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Innovative design and meticulous machining make Santron 

7/16s the only choice for critical signal transmissions. Our 7/16s 

consistently deliver passive 

intermodulation performance

below -168 dBc. And we use

the highest quality materials

to ensure our 7/16s perform

for a lifetime on towers in even the harshest environments. Compare 

our 7/16 prices by requesting a quote from our Web site today.

Engage with Santron

Santron 7/16s are the answer when every dB counts

www.santron.com  

978-356-1585

Popular Panel Receptacles 
Under $6.00

Specialized Reduced Flange
Receptacles

Right Angle Receptacles for Medical
and Base Station Applications

Male Receptacles Featuring Single
Piece Construction

Rugged and Reliable Within Series
Adapters

Between Series Adapters Engineered 
to Maintain Signal Integrity

Quality Dust Caps for Secure
Protection From the Elements

Professionally Built and Competitively
Priced Cable Assemblies 

Performance
Frequency Range: DC-7.5 GHz

Voltage Rating: 2700 V RMS (sea level)

Nominal Impedance: 50 ohms

DWV: 4000 V RMS @ 60 Hz (sea level)

Insulation Resistance: 10,000 megohms

Temperature Range: -55ºC to +155ºC

Materials
Dielectrics: PTFE Fluorocarbon, 

Type 1, GR1, CLA

Contacts (Female): Phosphor bronze 

Male Outer Contacts: Phosphor bronze 

Gaskets: Silicone rubber, 
Class II, GR 50-60

Other Metal Parts: Brass per ASTM-B-16

Plating
Center Contacts: Silver or gold

Metal Parts: Albaloy or silver

Delivery
Standard Models: 2 to 3 weeks (average)

Custom designs a specialty
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Visit http://mwj.hotims.com/16338-132 or use RS# 132 at www.mwjournal.com/info
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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products.  Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional
testing instruments.

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing.  And only Picoprobe  offers the
lowest loss, best  match,  low  inductance
power supplies, and current sources on a
single probe card.

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

Through unique modular design
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

GGB INDUSTRIES, INC.     •     P.O. BOX 10958     •     NAPLES, FL 34101
Telephone  (239) 643-4400     •     Fax   (239) 643-4403     •     E-mail  email@ggb.com     •    www.picoprobe.com

®

Visit http://mwj.hotims.com/16338-60 or use RS# 60 at www.mwjournal.com/info
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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

 2M4 FINAL  1/28/08  9:41 AM  Page 4



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

Visit http://mwj.hotims.com/16338-88 or use RS# 88 at www.mwjournal.com/info
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Resolving interference issues between closely spaced transmitters and receivers
can be a real nightmare.  Transmitter broadband noise, receiver desensitization,
spurious signals, and rusty bolt effects result in unintentional jamming in your
communications system.  The result is a system that provides only a fraction of
the required communications range.  What are you going to do?

Contact Pole/Zero today to conduct an analysis of your system and shed light on
how best to improve the dynamic range on your platform.  We have many years
of experience in analyzing and providing solutions for RF interference issues.

Recover the radio communications
range you require by 
contacting one of our cosite 
communication engineers  today!

www.polezero.com

30 to 400 MHz 20 to 3000 MHz 225 to 400 MHz
with 2ch combiner p 513.870.9060 / f 513.870.9064

Visit http://mwj.hotims.com/16338-116 or use RS# 116 at www.mwjournal.com/info
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We stock over 100 different models of power

dividers so that we can meet the challenging

requirements of our commercial and military

accounts. But in this highly competitive business

that’s only half the battle. Sales Support expediters,

like Liz, make sure we deliver...on spec and on time.

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 dependable

product fulfillment that has made Narda’s sales

support number one around the globe.

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

“Its my job to make sure Narda
delivers our customer’s products
when they want them and keep
them up to date on order status.
Whenever possible, I work with
our manufacturing department
to accommodate them.”

AT NARDA,  OUR PEOPLE  MAKE THE  DIFFERENCE

Sales SupportElizabeth Cheung

Visit http://mwj.hotims.com/16338-109 or use RS# 109 at www.mwjournal.com/info
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22 The Look Forward in Microwave Plumbing for Systems Applications
Tore N. Anderson, Airtron Inc.
First published in July/August of 1958, this article discussed the application of new microwave ferrite components to missile
guidance radar, tracking antennas and microwave relays

32 A Passion for Plumbing: 50 Years of Waveguide Assemblies and Components
Nigel Bowes, Credowan Limited
A personal look back at Tore Anderson’s original 1958 article, along with an analysis of the past, present and future of
waveguide assemblies and components

T E C H N I C A L  F E A T U R E S

66 An Enabling New 3D Architecture for Microwave Components and Systems
Zoya Popović, Sébastien Rondineau and Dejan Filipović, University of Colorado; David Sherrer, Chris Nichols, Jean-Marc
Rollin and Ken Vanhille, Rohm and Haas Electronic Materials
Introduction to a manufacturing technology designed to produce 3D metallic-dielectric components to go directly from 3D
CAD drawings to 3D miniature circuit components

88 Design of a Microwave Group Delay Time Adjuster and Its Application to a Feedforward Power
Amplifier
Heungjae Choi and Yongchae Jeong, Chonbuk National University; J.S. Kenney, Georgia Institute of Technology; 
Chul Dong Kim, Sewon Teletech Inc.
Design, fabrication and measurement of a microwave group delay time adjuster and base station feedforward power amplifier

104 High Efficiency Broadband Power Amplifiers
F.J. Ortega-Gonzalez, J.M. Pardo-Martin, A. Gimeno-Martin and C.B. Peces, Universidad Politécnica de Madrid
Use of load pull design techniques and synthesis of broadband load networks in the design of broadband high efficiency
power amplifiers
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M/A-COM RF and microwave 
solutions for aerospace and defense
Over 50 years of proven performance in demanding applications

• High power broadband RF and microwave subsystems

• Miniature data links for UAVs and munition applications

• Microwave receivers for SIGINT collection and analysis

• Proven IED defeat and force protection systems

• Reliable, high performance antennas and coaxial cable assemblies

• Large portfolio of RF and microwave components including amplifiers, 

limiters, mixers, attenuators, switches, passive elements, and more

For more details, contact your local M/A-COM sales office or visit

www.macom.com/defense

U.S. Air Force photo by Lee O. Tucker
U.S. Navy photo by Nathanael T. Miller

North America 800.366.2266 • Europe +44 (0)1908.574200
Asia/Pacific +81.44.844.8296 • www.macom.com

M/A-COM, TE Logo and Tyco Electronics are trademarks.

0.5 to 18 GHz 
SIGINT microwave 
tuner in VME package

Visit us at AUSA—Booth 2340

Visit http://mwj.hotims.com/16338-79 or use RS# 79 at www.mwjournal.com/info
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120 Design of a CPW-fed Printed Antenna for Ultra-wideband
Applications
Wen-Shan Chen and Kai-Cheng Yang, Southern Taiwan University
Presentation of a compact, low profile planar rectangle-semicircle-rectangle
antenna for ultra-wideband applications

132 A 5 GHz RFIC Single Chip Solution in GaInP/GaAs HBT
Technology
Chin-Chun Meng and Tzung-Han Wu, National Chiao Tung University
Design and implementation of several radio frequency integrated circuit
building blocks using 2 μm GaInP/GaAs heterojunction bipolar transistor
technology

144 Extracting a Nonlinear Electro-thermal Model for a GaN HFET
Andrew Edwards, Bernard Geller and Isik C. Kizilyalli, Nitronex Corp.
Description of a procedure used to extract a nonlinear model for a gallium
nitride power heterostructure field-effect transistor

T U T O R I A L

156 CMOS AGC Design Strategies
Louis Fan Fei, Garmin International
Discussion of automatic gain control implementations in complementary
metal-oxide semiconductor technology

P R O D U C T  F E A T U R E S

166 A Push-on Connector Series
Spectrum Elektrotechnik GmbH
Development of a series of push-on connectors designed for frequencies up to
25 GHz

172 Leadless SMT Cavity Filters
K&L Microwave Inc.
Presentation of a leadless air cavity filter providing an option for better
balancing of design requirements between existing extremes
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TLL40TLL40
Tensolite is releasing its new line of low loss phase stable 

flexible coaxial cable up to 40 GHz.

TLL40-1111A (“125” type) and TLL40-1130A (“150”

type) were designed and engineered to terminate with 

Tensolite’s high performance microwave connectors for 

optimum performance. Furthermore, this new solution 

was designed to meet the needs of any application 

where performance and stability at the higher frequency 

range is critical.

The TLL40-1111A and TLL40-

1130A product families are ideal for 

multiple application requirements that 

include military/aerospace and test & 

measurement.

(866) 282-4708 phone • (562) 494-0955 fax • For more information go to www.tensolite.com

ThThThThT e

11111333

mumumumu

inninnclccc

memememe
®

Available
Through

Distribution

Visit http://mwj.hotims.com/16338-151 or use RS# 151 at www.mwjournal.com/info
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Webinar
MWJ/Besser Associates Webinar Series
Tune-up your skills. Join the thousands of
engineers and managers who have participated
in this monthly series on RF/microwave theory
and practical applications. 
Impedance Matching in
RF & Microwave Circuits
Les Besser returns to
present this month’s
webinar demonstrating
analytical and graphical
(Smith Chart) impedance
matching techniques.
Methods for maximizing RF
power transfer, conjugate matching, bandwidth
considerations and impedance matching of
balanced circuits will be discussed.
Presented by Besser Associates and
Microwave Journal.
Live webcast: 2/19/2008, 11:00 AM (EST)

Online

Executive Interview
In this month’s executive interview,
Microwave Journal talks with David
Sherrer, Director of Research and
Product Development at Rohm and
Haas, about the new PolyStrata™
microfabrication process that
enables perfectly shielded, low-loss,
broadband transmission line
networks supporting complex,
miniaturized and highly integrated
component and system designs well
into millimeter-wave frequencies.

Expert Advice
Every month, Microwave Journal’s Expert Advice asks
a noted industry expert to provide commentary
related to the magazine’s editorial theme. Readers
are encouraged to respond with comments based on
their own experience or opinions. Responses will be
posted as part of an online dialog for all.

Win: The first five contributors are eligible to receive
a complimentary copy of Electrical Engineering: A
Pocket Reference from Artech House.

February: Rafi Herstig, VP of
Advanced Engineering and R&D with
K&L Microwave, discusses the
benefits of the band-reject filter in
eliminating undesired signals while
maintaining an intact up/down link
and why this lesser-known
component is becoming the solution
of choice in a growing number of
cases.

Online Technical Papers

White Paper: “Orthogonal Frequency
Division Multiplexing”
Mark Elo, Marketing Director of RF Products, Keithley
Instruments

White Paper: “Parallel Capacitance in
High Power RF Resistors”
Florida RF Labs/EMC Technology Inc.

White Paper: “WiMAX Backhaul—No
Longer Takes a Back Seat”
Aviv Ronai, CMO, Ceragon Networks

“Design, Development and Fabrication of
Post-coupled Band Pass Waveguide Filter
at 11.2 GHz for Radiometer”
Ravish R. Shah, Amit Patel, Ved Vyas Dwivedi and 
Hitesh B. Pandya

Retrospective
Zoltan Cendes was among the early pioneers to
bring Maxwell’s equations to the computer. In this
exclusive online retrospective, the IEEE fellow and
founder of Ansoft Corp. takes us back to his
experiences at McGill University and the General
Electric Corporate R&D Center for a personal look at
the early days of computational electromagnetics.

Event
Radio & Wireless Symposium (RWS), 
January 20–25
Microwave Journal provides a wrap-up of conference
highlights, news, information and product
announcements at this year’s RWS held in Orlando,
FL.
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© Agilent Technologies, Inc. 2007

This power sensor goes where you go. Whenever and wherever

you need to make power measurements—whether for manu-

facturing, antenna or base station testing—the Agilent U2000

Series of USB power sensors is always up to the task.

With the U2000 Series, you can make measurements without

a power meter. And you won’t need power adapters and trig-

gering modules so often necessary with other USB-based 

solutions. Now, even multiple-channel power measurements

are easier and more affordable.

Simply plug the U2000’s cable into your PC, or selected Agilent

instruments, and start monitoring and analyzing with the 

N1918A Power Analysis Manager software. When you need

high performance power measurements in a portable and con-

venient package… you’ll want to use the Agilent U2000 Series

power sensors. Go to www.agilent.com/find/usbsensor1 for

more information.

Power measurements have
never been so mobile
Power measurements have
never been so mobile

Agilent U2000 Series USB Power Sensors 
• Frequency range from 9 kHz to 24 GHz

• Wide dynamic range from -60 dBm to +20 dBm

• Built-in triggering for synchronization with external instrument

• Internal zeroing capability

• Feature-packed Power Analysis Manager software 

Visit http://mwj.hotims.com/16338-10 or use RS# 10 at www.mwjournal.com/info
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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!

o S
C O M P L I A N T

TM

396 Rev E

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

®
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 minicircuits.com
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COMING EVENTS

CALL FOR SPEAKERS

WCA International Symposium and 
Business Expo
www.wcai.com

FEBRUARY

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

DIRECTED ENERGY WEAPONS 2008
February 19–20, 2008 • London, England
www.iqpcevents.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

MARCH

GIGAHERTZ SYMPOSIUM 2008
March 5–6, 2008 • Göteborg, Sweden
www.ghz2008.se

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

MAY

IEEE COMCAS 2008
May 13–14, 2008 • Tel-Aviv, Israel
www.microwave.co.il

JUNE

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM (RFIC 2008)
June 15–17, 2008 • Atlanta, GA
www.rfi c2008.org

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

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

High
Reliability
For military and space applications

Test Reference to MIL-PRF 55342 
including Life and QCI Testing 
(Group A, B and C Testing)

HR Series Product Line

• Standard product line with Group A, B, C 
test flow plans

• Reduced lead time
• Specification control documents readily available
• Standardized test flow plans

High Reliability Capability

• Custom solutions designed to your 
requirements

• 100% RF testing
• Life (burn-in) testing
• Thermocycling & power conditioning
• Bondability /Solderability
• Resistance to soldering heat
• Resistance to solvents
• Low temperature operation
• Qualification, Shock & Vibration testing

Visit www.emct.com for test plans,
specification control drawing and part numbers.

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 EXPO
November 4–7, 2008 • San Jose, CA 
www.wcai.com
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WORKSHOPS & COURSES

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 fi elds such as Iraq. Sessions by 
the Joint Non-lethal Weapons Direc-
torate (USMC), Directed Energy Ap-
plications Product Offi ce (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 Training 
Class has been designed to teach de-
tailed information on how to use the 
S600 series Parametric Tester. Dur-
ing this hands-on session, students 
use Keithley tools to develop test pro-
grams for parametric devices within 
the Keithley Test Environment (ver-
sion 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, decision 
makers and implementers who need 
an understanding of both how wireless 
works and what the technology can do. 
The information starts with an introduc-
tory level, and progresses into coverage 
of the more technical material at an in-
termediate depth. For more informa-
tion, 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 frequencies from 
550 kHz to 550 GHz, with primary 
emphasis in the VHF, UHF and mi-
crowave regions. Examine commu-
nications and radar, commercial and 
military applications. Explore related 
topics, such as radomes, antenna ma-
terials, NEC computer analysis and 
antenna-measurement techniques.
■ Site: Atlanta, GA 
■ Dates: April 21–25, 2008
■ Contact: Georgia Institute of 
Technology, Professional Education, 
PO Box 93686, Atlanta, GA 30377 
(404) 385-3500.

IEEE COMCAS 2008
■ Topics: This two-day technical pro-
gram covers a variety of complementa-
ry subjects and a technology exhibition. 
The idea is to create a very diverse and 
multidisciplinary conference where 
engineers and scientists from various 
complementary electronics disciplines 
can meet and discuss subjects of com-
mon interest. Emphasis will be on ap-
plications oriented research and de-
velopment, from antennas and device 
engineering to circuit applications to 
systems and software.
■ Site: Tel-Aviv, Israel
■ Dates: May 13–14, 2008
■ Contact: ORTRA Ltd., 1 Nirim 
Street, P.O. Box 61092, Israel +972-3-
6384455, www.microwave.co.il.

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 diffi cult design 
trade-off decisions.
■ Site: Oxford, UK
■ Date: June 2008
■ Contact: University of Oxford Con-
tinuing Education, Rewley House, 1 
Wellington Square, Oxford OX1 2JA 
+44 (0)1865 270360, or visit www.con-
ted.ox.ac.uk.
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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.

RLC Electronics manufactures a complete range

of RF switches including coaxial in the frequency

range from DC to 65 GHz and rectangular or

double ridge waveguide. The operating modes on

all designs are failsafe, latching and manual.

Control options are DC voltages as low as 5V, TTL,

BCD, RS232, and RS422. All switches have

excellent repeatability and lifetimes in excess of

one million operations. Many types are QPL listed

per MIL-DTL-3928.

For more detailed information on coaxial and waveguide switches, visit our web site.

RLC has the exact solution
you’re looking for.

� SPDT to SP12T

� Transfer

� Low VSWR

� High Isolation

� Low Insertion Loss

� High Power

� Low Passive Intermodulation

� Surface Mount Options

ISO 9001:2000 CERTIFIED

Visit http://mwj.hotims.com/16338-129 or use RS# 129 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/16338-54 or use RS# 54 at www.mwjournal.com/info
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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/16338-41 or use RS# 41 at www.mwjournal.com/info
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The #1 Synthesizer now comes
with a full Two Year warranty!

Aeroflex is the #1 fast-
switching synthesizer provider
on the market today! We build
the best synthesizers and even
our most basic models are 30
times faster and 10 times
cleaner than the closest
competitor. Our synthesizers
offer high speed, low noise and
wide bandwidth all in one
package. 

We've built our synthesizer
business reputation one
installation at a time. Our
installed base is one of the
largest in the world with more
than 5,000 Aeroflex fast-
switching synthesizers installed
to date.

2200 OEM Modular
Frequency Synthesizer

•  Spans frequency range from
10 MHz to 18.4 GHz

•  Standard resolution of 
1.0 Hz

•  Can switch from any
frequency (F1), to any other
frequency (F2), up or down, 
in 1 μSec 

2500 Frequency Synthesizer

•  Spans frequency range from
0.3 to 26.5 GHz

•  Standard resolution of 1.0
MHz (0.5 MHz with range 
0.3 to 13.5 GHz) 

•  Can switch frequency
in <200 ns 

Find out more about our
world-class Synthesizers and
receive the latest data sheets by
visiting:

wwww.aeroflex.com/number1synth

Visit http://mwj.hotims.com/16338-4 or use RS# 4 at www.mwjournal.com/info
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CUSTOM

He not only impacted on me personally,
but also on the Cobham Group of which Cre-
dowan is a part. He was instrumental in set-
ting up Hyper Technologies, our sister compa-
ny, in Les Clayes Sous Bois, France. Anderson
set them on their path to becoming France’s
leading supplier of waveguide components for
the space and defence industries, which they
have been since the late 1960s.

This article will hopefully pay respect to
and reflect upon his original article, offer
opinions on some of the important develop-
ments since 1958, and gaze into the mi-
crowave crystal ball to see what the future
holds. My 30 years of industry experience has
been gained on this side of the Atlantic and al-
though I shall acknowledge international de-
velopments the perspective will be from a Eu-
ropean standpoint.

32 MICROWAVE JOURNAL ■ FEBRUARY 2008

NIGEL BOWES
Credowan Limited, UK

When approached to write this cover
story 50 years on from Tore Ander-
son’s original article, which ap-

peared in the very first issue of Microwave
Journal, I agreed to write it for two particular
reasons. First, as a Brit, it is a privilege to have
the opportunity to acknowledge how well and
professionally Microwave Journal has served
the international microwave industry for the
last half century.

Secondly, I am privileged to have had the
honour of meeting Tore Anderson at Euro-
pean Microwave Week in London, England,
in 2001. The event was particularly notable as
it occurred only a few weeks after the tragic
events of September 11. However, it is per-
haps a sign of the man’s commitment, interest
and downright defiance that well into his 80s
he was prepared to travel to London, when
men half his age were not. I cannot claim to
have known him well, but he seemed a charis-
matic, distinguished gentleman, with a passion
for his field of work.

A PASSION FOR PLUMBING:
50 YEARS OF WAVEGUIDE
ASSEMBLIES AND
COMPONENTS

COVER FEATURE: NOW
INVITED PAPER
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Stony Brook,  New York 11790Stony Brook,  New York 11790

Visit us at the

MTT-S Exhibition

in Atlanta. Booth # 2221

5 KhZ to 60GHz

Noise Figures from 0.35 dB

P1dB > +27 dBm

Excellent Group Delay

Phase Matching  < 5°

Gain Matching < 0.5 dB

Up To 50 dB Gain

www.bnztech.com Tel: +1 631 444-8827  Fax: +1 631 444-8825

INN A

  HURRY!

CUSTOM

   DESIGNED

     AMPLIFIERS

Visit http://mwj.hotims.com/16338-26 or use RS# 26 at www.mwjournal.com/info
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Outstanding
Performance

Features: 

Call us today 
to discuss a wide 
variety of standard 
and custom 
interface options . . . . . 

ELCOM
TECHNOLOGIES
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

FERRITE TECHNOLOGY
Anderson’s 1958 article opened

with a comment concerning mi-
crowave ferrite technology and it is
perhaps unremarkable that 50 years
later this technology is still used in
waveguide and coaxial technologies
for one of the most fundamental
building blocks of microwave sys-
tems, the isolator or circulator. The
power levels used in radar systems
and satellite communications ease
ever upwards, and with it the need to
reassess structures and materials.
However, due to its fundamental
physics, ferrite technology has always
been able to offer relatively straight-
forward tracking of these power lev-
els to satisfy this market need, al-
though I do not believe that there
will be a major leap forward in the
foreseeable future.

TEST EQUIPMENT
The biggest single factor aiding

the development of the microwave
industry over the last five decades,
with waveguide assemblies and com-
ponents being no exception, is for en-

gineers to have the ability to test what
it is they are designing and making.
Slotted line six-port reflectometers
and similar highly complex test set-
ups, which existed in the 1960s, even-
tually gave way to proper S-parame-
ter measurements, using network
analysers, originally supplied mainly
by the Hewlett Packard Co. I re-
member the UK launch of the
HP8510 network analyser, which,
perhaps for the first time, offered a
dynamic range, speed and multiplici-
ty of test points that could finally ac-
curately measure passive microwave
components reliably and consistently.
Until this point our industry had, in
many ways, become bogged down
with metrology issues, where mi-
crowave measurements were made
using complex and difficult equip-
ment manufactured to truly outstand-
ing dimensional accuracies.

The reality, however, was that due
to variations of temperature, etc., this
equipment was not offering the kinds
of consistency needed. Systems de-
signers often needed to build in mea-
surement error, as part of their sys-

tem’s architecture. Temperature-con-
trolled standards laboratories
abounded in all major companies.
There was a need to constantly verify
and calibrate equipment, which was
frankly often being used at the ab-
solute limit of its accuracy level. The
HP8510 broke this down. Figure 1
shows a 10-year old instrument still in
use in the Credowan clean room, do-
ing microwave testing on high dy-
namic range cavity filters for the In-
marsat satellite programme.

The HP8510 required calibration
kits for both coaxial and waveguide
use, which had to be manufactured to
previously unprecedented high stan-
dards of accuracy. Instrumental in
their development was a sadly missed
character in our industry, Mario Mau-
ry, who drove the Maury Microwave
Co. to becoming a world player in
this field. The Wiltron Co., now part
of the Anritsu Group, quickly fol-
lowed with its 360 equipment, offer-
ing many of the features of the
HP8510.

Fuelled by this healthy commer-
cial competition, network analyser
development has progressed. Some
time early in the 1990s, Marconi In-
struments in the UK shook up the
market with the launch of the 6200
microwave test set. This was in fact a
scalar system, but was very easy to
use, small and compact, offering lots
of functions. For a while it looked
like the industry may route in that di-
rection, with microwave instrumenta-
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▲ Fig. 1  An HP8510 network analyser in
use in the background in the Credowan clean
room testing filters for the Inmarsat satellite
programme.
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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
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tion becoming lower in cost, more
functional and easy to use.

It is fair to say that in 2008 test is-
sues are much less of a problem. The
days of disputes between design and
test teams over the 10th of a dB are
long gone. Disputes between suppli-
ers and customers over whether a
product may or may not be to specifi-
cation are now mainly behind us.
This in itself has generated huge im-
provements.

WHAT ABOUT THE PLUMBING?
Tore Anderson, like me, was, I

think, a waveguide man at heart. He
covered plaster casting techniques in
some detail, but I do not believe that
this technology has made it to the 21st

century. However, lost-wax casting,
which was pioneered by MDL in the
US in the 1950s and was brought to
Europe in the 1960s by Christopher
Shaw of MicroMetalsmiths, still
forms the basis of a significant per-
centage of waveguide technology.
These simple castings, which sell for
as little as $20 to $30 each, are suit-
able for both flame brazing and dip

brazing, two techniques that are used
all over the world for the assembly of
aluminium waveguide assemblies.

The second technology that could
not have been envisaged in 1958 was
the degree to which CAD modelling
and advances in CNC machining
would open up opportunities for pro-
ducing parts machined from solid
metal and then assembled either by
the use of screws or dip brazing. The
ability to electromagnetically model
and programme accurately facilitates
machined designs that can be near
perfect. This has pushed the barriers,
particularly for products such as mi-
crowave filters, to performance levels
that were previously unobtainable.

Also, various companies around
the world have successfully devel-
oped zero tuning screw technologies,
enabling lower cost production. At
the other end of the scale, many
world leading filter companies are
now producing waveguide filters with
microwave performances way above
what was possible with the previous
generation. This advance in machin-
ing technology is illustrated in Figure

2, which shows a Triplexer machined
to cavity tolerances of 0.0005 of an
inch. This was something that was
unachievable only 10 years ago.

This technology has also chal-
lenged an associated manufacturing
technique, that of plating. Waveguide
structures fundamentally improve
their loss characteristic by some 30
percent if silver plated, when com-
pared to unfinished aluminium or
alochromed aluminium, a technique
that has been known for many
decades. The application of an effec-
tive silver plate, normally laid over a
nickel undercoat, has become a great
art. But the search for a consistent
and electrically high quality silver
plate is on and although current tech-
nologies offer excellent results I pre-
dict that both a cost and performance
step can be achieved by the cracking
of this particularly challenging nut.

FLEXIBLE WAVEGUIDE
Many in our industry might not

appreciate that Airtron Inc., which
originally started in New York State
in the 1940s, pretty much invented
the concept of flexible waveguide.
For those non-waveguide specialists
reading this article, flexible wave-
guide is basically one of two tech-
nologies. Flexible twistable wave-
guide pioneered by Airtron, and still
being produced in significant quanti-
ties today by companies like Mi-
crotech in the US and Mitec in Cana-
da, consists of a helically wound in-
terlocking brass silver-plated strip.

This offers the customer not only
the ability to twist the waveguide, but
also to bend it in either the E or the
H plane (narrow or broad wall). This
product must be used with care, how-
ever, as over enthusiastic bending or
twisting can lead to RF leakage prob-
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▲ Fig. 2  An exploded view of a waveguide
triplexer used in the passive intermodulation
testing of satellites.
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lems. It is not designed for broadly
dynamic applications, but more to
take up tolerance, vibration and low
level movements.

Pioneered to some degree since
Anderson wrote his article has been
so-called seamless flexible waveguide.
This product cannot be significantly
twisted, but again can, within reason,
be bent within the E and H planes.
This is formed from a tube that is
then crimped to offer a similar look-
ing profile to twistable waveguide.
These products have been developed
up to high frequencies. Figure 3
shows the wide variety of waveguide
sizes now available in flexible wave-
guide, ranging all the way from 1.5
GHz, WR650 sizes, right through to
94 GHz, WR10.

Predicting the development of
flexible waveguide is problematic, but
I believe that the battle to consistently
manufacture such waveguide above
18 GHz is not a ‘done deal’ yet. Prod-
ucts beyond 40 GHz are still far from
economic and the phase stability of all
flexible waveguide also needs improv-
ing. If progress is to be made, the next
few years need to yield genuine
progress in this area of waveguide
technology. Integration of subsystems
also offers a threat to the long-term
use of this product, with integration
removing the need for many intercon-
necting waveguide components.

Anderson also briefly discussed
double-ridged waveguide, and it is
perhaps worthwhile considering this
topic in more detail. Double-ridged
waveguide offers much broader fre-
quency coverage than its rectangular
waveguide equivalent. 7.5 to 18 GHz
is covered by WRD750 and 18 to 40
GHz is covered by WRD180, which
are two of the most frequently used
sizes. While the microwave perfor-
mance is not of the same quality as
conventional rectangular waveguide,
and the manufacturing challenges are
considerably more difficult, these
waveguide sizes are used for a num-
ber of key applications. 

The most common application of
double-ridged waveguide is probably
the electronic warfare market where
they are utilised for broadband jam-
mer systems. Most airborne and naval
systems have jammers as a funda-
mental part of their set-up. They are
generally substantially full of wave-
guide components, waveguide assem-

blies, flexible waveguide, couplers,
loads and transitions, all of which are
double ridged.

The second application for these
parts is frequency agile radars, al-
though they are generally less com-
mon now than they were 10 or 15
years ago. The third and final use of
double-ridged waveguide is for so-
called ‘tri-band’ assemblies. This is
where a single antenna can be point-
ed at three different satellites, work-
ing in three different frequency
bands. Again, this is less popular now
than it was perhaps 10 years ago, but
remains a current application.

CIRCULAR WAVEGUIDE
Towards the end of Anderson’s ar-

ticle he talks about circular waveguide
being, in his view, a component of the
future. I am personally unaware of it
being a significant option for most
systems. One of the main reasons be-
ing that in many situations it is quite
impractical, which is a problem when
trying to design components. It also
has serious performance problems
when having to turn corners.

However, elliptical waveguide cer-
tainly still has a major part to play,
particularly in the communications
sector of the waveguide industry, but
in general the integration of mi-
crowave radios and ever smaller and
more co-located design options is re-
ducing the overall requirement. Al-
though circular waveguide is particu-
larly useful for long straight lengths,
in many ways the next technology I
will cover has perhaps supplanted it.

FIBRE OPTICS
The purists amongst you will won-

der why I am writing about fibre op-
tics in a waveguide article, but the re-
ality is that for transmission of ana-
logue or digital data, fibre optics has
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▲ Fig. 3  The range of flexible waveguides
routinely manufactured in the current
generation.
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Low High  Tuning PN @ 10kHz Output Supply 
Frequency Frequency Voltage (1 Hz BW, typ.) Power Voltage

Part No. (MHz) (MHz) (Vdc) (dBc/Hz) (dBm) (Vdc)
V061ME01-LF 45 77 1-10 -113 5.5±4 5
V150ME05-LF 100 200 0-12.5 -114 6±3 5
V220ME02-LF 200 239 0.5-4.5 -121 7.5±2.5 5
V585ME73-LF 600 1200 0-13 -100 8.5±1.5 10
CLV0795B-LF 730 860 0.5-4.5 -105 3.5±2.5 5
CLV0910B-LF 890 930 0.5-4.5 -112 1.5±3.5 5
CLV1596A-LF 1507 1685 0.5-4.5 -100 1.5±3.5 5
V600ME18-LF 1960 3470 0-20 -85 6±4 5
CRO2211A-LF 2171 2251 0.5-4.5 -109 5±2 5
V804ME18-LF 2299 2477 0.5-4.5 -99 1.5±3.5 5
V800ME17-LF 2417 2596 0.5-4.5 -95 1.5±3.5 5
CRO4275A-LF 4265 4285 0.5-4.5 -104 3.5±3.5 5
SMV4705A-LF 4580 4830 0.5-3 -83 0±2 4.5
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taken over a number of functions that
previously would have been serviced
by long waveguide runs. One element
of this business is rotary joints, which
is a technology I shall try to explain in
more detail. Most radar systems have
a 360° scan. In microwave terms, in
order to join the parts on the rotating
antenna to the parts on the ship or
ground system which is not rotating,
a rotary joint is required.

Waveguide rotary joints are gener-
ally constructed from a simple con-
cept: a transition from rectangular to
circular waveguide, a precision device
that rotates one part against the other
part, which, now being circular, can
be done with almost no interruption
of signal, and finally a transition back
to rectangular. Most waveguide joints,
however, are more complicated, in
that they also need to transmit coaxial
signals through. There are two op-
tions: to make the waveguide section
more annular, thus surrendering the
centre line to the rotating part/anoth-
er technology (perhaps coaxial); or to
position these elements down the
centre of the waveguide and to com-
pensate for the potential interruption.

SPACE: THE NEW FRONTIER
When reviewing developments in

the waveguide world, one cannot es-
cape the fact that the dominant appli-

cation for conventional waveguide as-
semblies has become, at least within
Europe, the satellite industry. The
year 1958 was just before the first un-
manned satellite was launched, which
I imagine had no waveguide fitted to
it. The major breakthrough for the in-
dustry occurred in July 1962 when
Telstar was launched. This offered ex-
tremely limited satellite capability;
however, it is the first event I am
aware of where a waveguide travelled
into space. I believe it was a piece of
WR229, but you may know otherwise.

November 1972 saw the launch of
the first Anik A1 satellite over north-
ern Canada that supplied telephone
communications for the first time to a
remote area, which would have previ-
ously been uneconomical. This her-
alded an era during the 1970s and
1980s when satellite technology
gained momentum and progressed.

In the 1970s satellites would have
offered 12 channel capabilities and
incorporated around 50 or 60 wave-
guides. Modern satellites can have
upward of 500 waveguides and can
offer 64 high power communication
channels with a great degree of inter-
connection and redundancy built in.
The demands of quality and perfor-
mance in the space industry are an
order of magnitude higher than that
in the defence industry, which has
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▲ Fig. 4  An early coax-to-waveguide transition electromagnetic software model, courtesy of
Ansoft UK.
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driven processes and design tech-
niques ever forward.

The space industry, for instance,
uses ultra-lightweight waveguide as-
semblies, with wall thicknesses as lit-
tle as 0.4 mm, which is a quarter of
the wall thickness of waveguide used
by other industries. This offers a mas-
sive weight reduction, which is espe-
cially significant when you realise that
each kilogram costs in the region of
$50,000 to put into space. There is,
however, no compromise on electrical
performance, and with power levels
in satellites now fast approaching 3
kW CW, waveguides will have an im-
portant role to play for a long time to
come. Waveguide offers massive
power handling and budget savings
over the only sensible alternative,
coaxial technology, at least at the fre-
quencies of interest.

COMPUTER-AIDED MODELLING
AND DESIGN

When considering microwave
technology in the last 50 years the
impact of software modelling cannot
be ignored. Ansoft launched HFSS in
1990, and while there are many com-
petitive software programmes in use,
in Europe, it is dominant. When
launched, for the first time, it provid-
ed design engineers with the ability
to quickly and relatively accurately
model the structures within a few
hours of the performance specifica-
tion parameter being defined.

This meant that in the compo-
nents industry, even at quotation lev-
el, an exercise lessening risk could be
undertaken, which increases the reli-
ability of timescales and costs. This
eliminates from the loop many of the
traditional risks to both customer and
supplier. Figure 4 illustrates an early
version of the HFSS.

More than ever software offers the
design engineer the opportunity to get
it right the first time. This saves ma-
chining time, prototyping and proving.
In the current era perhaps the most
exciting benefit of these programmes
is the ability to export them into CNC
programming, saving a huge amount
of time. In my youth, scruffy bits of
paper were generated by the design
team, where hoards of draughtsmen (I
was one of them) converted these into
workable prototypes by pencil.

