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Prepare yourself for a new kind of relationship with San-tron. A relationship

that combines experience and service with a passion to earn your business.

Over the last 50 years, we’ve taken pride in being a trusted supplier of 

standard and custom engineered coaxial solutions. We have an extensive 

catalog of products from SMA to LC to cable assemblies and our custom

engineering capabilities are unsurpassed. Engage with us today, and 

experience the quality, service, selection, and pricing you’re looking for.

www.santron.com  

978-356-1585

prepare to engage
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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

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

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

THE WORLD’S LARGEST SELECTION

POWER
SPLITTERS

COMBINERS

2kHz to12.6GHz from79¢

IN STOCK

RoHS models available, consult factory.

o S
C O M P L I A N T

TM
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194 Rev H

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/11713-78 or use RS# 78 at www.mwjournal.com/info
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Because Component Failure Is Not An Option.

Dependability in extreme conditions is just one of the many

reasons design and manufacturing engineers make Narda

Power Dividers and Combiners their first choice. Narda

offers hundreds of standard off-the-shelf designs that meet

most requirements. Our power dividers exhibit superior

isolation, minimum insertion loss and excellent phase and

amplitude balance. They are available in a number of

frequency ranges with many RF connector options.

Please visit our web site to view detailed specifications

of our large selection of power dividers. We’re sure you’ll

find one that meets your exact requirements.

435 Moreland Road, Hauppauge, New York 11788
USA Tel: 631.231.1700 • Int’l Tel: 631.231.1390
Fax: 631.231.1711
e-mail: nardaeast@L-3com.com
www.nardamicrowave.com

WE DESIGN OUR COMPONENTS
TO WORK IN THE MOST 

EXTREME CONDITIONS

Narda Power Dividers and Combiners 

� DC to 40 GHz 

� Octave, multi-octave and ultra broadband models 

� 2-way, 3-way, 4-way, 6-way, 8-way and 16-way models  

� High power and special applications

� Economical models for wireless applications

Visit http://mwj.hotims.com/11713-96 or use RS# 96 at www.mwjournal.com/info
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Some tuners just work better than others.
Thanks to Maury Microwave’s new automated

high-gamma tuners (HGT™) you’re able to cover
all the requirements of impedance matching and
in-fixture and on-wafer loadpull.

Whether your involved in fab operations,
modeling, design, production test or multiple tasks,
the HGT™ is the solution for all your loadpull needs. 

With the industry’s highest accuracy and best
calibration you’ll have more time to design —
knowing they will work right the first time.

The Maury HGT™ Advantage
200:1 VSWR for Sub 1Ω Loadpull – ideal
for GSM/EDGE, WCDMA, WiFi, and WiMax

Ultra-High Matching Range for GaN, GaAs,
LDMOS, and Deep Submicron CMOS
Characterization

Simultaneous Ultra-High Matching and
Low Vibration

825 MHz to 6.0 GHz Frequency Coverage

USB interface for Simple, Fast and
Reliable Control

DLL Control for Automated Applications MAURY MICROWAVE
C O R P O R A T I O N

2900 Inland Empire Blvd., Ontario, CA 91764
Tel: 909-987-4715

E-mail: loadpull@maurymw.com
maurymw.com

Looking for the perfect tuner?Looking for the perfect tuner?

HGT™ Frequency Matching Vector ∆Gt
Model Range Range Repeatability dB Power
Number* (GHz) Min Typ dB (Typ) (Typ) Capability

MT981HU_† 0.825–5.6 100:1 200:1 200 W CW

MT981HU_† 1.8–6.0 100:1 200:1
-40 ±0.3 2.5 kW PEP

Contact Maury Microwave today
for more information and to

schedule a FREE in-house demo!

* Connector sizes available: 7mm, 14mm or 7-16mm
† Contact Maury Microwave for specific model numbers

Visit http://mwj.hotims.com/11713-73 or use RS# 73 at www.mwjournal.com/info
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115 IMS 2007: Microwaves Across the Pacific
Wayne A. Shiroma, General Chair, IMS 2007
An introductory message from this year’s International Microwave Symposium general chairman regarding IMS 2007, to be
held June 3–8, in Honolulu, Hawaii

C O V E R  F E A T U R E

124 RF MEMS: Ready for Prime Time
John McKillop, TeraVicta Technologies Inc.
In-depth look at the past, present and future of radio frequency microelectromechanical systems switch technology

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

168 A CMOS Frequency Synthesizer with Self-biasing Current Source for a 5 GHz Wireless LAN Receiver
C. Quemada, H. Solar and G. Bistué, Centro de Estudios e Investigaciones Técnicas de Gipuzkoa; J. de No and I. Sancho,
Escuela Superior de Ingenieros Industriales de San Sebastián
Description of a fully integrated 3.2 GHz synthesizer with a self-biasing current source for a 5 GHz wireless LAN receiver

102 Design of a Novel Quad-band Microstrip BPF Using Quarter-wavelength Stepped-impedance
Resonators
Chung-I G. Hsu, Da-Yeh University; Ching-Her Lee and He-Kai Jhuang, National Changhua University of Education
Introduction to a quad-band microstrip bandpass filter designed to pass signals in the GPS L1 channel, ISM, WiMAX and
WLAN bands

116 A Compact Microstrip Stepped-impedance Resonator and Filter
Jian-kang Xiao, South China University of Technology; Shi-wei Ma, Shanghai Key Laboratory of Power Station Automation
Technology; Ying Li, Shanghai University
Design and analysis of a double-T-shaped microstrip bandstop filter, a double-H-shaped microstrip bandpass filter and a
hairpin SIR bandpass filter
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The IEEE 802.16 standards-based wireless technology
is envisioned for a variety of applications: providing 
high-speed access to underserved areas, larger 
footprint “hotspots”, backhaul of Wi-Fi and cellular 
traffic, and business connectivity.

M/A-COM provides one of the broadest lines of
reliable WiMAX RF components including amplifiers, 
attenuators, drivers, mixers, circulators, and switches 
for the 2.5, 3.5 and 5 GHz frequency bands for
CPE, mobile and base station applications. 

For complete information visit www.macom.com 
or contact our sales office.

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

M/A-COM and Tyco are trademarks.
WiMAX is a trademark of the WiMAX Forum.

Products
available for

WiMAX
base station

The stringent performance 
requirements of WiMAX
require a M/A-COM solution

MAAMSS0072 2.3-2.7/3.3-3.7 24/22 27/27 20/20 235/5

MAAMSS0073 2.3-2.7/3.3-3.7 22/20 30/30 23/23 490/5

MAAPSS0096 4.9-6.0 20.5 28 19 230/5

MAAPSS0103 2.3-2.7 34 32 26 600/5

MAAPSS0104 3.3-3.8 32 32 26 600/5

MAAP-007899 5.7-5.9 23 28 21 475/5
(per 200 MHz bandwidth)

Packages for parts listed above are 4 mm PQFN

     Part Number       Freq (GHz)             Gain      P1dB      Pout      Ids/Voltage

Driver Amplifiers

Class A/B Amplifiers

Low Noise 
Amplifiers:

MAALSS0033 (2.5 GHz)
MAALSS0034 (2.5 GHz)
MAALSS0038 (2.5 GHz)

Drivers 
Amplifiers:

MAAMSS0014
MAAMSS0017
MAAMSS0048
MAAMSS0049
MAAMSS0050

Attenuators:
AT-90-0001 
(4.9-5.9 GHz)

MAADSS0012 
(2.5, 3.5 GHz)

MAADSS0010 
(2.5 GHz)

Low Noise 
Driver Amps:
MAALSS0034
MAALSS0038
MAAMSS0070

Filter

I/Q
Demodulator

A/D
Converter

D/A
Converter

I/Q
Demodulator

MixerFilter

Power 
Transistors:

(2.5, 3.5 GHz) 
MAAP-008171 

(10 W)
(2.5, 3.5 GHz) 
MAAP-008170 

(5 W)

Driver Amps:
MAAMSS0072 
(2.5, 3.5 GHz)

MAAMSS0073 
(2.5, 3.5 GHz)

MAAPSS0103 
(2.5 GHz)

MAAPSS0104 
(3.5 GHz)

MAAPSS0096 
(5.8 GHz)

MAAP-007899
(5.7-5.9 GHz)

PIN Diodes:
MADP-042305-130600 
(2.5, 3.5, 4.9-5.9 GHz)

MADP-042405-130600 
(2.5 GHz)

MADP-042505-130600 
(2.5, 3.5 GHz)

Mixers:
MA4EX240L-1225 (2.5 GHz) 
MA4EX240M-1225 (2.5 GHz) 
MA4EX370L-1225 (3.5 GHz)
MA4EX370M-1225 (3.5 GHz)

MA4EX580L-1225 (4.9-5.9 GHz)
MA4EX600L-1225 (4.9-5.9 GHz)
MA4EX600M-1225 (4.9-5.9 GHz)

MA4EXP240L-1277 (2.5 GHz)

Mixers:
MA4EX240H-1225 

(2.5 GHz)
MA4EX370H-1225 

(3.5 GHz)
MA4EX600H-1225 

(2.5 GHz)
MAMX-090240-1277 

(2.5 GHz)
MA4EXP400H-1277 

(3.5 GHz)

SPDT Switch:
MASWSS0093 

(2.5, 3.5, 5.8 GHz)

WiMAX 
Base Station

Visit http://mwj.hotims.com/11713-71 or use RS# 71 at www.mwjournal.com/info
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T E C H N I C A L  F E A T U R E S

128 A 40 to 900 MHz CMOS Broadband Differential LNA for a 
DTV RF Tuner
D.R. Huang and H.R. Chuang, National Cheng Kung University; Y.K. Chu,
Himax Technologies; C.L. Lu, Kun Shan University
Description of a 40 to 900 MHz CMOS broadband differential low noise
amplifier with gain control for a DTV radio frequency tuner application

138 EM Enables Classic Filter Technique
Randy Rhea, Susina LLC
Use of electromagnetic simulation in aiding the general procedure, a classic
technique for filter design

148 Concept and Method of High Efficiency in a Precision Ka-band
Subminiature Coaxial Connector
Jae-Ho Yoon, Won-Yong Cho, Ah-Rah Koh, Seung-Jun Lee, Bhanu Shrestha,
Gary P. Kennedy and Nam-Young Kim, Kwangwoon University
Design and fabrication of a miniature SMA connector for use at Ka-band using
the characteristic impedance of a coaxial line, a discontinuous transmission line
and the characteristics of dielectric bead-air line interfaces

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

158 A Low Noise PHEMT Device
Filtronic Compound Semiconductors Ltd.
Introduction to a small, low cost low noise amplifier with low DC power
consumption usable from frequencies of 900 MHz to 5.8 GHz

170 An LTCC Mixer for Instrumentation and Military Applications
Mini-Circuits
Use of low temperature-cofired-ceramic technology, semiconductor technology
and a highly manufacturable circuit layout in the development of a high
performance passive mixer
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IDTechEx

Defense Spending Increases
Provide Robust Market for

Compound Semiconductors

Radar, Communications, 
Smart Munitions and Electronic

Warfare Contract Awards 
Exceed $16 B in 2006

Strategy Analytics projects that the
market for GaAs devices will see con-
tinued growth at a CAAGR of 8%
through to 2010.

RFID: A Tale of Four Continents

RFID is being adopted worldwide but
with very great differences of emphasis
as revealed by the IDTechEx knowl-
edge base of over 2450 case studies
in 92 countries. This is a tale of four,
very different continents.

Passive Phase Shifters and Their
Applications in RF Front-end

Circuits

By Brian Kearns and 
Brendan McDonald

TDK Electronics Ireland Ltd.

Introduction to a two-port chip compo-
nent designed to be matched to 50 Ω
terminations at each of the two ports.

WWHHIITTEE PPAAPPEERR
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Space and budget saving 
Push-on connectors
Tensolite’s solution for applications demanding maximum RF performance
and design flexibility in the smallest format. Tensolite’s  MCX and MMCX
connectors are rated up to 6 GHz.  They are designed for 75 & 50 ohm
impedances and have reliable coupling methods. They are designed for use in
applications where space and weight considerations are crucial.

( 8 6 6 )  2 8 2 - 4 7 0 8

( 5 6 2 )  4 9 4 - 0 9 5 5  ( f a x )

T e n s o l i t e . c o m
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SPECIAL REPORT

tended IMS 2005 (Long Beach, CA)
and IMS 2006 (San Francisco, CA) re-
ceived 984 and 982 submissions, re-
spectively. Thirty-two percent of our
paper submissions are from the US,
and 30 percent are from Asian-Pacific
Rim countries, again indicating the
strong IMS 2007 participation from
Asia. RFIC 2007, held in conjunction
with IMS, received an all-time record
of 350 papers, representing a 30 per-
cent increase over last year.

Under the leadership of UCLA Pro-
fessor Tatsuo Itoh, the Technical Pro-
gram Committee is assembling a top-
notch technical program that includes
the usual array of technical papers,
workshops, panel sessions and fo-
cused/special sessions. For the first
time in recent IMS history, we will of-
fer short courses from world-class ex-
perts that allow participants to receive
IEEE continuing education units. We
will also offer an expanded interactive
forum in the morning and afternoon.

Our hotel rooms are selling at such
a brisk pace that we are negotiating
with hotels for larger room blocks to
accommodate the demand. We are
also planning an extensive guest pro-
gram that the whole family can enjoy.

All in all, we anticipate IMS 2007 to
be the microwave blockbuster event of
the year. All of us on the IMS 2007
Steering Committee, the IEEE MTT-S
and Microwave Journal look forward to
seeing you in Hawaii this June. Aloha! 

WAYNE A. SHIROMA
General Chair, IMS 2007

Five months from now, Honolu-
lu, HI will be the host city for
what is widely regarded as the

most prestigious microwave industry
gathering in the world: the 2007 Inter-
national Microwave Symposium (IMS
2007), to be held June 3–8, 2007.

IMS 2007 is the largest interna-
tional conference devoted to the re-
search, development and application
of RF and microwave theory and
techniques, and is expected to draw
over 10,000 participants and 400 ex-
hibiting companies from around the
world. This conference is organized
and sponsored by the Microwave
Theory and Techniques Society
(MTT-S) of the Institute of Electrical
and Electronics Engineers (IEEE).

IMS 2007 marks the 50th year that
MTT-S has sponsored this symposium,
and coincidentally it is being held in
the 50th state of the US. It is also the
first time that this symposium is being
held off of the North American conti-
nent. Hawaii has long been regarded as
the Crossroads of the Pacific, and both
the Microwave Journal and the IMS
2007 Steering Committee are using
this opportunity to bridge East and
West by encouraging attendees and ex-
hibitors to interact in what is now a
global microwave village.

From all indications we have had so
far, IMS 2007 will be a well-attended
event. We received 1039 technical pa-
per submissions, higher than any other
IMS year except for IMS 2003
(Philadelphia, PA), which received
1100. By comparison, the very well at-

IMS 2007:
MICROWAVES
ACROSS THE
PACIFIC

Visit http://mwj.hotims.com/11713-28
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“Ask Harlan,” a technical question and answer session with Harlan Howe,
Jr., an industry veteran and long-time Microwave Journal editor, has been a
regular part of our web site (www.mwjournal.com) for almost three years now.
In an effort to better combine the editorial content of our magazine with our
newly developed and retooled on-line presence, we have decided to develop
Harlan’s RF and microwave engineering advice into a monthly feature. 

How it works: Harlan has selected one question from his “Ask Harlan”
column to be featured in the magazine. Please visit
www.mwjournal.com/askharlan to provide an answer to this month’s featured
question (see below). Harlan will be monitoring the responses and will ulti-
mately choose the best answer to the question. Although all of the responses
to the featured question will be posted on our web site, we plan to publish
the winning answer in the April issue. All responses must be submitted by
March 6, 2007, to be eligible for the participation of the February ques-
tion.

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

Peter Saul from Saul Research has submitted this month’s question:

Dear Harlan,
What happened to the “Hula Hoop” antenna, AKA DDRR? It was reported
in the 1960s, but not since. It appears from the references (Microwave Jour-
nal, Vol. 6, No. 11, November 1963, pp. 89–90; how can I get a copy?) to
have had lots of promise.

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

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

(maximum prize retail value $150).

The December question was submitted by Shanthi B. from
Commercial Cellphone Makers:
Dear Harlan,
Why is the open/short/thru method the most preferred calibration method
for RF measurements?
The winning response to the December question is from Roger
Chandra of Aero Inc.:
There are mainly five reasons why it is preferred: 1.) This is the simplest
method known for making RF measurements; 2.) The time needed for mak-
ing a measurement is much less than any other known method; 3.) The re-
sults are very accurate and all benchmarking studies have proven that; 4.)
The measurement setup and calibration methods of the instruments are rela-
tively easy; 5.) Last but not the least, the cost involved is also less.

December Question and Winning Response

Harlan’s response: 
Dear Shanthi, 
It is the most preferred because it is simple, fast, accurate and the calibra-
tion fixtures are relatively inexpensive to make and stable over time.

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

SATELLITE 2007
February 19–22, 2007 • Washington, DC
www.satellite2007.com

MARCH

MILITARY TECHNOLOGIES CONFERENCE
March 27–28, 2007 • Boston, MA
www.miltechconference.com

CTIA WIRELESS 2007
March 27–29, 2007 • Orlando, FL
www.ctiawireless.com

RF & HYPER EUROPE 2007
March 27–29, 2007 • Paris, France
www.rfhyper.com

INTERNATIONAL WIRELESS COMMUNICATIONS
EXPO (IWCE 2007)
March 28–30, 2007 • Las Vegas, NV
www.iwceexpo.com

APRIL

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

JUNE

IEEE MTT-S INTERNATIONAL MICROWAVE
SYMPOSIUM AND EXHIBITION
June 3–8, 2007 • Honolulu, HI
www.ims2007.org

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM (RFIC 2007)
June 3–8, 2007 • Honolulu, HI 
www.rfic2007.org

69TH ARFTG CONFERENCE
June 7–8, 2007 • Honolulu, HI
www.arftg.org

WCA 2007
June 11–14, 2007 • Washington, DC
www.wcai.com/events.htm

4TH INTERNATIONAL WORKSHOP ON ADVANCED
GROUND PENETRATING RADAR (IWAGPR 2007)
June 27–29, 2007 • Naples, Italy
www.irea.cnr.it/IWAGPR2007

JULY

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

SEPTEMBER

IEEE INTERNATIONAL CONFERENCE
ON ULTRA-WIDEBAND (ICUWB 2007)
September 24–26, 2007 • Singapore
www.icuwb2007.org
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OCTOBER

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

ASSOCIATION OF OLD CROWS (AOC 2007)
October 28–31, 2007 • Orlando, FL
www.crows.org

MILITARY COMMUNICATIONS CONFERENCE
(MILCOM 2007)
October 29–31, 2007 • Orlando, FL
www.milcom.org

NOVEMBER

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

DECEMBER

ASIA-PACIFIC MICROWAVE CONFERENCE
(APMC 2007)
December 11–14, 2007 • Bangkok, Thailand
www.apmc07.com

MAXXED OUT?
WiMax 802.16

Passive RF Components Made
for WiMax Applications
Are you maxxed out trying to stretch your old 2.5 GHz
devices to work in higher frequency WiMax applications?
EMC Technology and Florida RF Labs have released new
components specified to work in WiMax applications for
frequency requirements up to 5 GHz.

emct.com
rflabs.com

(800) 544-5594
(772) 286-9300

ISO 9001 and 14001 Certified

Visit http://mwj.hotims.com/11713-44

COMING EVENTS

CALL FOR PAPERS

European Microwave Week (EuMW 2007)
by February 25, 2007

IEEE International Conference on 
Ultra-WideBand (ICUWB 2007)

by March 4, 2007
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SPACE-BASED RADAR

■ Topics: The Space-based Radar
(SBR) course will explore theory, ap-
plications and orbital considerations
for both synthetic aperture radar
(SAR) and moving target indication
(MTI) modes. SBR technology issues
covered include electronically
scanned antennas, waveforms, track-
ing and on-board processing. While it
emphasizes radar sensor issues, the
course will include top-level satellite
prime power, structure, thermal and
altitude control. For more informa-
tion, visit www.pe.gatech.edu.
■ Site: Atlanta, GA
■ Dates: March 5–9, 2007
■ Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

REVERBERATION CHAMBER
THEORY AND EXPERIMENT SHORT
COURSE

■ Topics: This course is designed for
engineers who will be involved in ra-
diated emission or immunity testing
of commercial or military systems us-
ing reverberation chambers. The the-
ory portion will cover the statistical
nature of reverberation chamber test-
ing, characterization of the EM test
conditions, and the tradeoff between
uncertainty in test results and test
time. The experiments include typical
measurement techniques, chamber
calibration, immunity, emission and
pulse testing in reverberation cham-
bers.
■ Site: Stillwater, OK
■ Dates: April 30–May 4, 2007
■ Contact: For more information,
visit http://rc-course.okstate.edu.

MAKING ACCURATE LOW LEVEL
ELECTRICAL MEASUREMENTS

■ Topics: This course provides users
with a detailed understanding of how
to make accurate low level electrical
measurements. Users will learn what
constitutes a low level measurement,
the limitations of these measure-
ments, sources of measurement error
and techniques to eliminate these
errors.
■ Site: Cleveland, OH
■ Dates: June 19–20, 2007
■ Contact: For more information,
visit www.keithley.com.

PRACTICAL ANTENNA DESIGN

■ Topics: The course covers the im-
portant and timely issues involving
modern antenna design and theory.
Developed specifically for engineers
and designers who work with radar
and radio communications, this work-
shop will give participants the under-
standing of antenna theory and tech-
niques, the skills to analyze, design
and measure various antennas, and
the knowledge of antenna measure-
ments. For more information, visit
www.conted.ox.ac.uk.
■ Site: Summertown, Oxford, UK
■ Dates: June 20–21, 2007
■ Contact: University of Oxford
Continuing Education, +44 (0) 1865
286958 or e-mail: anthony.santiago@
conted.ox.ac.uk.

THE ENTREPRENEURIAL ENGINEER

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

PCB DESIGN TECHNIQUES FOR
EMC AND SIGNAL INTEGRITY

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

Visit http://mwj.hotims.com/11713-57
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Slotted Arrays Ground Based 
Antennas 

ATLANTIC MICROWAVE www.atlanticmicrowave.com  978-779-6963 ATLANTIC POSITIONING SYSTEMS www.atlanticpositioners.com  727-299-0150 
KEVLIN www.kevlin.com  978-557-2400    NURAD www.nurad.com  410-542-1700  

Positioning Systems 
for EO Applications 

Platform and Soldier 
Combat Management
Systems 

Waveguide 
Assemblies 

ELECTRONIC WARFARE

RADAR SYSTEMS

GROUND  AND MOBILE 
COMMUNICATIONS

SATELLITE 
COMMUNICATION

COMMERCIAL 
AVIATION

SMART MUNITIONS 
AND MISSILES

HOMELAND SECURITY

SPACE SYSTEMS

SEARCH AND 
SURVEILLANCE

OVERHAUL AND 
REPAIR

the power  

Cobham 
Defense

Electronic
Systems...

Positioners for RF & 
Microwave Applications 
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Control Components Integrated Microwave 
Assemblies 

Filters MMIC 

COBHAM DEFENSE COMMUNICATIONS www.cobhamdcweb.com  +44 0 1254 292020    CONTINENTAL MICROWAVE www.contmicro.com  603.775.5200 
REMEC DEFENSE & SPACE www.remecrds.com  858.560.1301    SIVERS LAB AB www.siverslab.se  +46 8 477 6811  

Rotary Joints Airborne Antennas 

the whole is far greater 
than the sum of its parts

The power of integration

Cobham Defense Electronic Systems is…

For more information, go to our Web site

www.cobhamdes.com
A Cobham plc subsidiary

  of integration

Atlantic Microwave, Atlantic Positioning Systems, 
Cobham Defense Communications Ltd., Continental Microwave,  
Kevlin, Nurad, REMEC Defense & Space, Sivers Lab AB
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bined the advantages of semiconductor manu-
facturing with the best features of electro-
mechanical relays. In particular, it was pre-
dicted that MEMS switches would be small,
have low power consumption and low loss—
and, if properly manufactured in high volume,
would be low cost and highly reliable.

The first part of this promise was realized
by MEMS switch prototypes developed at
leading US industrial research centers during
the early 1990s.3 Work at Hughes Research
Labs, Raytheon/Texas Instruments and the
Rockwell Science Center clearly demonstrat-
ed that MEMS switches could be small and
high performance, and that they could deliver
bandwidth and linearity equal to or better
than the best electromechanical relays. The
only problem that (seemingly) remained to be
solved was lifetime reliability, and the race was
on.

When reliable commercial devices failed to
quickly come out of Hughes, Raytheon and
Rockwell, the door opened for other companies

24 MICROWAVE JOURNAL ■ FEBRUARY 2007

JOHN MCKILLOP
TeraVicta Technologies Inc.
Austin, TX

The promises and shortcomings of micro-
electromechanical systems (MEMS)
switch technology have become almost

legendary. Perhaps no other electronic com-
ponent in history has been the source of so
much hype—and the cause of so much disillu-
sionment. So much so, that Internet sites ad-
vise engineers to steer clear of MEMS switch
technology. Fortunately for those who have
patiently followed this technology, the trou-
bling early days are finally over and MEMS
switches are rapidly fulfilling all of their earli-
er promise. This article takes a fresh look at
lessons learned and where things stand today,
along with prospects for a bright future.

PAST
The first MEMS electrical switch was an-

nounced by IBM nearly 30 years ago.1 Al-
though the MEMS acronym was not coined
for another decade,2 this was one of the first
practical microelectromechanical devices that
used semiconductor fabrication techniques to
build small mechanical structures in silicon
that were moved or “actuated” electrically. It
also showed that MEMS could create an en-
tirely new class of switch technology that com-

RF MEMS: 
READY FOR PRIME TIME

COVER FEATURE
INVITED PAPER
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RLC HAS THE POWER DIVIDER
For over 45 years RLC has been the Leader in

Power Dividers with Standard and Custom

Designs, Excellent Reliability, High Volume

Production and Cost Effective Solutions... and

RLC is ISO Certified.

RLC is your complete Microwave Component

source… Switches, Filters, Power Dividers,

Couplers, Terminations, Attenuators, 

DC Blocks, Hybrids, Bias Tees, Diplexers,

Multiplexers, Equalizers & Detectors

• 2-32 way

• DC to 40 GHz 

• Wide Bandwidth

• Low Insertion Loss & VSWR

• High Isolation

• Excellent Phase & Amplitude Balance

• Connectorized or Surface Mount 

• SMA, N, BNC,TNC or Pins

• High Reliability

• Small Size

• 50 or 75 Ohms Impedance

RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549 
Telephone: 914-241-1334 • Fax: 914-241-1753
e-mail: sales@rlcelectronics.com • www.rlcelectronics.com

Visit http://mwj.hotims.com/11713-118 or use RS# 118 at www.mwjournal.com/info
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to enter the race and the level of devel-
opment activity exploded. By the end
of the 1990s, more than 100 companies
and research institutions throughout
the world had started MEMS switch

development programs. Visible com-
mercial activity peaked between 2000
and 2001 with product “pre-announce-
ments” from a number of major manu-
facturers and the launch of multiple

startup companies.4 Electrical perfor-
mance was generally outstanding, but
switch samples once again failed to
meet customers’ expectations for quali-
ty and reliability.

26 MICROWAVE JOURNAL ■ FEBRUARY 2007

COVER FEATURE

MEMS SWITCH CHALLENGES
Thinking that they were facing a “normal” set of techni-

cal challenges, MEMS switch developers consistently un-
derestimated the difference between being able to sample
a few prototype devices from a wafer and consistently
manufacturing products that deliver high levels of quality
and reliability. This created market expectations that are
only now beginning to be met, and generated a consider-
able degree of skepticism concerning both MEMS compa-
nies and their products that still exists today. A number of
technical issues contributed to this miscalculation, and to
the difficulties in developing a reliable MEMS switch.
Fortunately, hindsight allows us to highlight the most im-
portant of these issues and to identify the key solutions
that were required to develop the first reliable RF MEMS
switch products.

Unlike many other emerging technologies, MEMS
switches must compete against established products based
on very mature and stable technologies. Market entry
products must have an initial defect rate of less than one
percent and an operating life of at least 100 million cy-
cles—10 times higher than a traditional electromechanical
relay with otherwise comparable performance. This is a
phenomenal expectation for an emerging technology prod-
uct and a significant challenge in itself.

In parallel with this hurdle were two other serious tech-
nical issues that impacted nearly every MEMS switch de-
velopment effort. The first was a subtle but important con-
flict between the market requirements for MEMS switch-
es and stiction, the typical early failure mechanism of
these devices (see Figure A1).

RF MEMS switch users need low loss devices that are
capable of reliably handling a few watts of RF power in a
frequency band from DC to 5 GHz. This demand can only
be met by ohmic contact switches with very low contact
resistance (insertion loss). The requirement for low con-
tact resistance, in turn, favors the use of relatively soft con-

tact metals and/or high contact force, which makes the
contacts stick together and fail (a phenomenon known in
the MEMS community as stiction). Reliable low loss oper-
ation therefore requires stiff switch elements that provide
enough return force to overcome stiction. High return
force in turn requires a high enough operating voltage to
generate enough closing force to overcome this stiffness
and achieve an efficient contact. The correlation between
design parameters and key failure mechanisms necessi-
tates the use of high force actuator designs.

Low voltage actuator operation requires a compliant
switch element (spring) that will necessarily have a limited
return force. Thus, there is a fundamental conflict be-
tween the requirement for low switching voltage and the
requirement for reliable, low loss operation. Although a
variety of low voltage designs were investigated, all com-
mercial solutions to date use “high force” actuator designs.
This in turn requires high closing force, which can only be
generated by high switch voltages.

Early MEMS switch designs were also plagued by the lack
of hermetic packaging expertise within the MEMS industry.
Contact degradation is one of two primary failure mecha-
nisms for MEMS switches with ohmic contacts. This is pri-
marily caused by contamination of the switch contacts and
leads to steadily increasing values of switch resistance and in-
sertion loss until the switch fails.

Long life MEMS switches thus require both high force
actuation and manufacturing and packaging techniques
that fabricate contaminant free switch contacts and keep
them clean. This in turn requires cavity style packages that
can protect the moving parts of the MEMS device from
damage and contamination. A viable solution to this prob-
lem only emerged in the last several years as MEMS
switch manufacturers adapted wafer bonding techniques
to the fabrication of hermetic cavity packages. This ad-
vancement in packaging technology has shown the incredi-
ble sensitivity of MEMS switches to contamination. The
crucial importance of hermetic packaging is highlighted by
the fact that early MEMS switches attempted to get by
with non-hermetic packaging technology. All failed to
meet the 100 M cycle lifetime required for an entry-level
product to compete with incumbent technologies. The
MEMS switches manufactured by TeraVicta and Radant
MEMS use in-line chip scale hermetic packages that are
sealed in a clean room. This approach helps eliminate con-
tamination of the MEMS switch contact and is a key factor
in achieving operating lifetimes in excess of 100 M cycles.

Looking back with perfect hindsight, it is now possible
to see that two key achievements were required to develop
a commercial MEMS switch. The first was the realization
that high force actuation was essential. The second was
that in-line chip scale hermetic packaging was equally
important in delivering highly reliable MEMS switches.
TeraVicta and Radant MEMS have both solved the 
puzzle.  ■

Operating
Spec

Contact
Resistance

Switch
Voltage

Switch
Speed

Design
Parameter

Contact
Metal

Actuator
Force Gap

Failure
Mechanism

Positive Correlation
Negative Correlation

Contact
Degradation Stiction

▲ Fig. A1  Diagram illustrating the cross-correlation between
operation specifications, design parameters and failure mechanisms of
RF MEMS switches.
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The extensive wait of nearly 10 years
for a viable MEMS switch product
made customers wary of the difficulties
involved in commercializing this tech-
nology. Although there were a number
of good reasons for these failures (see
Inset), the string of premature product
announcements in 2000 and 2001 was
the last straw. Customers became disil-
lusioned by the hype surrounding
MEMS switches and a cynical attitude
toward the technology quietly settled

into the marketplace. Driven by this se-
rious case of market overexposure and
a realization that hard proof of reliable
product performance was the only way
to successfully win customers, MEMS
switch development moved into
“stealth” mode after 2001. While much
of this activity remains out of the public
eye to this day, MEMS switch develop-
ment efforts continue at some of the
most prestigious companies throughout
the world.

A basic search of MEMS switch
and related patents issued after 2000
illustrates the breadth and depth of
MEMS development. As shown in
Figure 1, nearly 200 US patents
were issued for MEMS switch-relat-
ed technology in the last seven years
alone. In addition to the early pio-
neers in MEMS switching, patent as-
signees include major MEMS com-
ponent manufacturers (Agilent, Ana-
log Devices and Freescale) and other
leaders in the semiconductor industry
(Intel, IBM, Samsung and Toshiba).

Despite the massive deployment
of resources and expertise by industry
leaders, the first commercial MEMS
switch was introduced by a relatively
small company. Initial demonstration
of what would become the first com-
mercial MEMS switch was reported
in the late 1990s by a team from
Northeastern University working in
collaboration with Analog Devices.
This technology was ultimately li-
censed by Radant MEMS, a Stow,
MA, company that is focused on the
production of high reliability switches
for government and military applica-
tions. Radant MEMS announced the
first DC to 10 GHz single-pole sin-
gle-throw (SPST) MEMS switch able
to meet 100 M cycles (see Figure 2)
in 2004. The company has since in-
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▲ Fig. 1  Results of a US patent search on
MEMS switch technology.
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troduced a single-pole double-throw
(SPDT) switch that operates from
DC to 20 GHz, and multi-contact se-
ries shunt switches that operate to 40
GHz.

The first commercially qualified
MEMS switch was announced by
TeraVicta Technologies in 2005 and
began shipping in early 2006. Based
on the company’s patented high force
disk actuator (HFDA) technology
(see Figure 3), the SPDT switch op-

erates from DC to 7 GHz. TeraVicta
led the industry by extending semi-
conductor qualification techniques to
MEMS devices, and shipped the
first-ever qualified commercial
MEMS switch in early 2006. The
company’s RF MEMS switches have
found their way into high volume
commercial applications including
automatic test equipment, instru-
mentation and wireless communica-
tions.

PRESENT
While a number of companies have

disclosed either development efforts
or limited sampling of advanced pro-
totypes, at present only Radant
MEMS and TeraVicta have MEMS
switch products available in produc-
tion quantities.5 Radant MEMS mar-
kets its products almost exclusively to
government and military customers in
the United States, while TeraVicta ac-
tively sells its products to commercial
customers worldwide.

