalu-
ated easily at numerous frequencies
during one transient run due to field
monitors based on discrete Fourier
transforms (DFT). Realistic loss val-
ues were chosen for both the metallic
and dielectric objects.

A convergence study indicates that
the model converges to an accurate
solution. Starting with a relatively
coarse mesh of 221,000 mesh cells,
and refining it using an energy-based
criterion, the final solution is
achieved in only three steps. The cri-
terion for stopping the study is that
the maximum difference of an S-
parameter between two runs is less
then 0.02 over the complete band (0
to 3 GHz). Additionally, the conver-
gence of the radiation efficiency at
the two bands was evaluated.

The total convergence took 38
minutes. For further simulations and
structure optimizations, the third run
can be skipped, as the mesh setup in
the second run with around 383,000
mesh cells delivers well converged
results. This means that all further
simulations in the optimization
process will have a run time of only
12 minutes. Details including individ-
ual simulation times can be taken
from Table 1.

The converged mesh is shown in
Figure 2. The bent planar parts of
the PIFA antenna, the antenna carri-
er and the PCB can be seen clearly.
As the bendings are not aligned with
the Cartesian mesh, this would cause
significant problems in simple stair-
case methods; however, due to the
thin sheet technique, mesh cells can

APPLICATION NOTE

MEASUREMENT SIMULATION

SIMULATION MEASUREMENT
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▲ Fig. 3  Simulation vs. measurement at the
antenna level; (a) return loss and (b) antenna
efficiency.

▲ Fig. 4  The radiation pattern of an antenna for two GSM bands.
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be intersected by metallic sheets. To-
gether with the PBA technique, the
shown grid, although it might look
relatively coarse, delivers fully con-
verged results.

The converged simulation results
of the antenna compared with mea-
surements are shown in Figure 3.
The results are in agreement for
both the return loss and the radia-

tion efficiency. Fi-
nally, the radiation
pattern is shown in
Figure 4 for two
GSM frequencies.
Since the plast ic
housing is not con-
sidered for this
study,  the reso-
nances are slightly
shifted to ~1 and
~2 GHz.

SIMULATION AT PHONE LEVEL
After the antenna design is com-

plete, the next step is to include it in
the complete phone. This enables the
evaluation of the coupling effects of
neighboring objects such as the bat-
tery, camera, flash capacitors, etc., as
well as the influence of dielectric ma-
terials such as the housing and dis-
play screen.

The phone is subdivided into
roughly 60 components, each consist-
ing of hundreds or even thousands of
individual facets(see Figure 5—the
back cover and battery lid are hidden
for the picture). The components
used for the simulation are chosen
based on their influence on electro-
magnetic fields (which is controlled
by both dimensions and location), in
order to give an accurate simplifica-
tion of the phone geometry for the
investigated frequencies.

The structure was imported into
CST MWS using the STEP interface.
No additional healing was necessary
before conducting the simulations,
which is an important pre-requisite
for efficient industrial design and
workflow. The simulation of the full
mobile phone consisted of 594,000
mesh cells (again after a convergence
study as described in the previous
section). The total simulation for the
converged model took 19 minutes.

The simulation of the return loss
and radiation efficiency of the full

phone is compared
with measurements
in Figure 6. As the
complete phone is
now considered, the
frequencies are
shifted down to the
well-known mobile
phone bands. The
results again agree
well with respect to
resonance frequen-

APPLICATION NOTE

▲ Fig. 5  Full phone model containing phone plastics (red and blue)
and metallic parts (copper and gold).
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▲ Fig. 6  Comparison of simulation and
measurement for the full phone simulation;
(a) return loss and (b) antenna efficiency.
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▲ Fig. 7  Network simulation including matching network and the
3D results of the antenna.
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cies, bandwidths and radiation effi-
ciency, but some differences occur in
the return loss for the upper frequen-
cies.

These can be explained by the un-
certainty regarding the antenna’s ex-
act feeding point during measure-
ment and measurement de-embed-
ding. Additionally, the properties of
the various materials used in the
phone model may be inexact.

Alongside radiation efficiency and
return loss, global quantities such as
the TRP and the TIS are relevant for
the simulation of the complete
phone. These values require the con-
sideration not only of the antenna
characteristics but also the amplifier,
the signal transmission inside the
printed circuit board and the match-
ing network. Figure 7 shows the sim-
plified setup of such a circuit in CST
DESIGN STUDIO™ (CST DS) in-
cluding an idealized source, touch-
stone file describing the PCB trans-
mission, matching network and a mi-
crostripline to feed the antenna. The
simulation delivers system S-parame-
ters, system near and far fields, and
from these, the TRP value. The TRP
value of this idealized setup gives
23.27 dBm at 1.8 GHz and amplifier
power of 0.25 W.

The near field is also of signifi-
cance for the complete phone, as in-
teraction with other electromagnetic
devices such as hearing aids (hearing
aid compatibility, HAC) might occur.
Near-field information can be pre-
dicted accurately by means of simula-
tion. Figure 8 compares the normal-
ized E and H near fields at a distance
of 10 mm from the back of the phone
in a free space configuration. The
blue outline represents the position
of the phone. (Measurements were
performed by Ericsson Research,
Stockholm, Sweden.)

SIMULATION AT BODY LEVEL
A final test for the mobile phone is

to evaluate it in the presence of a hu-
man body, with particular emphasis
on the head and hand. In accordance
with IEC and IEEE standards,5,6 the
Standard Anthropomorphic Model is
used as the head model. The fre-
quency dependent dielectric proper-
ties of the tissue simulating liquid are
also defined by this standard and can
be modeled as a dispersive material
in the simulation tool. Figure 9
shows the required values tabulated
and realized in the simulation tool.

The simulation of this phone, with
head and hand models, required 4.24
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▲ Fig. 8  Electric and magnetic near fields on the back of the phone; (a) simulation and (b)
measurement.
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million mesh cells and had a simula-
tion run time of 1.58 hours on a PC
(dual core dual CPU, 2 GHz, 8 GB
RAM). The number of mesh cells can
be reduced using the sub-gridding
scheme. When applied, a very fine
mesh is created inside the phone, a
coarser one in the head and a very ba-
sic one in the vacuum (see Figure
10). Using sub-gridding reduces the
number of mesh cells to only 922,000
and the simulation time to 44 minutes.

If the simulation is started without
sub-gridding on a hardware accelera-
tion card, the simulation time can be
reduced even further to only 27 min-
utes. Excluding the meshing time,
the solver speed-up using sub-grid-
ding is 3.6. With the accelerator card,
a speed-up factor of 5.8 can be
achieved compared to a non-acceler-
ated workstation.

Such a simulation can give impor-
tant insight into how the SAM phan-

tom or the homogeneous body mod-
els affect the performance of the mo-
bile phone. The radiation pattern is
obviously affected, but the radiation
efficiency is also influenced by the
head and hand. Figure 11 shows the
radiation pattern of the phone; a sig-
nificant difference is visible in com-
parison to the plain antenna far fields
from Figure 4.

As previously mentioned, the radi-
ation efficiency is influenced by the
body models. Table 2 shows the an-
tenna efficiency calculations for only
the phone, the phone placed at the
right cheek of SAM and the phone
held at SAM’s right cheek with a
hand model present.

Finally, full-SAM simulations are
very useful to predict dissipated pow-
er. This quantity—as a measured val-
ue—is another important design is-
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APPLICATION NOTE

▲ Fig. 10  Sub-grid setup for a mobile
phone simulation in the presence of head 
and hand.
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▲ Fig. 9  Tabulated values for the tissue
properties by IEEE 1528 (a) and the broad-
band material fit used by CST MWS (b).
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sue and a requirement for certifica-
tion. However, a simulation allows
the designer to control this power at a
much earlier design stage.

CONCLUSION
This article has shown what is cur-

rently possible in the world of ad-
vanced 3D EM simulation. Through-
out all steps of a mobile phone’s ter-
minal antenna development—from
antenna design, through full phone
optimization up to investigating the
influence of, and impact on a body
model—simulation and measurement
have been compared and shown to be
in very good agreement. In addition
to measurable data, numerical simu-
lation grants insight into previously
unseen electromagnetic detail.

Within one simulation run, all-im-
portant quantities such as return loss,
radiation efficiency, near and far
fields, and loss monitors (all at various
frequencies) can be obtained. Ad-
vanced mesh technology significantly
reduces the simulation time, bringing
it down to a few minutes for an anten-
na simulation. Even complex automat-
ic optimization runs become feasible.
The increasing efficiency and reliabili-
ty of simulation, which reduces design
cost risk, is recognized as indispens-
able in the industry.  ■
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APPLICATION NOTE

▲ Fig. 11  The modified radiation pattern
for the two GSM bands in the presence of
head and hand.

TABLE II
ANTENNA EFFICIENCY CALCULATIONS

Frequency 897.4 MHz 1747.6 MHz

Phone 100% 100%

Phone head 23% 48% 
(–6.3 dB) (–3.2 dB)

Phone head 6% 7% 
hand (–12.2 dB) (–11.5 dB)
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TECHNICAL FEATURE

Figure 1 shows the mathematical represen-
tation of BPV in action for the PSP model. The
variances of e are input directly from the PCM.
The PSP sensitivity matrix is calculated directly
within the circuit simulator. The system deter-
mines the variances of p (σ2

δp), which guaran-
tees alignment of the simulated and measured
variances of e. The 1–σ values of p are then in-
put to the Monte Carlo statistical simulation tool
within the design environment or scaled to pro-
duce corner models. The results are accurate in
most cases to < 0.5 percent. This technique is
employed across all device types, utilizing all the
available PCM. In addition to accurate simula-
tion of individual e, physical correlations among
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JUAN CORDOVEZ, JAMES VICTORY,
SAMIR CHAUDHRY, VOLKER BLASCHKE,
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IVAN BAN AND MARCO RACANELLI
Jazz Semiconductor
Newport Beach, CA

Variations in semiconductor manufactur-
ing technology are unavoidable; there-
fore, the IC must be designed for yield

even at the extremes of process variation. The
goal of statistical and corner models is accu-
rate simulation of the process-induced varia-
tion of circuit performances, such as gain-
bandwidth products, distortion levels and
phase noise. Process control monitoring
(PCM), performed on every wafer produced
by a fab, measures the process variation of
device-level electrical performances (Idsat,
beta), referred to here as e. The statistical in-
frastructure called backward propagation of
variance (BPV)1 produces statistical models
that guarantee precise simulation of the varia-
tion of e and achieve the goal through the
physical nature of the compact models. There-
fore, a direct BPV requirement is scalable,
physical compact models that accurately simu-
late the physical sensitivities of e to variations
in process and geometry model parameters,
termed p.

DESIGN ENABLEMENT FOR
RF AND MICROWAVE IC
DESIGN: PART II
Editor’s note: This two-part series from Jazz Semiconductor presents recent
developments in design-support methodology from a pure-play wafer foundry
specializing in RFCMOS and advanced CMOS technologies, including BiCMOS,
SiGe BiCMOS and high voltage CMOS. In this second part of the series, the
authors present CMOS manufacturing technology as it is being adapted for the
challenges associated with producing high-yielding ICs with sensitive RF blocks.
The models and methodologies of the design-enablement tool introduced in Part I
are combined with statistical corner models and design-for-manufacture 
(DFM-driven) methodologies to address the extremes of process variations.

 1M31 FINAL  12/27/07  11:48 AM  Page 94



Visit http://mwj.hotims.com/16337-1 or use RS# 1 at www.mwjournal.com/info

 1M31 FINAL  12/27/07  11:48 AM  Page 95

http://www.acceleware.com
http://www.mwjournal.com/info
http://mwj.hotims.com/16337-1


multiple e are accurately captured. The BPV infrastructure is
the basis for a suite of tools embedded in the Jazz analog de-
sign environment including X-Sigma models and the Process
Control Modeling Tool (PCMT).

X-SIGMA
As a greater amount of RF integrated circuits connect

with consumer applications, the influence of “cycle time
to functional silicon” on market penetration and ultimate
product success is on par with—and in some cases ex-
ceeds—overall cost or performance. In many cases, front-
end design consumes the bulk of the design cycle. While
completing a design that meets specification for nominal
process cases can be quick, the larger portion of budgeted
cycle time is spent improving design robustness so target
specifications are met across process variation. To allow
for efficient process variation exploration, the proposed
design flow offers designers a tool to help them under-
stand how effectively the IC meets design targets across
such variations. As motivation, take the example of a de-
signer’s goal to meet specification targets across ±3σ
process corners. ±3σ represents 99.7 percent of statistical-
ly expected process variation, which is close to ideal yield.
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▲ Fig. 1  BPV example with PSP Model.
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▲ Fig. 2  X-Sigma flexible corner example.

▲ Fig. 3  JIT inductor design example.
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As an example, it may require three
design team weeks to achieve 95 per-
cent (or ±2σ) spec coverage, but an
additional eight weeks to reach ±3σ
coverage. In consideration of time to
market, the design team may want to
trade off design cycle for a small per-
centage of corner compliance. Typi-
cal foundries provide hard coded ±3σ
corner models, restricting informa-
tion concerning the design’s location
within the 3σ process variation space.
The Jazz X-Sigma corner platform
provides process sigmas as variable
inputs that can be swept in an analog
manner across the process variation
spectrum. The added flexibility pro-
vides direct insight into circuit sensi-
tivities across the process variation
space previously hidden by the fixed
corner settings. Through X-Sigma,
the example design team may deter-
mine what coverage—and hence, ex-
pected parametric yield—a design
will enjoy at any point in the design
cycle. Figure 2 illustrates a sample
X-Sigma corner-selection process for
a given specification distribution.

PHYSICAL DESIGN ENABLEMENT
The increase in carrier frequencies

in microwave applications has made
possible the cost-effective integration
of active and passive microwave ele-
ments into a single substrate. In previ-
ous generations, the cost associated
with introducing microwave compliant
layouts into ICs was unreasonable be-
cause the performances (for example,
inductance and impedance) resulted
in prohibitive geometries. To illus-
trate, a quarter-wave transformer built
on a microstrip for a 900 MHz spread
spectrum application will be 70 times
longer than its parallel for a 64 GHz
band application such as collision
avoidance. In modern technologies, it
is now possible to integrate these high-
value functionalities in a cost-effective
manner. For active circuitry, the im-
provement in process technologies
through scaling has also paved the way
for ICs to reach performance previ-
ously only possible through higher-
cost discrete systems. In order to man-
age the risk of introducing layout
topologies with inherent microwave
deficiencies, the physical design li-
braries include parameterized layout
cells (pcells) with embedded process
technology knowledge and best prac-
tices. Moreover, the physical views are

robustly tied into the simulation envi-
ronment in the same manner as the
device models, enabling design perfor-
mance optimization.

RF MOSFET
The role of the CMOS transistor as

an RF capable device continues to ex-
pand across the industry. In order to
obtain the required performance met-
rics, their physical implementation
must be tailored to achieve maximum
RF performance. Two key device par-
asitics to be minimized are gate and
substrate resistance. Gate resistance is
a critical component of device noise
performance and its subsequent map-
ping to phase noise, linearity, etc.
Minimizing these negative effects is
possible through proper gate connec-
tivity layout configurations. The de-
sign platform should include RF
pcells allowing multiple FET gate
configurations, driving down the total
noise generating resistance intrinsic to
the gate.9 At RF frequencies, the core
device interacts with the lossy silicon
substrate, directly reducing the out-
put impedance. This interaction is
heavily dependent on how the bulk
ties are distributed around the device.
In RF CMOS layout, bulk contacts
closely wrapped around the device
produce the smallest deviation from
ideal behavior. The pcell should
therefore also contain multiple sub-
strate tie options, including a ring that
significantly reduces the “rollup” in
drain-source conductance gds at high
frequencies. It is important to offer a
parameterized cell that can draw
these optimized contacts, but just as
importantly drive the models that ac-
curately capture the element configu-
ration.

NPN
Bipolar devices, including high-

performance silicon germanium
NPNs, are common in high-perfor-
mance RF applications due to their
superior gain, noise, isolation and
power metrics. Bipolar layout style
strongly influences device perfor-
mance; for this reason an RF focused
parameterized NPN cell that yields
high emitter area and low parasitic re-
sistance and capacitance is requisite.
As the cornerstone of the optimized
NPN pcell, the emitter length should
be offered as a fully scalable parame-
ter. This feature, available in the Jazz
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 WHITEPAPER

The process for developing advanced Radar and EW systems often begins with component design 
and system simulation using software tools, which is followed by prototyping the design and evalua-
tion using test instrumentation. In the past, there has been minimal connection between the software 
simulations and hardware prototype evaluation because the tools required to bridge the gap between 

simulation and physical test did not exist. It is now possible to integrate Agilent test instrumentation, 
such as signal generators and analyzers, directly into the Agilent Advanced Design System (ADS) 
simulation environment, which results in innovative design and verification capabilities as virtual 

and real world signals are shared between the two domains. As an example, this paper will show the 
benefits of combining a simulated ADS radar model with physical test equipment to create what is 

referred to as a “connected solution”. 

drives the simulator’s transmitter, channel and receiver, and it is also 
used as the input to the Arbitrary Waveform Generator (AWG) in the 
ESG signal generator. The signal generator becomes the real world 
equivalent of the source used in the simulation. This “live” signal 
can then be transmitted or applied to the system hardware under 
test. Using an Agilent PSA, the measured waveform can be down-
loaded into ADS and processed using the detection algorithms inside 
the software, which facilitates comparisons between simulated and 
physical system performance. The connected solution is an excellent 
tool for designing, simulating and experimenting with a variety of 
radar and EW configurations including environments with co-channel 
and adjacent interference, multipath fading and denial of service 
scenarios.

Connected solutions can provide several benefits. A connected 
solution lets designers quickly perform simulations to evaluate com-
ponent and system performance and then turn the simulated signals 
into real RF signals for hardware testing. Conversely, designers 
can take the measured output from a system or Device Under Test 
(DUT) and bring that signal into ADS for additional analysis.  With 
connected solutions, a hardware component, finished before the rest 
of the system, can be evaluated in the context of the entire system. 
Figure 1 shows a simplified block diagram of one possible configura-
tion for using the ADS software tool connected to an Agilent ESG 
vector signal generator and Agilent PSA spectrum analyzer. There 
are a variety of Agilent signal generators and analyzers that will 
work in a connected solution. In this figure, the ADS source model 

ADS Connected Solutions

Figure 1 Simplified block diagram of an Agilent connected solution
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Radar System Model
The ADS software tool provides a method for creating a hierarchi-
cal model of the radar system using predefined and customizable 
blocks. Each block may represent a unique component, such as the 
Linear Frequency Modulated (LFM) signal source, or a complete 
subsystem such as an RF upconverter. The software model can be 
configured to include all the impairments of a physically imple-
mented system such as phase noise and amplifier compression. 
Many commercially available simulation tools perform system 
analysis using a baseband equivalent model for the modulated RF 
signal in order to increase simulation speed. Most of these baseband 
equivalent simulations do not include circuit impairment effects, 
such as non-linearities, which result in reduced model accuracy. For 
the highest level of accuracy and simulation speed, the software 
simulation tool should use a combination of frequency and time 
domain simulations, simulated at RF frequencies, such as the 
harmonic balance and circuit envelope simulators found in Agilent’s 
ADS software.

Figure 2 shows the ADS model for a complete C-band radar 
system with a single target and a single interferer. This model 
will be used to study the system performance when an interfering 
802.11a WLAN signal is introduced into the wireless channel. The 
radar transmitter includes an LFM source that is upconverted, ampli-
fied and transmitted into the channel. The channel model includes 
antenna gain, path loss, delay and multipath. The target is modeled 
having a specific Radar Cross Section (RCS) and velocity. The radar 
receiver includes a transmit/receive switch, variable gain amplifier 
and downconverter. Signal detection is preformed at baseband using 
chirp compression. Post detection processing will be implemented to 
determine the target range, velocity, detection threshold, Probability 
of Detection (POD) and Probability of False Alarm (PFA). All of the 
blocks and subsystems are available as part of the ADS simulation 

tool.

Figure 2 ADS radar system model including 802.11a interference

Figure 3 LFM source model and output waveform
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LFM Signal Generation
Agilent ADS has a variety of useful built-in signal sources for simulat-
ing radar and EW systems including a model for a LFM signal using 
Pulse Compression. Pulse Compression enables a radar to achieve 
the high range resolution of a short pulse without the need for a 
high peak transmit power through the use of a modulated long 
pulse. The LFM model generates a complex pulse with configu-
rable parameters such as pulse width, repetition frequency, chirp 
frequency range, and rise and fall times. The ADS component for 
the LFM source is shown in figure 3. This source is configured with 
a pulse duration of 0.5 μs, a PRF of 500 kHz and an instanta-
neous frequency change of +/- 25 MHz from the nominal carrier 
frequency. The simulated output from the LFM generator is also 

shown in this figure.
The LFM source is part of the Radar Applications DesignGuide 

within ADS. DesignGuides are collections of preconfigured simulation 
models that can be modified as needed [1]. Figure 3 shows a 
list of available LFM radar models including the LFM waveform 
generator used in this simulation. ADS also provides numerous other 
DesignGuides including a WLAN source that will be used later in 
this paper as a source of interference to the radar system model. 
Another important feature of ADS is that signal sources are not lim-
ited to those in the DesignGuide but can be created using other ADS 
components, using measured data from a signal analyzer, imported 
data from Matlab© or driven from a file possibly created by a DSP or 
systems engineer. 