This task would often have to be
performed many times before a unit

was complete. These days design of-
fices are under far more pressure to
deliver to ever-tighter time scales and
this is only possible because of im-
provements in the tools available to
design. The future is attractive, as
these software tools become more re-
liable and easy to use, bringing the
concept of direct prototyping tantalis-
ingly close. 

HIGH FREQUENCY
APPLICATIONS

In 1958 the waveguide world
stopped at around 18 GHz; now it is
100 GHz+. Applications for radio
telescopy are at 77 GHz or above and
radar systems are routinely working
at 95 GHz, offering highly accurate
and reliable short-range target identi-
fication. Only those of us in the mi-
crowave industry appreciate the ‘wow
factor’ of buying a German car that
has a small 94 GHz radar fitted to its
bumper to aid parking. I suspect ex-
ploitation of these frequencies will
keep us waveguide boys busy for
many a year to come.

FINAL THOUGHTS
When attempting to look forward

in any technology the probability is
that you will get some things right
and some things wrong. However,
much of what Tore Anderson prophe-
sied 50 years ago did come to fruition
and continues to do so. The funda-
mental laws of physics surrounding
the microwave industry do not
change, but probably what keeps us
all working away is the people, who,
by and large, are kind, considerate
and honest.

It is still possible to be successful
by supplying components of good
quality, and to offer friendly flexible
services to customers. We are not yet
totally driven by the pound, Euro or
dollar. Those who carry a little influ-
ence should still work hard to keep
the flame of enthusiasm burning, the
same flame that I saw in a man in his
80s in London in 2001.  ■

Nigel Bowes joined RF/microwave connecter
manufacturer Sealectro, Portsmouth, UK, in a
junior design role in 1977, progressing to a
technical support role in 1979. Spells at TCE,
Bradley Microwave and EEV led to him
joining Credowan in 1990, initially as sales
manager, then as sales director from 1995.
Bowes was a founder member of the ARMMS
RF and Microwave Society, the UK offshoot of
ARFTG.
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including 802.11n WLAN MIMO and 802.16e
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� Generate and analyze signals up to 6GHz
repeatably and accurately with our instruments’ 
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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/16338-32 or use RS# 32 at www.mwjournal.com/info
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enable Department of Defense (DoD) personnel to ana-
lyze intelligence images up to six times faster than the
current computer-based system through the use of high-
tech sensors that monitor signals in the human brain.
Honeywell is developing the system as part of DARPA’s
Neurotechnology for Intelligence Analysis (NIA) pro-
gram. “Computer-based systems currently in use cannot
process enormous volumes of intelligence imagery fast
enough to meet the needs of the military,” said Bob
Smith, vice president, Advanced Technology, Honeywell
Aerospace. “That is why we are developing technology
that speeds-up the intelligence analysis process by tapping
into brain signals associated with split-second visual judg-
ments. As a result, we are going to give the analyst the
ability to identify dangerous threats to our troops more
quickly, precisely and effectively than ever before.” The
human brain is capable of responding to visually salient
objects significantly faster than an individual’s visual-mo-
tor, transformation-based response. Simply put, when ex-
amining an image, an analyst’s brain can register a discov-
ery long before the analyst becomes fully aware of it.
Honeywell’s technology uses sensors to monitor brain ac-
tivity in real time, automatically identifying and recording
brain signals to tag intelligence images worthy of addition-
al review. The system presents data to analysts in high-
speed bursts of 10 to 20 images per second. Head-mount-
ed electroencephalogram (EEG) sensors detect neural
signals associated with target recognition as the images
are viewed. Neural signals, known as “event related po-
tentials,” are used to tag the images that contain likely tar-
get or threats. At the end of the high-speed scan, the ana-
lysts are able to focus on the small subset of key images
tagged by the brain scan instead of searching slowly and
systematically through every inch of high-resolution satel-
lite images like current techniques require.

Honeywell’s triage analysis methods will ultimately ap-
ply to a diverse range of imagery, including high resolu-
tion electro-optical, infrared and video imagery. It could
eventually be used in a broad range of military and com-
mercial operations, including medical diagnosis and
geospacial analysis. “HITS is going to help the military to
analyze more intelligence imagery everyday. By more
quickly identifying threats to our troops, Honeywell is
helping the US military keep them out of harm’s way,”
Smith said.

Northrop Grumman an-
nounced that the

LITENING Advanced Tar-
geting (AT) pod has
achieved more than two
years of operational avail-
ability consistently above
95 percent among all US
customers. LITENING AT
systems are currently de-
ployed with the US Air

Force Reserve Command, Air National Guard, Marine
Corps, Air Combat Command and coalition forces.

Northrop Grumman’s

LITENING System

Achieves Operational

Availability Milestone 

Raytheon Co., teamed
with General Dynam-

ics Ordnance and Tactical
Systems, has been selected
by the US Army to develop
the XM 1111 Mid-range
Munition for the Future
Combat System’s Mounted
Combat System. Valued at
$232.3 M, the 63-month
contract covers system de-
sign and development.

“This award establishes Raytheon as the leader in the
development of affordable precision-guided projectiles,”
says Louise Francesconi, president of Raytheon Missile
Systems. “We embrace our role as the primary provider of
precision projectiles for the United States and we look
forward to working in partnership with the Army, General
Dynamics Ordnance and Tactical Systems and our suppli-
ers as we develop this revolutionary capability for the
Army’s current and future forces.” 

Mid-range Munition incorporates proven technology
using a dual-mode seeker suite comprising an imaging in-
frared sensor and a digital semi-active laser seeker. The
dual-mode seeker was developed and successfully demon-
strated during a two-year, army-managed science and
technology program.

In its proposal, Raytheon chose a multipurpose chemi-
cal energy warhead for the Mid-range Munition. “For the
beyond-line-of-sight mission, we believe that the chemical
energy warhead, with proven lethality against the primary
target of threat armor, is the best solution,” said Rodger
Elkins, director of advanced tactical weapons for
Raytheon’s Advanced Programs product line. “It provides
better effects against the secondary targets of buildings,
fortifications and light armor than a less versatile kinetic
energy penetrator.” Raytheon’s aggressive cost control ini-
tiatives provide the Army with a proven, low-risk, afford-
able product as it enters into the system design and devel-
opment phase. Such initiative cost solutions are easily
transferable to Raytheon’s other precision-guided projec-
tiles, such as the company’s highly successful, combat-
proven Excalibur 155 mm artillery projectile. Work on the
Mid-range Munition will be performed at Raytheon facili-
ties in Tucson, AZ.

Honeywell announced
that it is developing a

revolutionary system for
the Defense Advanced Re-
search Agency (DARPA)
that could dramatically im-
prove the military’s intelli-
gence analyzing capabilities
by allowing analysts to eval-
uate images from satellites,
ground cameras and sur-

veillance aircraft more precisely and quickly than ever be-
fore. The Honeywell Image Triage System (HITS) will

Honeywell

Technology to Help

US Military Rapidly

Analyze Intelligence

Raytheon Wins

Army Precision-

guided Projectile

Development

Contract
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Hi-Rel By Design

 SPECIAL HERMETIC PRODUCTS, INC.

SHP seals are identifiable in many ways: 

�� The uniformity of the solder joint when installed 

�� The uniformity and fire polish of the glass 

�� The absence of voids and cracks in the glass 

�� The quality and consistency of plating 

�� The success of the companies who use them 

Call us today for your FREE SAMPLES! 

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

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

“The reliability that matters most to the warfighter is
when the system is turned on and it works time and time
again,” said Mike Lennon, vice president of Targeting and
Surveillance programs at Northrop Grumman’s Defensive
Systems Division. “LITENING AT has demonstrated reli-
ability when called upon to perform surveillance or target-
ing missions. With over 765,000 operational hours (of
which over 370,000 are combat hours), more than all oth-
er targeting pods combined, this milestone is truly a re-
markable feat that is unsurpassed by any other advanced
targeting pod in the world.”

The key to LITENING AT’s operational availability is
an aggressive In-Service Reliability Improvement Pro-
gram (ISRIP). This program is a continual process in
which operational pods are evaluated under mission con-
ditions for design deficiencies. The ISRIP provides engi-
neering information on failure modes and mechanisms,
resulting in the continual incorporation of improvements
and corrective actions that lead to improved LITENING
AT availability. Northrop Grumman is preparing to deliver
initial fourth generation LITENING systems next year to
US customers. The fourth generation version of LITEN-
ING will feature the most advanced 1024 × 1024 pixels
(1k × 1k) forward-looking infrared (FLIR) sensor for im-
proved target detection and recognition ranges under day

and night conditions, new sensors for improved target
identification, and other advanced target recognition and
identification features. Other product improvements al-
ready incorporated into LITENING as part of the fourth
generation version include a new 1k charge-coupled de-
vice sensor, which provides improved target detection and
recognition ranges under daylight conditions. Northrop
Grumman’s LITENING AT system is a self-contained,
multi-sensor laser target-designating, navigation and sen-
sor system that enables aircrews to detect, acquire, track,
identify and engage ground targets for highly accurate de-
livery of both conventional and precision-guided weapons.
In addition, LITENING pioneered the use of video
downlinks that provide ground forces with battlefield situ-
ational awareness from the perspective of an airborne
platform. Since the Introduction of LITENING in 1999,
the system has undergone numerous upgrades to ensure
continued combat relevance in an ever-changing battle-
space, with the fourth generation version the next step in
its evolution. To date, almost 500 LITENING AT pods
have been ordered with over 400 systems fielded, the
largest number of any advanced targeting and sensor sys-
tems. The LITENING AT system is currently deployed
on AV-8B, A-10, B-52, F-15E, F-16 and F/A-18 aircraft,
and is being integrated with the US Marine EA-6B.  ■
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tralasia (EMEA) capabilities. Ball Solutions and Novare
Services provide QinetiQ with a presence of 185 staff lo-
cated in Canberra, Sydney, Melbourne, Brisbane and
Adelaide. They will enhance the company’s portfolio of
defence- and security-based expertise, provide additional
routes to market, and broaden its customer base through
existing relationships and contractual arrangements.

Ball Solutions Group is a provider of professional and
consulting services, primarily to the Australian Depart-
ment of Defence. It has annual revenues of A$29 M and
operates in three main areas: business systems and appli-
cations, data acquisition and management, and operations
research and analysis. 

Novare, which has annual revenues of A$6.1 M, pro-
vides engineering and logistics services to the Australian
Department of Defence, its prime contractors and select-
ed commercial partners. Its core expertise is in aerospace
systems, advanced technical data management, and per-
formance-based contracting and explosive ordnance and
weapons.

The Engineering and
Physical Sciences Re-

search Council (EPSRC)
and the Technology Strate-
gy Board, together with the
Biotechnology and Biologi-
cal Sciences Research
Council (BBSRC), are
seeking bids from leading
UK universities who wish
to host two new Innovation

and Knowledge Centres (IKCs). The IKCs will promote
the early commercialisation of world class research, by
combining within a single integrated centre the best re-
search with the best business development, market analy-
sis, and commercialisation skills and partnerships to accel-
erate its exploitation.

Aimed at providing a major boost to the early commer-
cial exploitation of emerging technologies, the new cen-
tres will each receive financial support of around £9.5 M,
spread over five years. The EPSRC (together with the
BBSRC where appropriate) and the Technology Strategy
Board will contribute £7 M and £2.5 M respectively, with
further funding coming from universities, industry and
other sponsors. 

The new initiative follows the establishment of two pi-
lot IKCs by EPSRC in November 2005—one at Cam-
bridge University in Advanced Manufacturing Technolo-
gies for Photonics and Electronics, and one at the Optic
Technium Centre in North Wales in Ultra Precision and
Structured Surfaces, involving Cranfield, UCL and Cam-
bridge universities. 

Universities that express an interest in hosting one of
the new centres will enter into a thorough assessment and
selection process with a decision anticipated in Septem-
ber 2008. The IKCs will provide support for five years of
intensive early stage development and commercialisation,
which will bring technologies close to market.

New Bid to Develop

Innovation Centres

RF Micro Devices Inc.
(RFMD) has entered

into a definitive agreement
with Filtronic Plc to ac-
quire its wholly owned sub-
sidiary, Filtronic Com-
pound Semiconductors
Ltd. (FCSL), for approxi-
mately £12.5 M in cash.
The acquisition price in-
cludes the purchase of

FCSL’s six-inch GaAs wafer fabrication facility at Newton
Aycliffe, UK, which is currently a major supplier of GaAs
pHEMT semiconductors to RFMD, along with the pur-
chase of the company’s millimetre-wave RF semiconduc-
tor business. The transaction is expected to be completed
before the end of RFMD’s fourth fiscal quarter, ending in
March 2008, subject to customary closing conditions.
“The acquisition of Filtronic Compound Semiconductors
is expected to increase our manufacturing volume, lower
our overall cost structure and provide RFMD with a high-
volume supply of GaAs pHEMT,” said Bob Bruggeworth,
RFMD’s president and CEO.

RFMD expects the addition of FCSL’s high-volume
GaAs fab to significantly reduce its GaAs pHEMT sourc-
ing costs and provide additional capacity, thereby provid-
ing the company the opportunity to capture incremental
revenue that otherwise might be subject to capacity con-
straints during calendar year 2008. Additionally, the com-
pany expects the addition of Filtronic Compound Semi-
conductors’ millimetre-wave business to strengthen the
product portfolio of its recently formed Multi-Market
Products Group and be accretive to its target margin pro-
file for its multi-market business.

The agreement provides for ongoing supply to Filtron-
ic’s point-to-point business for at least three years and for
it remaining at its current site. Following completion Fil-
tronic will cease its activities in compound semiconductor
manufacture and supply. FCSL will enter into a supply
contract and lease, including provision of support services
to its point-to-point business.

QinetiQ Group Plc has
signed agreements to

purchase two Australian
defence consulting busi-
nesses: Ball Solutions
Group Pty Ltd. and Novare
Services Pty Ltd. The com-
panies are being acquired
for a total cash considera-
tion of A$20 M and are
subject to Australian and

US Government regulatory approval. This is expected to
be completed by the end of February 2008, after which
the companies will trade as QinetiQ Consulting Pty Ltd.

The acquisitions are QinetiQ’s first investment in Aus-
tralia and are the latest execution of the company’s contin-
uing strategy to grow its Europe, Middle East and Aus-

QinetiQ Enters

Australian 

Defence Arena  

RFMD Acquires

Filtronic Compound

Semiconductors 
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SELEX S&AS and
Gali leo Avionica are

now operating interna-
tionally as a single compa-
ny within the Finmeccani-
ca Group and wil l  
be known as SELEX
GALILEO. Historically
both companies have trad-
ed separately and each has
developed a strong client

base and a reputation for excellence. The new name cel-
ebrates this tradition and will facilitate continued brand
recognition, which the company is keen to retain and
develop further.

The initiative is a key part of the company’s integration
plan and will create a platform that will enable all of the
benefits of combined working to be realised. It also con-
firms the importance and continued development of both
existing companies within the Finmeccanica Group and
offers clients a one-stop shop to a comprehensive range of
products. 

The executive team believes that the new name will
offer a high recognition factor, offering clients the reas-
surance that the high standards they currently enjoy will
continue to be available on an even greater scale than
before.

SELEX GALILEO

Takes Singles Title 
Astrium has been select-

ed by Eutelsat Com-
munications to deliver the
first European multi-beam
satellite to operate exclu-
sively in the Ka-band and
dedicated to providing
broadband and broadcast
services across the wider
Europe. Currently desig-
nated as KA-SAT, the satel-

lite marks a material step forward in multi-beam satellites.
It will be launched in 2010 and positioned at 13° East in
geostationary orbit. 

Based on the Eurostar E3000 platform developed by
Astrium, the satellite will operate more than 80 spot
beams simultaneously, which makes it the largest multi-
beam Ka-band satellite ever ordered worldwide. KA-SAT
is the 17th satellite commissioned by Eutelsat from Astri-
um, a wholly owned subsidiary of EADS, and the 23rd Eu-
rostar E3000 ordered.

The satellite will feature a high level of frequency re-
use and a flexible assignment of resources to adjust to
market demand. It is equipped with four multi-feed de-
ployable antennas with enhanced pointing accuracy, and
will be able to operate at a payload power of more than 11
kW throughout its 15-year design lifetime.  ■

European First for

Astrium Ka-band

Satellite 
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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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434 Rev A

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

On land, sea, and in the air, demanding critical applications call for a switch 
that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramic
RF/microwave SPDT switch is that switch. From 0.5 to 6 GHz this switch
operates in the absorptive mode (good output VSWR in off state ). From 
0.3 MHz to 500 MHz in the non absorptive mode (Output ports reflective in off
state ). The CSWA2-63DR+ at only 4 x 4 x 1.2 mm handles tight spaces; 
provide protection against high moisture environments, and offers outstanding
performance. For tough RF/microwave switch requirements in commercial,
industrial, or military applications, think Mini-Circuits’ new ceramic switch. Visit
our website to view comprehensive performance data, performance curves,
data sheets, pcb layout, and environmental specifications. And, you can even
order direct from our web store and have it in your hands as early as tomorrow!

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

CSWA2-63DR+ In Stock
• Very High Isolation: 63dB @ 1GHz 

to 44 dB @ 6 GHz

• Low Insertion Loss: 1.2 dB

• High IP3: +45 dBm

• Integral CMOS Driver

• Supply current of only 18 micro amps

• 23 ns typical rise/fall time

RoHs 
compliant

HIGH ISOLATION. . . 0.3 MHz to6 GHz

RFSWITCHES
CERAMIC HERMETICALLY-SEALED

495
from ea.(Qty.10-49)

$

US ARMY photo

NEW

4 mm Square Package
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COMMERCIAL MARKET

sion is to continue providing a range of vital types of
analysis, research and publishing services, in addition to
customized consultancy based upon proven specialist
capabilities. For further information, contact Engalco at
+44 (0) 1262 424 249 (GMT) or e-mail: enquiries@
engalco-research.com. 

The market for ultra-
wideband (UWB) silicon

is finally beginning to take
off, reports In-Stat. Though
regulatory hurdles over
UWB still persist world-
wide, the first UWB-en-
abled notebook PCs have
shipped this year from Dell,
Lenovo and Toshiba, the
market research firm says.

“The primary question for UWB now is: Will other
product segments follow where PCs lead?,” says Brian
O’Rourke, In-Stat analyst. “UWB is a very flexible tech-
nology in that it supports multiple standards, including
WUSB, Bluetooth 3.0, IP over UWB and Video over
UWB. This should enable the technology to gain design
wins in a wide range of product segments, including PC
peripherals, Consumer Electronics (CE) and mobile
phones.”

Recent research by In-Stat found the following:

• UWB-enabled notebook PCs hit the market in mid-
2007. PC peripherals will follow in 2008.
• CE and communications applications with UWB will
not hit the market in volume until 2010.
• In 2011, over 400 million UWB-enabled devices will
ship.

The research, “Ultra-wideband 2007: PCs Finally Hit
the Global Market,” covers the worldwide market for
ultra-wideband. It contains analysis and annual shipment
forecasts through 2011 for the penetration of UWB into
26 separate applications within the following product
segments: PC, PC peripheral, CE, Communications and
Industrial/Medical. The forecast for UWB into each ap-
plication is broken down by WiMedia UWB and propri-
etary UWB penetration. Profiles of leading UWB chip
vendors and IP suppliers are included. In addition to the
report, O’Rourke and other In-Stat analysts provide con-
sulting services on a variety of technical and market top-
ics regarding the semiconductor and electronics indus-
tries.

This research is part of In-Stat’s Multimedia & Inter-
face Technologies service, which identifies and forecasts
the markets for key interface technologies and multimedia
semiconductors and tracks penetration of these technolo-
gies into PCs, PC peripherals, consumer electronics and
communications applications. It also examines competi-
tors, industry agendas, market shares, technology plat-
forms, semiconductor technology and shipments. Supply
and demand-side insights are combined to examine these
dynamic, evolving technologies.

Ultra-wideband

Beginning to 

Take Off

Arecently released re-
port from Engalco

(“The Compound Semi-
conductor MMICs Re-
port”) indicates that the
global markets for such CS
MMICs will grow steadily
from $2.6 B in 2006 to over
5.1 B in 2014. MMICs us-
ing GaAs, GaN, InP, InGaP
and SiGe are considered

and the report focuses on the following application seg-
ments: cell phones, defense, ISM, SATCOM and wireless
infrastructure. CS MMICs are implemented as switches,
amplifiers, oscillators, frequency synthesizers, frequency
converters and complete transceivers.

Chips built using GaAs continue to dominate the mar-
ket, although both InP and SiGe MMICs experienced in-
creasing market shares over the years—both occupying
markets worth hundreds of millions of dollars. Markets
for GaN MMICs grow very strongly over the time scale
considered here. InP chips are increasingly important in
certain defense and space applications while InGaP
MMICs find more and more applications as cell phone
power amplifiers.

Defense consistently represents the largest segment
for CS MMICs, typically taking more than 39 percent of
the total. By 2014 defense markets will be worth over 
$2 B, while SATCOM, wireless infrastructure and cell
phones (GaAs and InGaP) will be in the medium to high
hundreds of millions of dollars markets for CS MMICs.
Industrial, Scientific and Medical (ISM) and WiMAX
markets are smaller, but also (especially WiMAX) increas-
ingly significant markets.

Markets for MMICs into cell phones, WiMAX termi-
nals and other related devices are particularly important
and growing most notably in China, India, Japan and Ko-
rea. However, defense markets remain substantial in
North America (especially the US) and this factor forces
the overall markets to be led by North America until
2014 during which year the extensive region known as
the “Rest of the World” (RoW) finally overtakes North
America. China, most notably, is of course within this
RoW region.

In this report average selling prices (ASP) and ship-
ments are provided in selected instances—again with
forecasts to 2014. A total of 53 RFIC manufacturing
and “fabless” companies are identified and 23 of these
are profiled in depth. The players that have fabless op-
erations are identified and the entire industry structure
is critiqued in detail including worldwide sales opera-
tions for each player. Engalco is a tech-sector consultan-
cy, industry analysis, market forecasting and publishing
concern. With strong experience in all relevant com-
mercial and defense segments, the firm specializes
mainly in the RF/microwave, wireless, fiber-optics, pho-
tonics and related electronics sectors. Since its incep-
tion in 1989, Engalco has been responsible for many
published market reports and the completion of several
private client projects in these sectors. The firm’s mis-

Substantial Markets

for MMICs Built

Using Compound

Semiconductors
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COMMERCIAL MARKET

By 2012, the total high
power RF semiconduc-

tor market will be nearing
$1 B, with the markets out-
side the wireless infrastruc-
ture starting to take up the
slack, reports a new study
from ABI Research. But,
according to research di-
rector Lance Wilson, “The
shape of the industry five

year hence will depend on three critical questions. At the
manufacturing level, will the introduction of gallium ni-
tride and silicon carbide RF power devices mean the
demise of Si LDMOS? With mobile/3G infrastructure
markets in decline, will they continue to drive the RF
power semiconductor industry as they have in the past?
Will the market segments outside the wireless infrastruc-
ture shore-up this market space?”

To answer these and other questions, ABI Research
undertook a market sizing study for all power semicon-
ductors with power outputs above 5 W, operating at fre-
quencies of 3.8 GHz and below. (A later study will target

RF Power

Semiconductor

Market Will Near 

$1 B in 2012

those operating at higher frequencies.) The study sizes
the RF power semiconductor market into six usage-based
segments and 24 sub-segments, providing a highly de-
tailed, market-driven analysis

The six major segments are: wireless infrastructure,
military, ISM (industrial/scientific/medical), broadcast,
commercial avionics and non-cellular communications.
Each of these is subdivided into between two and six spe-
cialty segments. The need for such a study arose, accord-
ing to Wilson, because “This market has been overshad-
owed for many years by the wireless infrastructure sector.
Now that new 3G/cellular wireless infrastructure deploy-
ments are declining, there is a paucity of information
about how the rest of the industry is faring. This study
puts wireless infrastructure—which is well understood—
into the context of the rest of these markets.” 

The new study, “RF Power Semiconductor Devices,”
offers five-year detailed market forecasts for all major
market segments and sub-segments, along with market
share data for the major industry vendors, technologies
and segments. It forms part of two ABI Research Serv-
ices, the RF Power Devices Research Service and the
Wireless Semiconductors Research Service.  ■
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■ In December 2007, the WiMAX Forum announced
plans to create the first ever WiMAX Forum Designated
Certification Laboratory in India by the end of 2008. This
laboratory will enable WiMAX equipment vendors in the
country to accelerate the certification process targeting the
Indian market. Ron Resnick, president and chairman of the
WiMAX Forum, said that WiMAX is the key to addressing
India’s huge market demand for broadband Internet, and
preparing to meet the future needs of the country’s com-
munication needs. Citing the recent inclusion of WiMAX
technologies in the International Telecommunication
Union’s IMT-2000 set of standards, Mohammad Shakouri,
the Forum’s vice-president of marketing, added that the
WiMAX spectrum will become more readily available to
operators worldwide and help India develop a cost-effec-
tive wireless telecommunication infrastructure.

■ UK-based telecommunications infrastructure organiza-
tion, the Alan Campbell Group (ACG), has invested a
six-figure sum in new test and training facilities at its
headquarters in Warwick, RI. The move comes as the
company continues to grow its broadcast, microwave and
telecommunications solutions and services. The purpose-
built training center, which covers an area of almost 2500
sq. ft., also includes an 8.5 m training tower and mi-
crowave link, so that employees, clients and other organi-
zations can undertake installation and commissioning
training. The initiative has seen extensive co-operation
with equipment manufacturers in a bid to provide one of
the UK’s foremost training facilities for the broadcast and
telecommunications industries.

■ TÜVRheinland of North America, a provider of in-
dependent testing and certification services, received ac-
creditation under the National Voluntary Laboratory Ac-
creditation Program (NVLAP) for its electromagnetic
compatibility (EMC) and telecommunications testing lab-
oratory in Rochester, NY. Administered by the US Na-
tional Institute of Standards and Technology (NIST),
NVLAP confirms that a testing lab and its personnel have
the technical qualifications and competency to perform
specific EMC and telecommunications tests and/or cali-
brations. The accreditation conforms to all requirements
of the ISO/IEC 17025:2005 standard. 

■ Infineon Technologies and the automotive system
manufacturer, Delphi Corp., are to collaborate closely on
developing a new generation of body control units based
on the standard AUTomotive Open System Architecture
(AUTOSAR). Delphi is to contribute comprehensive sys-
tems and software know-how and long-standing experi-
ence in the area of body electronics, while Infineon will
provide expertise in automotive microcontrollers to the
co-development project. 

■ According to a recent report by Strategy Analytics, a
Boston-based market research firm, the success of free-to-
air digital terrestrial television markets in the UK, France,
Spain, Italy and Germany has resulted in a marked im-
provement in the prospects for Integrated Digital TVs over
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INDUSTRY NEWS

■ John Dunbabin, owner and pres-
ident of Connecting Devices Inc.
(CDI), passed away on September 8,
2007, from pancreatic cancer. A
graduate of Cal Poly, San Luis Obis-
po, with degrees in mechanical engi-
neering and business, John went to
work for CDI. In 1975, he and his
partners, Ralph Black and Chuck
Wirtz, purchased the company.

CDI, a well-recognized supplier of coaxial connectors
and cable assemblies for over 30 years, was sold to Ten-
solite in 2001, after which John retired. Dunbabin held
several patents, but is most well known in the industry
for his prized possession, the 18 GHz radius right angle
SMA connector. He went on to develop other interface
versions, including type N, TNC and the 40 GHz K. He
was an active participant in the various interconnection
committees, including the EIA CE-4.0 Committee for
RF Connectors and Cable assemblies, where he assist-
ed in the development of the critical specifications gov-
erning connector performance. John was well known
within the engineering circles of the major defense
electronic companies for his engineering expertise, and
“hands on” approach in developing interconnection
packaging solutions.

■ Emanuel Merulla, antenna design engineer for
MegaWave Corp., Boylston, MA, has applied a new ab-
sorbing boundary technique in the Flomerics Mi-
croStripes 3D electromagnetic (EM) simulation solution
to accelerate the design of low-profile and zero-profile an-
tennas installed at ground level, usually for military appli-
cations. The new technique enables the Earth to be trun-
cated to a much smaller size with minimal impact on sim-
ulation accuracy and reportedly cuts simulation times
from days to an hour or two. The challenge was to create
a boundary condition that absorbs the field propagating
into the Earth, without disturbing the ground waves that
contribute to the overall antenna radiation pattern. Insert-
ing an absorbing surface into the Earth and matching its
impedance to the fields achieved this. 

■ Satellite communications systems developer Newtec
made IP software developer Tellitec a fully integrated
subsidiary. Newtec is a Belgian group of companies of
which Newtec Cy N.V. is the parent company. Tellitec is
made up of Tellitec Communications bvba, based in Sint-
Niklaas, Belgium, and Tellitec Engineering GmbH, based
in Berlin, Germany. The move cements the existing rela-
tionship between the two companies, which has seen a
number of Tellitec products integrated into Newtec’s of-
ferings. Tellitec’s TCP/IP acceleration, traffic shaping and
security software are all utilised in Newtec’s Sat3Play. Tel-
litec’s software is also used in conjunction with Newtec’s
professional equipment in many satellite systems for appli-
cations such as IP trunking and digital signage.
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the past year or so. The report projects that digital terrestri-
al tuners will become the norm across the bulk of the Euro-
pean TV market over the coming years. “Integrated Digital
Television Global Market Forecast” says that global de-
mand for integrated digital TVs in 2007 reached 61.7 mil-
lion units, worth $61.8 B in retail revenues.

■ The Reynosa, Mexico, antenna manufacturing operations
of Andrew Corp. has received the prestigious Industry of
the Year Award for 2007, an annual regional award jointly
given by the Mexican government’s Secretaria de Economia
and the local chapter of the Cámara Nacional de la Indus-
tria de Transformación (Canacintra), a 66-year-old organiza-
tion dedicated to promoting Mexican industry worldwide.
Andrew was selected for the strong employment opportuni-
ties that it offers the community and the company’s ongoing
employee training and development initiatives. Andrew
opened its Reynosa operations in 2003 and supplies markets
in North, Central and South America.

■ Trompeter Electronics, a wholly-owned subsidiary of
Emerson Network Power Connectivity Solutions, an-
nounced that it has increased its overall customer perfor-
mance rating by three positions in the 2007 Bishop & Associ-
ates Connector Industry Survey. Trompeter’s ranking rose to
seventh overall, and gained in four of five of the most impor-
tant measures (technical expertise, quality of inside sales as-
sistance, hitting acknowledged ship dates and product quali-
ty). Trompeter’s highest overall performance ratings in the
survey were for technical expertise and field sales support.

■ Eyelit Inc., a manufacturing software provider for visi-
bility, control and coordination of manufacturing opera-
tions, announced that HelioVolt, a producer of highly ef-
ficient thin-film solar products, has selected Eyelit’s En-
terprise Manufacturing Execution Suite (MES) to provide
a cost-effective manufacturing software infrastructure for
its global manufacturing network. The Eyelit solution in-
cludes complete tracking of serialized PV glass panels,
completed solar panels, associated consumables, raw ma-
terial, and inventory management and tool tracking. 

CONTRACTS
■ Panasonic Mobile Communications Co. Ltd. and
Nokia Siemens Networks will cooperate to build the
Super 3G (LTE) Base Station project for NTT DoCoMo
Inc., Japan’s largest mobile operator. Panasonic has been
involved with the standardization and development of ele-
ments of LTE technology, which is the next generation
system for mobile networks like GSM, W-CDMA/HSPA
and CDMA. Similarly, Nokia Siemens has demonstrated
LTE technology with data speeds in the 160 Mb/s range
and a handover between LTE and HSPA in 2007.

■ WiMAX chipmaker Sequans Communications is
leading a new WiMAX development project that was re-
cently established and funded by the European Commis-
sion. The purpose of the project is to develop a new air in-
terface for the next generation of WiMAX, and to make
key contributions to the IEEE 802.16m task group, which

has been established to develop technical specifications
for next generation WiMAX systems. The project, dubbed
WiMAGIC (Worldwide Interoperability for Microwave
Broadband Access System for Next Generation Wireless
Communications), has been accepted by the European
Commission within the 7th Framework Programme for
Research. WiMAX2 will be backwards compatible with
current Mobile WiMAX™ systems based on the IEEE
802.16e-2005 standard, but is intended to deliver much
higher performance. Working with Sequans are 12 part-
ners, six technology companies and six universities, from
France, the United Kingdom, Germany, Italy, Belgium,
Greece and Turkey. The WiMAGIC project commenced
in January and will continue for three years.

■ European Antennas Ltd. has supplied antennas to
BAE Systems for the Continuous Wave Doppler Radar
project that the company has developed for the UK Aber-
porth Test and Evaluation Range and operated by Qine-
tiQ on behalf of the UK Ministry of Defence. To satisfy
the $2 M contract, BAE Systems developed the CW
Doppler system, which incorporates state-of-the-art tech-
nology and a system architecture that uses commercial
components to provide improvements in operation, sim-
plifying logistics support and minimizing life cycle costs.

■ Tampa Microwave, a designer and manufacturer of
RF and microwave communications and test equipment
for commercial and government applications, announced
that the company has obtained a United States Govern-
ment Services Administration (GSA) Schedule. The con-
tract number GS-07F-0590T applies to Tampa Mi-
crowave’s converter, carrier monitoring and satellite simu-
lator products. This contract places Tampa Microwave on
an approved GSA schedule, enabling various government
agencies to purchase products directly from the company. 

■ NEC Corp. has signed a framework contract to supply
microwave communication systems to Polish 3G mobile op-
erator P4 Sp.z.o.o. (P4), the mobile operating arm of Polish
telecom carrier Netia SA. The company will supply the ad-
vanced PASOLINK NEO point-to-point wireless access sys-
tems to enable P4 to accelerate its network infrastructure
and facilitate provision of stable and high quality 3G services.
The microwave system will be employed to carry out trans-
mission among mobile base stations, with P4 planning to in-
stall around 10,000 hops in the next five years, and NEC ex-
pecting to provide around 1000 hops to mainly northern and
middle areas of Poland, as well as to Warsaw, to fulfill the
initial demands of the framework contract.

■ Brightcomms Inc., a network planning and optimiza-
tion services provider, has selected ZK Celltest, a devel-
oper of wireless network drive test solutions, to work on a
multi-vendor network planning and optimization services
project in Central and South America focusing on the
GSM/EDGE/UMTS/HSDPA, CDMA EV-DO REV.A,
and WiMAX arenas.

PERSONNEL
■ On January 1, 2008, Huber + Suhner appointed two
new group management members, Patrick Riederer and
Urs Ryffel, marking the completion of the Group’s reor-
ganization into three divisions. The move is part of the

AROUND THE CIRCUIT
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company’s strategy to intensify its focus on its core busi-
ness of providing ‘Electrical and Optical Connectivity’ so-
lutions and to concentrate its activities on three technolo-
gies: Radio Frequency, Fiber Optics and Low Frequency.
This also provides the framework for the group’s forward
strategy and the future organization structure. The new
appointments see Riederer taking charge of the new Low
Frequency Division and Ryffel the Fiber Optics Division.
The third division, Radio Frequency, will continue to be
headed by Hanspeter Bär.

■ David Gilmour has been appointed
to the position of microwave design en-
gineer in the Engineering Division of
Link Microtek. He brings particular
knowledge and expertise that will ex-
tend the division’s capabilities into the
area of active design—for example,
where subsystems require built-in am-
plifiers, oscillators or mixers. He spent
his early years with GEC Marconi, ini-
tially as a graduate engineer in the

Radar Systems Department and subsequently as a devel-
opment engineer. He then joined Channel Master (for-
merly Cambridge Industries), where he was responsible
for all aspects of the design and testing of a new dual low-
noise block for use in home satellite TV systems. 

