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We’ve Taken Performance 
To A New Peak.

boonton@boonton.com  •  +1 (973) 386-9696  •  Fax +1 (973) 386-9191  •  www.boonton.com

Introducing the 56006 and 58318 peak power sensors optimized for use on the 4500B peak power analyzer. The 56006 peak
power sensor features a unique combination of industry leading video bandwidth and unsurpassed dynamic range that make it
ideal for measuring communication signals in 3G and future 4G wireless applications. The 58318 peak power sensor offers 
a combination of broad RF frequency range and fast risetime measurement capability for the most demanding military and 
commercial pulsed RF radar applications.

BOONTON 4500B PEAK POWER ANALYZER AND FAST PEAK SENSORS

56006
� RF Frequency range to 6 GHz
� <7 nsec risetime 

(typical video bandwidth up to 65 MHz)
� 70 dB dynamic range (pulse mode) or 

80 dB dynamic range (modulated mode)

58318
� RF frequency range to 18 GHz
� <10 nsec risetime 

(8 nsec typical)
� 44 dB dynamic range (pulse mode) or 

54 dB dynamic range (modulated mode)
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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

Visit http://mwj.hotims.com/7963-89 or use RS# 89 at www.mwjournal.com/info
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Need just the right surface mount, coaxial, thru mount, or flat pack power splitter or combiner for your project?
Mini-Circuits is on the case offering you thousands of high performance, cost-effective models off-the-shelf and
immediately available for your military and commercial applications. Choose from 2 and 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.

TM
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CIRCLE READER SERVICE CARD

194 Rev G

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
TM

®

ISO 9001 ISO14001 CERTIFIED
77
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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/7963-92 or use RS# 92 at www.mwjournal.com/info
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Visit http://mwj.hotims.com/7963-144 or use RS# 144 at www.mwjournal.com/info
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Visit http://mwj.hotims.com/7963-95 or use RS# 95 at www.mwjournal.com/info
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Simple Solutions to Complex
Switch Problems 

Whether you need the benefits of

total integration or a high

performance custom switch,

Aeroflex gives you the choice.

The  combination of PIN / MMIC

diode switches, power dividers,

and digital control circuitry in the

compact 4x4 non- blocking Matrix

multifunction assembly shown,

with blind mate connectors and

modular construction eliminates

cables and crossover’s . This

modular packaging provides the

flexibility to quickly adapt to new

circuits, such as switched filters. 

The miniature 70 dB isolation

SPDT switch that is shown

provides optimum loss, isolation,

with custom phase and power

related performance all up to Ka

band.

Aeroflex/KDI is a provider of

custom PIN/MMIC switched

products, including Matrices,

Phase Shifters, Attenuators  Time

Delay Units,  from a 10 MHz to

40GHz.

For more information contact us

at 973-887-5700 x500 or e-mail

sales@aeroflex-kdi.com

TREV:0824-1 Visit http://mwj.hotims.com/7963-6 or
use RS# 6 at www.mwjournal.com/info
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appwave.com

* Transistor detail available through Microwave Office® and Analog Office.®

The only 
system 
simulator
with 
circuit 
level 
detail.

Know 
precisely 
from concept to 
implementation how 
your designs will perform. 
Only VSS simulates from as “far 
up” as the behavioral level down to 
the transistor level* so you can spot issues 
before they become missed deadlines. Account for 
impairments like phase noise, mixer imbalance, frequency 
dependency of an amplifier — or the IP2 feedthrough of a 
mixer — to get an accurate prediction of ACPR, EVM, PCDE and 
FER before you commit. Best of all, use the same test vectors 
when testing the physical device. Download a 30-day trial today.

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

Visit http://mwj.hotims.com/7963-14 or 
use RS# 14 at www.mwjournal.com/info
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Tensolite’s HDRFI™ Assemblies use
High Frequency Low Loss Coax and a unique
patent pending interconnect system to transfer
high frequency/data thru a planar connection
system, using a z axis elastomeric connector.
This allows for very high frequencies to transfer with
minimal loss due to the connector interface.

Features include:
• High Bandwidth    
• Small Form Factor   
• Scalable    
• No Moving Parts   
• Frictionless      
• Low Compression Mating Force    
• Zero Extraction Force

High Density RF Interconnect to 40GHz

(800) 458-9960 phone • (904) 829-3447 fax • www.tensolite.com • G o t o w w w . T e n s o l i t e . c o m  f o r  m o r e

H i g h
D e n s i t y  

R F
I n t e r c o n n e c t

P  R  E  S  E  N  T  I  N  G

M e e t  u s  a t  M T T S  b o o t h  2 2 3 5

Visit http://mwj.hotims.com/7963-135 or use RS# 135 at www.mwjournal.com/info
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6 reasons
to buy direct

from Coilcraft

Factory-fresh
products
No surplus or
obsolete stock4

Next day
delivery
Order up to
5 p.m. CST3

Complete RoHS
inventory
The latest parts,
fully documented5

Full tech
support
Talk directly to
our engineers6

No minimum
order
Buy only what
you need2

All values
in stock
If it’s in our catalog,
it’s on our shelf1

6 reasons
to buy direct

from Coilcraft

Because we’re our own distributor,
we guarantee that you can source
any Coilcraft part with a single call.

We stock the latest RoHS-
compliant products and 99%
of your orders ship the
same day they’re received!

Whether you need 10pieces or 10,000,
the one place to buy all your Coilcraft
magnetics is Coilcraft Direct.

RoHS
COMPLIANT

Any part. Any quantity. Any time.
800-322-2645 buy.coilcraft.com

Visit http://mwj.hotims.com/7963-27 or 
use RS# 27 at www.mwjournal.com/info
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“Ask Harlan,” a technical question and answer session with Harlan Howe, Jr., an in-
dustry veteran and long-time Microwave Journal editor, has been a regular part of our
web site (www.mwjournal.com) for almost two 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 ultimately choose the best answer to the question. Although all of
the responses to the featured question will be posted on our web site, we plan to pub-
lish the winning answer in the November issue. All responses must be submitted by
October 6, 2006, to be eligible for the participation of the September question.

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

Edson Wander from Electrolux has submitted this month’s question:

Dear Harlan,
I am looking for information about measuring microwave oven cavity reflex-
ion (SWR). I am having difficulty finding the correct probe to simulate the
magnetron with the network analyzer. Could you provide any direction?

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 July question was submitted by Jayesh Nath from Harris Corp.:
Dear Harlan,
What is the proper usage of diplexer and duplexer?
The winning response to the July question is from Simon Zhou of
Mitec Telecom Inc.:
Diplexer is a network that splits a signal to two or more loads, dependent on
frequency. Often a diplexer is used to route signals, based on frequency, to
two different receivers. A diplexer can also be used to create a “matched” fil-
ter that is non-reflective outside of the intended passband. It can also be
used as a bias tee, to feed your favorite active device with DC power. Du-
plexer is a three-port network that allows the transmitter and receiver in a
radar or communications system to use the same antenna. The duplexer can
be as simple as a circulator in low power applications, or it may be a radioac-
tive gas-discharge T/R tube for megawatt radars.

July Question and Winning Response

Harlan’s response: 
A diplexer separates two signals based on frequency, while a duplexer sepa-
rates based on power level or direction of signal flow. A typical diplexer
consists of two bandpass filters with a common junction. A radar duplexer
is generally made with two 90 degree hybrids separated by T/R tubes. A
common duplexer for a simple transceiver can be made with a ferrite cir-
culator to connect the transmitter to the antenna and the antenna to the
receiver. Single pole-double throw switches are also sometimes used as du-
plexers.

This Month’s Question of the Month
(answer on-line at www.mwjournal.com/askharlan)
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DC-10GHz 99¢ea.(qty.30)

MMIC AMPLIFIERS
as low as

GAIN FROM 8 up to 23dB,  OUTPUT POWER up to +20dBm

LEE
DC-10GHz

Gali
DC-8GHz

ERA-SM
DC-8GHz

Detailed Performance Data & Specs Online at: www.minicircuits.com/amplifie.html
Designer’s Kit Information Online at:  www.minicircuits.com/dg03-20.pdf

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

IN STOCK

Actual Size

SOT-893x3mm
MCLPTM

Plastic 
Micro-X

If you need to find a MMIC amplifier with just the
right performance and size to fit your design,
your job just got easier! Introducing Mini-Circuits
LEE, Gali, and ERA-SM families. Now you can
select from a variety of over 40 broadband InGaP HBT
and low noise silicon based models with flat gain from
8 up to 23dB, low to high output power of +2.8 to
+20dBm and very high IP3 up to 36dBm typical.
These affordable, rugged, compact amplifiers have
low thermal resistance for high reliability, and come in

three different package styles to suit your
design layout requirements; the leadless 3x3mm
“Mini-Circuits Low Profile” (MCLPTM) package with
exposed metal bottom for superior grounding and

heat dissipation, plus the SOT-89 and Plastic Micro-X
with leads for easier assembly. You'll find all the
performance specs and data on our web site, plus
a wide selection of amplifier Designer's Kits. So broaden
your MMIC amplifier choices and maximize performance
with Mini-Circuits LEE, Gali, and ERA-SM.

IN

C block

1
2

4

3

Vd

OUT

RFC (Optional)

(Required)

C block

R bias

I bias

Typical Biasing
Configuration Vcc

C bypass

CIRCLE READER SERVICE CARD

376 Rev D

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

Mini-Circuits ISO 9001 & ISO 14001 Certified

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
TM

®

Available as RoHS compliant.

o S
C O M P L I A N T

TM
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SEPTEMBER

IEEE INTERNATIONAL CONFERENCE
ON ULTRA-WIDEBAND (ICUWB 2006)
September 24–27, 2006 • Waltham, MA
www.icuwb2006.org

OCTOBER

THE NORTH JERSEY SECTION IEEE MTT/AP
CHAPTER SYMPOSIUM
October 5, 2006 • Whippany, NJ
www-ec.njit.edu/~ieeenj/NEWSLETTER.html

HUT-ICCE 2006
October 10–11, 2006 • Hanoi, Vietnam
www.hut-icce.org

RADIOTECC 2006
October 18–19, 2006 • Berlin, Germany
www.gerotron.com

28TH ANNUAL SYMPOSIUM OF THE ANTENNA
MEASUREMENT TECHNIQUES ASSOCIATION
(AMTA 2006)
October 22–27, 2006 • Austin, TX 
www.amta.org

NOVEMBER

ELECTRONICA 2006
November 14–17, 2006 • Munich, Germany
www.electronica.de

MM-WAVE PRODUCTS AND TECHNOLOGIES
November 16, 2006 • Savoy Place, London
www.iee.org/events/mmwave.cfm 

68TH ARFTG CONFERENCE
November 28–December 1, 2006
Broomfield, CO
www.arftg.org

DECEMBER

IEEE WIRELESS AND MICROWAVE TECHNOLOGY
CONFERENCE (WAMICON 2006)
December 4–5, 2006 • Clearwater Beach, FL
http://wamicon.eng.usf.edu

ASIA-PACIFIC MICROWAVE CONFERENCE
December 12–15, 2006 • Yokohama, Japan
www.apmc2006.org

JANUARY 

IEEE RADIO AND WIRELESS SYMPOSIUM (RWS
2007)
January 9–11, 2007 • Long Beach, CA 
www.radiowireless.org
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IEEE TOPICAL WORKSHOP ON POWER
AMPLIFIERS FOR WIRELESS COMMUNICATIONS
(PA WORKSHOP)
January 8–9, 2007
Long Beach, CA
http://paworkshop.ucsd.edu

7TH TOPICAL MEETING ON SILICON MONOLITHIC
INTEGRATED CIRCUITS IN RF SYSTEMS (SIRF 2007)
January 10–12, 2007
Long Beach, CA
www.ece.wisc.edu/sirf07

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, Hawaii
www.ims2007.org

Signal
Processing
Passive Power Solutions®

HybriX® SMT Power Dividers:
• Power to 50 Watts
• 440 MHz to 2.3 GHz
• 2-, 3-, 4-way divisions
• As small as 0.56 x 0.35 inches (14.22 x 8.89 mm)

HybriX® Crossover:
• RF cross DC or RF cross RF 
• 30 Watts power rating
• DC to 7 GHz
• 0.20 x 0.20 inches (5.08 x 5.08 mm)

DC Block:
• 20 KHz to 10 GHz
• Low Loss
• 16 Volts
• 1.02 inches long (25.91 mm) SMA M/F

HybriX® Couplers:
• 3 dB Hybrid and Directional Couplers
• Low Insertion Loss
• 130 MHz to 4 GHz
• Power to 250 Watts

emct.com • rflabs.com
772-286-9300

ISO 9001 and 14001 Certified

Visit http://mwj.hotims.com/7963-38

COMING EVENTS

CALL FOR PAPERS

IEEE Topical Workshop on Power
Amplifiers for Wireless

Communications (PA Workshop)
by October 2, 2006

IEEE MTT-S International
Microwave Symposium

by December 1, 2006
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“LEADING INSIGHT” APPLICATION
WORKSHOPS

■ Topics: Ansoft’s “Leading Insight”
Application Workshops for High Per-
formance Design provide attendees
with an excellent opportunity to ex-
change ideas and learn from experts
in the design of high performance
electronics. Presentations and interac-
tive poster sessions by invited speak-
ers together with Ansoft’s technical
staff will cover: IC design and verifi-
cation; signal- and power-integrity
simulation; RF, microwave and anten-
na design; advanced packaging, SIP
and SOC design; and electromechani-
cal and power-electronics design.
■ Sites: Asia, North America, Europe
■ Dates: Sept. 12–Dec. 5, 2006
■ Contact: For more information,
visit www.ansoft.com/leadinginsight/
papers.cfm.

CONCERTO SOFTWARE –
INTRODUCTORY TRAINING COURSE

■ Topics: CONCERTO is a state-of-
the-art software environment for the
design of RF and microwave equip-
ment. Delegates of the course are giv-
en instruction by experienced engi-
neers in the Vector Fields team on us-
ing CONCERTO to model many
applications including: patch and horn
antennas, microwave filters, microstrip
and waveguide junctions. Hands-on
scripted examples are an integral part
of the course, giving delegates the op-
portunity to explore the easy-to-use in-
terface and powerful post-processing. 
■ Site: Oxford, UK
■ Dates: October 10–11, 2006
■ Contact: For more information,
visit www.vectorfields.com.

COMSOL USERS CONFERENCES

■ Topics: Two conferences in the US
(along with 14 others throughout the
world) combine hands-on training
along with presentations from users
and COMSOL technical staff. Atten-
dees will learn about the latest COM-
SOL products, discover the expanding
range of applications possible with
COMSOL Multiphysics, while making
contacts and getting hands-on training.
■ Sites: Boston, MA; Las Vegas, NV
■ Dates: Oct. 22–24/26–27, 2006
■ Contact: For more information,
visit www.comsol.com/conference/
2006.

DESIGN TROUBLESHOOTING,
FAILURE ANALYSIS AND PREVENTION
IN ELECTRONIC CIRCUITS

■ Topics: This course covers tech-
niques for troubleshooting design prob-
lems both in the laboratory and in field
installations. Each technique is dis-
cussed in depth, including how to apply
it and how to interpret results. Partici-
pants learn how to locate and deal with
the sources of noise that cause prob-
lems in designs, including noise-related
reliability problems in system, board
and device design. For more informa-
tion, visit www.unex.berkeley.edu.
■ Site: San Francisco, CA
■ Date: October 26, 2006
■ Contact: UC Berkeley Extension,
1995 University Avenue, Berkeley, CA
94720 (510) 642-4151 or e-mail:
course@unex.berkeley.edu.

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

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

THE ENTREPRENEURIAL ENGINEER

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

Visit http://mwj.hotims.com/7963-25

WORKSHOPS & COURSES
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Light weight, quick deployment, 
and ease of operation

Until now, if you wanted to put together a complete sub-system, integrating 

all of the components was your headache.  Not anymore.  Chelton Microwave 

Rotating Systems will do all of the work, we can include the antenna and all 

rotating components, providing a fully tested integrated assembly.  We offer 

all this because we are a complete sub-assembly supplier that can leverage 

the resources of other Chelton Microwave divisions and partners to design 

a total solution.

Antenna Mount

Slip Ring

Fiber Optic Rotary Joint

Gearmotor with Azimuth Positioning Device

Fluid Rotary Joint

RF Rotary Joint

Complete integrated sub-systems from 
Chelton Microwave Rotating Systems.

All of the components
with none of 
the headaches.

Chelton Microwave Rotating Systems, 596 Lowell Street, Methuen, MA 01844 
Tel: 978-557-2400   Fax: 978-557-2800   sales@kevlin.com 

Visit http://mwj.hotims.com/7963-63 or use RS# 63 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/7963-90 or use RS# 90 at www.mwjournal.com/info
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COVER FEATURE

from anywhere in the world that is driving
many of the new changes that are occurring in
the largest consumer market ever — the wire-
less mobile device market. In Figure 1 we
look at the mobile device view and see that
there are three main routes to wirelessly ac-
cess the Internet. Voice is still the main use of
mobile devices and the GSM and CDMA net-
works around the world now connect over 2.3
billion wireless subscribers. The cellular stan-
dards are evolving to add high speed data con-
nections, and cellular remains the way we con-
nect from remote locations many miles away
from a base station.

For local connections Bluetooth® is rapidly
becoming a common feature in mobile devices
with almost 30 percent attachment rate expected
in 2006. This attachment rate is expected to
grow to more than 50 percent over the next
three years. Today we are seeing other radios be-
ing combined with Bluetooth, such as WiFi, FM

22 MICROWAVE JOURNAL ■ SEPTEMBER 2006

ALASTAIR UPTON AND VICTOR STEEL
RFMD Inc.
Greensboro, NC

Tremendous changes are occurring in
the area of wireless communications, so
much so that the mobile phone of yes-

terday is rapidly turning into a sophisticated
mobile device capable of more applications
than PCs were capable of only a few years
ago. For example, the data rates provided by
the initial High Speed Downlink Packet Ac-

cess (HSDPA) extension to 3G
networks enable a user to wire-
lessly access the Internet at
speeds up to 1.8 MBits/second.
Further enhancements in HS-
DPA modulation schemes will
soon increase this speed to
greater than 10MBits/second.
So downloading your latest e-
mails with a 5 MB Power-
point™ attachment outside of
the office is no longer a frus-
trating and time-consuming ex-
ercise. In fact, it is just as fast as
when you are in the office.

It is the need and desire of
people to access the Internet

THE CURRENT STATE
OF TECHNOLOGY
AND FUTURE TRENDS
IN WIRELESS
COMMUNICATIONS
AND APPLICATIONS

GSM, EDGE, CDMA, 
WCDMA, TD-SCDMA 
HSDPA, UTRAN LTE... 

802.11a/g, 802.11n, 
BT, UWB, NFC 

802.16e, 
WiMax, 
WiBro 

FM radio, DVB-H,
DAB, XM/Sirius,
GPS, Galileo...

Music, 
video camera,

games...

Local 
Connections, 

VoIP 

Local 
Functions 

Wireless
Access
to the 

Internet

Broadcast, 
Location Data Broadband 

Wireless 
Access 

Voice, 
Remote Data 

Fig. 1 Wireless access to the
Internet everywhere and
entertaining functions will
lead to highly usable and fun
mobile devices. ▼
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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

RLC HAS THE ATTENUATOR
For over 45 years RLC has been the Leader

in Attenuators 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

• Frequency Range: DC to 40 GHz

• Programmable, Variable, Step and Fixed

• Attenuation Range: 0 to 130 dB

• Power:
Fixed Types: Up to 100 Watts
Variable Types: 2 Watts

• Accuracy: ± 0.5 dB
• Low VSWR
• Repeatability: 0.1 dB
• Low Intermodulation Options 

• Surface Mount and Connectorized
• SMA, N, TNC, BNC, or Pins

Visit http://mwj.hotims.com/7963-112 or use RS# 112 at www.mwjournal.com/info
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radio and Near Field Communications
(NFC). Soon we will see combination
Bluetooth and Ultra-wideband (UWB)
devices to further enhance the wireless
distribution of multimedia content. It
will not be long before that 5 MB pre-
sentation will be beamed to an UWB-
enabled plasma monitor in the confer-
ence room or displayed directly in real
time onto your colleagues’ mobile de-
vice at the table.

The third area being developed for
wireless access to the Internet is the
evolution of mobile broadband. World-
wide Interoperability for Microwave
Access (WiMAX) is an industrial orga-

nization that pro-
motes the 802.16
standard for both
fixed and mobile de-
vices. WiMax uses
frequency bands be-
tween 2 and 11 GHz
and does not require
a line of sight be-
tween base stations.
Each WiMax base
station will theoreti-
cally have a range of
about 30 miles. It is
likely that WiMax
will be used initially
as a wireless alterna-
tive to DSL cable,
especially in rural ar-
eas where the cable
infrastructure is not
very well developed.
In 2007 it is likely
that mobile WiMax
will be built into lap-
tops, similar to WiFi
today, shortly fol-
lowed by implemen-

tation into smart phones. Sprint is al-
ready preparing networks, and Motoro-
la is planning to supply the devices.1

In addition to the ability to wire-
lessly access the Internet the mobile
device of tomorrow will also be capa-
ble of viewing TV programs, watching
videos, storing and playing music as
well as providing location-based serv-
ices using GPS or Galileo satellite
navigation systems.

MAJOR CHANGES IN MOBILE
DEVICE TRENDS
The More Radios the Better

Major changes are occurring in the
mobile device arena in terms of radio
complexity, as illustrated in Table 1.
Firstly, the number of radios being de-
signed into mobile devices is increas-
ing. Just a few years ago the only radios
needed were dual-band (800/1900 or
900/1800 MHz) GSM or CDMA. We
project that in 2008 it will be common
to have as many as seven radios inside
mobile devices. The major shift is the
addition of HSDPA as more 3G phones
become available. In order to satisfy
the requirements of global networks, it
is likely that the 3G radio will be at
least tri-band covering regions 1, 2 and
5, followed by the need for several oth-
er regions. Adding different regions for
WCDMA or HSPDA is more compli-

cated than previously because each fre-
quency pair needs a duplexer to sepa-
rate the transmit and receive signals
that are active at the same time. Blue-
tooth, WiFi, FM, GPS and DVB-H are
the other five radios that are expected
to be added in the next two years.
Looking at the usage models suggests
that many of these radios need to be
capable of simultaneous operation, so
interference and co-existence must be
considered early in the design. For ex-
ample, the US band of 800 MHz has a
second harmonic that is right on top of
the 1600 MHz broadcast TV channel
used by Modeo for DVB-H (Digital
Video Broadcast-Handhelds). There-
fore, filtering must be designed so as
not to block the TV viewing experience
when you are talking on the phone,
something that will soon be a common
use of mobile devices.

Antennas Everywhere
All these radios will have different

antennas requiring careful partitioning
of the radios so that the antennas can
be placed in optimal locations inside
the mobile device and positioned such
that interference is minimized. Anoth-
er significant factor affecting mobile
devices is that as the antennas become
more broadband their impedance
match degrades and the cellular power
amplifier has to deliver power into a
higher VSWR load. The antenna
VSWR also changes significantly as the
mobile device is placed near objects
such as the body, metallic objects, in-
side briefcases, etc., and the power
amplifier has to accommodate the
changing environment to maintain the
expected performance of total radiated
power (TRP). Developing load insensi-
tive power amplifiers and adaptive
matching networks are key to main-
taining the best user experience.

Shrinking Real Estate
Another trend happening inside a

mobile phone is the reduction of space
available for the radio. Phones are be-
ing designed that are thinner, slimmer
and narrower than ever before. Only a
few years ago the space available for
the total RF section in a dual-band
GSM or CDMA phone was close to
600 mm2. Now the space available for a
3G phone with multiple GSM, EDGE,
HSDPA radios is half that at only 300
mm2. This trend has led to more and
more integration of components both

COVER FEATURE

▲ Fig. 2  A typical example of module
integration showing a single RF transceiver
die, SAW filters and matching components
inside a single package.
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TABLE I
MAJOR CHANGES IN MOBILE DEVICE TRENDS 2003 TO 2008

Handset Feature 2003 2008

quad-band GSM/
Number of radios dual-band EDGE, tri-band   

GSM or CDMA WCDMA, Bluetooth,  
WiFi, FM, GPS, UWB

Number 
of simultaneous 1 3 or more 
operating radios

Number of antennas 1 5 or more

Board area 
available for main 600 mm2 300 mm2

cellular radios

flip-phone and candy flip, candy bar and 
Form factors bar phones with tablet devices with

thickness of > 20 mm thickness of 10–15 mm

mainly analog RF mixed-signal RF 
Radio architecture transceiver with transceivers with 

analog interfaces digital interfaces

Baseband processor 0.18 µm CMOS 65 nm CMOStechnology node

Wireless 70–80 KBit/s 100–480 MBit/s
connectivity speeds (cdma2000 1X RTT) (WiFi or UWB)

Memory storage none several Gigabytes
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www.endwave.com

System integrators are talking: Endwave’s MFAs
are consistently on time, on budget and on spec.

If you’ve been working with an RF supplier who’s trying to re-engineer

outdated techniques to deliver efficient multi-function assemblies,

give Endwave a call. We’ve delivered over 300,000 T/R modules to 

the cost-conscious commercial market and have successfully leveraged

this experience in major defense communications, surveillance, and

electronic warfare programs. Our building-blocks are characterized

across stringent defense environmental conditions. By applying 

creative mil-qualified packaging, system-level expertise, and DFM 

techniques, our MFAs work the first time—without trial and error.

Innovative RF and packaging design with a budget-minded, 

collaborative approach—it’s the Endwave way. And for more 

and more defense primes, it’s the only way.

Endwave. Plug us in.

Custom MFAs up to 100 GHz

Integrated Transceivers

Receiver Subsystems

Transmitter Subsystems

Converters & Multipliers

Amplifier Networks

Frequency Sources

Power Distribution Networks

Switch Arrays

Other Custom Assemblies

Visit http://mwj.hotims.com/7963-41 or use RS# 41 at www.mwjournal.com/info
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ISOLATORS

Delivering quality, exceeding expectations, making an impression.

Our commitment to you is to 
deliver the highest quality and 
to exceed your expectations.

For complete specifications, 
please visit www.recrseries.com 
Or Call us at (800) REC-3217

Renaissance Electronics is always
looking for new ways to provide you
with solutions. Catering to your 
market, we’ve come up with a way 
to offer our high quality isolators 
in high volumes at low prices.

High quality, high volume, 
low cost, 

12 Lancaster County Road, Harvard, MA 01451

Quantities of 100-5,000

The New Thinking in Wireless TechnologyR-Series

in stock.
Frequencies include:7.2 – 8.4 GHz 9.5 – 10.5 GHz12.7 – 14.5 GHz 14.0 – 15.5 GHz

at the silicon level and at the module
level. For example, nowadays VCOs,
synthesizers loop filters and voltage
regulations are all integrated into the
transceiver die. Additionally, SAW fil-
ters (see Figure 2) and in the future,
crystal reference oscillators, are being
incorporated into the transceiver mod-
ule to realize a complete, self-contained
system module in a small package.

The trend now is for very thin
phones, with some now less than 10

mm thick. This implies that phone
manufacturers desire to use only one
side of the printed circuit board
whereas before both sides were uti-
lized. This also puts pressure on com-
ponent manufacturers to shrink the
size of the solutions. In the future we
predict that mobile devices will be
designed with more interesting form
factors, including flexible materials
for clothing and other applications.
So making the components as small

as possible is a key requirement for
realizing almost all new devices.

Going Digital
Traditional RF architectures have

usually been implemented using
mainly analog approaches for down-
conversion, modulation and filtering.
In recent years there have been ad-
vances in design and process tech-
nologies that have allowed the con-
version from RF to digital to occur
within the radio before the baseband.
For example, in RFMD’s POLAR-
IS™ TOTAL RADIO™ the trans-
ceiver uses a fractional-N synthesizer-
based digital GMSK and 8PSK mod-
ulator all implemented in digital
CMOS. This has also helped realize
digital interfaces between the RF and
baseband sections of the radio that al-
lows the baseband chip to migrate to
smaller and smaller CMOS geome-
tries and segments the analog and
mixed-signal elements into the front-
end.2

In other developments even more
integration of the RF functionality
has been implemented in a digital
fashion, an example of which is the
Bluetooth® chip from Texas Instru-
ments.3 It remains to be seen how
widespread this type of architecture
will be adopted in the cellular hand-
sets. Already similar ICs are available
for the low end GSM standards but it
will likely be several years until it is
seen in 3G handsets. However, the
trend is definitely towards more digi-
tal content in the radio.

CELLULAR HANDSET
FUNCTIONAL BLOCKS

Whereas there are always some
differences between standards and
tiers, in general the semiconductor-
based functional blocks of a mobile
device are as shown in Figures 3 and
4, with representative technologies
shown. Of course, many other tech-
nologies can be used, but these
shown are the most common. These
are generally categorized into the fol-
lowing:
• Front-end components

a) T/R and Mode Switch
b) Power Amplifier
c) RF Transceiver
d) Filters, both Rx and Tx

• Communications Processor (base-
band)
• Applications Processor

26 MICROWAVE JOURNAL ■ SEPTEMBER 2006Visit http://mwj.hotims.com/7963-107

COVER FEATURE

 9M27 FINAL  8/28/06  4:07 PM  Page 26

http://www.recrseries.com
http://mwj.hotims.com/7963-107


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

CHANGING THE STANDARDS

So fast. So far-reaching.
The evolution in 3D EM simulation software. CST MICROWAVE STUDIO® 2006.

� Aim high. Reach for solutions
to the toughest problems without
compromise.

Discover the latest evolution in 
3D EM simulation software and
experience CST MICROWAVE STUDIO®
[CST MWS]’s complete technology.

CST MWS is the first commer-
cial HF 3D EM code to offer the 
advantages of time and frequency
domain,hexahedral and tetrahedral
meshing, united in one interface.
Choose the technology best suited
to your structure.

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

CST MICROWAVE STUDIO® is 
the powerful market leading time
domain tool for 3D EM simulation. It
has benefited from over 20 years
experience in the area of numerical
field calculation,and is used by industry
market leaders worldwide.
� Change your outlook on simulation
technology. Choose the possibilities
offered by complete technology with
CST MICROWAVE STUDIO®.

Visit http://mwj.hotims.com/7963-32 or use RS# 32 at www.mwjournal.com/info

 9M27 FINAL  8/28/06  4:08 PM  Page 27

http://mwj.hotims.com/7963-32
http://www.mwjournal.com/info
http://www.cst.com


YOU DON’T HAVE TO REINVENT THE WHEEL!

Compac has the largest selection of:

� High Quality Low Cost
� Full Custom Manufacturing

� Off the Shelf Shielded Enclosure
� Shielding Capabilities to 80 dB @ 20 GHz

From Prototype Thru Production

Tel: (631) 585-3400 • Fax: (631) 585-3534
Visit our Website: www.compac-rf.com

Shielding Specialists

ISO 9000:2000 &
AS 9100:2004-01

Registered

• Power Management and Analog
Baseband
• Peripherals

Many excellent choices exist today
for high performance semiconductors
used in consumer devices. Computer
and memory markets tend to drive the
state-of-the-art for deep submicron
digital CMOS, while the mobile phone
market is the volume driver for mixed-
mode and analog semiconductor
processes. Historically, the RF and ana-
log front-end has been optimized by
function, with very little integration.
The RF and analog front-end compo-
nents are defined herein as all semicon-
ductor blocks between the antenna and
the digital baseband, non-inclusive.
These functions were initially imple-
mented as discrete solutions, on the
phone board. In recent years the dis-
crete solutions have been replaced with
more integrated solutions — on-chip
integration in some cases, module inte-
gration in others. Either way, the goal
was to reduce the component count on
the phone board and to enable new,
lower cost and higher performance “su-
per-components.”