A discussion of the features of the
TeraVicta MEMS switch provides a
useful illustration of current MEMS
switch technology. This switch uses a
“device on package” construction
with the switch built directly on a ce-
ramic (alumina) wafer with conduc-
tive metal vias (see Figure 4). Indi-
vidual switch features are patterned
using conventional high volume semi-
conductor fabrication techniques, in-
cluding sputter deposition and etch-
ing processes, with bulk metal layers
fabricated via electroplating.
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▲ Fig. 2  SEM photographs of the Radant
MEMS switch package (a) the actuator (b)
with detail of the contact area (c).
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Device failures are minimized
through the use of a proprietary high
force disk actuator (HFDA), which
provides substantial restoring force
when the switch is in the closed posi-
tion. This results in a very reliable op-
eration, albeit at a relatively high
switch voltage (68 V). Low voltage
operation (3 to 5 V) is made possible
through the use of a separate charge
pump integrated circuit (IC). The
package is completed by the attach-
ment of a metal (Kovar) lid which
provides a hermetic seal that elimi-
nates the possibility of downstream
contamination from backend manu-
facturing processes, and drastically
reduces device failures due to contact
contamination. The end result is a
small (3.25 × 4.5 mm) surface-mount-
able micro-BGA ceramic package
that provides a high efficiency, manu-

facturable electrical connection to
the printed circuit board.

Switches with multiple contact
configurations (SPDT, DPDT, etc.)
can be constructed by connecting
multiple HFDAs in a single package.
This is illustrated by an RF electro-
magnetic/solid model of the basic DC
to 7 GHz SPDT switch shown in Fig-
ure 5. The RF signal is conducted
into the switch through a central ter-
minal (RF common), which connects
to two HFDAs on the device. Closing
either HFDA results in an electrical
connection to its respective output
pin. Note that since the HFDAs can
be independently actuated, it is possi-
ble to open (or close) both switch
contacts at the same time or to arbi-
trarily control the opening and clos-

ing sequence of the switch contacts.
Typical HFDA switches currently
have a 70 µs switching speed.

The HFDA technology used by
TeraVicta also provides resistance re-
peatability that is typically much bet-
ter than 10 mΩ, which enables inser-
tion loss reproducibility of better
than 0.4 dB across the entire 7 GHz
band. These switches are also rated
for continuous operation at up to 15
W, with a peak power handling capa-
bility of at least 30 W.

By comparison, Radant MEMS
uses a conventional silicon microma-
chining approach to produce a very
high force cantilever switch structure,
along with a wafer bonded hermetic
package to insure hermeticity. Al-
though the stiffness of this cantilever
structure results in even higher oper-
ating voltages (90 V), switching times
are reduced to 10 µs. Electrical con-
nection is provided by wire bonding
from the top surface of the chip to ei-
ther a chip carrier or directly to the
printed circuit board.

The characteristic RF performance
of the TeraVicta DC to 7 GHz SPDT
switch is shown in Figure 6. This
MEMS switch delivers superior perfor-
mance with insertion loss less than 0.1
dB at frequencies less than 1 GHz (0.4
dB at 7 GHz), with more than 20 dB of
return loss and at least 25 dB of isola-
tion. The simple construction of these
switches also provides very low distor-
tion for high power signals. Measured
values of IP3 are typically in excess of
70 dBm, greater than the sensitivity of
most measurement systems.

Although a number of MEMS
switch developers have disclosed anec-
dotal results that show lifetimes of sev-
eral billion cycles for individual switch
samples, the perception of poor relia-
bility still lingers in the marketplace.
In response to this, TeraVicta has pub-
lished lifetime data based on statisti-
cally significant samples of production
devices.6 This data, reproduced in
Figure 7, shows a Weibull plot of the
failure distribution of current produc-
tion devices. Included in the plot for
comparison are representative failure
distributions for competing electro-
mechanical relays and reed relays. Ad-
ditional data (green triangles) is in-
cluded for devices that do not fail be-
fore 100 M cycles.

Device reliability in semiconduc-
tors and other electrical products is
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▲ Fig. 4  Cross-section representation of
the basic TeraVicta MEMS switch and 
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▲ Fig. 6  RF performance characteristics of
the TeraVicta DC to 7 GHz SPDT MEMS
switch.

▲ Fig. 5  Electromagnetic/solid model of an
SPDT MEMS switch.
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▲ Fig. 3  Photographs of the TeraVicta
TT712 MEMS package (a) and SEM
photograph of the HFDA (b) with details of
the switch contact area (c).

 2M27 FINAL  1/29/07  1:44 PM  Page 32



• Settling Time < 200 nsec.
• Low Spurious <-70 dBc
• Harmonics -50 dBc max.
• Resolution 1 Hz (0.1 Hz option)
• Ultra Wideband Frequency Coverage
• Phase-noise -105 dBc/Hz @ 1 KHz
• Noise Floor -140 dBc
• Phase and Frequency Coherent
• FM Modulations Built-in
• Front Panel Control
• Compact Size: (DxWxH) 19”x19”x3U

FEATURES

Model: MW-15131HS-0.5-18-1Hz

Microwave Division: 48 Mivtza Kadesh St. Bene Beraq, 51203 ISRAEL, Tel. 972(3)6175655, Fax. 972(3)6175299, Email: trm1@elisra.com, www.mw-elisra.com
Sales Office in USA: Vanguard Engineering, Inc. 12905, Aiderlef Dr. Germanitown, MD 20874, Tel. (301)353-9113, Fax. (301)972-5669, Email: vge1@erols.com

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

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

GSA Contract #GS24F0072M

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

Visit http://mwj.hotims.com/11713-42 or use RS# 42 at www.mwjournal.com/info

 2M27 FINAL  1/29/07  1:44 PM  Page 33

http://mwj.hotims.com/11713-42
http://www.mwjournal.com/info
mailto:trm1@elisra.com
http://www.mw-elisra.com
mailto:vge1@erols.com


typically described in terms of mean
time before failure or MTBF. The
useful life of an RF MEMS switch is
usually limited by the number of
switch cycles, not by elapsed time,
however, and their reliability is better
described in terms of cycles before
failure. Current MEMS switch prod-
ucts, manufactured by TeraVicta,
have a typical switch life or mean cy-
cles before failure (MCBF) of ap-
proximately 200 million cycles, 20

times higher than the best electro-
mechanical relays.

Like other small electromechani-
cal switches, MEMS switch lifetimes
are significantly de-rated in hot
switching applications (opening or
closing the switch with voltage pre-
sent) at power levels above 0 dBm.
Hot switching at 1 V/1 mA, for exam-
ple, currently degrades the expected
operating life by approximately a fac-
tor of 10.

MEMS switch prices are currently
competitive with alternative switch
technologies, and average sale prices
will continue to decrease as volume
manufacturing increases, making
MEMS switches a viable option for
some of the most price-sensitive con-
sumer applications. Today, most com-
mercial applications take advantage
of one or more of the unique features
of these devices: small size, low (re-
peatable) loss, high linearity and
broad bandwidth. Leading applica-
tions include high speed digital chan-
nel switching in automated test
equipment, antenna switching in
wireless communications and filter
bank switching in instrumentation,
military and aerospace applications.

Finally, it should be noted that a
number of MEMS switch develop-
ment activities are still underway at
leading companies and research insti-
tutions worldwide. Switch prototypes
have recently been announced by
Omron, Panasonic, WiSpry and
XCom Wireless. Sampling to select
customers is reportedly underway. As
of this writing, only Radant MEMS
and TeraVicta have demonstrated the
ability to deliver MEMS switches in
production volume.5

FUTURE
Three key trends will drive new

applications for MEMS switches over
the next three to five years: prolifera-
tion of a wide variety of new product
configurations, substantial improve-
ments in reliability, and significant re-
ductions in switch size and cost.

The biggest change within the next
year will be the emergence of a wide
variety of new switch products. As an
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example, during 2007 TeraVicta will
deploy its proven HFDA technology in
a variety of new high performance high
reliability MEMS switches. This in-
cludes the introduction of a new high
frequency switch line with products op-
erating across the DC to 36 GHz band,
and a range of new multi-pole multi-
throw switch configurations within the
existing 7 GHz product family.

In coming years, new MEMS
switch companies and/or new prod-

uct features should also begin to
emerge. Anticipated new product
features include high isolation (> 45
dB) switches, isolated gate (four-ter-
minal) operation for relay replace-
ment applications, as well as signifi-
cant improvements in hot switching
performance. Although current
charge pump ICs can be used to
drive independent banks of MEMS
switches, in the future direct integra-
tion of high voltage drivers with

MEMS switches will enable the in-
troduction of high reliability low volt-
age switches that eliminate the need
for high voltage on the printed circuit
board, a key feature for high volume
consumer applications.

Substantial improvements in
switch reliability will also occur over
the next few years. The vast majority
of field failures for MEMS switches
today are caused by increases in con-
tact resistance due to contamination
of the switch contacts. Improvements
in process cleanliness and package in-
tegrity, along with the elimination of
contamination from other materials,
will dramatically improve product
lifetimes. Although a quantitative
forecast of lifetime improvement is
difficult, comparison with other
emerging technologies can provide a
qualitative guide. Similar require-
ments for process and materials im-
provement were faced by early devel-
opers of semiconductor diode lasers,
for example. These researchers were
able to consistently improve diode
laser lifetime by a factor of 10 every
18 months (see Figure 8). A similar
trend is likely for MEMS switches,
with lifetimes of at least 10 B cycles
and initial defect levels approaching
100 parts per million achieved over
the next three to five years.

The most commercially significant
trend over the next three to five years,
however, will be reductions in switch
size and cost. The substitution of lower
cost materials, reductions in product
size (proportional to cost) and higher
fabrication utilization from increasing
product sales will reduce product costs
by a factor of 10 or more. Significant
product size reductions will also occur,
with packaged SPDT switches in form
factors below 1.5 mm2 (a 90 percent
size reduction).
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Military and Commercial markets.

UTE Microwave has the experience 
to meet your low and HIGH POWER 
requirements (many off-the-shelf).

In Communications, Radar, TV, PCS, 
Satcom, Medical and Scientific Markets,
UTE Microwave offers a broad line of 
products for your specific applications.

Contact us for your low loss, wide 
band requirements at:

Our ferrite ‘POWER-LINE’ 
includes: Broadband Units • Common 

Band Devices • High Isolation Units • Multiport 

Devices • Drop-In Devices • Wireless/PCN 

Devices • High-Power Industrial/Medical 

Iso Adaptors • Waveguide Junctions 

High-Power TV Units • VHF and UHF Devices

“The Ferrite Solutions 
Company”

3500 Sunset Ave., Asbury Park, NJ 07712
Tel: 732-922-1009 Fax: 732-922-1848
E-mail: info@utemicrowave.com

HIGH POWER CIRCULATORS
Frequency Ranges from 100 MHz

A broad line of low loss, High Power 

coaxial and stripline mounting circula-

tors are available. Typical coax units 

handle 3 KW, CW, 10 KW peak at 120 

MHz and 500 Watts CW, 2 KW peak 

in the 400-800 MHz TV bands, while

250 Watt stripline drop-in units are also 

available. In the .800-3.5 GHz spec-

trum, 0.15 dB loss stripline drop-in units 

operate at 200 Watts CW, 2 KW peak 

power levels.

OUR

YEAR
35th

Contact us for more information on our extensive product line and current catalog. We accept Visa, MC, Amex

15⁄8 EIA Connectors

Visit http://mwj.hotims.com/11713-151 or 
use RS# 151 at www.mwjournal.com/info
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Although quantitative price fore-
casts are equally difficult, a review of
historical price data from comparable
technologies shows that most electron-
ic devices experience a very uniform
“learning curve,” with a 35 percent re-
duction per year in the average selling
price (ASP) of a given function (tran-
sistor, gate, or instructions executed
per second). The learning curve for the

first high volume transistors, for exam-
ple, is shown in Figure 9 (with prices
adjusted to constant 2005 dollars). Al-
though prices declined uniformly at
the same rate of 35 percent per year,
this analysis shows that the first transis-
tors actually entered the market with a
comparative unit price of $50. While
there are reasons to suspect that limi-
tations in size reduction will ultimately
limit MEMS switch costs, price reduc-
tions of at least 35 percent per year are
likely for the forseeable future. Al-
ready, MEMS switches are price com-
petitive with existing switching solu-
tions.

This fresh look at MEMS switch
technology shows that despite linger-
ing concerns about the reliability of
this technology, a handful of MEMS
switch manufacturers are finally de-
livering the first of a new family of
high performance, high reliability
switch products. These products are
already finding high volume applica-
tions in automatic test equipment, in-
strumentation and communications.
The list of applications is expected to
explode as customers take advantage
of all the benefits that MEMS switch-
es have to offer.  ■
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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 the biggest in
the world with more than
5,000 Aeroflex 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/twoyear

Visit http://mwj.hotims.com/11713-3 or use RS# 3 at www.mwjournal.com/info
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RF/LO IF LO Conversion LO-to-RF
Model Frequency Frequency Power Loss (dB) Isolation

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

DOUBLE-BALANCED VERSIONS

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

TRIPLE-BALANCED VERSIONS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

For full data sheets on the
products shown, please visit

www.miteq.com/adinfo

For Carrier Driven Modulators, 
please contact MITEQ.

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

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

Visit http://mwj.hotims.com/11713-93 or use RS# 93 at www.mwjournal.com/info
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Ciao Wireless, Inc. 4 0 0 0  V i a  P e s c a d o r,  C a m a r i l l o ,  C A  9 3 0 1 2

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

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/11713-29 or
use RS# 29 at www.mwjournal.com/info
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The US Air Force has
awarded Northrop

Grumman Co. two con-
tracts worth a total of $254
M for the E-8C Joint Sur-
veillance Target Attack
Radar System (Joint
STARS). The contracts
cover work on the Joint
STARS Total System Sup-
port Responsibility (TSSR)

sustainment and Joint STARS Extended Test Support
(JETS) programs. 

The $140 M TSSR award is for a seventh year, through
2007, following an initial six-year $810 M contract award-
ed in 2000, bringing the total cumulative value of the
TSSR contract to $950 M. The initial contract included
options that could extend Northrop Grumman’s participa-
tion on this program for more than two decades. Through
this TRSS contract, the Air Force has reduced the cost of
supporting the E-8C fleet by having the prime contractor,
Northrop Grumman, partner with the Warner Robins Air
Logistics Center. This cooperative business initiative has
been a model for complete life cycle support. 

The Air Logistics Center and Northrop Grumman use
each other’s best practices to provide economical Joint
STARS support that fully meets the needs of the opera-
tional aircraft fleet. Northrop Grumman provides inte-
grated management of all facets of depot maintenance, in-
cluding some technology refreshment. The Air Force Lo-
gistics Center provided a dedicated management team in
concert with software maintenance support, critical parts
manufacture and repair of specific mission system items.
Under this contract, most of the normal aircraft heavy de-
pot maintenance repair and overhaul, including system
upgrade modifications, will continue at the Lake Charles,
LA Modification Center operated by Northrop Grum-
man. The contract also includes subcontract competition
and small business participation.

The JETS II contract, worth $114 M over four years,
provides test support capability for the Joint STARS Im-
provement Program. JETS II is a continuation of the cur-
rent $64.8 M JETS program with similar objectives and
provisions. The contract provides the critical skill infra-
structure and the test assets necessary for the continued
evolution and development of the Joint STARS system.
The key mission objectives under the JETS II contract in-
clude: conducting government testing; providing training
and proficiency flights for mission crew and primary air-
crew; office facilities for the government Joint Test Force,
engineering services; participation in system demonstra-
tions and exercises; and installation, evaluation, demon-
stration and testing of potential system modifications and
improvements. Both contracts are managed by the Air
Force Material Command. The TSSR contract is man-
aged through the Warner Robins Air Logistics Center at
Robins Air Force Base, GA, and the JETS II contract is
managed through the Electronic Systems Center at
Hanscom Air Force Base, MA.

US Air Force Awards

Northrop Grumman

Contracts for Joint

STARS Fleet Support

NetFires LLC, a com-
pany composed of

Raytheon Co. Missile Sys-
tems business and Lock-
heed Martin Missiles and
Fire Control, successfully
passed a joint critical de-
sign review (CDR) for the
Non Line-of-Sight-Launch
System Precision Attack
Missile and Container

Launch Unit. The Non Line-of-Sight-Launch System,
which is one of the 18 Future Combat System’s core sys-
tems, will operate as part of the Future Combat System
Systems of Systems to meet the requirements of the
Army’s Future Brigade Combat Teams. It will provide in-
creased capability for the Current Force’s Modular
Brigade Combat Teams. 

Compared to systems with equivalent firepower (kill
per combat load), the Non Line-of-Sight-Launch System
provides a tailorable, modular, highly deployable and
flexible precision fires capability to the US Army, US
Navy and joint maneuver forces for a very low life-cycle
system cost. 

“This successful CDR was made possible by our dedi-
cated government and industry personnel and I am
pleased with the independent review team’s assessment
and approval of our success,” said col. Doug Dever, Non
Line-of-Site-Launch System project manager. “There are
not enough words to express my sincere thanks to the
hundreds of people throughout the United States who
made this major milestone a success. The team has
demonstrated a design that meets all design and perfor-
mance requirements for the Non Line-of-Sight-Launch
System.” 

The successful completion of the Non Line-of-Sight-
Launch System Critical Design Review represents a sig-
nificant milestone in meeting the design and performance
parameters of the Non Line-of-Sight-Launch System sup-
porting Future Combat System Spin Out 1 and
weaponization of the Navy Littoral Combat Ships. 

“Joint procurement of this system by the Army and
Navy will result in significant economy, better interop-
erability and the potential for mutual support between
land and sea forces in the littorals. It is a win for both
services,” said Capt. Mikem Good, Navy program man-
ager for Littoral Combat Ship Mission Modules, Pro-
gram Executive Office Littoral and Mine Warfare. “The
Non Line-of-Sight-Launch System is one of the key
Littoral Combat Ship mission modules in a spiral devel-
opment process to meet future requirements and im-
prove our warfighting capability.” 

The Non Line-of-Sight-Launch System consists of
Raytheon’s Precision Attack Missile and a joint Lockheed
Martin and Raytheon Container Launch Unit. In 2004,
the Army decided to accelerate the Raytheon’s Precision
Attack Missile and the joint Lockheed Martin and
Raytheon Container Launch Unit for incorporation into
the Army’s Evaluation Brigade combat Team, Spin Out 1.

NetFires 

Successfully

Completes Joint

Critical Design

Review
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Circulators, Isolators, Attenuators

ISO 9001 Certified

Call our factory with your exact specifications

Tel: 978 772-7774   Fax: 978 772-7775   
www.dropinisolator.com

4 kW CW

Low Insertion Loss

Fixed Attenuator

REC engineering capabilities run the gamut of 
providing Circulators, Isolators and Attenuators 
with very low insertion loss all the way to low 
frequency devices requiring high continuous 
power operations.
Renaissance Electronics Corp. along with newly
acquired P&H Laboratories has a strong heritage 
of providing quality products for a variety of 
military and space applications.

for Military & Space Applications

Harris Corp., an inter-
national communica-

tions and information
technology company, has
announced that the Soft-
ware Communications Ar-
chitecture (SCA) of its
Falcon® III AN/PRC-
152(C) has been reviewed
and tested by the Joint
Program Executive Office

of the Joint Tactical Radio System Test and Evaluation
Laboratory (JPEO JTEL) and certified with waivers by
Dennis Bauman, the Joint Program Executive Officer of
the Joint Technical Radio System (JPEO JTRS). All
JTRS radios must use the SCA software operating envi-
ronment as the basis to run the radio’s waveforms. With
over 3000 AN/PRC-152(C) multiband handheld radios
in service today and over 17,000 expected to be in serv-
ice by summer 2007, the AN/PRC-152(C) is the first
widely fielded tactical radio to receive SCA certification.
“We are very happy to see Falcon III radio now SCA-
and NSA-certified,” said Bauman. “I am committed to
removing JTRS market entry barriers and creating a
competitive environment within the JTRS family. Prod-

Harris Receives 

SCA-Certification

for Falcon III

AN/PRC-152(C)

ucts like the reprogrammable, SCA-compliant Falcon III
will permit faster and cheaper means to upgrade the ra-
dio capabilities and implement crypto modernization.
Our goal is to provide our Joint Warfighters with a family
of interoperable, secure, affordable software-defined ra-
dios. I welcome Harris into the JTRS family.” 

“Fielding JTRS technology this early is a great win for
the JTRS program and the government, and shows the
true power of JTRS standards,” said Dana Mehnert,
president, Harris RF Communications Division. “The
AN/PRC-152(C) was internally developed by Harris and
implements key JTRS requirements: the SCA operating
environment, and type 1, software-programmable en-
cryption. By leaving the doors open to competition, the
government can significantly benefit from commercial
technology and accelerate getting new capabilities to the
warfighter faster.” The AN/PRC-152(C) and its associat-
ed vehicular adapter amplifier, the AN/VRC-110, are ex-
amples of commercial technology providing new capabil-
ities to the warfighter. In service today, the AN/VRC-110
fits into a standard SINGARS vehicular communications
mount, but unlike the dedicated-use SINGARS radio,
the multimode AN/VRC-110 supports multiple wave-
forms: SINGARS, Havequick I/II, VHF/UHF AM&FM
and MIL-STD-188-181B.  ■

Visit http://mwj.hotims.com/11713-109
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seismographs, water analysers and air analysers to im-
prove Europe’s environment and, in turn, the quality of
life for its citizens. With a total budget of €11 M, the
OSIRIS project calls for the definition, development and
testing of an integrated real-time surveillance and crisis
management system. The system will significantly en-
hance Europe’s ability to monitor environmental crises
and manage and coordinate related operations and emer-
gency responses. 

The proposed architecture is open and scalable to al-
low for easy integration of new data from satellites and
other sources to further improve the quality of service. 

The OSIRIS programme is a prime illustration of the
integrated services concept underpinning the European
GMES system, which will provide the secure information
and communication system architecture needed to deliver
functions ranging from earth observation to end user serv-
ices.

Diamond Microwave
Devices (DMD) is a

new subsidiary set up by
Element Six (E6), a world
leader in the development
of Chemical Vapour Depo-
sition (CVD) diamond
technology. The new com-
pany aims to develop novel
diamond semiconductor
materials and processing

technology that will help create the next generation of
high power, high temperature semiconductor devices for
use in microwave power amplifiers and transmitters. 

Element Six has also signed a collaboration agreement
with Filtronic plc to work with DMD to develop this new
technology. Filtronic and E6 will use their complementary
high technology strengths in materials, semiconductor de-
vice processing and circuits to expedite the development
of this new microwave technology that has the potential of
revolutionising microwave power electronics. 

E6 has been involved with major research and industri-
al programmes such as the UK’s Department of Trade and
Industry sponsored Carbon Power Electronics (CAPE)
programme aimed at overcoming the technical challenges
of developing diamond-based electronics components.
For high power electronics, CVD diamond offers unique
properties such as high breakdown voltage and high tem-
perature operation. If a practical semiconductor device
can be demonstrated, it could have the potential to pro-
vide superior microwave power and higher operating tem-
peratures than existing semiconductor devices and tech-
nologies. 

Dr. Richard Lang, general manager of DMD, said,
“Whilst the technical challenges are high, a diamond
MESFET could revolutionise the design of future mi-
crowave power modules. There is much work to be done
in order to realise a practical device, and we are excited
by the opportunity to explore the boundaries of this
emerging technology.”

Diamond Set to be

Semiconductors’

Best Friend

Set to have a major im-
pact on the semiconduc-

tor industry is Surrey
NanoSystems, a new com-
pany resulting from leading
UK technology venture
company IP Group team-
ing up with scientists from
the University of Surrey’s
Advanced Technology In-
stitute (ATI) and CEVP

Ltd., a leader in plasma tool manufacture. The new com-
pany’s remit is to provide commercial tools for producing
nanomaterials.

IP Group has financed the joint venture company in
which ATI scientists are developing a ‘NanoGrowth’™
machine in conjunction with specialists from CEVP. Using
patented technologies and recipes developed by the uni-
versity, the NanoGrowth machine represents the world’s
first commercial tool for low temperature growth of car-
bon nanotubes, which can provide high quality, high
speed connections to the next generation of silicon chips.
The low temperatures used permit the use of existing sili-
con semiconductor materials which are not able to with-
stand the high growth temperatures previously required
for the formation of nanotubes.

The low temperature carbon nanotube growth process
is expected to be of considerable use in both academic
and commercial laboratories for the development of prac-
tical nanomaterial production techniques for high tech-
nology applications. Likely applications include low resis-
tance nanowires in integrated circuits, semiconducting
nanotubes for fabricating high performance transistors,
micro-miniature heat sinks, ultra-tough polymer compos-
ites, gas sensors and light sources for flat panel displays.

Outlining the potential significance of the initiative,
Ben Jensen, technical director for CEVP, said, “I am in-
credibly excited by the partnership mix between IP
Group, the University of Surrey and Surrey NanoSystems.
This will enable the company to break new ground in the
manufacturing and use of carbon nanotubes and nano-
structures within the CMOS process window.” 

The European Commis-
sion has selected a con-

sortium led by Thales to de-
velop OSIRIS—Open archi-
tecture for Smart and
Interoperable networks in
Risk management based on
In-situ Sensors, the first in-
tegrated service of the Glob-
al Monitoring for Environ-
ment and Security (GMES)

programme. GMES will create an EU-wide capability to ac-
quire, analyse, process and distribute information in support
of European environment and security directives. 

From 2008, GMES will provide services based on data
from satellites and a range of in-situ sensors including

Thales Leads

Development of

First GMES Service  

New Horizons for

Surrey NanoSystems
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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

EADS and Enterprise
Ireland have signed a

strategic partnership agree-
ment for aerospace re-
search, technology devel-
opment and procurement.
The Memorandum of Un-
derstanding between the
two parties forms the basis
for co-operation until 2012
by which time the aim is to

increase annual sales by Irish companies to EADS to a
value of €35 M. 

The primary aim of the agreement is to increase the
level of procurement by EADS from Enterprise Ireland’s
client companies. Furthermore, the agreement aims to
optimise opportunities for co-operation in technology re-
search and development between EADS, Enterprise Ire-
land client companies and Science Foundation Ireland. It
will also help maximise the benefits of the involvement of
EADS, Enterprise Ireland and Science Foundations Ire-
land in the European Framework Program 7, a European
Union programme for funding scientific research. 

A significant part of the agreement is research and
technology collaboration between EADS and The Centre
for Telecommunications Value-Chain Research at Trinity
College Dublin (TCD) and NUI Maynooth. The company

Enterprising Tactics

for EADS in Ireland

will also fund a number of PhD programmes in key re-
search areas of aerospace and security, with the first pro-
gramme commencing at TCD. 

Ericsson and the Stock-
holm School of Eco-

nomics have agreed to cre-
ate a programme aimed at
generating in-depth knowl-
edge of Chinese business
and economics and China’s
impact on global trade pat-
terns. The programme be-
gan on 1 January 2007 and
comprises several compo-

nents designed to support the capacity of Sweden to fol-
low developments in China, strengthen Swedish-Chinese
relations in economics, business and research and its im-
pact on the world economy. 

The programme will be based at the Stockholm School
of Economics in close cooperation with the China Centre
for Economical Research at Peking University.

Carl-Henric Svanberg, president and CEO of Ericsson,
commented, “This new initiative creates the base for a com-
petence centre in Sweden with the aim of strengthening Er-
icsson’s and Sweden’s relations with China.”  ■

Ericsson Strengthens

Swedish-Chinese

Relations

Visit http://mwj.hotims.com/11713-128

INTERNATIONAL REPORT
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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, 2-2500MHz
• Very High Isolation, up to 52dB

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

VERYHIGH IP3...to+36dBm

MIXERS
2to2500MHz

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

high IP3 up to +36dBm, 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 RevB

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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WORLD’S SMALLEST
2WAY-0°SPLITTERS

$169
each ( qty.1000 )from

Measuring only 0.15"square, Mini-Circuits tiny SBTC power
splitters are also the world’s lowest priced 2way-0°
splitters operating within the 5 to 2500MHz band. But
that's not all! Patented technology provides outstanding
performance features including low insertion loss
down to 0.3dB typical, excellent 0.2dB amplitude and
1degree phase unbalance (typ), and
superior temperature stability. 

Pads are solder plated, and connections are assembly welded
for high temperature reflow reliability. As demand for smaller
gets bigger, blow away the competition with Mini-Circuits
space saving, money saving SBTC power splitters.

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

SBTC-2-10+ 5-1000 50Ω 2.49
SBTC-2-20+ 200-2000 50Ω 3.49
SBTC-2-25+ 1000-2500 50Ω 3.49

SBTC-2-10-75+ 10-1000 75Ω 3.49
SBTC-2-15-75+ 500-1500 75Ω 3.49
SBTC-2-10-5075+ 50-1000 50/75Ω 3.49
SBTC-2-10-7550+ 5-1000 50/75Ω 3.49
U.S. Patent No. 6,963,255

5 to 2500MHz…Immediate Delivery

C U S T O M P R O D U C T N E E D S …Let Our Experience Work For You.

o S
C O M P L I A N T

354 Rev F

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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The AESAs report de-
tails an extensive new

study of Active Electroni-
cally-Scanned Arrays
(AESA), which has just
been released by Engalco. 

AESAs have been al-
ready well proven in many
new and upcoming radar
systems and are increasing-
ly being adopted for vari-

ous platforms—with airborne installations (including
UAVs) always forming the major segment. 

According to Engalco’s research, the overall “free
world” market value for AESAs will grow from approxi-
mately $2.8 B in 2006 to more than $10 B in 2013. Engal-
co also estimates that the total value of the required trans-
ceiver modules will increase from $1.3 B in 2006 to $6 B
in 2013 and therefore the requirements for the embedded
semiconductors (being mainly X-band MMICs) will ex-
hibit similar strong growth. Power amplifiers, required for
every transceiver module, will always lead the market for
these specialized semiconductors and GaN-based devices
will take over in this application after 2010.

AESAs have a very large growth potential, notably for
military end-users. With just one AESA, very high speed,
multi-target radar tracking is possible, simultaneously
with microwave communications and EW—all available
using the same system. In addition, these systems intrinsi-
cally exhibit graceful degradation, which results in sub-
stantially reduced down times and maintenance costs,
compared to traditional radars. 

The systems identified and the quantitative data pro-
vided in the report are segmented operationally by air-
borne, land-based and ship-borne installations and geo-
graphically by Europe, North America and the “Rest of
the World.” Space-based AESAs are also considered. In
every respect, North America always strongly leads in all
markets and for sources of development and production.
Markets for all segments are shown in detail within the
report, with forecasts extending to 2014. A substantial
number of mainly market-data charts are provided as well
as more data tables. Transceiver unit prices (ASP) and
shipment forecasts are also provided in most instances.

Forthcoming platforms having built-in AESAs are in-
cluded, as well as AESA-upgrades for existing platforms.

In the report, 14 AESA OEM companies are profiled,
with more extensive profiles provided for the major com-
panies that own some of these OEMs.

Engalco is a tech-sector consultancy, industry analysis,
market forecasting and publishing concern. With strong ex-
perience in all relevant commercial and defense segments,
the firm specializes mainly in the RF/microwave, wireless,
fiber-optics, photonics and related electronics sectors. The
firm has been responsible for several published market re-
ports and the completion of a number of private client pro-
jects in these sectors. Engalco’s mission is to continue pro-
viding a range of vital types of analysis, research and pub-
lishing services, in addition to customized consultancy
based upon the firm’s specialist capabilities.

A New Industry

Study on Active

Electronically

Scanned Arrays

Customer’s dependence
on wireless communi-

cations and their adoption
of high bandwidth 3G cel-
lular services are the pri-
mary drivers of the global
growth for in-building
wireless systems that ex-
tend and create wireless
coverage indoors. Accord-
ing to a new study from

ABI Research, deployments of these systems are expected
to result in revenues in excess of $3.6 B by 2011. 

Says ABI Research analyst Dan Shey, “People spend a
significant amount of time indoors and, not surprisingly,
they also expect indoor access from their outdoor wireless
service. But indoor coverage does not just satisfy a need
for service convenience; it is also used to improve busi-
ness productivity.” As a result, commercial buildings will
be a major focus of the in-building wireless systems indus-
try, affecting carriers, businesses, building owners, equip-
ment manufacturers and solution providers. 

Deployments and revenues of in-building wireless sys-
tems will be dominated by distributed antenna systems,
commanding over 60 percent of the deployments and over
75 percent of the equipment revenues. These systems are
most economical for buildings larger than 100,000 square
feet, a size where coverage and signal level capacity from
outdoor networks into buildings begin to fall significantly. 

For buildings smaller than 100,000 square feet, re-
peaters are the primary solution; however, repeater ship-
ment growth will slow, due to replacement by picocells
and femtocells. According to Shey, “Repeaters are a cost-
effective way to provide coverage inside buildings but
they do not add capacity, which will be needed as 3G
services usage increases. New picocells and femtocells,
which can be backhauled via an IP connection are a cost-
effective way to add capacity and coverage.” 

ABI Research’s study, “In-Building Wireless Systems:
Worldwide Deployment Scenarios for Active, Passive and
Distributed Antenna Systems, Repeaters, Picocells and
Femtocells,” provides a comprehensive view of the global
in-building wireless systems industry. It examines in-
building wireless systems based on the value chain, build-
ing size and type; and system type, component, cost and
functional capabilities. The analysis is complemented by
worldwide forecasts for in-building wireless deployments,
revenues, penetration and unit shipments for five global
regions: North America, Europe, Asia-Pacific, Latin
America and Rest of World. The study forms part of the
firm’s Wireless Infrastructure Research Service, which in-
cludes Research Reports, Research Briefs, Market Data,
On-line Data Bases, ABI Insights, the ABI Vendor Matrix
and analyst inquiry support.

Founded in 1990 and headquartered in New York, ABI
Research maintains global operations supporting annual
research programs, intelligence services and market re-
ports in broadband and multimedia, RFID and contact-
less, M2M, wireless connectivity, mobile wireless, trans-
portation and emerging technologies.

Global In-building

Wireless Systems to

Show 20 Percent

Annual Growth Rate
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LDMOS based LinearLDMOS based Linear
High Power AmplifierHigh Power Amplifier
LDMOS based Linear
High Power Amplifier

Model Frequency Output Power Power Gain Output Emissions RF Input VSWR RF Output VSWR
IN-BAND       SHOULDERS(GHz)

Please contact our Sales Team for more information on this line of  Amplifier products:

Enhanced Heat Sink Design

High Linearity PA for Broadcast

of COFDM waveforms

Optimized Thermal Distribution

Designed for Outdoor Operation

DHPA - 1500

DHPA - 1670

DHPA - 2200

DHPA - 2330

1.450 - 1.500

1.670 - 1.675

2.170 - 2.200

2.305 - 2.360

300 W

250 W

280 W

280 W

54 dB (typ.)

53 dB (typ.)

54 dB (typ.)

55 dB (typ.)