Receiver and Post Detection
Once the LFM signal is generated and transmitted toward the target, 
the receiver must measure and detect the presence of reflected 
energy from that target. The target’s reflectivity is determined by its 
RCS and modeled using an ADS schematic component as shown in 
figure 2. The target return enters the receiver through a T/R switch 
followed by a variable gain block called the sensitivity time control. 
The T/R switch is used to isolate the high power transmitter from 
the receiver front-end. The sensitivity time control provides additional 
isolation when the transmitter is active and provides gain when the 
transmitter is off. The receive gain increases with a log function 
of the time, thus for a given target RCS, the signal level at the 
receiver front-end will remain fairly constant as distance to the target 

increases. 
The received IF waveforms as a function of time at two 

different target distances are shown in figure 4. The received signal 
at a target distance of 1.0 km from the radar system is shown on 
the top. In this plot, the chirped pulse is received after the two-way 
trip through the channel. In this case, the pulse is received 6.7μs 
after the pulse is transmitted. The transmitted pulse is not observed 
on this plot due to the high isolation between the transmitter and re-
ceiver provided by the T/R switch and sensitivity control. The lower 
plot shows the received signal at a target distance of 7.0 km. In this 
case, the two-way trip takes 46.7μs .  Note that both simulations 
show an increase in the noise level over time as the sensitivity 
control increases the receive gain as the log of the time. 

After down-conversion, the IF signal passes through the chirp 
compression filter that performs a convolution with a reference chirp. 
A peak in the filter’s output corresponds to the target distance mea-
sured in time. Any noise that passes through the compression filter 
is greatly reduced as it is uncorrelated to the reference chirp. After 
chirp compression, the correlated signal is further processed using 
a post-detection processing block as shown in figure 2 above. This 
block performs several calculations including the POD and missed 
detection count. Additional measurements such as Constant False 
Alarm Rate (CFAR) can also be added to the model as required. In 
an actual radar system the post-detection algorithms will be pre-
sented with a variety of signal impairments including interference, 
phase noise, compression and other real-world non-linear effects. For 
the simulations using the waveforms in figure 4, the probability of 
detection was calculated at 100% at target distance of 1.0 km with 
a 1.0 Meter Radar Cross Section (RCS) and around 85% at 7.0 km 
with a 0.2 Meter RCS. In the next section of this paper, degradation 
in system performance will be observed with the introduction of a 
WLAN interfering signal.

Figure 4 Received IF waveforms for target range of 1.0 
km and 7.0 km

Radar Interference
In this section, the performance of a radar system’s ability to detect 
weak target returns in the presence of a commercial WLAN radio 
will be observed. In practice, the radar and WLAN signals could 
potentially occupy the same frequency bands at the same time, 
resulting in interference and degraded performance for both systems. 
For this example, an IEEE 802.11a WLAN will be operating within 
the frequency range of the C-band radar system [2]. The radar chirp 
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is configured with a pulse width of 0.5 μs and a PRF of 25 
kHz. The WLAN packet length, as specified by the IEEE 802.11a 
standard, can be hundreds of microseconds depending on the 
packet type and modulation. Under these conditions there will 
be times when the radar signal and WLAN signal will collide. 
When these “hits” occur, the radar’s signal detection capability 
is greatly reduced.  Figure 5 shows the Probability of Detection 
(POD) for the radar system as a function of WLAN power. For a 
specified POD of 90% or greater, the received WLAN signal must 
be below -87 dBm. For this example, the WLAN center frequency 
is the same as the nominal carrier frequency of the chirp. It 
is also possible to simulate the results when the WLAN center 
frequency is offset from the radar’s center frequency.  Figure 5 
also shows the POD when the WLAN center frequency is adjusted 
over the range of +/- 12 MHz. For this case, the WLAN output 
power is set to -82 dBm. When the two signals are lined up in 
frequency, which represents a worst-case condition, the POD is 
at 50%. As the WLAN center frequency moves away from the 
radar’s nominal frequency, the POD rapidly improves to 100% at 

a 12 MHz offset. 

“Connected” Signal Generation
Connecting the ADS software to an Agilent signal generator as 
a connected solution turns a simulated signal into a real world 
RF signal. As previously mentioned, ADS signals can be shared 
as complex inputs to a vector signal generator containing a 
two-channel AWG such as that found in the Agilent E4438C, 
E8267D and N5182A [3]. In this case, ADS connects to the 
signal generator via the USB, LAN or GPIB to download complex 

Figure 5 Probability of detection curves with WLAN 
interference

Figure 6 ADS to Agilent E4438C ESG signal generator connected solution
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(IQ) samples of the chirp waveform into the AWG memory for 
playback through the signal generator. Figure 6 shows the ADS 
source connected to an instrument control for the Agilent E4438C 
signal generator. The complex LFM source is converted to I and Q 
data paths that are downloaded in the AWG memory in the signal 
generator. The signal generator uses the AWG for input to the 
internal IQ modulator. The modulated signal can then be applied 
to a DUT or transmitted into the surrounding environment with an 
antenna attached to the generator as shown in figure 1. Using 
ADS to directly control the test instrumentation greatly facilitates 
the process of loading waveforms into the signal generator’s AWG 
memory. Agilent’s vector signal generator family can provide 
predefined and custom waveform generation with carrier frequen-
cies up to 44 GHz and modulation bandwidths of 1 GHz.  The 
same process can be used for generating the WLAN interference, 
or, as will be shown in a later section, using the built-in 802.11a 
signal generation capability available in the Agilent E4438C 
signal generator. 

“Connected” Signal Analysis
Once the radar pulse is applied to the DUT or transmitted over-
the-air, a correlation analysis of the received chirp signal may be 
performed once the RF signal is captured using a signal analyzer. 
The connected solution shown in the upper portion of figure 7 
uses an Agilent E4440A PSA series spectrum analyzer to capture 
the radar signal. ADS supports an instrument link to the PSA that 
allows direct download of the measured signal into the software. 
The waveform can be downloaded as frequency or time domain 
samples. The sampled waveform can then be processed by ADS 
using the same chirp compression filter. The PSA series analyzer 
provides signal analysis with an RF carrier frequency up to 50 
GHz and bandwidths up to 80 MHz. The Agilent 89600 series 
VSA may also be used to capture the radar signal with RF carriers 
up to 6 GHz and bandwidths to 36 MHz. If wider bandwidths are 

required, the PSA series spectrum analyzer can be connected to 
an Agilent oscilloscope to achieve measurement bandwidths of 
300 MHz. In this configuration, as shown in figure 7, the PSA 
operates as a downconverter and an Agilent Infiniium oscilloscope 
captures the IF waveform for download into ADS. This signal 
is further downconverted to baseband using ADS and then cor-
related with the reference chirp for post processing. As in the case 
for signal generation, this ADS connected solution accelerates 
data capture and analysis of complex waveforms between the 

real and virtual domains.

“Connected” Radar System with 
Interference
As a measurement example for a complete over-the-air radar 
system with interference, an Agilent ESG signal generator is 
connected to ADS for generation of the LFM signal. A second 
ESG is configured as an 802.11a interfering signal. The WLAN 
interference could also be created using a commercially available 
WLAN card, but using a signal generator with built-in WLAN 
personality provides greater control over the interferer’s output 
power and center frequency. The Agilent PSA series analyzer 
captures the chirp and interfering signals for processing in the 
ADS environment. Figure 8 shows the measured signal containing 
both the radar chirp and the WLAN signal. In this figure, the peak 
amplitude for both waveforms is approximately the same but the 
WLAN signal overlaps several of the periodic radar pulses. During 
this overlap, the radar detection capability may be reduced.  The 
equipment and software configuration for this example was previ-

ously shown in the simplified block diagram in figure 1.
Once the signal is captured using the Agilent PSA, the 

waveforms are connected to the ADS software for additional 
processing. Figure 9 shows the correlated output from the ADS 
chirp compression filter for measurements with and without the 
802.11a interference. For the measurement without interference 

Figure 7 ADS to Agilent E4440A PSA spectrum analyzer connected solution
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(shown on the left in figure 9), the correlation peak is approxi-
mately 20 dB above the filter’s output noise. For the measurement 
with interference (on the right), the correlated peak output is only 
6 dB higher than the maximum peak of the interference. Under this 
test condition, the radar sensitivity and range is greatly reduced with 
the introduction of 802.11a interference. 

Conclusion
Agilent’s connected solutions provide an excellent technique to bridge 
the gap between software modeling and hardware test. Connected 
solutions allow signals, algorithms, and data to be shared between 
the two domains thus enabling new design and verification capabili-
ties. Additional information concerning connected solutions can be 
found at the Agilent website [4]. For further assistance, Agilent field 
representatives are trained to assist in selecting the right connected 
solution for those demanding aerospace and defense applications. 
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[1] http://eesof.tm.agilent.com/products/e5600a_radar_app_guide.
html
[2] “Co-interference between military radars and 802.11a WLAN 
networks”, Leiss, David, AUTOTESTCON 2003. IEEE Systems Readiness 
Technology Conference. Proceedings, 22-25 Sept. 2003 Page(s):290 
- 293.
[3] Agilent Application Note, Number 1394, “Connected Simulation and 
Test Solutions Using the Advanced Design System”, Literature number 
5988-6044EN, August 2002.
[4] http://eesof.tm.agilent.com/products/connected_solutions_main.

html

Figure 8 Measured IF waveform including chirp and WLAN signals

Figure 9 ADS chirp compression filter output using measured data with and without WLAN intereference

Useful Resources from Agilent

To order your free copies of Agilent’s new Radar Poster and Application Note please visit: 
www.agilent.com/fi nd/radarprogram

 For more information on Agilent’s Aerospace/Defense design and test solutions please visit: 
www.agilent.com/fi nd/ad 5989-7743EN  January 2008
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Performance
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and custom 
interface options . . . . . 

ELCOM
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11 Volvo Drive
Rockleigh, NJ 07647
www.elcom-tech.com

Elcom’s Ultra-Broadband 
Ultra Fast Switching Synthesizer

Unit is shown 
with optional
front panel
touch screen 

201767-8030 

• Wide bandwidth: .3 up to 40 GHz 
• Small step size: 1 Hz 
• Fast switching: <  250 nsec for a 1 Hz step size 
• Very low phase noise: -150 dBc/Hz Typ.@ 50 MHz

offset at 10 GHz (lower phase noise option available) 
• Full band phase coherency option is available
• Low spurious   • 19 inch rack standard

Design Enablement, allows for the de-
finition of arbitrary emitter areas, fa-
cilitating design for gain, noise, or
matching. The NPN pcells allow de-
signers to explore different base and
collector topologies for further perfor-
mance optimization. Some examples
of available scaling features include:
• Base configuration: choose be-
tween single or dual base contacts to
trade off parasitic capacitance/foot-
print for base resistance
• Collector configuration: choose
between single or dual collector con-
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tacts to trade off collector resistance
for parasitic capacitance/footprint.
RF enhanced cell uses low resistance
double collector contacts for multi-
emitter devices
• Emitter width configuration:
choose between emitter widths to
trade off between base resistances, fT
for parasitic capacitance, current con-
sumption and matching

INDUCTOR
In electromagnetic elements, lay-

out defines first-order device perfor-

mance. The aforementioned JIT in-
ductor toolbox provides scalable in-
ductor and balun parameterized cells
built upon electrical and process
rules, metal current density limita-
tions and process technology insight.
To assist designers in selecting the
appropriate passive on-chip compo-
nent, an inductor library should pro-
vide designers with access to quality
factor, inductance and frequency
metrics prior to layout or simulations,
as is the case with the JIT kit. This
front-end design feature is combined
with a fast-coil-optimization tool that
helps designers quickly explore de-
vice geometry and electrical perfor-
mance space. Figure 3 shows a sam-
ple inductor design flow using JIT.

In all cases, these validated cells
maximize performance without intro-
ducing costly modules, such as RDL
layers or post processing. Figure 4
shows the Q performance compari-
son of square, octagonal and shielded
octagonal geometries. Figure 5 illus-
trates the improved inductor isolation
of a device over ground shield vs. a
device over standard substrate.

Additional design flow features
must include critical design rule re-
quirements to safeguard modeled
EM performance. For instance, cell
integration prohibits running a sym-
metric inductor center tab through
the core of the inductor as it would
increase AC resistance and degrade
Q. Another design rule may restrict
the addition of dummy metal fill
around the device, which would ad-
versely affect performance. A smart
library like JIT can enforce these re-
strictions or lift them for nanometer
scale technologies where metal fill is
required within inductors to meet
manufacturing requirements.

DFM LOOP CLOSURE TOOLS
Statistical Loop Closure (SLC)

Successful RF analog design
hinges on synergy between models
and fab. Statistical-process-control
tools such as Cp and Cpk measure
precision and quality of the PCM
data. Many PCM parameters vary in-
dependently, leading to straightfor-
ward mapping and verification of
models, fab disposition limits and ac-
tual PCM data through Cp/Cpk tar-
gets. However, as previously de-
scribed, many PCM parameters are
derived from shared device and
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▲ Fig. 5  Inductor substrate coupling
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process elements leading to strong
statistical PCM correlation. Produc-
ing a cohesive and accurate model-to-
fab statistical platform is very chal-
lenging, and once achieved, needs
continual verification. Statistical
Loop Closure (SLC) is a DFM-dri-
ven methodology that provides a con-
tinuous-improvement quality assur-
ance mechanism.

Figure 6 shows a sample output.
The scatter plot compares statistical
simulation outputs for two PCM pa-
rameters vs. the measured PCM
equivalents. In this example, a SiGe
NPN beta and breakdown voltage are
compared. Confidence ellipses are
added to illustrate statistical contain-
ment probability. The goal of statisti-
cal loop closure is to ensure the mod-
el and measured parameter correla-
tions and containment ellipses
forecast equivalent statistical perfor-
mance. Beta and breakdown corre-
late owing to mutual dependence on
base and collector doping. The exam-

ple shows fab mea-
surements running
within specification
limits and accurate-
ly correlated to the
statistical model.
The Jazz SLC envi-
ronment is automat-
ed to compile
monthly reports
that include correla-
tion metrics and to
send alerts if unex-
pected drifts are de-
tected.

PCMT
Closing the gap

between simulation
results and mea-
sured bench data is
often the hardest
step of a successful
design cycle. De-

signers waste time and resources
searching for the root cause of the
measured deviations, increasing devel-
opment costs and time to market. A
robust analytical method to evaluate
specific semiconductor samples is
highly desirable. The Jazz PCMT pro-
duces models precisely aligned to the
PCM data of a specific silicon sample
through a modified statistical BPV en-
gine previously described. PCMT en-
ables insightful correlation of actual
silicon IC measurements to circuit
simulations, resulting in design opti-
mization and cycle time reduction.
PCMT is integrated into the designer
wafer in process (WIP) web portal and
produces model files easily integrated
into the design environment. An ex-
ample of how PCMT will adapt elec-
trical parameters is shown in Figure 7
for NPN Beta and CMOS Idsat.

CONCLUSION
As the role of microwave circuits as

a primary building block of communi-
cations systems has expanded into new
industries and applications such as
AIMS, the lines separating microwave
and consumer commodity products
have vanished. New breeds of mi-
crowave products leverage semicon-
ductor technologies that decisively al-
low for integration of high-value func-
tionality in a cost-effective manner. As
these analog-only circuits evolve into
integrated AIMS solutions, a design
flow that delivers robust models and
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With 15 CNC bending machines

located strategically around the

world — four in the USA —

Rosenberger provides complex

S/R configurations to exacting

tolerances. We also assure

repeatable performance to your

specifications — to 67 GHz.

RoHS-compliant assemblies are

available. Rosenberger S/R

cables can be specified in

diameters from .020”-.250”,

with phase-matching by pair 

or lot. Need S/R? Demand

Rosenberger performance.
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cable...

Advanced technology:

Rosenberger®
tools intimately tied to the manufac-
turing process is requisite in the pur-
suit of performance, manufacturability
and optimal time to market. As an ex-
ample of such a flow, the Jazz RF Ana-
log Design Enablement has been pre-
sented as a state-of-the-art methodolo-
gy that promotes the design of
first-time-right optimized microwave
modules. Examples of modeling meth-
ods, physical design and loop closure
tools have been showcased as illustra-
tions of design enablement. In addi-
tion to the presented examples, Jazz
Semiconductor offers interconnect
and substrate parasitic extraction, met-
al dummy modeling, analog DFM de-
sign rules and prefabrication yield esti-
mation. The unique design enable-
ment environment fosters the
innovation of highly differentiated mi-
crowave technology.  ■
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GaN technology now offers a solution to this
dilemma.

Solid-state amplifiers are already replacing
traveling-wave-tube amplifiers (TWTA) for a
variety of microwave power applications.
However, the low operating voltages of Si and
GaAs devices lead to a large device periphery,
resulting in high device and circuit complexity
and reducing production yield and reliability.
Wide bandgap technologies like GaN can
achieve a power density five times higher than
that of conventional GaAs-based metal-semi-
conductor field effect transistors (MESFET)
and heterojunction bipolar transistors (HBT).
This will ultimately result in reduced circuit
complexity, improved gain and efficiency and
higher reliability. In particular, radar systems
will benefit from the development of this
technology.
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Many microwave radar transmitters re-
quire active devices that can produce
RF output power in the order of kilo-

watts to even megawatts. Routinely, mi-
crowave traveling-wave tube devices are uti-
lized for this application. However, the cur-
rently used traveling-wave tubes are
inefficient, large, expensive and have suspect
reliability. While semiconductor-based ampli-
fiers in principle can offer a more effective so-
lution, semiconductor transistors have up until
recently been limited in the DC voltage that
can be applied to the device by the inherent
critical breakdown field that the material can
sustain. Since limited DC voltage can be ap-
plied, high-RF power operation requires large
DC and RF current, which in turn requires
large-area devices.1 High-current operation is
inefficient due to series losses and the fact
that large-area devices have inherently high
capacitance and very low impedance, which
limit operating frequency and bandwidth.1

GALLIUM NITRIDE
MICROWAVE TRANSISTOR
TECHNOLOGY FOR RADAR
APPLICATIONS
This article reviews the relative merits of silicon (Si), gallium arsenide (GaAs),
silicon carbide (SiC) and gallium nitride (GaN) materials and describes how the
attributes of each impact the operation of microwave transistors for the
generation of high-RF output power, on the order of hundreds to thousands of
watts, as necessary for radar systems. It is shown that the superior physical
attributes of GaN lead to microwave transistors that are extremely well suited for
high power applications. The superior properties of GaN combined with modern
high-efficiency biasing techniques make GaN technology a prime candidate for
use in transmitters for radar systems.
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GaN IS THE FUTURE
The development of wide bandgap

semiconductor materials, such as
GaN and GaN-based alloys, offers
the ability to fabricate RF active de-
vices, specifically AlGaN/GaN power
high electron mobility transistors
(HEMT), with significantly improved
output power performance.1 The im-
proved RF output power is made
possible due to the much improved
material properties: high electric
breakdown field, high saturated elec-
tron drift velocity, and when epitaxial-
ly grown on semi-insulating SiC sub-
strates, improved thermal conductivi-
ty. The data in Table 12 allows a
comparison of the most important
performance metrics of Si, GaAs, SiC
and GaN. The larger thermal con-
ductivity of SiC and GaN enables
lower temperature rise due to self-
heating. The five to six times higher
breakdown field of SiC and GaN is
what gives those materials the advan-

tage over Si and
GaAs for RF power
devices.2 SiC is a
wide bandgap mate-
rial (3.26eV), but
suffers from poor
electron transport
properties, which
hinders its use in
very-high-frequency
amplifiers. SiC has
also been limited by
expensive, small
and low-quality sub-
strate wafers.

Even though the mobility of the
carriers is significantly better for
GaAs devices, the higher peak and
saturation velocity for GaN HEMTs
compensates for its relatively lower
mobility, enabling high-frequency
performance. These advantages for
GaN, with the high linearity and low
noise of the HEMT architecture,
open the application of these devices
for high-power radar amplifiers.

An additional advantage of GaN
HEMTs stems from the large con-
duction band energy offset between
the GaN channel and the AlGaN bar-
rier layer. This allows a significant in-
crease in the channel carrier density
in GaN-based HEMTs with respect
to other materials (up to 1013cm–2

and above). This, along with higher
voltage handling, increases power
density. Power density is a very im-
portant metric for high-power de-
vices because a higher power density
yields a smaller die size and more

easily realized input
and output match-
es. The rapid
progress in saturat-
ed CW RF power
densities versus
time for GaN FETs
at X-band is shown
in Figure 1.

The high operat-
ing voltages and
high power densi-
ties that are possible
with the wide-
bandgap RF devices
offer a number of
advantages for pow-
er amplifier design,
manufacture and
assembly in com-
parison to Si LD-
MOS and GaAs

MESFET technologies. GaN HEMT
technology offers high power per unit
channel width that translates into
smaller, less expensive devices for the
same output power, which are not
only easier to fabricate but also in-
crease the impedance of the devices.
This enables lower complexity and
lower cost impedance matching in
amplifiers. The high voltage opera-
tion possible with GaN helps in elimi-
nating the need for voltage convert-
ers, further reducing system cost.