■ Harmon Banning, a retired Gore
associate, received the Automated RF
Techniques Group (ARFTG) Career
Award in November 2007. Banning
had a long and distinguished career in
the RF/microwave industry that
spanned over 45 years. Companies that
Banning worked with included: Gener-
al Electric Co., Andrew Alford Con-
sulting Engineers, Weinschel Engi-
neering Inc. and W.L. Gore & Associ-

ates. During his acceptance speech, Banning thanked
Gore’s Chuck Carroll for hiring him as the first mi-
crowave engineer at the company. 

■ Inphi Corp. announced it has appointed Ron Torten
to the new position of vice president of worldwide sales.
Reporting directly to Young Sohn, Inphi’s president and
chief executive officer, Torten assumes responsibility for
the company’s entire sales organization, which includes an
extensive network of direct and independent sales organi-
zations, manufacturer’s representatives and distributors in
North America, Europe and Asia. Torten, with more than
10 years experience in executive and general management
positions, joins Inphi from NemeriX, where he was chief
executive officer. Before his work at NemeriX, Torten was
vice president, worldwide materials at Agilent Technolo-
gies, where he was responsible for $1.3 B in spending for
Agilent’s Semiconductor Products Group. Prior to that, he
worked as vice president and general manager for the
Networking and Entertainment Division of Agere Sys-
tems, and with Quantum Corp., where he served in a vari-
ety of product marketing and supply chain positions.

▲ Harmon Banning

▲ David Gilmour
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( 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/16338-93 or use RS# 93 at www.mwjournal.com/info

 2M6 FINAL  1/28/08  10:33 AM  Page 61

http://minicircuits.com
http://www.minicircuits.com
http://mwj.hotims.com/16338-93
http://www.mwjournal.com/info


62 MICROWAVE JOURNAL ■ FEBRUARY 2008

■ On March 1, 2008, Markus Hellen-
thal will take up the positions of chief
executive officer and senior vice presi-
dent of Thales Germany. He has also
been appointed director of the Thales
Security Solutions & Services Division
of Thales Germany. Hellenthal is a
member of the European Security Re-
search and Innovation Forum 
(ESRIF), is a co-founder and chairman 
of the European Organisation for Se-

curity (EOS), and vice president of the Security Commis-
sion of the European Association for Aeronautic, Space,
and Defence Industry (ASD).

■ ANADIGICS Inc., a provider of semiconductor solu-
tions in the broadband wireless and wireline communica-
tions markets, has announced the appointment of Gilles
Delfassy, retired senior vice president of the Worldwide
Wireless Terminals Business Unit of Texas Instruments,
to its board of directors. An industry veteran with over 28
years of experience in global business development and
wireless technology, Delfassy had been at the helm of
Texas Instrument’s successful wireless terminals business
unit since its inception in 1995, growing it into a multibil-
lion-dollar operation.

■ The Phoenix Company of Chicago,
a manufacturer of interconnect prod-
ucts, has announced the promotion of
Gregory E. Pollack to the position of
corporate director of sales and market-
ing, RF products. He had previously
been director of sales and marketing
for Palco Connector, an affiliate com-
pany located in Naugatuck, CT. Pol-
lack is now responsible for all RF prod-
uct sales in North America, which will

also include related D-subminiature connectors and filter
products. 

■ RF Micro Devices, a maker of RF systems, has named
John Ocampo and Casimir Skrzypczak, to its board of
directors. Both were former members of the board of di-
rectors of Sirenza Microdevices, which RF Micro recently
acquired.

REP APPOINTMENTS
■ Digi-Key Corp. and Roving Networks Inc. an-
nounced today that the companies have entered into a
global agreement wherein Digi-Key will distribute Roving
Networks’ wireless solutions utilizing Bluetooth and
802.11 Wi-Fi technologies. The company designs, manu-
factures and markets embedded modules, serial adapters,
network access devices and sensors, allowing access from
Bluetooth enabled PCs, PDAs, cell phones, networks and
machine-to-machine communications.

■ AtlanTec has appointed key sales representatives in
the US. In the New York/New Jersey Metropolitan mar-

▲ Gregory E. Pollack

▲ Markus Hellenthal

Visit http://mwj.hotims.com/16338-39
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ket and Upstate New York region, the representative is RF
Electronic Sales Co. Inc., Tel: (516) 624-3800, Fax:
(516) 624-2920, e-mail: info@rfsales.com, www.rfsales.
com. In Northern California, the contact is StarTech
Sales Inc., Tel: (408) 309-9067, Fax: (650) 969-6668, 
e-mail: linda@startechsales.com. In Southern California,
it is Amawave, Tel: (760) 414-9660, Fax: (760) 414-9675,
e-mail: sales@amawave.com, www.amawave.com. Market-
ing in the Western Region is coordinated through the new
sales office at AtlanTec, Western Regional Sales, 30520
Rancho California Rd., Suite #107-140, Temecula, CA
92591. The contact is Walt Carpenter, Tel: (310) 880-
7885, Fax: (951) 699-2175, e-mail: walt.carpenter@
AtlanTecRF.com.

■ Reactel Inc., a designer and manufacturer of RF and
microwave filters, diplexers and sub-assemblies, an-
nounced that NW Technical Sales Inc. will be its sales
representative for Washington, Oregon and Idaho. Con-
tact: Barbara Boersema, (360) 387-4204, bboersema@
nwtechsales.com; or Herm Boersema (360) 387-4044,
hboersema@nwtechsales.com.

■ Vaunix Technology Corp. announced the appoint-
ment of two new representatives to sell its line of Lab
Brick™ test equipment. High Tech Sales (www.htssales.
com) serves the six New England states and upstate New
York. Jay Stone Associates (www.jsarep.com) covers
Northern California and Northern Nevada. 

■ Davidson Optronics Inc., a manufacturer of high
quality optics and optical instruments, announced a new
exclusive government services partnership agreement
with Technical Communities Inc. The agreement au-
thorizes Technical Communities to present the catalog of
Davidson Optronics products, including autocollimators,
alignment telescopes, interferometers, mirrors, optical
flats, prisms, instrument stands, surface quality samples
and the TV Optoliner Camera Calibration System to US
government agencies, military organizations and prime
federal contractors. Technical Communities is the owner
and operator of GSAMart, TestMart, NAVICPMart and
EurekaSpot.

■ Hirose Electric (USA) Inc., a subsidiary of one of the
largest electronic connector manufacturers, and Future
Electronics have signed an agreement covering North
and South America. Hirose designs and manufactures
thousands of connector types for myriad applications, in-
cluding mobile computer, communication, automotive
and medical.

The E-field magnitude of 
a shielded birdcage RF coil
modeled in SINGULA, a 3D
full-wave electromagnetic

simulator to reduce your
design and prototyping costs

while improving quality. 

Maximize your
productivity with IES'
simulation tools for
electric and magnetic
fields, eddy currents,
high frequency fields,
thermal and structural
problems, and power
electronics.

Call 204.632.5636, 
email info@integratedsoft.com, or 

visit www.integratedsoft.com.

3D HIGH

FREQUENCY

ELECTROMAGNETIC

ANALYSIS

SOFTWARE

G
et fast and accurate answers
for designing your micro-

wave devices right the first time.

With SINGULA calculate 
parameters including near and far
field results, radar cross-section,
and input impedance, admittance
and scattering.

Analyze applications like antennas,
EMC/EMI, waveguide filters and
transitions, and scattering from
dielectric bodies and conductors.

I
ES also offers simulation 
tools for electric and magnetic

fields, eddy currents, full-wave 
high frequency fields, thermal
and structural problems, and
power electronics.

request your full-

version software 

evaluation 

package today!

integrated

Visit http://mwj.hotims.com/16338-67
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Analog & Mixed-Signal ICs, Modules & Subsystems

PRECISE RF SIGNAL GENERATION FOR ATE & LAB ENVIRONMENTS!

Contact Us for Your Test & Measurement Product Requirements

SYNTHESIZED SIGNAL GENERATION
Frequency

(GHz)
Function

Frequency 
Resolution

(MHz)

1 GHz Max
Power Output

(dBm)

100 kHz SSB 
Phase Noise (dBc/Hz)

Spurious
@ 1 GHz 

(dBc)

Switching Speed 
@ 100 MHz Steps 

(μs)

Part
Number

@ 1 GHz @ 4 GHz

0.7 - 8.0 Signal Generator 1 +17 -78 -83 -48 <200 HMC-T2000

HMC-T2000 Synthesized Signal Generator, 700 MHz to 8 GHz

Applications
� ATE

� Test & Measurement

� R&D Laboratories

Performance
� High Output Power: +17 dBm

� Wide Frequency Range: 700 MHz to 8 GHz

� Excellent Harmonic Rejection: < -40 dBc

� Phase Continuity Capability; Integer Mode Architecture

Advantages
� Versatile: Higher Drive Simplifies Test Set-ups

� Efficient: Fast Frequency Switching: 200 μs

� Accurate: Incorporates Hittite MMICs

� Flexible: Manual or Software Control via USB

The HMC-T2000 is an easy to implement 

test equipment solution designed to fulfill 

your signal generation needs.  Built on a 

foundation of high quality and market lead-

ing Hittite MMICs, the HMC-T2000 pro-

vides the highest output power, lowest 

harmonic levels and broadest frequency

range amongst signal generators of its size

and cost.

This compact and lightweight signal gen-

erator also features a USB interface and in-

novative control software ensuring carefree 

integration within various test environments 

while improving overall productivity and 

equipment utilization. 

NEW!
NEW!

Visit http://mwj.hotims.com/16338-63 or use RS# 63 at www.mwjournal.com/info
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TECHNICAL FEATURE

one can now design dense multi-layer meshes
of micro-coaxial cables that do not couple to
each other and operate with low loss well into
the millimeter-wave region. Figure 1 shows a
photograph of a portion of a phased array with
reactively-loaded patch antennas and a feed
network implemented in air-filled micro-coax-
ial lines made of copper. This is the first
wafer-scale integrated coaxial millimeter-wave
phased array that includes a Butler matrix
coaxial beamformer, air-patch antennas, and
MMIC switches and amplifiers. The entire
phased array is 15 × 2 cm in area.

The PolyStrata microfabrication process is
the first manufacturing technology that can

66 MICROWAVE JOURNAL ■ FEBRUARY 2008

ZOYA POPOVIĆ, SÉBASTIEN RONDINEAU
AND DEJAN FILIPOVIĆ
University of Colorado
Boulder, CO
DAVID SHERRER, CHRIS NICHOLS, 
JEAN-MARC ROLLIN AND KEN VANHILLE
Rohm and Haas Electronic Materials
Blacksburg, VA

How would you like to design circuits
with perfectly shielded, low-loss,
purely TEM broadband transmission

lines, which could be stacked next to and on
top of each other with no coupling? The lines
can be tens of centimeters long, cross at multi-
ple levels and at any angle, and holes could be
left to plug in actives or other surface-mount
components. Impossible? A radically new way
to design and fabricate microwave and mil-
limeter-wave circuits recently grew from an
idea to reality: PolyStrata™ microfabrication

technology offers the
possibility of produc-
ing miniature, dense
and very complex
t h r e e - d i m e n s i o n a l
(3D) metallic-dielec-
tric components with
an unprecedented abil-
ity to go directly from
3D CAD drawings to
identical intricate 3D
miniature circuit com-
ponents.1 As a result,

AN ENABLING NEW
3D ARCHITECTURE FOR
MICROWAVE COMPONENTS
AND SYSTEMS

Fig. 1  A portion of a 4 × 4
element monolithic phased-
array radar showing several
micro-fabricated antennas
and micro-coaxial feeds. ▼

EXECUTIVE INTERVIEW SERIES

MWJ SPEAKS WITH DAVID SHERRER, DIRECTOR OF RESEARCH AND PRODUCT

DEVELOPMENT, ROHM AND HAAS.

VISIT WWW.MWJOURNAL.COM TO READ THIS IN-DEPTH INTERVIEW.
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NEW HIGH SPEED COMPARATORS & HIGH SPEED DIGITAL LOGIC!

Contact Us for Your High Speed Analog, Digital & Mixed-Signal Product Requirements

HIGH SPEED DIGITAL LOGIC - New Product Line!
Data / Clock 

Rate
(Gbps/GHz)

Function
Rise / Fall

Time
(ps)

Deterministic
Jitter
(ps)

Differential
Output Voltage 

Swing (Vpp)

DC Power 
Consumption

(mW)

Vee Power 
Supply
(Vdc)

Package
Part

Number

13 1:2 Fanout Buffer 24 / 22 2 1.1 250  -3.3 LC3C HMC670LC3C

13 XOR / XNOR 24 / 22 2 1.1 180  -3.3 LC3C HMC671LC3C

13 AND / NAND / OR / NOR 24 / 22 2 1.1 180  -3.3 LC3C HMC672LC3C

13 D Flip-Flop 24 / 22 2 1.1 210  -3.3 LC3C HMC673LC3C

NEW!

NEW!

NEW!

NEW!

HIGH SPEED COMPARATORS
Input Clock 
Rate (GHz)

Function
Deterministic  

Jitter
(ps)

Propagation
Delay
(ps)

Output Voltage 
Swing
(Vdc)

DC Power 
Consumption

(mW)

Vcc, Vee 
Power Supply

(Vdc)
Package

Part
Number

9.7 Latched Comparator-RSPECL 10 130 0.4 180  +3.3, -3.0 LC3C HMC674LC3C

9.7 Latched Comparator-RSCML 10 130 0.2 120  +3.3, -3.0 LC3C HMC675LC3C

9.7 Latched Comparator-RSECL 10 130 0.4 120  +3.3, -3.0 LC3C HMC676LC3C

NEW!

NEW!

NEW!

�  Low Jitter: 2 ps Peak-to-Peak

�  Low Power Dissipation  

�  User Selectable Output Amplitude

�  Supports 13 Gbps /13 GHz 
Data / Clock Rates

�  RSPECL, RSCML & RSECL Versions

�  Low Propagation Delay: 130 ps

�  9.7 GHz Equivalent Input 
Rise Time Bandwidth

�  Low Overdrive & Slew
Rate Dispersion: 10 ps

High Speed Comparators High Speed Digital Logic

Visit http://mwj.hotims.com/16338-64 or use RS# 64 at www.mwjournal.com/info
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deposit a dozen or more precision
patterned layers of both metals and
polymers on a flat sheet, and then re-
lease them to allow gaps and mechan-
ical flexibility, resulting in sophisticat-
ed miniature devices with features
ranging from a few microns to several
centimeters. Dozens to thousands of
devices can be fabricated on a single
substrate. With this technology, it is
possible to dramatically reduce the
size of coaxial lines, actuators, valves,
engines, motors, pumps, sensors and
other electromechanical products
that would otherwise be impractical
or impossible to produce with other
manufacturing approaches. Great

freedom in realizing structural de-
signs is possible with finished parts
matching their CAD designs with mi-
cron level accuracy. The added de-
grees of freedom allow the designer
to work with completely new compo-
nents, as well as to fabricate compo-
nents that are difficult or impossible
to machine or fabricate otherwise,
such as high-frequency waveguides
and antennas.

Commercialization of PolyStrata
components at Rohm and Haas is
currently focused on one market seg-
ment—microwave electronics. The
technology and patented process for
“air-core recta-coax” is the key to

miniaturized 3D
microwave devices
for new high-quality
circuits that can be
either monolithical-
ly fabricated as a
free-standing mod-
ule or can be re-
leased from the
substrate to create
surface-mountable
components for
other substrates. Its
greatest value lies in
its delivery of supe-
rior performance,
integration, size re-
duction and cost re-
duction for prod-
ucts in the 10 to 200
GHz range. These
frequencies are of
increasing use and
interest for the
evolving needs in
military communi-
cations, radar and
sensing systems,
and are of rapidly
growing interest for
civilian applications
such as automotive
radar, satellite com-
munications, cellu-
lar back-haul, point-
to-point data links
and terahertz imag-
ing.

Currently much
of the development
funding for Poly-
Strata technology
comes from the De-
partment of De-
fense (DoD)

Phone: (210) 561-4800
Fax: (210) 561-4852
www.m2global.com

ISOLAISOLATORS ANDTORS AND
CIRCULACIRCULATORSTORS

THE SOLUTION SOURCE 
FOR THE WIRELESS 
& MICROWAVE INDUSTRY

• Standard and Custom Designs
• Low IMD and Insertion Loss
• Dual Junctions
• Proven Reliability
• Non-BeO Options
• ISO 9001 Certified
• Veteran Owned

M2 Global:  a  leading supplier of RF 
isolators  and  circulators and passive
microwave components to the telecom-
munications  and  defense  industries.
Applications include TETRA, TV broad-
cast,   cellular,   GSM,   PCS,   UMTS,
WiMAX,  IFF,  satellite  base  stations,
microwave  radio, and radar in coax,
drop-in and waveguide configurations.
For additional  information  contact us 
at  sales@m2global.com  or  visit  our 
Web site at www.m2global.com.

WE HAVE MOVED

5714 Epsilon Drive
San Antonio, TX 78249
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TECHNICAL FEATURE

STRATA FORMING SEQUENCE

LITHOGRAPHY
EXPOSE/DEVELOP RESIST

ELECTROPLATING
HIGH ASPECT RATIO AND UNIFORM
COPPER GROWTH

PLANARIZATION
5-100 μm COPPER LAYER

OPTIONAL DIELECTRIC STRAPS
DIELECTRIC STRAPS ARE EMBEDDED
IN THE METAL STRUCTURE

REPEAT TO FORM MULTIPLE STRATAS

MULTI-STRATA
UP TO 15 INDEPENDENT STRATA LAYERS

DISSOLVE RESIST TO FINISH PRODUCT

RELEASE
RESIST IS REMOVED

▲ Fig. 2  Polystrata fabrication process.
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EACH PRODUCT COVERS MULTIPLE MICROWAVE RADIO BANDS!

� High Gain: 31 dB

� Output IP3 to +30 dBm

� P1dB Output 
Power to +23 dBm

� +5V @ 180 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, 5 to 20 GHzHMC634 & HMC634LC4 Wideband Driver Amplifiers, 5 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 22 dB

� Output IP3 to +31 dBm

� P1dB Output 
Power to +23 dBm

� +5V @ 180 mA

No External Matching!
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See www.hittite.com for Our Complete Amplifier Product Line
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through the Defense Advanced Re-
search Projects Agency (DARPA) un-
der two major programs: 3D-MERFS
(3D Micro-Electrical-RF-Systems),
which is developing millimeter-wave
phased arrays for satellite communi-
cations, and DMT (Disruptive Manu-
facturing Technologies), which is de-
veloping broadband GaN-PolyStrata
hybrid microwave amplifiers. Both of
these programs are being developed
with defense contracting partner

BAE Systems Inc. and in collabora-
tion with electromagnetic and circuit
design researchers at the University
of Colorado at Boulder.

Fabrication techniques such as
precision milling, EDM and silicon
micromachining have achieved some
success in making basic circuit struc-
tures. Meanwhile, the smaller size
possible in transmission lines such as
microstrip and coplanar waveguides
used in MMICs and hybrid circuits

have been relegated primarily to 2D
or at best 2.5D planar structures with
reduced performance at higher fre-
quencies due to loss, dispersion and
isolation. In contrast, the PolyStrata
process is a fully 3D fabrication tech-
nique, which employs additive se-
quential-build micro-forming.

In the PolyStrata microfabrication
process, metal and dielectric patterns
are formed into a series of polymer
molds and planarized multiple times,
as illustrated in Figure 2 for the sim-
ple cross-section of a square air-filled
coaxial line. Each layer can be from
10 μm to over 100 μm thick, for ex-
ample, with high aspect ratios with a
dozen or more layers that are fused
together. At the end of the process,
the polymer mold material is re-
moved through release holes in the
metal, leaving air in its place with
free-standing metal and dielectric
structures behind. The release holes
are designed to introduce minimal ra-
diation and ohmic loss and are elec-
trically small for all frequencies of in-
terest. In order to support freestand-
ing structures such as the center
conductor of the coaxial line, thin (5
to 25 μm) patterned low-loss dielec-
tric strap holders are added in the
process. The dielectric straps can also
be designed to support thin-film mi-
croelectronic materials such as SiCr
for integrated resistors. Currently, the
bulk-electroformed metal is copper,
which can be post processed with tar-
nish-protective electroless silver or
nickel-gold coatings.

All the processes typically occur at
temperatures below 150°C, allowing
the possibility of building the struc-
tures directly on completed wafers of
active devices. The finished compo-
nents can stay on the substrate on
which they are built, but can also be
chemically released and flip-chip
mounted or soldered onto any other
substrate or on top of other PolyStra-
ta devices.

The fundamental properties of
PolyStrata air-filled micro-coaxial
lines and the resulting advantages for
microwave and mm-wave systems in-
clude:
• Ultra-low dispersion. As the size
of a coaxial line is reduced, the fre-
quency at which modes other than
the TEM mode can propagate in-
creases. The dielectric straps that
hold the center conductor are a very
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small fraction of the volume of the
coaxial line (< 1 percent), and have
an extremely small effect on wave
propagation along the coax. Although
strictly speaking the mode is quasi-
TEM because of the dielectric, for all
practical purposes the mode can be
considered as TEM up to very high
frequencies. For example, for a 250
μm square-cross-section coaxial line,
the TEM mode propagates alone up
to > 450 GHz.2 The TEM mode lo-
cally has the same properties as a uni-
form plane wave, that is, the phase
velocity, group velocity and imped-
ance are not functions of frequency.
Thus, very broadband components
can be designed using this type of
line as a building block. For example,
a 20 to 50 GHz bandwidth Lange
coupler is easily designed using Poly-
Strata technology.3 In addition, the
process aspect ratios allow lines with
characteristic impedances between
15 and 100 Ω to be fabricated in the
same fabrication run.
• Very low loss per wavelength.
Loss in guided wave components is
due to metallic loss, which increases
with frequency due to the skin effect
and roughness, and dielectric loss
due to the finite conductivity of the

insulating material.
It is fairly easy to
show that even if
the dielectric in a
coaxial line is per-
fect, the lowest loss
corresponds to the
lowest relative per-
mittivity, that is, to
an air dielectric.
The very first mea-
surements of 250
μm wide lines fabri-
cated with 5 copper
layers showed a loss
of 0.18 dB/cm
around 26 GHz,2,4

while more recent
results with added
layers demonstrate
as low as 0.07
dB/cm loss around
38 GHz.5
• Extremely high
isolation. A coaxial
cable is a shielded
line, and although
the PolyStrata
process typically
employs release
holes in the outer

conductor to dissolve out the lossy di-
electrics used in processing, careful
electromagnetic design of the hole
position, number and size has result-
ed in very low radiation. Measured
coupling between two lines that are
fabricated with touching outer con-
ductors is below –60 dB through 50
GHz.5 Independent testing by the
Mayo Institute demonstrated mea-
sured cross talk at Ka-band (37 GHz)

between lines on a 200 μm pitch to
be less than –62 dB, which was the
noise floor of the measurement sys-
tem. The extremely high isolation be-
tween neighboring lines enables
dense interconnects, components
with drastically reduced size and 3D
layouts that give an entire new degree
of freedom in circuit design. Figure
3 illustrates the possibilities in size
reduction of standard components
using this technology over a range of
frequencies. This type of new design
enables extremely high-density cir-
cuits. For example, in the Butler ma-
trix feed for a phased array, there
were 1534 transmission line elements
in an area of 5.65 cm2.

To illustrate some of the funda-
mental properties previously dis-
cussed, a simple comparison with
standard technologies is shown in
Figure 4. As can be seen, compared
to microstrip or CPW on GaAs or
alumina, Polystrata micro-coaxial
lines have the best loss-isolation com-
bination.

Most multi-layer transmission line
media require a solid dielectric, such
as in the case of LTCC and multi-lay-
er fluoropolymer materials. Although
these technologies provide high-den-
sity interconnects and have relatively
low loss up to W-band,6 the PolyStra-
ta approach has advantages in terms
of lower loss, much lower dispersion
and significantly reduced coupling for
neighboring lines, thus allowing high
density circuits. The micro-coax lines
hold promise for applications at fre-
quencies significantly above W-band.
In addition, PolyStrata micro-coaxial

72 MICROWAVE JOURNAL ■ FEBRUARY 2008

TECHNICAL FEATURE

f = 2.5 GHz
8.5 mm

(a)

(b)

f = 26 GHz
3.4 mm

f = 26 GHz
2.8 mm

▲ Fig. 3  Miniaturization of components using the isolation property
of Polystrata micro-coaxial lines. A 6 GHz and a 26 GHz branch line
coupler and a 26 GHz rat race coupler are shown for size comparison
(a) and (b) shows a 16-element beam-forming antenna array,
fabricated for low-loss Ka-band operation with a total footprint of 
13 cm by 2 cm.
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▲ Fig. 4  Attenuation (a) and coupling (b) for Polystrata 250 μm micro-coaxial lines (E),
microstrip on 50 μm (A) and 200 μm (B) GaAs, and CPW on 125 μm GaAs (C) and 200 μm
Alumina (D). For coupling, 700 μm separation is assumed between all lines.5
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lines have a much larger fraction of
the volume that is metallic, allowing
for improved heat management with
a thermal conductivity of nearly 400
W/mK.

Initial efforts to microfabricate air-
filled coaxial components were report-
ed.7–9 These researchers examined air-
filled coaxial transmission lines in ad-
dition to other high-quality air-filled
millimeter-wave technologies. The mi-
cro-fabricated coaxial technology dis-

cussed in References 10 through 16
with a nickel-based N-layer process
and periodic metal supports for the in-
ner conductor has been used to
demonstrate couplers, filters and res-
onators. Air-filled coaxial components
produced by stacking laser microma-
chined layers in which the center con-
ductor is suspended using short-cir-
cuiting stubs is investigated in Refer-
ence 17. PolyStrata technology has the
unique advantage of producing multi-

ple layers of coax, producing coax with
a dielectrically isolated center conduc-
tor, incorporating embedded thin-film
microelectronics on the embedded di-
electrics, and producing all of this us-
ing scalable manufacturing processes.
These accomplishments have been in
part realized by engineering an appli-
cation specific set of materials by
Rohm and Haas especially for this
process, including a new negative pho-
toresist mold material that can dissolve
without swelling.

A number of publications to date
describe in detail the electrical prop-
erties of the air-filled copper micro-
coaxial lines and passive components
such as resonators, branch-line cou-
plers and antennas, which were real-
ized in the first implementations of
PolyStrata technology over the past
couple of years.1–5,18–22 Table 1 illus-
trates the design, fabrication and
measured characteristics of several
specific devices demonstrated in the
first generation of PolyStrata compo-
nents developed in the DARPA
3DMERFS program. The left-hand
column shows the CAD models of a
Ka-band branch-line hybrid,19 a cavi-
ty-backed antenna21 and a quasi-pla-
nar high-Q resonator.22 Starting from
a zero-order circuit model, a special-
ized layout routine enables automatic
creation of files corresponding direct-
ly to the complete geometry of the
component, including release holes,
dielectric straps and any intercon-
nects. The resulting file can be direct-
ly imported for simulation in the An-
soft HFSS FEM tool. After optimiza-
tion using full-wave electromagnetic
analysis, the CAD files are used for
PolyStrata fabrication at the Rohm
and Haas fab in Blacksburg, VA. Pho-
tographs of fabricated devices corre-
sponding directly to the CAD draw-
ings in the first column are presented
in the second column. Calibrated
measurements using off- or on-wafer
calibration standards are then per-
formed and compared to predicted
performance, as shown in the third
column. Component specifications
are collected from measured data on a
number of components across a
wafer.

The performance of the first gen-
eration of PolyStrata components is
excellent. For example:
• the hybrids have an amplitude and
phase mis-balance of < 0.1 dB and
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two degrees over a five percent band-
width centered at 35 GHz;
• the antennas have a five percent
2:1 VSWR bandwidth with 6.8 dBi
predicted gain at 36 GHz;
• the miniaturized resonators have
an unloaded Q factor over 830.22 In
addition, for a given cavity height,
normalized by frequency, the record
high unloaded Q for a microfabricat-
ed cavity resonator has been demon-
strated.20

Other components that have been
designed and are either already fabri-
cated and characterized or in the
process of fabrication include:
• 1:2, 1:3, 1:4 divider/combiner net-
works in the frequency range from 2
to 110 GHz;
• micro-coaxial baluns and trans-
formers that are broadband, e.g. 2 to
14 GHz;
• a variety of couplers from C- to W-
bands: branch-line hybrids, rat-race

hybrids and broadband Lange cou-
plers; narrowband antennas, such as
cavity-backed patches and coaxial co-
linear arrays; filters and duplexers us-
ing both coupled cavity designs and
transmission-line resonator designs
up to Ku-band;
• monolithically integrated embed-
ded resistors both in-line for low
power applications and on-substrate
for high-power applications;
• micro-coaxial lines with a range of
impedances from 12 to 110 Ω;
• millimeter-wave (above W-band)
rectangular dominant-mode wave-
guides and waveguide-coaxial adap-
tors;
• jumpers and cross-overs with ex-
tremely low coupling up to W-band
that can be integrated or surface or
flip-chip mounted; 
• interconnects from microcoaxial
lines to CPW probes, CPW on the
substrate, CPW flip-chip pads on a
different substrate, microstrip, as well
as transitions to connectors and wave-
guides; and
• high-quality and current handling
lumped inductors integrated in series
or parallel with the microcoaxial line.

In addition, Rohm and Haas and
AFRL have been jointly exploring
millimeter-wave applications of Poly-
Strata under a cooperative research
agreement (CRADA 07-291-SN-01).
Under this agreement, the Air Force
is investigating the benefits of Poly-
Strata for millimeter-wave compo-
nents such as filters, voltage-con-
trolled oscillators and wideband
switch matrices. Successful testing of
40/50 GHz diplexers has recently
been completed and the results will
be submitted for publication soon.

Many of these and other building
block components will be character-
ized, parametric models produced
and a design library generated. This
library can allow designers to import
these elements into circuit simulators
to realize their own microwave sys-
tems in the Polystrata technology.

The micro-coaxial environment
combined with the PolyStrata tech-
nology allows improved components,
but also allows the creation of new
types of components, which can be
integrated in different ways into hy-
brid monolithic integrated circuits
(HMIC). Due to the lithographic na-
ture of the fabrication, tolerances are
on the order of a few microns across
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tens of centimeters of line length.
This allows a complete toolbox of
phase-controlled components to be
transferred directly into the technolo-
gy eliminating the parasitics, cost,
and space associated with intercon-
nects and device mounting tolerances
when mounting discrete devices in
traditional assemblies.

In order to obtain high-perfor-
mance military and commercial EHF
modules, there needs to be an attrac-
tive means to bring the best passive
and active technologies together. Un-
fortunately, these have not converged
to a single active semiconductor plat-
form with the best technologies de-
sired for amplifiers, digital circuits,
mixed signal circuits, phase shifters,
tuners and switches. Thus, heteroge-

neous hybrid active device integra-
tion is currently being developed
through the monolithic creation of
device “sockets” that allow both flip-
chip and wire-bond integration. The
sockets can be designed to handle de-
vices from the transistor level (200 ×
200 μm die) up to relatively large ICs
and MMICs, and with a relatively
high positional tolerance. Thus, tradi-
tional flip-chip mounting tools can be
used while still minimizing parasitic
reactances. Such sockets integrate
both thin film solders, diffusion barri-
ers and solder wick-stops to allow di-
rect chip attach. Alternatively, active-
side-up mounting and wedge bonds
into such sockets is also possible
when either metallurgy or on-chip
parasitics make flip-chip difficult.

Due to the PolyStrata backplane be-
ing composed primarily of metallic
copper, thermal mounting pads and
heat-routing solutions can be directly
implemented allowing both rapid lo-
cal spreading and transfer of heat to
secondary heatsinks and thermal
back-planes. Multi-die mounting
challenges are being addressed by the
use of transient liquid phase solder
stacks, such as the Au-Sn system, that
can be made to reflow only once for a
limited time when heat is pulsed
through the die to be mounted. CTE
differences are addressed by building
compliant structures directly into the
socket. Solving the challenging work
on active device integration for high
thermal density components, specifi-
cally GaN, is ongoing through
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TABLE I
MOVING DIRECTLY FROM CAD TO NEARLY IDENTICAL HARDWARE WITH PERFORMANCE MATCHING THE SIMULATIONS 

ARE ROUTINELY ACCOMPLISHED USING THE POLYSTRATA TECHNOLOGY, AS IS SHOWN HERE FOR THE 
Ka-BAND BRANCH-LINE COUPLER, THE PATCH-LIKE ANTENNA AND THE CAVITY RESONATOR
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DARPA support of the Disruptive
Manufacturing Technologies (DMT)
program.

Where can PolyStrata micro-coaxi-
al technology help? Commercial ap-
plications for the technology include
miniature radar systems and compo-
nents, satellite matrix switches, loss-
less baluns for phase matching of
power amplifiers to their packages,
high-Q inductor banks for filters,
point-to-point EHF data link compo-
nents, antenna diplexers, low-loss
power combiners for solid-state mi-
crowave amplifiers and automotive
radar systems. Rohm and Haas is ac-
tively seeking partners to develop the
technology for these and other appli-
cations.

Military applications are numerous
due to the extremely high perfor-
mance characteristics of the demon-
strated components and the dramati-
cally improved size and isolation

compared to existing technologies.
The goal of the 3D-MERFS DARPA
program is to produce assemblies of
PolyStrata panels for phased arrays
for on-the-move multi-point commu-
nications including SATCOM. This
will enable high bandwidth real time
data communications between com-
mand vehicles, air vehicles and global
command stations using satellite links
and point-to-point and multi-point
communications. Key to the deploy-
ment of these systems is a substantial
reduction in size, weight and power
required for the phased-array panels
that will provide low profile transmit
and receive functions. The second
area of development funded by the
DARPA DMT program, also in part-
nership with BAE Systems, is aimed
at developing cost-effective decade-
bandwidth microwave amplifiers ca-
pable of displacing the existing travel-
ing-wave tube amplifiers used for

communications, radar and electronic
warfare applications. This will be ac-
complished by hybrid integration of
GaN transistor technology into a
monolithic PolyStrata amplifier mod-
ule.

Other military applications stem
from the unique electrical properties
previously described. For example,
the high isolation implies that usual
constraints of how close the transmit
and receive parts of a communica-
tions or radar system can be are no
longer limited by the transmission
line medium. Another consequence
of high isolation is that the coaxial
lines can be built in multiple inter-
connected levels with low-loss sharp
90° turns. This allows a higher densi-
ty of transmission lines and compo-
nents as compared to traditional 2D
structures such as microstrip and
CPW, and provides the freedom of
using crossovers wherever needed.
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▲ Fig. 5  A conceptual 3D W-band phased-array T/R module implemented from Polystrata transceiver “cells” illustrates the ability to provide
miniaturization and integration.
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ZHL-100W-52X 50-500 50 +47 +48.5 6.5 +57 24 9.0 1920.00
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Such a simple thing as high isolation
coaxial crossovers, highly challenging
to do at millimeter wavelengths, en-
ables new products like miniature
MxN switch matrices to be realized.
In active antenna arrays, for example,
electronically-scaned arrays (ESA),
the unit cell needs to be smaller than
half of a free-space wavelength
squared. As the frequency increases
to W-band, the wavelength and thus
allowed real estate per element scales

down faster than the size of the active
elements (MMICs). PolyStrata multi-
layer technology enables design in
the third dimension allowing more
functionality for a given footprint. An
example of a T/R module for an ac-
tive array is shown in Figure 5 with
the 16-element antenna and all core
electrical functionalities included
within the profile of 0.64 square cen-
timeters. Such cells could be used
alone for tiny high-bandwidth data

links or combined into large arrays
and digitally steered.