- 25 dB

- 30 dB

- 27 dB

- 25 dB

- 30 dB

- 35 dB

- 32 dB

- 30 dB

1.50 : 1

1.50 : 1

1.50 : 1

1.50 : 1

1.20 : 1

1.20 : 1

1.20 : 1

1.20 : 1

DHPA - 2600 2.500 - 2.700 250 W 54 dB (typ.) - 27 dB - 32 dB 1.50 : 1 1.20 : 1

Visit http://mwj.hotims.com/11713-148
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For further information, contact Engalco at +44 (0) 1262
424 249 (GMT) or e-mail: enquiries@engalco-research.com.

India, with growing semi-
conductor consumption

and acceleration in elec-
tronics manufacturing activ-
ities and with the setting-up
of EMS shops, is destined
to emerge as an important
semiconductor manufactur-
ing location, reports In-Stat.
India is one of the fastest
growing semiconductor-

consuming markets in the world, the high-tech market re-
search firm says. The rise of the middle class is driving the
consumer market in India at an astounding pace. 

“The semiconductor ecosystem, which is currently domi-
nated by design services and embedded software, will be in
place by 2010 with the setting-up of planned semiconductor
manufacturing facilities,” says Mayank Jain, In-Stat analyst.
“Thus, by 2010, India will have the entire semiconductor in-
dustry in place, and will be in the reckoning among other
Asia semiconductor manufacturing countries.”
Recent research by In-Stat found the following:
• The market for semiconductors in India was valued at
$1.18 B in 2005 and is forecast to reach $3.09 B by 2010.

India Expected to

Become a

Semiconductor

Manufacturing

Player

• Television sets lead semiconductor consumption in the
consumer segment.
• By 2010, communications is anticipated to be the ma-
jor contributor to semiconductor consumption.

The research, “Indian Semiconductor Market Update:
Consumption, Manufacturing and Future Development,”
gives a five-year forecast for semiconductor consumption
in India and points out consumption trends across differ-
ent segments. 

It highlights the drivers in each segment and gives the
breakdown of semiconductor products like microproces-
sors, microcontrollers, memory and DSP across each
segment. The major players in various semiconductor seg-
ments are discussed to provide an overview of the mar-
ket’s direction. The report also analyzes the semiconduc-
tor manufacturing scenario in India.

This report is part of In-Stat’s Asia Semiconductor and
Manufacturing Service, which tracks semiconductor con-
sumption by applications and by country. 

This service forecasts application segments in crucial
Asian markets, including China, India, Japan, Korea and
Taiwan. Semiconductor manufacturing is also addressed by
country and an additional step in identifying the largest
markets for semiconductor consumption is presented with
a look at CEM and assembly capacity by country. This re-
search is an invaluable tool in identifying business opportu-
nities in the increasingly important Asian marketplace.  ■
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USA: 781-376-3000 • Asia: 886-2-2735 0399 Ext. 990 • Europe: 33 (0)1 41443660
Email: sales@skyworksinc.com • www.skyworksinc.com

The Skyworks Advantage 
 Solutions for all air interface standards, including CDMA2000, 

    GSM/GPRS/EDGE, WCDMA and WLAN 

 Analog, RF and mixed signal design capabilities 

 Key process technologies: GaAs HBT, PHEMT, BiCMOS, SiGe, 
    CMOS and RF CMOS 

 World-class manufacturing capabilities and scale

Power Amplifi ers  •  Switches  •  Transceivers  •  Front End Modules  •  RF Subsystems

Single Package Radios  •  Mixers  •  Synthesizers  •  Switches  •  Attenuators  •  Diodes  •  Technical Ceramics

Enabling Mobile Connectivity

Visit http://mwj.hotims.com/11713-127 or use RS# 127 at www.mwjournal.com/info
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Long a symbol of pride and majesty, the eagle remains supreme as
‘king of birds.’  Although much myth surrounds the eagle – loyalty,
legendary eyesight and majestic flying skills are factual.  Eagles
are truly remarkable.

Like the sharp-eyed eagle, TriQuint Semiconductor has fixed its
gaze and resources on the wireless market, using a highly integrated
technology portfolio to create advanced products including PA / Tx /
Rx modules, filter banks and pHEMT switch modules – a diverse
solution for wireless handsets, network radios and broadband.

Few industries turn as fast as wireless.  So like the free-wheeling
eagle that soars overhead, TriQuint is pushing new limits, offering
highly integrated products that merge our legendary GaAs expertise
with the latest SAW and BAW filter technology.  Like the eagle that
depends on speed, vision and adaptability, TriQuint’s speed, visionary
engineering and quick-turn reflexes help us deliver new Tx & Rx
modules, PAs, PAMs, switches and filters.

• Our QUANTUM Tx ModuleTM family of GSM / GPRS, EDGE and
WEDGE products including the TQM6M4028:  a new dual-band
transmit (Tx) module with full ESD protection for entry-level GSM /
GPRS handsets; alongside our TQM6M5001:  a quad-band GSM /
GPRS / EDGE - Linear Tx module already shipping world-wide.

• Our HADRON PA ModuleTM family of EDGE - Linear and Polar
products including TQM7M5008:  a new EDGE - Polar PA module
optimized to the industry's leading 3G multi-mode transceiver
design – built on the technology of our successful TQM7M5003.

• Our TRITIUM PA-Duplexer ModuleTM family of WCDMA and CDMA
power products, including TQM676001 for WCDMA IMT2100 and
TQM663017 for CDMA PCS – both now shipping in volume.

• CDMA FEMs:  TriQuint Semiconductor offers a comprehensive
CDMA product portfolio including PA modules, filters and our
complete TRITIUM PA-Duplexer ModuleTM family of products that
include a wide selection of devices offering enhanced, low-power
efficiency, a revolutionary biasing circuit – all optimized to leading
transceiver reference designs and for superior operation at
extremely low idle current levels.  

• Multi-Function Circuits:  A new product line available in packages
or as die for 18 and 23 GHz point-to-point radios.

• Bluetooth GaAs PA:  The TQP770001 Class 1 PA is designed for
greater efficiency, high data rate and is ideal for both network and
mobile device applications.

• New high-power PAs:  Products for millimeter wave radio covering
17-35 GHz, available packaged and as MMIC; new enhanced
performance Ku-band amplifiers.

DID YOU KNOW?

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

FACT #1: ALTHOUGH MUCH FOLKLORE SURROUNDS THE EAGLE, STORIES CELEBRATING ITS GREAT EYESIGHT
ARE TRUE: EAGLES SEE AT LEAST FOUR TIMES BETTER THAN HUMANS AND CAN SPOT SMALL
PREY A MILE AWAY.

FACT #2: TRIQUINT HAS ITS EYE FIXED ON THE WIRELESS MARKET WITH MODULE PRODUCTS TO INTEGRATE
THE RF FRONT-END, OFFERING DIVERSE SOLUTIONS FOR THE EVOLVING COMMUNICATIONS WORLD.
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Phone: +1-503-615-9000 | Fax: +1-503-615-8900 | E-mail: info-sales@tqs.com | Website: www.triquint.com

TriQuint Semiconductor is a global telecommunications supplier focused on media interface
applications for both RF and optical systems.  TriQuint continually strives to lower customers’
costs by speeding manufacturing and improving system performance through advanced
engineering expertise, dedicated service and forward-looking design.  Our unique RF
front-end module solutions free-up PC board space for new multimedia applications in
wireless handsets.

TriQuint researches, designs and manufactures its products in advanced facilities staffed
by some of the world’s most creative engineering and service professionals.  Design and
manufacturing takes place in Oregon, Texas and Florida, with additional design facilities in
New England, North Carolina and Germany.  Our international locations include production
and assembly operations in Costa Rica with sales and applications support in China, Korea
and Taiwan.  We connect the digital world to the global network as a premier supplier of
advanced products based on gallium arsenide (GaAs), SAW and BAW technologies.

WIRELESS HANDSET: TriQuint is the supplier of choice for state-of-the-art RF front-end
solutions including every critical module and component for GSM / EDGE, CDMA and
WCDMA / HSDPA phones.  We offer highly integrated module solutions for the handset
RF front-end as well as discrete products including PA modules, pHEMT switches, LNAs,
duplexers, triplexers and SAW filters.

BLUETOOTH & BROADBAND: TriQuint is a leading supplier of high-power and low-noise
GaAs amplifiers for WLAN manufacturers as well as a wide variety of SAW filters for WLAN,
WiFi, CATV / STB and Bluetooth systems, plus GPS and emerging WiMAX chipsets.  

BASE STATION: TriQuint is a long-established supplier of base station products and leads
the world in mobile network SAW filters.  Our GaAs devices for communications networks,
back-haul (digital) radios as well as custom Foundry designs are also leaders.  TriQuint offers
customers a full portfolio of general purpose ICs, GaAs MesFET, pHEMT and HFET power
transistors (packaged or bare die). 

MILITARY & AEROSPACE: TriQuint Semiconductor is proud of its military and aerospace
heritage.  Today we serve the needs of Defense Department offices and major contractors by
providing basic research, modules, components and MMICs for a number of on-going
programs.  TriQuint parts are built into the newest generations of phased-array radar as well
as numerous other communications and counter-measure systems that leverage our BAW,
SAW and oscillator expertise.  Our specialized GaAs 100mm Foundry services play a vital
role in TriQuint military programs, with components appearing in applications as close as
terrestrial battlefields, up to the ‘middle ground’ of orbiting payloads and all the way to
far-flung worlds, including the latest generation of Mars rovers:  ‘Spirit’ and ‘Opportunity’
where TriQuint amplifiers are still at work.

FOUNDRY SERVICES: TriQuint created many of the GaAs processes used to build today’s
most popular ‘standard’ microwave products – you can depend on the company that created

the process for all your custom circuit needs.  TriQuint has expanded its capacity for low-noise, power and logic applications (DC-80
GHz), offering the industry’s widest GaAs process selection:  HBT, pHEMT, E/D pHEMT, MesFET, PIN, HFET and mHEMT.  For value,
innovation, security and guaranteed supply, look to TriQuint Semiconductor.

TriQuint Semiconductor... 

Connecting the Digital World to the Global Network.TM

and Did You Know TriQuint is a Leader in Value and Innovation?

Visit http://mwj.hotims.com/11713-146 or use RS# 146 at www.mwjournal.com/info

 2M17 FINAL  1/29/07  2:01 PM  Page 55

mailto:info-sales@tqs.com
http://www.triquint.com
http://mwj.hotims.com/11713-146
http://www.mwjournal.com/info


■ 2Wire, a provider of broadband service delivery plat-
forms, is expanding operations into the state of Texas, be-
ginning with a new facility in San Antonio. Headquartered
in Silicon Valley, 2Wire is rapidly growing to meet the
needs of major telecom broadband providers, and plans to
hire hundreds of employees to staff the new facility. The
San Antonio facility includes a 38,000 square foot call cen-
ter staffed by more than 500 technical support agents.

■ The ZigBee™ Alliance, a global ecosystem of companies
creating wireless solutions for use in residential, commercial
and industrial applications, announced the first group of Zig-
Bee Certified Products, marking a major milestone in the Al-
liance’s ultimate vision of creating an open, global, wireless
sensor and control networking solution. Member companies
earning ZigBee Certified Product status include MaxStream,
NEC Engineering, S3C and Software Technologies Group.

■ Provigent, a provider of system-on-a-chip (SoC) solu-
tions for the broadband wireless transmission market, an-
nounced that the company has been shipping lead free
components for the past two years. Provigent SoC compo-
nents are in compliance with the European Union’s Re-
striction of Hazardous Substances (RoHS) legislation.

CONTRACTS
■ Merrimac Industries Inc. announced that it has re-
ceived a contract that could reach a maximum value of
$4.3 M over its five-year term from ITT Corp. to continue
to provide a sophisticated Multi-Mix® multilayer filter as-
sembly for use in an Airborne Electronic Countermea-
sures (ECM) application. The initial order placed on this
contract is valued at $708,000 and is scheduled to be rec-
ognized during 2007. Under the terms of this contract,
ITT will be able to order varying numbers of filter assem-
blies to support its Department of Defense contract man-
aged by ITT’s Electronic Systems Division.

■ Triton Services Inc., Electron Technology Division,
Easton, PA, has been awarded a contract for the develop-
ment of a new Traveling Wave Tube Amplifier (TWTA)
for a shipboard tracking radar. The value of the contract
awarded by a European defense contractor exceeds $1 M
for the development and the first pre-production lot.

■ Goodrich Corp. has been awarded a contract from the
US Air Force Unmanned Aerial Vehicle Battlelab (UAVB) at
Nellis Air Force Base (Nevada) to develop and fabricate a
short-wave infrared (IR) sensor for the Spectre-Finder initia-
tive. The purpose of the initiative is to rapidly demonstrate
the potential of a small, air launched and recoverable Un-
manned Aircraft System (UAS) to provide off-board sensing
in support of future Air Force Special Operations Command
concepts of operation. Under the terms of the contract,
Goodrich’s SUI team, headquartered in Princeton, NJ, will
develop a SWIR camera payload assembly.

■ M2 Global Technology Ltd., a San Antonio, TX-
based engineering and contract manufacturer of satellite,
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INDUSTRY NEWS
■ RF Micro Devices Inc. (RFMD) announced it has
signed an agreement to sell the majority of its Bluetooth®

assets to QUALCOMM for $39 M. The pending transac-
tion is expected to provide QUALCOMM access to next-
generation Bluetooth technology. RFMD anticipates the
transaction will enable it to increase its focus on its highest
growth wireless business opportunities. Under the agree-
ment, QUALCOMM will acquire the majority of RFMD’s
Bluetooth assets, including intellectual property, related to
RFMD’s next-generation SiW1722 and RF4000 series.

■ Laird Technologies, a designer and manufacturer of
antenna solutions, electromagnetic interference (EMI)
shielding products, telematics and thermal management
solutions, announced the acquisition of Steward Inc. and
its subsidiaries for $52.5 M. Steward is a provider of fer-
rite-based products that are used to remove unwanted
EMI “noise” and other signals at unwanted frequencies
from conductors. Steward revenues in its fiscal year end-
ing September 30, 2006, were $50 M.

■ CoorsTek Inc., a large technical ceramics supplier and
manufacturer of critical components for high technology
markets, announced the acquisition of Gaiser Tool Co., a
ceramic precision tooling manufacturer based in Ventura,
CA with operations in Tokyo, Japan. CoorsTek plans to
retain the Gaiser brand while infusing technical and mate-
rial innovations to further enhance the company’s high
quality market position. With precision ceramic tools ca-
pable of part dimensions as small as 2 µm, CoorsTek also
expects to expand its micro-component capabilities for a
variety of markets.

■ Comarco Wireless Test Solutions, a supplier of wire-
less test systems for field applications, and Ascom, a spe-
cialist in wireless onsite communication solutions, an-
nounced that the two companies have formed a coopera-
tive alliance to develop and market 3G and 4G wireless
network Quality of Service, optimization and test mea-
surement systems. This alliance will create a global leader
by positioning the two companies to capitalize on the in-
creasing interest of wireless carriers in improved Quality
of Service, as well as the expected deployment of more
advanced, high capacity next-generation broadband wire-
less networks. 

■ Response Microwave Inc., a global specialist in provid-
ing RF/microwave customer solutions, announced that it has
moved into a new, larger facility in Devens, MA. The new fa-
cility includes office and meeting space for administrative
tasks, as well as a complete microwave test and engineering
lab for electrical measurements and simulations. The com-
plete offering of passive control components and Compel
connectivity solutions are also stocked within this space,
which provides enhancements to existing Framingham and
Leominster office areas. The facility is located at 94 Jackson
Road, Suite 110, Devens, MA 01434, and all existing contact
numbers for the company remain valid.  
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microwave, TV broadcast and radio subsystems, has been
awarded a US Air Force (USAF) contract to develop an
advanced Personal Locator Beacon (PLB). The new PLB
will replace the aging AN/URT-33, which is a part of the
survival equipment issued to USAF aircrew. The beacon
will provide search and rescue satellite-aided tracking ca-
pabilities as well as multiple homing signals to assist in the
location and rescue of downed aircrew.

■ Mtel (formally known as Mobiltel EAD), a wireless op-
erator in Bulgaria, has selected and implemented An-
drew Corp.’s Odyssey™ cellular radio planning software
system to replace a market-leading radio planning tool.
Odyssey, used by operators worldwide and backed by An-
drew’s global customer support services, provides radio
frequency design for the complete network lifecycle and
is an accurate radio prediction solution. It significantly en-
hances a wireless operator’s ability to save network plan-
ning time and infrastructure costs. 

■ Agilent Technologies Inc. has won a European-wide
bid to supply the German Federal Armed Forces with more
than 1500 digital storage oscilloscopes (DSO). The 6000 se-
ries oscilloscopes will be used by engineers and technicians
to test electrical equipment at the maintenance and repair
facilities of the German Air Force, Navy and Army.

■ XCOM Wireless Inc., a developer of radio frequency
(RF) products, has selected Innovative Micro Technol-
ogy (IMT), a microelectromechanical systems (MEMS)
contract manufacturer, to manufacture die for the compa-
ny’s RF MEMS relay product. XCOM and IMT have im-
plemented an effective wafer manufacturing process to
produce RF relay die with exceptional performance, relia-
bility and environmental ruggedness.

FINANCIAL NEWS
■ Plexus Corp. reports sales of $396.9 M for the fourth
quarter of fiscal 2006 ended September 30, 2006, com-
pared to $322.2 M for the same period in 2005. Net in-
come for the quarter was $42.6 M ($0.91/per diluted
share), compared to a net income of $10.5 M ($0.24/per
diluted share) for the fourth quarter of last year.

■ Credence Systems Corp., a provider of test solutions
from design-to-production for the worldwide semicon-
ductor industry, announced that it has entered into sepa-
rate privately negotiated agreements with certain holders
of its outstanding 1.50 percent Convertible Subordinated
Notes due 2008 (the “Outstanding Notes”) under which
such holders have agreed to exchange $72.5 M aggregate
principal amount of Outstanding Notes for an equivalent
principal amount of a new series of 3.50 percent Convert-
ible Senior Subordinated Notes due 2010 and to purchase
an additional $50 M aggregate principal amount of the
new series of 3.50 percent Convertible Senior Subordinat-
ed Notes due 2010 (together, the “New Notes”). 

■ Tower Semiconductor Ltd. reports sales of $51.5 M for
the third quarter ended September 30, 2006, compared to

Willy Sagun
Staff Engineer
Labcyte Inc.

“Other amplifier companies
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Truly high-end
¸ZVA network analyzer – the culmination of our expertise

When Rohde & Schwarz introduces a new line of high-end prod-
ucts, you can expect the utmost in performance and innovation. 
The ¸ZVA is a good example. This family of instruments incor-
porates the culmination of everything that‘s possible in network 
analysis today. Each instrument offers superior RF performance 
paired with maximum speed, yet it‘s easy and intuitive to operate. 
The ¸ZVA makes amplifier and mixer measurements quick and 
easy – including with pulsed signals, of course. Intelligent mea-
surement wizards turn the task of making complex settings into a 
quick and clear-cut process, saving you time and reducing opera-
tor errors to a minimum. Let the ¸ZVA show you just how con-
venient state-of-the-art network analysis can be!

� Choose from our two-port and four-port models up to 8 GHz,
24 GHz, or 40 GHz (overrange up to 43.5 GHz)

� Complex measurements such as required on high-blocking 
filters are straightforward owing to exceptional dynamic range  
and output power

� Two internal signal sources (four-port model) mean fast inter-
modulation measurements and mixer characterization without  
an additional signal generator

� High measurement speed, optimized data transfer times, and  
truly parallel measurements maximize throughput in production

� And, for the first time, a new method enables you to perform  
pulse profile measurements of very short pulses at high 
dynamic range and resolution easily and cost-efficiently
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$20.6 M for the same period in 2005.
Net income for the quarter was $39.5
M ($0.46/per share), compared to a net
loss of $55.4 M ($0.83/per share) for
the third quarter of last year.

■ Alereon Inc., an ultra-wideband
(UWB) technology leader for mobile
WiMedia and Wireless USB solu-
tions, announced it has received a $4
M investment from Samsung Ven-

tures’ strategic technologies invest-
ment fund.

PERSONNEL
■ Lord Bach of Lutterworth has
been named chairman of Selex Sensors
and Airborne Systems. Lord Bach, who
was UK Minister for Defence Procure-
ment from 2001 to 2005, will bring his
deep understanding and experience of
the defence environment in the UK
and internationally, to support the
Group’s growth strategy. The company
has two main operating subsidiaries,

Galileo Avionica S.p.A. (Italy) and Se-
lex Sensors and Airborne Systems Ltd.
(UK), with over 4000 employees in the
UK. The company also announced the
appointment of Giancarlo Grasso as
chief executive officer, with operational
responsibility for the business.

■ Xceive® Corp., a developer of fully
integrated multi-standard RF-to-base-
band transceiver ICs for TVs, an-
nounced that Rich Beyer, CEO and
director of Intersil Corp., has joined
Xceive’s board of directors. Following
Intersil’s acquisition of Elantec Semi-
conductor Inc. in 2002, Beyer held the
position of president in addition to his
two current titles. In early 2006, Beyer
shifted rolls at Intersil and took his cur-
rent position as CEO and director.
Beyer also serves as director of Cre-
dence Systems Corp. and is currently
on the board of directors of the Semi-
conductor Industry Association.

■ Amphenol Corp. announced that
it has promoted R. Adam Norwitt to
the newly created position of presi-
dent and chief operating officer. Nor-
witt will focus on enhancing the com-
pany’s growth in new technologies
and new markets. Norwitt will also be
assuming an active role in the further
strengthening and expansion of the
company’s existing business, particu-
larly in international markets. Norwitt
has held a variety of management,
business development and operating
positions in Amphenol operations in
Asia and the United States since join-
ing Amphenol in 1998. Most recently,
he served as senior vice president of
the company and group general man-
ager of Amphenol’s worldwide RF
and microwave products operations.

■ Antenova has
strengthened its
management team
with the appoint-
ment of Mike Ed-
wards as vice presi-
dent of worldwide
sales and marketing
and the promotion

of CL Lim to vice
president and gen-
eral manager of
Asia. Edwards’ role
is to drive the com-
pany’s global sales
activities. He has
extensive applica-
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*Mini-Circuits will repair or replace your test cable at its option if the
connector attachment fails within six months of shipment. This guarantee
excludes cable or connector interface damage from misuse or abuse.

CABLESTEST
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Strength, ruggedness, and reliability…supercharged! That’s what you get
when you choose Mini-Circuits ultra-flexible precision test cables.
Engineered to be a workhorse for your day-to-day test operations, these
triple shielded cable assemblies are qualified to at least 20,000 bends,
employ an advanced strain relief system, and are equipped with
passivated stainless steel connectors, so you can rely on them to
flex, connect and disconnect over and over and over again!
They're so rugged, each test cable is backed by our 6 month guarantee*!
With low insertion loss and very good return loss, you can also rely on
getting good performance over the wide DC-18GHz band. Need them
right away? Overnight shipment is available. So make Mini-Circuits your
test cable connection!   Mini-Circuits…we’re redefining what VALUE is all about!
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CBL-15FT-SMNM+ SMA to N-Type 15 7.3 27 156.95
CBL-2FT-NMNM+ N-Type 2 1.1 27 102.95
CBL-3FT-NMNM+ N-Type 3 1.5 27 105.95
CBL-6FT-NMNM+ N-Type 6 3.0 27 112.95
CBL-15FT-NMNM+ N-Type 15 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 11.7 27 199.95
Female to Male
CBL-3FT-SFSM+ SMA-F to SMA-M 3 1.5 27 93.95
CBL-2FT-SFNM+ SMA-F to N-M 2 1.1 27 119.95
CBL-3FT-SFNM+ SMA-F to N-M 3 1.5 27 124.95
CBL-6FT-SFNM+ SMA-F to N-M 6 3.0 27 146.95
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tions-oriented product marketing experience in the wireless
device, telecoms, computer and telematics market sectors,
from start-up firms to large multi-national corporations. Lim
is to lead manufacturing and operations in Asia. He has more
than 26 years experience in international sales, business de-
velopment and technical operations and management in the
wireless and telecommunication industry, which includes se-
nior roles at Motorola and Sanmina. 

■ Roke Manor Research Ltd. has ap-
pointed David Smith as managing di-
rector. Smith takes responsibility for a
company employing more than 450
employees, a turnover of £40 M and a
reputation for world-class research and
development in both the defense and
commercial sectors. He joined Roke in
2000 and became the head of the com-
pany’s wireless business in 2001, build-
ing up the division on the strength of

its expertise in cellular technology and defense communi-
cations.

■ Kulicke & Soffa Industries Inc. announced the ap-
pointment of Richard Boulanger as general manager of
its die bonder operations located in Berg, Switzerland.
Boulanger will be responsible for overall manufacturing,
R&D, product development and business operations for
the facility, including the development of a next-genera-
tion die bonder platform and expansion into new markets
throughout the world. Boulanger has extensive experience
in semiconductor assembly. Most recently, he served as
vice president of the Advanced Semiconductor Assembly
Division of Universal Instruments Corp., a business unit
that provided full solutions for the precision placement of
flip chips and bare die.

■ CobhamDES Corp. announced the
addition of Paul J. Leo as director,
business development for the Cobham
Microwave Group. Leo will oversee
the domestic and international sales
channels and the development of Cob-
hamDES’s strategic product integra-
tion. Leo brings more than 25 years 
of experience in domestic and interna-
tional business development to the 
industry.

■ RFMW Ltd. announced Carolyn Evans as the company’s
regional sales engineer covering Pennsylvania and southern
New Jersey. Evans previous experience includes eight years
as a field sales engineer at California Eastern Labs, as well as
stints with M/A-COM, Amplifonix and Merrimac. 

REP APPOINTMENTS
■ Digi-Key Corp. and Nihon Dempa Kogyo Co. Ltd.
(NDK) announced the signing of a global distribution
agreement. One of the fastest growing distributors of
electronic components, Digi-Key Corp. ships products to

▲ Paul J. Leo

▲ David Smith
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more than 140 countries from its single facility in Min-
nesota (US). The NDK surface-mount crystals and oscilla-
tors stocked by Digi-Key will be featured in both Digi-
Key’s print and on-line catalogs with this new distribution
agreement enabling Digi-Key to fulfill both the design
and production needs of its diverse customer base.

■ Unity Wireless Corp. announced that it has success-
fully signed a distribution agreement with Russia’s largest
wireless equipment distribution company. This agreement
now gives Unity much needed relationships and access to
Russia’s tier-1 wireless network operators for the outdoor
and new indoor repeater line of products.

■ Auriga Measurement Systems LLC announced the sign-
ing of four new representatives for its custom test, character-
ization, and modeling systems and services. ProTEQ Solu-
tions Inc. will be the company’s exclusive representative in
five New England states while Jay Stone Associates (JSA),
San Jose, CA, will cover northern California and northern
Nevada. Existing representative CWI Technical Sales has
expanded its territory to the entire east coast beyond New
England. Sematron UK Ltd. has signed on as exclusive dis-
tributor for the UK and Ireland while Testforce Systems
Inc. will exclusively cover Canada.

■ MITEQ Inc. announced the appointment of SpanTech
Microwave Technology S.A. as the company’s exclusive
sales representative in Spain and Portugal. SpanTech Mi-
crowave will represent MITEQ’s Component division of
products, which includes amplifiers, mixers, frequency mul-
tipliers, passive power components, switches, attenuators,
limiters, phase shifters, IF signal processing components, os-
cillators, synthesizers, integrated multifunction assemblies
and fiber optic products. SpanTech Microwave can be con-
tacted at +34-95-241-7024 or e-mail: sales@spantech.es.

■ Temex has concluded a representative agreement with
Nearzenith Technologies to promote and sell the com-
pany’s range of components, which includes SAW filters,
VCOs, PLL synthesizers, crystal resonators and crystal os-
cillators, in China. Nearzenith Technologies is based in
Shenzhen, Guangdong Province, China, and has branches
in Hong Kong, Shanghai and Nanjing. The company has
21 employees, annual revenue of  $6 M and clients in
South, East, Central, Southwest and Northwest China.

■ W.L. Gore & Associates, a provider of aerospace wire
and high data rate cable, announced A.E. Petsche Co. as
the exclusive North America distributor of GORE™ Bulk
Wire and Cable. This agreement enables Gore to contin-
ue to provide its key customers with excellent service and
sales support.

■ Zilker Labs Inc. announced that it has signed TLG
Electronics Ltd. as a distribution partner in China. TLG
will complement the efforts of Zilker Labs’ Asian sub-
sidiary, Hong Kong-based Zilker Labs Asia Ltd., to ex-
pand Zilker Labs’ Chinese business. Specifically, TLG will
focus on forging new customer relationships and provid-
ing applications support to developing programs.
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wireless networking communications stan-
dards named 802.11a and b. The 802.11b
standard operates in the 2.4 GHz industrial-
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C. QUEMADA, H. SOLAR AND G. BISTUÉ
Centro de Estudios e Investigaciones

Técnicas de Gipuzkoa (CEIT)
San Sebastián, Spain
J. DE NO AND I. SANCHO
Escuela Superior de Ingenieros Industriales de

San Sebastián (Universidad de Navarra)
Spain

In the past several years, the wireless local
area network (WLAN) market has grown
significantly due to the great demand for

high speed wireless connectivity. Further-
more, there is a constant desire to keep power
consumption, cost and size of the communica-
tion devices to a minimum. This has been pos-
sible thanks to continuing advances in inte-
grated circuit (IC) technology allowing the de-
velopment of devices capable of operating at
multiple gigahertz carrier frequencies with
data rates competitive with established wired
alternatives.1,2 In 1999, the IEEE ratified two

A CMOS FREQUENCY
SYNTHESIZER WITH
SELF-BIASING CURRENT
SOURCE FOR A 5 GHZ
WIRELESS LAN RECEIVER

This article describes a fully integrated 3.2 GHz synthesizer with a self-biasing current source for a 5
GHz wireless LAN receiver in the lower UNII band from 5.15 to 5.35 GHz. The circuit has been
designed using a 0.18 µm one-poly six-metal CMOS technology of UMC. OFDM is considered one of
the most attractive transmission techniques for future wireless multimedia communications in
frequency selective channels. However, it also has the disadvantage of an increased sensitivity to phase
noise generated by the local oscillators inside a communication transceiver. In order to achieve a high
performance device, therefore, the simulation tool Simusyn has been implemented to predict the phase
noise, spurious emissions and lock time of the synthesizer before its fabrication. The synthesizer
consumes 53 mW with a power supply of 3.3 V. Furthermore, it has a bandwidth of 20 kHz and a
phase noise of –118 dBc/Hz at 1 MHz offset frequency resulting in a total integrated phase noise over
the channel bandwidth less than –32 dBc. Finally, the spurious sidebands at the center of adjacent
channels do not exceed –64 dBc. These results made the circuit suitable inside a UNII band 5 GHz
wireless LAN receiver.
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scientific-medical (ISM) band, using
direct-sequence spread-spectrum
(DSSS) modulation, while the
802.11a standard operates in the 5
GHz unlicensed national information
infrastructure (UNII) band. On the
other hand, 802.11a employs orthog-
onal frequency division multiplexing
(OFDM) in order to compete more
effectively with the peculiarities of in-
door propagation.1 The UNII fre-
quency band provides 300 MHz of
spectrum at 5 GHz (see Figure 1).
Those 300 MHz are divided into two
frequency segments: a contiguous
200 MHz portion from 5.15 to 5.35
GHz and a separate 100 MHz seg-
ment from 5.725 to 5.825 GHz. Fur-
thermore, depending on the allowed
maximum level of transmitted pow-
ers, these frequency assignments are
split into three equal domains. The
bottom 100 MHz domain is limited
to a maximum transmitted power of
50 mW, the next 100 MHz to 250
mW and the top 100 MHz to a maxi-
mum of 1 W (outdoor communica-
tions).3 OFDM modulation subdi-
vides a carrier into several individual-
ly modulated orthogonal subcarriers,
all of which are subsequently trans-
mitted in parallel. This technique
mitigates the effect of multi-path. In
the 802.11a standard, each OFDM
channel consists of 52 subcarriers in a
16.6 MHz bandwidth (channel spac-
ing of 20 MHz); 48 subcarriers are
for data, the rest are for error correc-
tion (pilot signals).2,3 Thanks to this

subdivision, a variety of data rates
with different modulations are possi-
ble, permitting different levels of
service. Therefore, the data can be
modulated with BPSK, QPSK,
16QAM, or 64QAM with data rates
of 6 Mb/s, 12 Mb/s, 24 Mb/s and 54
Mb/s, respectively. The medium ac-
cess control (MAC) protocol used to
give multiple users access to a shared
environment is the carrier sense mul-
tiple access with collision avoidance
(CSMA/CA).3

The aim of this article is to imple-
ment a frequency synthesizer design
flow. This design flow achieves two
important improvements: prediction
of the synthesizer specifications be-
fore its fabrication and reduction in
the number of fabrication runs, mini-
mizing the overall manufacturing cost
and development time. The new gen-
eration systems that utilize OFDM
modulation are extremely sensitive to
phase noise, which is present in the
up- and down-conversion synthesiz-
ers. Therefore, a proper prediction is
essential to design a high perfor-
mance device. A design flow has been
implemented thanks to the develop-
ment of a Matlab simulation tool that
predicts the phase noise, spurious
emissions and lock time of a frequen-
cy synthesizer with great accuracy be-
fore its fabrication. This procedure
has been applied to the design of a
frequency synthesizer for the IEEE
802.11a standard UNII band from
5.15 to 5.35 GHz. This synthesizer is
part of a greater development, fo-
cused on the implementation of a
heterodyne receiver built in a stan-
dard 0.18 µm CMOS technology.
This choice is based on the continu-
ing advances made in CMOS tech-
nology, which make high volume, low

cost and high frequency solutions
possible. Finally, since the 802.11a
and HIPERLAN2 standards share
many performance requirements for
the RF signal processing blocks, this
synthesizer will also be suitable for
HIPERLAN2.1

PERFORMANCE REQUIREMENTS
A rigorous choice of the perfor-

mance requirements for the synthe-
sizer is fundamental in order to
achieve a competitive device within
the WLAN market. The most impor-
tant performance requirements are
the operating frequency, frequency
stability, crystal reference frequency,
phase noise, spurious emissions and
lock time. The requirements have
been obtained from the IEEE
802.11a and HIPERLAN2 standards,
and considering the fact that in a sys-
tem with OFDM multiplexing, the
synthesizer phase noise introduces in-
tercarrier interference (ICI) and
leads to a degradation in the signal-
to-noise ratio (SNR). The operating
frequency of the synthesizer depends
on the receiver architecture chosen,
which is a heterodyne receiver with
the second downconversion in quad-
rature, as shown in Figure 2. The
main focus of this article is the imple-
mentation of the second local oscilla-
tor (LO2), which works at 3.2 GHz.
An external 20 MHz crystal oscillator
is used, matching up with the channel
spacing for the IEEE 802.11a stan-
dard. Furthermore, this standard re-
quires a maximum crystal frequency
tolerance of ±20 ppm. Therefore, a
crystal frequency tolerance less than
that value is acceptable.3 OFDM sys-
tems exhibit a sensitivity to phase
noise higher than single carrier mod-
ulations. Because of this, the phase-
noise specification is a key point in
the synthesizer design. For that rea-
son, two phase-noise specifications
have been considered: VCO phase
noise at 1 MHz offset and synthesizer
total integrated phase noise over the
channel bandwidth (20 MHz). The
phase-noise requirements at 1 MHz
offset come from two considerations:
interferer strength and sensitivity of
the OFDM scheme to phase impair-
ments. With respect of the first con-
sideration, for the highest data rate of
54 Mb/s, the receiver sensitivity is
–65 dBm, and allowing for an adja-
cent interferer 40 dB stronger than
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UNII

GHz5.15 5.35 5.725 5.825

▲ Fig. 1  The UNII frequency band.