THE PATH IS CLEAR
The present day state-of-the-art

output power vs. frequency for mi-
crowave solid-state devices and mi-
crowave tubes is shown in Figure 2.1
Historically, tube amplifiers, such as
grid-controlled tubes, magnetrons,
klystrons, TWTs and crossed field
amplifiers (CFA), have been used as
power amplifiers for radar transmit-
ters. These amplifiers generate high
power, but usually operate with a low
duty cycle. The klystron amplifier of-
fers higher power than the mag-
netron at microwave frequencies, and
also allows the use of more complex
waveforms. The TWT is similar to the
klystron, but with wider bandwidth.
CFAs are characterized by wide
bandwidth, modest gain and com-
pactness. Solid-state power amplifiers
(SSPA) support long pulses and high-
duty-cycle waveforms. Individual
SSPA elements can be combined to
produce sufficient amplification, de-
spite the fact that individual SSPA el-
ements have low power amplification.
Silicon bipolar transistors, gallium ar-
senide MESFETs and GaAs
PHEMTs are some of the solid-state
elements used in SSPAs. GaN
HEMTs, however, can be combined
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TABLE I
Si, GaAs, SiC AND GaN MATERIAL PROPERTIES

Properties Si GaAs 4H-SiC GaN

Bandgap (eV) 1.11 1.43 3.26 3.42

Relative dielectric constant 11.8 12.8 9.7 9.0

Breakdown field (V/cm) 2.5e5 3.5e5 35e5 35e5

Saturated velocity (cm/sec) 1.0e7 1.0e7 2.0e7 1.5e7

Electron mobility (cm2/V-sec) 1350 6000 800 1000

Hole mobility (cm2/V-sec) 450 330 120 300

Thermal conductivity (W/cm-K) 1.5 0.46 4.9 1.7
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▲ Fig. 1  Power density for GaN FETs at X-band as a function of
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to create a SSPA with a significant
improvement in mean output power,
resulting in an improvement of the
radar detection range.

As shown, solid-state transistors
produce RF power levels less than
about 100 watts at S-band frequen-
cies and below, and their output con-
tinuously decreases with increasing
frequency.1 The RF output power ca-
pability of GaAs FETs approaches 50
watts at S-band and at Ka-band is

limited to approximately one watt.1
The GaAs FETs are limited in RF
output power capability primarily due
to the low drain bias breakdown volt-
age.1 Semiconductor devices fabricat-
ed from wide-bandgap material, such
as GaN, offer significantly improved
RF performance.

Over time, various figures of merit
(FOM) for evaluating semiconduc-
tors for high power and high frequen-
cy potential have emerged. These

FOMs for high performance RF
semiconductors attempt to combine
the most relevant material properties
into a number that provides an esti-
mation of the comparative strengths
of the associated materials. The John-
son FOM (JFOM = ECR vsat/π) takes
into account the breakdown electric
field ECR and the saturated electron
velocity vsat and corresponds approxi-
mately to the product of device cut-
off frequency ft times the corre-
sponding breakdown voltage. As can
be observed from Figure 3,3 the
Johnson FOM for GaN is larger by at
least ×15 than that for GaAs.

Aethercomm believes that if the
trends in GaN advancement are
maintained at their current rate, the
predicted performance of GaN
HEMTs in the year 2010 will be as
depicted in Figure 4. As shown, GaN
will soon overtake all of its competi-
tors in every category.

EFFICIENCY IS THE KEY
Modern radar systems for military

applications place new requirements
on RF power amplifiers due to the
desire to reduce system size, weight
and cost. A major shift in amplifier
specifications focuses more on ampli-
fier efficiency to reduce DC power
requirements and improve system re-
liability through lower component
power dissipation. Furthermore,
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wide-bandgap, broadband, high-
efficiency microwave devices will en-
able enhanced system capability.

The low parasitic capacitance and
high breakdown voltage of GaN
HEMTs makes them ideal for realizing
the class-E and class-F high efficiency
amplifier modes. Both modes have the-
oretical efficiencies of 100 percent. Re-
cently, several GaN transistor vendors
have implemented class-E amplifiers in
hybrid form. Typical results are ten

watts output power at L-band with effi-
ciencies from 80 to 90 percent.

Aethercomm recently delivered a
class-F high efficiency amplifier mod-
ule operating at L-band to a major de-
fense contractor. The desired output
power was to exceed 50 W with an effi-
ciency of 60 percent for the entire am-
plifier. Due to the tight delivery sched-
ule, it was necessary to use off-the-shelf
packaged transistors rather than devel-
oping a custom hybrid solution.

The power amplifier final stage
was implemented using a balanced
pair of packaged GaN HEMTs oper-
ating in class-F. Matching networks
supplying the harmonic terminations
necessary for class-F operation were
designed by starting with an idealized
model of the transistor. The parasitic
capacitance and inductance of the
transistor package was then added
and the matching networks were
modified appropriately to maintain
the required harmonic terminations
at the transistor die. The amplifier
was then simulated using a nonlinear
model of the transistor and the
matching networks were modified to
optimize efficiency and power.

A single-ended prototype of the
class-F output stage was constructed.
Drain efficiency of 75 percent, output
power of 40 W and gain of 16 dB were
obtained with only minor bench tun-
ing. The results tracked the simulation
closely. Low power GaN devices suit-
able for the driver stage were not avail-
able. The three-stage driver was de-
signed using GaAs MESFETs, which
were operated in class-A. Initially, it
was believed that the driver stages
would have to be operated in a high ef-
ficiency mode in order to achieve the
required PAE; however, analysis indi-
cated that with proper sizing of the
transistors, class-A operation was per-
missible. The driver had 40 dB gain
and 10 W power consumption.

The final configuration of the
power amplifier exhibited a peak
PAE of 63 percent at an output pow-
er of 75 W. At P2dB, the amplifier
had an output power of 65 W and 61
percent PAE. Table 2 gives the char-
acteristics of the power amplifier un-
der different drive levels. Since the
class-F final stage is biased at thresh-
old, with no quiescent current, the
amplifier has gain expansion at low
drive levels. The amplifier gain peaks
then compresses as the maximum
output power is approached. Table 2
demonstrates the efficiency of this
design.

Aethercomm has also tested a 200
W GaN HEMT device on SiC sub-
strate designed to maximize power-
added efficiency while maintaining a
high output power for an operating fre-
quency of 1215 to 1390 MHz and has
observed efficiencies greater than 56
percent while maintaining output pow-
er levels in excess of 205 W at P3dB.
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Many SSPAs intended for radar ap-
plications are designed with semicon-
ductor RF devices configured for class-
C operation. This form of bias yields
very efficient operation for a single
transistor stage; however, the class-C
transistor has such low gain, typically 6
dB, that the efficiency advantage is lost
due to the fact that many additional
stages of gain are required to achieve
the desired output power.

CONCLUSION
Future radar systems such as the ac-

tive phased-array radar (APAR) will re-
quire increasingly smaller, more highly
efficient SSPAs. The desire for ex-
tremely fast scanning rates, much high-
er range, the ability to track and engage
a tremendous number of targets, low
probability of intercept, and the ability
to function as a radio/jammer will re-
quire an innovative and cost-effective
transistor technology. Recent develop-
ments in the GaN HEMT have made it
possible to realize highly efficient am-
plifiers at microwave frequencies. GaN
HEMT devices provide a very high ra-
tio of peak current to output capaci-
tance, as well as an extremely high
breakdown voltage and power density
capability. This unique combination of
characteristics allows designers free-
dom to achieve higher overall amplifier
performance compared to competing
devices.  ■
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TABLE II
L-BAND CLASS-F HIGH-EFFICIENCY AMPLIFIER

RF Output RF Output
Power (dBm) Gain (dB) DC Power (W) PAE (%) Power (dBm) Gain (dB) DC Power (W) PAE (%)

38.3 53.3 34.7 19.5 47.8 52.8 103.9 58.0

40.7 53.7 44.3 26.5 48.2 52.2 110.1 60.0

42.9 53.9 56.6 34.5 48.5 51.5 114.6 61.8

44.9 53.9 71.6 43.2 48.7 50.7 117.8 62.9

46.6 53.6 88.5 51.7 48.8 49.8 120.0 63.2
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• Accidental rolling of the helicopter in the
air or on the ground due to the unevenness of
the landing surface
• Non-identification of approaching/moving
objects

CURRENT MEASURES
No optimal technical solution for brown-

out/white-out conditions is available today, but
those involved in the avionics industries
worldwide are working to develop an aid to
overcome this problem. With no technological
solution currently available, however, the only
current measure to reduce the risk is pilot
training, which is limited in its effectiveness.
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YAN CHRISTIAN VENOT AND
PETER KIELHORN
EADS Defence & Security
Ulm, Germany

During take off and landing flight
phases, helicopters can encounter se-
rious brown-out or white-out prob-

lems in dusty, sandy or snowy areas as the
downwash of the rotor blades creates dust
clouds that can completely engulf the heli-
copter. This is graphically illustrated in Figure
1. During landing in particular, the loss of vi-
sual references means that wires, poles and
other obstacles represent a potential hazard
for helicopters.

The substantial risk of flying in such
brown-out/white-out conditions can result in
the loss of orientation and positional aware-
ness, which can lead to the following conse-
quences:
• A hard landing, possibly exceeding the lim-
its of the landing gear
• A collision with obstacles during in-cloud
drifting or go-around 
• A so-called vertigo situation (spatial disori-
entation) 

A DUAL-MODE SENSOR
SOLUTION FOR SAFE
HELICOPTER LANDING
AND FLIGHT ASSISTANCE
Helicopters are in danger of suffering damage, collision or crashes when taking
off and landing in brown-out/white-out conditions. This article provides an
overview of how new developments in radar and laser technology and
particularly sensor fusion can enhance the safety of helicopter missions
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POSSIBLE TECHNOLOGIES
Work is currently being carried

out to develop technology that can
solve the problem. The optimal solu-
tion will be sensor technology that
can provide a “see-through” visibility
that has the capability to detect all
kinds of obstacles, from large objects
down to dangerous thin wires. As it is
mostly military helicopters that are
affected by brown-out/white-out con-
ditions, however, it is essential that
any solution does not increase the he-
licopter’s probability of detection/
identification.

Recent technology evaluations have
led to the perception that the opti-
mum solution requires the combina-
tion of several (at least two) sensor
technologies. This article will outline
the use of several sensor technolo-
gies—radar and laser radar (ladar)—as
well as database-driven capabilities,
namely 2.5D/3D map and ground col-
lision avoidance systems, whose com-
plementary combination will provide
the necessary solution.

THE SENSORS
Starting with radar, the maximum

performance of a radar sensor system
is achieved by combining the hard-
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▲ Fig. 1  Dust clouds completely engulfing a landing helicopter.
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ware modules with powerful radar al-
gorithms, and resolution in azimuth is
enhanced by applying synthetic-aper-
ture radar (SAR) and inverse-SAR
(ISAR) techniques. Also, range-
Doppler processing facilitates the dis-
crimination between moving and sta-
tionary targets, which is a basic fea-
ture needed in safety applications.

Secondly, ladar is analogous to mil-
limeter-wave radar in its imaging ca-
pabilities, but uses laser beams to
scan an area. Reflected laser light is
processed to create a virtual picture
of the area. Using pulsed-laser tech-
nology, ladars perform 3D scanning
of the environment in front of the he-
licopter. The resultant geo-refer-

enced 3D data is
analyzed by sophis-
ticated algorithms
to identify heli-
copter endangering
obstacles and ter-
rain and provide re-
liable warnings.

THE SOLUTION
By fusing the

sensors described,
the ultimate aim is
to extend the heli-
copter’s operational
envelope to 24
hours a day, seven
days a week, in
whatever the weath-
er can throw at it.

This basically means flying in zero
visibility to the naked eye, close to
zero light conditions and in all weath-
er conditions.

To achieve such a 24/7, all-weather
situational awareness suite requires
three integral steps. In Step 1, the
landing aid combines a ladar 3D see
and remember capability, which pro-
vides a high-resolution visualization
of the landing zone, with a millime-
ter-wave radar system that detects ap-
proaching/moving objects in a 360°
area around the helicopter (also
known as the electronic bumper ca-
pability).

This solution provides obstacle
collision/terrain approximation warn-
ing during helicopter flight and a vi-
sual landing aid/symbology with mov-
ing/approaching object indication for
landing in a degraded visual environ-
ment.

The ladar’s 3D see and remember
visualization is based on the raw data
gathered during the landing ap-
proach. As long as the landing area is
unobscured on approach, the raw
ladar data will be used for area visual-
ization with active obstacle/terrain
collision warning, which is also stored
in the unit’s memory. When the pilot’s
view of the landing area starts to be-
come obscured due to brown-out or
white-out conditions, the pilot can
command the memory freeze and re-
member function of the ladar with
the electronic bumper function of the
millimeter-wave radar.

The resulting degraded visualiza-
tion is composed of the 3D landing
area display correlated to the position
and movement of the helicopter, the
hover symbology in a so-called “fol-
lowers view,” representing current
height, drift, drift speed and the arti-
ficial horizon, as well as the warning
display of the 360° electronic
bumper.

The main features of this method
are detection, localization and colli-
sion avoidance of stationary objects in
the dedicated landing area, moving
object identification (MOI) to ensure
that no additional objects enter the
landing area and analysis of the land-
ing spot (for example, inclination and
vegetation). By correlating radar data
from various channels, a very precise
drift measurement is available for
dedicated operations and the elec-
tronic bumper avoids collisions with
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FORWARD-
LOOKING LADAR

FORWARD-LOOKING
mmWAVE RADAR

360° SHORT-RANGE ELECTRONIC
BUMPER mmWAVE RADAR

LONG-
WAVE IR/TV

▲ Fig. 2  The sensor coverage around a helicopter.
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other helicopters during the landing
operation.

Step 1 provides a solution for ob-
stacle collision and approximating
terrain protected flight in expected
weather conditions together with an
aid for safe landing in a degraded vi-
sual environment.

Step 2 extends the flight protec-
tion capability to a degraded visual
environment. This can be realized by
adding forward-looking millimeter-
wave-based vision radar to the system
and by improving the ladar with re-
gards to multi-pulse processing and
timing control. The resulting sensor
data is combined in such a way that
both data sets are digitally com-
bined/fused and the resulting infor-
mation is used to provide improved
visualization as well as optimized ob-
stacle collision and terrain approxi-
mation warning. 

Figure 2 identifies the sensor cov-
erage around the helicopter. Note
that the scale of the forward-looking
sensor range is not identical to the
360° electronic bumper range.

Finally, Step 3 brings to fruition a
comprehensive 24/7 situation aware-
ness suite for helicopters. This step
adds a digital map system with flight/
situation planning and Jeppesen sup-
port. The digital terrain elevation
data (DTED) database for the map
system is enhanced dynamically in-
flight and/or during flight planning
with current or recorded ladar 3D
digital world data. The ladar system
can generate and deliver, in real-time,
high-resolution 3D digital world data
in the standard DTED format with a
resolution of level four or better. This
data can be used on-board for the im-
provement of the map system or can
be recorded for future flight/mission
planning.

FURTHER DEVELOPMENTS
Studies are currently being con-

ducted to characterize radar RF para-
meters of dust clouds in landing ar-
eas. The results will strongly influ-
ence the design of the optimum
sensor system (for example, choice of
frequency). Also under consideration

are evaluations of ladar behavior in
dust clouds with a view to improved
capabilities in terms of receiver man-
agement, multi-pulse application and
laser pulse timing.  ■

Yan Christian Venot
has his PhD degree in
radar engineering and
hyper frequencies, and
is currently product
manager for radar
seekers and mm-wave
sensor applications at
EADS Defence &
Security. He has
experience in the
managing of projects in

the civil and military fields. His technical
background is hardware design and
realization, high frequency field simulation as
well as system engineering in radar sensors and
radar seeker applications.

Peter Kielhorn has
his engineering
diploma in information
technology. He is
currently project and
product manager for
military
obstacle/terrain
avoidance system
(HELLAS-Awareness)
and is responsible for
future ladar

applications at EADS Defence & Security. He
joined the company in 1984 (at that time it was
Dornier GmbH) and has experience in
managing projects in military reconnaissance
applications and the ladar equipment field. His
technical background is systems/embedded
software design and realization as well as
system engineering for airborne reconnaissance
applications.
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The International Microwave Symposium is the head-
line conference of the IEEE Microwave Theory and
Techniques Society (MTT-S). This will be the largest
technical Conference to be held in Atlanta in the next
two years and will feature a large trade show as well as
a wide variety of technical papers and workshops. The
IEEE MTT-S International Microwave Symposium 2008
(IMS2008) will be held in Atlanta, GA, Sunday, June 15
through Friday, June 20, 2008, as the premiere event of
Microwave Week 2008.

Microwave Week 2008: The IMS 2008 techni-
cal sessions will run from Tuesday through Thursday of
Microwave Week. Workshops will be held on Sunday,
Monday and Friday. In addition to IMS2008, a mi-
crowave exhibition, a historical exhibit and the RFIC
Symposium (www.rfic2008.org) will also be held in At-
lanta during Microwave Week 2008.

INTERNATIONAL MICROWAVE SYMPOSIUM
June 15–20,  2008

 MICROWAVES  ON  MY  MIND
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TECHNICAL FEATURE

personal communication systems has led to a
constant search for methods to reduce cellular
phone dimensions. However, the wavelength
does not decrease at the same rate as the size
of the mobile phone, due to the higher fre-
quency band used. Even a quarter-wavelength

126 MICROWAVE JOURNAL ■ JANUARY 2008

YONG-WOONG JANG
Keukdong College
Chungbuk, Korea
SANG-WOO LEE
Mokpo National Maritime University
Jeonnam, Korea

Along with monopole, patch and slot an-
tennas, the inverted-F antenna (IFA)
has become of primary importance for

portable and handheld wireless communica-
tion units. It is known as a high-efficiency,
quasi-omni-directional antenna, with a height
of approximately 0.05 to 0.1λ, which is 2.5 to 5
times shorter than a quarter-wave mono-
pole.1–4 The wire or planar inverted-F anten-
na (PIFA) is a low-profile modification of the
quarter-wave monopole, and thus belongs to
the group of unbalanced antennas. The de-
mand for smaller communication devices for

A MULTI-BAND INSERTED
YAGI-TYPE ARRAYED-SLOTS
PIFA ANTENNA USING A
LARGE OFFSET RECTANGULAR
L-SHAPED FEED

By inserting Yagi-type arrayed-slots on a metallic plate placed on a foam base with a large offset 
U-L-shaped feed, a low-cost, surface-mount, planar inverted-F antenna (PIFA), suitable for cellular, PCS,
IMT-2000 multi-band operations, is realized. The antenna has a 37 × 25 × 7.5 mm compact size. The
proposed antenna can easily be constructed at low cost, and has a low antenna height above the ground
plane of the system circuit board. In this case, a large offset U-L-shaped feed line leads to good impedance
matching over a wide frequency band. Inserted Yagi-type arrayed-slots on the patch element act as 
multi-band resonant elements of the antenna. This article presents experimental results of a constructed
prototype, covering the usable bandwidths of the cellular (0.824 to 0.96 GHz), GSM (0.86 to 0.88 GHz),
DCS (1.71 to 1.88 GHz), PCS (1.85 to 1.99 GHz) and IMT-2000 (1.90 to 2.20 GHz) operations.
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antenna, such as the PIFA, tends to
become large for a cellular phone. In
this article, a novel PIFA structure,
with inserted Yagi-type arrayed-slots
and using a large offset rectangular
L-shaped feed line is described,
which has similar radiation pattern
properties, but with the advantage of
being multi-band compared to a con-
ventional PIFA.2,4–6 The proposed
antenna has a lower profile and a
smaller size than a conventional
PIFA.1–6 This article also describes

the simulated and
measured results
for multi-band per-
formance and ex-
perimental gain and the radiation
patterns.

ANTENNA STRUCTURE AND
DESIGN PARAMETERS

The structure of the proposed an-
tenna is shown in Figure 1. It con-
sists of a metallic plate on a foam sub-
strate, with a Yagi-type array of etched

slots and a large offset U-L-shaped
feed line. A rectangular L-shaped mi-
crostrip feed line is proposed to
match the input impedance of the an-
tenna. A large offset U-L-shaped feed
line is used to extend the bandwidth
proportionally to the slot width. The
feeding structure of the proposed an-
tenna leads to an impedance match-
ing over a wide frequency band and is
better than the conventional feed line
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▲ Fig. 1  Structure and dimensions of the proposed antenna.
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▲ Fig. 2  Comparison between simulated and measured return loss
of the proposed antenna.
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▲ Fig. 3  Measured radiation patterns in
the x-y plane at the lower band.
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▲ Fig. 4  Measured radiation patterns in
the y-z plane at the lower band.
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structures. The proposed antenna can
easily be constructed at low cost and
has a low antenna height above the
ground plane of the system circuit
board. The inserted Yagi-type etched-
slot array on the patch element acts as
multi-band resonant elements of the
antenna. The width of each slot was
etched to a different size, but the
length of the slots was kept the same.
Ls1 is the length of the slots, Ws1 is
the width of the first slot, Ws2 is the
width of the second slot, Ws3 is the
width of the third slot, Ws4 is the
width of the fourth slot, Wg1 is the
gap between the first and second
slots, Wg2 is the gap between the sec-
ond and third slots, Wg3 is the gap be-
tween the third and fourth slots, Wf is
the width of the feed line, Wf1 and hf1
are the width and height of the etched
internal part of the U-shaped feed
line, and Wf2 and hf2 are the width
and height of the right part of the U-
shaped feed line. The optimized an-
tenna dimensions are: Ws1 = Ws2 = 1
mm, Ws3 = 3 mm, Ws4 = 5 mm, Lg1 =
8 mm, Ls4 = 20 mm, Ws4 = 5 mm,
Wg1 = 8 mm, Wg2 = 9 mm, Wg3 = 8

mm, Wf = 3.0 mm, Wf1 = 1.1 mm, Wf2
= 2 mm, hf1 = 4.5 mm, hf2= 6 mm,
offset = 13 mm. The antenna charac-
teristics are sensitive to the design pa-
rameters (Ls1, Ws3, Ws4, Ls4, Wf, Wf1,
Wf2, hf1, hf2) and depend highly on
the offset.