The trend toward
module integration
has allowed each
function to continue
to be optimized by
semiconductor tech-
nology. For example,
a GSM transmit
module today con-
sists of a PA, match-
ing components,
bandpass/low pass
filter and
transmi t / rece ive
switch. Generally
speaking, the PA is
either GaAs HBT or
Si LDMOS, the
match and filters are
implemented as dis-
crete SMD compo-
nents and in some
cases microstrip
lines on the module
substrate, and the
transceiver switch is
GaAs pHEMT. An example is shown
in Figure 5. These choices of tech-
nologies allow the function to be im-

plemented with minimal performance
compromise.

Transceivers are also moving toward
integrated solutions, with CMOS
clearly becoming the preferred tech-
nology. Performance is very competi-
tive, and the cost roadmap for CMOS
is unparalleled due to the economies
of scale driven by the digital markets.
Solutions for the front-end of a
GSM/EDGE phone combine on-chip
integration and module integration for
the optimum tradeoff between cost
and performance. Today, a two-module
solution exists for the entire cellular
front-end, as shown in Figure 6. This
allows the phone manufacturer much
simpler and lower cost design and
manufacturing while shifting the bur-
den of designing these components to
the component supplier.
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▲ Fig. 3  Various radios and functional blocks in a mobile phone.
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▲ Fig. 4  Typical semiconductor blocks for cellular radio in a mobile
phone.

▲ Fig. 5  A GSM/EDGE transmit module.
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Technology Partitioning
As was mentioned earlier, some

suppliers are integrating the RF trans-
ceiver together with the digital base-
band as a system-on-chip (SoC). This
allows the transceiver, which is migrat-
ing toward more digital processing
techniques, to take advantage of the
digital CMOS “platform.” In this case,
the remainder of the front-end is left
to discrete or module-implemented
solutions.

These solutions merge RF, analog
and digital circuitry on a single
CMOS process, which provides a sin-
gle low cost platform to build upon.
The trend is interesting, but as the
advanced CMOS geometries contin-
ue to shrink, it will be difficult to
maintain due to two reasons:
1. Analog voltages such as those
needed for I/Os, LDO regulators,
DC-DC converters, charge pumps
for micro-electromechanical systems

(MEMS) and other power manage-
ment functions will not be supported.
This will drive the power manage-
ment into a separate technology, and
will be required as part of the
chipset.
2. As integration in the front-end oc-
curs, technology will drive the parti-
tioning toward digital-only in deep
submicron CMOS and RF/analog in a
higher voltage CMOS process.
MEMS will reside here as well, to
complete the front-end integration.
This front-end integration platform
will be a key for reducing cost and
size, and enabling adaptability.

Integration drives cost and perfor-
mance, so ultimately a highly inte-
grated single-chip solution will be the
most cost-effective means to produce
the front-end. Technologies are being
developed to address this need, and
within the next few years, we will see
new technologies drive new architec-
tures, most likely on a CMOS-based
technology platform.

Battery Technology Trends
Power requirements for mobile

phones continue to increase due to
larger color displays, additional ra-
dios, new standards for high speed
data, etc. This places a greater de-

COVER FEATURE
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▲ Fig. 6  A two-module GSM/EDGE 
quad-band front-end.
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An ISO 9001 Certified Company

mand on the battery, requiring ever-
increasing energy densities. One way
battery manufacturers are responding
is by defining new materials to extend
the useful life, but to the component
manufacturer this typically means a
greater range of supply voltage. For
example, Figure 7 shows the typical
discharge curve for Li-Ion technolo-
gy. Newer technologies allow extend-
ed talk time, but require operation to
a lower voltage — as low as 2.5 V. 

Most components are driven by
voltage regulators or DC-DC con-
verters contained within the power
management IC. Digital chips re-
quire typically 1.8 to 1.3 V, which
must be efficiently converted from
the 4.2–2.7 V battery. RF transceivers
typically do not consume a significant
amount of current; thus, their power
consumption is minimal over the dis-
charge curve and their voltage can be
supplied with a low dropout regulator
(LDO). The power amplifier is typi-
cally the largest consumer of power,
next to the baseband and/or display,
so various means to improve power
amplifier efficiency are employed.

INCREASES IN POWER
AMPLIFIER EFFICIENCY

The DC power used by the power
amplifier (PA) is converted either
into RF power and transmitted to the
antenna, or dissipated into the phone
board and converted to heat. Efforts
are made to minimize the wasted
power, and to optimize the percent-
age converted to RF energy. Several
techniques include:

Optimizing the Semiconductor
Technology Used for the PA

The core efficiency of the PA is
limited by the knee voltage (some-
times referred to as saturation volt-
age) of the semiconductor device. In
order of decreasing efficiency, GaAs
pHEMT, GaAs HBT, SiGe HBT and
Si LDMOS are the technologies cur-
rently in use for mobile phone appli-
cations, with GaAs HBT having the
largest share by far.

The load impedance, which de-
fines the amount of power available
and the efficiency of the PA, is set
both by the knee voltage and the sup-
ply voltage (Vbat), as shown in Equa-

tion 1. For a varying supply voltage
such as a battery, the load must be set
to provide the required power at the
minimum voltage available. Then for
a fixed load, whenever the battery is
not at its minimum voltage level (fully
discharged), the additional voltage
headroom is wasted as heat

In some applications the load im-
pedance is modified at a reduced
power level to re-optimize the PA at
that lower power. This has the effect
of improving efficiency at that power.
For a system such as IS-98 (US-
CDMA), this can have a dramatic ef-
fect on the total talk time of the
phone, as the power level from the
phone is typically centered around 0
to 5 dBm (see Figure 8).

Reducing the Post-PA Losses,
Which in Turn Minimizes the
Amount of Power Required From
the PA Device Itself

These losses arise from the match-
ing network for the amplifier as well as
the switching network required at the
antenna. Clever architectural choices
can help reduce losses, but options are
somewhat limited in multimode envi-
ronments where multiple signals must
be switched to the antenna(s). 

Recovering Lost Power
As shown in Equation 1, the mini-

mum battery voltage determines the
load impedance to provide a given
power. Lower minimum voltages
means more wasted power when oper-
ating at any point above the minimum.
As can be seen from the figure, this can
mean a significant amount of wasted
power. If the voltage can be efficiently
converted from the battery voltage to

R
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PL
bat knee

out
=
( )–

( )
2

1
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▲ Fig. 7  Battery discharge curve for a 
Li-Ion battery.
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the required operating voltage for the
PA, then that wasted power can be re-
covered. DC-DC buck converters per-
form this task, although they are just
being developed for some higher pow-
er PAs, such as for GSM systems. The
advantage is shown in Figure 9, where
the efficiency of the system is improved
at reduced power levels by the DC-DC
converter.

New trends in battery technolo-
gies are driving toward greater volt-

age range to achieve longer talk
times, with minimum voltages as low
as 2.5 V. Referring to Equation 1, as
Vbat is reduced so is RL, impacting to-
tal efficiency. Some technologies are
better optimized for low voltage op-
eration, such as GaAs HBT and GaAs
pHEMT due to their lower Vknee. Ul-
timately, a boost DC-DC converter
for the PA should provide the best
talk times, as the PA is optimized for
a higher RL and the total energy

from the battery is conserved even at
higher voltages.

The improvement shown in Fig-
ure 9 can be seen for a constant-en-
velope modulation system like
GSM/GPRS. For a linear system,
such as EDGE, the transmitter must
support higher peak powers due to
the amplitude modulation involved.
Generally, these systems are imple-
mented with an I/Q modulator and a
linear transmitter, but this requires
the PA to be backed off from saturat-
ed power, which reduces efficiency. A
PA will typically achieve > 55 percent
peak efficiency in GSM, but only ~20
to 25 percent in linear EDGE mode.
This places severe constraints on the
phone, not just from a talk time per-
spective, but also from heat dissipa-
tion. Some EDGE systems are imple-
mented using polar modulation,
which uses phase and amplitude
modulation directly on the PA. In this
system, the PA operates in saturation,
just as in a constant envelope system
like GSM. The phase modulation is
applied to the RF input while the
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amplitude modulation is applied to
the voltage supply to the PA. If the
amplitude is modulated with a high
speed DC-DC converter (which can
support the required EDGE band-
width), the transmitter can operate
with efficiency close to a GSM trans-
mitter while maintaining the linear
operation needed for EDGE. These
innovations will continue with new
systems (OFDM-based schemes be-
ing considered for 4G, for example).

Other techniques for preserving
efficiency at backed-off powers in-
clude phased power combining ap-
proaches like Doherty and Chirex,
and these are being implemented in
some forms today. However, they do
not address improved efficiency ver-
sus battery voltage.

COPING WITH ANTENNA
MISMATCH

As mobile phones have shrunk in
form factor, so have the antennas.
What used to be a nice (from a RF
design perspective), long, retractable
dipole antenna is now a very small
patch antenna supporting multiple

bands and standards, and incorporat-
ing acoustic cavities and speakers.
The susceptibility of these antennas
to proximity effects is much higher,
and this translates to higher VSWR
at the transmitter. For linear sys-
tems, isolators used to be common
to maintain a constant PA load im-
pedance into a VSWR, but are no
longer used. Nonlinear systems such
as GSM suffered power and gain
variation, translating to significant
efficiency reductions with VSWR.
Techniques to maintain perfor-
mance, both for linear and nonlinear
systems, are now in place, and more
innovative solutions are being devel-
oped. These can be passive using
phased power combining networks,
or active using digitally controlled
tuned load networks.

Passive phased networks work by
combining the forward power from two
PAs in phase, but canceling reflected
power by combining out-of-phase.
New techniques are in development to
allow dynamic tunability of the load im-
pedance, which can adapt to VSWR as
well as changes in power level and/or

battery voltage as well. Adaptive tuning
requires some kind of structure that
can modify the elements in the match-
ing network, typically capacitors. Exam-
ples include barium strontium titanate
(BST) capacitors that can be varied
through an analog DC voltage, and
MEMS-based switched capacitors that
offer digital tuning capability for the
load network.

RF MEMS
RF MEMS offers the potential to

revolutionize the multimode radio
front-end. The lower loss associated
with above-IC MEMS switches and the
possibility of tunable resonators can be
used to integrate much of the functions
currently performed by external, spe-
cialized substrates and technologies. In
addition, they should provide improved
functionality and performance, includ-
ing tunability to enable operation in a
multi-standard environment, leading to
a truly cognitive radio.

RF MEMS switches have begun ap-
pearing on the market with reported
reliability > 1E10 switching cycles and
switching speeds < 10 µs, and carrying
losses of < 0.2 dB with isolation > 40
dB at 2 GHz. This level of performance
is sufficient to enable use in a multi-
tude of applications, beginning with
transmit/receive switching for GSM.
The inherent linearity of a mechanical
switch allows for WCDMA mode
switching without distortion and with
very low losses. Additional modes
and/or radios sharing antennas can be
switched very easily using MEMS
switches. Above IC processing allows
the MEMS devices to be built directly
on CMOS, allowing control for the
switch to be integrated in silicon (Si),
but also to allow the MEMS devices to
be integrated with other analog func-
tions in CMOS.

Other applications for MEMS de-
vices include crystal replacements for
reference frequency generation. Some
commercial products are beginning to
emerge; however, the stability required
to meet GSM phase noise is not yet
available. These products are improv-
ing, using state-of-the-art silicon-on-in-
sulator (SOI) technologies and/or
above-IC beam resonators, and will
soon be capable for all standards. Once
integrated, opportunities for multiple
frequencies exist, selectable with on-
board MEMS switches, or perhaps by
a bias voltage directly.
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750MHz-15GHz

Model LO Frequency Conv. Loss* LO-RF LO-IF IP3 @ Price 
Power (MHz) (dB) Isol. Isol. Center Band $ea.
(dBm) LO/RF (dB) (dB) (dBm) Qty.10-49

fL-fU IF Typ. σ Typ. Typ. Typ.

SIM-73L+ +4 2400-7000 DC-3000 6.2 0.1 30 22 +10 9.95
SIM-43+ +7 750-4200 DC-1500 6.1 0.1 35 24 +12 7.45
SIM-83+ +7 2300-8000 DC-3000 6.0 0.2 28 20 +11 7.95
SIM-14+ +7 3700-10000 DC-4000 6.7 0.3 38 16 +16 8.95

SIM-153+ +7 3400-15000 DC-4000 7.5 0.4 36 21 +10 9.95
SIM-63LH+ +10 750-6000 DC-1500 6.2 0.1 34 22 +13 8.95
SIM-83LH+ +10 1700-8000 DC-3000 6.0 0.1 28 22 +11 10.95
SIM-153LH+ +10 3200-15000 DC-4000 7.5 0.3 36 20 +11 11.95
*Conversion Loss at 30MHz IF.   σ typical unit-to-unit repeatability.

ESD Rating:
1000V (Class 1C) for HBM 
100V  (Class M2) for MM

U.S.Patent #7,027,795
Actual Size

(L ) 0.20" x (W) 0.18" x (H ) 0.08"

IF DC-4GHz

Announcing an unprecedented series of frequency mixers
that give you enormously wide RF&IF bandwidths with
very high performance, super-small size, and an equally
small price…available only from Mini-Circuits! They’re called
SIM mixers, and they cover just about all your broadband
and multi-band RF applications from 750MHz up to 15GHz
with an IF from DC to 4GHz. Because of their expansive
bandwidth, these double balanced mixers are also very
useful for both up & down converting. The tiny Low
Temperature Co-fired Ceramic (LTCC) leadless package
delivers superior temperature stability, repeatable
performance, high ESD capability, and meets your
need for high speed automated manufacturing. And
you'll find Mini-Circuits ultra-low SIM prices are as
revolutionary as the mixers themselves!
Mini-Circuits…we’re redefining what VALUE is all about!

VERY TINY MIXERS

CIRCLE READER SERVICE CARD
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Using RF MEMS resonators for
RF filtering can provide very com-
pact, tunable, front-end filtering for
multiple standards and/or frequen-
cies. These resonators have been
plagued by high motional resistance,
limiting the capability to couple ener-
gy and thus causing very high losses
in 50 Ω systems. Research is ongoing,
however, to reduce the motional re-
sistance, and to keep the quality fac-
tor (Q) high in the resonators. These

devices will ultimately provide the
front-end for a multi-standard, multi-
band radio; the tunability will allow a
feasible software-defined radio
(SDR), with some amount of channel
selection at the front-end.

CONCLUSION
The tremendous changes occur-

ring in wireless communications are
driving the mobile device to incorpo-
rate more radios inside the handset,

while shrinking the physical size. This
dynamic leads to innovative solutions
to maintain electrical integrity while
more than one radio is operating si-
multaneously, and to integrate more
functionality into smaller packages
while maintaining good thermal prop-
erties. But these are challenges that
engineers thrive upon. Because we
are creating the mobile phone of the
future, or more correctly, the mobile
device of the future, that will have
more functionality than even some
laptop computers have today.  ■
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Features:

• Competitive Pricing & Fast Delivery

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

• Military Reliability & Qualification

• Compact Size

• Removable SMA Connectors

• Unconditionally Stable (100% Tested)

Options Include:

• Limiting Amplifiers

• Input Limiter Protection up to 100W

• Integrated Gain Attenuation 

• Phase & Amplitude Matching /Tracking

• Environmental Screening for Military

• Integrated Bias-T

• Integrated Phase Shifters up to 360 

Degrees of Control Range

• Temperature Compensation

• Space Qualification and Screening to 

MIL-PRF-38534/MIL-STD-883

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

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

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

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

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

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

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

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

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

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

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

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

Visit http://mwj.hotims.com/7963-26 or use RS# 26 at www.mwjournal.com/info
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NSA-certified AN/PRC-152(C) handheld radio. “This
contract award reaffirms the success of the Falcon III
product family and Harris’ ongoing partnership with the
US Army. The AN/VRC-110 ensures that our Army cus-
tomers have the SINCGARS 50 W vehicular radio func-
tionality that they rely on for long range communications
and the portability of a handheld that is lighter and easier
to carry in tactical, quick-dismount scenarios,” said Dana
Mehnert, president, Harris RF Communications Divi-
sion. “In addition, the AN/PRC-152-based systems can
easily be upgraded to provide additional capabilities in
the future utilizing the JTRS Software Communications
Architecture (SCA) and the Harris™ II programmable
encryption module which will facilitate the Army’s transi-
tion to JTRS.” The AN/VCR-110 is a fully integrated,
high performance multi-band vehicular radio system that
includes the AN/PRC-152 SCA-based handheld, a power
amplifier and an integrated handheld battery charger.
The system provides 50 W output in the VHF (30 to 90
MHz) band — the typical configuration for SINCGARS
units in use today — to provide the reliability to close
long-range communications links required on the battle-
field. In order to facilitate integration with the customer’s
existing mobile platforms, Harris designed the AN/VRC-
110 radio systems to be compatible with the Army’s exist-
ing vehicular mounts and cables. In addition, the
AN/VRC-110 provides two antenna ports with automatic
switching for true multi-mission capability, as well as
built-in collocation filtering for dual installations. Opera-
tors need only to select the required net on the radio to
switch between ground communications and ground-to-
air or SATCOM communications. The first antenna port
provides 50 W output from 30 to 90 MHz, while the sec-
ond antenna port provides VHF high band and UHF op-
eration. The AN/PCR-152 Handheld — the basis for the
AN/VRC-110 — provides SINCGARS, Havequick II,
VHF/UHF AN & FM and MIL-STD-188-181B UHF
SATCOM, which includes ANDVT voice and up to 56
kbps data. It also uses the Harris Sierra II software-pro-
grammable encryption module to ensure support of fu-
ture waveforms.

Northrop Grumman,
working closely with

Raytheon, has begun flight-
testing a new radar antenna
on the B-2 stealth bomber
that, combined with other
upgrades, will enhance the
aircraft’s ability to respond
to emerging worldwide
threats. Testing of the ac-
tive, electronically scanned

array (AESA) antenna on the B-2 represents a milestone
for this radar modernization program because it allows
engineers to determine, for the first time, how the radar
performs under actual conditions. Northrop Grumman is
the prime contractor for the B-2, which remains the only
long-range, large-payload aircraft that can penetrate deep

Northrop Grumman

Flight Test 

New Radar Antenna

for B-2 Bomber

Raytheon Co. has been
selected by the De-

partment of Homeland Se-
curity to develop and pro-
duce the next generation
of Advanced Spectroscopic
Portal (ASP) nuclear de-
tection capability. The ASP
contract, with an initial val-
ue of $18.2 M, places Ray-
theon Integrated Defense

Systems (IDS) at the forefront of border security and na-
tional defense, preventing the smuggling of nuclear ma-
terials through ports of entry. The domestic market for
these portals is estimated to be greater than $1 B.
Raytheon IDS is leading a team that includes Bubble
Technology Industries (BTI) to produce a medium reso-
lution Advanced Spectroscopic Portal system. “This con-
tract represents the opening of a significant new market
for Raytheon and our partners,” said Dan Smith, presi-
dent of Raytheon IDS. “We are committed to providing
the best solutions with our core expertise in system engi-
neering and integration, manufacturing, program man-
agement and breakthrough technologies to protect the
homeland. We look forward to providing a reliable, af-
fordable and highly effective portal screening system that
will guard our nation against illicit threats.” Raytheon will
provide prime program management, engineering devel-
opment, manufacturing, field support and research and
development for future systems improvements. BTI is a
company with a global reputation in nuclear physics. All
work on the portals will be performed at IDS’ SHINGO
award-winning Integrated Air Defense Center, Andover,
MA. Advanced spectroscopic portals are panel-like de-
vices that contain detectors used to screen people, cars,
trucks and containers for illicit radioactive materials at
some of the more than 600 ports of entry into the United
States. This new generation of portals is needed to im-
prove discrimination between innocent and threat mate-
rials, which will reduce the number of false alarms com-
pared to the first generation of screening portals current-
ly in place. The ASP program will join Project Athena as
a key element of IDS homeland security initiatives. Pro-
ject Athena, an open architecture information fusion sys-
tem that enables multi-domain situational awareness, has
been successfully fielded and demonstrated in opera-
tional environments.

Harris Corp. announced
that it has received a

$169 M contract from the
US Army Communications
and Electronics Command
(CECOM) for Falcon® III
dual Vehicular Adapter
Amplifier systems (VAA).
The vehicular system,
nomenclatured the AN/
VRC-110, includes the

Harris Corp.

Receives $169 M

Contract 

for Multi-band

Vehicular Systems 

Raytheon Wins

Homeland Security

Contract
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into protected airspace. Combined with superior airspace
control to be provided by the F-22 raptor and global mo-
bility provided by tanker aircraft, the B-2 will ensure an
effective US response to threats anywhere in the world.
“The radar modernization program is one improvement
the Air Force and Northrop Grumman are working on to
enhance the B-2’s capabilities,” said Dave Mazur, vice
president of Long Range Strike and B-2 program manag-
er for Northrop Grumman’s Integrated Systems sector.
“The B-2’s combination of long range, large payload and
survivability makes it a unique strike asset and the up-
grades will ensure the aircraft remains just as effective in
the future.” 

“Raytheon’s B-2 AESA radar system is performing well
so far during the flight test phase,” said Erv Grau, vice
president for the Air Combat Avionics Group of Raytheon
Space and Airborne Systems. “Integrating our advanced
technology onto the platform is critical to ensure the B-2
is not only equipped to deal effectively with a variety of
future threats but also has the capability to act as a critical
node on the network as the battlespace continues to
evolve.” The B-2 radar work is part of a $382 M system
development and demonstration contract awarded by the
Air Force in 2004. During this phase, Northrop Grum-
man and Raytheon are developing and testing the radar
and will install additional systems on operational B-2 air-
craft of the 509th Bomb Wing at Whiteman Air Force
Base, MO. This phase will be followed by production to
field the new radar and install the antenna into the B-2
fleet.

Lockheed Martin and the
US Air Force’s Elec-

tronic Systems Center
(ESC) have signed a Coop-
erative Research and De-
velopment Agreement
(CRADA) to develop
advanced tactical and air-
borne network communi-
cations capabilities. Lock-
heed Martin, in coopera-

tion with ESC and the Air Force Research Laboratory
(AFRL) in Rome, NY, will independently validate air-
borne network architecture for joint tactical networks.
The airborne network CRADA will also reduce risk for
the government and accelerate fielding of airborne net-
work capabilities. “The Airborne Network CRADA offers
Lockheed Martin and all the Services an opportunity to
jointly accelerate needed capabilities for the warfighter,”
said Dom Costa, vice president of Lockheed Martin’s
Joint Tactical Radio System. “Airborne network communi-
cations are essential for mission success and this research,
along with the other independent research Lockheed
Martin is conducting, will allow the military to employ
new capabilities at a lower cost and with reduced risk. We
look forward to working with ESC and AFRL on this criti-
cal capability.”  ■

Lockheed Martin

Signs CRADA 

to Demonstrate

Airborne

Networking 
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Choose the sum of the parts.  
Or just the parts.

Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494   V: 781-292-6680/6684   F:  781-453-8629   

E-mail: mdlsales@mdllab.com   www.mdllab.com

WAVEGUIDE CAST BENDS & TWISTS

WAVEGUIDE FEED ASSEMBLIES

MONOPULSE COMPARATORS

ROTARY JOINTS

MICROWAVE FILTERS

ROTARY SWITCHES

WAVEGUIDE TO COAX ADAPTERS

Sub Assemblies That Save Time and Money
With the demand for quick turnaround, high reliability, and 

tight economy, there is no room for error. Why not let MDL 

handle your sub assemblies?  Our engineers use the very

latest in SolidWorks, Ansoft HFSS, and our own proprietary 

software to design and build your sub assemblies in surpris-

ingly little time. You’ll save labor and testing costs, and get 

plug-it-in convenience.

Components That Lead the Industry.
Your filters, circulators, isolators, and wave guide assemblies 

have never been in better hands; quality from CAD to crate 

is what has made us one of the largest manufacturers of 

high quality cast components and waveguide packages in the 

industry.  Call an MDL specialist today at 800-383-4189 or 

visit us at mdllab.com.

Visit http://mwj.hotims.com/7963-73 or use RS# 73 at www.mwjournal.com/info

 9M15 FINAL  8/28/06  4:35 PM  Page 44

http://mdllab.com
mailto:mdlsales@mdllab.com
http://www.mdllab.com
http://mwj.hotims.com/7963-73
http://www.mwjournal.com/info


provides the cutting-edge toolset that will be used to per-
form the complex design and analysis tasks needed to de-
velop new products. 

For this initiative, iSLI has teamed up with its partners,
Heriot Watt University and Strathclyde University, and the
SemeMEMS open access facility. The partnership of the
Centre for Microsystems and Photonics (CMP) at Strath-
clyde brings extensive experience in design for foundry
manufacture together with a significant test and character-
isation facility. The Micro-Engineering group of Heriot
Watt complements this with world-class expertise in relia-
bility and lifetime prediction of microsystems. Linking
these research capabilities to the customer, through the
market facing iSLI, will ensure that technology push and
market pull are quickly and successfully married.

Mark Begbie, MEMS group manager at iSLI, com-
ments, “I believe the partnership we have brought togeth-
er presents a uniquely powerful value proposition to the
technology sector within UK Plc. The centre’s smooth in-
tegration of research capability with market focus and
commercial foundry will be a real step forward in bridging
the exploitation gap that so often hinders new technology
uptake. By maintaining a market pull focus we expect to
have a real impact on new product development.”

The United Nations
Group on the Informa-

tion Society (UNGIS) has
been launched to serve as
an interagency coordinating
mechanism within the UN
system to implement the
outcomes of the recently
concluded World Summit
on the Information Society
(WSIS). The Summit set

critical targets for global connectivity and ICT for develop-
ment to be reached by 2015 and established 11 action lines
to achieve the objectives of the Information Society. The
outcome outlines a detailed blueprint involving govern-
ments, the private sector, civil society, the United Nations
and other international organizations for implementation
and follow-up at national, regional and international levels.

UNGIS will enable synergies aimed at resolving sub-
stantive and policy issues, avoiding redundancies and en-
hancing effectiveness of the system while raising public
awareness about the goals and objectives of the global In-
formation Society. The Group will also work to highlight
the importance of ICTs in meeting the Millennium De-
velopment Goals. 

To maximize its efficiency, UNGIS agreed on a work
plan in which it would concentrate its collective efforts
each year on one or two cross-cutting themes and on a
few selected countries. In the coming period, the Group
will focus on bringing the efforts of the UN system to bear
on expanding access to communications and during the
first year, it will be chaired by the International Telecom-
munication Union (ITU), with UNESCO, UNDP and
WHO acting as vice-chairs.

Group Discussion 

on Information

Society

As part of the European
Union’s 6th Framework

Programme for funding
technology and scientific
projects, a new embedded
systems initiative called
Speculative and Explorato-
ry Design in Systems Engi-
neering (SPEEDS) has
been established. The ini-
tiative is a concerted effort

to define a standard, end-to-end framework for the imple-
mentation of innovative, next generation concepts,
methodologies, processes, technologies and tools for the
design of embedded systems. 

Its aim is also to provide an environment that will not
only foster greater collaboration between European com-
panies of all sizes involved in the embedded systems arena
but also significantly widen access for smaller companies
to leading edge tools and techniques. The initiative will en-
able the European embedded systems industry to seam-
lessly evolve from model-based design of hardware/soft-
ware systems towards an integrated component-based con-
struction of complete, virtual system models. 

SPEEDS is intended to significantly improve Europe’s
performance and competitiveness in embedded systems
design in key, safety-critical industry sectors such as auto-
motive, avionics, space and industrial control. Hence, the
initiative is targeting a 60 percent reduction in develop-
ment costs and 40 percent reduction in the development
time of safety-critical embedded systems, whilst maintain-
ing and improving the necessarily high quality standards
demanded and managing the increasing design complexi-
ty involved. 

The SPEEDS consortium is: Airbus Deutschland, Air-
bus France, Daimler Chrysler, Esterel Technologies,
Extessy, I-Logix, Institut National de Récherche en Infor-
matique et en Automatique, Israel Aircraft Industries,
Knorr Bremse Fekrendszerek, Kuratorium OFFIS,
Magna Powertrain, Parades Geie, Robert Bosch, Saab,
TNI-Software and Université Joseph Fourier Grenoble. 

The institute for System
Level Integration

(iSLI) has been awarded
£1.12 M of funding by
Scottish Enterprise to assist
UK industry with the adop-
tion of cutting-edge micro-
electromechanical systems
(MEMS) technology. The
award will establish a pub-
licly accessible centre of

design excellence, providing the commercial sector with
access to expertise and knowledge transfer for the rapid
development of product prototypes. 

The centre, based in Livingston, Scotland, will focus on
the field of silicon-based MEMS technology and a key el-
ement is the significant support of Coventor Inc., which

MEMS Initiative

Centres on Scotland

EU Speeds 

Towards Embedded

Systems Design
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custom

as

standard

rugged, reliable, high quality, dependable,
custom solutions.

Logarithmic Amplifiers,
Discriminators & Oscillators

Power Supplies: AC/DC & DC/DC, Couplers and Databus Transformers

Pascall Electronics Limited  Westridge Business Park
Ryde  Isle of Wight  United Kingdom  PO33 1QT
tel +44(0)1983 817300  fax +44(0)1983 564708

pascall.co.uk

ELECTRONICS LIMITED

ELECTRONICS LIMITED

Part of EMRISE Electronics

A longside leading
semiconductor com-

panies and research insti-
tutes EPCOS is partici-
pating in a new European
Union programme known
as Mixed SIP and SOC
Integrat ion of  Power
BAW Filters for Digital
Wireless Transmissions 
(MOBILIS). The objec-

tive of the program is to develop miniaturized RF fil-
ters for the latest mobile phone standards and digital
radio reception with mobile phones. In particular,
EPCOS will contribute its know-how in BAW technolo-
gy in the project. 

The MOBILIS participants expect to develop bulk
acoustic wave solidly mounted resonators (BAW SMR) on
a silicon basis, which on a single chip cover all mobile
communications standards and frequency bands as well as
additional services. The challenge is to develop a process
that combines low insertion loss with high power compati-
bility as well as high linearity, low costs and a minimum
form factor. Over the long term, this solution will be inte-
grated into mobile phone chipsets as a system-on-chip
(SOC) in order to achieve an even higher level of minia-
turization.

EPCOS Joins

MOBILIS
The European Centre for

Automatic Identifica-
tion and Data Capture
(AIDC) technologies, in
Halifax, UK, is expected to
become operational later
this year, and is due for
completion in Spring 2007.
Yorkshire Forward is invest-
ing more than £5 M in the
centre, with additional

funding from the UK Department of Trade and Industry,
the European Regional Development fund and AIM UK. 

AIDC technologies cover a range of products, including
Radio Frequency Identification (RFID), smart cards, bar-
codes, biometrics and magnetic strips. The new European
centre for AIDC will not only play a world role in promot-
ing the development and uptake of all automatic identifi-
cation technologies, but will also contribute to the setting
of globally accepted standards for their application. 