3.2 GHz

(1.96-2.1 GHz)

RF (5.15-5.35 GHz)

MIX2

MIX2

MIX1

CAG2LPF1

CAG2LPF1

90°

LO2CAG1BPF2LNABPF1

LO1

▲ Fig. 2  Receiver architecture.
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the desired channel, the VCO phase
noise needs to be lower than –132
dBc/Hz at 17.3 MHz offset. This re-
sult has been obtained by integrating
the phase noise over the adjacent
channel (20 MHz) and assuming a
pre-detection SNR of 19 dB for a
BER of 10–6 in a 64-QAM system.
Since the VCO phase-noise spectrum
decreases 20 dB per decade, its value
will be –107 dBc/Hz at 1 MHz offset.
Furthermore, the degradation added

by the second consideration must be
included. The phase noise in the
OFDM system introduces intercarri-
er interference (ICI) and leads to a
degradation in SNR. For an SNR
degradation less than 0.1 dB, the
phase-noise specification at 1 MHz
offset should be at least –110 dBc/Hz,
assuming a 64QAM modulation with
subcarrier spacing of 312.5 kHz and
pre-detection SNR of 19 dB.4 There-
fore, in order to meet the require-

ments for the IEEE 802.11a stan-
dard, the VCO should have a phase-
noise performance of at least –110
dBc/Hz at 1 MHz offset.

What is left to be determined is
the total integrated phase noise,
which is related to the synthesizer
bandwidth. The influence of this re-
quirement in OFDM-WLAN systems
is well explained by Côme, et al.5 Ac-
cording to this reference, a total inte-
grated phase noise of –32 dBc results
in low BER degradation for 64QAM
modulation. Therefore, with the aim
of fulfilling the requirements for the
IEEE 802.11a standard, the total in-
tegrated phase noise must be at least
–32 dBc. The spurious emissions also
play an important role in the new
generation of OFDM-WLAN sys-
tems. In an integer frequency synthe-
sizer, the dominant spurious emis-
sions appear at multiples of the refer-
ence frequency, matching up in this
case with the crystal oscillator fre-
quency. Using the first consideration
made previously for the phase noise,
the spurious emissions level should
be at least –59 dBc.4 Finally, the max-
imum setting time to switch from one
channel to another is 1 ms.3

ACCURATE PREDICTION IN
PHASE-LOCKED LOOPS

Some aspects of the synthesizers,
such as phase noise, spurious emis-
sions and lock time (TL), can be key
issues in a communications system
design.6 As previously presented, the
present-day systems that utilize
OFDM modulation are extremely
sensitive to phase noise. Additionally,
the reference spurs have a notable in-
fluence on the adjacent channel in-
terferer. A high performance design
requires an accurate prediction of the
phase noise, spurs and lock time.
Therefore, a simulation tool has been
developed using Matlab to solve this
problem. This simulation tool analy-
ses the influence of different synthe-
sizer parameters, such as the output
frequency (fout), reference frequency
(fref), VCO gain (Kvco), charge pump
current (Kφ), loop bandwidth (ωp),
spurs attenuation (ATTEN) and the
division ratio (N), in the phase noise,
spurs and lock time.7

Phase-locked Loop (PLL)
A phase-locked loop (PLL) is a

feedback system that operates on the
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excess phase of nominally periodic signals. A PLL consists
of a phase detector (PD), a low pass filter (LPF), a volt-

where base_leakage_spur is equal to
16 dBc and base_pulse_spur depends
on charge pump mismatches, un-
equal transistor turn-on times and
dead-zone elimination circuitry.
Leakage is the parasitic leakage cur-
rent through the charge pump, VCO
and loop filter capacitors when the
charge pump is in the tri-state state
that is ideally  high impedance. Final-
ly, spur_gain can be calculated with
Equation 3 and the total spur level is
obtained by means of the sum of
leakage_spurs and pulse_spurs

For older PLLs, where the leakage
currents were in the microamp range,
it is customary to model the refer-
ence spurs based entirely on leakage
currents. However, modern PLLs
typically have leakage currents of 
1 nA or less, and therefore the
pulse_spurs tend to be dominant, ex-
cept at very low reference frequen-
cies.

Phase Noise
The main PLL noise sources usu-

ally considered include: phase detec-
tor, VCO, crystal reference, frequen-
cy divider and loop filter. Equations 4
to 8 allow calculating the contribution
to the total phase noise of each noise
sources, respectively7
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IR

IN

Θxtal ,ƒout

Θref , ƒrefΘxtal , ƒxtal

▲ Fig. 3  Phase-locked loop.

age-controlled oscillator (VCO) and two frequency divi-
sors whose division ratios are N and R (see Figure 3).
The filter impedance Z(s) is calculated as the ratio of the
output voltage to the input current. The units of Kvco and
Kφ are Hz/V and A, respectively.

Spurs Level
The reference spurs, which appear at multiples of the

reference frequency, can be classified into two kinds of
spurious emissions: spurs based on leakage currents (leak-
age spurs) (Equation 1) and spurs based on charge pump
mismatches (pulse spurs) (Equation 2)7
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TR = transfer function to calculate
the noise voltage at the filter
output

f = frequency offset 
G(s) = Equation 9

The normalized phase detector noise
floor, L1Hz, is the phase detector
noise floor when the reference fre-
quency is 1 Hz and the filter noise,
Lterm, is the thermal noise of any loop
filter resistor. The transfer functions
that multiply each noise source are
obtained through the block diagram.
The PLL total output phase noise can
be calculated adding the contribu-
tions of each noise source given by
Equations 4 to 8. At frequency offsets
much lower than the loop bandwidth,
the phase detector noise is dominant,
although the crystal and divider nois-
es can also be considerable. On the
other hand, at frequency offsets
greater than the loop bandwidth, the
VCO phase noise is dominant. De-
pending on the VCO gain and the re-
sistor values of the loop filter, the
thermal noise will be comparable
with the VCO noise.

Transient Response
The lock time that a PLL takes to

switch from one channel to another is
strongly dependent on the loop filter
used. For example, the lock time to
switch from frequency f1 to frequen-
cy f2, for a passive third-order loop
filter, is given by Equation 107

where

ωn= PLL natural frequency
ξ = PLL damping factor
tol= PLL frequency tolerance

Simulation Tool
The phase noise, spurs and lock

time prediction play a decisive role in
the frequency synthesizers design.
Furthermore, OFDM systems are
highly sensitive to phase noise, which
is present in the up- and down-con-
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version synthesizers. Consequently, a
rigorous design requires an effective
prediction to estimate accurately the
phase noise, spurs and lock time. A
simulation tool named Simusyn has
been implemented using Matlab (see
Figure 4). This software predicts the
phase noise, spurs and lock time, and
calculates the loop filter components
for the following inputs: reference di-
vider, crystal frequency, spurs attenu-
ation, VCO gain, phase margin, L1Hz,
loop bandwidth, output frequency,
charge pump current, base_leakage_

spur, base_pulse_
spur, leakage cur-
rent, frequency step
and tolerance for
lock time and di-
vider, VCO and
crystal reference
phase noise. In ad-
dition, Simusyn al-
lows using three
kinds of loop filters:
passive second-or-
der, passive third-
order and active
third-order loop fil-
ters (see Figure 5).
If the active loop fil-

ter is used, it is necessary to know the
amplifier voltage gain (A) and its in-
put noise voltage. The last step be-
fore starting the synthesizer design
involves verifying the Simusyn results
with the measured National Semi-
conductor’s LMX2330L commercial
synthesizer. Phase noise, spurs and
lock time have been verified for dif-
ferent synthesizer parameters. For
example, in Figure 6, the phase
noise for charge pump currents of 1
and 4 mA are presented. The rest of
the basic parameters include: output
frequency of 1.408 GHz, reference
frequency of 1 MHz, spurs attenua-
tion of 20 dB, loop bandwidth of 10
kHz and VCO gain of 60 MHz/V. The
Simusyn software bases its results on
the theoretical expressions shown in
this section.7 Finally, the LMX2330L
synthesizers have been controlled us-
ing Visual Basic software through the
PC parallel port.

DETERMINATION AND
PREDICTION OF THE
SYNTHESIZER SPECIFICATIONS

It is essential to determine with
great precision all the Simusyn inputs
to achieve a high performance pre-
diction. For that reason, the synthe-

sizer architecture is chosen and the
specifications of each block now must
be deduced. Furthermore, this deter-
mination tries to be a rigorous design
guide that can be used for other de-
vices.

The proposed architecture is an
integer-N frequency synthesizer with
self-biasing current source and with-
out a reference divider (see Figure
7). Furthermore, a passive third-or-
der filter is employed to achieve addi-
tional filtering of the reference spurs.
The frequency synthesizer consists of
a phase-frequency detector (PFD), a
high performance charge pump, an
integer frequency divider and a VCO
with self-biasing current source. The
output signal of the VCO is divided
by 160 and then is compared with a
reference frequency of 20 MHz.
Once the synthesizer architecture has
been chosen, it is necessary to deter-
mine the general specifications of
each block.

Voltage-controlled Oscillator
The voltage-controlled oscillator

(VCO) is the core of the frequency
synthesizer. A proper synthesizer de-
sign depends strongly on the VCO
performance. The basic VCO specifi-
cations include: output frequency,
frequency range, gain, output power
and phase noise at 1 MHz offset. The
output frequency has been estab-
lished previously as 3.2 GHz.

The frequency range has been
calculated considering the capaci-
tive (four percent) and inductive
(one percent) tank tolerances of the
CMOS fabrication process with a
safety margin of three percent. If
the output frequencies were vari-
able, the variation range would have
to be included. The tank tolerances
are obtained from the research
team experience in the design of in-
tegrated inductors and varactors.
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The frequency range l imits  are
fHIGH (3383 MHz) and fLOW (3031
MHz) and are given by Equations
11 and 12, where L, C and fosc are
the inductor value, the varactor val-
ue and the VCO oscillation fre-
quency, respectively
f

L C
f

HIGH

osc

=

=1

2 0 99 0 96

1
0 97

1 057

11
π . . .

.

( )

The VCO gain is deduced from the
frequency range and tuning voltage. If
the tuning voltage is varied from 0.5 to
2.8 V, since the mismatch of the sink
and source currents of the charge
pump is very high at the power supply
rails, the VCO gain is 153 MHz/V. 

fLOW ==

=1

2 1 01 1 04

1
1 03

0 947

12
π L C

fosc. . .
.

( )

The phase noise requirement was
determined as –110 dBc/Hz at 1
MHz offset. Before designing the
VCO, it is essential to verify that this
requirement can be fulfilled. For this
reason, the quality factor (Q) of the
tank required to achieve the required
phase noise has been estimated by
means of Equation 13, which calcu-
lates the necessary quality factor to
obtain a certain value of phase noise
(�)8,9

where

VA = differential output amplitude
C = varactor capacitor
A = excess noise factor of the

amplifier
ω0 = oscillation frequency
T = temperature
k = Boltzmann constant
∆ω = frequency offset from the

carrier 

Since the minimum differential input
amplitude of the mixer employed in
the frequency down-conversion is 0.5
V, a quality factor of 6.3 is necessary to
obtain a phase noise of –110 dBc/Hz at
1 MHz offset, for a varactor capaci-
tance of 0.8 pF and an excess noise
factor of 2.13 This quality factor can be
achieved using the inductors and var-
actors provided by the foundry li-
braries. For example, in these libraries,
there are inductors with a quality fac-
tor of 10 at 3.2 GHz and varactors
whose quality factor is greater than 40
at 3.2 GHz.10 Lastly, the output power
depends on the mixer employed in the
downconversion. In this case, the mix-
er is passive and needs a minimum in-
put power of –3 dBm.

Charge Pump
The principal specification of this

block is the charge pump current. Its
value has been established to mini-
mize the power consumption and tak-
ing into account that the capacitor in
the loop filter next to the VCO is at
least three times the VCO input ca-
pacitance.7 Thus, the charge pump
current is set to 50 µA.

Loop Filter and Phase-frequency
Detector

There are several specifications re-
lated to the filter design. First, it is

Q
kT A

LV CA

=
+( )2 1

130
2 2

ω

ω∆
( )
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necessary to choose the order of the
loop filter and its gain (passive or ac-
tive). It will be shown later that the
VCO frequency range can be ob-
tained with a passive filter, avoiding
the amplifier noise. In addition, a
third-order filter is selected to obtain
an additional filtering of the refer-
ence spurs. There are two specifica-
tions related to the loop filter that are
quite difficult to predict: �1Hz and
base_pulse_spur.

The 1 Hz normalized phase detec-
tor noise floor has a considerable im-
portance in the total integrated phase
noise over the channel bandwidth. A
priori, it is not possible to predict
�1Hz, but two methods have been
used to estimate its value. The first is
based on Equation 14, which calcu-
lates �1Hz according to the charge
pump current, VGS–VT of the charge
pump current source transistors,
Boltzmann constant (K), temperature

(T) and the time period during which
the charge pump is active (tqp)8

This method is too optimistic,
since using typical values of tqp (5 ns)
and VGS–VT (0.5 V), �1Hz achieves
the value of –216 dBc/Hz. Therefore,
the second method will have to be
applied. It involves utilizing the worst
�1Hz of the bibliographic revision
done by Banerjee7 about the 1 Hz
normalized phase detector noise floor
of different commercial synthesizers.
Consequently, a 1 Hz normalized
noise floor of –200 dBc/Hz is chosen.
In addition, this value determines the
loop bandwidth. By means of
Simusyn and considering the VCO
phase noise and the synthesizer total
integrated phase-noise specifications,
a loop bandwidth of 20 kHz is ob-
tained. Finally, the base_pulse_spur
is the last one to complete all
Simusyn inputs. This specification is
the most difficult to estimate because
it depends principally on the charge
pump mismatches, unequal transistor
turn on times and dead-zone elimina-
tion circuitry. There are some expres-
sions given,7 but they are not very
useful in practice. The only solution
entails selecting the worst base_
pulse_spur (–292 dBc) of Banerjee’s
bibliographic revision about the spur
levels of different commercial synthe-
sizers. In the following section, with
the use of CADENCE, base_
pulse_spur and �1Hz will be estimat-
ed with greater accuracy.

The values of the filter compo-
nents are calculated using Simusyn
by means of the well-known Applica-
tion Note AN1001,15 with the follow-
ing warnings: the phase margin must
be chosen between 40° and 70°; the
added spurs attenuation is chosen to
fulfill the total spur requirements;
and the capacitor in the loop filter
next to the VCO is at least three
times the VCO input capacitance.
Therefore, using Simusyn, the values
of the filter components are C1 =
701.88 pF, C2 = 3.06 nF, C3 = 70.18
pF, R2 = 4.39 kΩ and R3 = 340.13Ω
for the following input parameters:
crystal reference frequency of 20
MHz, ATTEN of 20 dB, a phase mar-
gin of 55°, a loop bandwidth of 20
kHz, an output frequency of 3.2

L
t KT

K V VHz
qp

GS T
1

232
14= ( )

π

φ –
( )
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GHz, a charge pump current of 50
µA and a VCO gain of 153 MHz/V.

Furthermore, with the filter com-
ponents previously calculated, the to-
tal reference spurs are at –73 dBc
and the total phase noise of the syn-
thesizer is shown in Figure 8, both
results being obtained with Simusyn.

SYNTHESIZER BUILDING BLOCKS
Once the specifications of each

block have been established, the de-

sign of each one is presented. Fur-
thermore, the input specifications of
the synthesizer will be determined
with higher precision thanks to the
use of CADENCE, allowing a more
accurate prediction of its phase noise,
reference spurs and lock time.

Figure 9 shows the schematic cir-
cuit of the VCO. The proposed archi-
tecture is a fully integrated differen-
tial NMOS VCO with a self-biasing
current source. This architecture has

been selected to maximize its tuning
range. Two cross-coupled transistors
with minimum dimensions M1 and
M2 generate the negative impedance
required to cancel the losses in the
LC-tank. An oscillation safety factor
of two and on-chip planar inductors
have been used in this design. The
key to the design of a low phase-noise
oscillator is a high quality inductor.
Therefore, a thick metal (2 mm) has
been used to reduce the series resis-
tance of the inductor. Its geometry
has been selected to maximize the

84 MICROWAVE JOURNAL ■ FEBRUARY 2007Visit http://mwj.hotims.com/11713-46

TECHNICAL FEATURE

P
H

A
SE

 N
O

IS
E 

(d
B

c/
H

z)

FREQUENCY (Hz)

−40

−60

−80

−100

−120

−140

−160
102 104 106

▲ Fig. 8  Phase noise of the synthesizer.

Vdd

M2

M3 M4

M1

Vout

Vtune

Ibias

+-+ -

▲ Fig. 9  Schematic circuit of the VCO.

Q
U

A
LI

TY
 F

A
C

TO
R

FREQUENCY (GHz)

14

12

10

8

6

4

2

0
0 2 4 6 8 10

▲ Fig. 10  Inductor quality factor.

 2M34 FINAL  1/29/07  2:27 PM  Page 84

http://mwj.hotims.com/11713-46
http://www.emhiser.com/vco
mailto:vco@emhiser.com


Visit http://mwj.hotims.com/11713-129 or use RS# 129 at www.mwjournal.com/info

 2M34 FINAL  1/29/07  2:28 PM  Page 85

http://mwj.hotims.com/11713-129
http://www.mwjournal.com/info
mailto:specelek@compuserve.com
http://www.spectrum-et.com


quality factor. As a result, two spiral
inductors of 2.2 nH with a quality
factor of 12 at 3.2 GHz have been

employed. The electromagnetic sim-
ulation tool Momentum of ADS has
been used to achieve high accuracy in
its design. Before designing the VCO,
the inductors have been measured
and modeled. Figure 10 shows the
measured quality factor of the induc-
tor. As can be seen, this quality factor
is optimized at the output frequency
of the synthesizer (3.2 GHz).

The varactors are P-N junction ca-
pacitors with a maximum capacitance
of 0.88 pF. Each varactor is laid out
with 65 fingers, which are 10 µm
wide and 161 µm long. The quality
factor of these varactors at 3.2 GHz is
estimated to exceed 40. The varactors
have also been previously measured.
The current of the tank is supplied by
the self-biasing source shown in Fig-
ure 11. A startup circuit has been
employed to avoid
Ibias being zero. The
Ibias variation is low-
er than one percent
for voltage supply
variations of 10 per-
cent.11 The layout
of the VCO is
shown in Figure
12, which measures
850 × 1000 µm2, in-
cluding pads. The
two inductors of the
oscillator are situat-
ed at the top and
the varactors are
just below. The out-
put buffer and neg-
ative resistance
transistors are locat-
ed in the middle of
the die, whereas the
current source is
placed on the bot-
tom.

Post-layout simu-
lations allow deter-
mining the specifica-
tions of the VCO
with high accuracy.
In this way, the dif-
ferential output am-
plitude of the VCO
is 1.73 V, for a total
tank current of 6
mA. This amplitude
allows obtaining a
phase noise of –120
dBc/Hz at 1 MHz
offset. The phase
noise and tuning

range obtained from post-layout simu-
lations are shown in Figures 13 and
14, respectively. In order to predict
with Simusyn the phase noise, spurs
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▲ Fig. 12  Layout of the VCO.
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and lock time with greater safety, the
maximum VCO gain will be utilized
(~250 MHz/V). This gain is reached
when the tuning voltage is 2.8 V. Final-
ly, in order to improve the VCO per-
formance, the following layout issues
must be considered: to ensure layout
symmetry to minimize the even-order
distortion in the differential output sig-
nal, the metal track in the tank must be
as short as possible to reduce the para-
sitic capacitance and as wide as possi-

ble to reduce the parasitic resistance,
choosing a compromise between both
of them, differential pairs have a com-
mon center to minimize the effect of
the process gradient, and to take into
account the inductance introduced by
the metal track that interconnects the
two inductors.

Frequency Divider
Figure 15 shows the divider block

diagram. It consists of two high speed

divide-by-2 and a digital divide-by-40.
The block diagram employed to imple-
ment each high speed frequency di-
vider is shown in Figure 16, which
consists of two D flip-flops connected
in a master/slave configuration. Each
D flip-flop is triggered by two compli-
mentary inputs clock signals, CLK and
CLKBAR. Figure 17 shows the
schematic circuit of a D flip-flop,
which has been implemented using
source-coupled logic (SCL).6 The
main advantages of this architecture
include: as it does not utilize PMOS
transistors and the signal goes through
only two gates per cycle, this topology
is very fast; and it allows very small
swings for the input clock. The digital
divide-by-40 is made up of three di-
vide-by-2 and one divide-by-5. These
digital dividers are implemented with
digital D flip-flops and Figure 18
shows their diagram.8 The design of
the first two divide-by-2 has been done
especially carefully due to the high
specification frequency. Proper sizing
of the transistors results in a reason-
able speed-power trade-off at giga-
hertz rates. Since it is a differential de-
vice, the layout symmetry plays an es-
sential role in its performance
characteristics. The phase noise of the
divider obtained from post-layout sim-
ulations is –143 dBc/Hz at 10 kHz off-
set. The layout of the divider is shown
in Figure 19. It measures 663 × 734
µm2, including pads. The high fre-
quency divide-by-4 is placed at the top
and the digital divider is located just
below. It has been necessary to include
a buffer at the output of the divider in
order to allow its measurement out of
the synthesizer. This buffer is situated
at the bottom of the layout. Lastly, the
main layout issues, in order to improve
the VCO performance, lie in the high
frequency divider. As this divider is a
differential circuit, the same differen-
tial recommendations proposed for the
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VCO can be also applied. Further-
more, the parasitic capacitances of this
divider play an important role at high
frequencies. With the aim of reduce
them, the following issues must be tak-
en into account: the most external met-
al layer must be used to make the in-
terconnections, the parallel metal
tracks must be very widely spaced, the
length of all metal tracks must be mini-
mized and crosses must be avoided be-
tween metal tracks.

Phase-frequency Detector and
Charge Pump 

As shown in Figure 20, the phase
detector employed is a phase-frequen-
cy detector (PFD), which consists of
two digital D flip-flops, a logic gate
NAND and a delay that is composed of
a certain number of inverter gates. This
delay in the PFD reset path is used to
avoid the dead zone of the synthesizer,
which is the region where the charge
pump currents cannot flow proportion-

ally to the phase error. In order to avoid
the dead zone, the minimum reset de-
lay of the PFD must be equal to the
charge pump switching time. This time
can be approximated by the average of
the rise time and the fall time of the
UU signal.13 The reset delay is also re-
lated to the reference spurs and �1Hz.
For this design, four inverter gates have
been employed. Figure 21 shows the
schematic circuit of the charge pump.14

This architecture has been implement-
ed to mitigate charge injection errors
induced by the parasitic capacitors of
the switches and current source transis-
tors. A meticulous sizing of the charge
pump transistors and a proper layout
are essential for high performance
since the reference spurs depend on
the charge pump mismatches and un-
equal transistor turn-on times. The
transistors M1 and M2 turn on at every
phase comparison instant, therefore
any mismatch between their magni-
tudes, duration, or absolute timing re-
sults in a net current that is drawn from
the loop filter. Finally, the
base_pulse_spur and �1Hz specifica-
tions must be predicted with high pre-
cision before building the device. They
both have been specified by means of
the CADENCE simulation tool. The
normalized phase detector noise floor
has been considered as a cyclostation-
ary noise. A noise is cyclostationary if its
autocorrelation is periodic in time. In
this case, the origin is a periodic bias
current generating shot noise. There-
fore, Figure 22 shows the contribution
of noise sources at 20 MHz to the total
phase detector noise as a function of
time. Calculating the average in a peri-
od, a phase detector noise of 2.7267
pA/Hz1/2 is obtained. From this result
and by means of Equation 14, it is pos-
sible to calculate a 1 Hz normalised
noise floor of –202.3 dBc/Hz. Conse-
quently, a PLL noise floor of –85.2
dBc/Hz is achieved. Last of all, CA-
DENCE must also be used to specify
the base_pulse_spur constant with
greater accuracy. Therefore, by pro-
cessing the discrete Fourier transform
(DFT) of the synthesizer output signal
for different loop filters when the PLL
is locked, a base_pulse_spur value of
–289 dBc is obtained. Figure 23 shows
the layout of the phase-frequency de-
tector and the charge pump, which
measures 850 × 1000 µm2, including
pads. The PFD is situated in the mid-
dle and on the left, whereas the charge
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pump is located just on the right. A lot
of effort has been put into the reduc-
tion of charge injections at the switch-
ing times. Coupling of the digital sig-
nals in the phase-frequency detector
and the charge pump to the VCO
through the power supply, and non-
complete cancelling of the charge in-
jection in the charge pump switches
will modulate the output with a fre-
quency equal to the reference frequen-
cy. The charge pump design has been
optimised with respect to this aspect,
and care has been taken to provide suf-
ficient symmetry in the layout. The lay-
out also contains some power supply
decoupling capacitors.

Loop Filter
In the synthesizer architecture

shown previously, an off-chip passive
third-order filter has been employed to
filter the charge pump pulses. As the
VCO frequency range can be obtained
with a tuning voltage
variation from 0.5 to
2.8 V, a passive filter
has been chosen.
Furthermore, it is of
a third-order to give
an added attenuation
to the reference
spurs. Last of all, it is
off-chip since the
values of its compo-
nents are too high to
integrate them into
the chip. Using
Simusyn again and
the application note
AN1001,15 the val-
ues of the filter com-

ponents are C1 =
1.14 nF, C2 = 5.01
nF, C3 = 114.7 pF,
R2 = 2.68 kΩ and R3
= 208.16Ω. These
values have been cal-
culated utilizing the
maximum VCO gain
(˜250 MHz/V) in or-
der to predict with
Simusyn the phase
noise, spurs and lock
time with greater
safety. This gain has
been obtained by
means of CA-
DENCE and is
reached when the
tuning voltage is 2.8
V. The other

Simusyn inputs to calculate these val-
ues coincide with those given in the de-
termination and prediction of the syn-
thesizer specifications section. Once all
Simusyn inputs have been determined
with high accuracy using CADENCE,
it is possible to predict with Simusyn
the phase noise and the spurs of the
synthesizer minimizing the estimation
error. Figure 24 shows the total phase
noise of the synthesizer before its fabri-
cation. In the same way, the reference
spurs level obtained with Simusyn does
not exceed –70 dBc. Both results fulfill
the performance requirements.

RESULTS
The WLAN synthesizer has been

implemented using a 0.18 µm one-poly
six-metal CMOS technology. Figure
25 shows a micrograph of the synthe-
sizer die with an area of 1 × 1.2 mm, in-
cluding pads. The circuit has been test-
ed with a 3.3 V supply. The loop filter is
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not included on the chip because of the
large values of its components.

More than 300 MHz (11 percent
of the center frequency) of VCO tun-
ing range is achieved for a tuning
voltage variation from 0.5 to 2.8 V.
Figure 26 shows a comparison be-
tween the measured and simulated
VCO tuning range. As can be seen,
the operating frequency is reached
when the tuning voltage is exactly
half that of the power supply (1.65

V). The measured phase noise of the
synthesizer is shown in Figure 27.
This phase noise is compared with
two phase-noise simulations. The
blue simulation trace has been ob-
tained with Simusyn for the inputs
given, whereas the yellow simulation
trace refers to the phase noise simu-
lated with Simusyn when its inputs
are specified with CADENCE. The
phase noises at 1 and 17.3 MHz off-
set frequencies are measured to be
–118 and –143 dBc/Hz, respectively,
which agree well with the values of
the last simulation. Therefore, the
phase-noise measurements fulfill the
initial requirements. The total inte-
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▲ Fig. 23  Layout of the phase-frequency
detector and charge pump.
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grated phase noise over the channel
bandwidth does not exceed –32 dBc.
Furthermore, the measured phase
noise of the synthesizer at 17.3 MHz
offset is shown in Figure 28. The
phase noise of the synthesizer mea-
sured at offset frequencies beyond
the PLL bandwidth is the inherent
phase noise of the VCO. Thus, the
phase noise of the VCO at 100 kHz

offset is extrapolated to be –98
dBc/Hz, considering a slope of 20 dB
per decade. As shown in Figure 29,
the reference spurious tones are
more than 64 dB below the carrier.
This result is also much lower than
the original requirement (–59 dBc).
The power of the synthesizer differ-
ential output signal is approximately 0
dBm, which is much higher than the
required power by the down-conver-
sion mixer. Table 1 summarizes the
performance of the synthesizer. Of
the 53 mW total power consumption,
less than 33.1 mW is consumed by
the VCO. The self-biasing current
source consumes 13.3 mW to supply
a tank current of 6 mA. The frequen-
cy divider and phase detector con-
sume 19.1 and 0.8 mW, respectively.

Finally, Table 2 presents some of
the latest works reported on synthe-
sizers, operating for IEEE 802.11a
standard for the UNII band from
5.15 to 5.35 GHz. Clearly, the work
in this article compares well with
state-of-the-art designs in terms of
phase noise, reference spurs, opera-
tion frequency and technology.

CONCLUSION
A low phase-noise fully integrated

synthesizer, suitable for a 5 GHz wire-
less LAN receiver in the UNII band
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TABLE I
MEASURED SYNTHESIZER

PERFORMANCE

Synthesizer Performance

Output frequency (GHz) 3.2
Reference frequency (MHz) 20
Channel spacing (MHz) 20
Frequency range (MHz) > 300
Reference spurs (dBc) –64
Phase noise@1 MHz (dBc) –118
Loop bandwidth (kHz) 20
Total integrated phase noise (dBc)< –32
Output power (dBm) 0
Frequency tolerance (ppm) < 1

Power Consumption

VCO (mW) 33.1
Divider (mW) 19.1
PFD + charge pump (mW) 0.8
Supply voltage (V) 3.3

Implementation

Die area (mm2) 1.2
Technology 0.18 µmCMOS

TABLE II
COMPARISON BETWEEN SYNTHESIZERS FOR THE IEEE 802.11a WLAN STANDARD

Operation CMOS Phase Noise Reference Power Power
Frequency Tech. @ 1 MHz Spurs Supply Consumption

(GHz) (µm) (dBc/Hz) (dBc) (V) (mW)

This design 3.2 0.18 –118 –64.3 3.3 53
[16] 5.2 0.18 –115 –65 1.8 N/A
[17] 5.2 0.18 –110 N/A 1.8 N/A
[2] 3.5 0.18 –120 N/A 1.8 N/A
[18] 5.4 0.18 –110 –68 1.8 N/A
[19] 4.9 0.24 –101 –54 1.5/2 25
[20] 4.3 0.25 N/A –58 2.5 117.5
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from 5.15 to 5.35 GHz, has been de-
signed. Through the development of
Simusyn, the synthesizer’s phase noise,
reference spurs and lock time have
been predicted with high accuracy be-
fore its fabrication. The use of high
quality inductors, optimized at the op-
eration frequency, allows obtaining a
low phase-noise VCO. The use of a
self-biasing current source in the tank
provides a greater safety in the
transconductance value and permits

operation along more extreme operat-
ing points. The integrated synthesizer
consists of a VCO with 0 dBm of out-
put power and phase noise of –98
dBc/Hz at 100 kHz offset, a charge
pump that mitigates the charge injec-
tion errors induced by the parasitic ca-
pacitors of the switches and current
source transistors, and a fixed divide-
by-160 circuit. The total phase noise of
the synthesizer is –143 dBc/Hz at 17.3
MHz offset and the reference spurious

does not exceed –64 dBc. With this
phase noise and a loop bandwidth of 20
kHz, the total integrated phase noise of
the synthesizer over the channel band-
width is less than –32 dBc. Finally, the
designed synthesizer consumes 53 mW
with a power supply of 3.3 V.  ■
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couplers reported can support only two fre-
quency bands3–6 because of the high complex-
ities involved in the design. However, anten-
nas that can be operated in two or more fre-
quency bands are very common.7,8 In this
work, the design of multi-band BPFs is the
primary interest. Recently, dual-band BPFs
have been intensively investigated,9–11 where-
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Due to the increasing competition in
the global wireless communication
markets, many wireless terminals,

such as mobile phones, personal dispatching
assistants (PDA) and laptop computers, are
being constructed to integrate more than one
communication standard into the same appa-
ratus. This allows the end-users to access dif-
ferent systems that provide various services.
Since different communication standards may
use different frequency bands, front-end com-
ponents capable of supporting multiple fre-
quency bands have received much atten-
tion.1,2 These front-end components include
couplers,3–6 antennas7,8 and bandpass filters
(BPF).9–13 In the literature, most multi-band

DESIGN OF A NOVEL
QUAD-BAND MICROSTRIP
BPF USING
QUARTER-WAVELENGTH
STEPPED-IMPEDANCE
RESONATORS

In this article, a new quad-band microstrip bandpass filter (BPF) is proposed. The BPF is composed of
resonators whose first four resonant frequencies can be tuned to the desired passbands. Each
resonator is formed by combining two unequal-size stepped-impedance resonators (SIR) with part of
their structures shared. The designed quad-band BPF is implemented on an RT/Duroid 6010
substrate. The measured fractional bandwidths (minimum insertion losses) for the 1.57 GHz (GPS),
2.45 GHz (ISM), 3.55 GHz (WiMAX) and 5.25 GHz (WLAN) bands are 6.4 percent (1.85 dB), 8.2
percent (1.4 dB), 8.7 percent (2 dB) and 12.2 percent (1.06 dB), respectively, which agree well with
the simulated results. For miniaturization purposes, the resonators are meandered to give an overall
circuit size of only 12.3 × 9.1 mm.
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as the study of tri-band BPFs, which
can support three practical commer-
cial communication bands, is relative-
ly scant.12 Furthermore, a quad-band
BPF that can simultaneously support
four frequency bands is not yet avail-
able.