SIMULATION AND
EXPERIMENTAL RESULTS

The proposed antenna was de-
signed using the commercial program
CST Microwave Studio.7 The antenna
was fabricated using a Cu-board and
foam layer (h = 1.0 mm) with overall
dimensions of 37 × 25 × 7.5 mm. The
antenna measurements were made
with an HP8510B network analyzer.
Figure 2 shows a comparison of the
simulated and measured return loss of
the proposed antenna. The experi-
mental impedance bandwidth is ap-
proximately 825 to 998 MHz (20 per-
cent at the 865 MHz center frequen-
cy) and 1703 to 2112 MHz (21.5
percent at the 1900 MHz center fre-
quency) for an S11 less than –10 dB,
and covers the cellular, PCS, IMT-
2000 and WLL bands. After calibra-

tion using a horn antenna, the radia-
tion patterns in the far field were mea-
sured. The measured radiation pat-
terns in the x-y plane for the proposed
antenna at 825, 911 and 998 MHz are
shown in Figure 3. The measured ra-
diation patterns in the y-z plane for
the proposed antenna at the lower
band are shown in Figure 4. The
measured radiation patterns in the x-z
plane for the proposed antenna at the
lower band are shown in Figure 5. In
the higher band, the measured radia-
tion patterns in the x-y, y-z and x-z
planes for the proposed antenna are
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▲ Fig. 5  Measured radiation patterns in
the x-z plane at the lower band.
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▲ Fig. 7  Measured radiation patterns in
the y-z plane at the higher band.
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▲ Fig. 6  Measured radiation patterns in
the x-y plane at the higher band.
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also shown in Figures 6, 7 and 8, re-
spectively. The radiation patterns at
these operating bands are similar to
those of a simple microstrip patch an-
tenna. The radiation characteristics of
the proposed antenna are seen to have
asymmetric characteristics. This is due
to the basic characteristics of a planar
structure. However, no prominent dif-
ference between the radiation pat-
terns at these operating bands are
seen. This suggests that the radiations
are stable in the operating band for
PCS, IMT-2000 and WLL operations.
Figure 9 shows the measured antenna
gain for operating frequencies across
the lower band (cellular and GSM).
Figure 10 shows the measured anten-
na gain for operating frequencies
across the higher band (PCS, IMT-
2000 and WLL). The peak antenna
gain is approximately 3.6 and 2.6 dBi
for the lower (cellular, GSM) and the

higher (DCS, PCS, IMT-2000, WLL)
operations, respectively.

CONCLUSION
In this article, a novel PIFA antenna

structure is described, consisting of an
inserted Yagi-type array of slots and us-
ing a large offset U-shaped feed for
cellular, PCS and IMT-2000 opera-
tions. The proposed antenna can easily
be constructed at low cost, and has a
low antenna height above the ground
plane of the system circuit board. In
this case, a large offset U-shaped feed
leads to good impedance matching
over a wide frequency band. The in-
serted Yagi-type slot-array on the patch
element acts as a multi-band resonant
element at the usable frequencies. The
experimental impedance bandwidths
are approximately 825 to 998 MHz (20
percent bandwidth) and 1703 to 2112
MHz (21.5 percent bandwidth) for an
S11 less than –10 dB, covering the cel-

lular, PCS and IMT-2000 operations
for mobile communications. Good ra-
diation characteristics have also been
observed.  ■
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▲ Fig. 8  Measured radiation patterns in
the x-z plane at the higher band.
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RF/LO Conversion LO-to-RF

Model Frequency Loss Image Rejection Isolation

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

IMAGE REJECTION MIXERS

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

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

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

I/Q DEMODULATORS

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

RF Conversion Carrier Carrier Suppression

Model Frequency Loss Suppression Carrier - Fundamental IF

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

IF DRIVEN MODULATORS

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

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

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

For full data sheets on
the products shown,

please visit
www.miteq.com/adinfo

For Carrier Driven
Modulators, please

contact MITEQ.

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

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

The radiated power and input voltage are
related by the input conductance G, according
to the formula

The voltage, in general, is a complex quantity
with nonzero amplitude and phase

Using Equation 2, Equation 1 becomes

The first derivative of P is

The second derivative is

∂
∂

=
2

2
2 5

P

A
G ( )

∂
∂

=P
A

AG2 4( )

P GA= 2 3( )

V Aej= α ( )2

P G V= 2
1( )
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Some methods of antenna modeling and
measurement lead directly to radiation pat-
terns and total radiated power without the

intermediate, and often tedious or impractical,
step of calculating self and mutual impedances.1
Still, it is often desirable and necessary to know
the input impedance for each element in the ar-
ray. This article describes novel formulas for de-
termining the input conductance or resistance
without knowing a priori any self and mutual im-
pedances. By determining the conductance, the

susceptance is also determined
because they are Hilbert trans-
form pairs. Similarly, resistance
and reactance are also Hilbert
transform pairs.

FORMULA FOR SINGLE
ANTENNA

To begin with the simplest
case, a single antenna as shown
in Figure 1, for which the in-
put voltage V and the total radi-
ated power P is considered.

POWERFUL NEW FORMULAS
FOR INPUT IMPEDANCE OF
ANTENNAS AND ARRAYS

 + 
V_

 ANTENNA

▼ Fig. 1  A single antenna.
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Antenna Frequency Power Level Connector MinimumGain (dBi) 
Model Range (GHz) CW & Pulse Type 10 12 15 20 -XX 

Standard Gain Horn 
SH975 .75-1.12 300KW WR 975 N/A N/A N/A N/A -14 
SH650 1.12-1.70 240KW WR 650 -10 N/A -15 -20 N/A 
SH430 1.70-2.60 95KW WR 430 -10 N/A -15 -20 N/A 
SH340 2.20-3.30 58KW WR 340 -10 N/A -15 -20 N/A 
SH284 2.60-3.95 36KW WR 284 -10 N/A -15 -20 N/A 
SH229 3.30-4.90 24KW WR 229 -10 N/A -15 -20 N/A 
SH187 3.95-5.85 14KW WR 187 -10 N/A -15 -20 N/A 
SH159 4.09-7.05 12KW WR 159 -10 N/A -15 -20 N/A 
SH137 5.85-8.20 8KW WR 137 -10 N/A -15 -20 N/A 
SH112 7.05-10.0 4.8KW WR 112 -10 N/A -15 -20 N/A 
SH102 7.00-11.0 4KW WR 102 -10 N/A -15 -20 N/A 
SH90 8.20-12.4 2.4KW WR 90 -10 N/A -15 -20 N/A 
SH75 10.0-15.0 2.2KW WR 75 -10 N/A -15 -20 N/A 
SH62 12.4-18.0 1.4KW WR 62 -10 N/A -15 -20 N/A 
SH51 15.0-22.0 1.2KW WR 51 -10 N/A -15 -20 N/A 
SH42 18.0-26.5 .6KW WR 42 -10 N/A -15 -20 N/A 
SH28 26.5-40.0 .4KW WR 28 -10 N/A -15 -20 N/A 

500 Watt-Broadband Gain Horn 
AH102-500 .2-1.0 500 Watts N Female 4-10 N/A N/A N/A N/A 
AH251-500 1.0-2.5 500 Watts N Female -10 -12 -15 -20 -XX 
AH42-500 2.0-4.0 500 Watts N Female -10 -12 -15 -20 -XX 
AH84-500 4.0-8.0 500 Watts N Female -10 -12 -15 -20 -XX 
AH82-500 2.0-8.0 500 Watts N Female -10 -12 -15 -20 -XX 

AH7525-500 2.5-7.5 500 Watts N Female -10 -12 -15 -20 -XX 
AH188-500 7.5-18.0 500 Watts WRD750 -10 -12 -15 -20 -XX 
AH4018-200 18.0-40.0 200 Watts WRD180 -10 -12 -15 -20 -XX 

Kilowatt-Broadband Gain Horn 
AH102-1KW .2-1.0 1000 Watts 7/16 Female 4-10 N/A N/A N/A N/A 
AH251-1KW 1.0-2.5 1000 Watts 7/16 Female -10 -12 -15 N/A -XX 
AH42-1KW 2.0-4.0 1000 Watts 7/16 Female -10 -12 -15 -20 -XX 
AH84-1KW 4.0-8.0 1000 Watts 7/16 Female -10 -12 -15 -20 -XX 
AH82-1KW 2.0-8.0 1000 Watts 7/16 Female -10 -12 -15 -20 -XX 

AH7525-1KW 2.5-7.5 1000 Watts 7/16 Female -10 -12 -15 -20 -XX 
AH188-1KW 7.5-18.0 1000 Watts WRD750 -10 -12 -15 -20 -XX 

E- Field Generators 
EFG-3 10KHz-220MHz 1000 Watts N Female N/A N/A N/A N/A N/A 

EFG-3B 10KHz-220MHz 2000 Watts SC Female N/A N/A N/A N/A N/A 
EFG-3C 10KHz-100MHz 3500 Watts 7/16 Female N/A N/A N/A N/A N/A 

903 South Second Street • Ronkonkoma, NY 11779 
Tel: 631-467-8400 • Fax: 631-467-8558 • E mail: sales@ifi.com • www.ifi.com 
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Solving Equation 5 for the input con-
ductance yields

Next, Equation 6 is generalized for
an antenna array with any number of
elements.

FORMULA FOR ANTENNA ARRAY
Figure 2 shows an antenna array

with N elements. The total radiated
power P and the input voltages Vn are
related to the input conductances Gn
according to the formula

The voltages are complex, with non-
zero amplitude and phase

Using Equation 8, Equation 7 be-
comes

According to Equation 9, the first de-
rivative of P with respect to the volt-
age amplitude at the input of the mth
element is

∂
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On the right side of Equation 10, the
first term is simply the mutual con-
ductance between the mth and nth
elements

The voltage amplitudes are deter-
mined independently by the sources,
so that

Using Equations 11 and 12, Equation
10 becomes

Using Equation 13, the second deriv-
ative of P with respect to Am is

The mutual conductance Gnm de-
pends only on the geometry of the ar-
ray and the wavelength. It is indepen-
dent of voltage, that is
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Using Equations 12 and 15, Equation
14 simplifies to

Solving Equation 16 for the input
conductance of the mth antenna ele-
ment yields

Equation 17 is not only rigorous, it is
also intuitively appealing. It proposes
that if the amplitude Am of the mth
voltage source is perturbed, then the
more the total radiated power P is af-
fected, the greater the input conduc-
tance Gm must be.

In numerical modeling or experi-
mental work, the second derivative
on the right side of Equation 17 may
be approximated by finite differences
so that

On the right side of Equation 18, P0,
P1 and P2 are distinct and separate
total radiated powers corresponding
to different values of Am. With a little
algebra, Equation 18 simplifies to

FORMULA FOR ANTENNA ARRAY
WITH CURRENT SOURCES

Similar formulas for the input resis-
tance may be derived if the excitations
are current sources instead of voltage
sources, as shown in Figure 3.

The total radiated power P is relat-
ed to the current sources In by the in-
put resistance Rn

The currents are complex, with non-
zero amplitude and phase

Following steps analogous to those in
the previous section, the input resis-
tance to the mth antenna in the array is

I B en n
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TECHNICAL NOTE

+ VN
_

 _
 V1

+

 ANTENNA
ARRAY

▲ Fig. 2  A antenna array with N elements.

 IN

 I1

 ANTENNA
ARRAY

▲ Fig. 3  A antenna array with current
sources.
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Spinnaker Microwave offers a complete line
of frequency synthesizers including everything from
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Your compact high-performance
synthesizer solution

Your compact high-performance
synthesizer solution

Equation 22 is intuitively appeal-
ing in the same way as Equation 17.
It tells us that if we perturb the am-
plitude Bm of the mth current source,
then the more the total radiated pow-
er P is affected, the greater is the in-
put resistance Rm.

ANTENNA SUSCEPTANCE AND
REACTANCE

So far, the formulas have explicitly
described only the real part of anten-
na input impedance or admittance,
that is, the resistance or conductance.
Rigorously, however, the imaginary
parts have also been determined.
This is because the real and imagi-
nary parts of impedance, admittance
and of all realizable physical phenom-
ena are not independent. One
uniquely determines the other.2 For
example, susceptance and conduc-
tance determine each other, accord-
ing to the formulas

Equations 23 and 24 are called
Hilbert transform pairs. To make
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practical use of those equations, B or
G must be known over a wide spec-
trum of frequency

Reactance and resistance are similar-
ly related by Hilbert transforms

In principle, Equations 17 and 23
could be used to determine the an-
tenna input susceptance B. Similarly,
Equations 22 and 26 could be used to
determine the antenna input reac-
tance X. As a practical matter, howev-
er, this mathematical formality is usu-
ally not necessary. Antennas can often
be regarded as lengths of waveguide
or transmission line, and this point of
view provides a good approximation
to the input susceptance or reac-
tance. It’s the radiation conductance
and radiation resistance that are the
real (pun intended) challenge.

CONCLUSION
This article has derived general

and powerful new formulas for deter-
mining the input conductance (or re-
sistance) for both single antennas and
elements in an arbitrarily large anten-
na array. The formulas avoid the in-
termediate, and often tedious or im-
practical, steps of determining self
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and mutual admittances or imped-
ances. It is necessary only to know
the total radiated power and the volt-
age sources (or current sources).

When the conductance is deter-
mined, the susceptance is also deter-
mined. Similarly, when resistance is
determined, reactance is also deter-
mined. This is because they are not
independent quantities. They are
Hilbert transforms of each other, as
are the real and imaginary parts of all
physical phenomena. As a practical
matter, however, it is usually not nec-
essary to use the formality of the
Hilbert transform. For purposes of
finding susceptance or reactance, an-
tennas may often be regarded as
lengths of transmission line or wave-
guide.  ■
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LATEST
ELECTROMAGNETIC
SIMULATION
CONTINUES
TO TRANSFORM
AND DEFINE
MICROWAVE DESIGN

The introduction of three-dimensional
(3D) electromagnetic (EM) Simulation
launched a revolution in microwave de-

sign by allowing engineers to design, analyze
and refine 3D microwave components on
their computers. For the first time, designers
could visualize the electromagnetic fields in
their device, understand the device’s electrical
behavior to an unprecedented degree and
build virtual products that work as predicted
when manufactured. As EM simulation tech-
nology evolves, it continues to transform and
define RF and microwave design.

The trend in RF and microwave design is
towards the accurate prediction of system-lev-
el performance and behavior. Engineers simu-
late larger and more sophisticated design
problems in support of that goal. In antenna
design, for example, phased-array antenna sys-

tem designers are not only simulating the an-
tenna element(s), but also the supporting feed
network and active circuits behind the array.
Other antenna system designers are focusing
on the environment in which the antenna op-
erates—the performance of an antenna be-
neath a radome, for example, or the interac-
tion of a mobile handset with the body of an
automobile. In short, the size and complexity
of problems being addressed by electromag-
netic simulations have grown enormously.

To enable larger, system-level design, devel-
opers of the widely used EM simulator, HFSS,
have focused on product features and new
technology that deliver even greater accuracy,
capacity and performance than before. HFSS

ANSOFT CORP.
Pittsburgh, PA

PRODUCT FEATURE
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Version 11 includes new higher-order
hierarchical basis functions combined

with an iterative solver that provides
accurate fields using fewer mesh ele-

ments. This pro-
vides more efficient
solutions for large
multi-wavelength
structures. A new
fault-tolerant, high-
quality finite-ele-
ment-meshing algo-
rithm allows HFSS
to simulate very
complex models two
to five times faster

using half the memory compared to
previous versions. Continued user in-
terface refinement and data linking
enables co-design of complex elec-
tronic systems. This article discusses
some of the new technology in HFSS
version 11 (see Table 1) and high-
lights examples illustrating the new
level of speed, accuracy and memory
efficiency.

PHASED-ARRAY ANTENNA 
ON AIRCRAFT

The following example demon-
strates technology specific to HFSS
that supports antenna system design.
Figure 1 shows an overview of an an-
tenna system and platform installa-
tion. The system consists of a four-el-
ement Vivaldi antenna array mounted
within the radome of a fixed-wing air-
craft. The array is fed by active trans-
mit/receive circuits that use tradition-
al microstrip circuit technologies and
monolithic microwave integrated cir-
cuit (MMIC) low-noise and power
amplifiers.

For over a decade, microwave cir-
cuits have been designed with distrib-
uted transmission-line techniques.
Advanced electromagnetic simulators
have been used to complement the
analysis by providing more detailed
physical extraction. However, these
traditional approaches have had limi-
tations. Antennas and their operating
environments are often 3D and
therefore do not have circuit models.
New technologies that couple elec-
tromagnetic and circuit simulation
are extending these traditional tech-
niques to complex 3D structures like
the tapered slot (Vivaldi) antenna
shown in Figure 1. In addition, these
technologies support various system-
level analyses—the feed network and
antenna array system or the antenna
and radome system, for example. In
particular, new technologies called
Dynamic Link, Pushed Excitations
and Data Link enable complex anten-
na system simulation.

Dynamic Link is a technology that
provides bi-directional connection be-
tween circuit and electromagnetic
simulators. Fully parameterized elec-
tromagnetic models are linked to cir-
cuits with parameters such as dimen-
sions and material properties passed
to the electromagnetic simulator and
S-parameter results passed back. Mul-
ti-dimensional interpolation between
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PRODUCT FEATURE

TABLE I
HIGHLIGHTS OF HFSS VERSION 11

Feature Comment

Higher-order, hierarchical basis functions accuracy; large volume problems

Iterative solver lower memory required; multiprocessor

Fault-tolerant, high-quality, finite-element- robust meshing of imported CAD;
mesh-generation algorithm faster solution convergence with fewer passes

Enhanced port solver faster; greater accuracy

Floquet ports periodic “space” port for phased arrays
and FSS structures

Genetic algorithm optimization optimization that mimics natural selection

Auto-assign capability for terminals fast set-up for multi-terminal ports

Automatic Distributed Solve of discrete leverage compute farms for faster simulation
and interpolating frequency sweeps of frequency and parametric sweeps

Distributed Solve for parametric sweeps, quickly build design and manufacturing datasensitivity and statistical analysis

Refined user interface and dynamic new plotting with templates, scripting,
link capabilities copy/paste

▲ Fig. 1  Overview of simulation-based design that includes a four-
element Vivaldi array antenna placed behind a radome on an aircraft
platform.1,2

▲ Fig. 2  Cascaded network used for Vivaldi taper optimization.

PLATFORM

ACTIVE CHANNEL ANTENNA
ARRAY
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Frequency (MHz):

solved dimensions in the electromag-
netic models provides the speed of
circuit simulation with the accuracy of
full-wave electromagnetics.

Pushed Excitations is a technology
that closes the loop between circuits
and electromagnetics. Circuit simula-

tion produces the voltages and cur-
rents on all nodes and all branches of
the circuit, respectively. Those volt-
ages and currents can be used as the
excitation to the electromagnetic
model so that engineers can visualize
fields and compute secondary radia-

tion patterns. This can be done with-
out re-solving the finite element
problem because Pushed Excitations
simply scale the HFSS result by ap-
plying the excitations at HFSS ports.

Data Link couples multiple HFSS
simulation projects by linking tangen-
tial fields on the outer surface of one
HFSS project to another. This link-
age between projects allows engi-
neers to efficiently simulate very
large and complex geometries.

OPTIMIZING THE TAPERED 
SLOT PROFILE

Figure 2 illustrates how the Dy-
namic Link and Pushed Excitations
were used to optimize the taper pro-
file of a single Vivaldi antenna ele-
ment. The project starts by using
HFSS’s unique capability to create
frequency dependent circuit models
of arbitrary geometries. By combin-
ing these models with a distributed
parametric sweep of selected vari-
ables and dynamically linking to the
circuit, “tunable” distributed circuit
models can be realized. Once the dy-
namically linked, slot-line compo-
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nents are cascaded in circuit, the sim-
ulation achieves the accuracy of 3D
electromagnetics with the speed of
circuit simulation. Through real-time

tuning of the circuit with subsequent
feedback from HFSS, the optimal ta-
per profile was identified. With the
optimal taper profile, circuit excita-

tions are pushed to the HFSS model
so that the resulting far field patterns,
shown at the bottom of Figure 2, may
be visualized.

TESTING THE ARRAY 
AND FEED NETWORK

Using the optimized Vivaldi ele-
ment, a 1 × 4 linear array is assembled
and extracted in HFSS. To simulate
system performance, the antenna array
is dynamically linked to the active cir-
cuit network. In addition to the base
excitations required for normal inci-
dence, one test employed phase and
amplitude variations to simulate the ef-
fects of manufacturing tolerances.
Pushed excitations were used to visual-
ize and predict the antenna system’s
performance under the various test
conditions. Figure 3 shows the “varia-
tion” test case (red) versus the ideal
normal incidence case (blue) where no
variation in amplitude or phasing was
employed. As shown in the figure, the
result of the manufacturing tolerances
was an increase in side lobe levels.

The final validation of the system
is obtained by installing the antenna
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▲ Fig. 4  Phased-array antenna with feed network on aircraft uses Dynamic Link, Pushed
Excitations and Data Link to couple electromagnetics with circuits.
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Filters with
•  High selectivity  •  Low insertion loss  •  High input power
(up to 60dB@15% from Band-Edge) (as low as 0.25dB)                                       (up to 5kW)

•  Passband flatness  •  High rejection  •  Small size
(as low as 0.1dB)                            (greater than 100dB)                   (as low as 0.25"H)

array and feed network on an un-
manned, fixed wing platform. Here,
all three technologies were used to
simulate the phased array with the
active circuits adjusted to achieve a
22° beam scan. The resulting cur-
rents and voltages were pushed to the
terminals of the antenna to deter-
mine the radiated fields, which in-
cluded the effect of the feed circuitry.
Finally, the Data Link technology is
used to compute the fields of this an-
tenna when placed beneath a radome
on an aircraft, as shown in Figure 4.
As can be seen in the figure, the cal-
culated fields produced inside and

outside the radome are consistent
with a 22° beam scan.