Managed by AIDC UK, the centre will have a multi-pur-
pose theatre with accommodation for 70 delegates, plus a
state-of-the-art technology demonstration area capable of
showing practical uses of the technology. This area will be
themed to show possible applications within a range of indus-
tries. An on-site laboratory will provide testing and research
services for application research and student training.  ■

New European

Centre for AIDC

Visit http://mwj.hotims.com/7963-97
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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

CIRCLE READER SERVICE CARD

412 Rev. A

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
TM

®

ISO 9001 ISO14001 CERTIFIED

Detailed Performance Specs and             Shopping Online at: www.minicircuits.com/mixer-ddb.shtml

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! 

80
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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.

We’re redefining what VALUE is all about!

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.

For detailed specs visit: www.minicircuits.com/psc1.html

CIRCLE READER SERVICE CARD

354 Rev E

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
TM

®

ISO 9001 ISO14001 CERTIFIED

o S
C O M P L I A N T

81
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COMMERCIAL MARKET

tegration of Bluetooth technology in automotive applica-
tions over the last 12 months: growing customer aware-
ness of BT; a rapid adoption of BT in cellular phones;
strong automotive consumer demand for hands-free solu-
tions; increasing availability of BT solutions in the OE and
aftermarket; and legislative measures. “Automotive pric-
ing, promotion and product positioning of Bluetooth ver-
sus other in-vehicle features will be critical to how take
rates develop over the next two years,” says Clare Hughes,
Strategy Analytics Automotive Practice analyst. “As we
have already seen with portable navigation, poor competi-
tiveness from car makers and automotive system suppliers
will result in aftermarket vendors taking a greater share of
the growing consumer demand for Bluetooth.”

A ccording to ABI Re-
search, one of the

faster-growing areas in the
commercial telematics
market is the use of GPS-
enabled mobile handsets
for mobile resource man-
agement. Basic driver and
load status information is
actively sent via mobile
phone to a centralized serv-

er, so fleet managers may better organize their field work-
ers and make their operations more efficient. “Just a cou-
ple of years ago, handset-based commercial telematics
services were a niche application offered in North Ameri-
ca by only one major carrier, but they are now becoming
an increasingly popular and lucrative business for wireless
carriers and ASPs alike,” says Frank Viquez, ABI Re-
search’s director of transportation research. Many of these
services are offered as an add-on component to an exist-
ing voice and data plan through such carriers as Rogers
Wireless, Spring Nextel, T-Mobile and Verizon Wireless.
GPS-enabled handsets are ideal for small to mid-sized
fleets looking for a simple and lower-cost means of com-
municating with drivers and to determine their status for
dispatching, time sheet reporting, navigation and excep-
tion-based alerts. However, Viquez cautions, “Fleet man-
agement services delivered by way of the handset are by
no means a comprehensive solution and can never replace
embedded hardware.” Integrated in-cab hardware offers a
deeper level of functionality for fleets, partially including
remote diagnostics, driver hours-of-service report, cargo
monitoring and additional choices in wireless communica-
tions links. 

The handset-based market for commercial telematics is
not as well-established in Europe as it is in North Ameri-
ca; this should not be a surprise, since only a handful of
GPS-enabled GSM phones are currently available in Eu-
rope. Instead, many commercial fleet services in the re-
gion, from vendors such as TomTom, GPS-Buddy
(Garmin) and Navman Wireless, focus on a dashtop navi-
gation device as the main user interface, with an integrat-
ed wireless modem and black box for wireless connectivi-
ty and some major integration. For local fleets centered

GPS Handsets

Playing 

a Larger Role 

in Commercial

Telematics

On June 18, 2006, the
IEEE-SA Standards

Board directed that all ac-
tivities of the 802.20 (mo-
bile broadband) Working
Group be temporarily sus-
pended with immediate ef-
fect, citing “irregularities”
in its activities. What effect
will this action have on the
major stockholders in the

mobile broadband market and on its vendors committed
to mobile WiMAX? In particular, what are the implica-
tions for Qualcomm? According to ABI Research senior
analyst Philip Solis, the IEEE’s action forms something of
an obstacle for the company. “This development removes
— at least for the time being — one potential competitor
to mobile WiMAX, whose backers can concentrate more
on competing with 3G cellular technologies,” concludes
Solis. “It represents a minor setback for Qualcomm in its
efforts to future-proof itself and to develop a roadmap for
further technology developments.” 

The bald statement from the IEEE just skimmed the
surface of the industry-political storm that has been brew-
ing within the 802.20 working group. WiMAX, which
meets the same communication needs and has an estab-
lished standard, is moving towards a certification process.
“A number of companies such as Motorola and Navini are
focusing closely on mobile WiMAX and Intel has been a
strong WiMAX proponent. They do not want to see
802.20 dilute the market,” says Solis. 

Qualcomm, however, has focused on 802.20 to the ex-
clusion of WiMAX and, it is suggested, has attempted to
stack the Working Group with consultants loyal to its
cause. Employees of Intel and Motorola filed statements
and appeals alleging that a number of consultants had
been improperly voting as a block in favor of Qualcomm
and that the group’s chairman, Jerry Upton, was biased in
the company’s favor. Upton has since acknowledged that
he is a consultant for the firm. The Working Group’s sus-
pension is scheduled to last until October 1. After that?
According to Solis, it remains to be seen whether the
802.20 Working Group can or will be revived.

Bluetooth will feature in
a third of new vehicles

in 2012, increasing from
just three percent in 2005,
according to a new report
from technology and con-
sulting firm Strategy Ana-
lytics. This report, “Auto-
motive Communications
Market: Bluetooth in 30
Percent of New Vehicles by

2012,” predicts that five key influencing factors have led
to a surge in automotive Bluetooth applications and cau-
tions car makers not to leave this opportunity to aftermar-
ket vendors. Five key factors have led to an increase in in-

Bluetooth 

in 30 Percent 

of New Vehicles 

by 2012

802.20 Working

Group Suspension

a Minor Setback 

for Qualcomm
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2, 4 and 8-way configurations in stock

Wide 800 - 2500MHz frequency range

Available with SMA or Type N connectors

Custom configurations also available

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

www.trilithic.com 1-800-TRILITHIC

For your solution, call Trilithic or visit us online 

around a major geographic center and offering local deliv-
ery, utilities and field services, this is an optimum solution
and capitalizes on the popularity of portable navigation
devices in the region. ABI Research’s Commercial Tele-
matics Research Service examines these issues, surveys
the entire commercial telematics industry and provides
insight into other major market developments.

Fueled by the rapid up-
take of Bluetooth in

mobile phones, Bluetooth
chip shipments have been
on the rise, reports In-Stat.
The rising Bluetooth chip
shipments have had a cas-
cading effect, leading to
falling chip prices. This has
led, in turn, to greater
Bluetooth penetration of

mobile phones and the emergence of Bluetooth in other
product segments. 

“The primary driver for Bluetooth handsets is the de-
sire to connect to Bluetooth mono headsets, nearly 33
million of which were shipped in 2005,” says Brian
O’Rourke, In-Stat analyst. “This figure is expected to in-
crease to over 55 million in 2006.”

Bluetooth Chips 

Get Big Boost 

from Mobile Phone

Market

Recent research by In-Stat found the following:
• GSM phones have adopted Bluetooth most rapidly,
with one-third of GSM handsets in 2005 shipping with
Bluetooth.
• European and Japanese automakers made Bluetooth
capability available in a greater variety of higher-end cars
in 2005.
• According to results from In-Stat’s 2006 Residential Tech-
nology Survey, 50 percent of average US consumers claimed
to be “extremely familiar” with Bluetooth technology, com-
pared to a mere two percent of respondents in a 2005 survey.

The research, “Bluetooth 2006: Mobile Phones &
Headsets Driving the Market to New Heights,” covers the
worldwide market for Bluetooth ICs and applications. It
includes forecasts for numerous Bluetooth-enabled prod-
ucts, and unit, revenue and ASP forecasts by Bluetooth
type through 2010. It also analyzes Bluetooth standards
and other competitive issues including comparison with
competing technologies.

In related research, In-Stat found that prospective ul-
trawideband (UWB) silicon manufacturers will begin
shipping UWB chipsets in 2006 and shipments are ex-
pected to ramp up with a total of 289 million chipsets
shipping in the year 2010. PCs will be the initial and
largest volume market for UWB wireless chipsets, with
PC vendors shipping over 125 million desktop and laptop
PCs with UWB capability by 2010.  ■

Visit http://mwj.hotims.com/7963-138

COMMERCIAL MARKET
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INDUSTRY NEWS
■ Agilent Technologies Inc. and Xpedion Design Sys-
tems Inc. announced they have signed a definitive agree-
ment for Agilent to acquire Xpedion, a privately held
company that provides software for wireless and high
speed digital circuit and systems design in the communi-
cations industry. The transaction is subject to standard
closing conditions. Financial details were not disclosed.

■ e2v technologies plc’s subsidiary, e2v technologies
S.A.S., has conditionally agreed to acquire Atmel Greno-
ble S.A.S. The acquisition is seen as an opportunity to
strengthen the Group’s position as a major global provider
of specialized electronic components and subsystems. 

■ EFJ Inc. announced that it acquired 3e Technologies
International (3eTI), a privately held, Maryland-based
company. 3eTI is a technology-based company that offers
security solutions for wireless platforms such as WiFi,
mesh networking and Bluetooth. 3eTI also develops and
sells secure wireless infrastructure that meet Federal In-
formation Processing Standards, FIPS 140-2 validated
802.11i-compliant wireless networking standards.

■ EADS Test & Services has acquired Get Electron-
ique, Castres, France. This small-size company special-
izes in services in industrial electronics and brings EADS
Test & Services additional competencies in electronics re-
pair, maintenance and sustainability in particular for activ-
ities aimed at prolonging the service life of systems and
installations in such industries as aeronautics, defense,
transport and energy. Get Electronique will become a 100
percent subsidiary of EADS Test & Services.

■ Tech-Etch Inc., Plymouth, MA, has acquired the busi-
ness, facility and assets of the Metals Division of Innovex
Inc., located in Litchfield, MN. This business was former-
ly known as Litchfield Precision Components. Tech-Etch
will continue to operate the business in Litchfield and re-
tain the experienced and talented team of managers and
employees.

■ Flomerics Group plc announced that it has reached
an agreement on the proposed acquisition of the entire
share capital of NIKA GmbH, the Engineering Fluid Dy-
namics software company based in Frankfurt, Germany,
and specializing in simulation tools for the prediction of
fluid flow and heat transfer. NIKA’s computational fluid
dynamics technology is derived from €8.5 M of product
development investment, primarily in Russia where scien-
tific expertise is excellent and costs are low. NIKA’s tech-
nology enhances Flomerics’ existing product range and
gives access to a much wider potential customer base of
design engineers outside Flomerics’ existing core market.

■ Axiom Microdevices Inc., a provider of fully integrat-
ed complementary metal oxide semiconductor power am-
plifiers, has formed Axiom Microdevices Europe Ltd.
and appointed Alex Lloyd as the director of business de-

velopment for Europe. In addition, Axiom Microdevices
has engaged MJL Technology Ltd., a supplier of semi-
conductor and IT solutions, to represent and distribute its
products in the South Korean region.

■ Nu Horizons Electronics Corp. announced the open-
ing of the company’s first office in Australia, located in
Melbourne, Victoria. This location provides local sales and
engineering support within Australia and was established
as part of the company’s ongoing Asia Pacific expansion
plans.

■ Anaren Inc. announced that its board of directors has
approved the expansion of Anaren’s design and manufac-
turing facilities in East Syracuse, NY and Suzhou, China.
The East Syracuse, NY expansion includes the construc-
tion of a 54,000 square foot addition to the company’s
105,000 square foot headquarters, and will more than
double the company’s existing Space and Defense Group
operations. Anaren requested and received a grant from
New York’s Empire State Development to help fund the
expansion. The project is expected to be completed in the
second quarter of calendar year 2007.

■ LTX Corp., a provider of semiconductor test solutions,
announced that it has completed the relocation of its
Westwood, MA corporate headquarters to a new facility
in Norwood, MA. LTX’s new 56,000 square foot facility is
located in a 49 acre research and development office park
less than two miles from its previous facility.

■ Sirific Wireless Ltd. announced the launch of its oper-
ations in Korea. The new office will house sales and appli-
cations engineering teams to provide immediate support
for domestic handset manufacturers and multinational
OEMs with offices in Korea.

■ picoChip announced that it is expanding its technical
support network with the establishment of a new office in
Boston, MA. The company already has a sales office in
San Jose, CA, and the new Boston office will act as a tech-
nical support center for North America.

■ D2 Technologies announced that it has opened a de-
sign center in Hsinchu City, Taiwan. The center will be
responsible for a variety of R&D projects aimed at ad-
vancing the state of the art of VoIP technology.

■ Ansoft Corp. has collaborated with Novas Software
Inc. to integrate Nexxim,® Ansoft’s circuit simulation soft-
ware for high performance IC design, with Novas’ Ver-
di™ Automated Debug System to create an enhanced
verification solution. The integration ensures that Nexxim
circuit simulation results are readily available in Novas’
open Fast Signal Database format, linking Nexxim’s high
capacity, high accuracy, circuit simulations with Verdi’s
comprehensive debug platform.

■ Radio Waves Inc. announced that they are partnering
with Eupen Cable to supply their customers with Eupen
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Elliptical Waveguide. Radio Waves customers can source
microwave antennas and elliptical waveguide as a single
package from Radio Waves and have one source for or-
dering and support.

■ Wavesat announced they are working with Texas In-
struments to develop a 5.8 GHz mini-PCI module and
reference design. The product will be commercially avail-
able by Q4 of 2006 from Wavesat.

■ Applied Wave Research Inc. (AWR®) and Peregrine
Semiconductor announced the availability of a process
design kit for Peregrine’s UltraCMOS complimentary
metal oxide semiconductor silicon-on-sapphire process in
AWR’s Analog Office® design suite, a software product
developed specifically for analog and radio frequency in-
tegrated circuit design.

■ Kepco Inc., a designer and manufacturer of well-regu-
lated DC power supplies and associated electronics
equipment, announced a new partnership agreement with
TestMart Inc., a marketplace operator and service
provider for the IT, network maintenance, and test and
measurement industry, who will provide a product catalog
and government marketplace services to better serve and
expand Kepco’s federal customer channel. 

■ Modelithics and Johanson Technology announced
the immediate availability of high accuracy models for Jo-
hanson Technology’s inductor and capacitor products.
Complimentary use of these models for qualified designers
can be arranged by request at www.modelithics.com/mvp/
johanson/. In addition, Johanson Technology has contract-
ed Modelithics to expand its offering of high accuracy sub-
strate-scalable and parts-value-scalable Global Models for
several other capacitors, ceramic chip inductors and wire
wound inductors.

■ Avago Technologies announced that it has extended
its agreement with TSMC to include the two next gener-
ations of its enhanced-performance image sensor
products.

■ Antenna Development Corp. (AntDevCo) is a New
Mexico custom spacecraft and missile antenna design and
manufacturing company. While employed at the New
Mexico State University Physical Science Laboratory,
AntDevCo’s principal engineers, Bruce Blevins and
Thomas Greenling, developed a miniature X-band
quadrifilar helix for the NASA Goddard Space Flight
Center’s Space Technology 5 (ST-5) spacecraft. This
quadrifilar helix antenna — mounted as the primary an-
tenna on three satellites — was launched into an Earth
orbit on March 22nd, 2006, and completed the mission on
June 30th. 

■ K&L Microwave Inc. has received ISO 14001 certifi-
cation for its Environmental Management System (EMS).
Implementing an ISO-certified EMS greatly improves the
company’s ability to manage environmental issues and
demonstrates sound environmental management.

■ Amphenol RF announced that it is now authorized to
market the QMA interface as a member of the Quick
Lock Formula® Alliance. Amphenol RF signed a QMA
and QN license agreement with Huber + Suhner AG and
Radiall SA earlier this year and is now QLF® certified on
the QMA interface with the QN to shortly follow.

■ The Micromanipulator Co. Inc. announced that it
has received notification of the issue of US Patent num-
ber 7,043,848 B2. This patent is for control of drift of a
probe’s position under conditions of stress and special en-
vironments.

■ Pulse,® a Technitrol company, announced it has joined
the Multimedia over Coax Alliance (MoCA®) and will in-
troduce a series of RF diplexers, filters and network inter-
face devices to help enable home networking of digital
entertainment between MoCA devices.

■ Northrop Grumman Corp. honored six suppliers
who have demonstrated exceptional performance and
teamwork on the National Polar-orbiting Operational En-
vironmental Satellite System (NPOESS) program. The
company presented NPOESS Outstanding Supplier
Awards to ITT, Raytheon Intelligence and Information
Systems, Maxwell Technologies, ABB Bomem, RT Logic
and Earth Resources Technology Inc. during its third an-
nual NPOESS Supplier Conference.

■ RFMD® announced that the company has commenced
mass production shipments of its RF3159 linear EDGE
power amplifier to Samsung Electronics for use in at
least 15 EDGE-enabled handsets. 

CONTRACTS
■ Raytheon Co. has won an initial $38 M contract from
the Global Positioning System Joint Program Office at the
US Air Force Space and Missile Systems Center to design
next-generation global positioning receivers. An additional
award to complete development and fabricate pre-pro-
duction receiver cards for test and integration in host sys-
tems could follow.

■ L-3 Communications announced that its Interstate
Electronics Corp. subsidiary was awarded $37 M for the first
phase of the US Air Force Modernized USER Equipment
Program by the US Air Force NAVSTAR Global Positioning
System Joint Program Office. The total potential contract
value for IEC, including future options, is $90.6 M.

■ Ducommun Inc. announced that its Ducommun
Technologies Inc. (DTI) subsidiary has been awarded a
$3.8 M contract from Raytheon for the manufacture and
subsystem integration of electromechanical enclosures for
the 63V1 and 63V3 radar systems used on the F-15 air-
craft. This contract consists of 63V1 radars for Japan and
63V3 radars for multiple customers. The period of perfor-
mance is through 2007 and the work will be performed at
DTI’s Phoenix, AZ facility.

■ TriQuint Semiconductor announced that the Office
of Naval Research has awarded TriQuint a 20-month, $3.1
M contract to improve manufacturing methods of produc-
ing high power, high voltage, S-band GaAs amplifiers.

AROUND THE CIRCUIT
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The new star in the I/Q sky
R&S®AFQ 100 A – the brilliant I/Q modulation generator

If you need large memory depth plus outstand-
ing I/Q bandwidth, the new  R&S®AFQ 100 A is 
what you are looking for. Its brilliant features 
include a waveform memory of up to 1Gsample 
and a maximum I/Q bandwidth of up to 100 
MHz. The R&S®AFQ 100 A is truly a shining star 
in the I/Q sky due to its excellent signal quality 
with an unrivaled spurious free dynamic range 
(SFDR) of typ. 83 dBc (1 MHz signal at 100 MHz 

measurement bandwidth), a flat frequency 
response of typ. 0.05 dB across the entire band-
width as well as its other innovative features:

Optimum adaptation of the variable memory  
clock rate from 1 kHz to 300 MHz 
Differential and digital I/Q outputs
Operation from GUI, remote control via GPIB, 
USB or LAN, compact dimensions 
(two height units)

www.rohde-schwarz.com/ad/afq

Visit http://mwj.hotims.com/7963-115 or use RS# 115 at www.mwjournal.com/info
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■ Electron Energy Corp. (EEC), a producer of rare
earth magnets and magnet systems, has been awarded a
Small Business Innovation Research (SBIR) Phase II con-
tract by NASA to continue researching high temperature
magnetic bearings technology. NASA’s Glenn Research
Center, Cleveland, OH, selected EEC to receive the
$600,000 contract for development through November
2007. EEC will team with Texas A&M University to com-
plete the project.

■ TRAK Microwave Corp. announced that it has been
selected by Harris Government Communications Sys-
tems, Melbourne, FL, to be a supplier for its AN/GSC-52
Modernization (52MOD) Program. The AN/GSC-52 ter-
minal is one in a family of Defense Satellite Communica-
tion Systems Network Terminals operated by the Army,
Navy and Air Force throughout the world. The primary
program function of 52MOD is to modernize and extend
the life of AN/GSC-52 terminals. TRAK will supply Har-
ris with frequency up/down block converters to support
the upgrade activity. The complete modernization pro-
gram is scheduled to be completed over a multi-year peri-
od of performance.

■ Gennum Corp., a volume manufacturer of barium
strontium titanate (BST) capacitor chips, announced that
Paratek Microwave Inc., a designer of radio frequency
solutions, has selected Gennum’s manufacturing process
for its proprietary products geared towards the RF mar-
kets. The primary application for the products will be in
the cell phone market where they will be used to increase
the performance of handsets and reduce component size
thus allowing incremental form factor reduction and/or
feature adds.

■ RF Engines, a designer of signal processing solutions
for FPGA, has been awarded a contract by Thales’ Land
and Joint Systems Division for the supply of a complex
channelizer design. Building on the successful launch of
the ChannelCore product line in December of 2005, this
contract calls for a modified version of that product to
meet a specific channel plan and FPGA resource avail-
ability. Use of the ChannelCore design has enabled
Thales to utilize a small FPGA in the project, therefore
meeting both space and power consumption targets.

■ Symmetricom Inc. announced that the company was
chosen to supply its master reference oscillator for the
Mobile User Objective System (MUOS) satellite led by
Lockheed Martin for a US Navy customer. MUOS is a
next-generation narrowband tactical satellite communica-
tions system designed to significantly improve communi-
cations for US forces on the move. Symmetricom’s ultra
stable frequency reference was selected based on the pro-
gram’s cost, performance and schedule requirements.

■ Unity Wireless Corp. has received purchase orders
for its integrated wireless subsystem product from a
North American-based wireless network customer. These
integrated wireless subsystems form a substantial compo-
nent of a rapidly deployable, compact base station being
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Corrugated Horns • Double Ridge

Millimeter Components
Our electroforming process out performs all other

manufacturing methods including dip brazing, casting,
extruding, internal machining, even EDM

For more information on this amazing process, 
contact the factory or check out our Web site at

www.ajtuckco.com
A.J. Tuck Company
PO Box 215, Brookfield, CT 06804
Tel: (203) 775-1234 • Fax: (203) 775-4705
E-mail: ajtuckco@snet.net
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readied for deployment by the customer in preparation
for use during the present hurricane season.

FINANCIAL NEWS
■ Andrew Corp. reports sales of $551 M for the third
quarter of fiscal 2006 ended June 30, 2006, compared to
$487 M for the same period in 2005. Net income for the
quarter was $7 M ($0.04/per share), compared to a net in-
come of $13 M ($0.08/per share) for the third quarter of
last year.

■ Fairchild Semiconductor reports sales of $409.5 M
for the first quarter ended April 2, 2006, compared to
$362.8 M for the same period in 2005. Net income for the
quarter was $26.6 M ($0.21/per diluted share), compared
to a net loss of $10.4 M ($0.09/per diluted share) for the
first quarter of last year.

■ Provigent, a provider of system-on-a-chip solutions for
the broadband wireless transmission market, announced it
has secured a credit line of $5 M from Plenus Venture
Lending. 

NEW MARKET ENTRIES
■ Founded in October 2005, Centerline Technologies
has been established to meet the changing needs of ad-
vanced materials processing. The company’s goal is to pro-
vide a world-class resource to develop sophisticated manu-
facturing processes to produce materials with exceptional
quality, delivery and value. Services include lapping, pol-
ishing, dicing, laser machining and polarizing of filled vias.
For more information, visit www.centerlinetech-usa.com
or e-mail: sales@centerlinetech-usa.com.

■ Bradford RF Sales has been formed as a manufactur-
er’s representative firm for New England. Mike Critten-
den, owner, was the former director of sales for Mi-
crowave Development Co. and had over eighteen years
with the company selling to military and commercial cus-
tomers. He can be reached at (978) 521-1701 or via e-mail
at mike_bradfordrfsales@comcast.net.

■ Coaxial Precision Assemblies Inc. (CPA) designs
and manufactures semi-rigid, hand-formable and flexible
cable assemblies as well as connectors. Cable assemblies
can be phase, delay or amplitude matched. The quality of
workmanship shows in both good electrical performance
and tight tolerance of dimensions from unit to unit. The
company can be contacted at 7439 La Palma Avenue
#228, Buena Park, CA 90620 (562) 472-0083 or fax: (562)
684-4545.

PERSONNEL
■ Jacket Micro Devices (JMD) Inc. announced that
Joseph A. Crupi has been named to the JMD board of
directors. Crupi has had a distinguished career in the
electronics and communications industry. Most recently,
he was the vice president, Broadband Communications
Group at Texas Instruments.
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FACT #1: FIERCELY POWERFUL, LIONS ARE RENOWNED FOR THEIR HUNTING SKILLS, BUT ARE AT THE SAME TIME
VERY SOCIAL, AND THE ONLY FELINE TO LIVE IN GROUPS CALLED ‘PRIDES’. 

FACT #2: TRIQUINT OFFERS A POWERFUL FAMILY OF BROADBAND PRODUCTS BUILT WITH RUGGED AND DEPENDABLE
GaAs, SAW AND BAW TECHNOLOGY DESIGNED FOR NETWORK SYSTEMS AND MOBILE DEVICES.

Lions fascinate wildlife enthusiasts.  Though hundreds of
pounds heavier than their housecat cousins, the two feline
species still share common habits.  Like cats, lions can
take hours to finish a meal, yet only lions find support in
extended families, much the way TriQuint’s extended product
family gives customers the support they need:  a dependable
resource for broadband and network radio products – one
source for different, yet often related needs.

TriQuint manufactures a wide range of broadband and network
radio products.  We equip Bluetooth wireless devices and
digital CATV set-top boxes with SAW filters and provide
GaAs LNAs, HPAs and switches for WLAN / WiFi products.
We enable WiMAX developments with SAW filters and GaAs
devices as an active WiMAX ForumTM contributor.  Our family

is growing, so it’s with a sense of pride that we offer more
signal amplification, switching and filtering BWA products
than ever before.

If you’re looking for a way to be the master of your marketplace
jungle, choose a seasoned broadband explorer as your guide.
We’ve got the products that can make any broadband safari
the best kind of adventure.

TriQuint Semiconductor... Connecting the Digital

World to the Global Network. 

DID YOU KNOW?
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■ Mimix Broadband Inc. announced
that its shareholders have elected John
H. Warner, Jr. to its board of direc-
tors, increasing the number of direc-
tors to eight. Warner is currently exec-
utive vice president of Science Appli-
cations International Corp. (SAIC). He
joined SAIC as a member of the tech-
nical staff in 1973 and served on its
board of directors for nearly twenty 
years.

■ WJ Communications Inc. announced the appointment
of Patrice Daniels to its board of directors. She was
elected to WJ’s board and appointed as a member of its
Audit Committee, effective immediately. The company
also announced that Dag Wittusen has resigned from his
position as a member of the board of directors of WJ for
personal reasons. Daniels is currently chief operating offi-
cer of International Education Corp., a private post-sec-
ondary education company.

■ EMS Technologies Inc. has reported that Francis J.
Erbrick and Bradford W. Parkinson were elected to join
its board of directors at the Annual Meeting of Sharehold-
ers. Erbrick and Parkinson join the six directors who had
been previously serving, and who were also re-elected to
additional one-year terms at the Annual Meeting. Erbrick
has worked since 1997 as a consultant with the Business
Technology Office of McKinsey & Co., Stamford, CT
(since 1997), providing information technology consulting
services, typically to large companies. Parkinson holds the
title of Professor Emeritus at Stanford University, where
he continues to have substantially full-time research and
student advisory responsibilities.

■ Peregrine Semiconductor announced that Craig H.
Ensley has joined its executive team as president and
chief operating officer, and has been elected to the board
of directors. Ensley has 30 years of broad experience in
the semiconductor and systems technology industries,
spanning venture capital start-ups to multi-hundred-mil-
lion dollar public corporations. Most recently, Ensley was
with Cirrus Logic, where he led repositioning of the firm
to be a highly profitable mixed-signal analog IC company. 

■ StratEdge announced that Casey
Krawiec has been promoted to vice
president of North American sales.
Krawiec joined StratEdge in August
2002 as senior account manager. His
experience includes engineering and
sales in the microelectronics and
telecommunications industries, espe-
cially with high frequency semiconduc-
tor packaging and assembly. Prior to 
joining StratEdge, Krawiec spent sev-

en years at Kyocera America, San Diego, CA, where he
held the positions of offshore sales manager and sales
engineer.

▲ Casey Krawiec

▲ John H. Warner, Jr.
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It’s time to get real.
Tektronix RSA6100A Series Real-Time Spectrum Analyzers. Nothing else
comes close. Troubleshooting transient glitches? Use the best tool. One with
greater capture bandwidth (110 MHz) than Agilent, uniquely combined with 
73 dB spurious free dynamic range (SFDR) for complete analysis. And nearly
1000 times more spectrum measurements per second than existing products
(48,000 spectrum measurements/sec vs. Agilent’s 50). And an intuitive color
display that shows a live view of your signal changing over time. You’ll see RF
signal characteristics that are practically invisible with any other instrument. 

See for yourself.
www.tektronix.com/getreal

Agilent 5 seconds

Tektronix 5 seconds

The two screens represent an Agilent E4440A PSA and a Tektronix RSA6114A running DPX™,
each detecting an identical signal that changes frequency every 1.28 seconds.
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■ Aeroflex/KDI Resistors announced the appointment of
Richard Galgano as general manager of Aeroflex/KDI-
Resistor Products. Galgano succeeds Robert Hathaway
who recently announced his retirement as Aeroflex/KDI-
Resistor Products general manager. Hathaway will contin-
ue working with resistor products in a consulting capacity.
Prior to re-joining Aeroflex, Galgano held various prod-
uct, process and manufacturing engineering management
positions at SGS-Thomson, L-3 and EMC Technologies.
Since 2002 he has managed his own business, providing
consulting services to a wide variety of top-tier companies,
including Aeroflex.

■ Cadence Design Systems has ap-
pointed Alexander Duesener as
group director of marketing for the
company’s activities in Europe, the
Middle East and Africa (EMEA). He
will hold overall responsibility for plat-
form, product, kits and corporate mar-
keting in EMEA. In his previous role
as technical advisor, Duesener was in-
strumental in helping to define and 
drive implementation of innovative

marketing strategies around core products and new strate-
gic initiatives such as Cadence kits for vertical markets
and product segmentation. 

■ Sabritec, a custom connecting de-
vices manufacturer, has strengthened
its operations within Europe with the
appointment of Steve Humphries as
European sales manager. In this posi-
tion, Humphries will be responsible for
building on the relationships and part-
nerships already established through-
out Europe by providing commercial
and technical product support locally. 
Prior to joining Sabritec, Humphries

was the European sales manager for Florida RF Labs and
EMC Technology, where he was responsible for all sales
within Europe, the Middle East and Africa.

■ Dow-Key® Microwave Corp. an-
nounced that Twyla Veal has been
named regional sales manager. In her
new position, Veal will manage all sales
activity in southern California, New
England, upstate New York and Cana-
da. In addition, she will oversee service
and technical support for customers in
these regions. Prior to joining Dow-
Key Microwave, Veal spent 10 years at 
Relcomm Technologies Inc., where,

most recently, she served as sales and marketing services
manager.

■ NEC Corp. of America Inc. announced the appoint-
ment of James Limanowski as the central regional sales
manager for NEC’s Radio Communications Systems Divi-
sion. Limanowski will oversee sales, networking and pro-

▲ Twyla Veal

▲ Steve Humphries

▲ Alexander Duesener
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Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. ©Freescale Semiconductor, Inc. 2006.