The most intuitive way of con-
structing a multi-band component is
to build an individual circuit for each
frequency band and then combine
them in parallel, resulting in a large
circuit size. Nevertheless, Miyake, et
al.9 have successfully extended the
parallel-cascade structure13 (original-
ly proposed for a single-band BPF
design) to implement a miniaturized,
low temperature, co-fired ceramic
dual-band BPF by stacking two
stripline filters, one for the 900 MHz
band and the other for the 1900 MHz
band. Although highly compact, this
filter needs extra impedance match-
ing networks at its input/output ports.
A more clever way of designing a
dual-band BPF is to use resonators
whose second resonant frequency can
be tuned over a very wide frequency
range. Stepped-impedance res-
onators (SIR), originally proposed by
M. Makimoto, et al.,14 possess such a
property, and were successfully em-
ployed in a dual-band BPF design.10

Alternatively, a dual-band BPF can
be created by loading a transmission
line with three unequal-length shunt
open stubs,11 which yield three trans-
mission zeros. Similarly, a tri-band
BPF can be constructed by placing
four unequal-length open stubs in
shunt to a transmission line,12 result-
ing in four transmission zeros. Al-
though this idea can be extended to
implement a multi-band BPF sup-
porting more than three frequency
bands, so far, to the authors’ knowl-

edge, a quad-band BPF has not been
reported in the literature. This is
probably because too many open
stubs will make the filter bulky and
because mutual loading effects
among the stubs have rendered the
quad-band BPF topology impractical.
Moreover, since the shunt stubs are
open-ended, low frequency and DC
signals will not be blocked by these
filters,11,12 a property that can be re-
garded as a drawback.

The aim of this article is to design
a quad-band BPF that can pass sig-
nals in the 1.57 GHz (GPS L1 chan-
nel), 2.45 GHz (ISM), 3.55 GHz
(WiMAX) and 5.25 GHz (WLAN)
bands. Two quarter-wavelength (λ/4)
SIRs, when properly designed, can be
combined to form a single resonator
that resonates at the four desired fre-
quencies. Because a λ/4 SIR offers a
smaller circuit size and a higher third
resonant frequency compared with a
λ/2 SIR, it is used here as the build-
ing blocks of a BPF. In addition, the
SIRs are meandered to reduce the
size of the fabricated BPF, which
measures only 12.3 × 9.1 mm. Since
the quadruple-frequency resonators
used in the BPF are mutually sepa-
rated, low frequency and DC signals
will be highly attenuated.

QUADRUPLE-FREQUENCY
MICROSTRIP RESONATOR DESIGN

A BPF can be constructed by
combining resonators with the same
resonant frequencies in a proper
manner. A resonator, with its four
main resonances located at the de-
sired frequencies, can be used as the
building block of a quad-band BPF.
Such a resonator can be composed of
two primary resonators, each of
which has its first two resonant fre-
quencies identical to two of the four
desired frequencies. The prime res-
onating structure adopted here is a
λ/4 SIR, as shown in Figure 1. The
λ/4 SIR consists of two microstripline
sections having characteristic imped-
ances Z1 and Z2 and electric lengths

θ1 and θ2. One end
of the λ/4 SIR is
grounded through a
via of diameter D.
For simplicity, the
two resonator sec-
tions are assumed to
have the same elec-
trical length, that is,

θ1 = θ2 = θ0. By neglecting the para-
sitic effects of the via and the step
junction between the two line sec-
tions, the parallel resonance condi-
tion can be derived as tan2θ0(f) =
Z2/Z1 = Rz, from which the resonant
frequencies can be determined.14

Here, Rz stands for the impedance
ratio. Denote the nth resonant fre-
quency of the SIR by fn; then, for a
given fundamental resonant frequen-
cy (f1) of a λ/4 SIR, the associated
second and third resonant frequen-
cies, respectively, can be written as14

and

This implies that, for a given f1, the
second resonant frequency f2 can be
freely designed by choosing an appro-
priate Rz value for the λ/4 SIR. Fur-
thermore, if both f1 and f2 are given,
then f3 is fixed and can be considered
spurious.

As mentioned, two dual-frequency
SIRs (designated as SIR A and SIR
B) are needed in order to construct a
quadruple-frequency resonator. Let
fA1 = 1.57 GHz and fA2 = 3.55 GHz
be the first two resonant frequencies
of SIR A; thus, RZA = 2.07 and θ0A
(fA1) = 55.2°. Similarly, let fB1 = 2.45
GHz and fB2 = 5.25 GHz be associat-
ed with SIR B; RZB should then be
2.42 and θ0B (fB1) = 57.3°. Note that
the first spurious resonant frequen-
cies fA3 (6.69 GHz) and fB3 (10.15
GHz) for SIRs A and B, respectively,
are both greater than the highest of
the four desired frequencies. In this
article, the filter circuit is to be de-
signed on a 0.635 mm-thick
RT/Duroid 6010 substrate with a di-
electric constant of 10.2 and a loss
tangent of 0.0023. For SIR A, if Z1 =
30.2 Ω (W1 = 1.4 mm), then Z2 = 62.5
Ω (W2 = 0.3 mm). In order to com-
bine SIR B with SIR A, the width and
characteristic impedance of the first
section of SIR B are set to be the
same as those of SIR A. For differen-
tiation purposes, the width and char-
acteristic impedance of the second
section of SIR B are denoted by W3
and Z3, respectively. The value of RZB
= Z3/Z1 thus leads to Z3 = 72.6 Ω (W3
= 0.2 mm). These two SIRs can be
combined into a single resonator, as

f f f3 2 12 2= + ( )

f f
RZ

2 1 1
1 1=

⎛

⎝
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⎞
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Z1θ1 Z2θ2 
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▲ Fig. 1  Geometry of the λ/4 stepped-
impedance resonator.
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L2 

Z0 
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W1 

W1 

L1a 

L1b L1c+L1d
L3 

W3 

▲ Fig. 2  Geometry of the quadruple frequency resonator with a 
50 Ω microstrip tap.
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shown in Figure 2, where SIRs A
and B share part of the W1-wide sec-
tion. This common section has a
length of L1a, which is measured
from the center of the via to the up-
per edge of the horizontal W1-wide
section. Also shown is the 50 Ω tap-
ping microstrip that feeds the res-
onator at the junction of the two
SIRs.

QUAD-BAND MICROSTRIP BPF
IMPLEMENTATION

Note that the value of L1a must be
appropriately selected so as to meet
the bandwidth requirements for the
four passbands centered at fA1, fB1,
fA2 and fB2 in the quad-band BPF de-
sign. The fractional bandwidths need-
ed are approximately 3 percent (1557

to 1593 MHz), 4 percent (2400 to
2484 MHz), 8.5 percent (3.4 to 3.7
GHz) and 4 percent (5150 to 5350
MHz), respectively. Using a second-
order Butterworth response as the
target, the element values for the low
pass filter prototype are g0 = g3 = 1
and g1 = g2 = ��2. The required exter-
nal quality factors (defined by Qei =
g0g1/∆ with ∆ being the 3 dB frac-
tional bandwidth of the filter)15 for
these four bands are in general differ-
ent. Let the external quality factor for
the ith resonant frequency be denot-
ed by Qei (i = A1, B1, A2 and B2),
which can be computed by10

where

Z0 = characteristic impedance of the
tapping microstrip

Moreover, the total input suscep-
tance, looking from the tapping posi-
tion toward the resonator, is B(f),
which can be decomposed into B0(f),
BA(f) and BB(f), that is the suscep-
tances looking from the junction of
SIRs A and B toward the upper side
(toward the via), the left side and the
right side of the quadruple-frequency

resonator, respec-
tively. The expres-
sions for B0(f), BA(f)
and BB(f) are easy
to derive and are
omitted here for
brevity. Neverthe-
less, the expressions
of fdBj (f)/df, j = 0,
A, B are listed in
Appendix A for
completeness. The
Qe versus L1a
curves, computed
using Equation 3
for the four desired
center frequencies,
are shown in Fig-
ure 3, which indi-
cates that Qe de-
creases with L1a.
Hence, the larger
the value of L1a, the
larger the fractional
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▲ Fig. 3  External Q versus the resonator
shared length.
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▲ Fig. 4  Layout of the proposed quad-band microstrip BPF.
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bandwidth ∆ (since ∆ = g0g1/Qe). Ob-
viously, the four required lengths of
L1a for the four desired passbands
may be all different. Among them,
the largest L1a value must be selected
to ensure that all the four passband
bandwidths be greater than or equal
to the actual required ones. If an L1a
value other than the largest one is
chosen, some passband bandwidths
will be smaller than needed, thus re-
sulting in partial signal blocking in
those particular passbands. Note that
in Equation 3 and the associated ex-
pressions listed in Appendix A, many

factors have been neglected, includ-
ing the dielectric loss, the conductor
loss, the dispersion properties of the
microstrip sections in the resonator
and the effects of the structural dis-
continuities. Hence, the aforemen-
tioned largest L1a value can only
serve as a good start in the optimiza-
tion process of designing the quad-
band BPF and may still have to be
fine-tuned in the design.

The geometry of the proposed
quad-band BPF is shown in Figure
4, where the two quadruple-frequen-
cy resonators are placed back to back
with gaps S1 and S2 in the horizontal
direction. The upper part of the BPF
is the main path for signals around
fA1 and fA2, whereas the lower part is
for signals around fB1 and fB2. Since
the resonators have been bent to re-
duce the circuit size, the structural
parameters (W1, W2, W3, θ0A(fA1),
θ0B(fB1), L1a and so on) may need to
be further tuned during the full-wave
optimization. For the fi-referenced
fractional bandwidths ∆i (i = A1, B1,
A2 and B2) determined for a selected
L1a value, the coupling coefficients
between these two resonators can be
computed using Mi = ∆i����g1g2�. Once
the values of MI are known, the gaps
between these two resonators can be
determined through full-wave elec-
tromagnetic simulation.15 Figure 5
shows a set of simulated coupling co-
efficients as functions of the gap S. In
the inset of the figure, the structure
has been configured to have the same
gap S for both the upper and the low-
er half of the juxtaposed resonators.
This can be done by adjusting the in-
dividual lengths of L1c and L1d for a
fixed L1c+ L1d. Once the required
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▲ Fig. 5  Simulated coupling coefficients
versus the gap width between resonators.

TABLE I
OPTIMIZED DIMENSIONS 
OF THE QUAD-BAND BPF

Parameter Value (mm)

W1 1.40
W2 0.15
W3 0.20
S1 0.60
S2 0.30
D 0.60

L1a 1.8
L1b 8.0
L1c 4.3
L1d 1.0

L2a 0.67
L2b 1.19
L2c 1.50
L2d 1.29
L2e 5.54
L2f 3.03

L3a 2.0
L3b 3.2
L3c 1.4
L3d 2.3
L3e 0.7
L3f 0.8
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▲ Fig. 6  Simulated and measured response
of the quad-band BPF.
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(MA1, MA2) and (MB1, MB2) are ob-
tained for two possibly different val-
ues of S, S1 will be equated to the val-
ue of S pertaining to (MA1, MA2) and
S2 to that pertaining to (MB1, MB2). If
this task cannot be achieved, the val-
ues of L2e and L3b will have to be var-
ied and another set of simulated cou-
pling-coefficient curves generated. If
still not successful, the value of L1a
may have to be changed to acquire a
different set of ∆i (thus, a different
set of Mi) and search for an appropri-
ate set of gaps (S1 and S2).

EXPERIMENTAL RESULTS
For the fabricated quad-band BPF

with the optimized dimensions shown
in Table 1, the corresponding cou-
pling coefficients (MA1, MB1, MA2,
MB2) are approximately (0.0453,
0.052, 0.062, 0.0794) and the frac-
tional bandwidths (∆A1, ∆B1, ∆A2,
∆B2), computed from Mi = ∆i/����g1g2�,
are 6.39, 7.4, 8.8 and 11.23 percent.
Figure 6 shows the simulated and
measured frequency responses of the

BPF, which are also summarized in
Table 2 for comparison. The mea-
sured results agree quite well with
those obtained from the simulation
done using Ansoft HFSS, a full-wave
electromagnetic simulator. The mea-
sured 3 dB fractional bandwidths for
the four passbands centered at fA1,
fB1, fA2 and fB2 are found to be 1510
to 1610 MHz (6.4 percent), 2340 to
2540 MHz (8.2 percent), 3400 to
3710 MHz (8.7 percent) and 4920 to
5560 MHz (12.2 percent), respective-
ly. The minimum insertion losses
measured for these four passbands in
the same sequence are 1.85, 1.4, 2.0
and 1.06 dB, respectively. The simu-
lated return loss for a single mi-
crostrip line-fed quadruple-frequency
resonator (half of the BPF structure)
is shown in Figure 7 to verify that
the designed resonator indeed res-
onates at the four desired frequen-
cies. A photograph of the fabricated
BPF is shown in Figure 8, which il-
lustrates its very small area of only
12.3 × 9.1 mm.

CONCLUSION
In this article, a new quad-band

microstrip bandpass filter (BPF) has
been proposed and implemented.
The novel resonators composed of
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TABLE II
PERFORMANCE OF THE DESIGNED QUAD-BAND BPF

Simulation Measurement

fA1 Minimum insertion loss (dB) 1.53 1.85
(1.57 GHz) 3 dB band (GHz) 1.5 to 1.6 1.51 to 1.61

BW (%) 6.4 6.4

fB1 Minimum insertion loss (dB) 1.12 1.4
(2.45 GHz) 3 dB band (GHz) 2.35 to 2.54 2.34 to 2.54

BW (%) 7.8 8.2

fA2 Minimum insertion loss (dB) 1.5 2.0
(3.55 GHz) 3 dB band (GHz) 3.38 to 3.72 3.40 to 3.71

BW (%) 9.6 8.7

fB2 Minimum insertion loss (dB) 0.9 1.06
(5.25 GHz) 3 dB band (GHz) 4.9 to 5.5 4.92 to 5.56

BW (%) 11.4 12.2
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▲ Fig. 7  Simulated reflection coefficient of
one-half of the BPF.

▲ Fig. 8  The fabricated quad-band
microstrip BPF.
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two SIRs have been designed to res-
onate at four desired frequencies,
and have been subsequently em-
ployed in the BPF design. The circuit
size has been greatly reduced by me-
andering the resonators. The mea-
sured frequency responses of the de-
signed BPF have been found to agree
with the simulated ones. To the au-
thors’ knowledge, this BPF is the first
one reported in the literature that
can support four practical frequency
bands.  ■
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APPENDIX A
The detailed expressions pertaining to

Equation 3 are given as follows:

The term fdBB(f)/df can be obtained
from Equation A2 by replacing the subscript
A with B. Referring to Figure 2, one obtains

where εr,eff,1 is the effective dielectric con-
stant of the microstripline having a width of
W1 and c is the speed of light in free space.
Furthermore, θvia(f) = 2πf��εr�h/c is an ap-
proximate phase correction term represent-
ing the phase delay from the via, where h
and εr are the height and dielectric constant
of the substrate, respectively.
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TECHNICAL FEATURE

A defected ground structure (DGS)5,6 is a
novel technique for improving the perfor-
mance of filters or other microwave compo-
nents and is formed by etching a pattern in
the ground plane. This structure can change
the current and its distribution in the ground
plane, and thus increase the effective capaci-
tance and inductance of the microstrip. Peri-
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Microstrip resonators have very impor-
tant applications in microwave or
millimeter-wave systems. They are

important components of microstrip filters,1–2

microstrip oscillators3 and microstrip anten-
nas,4 and enable microwave equipment minia-
turization with improved performance. A
stepped-impedance resonator (SIR) is the
fundamental resonant element that can oper-
ate from RF to millimeter-wave frequencies
and can be used in many kinds of filters, oscil-
lators and mixers. The performance of a mi-
crostrip resonator relies on electromagnetic
field distribution, the resonant frequency and
quality factor Q. Microstrip filters have advan-
tages such as low cost, small volume, high se-
lectivity and are widely used in a variety of mi-
crowave systems to transmit energy in one or
more passbands and to attenuate energy in
one or more stopbands.

A COMPACT MICROSTRIP
STEPPED-IMPEDANCE
RESONATOR AND FILTER
The resonant performance of T-shaped microstrip resonators, a kind of stepped-
impedance resonator (SIR), is computed and analyzed. Two novel SRI filters, a
double-T-shaped bandstop filter and a double-H-shaped bandpass filter, are
designed and their performances are calculated and optimized. The results show
that the performance of the filters can be effectively improved by using defected
ground structures (DGS), which suppress spurious responses by rejecting
harmonics in the microwave circuits. The measured results are in good agreement
with the simulated ones. The proposed filters have advantages such as a simple
structure, wide bandwidth and high attenuation, and are quite useful in future
applications in RF circuits.
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TECHNICAL FEATURE

odic and non-periodic DGSs have the property to reject
certain microwaves in some frequencies, permitting elimi-
nation of spurious responses due to harmonics. In this ar-
ticle, a novel double-T-shaped microstrip bandstop filter
with DGS and a novel double-H-shaped microstrip band-
pass filter with DGS are proposed and their performances
simulated and optimized. The calculated results show that
the performance of the filters can be effectively improved
by DGS and the experimental results verify the improve-
ment.

ANALYSIS FOR CHARACTERISTICS OF A
MICROSTRIP STEPPED-IMPEDANCE RESONATOR

A fundamental microstrip SIR is formed by joining to-
gether two microstrip transmission lines with different
characteristic impedance Z1 and Z2, as shown in Figure
1. Zi is input impedance, Yi is input admittance and β is
phase constant. �1 and �2 are physical lengths correspond-
ing to electric lengths θ1 and θ2, respectively. The equiva-
lent circuit of the SIR is derived, as shown in Figure 1b,
where L is inductance, C is capacitance and RL is loaded-
impedance. If the discontinuous of microstrip step and
fringe capacitance of open-circuit port are omitted, Zi can
be expressed as

The parallel resonant condition can be obtained on the
base of Yi = 0; it is

Here, K is the impedance ratio. It can be seen from
Equation 2 that the resonant conditions of SIR lie on θ1,
θ2 and K. The total electric length of SIR can be ex-
pressed as

It can be shown from Equation 3 that the resonator’s
length reaches a minimum value of 0 < K < 1, and a maxi-
mum value for K > 1.7 For K = 1, it is a conventional
quarterwave uniform-impedance resonator (UIR), as
shown in Equation 4.

On the resonant condition, SIR can also be equivalent
by circuit,8 as shown in Figure 1c. Here

where

ω0 = resonant angular frequency
bs = susceptibility slop
Q0 = unloaded Q

bs can be expressed as
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where

bs(ω) = susceptibility of resonator

If the susceptibility of quarter-wavelength SIR is defined
as BSA and the corresponding slop parameter is defined as
bSA, we have

where

θ01 = resonant value of θ1

An H-shaped resonator is a symmetrical structure that
consists of two transmission lines with different character-
istic impedance, as shown in Figure 2. The electric
length of outer step is θ2, and that of inner step is 2θ1. Its
equivalent transmission line model9 is shown in Figure
2b, where

The input admittance seen from the open-circuit port can
be expressed as

Based on Yi = 0, the resonant condition (impedance ratio)
can be achieved as

If θ1 = θ2 = θ the resonant condition and input admittance
can be simplified.

The T-shaped microstrip SIR is shown in Figure 3.
The heights of the patches are W and W1, and the widths
are L1 and L2, respectively. The dimensions of all the di-
electric substrates mentioned in this article are fixed to 50
× 50 mm2 and their relative dielectric constant is εr = 2.2
or εr = 2.6. This kind of dielectric material has properties
such as low dielectric loss (tan δ ≤ 5.10–4), low cost and
easy manufacturability. The relationship between the res-
onant frequency f0 and W is shown in Figure 4. It can be
seen that W variations have little influence on the reso-
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nant frequency. When W1 = 10 mm,
L1 = 10 mm, L2 = 10 mm and εr =
2.2, the resonant frequency of the
dominant mode is nearly fixed at 2.85
GHz and that of the second-order
mode is 4.52 GHz. When εr = 2.6, the
resonant frequency of the dominant
mode is 2.6 GHz and that of the sec-
ond-order mode is 4.15 GHz. The re-
lationship curves of the quality factor

TECHNICAL FEATURE

Open-circuited plane Short-circuited plane

(β1) (β2) 

θ1 θ2 

Z1 

Zi 

Zi 
ZL 

Z2 Z1 L 

C 

L 

Z2 

C0 R0L0

(a)

(b)

(c)

▲ Fig. 1  Electric parameter of an SIR (a)
its equivalent circuit (b) and the equivalent
circuit at resonance (c).

Z2 

Z2 

Zin Zin2 Zin1 

Z1 Z2 

K = Z2 /Z1 < 1

Z2 Z1 

θT = 2(θ1 + θ2)

2θ1 θ2θ2

θ2 θ22θ1

(a)

(b)

▲ Fig. 2  Electric structure (a) of an 
H-shaped resonator and its equivalent
transmission line model (b).

L2 

W1 W 

L1 

▲ Fig. 3  T-shaped microstrip resonator.
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Q and W are shown in Figure 5. It
can be seen that the quality factor de-
creases when both W and εr increase.
The relationship curves of Q and L1,
L2 are shown in Figures 6 and 7, re-
spectively, with W = 30 mm and W1 =
10 mm. They show that Q decreases
when L1 and L2 increase and the Q
of the second-order mode is larger
than the one of the dominant mode.

DESIGN OF NOVEL SIR
COUPLING MICROSTRIP FILTERS

A novel double-T-shaped bandstop
filter with DGS is shown in Figure 8.
The dimensions of each T-shaped
patch are W = 30 mm, W1 = 10 mm,
L1 = 5 mm and L2 = 4 mm. The over-
all width of the coupled patch is L =
26 mm. The double-T-shaped res-
onators form a bandstop filter when
coupled to each other, but the filter
performance is not acceptable be-
cause of its narrow passbands near
the stopband; consequently, DGS was
used. The performance of the band-
stop filter was calculated with Ansoft

HFSS software. The dumbbell-
shaped DGS on the ground plane is
shown in Figure 9, where a = 10
mm, b = 4 mm, g = 3 mm and l = 2
mm.

The simulated S-parameters of the
filter are shown in Figure 10. If the
relative dielectric coefficient of di-
electric substrate is εr = 2.2, it can be
seen that there is a wide stopband at
a center frequency of 8.71 GHz, with
a 0.49 GHz bandwidth (5.62 per-
cent). If εr = 2.6, there is a stopband
at a center frequency of 8.004 GHz,
with a 0.444 GHz bandwidth (5.55
percent). It can be seen that the at-
tenuation within the stopband is
greater than 20 dB, the stopband
center frequency will shift with dif-
ferent dielectric substrates and the 3
dB bandwidth of the passband near
the operational stopband is more
than 200 MHz. The experimental re-
sults, measured with a HP8510 vector
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▲ Fig. 8  Double-T-shaped bandstop filter
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▲ Fig. 9  DGS on the ground plane.
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network analyzer, are shown in Fig-
ure 11 with εr = 2.2. They agree with
the simulated ones.

The layout of a novel double-H-
shaped microstrip bandpass filter is
shown in Figure 12. The dimension
of every H-shaped patch is w = 15
mm, w1 = 5 mm, L = 40 mm, L1 = 10
mm. The coupling coefficient k is
bandpass filter can be expressed as

where

Br = relative
bandwidth

gi (i = 1, 2, …, n–1) = low pass
prototype value
corresponding
to the desired
filter responses

n = order of filter

In order to improve the perfor-
mance of the filter effectively, a pair
of DGSs is applied, and for each
DGS, a = 9 mm, b = 5 mm, l = 4.2
mm and g = 3 mm. The simulated 
S-parameters of the double-H-
shaped microstrip bandpass filter are
shown in Figure 13, and the experi-
mental results are shown in Figure
14. For εr = 2.2, it can be seen that
the center frequency is 3.275 GHz
and there is an attenuation pole at 4.5
GHz. The 3 dB bandwidth is 0.75
GHz, the maximum insertion loss is
0.55 dB at the center frequency and
the coupling coefficient is k = 0.229.
For εr = 2.6, the center frequency is
3 GHz, the 3 dB bandwidth is 0.676
GHz, the maximum insertion loss is
0.37 dB at the center frequency and
the coupling coefficient is k = 0.225.
There is an attenuation pole at 4.18
GHz, and the maximum attenuation
is greater than 32 dB. It can be seen
from the figures that the simulated
and measured frequency responses
are in good agreement.

CONCLUSION
In this article, the performance of

stepped-impedance resonators are
computed and analyzed. A novel dou-
ble-T-shaped microstrip bandstop fil-
ter with DGS and a double-H-shaped
microstrip bandpass filter with DGS
are designed and their performance
is calculated, measured and analyzed.
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VHF Band 1.0 Watt Amplifier with RF Bypass (A)
Output of 1 watt from 35 to 350 MHz, 29 dB gain and 3 dB noise figure, this amplifier assembly
incorporates an RF bypass switch. You can route the RF through the amplification stages, or remove
the DC bias from the switch and bypass the amplifier. 

2 to 18 GHz 6 Channel Downconverter (B)
Teledyne Cougar's Six Channel 2 - 18 GHz (RF and LO) downconverter operates with an IF of ~960
MHz, providing 25 dB of RF-IF gain, and bandwidth of ~500 MHz. This downconverter operates on a
single LO at -6 dBm which is amplified, split, then again amplified to each of the 6 channels. Integrated
into each channel is a range extension switch, controlled by a TTL input and adding 20 dB attenuation.
Noise figure is ~ 13.5 dB and output IP3 is ~25 dBm. The downconverter is 2-sided, hermetically
sealed and designed for rugged applications.

17 to 19 GHz QPSK Modulator (C)
Differential Drive Digital QPSK (Quadrature Phase Shift Keying) modulator operates across the 17.0 to
19.0 GHz frequency range.  Modulator utilizes differential drive digital inputs (180º apart) to drive both
of the bi-phase modulators (mixers) integrated into the assembly. The QPSK modulator provides
constant amplitude, 90º vector: 0 (ref.), 90º, 180º, 270º and operates across the -55º to 85º C
temperature range.
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The simulated and measured frequency responses show
good agreement. The proposed filters have advantages
such as compact and simple structures, they are easily
integrated and manufactured, and they show wide
bandwidths, high attenuations and also demonstrate that
the filters’ performance can be effectively improved by
using DGS.  ■
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and low cost push the trend toward a single
radio chip. Figure 1 shows the up-down ar-
chitecture of a DTV RF tuner.1,2 The RF sig-
nal is upconverted to 1.2 GHz by the first mix-
er and then downconverted by the second
mixer to the IF. Rather than bulky tunable fil-
ters used traditionally in direct-down architec-
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Digital TV offers a far wider choice of
TV viewing and a reduction of the in-
terference that may be experienced

on analog TV. Recently, many RF circuits real-
ized in the CMOS process have been reported
and the 0.18 µm process is a good candidate
for highly integrated systems-on-chip (SOC)
applications. The requirements of low power

A 40 TO 900 MHZ
CMOS BROADBAND
DIFFERENTIAL LNA 
FOR A DTV RF TUNER
This article describes a 40 to 900 MHz CMOS broadband differential LNA with
gain control for a DTV RF tuner application. The LNA is fabricated in a TSMC
0.18 µm CMOS process. The broadband differential LNA uses dual-feedback and
shunt-shunt feedback topologies to achieve high gain and a flat broadband
response. The LNA is designed with 75 Ω differential input and output
impedances for a 75 Ω TV system application. The circuit measurement is
performed using an FR-4 PCB test fixture. In the frequency range from 40 to 900
MHz, the LNA exhibits a gain of 20.26 ±0.41 dB, a noise figure less than 5 dB,
and an input P1dB between –19.5 and –20.3 dBm. The gain tuning range is from
20 to –42.8 ±4.9 dB over the 40 to 900 MHz range. The power consumption is 43
mW at VDD = 1 8 V.

RF

LPF LNA BPFMixer
1

1535 MHz 1184 MHz
IF filter frequency

response

Mixer
2

LO2LO1
CH51

(image)

312 318 324 384 390  396 MHz
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Fig. 1  Up-down 
architecture of a DTV 
RF tuner. ▼
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ture, the up-down architecture has
the advantage of providing a good im-
age rejection by using a 1.2 GHz
bandpass filter.

For an RF TV tuner application,
the LNA not only requires low noise
and high gain but also high linearity
and flat response over the 40 to 900
MHz frequency range. In this article,
a broadband differential LNA with
gain-control, using dual-feedback and
shunt-shunt feedback topologies, is
adopted to achieve high gain and a
flat broadband response. The control-
lable gain can prevent saturation of
the receiver when the input signal
level is relatively high. The broad-
band LNA is implemented in a
TSMC 0.18 µm CMOS process.

LNA TOPOLOGY AND CIRCUIT
DESIGN

Figure 2 shows the block diagram
of a DTV tuner differential RF front-
end, in which the presented three-
stage LNA includes two feedback am-

plification stages and
one gain-control
stage (see Figure 3). It uses dual-feed-
back and shunt-shunt feedback stages
to achieve a high and flat broadband
response. The dual-feedback stage is
the first stage and the shunt-shunt
feedback stage is the second stage, to
increase the gain. The gain-control
stage is used to prevent saturation.

It is known that the differential
circuit can mitigate the effects of
common mode noise. As shown, this
LNA, which did not use a high im-
pedance at the source terminal, is a
pseudo-differential circuit structure.
The reason not to use a true differen-
tial amplifier circuit is that, for low
voltage RFIC design (1.8 V, for exam-
ple) a high impedance at the source
terminal will compress the voltage
headroom and output voltage swing,
which will reduce the amplifier gain.
Also, this pseudo-differential LNA
circuit can still reject the common
mode noise from VDD.

Feedback Stages
The dual-feedback stage adopts

the Kukeilka architecture.3–5 This ar-
chitecture is a refinement of the tra-
ditional shunt-series feedback. The
output of the dual-feedback stage is
capacitively coupled to the shunt-
shunt feedback stage input through a
DC block capacitor.

The M1 and M2 of the dual-feed-
back stage dissipates 2 and 4 mA of
DC current, respectively. The aspect
ratios (W/L) of M1 and M2 are chosen

TECHNICAL FEATURE

BLNA

LPF BPF

LO1 LO2

Mixer 1 Mixer 2

▲ Fig. 2  Block diagram of a DTV tuner differential RF front-end.
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▲ Fig. 3  Half circuit schematic of the designed broadband
differential LNA with gain control.
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▲ Fig. 4  Complete circuit schematic (a) and chip micrograph (b) of the designed differential
LNA.

130 MICROWAVE JOURNAL ■ FEBRUARY 2007

Differential
Amplifier

Port 2
50Ω

Port 3
50Ω

Port 4
50Ω

75Ω75Ω

75Ω 75Ω

Port 1
50Ω

(a)

(b)

▲ Fig. 5  Block diagram (a) and photograph
(b) of the PCB test fixture to measure the
differential S-parameters.
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to be the same. To ensure M1 is oper-
ating in the saturation region, the size
of the diode-connected transistor,
Mf1, is chosen to be twice that of M1.
In addition, Cf1 is added in parallel
with Mf1 to compensate the over-
damped characteristic of this struc-
ture. However, the dual-feedback
stage does not provide the desired
gain for the LNA. In order to achieve
a higher gain, a shunt-shunt feedback
stage6 is added. M3 dissipates 6 mA of
DC current and the shunt-shunt feed-
back stage dissipates 12 mA due to
the differential topology.

Gain-control Stage
As shown, Mc1 is used to imple-

ment a gain-control mechanism. The
voltage, Vctrl, applied to Mc1, controls
the variable gain. This topology yields
a negative slope gain-control curve.
The LNA has its maximum gain when
the control voltage is zero and vice
versa.

SIMULATION AND
MEASUREMENT RESULTS

Figure 4 shows the complete cir-
cuit schematic and chip micrograph
of the designed differential LNA.
The chip die size is 1.007 × 0.568
mm. The circuit measurement is

performed using an
FR-4 PCB test fix-
ture. For differen-
tial  S-parameter
measurements,  a
four-port network
analyzer was used.
Since the four-port
analyzer can sup-
port differential
measurement, no
baluns are needed.
Figure 5 shows the
block diagram and
photograph of the
test fixture for dif-
ferential measure-
ment environment.
It is noted that, al-
though this circuit
is designed for 75
Ω DTV systems, 50
Ω instruments are
used for measure-
ment. In order to
match the two dif-
ferent characteris-
t ic impedances
used in the system,

matching pads (Mini-Circuit
ALMP-5075) are used to convert
the impedance from 50 to 75 Ω and
vice versa. For single-ended instru-
ments such as the signal generator,
spectrum analyzer and noise figure
analyzer, a balun (Mini-Circuit TX-
2-5-1) is used to convert the differ-
ential input/output to single-ended
input/output. Figure 6 shows the
block diagram of the conversion
scheme and a photograph of FR-4
PCB test fixture.

The simulated and measured re-
sults are shown in Figures 7 to 11,
where the measurements of S21 and
S12 are shown with the losses of the
baluns and matching pads de-embed-
ded. When the control voltage is zero
(high gain mode), the LNA exhibits a
gain of 20.26 ±0.41 dB, a noise figure
less than 5 dB, an input P1dB be-
tween –19.5 and –20.3 dBm, and an
IIP3 between –12.7 and –10.9 dBm
from 40 to 900 MHz. When the con-
trol voltage is at 1.8 V (low gain
mode), the LNA gain is –42.8 ±4.9
dB. The power consumption is 43
mW at VDD = 1.8 V. It is noted that
for the S-parameters, since the mea-
surement with 50 Ω systems and the
simulation using 50 Ω loads show
good agreement, it is believed that

(b)

Noise Figure
Analyzer

Matching
Pad

Balun

Differential
Amplifier

Matching
Pad

input output

Mini-
Circuit

ALMP-5075

Mini-
Circuit

ALMP-5075

Mini-
Circuit

TX-2-5-1

Mini-
Circuit

TX-2-5-1

Port
2

50Ω 

Port
1

50Ω 

75Ω 75Ω
Balun

(a)

Noise Source

75Ω 

75Ω 75Ω

75Ω 

▲ Fig. 6  Block diagram of the 50 to 75Ω  and single-ended to
differential input/output conversion scheme (a) and photograph (b) of
the test fixture.
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the measurements with a 75 Ω sys-
tem (not provided) and the simula-
tions will also be in good agreement.
Table 1 gives a summary of the mea-
sured and simulated performance of
the CMOS broadband differential
LNA with gain control.