For THz applications, such as
radar, imaging and radiometry, coaxial
lines become too lossy even if they
are TEM, and waveguides become a
better choice. For example, at the
0.67 THz minimum of the water-va-
por absorption window, a dominant-
mode rectangular waveguide is 350 ×
160 μm in cross-section. Such RF and
LO PolyStrata waveguides and wave-
guide components are compatible in
size with PolyStrata IF micro-coaxial
lines, allowing for integrated hetero-
dyne terahertz receivers in the near
future.

In conclusion, the new PolyStrata
microfabrication technology promises
to provide revolutionary improve-
ments in size and performance for ex-
isting millimeter-wave systems and
produce new components and sys-
tems formerly impossible to create. It
has already enabled unprecedented
improvements in component and sys-
tem size and electrical performance
at high frequencies. The micro-coaxi-
al line technology has demonstrated
low loss, low dispersion, low coupling
and low parasitic radiation of batch
fabricated integrated millimeter-wave
components.

Inquiries regarding the technology
can be addressed to David Sherrer
(dsherrer@rohmhaas.com) or Jean-
Marc Rollin (jrollin@rohmhaas.com)
at Rohm and Haas Electronic Materi-
als, 3150 State Street, Blacksburg, VA
24060, (540) 552-4610.  ■
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control, there are few circuits available for
control of the group delay time.4

Moreover, a feedback receiving signal, orig-
inating from the transmitter (Tx) antenna of
the same site, deteriorates the performance of
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As linear modulation and demodulation
is adopted in communication systems
for spectrum efficiency, the system per-

formance is limited due to nonlinearity, partic-
ularly in the power amplifier. The nonlinearity
of a system can be explained as AM-AM, AM-
PM, intermodulation distortion (IMD) and
adjacent channel leakage ratio (ACLR). Sever-
al linearizing techniques have been intro-
duced to overcome these nonlinearities.1–3

When a digital/analog predistortion or a FFW
technique is applied to the nonlinear system, a
group delay time matching as well as ampli-
tude and out-of-phase matching are critical.
While a variable attenuator and a phase shifter
are widely used for the magnitude and phase

DESIGN OF A MICROWAVE
GROUP DELAY TIME
ADJUSTER AND ITS
APPLICATION TO A
FEEDFORWARD POWER
AMPLIFIER

This article presents a design method for a microwave group delay time adjuster (GDTA) and its
application to a feedforward (FFW) power amplifier (PA). The GDTA consists of a variable capacitor
and a variable equivalent inductor. The variable equivalent inductor is realized using a high impedance
transmission line terminated with a variable capacitor. These components are controlled by two separate
bias voltages. The group delay time can be adjusted by varying the capacitance and inductance while
keeping a fixed resonance frequency. The proposed GDTA is fabricated for the Korean RFID frequency
band (908.5 to 914 MHz). A group delay time variation of approximately 3 ns is obtained with satisfying
transmission flatness. When the proposed GDTA was applied to the base station FFW PA system, the
loop group delay time matching was much easier and required less effort and time, while achieving an
excellent linearization result compared to the conventional FFW PA system.
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the received (Rx) signal and results in
co-channel interference in the re-
peater system. The delay time of the
co-channel interferer from Tx to Rx is
different, case by case, and due to en-
vironmental conditions. The ampli-
tude, phase and electrical delay time
of the correction signal should be ad-
justed to effectively cancel the broad-
band interferer.5,6

Until now, there have been few
microwave circuit GDTAs. A GDTA,
consisting of different paths having
different physical length, was intro-
duced.7 However, it could not control

the group delay continuously. In this
article, a microwave GDTA is pro-
posed that is capable of continuous
group delay time control. The pro-
posed GDTA is expected to play a
key role in a number of applications
where group delay time compensa-
tion is critical for broadband signal
cancellation. To show its validity, a
GDTA and base station FFW PA sys-
tem were designed, fabricated and
measured, using the proposed GDTA
as an application example.

ADJUSTABLE GROUP DELAY
THEORY

A group delay gives the measure
of how long it takes a signal to propa-
gate through a system. In general, the
rate of change of the total phase shift
with respect to angular frequency is
called the group delay (GD), and is
defined as8

where

dφ = total phase shift
ω = angular frequency

Also, the group delay flatness in the
operating frequency band is an im-
portant parameter for observing the
phase linearity of a receiver system,
transmitted signal and so on.

To find the method to control the
group delay, it is necessary to analyze
a shunt resonance circuit, as shown in
Figure 1. The input admittance of
the resonance circuit is expressed as

and the transmission characteristic
can be expressed as

If the particular resonance fre-
quency, ω2

0LC = 1 of the parallel res-
onator is maintained, the magnitude
and the phase coefficient would be
kept constant. Then GD, the differ-
ential phase component of the trans-
mission coefficient with respect to
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the angular frequency, can be derived
from Equation 4 at the particular res-
onance frequency, by using Equa-
tions 1 and 3.

From Equation 4, the group delay
time increases proportionally to the
capacitance. On the contrary, as the
inductance increases, the group delay
time decreases, proving the inverse
proportionality to the inductance.
Keeping the resonant frequency
fixed, the group delay time can be ad-
justed by several combinations of a
capacitance and an inductance.

IMPLEMENTATION AND
MEASUREMENT OF THE GDTA
Varactor Diode Measurement

A varactor diode is a semiconduc-
tor device that is widely used in many
applications where a variable capaci-
tance is required. The operation of
the varactor diode is based on the
fact that a reverse biased PN junction
acts as a variable capacitor. The diode
capacitance versus reverse voltage of
the Sony 1T362 device used has a
variation of approximately 2.3 to 100
pF, as shown in Figure 2.

Variable Equivalent Inductor 
and the GDTA Unit

There are few variable inductors in
microwave devices. Even though
there is an active inductor using a gy-
rator structure that can change the in-
ductance, the quality factor (Q) is not
high enough and changes according to
the control voltage.9,10 For that rea-
son, the active inductor is not yet
widely used. The series combination
of a lumped inductor and varactor
diode can be used as a variable equiva-
lent inductor. Since it is difficult to
fabricate high Q inductors with a small
tolerance, however, the combination
of varactor diode and lumped inductor
is not suitable. A transmission line of
characteristic impedance Z0, terminat-
ed with a varactor, can also be used as
a variable inductor, as shown in Fig-
ure 3. A transmission line characteris-
tic shifts from capacitive to inductive,
as shown in Figure 4. However, the
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▲ Fig. 1  Shunt resonant circuit.
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▲ Fig. 2  Measured capacitance of the Sony
1T362 varactor diode.
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▲ Fig. 3  A virtual variable inductor using a
transmission line.

▲ Fig. 4  Transformation from a capacitive
to an inductive characteristic.
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physical length of a transmission line is
too long in case of a low operating fre-
quency.

In this work, a high impedance
transmission line, terminated with a
varactor, is used to implement the
variable inductor. Figure 5 shows the
lumped element equivalent circuit of
the transmission line, where Zt and θ

are the characteristic impedance and
electrical length of the tramission
line, respectively. The values of the
equivalent lumped elements are

Using the varactor diode and the
proposed variable equivalent induc-
tor, the GDTA unit shown in Figure
6 was designed. The varactor diode is
operated as the variable capacitor,
and the high impedance transmission
line terminated with the varactor
diode is operated as the variable
equivalent inductor.

The transformation procedure of
the variable equivalent inductor is de-
picted in Figure 7. The capacitor C1
denotes the variable capacitance and
C2 is used for the variable equivalent
inductor with the high impedance
transmission line, respectively. The
high impedance transmission line was
replaced with the lumped element

equivalent circuit.
Since C2 shares
node A with Ct, and
C1 shares node B
with Ct, these pairs
of capacitors can be
substituted with C'
and C2+ Ct. Finally,
C1+ Ct can be rep-
resented as C'' and
the series connec-
tion of Lt and C'
can be substituted
with L'. Equation 6

shows the equivalent reactance of the
transmission line terminated with the
varactor diode. As long as the equiva-
lent reactance (XL) is positive, it has
an inductive characteristic. There-
fore, as C' is varied, a variable induc-
tance can be obtained.
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▲ Fig. 5  A high impedance transmission
line and its equivalent circuit.
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TABLE I
MEASURED RESULTS AT 911 MHz 

FOR THE UNIT GDTA

Group Delay (ns) S21 (dB) S11 (dB)

0.420 –0.23 –31.40

1.420 –0.77 –21.30

2.468 –1.45 –16.30

3.479 –2.20 –13.10

GDTA

GDTA

▲ Fig. 8  Block diagram of the balanced
GDTA using two unit GDTAs. ▲ Fig. 9  The fabricated balanced GDTA.
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The values of the variable capaci-
tor and inductor are controlled by
two separate bias voltages that must
satisfy the fixed resonance condition.
The measured results of the pro-
posed GDTA unit, tested at 911
MHz, are shown in Table 1. As GD
is increased, the reflection character-
istics are getting increasingly worse,
due to the parasitic component of the
varactor diode.

The Balanced GDTA
In order to obtain better reflection

characteristics of the GDTA, a bal-
anced GDTA structure is proposed
and shown in Figure 8. It is com-
posed of two hybrid couplers (RF
Power, S03A888N1) and two unit
GDTAs. The overall circuit size is 79
× 39 mm, as shown in Figure 9. The
implemented GDTA was tested in
the Korean RFID frequency band
(908.5 to 914.0 MHz). The group de-
lay measurements of the proposed
balanced GDTA are shown in Table
2 and Figure 10.

Although a group delay time vari-
ance greater than 3 ns could be ob-
tained, the transmission and the
group delay time flatness in the high
group delay time region are in a
trade-off relationship, so that there
was no choice but to limit the actual
variation range to 3 ns. In that case,
the magnitude flatness is less than 0.1
dB in the pass band and the maxi-
mum reflection coefficient is approxi-
mately –24.4 dB. These satisfactory
results can be applied to systems
where the group delay time matching
with good flatness is critical.

BASE STATION FFW PA DESIGN
USING THE PROPOSED GDTA

To obtain broadband signal cancel-
lation, broadband amplitude, out-of-
phase and group delay matching are

To find out more, call 
(800) 344-2412 or 
visit www.trilithic.com.
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TECHNICAL FEATURE

TABLE II
MEASURED RESULTS FOR THE BALANCED GDTA

Control Group Delay (ns) S21 (dB) Voltage (V)

908.5 911 914 908.5 911 914
MHz MHz MHz MHz MHz MHz VC VL

1.005 1.041 1.025 –0.65 –0.64 –0.64 –25.65 25.0 0.0

2.000 2.010 1.970 –1.36 –1.37 –1.39 –26.74 10.0 14.4

3.051 3.077 2.986 –1.96 –1.95 –1.95 –24.84 8.3 17.5

4.021 3.938 3.792 –2.68 –2.68 –2.71 –24.41 7.0 19.8
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▲ Fig. 10  Electrical characteristics of the
balanced GDTA at 1 ns (a), 2 ns (b), 3 ns (c)
and 4 ns (d).
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essential, and must be matched si-
multaneously. Due to the fact that
the conventional signal canceller can-
not satisfy the out-of-phase and equal
group delay matching at the same
time inherently, an equal group delay
signal canceller has been proposed.11

To prove the validity of the pro-
posed GDTA, an FFW PA for the
digital cellular band using a balanced
GDTA and equal group delay signal
canceller was implemented. The per-
formance of the implemented lin-
earization system with a commercial
power amplifier of 120 W PEP for
base station use was measured. Fig-
ure 11 shows the block diagrams of
the conventional FFW PA and of the

proposed FFW PA
using the GDTA
and the equal group
delay signal can-
celler. GDTA 1 is
put between the de-
lay 1 and signal can-
celler, and GDTA 2
is inserted in front
of the error power
amplifier (EPA).
Usually, the group
delay matching is a
t i m e - c o n s u m i n g
process and re-
quires much effort
to obtain wideband
signal cancellation.

One of the several advantages of the
GDTA is that the group delay time
matching is much easier to achieve by
just adjusting the control voltages.

Figure 12 shows the group delay
time matching process of the carrier
cancellation loop and IMD cancella-
tion loop. After finishing the coarse
tuning using a coaxial cable, the fine-
tuning is done very easily with simple
voltage controls. The blue lines are
the amount of the time delay of the
main and error amplifier path, and
the green and red lines represent the
time delay before and after the fine-
tuning, respectively. The mismatch of
the carrier cancellation loop is due to
the poor group delay flatness of the
main amplifier.

Figure 13 shows the signal cancel-
lation loop suppression results, using
the proposed GDTA, measured with a
network analyzer. The proposed can-
celler cancels the input signal by more
than 23 dB from 869 to 894 MHz. The
IMD cancellation characteristic using
the proposed GDTA is also shown.
The input signal is cancelled by more
than 30 dB within 880 ±50 MHz. The
frequency bandwidth, in which the
signal is cancelled more than 20 dB, is
greater than 160 MHz.

For experimental verification, the
output power spectral density of the
FFW PA was measured with and
without the FFW loop, using a for-
ward-link CDMA IS-95A four-carrier
signal for the digital cellular band.
These measurement results are shown
in Figure 14. The ACLRs at 3.125
and 4.375 MHz offset are shown
through the output dynamic range,
and the measured power spectral
density of the implemented FFW PA
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▲ Fig. 11  Block diagrams of the conventional FFW PA (a) and the
proposed FFW PA using GDTA (b).

20.34
19.34
18.34
17.34
16.34
15.34
14.34
13.34
12.34
11.34

17.17
16.17
15.17
14.17
13.17
12.17
11.17
10.17

9.17
8.17

894889884879
FREQUENCY (MHz)

CH1 CH2 CH3

(a)

(b)

874869

894889884879
FREQUENCY (MHz)

874869

TI
M

E 
D

EL
A

Y 
(n

s)
TI

M
E 

D
EL

A
Y 

(n
s)

▲ Fig. 12  Carrier cancellation loop group
delay adjustment process (a) before GDTA
tuning and (b) the IMD cancellation loop.

 2M32 FINAL  1/28/08  10:49 AM  Page 96

http://www.trilithic.com
http://mwj.hotims.com/16338-154


Visit http://mwj.hotims.com/16338-47 or use RS# 47 at www.mwjournal.com/info

 2M32 FINAL  1/28/08  10:50 AM  Page 97

http://mwj.hotims.com/16338-47
http://www.mwjournal.com/info
mailto:info@dt-usa.com
http://www.dt-usa.com


at an average output power of 40
dBm is shown before and after can-
cellation. The ACLR at a 3.125 MHz
offset is –52.12 dBc, improved by ap-
proximately 17.2 dB by the cancella-
tion. The amount of improvement is
smaller than expected from the re-
sults shown on the network analyzer
because of the limitation of the mea-
surement setup. The proposed system
shows excellent linearity throughout
the output dynamic range.

CONCLUSION
A new GDTA unit was designed

that can control the group delay time
of a signal using a parallel resonance
circuit. Keeping the resonance fre-
quency fixed, the group delay time
can be adjusted by the combination
of values of capacitance and induc-
tance through a simple voltage con-
trol. The fabricated balanced GDTA
improves the poor reflection charac-
teristics of the single GDTA unit and

offers a group delay time variation of
approximately 3 ns. Also, the validity
of the proposed GDTA was estab-
lished by applying the circuit to a
feedforward linearization. The pro-
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▲ Fig. 13  Carrier cancellation loop
suppression of the FFW PA using the GDTA
(a) and IMD cancellation loop (b).
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posed GDTA will contribute not only
to the improvement of the quality of
a communication, but also to the sim-
plification of the group delay time
tuning procedure of a communication
system.  ■
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TECHNICAL FEATURE

cation class. This definition of amplification
class, based on spectral load-pull analysis, is
especially useful at high frequencies because
many of the design techniques used at these
frequencies, measurement procedures, etc.,
rely on the power of spectral analysis. 

Table 1 shows the load impedance or ad-
mittance required by a single-ended ideal
transistor at the fundamental and harmonic
frequencies when operating in the most popu-
lar amplification classes. The load impedances
and admittances shown were obtained as the
quotient of the Fourier components of a tran-
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F.J. ORTEGA-GONZALEZ, 
J.M. PARDO-MARTIN, 
A. GIMENO-MARTIN AND C.B. PECES
Universidad Politécnica de Madrid
Madrid, Spain

The technical definition of an amplifica-
tion class is not obvious. Patents are
among the best documents to explain

and define what an amplification class is.1,2

Reviewing the claims sections of those docu-
ments is an interesting exercise in understand-
ing the inherent complexity of an amplifica-
tion class definition. 

From a simplified point of view, an amplifi-
cation class can be defined by a set of electric
conditions that must be fulfilled simultaneous-
ly at the output of a transistor. Usually, these
electric conditions are a set of current and
voltage waveforms in the time domain or their
counterpart set of load impedances/admit-
tances at fundamental and harmonic frequen-
cies, obtained as the quotient of the Fourier
series voltage and current components. A
proper load, with simultaneous proper driving,
leads transistors towards any specific amplifi-

HIGH EFFICIENCY
BROADBAND POWER
AMPLIFIERS
This article is devoted to the design of broadband high efficiency power
amplifiers for microwave and RF applications through the synthesis of the load
impedance (or load admittance) required by power transistors at fundamental
and harmonic frequencies to operate into a specific amplification class.
Broadband design of the most popular high efficiency amplification classes is
covered, even though the design technique shown in this article can be applied to
any amplification class. It is shown that the load requirements of some
amplification classes cannot be easily satisfied over wide bandwidths because of
the parasitic effects exhibited by transistors operating at high frequencies. This
fact indicates that some amplification classes are more suitable for broadband
operation than others at high frequencies. Design, simulation and measurements
of a broadband class-E power amplifier prototype are shown to verify the
usefulness and accuracy of the methods and techniques described.
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sistor’s output voltage and current
waveforms. The transistor is consid-
ered ideal and lossless (pure current
source or switches).

BROADBAND RF HIGH
EFFICIENCY POWER AMPLIFIER
DESIGN

The following few steps describe a
straightforward way to design broad-
band power amplifiers, high efficiency
or not, based on load synthesis theory:
• From the desired output power
POUT and power supply DC voltage
VDC, determine the load impedance

or admittance required by the transis-
tor operating into the selected ampli-
fication class. The values given in the
table help to predict the load’s fre-
quency profile. The maximum tran-
sistor’s values of voltage and current
impose a limit for power supply DC
voltage and output power POUT.
• Design a network to provide the
load calculated in step 1 over the

whole desired bandwidth. The re-
quired load must be provided both at
the fundamental and harmonic fre-
quencies, at least the second and
third.3
• Provide the proper driving wave-
form (energy in time) required by the
transistor to exercise the output volt-
age and current waveforms inherent
of the desired amplification class.
High efficiency amplification classes
usually require transistor switching
and therefore these classes, such as
classes D or E, demand more sophis-
ticated driving circuits than conven-
tional classes (A to C) because more
energy must be delivered to the tran-
sistor input (gate or base) in a shorter
time.

The next few sections will explain
how to design broadband power am-
plifiers operating in some of the most
popular RF amplification classes: B,
C, D and E, although the described
design strategy can be applied to any
amplification class.

TECHNICAL FEATURE

TABLE I
IMPEDANCE AND ADMITTANCE LOADS REQUIRED 

FOR USUAL AMPLIFICATION CLASSES

Load Impedance (ZL) at Harmonic Load Admittance (YL) at Harmonic
n: 1, 2, 3… n: 1, 2, 3…

Class fo (2n)fo (2n+1)fo fo (2n)fo (2n+1)fo

B,C resistive short-circuit short-circuit

D, voltage switching resistive short-circuit open-circuit

D, current switching resistive open-circuit short-circuit

E complex: resistive + capacitive imaginary: capacitive imaginary: capacitive

(b)
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▲ Fig. 1  Narrow (a) and broadband (b) class-B amplifier topologies.
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BROADBAND CLASS-B POWER
AMPLIFIER

The admittance required by class-
es B and C is resistive at the funda-
mental frequency and short circuits
at the harmonics. These load condi-
tions (compatible with class-A) can be
easily accomplished when using RF
transistors, because their output ca-
pacitance COUT can be embedded
into the output load network con-
tributing to the generation of the re-

quired short-circuit condition at har-
monics. 

Usually, communication electron-
ics textbooks4 have used parallel
tuned R-L-C tank circuits across the
transistor output to illustrate class-B
and -C circuits. When those circuits
are tuned at the fundamental fre-
quency amplified by the circuit and
their quality factors are high, they
provide the required load conditions
for class-B and -C operation, generat-

ing typical class-B and class-C voltage
and current waveforms if the transis-
tors are properly driven. Unfortu-
nately, the high quality factor re-
quired for the parallel load networks
(needed to achieve a sufficient strong
short-circuit condition at the second
and third harmonics) contribute to
narrow the amplifiers’ bandwidth. 

Figure 1 shows class-B (or -C)
amplifiers using classical R-L-C cir-
cuits shown in textbooks. Figure 2
shows the simulated output powers
POUT and drain efficiencies ηd of the
class-B amplifiers. This load network
has a loaded quality factor Q = 4 at 7
MHz. All the circuit elements are
considered ideal, linear and lossless. 

A broadband class-B amplifier de-
sign requires a load circuit providing
the same admittance profile provided
by the narrowband version, but obvi-
ously over a wider bandwidth. One of
the circuits capable of providing such
load admittance is a bandpass filter
with a shunt first element. If a strong
attenuation at the stop band is provid-
ed, a strong short-circuit condition at
the harmonics is provided also. The
bandpass of the filter must coincide
with the desired amplification band
while the suppressed band must coin-
cide with its harmonics. This circuit is
shown in the figure. Usually filter or-
ders higher than three (six lumped ele-
ments) are not suitable for RF and
MW amplifiers because the element
losses and finite Q reduce the efficien-
cy of the amplifier. This fact limits the
design flexibility and broadband perfor-
mance forcing the designer to accept
some tradeoffs, including ripple in the
bandwidth or amplification class purity,
for example. The broadband load net-
work shown is intended for a class-B
(or -C) amplifier designed on the basis
of a Chebishev bandpass filter, blend-
ing a wide bandwidth, low ripple over
its bandpass and strong suppression of
harmonics (which means low imped-
ance at harmonics). All the circuit ele-
ments are ideal and lossless. A remark-
able power and efficiency bandwidth
improvement over the narrowband cir-
cuit is observed.

The uniform harmonic require-
ment of classes B and C (short cir-
cuit) is quite compatible with the
loading effect of the transistor’s in-
trinsic output capacitance COUT.
Therefore, broadband operation of
class-B amplifiers is not uncommon
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and there are examples of class-B
push-pull designs in literature ex-
hibiting multi-octave bandwidths.5
Amplifiers intended for 50 Ω systems
usually require impedance transform-
ing networks to provide the required
resistive load to the amplifier. In
broadband design, broadband imped-
ance transforming networks are re-
quired also; these transforming net-
works must be capable of transform-
ing at least one or two harmonics

besides the fundamental. There are
two usual solutions for this problem:
• Using broadband transformers
usually based on transmission lines.
• Using broadband impedance trans-
forming networks based on lumped el-
ements or transmission lines.

These impedance-transforming
networks can also be used to include
the loading functions described in the
broadband RF high efficiency power
amplifier design section. Unfortu-

nately, the bandwidth of a network
combining transforming and loading
functions is smaller than the band-
width of a load network without
transforming duties for the same
number of elements.

HIGH EFFICIENCY BROADBAND
AMPLIFIERS

Among high efficiency amplifica-
tion classes, those based on transistor
switching, such as classes D and E,
are known for their extremely high
efficiency, theoretically 100 percent.
Their popularity in the RF and MW
world is increasing, but still some
misunderstanding about these ampli-
fication classes exist; for instance,
some engineers still think that nar-
rowband is a requisite of high effi-
ciency amplification. Nevertheless,
high efficiency wideband switching
amplification design is possible using
the techniques shown previously.

Class-D
Two versions of the class-D ampli-

fier6 are widely known: current
switching and voltage switching (volt-
age switching class-D is sometimes
confused with class-F).

As shown in the table, a transistor
requires alternate harmonic load be-
haviour to operate into class-D: open
circuits at (2n+1)f0, short circuits at
(2n)f0 for voltage switching class-D,
short circuits at (2n+1)f0 and open cir-
cuits at (2n)f0 harmonics for switching
current class-D. This nonuniform har-
monic load cannot be provided easily to
a transistor operating at high frequen-
cies for different reasons. The low reac-
tance exhibited by the transistor’s in-
trinsic output capacitance COUT is one
of them. The load requirements of
class-D make it difficult to absorb
COUT into the amplifier load network,
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especially in the switching voltage
mode. This is one of the causes that
contribute to preclude class-D at high
frequencies. 

The alternate frequency depen-
dance nature of the load impedance re-
quired for class-D cannot be easily pro-
vided by a single-ended wideband load

network design, even though some so-
lutions exist. Unlike single-ended tran-
sistors, push-pull transistor pairs re-
quire uniform load impedance distribu-
tion over frequency from drain to drain
(drain-to-source load requirements are
the same as for the single-ended ver-
sion) to operate into class-D and this is
the reason why class-D amplifiers are
usually shown as push-pull designs in
classical textbooks.4 The most usual
textbook load circuits capable of pro-
viding switching current class-D ampli-
fication are shown in Figure 3. 

The operation of a nominal switch-
ing current class-D requires a quality
factor Q approximately greater than
four for the parallel tank L1-C1-R1 of
the load network, in order to provide
proper termination at the harmonics.
Unfortunately, high values of Q also
contribute to reduce the bandwidth of
the amplifier. Decreasing Q is not a
solution to improve amplification
bandwidth because low Q leads to am-
plification class degeneration caused
by improper loading at harmonics. 

It is possible to design broadband
switching class-D amplifiers using the
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design techniques shown previously.
The application of the described tech-
nique is quite easy for push-pull de-
signs using ideal transistors (COUT = 0)
because a uniform load at the harmon-
ics is required from drain to drain.
Unfortunately, the intrinsic transistor
capacitance COUT located across the
real transistor’s drain and source tends
to lower the impedance load at the
harmonics, degrading the open-circuit
condition required by voltage switch-
ing class-D at (2n+1)f0 harmonics and
current switching class-D at (2n)f0.
However, current switching class-D is
a better candidate for high frequency

broadband operation than the switch-
ing voltage version of class-D, because
the COUT effect over mode degrada-
tion is less evident. 

A bandpass filter with a shunt ca-
pacitor as a first element can provide
the load conditions required by an
ideal push-pull transistor pair to oper-
ate into wideband current switching
class-D, because the load impedance
profile requirements of the pair are the
same as the conditions required to op-
erate into class-B (the driving require-
ments are completely different). The
load circuit shown for broadband has
been designed this way using a third-
order Chebishev bandpass filter
(ripple=0.01 dB). Figure 4 shows the
output power Pout and drain efficiency
ηd obtained by simulation using the

circuits shown and an ideal push-pull
switching transistor pair. 

Class-E
Class-E7 exhibits important advan-

tages that favor this high efficiency
amplification class at high frequen-
cies. Its advantages do not only arise
because the transistor is driven into
the ON condition when the drain-to-
source voltage is zero (ZVS condi-
tion), but also because the derivative
of the drain-to-source voltage is zero
at the OFF to ON switching instant
(optimum class-E operation). This
feature allows absorbing undesired
switching effects always found in high
frequency transistors to some degree,
besides providing some tolerance
against load deviations from its opti-
mum value. On the other hand, the
maximum output power capability
PMAX of class-E is not as high as the
PMAX achieved by other high efficien-
cy classes such as class-D (this state-
ment is only valid for most known
first order class-E amplifiers).

The load admittance conditions re-
quired by a switching transistor to op-
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▲ Fig. 8  Measured Vds waveforms at
different frequencies.

▲ Fig. 9  A wideband class-E amplifier
prototype.
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erate into class-E were shown in the
table. The original and best-known
load networks capable of providing
class-E are shown in Figure 5. When
properly designed,8 this load network
provides an exact class-E operation
over a bandwidth valid for power con-
version applications but sometimes not
sufficient for communications applica-
tions. Reduction of the quality factor
(Q) of this network is not a solution to
increase the bandwidth of a class-E

amplifier, not only because lowering Q
decreases spectral purity of the ampli-
fied signal but also because the power
versus frequency profile is not flat. 

The load admittance required by a
class-E amplifier, as shown in the
table, is complex at the fundamental
and capacitive at the harmonics as ex-
plained previously,9 not requiring al-
ternating from capacitive to inductive
behaviour at harmonics as in class-D.
Therefore, the load frequency re-

sponse of the load networks required
for broadband class-E amplification is
not so different than the responses de-
scribed in previous sections for broad-
band class-B or -C. A suitable load
network for broadband class-E opera-
tion could be derived from these load
networks after some modifications in
order to provide the complex load at
the fundamental and the required ca-
pacitive load value at harmonics. 

The figure shows a load network
based on lumped elements that pro-
vides broadband operation for the
class-E amplifier. It is derived from a
bandpass filter with a first element
shunt.9 This load network provides a
complex load admittance at the fun-
damental and pure capacitive load
admittance at harmonics over a broad
bandwidth. The network is made of
lumped elements but could be syn-
thesized by any other technique suit-
able for a specific application, such as
transmission lines, if the required
load profile is provided. The compo-
nent values shown in this figure were
calculated for a specific amplifier that
will be described later and obviously
must be calculated in any other case. 

Figure 6 shows the simulated out-
put power and efficiency versus fre-
quency obtained with HEPA Plus10

for the wideband class-E amplifier,
using real components. The quality
factor of the passive components is
estimated to be Q = 125 for the in-
ductances and Q = 1000 for the ca-
pacitors. The value of C1 has been
decreased to accommodate the COSS
of the transistor (International Recti-
fier IRLI530G), and the values of C3
and L3 have been slightly modified to
absorb the imaginary impedance
component of the ferrite loaded
Ruthroff transmission line trans-
former used in the amplifier. It is im-
portant to note that, in wideband de-
signs, the effects of components must
be taken into account not only at the
fundamental but also at least at the
two first harmonics (2f0 and 3f0). 

The actual measurements of out-
put power POUT and drain efficiency
of this amplifier are shown in Figure
7. The differences in output power
and efficiency between measure-
ments and simulations can be related
to the losses in the transformer and
printed circuit board besides imper-
fect component models and driving
circuit. A slight frequency shift is also

116 MICROWAVE JOURNAL ■ FEBRUARY 2008Visit http://mwj.hotims.com/16338-139

TECHNICAL FEATURE

 2M34 FINAL  1/28/08  10:59 AM  Page 116

http://www.resistor.com
mailto:sales@resistor.com
http://mwj.hotims.com/16338-139


440 Rev Org

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

+24 dBm output... 0.7 to 21GHz from$845ea.

ZVA-213X

SUPERULTRA WIDEBAND

AMPLIFIERS
MODEL  FREQ. GAIN POUT NOISE FIG. PRICE

(GHz)  (dB) ( dBm) (dB ) (1-9)
@ 1 dB Comp.

ZVA-183X+ 0.7-18 26 +24 3.0 845.00

ZVA-213X+ 0.8-21 26 +24 3.0 945.00

ZVA-183+ 0.7-18 26 +24 3.0 895.00

ZVA-213+ 0.8-21 26 +24 3.0 995.00

RoHS compliant

Simply calling the ZVA-183X and ZVA-213X "wideband" amplifiers doesn't
begin to describe them. The super ultra wideband ZVA-183X amplifier
operates from 0.7 to 18.0 GHz while the ZVA-213X amplifier covers even
more "spectral ground," with a range of 0.8 to 21.0 GHz. Both super ultra
wideband amplifiers deliver +24 dBm typical output power at 1 dB
compression by merit of 26 dB typical small-signal gain with ±1 dB typical
gain flatness. Both provide wide dynamic range along with the bandwidth,
with typical noise figure of 3 dB and typical IP3 of +33 dBm. These versatile
amplifiers are ideal for broadband commercial and military applications,
from radar systems to test equipment. The ZVA-183X and ZVA-213X
amplifiers are unconditionally stable. In fact, they are so rugged, they
can even withstand load mismatches as severe as an open or short
circuit at full 1dB compression output power. 

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

TYPICAL SPECIFICATIONS

Note: Alternative heat-sink must be provided to limit maximum base plate temperature.

All models IN STOCK!

Visit http://mwj.hotims.com/16338-96 or use RS# 96 at www.mwjournal.com/info

 2M34 FINAL  1/28/08  10:59 AM  Page 117

http://www.minicircuits.com
http://mwj.hotims.com/16338-96
http://www.mwjournal.com/info
http://minicircuits.com


observed between the measured and
simulated results, which is related to
the proximity to the resonance fre-
quency in some passive components
that changes their low frequency val-
ue. The amplifier’s transistor drain-
to-source waveforms were measured
with a digital oscilloscope and are
shown in Figure 8. These measure-
ments show quasi-nominal class-E
operation over the whole operating
bandwidth of the amplifier. 

Figure 9 shows a photograph of an
amplifier embedded in an experimental
HF EER communications transmitter.
The high-Q air core silver-plated coils,
high-Q porcelain capacitors and the 4:1
impedance Ruthroff transmission line
transformer that converts the 50 Ω load
into the 12.5 Ω required by the amplifi-
er load network are clearly shown in
the photograph besides the power tran-
sistor that requires only a copper poly-
gon pad on the PCB to dissipate heat.

CONCLUSION
This work has shown that design-

ing broadband high efficiency power
amplifiers is possible using load-pull
design techniques and synthesis of
broadband load networks. This article
is focused on the most popular high
efficiency classes (D and E besides
non high efficiency class-B), but the
design principles explained here can
be extended to the design of any
broadband amplifier operating in any
amplification class. Several simula-
tions and measurements taken on a
broadband class-E prototype have
been shown to illustrate the effective-
ness of this design technique. 

The design methods shown in this
article are devoted to the transistor
output network, but the proper de-
sign of broadband high efficiency
power amplifiers also requires effi-
cient broadband drivers. This is not a
trivial problem, especially at high fre-
quencies and microwaves, and de-
serves further research.  ■
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UWB antenna plays a unique role because it
behaves as a bandpass filter and should be de-
signed to avoid undesired distortions. Some of
the critical requirements of a UWB antenna
design include: ultra-wide bandwidth, omni-
directional radiation patterns, constant gain
and group delay over the entire band, high ra-
diation efficiency and low profile. The broad-
band property and excellent impedance
matching of the proposed design lead to desir-
able performance, such as good antenna gain
and radiation patterns. (A planar elliptical
monopole antenna for UWB applications was
proposed earlier.3) In this article, a small-size
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In recent years, wireless communications
have progressed very rapidly. Broadband
antenna design has become very important

for wireless applications. UWB is a high data-
rate and short-range wireless technology, uti-
lizing the unlicensed radio spectrum from 3.1
to 10.6 GHz. The UWB antenna is one of the
major components of UWB communication
systems. Some coplanar waveguide (CPW) an-
tennas have been proposed for wideband ap-
plication.1–10 The UWB-based systems may be
embedded into a variety of portable devices.
One of the critical issues in UWB system de-
sign is the size of the antenna for portable de-
vices because the size greatly affects the band-
width and gain. Therefore, the miniaturization
of antennas capable of providing a broad im-
pedance matching bandwidth and offering an
acceptable gain is a challenging task.2 The

DESIGN OF A CPW-FED
PRINTED ANTENNA FOR
ULTRA-WIDEBAND
APPLICATIONS

This article describes a compact and simple coplanar waveguide monopole antenna for ultra-
wideband (UWB) applications. The overall size of the printed antenna is 26 × 35 × 1.6 mm, which is
very compact, low profile and can be integrated in an ultra-wideband transceiver for further
integration. The wideband performance is achieved by properly choosing the dimensions of the
rectangle-semicircle-rectangle shape of the antenna. The design of the proposed antenna is suitable for
ultra-wideband applications, which covers the 3.1 to 10.6 GHz band. The printed coplanar waveguide
antenna is fed by a 50 Ω microstrip line, with a small rectangle for broadband operation. For a –10
dB return loss, the operating bandwidth of the antenna is 3.1 to 11 GHz. The antenna gain varies
from 1.47 to 5.02 dBi. Both impedance and radiation characteristics of this antenna are studied. The
proposed antenna has a very simple geometrical structure and proves to be a good candidate for ultra-
wideband applications.
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antenna with a CPW feed line for
UWB systems is presented. Com-
pared to the planar elliptical mono-
pole antenna, this antenna can pro-

duce satisfactory re-
sults, such as better
gain and good radia-
tion. In this study, a
small-size and a
good impedance
matching of the an-
tenna are obtained
and the good radia-
tion characteristics
of the constructed
prototype are also
shown. It is de-
signed to cover the
3.1 to 10.6 GHz
UWB band. The
planar rectangle-
semicircle-rectangle
antenna is etched
onto an FR-4 sub-
strate. It is expected

that a simple feed and a wide imped-
ance bandwidth are good for practical
applications. The simulations and
measurement results show that the
impedance characteristics of this an-
tenna reduced the ground-plane ef-
fect on the performance of a small
printed UWB antenna. The perfor-
mance of the antennas was tested in
the frequency domain.