For more go to freescale.com/rf
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performance in
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motional activities required to grow NEC’s microwave
presence in the Midwest.

■ M/A-COM Inc. announced that Ian
Gresham, senior principal engineer at
the company’s Lowell, MA headquar-
ters, has been awarded the 2006 Out-
standing Young Engineer Award from
the Institute of Electrical and Elec-
tronic Engineers (IEEE) Microwave
Theory and Techniques Society 
(MTT-S). Gresham was given the
award in recognition of his leadership 
in the research and development of

technological advances in millimeter-wave silicon and gal-
lium arsenide-based circuits including system-on-chip ap-
plications for commercial and defense applications.

■ Cascade Microtech announced that Eric Strid and
Reed Gleason, co-founders of Cascade Microtech, have
received the Southwest Test Workshop Lifetime Achieve-
ment Award for more than 25 years of outstanding techni-
cal contributions to the field of RF wafer level measure-
ments, including the development of the Pyramid probe,
a unique production probe card technology that enables
highly accurate and reliable at-speed production tests on
high performance, high speed and high density semicon-
ductor and related devices. Strid and Gleason were recog-
nized at SWTW 2006, a research forum sponsored by the
IEEE Computer Society that focuses on all aspects asso-
ciated with microelectronic wafer and die level testing.

REP APPOINTMENTS
■ DesignAdvance™ Systems Inc., a developer of design
automation software for users of EDA and MCAD tools,
announced its entrance into the European PCB design
market with the appointment of CADLOG as its distribu-
tion partner. CADLOG, based in Rome, Italy, is a suppli-
er of design tools and services for the PCB and electronics
industries in Italy and southern Europe.

■ Mica Microwave announced the appointment of Bren-
nan Associates as its exclusive sales representative in Flori-
da, Georgia, Tennessee, Mississippi, North Carolina and
South Carolina. Brennan Associates’ main office is located at
1428A Gulf to Bay Blvd., Clearwater, FL 33758 (727) 446-
5006, fax: (407) 239-6229 or e-mail: sales@brennanassoc.net.

■ Renaissance Electronics announced the appointment
of the company’s newest sales representative servicing the
country of Israel — RST Reut-Systems and Advanced
Technologies for its waveguide product line. Moshe
Shani of RST can be contacted via e-mail: moshe@rst-
tech.co.il or phone: 972-(0) 52-6545000.

■ Panasonic Industrial Co. announced the appoint-
ment of Digi-Key as an authorized distributor for its line
of RF modules including the PAN802154 wireless com-
munication module supporting the 802.15.4 radio stan-
dard and the ZigBee™ specification.

▲ Ian Gresham
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Wideband Track-and-Hold Amplifier

�  4.5 GHz Input Bandwidth (1 Vpp Full Scale)

�  Single Tone THD/SFDR: -66/67 dB

�  Maximum Clock Rate: 3 GS/s

�  4x4mm SMT Package
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Measured time-domain output waveforms with a 3.125 
GHz sinewave input signal sampled at 500 MS/s

Direct Conversion Receiver Track-and-Hold Amplifier Application

HMC660LC4B
Track-and-Hold Amplifier
• DC - 4.5 GHz
• -66/67 dB Single Tone THD/SFDR
• 3.0 GS/s Max. Clock Rate
• 0.95 mV RMS Output Noise
• >60 dB Hold Mode
 Feedthrough Rejection

HMC311LP3
HBT Gain Block
• 14.5 dB Gain

• 4.5 dB Noise Figure
• +15 dBm P1dB

NEW!
HMC460

LNA, DC - 20 GHz
• 2.5 dB Noise Figure

• 14 dB Gain
• +16 dBm P1dB

13 Product Lines Covering RF, Microwave & Millimeterwave Applications

HMC660LC4B

Extends High Speed ADC Performance!

HMC660LC4B

HMC600LC4B
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Analog & Mixed-Signal ICs, Modules & Subsystems
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Logarithmic Power Detector / Controller

�  50 - 4000 MHz Wide Bandwidth

�  Wide Dynamic Range: >70 dB

�  Excellent Stability vs. Temperature

�  4x4mm SMT Package
Output Voltage and RSSI Error as a function of Input

Power & Temperature (at 3.3 VDC) measured at 900 MHz
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Automatic Gain Control (AGC) Log Detector/Controller Application

HMC600LP4*
Log Detector/Controller
• 0.05 - 4.0 GHz
• 19 mV / dB RSSI Slope
• 75 dB Dynamic Range

HMC473MS8
Voltage Variable Attenuator

• 0.45 - 2.2 GHz
• 48 dB Attenuation Range
• 0 to +3V Single Control

NEW!

HMC552LP4
Mixer w/LO Amplifier

• 1.6 - 3.0 GHz
• +25 dBm IP3

• 0 dBm LO Drive

HMC482ST89
SiGe Gain Block
• DC - 4 GHz
• 19 dB Gain
• +22 dBm P1dB

NEW!

* Simplified Power Detector 
Symbol Used Herein

HMC600LP4(E)

Ideal for AGC & RSSI Applications!

HMC600LP4(E)
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TECHNICAL FEATURE

communication standards require upper pow-
er limits. As a result, receiver sensitivity en-
hancement and antenna gain (directivity) re-
main the only choices to extend communica-
tion link distance for a particular standard.

There are many noise sources defining re-
ceiver sensitivity.3 The most important are the
RF front-end loss between the antenna and
the signal demodulator and the noise figure
(NF) of the low noise amplifier (LNA). How-
ever, there is another, not so obvious noise
source in an antenna to demodulator chain —
the coupled line loss, which is important when
a high signal-to-noise ratio (SNR) is required.
This type of loss, as an additional noise source
in a receiver chain, is investigated in this arti-
cle, based on WLAN and DVB-Handheld
(DVB-H) systems examples.

SHORT COUPLED LINES 
IN THE RF FRONT-END

Portable devices are getting smaller and the
components positions and their interconnecting
lines need to be designed correctly to avoid un-
expected system performance degradation. Con-
sider two microstrip lines, somewhere in the RF
front-end circuit, coupled over a short 1 mm
length (see Figure 1). A laminate substrate
(such as FR4, GETEK, BT) is chosen with a
typical thickness of 0.25 mm with microstrip line
widths of 0.2 mm and a pitch of 0.3 mm. These
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Current trends in modern wireless com-
munications systems require advanced
digital signals to handle high data

throughput. The wider frequency bandwidth
of a data-containing signal channel, along with
sophisticated digital modulation, result in
stringent signal-to-noise ratio (SNR) require-
ments to maintain affordable data loss (bit er-
ror rate (BER), packet/frame error rate (PER/
FER), etc.). For instance, digital video broad-
casting (DVB) and wireless local area network
(WLAN) systems utilize orthogonal frequency
division multiplexing (OFDM) wideband sig-
nals with multiple sub-carriers, each of which
is modulated at a rate much less than the orig-
inal data-containing signal.1,2 Although inter-
symbol interference due to multi-pass propa-
gation is neglected at a certain level, the com-
munication link is limited by distance,
depending on the transmitter output power
and the receiver sensitivity. Government au-
thorities are closely monitoring transmitter
power emission levels and all existing wireless

COUPLED LINE NOISE
IN HIGH SENSITIVITY
RF RECEIVER CIRCUITS

W1=0.2 mm
W2=0.2 mm
S=0.3 mm
L=1 mm

L2
W=0.2 mm

L=1 mmEr=4.2 mm
H=0.25 mm
T=0.05 mm

Rho=1
Tand=0.02
ErNom=4.2
Substrate

PORT 2
Z=50 Ω

PORT 4
100 k Ω

R1(Ω)

C1(pF)
L3

W=0.2 mm
L=var mm

PORT 3
X=100 k Ω

PORT 1
Z=50 Ω

W1

W2

1

2

3

4

Fig. 1  Coupled line circuit
used in simulations. ▼
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dimensions are typical for WLAN
Mini-PCI cards, CardBus32, etc. The
positioning of the traces is not as dense
as for the already “standard” multi-
chip/multi-die modules. Suppose that
the useful RF signal is passing through
from port 1 to port 2. The line associat-
ed with ports 3 and 4 does not neces-
sarily contain an RF signal; it can be
some biasing or another line used in
the whole circuit. When ports 3 and 4
are simply loaded with 50 Ω (which is
pertinent to RF lines), this short cou-
pling area does not usually create prob-
lems in an RF system since the coupled
power is 50 to 60 dB lower than in the
first line at frequencies up to several gi-
gahertz. Just positioning transmit and
receive chains not too close to each
other is enough for “normal” system
operation.

However, if the coupled line is di-
rectly connected to ground, capaci-

tors, inductors or resistors, it may
create resonances in the line and the
coupling with the RF line can be dra-
matically changed. Such a resonant
circuit can be modeled at 2.4 and 5
GHz (WLAN) as well as DVB-H high
end frequencies by grounding port 4
through a 1 mm length line and con-
necting port 3 to an appropriate
grounded capacitor. The well-known
resonance “killer” is the resistor R1
shown in the circuit. Figure 2 shows
the simulated insertion loss in the RF
line (between ports 1 and 2), with L2
= 1 mm, C1 = 1.05 pF at 5.26 GHz,
C1 = 5.05 pF at 2.45 GHz and C1 =
42.0 pF at 0.85 GHz. The Microwave
Office circuit simulator4 was used for
the calculations. For simplicity, the
capacitance is chosen to be frequency
independent and loss less. One can
see a large increase in the insertion
loss of the RF line, if the resistive loss
in the coupled line is small, especially
at elevated frequencies. The usual re-
sistive loss of a surface-mount tech-
nology (SMT) capacitor is 0.2 to 0.5
Ω at the frequencies considered and
one can expect 0.2 to 0.3 dB insertion
loss for the 2.4 GHz WLAN receiver,
and up to 1 dB for the 5 GHz one. It
can be neglected for DVB-H applica-
tions. The use of high Q capacitors,
associated with coupled lines in RF
front-end circuitry, is not suggested
in this case. Such behavior is not easi-
ly observed if one is monitoring just
narrow-band S-parameters and other
component characteristics are not
tested (or known) separately. The
best approach is to avoid resonances
near the operating frequencies by an
appropriate choice of the trace length
and capacitor value. An additional re-
sistor (series or parallel) can be in-
serted if necessary. This phenomenon
has to be understood correctly and
differs from the well-known method
of noise reduction in digital circuits
by introducing a small resistor into a
long digital control line.

The phenomenon of an increased
insertion loss in an RF line coupled
with another resonating line is not
only one of the consequences limiting
receiver sensitivity. An RF signal cre-
ated in a resonating line is coupled
back to the “original” RF line. This
signal is phase-shifted with respect to
the “original” RF signal and appears
as noise in the main line. Consider
the simplified situation when the RF

signal PIN is passing through port 1 to
port 2. Suppose this signal is coupled
from port 1 to port 3 with a coupling
coefficient L1, creating a power P2 =
PIN/L1 in the coupled line. This at-
tenuated signal is then resonating and
coming back to the first line through
port 4 to port 2 with a coupling coef-
ficient L2 and a phase change. The
returned power is equal to P2 =
PIN/(L1L2). If the coupling area is
small and homogeneous, L1 = L2 = L.
The total power at port 2 consisting
of the useful signal and noise is given
by

Then the SNR can be defined as (all
other noise sources being neglected)

Equation 2 represents the effect of
a coupling coefficient between the
receiver RF chain line and some
neighboring circuit line, the proximi-
ty of which can dramatically degrade
the sensitivity of a receiver in addi-
tion to the “pure” insertion loss in-
crease under the resonating line con-
dition considered above.

Consider as an example the
802.11a WLAN standard require-
ments regarding the receiver sensitiv-
ity. Figure 3 shows a standard noise
floor of a receiver for 10 percent
PER and the allowed coupling noise,
calculated according to Equation 2
for a particular noise figure of the re-
ceiver and not taking into account the
insertion loss in the coupled lines. It
means that, with this coupling noise,
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▲ Fig. 2  Insertion loss between Port 1 
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▲ Fig. 3  Noise power in 802.11a WLAN
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� Fixed Wireless or WiMAXFixed Wireless or WiMAX

� High LO Suppression, > 40 dBcHigh LO Suppression, > 40 dBc

� -6 to +6 dBm LO Power-6 to +6 dBm LO Power

� Single Supply, +5V @ 170 mASingle Supply, +5V @ 170 mA

� 4x4 mm QFN4x4 mm QFN
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� HMC587LC4B

� Ultra Low SSB Phase Noise:
-95 dBc/Hz @ 100 kHz

� Single Supply: +5V @ 55 mA

� RoHS Compliant
4x4 mm SMT Package

� Other Models Cover 4 to 12.5 GHz

� HMC533LP4 (E)

� Pout: +12 dBm

� Low Phase Noise:
-95 dBc/Hz @ 100 kHz Typ.

� RoHS Compliant
5x5 mm SMT “E” Package
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Wideband VCO, 5 to 10 GHzWideband VCO,  5 to 10 GHz

VCO with ÷16, 23.8 to 24.8 GHzVCO with ÷16,  23.8 to 24.8 GHz

Phase Locked Oscillator, 14.7 - 15.4 GHzPhase Locked Oscillator,  14.7 - 15.4 GHz

� HMC535LP4 (E)

� Pout: +9 dBm

� Low Phase Noise:
-110 dBc/Hz @ 100 kHz Typ.

� RoHS Compliant
4x4 mm “E” SMT Package

LOW NOISE SOURCES FOR AUTOMOTIVE,    
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Contact Us For Custom VCO, PLO & Synthesizer Solutions to 80 GHz!

    MICROWAVE RADIO, MILITARY AND TEST & MEASUREMENT

A SELECTION OF OUR STANDARD VCOs & PLOs COVERING 2 to 25 GHz!
Frequency

(GHz)
Function

Output
Power (dBm)

10kHz SSB Phase 
Noise (dBc/Hz)

100kHz SSB Phase 
Noise (dBc/Hz)

Bias
Supply

Package
Part

Number

VCOs with Buffer Amplifiers and Dividers

2.25 - 2.5 VCO with Buffer 4.5 -89 -115 +3V @ 35mA LP4 HMC385LP4 (E)

3.15 - 3.4 VCO with Buffer 4.9 -88 -113 +3V @ 39mA LP4 HMC388LP4 (E)

3.9 - 4.45 VCO with Buffer  5 -81 -106 +3V @ 30mA LP4 HMC391LP4 (E)

5.8 - 6.8 VCO with Buffer 10 -82 -105  +3V @ 100mA MS8G HMC358MS8G (E)

6.1 - 6.72 VCO with Buffer 4.5 -73 -101 +3V @ 31mA LP4 HMC466LP4 (E)

6.8 - 7.4 VCO with Buffer 11 -80 -106 +3V @ 80mA LP4 HMC505LP4 (E)

7.8 - 8.7 VCO with Buffer 14 -80 -103 +3V @ 77mA LP4 HMC506LP4 (E)

13.2 -13.5 VCO with ÷8 -8 -83 -110  +5V @ 230mA QS16G HMC401QS16G (E)

14.0 - 15.0 VCO with ÷8 6 -75 -110  +5V @ 260mA QS16G HMC398QS16G (E)

23.8 - 24.8 VCO with ÷16 11 -70 -95 +5V @ 220mA LP4 HMC533LP4 (E)

6.65 - 7.65 VCO with Fo/2 13 -90 -115 +5V @ 230mA LP5 HMC507LP5 (E)

7.3 - 8.2 VCO with Fo/2 15 -90 -116 +5V @ 240mA LP5 HMC508LP5 (E)

7.8 - 8.8 VCO with Fo/2 13 -90 -115 +5V @ 250mA LP5 HMC509LP5 (E)

9.05 - 10.15 VCO with Fo/2 13 -87 -115 +5V @ 265mA LP5 HMC511LP5 (E)

8.45 - 9.55 VCO with Fo/2 & ÷4 13 -90 -113 +5V @ 315mA LP5 HMC510LP5 (E)

10.43 - 11.46 VCO with Fo/2 & ÷4 7 -85 -110 +3V @ 275mA LP5 HMC513LP5 (E)

10.6 - 11.8 VCO with Fo/2 & ÷4 11 -82 -110 +5V @ 350mA LP5 HMC534LP4 (E)

11.17 - 12.02 VCO with Fo/2 & ÷4 7 -85 -110 +3V @ 275mA LP5 HMC514LP5 (E)

11.5 - 12.5 VCO with Fo/2 & ÷4 10 -85 -110 +5V @ 200mA LP5 HMC515LP5 (E)

11.5 - 12.8 VCO with Fo/2 & ÷4 11 -81 -110 +5V @ 350mA LP5 HMC583LP5 (E)

12.4 - 13.4 VCO with Fo/2 & ÷4 8 -85 -110 +5V @ 260mA LP5 HMC529LP5 (E)

12.5 - 13.9 VCO with Fo/2 & ÷4 10 -80 -110 +5V @ 330mA LP5 HMC584LP5 (E)

13.6 - 14.9 VCO with Fo/2 & ÷4 7 -82 -110 +5V @ 260mA LP5 HMC531LP5 (E)

Wideband VCOs

4 - 8 Wideband VCO 5 -75 -100 +5V @ 55mA LC4B HMC586LC4B

5 - 10 Wideband VCO 5 -65 -95 +5V @ 55mA LC4B HMC587LC4B

8 - 12.5 Wideband VCO 5 -65 -93 +5V @ 55mA LC4B HMC588LC4B

PLOs

14.7 - 15.4 Phase Locked Oscillator 9 -110 -110
+5V @ 340mA
+12V @ 28mA

LP4 HMC535LP4 (E)

HMC VCOs integrate resonator, negative resistance generator and tuning varactor circuits on-chip. No external components are required.

NEW!
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NEW!

NEW!

NEW!

NEW!

NEW!
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the receiver reaches a 10 percent
PER with a 3 dB implementation
margin for SNR. The figure also
shows the receiver noise characteris-
tics for DVB-H mobile (Raleigh fad-
ing is taken into account) for multi-
protocol frame FER (MFER = 5 per-
cent) and no implementation margin
in this case. Figure 4 shows the al-
lowed coupling coefficient between
two short lines to pass a standard
specification (again without insertion
loss consideration). It has to be noted
that, although today’s implementation
of DVB-H is limited to just 13 Mbps
data rate compared to 54 Mbps for
WLAN, both system’s receiver noise
requirements are severe. Moreover, a
5 dB “typical” receiver noise figure
for DVB-H, as stated in the standard,
is more difficult to achieve than for
the WLAN one (even a 9 dB noise
figure could easily pass this specifica-
tion). The last two figures also show
some test data that will be explained
later. One can see that a coupling co-
efficient of approximately 13 dB be-
tween the RF receiver line and an-
other line is already detrimental for
the high data rate signals of 802.11a
systems. The same coupling coeffi-
cient has even a severe impact on the
noise coupling in DVB-H receivers at
high and mid data rates. It has to be
noted that DVB-H receivers require
a much lower noise figure. Conse-
quently, this coupling has to be taken

care of as well during system noise
considerations.

The coupling parameters of the
circuit shown previously, with the
same circuit element values used to
calculate the insertion loss, are shown
in Figure 5. One can see that the
coupling coefficient is reaching 15 dB
in the 5 GHz band for a low series re-
sistance value in the coupled line that,
in conjunction with the line insertion
loss, can create problems for the re-
ceiver sensitivity. The 2.4 GHz band is
more resistant to the coupled lines’
noise. The DVB-H high frequency
couplings have similar levels as the 2.4
GHz ones and the coupling noise can
become bothersome only for the 20
Mbps data rate of future applications.

When the resonance in a coupled
line is created by two capacitors at
the “left” and “right” sides of the 1
mm length coupled area (L2 is dis-
connected), the insertion loss is
slightly higher than for the previous
case for reasonable capacitor resistive
loss values (0.2 to 0.5 Ω), although it
is almost twice as high for very high
Q components. Figure 6 shows a
comparison of the insertion loss at
5.25 GHz for the cases of a single ca-
pacitor, C1 = 1.05 pF, and dual-side
capacitors, C1 = C2 = 4.42 pF with L2
and L3 disconnected. At the same
time, the coupled noise is consider-
ably lower (see coupling coefficients
S31 and S41 in Figure 7).

If the resonance is based on dis-
tributed transmission lines (mi-
crostrip in this case), one can see a
considerably lower level of insertion
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▲ Fig. 5  Coupling between lines 1–2 and 3–4
for different resonant frequencies in line 3–4.
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loss in the “main” RF line, compared
to the lumped-element resonance of
the previous cases (see Figure 8).
The greatest influence on insertion
loss is noticeable when the coupling
area is placed close to the grounded
edge of a microstrip line, where the
current density is the largest (cou-
pling through magnetic field).
Throughout all versions of a coupling
area positioning, the coupling coeffi-
cients S31 and S41 are well below –25
dB and the noise level increase in the
“main” RF line due to the signal cou-
pled back from the resonating line is
very small (see Figure 9).

PACKAGED DEVICES 
IN RF RECEIVER CIRCUITS

The placement of components and
transmission lines on a PCB is flexible
and a PCB board designer can choose
the correct layout needed. However,

there is not too much freedom in pack-
aged device choices. The package
leads can create problems similar to
those considered in the previous para-
graphs. Consider the plastic LQFP
lead-frame package often used in mo-
bile RF circuits (transceivers, front-
ends, etc.). A schematic of this pack-
age, used in the following simulations,
is shown in Figure 10. The balanced
receiver LNA inputs have been chosen
and one chain of a differential signal is
coupled with a neighboring line, res-
onating at the operating frequencies
(upper line in figure). Those lines are
coupled through the chip package
leads as well as through some short
coupled lines placed on the PCB. Four
microstrip coupled line sections in the
middle, along with inductors, repre-
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sent the RFIC package leads with
bonding wires to the receiver chip.
The balanced signal chains passing
through the package leads are
“screened” by the center lead ground-
ed at the PCB side and as well at a
package side. For simplicity, the upper-
coupled line, inside the chip, is mod-
eled as a grounded 10 pF capacitor (a
reasonable approximation of the bias-
ing decoupling circuit). The external
part of this line is modeled either as a

microstrip line of an appropriate
length (to create a resonance at the
frequencies considered) or as a
grounded capacitor. The series resis-
tance represents the loss in this line. 3
dB power dividers/combiners, along
with 180° phase shifters have been
chosen to convert the single-ended sig-
nal to a balanced one and vice versa.

Figures 11 and 12 present the
simulated insertion loss and coupling
coefficients for the LQPF lead-

frame package circuit. One can ob-
serve a high insertion loss, even in the
2.4 GHz WLAN frequency band, if
the biasing coupled line parameters
create resonance and the resistive
loss in this line is small. It is obvious
that a lumped-element resonance el-
evates the noise level more than a
transmission line-based one. One can
suggest inserting an artificial loss (se-
ries resistor) into this line to increase
the sensitivity of a receiver. It has to
be noted that the 5 GHz operation is
not as good for this package due to
fairly long lead traces, even with an
appropriate series resistor. The
“residual” insertion loss for a receiver
is 0.65 to 0.7 dB. At the same time, a
series resistor is mandatory in this
line to avoid an additional “coupling
back” noise from the biasing line to
the receiver RF line (see Figures 12
and 4); even a small parasitic external
capacitance with a value of 0.3 pF
will create a resonance.

A low profile, leadless, QFN plastic
molded package is preferred at high
frequencies. Figure 13 shows the dra-
matically decreased insertion loss sim-
ulated for the QFN package circuit
(similar to the one for the LQFP pack-
age and for simplicity TL1 = TL2 = 0).
However, the “coupling back” noise is
still pertinent to this package and the
insertion of at least a small series resis-
tor into the biasing line is suggested
(see Figure 14) when the resonance
in the neighboring line is close to the
operating frequencies.

The simulations show that the
LQFP package is not suitable for
DVB-H applications due to increased
insertion loss with coupled lines. The
QFN package has no problems in
DVB-H applications. At the same
time, the “coupling back” noise is not
a problem for both packages with rea-
sonable component losses of 0.2 to 0.5
Ω. The differential signals considered
create less coupling than single-ended
signals (by approximately 3 dB). Thus,
with single-ended RF lines, the cou-
pling has to be verified more carefully.
Certainly, the simulations shown have
some estimated character due to the
circuit simulator used. A 3D simulator
used for electro-magnetic structures,
however, shows good agreement with-
in 1 dB. Notice that the coupling coef-
ficients are somewhat dependent on
the coupled line active resistors mod-
eled in ports 3 and 4.
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TEST RESULTS
An LQFP-48 lead-frame plastic

package with an 802.11a WLAN
transceiver placed on a Mini-PCI
card has been tested. The equivalent
circuit of the receiver section is simi-
lar to the one simulated. One of bal-
anced input lines of the receiver is
placed near to a control line, mod-
eled as a capacitance of 10 pF at the
semiconductor die side and as a 29
mm-long microstrip line and 1 kΩ re-

sistors at ports 3 and 4. The simula-
tion results for this circuit are pre-
sented in Figure 15, without a series
resistor in the control line. One can
see that the long length of the control
line creates multiple resonances, one
of which is falling into the 5 GHz fre-
quency band. The multiple lines
neighboring to the control line can
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▲ Fig. 10  LQFP lead-frame package example schematic used in simulation.
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worsen the situation with coupling
and resonances distribution.

The noise floor of a receiver, mea-
sured at the baseband outputs, was
shown earlier. One could see a rise in
the noise floor at high signal data
rates. The simulated results for the
RF input line coupling with the
neighboring line necessary to get the
noise floor rise was also shown. The
coupling coefficient between port 1
and port 4 as well as between port 4

and port 2 shown in the package sim-
ulation is approximately 12 dB, the
same level as before. One can guess
that this coupling results in an addi-
tional noise. A 50 Ω series resistor has
been inserted into the control line
that resulted in a 1 dB noise floor im-
provement. PER has been tested be-
fore and after this procedure for fixed
input power levels (see Figure 16).
It is obvious that, without a series re-
sistor, the PER test data variation is

much higher than when a 50 Ω resis-
tor is inserted. The absolute value of
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PER becomes more than three times
lower (from 65 percent average to 20
percent average) at an 18 Mbps data
rate. At 24 Mbps, without a series re-
sistor, the PER is always higher than
99 percent. However, inserting a 50
Ω resistor has resulted in a PER of 90
percent. This result provides approxi-
mately a 1 dB improvement in the
noise figure of a receiver, which has
been confirmed by a sensitivity test.

CONCLUSION
Coupled line loss is pertinent to all

RF circuits. This loss becomes obvi-
ous, even for short lines, one of which
creates a resonant circuit at the oper-
ating frequencies. This resonance oc-
curs not necessarily in the RF line.
The insertion loss increase and the
“coming back” noise decrease the
sensitivity of different RF receivers,
even at quite low DVB-H frequen-
cies. High-Q SMT components are
more difficult to use in RF front-
ends. The insertion of an appropriate
resistor into the biasing or control
line may increase the sensitivity of
the RF receivers. High frequencies
are more prone to the losses men-
tioned above. Long-lead packages are
one of the possible reasons for the
system noise degradation. Wideband
frequency measurements of S-para-
meters are needed to discover possi-
ble noise degradation. The extensive
simulation data presented in this arti-
cle may be useful for different RF re-
ceiver circuits. The 5 GHz WLAN
test example described validates one
approach considered.  ■
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Port 1, Port 2, or both VNA ports as well. Ca-
pable of very precise and accurate results, a
VNA’s performance is predicated upon the sta-
bility and repeatability of the measurement
system, that is, the DUT-to-VNA interface,
which includes the test port extension, if used.

A test configuration using a flexible test
port extension on Port 2 is illustrated in Fig-
ure 1. The resulting calibrated measurements
of a given DUT will contain notable inconsis-
tencies. When observing the analyzer display,
S22 return loss will differ from S11 return loss,
appearing somewhat “noisy” in nature. If the
test port extension is flexed, changes in both
S22 and S11 return loss data will be observed.
If measuring a low loss DUT, the aforemen-
tioned behavior is exaggerated. The intent of
this article is to offer a qualitative explanation
for this behavior and its underlying mecha-
nisms.

UNDERSTANDING HOW A VNA WORKS:
VNA MEASUREMENT ERROR TYPES
Directivity Error

A vector network analyzer utilizes direc-
tional couplers for measuring forward and re-
verse propagating signals. Directivity is a mea-
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PAUL PINO
W.L. Gore & Associates Inc.
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Today’s modern vector network analyz-
ers (VNA) are the product of evolution-
ary advances in technology that literally

span decades — a marrying of the latest de-
velopments in microwave, integrated circuit
and software technologies. To a great extent,
the precise nature of vector network analysis
results from its highly developed calibration
algorithms and methodologies. In many VNA
applications, a flexible test port cable assembly
or “test port extension” may be required. The
test port extension is used to establish a
through connection for calibration purposes
and for making measurements of the device
under test (DUT). Generally, a single port ex-
tension is used, but this is by no means the
rule. Port extensions may be employed on

DISTORTION INHERENT
TO VNA TEST PORT
CABLE ASSEMBLIES

Port 2

Test Port 2
extended to

here

“Test Port
   extension”

Port 1

Fig. 1  VNA shown with a
flexible test port cable
assembly on Port 2. ▼
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sure of a coupler’s ability to discrimi-
nate against a signal that is propagat-
ing against the “coupled direction.”

Reflection Response/Transmission
Response Tracking Error

These errors represent the differ-
ences between reference signal paths
and signal measurement paths.

Source Match Error
Error generated as a result of the

mismatch between the source test
port and the measurement system
(this includes any device connected
to the source test port).

Isolation Error
Error generated as a result of sig-

nal leakage between reference and
measurement channels within the
vector network analyzer.

Load Match Error
Error generated as a result of the

mismatch between the load test port
and the measurement system (this in-
cludes any device connected to the
load test port).

Port 2 Match Error
Error generated as a result of the

mismatch between the VNA test port
and the test port extension.

The flow chart shown in Figure 2
is a popular format for describing
both the desired signal flow and error
signal flow associated with VNA mea-
surements. Specifically, the diagram
describes a “forward” S21 transmis-
sion measurement where the intend-
ed signal flow is left to right, from
Port 1, through the DUT, and into
Port 2. A representation of the flexi-
ble test port extension used in this
study is highlighted in red. This error
model represents the test configura-
tion depicted in Figure 1.

The diagram can be applied to S11
return loss measurements as well.
The various errors listed previously
are corrected for during the calibra-
tion process. A mirror image of the
diagram would apply to “reverse” S12
transmission data and S22 return loss
data, port reference planes are high-
lighted in blue. 

SUMMARY OF FINDINGS 
Through the calibration process,

the VNA corrects for the phase and
amplitude characteristics of the mea-
surement system using a process
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TECHNICAL FEATURE

Incident Thru

DUT

D
1

I

Reflected
VNA Port 1
ref. plane

 D = Directivity
 Tr = Reflection Frequency 
  Response Tracking
Ms = Source Match
 I = Isolation
MI = Load Match
 Tt = Transmission Frequency 
  Response Tracking
M2 = Match at Port 2

Flexible Test
Port Extension

Port 2
ref. plane
(extended)

Port 2
connection
at VNA

Tr 
Ms M2MI 

Tt 

S11 S22

S21

S12

S11 S22

S21

S12

▲ Fig. 2  Forward (S21) two-port error model showing port reference planes (blue) and flexible
test port extension model (red).
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known as “error correction.” A test
port cable extension, if used, is consid-
ered part of the VNA measurement
system. The error correction operation
is static in nature. The correction algo-
rithm “assumes” the test port exten-
sion’s phase and amplitude response
remain constant. In short, the error
correction algorithm is unable to com-
pensate for future system changes.