ADVANCED TECHNOLOGY 
IN HFSS

The previous phased array exam-
ple was solved using HFSS Version
11 and leveraged new solver technol-
ogy to allow the large simulations.
Some of these technologies will now
be discussed, including higher-order
hierarchical basis functions, iterative
solver, and the finite-element-mesh-
ing algorithm that allows HFSS to
simulate bigger and more complex
geometries.

HIERARCHICAL BASIS
The finite-element method as im-

plemented in HFSS works by dividing
a 3D problem space into tetrahedral-
shaped elements. The electric field in
each of these tetrahedrons can be in-
terpolated from the values associated
with the edges, faces and volume of the
tetrahedron. HFSS stores the compo-
nents of the field that are tangential to
the six edges and four faces of the tetra-
hedron. In addition, HFSS can store
the vector components of the field
within the volume of the tetrahedron.
The field inside each tetrahedron is in-
terpolated from these values.

(a)

V1 V3

V2

V1

V0V0

V3

V2

V1

V0

V3

V2(b) (c)

▲ Fig. 5  Tetrahedral element used in HFSS represents fields at vertices, edges and faces.
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Various interpolation schemes, or
basis functions, can be used to interpo-

late field values from the nodal values
shown in Figure 5. Zero-order tangen-
tial elements have six unknowns per
tetrahedron. A zero-order basis func-
tion assumes that the tangential com-
ponent of the field is constant along
each edge. First-order tangential ele-
ments have 20 unknowns per tetrahe-
dron. Twelve of these unknowns arise
from assuming that the tangential com-
ponent of the first-order tangential ele-
ment basis function is linear along each
edge. The remaining eight unknowns
are added to ensure completeness of

the polynomial and are normal to the
edges but tangential to the faces. Sec-
ond-order tangential element basis
functions have 45 unknowns including
18 unknowns associated with the edges,
24 unknowns associated with the faces
and three unknowns associated with
the volume.

HFSS by default uses first-order el-
ements as these have proved to be the
most efficient with general problems.
Users of previous versions of HFSS
may be familiar with an option within
the solution setup panels that allowed

Visit http://mwj.hotims.com/16337-130

PRODUCT FEATURE

COPPER WALL(a)

(b)

▲ Fig. 6  Two pyramidal horn antennas in
presence of a conducting wall simulating 
co-site coupling illustrates performance
improvement of iterative solver.
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▲ Fig. 7  Comparison of direct vs. iterative solver shows a 4× reduction in RAM and near
linear memory usage growth vs. number of unknowns.

 1M20 FINAL  12/27/07  12:43 PM  Page 149

http://SpectrumMicrowave.com
http://mwj.hotims.com/16337-130


www.mitsubishichips.com · semis.info@meg.mee.com
MITSUBISHI ELECTRIC EUROPE B.V. (Semiconductor European Business Group)

Gothaer Straße 8 · D-40880 Ratingen · Phone: +49 (0) 2102/486 0 · Fax: +49 (0) 2102/486 4140

WCDMA PA
Mitsubishi Electric is offering a complete set of high

efficiency power amplifiers for UMTS mobile

applications. Mitsubishi's PA's are well recognized

in the cellular market for highest efficiency and

excellent performance. They are available for

several interfaces and many UMTS bands.

UMTS Power Ampl i f ier

Visit us at:

Mobile World Congress 2008

11th - 14th February

Barcelona

 Hall 7, Stand 7C74

them to select “low order” as the solution basis. This feature
was useful especially for signal integrity problems such as
connectors and printed-circuit escape routing where geo-
metric detail in the model forces a dense finite-element
mesh. In these cases, the mesh is denser than required for
accurate field prediction; hence, using a low-order (zero) ele-
ment reduces the total number of unknowns and speeds the
solution while maintaining accuracy. With Version 11, there
is now the additional option of selecting a second-order ele-
ment. Second-order elements are useful for geometries con-
taining large homogeneous regions that can be represented
by large tetrahedrons using higher-order interpolation.

ITERATIVE SOLVER
Working hand-in-hand with the hierarchical basis is a new

iterative solver. The finite-element formulation produces a
matrix equation that must be solved to find the unknown
electric field values within the elements. This matrix is sparse
because of the local interaction between tetrahedrons. The
most memory efficient method for solving a sparse matrix
equation is to use an iterative solver (as compared to the
more traditional direct-matrix solver). The iterative solver
has the advantage of lower memory requirements and faster
solutions as long as the process is conditioned properly.
HFSS Version 11 uses solutions from lower-order elements
to precondition the iterative solver for higher-order ele-
ments. Indeed, it is this unique coupling between the hierar-
chical bases and the matrix solver that makes the iterative
procedure practical, reliable and fast.

The memory savings benefit of the new matrix solver is
made evident by the example demonstrated in Figure 6.
Here, two pyramidal horn antennas in the presence of a
conducting wall simulates co-site coupling. The geometry
is a large 447-cubic-wavelength volume of a homogenous
vacuum medium. The simulation was performed using a
direct solver and again with Version 11 using the iterative
solver. Both solvers converged in three passes; however,
the iterative solver required 3.2 times less RAM and was
6.4 times faster than the direct solver.

A further experiment was performed to examine growth
of the memory requirements as the number of unknowns is
increased. The convergence criterion delta-S was set ex-

Visit http://mwj.hotims.com/16337-99
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▲ Fig. 8  Vivaldi antenna solved 6.7 times faster using 2.7 times less
memory due to advanced meshing in HFSS Version 11.
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tremely small to force the number of
unknowns to grow to the limits of the
memory capacity of the computer. The
graph in Figure 7 shows the memory
usage of the direct and iterative solvers
versus the number of tetrahedrons for
each pass. The graph may be interpret-
ed in two different ways. First, for a
fixed number of tetrahedrons, the itera-
tive solver uses roughly four times less
RAM. In fact, HFSS memory usage is
approaching a theoretical minimum

because memory usage grows linearly,
that is, it doubles with a doubling of the
number of unknowns. Alternatively, a
second interpretation is that HFSS can
solve larger and more complex prob-
lems with a fixed amount of computer
RAM (6 GB, for example).

MESHING ENGINE
Version 11 has a new meshing en-

gine that has significant impact on the
solution process, speed and memory

usage. Many applications require im-
portation of geometries from other
computer aided design (CAD) pro-
grams. The fault-tolerant meshing en-
gine automatically detects and repairs
structural problems with these geome-
tries and optionally allows the user to
remove unnecessary details such as
chamfers, bends and drill holes.

The new engine creates a higher-
quality mesh with well-formed tetra-
hedrons. The higher-quality mesh
combined with further improvements
in mesh refinement has resulted in
faster convergence for most simula-
tions. HFSS Version 11 often con-
verges with fewer adaptive passes and
hence requires less RAM and CPU
time. The example of a Vivaldi anten-
na in Figure 8 illustrates this new
performance. The older version re-
quired 13 adaptive passes, 2.67 GB
RAM and just over 20 minutes to
solve. Version 11 only required nine
passes, 770 MB RAM and only three
minutes to solve. That’s a 6.7 times
faster simulation and 2.7 times lower
memory requirement.

CONCLUSION
The need for engineers to solve

larger and more complex geometries
efficiently is of growing concern.
HFSS Version 11 has new features
and technologies that provide an en-
gineering solution to address this
concern. The combination of a new
hierarchical basis, iterative solver and
advanced meshing engine push the
frontier of electromagnetic simula-
tion. Linking circuits and electromag-
netics with features like Dynamic
Link, Pushed Excitations and Data
Link allows engineers to design and
validate entire end-to-end systems
before undertaking prototype 
production.
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A TRUE SYNTHETIC
TEST ENVIRONMENT

Today’s test and measurement suppliers
face ever-increasing pressure to deliver
more cost-effective solutions to users.

They strive for higher production rates while
producing products with greater complexity.
They are therefore being challenged to supply
flexible, scalable and efficient test systems that
solve these problems. Synthetic instruments
that “synthesize” the stimulus or measurement
capabilities found in traditional instruments
through a combination of software algorithms
and hardware modules that are based on core
instrumentation circuit building blocks are a
promising solution.

In order to deliver the promised flexibility
and modularity of synthetic test systems,
Aeroflex has developed the Synthetic Multi-
function Adaptable Reconfigurable Test Envi-
ronment—SMART^E™ 5000 Series—a syn-
thetic test environment that encompasses

hardware, software, test practices and support
required by users for a complete test solution.
This synthetic test system provides a highly in-
tegrated, complete-solution environment and
includes configurable modules encompassing
the best hardware to solve test challenges.

A synthetic test system utilizes multi-func-
tional stimulus and response measurement
hardware channels tightly coupled with digital
signal processing software (rather than a collec-
tion of dedicated-function instruments) to gen-
erate signals and perform measurements. Syn-
thetic test environments offer low total cost of
test, greater throughput and typically take less
than half the rack space and weight of conven-
tional discrete instrument-based systems.

AEROFLEX TEST SOLUTIONS,
INSTRUMENTS DIVISION

Stevenage, UK
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The new system is based upon the
fifth generation evolution of the com-
pany’s synthetic test technology,
which meets the high throughput,
high-performance test requirements
for radar applications, satellite pay-
loads and transmit/receive modules
and subsystems for phased-array
radar antennas. In this fifth genera-
tion, the proprietary synthetic-test
chassis has evolved into commercial
off-the-shelf (COTS) LXI modules
that support multiple vendors and
multiple industry standard platforms
(LXI, PXI, cPCI, GPIB).

SMART^E’s configurability en-
ables systems to be properly scaled
in terms of size, function and cost
for manufacturing, flight line, and
depot test for military prime equip-
ment test solutions. The environ-
ment also features system declassifi-
cation of embedded facilities now
mandated for most military systems.
Modularity and multi-vendor com-
ponent and subsystem support,
along with the ability of synthetic
subsystems to adapt to new require-
ments via software, give users obso-
lescence protection.

This environment is provided us-
ing COTS system components to en-
sure that users have a competitive
test solution best matched to their re-
quirements. Furthermore, the exten-
sive application of industry standards
in the composition of the environ-
ment ensures that test solutions will
fit well into the user’s operating envi-
ronment. Moreover, the user likely
will be more familiar with a COTS-
based implementation over a propri-
etary one.

INDUSTRY STANDARD
FOUNDATIONS

A key to the flexibility of
SMART^E is its foundation of indus-
try standard software, including Win-
dows, C/C++/C# and National Instru-
ments’ TestStand. The open architec-
ture combination of both industry
standard software and hardware en-
ables multifunctional extensions that
can be easily implemented.

An extensive test library, with
built-in test personality customization
via user-settable/exposed parameters,
results in rapid start-up for new ap-
plications. The test environment em-
bodies all of the calibration, verifica-
tion, diagnostics and test practices
needed to achieve its specifications,
which are given at the system level,
rather than simply as a collection of
instrument specifications that must
be analyzed and then extrapolated to
the system level.

This focus at the system level in-
cludes a multi-tiered calibration prac-
tice based on calibrating procedures
required for very few, basic transfer
standards without the need to remove
and calibrate each individual synthet-
ic module or each separate subsys-
tem. Calibration encompasses full
National Institute of Standards and
Technology (NIST) traceability. All
systems are designed to enable sys-
tem verification tests, even with a
unit under test already connected to
the environment and ready for test-
ing. Each system also provides simu-
lation software that enables test pro-
grams to be run off-line from the sys-
tem hardware, while still being able
to step through all the test sequence
elements as if hardware were con-
nected.

From a key subsystem perspective,
the systems are constructed of the fol-
lowing building blocks: stimulus,
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▲ Fig. 1  Generic block diagram of a SMART^E 5000 environment test solution.
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response measurement, system calibra-
tion, signal routing and signal condi-
tioning, system controller and software
as well as a system infrastructure sub-
system. Figure 1 shows the generic
block diagram of a SMART^E 5000
environment test solution

CONFIGURING TEST HARDWARE
Test requirements come in a

seemingly endless variety. The one
constant is that the test environment
should be applications driven and
able to deliver the specific levels of
performance required. Devices to be
tested dictate the number of simul-
taneous stimulus signals and the
range of frequency, power and mod-
ulation of the stimulus signals
required.

The specifications and test strategy
dictate the measurements and there-
fore the measurement instruments
required in terms of both function
and performance. The combination
of the DUT test signal requirements
and the characteristics of the mea-
surement instruments dictate the cal-
ibration and signal routing and condi-
tioning components of the system.

STIMULUS SUBSYSTEM
A stimulus subsystem can encom-

pass a wide variety of combinations of
digital, analogue and RF/microwave
“channels.” Digital and analogue ca-
pability is typically provided in PXI/
cPCI form factor, RF and microwave
functionality in PXI or LXI form fac-
tor. However, conventional rack-
mounted instruments may also be
utilized in cases where they provide
the best match to the measurement
problem, though usually not the best
modularity of implementation. Fig-
ure 2 shows the components of an
LXI version of a SMART^E RF/mi-
crowave stimulus channel.

RESPONSE MEASUREMENT
SUBSYSTEM

Like the stimulus subsystem, the
response measurement subsystem of
a SMART^E can encompass a wide
variety of mixed-signal capabilities
from DC to microwave. As for the
stimulus subsystem, system module
components in PXI/cPCI, LXI or dis-
crete instrument form factor may all
be utilized in concert. Figure 3
shows the SMART^E 5000 RF/mi-
crowave response subsystem

Common modular instrumenta-
tion capability is available off the
shelf for digital multi-meters, digi-
tal sampling oscilloscopes, arbitrary
waveform generators, digital IO and
a variety of other measurement
functions. PXI/cPCI and LXI and
response measurement subsystems
may each consist of one or more
channels, which may be optionally
configured for tuning speed, power
level and frequency range. These
include UUT interface subsystems,
UUT power supplies, system infra-
structure, digital IO subsystems and
industry standard PXI synthetic in-
strumentation modules.

CALIBRATION
In the deployment of synthetic

microwave test systems, Aeroflex
has engineered a very specific hier-
archical calibration strategy involv-
ing three distinct levels of calibra-
tion: primary calibration, opera-
t i o n a l - r e f e r e n c e - p l a n e - o r i g i n
calibration and extended-reference-
plane calibration. This hierarchy 
is specifically designed to mini-
mize the overhead and maximize
the convenience of  cal ibrat ion 
and verification on a system level
basis.

Primary calibration is related to
the components of the system re-
sponsible for establishing the most
fundamental stimulus and measure-
ment parametric behavior of the
system. The RF/microwave ele-
ments of the system include the ref-
erence frequency generator, noise
source, power meter and power
sensors, S-parameter calibration
kits and a core calibration resource
known as the Local Calibration
Unit (LCU).

For low-frequency stimulus, a
high-performance PXI DMM may
be the primary reference standard,
easily removed for periodic calibra-
tion. The LCU facilitates the sec-
ond level in the calibration hierar-
chy for RF/microwave signaling. It
is the point at which all system re-
sources are integrated to provide a
fundamental reference plane origin
for both RF/microwave stimulus
and response signaling. The LCU
provides s ignal  mult iplexing to
DUT test ports and to industry
standard NIST traceable power cal-
ibration instruments.
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SYSTEM INFRASTRUCTURE
COMPONENTS

System infrastructure compo-
nents refer to components generally
required to make the various indi-
vidual subsystems operate as an inte-
grated environment. In some in-
stances, these may be provided by
the user’s application environment.
The SMART^E 5000 family pro-
vides for required or optional infra-
structure components such as an
LXI module sub-rack, system racks
with AC power infrastructure in-
cluding uninterruptible power sup-
ply, cooling, EMI shielding, system
reference signal generation and dis-
tribution modules, LO distribution
modules, system interconnect cable
assemblies, LAN interface router
and UUT interfaces.

Test capability can be configured
to match the test problem to be
solved and the environment also en-
ables expansion or reconfiguration of
a system to meet new requirements,
providing test resource investment
longevity and significant immunity
from obsolescence.

SMART^E SPECIFICATIONS
Reflecting its RF/microwave-cen-

tric test perspective, the SMART^E
features synthetic stimulus and mea-
surement channels to 40 GHz in con-
figurable modular bands with two
synthetic channels as standard, one
for stimulus and one for measure-
ment, extendable to multiple parallel
stimulus and multiple parallel re-
sponse synthetic or non-synthetic
channels. A highly configurable base-
band encompasses cooperative nar-
row and broad bandwidth capabilities
and includes very fast tuning or lower
speed/reduced cost local oscillator
options with AM, FM, PM and arbi-
trary modulations.

Also featured are standard power
settings and a measurement range of
–90 to +10 dBm to better than 0.1
dB resolution, extendable via stan-
dard and custom power amplifier
options. Standard and customer-
specified switch matrix subsystems
and interface panels are supported.
The system provides continuous
wave and pulsed measurements—S-
parameters, envelope, peak and av-
erage power, spectral, noise figure
and modulation/demodulation—with
network analyzer comparable uncer-

tainties at high throughput measure-
ment rates.

The test environment is applica-
tion-specific for satellite payloads,
phased-array T/R modules and sub-
systems/assemblies, and multi-device
under test military ATE platforms, as
well as specific military-tester/ATE
implementations for EW and radar
range applications. Specialized tacti-
cal air navigation (TACAN), identifi-
cation friend or foe (IFF), CNI and
ATE subsystems as well as phase-
noise test subsystems are available as
system options.

The SMART^E 5000 test environ-
ment provides for mixed-signal test-
ing (including DC response), digital
input/output (I/O) up to 400 MHz at
double data rate (DDR) and low volt-
age differential signaling (LVDS)
with programmable levels up to 100
MHz, low frequency analogue stimu-
lus and measurement from a broad
selection of modular or conventional
instruments including arbitrary wave-
form generators (AWG) at gigahertz
sample rates digitizers up to multi-gi-
gahertz sample rates, and defense
wavelength division multiplexing with
variable sample rates up to 1.8 GS/s.

CONCLUSION
SMART^E 5000 test environ-

ments are scaleable in performance
and function, ideal for implementing
configurable and reconfigurable sys-
tems that provide flexibility and resis-
tance to obsolescence, and are a vast
improvement on historical rack and
stack test solutions. A single synthetic
stimulus and measurement channel
pair can perform the tests that tradi-
tionally require multiple standalone
instruments. Thus, there are savings
in size and weight requirements for a
complete microwave test solution.
The result is a unique, state-of-the-
art, synthetic, and mixed-signal RF
and microwave test environment.

Aeroflex Test Solutions,
Instruments Division, 
Stevenage, UK 
+44 (0) 1438 742200, 
e-mail: info-test@aeroflex.com.
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A PORTABLE
PULSED-IF RCS
MEASUREMENT
SYSTEM

Emerging radar cross section (RCS)
measurement needs are making it in-
creasingly necessary to take the mea-

surement system to the target, rather than
take the target to a fixed measurement site.
With this in mind, QuarterBranch Technolo-
gies Inc. set out to build the first truly
portable pulsed-IF RCS measurement system
without sacrificing capabilities that most users
require. The result is RadarMan, with a core
unit that can attain measurement speeds rival-
ing the practical limits of other systems, with
equal measurement sensitivity.

Real-time plotting capabilities are exten-
sive, including near real-time inverse synthet-
ic-aperture radar (ISAR) and SAR imaging. In
addition to the real-time plotting package,
each RadarMan system includes a single-seat
license of QuarterBranch’s offline process-
ing/plotting package, Data Display.

RadarMan is a compact, lightweight,
pulsed-IF radar system that is engineered to
be cost-effective, highly reliable and support-
able at a level not achievable in other main-
stream RCS measurement systems. These key
attributes revolve around the remarkably
unique architecture and physical package of

the product in contrast to other pulsed-IF ac-
quisition systems. Specifically, all of Radar-
Man’s core functions, including all digital con-
trol, data and timing circuitry, IF circuitry, a
frequency-agile synthesizer, and all frequency
up- and down-conversion are contained in a
single seven-inch tall box that weighs approxi-
mately 25 pounds.

SPECIFICATIONS SUMMARY
RadarMan operates at frequencies from 2

to 18 GHz, with optional frequency expansion
down to 100 MHz. It has 10 kHz frequency
resolution and a frequency switching speed of
less than 5 μs. The frequency table allows full
polarization matrix operation. Up to eight
waveform table entries (chirps) can contain 1
to 8192 steps, with up to 65,536 coherent inte-
grations in increments of powers of two. The
system can be placed in any of a number of di-
agnostic loop modes, including IF, RF con-
verter, low-power transmit drive and HPA.
Any one of these loops can be configured as a
“fast loop” to be included within a target col-

QUARTERBRANCH TECHNOLOGIES INC.
Lovettsville, VA
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lection run for monitoring system sta-
bility.

RadarMan has a selection of two
video bandwidths, 100 and 250 MHz.
A/D conversion is 14 bits each for the
I and Q video channels. Instanta-
neous dynamic range is 65 dB.

The system supports pulse repeti-
tion frequencies (PRF) ranging from
3 kHz to 2 MHz. Range delay can be
set from 0 to just under 328 μs in 1 ns
steps, and pulse widths can range
from 5 ns to 2 μs, also in 1 ns incre-
ments. All timing parameters as well
as transmit drive levels are adjustable
on a band/sub-band basis.

The IF module contains a phase
modulator that allows 16-state
polyphase operation to correct for
I/Q circularity errors, as well as for
ambiguous clutter suppression. Phase
agility operates in a number of selec-
table sequences. These sequences in-
clude: fixed phase (at any of the 16
phase states), biphase, complemen-
tary, incremental and pseudo-noise
(PN). For each setting of coherent in-
tegrations, the start value of the PN
sequence can be set by the user to
optimize the multiple-time-around
suppression for specific range condi-
tions. In addition to the built-in phase
sequences, the user can execute a
custom phase sequence by creating a
simple ASCII format file.