CONCLUSION
A 40 to 900 MHz CMOS broad-

band differential LNA with gain con-
trol, implemented in a 0.18 µm
CMOS process, for a DTV RF tuner
application is described. The LNA
uses both a dual-feedback and shunt-

shunt feedback topology to achieve a
high and flat broadband response.
The LNA is designed with 75 Ω dif-
ferential input and output imped-
ances. The chip die size is 1.007 ×
0.568 mm. The circuit measurement
is performed using an FR-4 PCB test
fixture. Since typical measurement
instruments are 50 Ω systems, match-
ing pads are used in the measure-
ment to match the impedances be-
tween 50 and 75 Ω. For single-ended
measurements such as with spectrum
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▲ Fig. 8  Low gain mode S-parameters.
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and noise figure analyzers, a balun is
used to convert the differential in-
put/output to single-ended input/out-
put. In the 40 to 900 MHz frequency
range, the LNA exhibits a gain of
20.26 ±0.41 dB, a noise figure less
than 5 dB, an input P1dB between
–19.5 and –20.3 dBm, and an IIP3
between –12.7 and –10.9 dBm. The

gain tuning range is from 20 to –42.8
±4.9 dB over the 40 to 900 MHz
range. The power consumption is 43
mW at VDD = 1.8 V.  ■
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TABLE I
SIMULATED AND MEASURED PERFORMANCE 

OF A CMOS BROADBAND DIFFERENTIAL LNA WITH GAIN CONTROL

Simulation Measurement

Frequency range (MHz) 40~900

Operating voltage (V) 1.8

Current/power consumption 22.8 mA/41.04 mW 24 mA/43.2 mW

Input/output return loss (dB) > 8.4/7.7 (50 Ω load) > 7.4/8.5 (50 Ω load)
> 12.6/12.5 (75 Ω load) –

Gain (dB) 21.6±1.6 20.3±0.4

Noise figure (dB) < 2.8 < 5

Input P1dB (high gain/ –22~–22.5/ –19.5~–20.3/
low gain mode) (dBm) –15.5~–20 –16.8~–20.7

IIP3 (high gain mode) (dBm) –10.7~–11.1 –10.8~–12.7

Gain tuning range (dB) 21.6±1.6~–46.1±3.8 20.3±0.4~–42.8±4.9

Die size (mm) 1.007 × 0.568
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▲ Fig. 11  IIP3 versus frequency in the high
gain mode.
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TECHNICAL FEATURE

to the procedure. Puglia1 gives a comprehen-
sive description of the general procedure. For
completeness, the procedure is briefly re-
viewed here.

Bandpass filters entail only three first prin-
ciples:
1. the resonators must exist,
2. the resonators must couple to each other
and
3. the structure must couple to the termina-
tions.

The general procedure is based directly on
these first principles. The designer selects a
form of resonator. Essentially, the only restric-
tions are that the resonator realizability and
some method of coupling must exist. Next,
data is acquired that relates the degree of res-
onator coupling to a variable parameter. Final-
ly, data is acquired that relates termination
coupling to a variable parameter. From this
data, the filter is synthesized using simple ana-
lytical expressions.

Filter tables are usually published in the
form of prototype values for a low pass filter
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RANDY RHEA
Susina LLC

Electromagnetic (EM) tools are indis-
pensable for simulating high frequency
designs, but they are poorly suited for

synthesizing filters that require the determina-
tion of multiple parameters. This article de-
scribes how to use EM simulation to aid a
classic and under-utilized technique for filter
design. The classic technique requires build-
ing prototypes of a few select resonators and
plotting certain measured data. From these
plots the filter dimensions are easily synthe-
sized. Modern EM simulation breathes new
life into this classic technique by eliminating
the need to construct prototypes. This is par-
ticularly important when a process requires a
long manufacturing cycle time. Unusual res-
onators such as compact planar, MEMS and
multi-layer structures are increasingly used to
solve challenging design requirements, but are
poorly modeled by analytical formulas. The
technique described here is particularly well
suited for such structures.

THE CLASSIC TECHNIQUE
The classic technique is also referred to as

the general procedure, because it enables the
design of bandpass filters of almost any type.
This article emphasizes the application of EM

EM ENABLES CLASSIC
FILTER TECHNIQUE
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with 1 radian cut-off frequency and a
source impedance of 1 Ω. An exam-
ple for 0.1 dB passband ripple
Chebyshev filters of orders 2 through
9 is given in Table 1. Many authors,
including Puglia,1 provide simple for-
mula for finding Chebyshev proto-
type values for other passband ripple
and order criteria. g0 is the normal-
ized source termination and gN+1 is
the normalized load termination. No-
tice that for odd-order Chebyshev g0
= gN+1. For even-order, gN+1 increas-
es for increasing passband ripple.
There are N reactive values for an
Nth order prototype.

The general procedure utilizes k
and q values rather than low pass pro-
totype values. k values relate to res-
onator couplings and q values relate
to end-resonator loaded Qs. k and q
values are easily derived from low
pass prototype values.

As an example, the Chebyshev table
with N = 5, q1 = q5 = 1.147, then k12
= k45 = 0.797 and k23 = k34 = 0.608.

These k and q values are normal-
ized by the filter fractional band-
width, bw.
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where

fupper = passband upper cut-off
frequency

flower = passband lower cut-off
frequency

and

Then the actual filter couplings and
loaded Qs are

Notice that the capitalized symbols
refer to actual couplings and loadings
while noncapitalized symbols refer to
normalized values.

DETERMINING A STRUCTURE’S 
K VALUES

Consider the pair of resonators
shown in Figure 1. The red areas are
the microstrip metal, the blue areas
are the via pads on the ground plane
layer and the gray lines are the EM
simulation grid. Each grid square is
15 mils on a side. The microstrip res-
onators are 90 mils wide and 240 mils
long on a 31-mil thick PTFE-fiber-
glass substrate. The resonators are
grounded with via holes at the bot-
tom and are loaded with capacitors
C1 and C2 at the top, thus forming a
conventional combline. This metal
layout pattern is simulated using the
EMPOWER electromagnetic simula-
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tor in the GENESYS software suite.2
Test ports 1 and 2 are very loosely
coupled to the resonators through in-
put and output lines and very small
capacitors C3 and C4. The edge-to-
edge resonator spacing is 11 grid
squares or 165 mils.

The frequency domain responses
of this system are shown in Figure 2
for edge-to-edge spacings of 195,
165, 120 and 75 mils. C1 and C2 are
tuned to center the response at the
desired filter center frequency, in this
case 3600 MHz. Two response peaks
are observed when the loading cou-
pling is very loose. The coupling coef-
ficient of this system is given by

For the spacing of 165 mils, fupper =
3624.8 MHz and flower = 3575.2
MHz, so K = 0.0138.

The general procedure involves
plotting this data, as illustrated in
Figure 3. The green curve is ob-
tained by EM simulation, while the
blue curve is the result of circuit the-
ory simulation. The red curve is the
difference, in percent, between these
data. A feature of the general proce-
dure is that K is typically a monotonic
function of the variable parameter,

K
f f

f
upper lower=

–
( )

0
10
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TABLE I
LOW PASS PROTOTYPE VALUES 

FOR A 0.1 dB PASSBAND RIPPLE CHEBYCHEV FOR ORDER N = 2 TO 9

N g (0) g (1) g (2) g (3) g (4) g (5) g (6) g (7) g (8) g (9) g (N+1)

2 1 0.843 0.622 1.335

3 1 1.032 1/147 1.032 1.000

4 1 1.109 1.306 1.770 0.818 1.335

5 1 1.147 1.371 1.975 1.371 1.147 1.000

6 1 1.168 1.404 2.056 1.517 1.903 0.862 1.335

7 1 1.181 1.423 2.097 1.573 2.097 1.423 1.181 1.000

8 1 1.190 1.435 2.120 1.601 2.170 1.564 1.944 0.878 1.335

9 1 1.196 1.443 2.135 1.617 2.205 1.617 2.135 1.443 1.196 1.000

|S
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▲ Fig. 2  S21 response of coupled combline
resonators with variable edge-to-edge 
spacing S.

▲ Fig. 1  Layout of combline microstrip
resonators used for EM simulation.
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and a smooth curve is easily drawn
through a small number of data
points. Here the data has been ex-
trapolated to 50 and 200 mils. A plot
of the coupling coefficient K for any
spacing between these limits is now
created.

DETERMINING A STRUCTURE’S 
Q VALUES

Consider the resonator shown in
Figure 4. The resonator is grounded
with a via at the bottom and is loaded
with capacitors C1 at the top. It is a
single resonator identical to the cou-
pled resonators. Test ports 1 and 2
are coupled to the resonators through
input and output lines and capacitors
C2 and C3 that control the loaded Q
of each end resonator in the final fil-
ter. A frequency domain response of
this system is shown in Figure 5,
where the values of C2 and C3 are 0.3
pF. C1 is tuned to center the re-
sponse at the desired filter center fre-
quency each time a different value is
tried for the coupling capacitors. The
singly terminated loaded Q is given
by

Q
f

f fupper lower
=

2
110

–
( )

In this case fupper = 3693 MHz and
flower = 3514 MHz, so Q = 40.2.

The general procedure involves
repeating this data for a few different
values of coupling capacitance. The
Q was computed by EM simulation
for capacitance values of 0.2, 0.3 and
0.45 pF. As was the case with K, the
Q is typically a monotonic function of
the variable parameter and a smooth
curve is easily drawn through a small
number of data points. Figure 6
shows the data extrapolated to capaci-
tor values of 0.15 to 0.5 pF. The Q
from EM simulation is shown in
green, while the one obtained by cir-
cuit theory simulation is shown in
blue. Their difference in percent is
shown in red. A plot of the resonator
loaded Q for any capacitance value
between these limits is now available.

DESIGNING THE FILTER WITH 
K AND Q DATA

The plots of coupling coefficient
and loaded Q contain sufficient data
to design on this substrate a 3600
MHz combline filter with any band-
width, any order and any transfer ap-
proximation shape, provided only that
the required spacings and capacitor
coupling values fall within the given
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▲ Fig. 3  Coupling coefficient K versus
edge-to-edge spacing S.
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▲ Fig. 6  Singly-loaded Q as a function of
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▲ Fig. 5  Response of a doubly-loaded
resonator with coupling capacitors of 0.3 pF.

▲ Fig. 4  Layout of a microstrip combline
resonator used for EM simulation of the
double-loaded Q vs. coupling capacitance.
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ranges. Consider, for example, a filter
with the following parameters:

f0 = 3600 MHz
BW = 100 MHz

N = 5
Shape = Chebyshev

Ar = 0.1 dB

From Equations 1 through 9, it is
found that Q1 = QN = 1.147/0.0278 =
41.29. From the green trace in the
plot of Q vs. C, the required input
and output coupling capacitors are
shown to be approximately 0.28 pF.
From the same equations, K1,2 = K4,5
= 0.797 × 0.0278 = 0.0222 and K2,3 =
K3,4 = 0.608 × 0.0278 = 0.0169. From
the green trace of the plot of cou-
pling coefficient vs. spacing, the spac-
ing between resonator 1 and 2, and 4
and 5, is approximately 120 mils, and
the spacing between 2 and 3, and 3
and 4, is 150 mils.

RESULTS USING THE GENERAL
PROCEDURE

The layout of the final 3600 MHz
combline bandpass is shown in Fig-
ure 7, with the dimensions given
above. The EM and circuit theory

computed responses are given in Fig-
ure 8. After EM simulation of the
metal pattern, the loading capacitors
C1 through C5 were optimized for
the best response. The input and out-
put coupling capacitors were fixed at
the computed value of 0.28 pF. From
the EM simulation, the resulting
bandwidth is approximately 92 MHz,
8 percent lower than the desired 100
MHz, and the return loss is approxi-
mately 18 dB, 2 dB worse than de-
sired. For comparison purposes, the
circuit theory results show a band-
width of approximately 116 MHz, 16
percent wider than desired and a re-
turn loss of only 15 dB, 5 dB worse
than desired. Considering again the
plot of coupling coefficient vs. spac-
ing, the red trace is the percentage
error of the circuit theory coupling
with respect to the EM coupling.

Notice that, with a spacing of 50
mils the error is 25 percent, while
with a spacing of 195 mils the error is
68 percent. This confirms the known
phenomena in edge-coupled filters
that a bandwidth error increases with
narrow bandwidth filters. With wide-
band filters the error is often unno-
ticed while with narrow filters the er-
ror can be extreme.

There is another important lesson
here. The failure of the circuit theory
accuracy is obvious, yet there are only
two resonators. This means that the
error is not attributable to coupling
between non-adjacent resonators, as
is often believed.

The source of the circuit theory
bandwidth error is evanescent modes.
The effects of these modes are natu-
rally considered by EM simulation
but they are difficult to simulate us-
ing circuit theory, because their effect
depends on the orientation and load-
ing of the lines, the filter bandwidth
and the substrate properties. The er-
ror increases with thicker substrates.
Interestingly, inter-digital filters are
far less susceptible to evanescent
modes.

The design of filters, using EM
simulation to find K and Q values, is
more accurate than the design using
circuit theory synthesis and simula-
tion techniques. The simplicity of the
math used to design this combline fil-
ter results naturally because the gen-
eral procedure relies directly on the
three first principles.

SECOND EXAMPLE
The layout of a four-section, 1672

to 1728 MHz bandpass filter is given
in Figure 9, using a unique stepped-
impedance resonator (SIR).3,4 SIR
technology shortens the required
physical length of the resonators by
increasing the inductance of high
current sections of transmission lines
and/or increasing the capacitance of
high voltage sections. These quarter-
wavelength 1700 MHz SIR res-
onators are 18.5 mm long on a 1.28
mm thick Rogers 3006 substrate with
a relative dielectric constant of 6.15.
The narrow sections of line are 0.5
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▲ Fig. 8  Combline filter S-parameters
computed by EM simulation and from circuit
theory.

▲ Fig. 7  Layout of the final 3600 MHz
combline bandpass filter.

▲ Fig. 9  Layout of a four-section, 1700
MHz stepped-impedance resonator (SIR)
bandpass filter.

▲ Fig. 11  Smith chart plot for measuring
the end-resonator loaded Q vs. length of the
coupling line.
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▲ Fig. 10  Loaded Q versus line length and
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Model MHz ( Loss >20 dB)

Min.
LFCN-80+ DC-80 200
LFCN-95+ DC-95 230
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LFCN-120+ DC-120 280
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LFCN-190+ DC-190 400
LFCN-225+ DC-225 460
LFCN-320+ DC-320 560
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LFCN-490+ DC-490 800
LFCN-530+ DC-530 820
LFCN-575+ DC-575 900
LFCN-630+ DC-630 1000
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LFCN-900+ DC-850 1275
LFCN-1000+ DC-1000 1550
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mm wide and the wide sections are
2.5 mm. Conventional, 1.5 mm wide,
unstepped quarter wave 1700 MHz
resonators on this substrate are 20
mm long. Folding also conserves
space. The grid cells are 0.25 × 0.5
mm. This structure is poorly modeled
using circuit theory transmission line
models. However, it is a classic candi-
date for design using the general pro-
cedure, with EM simulation to find
resonator couplings and end-res-
onator loaded Qs. Plotted in Figure
10 are the couplings and loaded Qs
determined by EMPOWER. Notice
that this SIR filter has two types of
resonator couplings. Resonators one
and two have lines that are open-end-
ed adjacent to each other. The res-
onator coupling for this configuration
is plotted in green, with the indepen-
dent horizontal axis being edge-to-
edge resonator spacing in millime-
ters. Resonators two and three have
via grounded lines adjacent to each
other. This coupling is plotted in
blue. Plotted in red is the end res-
onator, singly loaded, Q vs. length of
coupling line from the bottom edge
of the input line to the centerline of
the via. The left/right asymmetry of
the SIR resonator precludes a doubly
terminated measurement of the
loaded Q, so an alternative method is
used. For the EM simulation, a res-
onator is singly loaded and the resis-
tivity of the metal is increased until
the effective parallel loss resistance
loads the resonator to a degree equal
to the load termination. This occurs
when the input return passes through
the center of the Smith chart, as
shown in Figure 11. The frequencies
of the 3.01 dB return loss are then
used in Equation 11 to find the singly
terminated end-resonator loaded Q.
For simulated coupling line lengths
varying from two to eight millimeters,
the required resistivity varies from
4.5 to 120. For the figure, a coupling
line length of 5 mm and a resistivity
of 75 were used. The input and out-
put termination coupled-line trans-
formers have the effect of slightly in-
creasing the frequency of the end
resonators. This was compensated
empirically by adding small areas of
metal to the end resonators, while ex-
amining the EM simulated response.
The final SIR filter transmission and
input return loss responses, comput-
ed by EMPOWER, are given in Fig-

ure 12. This filter occupies only
about 40 percent of the space re-
quired by a conventional inter-digital
structure. The general procedure and
EM simulation are effective tool
mates for quick and accurate design
of filters with structures that are diffi-
cult to model analytically.  ■
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Asia. Korea also developed microwave ampli-
fiers, oscillators and mixers. In this article, a
Ka-band connector is designed on the basis of
transmission line theory and then fabricated.
In order to meet the Ka-band operating fre-
quency range, a multi-step impedance tech-
nique, utilizing air layers, is applied. Moreover,
for commercial purposes, the connector must
be able to operate at high temperature in or-
der that the hook structure and step transition
satisfy military (MIL) specifications.
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JAE-HO YOON, WON-YONG CHO, 
AH-RAH KOH, SEUNG-JUN LEE,
BHANU SHRESTHA, GARY P. KENNEDY
AND NAM-YOUNG KIM
Kwangwoon University
Seoul, Korea

During the late 1950s and early 1960s, 
7 mm coaxial transmission lines with
standard SMA connectors were only

used at frequencies between 10 and 12 GHz.
In the mid-1960s, the US Department of
Commerce established the Joint Industry Re-
search Committee for the Standardization of
Miniature Precision Coaxial Connectors
(JIRF/SMPCC). The result of that effort yield-
ed a voluntary product standard in 1972.1,2

The air transmission line size was reduced to
3.5 mm to extend the mode-free operation of
that line to 36 GHz. With increasing demand
for high speed data transmission rates, the op-
erating frequencies of commercial communi-
cation systems are currently increasing to
achieve wider bandwidth.3 Consequently, the
development of microwave products was un-
dertaken in the United States, Europe and

CONCEPT AND METHOD
OF HIGH EFFICIENCY
IN A PRECISION KA-BAND
SUBMINIATURE COAXIAL
CONNECTOR
This article presents the design approach and test results of a Ka-band narrow
flange receptacle (NFR), subminiature version A (SMA) connector based on
transmission line theory, involving multi-step impedances and air-layer
characteristics to increase its maximum frequency of operation. In order to
increase its frequency performance, the connector is designed with a dual
outward form (a hook structure), a thick outer conductor wall and a very thin
inner pin. The return loss increment due to the hook and multi air-layer
structures is minimized to 2 and 1.5 dB, respectively. A VSWR of less than 1.2 is
obtained from DC to 30 GHz and the connector performance is stable from room
temperature to 120°C.
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IMPEDANCE 
OF THE COAXIAL LINE

The common structure of a con-
nector is similar to a coaxial line, as
shown in Figure 1. A coaxial line
propagates in a TEM mode and is
characterized by an inner (a) and out-
er (b) radius. The primary parameters
may be rigorously derived for a coaxi-
al line that is uniformly filled with a
dielectric material. The dielectric ma-
terial has a relative permittivity εr
with respect to the free space value,
ε0 = 8.854 10–12 Fm–1. The coaxial
line supports radial electric fields and
circumferential magnetic fields, with
a longitudinal current flow in the
conductors.

For the purpose of understanding
the impedance characteristics of the
air line section of precision coaxial
connectors, a lumped constant circuit
representation of a low loss coaxial
line is a convenient starting point.
The general equation for the low loss
coaxial line characteristic impedance
is3

where

Z0'= characteristic impedance
R = intrinsic resistance (of the

conductor) per unit length
G = dielectric conductance per unit

length
L = inductance per unit length
C = capacitance per unit length

Considering the special case where R
and G are both equal to zero, Equa-
tion 1 reduces to

At microwave frequencies, the in-
ductance per unit length is very near-
ly equal to the external inductance
per unit length and the capacitance
per unit length can be calculated us-
ing2,3

These inductance and capacitance
values depend on the ratio of the out-
er to inner conductor radii of the
coaxial cable, b/a. µ is the permeabili-
ty of the non-magnetic material and ε

L
b
a

C
b
a

= =µ
π

πε
2

2

1
3ln

n
( )

Z
L
C0 2' ( )=

Z
R j L
G j C0 1' ( )=

+
+

ω
ω

is the dielectric constant of the insu-
lator.

Also, the effective resistance per
unit length (R) of the coaxial line is
given by4–6

where

Rs = surface resistance of the coaxial
line

σ = metal conductivity of the coaxial
line

δ = skin depth

For impedance matching to the mea-
surement equipment, the coaxial line
should have a characteristic imped-
ance3–6

DESIGN OF A KA-BAND
NARROW FLANGE SMA
CONNECTOR

Subminiature coaxial connectors
are commonly used in low power ap-
plications at higher microwave fre-
quencies, particularly in the Ku-, K-
and Ka-bands. In this article, the Ka-
band SMA connector is designed us-
ing a Teflon-filled 50 Ω coaxial line.
The structure of the Ka-band SMA
connector is shown in Figure 2. This
SMA connector consists of a central
conductor, a dielectric and the body.4
The SMA connector is designed to
operate in the Ka-
band and is capable
of providing a much
higher operating
frequency, free of
higher orders, using
arbitrary surface
discontinuities in-
side the connector,
as shown in Figure
3 . In addition,
adding an air layer
and a step transition
to the connector en-
hances its high fre-
quency perfor-
mance.

The connector
used in the measur-
ing equipment uses
an air-layer struc-
ture. Although the
mechanical strength
of the connector is

Z n
a
b

ohms0 60 1 5= ⎡⎣ ⎤⎦
µ
ε

( )

R
R

a b
Rs

s= +⎛
⎝⎜

⎞
⎠⎟

=
2

1 1
1 4

π
σδ/ ( )

weak, it is better than having a dielec-
tric layer structure at high tempera-
ture, since the rigid plastic supporting
the center pin is very thin. This prob-
lem was solved by using an air layer
inside the PTFE dielectric and fixing
the center pin. Thus, the narrow

TECHNICAL FEATURE

a b 

Dielectric (εr) 

▲ Fig. 1  Cross-section of a coaxial line.
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▲ Fig. 3  Equivalent circuit of a coaxial line compensated with the
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▲ Fig. 2  Cross-sectional view of the 
Ka-band SMA connector.
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flange SMA connector has a good Ka-
band frequency performance, due to

the multi-air and multi-step layers.
Furthermore, for commercial pur-

poses, this connector is designed to
have a guaranteed operating temper-
ature up to 120°C. Four mechanical
structures were applied in the design
of the connector. First, a dual struc-
ture having a main body and a cover
was used in order to avoid separation
of the dielectric from the connector.
Second, the hook structure in the
center conductor is used to prevent
separation between the dielectric and
the inner conductor. Third, a thick
outer conductor wall is used. This
also provides great strength to ensure
reliability in repeat matings. Finally, a
very thin inner pin was used to obtain
high frequency performance, which is
a result of the high impedance line
section.

When the stepped-discontinuity
structure is added, the inductance
per unit length of the transmission
line is decreased and the capacitance
per unit length is increased. The
higher order cut-off frequency was
also increased as a result of the dis-
continuity. To avoid the problem of
having an infinite VSWR, the arbi-
trary length between T1 and T2
should be as long as possible. The
length l of the discontinuity in the
transmission line is a very important
parameter controlling the VSWR
characteristics of the connector, as it
is a factor in deciding the discontinu-
ity size for 50 Ω matching.4

TECHNICAL FEATURE

Air layers

▲ Fig. 4  Structure of the inner conductor
of the Ka-band SMA connector.
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SIMULATION RESULTS
In this article, the degradation in

RF performance of the connector is
minimized by simulating the multi-air
and hooked structure using a 3D sim-
ulator from a Computer Simulation
Technology (CST) tool based on the
finite element method (FEM). The
inner conductor, shown in Figure 4,
was fabricated with two air layers to
enhance the high frequency perfor-
mance of the connector. Figure 5
shows the inner structure of the Ka-
band NFR SMA connector. General-
ly, when the coaxial line uses an air
dielectric, the mechanical strength of
the connector is weak. To solve this
problem, a PTFE dielectric was used.
As shown in Figure 6, the simulated
return loss and VSWR increase as the
frequency increases, but they are less
than –32 and 1.04 dB, respectively, in
the frequency range from DC to 30

GHz. Figure 7
shows the simula-
tion results for the
microstrip line used
in the measure-
ments. The mi-
crostrip line was 10
mm long and 1.3
mm wide, made on
a Teflon PCB for
high frequency per-

formance. Figure 8 shows a cross-
sectional view of the test fixture used
for the simulation and measurement
of the Ka-band SMA connector using
a microstrip line. The interface be-
tween the inner conductor and the
Teflon dielectric is in accordance
with MIL-STD-348. Furthermore, its
performance is better than for similar
RF connectors, matching the military
standards MIL-PRF-39012 and MIL-
C-83517, thereby enabling it to be
treated as a microwave component.

MEASUREMENT RESULTS
Figure 9 shows the test fixture

used to measure the Ka-band SMA
connector. It uses a microstrip line

with a width of 1.3 mm and a length
of 10 mm. The dimensions of the mi-
crostrip line were optimized after
testing. The measurement was per-
formed using a network analyzer (HP
8510C). Figure 10 shows the mea-
sured VSWR as a function of fre-
quency at room temperature and af-
ter being subjected to 120°C for an
hour. The VSWR near 30 GHz is
1.19; therefore, the connector is ex-
pected to be useful up to 30 GHz.
Furthermore, after subjecting the
connector to a temperature of 120°C
for one hour, the measurement was
performed again to qualify it for use
as a commercial product. Very little
difference in VSWR was recorded
between the two tests. Therefore, its
RF performance has been shown to
be stable with temperature. Figure
11 shows photographs of the test fix-
ture and of the fabricated connector.

CONCLUSION
In this article, a reliable miniature

SMA connector for use at Ka-band
was designed and fabricated using
the characteristic impedance of a
coaxial line, a discontinuous transmis-
sion line, and the characteristics of
dielectric bead-air line interfaces.
The VSWR is less than 1.2 from DC
to 30 GHz and was realized by adopt-
ing a slit construction and by optimiz-
ing the conductor pattern on a PCB.
Its reliability is confirmed by electri-
cal and environmental tests. The use
of this SMA connector is possible in
Ka-band RF module or system appli-
cations.  ■
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A LOW NOISE
PHEMT DEVICE

Pseudomorphic high electron mobility
transistor (PHEMT) low noise ampli-
fiers (LNA) are capable of operating at

higher frequencies than LNA devices manu-
factured using other technologies. They also
offer higher gain at the lower frequencies.
The other key performance parameter of a
LNA is the noise figure. In order to optimise
the noise figure the DC power consumption
of the device must be minimized.

Therefore, having offered the FPD750 in a
SOT343 package, Filtronic has added a small-
er, low cost LNA with lower DC power con-
sumption—the FPD6836SOT343—to the
PHEMT family. This device is usable from
frequencies of 900 MHz (cellular) to 3.5 GHz
(for WiMAX applications) and even as high as
5.8 GHz. It can be biased as low as 3 V, 20 mA
and thus produces low noise. The noise figure
ranges from 0.3 dB at 900 MHz to 0.9 dB at

5.8 GHz.
The FPD6836 family is of-

fered in chip form and in two
different package styles. The
FPD6836P70 uses a P70 high
frequency package with usable
gain up to 18 GHz, while the
FPD6836SOT343 is more cost
effective and produces re-
spectable gain beyond 6 GHz.
It is this device that is the sub-
ject of this article. Figure 1 il-

lustrates its measured gain and noise figure
performance. The measurements were taken
on a noise figure measurement system using
electronic tuners to present the device input
with a reflection coefficient optimized for
noise figure.

The gain plot is the associated gain of the
device at the minimum noise figure. The
curves show a noise figure of 0.5 dB at 1.85
GHz and 0.65 dB at 3.5 GHz with associated
gain of above 19 and 16 dB, respectively. The
part is biased at 3 V with a quiescent current
of 50 mA. The gain is so stable at low bias that
this can be reduced to 20 mA for even lower
noise figure performance.

REFERENCE DESIGNS
Two reference designs using the

FPD6836SOT343 are presented. The first is
aimed at the 1.85 GHz cellular band and the
second at the 3.5 GHz WiMAX band. Both
designs are realised on low cost PC boards
with minimal components.

Figure 2 is the schematic of the circuit de-
sign at 1.85 GHz. The FPD6836SOT343 is re-
actively matched on the input and the output
with a series chip inductor and a shunt capaci-

FILTRONIC COMPOUND
SEMICONDUCTORS LTD.

Newton Aycliffe, UK
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tor tuned for minimum noise figure
and maximum gain. The device input
and output reflection coefficients can
be calculated as

Γin = Γopt* (1)

Γout = S22 + S12S21Γopt (2)

1 – S11Γopt

Γopt at 1.85 GHz is obtained from the
device’s data sheet table, which is
posted on the company’s web site.
DC blocking capacitors, RF choke in-
ductors and a 20 Ω gate resistor form
the core of the circuit. Additional ca-
pacitors are used on the DC supply
lines for power supply stability.

The measured
RF performance of
the design is shown
in Figure 3. Gain,
input and output re-
turn loss and noise
figure are plotted on
the graph. This cir-
cuit can be used for
frequencies up to 2.1

GHz and has a gain of 19 dB and a
noise figure of 0.7 dB at 1.85 GHz.
Output third-order modulation mea-
surements made using two CW tones
spaced 5 MHz apart at an output pow-
er level of 4 dBm per tone show an
output IP3 of 34 dBm. Higher output
power levels are achievable with the
same OIP3 performance, which show
the good dynamic range of the device.
The P1dB of the reference design is
14.5 dBm. Figure 4 shows the layout
of the PCB.

The size of the circuit (excluding
the SMA connectors’ ground pads
and unused lines) is less than 0.5" ×
0.5". The board material is low cost
FR-4 with a dielectric thickness of 30
mm. The physical dimensions of the

microstrip lines can be obtained from
the schematic in Figure 2. Critical
component values are given along
with vendor information in Table 1.

Figure 5 shows the schematic of
the design for 3.5 GHz. The
FPD6836SOT343 is reactively
matched on the input with a series
chip inductor and a shunt capacitor
tuned for minimum noise figure. The
output is matched with a series ca-
pacitor and a shunt inductor for maxi-
mum gain. The device input and out-
put reflection coefficients can be cal-
culated using Equations 1 and 2.

Γopt at 3.5 GHz is extrapolated
from the device’s data sheet table.
DC blocking capacitors, RF choke in-
ductors and a 20 Ω gate resistor form
the core of the circuit. Additional ca-
pacitors are used on the supply to en-
sure power supply stability.

The measured RF performance of
the design is shown in Figure 6,
where the gain, input and output re-
turn loss and noise figure are plotted.
This circuit covers the 3.4 to 3.6 GHz
band and has a gain of 15 dB and
noise figure of 0.85 dB at 3.5 GHz.
OIP3 measurements (made with two
CW tones at 4 dBm per tone 5 MHz
apart) gives an output IP3 of 33 dBm.

PRODUCT FEATURE

▲ Fig. 2  FPD6836SOT343 1.85 GHz evaluation board schematic.
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▲ Fig. 4  1.85 GHz evaluation board layout.
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return loss and noise figure.

TABLE I
1.85 GHz CRITICAL COMPONENT

VALUES AND VENDOR INFORMATION

Component Value Vendor

Lg 27nH TOKO (LL1608)

Ld 27nH TOKO (LL1608)

L1 3.9nH TOKO (LL1005)

L2 4.7nH TOKO (LL1005)

C1 1.0pF ATC (600S)

C2 1.2pF ATC (600S)

Eval board 30 mil thick
material FR4 1/2 

Ounce Cu

▲ Fig. 5  FPD6836SOT343 3.5 GHz evaluation board schematic.
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Filtronic Compound Semiconductors, Ltd.
Heighington Lane Business Park, Newton Aycllffe, Co. Durham, DL5 6JW, United Kingdom

Main Phone: +44 (0)1325 301111; Main Fax: +44 (0)1325 306177
US Sales: Phone: 408.850.5740 / Fax: 831.621.8074 / www.filtronic.com

Filtronic Compound Semiconductor products meet the needs of both current and emerging
wireless markets.  Products are manufactured using 6" high performance pHEMT technology
and are available in die form or packaged in industry standard outlines.  Filtronics' range of DFN
and SOT343 packaged discrete devices are high frequency low noise parts eminently suitable for:
  •  the complete 2-11 GHz WIMAX Band
  •  the 2.4 and 4.9-5.8 GHz WLAN Band
  •  the new 4.9 GHz Public Safety Band
  •  all current Cellular Infrastructure Bands

Inspired Wireless Solutions From
Filtronic Compound Semiconductors

www.rfwireless.rell.com
These and other Filtronic Products are available through our Authorized Distributor, Richardson Electronics.

Samples and eval boards available.  Contact your local Filtronic Representative or Richardson Electronics for samples, eval boards, and pricing.

Filtronic is a world leader in the design and manufacture of RF, microwave and millimeter wave
components and subsystems. Filtronic offers a broad range of products used in wireless commu-
nications infrastructure equipment, point-to-point communications and electronic defense
systems.

Part Number Typical 2 GHz Typical 12 GHz VDS IDSS
Performance Performance (Vdc) (mA)

Gain P-1 IP3  NF Gain P-1 IP3  NF
                         (dB)                 (dBm)               (dBm)                (dB) (dB)                (dBm)               (dBm) (dB)

FPD1500DFN 18 27 42 1.2 7*  27  40 N/A  5 465
FPD750DFN 20 24 38 0.3 11.5*  24  38 N/A  5 230
FPD750SOT343 18 20 38 0.3  8*  20  38 N/A 3.3 230
FPD6836SOT343 20 20 32 0.5  9*  19  32  1.2 3 105

DFN SOT343
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So you’ve used
the same design 
tools for years.
Or has it been
the other way
around?

appwave.com

© 2006 Applied Wave Research, Inc. All rights reserved.

Why
struggle
to create great 
designs with vintage 
tools? A recent EDA survey 
indicated that you-know-who 
finished near the bottom of leading 
EDA vendors in customer satisfaction. Life 
is short. There’s a better design path that’s been 
empirically proven: Microwave Office.™ Thousands of users 
have already discovered that superior layout technology, great 
technical support and faster simulations lead to shorter design 
cycles and first pass success. Stop beating your head against 
the monitor. Download a 30-day trial today and break the habit.
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NeedQPL 
Trimmers?
NeedQPL 
Trimmers?
Voltronics Corporation Maintains 60 
active parts that are currently QPL.

Voltronics can supply commercial parts to

replace diff icult to obtain QPL Trimmers.

Additional testing can be performed on a variety

of standard and special trimmers to meet your

specific needs.

100 Ford Road, Denville, NJ 07834
973.586.8585 • Fax: 973.586.3404

e-mail: info@voltronicscorp.com

For additional information, quotes 
or samples please contact:
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Again, the good dynamic range allows
higher output power levels with the
same OIP3 performance. P1dB for
this design is 14 dBm. Note that both
reference designs are not optimized
for P1dB since it has been observed

that a gain matched output tends to
enhance the linearity of the part.