The “noisy” quality noted primari-
ly in, but not limited to, the DUT’s

S22 return loss data stems from
minute physical changes within the
test port cable assembly — physical
changes that occur during flexure. As
a result, the measurement system has
been altered from its original calibra-
tion state; the VNA’s error correction
algorithms cannot compensate for
this change.

These now-uncorrected changes
are manifested as properties of the
DUT, and are visible within the asso-

ciated S-parameter data — most no-
ticeably, in the return loss/VSWR
data of the port equipped with the
test port cable assembly. As the fre-
quency increases, adverse effects re-
sulting from changes in phase and
amplitude response become more
pronounced. This is especially true
with phase, following the relationship

degrees = t (ns) • 360 • ƒ (GHz)

where a time period, t is expressed in
degrees at a frequency, ƒ. This for-
mula can be used to describe a par-
ticular cable assembly feature, with
the feature in question having a time
delay measured in nanoseconds,
whose electrical length in degrees in-
creases with respect to wavelength.
As the frequency increases, the wave-
length decreases. Although constant
in its time delay, the feature size can
cover multiple wavelengths or a frac-
tion of a wavelength, depending upon
the frequency of interest.

An unstable, flexible test port ca-
ble assembly will have a profoundly
negative impact on a VNA’s measure-
ment accuracy. By selecting a high
quality cable assembly having long-
term stability, coupled with proper
measurement practices, one can sig-
nificantly augment the capabilities of
any VNA.

DESCRIPTION OF TEST
PROCEDURE AND EQUIPMENT

The following equipment and pro-
cedures were used in this study. Data
was captured using GORE propri-
etary software.
• Agilent Technologies PNA, model
E8364B, swept frequency range:
0.010 to 67 GHz
• Flexible test port cable assembly,
2.4 mm socket to 2.4 mm ruggedized,
NMD-style socket, GORE FE0BN0-
BL038.0, length: 38 inches
• Calibration standard: Agilent
Technologies E-CAL unit, 0.010 to
67 GHz, equipped with 1.85 mm in-
terfaces

The ambient test conditions were
23° with relative humidity controlled
at 20 percent. A full two-port calibra-
tion, omitting isolation, was applied
over a frequency range of 0.0625 to
50 GHz, 800 points with an IF band-
width of 100 Hz. No smoothing or av-
eraging was used.

The low loss “insertable” DUT
consists of an Anritsu 1.85 mm pin to
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1.85 mm socket adapter, commonly
known as a “connector-saver” (see
Figure 3). This adapter is considered
to be a stable and sufficiently precise
device for the purposes of this study.
After inserting the DUT and carefully
tightening the interfaces to the prop-
er torque specification, the test port
cable assembly was examined to en-

sure it was routed in a wide arc with
no undue stress placed upon it. Sup-
port fixtures were used to hold the
DUT side of the test port cable as-
sembly (see Figure 1). At this point, a
base-line data set comprising all four
S-parameters was recorded.

After recording base-line data, the
test port cable assembly was bent
sharply at a point just after the Port 2
connection. A data set consisting of
all four S-parameters was collected
with the cable assembly held in this
bent or flexed position. Phase and
amplitude characteristics of the DUT
in the “flexed” and “not flexed” states
were compared.

S-PARAMETER ANALYSIS
Although very slight, Figure 4

demonstrates the differences be-
tween S11 and S22 data when a test
port assembly is used. In Figure 5,
the test port assembly is flexed, as de-
scribed in the test procedure. In this
case, the differences are more promi-
nent — S22 data differs noticeably
from S11, especially in terms of trace
smoothness. Observe that the “not
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▲ Fig. 4  S11 and S22 data for the low loss
DUT with flexible test port extension in “not
flexed” position.

▲ Fig. 3  The 1.85 mm pin to 1.85 mm
socket adapter used as a low loss DUT.
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▲ Fig. 5  S11 and S22 data for the low loss
DUT with flexible test port extension in
“flexed” position.
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flexed” S11 data differs from “flexed”
S11 even though the distortion-induc-
ing flexure occurred on the Port 2
side of the measurement system.

Figure 6 illustrates S22 return loss
data for the low loss DUT using a test
port extension in both the “flexed”
and “not flexed” positions — note the
behavior at and around nulls. Figure
7 is a detailed view concentrating on
performance between 30 and 40
GHz. Differences are due to phase/

amplitude changes in test port assem-
bly affecting error correction.

A more revealing representation
for the change in return loss involves
applying a subtraction operation to
the “flexed” and “not-flexed” data
sets, as seen in Figures 8 and 9. In
this case, the change in S11, that is, a
port not fitted with a port extension,
is compared to the change in S22, a
port fitted with a port extension. The
assumption being that S11 will change
little, if not at all during flexure.

Figures 8 and 9 are comparisons
between “flexed” and “not flexed”
states on Ports 1 and 2. To gain a bet-
ter understanding of the magnitude
of change on Port 1 compared to Port
2, refer to Figure 8. For an idea as to
how changes in magnitude compare
to key VNA calibration error criteria
such as source match, load match, re-
flection tracking and directivity (all
expressed in dB), refer to Figure 9.
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As the change between the “flexed”
vs. “not flexed” condition approaches
–45 dB, anomalies appear in the S22 re-
turn loss data. This behavior can be
verified by examining Figures 4 and 5.
In general, desirable corrected error
levels for source match, load match, re-
flection tracking and directivity are in
the realm of –45 dB. Measurement sys-
tem distortion approaching this level
will have a detectable influence upon
the S-parameter data of the DUT. Dis-

tortion levels less than –50 dB are gen-
erally beyond the system’s ability to dis-
tinguish such detail.

In Figures 6 and 7, a change in both
S11 and S22 return loss is recorded.
During calibration, the test port exten-
sion connected to Port 2 acts as the
load match measurement path for Port
1. When the cable assembly is in the
“flexed” state, any consequent distor-
tion will affect the load match correc-
tion for Port 1. This explains the small

change in S11 return loss even though
the test port cable assembly was flexed
very close to Port 2. If the DUT had
possessed a significant amount of inser-
tion loss, the change in S11 return loss
between “flexed” vs. “not flexed” states
would have been less pronounced. A
high insertion loss DUT would isolate
the two ports from one another, effec-
tively reducing the influence of Port 2-
related distortion on Port 1. Appendix
A provides detailed explanations and
examples of the basics of vector error
correction.

INSERTION LOSS AND PHASE
ANALYSIS OF LOW LOSS DUT

Figures 10 and 11 display the re-
sulting apparent changes in insertion
loss and insertion phase of the low
loss DUT used in this experiment.
The data clearly indicates a differ-
ence in phase and amplitude perfor-
mance between the “not flexed” vs.
“flexed” states of the test port cable
assembly. To further emphasize an
important point, these changes in
phase and amplitude should not be
confused with DUT performance;
they are solely the result of changes
within the measurement system that
cannot be accounted for by the VNA
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error correction algorithm. As stated
earlier, changes in the measurement
system can easily be misinterpreted
as changes in DUT performance.

CONCLUSION
The intent of this article was to ex-

plain the basic principles of VNA er-
ror correction and how VNA mea-

surement system effects can be con-
fused with DUT performance. This
topic was deliberately approached in
a qualitative manner so as not to bur-
den the reader with the complexity of
error correction algorithms. In clos-
ing, the following practices can be
used to minimize the changes in
phase/amplitude response associated
with test port cable assemblies:
• For measurements requiring a
high degree of precision and accura-
cy, limit test port assembly movement
during the calibration and measure-
ment processes
• Before using any cable assembly as
a test port extension, measure its
phase/amplitude response with flex-
ure in two orthogonal planes of mo-
tion, noting which plane of motion
yields the smallest change in
phase/amplitude response. When at-
taching the assembly to a VNA, orient
the cable so that its movement is in
the plane of motion yielding the least
amount of phase/amplitude distortion
• To track performance degradation,
periodically check the phase/ampli-
tude stability of the flexible test port
cable assembly by using the manufac-
turer’s advertised test method
• Ensure that all VNA and DUT
connections are clean and the speci-
fied connector tightening torque is
observed. Inspect all DUT and test
system connectors for damage; in-
spect all DUT and test system con-
nectors for proper pin/socket height
specifications before connecting to
mating connectors
• Perform VNA measurements in a
temperature-controlled environment,
ensuring instrumentation is posi-
tioned well away for heating/cooling
ducts. Avoid placing instrumentation
near exit/entrance ways, as these ar-
eas can experience intermittent fluc-
tuations in temperature

When considering the purchase of
a test port cable assembly, carefully
review and compare manufacturers’
claims of stability and repeatability
with flexure. To realize optimal VNA
performance, a high quality cable as-
sembly with consistent long-term
performance is required.  ■
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APPENDIX A

SIMPLIFIED EXPLANATION 
FOR THE ILLUSTRATED BEHAVIOR 
IN FIGURES 4 THROUGH 7

The S22m vector represents a measured
or uncorrected S22 data point. The S22a vec-
tor is an actual or corrected data point. When
making a calibrated measurement, corrected
data is displayed on the VNA screen. The er-
rtotal vector is the sum of all error correction
associated with a particular calibrated VNA
measurement at a specific data point.

In reality, the errtotal vector is comprised
of several error correction vectors, including
correction for the error associated with the
calibration standards, as well as error associ-
ated with Port 2 of the VNA — hereafter re-
ferred to as errgeneral. In this example, a test
port cable assembly connected to Port 2 is
used as part of the calibrated measurement
system. A portion of the error associated with
Port 2 of the VNA is related to the test port
cable assembly.

Once the test port cable assembly is
flexed (after a calibration is completed), the
following occurs:

Error correction vectors are fixed (in
magnitude and phase) for a given calibration,
therefore all measurements subsequent to
calibration have correction applied that as-
sumes the measurement system is static.

With the test port cable assembly flexed,
phase/amplitude distortion occurs. This dis-
tortion is manifested as a property of the
DUT, not the test port cable assembly. The
effect is S22m-new.

The result: S22m has changed in magni-
tude and phase, thus S22a must change since
it is calculated from S22m. The outcome —
S22a-new — results from a calibration correc-
tion based upon having the test port cable in
its original “calibration position” (shown in
grey).

S22a-new

errgeneral

S22m-new

errtest port cable

S22a

S22m

errgeneral

errtest port cable

Condition is for stable calibration – ideal
S22m = S22a + errtotal

To arrive at corrected reading:
S22a = S22m – errtotal

For this example, total error is:
errtotal = errgeneral + errtest port cable

Grey vectors represent initial S22a and S22m
results under ideal conditions

Colored vectors represent S22a and S22m
results with test port cable flexed

S22a

S22m

errtotal
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TECHNICAL FEATURE

WIMAX STANDARDS
IEEE 802.16, the formal specification of

WiMAX, is targeted at providing broadband
wireless access beyond that which is currently
available using IEEE 802.11x (WLAN).
802.16-2004 (sometimes called 802.16d), the
latest full revision of the WiMAX standard, fo-
cuses primarily on fixed position point-to-
point or point-to-multipoint networks. The
standard defines OFDM modulation, a fre-
quency range of 2 to 11 GHz, and data rates
up to 70 Mbps. OFDM modulation in 802.16d
utilizes up to 256 subcarriers with bandwidths
from 1.25 to 28 MHz. The subcarriers are
spaced such that they are orthogonal to each
other, thus reducing signal interference. The
choice of signal bandwidth can be determined
in multiple ways. The base station can change
the signal bandwidth based on transmission
distance and signal environment, or network
providers may determine the bandwidth avail-
able to a user, based on various pricing plans.
Figure 1 shows a basic diagram of the signal
structure for an 802.16d network.
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WiMAX, which offers high speed data
access to large geographical areas —
covering distances up to 30 km — is

defined by the IEEE 802.16 family of stan-
dards. It uses orthogonal frequency division
multiplexing (OFDM) to attain the high data
rates. Consequently, the composite signal en-
velopes of the data bursts have significant
peaks, which cause large modulation crest fac-
tors. Accurate measurement and control of
WiMAX signals is challenging, due to the typi-
cally high WiMAX crest factors of 12 dB and
to its susceptibility to the varying modulation
patterns. As WiMAX users move towards or
away from the base station, the transmitter
changes the waveform composition (or modu-
lation) to optimize data speed and reception
reliability. As the waveform changes, the cor-
responding crest factor variation introduces
RF power measurement errors.

This article describes several methods to
accurately measure and control the power of
WiMAX transmitters. WiMAX transmit signal
paths can employ high dynamic range loga-
rithmic amplifiers and accurate rms detectors
to ensure accurate control of the transmitted
signal across changing modulation types and
over temperature. Some of the highlighted
topics will cover the difficulties in dealing with
changing crest factors and rapid envelope
changes.

RF POWER DETECTION:
MEASURING WIMAX
SIGNALS
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A recent amendment to 802.16-
2004 focuses on the OFDMA physi-
cal layer. This updated standard,
802.16e-2005 (or Mobile WiMAX),
introduces specifications that allow
for mobility in a WiMAX network at
speeds up to 75 MPH (120 kPH). In
order to accomplish this, 802.16e in-
creases the number of available carri-
ers from 256 to 2048, with the BPSK
pilot tones no longer at fixed intervals
during each data burst. The band-

width for each data burst includes
1.25, 5, 10 and 20 MHz. It is also pos-
sible that additional bands at 3.5, 5.5
and 7 MHz will be made available for
use in Europe. While the 802.16d
standard includes specifications for
the entire 2 to 11 GHz band, 802.16e
focuses on licensed bands below 4
GHz. Figure 2 shows how the data
bursts for an OFDMA network over-
lap in time, as opposed to the individ-
ual bursts of OFDM. This added

complexity allows for a larger number
of users and handles the necessary
complexity for a multi-path mobile
environment. 802.16e also merges
WiBro under this IEEE standard.
WiBro, a Korean system for wireless
broadband access, was introduced in
February 2002 when the Korean gov-
ernment allocated 100 MHz of spec-
trum from 2.3 to 2.4 GHz. This band
was then standardized by the Korean
Telecommunications Technology As-
sociation (TTA) in late 2004. WiBro
base stations offer a theoretical data
rate up to 50 Mbps and cover a radius
of 1 to 5 km, allowing the use of
portable and mobile Internet devices
within the range of a base station.
Under 802.16e, WiBro is defined as
one of the available system profiles
and consists of 1024 subcarriers with-
in an 8.75 MHz bandwidth.

As shown in the figures, WiMAX is
transmitted using OFDM and is made
up of 256 to 2048 subcarriers, each of
which is modulated using BPSK,
QPSK, 16QAM or 64QAM. The com-
bination of all these subcarriers and dif-
ferent modulation schemes results in
the potential for large peaks and
troughs during each signal burst. In
theory, it is possible for these extremes
to fall on top of each other causing a
large peak-to-average ratio (PAR) or
crest factor (CF). Variations in data rate
and burst length will affect the overall
signal crest factor. This can cause issues
even in the simplest of WiMAX sys-
tems. For example, a system which uti-
lizes 256 subcarriers will have a theo-
retical crest factor of 10 log(256) = 24
dB. In practice, it is more likely to only
have a peak crest factor of 12 dB be-
cause the probability that the phase of
every subcarrier will add together is
very low. A crest factor of 12 dB still
poses significant design considerations
with regards to the selection of high lin-
earity devices (mixers, modulators,
power amplifiers, etc.) in the RF signal
chain. Because WiMAX systems can be
used for non-line-of-sight applications,
gain control of the transmitter is neces-
sary to adjust the output TX level de-
pending on the channel quality. It is
also necessary to accurately control the
power amplifier’s output in order to
avoid signal clipping and increased dis-
tortion. Some systems employ crest fac-
tor reduction schemes, typically in the
digital baseband processing, to mini-
mize these effects.

106 MICROWAVE JOURNAL ■ SEPTEMBER 2006Visit http://mwj.hotims.com/7963-133

TECHNICAL FEATURE

 9M31 FINAL  8/29/06  12:37 PM  Page 106

http://www.tampamicrowave.com
http://mwj.hotims.com/7963-133


Visit http://mwj.hotims.com/7963-124 or use RS# 124 at www.mwjournal.com/info

 9M31 FINAL  8/29/06  12:37 PM  Page 107

http://mwj.hotims.com/7963-124
http://www.mwjournal.com/info
http://WWW.SPECTRUM-ET.COM
mailto:specelek@compuserve.com


The world is safer with Thales

SAW TECHNOLOGY
THE DIFFERENCE
BETWEEN KNOWING
AND GUESSING

THALES MESLL Ltd

Lochend Industrial Estate, Newbridge

Edinburgh  EH28 8LP  Scotland

Tel: +44(0)131 333 2000

Fax: +44(0)131 333 3607

email: sales@thales-mesl.com

www.thales-mesl.com

RF POWER DETECTION IN THE
TRANSMIT SIGNAL CHAIN

Figure 3 shows the block diagram
of a typical WiMAX transmit signal
chain. The transmit signal path con-
sists of three consecutive stages: digi-
tal baseband processor or digital sig-
nal processor, radio and power ampli-
fier. A portion of the transmitted
signal is sampled by the directional
coupler before it reaches the anten-
na. The sampled RF power is deliv-

ered to the power detector where it is
converted to a DC voltage. The out-
put voltage of the power detector is
digitized and fed to the digital signal
processor (DSP). Once the power
measurement is available as a digital
level, a decision is made based on the
measured output power versus the
desired output power. The DSP will
adjust the output power using a digi-
tal-to-analog converter to drive the
signal path power control, either at

the baseband, radio or power amplifi-
er. The RF power management loop
will reach a steady-state once the
measured output power and the de-
sired output power are balanced. A
temperature sensor can also be intro-
duced as an input to the DSP to add
temperature compensation capabili-
ties. This RF power management
configuration is not limited to a par-
ticular application. Both base stations
and subscriber stations alike may in-
corporate variations of this same RF
power control system.
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▲ Fig. 1  806.16d OFDM data burst and signal spectrum.
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Coupling
(dB) P/N

Freq.
 Range
(MHz)

Ins.
Loss

dB max.

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

2-32
2-32
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0.5-100
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20
20

20
25
20
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0.3
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1.5
1.5

Total Input
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25 to 400 Watt Input
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1.40:1
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Outline 452/2N Outline 481/4NOutline 481/2S

There are two basic methods by
which the RF power detector and the
DSP can interact to control the pow-
er of the WiMAX burst. The first
method, which is similar to the tech-
nique used in envelope ramping in
GSM applications, shapes the RF
burst instantaneously. It uses the
feedback of the detector to shape the
envelope of the RF burst, made up of
the preamble, frame control header
and data. This envelope shaping
method requires high speed detec-
tors and fast feedback paths. A more
commonly adopted method is that of

output power moni-
toring. This method
takes a power mea-
surement during a
burst and adjusts
the RF power ac-
cordingly during the
subsequent burst.
The power adjust-
ments are highly
dependent on the
linearity of the radio
components to scale
and shape the RF

burst. A single measurement of RF
output power can be affected by the
high frequency components in the
measured signal, which can manifest
themselves as noise or AC-residual
on the detector’s DC output. To miti-
gate this effect, multiple measure-
ment points can be taken throughout
the burst to average out the AC-
residual error.

DETECTOR BACKGROUND
Historically, diode detectors have

been used in RF power control cir-
cuitry to regulate transmitted power.

The simple diode circuitry offers a
small dynamic range with poor tem-
perature stability. Even with tempera-
ture compensation circuitry, a diode
detector can only offer a small detec-
tion range with worsening tempera-
ture performance at low input powers.

A popular alternative to the diode
detector is the demodulating loga-
rithmic amplifier (log amp). The log
amp offers an easy to use linear-in-dB
RF power detection response, a wide
dynamic range, temperature stability
and nanosecond response times. The
newest RF power measurement al-
ternative is the TruPWR rms-
responding detector, which offers
wide dynamic ranges and tempera-
ture stability. In addition, rms detec-
tors are insensitive to changes in the
peak-to-average ratios, whereas
diodes and log amps are both wave-
form dependent.

Each WiMAX application has di-
verse power control and RF detec-
tion needs. Subscriber stations can be
designed with dynamic ranges as
small as 30 dB, but are susceptible to
supply power consumption. Base sta-
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▲ Fig. 3  WiMAX transit signal chain with RF power management.
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tions have more allowance for power
consumption, but need to control dy-
namic ranges of up to 60 dB. Both,
similarly, require temperature stabili-
ty for improved accuracy. Only log
amps and rms detectors are able to
meet those needs.

LOGARITHMIC AMPLIFIERS
The first detection method to be

looked at is a peak-detecting device,
the logarithmic amplifier. A wide va-
riety of log amps is available with de-
tection ranges from 40 to 100 dB, and
frequencies from DC to 10 GHz. A
typical block diagram of a log amp is
shown in Figure 4.

The core architecture of a log amp
is a cascaded chain of linear ampli-

fiers. Each amplifi-
er has a gain of 5 to
20 dB. The combi-
nation of gain and
number of ampli-
fiers determines the
detection range of
the log amp. The
output of each am-
plifier stage is fed

into a full wave rectifier (marked
DET). The outputs of each rectifier
are summed together, and the sum-
mer’s output is applied to a low pass
filter to remove the ripple of the rec-
tified signal. This yields the logarith-
mic output (often referred to as the
“video” output), which will be a
steady-state DC output for a steady-
state AC input signal. It is the band-
width of this video output that is par-
ticularly important in a WiMAX sys-
tem. The wider the video bandwidth,
the faster the log amp is able to re-
spond to changes in the peak voltage,
or amplitude, of the input signal. This
makes the log amp particularly suited
to accurately keep up with the enve-
lope of the WiMAX burst. With re-

sponse times as low as 8 ns, log amps
can easily keep up and measure small
periods of the RF burst, such as the
preamble, which last about 26 µs.

Using a peak-detecting device like
a log amp is advantageous when mea-
suring the signal power of a waveform
at an exact point in time. Because the
log amp is able to track the envelope
of its input, provided the modulation
rate is lower than the video band-
width of the log amp, the DC output
will be an instant-by-instant measure-
ment of the peak amplitude of the in-
put signal. This kind of measurement
is useful in a WiMAX system to detect
high crest factor signals during a burst
and make the appropriate adjust-
ments in power amplifier biasing or
implement a crest factor reduction
scheme in the next burst. Figure 5
shows the output voltage and linearity
error of a log amp at various 2.35
GHz OFDM modulations, 256 sub-
carrier signals with 10 MHz band-
width. The error, normalized to
QPSK with 3/4 encoding rate, is
graphed on the secondary y-axis,
scaled in dB. While the log amp is
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▲ Fig. 4  Basic block diagram of a logarithmic amplifier.
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able to maintain approximately 50 dB
of measurement range within ±1 dB
or error for each modulation, there is
an obvious shift in the intercept of the
transfer function. The intercept is the
point on the x-axis through which the
transfer function would pass if the
output voltage could go to 0 V. This
intercept shift is a byproduct of the
successive detection architecture of a
log amp. The amount of intercept
shift is based on the crest factor of the
signal. Because the log amp behavior
is repeatable over manufacturing
process variations, the intercept shift
of the log amp for a sine wave versus a
modulated input signal can be easily
characterized. The DSP can then use
an offset correction to compensate for
the detector’s output voltage and yield
accurate RF power measurement.

The low power consumption, of the
order of 15 to 30 mA, makes log amps
viable in both base stations and sub-
scriber stations alike. The well-estab-
lished log amp architecture offers ex-
cellent temperature stability across
large dynamic ranges as well as fast re-
sponse times for burst tracking and
peak sampling. However, as the peak-
to-average ratio of the RF signal varies,
the output response of a log amp will
also vary. This introduces an uncertain-
ty that in many cases must be compen-
sated for by the DSP.

RMS-RESPONDING DETECTORS
Unlike diodes and log amps, mean

power detectors (or rms detectors)
have responses which are indepen-
dent of waveform. The waveform-in-
dependence is particularly useful as
WiMAX systems optimize the quality
of the link by dynamically adjusting
the signal modulation. The composite
signal envelopes of the data bursts
may have significant peaks that can
drastically change over time and
throw off measurement accuracy. Us-
ing log amps in the RF power control
system require some method of com-
pensation; however, rms detectors

simplify the com-
plexity of the system
by reducing and in
some cases elimi-
nating compensa-
tion schemes.

Figure 6 shows
the block diagram
of a 30 dB rms de-
tector. It achieves
independence from

peak-to-average ratios by computing
the square, mean and root functions
of an rms calculation. The RF input is
fed to one of two identical squaring-
cells. The squared signal is then aver-
aged through a low pass filter net-
work. The signal is fed to a high gain
error amplifier that has the second
squaring-cell in its feedback path.
This feedback loop performs the
square-root function, thus completing
the rms calculation. The output is a
linear-responding DC voltage whose
conversion gain has units of
VDC/Vrms. The linear-in-volts rms de-
tector is able to operate at frequen-
cies as high as 6 GHz. The rms-re-
sponding detector allows the RF
power control system to monitor and
dynamically adjust the transmitter’s
output power even as the peak-to-av-
erage ratio of the transmitted signal
changes. Figure 7 illustrates the ac-
curacy in measuring various OFDM
waveform types. The method used to
calculate the error is similar in nature
to that used in the log amp error cal-
culation. The linearity error of the
detector is within ±0.5 dB across the
dynamic range of the device. The var-
ious waveforms lie on top of each
other with a deviation of a couple
tenths of a dB. This 30 dB dynamic
range and low 1 mA power consump-
tion is useful for subscriber applica-
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tions. The slower response time, in
the range of 25 µs, limits the rms de-
tector use to output power monitor-
ing. Figure 8 shows the block dia-
gram of a 60 dB rms detector, which
is appropriate for wider dynamic
range base station applications. The
input signal is applied to a 12-step,
continuously variable gain amplifier,
which is controlled by the setpoint, a
logarithmic control voltage. The out-
put of the VGA is fed to an accurate
squaring-cell. The fluctuating output
is filtered and compared with the

output of an identical squarer. At this
point, the square and mean opera-
tions of the rms calculation are com-
plete. The output is fed back to the
VGA setpoint, making the output
proportional to the logarithm of the
rms value of the input. The detector
response is linear-in-dB, allowing the
device to measure RF signals in a 60
dB dynamic range. The final step of
performing the square-root function
is not needed for accurate rms detec-
tion. Figure 9 shows the perfor-
mance of the 60 dB rms detector
when measuring various OFDM
modulated input signals. Again, the
various waveforms lie on top of each

other with negligi-
ble deviation. The
humps in the linear-
ity error curve cor-
respond to the steps
of the logarithmic
VGA. Still, the lin-
earity error across
the dynamic range
stays well within
±0.5 dB. As in the
case of the linear-in-
volts detector, the
70 µs response time

of this 60 dB detector also limits this
detector application to output power
monitoring.

CONCLUSION
The emerging WiMAX standard

has great potential to offer wide area
coverage and mobile access to high
speed networks. The large crest fac-
tors associated with the OFDM mod-
ulation scheme require accurate trans-
mit power measurements for PA con-
trol and the implementation of crest
factor reduction algorithms. Designs
requiring fast response to the OFDM
envelope should consider the accuracy
of log amps. The waveform-indepen-
dence provided by rms detectors can
reduce, or even eliminate, the need
for compensation schemes in these
networks, simplifying the overall de-
sign of the transmit chain.  ■
Carlos Calvo received his BS and MS degrees
in electrical engineering from Worcester
Polytechnic Institute. He is an applications
engineer in the Advanced Linear Products
Division at Analog Devices Inc.

Matthew Pilotte received his BS degree in
electrical engineering from Worcester
Polytechnic Institute. He is an applications
engineer in the Advanced Linear Products
Division at Analog Devices Inc.

116 MICROWAVE JOURNAL ■ SEPTEMBER 2006Visit http://mwj.hotims.com/7963-74

TECHNICAL FEATURE

INHI

INLO
OUTPUT

SETPOINT

+ 

− 
Σ 

X2

X2VTGT

▲ Fig. 8  Block diagram of a linear-in-dB TruPWR rms detector with
60 dB dynamic range.

LI
N

EA
R

IT
Y 

ER
R

O
R

 (
dB

)
O

U
TP

U
T (V

)
INPUT (dBm)

3

2

1

0

−1

−2

−3

10

1

0.1

0.01
−25 −20 −15 −10 −5 0 5 10

BPSK
16QAM 1/2
QPSK 1/2
64QAM 2/3

QPSK 3/4
64QAM 3/4
16QAM 3/4

▲ Fig. 7  Linear-in-volts rms detector
output voltage and linearity error at various
2.35 GHz OFDM modulations.

LI
N

EA
R

IT
Y 

ER
R

O
R

 (
dB

)

O
U

TP
U

T (V
)

INPUT (dBm)

2.0

1.5

1.0

0.5

0

−0.5

−1.0

−1.5

−2.0

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0−60 −50 −40 −30 −20 −10 0 10

CW
16QAM 3/4
BPSK
16QAM 1/2

QPSK 1/2
64QAM 2/3
QPSK 3/4
64QAM 3/4

▲ Fig. 9  Linear-in-dB rms detector output
voltage and linearity error at various 2.35
GHz OFDM modulations.

 9M31 FINAL  8/29/06  12:44 PM  Page 116

http://mwj.hotims.com/7963-74
mailto:mfcsales@microwavefilter.com
http://www.microwavefilter.com


Visit http://mwj.hotims.com/7963-118 or use RS# 118 at www.mwjournal.com/info

 9M31 FINAL  8/29/06  12:44 PM  Page 117

http://mwj.hotims.com/7963-118
http://www.mwjournal.com/info
http://WWW.SMELECTRONICS.US
mailto:SALES@SMELECTRONICS.US


TECHNICAL FEATURE

according to circuit theory. The stop-band ef-
fect of the presented DMS can be explained
by employing the extracted parameters and
circuit theory. In order to show the effective-
ness of the proposed scheme, two types of
three-pole low pass filters and a five-pole low
pass filter (LPF) are designed using DMS to
improve their stop-band characteristics. The
results measured on the five-pole LPF agree
well with the simulation.