TECHNICAL FEATURE

TABLE I
CPW-FED UWB ANTENNA DIMENSIONS

Antenna Parameter Units (mm)

L1 35

L2 10.3

L3 15.4

L4 0.5

L5 0.2

W1 26

W2 23

W3 12.07

W4 3

W5 1.5

G1 0.18

R1 8.2

H 1.6

εr 4.4

W1

W2

W3

W5

50 Ω SMA
CONNECTOR

G1

R1

SUBSTRATEεr

GROUND PLANE

x

yz

H

L3

L4 W4

L5

L1

L2

▲ Fig. 1  Geometry of the printed CPW-fed UWB antenna.
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▲ Fig. 2  Measured and simulated return
loss of the proposed antenna.
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▲ Fig. 3  Measured return loss for different
W2 dimensions; (a) W2 > W2 nominal and (b)
W2 < W2 nominal.
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ANTENNA DESIGN AND
EXPERIMENTAL RESULTS

Figure 1 shows the geometry of
the proposed UWB antenna and
Table 1 lists the antenna dimensions.
The rectangle-semicircle-rectangle
shape shown is the radiator of the
proposed design. The rectangle of di-
mension W2 × L2 is located on top of
the radiator; the small rectangle of di-

mension W4 × L4 is located at the bot-
tom of the radiator. A semicircle of ra-
dius R1 is inserted between the rec-
tangles to form the radiator. Two
small rectangle metal patches (W3 ×
L3) on the sides of the antenna serve
as capacitive loads. Capacitive loading
reduces the input impedance varia-
tion with frequency of the antenna.
The capacitance can be adjusted by

varying the distance between the rec-
tangle patches and the main part of
the antenna. The radiator and ground
plane were etched on the FR-4 sub-
strate (εr = 4.4 and 1.6 mm thick).
The overall size of the antenna and
ground plane is 26 × 35 mm (W1 ×
L1) and 12.07 × 15.4 mm (W3 × L3).
The antenna is excited by a 50 Ω
CPW feed line. The width of the cen-
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▲ Fig. 4  Normalized current distributions at (a) 3.1, (b) 5.5, (c) 7.5  and (d) 10.6 GHz.
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▲ Fig. 5  Measured radiation pattern in the E-plane (x-z).
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▲ Fig. 6  Measured radiation pattern in the H-plane (y-z).
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ter strip (W5) and
gap (G1) of the
CPW line are 1.5
and 0.18 mm, re-
spectively, to
achieve a 50 Ω
characteristic im-
pedance. The
spacing between
the bottom edge of
the tuning stub
and the ground
plane (L5) is 0.2
mm, which criti-

cally controls the impedance matching and the power cou-
pling from the feed line to the tuning stub. To verify its
performance, the proposed UWB antenna was fabricated
and measured. Figure 2 shows the measured and simulat-
ed return losses. The antenna achieved a –10 dB band-
width from 3.1 to 11 GHz and covers the band assigned
for the UWB applications.1 The return loss of the pro-
posed antenna was measured with an HP-8720ES network
analyzer. The excitation source, with a 50 Ω internal resis-
tance, was directly connected between the center strip end
and ground planes of the CPW line through an SMA con-
nector and an RF cable to the vector network analyzer.
Usually, the RF cable significantly affects the performance
of an antenna under test. It is found, however, that the RF
cable hardly affects the lower edge frequency at 3.1 GHz.
Figure 3 illustrates the return loss characteristics for dif-
ferent rectangle lengths (W2); all other dimensions remain
the same. It is observed that the length of W2 determines
the impedance matching in the 6 to 8 GHz band. Figure 4
shows the normalized current distributions at four differ-
ent frequencies. The current density in the center strip of
the CPW line and lower edge of the semicircle structure is
higher at the lower frequencies. Therefore, the effect from
the ground planes on the antenna is small. The radiation
patterns were measured at 3.1, 5.5, 7.5 and 10.6 GHz in
the x-z plane and y-z plane, and are shown in Figures 5
and 6. The UWB antenna gain is shown in Figure 7. The
maximum gain is most important to evaluate the commu-
nication possibility. However, the average gain (2.768 dBi)
in the y-z plane should be considered only. This is because
the average gain is meaningless in the x-z plane, which has
a null point. This plane is similar to the E-plane radiation
from a dipole. Therefore, the average gain was calculated
only for the y-z plane, with approximately an omni-direc-
tional radiation. In addition, it is expected that, in general,
the smaller CPW structure can affect the radiation pat-
terns of the UWB antenna less than the other existing ap-
proaches. The measurements show that the antenna has
dipole-like radiation characteristics, and the variation in
the radiation patterns is slight across the frequency range
of interest. This feature provides another important para-
meter that can be used to change the performance of the
antenna. The antenna was designed to have an impedance
bandwidth from 3.1 to 11 GHz.

CONCLUSION
A compact and low-profile planar rectangle-semicircle-

rectangle antenna is presented and investigated. It is a
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▲ Fig. 7  Measured gain of the proposed
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good candidate for UWB applications and can be integrat-
ed within transceivers. Parametric studies have been done
for further investigations of the rectangle-semicircle-rec-
tangle pattern. As a result, the average gain of the antenna
has been increased and the ground-plane effect on the
impedance response has been reduced. The performance
of the antenna has been evaluated in the frequency do-
main. The proposed antenna can easily be excited by a 50
Ω microstrip line printed on the FR-4 dielectric substrate
and can achieve good impedance matching over the oper-
ating frequencies. The proposed antenna design, with
good gain, is suitable for UWB applications.  ■
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As the scaling down of the CMOS device
by deep submicron technology continues, the
cost of fabrication becomes very high and the
device operating voltage decreases. The inte-
gration of high power amplifiers with the SOC
thus becomes more difficult. Moreover, the
size of the RFICs does not follow the same
scaling rule as the digital ICs. It is worthwhile
to mention that the cost of research and devel-
opment for the deep submicron CMOS IC
design has increased dramatically due to the
high cost of photo masks. In the past, the
CMOS technology was very cost effective
when compared with the 2 μm GaInP/GaAs
HBT technology. As the channel length is
shrinking, the R&D cost barrier of the deep
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Commercially available 5 GHz WLAN
transceivers—with the exception of
power amplifiers (PA)—have recently

been using advanced CMOS and SiGe BiC-
MOS technology.1 It is commonly believed
that RFICs made with Si technology, especial-
ly CMOS technology, have the lowest cost and
can be easily integrated with digital CMOS
ICs to form a wireless system on a chip
(SOC). In practice, CMOS transceivers inte-
grated with digital CMOS ICs have been suc-
cessfully demonstrated. However, it is still dif-
ficult to integrate the high power PA with the
RF transceiver. There exist stand-alone high
power CMOS PAs for cellular applications
and low end SiGe PAs integrated with RF
transceivers for 2.4 GHz WLAN applications.
However, the strong coupling in the Si sub-
strate prevents integrating the power amplifier
with the RF transceiver. Thus, the commer-
cially available PAs at 5 GHz are stand-alone
and dominated by the GaAs technology. 

A 5 GHZ RFIC SINGLE
CHIP SOLUTION IN
GAINP/GAAS HBT
TECHNOLOGY
Several high performance GaInP/GaAs heterojunction bipolar transistor (HBT)
radio frequency integrated circuits (RFIC) implemented by our research group
are reviewed in this article. These demonstrated RFICs include source
inductively degenerated cascode low noise amplifiers with inter-stage matching,
shunt-series shunt-shunt dual-feedback wideband amplifiers, a broadband
Gilbert down-conversion micromixer, Gilbert down-conversion mixers with 
polyphase filters for image rejection, a dual-conversion Weaver receiver, Gilbert
up-conversion mixers with output LC current mirror and quadrature VCOs.
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submicron CMOS is much higher
than that of the 2 μm GaInP/GaAs.
The R&D cost of the 0.13 μm CMOS
technology is 44 times the cost of the
GaAs HBT technology.2

Although it is believed that the
cost can be lowered down when the
final product enters the mass produc-
tion phase, the R&D cost barrier
makes it very hard to finish a final
product. The concept of the barrier
for the CMOS R&D cost is illustrat-
ed in Figure 1. The Y-axis is the cost
and the X-axis is the phase. On the
top, the cost reduction of the digital
circuit as CMOS is scaled down and
is similar to a conventional diagram of
the activation energy in chemistry.
On the bottom, the diagram for the
RFIC is shown when the size of the
CMOS is scaled down. Only when
the RF solution provider spends an

enormous investment can the final
product can be realized. 

The GaInP/GaAs HBT technology
needs only roughly 10 mask steps
while CMOS technology has more
than 20 mask steps. There already ex-
ists a six-inch GaAs fabrication as
compared with the 12-inch Si fabrica-
tion. Thus, there is a chance that the
production cost for GaAs HBT RF
transceivers can be lower than that
for CMOS RF transceivers. If the ex-
ternal GaInP/GaAs HBT PA is still
unavoidable, it is straightforward to
think of the possibility of integrating
the whole transceiver including PAs
in GaInP/GaAs HBT technology. RF
transceivers contain many key com-
ponents such as LNAs, mixers, wide-
band amplifiers and VCOs, as shown
in Figure 2. In this article, many
GaInP/GaAs HBT RFIC building
blocks, except PAs for 5 GHz applica-
tions, are presented because 5 GHz
GaInP/GaAs HBT PAs are commer-
cially available. The goal is to build
up a high performance GaAs RFIC
single chip solution as shown in the
figure. 

The GaInP/GaAs HBT technology
is suitable for the RFIC design. The
semi-insulating substrate eliminates
the notorious substrate coupling, and
the RF performance can be im-
proved. For instance, the LO sub-
strate leakage of the Gilbert mixer
can be eliminated. A state-of-the-art

2LO-to-RF isolation for the direct-
conversion sub-harmonic Gilbert
mixer has been achieved.3 The other
advantage of the GaInP/GaAs HBT
technology is its low 1/f noise corner.
The CMOS transistor suffers from
the 1/f noise because the inversion
layer is located adjacent to the Si-
SiO2 interface. Many dangling bonds
(traps) existing in this interface make
the device 1/f noise worse. On the
other hand, the ledge of the HBT
structure4 and the low DX centers of
the GaInP/GaAs material make the
1/f noise of the HBT device minimal.
The 1/f noise is very important for
the RF circuits, especially for the os-
cillator and the direct-conversion
mixer. The 1/f noise of the mixer can
directly influence the output of the
mixer, and the CMOS direct-conver-
sion Gilbert mixer suffers from the
worst 1/f noise. The experimental re-
sults show that the GaInP/GaAs HBT
has a 1/f noise corner as low as 400
Hz (depending on the bias condition
and the emitter area), and several ex-
cellent direct-conversion sub-har-
monic Gilbert mixers without 1/f
noise are demonstrated. Moreover, a
record high phase noise of the VCO
was also demonstrated.5

LNA AND WIDEBAND
AMPLIFIERS

A cascode LNA with source induc-
tive degeneration has been de-
signed.6 The 2 μm GaInP/GaAs HBT
LNA, without inter-stage matching,
has a 14 dB power gain and a 2.37 dB
noise figure at 5.2 GHz, while the 2
μm GaInP/GaAs HBT LNA, with in-
ter-stage matching, has a 19.5 dB
power gain and a 2.22 dB noise figure
at 5.2 GHz. The circuit is biased at
3.6 V with a current consumption of
2.3 mA. 

The shunt-series shunt-shunt dual-
feedback wideband amplifier7,8 is the
most popular topology for the RF
gain building block. The design
methodology of the wideband ampli-
fier has been developed by identify-
ing poles and zeros of the wideband
amplifier.9-11 The shunt-series shunt-
shunt wideband amplifier is a high
speed Cherry-Hopper amplifier with
a global shunt-series feedback. The
experimental results show that a
small-signal gain of 16 dB and a 3 dB
bandwidth of 11.6 GHz with in-band
input/output return losses less than
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10 dB have been achieved. These val-
ues agreed well with those predicted
from the analytic expressions that
were derived for voltage gain, band-
width, input and output impedances. 

The design trade-off between gain
bandwidth and matching bandwidth,
using emitter capacitive gain peaking,
has been demonstrated.12 Experi-
mental results show that the power
gain is 28 dB and the input/output re-
turn losses are better than 12 dB
from DC to 6 GHz for the wideband
amplifier without emitter capacitive
gain peaking. The power and noise
performance are very similar for both
types of wideband amplifiers. Both
circuits have an 8 dBm OP1dB and a
20 dBm OIP3 at 2.4 GHz. The noise
figures of both designs are below 2.8
dB from 1 to 6 GHz. A simple down-
converter consisting of the wideband
amplifier used for LNA has been also
demonstrated.13

GILBERT DOWN-CONVERTERS
The micromixer proposed by

Gilbert14,15 is an ideal circuit topolo-
gy for active RF mixer designs. The
micromixer consists of a common-
emitter single balanced mixer, a com-
mon-base single balanced mixer and
a resistive degenerated current mir-
ror. The micromixer can be viewed as
an active balun that is able to gener-
ate differential signals from a single-
ended RF input. Since the GaInP/
GaAs HBT technology provides a
semi-insulating substrate and a metal-
plated ground, a microstrip line
structure is suitable for signal propa-
gation. The micromixer is good be-
cause the input resistors in this topol-
ogy achieve the input impedance
matching and thus the chip area is
saved. A DC to 8 GHz wideband
GaInP/GaAs HBT micromixer has
been demonstrated.16 Its conversion
gain is 11 dB using a resistive load
and current injection technique. 

The GaInP/GaAs HBT device has
intrinsically an excellent 1/f noise

performance. Consequently this tech-
nology is very suitable for direct-con-
version mixers. Several direct-conver-
sion sub-harmonic Gilbert mixers
have been demonstrated.3,17,18 All of
them have state-of-the-art 1/f noise
performance caused by the device
characteristic and record high port-
to-port isolation resulting from the
semi-insulating substrate. Figure 3
shows a photograph of the die of a di-
rect-conversion sub-harmonic Gilbert
down-converter with I/Q outputs. 

The image signal suppression is a
very important topic in RF receiver
designs. The double quadrature
Hartley down-converter with
polyphase filters is a popular image
rejection method for low IF re-
ceivers.19,20 The double quadrature
down-converter consists of four
Gilbert mixers and two passive four-
section polyphase filters. Its die pho-
tograph is shown in Figure 4; the die
size is 2 × 2.5 mm. The desired signal
and the image signal can be separated
after being mixed down by four
Gilbert mixers. The IF polyphase fil-
ters can then filter out the desired
signal from the image signal. A 5.2
GHz, 11 dB gain, IP1dB = –17 dBm
and IIP3 = –10 dBm double quadra-
ture Gilbert down-converter with
polyphase filters21 has been demon-
strated using GaInP/GaAs HBT tech-
nology. The image rejection ratio is
better than 40 dB with the LO at 5.17
GHz and the IF is in the range of 15
to 40 MHz. 

Another suitable solution to deal
with the image signal is the Weaver
architecture.22 A Weaver down-con-
verter has been demonstrated using
GaInP/GaAs HBT technology23 with
some advantages, such as the semi-in-
sulating substrate and accurate thin-
film resistors. The Weaver system is a
double-conversion image rejection
heterodyne system, which requires

TECHNICAL FEATURE

▲ Fig. 4  Die photograph of a 5.2 GHz
GaInP/GaAs HBT double quadrature down-
converter with polyphase filters.

▲ Fig. 3  The die of a 5.7 GHz GaInP/GaAs
HBT sub-harmonic Gilbert down-converter.
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no bandpass filters in the signal path
and no quadrature networks. The
Weaver down-converter has image
rejection ratios of 48 and 44 dB when
the RF frequency is 5.2 and 5.7 GHz,
respectively. The integration level of
this GaInP/GaAs IC is quite high and
the IC contains 166 GaInP/GaAs
HBTs. The die photograph of the
Weaver down-converter is shown in
Figure 5. The die size is 2 × 2.5 mm.

GILBERT UP-CONVERTERS
A miniature lumped-element rat-

race hybrid24 and an LC current
combiner are used in the LO port
and the RF port of the up-conversion
micromixer, respectively.25 The fully
integrated micromixer has a conver-
sion gain of 1 dB, an OP1dB of –10
dBm and an OIP3 of 2 dBm, when
the input IF = 300 MHz, the LO =
4.9 GHz and the output RF = 5.2
GHz. The output RF return loss is 23
dB at 5.2 GHz and the IF input re-
turn loss is better than 25 dB for fre-
quencies up to 8 GHz. 

In addition, the operation princi-
ple and the analytic function of the
LC current combiner, with the effect
of the series resistor in an inductor,
have been developed. The LC cur-
rent combiner can be treated as a
bandpass and passive current mirror
load. Compared with low pass and ac-
tive current mirror load, the LC cur-
rent combiner has a better perfor-
mance when the output frequency is
increased. Therefore, the LC current
combiner is an ideal topology for up-
conversion mixer design. 

An up-conversion micromixer with
integrated VCO has also been
demonstrated.26 A cross-coupled LC
oscillator with an oscillation frequen-
cy of 4.3 GHz and a cascode buffer
amplifier are also integrated on the
same chip. The fully integrated up-
conversion micromixer has a conver-

sion gain of –2.5 dB, an OP1dB of
–12.5 dBm and a 40 dB RF-to-IF iso-
lation, when the input IF = 0.9 GHz
and thus the output RF = 5.2 GHz.
The IF input return loss is better
than 25 dB for frequencies up to 6
GHz, while the RF output return loss
is better than 12 dB for frequencies
from 5.15 to 5.35 GHz.

VCO AND DIVIDERS
A GaInP/GaAs HBT quadrature

VCO27 has also been implemented. A
fully integrated GaInP/GaAs HBT
quadrature VCO using a stacked-
transformer LC tank has been
demonstrated28 at 5.43 to 5.31 GHz
with a low phase noise performance.
The GaInP/GaAs HBT device has a
small low frequency noise because of
the low base resistance, the suppres-
sion of trap-related 1/f noise by the
device passivation ledge over the ex-
trinsic base surface and the absence
of DX trap center in the GaInP mate-
rial. A stacked transformer has the
highest mutual coupling factor (close
to one) between two spiral induc-
tors29 and the GaAs semi-insulating
substrate permits a high self-resonant
frequency for the stacked trans-
former. The quadrature VCO at 5.38
GHz has a phase noise of –127.4
dBc/Hz at 1 MHz offset frequency,
an output power of –4 dBm and a fig-
ure of merit (FOM) of –191 dBc/Hz. 

A 4.9 GHz, transformer-based, su-
per-harmonic VCO has been demon-
strated5; its phase noise is –131
dBc/Hz at 1 MHz offset frequency.
The state-of-the-art VCO has a figure
of merit (FOM) of –198 dBc/Hz. A
5.7 GHz interpolative VCO,30 with a
wide tuning range, has been demon-
strated.31 The frequency tuning is
achieved by interpolating two fixed
oscillators instead of changing the
tank capacitor. The demonstrated
tuning range is 500 MHz. A 50 per-
cent duty cycle divide-by-three
GaInP/GaAs HBT prescaler has been
demonstrated.32 The input frequency
can be up to 1.7 GHz and the output
singles have a 50 percent duty cycle.

CONCLUSION
Several key RFIC building blocks,

including an LNA, a wideband ampli-
fier, an up/down-conversion mi-
cromixer, a Hartley image rejection
down-converter, a Weaver image re-
jection down-converter, VCOs and a
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▲ Fig. 5  Die photograph of a 5.2/5.7 GHz
48 dB image rejection Weaver down-
converter.
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divider have been designed and im-
plemented using the 2 μm GaInP/
GaAs HBT technology. The GaInP/
GaAs HBT technology is suitable for
RFIC design, and this work has
demonstrated the possibility of a fully
integrated RF transceiver.  ■
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was available in major electronic design au-
tomation (EDA) platforms and could ideally
be ported from one design platform to anoth-
er with minimal changes. Also, due to the an-
ticipated usage of these devices in nonlinear
applications, it was important to use a model
that had minimal numerical convergence is-
sues and was well behaved when used in a
harmonic-balance environment. The Angelov2
model was able to meet these criteria and was
chosen for this effort. The model equivalent
circuit is illustrated in Figure 1. This model is
available in both Agilent’s Advanced Design
System (ADS) and in Applied Wave Re-
search’s Microwave Office (MWO), where it is
known as Angelov2C. The model is based on
the work of Angelov and his colleagues at
Chalmers University in Sweden.2 It is useable
in a wide range of applications, but here the
focus is on power amplifiers, since this is how
most designers would use this device.
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The development of GaN technology has
brought with it the need for accurate
nonlinear active device models that can

be easily used in standard design tools. A GaN
HEMT model should ideally be scalable with
gate width and should be able to predict the
performance of the device over the anticipat-
ed range of frequency, power, bias conditions
and temperature. This article describes the
process used to extract such a model for the
Nitronex GaN-on-silicon HFET fabricated us-
ing the NRF1 process.1 The procedure is gen-
erally applicable to a wide range of transistors,

but the results may not
apply to devices fabri-
cated by other
processes, including
those in GaN.

A variety of transis-
tor models, both pro-
prietary and public,
are available. In the
present case, a public
model was sought, for
which information ex-
isted in the literature,

EXTRACTING A NONLINEAR
ELECTRO-THERMAL MODEL
FOR A GAN HFET
This article describes the procedure used to extract a nonlinear model for a
gallium nitride (GaN) power HFET. The source device is a 2 mm gate-width
GaN-on-silicon HFET produced by Nitronex Corp., although the procedure can
be applied to many other types of transistors. The Angelov2 model was chosen as
the vehicle for this work since it is numerically well behaved and is available in
both Applied Wave Research’s Microwave Office (MWO) and Agilent’s Advanced
Design System (ADS) EDA tools. The extracted model is scalable and
temperature dependent and has been verified under both small- and large-signal
conditions for devices up to 36 mm in gate width. Comparisons of measured and
simulated results are presented.
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Fig. 1  Angelov2C 
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DATA COLLECTION
The extraction process started with

the choice of a device that is represen-
tative of the HEMT process. Although
various device sizes were available, the
total gate width of the chosen device
was 2 mm, composed of ten 200 μm
fingers. A photograph of the coplanar
waveguide (CPW) probe-able device is
shown in Figure 2. This style of device
is included in the production masks of
all device sizes in a probe-able configu-
ration. In addition, the current levels
obtainable with this gate width are
compatible with the limitations of the
pulsed I-V test equipment and the de-
vice is amenable to accurate S-parame-
ter measurement over a wide frequen-
cy range. First, a production wafer was
chosen, which by definition meets all
electrical parametric specifications.
Sixteen 2 mm devices were diced from
a uniform distribution about the wafer
and mounted four to a Cu/MoCu/Cu
(CPC) package flange. The devices
were attached to the flange by a stan-
dard AuSi eutectic bonding process.
The criteria used to select the median
device from these 16 parts were pulsed
I-V at VGS = 0 V curves (pulsed IDSS)
and small-signal parameters at 2.14
GHz. Prior to data collection, the se-
lected 2 mm device was DC biased at
28 V with a drain current calculated to
give a junction temperature of 200°C
for one hour to provide the effects of
burn-in. An Accent DIVA D265 pulsed
I-V system was used to collect a family
of curves, with the gate biased from –2
to +2 V in 0.2 V steps, and swept from
0 to 48 V on the drain in 0.5 V steps.
The source was maintained at ground
potential. The instantaneous power

was limited to 30 W. The pulse width
was 2 μs, with 2 ms between pulses for
a duty cycle of 0.1 percent, which elim-
inates self-heating. In addition, to
loosely emulate hysteresis effects at
RF, the I-V curve data points were col-
lected pulsed from a quiescent point

close to a typical operating condition
used under RF (VDS = 28 V, Class AB
bias). The pulsed drain characteristics
were taken as a function of base plate
temperature in increments of 25° from
25° to 175°C. The drain characteristics
collected post burn-in and after the en-
tire set of measurements were com-
pared and found to be nearly identical.
Figure 3 shows the IV curve families
at 25°, 75°, 125° and 175°C. Next, S-pa-
rameter measurements were collected
over a frequency range of 100 MHz to
10 GHz. Since the S-parameter mea-
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▲ Fig. 2  Photomicrograph of the device
used in the model.
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▲ Fig. 3  Pulsed drain characteristics of a 2
mm device at different base plate
temperatures.
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TABLE I
PRIMARY I-V RELATED PARAMETERS

Ipk0 current at peak Gm

Vpks gate voltage at peak Gm in saturation

Dvpks
delta gate voltage at peak Gm

near 0 Vds

P1 polynomial coefficient 
for channel current

P2 polynomial coefficient
for channel current

P3 polynomial coefficient
for channel current

A1phar saturation parameter

A1phas saturation parameter

Vkn knee voltage

Lambda channel length 
modulation parameter

Lambda1 channel length
modulation parameter

Lvg coefficient for Lambda parameter 

B1 unsaturated coefficient for P1

B2 unsaturated coefficient for P2

Rg gate resistance

Rd drain resistance

Ri gate-source resistance

Rs source resistance

Rgd gate-drain resistance

1.3

1.1

0.9

0.7

0.5

0.3

0.1

−0.1
4842363024

VGS (V)
181260

I D
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)

▲ Fig. 4  Drain characteristics simulated
with base plate temperature set at 125°C and
measured from a 2 mm device.
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(70,000 ft.) (190 VRMS)

Thermal Shock: MIL-STD-202, Method 107
Condition B, (High Temp. +165°C)

GPO is a registered trademark of Gilbert Engineering, a division of Corning.
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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

surement system is not pulsed, there is
self-heating, due to the power dissipa-
tion at the quiescent operating point.
Data was again taken at base plate
temperatures, in increments of 25°
from 25° to 175°C. A full set of S-para-
meters was measured at each bias
point with VDS = 7, 28 and 48 V and
the gate stepped in increments of 0.1
V, from below pinch-off (VGS = –2 V)
to a gate voltage for which the calculat-
ed TJ exceeded 200°C.

MODEL EXTRACTION
Once the I-V and RF data were col-

lected, a subset was used to begin con-
struction of the model. First, a fit was
made to the pulsed I-V at a base plate
temperature selected to match a typical
operating temperature under RF drive
(125°C). There were approximately 14
parameters and five DC circuit resistor
values that needed to be determined at
that time. The list of these parameters
is given in Table 1. Once a satisfactory

fit was obtained, as demonstrated in
Figure 4, S-parameter data at several
bias points along the anticipated load
line were added to the model project.
Three drain voltages were chosen (VDS
= 7, 28 and 48 V), with the gate biased
sufficiently negative to give a drain cur-
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TABLE II
PRIMARY C-V RELATED PARAMETERS

Vgspi gate-source pinch-off capacitance

Cgs0 gate-source capacitance

P10 polynomial coefficient for capacitance

P11 polynomial coefficient for capacitance

P111 polynomial coefficient for capacitance

P20 polynomial coefficient for capacitance

P21 polynomial coefficient for capacitance

Cgdpi gate-drain pinch-off capacitance

Cgd0 gate-drain capacitance

P30 polynomial coefficient for capacitance

P31 polynomial coefficient for capacitance

P40 polynomial coefficient for capacitance

P41 polynomial coefficient for capacitance

Cds drain-source capacitance

Lg gate inductance

Ld drain inductance

Ls source inductance

TABLE III
RF EFFECTS, GATE IV AND 

SOFT BREAKDOWN

Cgdpe external gate-drain capacitance

Rc
R for frequency dependent 

output conductance

Rcmin minimum value of Rc resistance

tau internal time delay

Crf
C for frequency dependent 

output conductance

Rcin
R for frequency dependent 

output conductance

Crfin
C for frequency dependent 

output conductance

Ij gate forward saturation current

Pg gate current parameter

Ne ideality factor

Vjg gate current parameter

Vtr breakdown voltage

Lsb0 soft breakdown fitting parameter

Vsb2 soft breakdown fitting parameter
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rent which resulted in approximately
25°C temperature rise due to self-heat-
ing. With the base plate temperature
set to 100°C, the self-heating brought
the junction temperature to approxi-
mately 125°C, which is a typical operat-
ing temperature and the temperature
of the pulsed I-V used for the fit. An-
other 17 primary parameters affect the
small-signal fit across the bias. The pa-
rameters and their descriptions are tab-
ulated in Table 2. These fitting para-
meters were determined using opti-
mization with the I-V parameters fixed.
Once a reasonable fit was obtained to
the small-signal parameters over the
frequency range of 100 MHz to 10
GHz, the model parameters that affect
both I-V and the S-parameters were re-
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TABLE IV
TEMPERATURE RELATED PARAMETERS

Rth thermal resistance Cth thermal capacitance

Tcipk0 temperature coefficient Tcp1 temperature coefficient
of Ipk0 parameter of P1 parameter 

Tccgs0 temperature coefficient Tccgd0 temperature coefficient 
of Cgs0 parameter of Cgd0 parameter

Tc1sb0 temperature coefficient Tcrc temperature coefficient
of Lsb0 parameter of Rc parameter

Tccrf temperature coefficient of Crf parameter Tnom parameter measurement temperature

S(1.1) 25°C VGSM1p3V_VDS28V
S(2.2) 25°C VGSM1p3V_VDS28V
S(2.2) 25°C 28V SMALL SIGNAL
S(1.1) 25°C 28V SMALL SIGNAL

S(2.1) 25°C 28V SMALL SIGNAL
S(1.2) 25°C 28V SMALL SIGNAL 
S(1.2) 25°C VGSM1p3V_VDS28V
S(2.1) 25°C VGSM1p3V_VDS28V
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▲ Fig. 5  Simulated and measured 
S-parameters at VDS = 28 V and IDS = 55 mA
swept over a 100 MHz to 5 GHz frequency
range.
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Precise. Mobile. Intuitive.

The most user-friendly test solution 

for installing, maintaining and 

troubleshooting all segments 

of RF communication systems.

Rugged, hand-held and easy-to-use, 
it goes anywhere. Precise, powerful 
and versatile, SignalHawk delivers 
the information on-site to get the job 
done right — easier than ever before.

I N T R O D U C I N G

Learn more.
www.signalhawk.com

Precise: High-performance 
Spectrum Analyzer/
Power Meter

Rugged: Drop/Splash Rated per 
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Easy: Intuitive Interface with 
1-Push Setup and Help

Viewable: Large, Color, 
In/Outdoor Display

Connectable: USB/LAN Ports

optimized. In addition to the primary
fitting parameters already mentioned,
there are seven parameters specifying
secondary circuit elements on the input
and output sides of the model equiva-
lent circuit, three parameters are relat-
ed to the soft breakdown and another
four parameters are defining the gate
forward characteristics. All of these pa-
rameters are described in Table 3. The
gate diode parameters were fit to the
measured data at a 125°C base plate

temperature, with special attention to
the forward bias region up to a current
density of 10 mA/mm. The gate diode
current affects the shape of the drain
characteristics as the gate forward bias
is increased, resulting in some interplay
with the drain I-V fitting parameters
that had to be accounted for. Next, the
temperature dependence was incorpo-
rated, using two parameters related to
the drain voltage fit, three parameters
relevant to the S-parameters and a soft

breakdown temperature dependence
parameter. The fit was made over three
temperatures. A thermal resistance val-
ue was provided to allow the model to
calculate self-heating based upon the
dissipated power. A thermal capaci-
tance was also specified to provide ap-
proximate thermal transient behavior.
Table 4 lists all of the temperature re-
lated parameters.

TECHNICAL FEATURE
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▲ Fig. 6  Simulated and measured GMAX as
a function of frequency and temperature.
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▲ Fig. 7  Simulated and measured load-pull
results for the 2 mm device.
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▲ Fig. 8  Simulated and measured load-pull
characteristics of XPT25100.
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Simple Solutions to Complex
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total integration or a high

performance custom switch,

Aeroflex gives you the choice.
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diode switches, power dividers,
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multifunction assembly shown,

with blind mate connectors and

modular construction eliminates

cables and crossover’s . This

modular packaging provides the
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circuits, such as switched filters. 

The miniature 70 dB isolation

SPDT switch that is shown

provides optimum loss, isolation,

with custom phase and power

related performance all up to Ka

band.

Aeroflex/KDI is a provider of

custom PIN/MMIC switched

products, including Matrices,

Phase Shifters, Attenuators  Time

Delay Units,  from a 10 MHz to

40GHz.

For more information contact us
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and RF Systems
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MODEL VALIDATION
For top-level verification, the

model was used to simulate I-V and
small-signal RF parameters. Figure
5 shows the measured and modeled
S-parameters with S11 and S22 plotted
on a Smith chart, and S21 and S12 on
a polar chart. Figure 6 compares the
measured and simulated data for the
maximum available gain, Gmax, as a
function of frequency and tempera-
ture. Validation of the large-signal

performance is demonstrated by
comparison of a simulated load-pull
to actual measurements of the 2 mm
device. The power sweep data was
collected from the device, including
output power, gain and drain efficien-
cy, on a standard load-pull system.
The frequency was 2.14 GHz and the
drain bias was 28 V with the gate bi-
ased to give a quiescent drain current
of approximately 55 mA. The input
impedance was fixed at a standard

value for a 2 mm device testing, and
the output impedance was tuned for
maximum output power. The input
and output impedance values used in
the measurements were directly en-
tered into the simulated load-pull.
The measured and simulated values
are compared in Figure 7. As prepa-
ration for delivery as a product model
to users, a model for the package and
any internal matching circuit are
combined with the device model.
This simulation is compared to the
measured RF performance of pack-
aged devices of various gate periph-
eries. One example of such a product
is the Nitronex XPT25100. Figure 8
shows the modeled versus measured
results for the XPT25100 device. This
is a 36 mm gate-width device mount-
ed in an air-cavity package with inter-
nal pre-matching on the input side.