Figure 7 shows the layout of the
PCB. Again, the components occupy
an area excluding the SMA connec-
tors of less than 0.5" × 0.5". The board
is composed of 30 mm thick Rogers
4003 material. This low loss dielectric
avoids high line losses, which would
degrade the noise figure at these fre-
quencies had FR-4 material been
used. The dimensions of the mi-
crostrip lines are given in Figure 5.
Critical component values are given
along with vendor information in
Table 2.

The FPD6836SOT343 can also be
used as a 50 Ω gain block with no
matching at the input and the output

of the part at all. At
1.85 GHz the device
has a typical noise
figure of 0.9 dB, a
small-signal gain
(SSG) of 18 dB and
P1dB of 18.5 dB
when matched into
50 Ω with no match-
ing components.

STABILITY AND RELIABILITY
The low noise PHEMT device also

exhibits very good temperature stabil-
ity. The maximum variations over
temperature for P1dB, SSG and IM3
have been calculated from measured
data for three critical parameters:

∆P1dB = 0.9 dB
∆SSG = 0.6 dB
∆IM3 = 2 dB

The measurements were obtained with
the device biased at 3.0 V and 50 mA
on a 1.85 GHz evaluation board similar
to the reference design previously ex-
plained. These were taken at tempera-
ture intervals from –40° to +85°C. The
process used for fabrication allows a
maximum operating channel tempera-
ture of 150°C, at which the MTTF is
calculated as 7.0 × 106 hours.

CONCLUSION
The FPD6836SOT343 is a versatile

device that can be used as a matched
low noise amplifier with very low DC
power consumption. It can also be
used as a low cost gain block with no
matching for applications where noise
figure is non-critical. Applications for
this part exist for a frequency range of
up to 6 GHz. PCS/cellular base sta-
tions (800 MHz to 2.4 GHz), WLL
and WLAN systems (2.6, 3.5 and 5.8
GHz) are some examples of the wide
range of applications for which the de-
vice can be used.

Filtronic Compound
Semiconductors Ltd., 
Newton Aycliffe, UK,
+44 1325 301111,
www.filtronic.com.
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▲ Fig. 7  3.5 GHz evaluation board layout.
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▲ Fig. 6  3.5 GHz evaluation board gain,
return loss and noise figure.

TABLE II
3.5 GHz CRITICAL COMPONENT 

VALUES AND VENDOR INFORMATION

Component Value Vendor

Lg 18nH Coil Craft (0603CS)

Ld 18nH Coil Craft (0603CS)

L1 1.0nH Coil Craft (0402CS)

L2 2.2nH Coil Craft (0402CS)

C1 0.7pF ATC (600S)

C2 1.0pF ATC (600S)

Eval board Rogers 4003
material 30 mil Thick

1/2 Ounce Cu
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AN LTCC 
MIXER FOR
INSTRUMENTATION
AND MILITARY
APPLICATIONS

Test instrumentation may need to ac-
commodate signals having a wide-per-
centage frequency bandwidth. For ease

of processing such RF signals, the input can
be upconverted in order to reduce the per-
centage bandwidth. To facilitate upconversion
ahead of higher frequency receivers, Mini-
Circuits has developed a high performance
passive mixer that allows original-equipment
manufacturers (OEM) to optimize receiver
design. Such mixers are also useful in military
applications.

The company’s model SIM-U742MH+
mixer is based on a combination of low tem-
perature-cofired-ceramic (LTCC) technology,
semiconductor technology and a highly manu-
facturable circuit layout. The patented combi-
nation1 results in small size, high insensitivity

to electrostatic discharge
(ESD), excellent stability with
temperature and is part of a
growing family of SIM mixers.

Instrumentation and military
transmitters need components,
such as mixers and oscillators
that provide stable performance

over time and under different environmental
conditions, including temperature. The SIM-
U742MH+ mixer is built on a LTCC sub-
strate, ideally suited for designs with multi-
layer circuits. In contrast to conventional pla-
nar circuit designs, in which all circuit
elements are placed on one side of a single-
layer printed circuit board, LTCC circuits can
be designed and fabricated in three dimen-
sions, even with embedded components be-
tween layers, to save space. The approach re-
sults in a mixer that measures just 0.2" × 0.18"
× 0.08" (5.1 × 4.6 × 2.1 mm), which is smaller
than some commercial semiconductor-based
mixers. While the SIM-U742MH+ mixer in-
corporates semiconductors to accomplish its
frequency-translation function, it is a passive
design that operates without DC bias (com-
pared to a standard integrated-circuit mixer
which requires the application of constant 
DC bias).

The SIM-U742MH+ is a double-balanced
mixer (see Figure 1) built around a reliable

MINI-CIRCUITS
Brooklyn, NY

PRODUCT FEATURE

RL

I

Fig. 1  The SIM-U742MH+
double-balanced mixer block
diagram. ▼
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High Quality.
Higher Frequency.

Our new high performance series of RF, Microwave, and
Millimeter-wave connectors can provide you with the benefit

of legendary Delta quality over a broad spectrum of bandwidth
requirements.

In addition to SMP and extended-frequency 26.5-GHz SMA 
connectors, we now offer ultra-precision SMAs with superb 

performance to 27 GHz, 2.92 mm (SMK) connectors to meet your SMA-
compatible requirements to 40 GHz, and 2.4 mm production grade

connectors that will satisfy your requirements all the way to 50 GHz.

Delta connectors are precision machined to measure up to your most
demanding specifications. Our new product lines include cable plugs and
jacks as well as field-replaceable receptacles for use with hermetic seals.
The field-replaceable receptacles are available in all common mounting
flange and pin size configurations.

Delta’s new connectors are designed using state-of-
the-art optimization tools and techniques. This focus
on precision results in connectors with low VSWR,
transmission loss, and RF leakage.

Call or visit our website to see how Delta
Quality RF and Microwave connectors can
help you meet your product performance
goals—from DC to 50 GHz.

(978) 927-1060
www.DeltaRF.com
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diode quad. Except for the diodes,
the entire structure is implemented
in multiple layers of LTCC, which is
inherently hermetic. By integrating
components in LTCC, the mass of
the mixer is minimized, making it ex-
tremely rugged in terms of withstand-
ing mechanical shock and vibration.
In fact, the entire mixer structure can
withstand the environmental ex-
tremes usually associated with tough
military components, regarding tem-
perature, humidity, vibration and me-
chanical shock.

The mixer is RoHS-compliant,
constructed without lead-based sol-
der or other hazardous materials. It is
also built to withstand severe ESD
scenarios under conditions normally
hazardous to monolithic semiconduc-
tor mixers. The SIM-U742MH+, like
other members of the company’s SIM
mixer line, meets Class 1C ESD re-
quirements: a level of 1000 V when
tested per the Human Body Model
(HBM), compared to standard semi-
conductor mixers which are typically
rated as Class 1A, 250 V for HBM

testing. The SIM-U742MH+ mixer
also meets Class M2 ESD require-
ments (testing at 100 V) according to
the ESD Machine Model. Table 1
summarizes the performance charac-
teristics of the SIM-U742MH+ mixer.

EVALUATING PERFORMANCE
The SIM-U742MH+ mixer ac-

cepts radio-frequency (RF) signals
from near 0.1 to 3300 MHz and local-
oscillator (LO) signals from 2300 to
7400 MHz and a nominal LO level of
+13 dBm to produce IF output sig-
nals from 2300 to 7400 MHz. It per-
forms the frequency upconversion
with a typical conversion loss of 8.0
dB. The mixer’s conversion loss in-
creases with RF frequency. Figure 2
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TABLE I
THE SIM-U742MH+ MIXER’S PERFORMANCE

Parameter

RF range (input) (MHz) 0.1–3300

IF range (output) (MHz) 2300–7400

LO range (input) (MHz) 2300–7400

LO power (nominal) (dBm) +13

Conversion loss (typical) (dB) 8.0

LO-IF isolation (typical) (dB) 23

LO-to-RF isolation (typical) (dB) 17

Compression point (P1dB) (dBm) +9

Operating temperature range (°C) –40 to 85

Storage temperature range (°C) –55 to 100

Size (in) 0.2 × 0.18 × 0.08

Case style HV1195
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▲ Fig. 2  The SIM-U742MH+ mixer’s
conversion loss at an RF output of 4075 MHz.
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▲ Fig. 3  The mixer’s LO-to-IF isolation.
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shows test results with LO drive lev-
els of +10, +13 and +16 dBm. The
variation of conversion loss with LO
drive power is typically +1.0/–0.5 dB
across the 3300 MHz measured
bandwidth.

The LO-to-RF isolation of the
SIM-U742MH+ mixer was evaluated
at the three LO drive levels used in
the conversion loss test, to under-
stand the effect of variations in LO
power on isolation. As Figure 3
shows, the LO-to-IF isolation is high
(typically 23 dB) and very well be-
haved at all three LO drive levels.
Variation in isolation as a function of
LO power is negligible.

Similarly, the LO-to-RF port isola-
tion was also evaluated at the three
LO drive levels. The SIM-U742MH+
mixer exhibited typically 17 dB isola-
tion across an LO frequency range of
4100 to 7400 MHz (see Figure 4).

Since wide dynamic range is im-
portant in instrumentation applica-
tions, the input third-order intercept
point (IIP3) of the SIM-U742MH+
mixer was also evaluated at the three

LO drive levels (+10, +13 and +16
dBm) and at an RF output range of
3900 to 4300 MHz. IP3 is consistent-
ly about +20 dBm up to 2.5 GHz and
then derates to +15 dBm at 3.3 GHz
(see Figure 5).

The LTCC double-balanced mixer
features typical LO port return loss of
3.5 to 8.5 dB. The return loss mea-
sured at the RF port is 5.5 dB typical,
while the return loss at the IF port is
typically 17 dB.

The mixer supports conventional
surface-mount applications, and can
be supplied in tape-and-reel formats
for use with automated assembly
equipment. The RoHS-compliant
mixer is designed to withstand high
levels of ESD mishandling compared
to more sensitive, and often larger,
semiconductor mixers.

Mini-Circuits’ LTCC mixers have
been tested extensively and qualified
for environmental conditions such as
humidity, thermal shock and vibra-
tion. To evaluate the durability and
reliability of the solder joints, 20 of
the LTCC mixers were soldered onto

FR-4 PCB motherboards and ther-
mally cycled (1000 cycles) over the
operating temperature range of –40°
to 85°C. The DC continuity was mea-
sured from the motherboard trace to
the top of the LTCC board, with no
failures found.

CONCLUSION
The model SIM-U742MH+ high

performance mixer leverages LTCC,
semiconductor technology and
patented circuit techniques to
achieve high frequency low loss up-
conversion for both instrumentation
and military applications. Additional
information on it and other SIM mix-
ers may be obtained from the compa-
ny’s web site under the model series
SIM.

Reference
1. United States Patent No. 7,027,795 (2006).

Mini-Circuits, 
Brooklyn, NY (718) 934-4500,
www.minicircuits.com.
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Microwave Week 2007: The IMS
2007 technical sessions will run from
Tuesday through Thursday of Microwave
Week. Workshops will be held on Sun-
day, Monday and Friday. In addition to
IMS 2007, a microwave exhibition, a
historical exhibit, the RFIC Symposium
(www.rfic2007.org) and the ARFTG
Conference (www.arftg.org) will also be
held in Honolulu, HI, during Microwave
Week 2007. Following this will be the
IEEE Antennas and Propagation Society
International Symposium, also in Hon-
olulu, HI, from June 9–15, 2007.

IEEE MTT-S INTERNATIONAL
MICROWAVE SYMPOSIUM

June 3–8, 2007
Honolulu, Hawaii

Visit www.ims2007.org
for more information
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AVERAGE AMPLITUDE PHASE INSERTION
FREQUENCY MODEL POWER BALANCE BALANCE ISOLATION LOSS VSWR

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

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

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

* Multiple packages are available on these models, please contact MITEQ.180 degree and coaxial versions are available upon request
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PARAMETRIC TEST SOFTWARE
The release of KTE V5.2 is the company’s Interactive Test Environment
software for the Series S600 Parametric Test System. KTE V5.2 provides a
number of features that dramatically increase throughput for circuit mate-
rials testing, such as those requiring RF level frequencies, as well as incor-
porating improvements in parallel test routines used for lab and produc-
tion applications. In addition, the KTE V5.2 software update offers signifi-
cant improvements in ease of use that simplify testing. Keithley’s KTE is a
powerful wafer test development and execution environment that guides
test engineers through the development of a test plan. Users can create in-
dividual electrical tests at the subsite level by drawing on pre-defined li-
braries of test, then defining parameters and connections.

Keithley Instruments Inc., 
Cleveland, OH (440) 248-0400, www.keithley.com.

RS No. 314
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EMC TEST SOFTWARE
The model SW1006 is the latest version of the company’s radiated sus-
ceptibility, conducted immunity and pre-compliance emissions soft-
ware. Model SW1006 automatically performs both calibration and im-
munity testing in full compliance with IEC 61000-4-3, 4-6, MIL-STD
461/462 RS103, CS114, RTCA/DO160 Section 20 specifications. The
software also supplies the user with selectable test parameters and a
“thresholding” mode for pre-compliance investigation of equipment
susceptibility, as well as closed loop leveling. Pre-compliance emission
testing can be done with the use of a spectrum analyzer and either a
pre-amp or LISN. The SW1006 software is designed for use with the
supplied NI PCI-GPIB interface card for instrument communication. 

AR Worldwide RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, www.ar-worldwide.com.

RS No. 310

PARAMETRIC PRODUCT SEARCH TOOL
The parametric product search tool is designed for the RF engineer to
specify important product parameters and view the company’s prod-
ucts that match a specific requirement in a specification-compliance
format. Unlike conventional search engines that eliminate products
that narrowly fall outside of specification, the parametric product
search tool can show these products allowing the engineer to make in-
telligent design trade-off decisions to “fine tune” the requirement to
specific needs. View this and other product software support tools in-
cluding Product Cross Reference, PLL Phase Noise and Mixer Spur
Chart Calculators on the company’s site.

Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343, www.hittite.com.

RS No. 312

EM SIMULATION
The MicroStripes 3D EM simulation solution for RF/microwave and an-
tenna design, which integrates with Applied Wave Research’s Microwave
Office® circuit design software, has reached version 7.5. It enables users to
import any desired excitation waveform during the modeling process, run
the simulation and evaluate the results without any additional post-pro-
cessing. This makes it possible, for example, to simulate the effect of a
lightning strike, electromagnetic pulse or electrostatic discharge on a sys-
tem using a pre-computed, analytic or measured waveform. In version 7.5,
ground planes can also be used for models without meshing all of the
space between the system and ground plane. Version 7.5 also reduces the
computational resources required to model ferrite tiles.

Flomerics Ltd., 
Hampton Court, Surrey, UK +44 (0) 20 8487 3000,

www.flomerics.com.
RS No. 311
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Phase Shifters for every
Application to 40GHz

You prioritize the specifications;

We’ll design the Phase Shifter to fit

the application:.  

Our phase shifters cover the range

from “MHz to 40 GHz” with PIN

diode, varactor, or the latest MMIC

or FET performance. 

You can choose either analog,

digital, or mechanical adjustment

controls. You’ll be able to select

from our wide range of designs

with any combination of

specifications listed in surface

mount or  connector packages.

Or, you may want to integrate the

phase shifter with an attenuator,

Time Delay, or other microstrip

circuit for a higher level assembly. 

The latest high performance radar

phased arrays require the ultimate

in phase and amplitude accuracy

that is achieved with the optimum

combination of specifications that

Aeroflex provides.

Performance is guaranteed for all

conditions and backed with our

ISO 9001 verification testing.

For more information contact us at

973-887-5700 x500 or e-mail

sales@aeroflex-kdi.com

Rev:01-10-1

Specifications

Type: Varactor, PIN, MMIC, FET

Frequency 

Power 

Phase shift range

Switching speed

Insertion Loss

Phase Linearity

Phase flatness

Digital control

Bit size

Analog control

Bias/control voltages

Package size  -,SM, Connector

Mechanical / electronic adjust

Loss vs phase change

Price

Unit-to- unit tracking

Insertion phase

Temperature and environment

Hermetic

Fixed phase offset module

Thermal compensation

Modular for integration
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SOFTWARE UPDATE

FILTER SYNTHESIS AND SELECTION TOOL
Filter WizardSM has been enhanced to incorporate additional all-pole
and elliptic bandreject solutions, including high-Q ceramic puck op-
tions. Filter Wizard accelerates user progress from specs to RFQ for
RF and microwave filters spanning an ever-increasing range of re-
sponse types, bandwidths and unloaded Q values from 500 kHz to 
50 GHz.

K&L Microwave Inc., 
Salisbury, MD (410) 749-2424, www.klfilterwizard.com.

RS No. 313

MICROWAVE/RF ASSEMBLY BUILDER
The GORE™ microwave/RF assembly builder is an on-line interactive
design guide that provides simple step-by-step instructions for config-
uring GORE microwave/RF cable assemblies. Gore’s new mi-
crowave/RF configurator—available at www.gore.com/rfcablebuilder
—simplifies the assembly design and configuration process enabling
the user to build an assembly and submit an RFQ using the simple
step-by-step configuration tool, with no registration required to access
the process.

W.L. Gore & Associates Inc., 
Elkton, MD (302) 292-5100, www.gore.com.

RS No. 315
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EXHIBIT AT...

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

The European Conference on
Wireless Technology European Radar Conference 

The 37th European Microwave Conference Formerly GAAS Symposium

EXHIBIT AT...EXHIBIT AT...

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

8-12 October 2007
ICM, Munich International Congress Centre, 

Munich, Germany

EuMW2007 will provide:
• 7000 sqm of gross exhibition space • 5000 key visitors from around the globe

• 1700 – 2000 conference delegates • In excess of 250 exhibitors

The exhibition will provide an invaluable platform to present the latest
technological developments and a forum for discussion on industry, scientific
and technical trends. 

Interested in Exhibiting? Book Online at www.eumweek.com or contact:

Richard Vaughan Kristen Dednah
Rvaughan@horizonhouse.co.uk kdednah@mwjournal.com
Tel: +44 207 596 8742 Tel: +1 781 769 9750

FIVE DAYS FOUR CONFERENCES ONE EXHIBITION

R

European Microwave Association

Official PublicationOrganised by:

In co-operation with:

Visit http://mwj.hotims.com/11713-51 or use RS# 51 at www.mwjournal.com/info

 2M9 FINAL  1/30/07  8:51 AM  Page 180

http://mwj.hotims.com/11713-51
http://www.mwjournal.com/info
mailto:kdednah@mwjournal.com
mailto:rvaughan@horizonhouse.co.uk
http://www.eumweek.com
http://www.eumweek.com


Visit http://mwj.hotims.com/11713-157 or use RS# 157 at www.mwjournal.com/info

 2M9 FINAL  1/30/07  8:51 AM  Page 181

http://mwj.hotims.com/11713-157
http://www.mwjournal.com/info
mailto:sales@planarmonolithics.com
http://www.planarmonolithics.com/pmi


NEW WAVES: RF Components and Systems
■ Ultra Broadband Bias Tee
The model BT-50K18 Option PS is a miniature
50 kHz to 18 GHz bias tee, usable to 15 kHz. 

It has an insertion
loss of 0.75 dB
and a VSWR of
1.75 is typical.
This model offers
60 dB RF/DC

isolation between 10 MHz and 18 GHz. The
phase of a transmitted signal is shifted less than
±7.5°. The bias port has a series resistance of
2.5 Ω and will handle DC voltage of 15 V and
current of 200 mH maximum. Size: 0.8" ×
0.62" × 0.4" with removable SMA connectors.
American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com. 

RS No. 216

■ Directional Couplers

These high performance directional couplers
have ‘Air-line’ structures that offer low thru-
line loss while maintaining high directivity. The
couplers are available to cover the 100 MHz to
70 GHz frequency range in a variety of differ-
ent configurations. The coupler can be sup-
plied as a stand-alone component or as a sec-
tion of an integrated assembly.
Channel Microwave Corp., 
Camarillo, CA (805) 482-7280,
www.channelmicrowave.com.

RS No. 217

■ Waterproof QMA Connector
This connector is claimed to be the first water-
proof QMA connector optimized for applica-

tions up to 6 GHz
and a minimum
of 100 cycles.
With an IP 68 wa-
terproof rating it
features the
Quick-Lock lock-
ing mechanism,
allows 360° rota-

tion and small dimensions. It can be mated
with QLF certified QMA connectors and is vi-
bration resistant as SMA to MIL standard. It
supports all radio frequency connections and
has been designed for users who need fast and
space-saving connections in outdoor applica-
tions such as wireless communications and
transmission systems, portable radio systems,
air traffic control and monitoring systems, and
assemblies for mobile radio base stations.
Huber + Suhner AG, 
Herisau, Switzerland +41 (0) 71 353 4111,
www.hubersuhner.com.

RS No. 220

■ High Power T/R Switch
The P/N M20-064 is a high power T/R switch
that operates in a frequency range from 20 to 

2500 MHz. These
switches utilize
the company’s
multi-octave tech-
nology that is
compatible with
the latest GaN
and LDMOS sol-
id-state ampli-

fiers. The switches are designed for both proto-
typing and high volume low cost production.
This T/R switch is capable of handling up to
100 W, with an ultra low insertion loss of only 
1 dB maximum and an output VSWR of < 1.42. 
Comtech PST, Hill Engineering Division,
Topsfield, MA (978) 887-5754,
www.comtechpst.com.

RS No. 218

■ Connectorized 
Double-balanced Mixer

The model HMC-C035 is a connectorized
GaAs MMIC double-balanced mixer module 

that is ideal for
use as an upcon-
verter or down-
converter in mili-
tary EW/ECM,
radar, microwave
radio, space and

test equipment applications from 23 to 37
GHz. This model is a general purpose, double-
balanced mixer housed in a miniature, hermet-
ic module. This mixer provides an input IP3 of
+19 dBm, 35 dB of LO/RF and LO/IF sup-
pression, and typical conversion loss of 9 dB. 
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 219

■ High Isolation OMTs
This range of ortho-mode transducers (OMT)
provides isolation better than 40 dB between 

the Tx and Rx
ports, with 100
dB possible by in-
tegrating the
OMT with an op-
tional transmit
rejection filter.
The OMTs are

designed to be attached to the conical feed
horn in a mobile SATCOM system, and their
function is to separate Tx and Rx polarizations
and frequencies. Spearheading the range is a
Ku-band OMT, which is made from aluminum
and measures 55.5 mm in length (excluding fil-
ter). It has a typical Rx bandwidth of 11 to
12.75 GHz and a typical Tx bandwidth of 13.75
to 14.50 GHz, with a maximum transmit power
of 56 dBm. The range also includes a C-band
OMT for use in commercial SATCOM systems
and an X-band version for military applications. 
Link Microtek Ltd., 
Basingstoke, Hampshire, UK 
+44 (0)1256 355771,
www.linkmicrotek.com.

RS No. 221

■ Nine-channel Switched Filter
The model 9IFA-20/600-SR is a nine-channel
switched filter band used in airborne counter-

measure test set
applications. Spec-
ifications include:
nine channels with
bandwidth ranging
from 10 to 550
MHz; insertion
loss of 5 dB; and
VSWR of 2.0. This
filter offers rejec-
tion of 60 dB to 10

GHz, TTL logic, switching speed of 250 ns and
DC power of +5 V at 200 mA.
Lorch Microwave, 
Salisbury, MD (410) 860-5100,
www.lorch.com.

RS No. 222

■ Wireless Band Loads
The V-Line RF loads are optimized for excel-
lent performance across all wireless bands. 

Their rugged con-
struction makes
them ideal for
both base station
and in-building
wireless systems.
These wireless

band loads are available from stock, even in
large quantities.
MECA Electronics, 
Denville, NJ (973) 625-0661, 
www.e-meca.com.

RS No. 223

■ High Pass Filters
Using a seven-section high pass filter design, the
VHF series filters provide excellent passband 

matching (typical
VSWR is 1.5), flat
passband response
and a sharp transi-
tion band. The
high pass filters
deliver excellent
sub-harmonic re-

jection of 850 to 13000 MHz. Built with solid
stainless steel unibody construction and coated
with a durable gold finish, these units feature
SMA type connectors, can handle high power
(up to 7 W at input) and are temperature stable
from –55° to 100°C. These filters are ideal for
eliminating sub-harmonics and for DC blocking.
Typical applications include transmitter/receiver
filtering, repeaters and lab test setups. Price: in
stock, from $24.95 each (Qty. 1–9).
Mini-Circuits, 
Brooklyn, NY (718) 934-4500,
www.minicircuits.com.

RS No. 224

■ PCS Receive Filter
The part number 8C9-1880-X60N11 is a PCS
receive band filter. This unit is centered at 

1880 MHz with a
flat passband of
60 MHz. Pass-
band insertion
loss comes in at
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less than 0.8 dB, with a passband return loss of
greater than 16 dB. The filter also has 60 dB of
attenuation at 1930 to 1990 MHz. This unit
sized at only 1.75" high × 2.75" wide × 5.5" long
has Type N connectors, but can be fitted with
most any RF connector.
Reactel Inc., 
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 225

■ WiFi Surface-mount Isolator
The model 2W6NB is a surface-mount mi-
crostrip isolator that is designed for WiFi 

IEEE 802.11a
wire less - loca l -
a r e a - n e t w o r k
(WLAN) applica-
tions from 5.15 to
5.35 GHz. This
model provides
an excellent
match between
the antenna and
the WLAN re-

ceiver circuitry. Occupying a footprint of only
12 × 12 mm for use in PCMCIA cards, the
compact isolator achieves port-to-port isolation
of 17 dB with an insertion loss of 0.4 dB. Price
and availability: less than $5.00 (1,000,000
qty.).
Renaissance Electronics Corp., 
Harvard, MA (978) 772-7774, 
www.rec-usa.com.

RS No. 226

■ Waveguide Broadwall Coupler
This standard range of multi-hole broadwall di-
rectional couplers operates in the frequency 

range from 40 to
2.6 GHz in stan-
dard waveguide
sizes. The electri-
cal characteristics
of high directivity
and coupling flat-

ness are achieved by using a precise machined
coupling hole pattern and a precision load in
the secondary arm. Non-standard configura-
tions or selected parameters are available on
request.
RLC Electronics Inc., 
Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 227

■ EDGE Radio
The Helios™ II-Plus EDGE radio provides a
high level of integration and robust perfor-

mance. The He-
lios II-Plus is
ideal for manu-
facturers develop-
ing next-genera-
tion quad-band
handsets incorpo-
rating advanced
multimedia fea-
tures such as
DVB-H, FM ra-
dios, MP3 play-
ers, digital cam-

eras and Web browsing. Helios II-Plus reduces
radio frequency (RF) board space by an addi-
tional 25 percent when compared to the com-
pany’s previous Helios design. Skyworks’ radio
solution also interfaces with virtually any ana-
log baseband and radically simplifies factory
calibration, allowing OEMs to substantially in-
crease production throughput. In addition, He-
lios II-Plus surpasses GSM and EDGE specifi-
cations under a variety of real-world conditions
such as extreme temperature, low battery volt-
age and antenna mismatch. Most importantly,
Helios II-Plus enables increased user talk
times by exceeding transmitted radiated power
(TRP) specifications for improved current con-
sumption.
Skyworks Solutions Inc., 
Woburn, MA (781) 376-3000,
www.skyworksinc.com.

RS No. 228

■ RF SAW Filter 
The W007 is a RF SAW filter for GPS re-
ceivers, which is designed for marine naviga-

tion as well as au-
tomotive and
leisure-industry
applications. For
GPS applications
RF filters must
be capable of
combining a low
insertion loss and
high rejection and

the W007 offers excellent insertion loss/rejec-
tion trade-offs. The device has a minimum ab-
solute attenuation of 40 dB at 1710 MHz. The
filter center frequency is 1575.42 MHz with a
bandwidth of 2.4 MHz, over a temperature
range of –40° to +85°C. It is RoHS compliant
and available in a lead-free SMD 2.5 × 2 × 0.9
mm package. 
TEMEX SAS, 
Sophia-Antipolis, France 
+33 (0) 4 97 23 30 00, www.temex.com.

RS No. 229

■ Cavity Filter
The model CFB7-800 is a cavity filter designed
to address the interference mitigation require-

ments for the
Public Safety and
SMR markets.
This filter fea-
tures a passband
of 794 to 806
MHz with an in-
sertion loss of 1
dB. Isolation is
specified at 90
dB at F<776
MHz and F>827

MHz. Connectors are SMA female. The design
provides high “Q” and stable temperature per-
formance in a small package. Applications in-
clude tower top amplifiers and in-building bi-
directional amplifier configurations where
component size is critical.  Size: 2.25" × 3.063"
× 7".
Trilithic Inc., 
Indianapolis, IN (317) 895-3600,
www.trilithic.com.

RS No. 230
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AMPLIFIERS
■ Pulsed Radar Amplifier
The model SSPA 3.1-3.5-1500-RM is a high power, pulsed RF amplifier
that operates from 3.1 to 3.5 GHz in a rack-mounted configuration. It 

will also operate down to 3 GHz, if request-
ed. This PA is ideal for S-band military
radars. It is packaged in a 3u high, 19-inch
rack-mounted enclosure. This amplifier has
a typical peak output power of 2000 W at a

5 percent duty cycle with a 64 µs pulse width. This amplifier offers a typ-
ical saturated gain of 55 dB with a typical power flatness of ±1 dB. 
Aethercomm Inc., 
San Marcos, CA (760) 598-4340, www.aethercomm.com.

RS No. 231

■ High Performance Amplifiers
The model AMP2G18-28 is a broadband high performance amplifier
that operates in a frequency range from 2 to 18 GHz with a nominal gain 

of 28 dB. Gain flatness is better than ±2 dB
with typical values of ±1.5 dB. Noise figure
is better than 4 dB with mid-band values of
below 3 dB typical. This amplifier features
a P1dB of at least +10 dBm and VSWR is
typically better than 2.0. The AMP2G18-28

utilizes the latest in microwave semiconductor technology resulting in an
integrated and economical high performance solution. 
Amplical Corp., 
Verona, NJ (201) 919-2088, www.amplical.com.

RS No. 232

■ Ultra-low Noise Amplifiers
This new line of ultra-low noise JCA amplifiers has just been released.
With over twenty new models available to cover many of the popular mi-

crowave frequency bands, narrowband mod-
els can be optimized for sub 0.5 dB noise
figures over 100 to 200 MHz sub-bands,
with broadband multi-octave noise figure
performance under 1 dB maximum for C-
band frequencies and below. Higher fre-
quency models are available upon request.

Endwave Defense Systems, 
Sunnyvale, CA (408) 522-3180, www.endwave.com.

RS No. 233

■ Detection Log Video Amplifier
The model SDLVA-61F-80-582987-004 option TBRK, MS is a matched
set of successive detection log video amplifiers in a compact stacked con-

figuration. This unit operates over 61.25
MHz ±250 kHz and has been designed so
that both modules share a common power
terminal. 
Planar Monolithics Industries, 

Frederick, MD (301) 631-1579, www.planarmonolithics.com.
RS No. 234

ANTENNA
■ Telemetry Antenna System
This lightweight segmented reflector antenna system is designed for
telemetry applications with integral LNA. Operation is over a 10 percent 

bandwidth. This antenna system features a
lightweight rugged segmented composite
construction that breaks down into seven
separate pieces for ease of transportation.
This reflector antenna operates from 1.71
to 1.85 GHz and provides nominal gain of
23.5 dBi. Also available is an associated low
directivity antenna and switch that allows

Come Join a Growing Company
Hittite Microwave Corporation is an innovative designer and
manufacturer of analog and mixed-signal ICs, modules and
subsystems for RF, microwave and millimeterwave applica-
tions covering DC to 110 GHz. Our RFIC/MMIC products are
developed using state-of-the-art GaAs, GaN, InGaP/GaAs,
InP, SOI, SiGe and BiCMOS semiconductor processes and
support a wide variety of wireless/wired communications
and sensor applications for Automotive, Broadband, Cellular
Infrastructure, Fiber Optics, Microwave & Millimeterwave
Communications, Military, Space and Test & Measurement
markets. 

We have career opportunities for experienced: 
Western Regional Sales Manager 

Sales Engineer • Product Engineer 
Applications Engineer • Marketing Engineer 

Program Manager 
Microwave Engineers & Managers

Contracts Administrator
MMIC Power Amplifier Designer

RFIC/MMIC Design Engineer
Microwave Device Modeling Engineer

Mechanical Engineer • Engineering Test Technician

We offer an excellent and competitive benefits package.
Please email your résumé indicating position of interest to:

hmcexec@hittite.com

www.hittite.com

Visit http://mwj.hotims.com/11713-111
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.3-3000MHz as low as99¢
each (qty. 100)

TRANSFORMERS

IN STOCK

TCN+

Mini-Circuits wide selection of broadband transformers
demonstrates excellent VSWR with impedance ratios
from 1:1 up to 16:1, covering from 300KHz to 3GHz. To meet
your demanding size, performance, and environmental
requirements Mini-Circuits offers three package styles to
accommodate your transformer Microwave & RF needs. 

TCN+ mini-packaged Low Temperature Co-fired
Ceramic transformers deliver outstanding thermal stability
high reliability, and permit fast high volume manufacturing.

TC+ models have compact open case design,
all-welded construction, and offer high-strength plastic
base for low cost commercial applications.

TC-G2+ ceramic base with gold plated terminations,
for military and high reliability requirements.
These low cost transformers are the best price/performance
buy in the business! For detailed specifications, full data,
and Designer Kits see our Website.

.15"x .15"   

TINY RF &MICROWAVE

TC+

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

TC-G2+

Available as RoHS compliant.

.12"x .06" 

377 RevK

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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selection between high and low directivity an-
tennas for far/near communication links. Other
models are also available for other frequency
ranges and applications. 
Cobham Defense Electronic Systems,
Nurad Division, 
Baltimore, MD (410) 542-1700,
www.cobhamdes.com.

RS No. 235

INTEGRATED
CIRCUIT
■ Receiver and Transmitter

Chipset

The GaAs MMIC, sub-harmonically pumped
receiver and transmitter devices are identified
as XR1006-QD and XU1002-QD, respectively.
These chips integrate an image reject sub-har-
monic anti-parallel diode mixer, an LO buffer
amplifier and a low noise amplifier for the re-
ceiver, and an output amplifier for the trans-
mitter. The image reject mixer eliminates the
need for an image bandpass filter after the am-
plifier to remove thermal noise at the image
frequency. Using 0.15 micron gate length GaAs
PHEMT device model technology, these de-
vices cover the 17 to 25 GHz frequency bands.
The receiver offers a noise figure of 2.5 dB and
20 dB image rejection across the band. 
Mimix Broadband Inc., 
Houston, TX (281) 988-4600,
www.mimixbroadband.com.