FREQUENCY CHARACTERISTICS OF THE
DEFECTED MICROSTRIP STRUCTURE

The novel defected microstrip structure
(DMS), which consists of a rectangular slot of
length l and width b etched in the middle of the
center conductor and a small slot of width g per-
pendicular and in the center of the main slot, is

118 MICROWAVE JOURNAL ■ SEPTEMBER 2006

SHENG ZHANG, JIAN-KANG XIAO, 
ZI-HUA WANG AND YING LI
Shanghai University
Shanghai, China

Anovel defected microstrip structure
(DMS), which behaves in a way similar
to the known defected ground structure

(DGS) unit cell,1–10 is studied in this article.
The unit DMS3,4 is made by etching slots in
the microstrip line, which then exhibits the
property of rejecting microwaves at certain
frequencies. Due to its simple planar struc-
ture and ease of fabrication by a photolitho-
graphic process, DGS is widely used in mi-
crowave passive circuits, such as filters,2,5,6 an-
tennas4,7,8 and oscillators.9,10 Because of the
leakage through the ground plane, the prob-
lems of enclosure should be considered when
DGS is used to design microwave circuits. In
the DMS case, the defected cell is etched in
the center conductor and there is no leakage
through the ground plane. This structure can
be integrated more easily with other mi-
crowave circuits and the filter and antenna di-
mensions can be effectively reduced by using
DMS.4

Based on EM simulation results, a circuit
model of the DMS is established and the
lumped elements of this model are extracted

NOVEL LOW PASS FILTERS
USING A DEFECTED
MICROSTRIP STRUCTURE
In this article, the stop-band characteristics of a novel defected microstrip
structure (DMS) are studied and its application to a low pass filter is proposed.
The equivalent circuit model of the unit defected microstrip structure is used to
explain the stop-band characteristic at a certain frequency and the parameters of
the circuit model are extracted from EM simulation and circuit theory. Two types
of three-pole low pass filters and a type of five-pole low pass filter are proposed
and optimized as applications of DMS. The measured results on the five-pole low
pass filter are in good agreement with the simulated ones.
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shown in Figure 1. The width of the
microstrip line is then W = b + 2c. Sim-
ilarly to DGS, the DMS increases the
electric length of microstrip and dis-
turbs the current distribution. The ef-
fective capacitance and inductance of
the microstrip line increase. According-
ly, a microstrip with a unit DMS has a
stop-band and slow-wave characteris-
tics. Novel compact microwave compo-
nents can be designed by using these
characteristics. It can be seen from
Figures 2 and 3 that for a 50 Ω mi-
crostrip line with l = 13 mm, b = 1 mm,
c = 0.8 mm and g = 0.2 mm, the cut-off
frequency fc and the attenuation pole
frequency f0 are 3.57 and 7.25 GHz, re-
spectively.

In order to probe the relationships
between the etched slot dimensions
and the characteristics of the stop-
band, a 50 Ω microstrip, with a sub-
strate relative dielectric constant of εr
= 2.2 and h = 0.762 mm, is chosen for
all simulations. Considering the limit-
ed width of the center conductor, the
parameters b = 1 and c = 0.8 mm are
fixed in the following calculations.

Thus, the proposed DMS can be fully
described by the length l and the slot
width g.

The influence of the length l on the
frequency characteristics is simulated
with an electromagnetic (EM) simula-
tor while the gap g is kept constant and
equal to 0.2 mm. Figure 4 shows the
simulation results for three different
lengths l. The stop-band frequency de-
creases when the length l increases.
The reason is that the large slot area is
directly related to the effective induc-
tance. As the length l is increased, the
effective inductance increases, and the
increasing inductance gives rise to a
lower stop-band. At the same time, the
width g of the etched gap also influ-
ences the stop-band frequency.2 To in-
vestigate the influence of the gap g, the
length l is kept constant and equal to
13 mm. Figure 5 shows the simulated
results for three different gaps. It can
be seen that as the width of the etched
gap increases, the location of the atten-
uation pole increases. The reason is
that the gap affects the effective capac-
itance. The increased gap width leads

to a lower capacitance and the lower
capacitance results in a higher reso-
nance frequency f0. Different stop-
bands can be obtained by adjusting the
length l and gap width g of the DMS
and the length l affects the location of
stop-band more effectively. The DGS
has similar stop-band characteristics to
the unit cell DMS, so the equivalent
circuit model of DGS2 can be used to
extract the equivalent circuit parame-
ters of DMS.

MODELING AND PARAMETER
EXTRACTION OF DMS

The electrical characteristics of
the DMS stop-band are simulated as
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a parallel LC resonance circuit,2,5,6 as
shown in Figure 6. The equivalent
parameters of the parallel LC circuit
of the DMS can be extracted from
the EM simulation results. The
equivalent circuit of the DMS is
matched to the one-pole Butterworth
LPF response. The reactance of the
DMS can be expressed as
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where

ω0= resonance angular frequency of
the parallel LC resonator

The series inductance of the one-pole
Butterworth LPF can be written as

where

ω' = normalized angular frequency
Z0 = characteristic impedance
g1 = normalized parameter of 

one-pole Butterworth LPF

X Z gL = ω ' ( )0 1 2

According to circuit theory, the two
reactance values must be equal at ωc,
that is

where

ωc = cut-off angular frequency of the
parallel LC resonator

From Equations 1, 2 and 3, the in-
ductance L and the capacitance C
can be obtained as

where f0 is the resonant frequency,
which can be obtained from the EM
simulation results. The equivalent-cir-
cuit parameters can be calculated from
Equations 4 and 5. The values of the
lumped-element parameters for the
proposed DMS are shown in Table 1.

The simulated frequency response
of the extracted equivalent circuit pa-
rameters for a 50 Ω microstrip with
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TABLE I
STOP-BAND CHARACTERISTICS AND EXTRACTED EQUIVALENT 

CIRCUIT PARAMETERS OF DMS USING A 50 Ω MICROSTRIP (εr = 2.2, h = 0.762 mm)

b = 1 mm, c = 0.8 mm
DMS g = 0.2 mm l = 13 mm

Dimensions l = 6 mm l = 9 mm l = 14 mm g = 0.1 mm g = 0.2 mm g = 0.4 mm

f0 (GHz) 10.61 9.02 6.43 6.84 7.25 7.50

fc (GHz) 6.02 4.62 2.98 3.49 3.57 3.65

S21 max (dB) –28.59 –31.26 –35.47 –35.47 –34.93 –34.26

L (nH) 1.7297 2.5412 4.1608 3.3731 3.3766 3.3277

C (pF) 0.1225 0.1225 0.1515 0.1605 0.1428 0.1353
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unit DMS have been shown previous-
ly and compared with the EM simu-
lation. It shows an excellent agree-
ment between the EM simulation
and the calculated circuit simulation.
The calculated equivalent circuit pa-
rameters of the unit DMS are C =
0.1428 pF and L = 3.3766 nH. A

small discrepancy still exists between
the two simulations because the LC
parallel circuit is an ideal model and
the loss of the resistor and radiation
are not considered.

DESIGN OF A THREE-POLE LPF
AND FIVE-POLE LPF USING DMS

In order to verify the stop-band
validity of the DMS, two types of
three-pole low pass filters are de-

signed and shown in Figure 7. The
dimensions of the DMS are the
same as before. According to trans-
mission line theory, if an open stub,
with a characteristic impedance Z0,
is shorter than λg/4, it can be used to
realize a shunt capacitance.11,12 In
an LPF with two DMSs, the shunt
capacitor can be realized by using a
crossed open stub. The width of the
stub is wc1 and its length is lc1. Two
series inductances are realized by
using two DMSs, on both sides of
the stub. In another LPF with unit
DMS, two identical stubs with a
width wc2 and length lc2 are used as
series inductances on both sides of a
unit DMS. The optimized dimen-
sions of the stubs that are calculated
with the EM simulator are lc1 = 3.3
mm, wc1 = 14.54 mm, lc2 = 2.9 mm,
wc2 = 16.2 mm. The simulated S-pa-
rameters of the two low pass filters
are shown in Figure 8. It can be
seen that in the low pass-band, the
maximum ripple level is –0.08 dB;
the S21 parameters are less than –15
dB. In the whole stop-band, the
maximum insertion losses of both fil-
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ters are better than –20 dB. The ex-
cellent band-gap performance of
DMS is demonstrated.

In order to improve the insertion
loss performance of the LPF, a five-
pole LPF is designed using two
DMSs, as shown in Figure 9. This
filter is realized by setting two high-
er impedance identical open stubs
on each sides of the three-pole LPF
with two DMSs. The optimized di-
mensions of two different stubs can
be obtained with the help of an EM
simulator. They are lc3 = lc4 = 2.9
mm, wc3 = 18.7 mm, wc4 = 7.9 mm.
The EM simulated and measured
results of a five-pole low pass filter
are shown in Figure 10. The mea-
surements are taken with a HP8510
vector network analyzer. There is
only a slight difference between the
two results. It can be seen from the
measured results that there is an
attenuation pole at 5.5 GHz, and
the insertion loss characteristics 
are improved in the whole stop-
band while the return losses are
more than 25 dB in the low pass-
band.

CONCLUSION
In this article, a novel defected mi-

crostrip structure (DMS) and its
equivalent circuit are studied. In
comparison with a defected grounded
structure (DGS), there is no incre-
ment of leakage from the ground
plane by using DMS. There is also no
enclosure problem for this novel de-
fect structure, because it is etched on
the center conductor. In order to
show the validity of DMS and its
characteristics, three types of low
pass filters are designed with DMS.
Due to the DMS resonance, the
three LPFs have wider and deeper
stop-band performances than that of
conventional LPFs. Finally, the re-
sponse of a five-pole LPF has been
measured, which shows an excellent
insertion loss characteristic.  ■
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charge voltages above 3.0 to 3.5 V, where lithi-
um-ion batteries have an excellent discharge
characteristic. Figure 1 illustrates the voltage
profile for a variety of discharge conditions.
(1C refers to the current draw required to
drain the nominal battery capacity in one
hour; for example, for a 650 mAh battery the
current level at 1C would be 650 mA.) Note
that as a battery is drained more quickly, its
capacity is reduced. At 3C the lithium-ion bat-
tery is effectively depleted at 90 percent of its
rated capacity. The point at which the voltage
drops off near complete discharge is often re-
ferred to as the “cut-off voltage.”

In particular, battery suppliers have devel-
oped alternative cathode and anode materials
that improve volumetric energy density (ener-
gy per liter) or gravimetric energy density (en-
ergy per kilogram or specific energy) of a cell.
Lithium-ion cells are currently best for size-
critical applications such as mobile phones, so
much of the recent development focus has
been on the addition of new metals for addi-
tional cathode chemistry complexity. By sub-
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Next-generation mobile phones are ca-
pable of downloading music and video
programming, displaying global posi-

tioning system (GPS) mapping and sharing
high resolution photographs. These new appli-
cations are becoming increasingly popular as
teenagers and others learn to manipulate pho-
to and music files. Applications involving
heavy display usage (such as mobile television)
will significantly affect the overall power bud-
get in a mobile phone. As consumers evolve
their phone usage habits to include these
more data-intensive applications, total battery
storage requirements will dramatically change.

Battery life reserved for hand-
set talk time is no longer suffi-
cient.

BATTERY TECHNOLOGY
In order to stretch battery

technology to permit higher en-
ergy density and longer battery
life, the world’s leading battery
suppliers are looking at alterna-
tive chemistry and fabrication
techniques which will result in
lower discharge voltages. To-
day’s mobile phones are de-
signed to use batteries at dis-

LOW VOLTAGE OPERATION
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Fig. 1  Lithium-ion battery
discharge characteristics. ▼
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stituting manganese or nickel in the
cathode, volumetric density can be
dramatically increased, but at the ex-
pense of discharge voltage. This has
been followed up by the substitution
of silicon for the graphite (carbon)
anode in order to extend the perfor-
mance of the cell as much as possible.
The anode change causes the dis-
charge characteristic to slope even
more, resulting in a more dramatic
decline in available voltage and a
more dramatic leap forward in volu-
metric energy density. Figure 2 and

Table 1 describe the impact: By giv-
ing up as much as 0.6 V of discharge
voltage, the new batteries can im-
prove energy density by as much as
40 percent.

Note: another alternative to lithi-
um-ion batteries, especially for
weight-critical applications, is lithium
sulfur cell technology. Lithium sulfur
batteries, since they use no heavy
metals, are lighter and more environ-
mentally friendly than lithium-ion
batteries. With its liquid cathode con-
struction, the lithium sulfur system
can deliver high current readily and
can reportedly reach gravimetric den-
sities of over 300 Wh/kg and volumet-

ric density of rough-
ly 450 Wh/liter.
Lithium sulfur cells
currently operate
nominally at 2.1 V,
with a cut-off volt-
age at less than 2.0
V. The “green” na-
ture of this ap-
proach makes lithi-
um sulfur a possible
candidate for high
volume applications

such as mobile phones.

THE PROBLEM
Why haven’t mobile phones al-

ready taken advantage of the benefits
that are possible with changes to the
battery? The limitation comes down
to a short list of components that
have not been scrutinized for their
ability to cope with lower voltage. In
particular, many system designers be-
lieve that RF power amplifiers need
to be supplied with 3 V or higher, due
to the heavy use of HBT amplifier
technology in the marketplace at
present.

Today, the majority of the mobile
handset market uses heterojunction
bipolar transistors (HBT) for the RF
power amplifiers in handsets. For
HBT amplifiers, a forward bias is ap-
plied to the emitter-base junction,
and a reverse bias is applied to the
base-collector junction. The sandwich
structure of the HBT device requires
an overall voltage supply of 3.0 V to
cause the device to “turn on” for high
power amplification (at low RF pow-
er levels, the bias voltage can be a bit
lower with acceptable degradation in
linearity). As the market considers
the use of low voltage battery cells,

some HBT amplifier users are now
considering the addition of a
buck/boost DC/DC voltage converter
in order to maintain adequate bias
voltage. This would obviously add
cost and reduce efficiency of the
overall amplifier solution.

COMPLEXITY WITH BIAS
CONTROL SCHEMES

DC/DC converters are often used
in the design of mobile handsets to-
day, stepping down the bias voltage
for a power amplifier during trans-
missions that only require low RF
power output. Figure 3 illustrates
the benefit derived from adjusting
the bias voltage to be lower in the
case of both E-pHEMT and HBT
amplifiers. For optimal efficiency at
all power levels, the voltage was ad-
justed continuously according to a
preset profile. Note that in both cas-
es, the same bias voltage profile was
used, demonstrating that the E-
pHEMT amplifier inherently per-
forms at higher efficiency than its
HBT counterpart.

Amplifiers are also often switched
into different states in order to save
power. Many amplifiers have been in-
troduced to the market in which the
output section may be switched out
of the signal path, allowing the driver
section of the amplifier to supply the
output power at much higher power-
added efficiency (PAE). The most ef-
ficient of these designs make use of a
patented “switchless” technology de-
veloped by Avago Technologies.

Figure 4 shows the impact of
switched amplifiers. In this case, a
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TABLE I
TRADEOFFS IN DISCHARGE VOLTAGE 

FOR ALTERNATIVE CHEMISTRIES

Initial Cut-off Cathode Anode Voltage Voltage

Standard cell LiCoO2 C 4.2 V 3.1 ~ 3.3 V

New cathode LiMnCoO2 C 4.4 V 3.0 ~ 3.3 V
LiCoNiO2 4.2 V 2.7 ~ 3.0 V

New anode LiCoNiO2 Si 4.2 V 2.5 ~ 2.7 V
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▲ Fig. 4  Increased PAE through a switched
PA architecture.
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“switchless” architecture was used,
meaning that the bias voltage was
simply set to zero for the bypass con-
dition, with a specialized matching
network that enabled a low loss by-
pass network to direct the signal from
the driver stage to the antenna port.
To simplify the demonstration, in the
mid-power and high power ranges
the bias voltage was simply set to 3.4
V, while at low power the bias was set
to a lower constant voltage. In the
end, a combination of continuously
variable bias voltage and switched
amplifiers can realize a power ampli-
fier for W-CDMA or CDMA opera-
tion with a PAE in the 20 to 40 per-
cent range throughout the entire dy-
namic operating range of the system.

THE SOLUTION
In contrast with HBTs, FET de-

vices operate on a different princi-
ple, allowing them to operate at
much lower bias voltages. E-
pHEMT (enhancement mode
pseudomorphic high electron mobil-
ity transistor) technology offers an

excellent alternative. With the high-
est efficiency in the industry at high
voltages, E-pHEMT devices become
even more compelling at low bias
voltages. Because E-pHEMT de-
vices can maintain linearity and gain
at low bias voltages, below 2 V, the
cost and electrical loss in the
buck/boost converter can be avoid-
ed. Efficiency and handset talk time
can be maximized while avoiding un-
necessary components.

Figure 5 illustrates the point that
E-pHEMT amplifiers can maintain
predictable and useful performance
as low as 1.5 V, and possibly lower. In
the plot, a standard E-pHEMT am-
plifier was subjected to a variety of
bias conditions using a standard load
matching network and test waveform.
At extremely low voltage (0.4 V), en-
gineers were able to re-tune the load
matching network in order to re-opti-
mize the amplifier’s performance and
achieve a level of 20 dB gain for low
power levels.

Many handset manufacturers al-
ready adjust the output power of the
RFIC to compensate for changes in
amplifier gain at varying bias voltages.
Often this is done at the low power or
mid-power transmitter levels, where
linearity performance is not critical
for the amplifier. In other words,
when the mobile handset is fairly
close to the base station (within a
mile or so), the transmitter power
from the handset can be backed off.
This relaxes the performance require-
ments for the amplifier in terms of
intermodulation distortion and other
forms of nonlinear behavior. Howev-
er, in the case of a new battery cell
technology, the voltage will be set at a
lower level for high output power lev-
els as well, creating a more critical
need for high linearity performance
up to 24 dBm output power and
higher. Note that the actual output
power required from the amplifier
varies depending on the output du-
plexer or switch technologies chosen;
bulk acoustic wave (BAW) filters such
as film bulk acoustic resonator
(FBAR) filters can reduce the output
loss, reducing the amplifier’s output
power rating. A combination of E-
pHEMT amplifiers and low loss fil-
ters can address the requirements for
high antenna output power and high
linearity simultaneously with low sup-
ply voltage.

Figure 6 demonstrates the linear
performance of the E-pHEMT am-
plifier over a wide range of bias volt-
age conditions. Typical specifications
call for –35 dBc adjacent channel
power ratio (ACPR) performance for
a W-CDMA signal. The E-pHEMT
amplifier easily exceeds this require-
ment, with margin for mass produc-
tion up to a transmitter power of 24
dBm. In fact, below 24 dBm the im-
pact of the bias voltage on linearity is
not measurable by a typical test set.
Only at high power does the linearity
degrade slightly as the bias voltage is
turned down to 2.0 V. Based on these
simple tests, it is clear that 
E-pHEMT technology can maintain
high linearity and flat, predictable
AM/AM and AM/PM performance at
low bias levels.

Dozens of innovative ideas have
certainly been employed to squeeze
the maximum linear RF power out of
the smallest possible amount of DC
power. As a new generation of mobile
phones is born with lower battery cell
voltage, RF power amplifiers must
also change directions. The end re-
sult will be incredible levels of effi-
ciency and autonomous operation
time for a typical handset. With new
battery and PA techniques, con-
sumers will be able to talk on their
mobile phones for extended periods
and still enjoy the latest offerings in
multimedia content.  ■

Joe Madden holds a
BS degree in physics
from UCLA. He is
responsible for
corporate business
development at Avago
Technologies, a spinout
of Agilent Technologies
Inc. He has been
involved in wireless
product marketing for
over fifteen years, with

a few years in the lab designing filters and
other RF devices. Before joining Avago, he
served as president of STI-Sunnyvale and as
vice president of marketing at Spectrian Corp.
He has published papers ranging from
molecular-beam epitaxy to digital amplifier
predistortion.
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TUTORIAL

Today’s transmitters for earth imaging
micro-satellite systems demand higher
communication quality and higher data

rates to be capable of transmitting pictures or
data with an appropriate quality, a higher fre-
quency of operation and more channels per

unit bandwidth. Low
power consumption
and small size are also
required for this
equipment. All of
these constraints com-
bine to make the
whole design, includ-
ing component selec-
tion and evaluation,
quite challenging. One
portion of this design
that is very critical with

regard to all of the requirements mentioned
above is the synthesized oscillator.1 This arti-
cle describes the design of an X-band frequen-
cy synthesizer that can be used in micro-satel-
lite transmitters. It discusses the design of the

phase-locked loop (PLL) and the phase noise
in each component of the circuit (voltage-con-
trolled oscillator (VCO), phase detector, tem-
perature-compensated crystal oscillator
(TCXO), dividers and loop filter). In the simu-
lation, the reference spurs and their effect on
the noise performance of the PLL frequency
synthesizer are also included. The accuracy of
the values calculated for the loop filter is cru-
cial to the success of this design. In the pre-
sent case, the loop filter is accurately evaluat-
ed by using an efficient estimation technique.

An X-band VCO requires a low noise, high
frequency prescaler to bring its output fre-
quency into the range of the existing PLL for
phase locking. Frequency multipliers and di-
viders are now available to simplify the design
and implementation of X- and Ku-band syn-
thesizers. In the simulation, the characteristics
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ACCURATE SIMULATION
OF AN X-BAND FREQUENCY
SYNTHESIZER
This article describes the simulation and design of an X-band frequency
synthesizer that can be applied to a micro-satellite transmitter system. The effects
of the sideband’s spurious noise on the adjacent channels and the phase noise in
each component in the circuit on the noise performance of the system are
discussed. The effect of the carrier recovery PLL in demodulation on the level of
the single-sideband (SSB) phase noise is also included in the analysis. An
accurate estimation of the loop filter is used, which guarantees the precision of
the design. In the simulation, the characteristics of commercially available
components are considered.

MOHAMED KAMECHE
Centre National des Techniques Spatiales
(CNTS), Algeria

This article describes the

design of an X-band frequency

synthesizer that can be used in

micro-satellite transmitters.
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of commercially available compo-
nents are considered. The high stabil-
ity crystal reference oscillator is a 10
MHz TCXO from Voltronics; the
phase-locked loop is a National Semi-
conductor 2326 component, capable
of phase locking a VCO between 500
MHz and 3 GHz. For this reason, a
Hittite (12 GHz, 1/8) prescaler was
used to extend the frequency into X-
band.

DESIGN AND THEORY
Figure 1 shows the PLL’s linear

model with feedback. This PLL is
called an integer-N system, which
means that the VCO frequency and
the crystal reference are some integer
multiple of the reference frequency.
The PLL consists of a high stability
crystal reference oscillator, a frequen-
cy synthesizer, a voltage-controlled
oscillator and a passive loop filter.
The frequency synthesizer includes a
phase detector, a current mode
charge pump and programmable fre-
quency dividers. The passive filter is
desirable for its simplicity, low cost
and low phase noise. If the input sig-
nal to the PLL is

and the output signal for the VCO is
assumed to be

Assuming that ωy = ωr, the output
from the phase detector is expressed
as

e t K
N P

K

p r
y

p e

( ) =
•

⎛

⎝
⎜

⎞

⎠
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= •

θ
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y t B ty y( ) = +( )cos ( )ω θ 2

r t A tr r( ) = +( )sin ( )ω θ 1

where

θr = input phase
θy = output phase
θe = phase error
Kp= phase-detector/charge-pump

gain factor

The VCO is assumed to be a linear
device whose output frequency varies
proportionally to the loop filter volt-
age Vf(t), and is expressed by

where

f0 = free-running frequency
KVCO= VCO’s gain factor or tuning

coefficient expressed in
MHz/V

Since the phase is the integral of the
angular velocity, the VCO is modeled
as

Figure 2 shows the third-order
low pass filter introduced in this
model by its transfer function F(s)
described by Equation 6 and applica-
ble to this system, which requires a
third pole for additional reference
suppression

where Z(s) describes the transfer
function of the second order loop fil-
ter given by
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Combining these transfer functions
gives the open loop gain

To achieve optimal circuit perfor-
mance, the phase noise should be
evaluated for proper loop design. It
will impact many critical operating
characteristics of the synthesized os-
cillator, including adjacent channel
power. Phase noise in a PLL can orig-
inate from a number of sources. The
well-known noise sources are specifi-
cally the crystal reference (TCXO)
noise, the phase detector noise and
the VCO phase noise. If a TCXO is
used, its phase noise data should be
obtained from the manufacturer so
that the reference values can be used
in the model. A simple approximation
for this noise source due to the crys-
tal reference itself, as with any oscil-
lator, is that it is inversely proportion-
al to the offset frequency.2 Higher or-
der approximations are required for
more accuracy, but the 1/f approxi-
mation is a good starting point for
this study.

The VCO noise can be modeled as
a simple approximation inversely pro-
portional to the offset frequency from
the carrier. The noise of the VCO is
effectively high pass filtered by the
PLL, providing rejection of phase
noise or phase error within the band-
width, but leaving the VCO noise
well outside of the loop bandwidth
unaffected. The VCO noise is given
by3

where the three coefficients in the
VCO noise equation were deter-
mined to yield the specific noise at
the particular offsets from the carrier.

S f K
K

f

K

f
VCO VCO

VCO VCO
θ ( ) = + +0

2
2

3
3

9( )

T s
K F s K

N P s
p VCO( ) = ( )

+( )1
8( )

TUTORIAL

A 
counter 

N divider 

VCO 

Fout 
Fref 

Crystal 
REF 

R 
counter 

B 
counter 

N
at

io
na

l L
M

X
 2

32
6 P 

prescaler 

Phase 
detector 

Charge 
pump 

P1 
prescaler 

Loop 
filter 
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▲ Fig. 2  Loop filter circuit design.
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The phase detector noise repre-
sents the internal noise floor of the
phase/frequency detector and fre-
quency dividers within the PLL. For
the National Semiconductor synthe-
sizer used in this work, the phase de-
tector noise floor is given for an ef-
fective reference frequency of 1 Hz.
This noise is shaped by the closed
loop transfer function G(f) of the syn-
thesizer as4

It is well known that the reference
sidebands and spurious outputs play a
major role in determining the noise
properties of a PLL frequency syn-
thesizer. Reference spurs are unwant-
ed noise sidebands that can occur at
multiples of the comparison frequen-
cy, and can be translated in the trans-
mitter subsystem by the mixer to the
desired signal frequency. The power
of the reference spur is expressed by2

S f G fpd

S
f

Hzpdref
ref

θ

θ

( ) = ( )
+

⎛
⎝⎜

⎞
⎠⎟

10

10
1

20

log

(110)

where Fspur will be assumed to be a
multiple of the comparison frequency.

Aside from spur gain, the spur’s
noise is also caused by mismatches
and leakages in the charge pump of
the PLL. These two factors in the
charge pump can cause an AC modu-
lation on the tuning line of the VCO,
which can be viewed as FM modula-
tion. This FM modulation gives rise
to reference spurs. The spur level is
given by2

where the leakage spur is the domi-
nant term of the reference spurs
caused by the leakage effects at lower
comparison frequencies. However,
the mismatch is the dominant factor
at high comparison frequencies.

RESULTS AND DISCUSSIONS
For the design described in this ar-

ticle, a Matlab program was used to
simulate the circuit. In the simulation,
the characteristics of a National Semi-
conductor model LMX2326 program-
mable frequency synthesizer and a
VCO with a 50 V/MHz sensitivity were
used. The VCO is from General Mi-
crowave, which utilizes a high perfor-
mance transistor operating at the fun-
damental, rather than the doubling
push-push mode. A commercial 10
MHz temperature-compensated crys-
tal oscillator from Voltronics with a
specified noise of approximately –110
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dB/Hz at an offset frequency of 10
kHz is used. The PLL using the
LMX2326 component is capable of
phase locking a VCO between 500
MHz and 3 GHz. For this reason, to
extend the frequency range in the X-
band frequencies, a (12 GHz, 1/8)
prescaler from Hittite was used. The
HMC363 prescaler is a low noise di-
vide-by-8 static divider using an In-
GaP/GaAs heterojunction bipolar tran-
sistor (HBT) technology and has a
phase noise of –153 dBc/Hz at an off-
set frequency of 100 kHz, which helps
the user maintain good system noise
performance. In practice, the PLL can
be programmed via a laptop computer
and parallel port cable. The frequency
changes were done using software pro-
vided by National Semiconductor, in
which the PLL serial-control data are
controlled by three inputs (data, LE
and clock). For regulating the channel
frequency, the serial data input is de-
signed to control the 15 b of the R
counter and 18 b of the N counter
(which includes 7 b from the A
counter and 11 b from the B counter).
In this example, a frequency range of
8025 to 8175 MHz and a channel spac-
ing of 1 MHz are required. So, for the
reference divider (R counter) equal to
10 (00000000001010)b and the N
counter equal to 1010 : (A counter = 18
(0010010) and B counter = 31
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▲ Fig. 5  Loop error response.
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(00000011111)), the output frequency
resulting (P1 × (32 × B + A) × refer-
ence frequency) is equal to 8080 MHz. 

Figure 3 shows the total phase
noise with and without the resistor
noise sources. Note that the refer-
ence spurs are not included in the to-
tal phase noise. The results show that
within the loop bandwidth (10 Hz to
10 kHz) of the synthesizer, the level
of the reference oscillator is higher
because the closed loop transfer

function is very large in magnitude
and it drops off rapidly when it reach-
es the loop bandwidth. The results
also show that the resistor noise con-
tribution is very small at the synthe-
sizer output. The R2 and R3 noise
versus frequency is shown in Figure
4. To demonstrate that the noise of
the VCO is high pass filtered by the
PLL, providing rejection of the phase
noise or phase error within the band-
width, Figure 5 shows the loop error

response, which is obtained by the
connection between the open and
closed loop responses.

In this approach, the loop filter
design is a very critical part of the
PLL synthesizer. In general, a low
loop filter cut-off frequency does not
suppress the phase noise at close-in
frequencies because the closed loop
negative feedback region is narrowed.
In addition, it makes the PLL re-
sponse slower and the settling time of
the frequency switching (PLL lockup
time) longer and, as a result, the PLL
spurious is suppressed. Conversely,
increasing the cut-off frequency pro-
vides a faster PLL response and a
shorter PLL lockup time. However,
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the PLL output signal is frequency-
modulated and contains high level
spurs. Since the sideband’s spurious
noise affects the adjacent channels,
the unwanted spurs can be sup-
pressed by narrowing the loop filter
bandwidth.5 An accurate estimation
of the loop filter is used, which guar-
antees the precision of the design.
The output spectrum and the tran-
sient response plots for two low loop
filters with different cut-off frequen-

cies are shown in Figures 6 and 7,
where the spurious level, phase noise
and frequency transient are evaluated
under various conditions.

Figure 8 shows the effect of the
carrier recovery PLL in demodulation
on the level of the single-sideband
(SSB) phase noise and demonstrates
the phase noise rejection properties of
the carrier recovery PLL. The carrier
recovery PLL suppresses the 100° de-
viation at 100 Hz down to a level that

eliminates crossings of the decision
boundaries. Integration of this curve
on both sides of the carrier results in
an rms phase noise of 0.008 radians,
and a margin of signal-to-noise ratio
(S/N) of 22.36 dB.

CONCLUSION
A simple design of an X-band fre-

quency synthesizer that can be ap-
plied to micro-satellite transmitter
systems has been presented. This ar-
ticle has discussed the phase noise
from different sources in the PLL
and their effects on the noise perfor-
mance of the system and has demon-
strated that the loop filter cut-off fre-
quency choice is very important to
achieve the performed PLL’s spurious
level, phase noise and frequency tran-
sient. To guarantee the precision of
the design, an accurate estimation of
the loop filter was used. The results
indicate that for a frequency range of
8025 to 8175 MHz and with a carrier
recovery of 0.6 kHz, the PLL gives an
rms of 0.008 radians and a signal-to-
noise ratio of 22.36 dB.  ■
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A BROADBAND
I/Q MODULATOR
FOR BROADBAND
RADIO DESIGNS

Modern digital radio transmitter design
poses increasing challenges for
equipment designers. The ongoing

trend towards increased throughput of data is
increasing the modulation density and carrier
bandwidths of transmitted signals. Peak-to-av-
erage ratios increase with higher order modu-
lation schemes and to maintain good adjacent
channel power ratio (ACPR) while transmit-
ting the same rms power level, components
with lower intermodulation distortion and
lower noise must be used.