CONCLUSION
The completed Angelov2C-based

model has been determined to be ro-
bust in terms of convergence under a
wide range of conditions. The cur-
rent-voltage (I-V) output agrees quite
well with measurements over the
temperature range from 25° to
175°C, from +2 to –2 V on the gate,
and 0 to 48 V on the drain. The
small-signal output matches reason-
ably well from 0.1 to 10 GHz over the
typical load line of the device under
operation. The large-signal behavior
is predictive and is close to the actual
tested device behavior. Self-heating is
accurately modeled using a periphery
dependent thermal resistance. This
device model has been used to pro-
vide accurate packaged product mod-
els for a number of products and oth-
er anticipated device designs.  ■
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TUTORIAL

The automatic gain control (AGC) circuit
is a critical building block in modern
wireless transceivers. It is used in both

the transmitter (TX) and receiver (RX). In the
TX, the AGC is used to regulate the output
power level. For example, a well-known issue
in a CDMA system is the problem of simulta-
neously receiving two signals of different

strength. If two users
transmit to the base
station (BS) at the
same time, the re-
ceived power from the
close user will be
much higher and will
jam the signal from the
far away user if the
power level difference
is large. It is desirable
to use an AGC to con-
trol each TX’s output

power so that the power received from all
users is equal. In the RX, the received signal
can vary drastically in a mobile environment.
At the same time, the analog-to-digital con-
verter (ADC) requires a fixed input level. An
AGC circuitry can be used to stabilize the re-
ceived power level at the ADC’s input.

Original equipment manufacturers (OEM)
demand highly integrated transceiver integrated
circuits (IC) from RFIC vendors. CMOS tech-
nology has been the technology of choice be-
cause of its low cost and higher integration fea-
tures. This article focuses on the AGC imple-
mentations in CMOS technology. AGC circuitry
has been well studied and researched. This arti-
cle presents seven widely used topologies for
the AGC, including variable transconductance,
variable degenerated feedback, variable biasing
at the gate, variable biasing at the source, vari-
able supply, variable feedback and variable T
network. Each topology is discussed in detail.

The control voltage is an important topic. It
is highly desirable to have a gain control voltage
that behaves exponentially with the input volt-
age. The purpose is to achieve a wide dynamic
range or a linear-in-dB performance. The gain
control voltage has to be well regulated against
temperature and process variations. The gain
control circuitry is an art by itself. It deserves a
detailed discussion in a separate article. Here,
the control voltage is assumed.
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VARIABLE 
TRANSCONDUCTANCE AGC

The variable transconductance
AGC circuit is shown in Figure 1. Its
fundamental theory is based on a
FET’s gain variation as the FET
changes from a saturation mode to a
triode mode. In the saturation region,
the current-voltage (I-V) curve has
the steepest slope, thus the highest
gain. As the mode changes, the slope

begins to flatten out. M1 and M2 are
the gain blocks. Their operating mode
is controlled by the gate voltage of M3
and M4. The drain voltage of M1 and
M2 is equal to Vcont – Vgs (M3 and
M4). Vgs1 – Vt + Vgs3 is the borderline
value for Vcont. Above it, M1 and M2
are in the saturation region (high
gain). Below it, M1 and M2 are in the
triode region (low gain). As Vcont tran-
sitions from a high to a low voltage,

the gain will follow
accordingly. The
load in this circuit is
of the current
source type. M7 and
M10 are the prima-
ry load. M8 and M9

are the bleeding elements used in the
common mode feedback (CMFB).
The reason for using a CMFB circuit
is because of the current source type
load. The drain voltages at M3 and
M4 are not well defined. The mis-
match between the PMOS (M7, M10)
and the NMOS current source (I1)
will pull M7 and M10 into a triode re-
gion from the desired saturation re-
gion. M5 and M6 are the common
mode sensing resistors implemented
with the FETs. This voltage is com-
pared to a reference voltage. The er-
ror voltage is fed back to control the
bias current in the bleeding current
source (M8 and M9). The comparator
is implemented with M11 to M14.
This variable conductance AGC works
well, up to a low gigahertz range.1

VARIABLE DEGENERATED
FEEDBACK AGC

An AGC with a variable degener-
ated feedback is shown in Figure 2.
Its fundamental principle is to vary
the degenerated feedback resistor in
a differential amplifier. The gain of
the differential amplifier is propor-
tional to the ratio of the load resis-
tance to the feedback resistor. As the
degenerated feedback resistor’s value
is varied, AGC is accomplished. M1
and M2 are the differential amplifier
pair. M5 is the degenerated variable
feedback resistor implemented with a
FET in the triode region. M3 and M4
are the fixed degenerated resistance
to improve the linearity of the gain
block. Again, the CMFB with FETs
from M8 to M11 are used in this cir-
cuit to keep the current source load
M6 and M7 in the saturation region.
There are two differences in this

TUTORIAL
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▲ Fig. 1  Variable transconductance AGC circuit.
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▲ Fig. 2  Variable degenerated feedback AGC circuit.
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▲ Fig. 3  Variable gate biasing AGC circuit.
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CMFB implementation. First, the
true sensing resistors R1 and R2 are
used. Second, the feedback voltage
directly controls M6 and M7 without
the bleeding elements. This imple-
mentation works better at low fre-
quencies2 because the variable resis-
tance M5 is not well controlled at a
high frequency due to the parasitic
capacitance.

VARIABLE GATE BIASING AGC
The AGC with a variable biasing at

the gate is shown in Figure 3. This
topology works well at gigahertz fre-
quencies and is widely used. Its fun-
damental principle is to vary the gain
by controlling the bias current. The
gain control voltage is compared to a

reference voltage. If the gain control
voltage is higher, it will supply more
current to the gain element, thus the
amplifier will have more gain. M1
and M2 are the basic differential am-
plifiers. M3 to M6 form the compar-
ing stages. They provide gain as well,
when their bias current is increased.
In that case, the gain stage can be
considered as a differential cascode
circuit. M7 and M8 are the output
buffers to lower the output imped-
ance. The variable bias current at the
gate is well suited for high frequency
operation because of its simplicity.

VARIABLE SOURCE BIASING AGC
A variable bias can be done either

at the gate or the source. The vari-
able bias at the source is shown in
Figure 4. Its principle is the same as
for the variable gate biasing, only this
time the gain control is done by vary-
ing bias current at the source. The
circuit shown is a much-simplified
version. The CMFB circuit is omit-
ted, since it is similar to the ones
shown previously. The AGC perfor-
mance is similar to the one shown for
the variable gate biasing circuit.

VARIABLE SUPPLY AGC 
A variable supply AGC, shown in

Figure 5, is easy to understand and
easy to implement.
It has been reported
in the literature.4

The basic gain ele-

ment is a CMOS inverter biased at
one half of Vdd. When a CMOS invert-
er is biased at Vdd/2, its I-V curve is at
the steepest point, thus it has a large
gain. By varying the supply, the slope
will change. Hence, a variable gain can
be accomplished. M1 and M7 and M2
and M8 are two pairs of inverters, one
for each of the differential input sig-
nals. M3 to M6 are the switches to re-
duce leakage between the input and
output of the inverter amplifier. They
are always on. The leakage will reduce
the AGC range if it is not dealt with.
M9 and M10 are essentially a resistor
divider to obtain one half of Vcc.

VARIABLE FEEDBACK AGC
A variable feedback AGC is de-

scribed next. Gain control using feed-
back is well known. Such a design is
shown in Figure 6. The amplifier’s
gain comes from a common source
stage M1 and a common gate stage
M2. C1, C2 and L1 are the input-
matching elements. L1 doubles as the
DC return for M3. L2 and L4 are the
output-matching network. L3 is a ra-
dio frequency choke. The variable
feedback path consists of M3, R5 and
C6. C6 is selected to be a short cir-
cuit at the frequency of the interest.
Excellent RF VGA performance has
been reported.5
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▲ Fig. 5  Variable supply AGC circuit.
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VARIABLE T NETWORK
In an AGC circuit the gain control

block and the gain block are sometimes
separated to have a more modular de-
sign. In those instances, a gain control
block can be a voltage variable attenua-
tor (VVA). The VVA has been used for
a long time in the microwave industry.
With the continuous improvement in
CMOS technology, a VVA implement-
ed in CMOS technology has gained
popularity.6,7 The basic principle of a
VVA is a variable resistive pad. A fixed
attenuation pad is typically implement-
ed with three resistors in a T or a Pi
network. For example, a T network
with two series 26 Ω resistors and a
shunt 35 Ω resistor will give 10 dB at-
tenuation. By varying the shunt and se-
ries resistances complementarily, the
VVA operation can be done easily. A
two-stage T variable pad is used in Fig-
ure 7. M2 is used to further improve
the attenuation range. With a good
CMOS process, the RF portion can be
implemented fairly easily. The difficult
part is to generate a precise control
voltage for the series and the shunt
FETs. The variable T or PI network
VVA is well suited for broadband and
high frequency operation.

CONCLUSION
There are many topologies at the

disposal of CMOS transceiver IC de-
signers. Seven different designs based
on different principles are presented
and discussed. Each one has its pros
and cons. For example, a variable T
network is a very good topology for
high frequency operation, but offers
no gain. A variable transconductance
AGC is a high performance circuit,
but requires a CMFB circuit, increas-
ing the complexity and limiting the

upper operating frequency. It is bene-
ficial for the IC designer to realize the
strengths and weaknesses of each
topology. A comparison between the
different approaches is given in Table
1. An AGC topology needs to be care-
fully examined and selected for the
specific application at hand.  ■
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TABLE I
AGC PERFORMANCE RESULTS AND COMPARISON

Control UpperFigure Range (dB) Frequency Complexity Gain/Loss Reference #

1 > 90 ~900 MHz high gain 1

2 > 80 ~2 GHz high gain 3,2

3 > 20 per stage ~1 GHz medium gain many

4 > 20 per stage ~1 GHz medium gain many

5 > 70 ~2 GHz low loss 5

6 > 10 4 GHz high gain 6

7 > 30 10 GHz medium loss 7,8
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A PUSH-ON
CONNECTOR SERIES

The development of the multi-coax/DC
connector has been prolonged and de-
manding, taking over 25 years. At first

there was the development of the Quick Con-
nectors or ‘push-on’ type connectors, which
were originally designed and introduced for
applications where limited space require-
ments made tightening, torquing and loosen-
ing a threaded coupling nut difficult, impossi-
ble or time consuming. As an example, Fig-
ure 1 shows Spectrum’s push-on connectors
that mate with standard SMA, N, TNC, 7/16
and F series connectors.

The next issue to be addressed was the de-
mand for high power blind mates, which are
needed for high power components, to be de-
signed on a modular basis. Hence, the SBX,
SBY (shown in Figure 2) and SBZ connector
series were developed and introduced for a
wide range of microwave interconnect prob-

lems and mating applications for
modularized packages, racks and
panels, and dense packaging.
Their design means that in most
cases they are not visible after
the modules have been connect-
ed, as they can be integrated
completely into the package.

Push-ons and blind mates
serve applications where a
number of coaxial lines are to

be connected and disconnected in seconds.
However, there are other fields, particularly
for airborne and shipborne applications, or
even in test centers, where a higher number
of RF lines need to be packaged densely. As
well as possessing the facility to be connected
and disconnected easily, securely fastened in
seconds and locked safely, they also need to be
rugged and able to withstand the stringent re-
quirements of military programs and be capa-
ble of operating in harsh environments.

SPECTRUM ELEKTROTECHNIK GMBH
Munich, Germany

PRODUCT FEATURE

Fig. 1  Push-on series 
SMA, N, TNC, 7/16 and 
F connectors. ▼

▲ Fig. 2  Blind-mate SBY connectors connecting a
limiter circulator assembly.
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Need Millimeter Wave
Spectrum Analysis?

OML Inc.

300 Digital Drive • Morgan Hill, CA 95037 • Tel: (408) 779-2698 • Fax: (408) 778-0491 • email: info@omlinc.com • www.omlinc.com
Outside US: Radar Systems Technology • Tel: (650) 949-8041 • Fax: (650) 949-8082 • email: sales@rst-radar.com

OML has provided customers with 1000 millimeter wave
harmonic mixers over the past 15 years.

OML harmonic mixers feature:
Waveguide bands WR-42 to WR-03 (18 to 325 GHz)
Rugged construction
Compatibility with analyzers requiring two or three port mixers
Conversion loss data provided up to 110 GHz
On-going conversion loss performance verification available

OML harmonic mixers are available for:
Advantest R3172
Agilent* E4407B, E440A/46A/47A/48A, 856xEC
Anritsu MS2667C, MS2668C, MS2687B
R & S ESIB26/40, FSP40, FSQ26/40, FSU26/40/50, FSUP26/40
Discontinued** Advantest Agilent, Anritsu, IFR* & Tektronix models

*Requires OML diplexer

**Contact factory for available models
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EIGHT-LINE CONNECTION
The SQ series has been designed

to meet these requirements. The first
to consider is the SQ-8, which uses
the standard size 21 MIL-C-38999
shell. This type of shell offers five
keyed connector versions, eliminating
connection errors, ensuring that only
the correct harness can be connected
with the proper mating connector at
the equipment. They are available
with different finishes—aluminum
nickel-plated or cadmium-plated. As
its name suggests, the SQ-8 is de-
signed for connecting eight RF lines
at once. It is illustrated in Figure 3. It
has eight floating and spring-loaded
inserts in both the male and the fe-
male unit, ensuring good connection
at the interfaces for the best electrical
performance and enabling operation
for frequencies up to 25 GHz.

Accurate mating and spring-loaded
interfaces are required even at lower
frequencies when the cable assemblies
of a harness have to be phase matched.
Replaceability is guaranteed for any
damaged or defective coaxial line of
the harness, which can be replaced in
seconds by just turning the bayonet
catch of the coaxial insert at the SQ-8.
Two different flexible cables are avail-
able for the SQ-series, Type 11 and
Type 43, offering a trade-off between
insertion loss and flexibility, but both
ensuring operation to 25 GHz.

HIGH FREQUENCY OPERATION
The internal dimensions of a coax-

ial insert or connector and cable, and
the constants of their dielectrics are
the only limiting factors of the oper-
ating frequency range, assuming that
state-of-the-art design criteria is
used. Therefore, there is no reason
that any SMA should not operate
properly at least to 18 GHz, or even
26 GHz, depending on certain limit-
ing criteria of the cable. Spectrum’s
push-on SMAs operate to 26 GHz,

the N and TNCs to 18 GHz, the 7/16
to 7.5 GHz, and the complete SQ and
SM families to 25 GHz.

The operating frequency range of
the SQ series is ensured by instru-
ment grade design and spring-loaded
interfaces, ensuring that the male and
female mate exactly, with no uncon-
trolled gap at the interface. Also im-
portant is the fact that the electrical
performance of connectors is not just
dependent on the design, but also on
the tolerances of the different com-
ponents of the coaxial connector or
the inserts—namely the center con-
tact, the dielectric and the outer con-
ductor. Precision parts are critical, so
for the electrical performance of the
connector or insert Spectrum allows a
tolerance of 5/1000 of a millimeter
(2/10000 of an inch).

The SQ-8F version of the connector
has been developed for certain applica-
tions where the spring-loaded design of
the male unit was not required (for ex-
ample, when an angled configuration of
the male connector, which cannot be
handled with spring-loaded inserts, is
to be used). The SQ-8F utilizes eight
coaxial inserts and the male inserts ter-
minate the coaxial cable by being se-
curely mounted in the housing of the
size 21 MIL-C-38999 shell.

The bulkhead or four-hole panel
mount female inserts remain floating,
ensuring excellent connection for
good electrical performance up to 25
GHz. And any damaged and defec-
tive coaxial line of the female part of
the harness can be replaced in sec-
onds, using the bayonet catch. Re-
placing a coaxial line in the male SQ-
8F is also possible by unthreading the
back body of the coaxial insert.

12-LINE CONNECTION
For certain applications eight

coaxial RF lines in a compact housing

are not sufficient. Hence, the SQ-12F
has been developed, accommodating
12 coaxial RF lines in a standard size
25 MIL-C-38999 shell. The SQ-12 is
illustrated in Figure 4. This connec-
tor uses the same technology as the
SQ-8F—five keyed shells are avail-
able, aluminum nickel- or cadmium-
plated, together with coaxial inserts
for Type 11 and Type 43 cables. Ef-
fectively, it is an enlarged version of
the SQ-8F with securely mounted in-
serts in the male unit and spring-
loaded inserts in the female unit.

Often in airborne applications
bulkhead feed through connectors
are required to be mounted in walls
between chambers of different pres-
sure. To meet these requirements the
SQ-8P and SQ-12P series are avail-
able, which offer this type of sealed
Bulkhead Feedthrough Jack (BFJ).
All coaxial lines in this female con-
nector are mounted and sealed firmly
in the MIL-C-38999 shell (sizes 21
and 25, respectively), while the male
connector uses inserts, which are
floating and spring-loaded, ensuring
proper mating interfaces. The SQ-8P
and SQ-12P series are color-coded
and have special markings to make it
clear that it is not possible to replace
a coaxial line in a sealed BFJ connec-
tor without damaging the seals. Re-
placement can only be carried out by
the manufacturer.

EXCHANGEABILITY
This pressurized condition apart,

the exchangeability of the coaxial in-
serts within the SQ-series is guaran-
teed. The spring-loaded male inserts
of the SQ-8 male, SQ-8P male and
SQ-12P male are the same, as are the
fixed male inserts of the SQ-8F male
and SQ-12F male. Identical female
inserts are used in the SQ-8 female,
SQ-8F female and SQ-12F female.

PRODUCT FEATURE

▲ Fig. 3  The SQ-8 connector using six of
the possible eight lines.

▲ Fig. 4  The SQ-12 male and SQ-12 four-
hole flange mount connector.

▲ Fig. 5  The SM23-DC26 multi-coax/DC
connector.
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At Filtronic Compound Semiconductors
we are driven by a common goal –

helping you design systems that meet your customers’
current and future requirements.

As the mobile handset market and emerging wireless systems 
continue to evolve, the requirement for high-performance 
infrastructure equipment continues. At Filtronic we are prepared 
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Also identical are the pressurized fe-
male inserts of the SQ-8P and SQ-
12P. This means that, with the excep-
tion of the cable assemblies used in
the pressurized connectors, cable as-
semblies can be exchanged from the
SQ-8F to the SQ-12F, and vice versa.

23-LINE CONNECTION
For certain applications, even 12

RF coaxial connections are not
enough. There is also the need for DC
and driver signals. Hence, the devel-
opment of the SM23-DC26 multi-
coax/DC connector, which connects
and disconnects 23 coaxial RF lines
(shown in Figure 5) and 26 signal
lines in seconds. For this design, a mi-
nor modification at the spring finger
system of the outer conductor of the
SMA push-on was necessary in order
to meet the insertion and withdrawal
force requirement of a maximum of
150 N (for all 23 coax lines, including
the 26 DC and driver signal paths).

The female coax inserts terminat-
ing the cable use the standard SMA
female interface, mating with any
standard SMA male connector, while

for the male part SMA push-ons in-
corporating a lower insertion force
design are employed. This ensures
that any standard SMA female con-
nector can mate with any of these
coax lines by just being pushed on,
instead of threading and torquing.

With 23 RF lines in a connector
there is the possibility that one, or even
several may be damaged at some time
and will need to be replaced. The ca-
ble assemblies are mounted in groups
of four or eight that are securely fas-
tened by mounting bolts in the sup-
porting structure. This ensures that
any coaxial line can be replaced quick-
ly. The maximum operating frequency
is guaranteed to 25 GHz and the con-
nector uses Type 11 or 43 cables.

PHASE MATCHING
Modern systems often require

phase matching of harness cable as-
semblies. Hence, Spectrum uses the
latest cable manufacturing and inter-
face cutting techniques, together with
advanced adjustable connector de-
signs that can meet almost any phase
matching. Selecting the right materi-

als and aging techniques as part of
well defined processes is also an im-
portant parameter in order to pro-
duce cable assemblies and harnesses
that are capable of operating in tem-
perature ranges of –54° to +115°C as
standard. Extended temperature
ranges from –72° to +200°C can be
accommodated and for some sophis-
ticated receivers connectors are avail-
able that operate at –200°C.

All connectors are RoHS-compli-
ant and meet the condition and cor-
rosion requirement to MIL-STD-
202, method 101, condition B. The
SQ connector series is also compliant
to thermal shock to MIL-STD-202,
method 107, condition B, vibration to
MIL-STD-202, method 204, condi-
tion D, and shock to MIL-STD-202,
method 213. Additional information
may be obtained via e-mail at
specelek@compuserve.com.

Spectrum Elektrotechnik GmbH,
Munich, Germany, 
+49-89-3548-040,
www.spectrum-et.com.
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LEADLESS SMT
CAVITY FILTERS

At present, market demand for miniatur-
ization of SMT components is satisfied
at the expense of poorer component in-

sertion loss and limited levels of ultimate re-
jection. While high Q components offer in-
creased range and/or reduced noise figure at
the system level, miniaturized components fit
mechanical constraints and tight budgets. The
Leadless SMT Air Cavity Filter provides an

option for better balancing of
design requirements between
the existing extremes.

THE SOLUTION
In most cases, the printed

wiring board (PWB) of choice
for the user’s end module is a
microstrip structure consisting
of a low dielectric (2 to 10) or-
ganic material. In the proposed
solution (patent pending), an
additional PWB is soldered to
the base of the filter, which car-
ries the RF signal from the mi-
crostrip structure to the RF pin
positioned in the floor of the fil-
ter, as depicted in Figure 1.
Using a planar simulator, such
as Sonnet, the transition is ana-
lyzed over a wide frequency
range, and its S-parameters are
stored. Next, a cavity filter is
designed to suit the RF specifi-
cations and then optimized be-

tween (in cascade with) the stored S-parame-
ters at both of its ports, as shown in Figure 2.
The filter is matched between two complex
loads by changing the internal impedance and
couplings between resonators. Correct tap
points to the first and last resonators are also
determined in the final steps of the design.

Between the I/O ports, the adapting PWB
is filled with plated-through-holes (PTH) to
ensure maximum isolation by keeping RF
leakages down. RF leakage is a typical prob-
lem and the primary cause of deteriorating the
ultimate rejection in miniaturized SMT filters.
Assembly of the filter and PWB adaptor is ac-
complished using SN-96 solder, with a melting
range of 221° to 229°C, so that the completed
unit can be reflowed into the user’s end-prod-
uct using SN-63 solder. The RF signal path
transitions from a microstrip to a stripline
structure to a vertical plated-through-hole, en-
tering the cavity filter via a coaxial RF pin.
The RF pin provides the filter with complete
shielding from humidity, which is often en-
countered during PWB cleaning after the sol-
der reflow phase.

TEST RESULTS
A five-pole Chebyshev bandpass filter cen-

tered at 7500 MHz with a 500 MHz equal-rip-
ple bandwidth was built and tested. The filter
was assembled and soldered to an RO4003

K&L MICROWAVE INC.
Salisbury, MD

PRODUCT FEATURE

Fig. 1  SMT transition from
13-mil RO4003 through 
31-mil RO4003 to the 
cavity filter. ▼

CAVITY  FILTER

PWB AT USER END

RF-PIN (×2)

PWB ADAPTOR

▲ Fig. 2  The completed filter mounted at
the user’s end.
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Rileycommunications

PWB with a thickness of 31 mils. One
end of the RF pin was soldered to a
loading wire, while the second end
was soldered to the inner PTH con-
ductor. The filter assembly was reflow
soldered to a test fixture made of
RO4003 with a thickness of 13 mils.
With a ground plane spacing of 0.13"
and a 3 dB bandwidth of 600 MHz,
the estimated unloaded Q predicted
an insertion loss at mid-band of just
above 1 dB. The narrowband and
wideband responses, shown in Fig-
ures 3 and 4, are in excellent agree-
ment with predicted performance.

SMT FILTERS FROM MODERATE
TO LARGE BANDWIDTHS

Cavity (TEM) filters have limited
support for moderate (> 50 percent)
to large (> 100 percent) bandwidths,
due to the finite close proximity of the
resonators. With careful analysis and
tuning of transitions, the PWB adap-
tor concept is viable for these wider
bandwidths, but a different filter
structure must be used. The approach
can be extended by substituting a sus-
pended substrate structure for the
cavity structure, particularly for high
pass and low pass responses. This
variation is depicted in Figure 5.

CONCLUSION
A new transition from microstrip

to cavity filters has been presented.
This solution provides a platform for
higher Q filters to be mounted via
SMT, reducing connector count and
required space. The increased ulti-
mate rejection provides sharper roll-
offs and enhanced dynamic range for
systems. Broadband devices with ex-
tended Q are also possible.

K&L Microwave Inc., 
Salisbury, MD (410) 749-2424,
www.klmicrowave.com.
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▲ Fig. 3  Narrowband response (loss is
inclusive of two SMA connectors and the test
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Fig. 4  The filter’s wideband response (ultimate
rejection maintained through large PTH
population).

PWB AT USER END

PWB ADAPTOR

SUSPENDED SUBSTRATE
STRUCTURE

▲ Fig. 5  SMT transition to
microstrip/suspended substrate structures.

▲
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CERAMIC FILTERS
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A NEW AND EXCITING INTERNATIONAL IEEE CONFERENCE
WILL BE HELD IN TEL AVIV, ISRAEL, MAY 13–14, 2008

The 1st International IEEE Conference on Microwaves, Communications, Antennas and Electronic Systems
(IEEE COMCAS 2008), will take place at the Hilton Tel-Aviv, May 13–14, 2008. This 2-day international
meeting continues and complements the very successful traditional IEEE Israel AP/MTT & AES Chapters
Symposium.

A new and exciting technical conference, IEEE COMCAS (Conference on MW, Communications, Antennas
and Electronic Systems) will be held at the Hilton Tel Aviv, Israel, May 13–14, 2008. This conference ex-
pands upon and follows the success of the local IEEE MTT/AP&AES Chapters supported meeting held
every year in Tel Aviv. The last meeting was held in May 2007 with over 530 delegates participating. The
new 2-day technical program is being greatly expanded to cover a variety of complementary subjects and a
technology exhibition. The idea is to create a very diverse and multidisciplinary conference where engineers
and scientists from various complementary electronics disciplines can meet and discuss subjects of com-
mon interest. Emphasis will be on applications oriented research and development, from antennas, device
engineering to circuit applications to systems and software. Support will be provided by the local IEEE Sec-
tion/Chapters for AP, MTT, AES, EMC, Com Soc and SSC. So all bases will be covered allowing for a very
robust and interesting 2-day meeting. There will be lots of MW, AP, Radar, SSC, EMC and Communications
folks participating so that your work and participation should be a rewarding experience.

This is an exciting opportunity to visit Israel and learn about exciting technology development from local
speakers in addition to sharing ideas with the international S&T community. Prof. Linda Katehi, Provost,
University of Illinois at Urbana-Champaign, and Raviv Melamed, General Manager, Mobile Wireless Group,
Intel Corp., will be the keynote speakers. Dr. John Vig, President Elect for the IEEE (2008) and Mr. Elya
Joffe, President of IEEE EMC Society will be involved in addition to many other distinguished representa-
tives from the other IEEE Societies.

A large technical exhibition is planned to be collocated with the symposium halls. The exhibition will feature
informative and interesting displays with many corporate representatives on hand. Companies and agen-
cies will be demonstrating CAD tools, test equipment, RF, MW and MMW components and modules for
electronic systems applications. 

Agilent Tech. and Intel Corp. will be Platinum Sponsors, Orbit/FR, Herley GMI, Eyal MW, TE (M/A-COM),
RDT, STG, Interlligent and more will be co-sponsors. Microwave Journal is the media sponsor

Shmuel Auster and Dr. Barry Perlman are the co-chairmen of COMCAS 2008.

S. Auster is the IEEE AP/MTT chapter chairman, EuMA/EuMW Steering, ILC 
and Technical Committees member, and a senior scientist at Elta Systems Ltd. 

Dr. B. Perlman is the MTT-S President Elect (2008) and Associate Director for Technology 
and DARPA Liaison in the US Army Research, Development & Engineering Command (RDECOM), 

Communications-Electronics RD&E Center (CERDEC), Ft. Monmouth, NJ, USA

IEEE COMCAS 2008
The International IEEE Conference on Microwaves, Communications, Antennas and Electronic Systems
Hilton Tel-Aviv, Israel, May 13–14, 2008

Join us in Israel in May. As in previous years, this Conference will be a valuable, enriching and fun event,
and an excellent opportunity to meet and socialize with colleagues. The venue is very beautiful and there
are many exciting and inspiring activities for you and your family to experience. You will see the sprawl of
Tel Aviv and environs. Nothing underscores the variety of Israel’s attractions more than realizing that with-
in a few hours you can go from the snowy heights of Mount Hermon to the Judean Desert and the salti-
est sea on earth, the Dead Sea, while visiting ancient biblical cities, covered markets and a high-rise me-
tropolis on the way. This is what makes Israel truly a destination with something for everyone. For more
sightseeing information see: http://www.visit-tlv.co.il and http://www.tourism.gov.il/Tourism_Eng

For more technical information please see 
www.comcas.org

or contact comcas@ortra.com

IEEE COMCAS 2008
The International IEEE Conference on Microwaves, Communications, Antennas and Electronic Systems
Hilton Tel-Aviv, Israel, May 13–14, 2008
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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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Save your valuable time by using one of our innovative
and unique web-based tools: The Connector Finder to

quickly search for a standard product by characteristic;
The Connector Designer to visually assemble and 

specify custom receptacles; and The Cable Designer to
design and specify cable assemblies...all with your Web
browser, with no plug-ins or special software required.

Value Added Here:
www.DeltaRF.com/value

Value Added Here:
www.DeltaRF.com/value

Save your valuable time by using one of our innovative
and unique web-based tools: The Connector Finder to

quickly search for a standard product by characteristic;
The Connector Designer to visually assemble and 

specify custom receptacles; and The Cable Designer to
design and specify cable assemblies...all with your Web
browser, with no plug-ins or special software required.

(978) 927-1060
www.DeltaRF.com

FAX (978) 922-6430 
Email: sales@DeltaRF.com 

P.O. Box 53, Beverly, MA 01915

Connect Here.Connect Here.
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RFIC SIMULATION SOFTWARE
Agilent Technologies Inc. has released GoldenGate Plus for RFIC sim-
ulation, analysis and verification. Agilent’s GoldenGate Plus product
line speeds the design of large-scale RFICs for wireless communica-
tion products. It combines the high-capacity GoldenGate simulator,
acquired from Xpedion in 2006, with a customizable data display, elec-
tromagnetic (EM) simulation, and system-level design and simulation.
The GoldenGate simulator is fully integrated into the Cadence Analog
Design Environment. Its unique algorithms are optimized for the chal-
lenging demands of large and complex RFIC design, and enable full
characterization of complete transceivers prior to tape-out.  

Agilent EEsof EDA, 
Santa Clara, CA (408) 345-8886, http://eesof.tm.agilent.com.

RS No. 313

GLOBAL MODELS LIBRARY FOR AGILENT-ADS
Modelithics Inc. has released an enhanced version of its CLR Li-
brary™ of highly scalable, passive surface-mount component global
models for Agilent-ADS. This upgrade adds several new models, in-
cluding 01005-, 0201-, 0402- and 0603/0604-size capacitors and induc-
tors from vendors such as AVX, Murata, Taiyo-Yuden, Coilcraft, Toko
and TDK. In addition, the 5.0 release includes a new feature that will
automatically update the layout geometry for pad-scalable models to
match user-specified values for the pad dimension parameters. This
significant upgrade will be available free of charge to all CLR Library
(for ADS) customers currently under a Modelithics Platinum Mainte-
nance contract. This update will be available for other supported simu-
lators in the near future. 

Modelithics Inc., 
Tampa, FL (813) 866-6336, www.modelithics.com.

RS No. 311

INTELLIGENT OPTIMIZATION TOOL
Optimizer is new intelligent tool for Vector Fields’ electromagnetic
modeling and simulation software that will automatically find the best
solution to a design problem. Optimizer automatically selects and
manages multiple goal-seeking algorithms to eliminate the need for
manual intervention and to make optimization feasible in virtually all
design cases. Optimizer works in conjunction with the Opera electro-
magnetic design package, which is available in general-purpose form,
or with solvers dedicated to specific electromagnetic applications. The
tool automatically applies and dynamically manages the algorithms to
eliminate the usual requirement to perform lots of time-consuming
simulations. 

Vector Fields Inc., 
Aurora, IL (630) 851-1734, www.vectorfields.com.

RS No. 310

FILTER AND COUPLING MATRIX SYNTHESIS
SOFTWARE

Guided Wave Technology’s Filter and Coupling Matrix Synthesis soft-
ware facilitates synthesis of N+2 coupling matrices for Chebyshev
bandpass-filtering functions, with arbitrary finite-position transmission
zeroes. The software also facilitates coupling matrix synthesis through
topology matrix definition. It gives a fast and accurate overview of in-
sertion loss, isolation, group delay and coupling coefficients versus fil-
ter order, return loss and transmission zero positions. The software al-
lows placement of complex transmission zeroes, which opens up for
group delay shaping and analysis.

Guided Wave Technology ApS, 
Hilleroed, Denmark, www.guidedwavetech.com.

RS No. 312

SOFTWARE UPDATESOFTWARE UPDATE

184 MICROWAVE JOURNAL ■ FEBRUARY 2008

 2M9 FINAL  1/29/08  11:32 AM  Page 184

http://www.vectorfields.com
http://www.guidedwavetech.com
http://www.modelithics.com
http://eesof.tm.agilent.com


Visit http://mwj.hotims.com/16338-118 or use RS# 118 at www.mwjournal.com/info

 2M9 FINAL  1/29/08  11:35 AM  Page 185

http://mwj.hotims.com/16338-118
http://www.mwjournal.com/info


186 MICROWAVE JOURNAL ■ FEBRUARY 2008

SOFTWARE UPDATESOFTWARE UPDATE

LOW-PROFILE ANTENNA DESIGN FEATURE
MegaWave Corp. has applied a new absorbing boundary technique for
the Flomerics MicroStripes 3D electromagnetic (EM) simulation solu-
tion that accelerates the design of low-profile and zero-profile ground
antennas. In order to accurately model ground waves using electro-
magnetic simulation, the Earth normally needs to be modeled to at
least three times the skin depth of the wave to allow space and time for
the ground wave to be differentiated from the fields that propagate
into the Earth that are ultimately dissipated in the dielectric losses.
The new technique creates a boundary condition that absorbs the field
propagating into the Earth model without disturbing the ground waves
that contribute to the overall antenna radiation pattern.

Flomerics Inc., 
Marlborough, MA (508) 357 2012, www.flomerics.com.

RS No. 315

HARNESS DESIGN SOFTWARE
Tyco Electronics has introduced HarnWare V5.4, the latest version of
its harness design software. HarnWare harness design software allows
designers to produce drawings and specifications for a wide range of
wire harnesses. The finished drawing packages produced by HarnWare
contain general assembly drawings, wire lists, complete bills of materi-
al, wiring schematics, labor estimates, harness weight estimates and
other items. Some of the main upgrades in HarnWare V5.4 include:
IGES export options for HarnVis, support of Visio 2007 and support of
Windows Vista and Vista security features. In addition to the function-
ality improvements, Harnware V5.4 includes a complete update to
Tyco Electronics’ part number and product catalog for improved com-
ponent selection options.

Tyco Electronics Corp., 
Berwyn, PA (610) 893-9800, www.tycoelectronics.com.

RS No. 314

MICROWAVE TEST AND MEASUREMENT
MI Technologies has introduced its MI-3000 Arena™ data acquisition
and analysis software package. The MI-3000 Arena’s user interface is
specially designed to create productive work environments for anten-
na, radome, radar cross-section, and other microwave test and mea-
surement applications. The MI-3000 Arena package offers four work
environments: The Quick Pattern environment lets users easily collect
and plot data in a focused, straightforward manner; the Standard envi-
ronment provides easy access to all the features of the MI-3000; the
Tool Kit environment allows users to easily set up test and measure-
ment processes for repeatability; the Classic environment offers users
the convenience of working with their familiar displays with access to
all MI-3000 features.