USER INTERFACE SOFTWARE
The user interface software allows

for full control of all radar hardware
parameters, data collection and stor-
age and real-time data processing/
display. This intuitive program also
features integrated target/antenna
motion control, simple calibration
and background subtraction refer-
ence collection, an image parameter
calculator and range walk with real-
time transmit/receive bracket adjust-
ments. Measurement parameter se-
tups can be saved and recalled, as
well as calibration and background
subtraction reference vectors.

Plot types include line plots (mag-
nitude or phase vs. frequency, FFT-
based range profiles, or Doppler
plots, for example), time/position
charts, intensity charts (magnitude/
phase vs. frequency/range/Doppler vs.
time) and ISAR or SAR images. For
each plot type, the user can select the
desired X- Y- and Z-axis data sources
from a plot type-specific list for each

plot axis. The user may dynamically
enable or disable processing functions
such as calibration, background sub-
traction, R^4 correction, weighting
function and zero-Doppler subtrac-
tion as data is collected. Scaling for all
plot axes can be either auto-scaled or
adjusted manually.

The software includes a series of
automated system diagnostics tests.
These tests include A/D statistics,
long-term system stability using loop
mode tests, receiver linearity and I/Q
circularity.

DATA DISPLAY OFFLINE
PROCESSING SOFTWARE

Data Display is a full-featured
RCS processing package for offline
processing and plotting of RadarMan
data (see Figure 1). A single-seat li-
cense of Data Display is included
with the purchase of each RadarMan
unit. Additional licenses can also be
purchased or leased.

The user interface for Data Dis-
play, like that for RadarMan, is very
intuitive to use. The processing setup
screen contains a section for selecting
data files, and a section for selecting
plot types, processing functions and
plotting parameters. An error check
feature assures that all selections can
be logically processed and displayed.
The processing setup can be saved as
a named file for later use. Once the
processing setup is complete, the set-

up page is exited and the plot win-
dows open. Pressing the Begin Pro-
cessing button starts the processing
engine to create the data plots.

The software allows re-plotting of
RadarMan data in all formats avail-
able in its real-time plotting, with the
additional capability of navigating
through files to any point based on
block number, time stamp, or
target/antenna position. In addition,
the software can simultaneously plot
data from multiple files or multiple
waveform entries, either as overplots
in a single window, or individually.
Markers on line plots display the X
and Y values at the location of the
marker, and plots can be easily
zoomed to any scale.

ISAR images can be created at any
requested angle, or continuously up-
dated at requested angle increments.
These image sequences can be saved to
.AVI files as movies at selectable frame
rates. In addition to ISAR images, the
software can create SAR images from
data collected on a rail-mounted anten-
na connected to RadarMan.

Displayed images can be mea-
sured on individual pixels using a cur-
sor tip tool, or regions of the image
can be selected using a rectangle
drawing tool to display the RSS value
of the included pixels. The software
also performs image edit and recon-
struct (IER) for ISAR images, as well
as sector statistics for line plots.

PRODUCT FEATURE

▲ Fig. 1  A typical Data Display plot.
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QuarterBranch’s policy for adding
processing functionality to Data Dis-
play is that if the requested feature is
added to the standard product for re-
lease to the entire user population, the
new feature is added at no charge. If
the feature is to be proprietary, then
standard time-and-materials charges
apply. All requests for additions are
placed into the release schedule to en-
sure timely availability for all customers
who are under warranty or paid sup-

port. Added features that are propri-
etary to a user are not made available in
the standard product and are not re-
leased to the general user population.
In short, if Data Display does not have
a required tool, just ask.

SUPPORTABILITY
The incredibly small size and rela-

tively low price of the RadarMan core
product allows it to be supported in
its entirety through the deployment

of an on-site spare unit. For critical
operations where down time cannot
be tolerated, this approach ensures
virtually 100 percent system availabil-
ity by direct replacement of the en-
tire RadarMan core unit in the event
of a failure, which can be completed
in less than 10 minutes. With this lev-
el of support, the original system can
be sent for repair while operations
continue using the spare unit.

For less critical applications that
cannot justify the purchase of a spare
core unit, quick-reaction return-to-
operation support can still be ob-
tained through short-term spare
rentals, which can be shipped
overnight for immediate installation.

Unit-level support also makes sys-
tem upgrades more tolerable as tech-
nology progresses. For this effort, a
spare unit would be deployed while
the original is updated with the new
version, thus eliminating down time
during the upgrade process.

FLEXIBILITY
RadarMan is adaptable to virtually

any required measurement configura-
tion including multiple antenna bands,
full-polarization matrix switching and
dual receive channels. It is designed to
interface to any appropriate transmitter
device as required for the application,
from solid-state milliwatts to kilowatts
from TWTAs. Its features and specifi-
cations make it fully capable of instru-
menting large, fixed ranges, while its
size makes it ideal for portable field
measurements, from ground-based op-
erations such as flight-line or produc-
tion-environment measurements, to
airborne applications.

CONCLUSION
Though it comes in a remarkably

small package, RadarMan is just as
remarkably capable. Smart design de-
cisions left out seldom-used legacy
features, such as multi-decade video
bandwidth selection and million-step-
deep waveform tables that are typical
in competing products, enabling the
system to be small and relatively easy
to use, while supporting the vast ma-
jority of measurement requirements.

QuarterBranch Technologies Inc.,
Lovettsville, VA 
(540) 822-4634,
www.quarterbranch.com.

RS No. 302
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Microwave and
Millimeter-wave
Conversion Products
MITEQ’s 515-page Microwave
and Millimeter-wave Conversion
Products Catalog features the
company’s latest state-of-the-art
mixers, image rejection mixers,
modulators, multipliers and cus-
tom products. This detailed engi-
neering reference manual features
product specification sheets in-
cluding typical test data, outline
drawings, questions and answers,
technical applications and notes.  

Product Selection Guide
Hittite Microwave’s Product Se-
lection Guide summarizes over
625 products, including 105 new
products. Also featured are Hit-
tite’s newly acquired Velocium ad-
vanced GaAs MMIC products
covering DC to 86 GHz. The ad-
dition of the Velocium product
line expands Hittite’s product of-
ferings for automotive radar, long
and short haul communications,
fiber optics, test equipment, radar
imaging, space and military appli-
cations.

Online RF Products
Catalog
JFW Industries has launched its
new E-Store, an online guide to
the company’s most popular RF
products. Product categories in-
clude fixed attenuators, termina-
tions, manual variable attenuators,
RF coaxial switches, power di-
viders/combiners and impedance
matching. Users can search for
products by keyword, name, or by
browsing the illustrated, hyper-
linked web pages.  

RF and Microwave
Products Catalog
The new catalog from Aeroflex/
Weinschel outlines a wide range of
RF, wireless and microwave compo-
nents and subsystems. Product lines
include programmable step attenu-
ators (PIN, FET, relay and edge-
line technologies), resistive power
splitters, dividers, high-power (up to
1000 W) and low passive IM fixed
attenuators, coaxial terminations,
continuously variable and manual
step attenuators, Planar Blind-mate
and Planar Crown connector sys-
tems, and custom and RF simula-
tion subsystems.

Products and
Capabilities Brochure
Times Microwave Systems has re-
cently published a new capabili-
ties brochure giving an overview
of the company’s history in mi-
crowave and RF transmission
lines and the range of resources
and products that the company of-
fers. Technologies include low-
loss, closed cell foam polyethylene
dielectric, taped expanded PTFE
dielectric coaxial cables, hermeti-
cally sealed cable assemblies, low
smoke cables for shipboard use
and high frequency multi-port in-
terconnection systems. 

Rugged-devices Catalog
AVX’s high-reliability catalog high-
lights the company’s wide range of
products specifically designed for
defense, aerospace and space ap-
plications. The catalog showcases
AVX’s comprehensive range of
rugged, military qualified prod-
ucts including ceramic capacitors,
resistors, filters, integrated passive
components, timing devices, mod-
ule devices and connectors, which
are well suited for harsh environ-
ments. 

MITEQ
Hauppauge, NY (631) 436-7400, www.miteq.com

RS No. 310

AVX Corp. 
Myrtle Beach, SC (843) 448-9411, www.avx.com

RS No. 311

Times Microwave Systems
Wallingford, CT (203) 949-8400, www.timesmicrowave.com

RS No. 315

Aeroflex Inc.
Plainview, NY (516) 694-6700, www.aeroflex.com

RS No. 314

JFW Industries Inc.
Indianapolis, IN (317) 887-1340, www.jfwindustries.com

RS No. 313

Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3373, www.hittite.com

RS No. 312
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Power Relays Selection
Guide
Teledyne Relays introduced its
new Solid-state Power Relays Se-
lection Guide for industrial/com-
mercial applications. The catalog
features 40 families of solid-state
relays and motor controllers in an
easy-to-use format to quickly help
designers choose a product. The
24-page digest provides detailed
information about the many pack-
aging configurations available
from Teledyne Relays for AC and
DC switching. 

Filter Products Selection
Guide
Lark Engineering’s new Product
Selection Guide highlights the
company’s wide range of filter
products, including its new Switch
Filter Systems. An eight-page
short form catalog features a user
friendly, quick reference to filter
specifications and capabilities that
guides users to the filter ideally
suited for the application. For
specifications and performance
simulations, users are directed to
a filter design tool located on
Lark’s web site.

LTE Technical Overview
A 20-page, full-color technical
overview from Agilent provides an
overview of Long Term Evolution
(LTE) and demonstrates how the
company’s solutions can help the
reader introduce LTE 3GPP de-
vices and products. Topics cov-
ered include an overview of the
technology, a discussion of the
physical layer as well as in-depth
information on designing LTE
systems and circuits, generating
LTE signals and performing LTE
signal analysis. Several detailed
technical diagrams help to further
explain this technology.

Components Catalog
Alan Industries’ new Short Form
Catalog features the complete
range of the company’s products
for test and measurement, SAT-
COM, telecom, commercial and
military applications. Included in
the Short Form Catalog are pro-
grammable attenuators, variable-
step attenuators, continuously
variable attenuators, toggle switch
attenuators, fixed attenuators, ter-
minations, loads, DC blocks, bias
tees, impedance matching pads,
RF fuses, RF switches, resistive
dividers, return loss bridges and
RF detectors.

High-Frequency
Products Catalog
Providing a wide range of devices,
IRC’s Advanced Film Division has
released a high-frequency prod-
ucts catalog for RF and mi-
crowave design engineers. IRC’s
family of line terminators and at-
tenuators include both chip and
flanged high power RF and mi-
crowave devices. The terminators
and attenuators specified in the
catalog combine high power dissi-
pation with excellent high fre-
quency performance.

RF Catalog and 
CD-ROM
Mimix Broadband’s updated
short-form print catalog and full
product catalog on CD-ROM in-
clude new product highlights, up-
dated datasheets with more com-
prehensive information and mea-
surement curves, RoHS program
information, application features
and notes, company and facility
overviews, ordering information
and a complete listing of interna-
tional sales representative and dis-
tribution networks. 

Teledyne Relays
Hawthorne, CA (800) 284-7007, www.teledynerelays.com

RS No. 316

Mimix Broadband Inc.
Houston, TX (281) 988-4600, www.mimixbroadband.com

RS No. 317

IRC Advanced Film Division
Corpus Christi, TX (361) 992-7900, www.irctt.com

RS No. 321

Alan Industries
Columbus, IN (812) 372-8869, www.alanindustries.com

RS No. 320

Agilent Technologies Inc.
Santa Clara, CA (877) 424-4536, www.agilent.com

RS No. 319

Lark Engineering
San Juan Capistrano, CA (949) 240-1233,
www.larkengineering.com

RS No. 318
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NEW WAVES: Radar/Antennas
■ High-power L-band 

Radar Amplifier
The Aethercomm Model SSPA 1.2-1.4-200 is a
high power, pulsed RF amplifier that is em-

ployed in military
L-band radar sys-
tems and operates
from 1200 to
1400 MHz. This
PA was designed

for L-band radars on fighter aircraft but can be
employed in any system. The nominal peak in-
put power is 0 dBm for the 200 W minimum
peak output power. The amplifier employs a
pulse width and duty cycle limiter to ensure no
damage if the input is CW. RF rise and fall
times are typically 40 ns. Harmonics are –50
dBc typical and in band spurs are < –70 dBc.
Nominal pulse conditions are 10–100 μs but
longer pulses can be utilized. The power flat-
ness across the band is ±0.6 dB. Input and out-
put VSWR is 1.5:1, typically. 
Aethercomm Inc., 
San Marcos, CA (760) 598-4340,
www.aethercomm.com.

RS No. 216

■ X-band Synthesizer
Rodelco Electronics has designed a custom X-
band synthesizer for airborne military radar 

applications. The
unit incorporates
a C-band VCO,
frequency divider
and PLL circuitry
to generate a syn-
thesized C-band

frequency that is then doubled to X-band. The
microprocessor-controlled synthesizer delivers
low phase noise and good spurious suppression
while providing a leveled output power of +20
dBm over a 15 percent bandwidth at X-band. 
Rodelco Electronics Corp., 
Ronkonkoma, NY (631) 981-0900,
www.rodelcocorp.com.

RS No. 217

■ Double-ridged Guide 
Horn Antenna

A double-ridged guide horn antenna that offers
a frequency range of 1 to 18 GHz is available
from Schaffner EMC Inc. The versatile BHA
9118 is a linearly polarized, broadband antenna
ideal for a wide range applications, particularly
RF and EMC measurements to MIL, SAE,
IEEE, IEC and FCC standards. The BHA
9118 can be used for both receiving (emis-
sions) and transmitting (immunity) in cham-
bers or open area test sites (OATS). It incorpo-
rates a precision “N” connector that provides

good power handling capability and low volt-
age standing wave ratio (VSWR). The antenna
has a field strength capability of 250 V/m at 1
m, and a high typical gain of 5.5–15 dBi. 
Schaffner EMC Inc., 
Edison, NJ (732) 225-9533,
www.schaffnerusa.com.

RS No. 218

■ Radar-optimized 
Oscilloscope Cards

Strategic Test has introduced a Multiple Record-
ing (MR) option for its UF2 family of 66 MHz
PCI-based oscilloscope/digitizer cards. Primarily
intended for recording radar signals, the MR op-
tion can be used to record any high-speed series
of waveforms such as sonar, ultrasound and laser.
The MR option allows an engineer to acquire a
fast series of waveforms with a high repetition
rate without restarting the hardware during the
short dead time (usually only a few milliseconds)
between waveforms. Each channel has its own
trigger detection with level, edge, re-arm, win-
dow and steepness trigger. 
Strategic Test Corp., 
Woburn, MA (617) 621-0080,
www.strategic-test.com.

RS No. 219

■ Space-based W-band Multiplier

Spacek Labs’ Model A3X2X91F W-band multi-
plier assembly is available space qualified and
is made entirely of Spacek Labs components.
The A3X2X91F consists of a X2 frequency
multiplier feeding a power amplifier followed
by a X3 frequency multiplier. A combination
high-pass/low-pass waveguide filter provides
suppression of unwanted harmonics for this W-
band multiplier. This LO source multiplier
drove the Spacek Labs manufactured mixers
for the transmitter and receiver front-end of
the CloudSat Program Cloud Profiling Radar. 
Spacek Labs, 
Santa Barbara, CA (805) 564-4404,
www.spaceklabs.com.

RS No. 220

■ L-band LNA
Advanced Microwave has introduced its
WLA2052 low-cost, L-band LNA. The
WLA2052 exhibits extremely low noise figure
of 1.0 dB typical, 1.3 dB max from 0.4 to 2.0
GHz. The IP3 is +40 dBm at 1.0 GHz; +36
dBm min. The LNA also offers an internal reg-
ulator and DC reverse voltage protection. DC
supply is provided through the output SMA
connector or an external pin as an option. Due
to the extremely low-noise and high IP3, this
LNA is ideally suited as an antenna mount
front-end amplifier and can accept high levels
of multiple signals with minimal distortion or
minimal intermodulation product.
Advanced Microwave Inc., 
Sunnyvale, CA (408) 739-4214,
www.advmic.com.

RS No. 221

■ SRD Ceramic Chip Antenna
The 0868AT43A0020 antenna from Johanson
Technology Inc. (JTI) was designed for the
popular European 868 MHz Short Range De-
vice (SRD) band, ETSI EN 300 220. This ce-
ramic chip antenna provides a cost-effective
solution for space-constrained applications,
such as RFID and Zigbee. The antenna is very
compact (7 × 2 × 0.8 mm) and offers excellent
performance with an average gain of –4.0 dBi
(XZ-total), with PCB assemblies as small as 50
× 20 mm. 
Johanson Technology, 
Camarillo, CA (805) 389-1166, 
www.johansontechnology.com.

RS No. 222

■ Millimeter-wave 
Directional Couplers 

Narda Microwave, an L-3 Communications
company, has introduced a family of directional 

couplers for fre-
quency ranges
from 1 to 40
GHz. They are
intended for elec-
tronic warfare,
radar, communi-
cations and test

equipment applications. The Model 4018-20
covers 18 to 40 GHz with coupling of 20 dB
±1.25 dB, frequency sensitivity of ±0.8 dB and
insertion loss of 1.45 dB, and can handle input
powers of 30 W average and 3 kW peak. The
Model 4018-10 also covers 18 to 40 GHz, with
coupling of 10 dB ±1.25 dB, frequency sensi-
tivity of ±0.8 dB, insertion loss of 2.0 dB, and a
power handling ability of 30 W average and 3
kW peak. Both couplers have maximum input
and output VSWR of 1.9:1, directivity of 12
dB, and weigh only 1 oz. The Model 4229-10
covers 1 to 40 GHz with coupling of 10 dB
±1.5 dB, frequency sensitivity of ±1.0 dB, in-
sertion loss of 2.4 dB, and power handling abil-
ity of 20 W average and 3 kW peak. Directivity
is at least 12 dB and maximum input and out-
put VSWR is 1.75 dB.
Narda Microwave, 
Hauppauge, NY (631) 231-1700, 
www.nardamicrowave.com.

RS No. 223
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COMPONENTS
■ MMIC Receiver and 

Transmitter Chipset
Mimix Broadband Inc. introduced surface
mount technology (SMT) packaged gallium ar-

senide (GaAs)
monolithic mi-
crowave integrat-
ed circuit
(MMIC) receiver
and transmitter
devices that cover
the 10 to 18 GHz
frequency bands.
The receiver has
a noise figure of

2.7 dB and 20 dB image rejection across the
band. The transmitter has a +11 dBm output
P1dB, 8 dB conversion gain and 15 dB image
rejection across the band. The receiver inte-
grates an image reject mixer, an LO buffer am-
plifier and a low noise amplifier. The transmit-
ter integrates a balanced, image-reject mixer,
an LO buffer amplifier and an output RF am-
plifier. This receiver and transmitter pair, iden-
tified as XR1007-QD and XU1005-QD respec-
tively, is well suited for wireless communica-
tions applications such as millimeter-wave
point-to-point radio, local multipoint distribu-
tion services (LMDS), SATCOM and VSAT
applications. 
Mimix Broadband Inc., 
Houston, TX (281) 988-4600,
www.mimixbroadband.com.

RS No. 224

■ High Reliability Mixer
Mini-Circuits introduces the ADE-R10+ high
reliability mixer. It features a proven diode
quad in a hermitically sealed package and op-
erates over a wideband of 10 to 1000 MHz
with an LO power of 7 dBm. It has a high L-R
isolation of 44 to 70 dB typical over the entire
band which results in excellent carrier rejec-
tion in applications such as I&Q demodulators,
and reduces filtering requirement in re-
ceivers/transmitters. It has a wide IF band-
width of DC-800 MHz, making it suitable for
applications such as phase detectors, up/down
converters etc. 
Mini-Circuits, 
Brooklyn, NY (718) 934-4500,
www.minicircuits.com.

RS No. 225

■ EMI-filtered Audio Connectors 
Spectrum Control Inc. has modified the stan-
dard MIL-DTL-55116 connectors that are 

used in 60-volt au-
dio frequency cir-
cuits with 0.5
amps of current to
provide effective
EMI filtering.
Spectrum’s con-
nectors are water-

proof and polarized, five or six pin electrical
plugs/receptacles and can be designed for special
and selectively loaded EMI filtering. These cus-
tom filtered connectors are ideal for military and

civilian communication applications where harsh
conditions are present. Spectrum’s custom EMI
filtered audio connectors have a capacitance val-
ue range of 10 pF–1 mF and are available in C
and Pi circuit configurations.
Spectrum Control Inc., 
Fairview, PA (814) 474-0325,
www.specemc.com.

RS No. 226

■ DC-to-50 GHz Coaxial Adapter
The Krytar Model 3031 (within Series) DC-to-
50-GHz coaxial adapter has a voltage standing
wave ratio (maximum) of 1.10 from DC to 27.0
GHz, 1.15 from 27.0 to 40 GHz and 1.20 from
40 to 50 GHz. Multiple connector configura-
tions are available. Delivery time from stock is
up to 30 days. Complete specifications, applica-
tion ideas, technical notes and outline dimen-
sions are available from the Krytar web site. 
Krytar, 
Sunnyvale, CA (408) 734-5999,
www.krytar.com.

RS No. 227

■ DC Blocking-impedance
Matching Pads

BroadWave’s Model 851879FMB is a 50 to 75
Ω impedance matching pad with a built-in DC
block that eliminates impedance discontinuity
(mismatches) and block DC current without
introducing reflection to the circuit. This 
1-watt device operates at 30 to 3000 MHz with
SMA female/F male connectors. The VSWR is
1.30:1 and nominal insertion loss is 5.7 dB.
Custom units are available in a variety of im-
pedance and connector types operating up to 3
GHz. BroadWave Technologies impedance
matching pads preserve signal integrity by
matching virtually any transmission line.
BroadWave Technologies Inc., 
Franklin, IN (317) 346-6101,
www.broadwavetech.com.