Baseband, IF and RF bandwidth must be
flat across the channel to maintain the spectral

shape of the modulated carrier.
Furthermore, if digital pre-dis-
tortion techniques are being
used then the higher order har-
monics need to be passed
through the baseband inputs
and gain flatness must be main-
tained up to the higher order
harmonics of the baseband sig-
nal. When a radio transmitter
design calls for operation over a
very wide range of RF frequen-
cies the RF gain flatness of the
overall signal chain becomes

critical. Minimizing gain variations in the sig-
nal chain over frequency eases the burden of
signal chain planning and budgeting. This arti-
cle focuses on I/Q modulators, which are a
critical component in modern transmitters.

A BROADBAND I/Q MODULATOR
I/Q modulators perform the frequency

translation that mixes the baseband signal to
the desired location in the RF spectrum. An
I/Q modulator consists of a local oscillator
(LO) input that is split into in-phase (I) and
quadrature (Q) components that are separated
by 90°. These two signals drive separate mixers
that are also driven by I and Q baseband sig-
nals. The outputs from both mixers are then
summed to provide a modulated carrier either
at RF or IF. The ADL5385 contains these ba-
sic blocks (see Figure 1) and is able to
achieve a wide tuning range that spans five oc-
taves (50 MHz to 2.2 GHz) through the use of
an active divide-by-two LO splitter instead of
the more traditional passive polyphase filter.
Its wideband performance can be seen in 

ANALOG DEVICES INC.
Norwood, MA
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Fig. 1  The ADL5385 I/Q
modulator’s basic block
diagram. ▼
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Figure 2, where the output power
has a very flat response over the en-
tire output frequency range, with a 1
dB bandwidth of 1300 MHz. This
new modulator is designed to directly
drive a 50 Ω load and also includes an
integrated temperature sensor.

GAUGING SIGNAL QUALITY
USING ERROR VECTOR
MAGNITUDE

Error vector magnitude (EVM) is a
measure of the quality of modulation
of a signal and it is directly affected by
the quadrature and amplitude errors
within the modulator. The amount of
quadrature and amplitude errors can

be gauged by observing the level of
sideband suppression in a single-side-
band spectrum. Figure 2 shows that
the native uncompensated sideband
suppression of the ADL5385 I/Q mod-
ulator is better than –38 dBc out to
900 MHz. This level of sideband sup-
pression typically yields EVM perfor-
mance that is more than acceptable for
most communication standards. If
higher performance is required, side-
band suppression can be optimized by
adjusting the relative gain and phase of
the baseband signals.

The 64QAM constellation, eye-di-
agram and spectrum, shown in Fig-
ure 3, was generated using random
data at 5.056941 MSym/s with a filter
alpha of 0.18. This closely mimics the
data rate and modulation for a typical
cable modem head end application.
It can be seen that the EVM for this
signal is 0.33 percent rms with a
quadrature error of 0.27° and a gain
error of 0.003 dB.

SIGNAL QUALITY 
VS. POWER LEVEL

Figure 4 shows how ACPR varies
with output power for the same
64QAM modulated carrier. The high
OIP3 of the ADL5385 I/Q modulator
enables it to achieve high output
power levels with minimal adjacent
channel leakage. This results in less
gain required in the subsequent
stages of the radio.

The displayed performance was
obtained without digital compensa-
tion of the baseband data. This,
along with the wide RF tuning

range, allows the modulator to be
used without factory calibration.
This can significantly reduce the
time and effort required for design
and manufacturing.

DIVIDE-BY-TWO SPLITTER
ENABLES BROADBAND
OPERATION

Systems such as cable modem head
end equipment must be able to dy-
namically place carriers anywhere in
the the 40 to 900 MHz range. Tradi-
tional modulators that use a passive re-
sistor-capacitor polyphase network to
split the LO into quadrature compo-
nents have generally been unable to
span such a wide frequency range.
This is because the resistor-capacitor
networks are tuned for a particular
center frequency and typically have a
useful range of just over two octaves.
Traditional cable modem headend
equipment designs use a two-stage up-
conversion. The baseband signal is up-
converted using an I/Q modulator to
an IF frequency above the cable band,
typically around 1100 MHz. This IF
signal is then mixed down into the ca-
ble band using a mixer. These solutions
require more components and the
complexity associated with such de-
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  •  the 2.4 and 4.9-5.8 GHz WLAN Band
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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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signs increases the design time and ef-
fort. System cost and complexity can
clearly be reduced if this signal chain
could be simplified to a single-stage di-
rect launch architecture.

The ADL5385 overcomes the two-
octave limitation of traditional I/Q
modulators by utilizing a divide-by-
two LO splitter. This architecture is
illustrated in Figure 5, where two D-
flip-flops are clocked by an LO signal
and its inversion. In the ADL5385
the inversion is achieved by crossing
the polarities of the inputs on one of
the differential D-flip-flops. The I
and Q signals that drive the mixer
cores shown in the ADL5385 block
diagram are generated through the
alternate clocking of the D-flip-flops
by the two LO input signals. Close in-
spection of the timing diagram on the
left of the figure will reveal that it is
imperative that the applied LO signal
be at twice the desired RF output
frequency and that the duty-cycle of
that LO signal be exactly 50 percent.
Any deviation from 50 percent will
degrade the 90° split and this will in
turn degrade sideband suppression.

WIDE BASEBAND BANDWIDTH
INCREASES DATA CAPACITY

In single-channel modulation sys-
tems, data capacity can be increased
by either using a higher order modu-
lation scheme or by using more band-
width. Figure 6 shows the normal-
ized baseband frequency response of
the ADL5385. With wider carrier
bandwidths, the challenge is to main-
tain a flat gain across the bandwidth
of the carrier. This ensures that the
spectrum is not distorted by gain rip-
ple. If the gain ripple is too great
then precompensation might be re-
quired in the digital domain. This
process will require the characteriza-
tion of the frequency response of
every radio and will increase the
complexity of the design and drive up
the cost to manufacture the radio.
The ADL5385 offers a 0.1 dB base-
band gain flatness out to 85 MHz.
This means that for most applica-
tions, there should be no need to per-
form any sort of precompensation.

A SEAMLESS INTERFACE 
TO BASEBAND I/Q DACS

The ADL5385 is designed to in-
terface seamlessly with Analog De-
vices’ family of transmit digital-to-
analog converters (TxDAC). The in-
terface between the two devices
typically involves six resistors and a
simple LC filter (see Figure 7). The
four 50 Ω  resistors shunting to
ground from each of the DAC out-
puts provide the 500 mV DC bias for
the ADL5385 baseband inputs while
the 100 Ω resistor in shunt between
each differential pair sets the AC
swing of the baseband inputs. With
this simple interface the need for sin-
gle-ended-to-differential or level-
shifting amplifiers is eliminated.

PACKAGE, AVAILABILITY,
EVALUATION BOARDS

The ADL5385 is packaged in a
RoHS-compliant 24-lead LFCSP
with exposed paddle. Samples and
evaluation boards are currently avail-
able and may be ordered on the com-
pany’s web site.

Analog Devices Inc., 
Norwood, MA 
(781) 329-4700,
www.analog.com.
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RF MEMS:
The Next Generation
of Switch Technology

· Wide frequency range
· High isolation
· High linearity
· Low insertion loss
· Low power consumption
· Ultra small size

TeraVicta’s RF MEMS-based
switching solutions open new
possibilities in both performance
and design integration.

The performance advantages of
TeraVicta’s RF MEMS switches over
GaAs switches enable the realization
of high performance multi-mode and
multi-band devices used in:

• Automated test equipment
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RF MEMS Products

Product Part Number Description Features

RF MEMS TT712-68CSP Next generation of high • SPDT 7GHz Reflective RF Switch
Switch performance RF switches. • Compact chip-scale package

Charge Pump TT6820QFN Supplies 68V control voltage • Operates from a 3V supply
required by TT712-68CSP • Can drive multiple switches
MEMS switch.

Evaluation TT712-68CSP-EB Simplify testing of RF MEMS • Fully specified operation to +5.5V
Board switches, either separately • SMA input/output connectors

or in signal path of
target system.

Coaxial TTM1X2TS World’s first MEMS-based • SPDT Non-Reflective RF Switch
MEMS Switch coaxial replacement switch • Coaxial form-factor

for traditional EMRs.

Developer’s Kit

Product Part Number Description Features

RF MEMS TT712-68CSP-DK Easy evaluation • SPDT 7GHz RF MEMS Switch
Switch and design-in of • 3V MEMS Charge Pump
Developer’s TeraVicta’s • Connectorized Evaluation Board
Kit MEMS switches. • Application Notes

Each kit includes the
following samples:
• 5 - RF Switches (TT712-68CSP)
• 2 - Charge Pumps (TT6820QFN)
• 1 - Eval Board (TT712-68CSP-EB)

RoHs
Compliant Richardson offers RoHS compliant Teravicta products.
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HIGH PERFORMANCE
28 V INGAP HBT
POWER AMPLIFIERS

Anew 28 V InGaP HBT technology has
been developed for mobile infrastruc-
ture power amplifier applications that

provides significant advantages in power out-
put and efficiency compared to other tech-
nologies currently used for these devices. This
28 V process was developed from WJ Com-
munications’ highly successful 5 V InGaP
HBT process that has demonstrated very high
reliability for mobile infrastructure applica-
tions. Three new power amplifiers have been
developed using this new process.

The +28 V InGaP HBT process is state-of-
the-art with exceptional breakdown voltage
and power handling capabilities. The high
breakdown voltage of the HBT was achieved
with a thicker collector structure. Multiple fin-
gers are arranged into a single building block
with an emitter area around 1500 µm2. Multi-
ple building blocks are then arrayed into a
large size power HBT. Each building block
has the capability to deliver 2 W of RF power
in the 1 to 3 GHz frequency band. The fT and
fmax of the basic HBT finger are 6.4 and 25
GHz, respectively. Lifetime tests have already
been run for over 4000 hours at 315°C junc-
tion temperature with minimal beta degrada-

tion. The process has also proven to be capa-
ble of handling up to 6 dB input overdrive
without failure.

In addition, a new surface mountable power
DFN (Dual Flat-pack No-lead) package has
been developed for these InGaP HBT devices
that incorporates a eutectic die attach for the
semiconductor die to minimize thermal resis-
tance and ensure highly reliable operation.

THE NEW +28 V InGaP AMPLIFIERS RAISE
THE BAR FOR PERFORMANCE AND
EFFICIENCY

Currently, three new amplifiers have been
developed using this 28 V InGaP HBT
process. They all feature high dynamic range
and broad frequency range of operation in a
surface-mount configuration.

The AP601 device is a single-stage 1.8 W
amplifier featuring 13.5 dB gain and high per-
formance over the 800 to 2200 MHz frequency
range with up to +32.5 dBm of output power
at the 1 dB compression point (P1dB). Figure
1 shows the AP601 amplifier’s power-added ef-

WJ COMMUNICATIONS INC.
San Jose, CA

PRODUCT FEATURE
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ficiency (PAE) and ACPR perfor-
mance vs. average output power.

In addition to using the +28 V In-
GaP HBT process technology, the de-
vice incorporates proprietary bias cir-
cuitry to compensate for variations in
linearity and current draw over tem-
perature. The module does not re-
quire any negative bias voltage. An
internal active bias allows the AP601
amplifier to operate directly off of a
commonly used single 24 to 28 V DC
supply. An added feature allows the
quiescent bias to be adjusted to meet
specific system requirements.

The AP601 is housed in a RoHS
compliant 5 × 6 mm power DFN pack-
age and typically draws 65 mA operat-
ing at +23 dBm output and 40 mA
quiescent current. Input and output re-
turn losses are 10 and 8 dB, respective-
ly. Its PAE is typically 15 percent at +23
dBm output and its output third-order
intercept (OIP3) is +46 dBm for a two-

tone output of +27 dBm/tone and a
spacing of 1 MHz. The AP601 amplifi-
er’s typical applications are mainly in
wireless mobile infrastructure and as fi-
nal stage amplifiers in repeaters.

The AP602 high dynamic range 4
W amplifier is also a single-stage am-
plifier that operates from 800 to 2200
MHz but features a gain of 13.7 dB
and up to +36 dBm of P1dB power. Its
basic configuration is similar to the
AP601; however, it draws 120 mA op-
erating at +27 dBm output and 80 mA
quiescent. Its OIP3 is +49 dBm and its
PAE is 15 percent at +27 dBm output.
Figure 2 shows the AP602 amplifier’s
IMD and OIP3 characteristics.

The third amplifier in the family is
the AP603 7 W device. This amplifier
is also a single-stage device that oper-
ates from 800 to 2200 MHz. The
AP603 features 12 dB of gain with up
to +37.5 dBm of P1dB output power.

The AP603 amplifier has a 14 per-
cent PAE at +30 dBm output and a
+49 dBm OIP3. It draws 255 mA at
+28 V at a power output of +30 dBm
and 160 mA quiescent current. Its in-
put and output return losses are 10 and
6 dB, respectively. Figure 3 shows the
AP603 amplifier’s ACPR performance
vs. its average output power.

All three new amplifiers are targeted
for use as pre-driver and driver stage
amplifiers in wireless infrastructure ap-
plications where high linearity and high
power is required. This combination
makes these devices an excellent choice
for next generation multi-carrier 3G
mobile infrastructure applications. Ad-
ditional information may be obtained by
contacting sales@wj.com. 

WJ Communications Inc., 
San Jose, CA (800) 851-4401,
www.wj.com.
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Wireless Technology European Radar Conference 

The 37th European Microwave Conference 

Formerly GAAS
Symposium

COME JOIN US AT...COME JOIN US AT...

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

8-12 October 2007
ICM

Munich International Congress Centre
Munich, Germany

The 10th European Microwave Week combines:
• Four Major Conferences
• Associated Workshops

• Short Courses
• Leading International Trade Show

www.eumweek.com

Visit http://mwj.hotims.com/7963-43 or use RS# 43 at www.mwjournal.com/info
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SIGNAL GENERATOR
FAMILY ENHANCED
WITH LOW PHASE
NOISE, HIGH POWER
AND 70 GHZ
COVERAGE

Anritsu Co. is introducing a 70 GHz
model to its MG3690B family of
RF/microwave signal generators that

not only extends the frequency range but also
offers flexibility and cost of ownership advan-
tages. The new model incorporates an en-
hanced design that makes it the only signal
generator on the market that can perform a
0.1 Hz to 70 GHz continuous sweep, helping
to improve accuracy and overall efficiency.

The 70 GHz model has been developed
with flexibility in mind. In addition to the
standard phase noise, there is an ultra-low
phase noise option of –110 dBc/Hz (typically)
at 1 kHz offset at 10 GHz and a new low
phase noise option that provides an intermedi-
ate level of performance. Figure 1 shows the
phase noise performance of the MG3690B
generator. The variety of phase noise choices
allows engineers to customize the instrument
for specific applications. This ability is critical
because phase noise is becoming increasingly
important for both commercial and defense
communications systems, as it is directly relat-
ed to component, filtering and shielding ex-
pense.

Achieving low phase noise over the full fre-
quency spectrum is achieved due to the de-

ANRITSU CO.
Morgan Hill, CA
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Fig. 1  Specified phase noise
at 10 GHz. ▼
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FILTERS
Mini-Circuits VLF Low Pass and VHF High Pass SMA Filters,
featuring excellent stopband rejection and passband matching,
flat passband response, and sharp roll-off, are unparalleled 
solutions for RF filtering over a wide range of bandwidths 
from DC to13GHz. Our unique patented Unibody package
measures  less than 11/2" in length and is designed to minimize 
interconnect losses and improve reliability. Combine that with the
temperature stability, performance repeatability, and low cost
from our LTCC ceramic technology, and the result is a very
rugged, high performance, competitively priced series. These
filters are ideal for test set-ups as well as transmitter/receiver 
filtering in both tactical and commercial applications.
Mini-Circuits…we’re redefining what VALUE is all about!

Passband fco, Nom. Stopband 
Model (MHz) Loss 3dB Loss >20dB

(MHz) Typ. (MHz) Min.

VLF-80 DC-80 145 200
VLF-95 DC-95 165 220
VLF-105 DC-105 180 250
VLF-120 DC-120 195 280
VLF-225 DC-225 350 460

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

VLF-630 DC-630 830 1000
VLF-800 DC-800 1075 1275
VLF-1000 DC-1000 1300 1550
VLF-1200 DC-1200 1530 1865
VLF-1400 DC-1400 1700 2015

VHF-650 710-2490 650 480
VHF-740 780-2800 740 550
VHF-880 950-3200 880 640
VHF-1200 1220-4600 1180 940
VHF-1300 1400-5000 1300 930

VHF-1320 1400-5000 1320 1060
VHF-1500 1600-5500 1550 1250
VHF-1600 1650-5000 1600 1290
VHF-1760 1900-5500 1760 1230

DC-13GHz  Low&HighPass Low Pass VLF Models $21.95 ea. (1-9)

Passband fco, Nom. Stopband
Model (MHz) Loss 3dB Loss >20dB

(MHz) Typ. (MHz) Min.

VLF-1450 DC-1450 1825 2025
VLF-1500 DC-1500 1825 2100
VLF-1525 DC-1525 1750 2040
VLF-1575 DC-1575 1875 2175
VLF-1700 DC-1700 2050 2375

VLF-1800 DC-1800 2125 2425
VLF-2250 DC-2250 2575 2900
VLF-2500 DC-2500 3075 3675
VLF-2600 DC-2600 3125 3750
VLF-2750 DC-2750 3150 4000

VLF-2850 DC-2800 3300 4000
VLF-3000 DC-3000 3600 4550
VLF-5000 DC-5000 5580 6850
VLF-6000 DC-6000 6800 8500
VLF-6700 DC-6700 7600 9300

VHF-1810 1900-4750 1810 1480
VHF-1910 2000-5200 1910 1400
VHF-2000 2260-6250 2000 1530
VHF-2100 2200-6000 2100 1530
VHF-2275 2450-7000 2275 1770

VHF-2700 2650-6500 2500 1800
VHF-3800 4250-10000 3800 3200
VHF-5500 6000-11500 5500 4500
VHF-8400 9000-13000 8400 6000

High Pass VHF Models $24.95 ea. (1-9)

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

o S
C O M P L I A N T

TM

Detailed Performance Specs and           Shopping Online for these models, and our full line of .12"x .06"
LFCN & HFCN surface mount filters, see www.minicircuits.com/filter.html

CIRCLE READER SERVICE CARD

394 Rev L

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
TM

®

ISO 9001 ISO14001 CERTIFIED

2195
ea.Qty. (1-9 )

$
IN STOCK

From

U.S. Patent Number 6,790,049

U.S. Patent Numbers 6,790,049 & 6,943,646

86
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RF Test Equipment

RF link emulation for payload or VSAT terminal development. Program-

mable Doppler, delay, path loss, phase shift and fading. completely phase

continuous.

Additive While Gaussian Noise (AWGN) Carrier to Noise generators with

built-in power measurement.

  AWGN Carrier/Noise Generators

RF Converters

Comprehensive range of frequency tunable and block Up and Down

converters/translators from 100MHz to 30GHz.  Single and multiple

channels.

Satellite Link Emulators

Multi-octave synthesizers

dBm, LLC

6  Highpoint Drive �����  Wayne,    NJ 07470

Tel (973) 709-0020 �����  Fax (973) 709-1346

If your RF testing needs require...

Fast switching Multi-octave frequency synthesizers to 30GHz with

excellent phase noise performance.

 Carrier/Noise  (CNG) Se rie s

Model Frequency range
CNG-26/180  26MHz -   180MHz

CNG-70/140  50MHz -   180MHz

CNG-5/1005    5MHz - 1005MHz

CNG-800/1000   800MHz - 1000MHz

CNG-870/1750 870MHz - 1750MHz

CNG-800/2400 800MHz - 2400MHz

CNG-1700/2400 2200MHz - 2400MHz

CNG-2200/2700 2200MHz - 2700MHz

CNG-800/2700  800MHz - 2700MHz

Give us a call ...

RF Test Equipment for Wireless Communications www.dbmcorp.com

sign of the MG3690B. For applica-
tions above 2.2 GHz, patented tech-
niques, which add additional phase-
locked loops, are utilized. This ap-
proach helps deliver excellent SSB
phase noise. A digital down converter
(DDC), which produces frequencies
by successive binary division, is used
for 10 MHz to 2.2 GHz applications.
This approach eliminates the addition
of nonharmonic spurious common

with mixer-based down conversion
schemes. Below 10 MHz, the signal
generators utilize direct digital syn-
thesis (DDS) techniques to achieve a
frequency resolution of 0.01 Hz, in
addition to the low phase noise.

The design does more than pro-
vide improved phase noise and in-
crease the frequency range. It also
helps the MG3690B achieve continu-
ous coverage from 0.1 Hz to 50 GHz

with a specified +8 dBm output pow-
er at 50 GHz, with +9 dBm specified
at 67 GHz with an option. It also has
a typical switching speed of 5 ms in <
1 GHz steps for improved accuracy. 

The MG3690B delivers compre-
hensive, high performance signal
generation. Its internal pulse genera-
tor has swept delay capability for
moving target simulation, including
singlet, doublet, triplet and quadru-
ple pulses. The signal generator has
100 ns leveled pulse width, synchro-
nized pulse with AM/FM/ΦM for
complex EW signals, and phase mod-
ulation up to 400 radians deviation at
1 MHz rates.

A wide variety of signal simulation
applications are improved due to the
MG3690B’s enhanced performance.
For example, the 70 GHz MG3690B
can be used as a clock source for bit
error rate testing (BERT) and its low
single-sideband (SSB) phase noise
translates to precise clocks with edges
that are consistent period after peri-
od. It offers traditional master/slave
capability to drive a mixer’s RF and
LO at offset frequencies with two
tracking synthesizers for mixer mea-
surements. An external power meter
leveling mode is available, so the
MG3690B can be used for TWTA
measurements as well.

The 70 GHz model’s base price of
$65,200 is less than comparable mod-
els. Pricing of the options include
$2500 for the low phase noise, $6500
for the ultra low phase noise and
$9000 for 67 GHz high power output.

Anritsu Co., 
Morgan Hill, CA 
(800) 267-4878,
www.us.anritsu.com.

RS No. 302
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PRODUCT FEATURE

WHAT CAN YOU FIND AT
www.mwjournal.com?

FREE ON-LINE BUYER’S GUIDE.
Use this invaluable reference

source for locating companies, their
products and services. Is your

company in the guide?
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Hardware acceleration for
XFDTD - EM simulation at speed.

Single card, Microcluster 
and Minicluster systems.

Visit us online at
www.remcom.com

Visit http://mwj.hotims.com/7963-105 or use RS# 105 at www.mwjournal.com/info
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● Express Ordering and Delivery
Aeroflex/Weinschel and its exclusive North
American distributor, Sickles Distribution
Sales, announce the launch of their new on-
line Express ordering and delivery web site,
www.sicklesonline.com. This web site in-
cludes access to the company’s broad range
of in-stock inventory of RF, wireless and mi-
crowave components including fixed, vari-
able and programmable attenuators, termi-
nations, blind-mate connectors, power split-
ters/dividers, phase shifters and adapters.
Aeroflex/Weinschel Inc., 
5305 Spectrum Drive, 
Frederick, MD 21703

www.sicklesonline.com

● Discussion Forum
This web-based discussion forum is designed
for network analyzer customers to collabo-
rate with peers and Agilent engineers
around the world. Customers may use the
forum to ask network analyzer questions,
share perspectives or read about prior dis-
cussion topics. To start using the forum, go
to: www.agilent.com/find/agilent_naforum.
Agilent Technologies Inc., 
395 Page Mill Road, 
Palo Alto, CA 94306

www.agilent.com

● RF Amplifier Systems and
Modules
This redesigned web site features a new
search tool that allows users to search by
keyword, power, power option and/or fre-
quency. AR Worldwide Modular RF manu-
factures RF amplifier systems and modules
for wireless communications, military com-
munications, and a variety of medical, scien-
tific and industrial applications. 
AR Worldwide Modular RF, 
11807 North Creek Parkway South,
Suite 109, 
Bothell, WA 98011

www.ar-worldwide.com

● Knowledge-base Tool
The company’s site now incorporates a new ap-
plication that enables users to retrieve instant
answers to technical questions. This knowl-
edge-base tool can be accessed directly at
http://knowledgebase.avagotech.com and pro-
vides easy access to a repository of answers for
a wide variety of technical and applications
questions collected from the company’s cus-
tomers and distribution partners over many
years. The result is a self-service technical sup-
port 24 hours a day, seven days a week.
Avago Technologies, 
350 W. Trimble Road, Bldg. 90,
San Jose, CA 95131

www.avagotech.com

● RF and Microwave Portfolio
This new web site features the company’s
complete portfolio of RF and microwave
systems and components. Detailed informa-
tion is given on the company’s five product
ranges – systems, diodes and modules, RF
filters and duplexers, ferrite devices, and
waveguides. From the home page users can
easily search for products under specific ap-
plications – telecom, space, defense and
medical – individual product ranges, tech-
nologies or frequencies. 
Chelton Telecom & Microwave, 
9 rue Diderot – Z.I. des Radars, BP 79,
91351 Grigny, France 

www.chelton-tm.com

● Amplifiers and Subassemblies
This web site has been upgraded and designed
for engineers looking for RF and microwave
amplifier solutions. Inside, users will find com-
plete listings of the company’s low noise, high
and medium power amplifiers, special ampli-
fiers and subassemblies for commercial and
military applications. An easy-to-use product
search section makes finding the right ampli-
fiers simple. There is a new thin-film manufac-
turing services section, which describes the
company’s complete custom and build-to-print
manufacturing offerings. 
CTT Inc., 
241 East Java Drive, 
Sunnyvale, CA 94089

www.cttinc.com

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

Contact us for more information 
on our extensive product line 
and current catalog.

We accept Visa, MC, Amex

HIGH

POWER
Custom designed units our specialty!
UTE Microwave has been a pioneer in circulator and
isolator design for over 35 years. Our engineering
experience is available to serve you.

We offer one of the most complete low and high
end product lines in the industry. UTE Microwave
serves the Military and Commercial Markets such 
as Communications, Radar, TV, PCS, Satcom, and
Medical, Scientific Markets. Low loss, high power, 
wide bandwidths. 

Contact us for your custom or standard (many
off-the-shelf) requirements and find out why we
are a “Ferrite Solutions” company.

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

• 100 MHz to 20 GHz
• Power levels to 5 Kw Cw, 75 Kw Pk.
• Low Intermod Units
• Low Loss Options
• Extended Octave Bandwidths
• Power Monitors and DC Blocks
• Iso Filter-Monitor Assemblies

Visit Our Website At WWW.UTEMICROWAVE.COM

MORE POWER!!

“The Ferrite Solutions Company”

Isolator/Circulator/Solutions!!

HIGH POWER CIRCULATORS
Frequency Ranges from 120 Mhz to 3.5 Ghz

A broad line of low loss, High Power coaxial and 
stripline mounting circulators 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, where 250 Watt stripline 
drop-in units are also available. In the .800-3.5 GHz
spectrum, 0.15 dB loss stripline drop-in units oper-
ate at 200 Watts CW, 2 KW peak power levels.

HIGH POWER CIRCULATORS
For Scientific, Radar and Medical Applications

Among this new series of circulators is Model CT-
1713-S (shown). This unit operates in the 400 MHz
frequency range at a power level of 20 KW peak and
2 KW average power. It is supplied with 7/8 EIA con-
nectors and is typical of other low loss VHF and UHF
designs available at similar power levels. Specifications
include 23 dB isolation, 0.2 dB insertion loss and 1.15
max.VSWR. Size is 31⁄2" x 35⁄8" x 11⁄4".

Visit http://mwj.hotims.com/7963-143 or use RS# 143 at www.mwjournal.com/info
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● ICs, Modules and Subsystems
This comprehensive, versatile web site has
recently added new product pull-down
menus and RoHS compliant component
pages. The web site details full specifications
for over 430 products, application notes,
quality assurance and product support tools
including Product Cross Reference, Para-
metric Search, PLL Phase Noise and Mixer
Spur Chart Calculators, and expanded e-
commerce. The company’s new product se-
lection guide, newsletter and CD can also be
requested from the site.
Hittite Microwave Corp., 
20 Alpha Road, 
Chelmsford, MA 01824

www.hittite.com

● MLO RF Modules
This web site features the company’s patent-
ed multilayer organic (MLO) technology,
which defines a revolutionary, system-on-
package (SOP) approach to RF modules for
wireless products. The modules provide
wireless design engineers and OEMs the
ability to reduce the size and improve sys-
tem performance to meet the aggressive
needs of next generation wireless products.
JMD’s modules and patented processes de-
liver high performance modules for emerg-
ing wireless and broadband applications.
JMD, 
75 Fifth St. N.W., Suite 205, 
Atlanta, GA 30308

www.jacketmicro.com

● Enhanced Customer Service
The broadband microwave components and
microwave manufacturing specialist, supplying
the defense, space, SATCOM and telecommu-
nication markets, has launched a new look web
site to promote its wide range of products and
enhance its customer service. The site features
the latest company news, data sheets and prod-
uct sheets on its portfolio, including the new
range of thin dielectric material (TDM) mod-
ules, low cost standard amplifiers and detector
log video amplifiers (DLVA). 
Labtech Ltd., 
Broadaxe Business Park, 
Presteigne, Powys LD8 2UH UK 

www.
labtechmicrowave.com

● Interactive Adapter Finder
The interactive adapter finder is a tool that
allows users to define the transition they
need (coax-to-coax or waveguide-to-coax)
and by selecting the connector type and gen-
der (if applicable) for each side of the
adapter, a search of the company’s database
returns a set of Maury adapters that matches
the users’ parameters. From this set of
adapters, the user can select the model
needed, and by clicking on its link, a data
sheet page with detailed specifications, mod-
el number, dimensions and photo will result. 
Maury Microwave Corp., 
2900 Inland Empire Blvd., 
Ontario, CA 91764

www.maurymw.com

● Microwave Components
New additions to the web site include new
products in all categories for commercial
communications and military applications.
In addition, engineers have the ability to
place on-line orders for coaxial isolators,
MICA*PAC isolators, and drop-in isolators
and circulators. Frequency ranges include
0.5 to 40 GHz. Price and delivery quotes are
within 48 hours on most on-line products.
Have special requirements? This web site
makes it easy to request those custom, hard
to find solutions.
MICA Microwave Corp., 
1096 Mellon Avenue, 
Manteca, CA 95337

www.mica-mw.com

● High Performance Connectors
This site allows engineers to get high quality,
high performance blind mate and threaded
connectors quickly. The site features 360°
product views along with data sheets and real
time inventory. Account details are only a few
clicks away and allow customers to easily check
order status and download invoices safely and
securely. The company stocks thousands of
SMP, SMPM and MSSS connectors along with
cable assemblies and tooling. 
Micro-Mode, 
1870 John Towers Avenue, 
El Cajon, CA 92020

www.
smpconnectors.com

WEB UPDATE
SEARC

H
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Just One Click!Just One Click!

ZELAND SOFTWARE, INC.ZELAND SOFTWARE, INC.
48834 Kato Road, Suite 103A, Fremont, CA 94538, U.S.A.,  

Tel: 510-623-7162  Fax: 510-623-7135  E-mail: info@zeland.com

Web Site: http://www.zeland.com

 

Layered polygons in GDSII or other IC 

and PCB layout formats

Full 3D model with ports defined 

and ready for simulation on IE3D

 

Just One Click!

 

You can actually go directly 

into IE3D simulations of a 

batch of GDSII files with a 

single click of button.