RS No. 236

SOFTWARE
■ EM Modeling Tool

Additions to the Concerto series 6 high fre-
quency electromagnetic modeling tool include
new and enhanced solvers, sophisticated model
parameterization and an enhanced scripting
capability. Component or system models can
be imported from CAD programs, or created
using a powerful, built-in, 3D geometric mod-
eler. Users have a choice of three simulation
methods to characterize performance. As stan-
dard, Concerto offers a 3D Finite Difference
Time Domain simulator. A 2D FDTD simula-
tor for axisymmetric geometry is available as is
adaptive meshing. Depending on the applica-
tion, users have two further simulation op-
tions—a Method of Moments tool and a new
Finite Element Method tool.
Vector Fields Ltd., 
Kidlington, Oxford, UK 
+44 (0)1865 370151,
www.vectorfields.com.

RS No. 239

SOURCES
■ Customized Direct Synthesizers
The company now offers customized direct
frequency synthesizers to meet the most exact-

ing specifications.
The company has
added the capa-
bility to produce
variations of stan-
dard models with
auxiliary outputs
and fixed fre-
quency/single fre-
quency, among
other options.
With its modular
architecture, the
company can pro-
duce many “spe-
cials” to fit within
19" cabinets. The
standard product
line includes high
quality, fast-
switching, low

noise synthesizers in 14 different ranges, with
frequency ranges from 0.1 to 40 MHz to 1 to
6400 MHz with optional resolution (µHz to
kHz). Switching time runs from 1-20 µs, de-
pending on the digit (decade) switched.
Programmed Test Sources Inc., 
Littleton, MA (978) 486-3400,
www.programmedtest.com.

RS No. 241

■ Multi-band Synthesizer

The MBS-500 multi-band frequency synthesiz-
er is a wideband frequency source designed for
use in RF test and measurement applications.
This synthesizer operates in a frequency range
from 100 to 500 MHz in a single unit. The
MBS-500 features step size of 100 kHz, output
power of +14 dBm and phase noise of less than
–95 dBc/Hz at 10 kHz offset. Including its in-
ternal frequency reference, the MBS-500 is
packaged in a 3.5" × 2.5" × 0.6" package with
SMA output connector.
EM Research Inc., 
Reno, NV (775) 345-2411,
www.emresearch.com.

RS No. 240

■ Surface-mount Synthesizer
The model FSFS315555-500 is a frequency syn-
thesizer that tunes in 5 MHz steps and can 

work with any ex-
ternal reference
source from 10 to
250 MHz, speci-
fied for settling
time of 50 mi-
croseconds or less
to within 10 kHz
of a new frequen-

cy. Fast switching speed and low phase noise are
often conflicting goals for a frequency synthesiz-
er, but the new FSFS315555-500 miniature sur-
face-mount frequency synthesizer provides out-
standing performance for both parameters across
a 2400 MHz tuning range from 3150 to 5550
MHz. The frequency synthesizer is programmed
by means of a simple three-wire serial interface.
Synergy Microwave Corp., 
Paterson, NJ (973) 881-8800,
www.synergymwave.com.

RS No. 242

■ L-band Frequency Synthesizer
The model SFS1680A-LF is an ultra-small smart
synthesizer series that eliminates exter-

nal programming.
This product is a
new class of syn-
thesizer for a high
quality, fixed fre-
quency stable sig-
nal source, and
makes life simpler

for the system designer. The smart design takes
care of locking every time the circuit is switched
on or even every time it looses lock due to exter-
nal factors. The design includes features like lock
detect. SFS1680-LF delivers clean stable signal
with reference spurious suppression better than
–80 dBc and phase noise of –106 dBc/Hz at 10
kHz offset. Size: 0.60" × 0.60". Price: $49.00/unit
(5 pcs min). Delivery: three to five weeks.
Z-Communications Inc., 
San Diego, CA (858) 621-2700,
www.zcomm.com.

RS No. 243
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MICRO-ADS
Visit http://mwj.hotims.com/11713-(RS#)

RS 68

RS 37

RS 48

RS 125

RS 64

RS 2

RS 63

RS 152

RS 65

Laboratory

(RF)MicroProbe

Station

Laboratory

(RF)MicroProbe

Station

A ultra compact, manually operated  probe station for engineers,
scientists and students. Measure Microwave, RF and IV parameters of
Semiconductor Devices. Characterize MEMS, wireless, photonic and

nanoelectronic components and assemblies.

• Benchtop Size(1ft2) • 2”  Vacuum chuck  with pump• 1” X-Y-Ø stage with z-lift•
•2 ea. 0.5” X-Y-Z probe positioners, includes 2 ea. 18 GHz probes & DC needles•
•10X/30X Stereo Zoom Trinocular Microscope • Flourescent Illuminator •

•Compatible with additional Magnetic Mount Positioners(optional)•

•Compatible with industry standard microwave probes(optional)•

•Cost effective for research projects•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

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

Extremely Low Cost

< $10,000 US

DC/RF/Microwave Test

Research Performance / Student Price

Jmicro Technology

Square Coax Lines
Absorbers, Honeycomb, Solids

Thin Shielding Materials

www.damaskosinc.com
damaskos@aol.com

(610)358-0200 fax(610)558-1019

Mu and Epsilon
Calibration Standards

Quick Connect/Disconnect

Advanced

Switch

Technology

694 Fortune Cr

 Kingston, On

      K7P 2T3

      Canada

Tel:613 384 3939

Fax:613 384 5026

E-mail: info@astswitch.com

AST is the only company 

exclusively dedicated to

the manufacturing of

switches.

Our commitment  to 

quality and performance 

is unmatched in the 

industry.

If it’s switches 

you’re

looking for,

your only choice

is AST.

www.astswitch.com

Personal

Probe

Station

Personal

Probe

Station

J micro  Technology

A compact full featured, modestly priced, manually operated probe
station developed for engineers and scientists.

Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

• Benchtop Size(<1ft2) • Vacuum chuck • X-Y-Ø stage•
•X-Y-Z probe positioners •Top Plate Z-lift •Vacuum Accessory Manifold•

•6.5X-112.5X Stereo Zoom Microscope • Adjustable Halogen Illuminator •
•Vacuum Accessories • Compatible with 40GHz+ probes•

• Accessories for Thermal Chucks and Probe Cards•
•Compatible with Magnetic Mount Positioners•

•Test wafers, microstrip packages and surface mount components•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

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

Very Low Cost

High Function

A  P r o b e  S t a t i o n  O n  E v e r y  B e n c h
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THE TRADE SHOW DEDICATED TO RADIOFREQUENCIES, MICROWAVES,
WIRELESS, OPTICAL FIBRE AND THEIR APPLICATIONS

33
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www.RFHyper.com

To register as an exhibitor, request 
a badge or register for the conferences:

EXPOSIUM
1, rue du Parc - 92593 Levallois-Perret Cedex, France
Tel.: +33 (0)1 49 68 51 00 - Fax : +33 (0)1 49 68 54 18 - E-mail : RFHyper@exposium.fr

RF & Hyper Europe, an exhibition
organized by EXPOSIUM

www.exposium.fr

AT THE HEART OF 
EMERGING MARKETS
Come and discover at the 
RF & Hyper Europe trade show the latest
technological developments presented
by more than 150 exhibitors who are
experts in radiofrequencies, microwaves,
and optical fibre.

You will find the latest innovations 
in active and passive components,
modules, systems, simulation or design
software, instrumentation and test 
for applications in telecommunications
(Wifi, Wimax, 3G, Bluetooth, UWB,
ZigBee...), satellite connections,
avionics, military, safety, as well as 
the new developments in RFID systems.

ANTENNAS in the spotlight 
at the exhibition!

2 days of EMC conferences not to be
missed.

After its success in 2006: a new edition
of RF TECHNOLOGIES AND PACKAGING
seminars.

EVENTS 2007

MARCH 27, 28 & 29, 2007

CNIT - PARIS LA DEFENSE

Visit http://mwj.hotims.com/11713-110 or use RS# 110 at www.mwjournal.com/info
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APPLICATION
NOTE

This application
note, “Preampli-
fiers and System
Noise Figure,” is
designed to assist
engineers in
learning how to
improve the ac-
curacy of their
measurements by
using a low noise
amplifier in front
of a spectrum analyzer to reduce the effective
noise figure of RF and microwave test systems.
This paper discusses applications and character-
istics of Agilent’s latest amplifier technology.
Highlighted are Agilent’s 87405C portable pre-
amplifiers that provide exceptional gain of 25
dB and a probe-power bias connection. 
Agilent Technologies Inc., 
Palo Alto, CA (800) 829-4444,
www.agilent.com.

RS No. 200

RELAY & SWITCH
CATALOG

This product cat-
alog features the
company’s reed
relays and dry
reed switches.
The catalog in-
cludes detailed
product informa-
tion, electrical
spec i f i c a t i ons
and mechanical
drawings for its
full product line, including Coto’s many new
product series and configurations. The catalog
also provides updated technical applications
sections and color performance graphs.
Coto Technology, 
Warwick, RI (401) 943-2686,
www.cotorelay.com.

RS No. 201

PRODUCT
CATALOG

This catalog fea-
tures the compa-
ny’s family of
XpressO™ oscil-
lators and out-
lines its new os-
cillator technolo-
gy, which makes
it possible for
these XpressO
c o n f i g u r a b l e
crystal oscillators
to deliver more accurate performance over a
wide range of parameters at a low cost. Advan-
tages of these oscillators include frequencies
that range from 1 MHz to 1.1 GHz, stabilities as
tight as ±20 ppm, and low jitter and phase noise. 
Fox Electronics, 
Fort Myers, FL (888) 438-2369,
www.foxonline.com.

RS No. 202

PRODUCT
CATALOG

The 2007 test
and measure-
ment product
catalog offers de-
tails and specifi-
cations on the
company’s gener-
al-purpose and
sensitive sourcing
and measure-
ment products,
DC switching,
RF switching and measurement, data acquisi-
tion solutions, semiconductor test systems and
optoelectronics test hardware. Arranged by ma-
jor product type and application area, each sec-
tion of the catalog contains a tutorial on test-sys-
tem design and use with practical tips. 
Keithley Instruments Inc., 
Cleveland, OH (800) 688-9951,
www.keithley.com.

RS No. 203

PRODUCT
LITERATURE

This product lit-
erature features
the company’s
new 18 GHz
SCM Fiber Op-
tic Link. The 18
GHz version is
an addition to
the company’s
successful SCM
Fiber Optic Link
product line.
The SCM links are “Plug and Play,” requiring
no external circuits. These links exhibit high
dynamic range and low noise contribution.
Typical applications include antenna remoting,
LO remoting, Inter-Facility RF links, EMC
test setups and scientific applications.
MITEQ Inc., 
Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 204

SELECTION
GUIDE

The solid-state
power relays se-
lection guide is
designed for in-
dustrial applica-
tions and features
40 families of re-
lays and motor
controllers in a
tabular format
designed in an
easy to use format
to quickly assist engineers in choosing a product.
The 24-page digest provides detailed information
about the AC and DC relays and motor con-
trollers, with output up to 125A, 690Vac.
Teledyne Relays, 
Hawthorne, CA (800) 284-7007,
www.teledynerelays.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
contain new and innovative tech-
nical ideas of practical use and
interest to our predominantly en-
gineering readers. Papers should
be 14 to 16 double-spaced pages
and contain 8 to 12 visual aids in
the form of sketches, graphs,
photographs or tables. 

Papers should be submit-
ted to the attention of the Tech-
nical Editor and will be reviewed
promptly by our Editorial Re-
view Board prior to acceptance.
Articles outside of the 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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Thomas H. Lee
Cambridge University Press • 815 pages; $80
ISBN: 0-521-83539-9

THE BOOK ENDTHE BOOK END

Since publication of the first edition of
this book in 1998, RF CMOS has made

a rapid transition to commercialization.
Back then, the only notable examples of RF
CMOS circuits were academic and indus-
trial prototypes. Today, the situation is
quite different, with many companies now
manufacturing RF circuits using CMOS
technology and with universities around the
world teaching at least something about
CMOS as an RF technology. This second
edition now includes a chapter on the fun-
damentals of wireless systems. A few illus-
trative systems—such as IEEE 802.11
wireless LAN, second- and third-genera-
tion cellular technology and emerging tech-
nologies such as ultra-wideband (UWB)—
are briefly examined. The chapter on pas-
sive RLC components now directly pre-
cedes a much-expanded chapter on passive
IC components, rather than following it.
The chapter on CMOS device physics has
likewise been updated to reflect recent

scaling trends. The related chapter on LNA
design includes a detailed discussion of our
much-improved understanding of MOS
noise mechanisms at radio frequencies. In
another rearrangement, the chapter on
feedback now precedes that on power am-
plifiers in order to establish principles nec-
essary for understanding several lineariza-
tion methods. The chapter on power ampli-
fiers has been greatly expanded to include
much more on the subject of techniques
for linearization and efficiency enhance-
ment. The chapter on transceiver architec-
tures now includes much more detailed
coverage of the direct conversion architec-
ture. Persistent, dedicated work by a host
of determined engineers has overcome
many of the daunting challenges that un-
derlie the pessimism expressed in the first
edition. Significant refinements, clarifica-
tions and corrections have been applied to
nearly all the chapters, thanks to a wealth
of ongoing research.

The Design of CMOS Radio-frequency Integrated Circuits: Second
Edition

Santanu Mahapatra and Adrian Mihai Ionescu
Artech House • 229 pages; $129, £78
ISBN: 1-59693-069-1

This book addresses, from an engineer-
ing perspective, the basic physics and

the new designs and functionality that can
be supported by single-electron devices.
Rather than suggesting this new technology
as a replacement solution for silicon
CMOS, the authors foresee, with some
concrete examples and arguments, the hy-
bridization of single-electron devices and
MOS transistors to address some of the
great challenges associated with nanoscale
integrated circuits. Chapter 1 introduces
the reader to the CMOS scaling principles
and limits, and the appearance of the single
electronic field. Single-electron transistor
(SET) and MOSFET devices are compared
from the perspective of device operation
and some of their complementary charac-
teristics are highlighted. In Chapter 2, the
state-of-the-art in the simulation of a sin-
gle-electron device is reviewed, along with
the related physics. It is shown that ad-
vanced single-electron circuit design re-

quires the development of compact models
and one such successful model (MIB) is
presented in detail and discussed. Chapter
3 discusses SET logic circuits and the MIB
model is used to illustrate the circuit con-
figurations with realistic simulations. Static
currents in SET inverters and related pow-
er dissipation are estimated and analyzed.
Chapter 4 deals with the concept of the hy-
bridization of the SET and CMOS. It dis-
cusses co-simulation and co-design issues
for hybrid circuits and proposes a CAD
framework, including examples. Chapter 5
addresses the application of the SET for
developing multiple valued logic and mem-
ory. It is demonstrated that single electron-
ic implementation can outperform CMOS
alternatives for such applications. Chapter
6 introduces the reader to the fabrication of
SET devices with nanoscale features. De-
spite the fact that no industrial SET tech-
nology is available today, the reported
progress in the field is very significant.

Hybrid CMOS: Single-Electron-Transistor Device and Circuit Design

To order this book, contact:
Cambridge University Press

100 Brook Hill Drive
West Nyack, NY 10994-2133

(845) 353-7500

To order this book, contact:
Artech House

685 Canton St.
Norwood, MA 02062

(781) 769-9750 ext. 4030; or
46 Gillingham St.

London SW1V 1HH, UK
+44 (0) 207-8750

THE BOOK END
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Performance  &  Quality  Designed  for  You

Beam Lead Diodes AEROFLEX / METELICS’

Silicon and GaAs high per-

formance microwave diodes 

for active imaginations.

The AEROFLEX / METELICS

Advantage

Comprehensive line of

microwave diodes includ-

ing:  PIN, Step Recovery,

Schottky,  Tunnel and

Varator diodes  plus MIS/

MOS capacitors.

Industry’s largest se-

lection of package and 

screening options.

Application specific solu-

tions at catalog prices.

All of our Microwave diodes 

are available in industry stan-

dard packages for effortless, 

low-cost improvement of 

your present designs.

Aerofl ex / Metelics

Phone: 408-737-8181

sales@aerofl ex-metelics.com

www.aerofl ex-metelics.com

ISO 9001: 2000

PERRY JOHNSON
REGISTRARS, INC.

1 inch

Microscopic

Precision

Actual Size

Visit http://mwj.hotims.com/11713-7 or use RS# 7 at www.mwjournal.com/info
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44 EMC Technology Inc.  . . . . . . . . . . . . . . . . .19  . . . . . . . . . . . .772-286-9300 772-283-5286 http://mwj.hotims.com/11713-44
45 Emerson Network Power . . . . . . . . . . . . . .127 . . . . . . . . . . . .800-247-8256 http://mwj.hotims.com/11713-45
46 Emhiser Micro-Tech  . . . . . . . . . . . . . . . . . .84  . . . . . . . . . . . .775-345-0461 775-345-1152 http://mwj.hotims.com/11713-46
47 Endwave Defense Systems  . . . . . . . . . . . . .27  . . . . . . . . . . . .408-522-3180 408-522-3181 http://mwj.hotims.com/11713-47
48 ES Microwave, LLC . . . . . . . . . . . . . . . . . .187 . . . . . . . . . . . .301-519-9407 301-519-9418 http://mwj.hotims.com/11713-48
49 ET Industries  . . . . . . . . . . . . . . . . . . . . . . .141 . . . . . . . . . . . .973-394-1719 973-394-1710 http://mwj.hotims.com/11713-49
50 ETS-Lindgren . . . . . . . . . . . . . . . . . . . . . . .169 . . . . . . . . . . . .512-531-6400 http://mwj.hotims.com/11713-50
51 EuMW 2007  . . . . . . . . . . . . . . . . . . . . . . . .180 . . . . . . . . . .+ 44 20 7596 8742 + 44 20 7596 8749 http://mwj.hotims.com/11713-51
52 Filtronic Compound 

Semiconductors, Ltd. . . . . . . . . . . . . . .161 . . . . . . . . . . . .408-850-5740 831-621-8074 http://mwj.hotims.com/11713-52
53 Filtronic Signal Solutions  . . . . . . . . . . . . . .131 . . . . . . . . . . . .603-459-1600 603-459-1605 http://mwj.hotims.com/11713-53
44 Florida RF Labs Inc.  . . . . . . . . . . . . . . . . . .19  . . . . . . . . . . . .800-544-5594 http://mwj.hotims.com/11713-44
54 G.T. Microwave Inc.  . . . . . . . . . . . . . . . . . .76  . . . . . . . . . . . .973-361-5700 973-361-5722 http://mwj.hotims.com/11713-54
55 GGB Industries, Inc.  . . . . . . . . . . . . . . . . . .3 . . . . . . . . . . . . .239-643-4400 239-643-4403 http://mwj.hotims.com/11713-55
56 Herley New England . . . . . . . . . . . . . . . . . .74  . . . . . . . . . . . .781-729-9450 781-729-9547 http://mwj.hotims.com/11713-56
57 Herotek, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .20  . . . . . . . . . . . .408-941-8399 408-941-8388 http://mwj.hotims.com/11713-57

Hittite Microwave Corporation  . . . . . . . . .184 . . . . . . . . . . . .978-250-3343 978-250-3373 www.hittite.com
58 Huber + Suhner AG  . . . . . . . . . . . . . . . . . .30  . . . . . . . . .+41 (0)71 353 41 11 +41 (0)71 353 45 90 http://mwj.hotims.com/11713-58

IEEE MTT-S International Microwave 
Symposium – Hawaii  . . . . . . . .114–115,174,197  . . . . . .781-769-9750 781-769-5037 www.ims2007.org

IEEE Radar Conference 2007 . . . . . . . . . .189 www.radar2007.org
59 Interad Ltd.  . . . . . . . . . . . . . . . . . . . . . . . . .64  . . . . . . . . . . . .757-787-7610 757-787-7740 http://mwj.hotims.com/11713-59
60 Isola Corp. . . . . . . . . . . . . . . . . . . . . . . . . . .149 . . . . . . . . . . . .800-845-2904 http://mwj.hotims.com/11713-60

RS NO. ADVERTISER PAGE NO. PHONE FAX WEB ADDRESS

 2M2 FINAL  1/30/07  9:01 AM  Page 194

http://mwj.hotims.com/11713-1
http://mwj.hotims.com/11713-2
http://mwj.hotims.com/11713-3
http://mwj.hotims.com/11713-4
http://mwj.hotims.com/11713-5
http://mwj.hotims.com/11713-6
http://mwj.hotims.com/11713-7
http://mwj.hotims.com/11713-8
http://mwj.hotims.com/11713-9
http://mwj.hotims.com/11713-10
http://mwj.hotims.com/11713-15
http://mwj.hotims.com/11713-16
http://mwj.hotims.com/11713-17
http://mwj.hotims.com/11713-18
http://mwj.hotims.com/11713-19
http://mwj.hotims.com/11713-20
http://mwj.hotims.com/11713-21
http://mwj.hotims.com/11713-22
http://mwj.hotims.com/11713-24
http://mwj.hotims.com/11713-25
http://mwj.hotims.com/11713-26
http://mwj.hotims.com/11713-27
http://mwj.hotims.com/11713-28
http://mwj.hotims.com/11713-29
http://mwj.hotims.com/11713-30
http://mwj.hotims.com/11713-31
http://mwj.hotims.com/11713-32
http://mwj.hotims.com/11713-33
http://mwj.hotims.com/11713-34
http://mwj.hotims.com/11713-35
http://mwj.hotims.com/11713-36
http://mwj.hotims.com/11713-37
http://mwj.hotims.com/11713-38
http://mwj.hotims.com/11713-39
http://mwj.hotims.com/11713-40
http://mwj.hotims.com/11713-41
http://mwj.hotims.com/11713-42
http://mwj.hotims.com/11713-43
http://mwj.hotims.com/11713-44
http://mwj.hotims.com/11713-45
http://mwj.hotims.com/11713-46
http://mwj.hotims.com/11713-47
http://mwj.hotims.com/11713-48
http://mwj.hotims.com/11713-49
http://mwj.hotims.com/11713-50
http://mwj.hotims.com/11713-51
http://mwj.hotims.com/11713-52
http://mwj.hotims.com/11713-53
http://mwj.hotims.com/11713-44
http://mwj.hotims.com/11713-54
http://mwj.hotims.com/11713-55
http://mwj.hotims.com/11713-56
http://mwj.hotims.com/11713-57
http://www.hittite.com
http://mwj.hotims.com/11713-58
http://www.ims2007.org
http://www.radar2007.org
http://mwj.hotims.com/11713-59
http://mwj.hotims.com/11713-60


From ea. Qty.1000
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LTCCCOUPLER FAMILY
Directional/Bi-Directional

Mini-Circuits LTCC coupler family offers versatile, low cost solutions
for your 5 to 4200MHz 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&75Ω
directional and bi-directional couplers with coupling ranging
from 6-22dB 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 65W. 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$
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61 ITT Corporation  . . . . . . . . . . . . . . . . . . . . .103 . . . . . . . . . . . .978-441-0200 http://mwj.hotims.com/11713-61
62 IWCE 2007  . . . . . . . . . . . . . . . . . . . . . . . . .94  . . . . . . . . . . . .800-927-5007 http://mwj.hotims.com/11713-62

63,64,65 J microTechnology  . . . . . . . . . . . . . . . . . . .187 . . . . . . . . . . . .503-614-9509 503-531-9325 http://mwj.hotims.com/11713-63
66 JFW Industries, Inc. . . . . . . . . . . . . . . . . . .133 . . . . . . . . . . . .317-887-1340 317-881-6790 http://mwj.hotims.com/11713-66
67 K&L Microwave, Inc. . . . . . . . . . . . . . . . . . .7 . . . . . . . . . . . . .410-749-2424 443-260-2268 http://mwj.hotims.com/11713-67
68 KR Electronics, Inc.  . . . . . . . . . . . . . . . . . .187 . . . . . . . . . . . .732-636-1900 732-636-1982 http://mwj.hotims.com/11713-68
69 Locus Microwave, Inc.  . . . . . . . . . . . . . . . .122 . . . . . . . . . . . .814-466-6275 814-466-1104 http://mwj.hotims.com/11713-69
70 Lorch Microwave . . . . . . . . . . . . . . . . . . . . .45  . . . . . . . . . . . .800-780-2169 410-860-1949 http://mwj.hotims.com/11713-70
71 M/A-COM, Inc.  . . . . . . . . . . . . . . . . . . . . . .11  . . . . . . . . . . . .800-366-2266 978-442-5350 http://mwj.hotims.com/11713-71
72 Marki Microwave, Inc.  . . . . . . . . . . . . . . . .46  . . . . . . . . . . . .408-778-4200 408-778-4300 http://mwj.hotims.com/11713-72
73 Maury Microwave Corporation  . . . . . . . . . .9 . . . . . . . . . . . . .909-987-4715 909-987-1112 http://mwj.hotims.com/11713-73
74 MECA Electronics, Inc.  . . . . . . . . . . . . . . .88  . . . . . . . . . . . .973-625-0661 973-625-9277 http://mwj.hotims.com/11713-74
75 Micro Lambda Wireless, Inc. . . . . . . . . . . .105 . . . . . . . . . . . .510-770-9221 http://mwj.hotims.com/11713-75
76 Microwave Development Laboratories  . . .89  . . . . . . . . . .781-292-6680/6684 781-453-8629 http://mwj.hotims.com/11713-76

Microwave Journal  . . . . . . . . . . . . . . . .98,190,197 . . . . . . . . .800-225-9977 781-769-5037 www.mwjournal.com
77 Mimix Broadband, Inc.  . . . . . . . . . . . . . .COV 3  . . . . . . . . . .281-988-4600 281-988-4615 http://mwj.hotims.com/11713-77

78,79,80, Mini-Circuits  . . . . . . . . . . . . . . . . . . . . .4–5,18,35,
81,82,83,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49,50,61,
84,85,86,  . . . . . . . . . . . . . . . . . . . . . . . . . .75,100–101,121,
87,88,89,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .137,145,157,

90,91  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .185,195  . . . . . . . . . .718-934-4500 718-332-4661 http://mwj.hotims.com/11713-78
92 Mini-Systems, Inc. . . . . . . . . . . . . . . . . . . . .96  . . . . . . . . . . . .508-695-0203 508-695-6076 http://mwj.hotims.com/11713-92

93,94 MITEQ Inc.  . . . . . . . . . . . . . . . . . . . . .40–41,175  . . . . . . . . .631-436-7400 631-436-7430 http://mwj.hotims.com/11713-93
95 Modelithics, Inc.  . . . . . . . . . . . . . . . . . . . . .64  . . . . . . . . . . . .888-359-6359 813-558-1102 http://mwj.hotims.com/11713-95
96 Narda Microwave-East, 

an L3 Communications Co. . . . . . . . . . .8 . . . . . . . . . . . . .631-231-1700 631-231-1711 http://mwj.hotims.com/11713-96
97 Networks International Corporation  . . . . .34  . . . . . . . . . . . .913-685-3400 913-685-3732 http://mwj.hotims.com/11713-97
98 Noisecom  . . . . . . . . . . . . . . . . . . . . . . . . . . .21  . . . . . . . . . . . .973-386-9696 973-386-9191 http://mwj.hotims.com/11713-98
99 OML Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . .159 . . . . . . . . . . . .408-779-2698 408-778-0491 http://mwj.hotims.com/11713-99
100 Pascall Electronics Limited . . . . . . . . . . . . .62  . . . . . . . . .+44(0) 1983 817300 +44(0) 1983 564708 http://mwj.hotims.com/11713-100
101 Pendulum Instruments . . . . . . . . . . . . . . . .151  . . . . . . . . . .+46 8 598 510 55 http://mwj.hotims.com/11713-101
102 Phase One Microwave Inc.  . . . . . . . . . . . . .60  . . . . . . . . . . . .916-784-9072 916-784-9074 http://mwj.hotims.com/11713-102
103 Picosecond Pulse Labs Inc. . . . . . . . . . . . . .73  . . . . . . . . . . . .303-209-8100 303-447-2236 http://mwj.hotims.com/11713-103
104 Planar Electronics Technology, Inc.  . . . .66–67 . . . . . . . . . . .301-662-5019 301-662-1731 http://mwj.hotims.com/11713-104
157 Planar Monolithic Industries, Inc.  . . . . . . .181 . . . . . . . . . . . .301-631-1579 301-662-2029 http://mwj.hotims.com/11713-157
105 Prewell Corporation  . . . . . . . . . . . . . . . . . .142 . . . . . . . . . . .82-31-420-8362 82-31-420-8369 http://mwj.hotims.com/11713-105
106 Radio Research Instrument Co., Inc.  . . . .124 . . . . . . . . . . . .203-753-5840 203-754-2567 http://mwj.hotims.com/11713-106
107 Reactel, Incorporated  . . . . . . . . . . . . . . . . .14  . . . . . . . . . . . .301-519-3660 301-519-2447 http://mwj.hotims.com/11713-107
108 REMEC Defense & Space  . . . . . . . . . . . . .80  . . . . . . . . . . . .858-560-1301 http://mwj.hotims.com/11713-108
109 Renaissance Electronics Corporation . . . . .44  . . . . . . . . . . . .978-772-7774 978-772-7775 http://mwj.hotims.com/11713-109
110 RF & Hyper Europe 2007  . . . . . . . . . . . . .188  . . . . . . . . .33 (0)1 49 68 51 00 33 (0)1 49 68 54 18 http://mwj.hotims.com/11713-110
111 RF Connectors, Division of RF Industries 184 . . . . . . . . . . . .800-233-1728 858-549-6340 http://mwj.hotims.com/11713-111
112 RF Micro Devices  . . . . . . . . . . . . . . . . . . . .69  . . . . . . . . . . . .336-678-5570 336-931-7454 http://mwj.hotims.com/11713-112
113 RF TEC Mfg., Inc.  . . . . . . . . . . . . . . . . . . .186 . . . . . . . . . . . .770-487-2187 770-486-9499 http://mwj.hotims.com/11713-113

114,115,116 RFHIC . . . . . . . . . . . . . . . . . . . . . . . . .106,108,110  . . . . . . .82-31-250-5011 82-31-250-5088 http://mwj.hotims.com/11713-114
117 RFMW, Ltd.  . . . . . . . . . . . . . . . . . . . . . . . .113 . . . . . . . . . . . .877-367-7369 408-414-1461 http://mwj.hotims.com/11713-117
118 RLC Electronics, Inc.  . . . . . . . . . . . . . . . . .25  . . . . . . . . . . . .914-241-1334 914-241-1753 http://mwj.hotims.com/11713-118
119 Rogers Corporation  . . . . . . . . . . . . . . . . . .111 . . . . . . . . . . . .480-961-1382 480-961-4533 http://mwj.hotims.com/11713-119
120 Rohde & Schwarz GmbH  . . . . . . . . . . . . . .59  . . . . . . . . . .+49-1805-124242 +49-89-412913777 http://mwj.hotims.com/11713-120
121 Rosenberger  . . . . . . . . . . . . . . . . . . . . . . . .107  . . . . . . . . . . .+49-8684-18-0 +49-8684-18-499 http://mwj.hotims.com/11713-121
122 Roswin Inc.  . . . . . . . . . . . . . . . . . . . . . . . . .120  . . . . . . . . . .+82-41-621-4450 +82-41-621-4451 http://mwj.hotims.com/11713-122
123 S.M. Electronics  . . . . . . . . . . . . . . . . . . . . .155 . . . . . . . . . . . .800-715-4396 972-984-1218 http://mwj.hotims.com/11713-123
124 San-Tron Inc.  . . . . . . . . . . . . . . . . . . . . . .COV 2  . . . . . . . . . .978-356-1585 978-356-1573 http://mwj.hotims.com/11713-124
125 Sector Microwave Industries, Inc.  . . . . . . .187 . . . . . . . . . . . .631-242-2300 631-242-8158 http://mwj.hotims.com/11713-125
126 Sirenza Microdevices . . . . . . . . . . . . . . . . . .63  . . . . . . . . . . . .303-327-3030 http://mwj.hotims.com/11713-126
127 Skyworks Solutions, Inc.  . . . . . . . . . . . . . . .53  . . . . . . . . . . . .781-376-3000 http://mwj.hotims.com/11713-127
128 Special Hermetic Products, Inc.  . . . . . . . . .48  . . . . . . . . . . . .603-654-2002 603-654-2533 http://mwj.hotims.com/11713-128
129 Spectrum Elektrotechnik GmbH  . . . . . . . .85 . . . . . . . . . . .+49-89-3548-040 +49-89-3548-0490 http://mwj.hotims.com/11713-129
130 State of the Art, Inc.  . . . . . . . . . . . . . . . . . .72  . . . . . . . . . . . .800-458-3401 814-355-2714 http://mwj.hotims.com/11713-130
131 Suss MicroTec AG  . . . . . . . . . . . . . . . . . . .29 . . . . . . . . . . .(+49) 35240/73-0 http://mwj.hotims.com/11713-131
132 SV Microwave, Inc.  . . . . . . . . . . . . . . . . . . .71  . . . . . . . . . . . .561-840-1800 561-842-6277 http://mwj.hotims.com/11713-132
133 Symmetricom . . . . . . . . . . . . . . . . . . . . . . . .36  . . . . . . . . . . . .978-232-1497 http://mwj.hotims.com/11713-133

134,135,136 Synergy Microwave Corporation  . . . . .57,123,191 . . . . . . . . .973-881-8800 973-881-8361 http://mwj.hotims.com/11713-134
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INTERNATIONAL MICROWAVE SYMPOSIUM
HONOLULU, HAWAII

IEEE MICROWAVE THEORY AND TECHNIQUES SOCIETY

JUNE 5–7, 2007

Microwave Journal® will provide exhibition management for the 2007 MTT-S IMS Symposium/Exhibition
MTP-706

A-Alpha Waveguide Co.
Acceleware Inc.
Actipass Co. Ltd.
Advanced Control Components Inc. 
Aeroflex Inc.
Aerowave Inc.
Aethercomm Inc.
Agilent Technologies 
Akon Inc.
Allrizon-TG Communications Equ.
American Microwave Corp. 
American Standard Circuits Inc.
American Technical Ceramics
Ametek HCC Industries
Ametek Specialty Metal Products
AML Communications Inc.
AmpliTech Inc. 
Analog Devices Inc.
Anaren Inc.
Anritsu Co.
Ansoft Corp. 
Antenna Systems & Technology

Apollo Microwaves Ltd. 
Applied Thin-Film Products 
Applied Wave Research Inc. 
AR Worldwide 
ARA
ARC Technologies Inc.
Artech House 
ASB Inc. 
Assemblies Inc.
Astrolab Inc.
Auriga Measurement Systems 
Avnet Electronics Marketing
Barry Industries Inc.
Besser Associates Inc. 
Bird Technologies Group
BL Microwave Ltd.
Bliley Technologies Inc. 
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