RS No. 228

■ High-power Surface-mount
Ceramic Filter

Lark has engineered a new High Power Sur-
face Mount Ceramic Filter (SDP). This series 

is capable of han-
dling up to 50 W
and offers a fre-
quency range of
1800 to 2200
MHz with a pass-
band of 60 MHz,
0.35 dB insertion
loss (maximum),

17 dBc return loss (minimum) and 0.2dB
(maximum) Pk-to-Pk ripple in the passband.
Rejection Fc ±430 MHz is 20 dBc (minimum)
in a 0.75 × 1.09 × 0.62 in. package. 
Lark Engineering Co., 
San Juan Capistrano, CA (949) 240-1233,
www.larkengineering.com.

RS No. 229

■ High-power Splitter/Combiner
The Model PmT-PD00506 is a high-power
0.5 to 6 GHz power splitter that has a phase
and amplitude tracking of 2° and 0.2 dB, re-
spectively. It can handle 500W CW and mea-
sures 5.5 × 2 × 0.7 in. It exhibits low inser-
tion loss and high isolation.
Princeton Microwave Technology Inc.,
Mercerville, NJ (609) 586-8140,
www.princetonmicrowave.com.

RS No. 230

■ High-power Surface-mount
Isolators

Renaissance Electronics Corp. (REC) has intro-
duced a new line of one-inch square, surface-
mount coplanar circulators and isolators for
high-power applications (SMC Series). These
circulators are distinguished by superior high
power performance in the congested multi-carri-
er environment. Models are available in typical
bandwidths of 10 to 15 percent with isolation of
> 22 dB and insertion loss of < 0.35 dB.
Renaissance Electronics Corp., 
Harvard, MA (978) 772-7774, 
www.rec-usa.com.

RS No. 231

■ High-current High-side 
Gate Driver 

Fairchild Semiconductor’s FAN7371 high-voltage
gate driver IC (HVIC) with 4A current driving
capability provides wide high-side driver opera-
tion with negative VS swings of up to –9.8 V (at
VBS = 15 V), robust positive and negative VB and
an innovative common-mode dv/dt noise cancel-
ing circuit. Designed for driving MOSFETs and
IGBTs in a wide array of applications up to 600 V
including plasma display panel (PDP), high in-
tensity discharge (HID) lighting, induction heat-
ing and other general purpose inverter applica-
tions, the FAN7371 providing stable perfor-
mance against fluctuating temperatures in harsh
environments. It increases reliability by providing
under-voltage lockout (UVLO) for VBS and a
built-in 25 V shunt regulator. 
Fairchild Semiconductor, 
Korea, Bucheon, Korea 
+82-32-680-1961, 
www.fairchildsemi.com.

RS No. 232

■ GPS Dual Filter

Reactel part number 2DF-1227/1575-M is a
moderately narrow-band dual filter that passes
both the L1 and L2 GPS frequencies. It is the
perfect unit for applications that are utilizing
both of these GPS bands simultaneously, yet
can only tolerate a two-port device. This small
unit features loss of less than 3 dB and isolation
in excess of 30 dB. 
Reactel Inc., 
Gaithersburg, MD 301-519-3660,
www.reactel.com.

RS No. 242
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■ Elliptic Bandpass Filter

Lorch Microwave’s 13BP5-137.5/X80-S is an
elliptic bandpass filter with amplitude and
phase equalizers to achieve 0.5 dB flat pass-
band and ±5° phase linearity from 97.5 to
177.5 MHz. The filter features 3 dB nominal
bw of 100 MHz. Rejection is 35 dB min at 77.5
MHz and 30 dB min at 195 MHz. The VSWR
is 2.0:1 max across 97.5 to 177.5 MHz. The
physical size is 4.5 × 1.25 × 1.0, excluding
SMA-female connectors.
Lorch Microwave, 
Salisbury, MD (410) 860-5100, 
www.lorch.com.

RS No. 243

■ High-power UHF Notch Filter
K & L Microwave’s WSN-00278 is a notch fil-
ter optimized for very steep skirts and for low-

loss. By exploiting
mixed technolo-
gies, such as
TEM resonators,
suspended-sub-
strate strip-lines
and lumped com-
ponents, the filter
exhibits the best
trade-offs of per-
formance to vol-
ume ratio. There

are several applications for this filter, ranging
from rejecting signals at around 500 MHz from
a nearby Tx antenna, to eliminating an unwant-
ed harmonic from a transmitter, while the rest
of the spectrum remains unaffected. 
K & L Microwave, 
Salisbury, MD (410) 749-2424, 
www.klmicrowave.com.

RS No. 244

AMPLIFIERS
■ Solid-state Power Amplifier
The BC Systems Inc. Advanced RF Amplifier
Model BCPA-225-450-100C is suitable for de-
livering reliable output power over the instan-
taneous frequency range of 225 to 450 MHz.
The power amplifier (PA) is ideal for military
communications, SATCOM, UHF LOS,
DAMA and ECCM waveforms. The PA uti-
lizes the latest in silicon LDMOS push-pull RF
devices. The PA is fully self-protected from

load VSWR, over temperature, out of band and
input over drive. 
BC Power Systems, 
Setauket, NY (631)-751-9370,
www.bcpowersys.com.

RS No. 234

■ Connectorized Low-noise
Amplifier Module

Hittite Microwave Corp. has introduced a new
connectorized GaAs MMIC Low Noise Ampli-
fier Module for a wide range of applications
from 1.8 to 4.2 GHz. It combines the attributes
of high gain, high output IP3 and high P1dB
output power with a 0.7 dB noise figure. The
HMC-C045 Low Noise Amplifier Module op-
erates from 1.8 to 4.2 GHz, provides 26 dB of
gain, and up to +26 dBm output IP3 and +15.5
dBm of output power at 1 dB compression,
while operating from a single positive supply
between +8 and +15 V. 
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 233
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Subampability™: (sub-amp-ability). noun: The ability to use an amplifier individually, or 
as a building block, upon which power can be added incrementally.

Grow as you go.  One small step at a time.  Building on what’s already there.
AR has applied this age-old idea to amplifiers used for EMC testing.  When you need a more powerful amplifier, now you can add the

power, instead of tossing out the old amp and starting all over again.  
Add Power To Existing Amps.
With test specs constantly changing, it’s an idea whose time has come.  Many amplifiers within our “S” and “W” Series are designed so

that the power can be expanded with a relatively simple upgrade. Of course, the amplifiers can still be used individually when needed.
The latest examples are Models 10S4G11A (10 watts, 4-10.6 GHz)  and 15S4G8A (15 watts 4-8 GHz).  A fairly simple upgrade

performed by AR expands the 10S4G11A to a 20S4G11A (20 watt, 4-10.6 GHz) … and the 15S4G8A to a 35S4G8A (35 watts, 4-8 GHz).  
Once this initial upgrade is performed, the sky’s the limit.  The 20S4G11A and the 35S4G8A are like building blocks that can easily be

expanded by adding sub amps and controller/combiner units.
At AR, we’re always thinking ahead.  And we know you are, too.  That’s why you’ll appreciate our Subampability concept …

and the fact that all AR products are backed by the strongest, most comprehensive warranty in the industry, and a global support system
that's second to none.

To learn more, visit www.ar-worldwide.com or call us at 215-723-8181.

See Application Note #40 Expandable Power for further details.

rf/microwave instrumentation
ar

USA 215-723-8181. For an applications engineer, call 800-933-8181.
In Europe, call ar emv  United Kingdom  441-908-282766 • ar emv France 33 -1-47-91-75-30 • emv Germany 89-614-1710 • emv Netherlands 31-172-423-000

ISO 9001:2000
Certified

Copyright© 2008 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.

Here’s The Idea Behind Our
Subampability™ Concepts!
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■ High-efficiency, Small-size
40/45 dB DLVA

American Microwave Corp. is offering the
Model LVD-910-85 Option N-EGG high-effi-

ciency, small-size
40/45 dB Detec-
tor Logarithmic
Video Amplifier
(DLVA) with pi-
cowatt sensitivity.
It operates over

the frequency range of 9.3 to 10.8 GHz. This
DLVA has a logging range of –80 to –40/–35
dBm (TSS –85 dBm), minimum, with a lineari-
ty error of less than ±0.75 dB and a frequency
flatness of ±1.0 dB. Rise and recovery 
times are 1.5 μs, maximum. Other octave band
or 2 to 18 GHz units are available.
American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com.

RS No. 235

■ Solid-state Linear Amplifier
Comtech PST’s Model BME158258-50 is a
Class AB linear amplifier that operates over
the full 1500 to 2500 MHz frequency range
with output power of 50 W. The amplifier is
very compact (6.4 × 2.5 × 1.5 in.) and weighs
only 2 lb.
Comtech PST, 
Melville, NY (631) 777-8900,
www.comtechpst.com.

RS No. 237

SOURCES
■ Wide-range VCO

Crystek’s CVCO55CW-1600-3200 VCO oper-
ates from 1600 to 3200 MHz with a control
voltage range of 0.5~20 V. This VCO fea-tures
a typical phase noise of –93 dBc/Hz at 10 kHz
offset and has excellent linearity. The model
CVCO55CW-1600-3200 is packaged in the in-
dustry standard 0.5 × 0.5 in. SMD package. In-
put voltage is 5.0 V, with a max current con-
sumption of 25 mA. Pulling and pushing are
minimized to 8.00 MHz and 4.00 MHz/V, re-
spectively. Second harmonic suppression is –15
dBc typical. 
Crystek Corp., 
Ft. Myers, FL (239) 561-3311, 
www.crystek.com.

RS No. 238

■ PLL Frequency Synthesizer

EM Research’s Thor Series frequency synthe-
sizers are supplied as VCO-based fixed-fre-
quency or serially programmable precision
phase-locked frequency oscillators. Designed
to cover a frequency range (in bands) from 50
MHz to 14 GHz and featuring very low power
consumption, the THOR Series products are
available with internal or external frequency
references for stability, and exhibit exceptional-
ly low phase noise characteristics. 
EM Research Inc., 
Reno, NV 
(775) 345-2411,
www.emresearch.com.

RS No. 239

■ Low-power OCXO 
Valpey Fisher Corp. introduced the VFOV400
Series OCXO that offers extremely low power
consumption (120 mW), 35 second warm up
time, ±5 ppb stability and exceptional phase
noise in a very compact package. The
VFOV400 series OCXO offers a wide frequen-
cy range from 5 to 250 MHz. It is available
with an HCMOS or SINEWAVE output and a
supply voltage of either 3.3 or 5.0 V. Further-
more, the VFOV400 is designed with a robust
four-point crystal mount to resist any sensitivity
to vibration.
Valpey Fisher Corp., 
Hopkinton, MA 
(800) 982-5757, 
www.valpeyfisher.com.

RS No. 240

■ Low Phase Noise OCXO
MtronPTI introduced a 100 MHz OCXO fea-
turing close-in phase noise performance. The
XO5125 offers –130 dBc performance at 100
Hz offset as well as –70 and –100 dBc perfor-
mance at 1 and 10 Hz offset, respectively. The
phase noise performance along with the ±10
ppb stability performance over –40° to 80°C in
a Euro Standard package supports many appli-
cations including automated test equipment
(ATE), radar, communications and instrumen-
tation. Other features of the XO5125 that meet
a variety of market needs are the 2E-9 g-sensi-
tivity, –168 dBc noise floor, 5E-7 aging and 7
dBm minimum sine wave output. 
MtronPTI, 
Yankton, SD 
(605) 665-9321, 
www.mtronpti.com.

RS No. 241

SUBSYSTEM
■ High-dynamic Block

Downconverter
MITEQ’s Model LNB4044N01T is part of a
line of low-noise (less than 3.3 dB), high-

176 Technology Dr., Suite 200 
Boalsburg, PA 16827

Tel: 814.466.6275  Fax: 814.466.1104
www.LocusMicrowave.com

email: info@LocusMicrowave.com

�
•
•
• High Dynamic Range

�

�Government & Commercial
�

Frequency Bands

 = New

LNAs
SSPAs

LNBs
BUCs

L S C X Ku K Custom
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C u s t o m .

R/F Microwave 

Connectors

In addition to standard
catalog configurations
the R/F Microwave
Connector Division 
manufactures all 
series and styles of 
RF connectors.

Solve your problem 
with a custom 
design that meets 
your requirement.

Molded and die
cast connectors 
available with 
isolated ground, 
capacitor decoupling
and ESD.

Microminiature, 
subminiature and 
miniature connectors
designed to meet today’s
stringent requirements.

If you are looking for a
quality RF/Microwave
connector, contact 
Molex today.

Molex RF/Microwave Connector Division
Tel 317-834-5600 
Fax 317-834-5611
Toll Free 877-MOLEXRF (665-3973)
www.molex.com

© 2000 Molex

C o m m e rc i a l .

M i c ro m i n i a t u re .

Solutions

Low Cost

Series

Molex Taiwan Ltd.
RF/Microwave Connector Division 
Tel 886-2-2620-2300
Fax 886-2-8631-1996
www.molex.com
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dynamic block
downconverters.
The LNB4044N-
01T incorporates
a fixed frequency
phase-locked LO
to convert the 40
to 44 GHz RF to
a 1 to 5 GHz IF

band. These converters are packaged in a 5 × 5
in. ruggedized aluminum housing with flange
mount and integrated waveguide input.
MITEQ Inc., 
Hauppauge, NY (631) 436-7400, 
www.miteq.com.

RS No. 245

TEST EQUIPMENT
■ Extreme Temperature Probing

Solution for Oscilloscopes 
Agilent Technologies Inc. announced a probing
solution for making oscilloscope measurements in
environmental chambers and in other settings
with extreme temperature conditions. The Agilent
N5450A InfiniiMax extreme-temperature exten-
sion cable, used with the InfiniiMax Series prob-
ing system and Agilent Infiniium oscilloscopes,
gives engineers the ability to probe signals at tem-
peratures ranging from –55° to 150°C. 
Agilent Technologies Inc., 
Santa Clara, CA (800) 829-4444, 
www.agilent.com.

RS No. 247

■ Test Capability for RF Analyzers

Anritsu introduces the CDMA2000 1xEV-DO
analysis capability for its MT8820B/ MT8815B
Radio Communication Analyzers that allow for
faster and more efficient testing of Rev. 0 and
Rev. A terminals. The MT8820B-005/
MT8815B-005 1xEV-DO Measurement Hard-
ware, MX882006C 1xEV-DO Measurement
Software, MX882006C-002 1xEV-DO External
Packet Data, and MX882006C-011 1xEV-DO
Rev. A Measurement Software options en-
hance the testing capabilities of the
MT8820B/MT8815B analyzers to provide
manufacturers with a single-instrument test
tool for conducting call-processing, RF Tx/Rx,
and data transfer tests of 1xEV-DO terminals. 
Anritsu Americas (Sales Office), 
Richardson, TX (972) 761-4625, 
www.anritsu.com.

RS No. 246
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Advanced

Switch

Technology

694 Fortune Cr

 Kingston, On

   K7P 2T3

   Canada

Tel: 613 384 3939  Fax: 613 384 5026

E-mail: info@astswitch.com

AST is the only company exclusively 

dedicated to the manufacturing 

of Microwave Switches.

Our commitment  to 

quality and 

performance 

is unmatched

in the 

industry.

www.astswitch.com

Please request our free catalog

For all your switching needs

ULTRA LOW PHASE NOISE VCO

Modco MD Series VCOs offer very low
Phase Noise in a half inch package. Models
are low cost and available for a variety of
Frequency Bands. No NRE for custom
designs.

Model MD108MST

902–928 MHz
Vcc: 5 V
Vt: 0.5 to 4.5 V
Current: 16 ma
Power: +4 dBm
2nd Harmonics: –45 dBc
Pushing: 0.4 MHz/V
Pulling: 0.6 MHz with a 12 dB return loss
Phase Noise: –117 dBc @10 KHz

Modco, Inc.
Sparks, NV  (775) 331-2442

www.modcoinc.com
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MID-ATLANTIC RF SYSTEMS, INC.
PO Box 745, Forest Hill, MD 21050

Tel:410/893-2430 • Fax:410/638-5193

E-mail:info@midatlanticrf.com

Web:www.midatlanticrf.com

CHALLENGING CONCEPTS

CREATIVE SOLUTIONS

The most challenging design concepts require the
most creative solutions. At Mid-Atlantic RF Systems,
Inc. our goal is to provide cost-effective solutions for
all microwave and RF applications. We design and
manufacture a variety of couplers, switches, 
amplifiers, assemblies and low-cost receivers for both
the commercial and military markets. Value-Added
assembly (contract manufacturing) offers a fast and
precise way to fulfill complex microwave and RF
assembly requirements from prototyping to short run.
For more information on product specifications, call
Mid-Atlantic RF today!

Tuner/Receiver
0.1 to 18 GHz

Couplers

Synthesizer

Linear Power Amplifier

UMTS Signal Generator
• A low cost 

solution for 
multi-carrier 
power amplifiers
burn-in testing

• 1,000 hop/sec
• No Reference 

Spurs
• Programmable
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The 38th European Microwave Conference 

The 3rd European Microwave
Integrated Circuits Conference

The 5th European 
Radar Conference 

R

Co-sponsored by:

Official Publication:

Supported by:

Organised by:Endorsed by:

The 1st European Wireless
Technology Conference

European Microwave 
Association

FIVE DAYS  FOUR CONFERENCES  ONE EXHIBITION

Europe’s Premier Microwave, 
RF, Wireless and Radar Event

FIVE DAYS  FOUR CONFERENCES  ONE EXHIBITIONFIVE DAYS  FOUR CONFERENCES  ONE EXHIBITION

Europe’s Premier Microwave, 
RF, Wireless and Radar Event

27-31 October 2008
Amsterdam RAI

Amsterdam, The Netherlands

SUBMIT YOUR PAPER ONLINE NOW!
To electronically submit a technical paper for one or more of the
four conferences, all you have to do is:
1. Log on to www.eumweek.com
2. Click on 'EuMW2008 - Conferences' to view the individual 

conference topics
3. Click on 'Paper Submission' for author's instructions 

on how to submit a summary
That's all there is to it, so log on now!

www.eumweek.com
European Microwave Week - Bridging Gaps

CALL FOR PAPERS FOR...CALL FOR PAPERS FOR...
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The 38th European Microwave Conference 

The 3rd European Microwave
Integrated Circuits Conference

The 5th European 
Radar Conference 
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Technology Conference

European Microwave 
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Europe’s Premier RF, Microwave,
Radar and Wireless Event

European Microwave Week is the largest event dedicated to RF,
Microwave, Radar and Wireless Technologies in Europe.

Capitalising on the success of the previous shows, the event
promises growth in the number of visitors and delegates.

EuMW2008 will provide:
• 7,000 sqm of gross exhibition space •

• 5,000 key visitors from around the globe •
• 1,700 - 2,000 conference delegates •

• In excess of 250 exhibitors •

European Microwave Week will provide an invaluable platform for
the presentation of the latest technological developments and a
forum for discussion on industry, scientific and technical trends.

Interested in exhibiting? Book online NOW!

www.eumweek.com
Richard Vaughan

Horizon House Publications Ltd.
46 Gillingham Street

London, SW1V 1HH, UK
E:rvaughan@horizonhouse.co.uk

Tel: +44 20 7596 8742
Fax: +44 20 7596 8749

Kristen Anderson
Horizon House Publications Inc.

685 Canton Street
Norwood, MA 02062, USA
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Source: IC Knowledge LLC, PO Box 20, Georgetown, MA 01833
(www.icknowledge.com)
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MONTHLY WORLDWIDE SEMICONDUCTOR REVENUE

The Semiconductor Industry Association (SIA) has released revenue numbers
for September 2007 of $25.75 B (raw numbers not three-month moving aver-
age). The September numbers are up from $25.50 B in September of 2006 and
represent 1.0% growth month-over-month versus 9.0% in August.

January 2007 started the year with strong growth but February showed nega-
tive growth. March moved positive again and April showed strengthening growth
with May and June both showing negative growth. July and August showed
strong positive growth before September’s disappointing 1.0% growth.

SILICON CARBIDE ELECTRONICS MARKETS 2004–2009

SiC devices display power densities and thermal properties well above those
of either silicon or gallium arsenide. Such components are therefore ideal candi-
dates for compact, highly efficient power circuits for use at high operating tem-
peratures or in harsh radiation environments.

The first SiC devices to emerge consisted of Schottky diodes and MESFETs.
Each has been commercially available for several years and the market has been
growing quickly. Wicht Technologie Consulting (WTC) estimates that the market
for these components could grow further, from about $13 M in 2004 to $53 M
in 2009, equating to a compound annual growth of over 30%.
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MICROWAVE
COMPONENTS
World Class Quality

at
Very Competitive Prices

Electromechanical Switches

Power Attenuators &
Terminations

Couplers & Power Dividers

Ferrite Devices

CustomActive Components

SEE ITALLAT
www.epxmicrowave.com

CONTACT USAT
sales@epxmicrowave.com

CALL USAT
408-400-0988
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Simon Haykin, Editor
Wiley Interscience • 243 pages; $94.95
ISBN: 978-0-471-73582-3

THE BOOK ENDTHE BOOK END

This book focuses on two types of radar:
Surveillance radar, the purpose of

which is target detection in the presence of
unwanted signals, interference and noise;
and low tracking radar, which is complicat-
ed by multipath caused by reflections from
the sea/ocean surface. The book is orga-
nized in two parts. Part I, consisting of two
chapters, deals with radar spectrum analy-
sis. Chapter 2 addresses the low-angle
tracking radar problem. With estimation of
the target’s angle of arrival in the presence
of the multipath issue of interference, a
spectrum estimation procedure known as
the multi-taper method or multiple-win-
dow method is used. Chapter 3 also uses
the multi-taper method, but with an impor-
tant extension. Specifically, the power spec-
trum is now estimated as a function of both
time and frequency. Part II, consisting of
Chapters 4 to 6, deals with dynamic models
of radar returns produced in a marine envi-

ronment. Chapter 4 focuses on modeling
the underlying dynamics responsible for
the generation of sea clutter. Three specific
approaches are discussed: chaos, hybrid
amplitude modulation-frequency modula-
tion and the auto-regressive model. Chap-
ter 5 expands on the ideas described on
modulation theory in Chapter 4 and further
refines this physical basis for the statistical
characterization of sea clutter dynamics by
accounting for nonstationarity. Chapter 6
completes the discussion on the dynamic of
radar returns in a marine environment by
formulating a Bayesian framework for de-
tection-through-tracking of a target moving
on the sea surface in the presence of sea
clutter. As with Part I, the adaptive signal-
processing theory presented in all three
chapters of Part II is supported experimen-
tally using real life radar data collected us-
ing the IPIX radar under different environ-
mental conditions.