MI Technologies, 
Suwanee, GA (678) 475-8300, www.mi-technologies.com.

RS No. 316

MLCC MODEL LIBRARY
Samsung Electro-Mechanics Co. Ltd. (SEMCO) has released a model
library of its state-of-the-art, high-density, miniaturized, surface-mount
multilayer ceramic chip capacitors (MLCC) for use with AWR’s Mi-
crowave Office® design suite. The Samsung/AWR MLCC library con-
sists of hundreds of capacitor models, including high-frequency, high-
capacitance, high-voltage, low profile, super small array and low induc-
tance ceramic capacitors (LICC). The component models themselves
utilize S-parameter data taken directly from the actual device charac-
terization process, which in turn yields excellent accuracy of the capac-
itor’s electrical response within Microwave Office simulations (fre-
quency- and time-domain). The Samsung MLCC library is free to
AWR customers.

Applied Wave Research (AWR) Inc., 
El Segundo, CA (310) 726-3000, http://web.appwave.com.

RS No. 317
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SOFTWARE UPDATE

MEMS VISUALIZATION TOOL
Coventor Inc. has added a 3-D visualization tool called Scene3D to its
schematic-based MEMS design environment ARCHITECT. With
Scene3D, users can create 3-D views of an ARCHITECT schematic
and visualize simulation results with fully contoured three-dimensional
animations. ARCHITECT with Scene3D creates a rapid virtual proto-
typing environment for the most challenging MEMS and MEMS-
enabled systems. ARCHITECT with Scene3D not only helps the user
to ease the design process, but also to document and communicate
from initial steps to full production across all design and management
levels. ARCHITECT Scene3D provides output filters to generate 2-D
masks or 3-D solid models in standard formats, making it seamlessly fit
into most established design flows. 

Coventor Inc., 
Cary, NC (919) 854-7500, www.coventor.com.

RS No. 319

3-D ELECTROMAGNETIC SOLVER
Remcom has released XFdtd® 6.5, the latest version of its full-wave 
3-D electromagnetic solver based on the finite difference time domain
(FDTD) method. XFdtd® 6.5 includes important features from previous
versions, such as the patent-pending Fast Meshing Algorithm and both
distributed-memory MPI cluster computing and GPU hardware acceler-
ation. In addition, version 6.5 offers many new features and improve-
ments, including multi-frequency sinusoidal results such as Efficiency,
SAR and Antenna Patterns from one transient excitation; improved re-
sults for frequency-dependent materials using Cole-Cole parameters; pe-
riodic boundary conditions with phase shift; improved waveguide excita-
tion; nonlinear diodes with variable parameters; Ludwig polarization; and
independent specification of time delay for multiple sources. 

Remcom, 
State College, PA (814) 861-1299, www.remcom.com.

RS No. 318

MAXWELL MAGNET MATERIAL LIBRARY
Ansoft Corp. has announced the availability of a new library of perma-
nent magnet materials from Shin-Etsu Magnetics Inc. for its Maxwell®

electromagnetic field simulation software. The library contains data for
more than 31 high-performance permanent magnets defined at differ-
ent operating temperatures using rare-earth elements that can be
downloaded by Ansoft customers and are ready for use within
Maxwell. Permanent magnet materials are used in many applications,
including motors, sensors and actuators. Maxwell users now have ac-
cess to the latest materials from Shin-Etsu to use directly within their
simulations of new or existing designs. 

Ansoft Corp., 
Pittsburgh, PA (412) 261-3200, www.ansoft.com.

RS No. 320

EMC LAYOUT AND DESIGN SOFTWARE
As part of the curriculum in Donald Sweeney and Roger Swanberg’s
EMC by Your Design Seminar/Workshop (April 3, 4, 7 and 8, 2008;
Hilton Hotel, Northbrook, IL), students will use, and then take home
free-of-charge, a copy of the proprietary EMC Layout and Design
software program created by the instructors. This proven software
package addresses design considerations from component level,
through circuit boards, to enclosure level, including cabling and inter-
connects, and enhances the theories presented both in the class and in
the Mardiguian textbook. The four-day seminar/workshop is presented
in a practical, hands-on style providing a step-by-step design process to
avoid EMC problems.

D.L.S. Electronic Systems Inc., 
Wheeling IL (847) 537-6400, www.dlsemc.com.

RS No. 321
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Tampa Microwave has built a strong repu-

tation as a quality supplier of block up 

and down converters, loop test translators, 

custom rack-mounted RF assemblies, and 

contract manufacturing services for mili-

tary and commercial SATCOM markets. The 

recent addition of spectrum analyzer, carrier 

monitoring and Signal Intelligence Receiver 

(SIGINT) products to the mix of offerings gives 

customers a dependable new supply source 
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Above and beyond the superior perfor-

mance of our feature-packed products, what 
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Tampa is how customer needs are top priority. 

You get the answers you need, the delivery 

you’re expecting, and a level of service that 

makes doing YOUR job easy.

Let us provide you with a rapid response pro-

posal on your next product requirement, and 

we’ll show you how good it can be.  Tampa 

offers a selection of in-stock products for 

immediate delivery as well as quick turn 

custom products.

TAMPA MICROWAVE 
DELIVERS THEM ALL

The Rapid Response Supplier of Choice

QUALITY PRODUCTS FROM TAMPA: BLOCK UP AND DOWN CONVERTERS, CARRIER MONITORING
SYSTEM, LOOP TEST TRANSLATORS, SIGINT RECEIVERS, SATELLITE SIMULATORS, AND 

CUSTOM RACK-MOUNT SUBASSEMBLIES.

813-855-2251 • www.tampamicrowave.com

VC CARRIER MONITOR
REMOTELY MONITOR THE HEALTH OF
SATELLITE CARRIERS

QUICKLY DETERMINE THE SYMPTOMS OF
A LINK FAILURE

ABILITY TO RECEIVE AUDIBLE ALARM/SNMP
ALERT WHEN CARRIER PARAMETERS GO
OUT OF SPEC

DETERMINE SYMPTOMS OF INTERMITTENT
PROBLEMS WITH LOGGED SIGNAL
PARAMETER DATA

COMPACT 1RU FORM FACTOR

FAST SWEEP SPEED

LOOP TEST TRANSLATOR
AVAILABLE IN L, C, X AND KU BANDS

LOW PHASE NOISE CONTRIBUTION

LOCK ALARM INDICATION

1 RU CHASSIS

QUAD BAND SATELLITE SIMULATOR
SIMULATES C, X, KU AND KA BANDS
SIMULTANEOUSLY

PERMITS EARTH STATION SET UP WITHOUT
ACTUAL SATELLITES AVAILABLE

COMPACT WITH SELF CONTAINED ANTENNAS

EASY TO OPERATE

RUGGEDIZED/WEATHERPROOF ENCLOSURE 

LIGHT WEIGHT- < 35 LBS

FIELD TESTED

SIMULATES OPERATION OVER 300 FT

HOT-SWAP REDUNDANT CONVERTER
1:1 REDUNDANCY

L BAND I.F.

C, X AND KU BAND R.F.

UP OR DOWN CONVERTER AVAILABLE 

HIGH STABILITY OCXO

FRONT PANEL OR REMOTE CONTROL

REDUNDANT POWER SUPPLIES BUILT-IN

LOW PHASE NOISE

Service, Speed and SelectionService, Speed and Selection
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Fusing partnerships, sharing knowledge, exploring the latest technologies and making the

right connections are what ITU TELECOM ASIA 2008 is all about. It’s the crucial ICT networking 

platform for the Asian region. Join leaders of industry, governments, regulators, innovators

and visionaries to explore, discuss and shape the future of Asia’s ICT sector. Organized by

the International Telecommunication Union (ITU).  Visit www.itu.int/asia2008

MAKE THE RIGHT CONNECTIONS
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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

Europe’s Premier RF, Microwave,
Radar and Wireless Event

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

E:kanderson@mwjournal.com
Tel: +1 781 769 9750
Fax: +1 781 769 5037
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NEW WAVES: RF Components & Systems
■ SMT Mixer

Hittite Microwave has introduced a new
HMC258LC3B GaAs MMIC sub-harmonic
SMT mixer intended for microwave radios,
VSAT, test and measurement, instrumentation
and military applications from 14.5 to 19.5
GHz. The unit has an integrated LO amplifier
housed in a 3 × 3 mm leadless RoHS-
compliant ceramic SMT package. The
HMC258LC3B features a wide IF bandwidth
of DC to 3.5 GHz, and high 2LO-to-RF isola-
tion of 45 dB that eliminates the need for addi-
tional filtering. The HMC258LC3B features a
LO amplifier with a nominal 0 dBm drive re-
quirement and requires no external matching
components, making it ideal for integrated
subsystem applications. The RF and LO ports
of the HMC258LC3B are DC blocked and
matched to 50 Ω for design convenience, and
the device consumes only 42 mA from a 
+5 V supply. 
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 217

■ WiFi Front-end Module

TriQuint Semiconductor is shipping a new
Model SCM6M7010 dual-band WiFi front-end
module (FEM) for wireless RF chip manufac-
turing, covering the 2.4 to 5.0 GHz frequency
bands in the WiFi portion of RF solutions.
TriQuint’s new front-end module enables a size
reduction and enhanced performance because
all critical device functions are built into a sin-
gle chip. By utilizing three modules in parallel
within the RF front end, three receive and
transmit “3 × 3” signal paths are available in-
stead of one, enabling significantly higher data
rates.
TriQuint Semiconductor Inc., 
Hillsboro, OR (503) 615-9000,
www.triquint.com.

RS No. 219

■ P2P Driver Amplifiers
Tyco Electronics has introduced a new fami-
ly of M/A-COM driver amplifiers for point-

to-point (P2P) radios. The new driver ampli-
fier family covers allocated P2P bands from
4.9 to 15.4 GHz: the M/A-COM MAAM-
007523 amplifier covering 4.9 to 8.5 GHz
and the MAAM-007524 amplifier covering
10.0 to 15.4 GHz. The amplifier family fea-
tures +32 dBm IP3 (third-order intercept
point) linearity and P1dB levels ranging from
19 to 21 dBm. They are self-biased and may
be operated with drain supplies ranging from
4.5 to 8.0 V to optimize system performance
including linearity, gain and power efficien-
cy. Each amplifier part is available in bare
die and plastic packaged options. M/A-
COM’s family of power amplifiers is RoHS-
compliant and compatible with a 260ºC re-
flow temperature. 
Tyco Electronics Corp., 
Berwyn, PA (610) 893-9800,
www.tycoelectronics.com.

RS No. 220

■ MMIC Receiver
Mimix Broadband has introduced its XR1011-
QH GaAs monolithic microwave integrated 

circuit (MMIC)
receiver that cov-
ers the 4.5 to 10.5
GHz frequency
bands. The highly
integrated receiv-
er has a noise fig-
ure of 1.8 dB and
13 dB conversion
gain across the
band. The receiv-

er integrates an image reject mixer, an LO
buffer amplifier and a low noise amplifier with-
in a fully molded 4 × 4 mm QFN package that
is RoHS-compliant. The image reject mixer
eliminates the need for an image bandpass fil-
ter after the amplifier to remove thermal noise
at the image frequency. The XR1011-QH is
well suited for wireless communications appli-
cations such as millimeter-wave point-to-point
radio, local multipoint distribution services
(LMDS), SATCOM and VSAT.
Mimix Broadband Inc., 
Houston, TX (281) 988.4600,
www.mimixbroadband.com.

RS No. 221

■ Custom Switch Matrix
The Renaissance DC–6 GHz multifunctional
WiMAX custom matrix is compact and de-
signed with instrumentation to the DUT
ports that are synthesized to a custom RF
configuration. With a total of two DUT
ports, six instrument ports, and six auxiliary
ports, this RF head-end switch matrix con-
tains combiners, switches, programmable at-
tenuators and required components for RF
modulation. The industry standard 19-in.
rack-mounted switch matrix occupies a space
of 2U. The six auxiliary ports aid in the cali-
bration of six corresponding instrument ports
and are controlled using a GPIB/IEEE-488.2
interface.
Renaissance Electronics Corp., 
Harvard, MA (978) 772-7774, 
www.rec-matrices.com. 

RS No. 222

■ RF Power Divider

Narda Microwave-East’s 4436 RF power di-
vider covers 500 MHz to 8 GHz and is avail-
able in two-way, three-way, four-way and eight-
way versions. Insertion loss ranges from 1.0 to
1.5 dB in the two-way version (depending on
frequency) 2.0 to 3.0 dB in the three-way ver-
sion, 1.5 to 4.5 dB in the four-way version and
2.0 to 8.0 dB in the eight-way version. Isolation
is 12 to 20 dB in the two-way version, 12 to 18
dB in the three-way version and 12 to 17 dB in
the four-way and eight-way versions. Phase bal-
ance of all versions ranges from 6° to 15°. The
4436 accepts a CW RF input power of 500
mW CW and 1.5 kW peak and operates over a
temperature range of 0° to +70°C with humidi-
ty up to 95 percent (non-condensing).
Narda Microwave-East, 
Hauppauge, NY (631) 231-1700,
www.nardamicrowave.com.

RS No. 223

■ WiMAX Power Divider
Response Microwave has introduced a new ap-
plication-specific series of power dividers/com-

biners for signal
routing within
WiMAX distribu-
tion applications.
The family in-
cludes two- and
four-way units
that operate be-

tween 800 to 6000 MHz. Electrical perfor-
mance offers typical insertion loss of 0.45 dB,
isolation of 22 dB minimum, VSWR of 1.25:1
typical, phase unbalance of 5° maximum and
amplitude unbalance of 0.5 dB maximum.
Power handling of up to 50 W CW is available.
The new devices are available with SMA fe-
male connectors standard and alternate inter-
faces, including reverse polarity, upon request.
Response Microwave Inc., 
Devens, MA (978) 772-3767,
www.responsemicrowave.com. 

RS No. 224

■ Impedance-matched 
Pickoff Tee

Picosecond Pulse Labs has announced its new
Model 5372 14 dB impedance-matched pickoff 

tee. The Model
5372 provides ex-
ceptional imped-
ance matching on
the through-line
of the pickoff tee,
minimizing un-
wanted signal re-
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Surface-mount VCO model ROS-1590-319+
is designed for applications requiring a low-
noise signal at 1590 MHz. It offers excellent
spectral purity, with typical phase noise of
-112 dBc/Hz offset 10 kHz from the carrier
and -151 dBc/Hz offset 1 MHz. Harmonics
are typically -23 dBc and spurious is
typically -90 dBc. Peak-to-peak pulling is
typically 0.4 MHz while pushing is typically
0.6 MHz/V. The compact VCO delivers
+0.5 dBm output power with maximum
current draw of 33 mA from a +5-VDC
supply. For PLL applications, it features
a tuning voltage range of 1 to 3.9 V.

Frequency upconverter mixer model
HJK-U151H+ generates RF output signals
from 70 to 150 MHz with typical conversion
loss of 7.6 dB. It operates with IF input
signals from 10 to 150 MHz and LO signals
from 140 to 280 MHz and +17 dBm. The
patent-protected mixer, which is ideal for
satellite IF band and military applications,
features typical 1 dB compression of +17 dBm
and typical midband IP3 of +28 dBm. It
provides LO-to-IF isolation of typically 40 dB
and LO to RF isolation of typically 58 dB.
The RF port VSWR is typically 1.53:1 or better.

Model JSPQ-65W+ is a two-way 90° power
splitter/combiner with low 0.7 dB insertion loss
from 5 to 65 MHz. Suitable for instrumentation
and LMDS applications, the 50 Ω surface-mount
splitter/combiner achieves typical isolation of
33 dB between ports. The typical VSWR is
less than 1.84:1 at all ports and frequencies,
while the worst-case amplitude and phase
unbalance are 0.7 dB and 5°, respectively. The
surface-mount 90º power splitter/combiner
measures 0.450" x 0.803" x 0.250" (11.43 x
20.40 x 6.35 mm) and handles input power
levels to 1 W as a splitter. 

From
$29.95 ea.

Qty. 1-9

Surface-mount RF transformer model
TCN2-45+ maintains typical insertion loss
of only 1.5 dB from 3.3 to 4.5 GHz. Based
on reliable low-temperature-cofired-ceramic
( LTCC ) for small size, the 50 Ω transformer
has a secondary/primary impedance ratio
of 2 and is ideal for use in WiMAX designs.
The ultra miniature design achieves typical
amplitude unbalance of 1 dB and typical
phase unbalance of 5° ( relative to 180° ).
The low-cost transformer measures just
0.126" x 0.063" x 0.035" (3.20 x 1.60 x 0.89 mm)
can handle input power levels to 5 W.

From
$1.79 ea.
Qty. 100

Frequency multiplier model ZX90-12-63+
provides output signals from 4500 to 6000
MHz with only 6.5 dB typical conversion
loss. Designed to work with input signals
from 375 to 500 MHz at levels of -4 to 0 dBm,
the X12 multiplier is ideal for military radios
and test equipment. Undesired output signals
( fundamental through third harmonics) are
down typically -65 dBc relative to the levels of
desired outputs. All other undesired harmonics
are suppressed by typically 26 dB or more.
The coaxial multiplier is supplied in a rugged
metal housing with SMA connectors. It draws
200 mA maximum from a +8-VDC supply.  

From
$49.95 ea.

Qty. 1-9

From
$79.95 ea.

Qty. 1-910 Watt Coupler
860 to 970 MHz 
Bidirectional coupler model ZFBDC20-970HP
offers nominal coupling of 20.4 dB with
coupling flatness of ±0.6 dB from 860 to
970 MHz. The 50 Ω coupler handles CW
power levels to 10 W with mainline insertion
loss of typically 0.1 dB. Directivity is at least
20 dB and typically 28 dB, while VSWR is
1.10:1 across the operating frequency range.
The coaxial coupler, which is ideal for power
leveling and measurement applications in
cellular systems, is supplied in a rugged
metal housing with SMA connectors. It is
available with a mounting bracket (Option "B" )
for a nominal fee.

FEATURED PRODUCTFEATURED PRODUCT

From
$19.95 ea.

Qty. 5-49

From
$11.95 ea.

Qty. 1-9
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Low-Noise VCO
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Upconverter Mixer
70 to 150 MHz 

X12 Frequency Multiplier
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5 to 65 MHz

IN STOCK
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RoHS compliant.
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NEW WAVES: RF Components & Systems
flections. The Model 5372 provides an imped-
ance match (–25 dB) that rivals a power divider
and an insertion loss (–2 dB) that is only mod-
erately higher than a pickoff tee. The Model
5372’s performance is useful for applications
such as serial data testing where the clock is
embedded in the data signal. Additional appli-
cations include picking off a portion of the sig-
nal for triggering and other measurement
purposes. 
Picosecond Pulse Labs Inc., 
Boulder, CO (303) 443-1249,
www.picosecond.com.

RS No. 226

■ Cavity Topology Filter

The EWT-11-0515 is a cavity topology filter
for WiMAX applications. It is factory tunable
from 3400 to 3600 MHz. The pass band in-
sertion loss is 2.5 dB at center frequency
±3.5 MHz and > 20 dB at center frequency
±7 MHz. VSWR is 1.5:1 over the pass band
frequency range. The EWT-11-0515 has
Type N connectors standard, but other op-
tions are available. The package size is 3.0 ×
3.0 × 1.5 in.
EWT Inc., 
Salisbury, MD (410) 749-3800,
www.ewtfilters.com.

RS No. 227

■ Coax Circulator

Raditek’s new RADC-225-400-N23-400WR
coaxial circulator model covers the 225 to
400 MHz band. Performance is 1.0 dB inser-
tion loss, 17 dB isolation and 1.4:1 VSWR at
–15° to +35°C, and 1.5 dB insertion loss, 15
dB isolation and 1.5:1 VSWR over the full
operating temperature range of –10° to
+50°C. The RADC-225-400-N23-400WR
features 400 watts of reflected power han-
dling.
Raditek, 
San Jose, CA (408) 266-7404,
www.raditek.com.

RS No. 228

■ Variable Attenuator/Modulator
American Microwave Corp. is offering its
Model AGT-2018-60D-100 Option RW, a 

broadband vari-
able attenuator/
modulator with
60 dB dynamic
range designed to
operate over fre-
quencies of 0.5 to
18 GHz. The unit

has a rise and fall time of 3 μsec maximum, a
VSWR of 2.2:1 maximum, an insertion loss of
5.2 dB maximum and a transfer function of 
10 dB/V. The size of the unit is 2.0 × 1.81 
× 0.50 in.
American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com. 

RS No. 229

■ 2.0 to 18.0 GHz Power Divider
Planar Monolithics Industries is offering of-
fer its Model ADP-2-218-M-BB Miniature 

Power Divider.
This power di-
vider is designed
to operate from
2.0 to 18.0 GHz,
with an insertion
loss of 2.2 dB

maximum, isolation of 16.0 dB minimum and
a VSWR of 2.0:1 maximum. Power handling
is 1.5 W at 2.0:1 VSWR and 2.0 W at 1.2:1
VSWR. The size is 0.779 × 1.026 × 0.300 in.
with the connector shrouds removed. 
Planar Monolithics Industries (PMI) Inc.
Frederick, MD (301) 631-2029,
www.planarmonolithics.com.

RS No. 230

■ Quad-phase Modulator

The MITEQ Model SMT2640LC15MDQ is a
2-bit TTL-controlled millimeter-wave quad-
phase modulator with an operational frequency
range of 26 to 40 GHz and modulation 
rates from DC to 40 MHz. The Model
SMT2640LC15MDQ has a typical phase bal-
ance of < ±15 degrees and an amplitude bal-
ance of < ±2.5 dB.
MITEQ, 
Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 231

■ SMA Switch
RLC Electronics’ Micro Miniature SMA
Switch is a single pole two-position type. The 

switch incorpo-
rates SMA con-
nectors to allow
h i g h - d e n s i t y
packaging and ex-
cellent electrical
p e r f o r m a n c e
through 26.5
GHz. The switch

is available in failsafe and latching configura-
tions with a choice of three different frequency
ranges and three different coil voltages.
RLC Electronics Inc., 
Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 232

■ Ceramic Quadraplexer
Lorch Commercial and Wireless (LCW) offers
its DR-1737/2140, a ceramic quadraplexer for
the GSM and UMTS frequencies. The DR-
1737/2140 quadraplexer exhibits less than 3.0
dB of insertion loss across the passbands of
1710 to 1765 MHz and 1805 to 1860 MHz, and
less than 2.0 dB of insertion loss across the
passbands of 1920 to 1980 MHz and 2110 to
2170 MHz while providing greater than 45 dB
of rejection. The unit measures 3.4 × 1.0 
× 0.4 in. 
Lorch Commercial and Wireless,
Salisbury, MD (866) 729-8509,
ww.lorchwireless.com.

RS No. 233

■ Ceramic GPS Diplexer
The Reactel 2DX-1227/1575-M is a ceramic
diplexer that passes both the L1 and the L2
GPS frequencies. It is the perfect unit for ap-
plications requiring small size and high perfor-
mance. This ultra low profile unit features loss
of less than 1 dB and isolation in excess 
of 40 dB. 
Reactel Inc., 
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 234

■ 4 GHz Attenuators 
Coaxial Dynamics has announced its new
broadband 6902-BNCF series of 2 W BNC at-

tenuators rated
from DC to 4
GHz, which in-
cludes WiMAX,
WiFi and WiBro
testing applica-
tions. VSWR is
1.25:1 maximum
through 4 GHz
and the accuracy
is ±0.3 dB to 6
dB, ±0.5 dB to 20
dB and ±0.75 dB
to 30 dB. Stan-

dard dB values include 3, 6, 10, 20 and 30 dB
with others available on special order. All BNC
models have bi-directional operation and other
connector types are available. The length is 1.4
in. maximum. 
Coaxial Dynamics, 
Middleburg Heights, OH (440) 243-1100,
http://coaxial.com.

RS No. 236
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COMPONENTS
■ High-power Connectors and

Contacts
Anderson Power Products’ (APP) High Power
(45 amp) Connector and Contact Series is for 

applications that
require high-pow-
er connections to
a PCB. The High
Power Connector
and Contact Se-
ries may be pre-
assembled in one-

or two-row configu-
rations, reducing assembly costs and eliminat-
ing accidental connector separation. Connec-
tors and contacts are also available separately,
allowing for customization of connector config-
urations. The connectors are RoHS-compliant,
have a UL rating of 45 amps per circuit and
utilize contacts that are composed of copper al-
loy with tin plating. The connectors are avail-
able in many colors and with multiple acces-
sories that include mounting wings, spacers
and board mounting staples.
Anderson Power Products, 
Sterling, MA (978) 422-3600,
www.andersonpower.com.

RS No. 225

■ SMP Blind-mate Connectors

Johnson,® a wholly-owned subsidiary of Emerson
Network Power, has introduced a new line of
SMP Blind-mate Connectors that can handle fre-
quencies up to 40 GHz. This new precision con-
nection interface is a micro-miniature, slide-
on/snap-on interconnect system that’s ideal for
high-density packaging. The system can correct
axial and radial misalignment and is compatible
with all SMP and GPO® connectors. To achieve
optimum performance, Johnson’s new line of
SMP Blind-mate Connectors includes 26 differ-
ent connectors, adapters and mounts and nine
new assembly tools. The company is also provid-
ing detailed assembly instructions and makes use
of industry standard tooling whenever possible
for customer convenience and compatibility.
Emerson Network Power, 
Columbus, OH (614) 888-0246,
www.emersonnetworkpower.com.

RS No. 235

AMPLIFIERS
■ RF Power Amplifier
The Advanced RF Amplifier Model BCPA-
800-4000-2C is suitable for delivering reliable 

output power
over the instanta-
neous frequency
range of 800 to
4000 MHz. The
PA is ideal for

military communications and jamming plat-
forms as well as commercial applications, such
as WiMAX. Suitable for both linear and com-
pressed amplifier applications, the PA utilizes
the latest in GaN HEMT device technology. 
BC Systems Inc., 
Setauket, NY (631) 751-9370,
www.bcpowersys.com

RS No. 238

■ RF Amplifier

The Aethercomm Model SSPA 0.5-2.5-50 is a
high power, broadband, GaN RF amplifier that
operates from 500 to 2500 MHz. This amplifi-
er was designed for broadband jamming and
communication systems platforms. It is pack-
aged in a modular housing that is approximate-
ly 6.4 × 3.4 × 1.06 in. It has a typical P3dB of
40 to 50 W and noise of 10.0 dB at room tem-
perature. Typical gain is 53 dB with a gain flat-
ness of ±2.5 dB. Input VSWR is 2.0:1 maxi-
mum. Class AB quiescent current employing a
+28 VDC supply is ~2.0 amps, typical. The
Model SSPA 0.5-2.5-50 operates from a +28
VDC input voltage.
Aethercomm Inc., 
San Marcos, CA (760) 598-4340,
www.aethercomm.com.

RS No. 237

■ Solid-state Amplifier
Stealth Microwave’s SMTR2425-11B40 is a sol-
id-state amplifier for use in 802.11b WLAN 

systems. This
SSPA utilizes
state-of-the-art
LDMOS FET
transistors that al-
low for more effi-
cient operation
while still meet-

ing EVM and spectral mask requirements. De-
signed primarily for military use, the design
can be applied for various ISM band applica-
tions as well. Features include automatic gain
control circuitry that provides consistent 10 W
output over a wide input range, an LED Tx/Rx
mode status indicator, a +12 V power supply (a
+28 V version is available), a rugged weather-
proof housing and various available DC/RF
connector options.
Stealth Microwave Inc., 
Trenton, NJ (609) 538-8586,
www.stealthmicrowave.com.

RS No. 239

■ Switch Filter Amplifier
Lark has engineered a new Switch Filter Am-
plifier (SFA) series that is available in both ce-

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

Visit http://mwj.hotims.com/16338-76

Visit http://mwj.hotims.com/16338-157
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Voltronics Corp 
Chip Trimmer Capacitors

are the Smart Choice! 

Delivery: 
Up to 50,000 pieces 
stock to 4 weeks 
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Our Chip 
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Capacitors
� Stability Better Than ±1% 
� RoHS Compliant 
� Immediate Delivery

100 Ford Road, Denville, NJ 07834
973.586.8585 • Fax: 973.586.3404 • e-mail: info@voltronicscorp.com
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ramic and
lumped element
configurations.
The SFA series
offers a frequen-
cy range of 100 to
3000 MHz with a
bandwidth range
of 1 to 40 percent
with a typical re-
turn loss of 18
dB/14 dB. The
noise figure of

1.5 to 5.0 dB combined with 300 ns switching
speed, 10 to 40 dB gain and bias of 10 and 5
VDC make Lark SFAs useful for receiver ap-
plications and improvement of overall system
performance.
Lark Engineering Co., 
San Juan Capistrano, CA (949) 240-1233,
www.larkengineering.com.

RS No. 240

SOURCES
■ Coaxial Resonator Oscillator

Z-Communications Inc. has introduced its new
CRO2780D-LF lead-free, RoHS-compliant,
coaxial resonator oscillator for the S-band (2745
to 2815 MHz), featuring ultra-low phase-noise
performance of -110 dBc/Hz at 10 kHz offset.
This design offers typical tuning sensitivity of
31 MHz/V. It is designed to provide 8 dBm out-
put power (typical) at 5 VDC supply while
drawing 20 mA (typical) over the extended op-
erating temperature range of –40° to 85ºC. The
oscillator comes in Z-Communications’ indus-
try-standard MINI package, measuring 0.50 ×
0.50 × 0.22 in. This VCO is ideal for automated
surface-mount assembly and reflow.
Z-Communications Inc., 
San Diego, CA (858) 621-2700,
www.zcomm.com.

RS No. 241

■ 2900 to 3400 MHz VCO

Crystek’s CVCO55CC-2900-3400 VCO oper-
ates from 2900 to 3400 MHz with a control
voltage range of 0.5 V~18 V. This VCO features
a typical phase noise of –107 dBc/Hz at 10 kHz
offset and has excellent linearity. The model
CVCO55CC-2900-3400 is packaged in the in-
dustry standard 0.5 × 0.5 in. SMD package. In-
put voltage is 8.0 V, with a max current con-
sumption of 35 mA. Pulling and pushing are
minimized to 0.5 MHz and 1.0 MHz/V, respec-
tively. Second harmonic suppression is –16 dBc
typical. The CVCO55CC-2900-3400 is ideal
for use in applications such as digital radio
equipment, fixed wireless access, satellite com-
munications systems and base stations.
Crystek Corp., 
Ft. Myers, FL (239) 561-3311,
www.crystek.com. 

RS No. 242

■ Frequency Synthesizers

ITT Microwave Systems has introduced two
new models in its WaveCor™ line of high per-
formance frequency synthesizers. The
WaveCor™ 5.0 and the WaveCor™ 10.0 syn-
thesizers operate over a frequency range of 300
MHz to 5.0 GHz and 300 MHz to 10.0 GHz,
respectively. Both frequency synthesizers pro-
vide low phase noise and exceptional spurious
levels combined with extremely fast switching
speeds. Both models are available in a 3U rack-
mount chassis. 
ITT Microwave Systems, 
Lowell, MA (978) 441-0200,
www.ittmicrowave.com.

RS No. 243

SUBSYSTEM
■ Cooling Filters

The new GORE® Cooling Filters use ambient
air to cool electronic components in outdoor
enclosures and Gore’s membrane technology
to protect sensitive electronics from extreme
environments where they may encounter cor-
rosive particles, sand, or salty environments.
The technology behind the GORE® Cooling
Filters is based on a proprietary expanded
polytetrafluoroethylene (ePTFE) membrane.
This microporous membrane allows cool, clean
air to flow into the cabinet while screening out

REGIONAL SALES
MANAGER

Diamond Antenna and Micro-
wave Corporation is hiring a
motivated sales professional to
continue driving our revenues
and developing relationships in
key accounts. 
• Determine market strategies
and goals 
• Evaluate product and service
marketability for customers’
technical developments 
• Research and develop lists of
potential customers
We are a technology design and
manufacturing company. Our
heritage product lines of micro-
wave rotary couplers are used
in radar and satellite communi-
cations antennas while the next
generation in slip ring technolo-
gy, the Roll Ring,® is used for
transferring electrical power
and signals in a variety of rotat-
ing applications. 
• RF or Microwave experience
preferred
• 3–5 years sales experience
preferably in a manufacturing
environment 
• BS/BA and strong communi-
cation skills 

We offer competitive base
salary plus bonus eligibility,

complete benefit plan, 
paid time off, 401k and 

stock options.

Submit résumé and salary
requirements to

kwhite@diamondantenna.com
or by fax to 978-486-0079

Equal Opportunity Employer

Please visit our website at
www.diamondantenna.com

NEW PRODUCTS
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harmful contaminants and has a 99.0 percent particle filtration efficiency
at the 0.3 μm level (1 cm/sec). GORE® Cooling Filters incorporate high
performance Gore Series 3000 filtration media into a rigid anodized alu-
minium frame, providing the most reliable protection possible. Cabinets
fitted with GORE® Cooling Filters easily pass the most stringent re-
quirements, including IP55 and NEMA 3R. GORE® Cooling Filters can
be customized to fit small to large base station units for mobile commu-
nication that cover a wide range of wireless infrastructure such GSM,
UMTS, WiMAX and LTE. They are also appropriate for wire-lined cabi-
nets such as ADSL and power enclosure applications.
W. L. Gore & Associates Inc., 
Newark, DE (410) 506-7787, www.gore.com.

RS No. 245

TEST EQUIPMENT
■ Log Periodic Antenna
AR RF/Microwave Instrumentation has redesigned its popular AT5080
log periodic antenna to extend its frequency coverage. The new model 

AT6080 extends from 80 MHz to 6 GHz for
radiated EMC testing. The exceptionally
broad frequency range addresses existing
RF susceptibility requirements as well as
anticipated future developments. The fre-
quency range is also matched to work di-
rectly with AR “W” and “S” Series RF pow-
er amplifiers. The robust design can ac-
commodate the high power levels
necessary to generate significant E-fields.
The AT6080 can also be calibrated for RF
emissions testing.
AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181, 
www.arww-rfmicro.com.

RS No. 244

■ Handheld Spectrum Analyzer
Boonton has introduced a new 9103 handheld spectrum analyzer operat-
ing at frequencies up to 7.5 GHz. The instrument supports many mi-

crowave applications,
featuring the typical
measurements of stan-
dard desktop spectrum
analyzers such as chan-
nel power, occupied
bandwidth and adja-
cent channel power ra-
tio. Boonton’s 9103
supports a wide range
of applications with ac-
cessories for cable
faultfinding, EMC and

radiation measurements. Applications covered with the 9103 handheld
spectrum analyzer include aviation signals, directional radio, VSAT and
signals in the 5 GHz unlicensed band, such as Wireless LAN and
WiMAX. RFID signals are best analyzed in the zero-span mode provid-
ed by the spectrum analyzer. 
Wireless Telecom Group Inc., 
Parsippany, NJ (973) 386-9696, www.boonton.com.