Adaptive Radar Signal Processing

Elliott D. Kaplan and Christopher J. Hegarty, Editors
Artech House • 720 pages; $129, £78
ISBN: 978-1-58053-894-7

Since the writing of the first edition of
this book, usage of the Global Posi-

tioning System (GPS) has become nearly
ubiquitous. The objective of this second
edition is to provide the reader with a
complete systems engineering treatment
of GPS. Updates include the modification
of some of the existing material and the
addition of new material. The new mater-
ial includes satellite constellation design
guidelines, descriptions of new satellites
(Block IIR, Block IIR-M, Block IIF), a
comprehensive treatment of the control
segment and planned upgrades, satellite
signal modulation characteristics, de-
scriptions of the modernized GPS satel-
lite signals (L2C, L5 and M code) and ad-
vances in GPS receiver signal processing
techniques. The treatment of interfer-
ence effects on legacy GPS signals from
the first edition is greatly expanded and a

treatment of interference effects on mod-
ernized signals is added. New material is
also included to provide in-depth discus-
sion on multipath and ionospheric scintil-
lation, along with the associated effects
on the GPS signals. In addition to GPS,
Galileo is now covered with as much de-
tail as possible at this stage in this Euro-
pean program’s development. Coverage
of Russia’s Global Navigation Satellite
System (GLONASS), China’s BeiDou and
Japan’s Quasi-Zenith Satellite System is
also provided. As in the first edition, the
book is structured such that a reader with
a general science background can learn
the basics of GPS and how it works with-
in the first few chapters, whereas the
reader with a stronger engineering/scien-
tific background will be able to delve
deeper and benefit from the more in-
depth technical material.

Understanding GPS Principles and Applications: Second Edition

To order this book, contact:
John Wiley & Sons Inc.

One Wiley Drive
Somerset, NJ 08875

(800) 225-5945

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
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For additional information or technical support, please contact our 
Sales Department at (631) 439-9220 or e-mail components@miteq.com

SPST
0.2 – 2 SW1-002020RN1NF 1.7 70 1.6:1 10/10 20 35 35/70

2 – 8 SW1-020080RN1NF 2 80 1.7:1 10/10 20 35 35/70
4 – 12 SW1-040120RN1NF 2.2 80 1.7:1 10/10 20 35 35/70
2 – 18 SW1-020180RN1NF 3 80 2:1 10/10 20 35 35/70
1 – 18 SW1-010180RN1NF 3 70 2:1 10/10 20 35 35/70

SP2T
0.2 – 2 SW2-002020RN1NF 1.5 70 1.6:1 10/10 20 35 60/60

2 – 8 SW2-020080RN1NF 1.8 80 1.7:1 10/10 20 35 60/60
4 – 12 SW2-040120RN1NF 2.2 80 1.7:1 10/10 20 35 60/60
2 – 18 SW2-020180RN1NF 2.8 80 2:1 10/10 20 35 60/60
1 – 18 SW2-010180RN1NF 3 70 2:1 10/10 20 35 60/60

SP3T
0.2 – 2 SW3-002020RN1NF 1.6 70 1.6:1 20/20 150 180 85/85

2 – 8 SW3-020080RN1NF 1.9 80 1.7:1 20/20 150 180 85/85
4 – 12 SW3-040120RN1NF 2.4 90 1.7:1 20/20 150 180 85/85
2 – 18 SW3-020180RN1NF 3 80 2:1 20/20 150 180 85/85
1 – 18 SW3-010180RN1NF 3.1 70 2:1 20/20 150 180 85/85

Note: The above models are all reflective switches. Absorptive models are also available, please contact MITEQ.

Frequency Insertion Rise/Fall On/Off On/Off DC Power
Range Model Loss Isolation VSWR Time Time Time Positive/Negative
(GHz) Number (dB, Max.) (dB, Min.) (Max.) (ns, Typ.) (ns, Typ.) (ns, Max.) (mA, Max.)

Visit http://mwj.hotims.com/16337-98 or use RS# 98 at www.mwjournal.com/info
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1 Acceleware . . . . . . . . . . . . . . . . . . . . . . . . . .95 http://mwj.hotims.com/16337-1
2 Advanced Microwave, Inc.  . . . . . . . . . . . . .102 . . . . . . . . . . . .408-739-4214 http://mwj.hotims.com/16337-2
3 Advanced Switch Technology  . . . . . . . . . .186 . . . . . . . . . . . .613-384-3939 613-384-5026 http://mwj.hotims.com/16337-3
4 Aeroflex / Weinschel, Inc.  . . . . . . . . . . . . . .9 . . . . . . . . . . . . .800-638-2048 301-846-9116 http://mwj.hotims.com/16337-4
5 Aethercomm  . . . . . . . . . . . . . . . . . . . . . . . .123 . . . . . . . . . . . .760-598-4340 760-598-4342 http://mwj.hotims.com/16337-5

6,7,8 Agilent Technologies, Inc. . . . . . . . . . . .33,99,197  . . . . . . . . .800-829-4444 415-857-5518 http://mwj.hotims.com/16337-6
9 American Technical Ceramics  . . . . . . . . . .145 . . . . . . . . . . . .631-622-4700 631-622-4748 http://mwj.hotims.com/16337-9

10 AML Communications Inc.  . . . . . . . . . . . .49  . . . . . . . . . . . .805-388-1345 805-484-2191 http://mwj.hotims.com/16337-10
11 Anritsu Company . . . . . . . . . . . . . . . . . . . . .39  . . . . . . . . . . .800-ANRITSU 972-671-1877 http://mwj.hotims.com/16337-11
12 Ansoft Corporation  . . . . . . . . . . . . . . . . . . .35  . . . . . . . . . . . .412-261-3200 412-471-9427 http://mwj.hotims.com/16337-12
13 Applied Radar, Inc. . . . . . . . . . . . . . . . . . . .186 . . . . . . . . . . . .401-295-0062 401-667-2912† http://mwj.hotims.com/16337-13
14 Applied Wave Research, Inc.  . . . . . . . . . . .11  . . . . . . . . . . . .310-726-3000 http://mwj.hotims.com/16337-14

15,16 AR Worldwide  . . . . . . . . . . . . . . . . . . . .52-53,183  . . . . . . . . .215-723-8181 http://mwj.hotims.com/16337-15
17 Arlon-Materials for Electronics Division . .151 . . . . . . . . . . . .800-635-9333 302-834-2574 http://mwj.hotims.com/16337-17
19 Astrolab, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .41  . . . . . . . . . . . .732-560-3800 732-560-9570 http://mwj.hotims.com/16337-19
20 Atlantic Microwave Ltd.  . . . . . . . . . . . . . . .98  . . . . . . . . . . .44-1376-550220 44-1376-552145 http://mwj.hotims.com/16337-20
21 Auriga Measurement Systems, LLC . . . . . .47  . . . . . . . . . . . .978-441-1117 978-441-2666 http://mwj.hotims.com/16337-21
22 B&Z Technologies  . . . . . . . . . . . . . . . . . . . .37  . . . . . . . . . . . .631-444-8827 631-444-8825 http://mwj.hotims.com/16337-22
23 Bowei Integrated Circuits Co., LTD.  . . . . .74  . . . . . . . . . .+86-311-87091891 +86-311-87091282 http://mwj.hotims.com/16337-23
24 CAP Wireless Inc. . . . . . . . . . . . . . . . . . . . .127 . . . . . . . . . . . .805-499-1818 http://mwj.hotims.com/16337-24
25 Channel Microwave Corporation  . . . . . . . .20  . . . . . . . . . . . .805-482-7280 805-987-8794 http://mwj.hotims.com/16337-25
26 Ciao Wireless, Inc. . . . . . . . . . . . . . . . . . . . .54  . . . . . . . . . . . .805-389-3224 805-389-3629 http://mwj.hotims.com/16337-26

ClearComm Technologies, LLC  . . . . . . . .184 . . . . . . . . . . . .410-860-0500 410-860-9005 http://www.clearcommtech.com
27 Cobham Defense Electronic Systems  . . .22-23 . . . . . . . . . . .603-775-5200 603-775-5201 http://mwj.hotims.com/16337-27
28 Coilcraft  . . . . . . . . . . . . . . . . . . . . . . . . . . . .15  . . . . . . . . . . . .800-322-2645 847-639-1469 http://mwj.hotims.com/16337-28
29 Commercial Microwave Technology, Inc.  .65  . . . . . . . . . . . .916-631-4363 530-642-9798 http://mwj.hotims.com/16337-29
30 Comtech PST Corp.  . . . . . . . . . . . . . . . . . .45  . . . . . . . . . . . .631-777-8900 631-777-8877 http://mwj.hotims.com/16337-30
31 CPI Beverly Microwave Division . . . . . . . .119 . . . . . . . . . . . .978-922-6000 978-922-2736 http://mwj.hotims.com/16337-31
32 CST of America, Inc. . . . . . . . . . . . . . . . . . .29  . . . . . . . . . . . .508-665-4400 781-576-5702 http://mwj.hotims.com/16337-32
33 CTT Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . .71  . . . . . . . . . . . .408-541-0596 408-541-0794 http://mwj.hotims.com/16337-33
34 Daico Industries, Inc.  . . . . . . . . . . . . . . . . .43  . . . . . . . . . . . .310-507-3242 310-507-5701 http://mwj.hotims.com/16337-34
35 dBm, LLC . . . . . . . . . . . . . . . . . . . . . . . . . .152 . . . . . . . . . . . .973-709-0020 973-709-1346 http://mwj.hotims.com/16337-35

36,37 Dielectric Laboratories Inc.  . . . . . . . . . .109,177  . . . . . . . . . .315-655-8710 315-655-0445 http://mwj.hotims.com/16337-36
38 Dow-Key Microwave Corporation . . . . . . .121 . . . . . . . . . . . .805-650-0260 805-650-1734 http://mwj.hotims.com/16337-38
39 Ducommun Technologies Inc. . . . . . . . . . .101 . . . . . . . . . . . .310-513-7200 310-513-7298 http://mwj.hotims.com/16337-39
40 Eastern Wireless TeleComm, Inc.  . . . . . . .115 . . . . . . . . . . . .410-749-3800 410-749-4852 http://mwj.hotims.com/16337-40
18 Elcom Technologies  . . . . . . . . . . . . . . . . . .100 . . . . . . . . . . . .201-767-8030 201-767-6266 http://mwj.hotims.com/16337-18
41 EM Research, Inc.  . . . . . . . . . . . . . . . . . . .144 . . . . . . . . . . . .775-345-2411 775-345-1030 http://mwj.hotims.com/16337-41
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43 Emerson Network Power  . . . . . . . . . . . . . .97  . . . . . . . . . . . .800-247-8256 http://mwj.hotims.com/16337-43
44 Endwave . . . . . . . . . . . . . . . . . . . . . . . . . . . .27  . . . . . . . . . . . .408-522-3180 408-522-3181 http://mwj.hotims.com/16337-44
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46 ET Industries  . . . . . . . . . . . . . . . . . . . . . . .113 . . . . . . . . . . . .973-394-1719 973-394-1710 http://mwj.hotims.com/16337-46
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49 European Antennas Limited  . . . . . . . . . . .158  . . . . . . . . . .+44 1638 732177 http://mwj.hotims.com/16337-49
50 Evans Capacitor Company . . . . . . . . . . . . .112 . . . . . . . . . . . .401-435-3555 401-435-3558 http://mwj.hotims.com/16337-50
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52 Filtronic Compound Semiconductors, Ltd.143  . . . . . . . . . . .408-850-5740 831-621-8074 http://mwj.hotims.com/16337-52
42 Florida RF Labs Inc.  . . . . . . . . . . . . . . . . . .19  . . . . . . . . . . . .800-544-5594 http://mwj.hotims.com/16337-42
53 G.T. Microwave Inc.  . . . . . . . . . . . . . . . . . .44  . . . . . . . . . . . .973-361-5700 973-361-5722 http://mwj.hotims.com/16337-53
54 Herley Industries, Inc.  . . . . . . . . . . . . . . . .129 . . . . . . . . . . . .631-630-2000 631-630-2066 http://mwj.hotims.com/16337-54
55 Herotek, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .16  . . . . . . . . . . . .408-941-8399 408-941-8388 http://mwj.hotims.com/16337-55

56,57,58, Hittite Microwave Corporation  . . . . . . .75,76,77,
59,60,61  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .79,80,81 . . . . . . . . . .978-250-3343 978-250-3373 http://mwj.hotims.com/16337-56

63 Huber + Suhner AG  . . . . . . . . . . . . . . . . . .58  . . . . . . . . .+41 (0)71 353 41 11 +41 (0)71 353 45 90 http://mwj.hotims.com/16337-63
IEEE MTT-S International 

Microwave Symposium  . . . . . . . . . . . .124,162  . . . . . . . . . .781-769-9750 781-769-5037 www.ims2008.org
64 Instruments for Industry Inc.  . . . . . . . . . .135 . . . . . . . . . . . .631-467-8400 631-467-8558 http://mwj.hotims.com/16337-64
65 Integra Technologies, Inc. . . . . . . . . . . . . . .38  . . . . . . . . . . . .310-606-0855 310-606-0865 http://mwj.hotims.com/16337-65
66 Ion Beam Milling, Inc.  . . . . . . . . . . . . . . . .146 . . . . . . . . . . . .603-644-2326 603-647-6889 http://mwj.hotims.com/16337-66
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69 K&L Microwave, Inc. . . . . . . . . . . . . . . . . . .7 . . . . . . . . . . . . .410-749-2424 443-260-2268 http://mwj.hotims.com/16337-69

RS NO. ADVERTISER PAGE NO. PHONE FAX WEB ADDRESS

1M2 1st Galley  12/31/07  11:05 AM  Page 194

http://mwj.hotims.com/16337-1
http://mwj.hotims.com/16337-2
http://mwj.hotims.com/16337-3
http://mwj.hotims.com/16337-4
http://mwj.hotims.com/16337-5
http://mwj.hotims.com/16337-6
http://mwj.hotims.com/16337-9
http://mwj.hotims.com/16337-10
http://mwj.hotims.com/16337-11
http://mwj.hotims.com/16337-12
http://mwj.hotims.com/16337-13
http://mwj.hotims.com/16337-14
http://mwj.hotims.com/16337-15
http://mwj.hotims.com/16337-17
http://mwj.hotims.com/16337-19
http://mwj.hotims.com/16337-20
http://mwj.hotims.com/16337-21
http://mwj.hotims.com/16337-22
http://mwj.hotims.com/16337-23
http://mwj.hotims.com/16337-24
http://mwj.hotims.com/16337-25
http://mwj.hotims.com/16337-26
http://www.clearcommtech.com
http://mwj.hotims.com/16337-27
http://mwj.hotims.com/16337-28
http://mwj.hotims.com/16337-29
http://mwj.hotims.com/16337-30
http://mwj.hotims.com/16337-31
http://mwj.hotims.com/16337-32
http://mwj.hotims.com/16337-33
http://mwj.hotims.com/16337-34
http://mwj.hotims.com/16337-35
http://mwj.hotims.com/16337-36
http://mwj.hotims.com/16337-38
http://mwj.hotims.com/16337-39
http://mwj.hotims.com/16337-40
http://mwj.hotims.com/16337-18
http://mwj.hotims.com/16337-41
http://mwj.hotims.com/16337-42
http://mwj.hotims.com/16337-43
http://mwj.hotims.com/16337-44
http://mwj.hotims.com/16337-45
http://mwj.hotims.com/16337-46
http://mwj.hotims.com/16337-47
http://mwj.hotims.com/16337-49
http://mwj.hotims.com/16337-50
http://mwj.hotims.com/16337-51
http://mwj.hotims.com/16337-52
http://mwj.hotims.com/16337-42
http://mwj.hotims.com/16337-53
http://mwj.hotims.com/16337-54
http://mwj.hotims.com/16337-55
http://mwj.hotims.com/16337-56
http://mwj.hotims.com/16337-63
http://www.ims2008.org
http://mwj.hotims.com/16337-64
http://mwj.hotims.com/16337-65
http://mwj.hotims.com/16337-66
http://mwj.hotims.com/16337-67
http://mwj.hotims.com/16337-69


MODELS ( Add Prefix BW- )

2 W SMA 5 W SMA 5 W Type-N

$29.95 $44.95 $54.95 Nominal     Accuracy*

S1W2 S1W5 N1W5 1 ±0.40
S2W2 S2W5 N2W5 2 ±0.40
S3W2 S3W5 N3W5 3 ±0.40

S4W2 S4W5 N4W5 4 ±0.40
S5W2 S5W5 N5W5 5 ±0.40
S6W2 S6W5 N6W5 6 ±0.40

S7W2 S7W5 N7W5 7 -0.4,+0.9
S8W2 S8W5 N8W5 8 ±0.60
S9W2 S9W5 N9W5 9 -0.4,+0.8

S10W2 S10W5 N10W5 10 ±0.60
S12W2 S12W5 N12W5 12 ±0.60
S15W2 S15W5 N15W5 15 ±0.60

S20W2 S20W5 N20W5 20 -0.5,+0.8
S30W2 S30W5 N30W5 30 ±0.85
S40W2 S40W5 N40W5 40 -0.5,+1.5

*At 25°C includes frequency and power variations. 

2 W&5 W
DC to18 GHz ATTENUATORS

$2995
ea. (1-49)from

Attenuation (dB)

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost,
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW”
family of precision fixed attenuators stand above the crowd! This extremely broad
band DC to 18 GHz series is available in 5 watt Type-N and 2& 5 watt SMA coaxial
designs, each containing 15 models with nominal attenuation values from 1 to 40 dB.
Built tough to handle 125 watts maximum peak power, these high performance
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a
wealth of applications. So contact Mini-Circuits today, and capture this next generation
of performance and value! Mini-Circuits…we’re redefining what VALUE is all about!

IN STOCK

Now Available! Adapters ( Prices: qty.1-49 )

SMA to BNC  Type-N to Type-N 

DC-2 GHz $395 ea. DC-6 GHz $995ea.
Type-N to SMA  

DC-18 GHz $2295 ea.

SMA to SMA QUICK CONNECT SMA  

DC-18 GHz from $495ea. o S
C O M P L I A N T

To order Attenuators as RoHS, add + 
to base model No. Example: BW-S1W2+
Adapters available as RoHS, see web site.

331 Rev K

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW

Visit http://mwj.hotims.com/16337-95 or use RS# 95 at www.mwjournal.com/info
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The Agilent EXA is the first new economy-class signal 

analyzer that’s fast enough for manufacturing and functional 

enough for development.

Manufacturing engineers will like the measurement

speeds—up to 300% faster than comparable analyzers. 

Development engineers will like having access to over 50 

demodulation standards that offer quick insight without 

the setup hassles. And everyone will like the Windows®

platform, auto-tune features, built-in user guide, and 100 

Base-T connectivity.

What’s not to like? Sharing one. But at the EXA’s low price,

you can get several to go around. Call your Agilent

representative or visit www.agilent.com/find/exa for the full

specifications. Fast. Functional. Affordable. It’s signal analysis

at the edge of possibility.

u.s. 1-800-829-4444
canada 1-877-894-4414
www.agilent.com/fi nd/exa

Agilent EXA signal analyzer

©Agilent Technologies, Inc. 2007

Windows is a U.S. registered trademark of Microsoft Corporation.

A signal analyzer for everybody
You may need to get more than one

Visit http://mwj.hotims.com/16337-8 or use RS# 8 at www.mwjournal.com/info
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for synthesizers
from PTS, you don’t
even have to ask,
all our technical information, (web,

catalog, data sheets) shows

the price of our units.  PTS produces

fast switching, low noise 

synthesizers with the best

performance/price ratio on the

market.   Our total installed base, 

first in the ATE industry, confirms

this fact.

Are there products out there that

have even better performance?

Absolutely.  If you have to ask how

much those cost...we think you 

know the story...

If you should need information on

our products, you’re free to ask.  We

shall gladly answer your questions

about specs and price.

If you have to ask how much it costs.....  

INDUSTRY’S LARGEST INSTALLED BASE

synthesized

LO sources

with:

crystal control

ultra-low phase noise

μs-switching

multi-octave coverage

fine resolution

0.1 MHz - 6.4 GHz

you can afford it

PROGRAMMED TEST SOURCES, INC.

9 Beaver Brook Road

Littleton, MA 01460

Tel: 978 486-3400 

Fax: 978 486-4495

http://www.programmedtest.com

e-mail: sales@programmedtest.com

PROGRAMMED TEST SOURCES, INC.

anything from a 

10 MHz slot to a 

6.4 GHz band,

covered with

numerous models

Visit http://mwj.hotims.com/16337-111 or use RS# 111 at www.mwjournal.com/info

MWJ JAN 08_C2-C4  12/27/07  7:28 AM  Page C3

http://www.programmedtest.com
mailto:sales@programmedtest.com
http://mwj.hotims.com/16337-111
http://www.mwjournal.com/info
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