RS No. 216

■ 12.5 Gbps 1:8 Demultiplexer
Inphi Corp.’s 1385DX 12.5 Gbps 1:8 demultiplexer with latched com-
parator input enables test and measurement, defense and aerospace de-
signers to develop high speed data acquisition front ends and to deserial-
ize high speed signals. Part of the High Speed Logic family of devices,
the 1385DX operates at bit rates from DC to 12.5 Gbps. The 1385DX
features a high-speed sampling clock and high-bandwidth latched com-
parator input that can be used to sample high-bandwidth analog signals
and demultiplex them to a lower data rate for post-processing via a low
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W H O  S H O U L D  AT T E N D :
ANYONE who is responsible for planning and implementing an organization’s wireless 
technology future…

IWCE is the ONE place where all industries
and all communications/IT professionals
come together to share thoughts and ideas
on wireless communications technologies.
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TRANSPORTATIONTRANSPORTATION

College of Technology: February 25-26, 2008
Conference & Exposition: February 27-29, 2008
Las Vegas Convention Center, South Halls 3 & 4

■ www.iwceexpo.com ■

■ Enterprise users from all industries,
including security, utilities, transporta-
tion, construction, education, retail,
healthcare and facilities management

■ IT professionals
■ Public safety agencies
■ Dealers and consultants
■ Wireless service providers

W H AT  YO U ’ L L  G E T  AT  I W C E :
■ North America's largest forum on communications technologies developed for a 

variety of industry sectors
■ A one-stop opportunity to shop for ideas and solutions from emerging wireless 

technologies at the industry's leading event featuring 350+ exhibitors
■ Content-rich education and training developed by industry professionals
■ Keynote Address:“700 MHz Update: Will Public Safety Promises Be Kept?”
■ General Sessions highlighting current industry topics
■ Two Levels of College of Technology Workshops - Level 100 for IT professionals 

and others new to the wireless world and Level 400 technical training courses for 
communications professionals

■ In-Depth Conference Sessions on Mobile Voice Communications, Mobile Data, Spectrum
Utilization, Emerging Technologies, Interoperability and Technology/General Business

■ Dealer Day Workshops – share best practices with other dealers and learn about 
new technologies in special workshops for dealers

■ Unparalleled networking opportunities

IWCE is your best opportunity for training, contacts/networking, and seeing
what’s new from industry suppliers. IWCE has something for everyone regardless
of what industry you are from.

IWCE...Providing Wireless Solutions for the Working World

For more information or to register, visit our website
at www.iwceexpo.com or call 800-927-5007 or 508-743-0105

Interested in exhibiting? Call your sales manager:
Company names A-M: Stephanie McCall • 913-981-6146

Company names N-Z: Cathi O'Brien • 203-358-3715

Sponsored by:

www.mrtmag.com

In association with:

www.iwce-mrt.com

Organized by:

www.penton.com

FREE Exhibit HallAdmissionUse Customer Code V23when registering

Visit http://mwj.hotims.com/16338-71 or use RS# 71 at www.mwjournal.com/info
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Bring the Besser
Educational Experience 
to your Desktop.
The 2008 
Free Webinar Series

Microwave Journal teams with 
Besser Associates, the leader in 
RF/microwave training, in this 
series of online courses in RF/
microwave principles for working 
professionals. Each hour-long 
installment is presented by an 
instructor from Besser Associates 
and includes a Q&A session. 

Upcoming Webinars

2/19/2008
Impedance Matching Techniques

3/18/2008
Systems - WiMAX, 802.11, Bluetooth – Other 

Wireless/Networking technologies

4/15/2008
Antennas – Ultrawideband

5/20/2008
Components and Circuit Design –

Power Amplifiers

Sponsorship opportunities available.
Contact  webinars@mwjournal.com for details.

Feedback from our 
attendees and sponsors

“Excellent overview on the design/layout 
of the Smith Chart and its application for 
RLC series/parallel lumped element 
characterization and impedance matching.”
Michael Zimmerman

Sr. RF Test Engineer

RFMD

“As a branding and lead-generation tool, 
sponsorship of the MWJ/Besser webinar 
allowed us to introduce our products to an 
engaged audience of RF/microwave engineers 
and managers all within the context of an 
educational forum. We were extremely 
pleased with the effectiveness of this program.”
Sherry Hess,

VP of Marketing, AWR 

Register Today at 

www.mwjournal.com/rftraining
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speed FPGA or ASIC. The 1:8 deserialization,
coupled with an on-chip synchronization cir-
cuit and adjustable output levels, allows the
use of multiple demultiplexers in parallel, with
automatic alignment of the parallel output bus-
es of the demultiplexers.
Inphi Corp., 
Westlake Village, CA (805) 446-5100,
www.inphi-corp.com.

RS No. 247

■ 300 mm Wafer Probing Station

Cascade Microtech introduced its new Elite
300, 300 mm wafer probe stations for ad-
vanced on-wafer measurements for semicon-
ductor devices. Based on the company’s Cas-
cade family of wafer probing products, the
Elite 300 handles process nodes at 45 nm and
below. Elite 300 applications include RF/DC
device characterization and modeling, wafer-
level reliability, IC failure analysis and design
debug. To meet a variety of market needs, the
Elite 300 is available in three station models:
The Elite 300/AP features PureLine II, Atto-
Guard and MicroChamber technologies, with a
premium package of automation tools. The
Elite 300/M includes the MicroChamber,
while the Elite 300/S features an open platen
with safety enclosure.
Cascade Microtech Inc., 
Beaverton, OR (503) 601-1000,
www.cascademicrotech.com.

RS No. 246

NEW PRODUCTS

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 va-
riety of technical
papers and work-
shops. The IEEE
MTT-S Interna-
tional 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 Sun-
day, Monday and Friday. In addition to IMS2008, a
microwave exhibition, a historical exhibit and the
RFIC Symposium (www.rfic2008.org) will also be
held in Atlanta during Microwave Week 2008.

INTERNATIONAL MICROWAVE SYMPOSIUM
June 15–20,  2008

 MICROWAVES  ON  MY  MIND

MICRO-ADS
Visit http://mwj.hotims.com/16338-(RS#)

RS 3

RS 42

RS 75

RS 125

RS 106

RS 133

Dielectric Testers
Std Sizes ~100 MHz to 18 GHz
Fast - Easy - No Sample Prep.

www.damaskosinc.com
(610)358-0200 fax(610)558-1019

εεεε, tan δδδδ - Cavity™ sfwr
Thin Sheets, Substrates, Films

Laminates, Composites

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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PRECISION
FREQUENCY
SOURCES

This catalog
describes the
complete line of
frequency syn-
thesizers from
P r o g r a m m e d
Test Sources Inc.
(PTS). These
synthesizers pro-
duce fast-switch-
ing, low phase-
noise precision frequencies. With easy remote
programming, they are vital in advanced mea-
surement or production systems and also serve
as stand-alone test equipment.
Programmed Test Sources Inc., 
Littleton, MA (978) 486-3400,
www.programmedtest.com.

RS No. 200

WIMAX
MARKET STUDY

Forward Con-
cepts has pub-
lished its newest
in-depth study of
the global 
WiMAX market.
The new 300-
page study,
“WiMAX ’08:
The 3G+ Broad-
band Alterna-
tive,” is an in-
depth analysis of operators, equipment, chips
and broadband alternatives, both wired and
wireless. The study provides equipment and
chip forecasts by type through 2012. 
Forward Concepts, 
Tempe, AZ (480) 968-3759,
www.fwdconcepts.com.

RS No. 201

ELECTRO-
MECHANICAL
CATALOG

Allied Electron-
ics, a subsidiary
of Electrocom-
ponents plc, has
released its 2008
catalog featuring
10 new manufac-
turers and more technical information and
product photos than ever before. The 2008 Al-
lied catalog showcases more than 100,000
products from over 300 suppliers, including
new suppliers such as Ametek Pittman, Crys-
tek, Hirschmann, Marathon, OPTEK, Pass &
Seymour, Pico and RECOM. Allied has signifi-
cantly expanded its product offering of pneu-
matics and has enhanced its connector section
to make it easier to find products. 
Allied Electronics Inc., 
Fort Worth, TX (800) 433-5700,
www.alliedelec.com.

RS No. 202

COMPONENTS
CATALOG

Herley Indus-
tries has released
its new Full Line
C o m p o n e n t s
Catalog. The
publication in-
cludes full color
p h o t o g r a p h s ,
block diagrams
and salient per-
formance char-
acteristics of
control components, including oscillators,
phase shifters, attenuators and switches. The
company has introduced a number of new
products, including a line of fast indirect syn-
thesizers (FIS), which include compact and
low phase noise models.
Herley Industries Inc., 
Lancaster, PA (631) 630-2020,
www.herley.com.

RS No. 203

HF MODULES
FOR DEFENSE

This catalog de-
tails Endwave
Defense Sys-
tems’ product
capabilities in
single function
and multifunc-
tion components
and subsystems.
The company’s
products operate
from 1 to 100
GHz and include integrated transceivers, JCA
amplifiers, oscillators, synthesizers, up/down-
converters, frequency multipliers, and mi-
crowave switch arrays.
Endwave Defense Systems Inc. (EDSI),
San Jose, CA (408) 522-3180,
www.endwave.com.

RS No. 204

OFDM 
WHITE PAPER

Orthogonal fre-
quency division
m u l t i p l e x i n g
(OFDM) is a
form of digital
modulation used
in a wide array of
communications
systems. OFDM
is spectrally effi-
cient, carrying
more data per
unit of bandwidth than such services as GSM
and W-CDMA. OFDM tolerates environments
with high RF interference. Finally, OFDM
works well in harsh multi-path environments,
This white paper explains what OFDM is, why
it’s important, where it’s used, and what test in-
strumentation is required to maintain it. 
Keithley Instruments Inc., 
Cleveland, OH (440) 248-0400,
www.keithley.com.

RS No. 205

NEW LITERATURE

To see one’s work in print is
the rightful reward of every cre-
ative engineer and scientist. The
editors of Microwave Journal in-
vite you to submit your technical
manuscripts for consideration to
be published in one of our up-
coming issues. Technical articles,
application notes and tutorial ar-
ticles based on the monthly edi-
torial themes are encouraged.
Editorial themes include wire-
less, radar and antennas; RF
components and systems; test,
measurement and CAD; ampli-
fiers and oscillators; semiconduc-
tors, MMICs and RFICs; satel-
lite and mm-wave applications;
communications and wireless ap-
plications; passive components;
and control devices and modula-
tion.

Design features should con-
tain new and innovative technical
ideas of practical use and interest
to our predominantly engineer-
ing readers. Papers should be 14
to 16 double-spaced pages and
contain 8 to 12 visual aids in the
form of sketches, graphs, pho-
tographs or tables. 

Papers should be submitted to
the attention of the Technical
Editor and will be reviewed
promptly by our Editorial Re-
view Board prior to acceptance.
Articles outside of the monthly
themes also will be encouraged.

SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street

Norwood, MA 02062
(781) 769-9750

Fax (781) 769-5037
e-mail:

fbashore@mwjournal.com
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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/16338-104 or use RS# 104 at www.mwjournal.com/info
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R.J. Cameron, C.M. Kudsia and R.R. Mansour
Wiley Interscience • 802 pages; $135
ISBN: 978-0-471-45022-1

THE BOOK ENDTHE BOOK END

This book captures the fundamentals and
practical aspects of modern microwave

filter design. Chapter 1 is devoted to an
overview of communication systems. The
principles that unify communication theory
and circuit theory approximations are ex-
plained in Chapter 2. Chapter 3 describes
the synthesis of the characteristic polynomi-
als to realize the classical maximally flat,
Chebychev and elliptic function low pass
prototype filters. Chapter 4 presents the syn-
thesis of characteristic polynomials of low
pass prototype filters with arbitrary ampli-
tude response using a computer-aided opti-
mization technique. Chapter 5 provides a re-
view of the basic concepts used in the analy-
sis of multiport microwave networks.
Chapter 6 reviews some important scattering
parameter relations. In Chapter 7, filter syn-
thesis based on the [ABCD] matrix is de-
scribed. In Chapter 8, the concept of a N ×
N coupling matrix is presented. Chapter 9

develops methods of similarity transforma-
tion to realize a wide range of topologies.
Two unusual circuit sections are introduced
in Chapter 10. Theoretical and experimental
techniques for evaluating the resonant fre-
quency and unloaded-Q of microwave res-
onators are described in Chapter 11. Chap-
ter 12 addresses the synthesis techniques for
the realization of low pass filters. Chapter 13
deals with the practical design of dual-mode
bandpass filters. Chapter 14 presents the use
of EM simulators for designing microwave
filters. Chapter 15 offers several techniques
for EM-based design of microwave filters.
Chapter 16 develops the design of dielectric
resonator filters. Chapter 17 deals with the
analysis and synthesis of allpass networks.
Chapter 19 is devoted to the computer-aided
techniques for tuning microwave filters.
Chapter 20 deals with the high power con-
siderations in the design of microwave filters
and multiplexing networks.

Microwave Filters for Communication Systems: Fundamentals,
Design and Applications

Harvey Lehpamer
Artech House • 283 pages; $99, £55
ISBN: 978-1-59693-194-7

Radio frequency identification (RFID) is
an emerging technology and one of the

most rapidly growing segments of today’s
automatic identification data collection
(AIDC) industry. However, this emerging
technology is not new; in fact, it is currently
being used in numerous applications
throughout the world. It was originally im-
plemented during World War II to identify
and authenticate allied planes in an identi-
fication system known as Identification,
Friend or Foe. 

RFID usage is steadily increasing and
companies across many industries are now
looking at RFID to streamline operations,
meet regulatory requirements and prevent
the introduction of counterfeit products
into the supply chain to protect both cus-
tomer safety and company profitability. In-
dustry experts view RFID not as competi-
tion with, but as a complement to barcode
technology. RFID technology, in fact, over-

comes certain limitations found in some
barcode applications. This book introduces
prospective users and system designers to
the basics of RFID technology, including
applications, benefits, technical characteris-
tics, security and privacy, and standardiza-
tion, design and implementation of RFID’s
technical and economic challenges. Nu-
merous issues beyond the detailed techni-
cal and sheer operational capabilities of
RFID must be considered. Due to the
large number of considerations that must
be undertaken, only a few intangible and
theoretical considerations, such as security,
privacy, social, ethical and future considera-
tions are presented. In addition, a wide
number of new and exciting topics and con-
cepts are briefly introduced, some of them,
at least at this point, only marginally of in-
terest to RFID, with the hope of piquing
readers’ interest in pursuing these new
technologies.

RFID Design Principles

To order this book, contact:
John Wiley & Sons Inc.

One Wiley Drive
Hoboken, 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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1 Acceleware  . . . . . . . . . . . . . . . . . . . . . . . . .109 http://mwj.hotims.com/16338-1
2 Advanced Control Components Inc.  . . . . .163 . . . . . . . . . . . .732-460-0212 732-460-0214 http://mwj.hotims.com/16338-2
3 Advanced Switch Technology  . . . . . . . . . .204 . . . . . . . . . . . .613-384-3939 613-384-5026 http://mwj.hotims.com/16338-3
4 Aeroflex  . . . . . . . . . . . . . . . . . . . . . . . . . . . .29  . . . . . . . . . . . .516-694-6700 516-694-2562 http://mwj.hotims.com/16338-4
5 Aeroflex/KDI-Integrated Products  . . . . . .153  . . . . . . . .973-887-5700 ext. 500 973-884-0445 http://mwj.hotims.com/16338-5
6 Aeroflex/Metelics, Inc.  . . . . . . . . . . . . . . . .195 . . . . . . . . . . . .408-737-8181 408-733-7645 http://mwj.hotims.com/16338-6
7 Aeroflex/Weinschel, Inc.  . . . . . . . . . . . . . . .71  . . . . . . . . . . . .800-638-2048 301-846-9116 http://mwj.hotims.com/16338-7
8 Aeroflex Plainview  . . . . . . . . . . . . . . . . . . .119 . . . . . . . . . . . .800-645-8862 http://mwj.hotims.com/16338-8
9 Aethercomm  . . . . . . . . . . . . . . . . . . . . . . . .105 . . . . . . . . . . . .760-598-4340 760-598-4342 http://mwj.hotims.com/16338-9

10,11,12, Agilent Technologies, Inc.  . . . . . . . . . .15,91,129,
13,14  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .165,213  . . . . . . . . . .800-829-4444 415-857-5518 http://mwj.hotims.com/16338-10

15 American Microwave Corporation  . . . . . .114 . . . . . . . . . . . .301-662-4700 301-662-4938 http://mwj.hotims.com/16338-15
16 American Technical Ceramics  . . . . . . . . . .77  . . . . . . . . . . . .631-622-4700 631-622-4748 http://mwj.hotims.com/16338-16
17 AML Communications Inc.  . . . . . . . . . . . .63  . . . . . . . . . . . .805-388-1345 805-484-2191 http://mwj.hotims.com/16338-17
18 Anaren Microwave  . . . . . . . . . . . . . . . . . . .141 . . . . . . . . . . . .800-411-6596 315-432-9121 http://mwj.hotims.com/16338-18
19 Anritsu Company . . . . . . . . . . . . . . . . . . . . .73  . . . . . . . . . . .800-ANRITSU 972-671-1877 http://mwj.hotims.com/16338-19
20 Ansoft Corporation  . . . . . . . . . . . . . . . . . . .31  . . . . . . . . . . . .412-261-3200 412-471-9427 http://mwj.hotims.com/16338-20
21 Applied Wave Research, Inc.  . . . . . . . . . . .178 . . . . . . . . . . . .310-726-3000 http://mwj.hotims.com/16338-21
22 AR Worldwide  . . . . . . . . . . . . . . . . . . . . . . .79  . . . . . . . . . . . .215-723-8181 http://mwj.hotims.com/16338-22
23 Arlon-Materials for Electronics Division . .155 . . . . . . . . . . . .800-635-9333 302-834-2574 http://mwj.hotims.com/16338-23
24 Atlantic Microwave Ltd. . . . . . . . . . . . . . . .122 . . . . . . . . . . .44-1376-550220 44-1376-552145 http://mwj.hotims.com/16338-24
25 Avtech Electrosystems  . . . . . . . . . . . . . . . .130 . . . . . . . . . . . .800-265-6681 613-686-6679 http://mwj.hotims.com/16338-25
26 B&Z Technologies  . . . . . . . . . . . . . . . . . . . .33  . . . . . . . . . . . .631-444-8827 631-444-8825 http://mwj.hotims.com/16338-26
27 Barry Industries, Inc. . . . . . . . . . . . . . . . . . .86  . . . . . . . . . . . .508-226-3350 508-226-3317 http://mwj.hotims.com/16338-27
28 Bird Technologies Group  . . . . . . . . . . . . . .152 . . . . . . . . . . . .866-695-4569 http://mwj.hotims.com/16338-28
29 Bowei Integrated Circuits Co., LTD.  . . . .130  . . . . . . . . .+86-311-87091891 +86-311-87091282 http://mwj.hotims.com/16338-29
30 CAP Wireless Inc. . . . . . . . . . . . . . . . . . . . .150 . . . . . . . . . . . .805-499-1818 http://mwj.hotims.com/16338-30
31 Cernex, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . .18  . . . . . . . . . . . .408-541-9226 408-541-9229 http://mwj.hotims.com/16338-31
32 Ciao Wireless, Inc. . . . . . . . . . . . . . . . . . . . .44  . . . . . . . . . . . .805-389-3224 805-389-3629 http://mwj.hotims.com/16338-32
33 ClearComm Technologies, LLC  . . . . . . . .157 . . . . . . . . . . . .410-860-0500 410-860-9005 http://mwj.hotims.com/16338-33
34 Cobham Defense Electronic Systems  . . .20–21 . . . . . . . . . . .603-775-5200 603-775-5201 http://mwj.hotims.com/16338-34
35 Commercial Microwave 

Technology, Inc.  . . . . . . . . . . . . . . . . . .55  . . . . . . . . . . . .916-631-4363 530-642-9798 http://mwj.hotims.com/16338-35
36 Compex Corporation  . . . . . . . . . . . . . . . . .136 . . . . . . . . . . . .856-335-2277 856-335-7223 http://mwj.hotims.com/16338-36
37 Comtech PST Corp.  . . . . . . . . . . . . . . . . . .87  . . . . . . . . . . . .631-777-8900 631-777-8877 http://mwj.hotims.com/16338-37
38 CPI Beverly Microwave Division  . . . . . . . .75  . . . . . . . . . . . .978-922-6000 978-922-2736 http://mwj.hotims.com/16338-38
39 Crane Aerospace & Electronics  . . . . . . . . .62  . . . . . . . . . . . .480-961-6269 http://mwj.hotims.com/16338-39
40 Crystek Corporation  . . . . . . . . . . . . . . . . . .139 . . . . . . . . . . . .800-237-3061 http://mwj.hotims.com/16338-40
41 CST of America, Inc. . . . . . . . . . . . . . . . . . .27  . . . . . . . . . . . .508-665-4400 781-576-5702 http://mwj.hotims.com/16338-41
42 Damaskos Inc.  . . . . . . . . . . . . . . . . . . . . . .204 . . . . . . . . . . . .610-358-0200 610-558-1019 http://mwj.hotims.com/16338-42
43 Delta Electronics Mfg. Corp. . . . . . . . . . . .183 . . . . . . . . . . . .978-927-1060 978-922-6430 http://mwj.hotims.com/16338-43

Diamond Antenna and 
Microwave Corporation  . . . . . . . . . . . . . . .198 978-486-0079 www.diamondantenna.com

44,45 Dielectric Laboratories Inc.  . . . . . . . . . .89,205  . . . . . . . . . .315-655-8710 315-655-0445 http://mwj.hotims.com/16338-44
46 Dow-Key Microwave Corporation  . . . . . . .37  . . . . . . . . . . . .805-650-0260 805-650-1734 http://mwj.hotims.com/16338-46
47 Ducommun Technologies Inc.  . . . . . . . . . .97  . . . . . . . . . . . .310-513-7200 310-513-7298 http://mwj.hotims.com/16338-47
48 Eastern Wireless TeleComm, Inc.  . . . . . . .135 . . . . . . . . . . . .410-749-3800 410-749-4852 http://mwj.hotims.com/16338-48
49 Elcom Technologies  . . . . . . . . . . . . . . . . . .34  . . . . . . . . . . . .201-767-8030 201-767-6266 http://mwj.hotims.com/16338-49
50 Electro Magnetic Careers  . . . . . . . . . . . . .170 http://mwj.hotims.com/16338-50
51 EM Research, Inc.  . . . . . . . . . . . . . . . . . . .142 . . . . . . . . . . . .775-345-2411 775-345-1030 http://mwj.hotims.com/16338-51
52 EMC Technology Inc.  . . . . . . . . . . . . . . . . .17  . . . . . . . . . . . .772-286-9300 772-283-5286 http://mwj.hotims.com/16338-52
53 Empower RF Systems, Inc.  . . . . . . . . . . . .113 . . . . . . . . . . . .310-412-8100 310-412-9232 http://mwj.hotims.com/16338-53
54 Endwave . . . . . . . . . . . . . . . . . . . . . . . . . . . .25  . . . . . . . . . . . .408-522-3180 408-522-3181 http://mwj.hotims.com/16338-54
55 ET Industries  . . . . . . . . . . . . . . . . . . . . . . .173 . . . . . . . . . . . .973-394-1719 973-394-1710 http://mwj.hotims.com/16338-55
56 EuMW 2008  . . . . . . . . . . . . . . . . . . . . . . . .191 . . . . . . . . . .+ 44 20 7596 8742 + 44 20 7596 8749 http://mwj.hotims.com/16338-56
57 Feko  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .118  . . . . . . . . . .+27 21 880 1880 http://mwj.hotims.com/16338-57
58 Filtronic Compound 

Semiconductors, Ltd. . . . . . . . . . . . . . .169 . . . . . . . . . . . .408-850-5740 831-621-8074 http://mwj.hotims.com/16338-58
52 Florida RF Labs Inc.  . . . . . . . . . . . . . . . . . .17  . . . . . . . . . . . .800-544-5594 http://mwj.hotims.com/16338-52
59 G.T. Microwave Inc.  . . . . . . . . . . . . . . . . . .100 . . . . . . . . . . . .973-361-5700 973-361-5722 http://mwj.hotims.com/16338-59
60 GGB Industries, Inc.  . . . . . . . . . . . . . . . . . .3 . . . . . . . . . . . . .239-643-4400 239-643-4403 http://mwj.hotims.com/16338-60
61 Herley Industries, Inc.  . . . . . . . . . . . . . . . .99  . . . . . . . . . . . .631-630-2020 631-630-2066 http://mwj.hotims.com/16338-61
62 Herotek, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .76  . . . . . . . . . . . .408-941-8399 408-941-8388 http://mwj.hotims.com/16338-62

63,64,65 Hittite Microwave Corporation  . . . . . . .65,67,69 . . . . . . . . . .978-250-3343 978-250-3373 http://mwj.hotims.com/16338-63
66 Huber + Suhner AG . . . . . . . . . . . . . . . . . .137  . . . . . . . . .+41 (0)71 353 41 11 +41 (0)71 353 45 90 http://mwj.hotims.com/16338-66

IEEE Comcas 2008  . . . . . . . . . . . . . . . .176,200 www.comcas.org
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Job Name:  Synapse Prepare Job
Job Number:  V14
Proof Due:  Thu, Jul 4, 2002
Final Due:  Thu, Aug 29, 2002
Company:  Synapse Prepare Inc.
Contact:  Todd
Address:  18 PDF Lane
City:  Albertville
State:  BC  Zip:     Country:   
Office Phone:  555-555-1212
Email:  todd@synapseinc.com
Notes:  Please call if you have questions about this job
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For Commercial, Military, and Industrial Use, Mini-Circuits proudly presents the
MCA1 series of Low Temperature Co-fired Ceramic (LTCC) frequency mixers. Highly
reliable, only 0.080" in height, and "tough as nails", these patented mixers have all
circuitry hermetically imbedded inside the ceramic making them temperature stable
and impervious to most environmental conditions. The process also gives you high
performance repeatability and very low cost. There’s a variety of broadband models
and LO power levels to choose from, so you can use these mixers in a multitude of
designs and applications. And MCA1 mixers are ideal for the COTS program! Just
check all the specs on our web site. Then, choose the model that best fits your
needs. Our team is ready to handle your requirements with quick off-the-shelf
shipments, custom designs, and fast turn-around/high volume production.

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

IN STOCK

Model LO Freq. Conv. LO-RF Price
Level Range Loss Isol. $ ea.

(dBm ) (MHz ) (dB ) (dB ) ( Qty. 10 )

MCA1-85L 4 2800-8500 6.0 35 9.45
MCA1-12GL 4 3800-12000 6.5 38 11.95

MCA1-24 7 300-2400 6.1 40 5.95
MCA1-42 7 1000-4200 6.1 35 6.95
MCA1-60 7 1600-6000 6.2 30 7.95
MCA1-85 7 2800-8500 5.6 38 8.95
MCA1-12G 7 3800-12000 6.2 38 10.95

MCA1-24LH 10 300-2400 6.5 40 6.45
MCA1-42LH 10 1000-4200 6.0 38 7.45
MCA1-60LH 10 1700-6000 6.3 30 8.45
MCA1-80LH 10 2800-8000 5.9 35 9.95

MCA1-24MH 13 300-2400 6.1 40 6.95
MCA1-42MH 13 1000-4200 6.2 35 7.95
MCA1-60MH 13 1600-6000 6.4 27 8.95
MCA1-80MH 13 2800-8000 5.7 27 10.95

MCA1-80H 17 2800-8000 6.3 34 11.95

Dimensions: (L) 0.30” x (W) 0.250” x (H) 0.080”
U.S. Patent # 7,027,795

from ea.(Qty.1000)

B

LTCC MIXERS
300 MHz-12 GHz

$395

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

o S
C O M P L I A N T

TM

385 Rev J

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

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW

TM

Visit http://mwj.hotims.com/16338-101 or use RS# 101 at www.mwjournal.com/info
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IEEE MTT-S International 
Microwave Symposium  . . . . . . . . . .164,204  . . . . . . . . . .781-769-9750 781-769-5037 www.ims2008.org

67 Integrated Engineering Software  . . . . . . . .64  . . . . . . . . . . . .204-632-5636 http://mwj.hotims.com/16338-67
68 International Manufacturing 

Services, Inc.  . . . . . . . . . . . . . . . . . . . .138 . . . . . . . . . . . .401-683-9700 401-683-5571 http://mwj.hotims.com/16338-68
69 ITT Microwave Systems . . . . . . . . . . . . . . .140 . . . . . . . . . . . .978-441-0200 http://mwj.hotims.com/16338-69
70 ITU-Shows  . . . . . . . . . . . . . . . . . . . . . . . . .190  . . . . . . . . . .+41 22 730 6161 +41 22 730 6444 http://mwj.hotims.com/16338-70
71 IWCE 2008 . . . . . . . . . . . . . . . . . . . . . . . . .202 . . . . . . . . . . . .800-927-5007 http://mwj.hotims.com/16338-71
72 JFW Industries, Inc. . . . . . . . . . . . . . . . . . .171 . . . . . . . . . . . .317-887-1340 317-881-6790 http://mwj.hotims.com/16338-72
73 K&L Microwave, Inc. . . . . . . . . . . . . . . . . . .7 . . . . . . . . . . . . .410-749-2424 443-260-2268 http://mwj.hotims.com/16338-73
74 Keithley  . . . . . . . . . . . . . . . . . . . . . . . . . . . .43  . . . . . . . . . . . .888-588-9238 http://mwj.hotims.com/16338-74
75 KR Electronics, Inc.  . . . . . . . . . . . . . . . . . .204 . . . . . . . . . . . .732-636-1900 732-636-1982 http://mwj.hotims.com/16338-75
76 Locus Microwave, Inc.  . . . . . . . . . . . . . . . .196 . . . . . . . . . . . .814-466-6275 814-466-1104 http://mwj.hotims.com/16338-76
77 Logus Microwave Corporation  . . . . . . . . .199 . . . . . . . . . . . .561-842-3550 561-842-2196 http://mwj.hotims.com/16338-77
78 Lorch Microwave . . . . . . . . . . . . . . . . . . . . .47  . . . . . . . . . . . .800-780-2169 410-860-1949 http://mwj.hotims.com/16338-78
79 M/A-COM, Inc.  . . . . . . . . . . . . . . . . . . . . . .11  . . . . . . . . . . . .800-366-2266 978-442-5350 http://mwj.hotims.com/16338-79
80 M2 Global Technology, Ltd.  . . . . . . . . . . . .68  . . . . . . . . . . . .210-561-4800 210-561-4852 http://mwj.hotims.com/16338-80
81 Marki Microwave, Inc.  . . . . . . . . . . . . . . . .133 . . . . . . . . . . . .408-778-4200 408-778-4300 http://mwj.hotims.com/16338-81
82 Maury Microwave Corporation  . . . . . . . . . .9 . . . . . . . . . . . . .909-987-4715 909-987-1112 http://mwj.hotims.com/16338-82
83 MECA Electronics, Inc.  . . . . . . . . . . . . . . .98  . . . . . . . . . . . .973-625-0661 973-625-9277 http://mwj.hotims.com/16338-83
84 MICA Microwave, 

a division of Micronetics  . . . . . . . . . . .145 . . . . . . . . . . . .209-825-3977 209-825-3991 http://mwj.hotims.com/16338-84
85 Microsemi  . . . . . . . . . . . . . . . . . . . . . . . . . .74  . . . . . . . . . . . .541-382-8028 http://mwj.hotims.com/16338-85

Microwave Journal  . . . . . . . . . . . . . . .177,203,206  . . . . . . . .800-225-9977 781-769-5037 www.mwjournal.com
86 Millitech . . . . . . . . . . . . . . . . . . . . . . . . . . . .54  . . . . . . . . . . . .413-582-9620 413-582-9622 http://mwj.hotims.com/16338-86
87 Mimix Broadband, Inc.  . . . . . . . . . . . . . .COV 3  . . . . . . . . . .281-988-4600 281-988-4615 http://mwj.hotims.com/16338-87

88,89,90, Mini-Circuits  . . . . . . . . . . . . . . . . . . . . .4–5,16,35,
91,92,93,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51,52,61,
94,95,96,  . . . . . . . . . . . . . . . . . . . . . . . . . .81,102–103,117,
97,98,99,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .131,143,175,
100,101  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .193,211  . . . . . . . . . .718-934-4500 718-332-4661 http://mwj.hotims.com/16338-88

102,103,104 MITEQ Inc.  . . . . . . . . . . . . . . . . . . . . .83,123,207 . . . . . . . . .631-436-7400 631-436-7430 http://mwj.hotims.com/16338-102
105 MITS Electronics  . . . . . . . . . . . . . . . . . . . .126  . . . . . . . . . .+81-42(388)1051 +81-42(388)1060 http://mwj.hotims.com/16338-105
106 Modco, Inc. . . . . . . . . . . . . . . . . . . . . . . . . .204 . . . . . . . . . . . .775-331-2442 775-331-6266 http://mwj.hotims.com/16338-106
107 Modelithics, Inc. . . . . . . . . . . . . . . . . . . . . .128 . . . . . . . . . . . .888-359-6359 813-558-1102 http://mwj.hotims.com/16338-107
108 Modular Components National, Inc. . . . . .201 . . . . . . . . . . . .410-879-6553 410-638-7356 http://mwj.hotims.com/16338-108
109 Narda Microwave-East, 

an L3 Communications Co. . . . . . . . . . .8 . . . . . . . . . . . . .631-231-1700 631-231-1711 http://mwj.hotims.com/16338-109
110 Networks International Corporation  . . . . .110 . . . . . . . . . . . .913-685-3400 913-685-3732 http://mwj.hotims.com/16338-110
111 Nexyn Corporation  . . . . . . . . . . . . . . . . . . .92  . . . . . . . . . . . .408-982-9339 408-982-9275 http://mwj.hotims.com/16338-111
112 Noisecom  . . . . . . . . . . . . . . . . . . . . . . . . . . .19  . . . . . . . . . . . .973-386-9696 973-386-9191 http://mwj.hotims.com/16338-112
113 OML Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . .167 . . . . . . . . . . . .408-779-2698 408-778-0491 http://mwj.hotims.com/16338-113
114 Picosecond Pulse Labs Inc.  . . . . . . . . . . . .148 . . . . . . . . . . . .303-209-8100 303-447-2236 http://mwj.hotims.com/16338-114
115 Planar Monolithic Industries, Inc.  . . . . . . .112 . . . . . . . . . . . .301-631-1579 301-662-2029 http://mwj.hotims.com/16338-115
116 Pole/Zero Corporation  . . . . . . . . . . . . . . . . .6 . . . . . . . . . . . . .513-870-9060 513-870-9064 http://mwj.hotims.com/16338-116

117,118 Radiall . . . . . . . . . . . . . . . . . . . . . . . . . . . .82,185  . . . . . . . . .33-1-49-353535 33-1-48-546363 http://mwj.hotims.com/16338-117
119 Reactel, Incorporated  . . . . . . . . . . . . . . . . .48  . . . . . . . . . . . .301-519-3660 301-519-2447 http://mwj.hotims.com/16338-119
120 RelComm Technologies, Inc. . . . . . . . . . . .111 . . . . . . . . . . . .410-749-4488 410-860-2327 http://mwj.hotims.com/16338-120
121 REMEC Defense & Space  . . . . . . . . . . . . .70  . . . . . . . . . . . .858-560-1301 http://mwj.hotims.com/16338-121
122 RF Connectors, 

Division of RF Industries  . . . . . . . . . .128 . . . . . . . . . . . .800-233-1728 858-549-6340 http://mwj.hotims.com/16338-122
124 RF Micro Devices  . . . . . . . . . . . . . . . . . . .101 . . . . . . . . . . . .336-678-5570 336-931-7454 http://mwj.hotims.com/16338-124
125 RF TEC Mfg., Inc.  . . . . . . . . . . . . . . . . . . .204 . . . . . . . . . . . .770-487-2187 770-486-9499 http://mwj.hotims.com/16338-125
123 RFcore Co., Ltd. . . . . . . . . . . . . . . . . . . . . .162  . . . . . . . . . . .82 31 708 7574 82 31 708 7596 http://mwj.hotims.com/16338-123
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