From IC and PCB Layouts to Full-Wave EM Results From IC and PCB Layouts to Full-Wave EM Results 
For the design of microwave circuits, MMIC, RFIC, LTCC, RFID, IC Interconnects, For the design of microwave circuits, MMIC, RFIC, LTCC, RFID, IC Interconnects, 

PCB, MCM, antennas, signal integrity and other high frequency applicationsPCB, MCM, antennas, signal integrity and other high frequency applications

Just One 

Click!

Just One 

Click!

Automatic EM Simulation 

from GDSII Layouts

Automatic RFIC Simulation 

from Cadence Virtuoso

Automatic PCB Simulation 

from Cadence Allegro

Automatic IE3D Simulation 

from Microwave Office 2004

 

 

 

High  Performance  EM Simulation and Optimization High  Performance  EM Simulation and Optimization 

and Electronic Design Automationand Electronic Design Automation

Visit http://mwj.hotims.com/7963-152 or use RS# 152 at www.mwjournal.com/info
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● Product Portfolio
This enhanced and redesigned web site fea-
tures a searchable product database that al-
lows users to sort by category or application,
as well as search for specific parts and prod-
uct types. The site’s new design reflects the
company’s expanded product offerings,
worldwide sales coverage, application tools
to support customers and technology devel-
opment. Highlights include: an emphasis on
applications; products displayed by applica-
tion and category; and a resources section.
Mimix Broadband Inc., 
10795 Rockley Road, 
Houston, TX 77099

www.
mimixbroadband.com

● China Web Site
The company has created a new web site for
the Chinese market. The site can be accessed
on the company’s home page by clicking on the
Chinese Welcome message. Features include:
product offerings in four segments – printed
circuit materials, high performance foams, cus-
tom electrical components and other polymer
products. The menus and entry pages have
been translated into simplified Chinese that
will help guide visitors to pages that will mostly
remain in English.
Rogers Corp., 
One Technology Drive, 
Rogers, CT 06203 

www.
rogerscorporation.com

● Hermetic Products and
Services

This recently updated web site features the
company’s standard line of products and serv-
ices, and related information including the
Product Highlight. Newly added is the Techni-
cal Library, which includes design and process
guidelines offering customers assistance in
product application and troubleshooting based
on many years of hands-on experience. The
Technical Library and Product Highlights pro-
vide new information on a regular basis.
Special Hermetic Products Inc., 
39 Souhegan Street, 
Wilton, NH 03086

www.shp-seals.com

WEB UPDATE
SEARC

H
 

43rd Annual 
AOC International 
Symposium and 
Convention
November 5-8, 2006
Marriott Wardman Hotel  
Washington, DC

Strengthening the EW/IO
Infrastructure for the Future Battle

Register online at  www.crows.org

Visit http://mwj.hotims.com/7963-17
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I so la  Corp.  3100 West  Ray Rd. ,  Sui te  301,  Chandler,  AZ 85226,  (800)  845-2904,  www. isola-group.com

Data courtesy of Northrup Gruman

A full selection of 
laminates and prepreg for
RF/Microwave and High Speed
Digital applications.

IS640 laminate and prepreg material is a unique 
formulation for the RF/Microwave and High Speed
Digital markets. IS640 exhibits stable electrical 
properties over a broad frequency range of 2 to 20
GHz. Produced with stringent thickness and electrical
tolerances, IS640 provides designers with consistent
line impedance. 

IS640 is available in multilayer core thicknesses 
(0.0027" - 0.018") and thicker core (0.020", 0.030"
and 0.060") for RF and Microwave applications.
Standard panel sizes are available, providing a 
complete materials package solution.

ATTENUATION 
(16” TRANSMISSION LINE)

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

* Isola utilizes the IPC-TM650-2.5.5.5 Stripline Resonator to test material with thickness of 0.030 and above as a means of determining a nominal value for dielectric constant and loss tangent test frequency is set at 10 GHz.
Please note that for laminate dielectric thickness below .030 the test method that is utilized to determine the Dk and Df values is referred to as the Bereskin Stripline Resonator method. The Bereskin Stripline Resonator test
method lends itself to the test and measurement of Dk and Df values of thinner dielectric laminate materials as those that would fall below .030. In the event we are requested to test the Dk and Df of a dielectric laminate that
is below .030 per the IPC-TM650-2.5.5.5 test method we would employ a building block stack method to construct the test specimens in order to arrive at a laminate dielectric thickness that would be sufficient for the test to
be conducted accurately. The effect of air gaps between the dielectric test specimens would then be back calculated out of the equation to provide for a more accurate result. Departures
from these test methods and/or frequency may produce different values. Isola ensures the consistency and repeatability of the property sets in the product that we produce, however we encour-
age prospective users to conduct a thorough evaluation with appropriate modeling software during the design process to determine the value sets that are best suited for his/her application.

• Superior signal integrity 
from 2 to 20 GHz

• Customized Dk – 2.80, 
3.00, 3.20, 3.25, 3.33, 
3.38 and 3.45

• Utilizes standard E-glass

• Tack-free prepreg

• IS640 meets UL 94 V-0

• Superior drilling performance – 
no ceramic filler

• Standard thicknesses available
from 0.0027" to >0.120"

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

• RoHS compliant

IS640 VS. COMPETITION
DB/INCH LOSS 1-10 GHZ

Microstrip with 0.008” lineBased on 0.030” material

Dk AND Df VALUES AT 10 GHz*

IS640-280 = Dk 2.80, Df 0.0028

IS640-300 = Dk 3.00, Df 0.0034
IS640-320 = Dk 3.20, Df 0.0035
IS640-325 = Dk 3.25, Df 0.0035
IS640-333 = Dk 3.33, Df 0.0038
IS640-338 = Dk 3.38, Df 0.0042
IS640-345 = Dk 3.45, Df 0.0045
Available in 0.020", 0.030" and 0.060" thicknesses.

0.0027
0.0030
0.0040
0.0050
0.0060
0.0066

0.0080
0.0100
0.0120
0.0140
0.0160
0.0180

CORE
THICKNESSES

PREPREG
GLASS STYLES

106
1080
2113
3070
2116
1652

IS640 MULTILAYER AVAILABILITY IS640 PRODUCT STRENGTHS

Visit http://mwj.hotims.com/7963-59 or use RS# 59 at www.mwjournal.com/info

 9M8 FINAL  8/29/06  1:09 PM  Page 169

http://www.isola-group.com
http://mwj.hotims.com/7963-59
http://www.mwjournal.com/info


NEW WAVES: Wireless Communications/Applications
■ Signal Analysis Platform

The MXA signal analysis platform provides
measurement speeds that can be 30 to 300
percent faster than other analyzers. This en-
ables dramatic improvement in throughput and
yields in manufacturing. This platform pro-
vides high performance in a midrange analyzer
that enables engineers to solve design chal-
lenges for current and emerging applications
faster and with fewer iterations. ≤ 14 ms
WCDMA ACLR with 78 dB dynamic range is
typical. The platform allows flexible signal and
spectrum analysis measurements for the design
and manufacture of wireless communication
devices to current and emerging standards. It
seamlessly integrates a broad range of stan-
dards-based measurements, such as WiMAX,
or the company’s 89601A vector signal analysis
software — all in one instrument.
Agilent Technologies Inc., 
Palo Alto, CA (800) 829-4444,
www.agilent.com.

RS No. 216

■ High Power Amplifier
The model AMP5.4G7.2-30-38 is a C-band high
power amplifier ideal for wireless, de-

fense and satellite
communications.
This model oper-
ates in a frequency
range from 5.4 to
7.2 GHz. The out-
put power at 1 dB
compression is at

least 38 dBm and gain is greater than 30 dB. In-
put voltage is +12 V and current draw is less than
5A. Additionally, the unit is equipped with an in-
tegral isolator at the output. This model is sup-
plied with SMA(f) input and output connectors.
Size: 3" × 5" (including connectors) × 1".
Amplical Corp., 
Verona, NJ (201) 919-2088,
www.amplical.com.

RS No. 217

■ Power Amplifiers
These power amplifiers are designed for appli-
cations such as CDMA, HDTV and WiMAX. 

This new family
of solid-state am-
plifier modules
for wireless com-
munications in-
cludes four mod-
ules for CDMA
applications, one
module for

HDTV applications, one module that meets
WiMAX 802.16 specifications and can be mod-
ified to meet various OFDM and NPR re-
quirements, and one module that covers most

of UHF, L and S bands for general applications
requiring instantaneous ultra broadband.
AR Worldwide Modular RF, 
Bothell, WA (425) 485-9000, 
www.ar-worldwide.com. 

RS No. 218

■ Low Noise Amplifier MMIC

The model HMC548LP3 (E) is a low noise am-
plifier that operates in a frequency range from
1200 to 3000 MHz and is comprised of two in-
ternally matched SiGe HBT MMIC LNA stages,
housed in a single 3 × 3 mm leadless SMT pack-
age, and optimized for GPS applications. The
unique topology of the HMC548LP3 (E) allows
the designer to place a bandpass filter between
the two amplifier stages, enabling the receiver to
reject nearby blocking signals without incurring
the noise figure degradation associated with a
high rejection pre-filter.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 219

■ High Power Circulators
The CT-1740-S series of 1-5/8 EIA high power
circulators covers up to 10 percent bandwidth 

in the frequency
range from 120 to
250 MHz. Rated
at 2.5 kW average
power and 10 kW
peak. Typical
specifications are
20 dB minimum

isolation, 0.25 dB loss and 1.25 maximum
VSWR. This series operates in a temperature
range from 0° to 65°C. Other UHF units are
also available. Applications include: TV, scien-
tific, industrial and communications.
UTE Microwave Inc., 
Asbury Park, NJ (732) 922-1009,
www.utemicrowave.com.

RS No. 225

■ Reactive Splitters

These reactive splitters feature rugged construc-
tion and good performance across all wireless

bands from 0.8 to 2.7 GHz, which makes them
ideal for in-building or tower top systems. Instal-
lation is easy with unobstructed access to connec-
tor ports for even the largest coaxial cables with
no additional mounting hardware. These splitters
are available from stock in two- and three-way,
7/16 DIN, Type N or SMA female configura-
tions. Rated for 200 W (maximum). Weather-
proof (IP65 rated). Made in the USA.
MECA Electronics, 
Denville, NJ (973) 625-0661, 
www.e-meca.com.

RS No. 220

■ Amplifier Chip Set

This gallium arsenide monolithic microwave in-
tegrated circuit three-stage balanced power am-
plifier and complementary three-stage driver
amplifier are identified as XP1015 and XP1016,
respectively. The power amplifier has a bal-
anced design to achieve good output match, op-
erates in a frequency range from 43.5 to 46
GHz, and has a small-signal gain of 12 dB with
+31 dBm P1dB compression point. The driver
amplifier covers this same frequency band and
achieves a small-signal gain of 14 dB with +24
dBm P1dB compression point. Used as a driver
and final stage cascade, the chip set achieves 26
dB gain and 2 W saturated output power.
Mimix Broadband Inc., 
Houston, TX (281) 988-4600,
www.mimixbroadband.com.

RS No. 221

■ GaAs Attenuators
Models SKY12322, SKY12323 and SKY12325
are general-purpose gallium arsenide (GaAs) 

attenuators that
feature excellent
distortion perfor-
mance for various
types of linear
applications in-
cluding UMTS,
WCDMA, Wi-
MAX and WLAN.
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These GaAs digital single-positive-control step
attenuators are also designed for base station
transmitter and receivers, and can be used in
radio frequency identification (RFID) trans-
ceivers. Targeted at original equipment manu-
facturers (OEM) building any type of receiver
or modem, these broadband, low insertion loss
attenuators are built in small packages of only
3 × 3 mm. The bilateral radio frequency (RF)
ports allow input and output. 
Skyworks Solutions Inc., 
Woburn, MA 
(781) 376-3000, 
www.skyworksinc.com.

RS No. 224

■ X-band Antenna
The model RPS2P2-80-S is a lightweight and
highly portable transmit/receive 2' diameter 

Cassegrain X-
band antenna.
This antenna is
designed for mili-
tary satellite com-
munications that
operate in the
7.25 to 8.4 GHz
frequency band.
The antenna can
transmit and re-
ceive on each
port for either
LHCP or RHCP
senses of polar-
ization without
having to rotate

the OMT or a polarizer. The only three compo-
nents requiring field assembly are the
Cassegrain feed, the two-piece precision re-
flector and the mount, which folds flat for stor-
age. All assembly hardware is captive and no
tools are required for assembly.
mWAVE Industries LLC, 
Gorham, ME (207) 857-3083, 
www.mwavellc.com.

RS No. 222

■ Surface-mount
Isolators/Circulators

The SLE series of redesigned and improved
surface-mount isolators operates in a frequency 

range from 380 to
2200 MHz and is
ideal for low pow-
er applications.
This device is low
cost and miniatur-
ized in size mak-
ing it a perfect fit
for tomorrow’s

telecom applications. This device is also avail-
able in a circulator version. Both are available
in tape and reel format for high speed automat-
ed assembly. Models available in typical band-
widths of 5 percent with isolation > 17 dB and
insertion loss < 0.8 dB.
Renaissance Electronics Corp., 
Harvard, MA 
(978) 772-7774, 
www.rec-usa.com.

RS No. 223
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■ Coaxial Cable Assembly
These low cost flexible/semi-flex coaxial cable assemblies utilize RG and
LMR type cables that meet MIL-17-C specification. All the cable assem-

blies are 100 percent tested for standard
electrical performance and additional test-
ing is possible per a customer’s require-
ment. Currently, the company offers cable
assemblies that use various high quality
connectors such as SMA, N, MMCX,
MCX, SMB, TNC and BNC. Customer

specified connectors are also used upon request. 
Electronika International Inc., 
Cleveland, OH (440) 743-7034, www.electronikainc.com.

RS No. 227

■ I&Q Vector Modulator
The model SA-69-GB is a 2 to 18 GHz, PIN diode, amplified I&Q vec-
tor modulator. This device simultaneously controls phase and amplitude 

with 360° and 15 dB of dynamic range. The
phase and amplitude flatness is ±20° and
±3 dB. VSWR is less than 2.0 and with the
amplifier there is no loss in signal power. It
is capable of non-degraded performance at
0 dBm CW and can handle +20 dBm maxi-
mum. It is digitally controlled via two sets
(I&Q) of monotonic 12 bit TTL compatible
binary logic and switches in 500 ns. The de-
vice offers an input control slope character-
istic that is linear with output voltage. Size:
4.25" × 3.5" × 0.75".

G.T. Microwave Inc., 
Randolph, NJ (973) 361-5700, www.gtmicrowave.com.

RS No. 228

■ SMA Female Connectors
These SMA female connectors operate in a frequency range from DC to
18 GHz. The connectors are housed in passivated stainless steel with an 

assembly that provides for minimum leak-
age. Type N connectors are also available
for immediate delivery. All connectors and
terminations meet environmental MIL-
STD-202 standards and are RoHS compli-
ant. MCLI maintains stock on large quanti-
ties of connectors and terminations, and is

able to offer immediate delivery on large quantities at volume discount-
ed prices.
Microwave Communications Laboratories Inc., 
Saint Petersburg, FL (727) 344-6254, www.mcli.com.

RS No. 230

■ Quick-Connect Cable Assemblies
These Quick-Connect cable assemblies utilize Emerson connectivity so-
lutions partner Johnson components SMA Quick-Connect system. These 

assemblies operate in a frequency range up
to 12.4 GHz and are ideal for test and sys-
tem applications where rapid mating to a
standard SMA female is desirable. The as-
semblies are currently available on the
Midwest triple screened M42 cable in the
standard finish or armoured. Customized

cable assembly options are available on request.
Midwest Microwave, 
Saline, MI (734) 429-4773, www.midwest-microwave.com.

RS No. 231

■ Power Splitters/Combiners
The ZX10-4 family of four-way 0° power splitters/combiners operates in
a frequency range from 800 to 3000 MHz. These devices are ideal for 

panel mount, conserving space on a panel
maintaining high isolation (20 dB typical)
and low insertion loss (0.6 dB typical).
These splitters/combiners are ideal for an-
tenna arrays, signal distribution and test
bench use. Price: $38.95 each (1–24).
Mini-Circuits, 

Brooklyn, NY (718) 934-4500, www.minicircuits.com.
RS No. 232

WE’RE EXPANDING
OUR EDITORIAL STAFF!

Unique opportunity for a
Technical Editor

to join the leading publication and 
website in the industry.

Microwave Journal is growing, and we are adding
a technical editor to interface with industry profes-
sionals to cover new technologies and products in
order to generate leading-edge content for our print
and electronic products. Must have strong knowl-
edge of RF/microwave technology, good communi-
cation and writing skills, and be willing to travel.    

Please send cover letter, résumé and salary re-
quirement to:

csheffres@mwjournal.com
No phone calls or faxes accepted

COMPONENTS
■ SP8T Broadband Switch
The model MSR-8DT-07-AKG-STANDARD option 0120 is an absorp-
tive/non-reflective SP8T, broadband switch that is surface mountable 

and miniature in size. This model operates
from 0.1 to 20 GHz, provides an insertion
loss of 6 dB maximum and isolation of 110
dB minimum. The unit offers a rise/fall time
of 300 ns typical. Supply voltages are +5 V at
500 mA maximum, –12 V at 100 mA maxi-
mum. RF phase tracking is 0.2° per °C all
ports with respect to common with tempera-
ture. Size: 1.5" diameter circle point to point
× 0.4". Weight: < 2.5 ounces typical. 

American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com.

RS No. 226

■ Low Intermod Termination
The 50T-453 RF load is specially designed for intermodulation testing
and measurements of –165 dBc at 1950 MHz (with two 20 W tones). 

Perfect for lab use, this model boasts a 50
W input power rating and a low VSWR of
1.20 maximum at 3000 MHz. Available
with 7/16 or N connectors. 
JFW Industries, 
Indianapolis, IN (317) 887-1340,
www.jfwindustries.com.

RS No. 229

NEW PRODUCTS
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$945 ea.qty. (1-9)from
IN STOCK

Heavy duty, ruggedness and reliable operation to meet 
your demanding communication applications describe
Mini-Circuits trio of 5W, 10W, and 20W ZHL high power amplifiers !
Covering 20MHz up to 2GHz, these broadband solutions
are available with or without integrated heat sink/fan to fit your 
system requirements. Each amplifier operates with low current 
consumption and is designed to work off a single +24V DC 
supply, including the fan! Plus, each model can withstand open
or short at output under full output powercondition.They also offer
built-in protection against over-voltage, thermal overloads, and
an internal regulated power supply to handle fluctuations from
the supply source and still deliver high performance.
Need a highly robust, high power amplifier solution without
the high-budget price? Your dependable source is 
Mini-Circuits for your military and commercial needs!

416 Rev A

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
TM

®

ISO 9001 ISO14001 CERTIFIED

ZHL-20W-13

� With heat sink/fan removed, customer must
provide adequate cooling to ensure that 
the base plate temperature does not 
exceed 85°C. 
See data sheet on Mini-Circuits web site.

ZHL-10W-2G

ZHL-5W-2G

Detailed Performance Specs and            Shopping Online  at: www.minicircuits.com/amplifier.shtml
ZHL-5W-2GX      ZHL-10W-2GX     ZHL-20W-13X

Model Freq. Gain Max. POUT Dynamic Range DC Pwr. Price
(MHz) (dB) (dBm) NF IP3 Volt Current $ea.

@ Compression (dB) (dBm) (V) (A) Qty. 1-9
fL - fU Typ. 1dB 3dB Typ. Typ. Nom. Max.

With
Heat Sink/Fan
ZHL-5W-2G 800-2000 49 +37 +38 8.0 +44 24 2.0 995.00
ZHL-10W-2G 800-2000 43 +40 +41 7.0 +50 24 5.0 1295.00
ZHL-20W-13 20-1000 50 +41 +43 3.5 +50 24 2.8 1395.00

No 
Heat Sink/Fan
ZHL-5W-2GX 800-2000 49 +37 +38 8.0 +44 24 2.0 945.00
ZHL-10W-2GX 800-2000 43 +40 +41 7.0 +50 24 5.0 1220.00
ZHL-20W-13X 20-1000 50 +41 +43 3.5 +50 24 2.8 1320.00
Patent Pending

•

•
•

UP TO 20W

AMPLIFIERS
20MHz TO 2GHz

�

CIRCLE READER SERVICE CARD

87
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LARGEST RADAR & RF

INVENTORY IN 

THE WORLD!
SEND FOR FREE

28 PAGE CATALOG

• RADAR & RF SOURCES: 150 MHz to 35 GHz.
• ANTENNA MOUNTS: Autotrack, Search, X-Y,
Nike Herc., Ajax, Capacity 50 to 20,000 lbs. 
Dishes to 60 ft.
• RADAR INDICATORS
• PULSE MODULATORS
• HIGH VOLTAGE POWER SUPPLIES
• TUBES & WAVEGUIDE

NETWORK ANALYZER
.5–18 GHz. Computer controlled HP8542B

60' DISH & PEDESTAL AVAILABLE

RADIO RESEARCH
INSTRUMENT CO., INC.

584 N. MAIN ST. WATERBURY, CT 06704
203-753-5840    FAX: 203-754-2567

www.radiores.com
E Mail: Radiores@prodigy.net

■ 75 Ω RF Switch
The RoHS-compliant PE42742 high perfor-
mance RF switch is targeted for broadband ap-

plications. De-
signed to exceed
the strict FCC
15.115 regula-
tions, this 75 Ω
single-pole, dou-
ble-throw (SPDT)
device offers high
isolation of 88 dB
at 216 MHz and
78 dB at 806

MHz. A unique design feature allows the device
to maintain its isolation levels even in the un-
powered state, which is one of the more strin-
gent requirements of FCC compliance for
CATV-to-antenna isolation. Size: 4 × 4 mm 20-
lead QFN package. Price: $1.67 each (10 K). 
Peregrine Semiconductor, 
San Diego, CA (858) 731-9400,
www.psemi.com.

RS No. 233

■ Threshold Detector
The model TD-A-42T-818 is a hermetically
sealed threshold detector that is optimized for 

the 8 to 18 GHz
frequency range
(other frequency
ranges are avail-
able). It offers an
internally fixed
threshold level
that provides a

minimum signal level of –42 dBm with a maxi-
mum input VSWR of 2.5. The threshold stabil-
ity is a constant ±3 dB over the operating tem-
perature and frequency range. 
Planar Monolithics Industries, 
Frederick, MD (301) 662-4700,
www.planarmonolithics.com.

RS No. 234

■ Attenuator Design Kits
The company’s chip attenuators operate in a
frequency range from DC to 26.5 GHz and are 

available in engi-
neering design
kits. An assort-
ment of common
values are pre-
packaged in waf-
fle pack form
with delivery

from stock. Price: $250.00 (1 to 5 kits). 
Ion Beam Milling Inc., 
Manchester, NH (877) 644-2326,
www.ionbeammilling.com.

RS No. 252

■ High Power Splitter/Combiner
The P/N PP4-50-452/2N is a four-way high
power splitter/combiner that enables the user 

to either split an
input signal of
400 W into four
equal outputs or
combine four in-
puts of 100 W
each for a total

output of 400 W minus the insertion loss of 0.6
dB. Specifications include a frequency range of
20 to 400 MHz, amplitude and phase balance
of 0.5 dB and 6 degrees, respectively, isolation
of 20 dB and 1.3 VSWR. Size: 4" × 3.4" × 1"
and connectors are type N female.
Pulsar Microwave Corp., 
Clifton, NJ (973) 779-6262,
www.pulsarmicrowave.com.

RS No. 235

■ Narrowband Cavity Filter
The part number 7C9-2656.39-5.11S11 is a
narrowband, highly selective cavity filter. This 

unit is centered at
2656.39 MHz and
offers a 3 dB
bandwidth of 5.11
MHz. The filter
has a rejection of
greater than 45
dB at CF ± 6

MHz. Insertion loss measures less than 4 dB
and VSWR is less than 1.25.
Reactel Inc., 
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 236

■ Attenuator Relay
The A152 attenuator relay is designed to be
used in 50 and 75 Ω systems that operate from 

DC to 5 GHz. It
offers a low loss
bypass and a 20
dB attenuated
path in “Pi” con-
figuration. Other
attenuation values
are available on
request. Gold-
plated contacts
provide good in-
t e r m o d u l a t i o n

performance and repeatability (±0.1 dB). Addi-
tional features include high isolation, resis-
tance to shock, vibration and electrostatic dis-
charge, a stable value over frequency and tem-
perature range, and excellent phase linearity. 
Teledyne Electronics and Communications,
Cumbernauld, Scotland +44 1236 453 124,
www.teledyne-europe.com.

RS No. 238

■ Non-magnetic Resistors
These non-magnetic chip resistors are ideal for
use in medical and sensor applications. The 

new components
are available in 13
standard case
sizes: 0402 (0.040"
× 0.020") thru
3838 (0.380" ×
0.380"). These
thick-film non-
magnetic resistors
are available with
wrap around ter-
minations suitable

for solder mount. The devices eliminate materi-
als that would disturb magnetic field applications
such as in magnetic resonance imaging ma-
chines. Resistors range with tolerances from 1
percent, and power ratings from 40 mW to 5 W.
State of the Art Inc., 
State College, PA (800) 458-3401,
www.resistor.com.

RS No. 237

Visit http://mwj.hotims.com/7963-141

Visit http://mwj.hotims.com/7963-103
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Plenary Speakers
Plenary I: Robert A. Scholtz, Recent 
Results and Challenges in Ultra-Wide 
Bandwidth Radio Systems

Plenary II: Vincent Poor, Energy and 
Bandwidth in Wideband Systems

Scheduled Workshops
WS1 "The Art and Science of UWB

Antennas", HansSchantz

WS2 "Ultra-Wideband Wireless
Communications: From
Conceptto Reality", Georgios B.
Giannakis, Liuqing Yang

WS3 "Commercializing UWB for Mobile
Applications", Matt Wellborn

WS4 "Tutorial for IEEE 802.15.4a and
Related Research Activities",
Dong Ha

WS5 "Signal Processing for
Transmitted-Reference UWB
Systems", Klaus Witrisal et al.

Preliminary Technical Program
Day Time Session Title

Monday 13:00-14:50 M3A
M3B
M3C

Acquisition/Synchronization
Coding/Modulation
UWB-Impulse Radio I

25-Sep

15:10-17:00 M4A
M4B
M4C

UWB Signal Generation
Coding/Modulation II
UWB-Impulse Radio II

Tuesday 8:30-9:30 T1A Plenary Session I

26-Sep 9:50-12:00 T2A
T2B
T2C

Transceiver Design I
Channel Modeling
UWB-OFDM

13:00-14:50 T3A Panel

15:10-17:00 T4A
T4B
T4C

Transceiver Design II
Transmitted Reference
Diversity

Wednesday W1A Plenary Session II

27-Sep 9:50-12:00 W2A
W2B
W2C

Networks and Applications
Coexistence I
Antennas

13:00-14:50 W3A
W3B
W3C

Circuits I
Coexistence II
Positioning/Localization I

15:10-17:00 W4A
W4B

Circuits II
Special Topics

W4C Positioning/Localization II

8:30-9:30

The social program includes a dinner cruise aboard the
"Spirit of Boston" on Tuesday evening.

Please go to our website at: 
http://www.ICUWB2006.org
for updated information on the technical 
program, workshop schedule, registration 
information, social program and visitors 
information for the Boston area.

The 2006 IEEE International
Conference on Ultra-Wideband

Will be held at the Westin Hotel in Waltham, Massachusetts, USA, from 24 – 27 
September 2006. This conference provides a forum for the latest UWB systems, 
technologies, and applications in both microwave and millimeter-wave bands. This 
conference is a continuation of a series of international UWB conferences held in 
Baltimore (2002), Reston-VA (2003), Oulu (2004), Kyoto (2004), and Zurich (2005).

General Chair: Andreas F. Molisch Mitsubishi
Electric Res. Labs (also at Lund University-Sweden)

A
S

P
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■ Dual Directional Coupler
The model C7711 is a low loss, 30:1 bandwidth
coupler that operates in a frequency range 

from 100 to 3000
MHz, making it
ideal for multi-
band military and
commercial appli-
cations. This
model rates at
100 W CW, with
an insertion loss
of 0.35 dB,
VSWR (ML) of

1.25, coupling flatness of 40 dB ±1 dB and di-
rectivity of 18 dB. Size: 3" × 2.2" × 0.7". 
Werlatone Inc., 
Brewster, NY (845) 279-6187,
www.werlatone.com.

RS No. 239

■ Coaxial Attenuator
The commercial grade, model 3082-6156-XX is
a 2 W, type N fixed coaxial attenuator that op-

erates from DC
to 6 GHz. This
product offers the
durability of XMA
products, featur-
ing a lightweight,
nickel plated
brass body and
gold plated beryl-
lium copper cen-
ter contact. This,

coupled with solid electrical performance and
attractive prices, makes the attenuator an out-
standing value. This product is ideal for in
building applications as well as military and
telecommunications volume production appli-
cations requiring good long-term performance
and low cost.
XMA Corp., 
Manchester, NH (603) 222-2256,
www.xmacorp.com.

RS No. 240

AMPLIFIERS
■ High Power GaN RF Amplifier

The model SSPA 0.5-2.5-30 is a high power,
broadband, gallium nitride (GaN) RF amplifier
that operates in a frequency range from 0.5 to
2.5 GHz. This PA is ideal for broadband mili-
tary platforms as well as commercial applica-
tions because it is robust and offers high power
over a multi-octave bandwidth. The amplifier
operates with a base plate temperature of 85°C

with no degradation in the MTBF for the GaN
devices inside. This amplifier offers a typical
P1dB of 20 W at room temperature. Saturated
output power across the band is typically 25 to
30 W. Noise figure at room temperature is 6
dB typical. Size: 4" × 6" × 2". 
Aethercomm Inc., 
San Marcos, CA (760) 598-4340,
www.aethercomm.com.

RS No. 241

■ TWT Microwave Amplifiers

Models 70T18G26 and 70T26G40 are travel-
ing wave tube (TWT) microwave amplifiers
that nearly double the power available over the
18 to 40 GHz frequency range. Model
70T18G26 provides 75 W of CW power over
18 to 26.5 GHz and model 70T26G40 provides
70 W of CW power from 26.5 to 40 GHz. Pre-
viously, models 40T18G26 and 40T26G40,
with a power output of 40 W, were the highest
power offering over the 18 to 40 GHz band.
AR Worldwide RF/Microwave
Instrumentation, 
Souderton, PA (215) 723-8181, 
www.ar-worldwide.com.

RS No. 242

■ High Gain Amplifiers
The model PTB-50-0R118-6R5-18-120VAC-
SFF-DVA and model PEC-50-0R118-6R5-18-
120VAC-1U-SFF are high gain amplifiers with
integrated digital attenuation control. These
amplifiers operate in a frequency range from
100 MHz to 18 GHz and offer a gain of 50 dB
minimum, gain flatness of ±2 dB (up to 55 dB
attenuation), noise figure of 6 dB at 100 MHz,
3 dB at 18 GHz and an attenuation range of 0
to 60 dB (1 dB resolution).
Planar Electronics Technology, 
Frederick, MD (301) 662-5019,
www.planarelec.com.

RS No. 243

■ Medium Power Amplifiers
This line of medium power amplifiers yields 5
W minimum output power over the frequency 

range from 0.5 to
18 GHz. These
amplifiers were
developed for a
custom applica-
tion in a Flight
Line Test Set and

are available in bands that operate from 0.5 to
1.5 GHz, 1.5 to 3 GHz, 3 to 6 GHz and 6 to 18
GHz. 
Rodelco Electronics Corp., 
Ronkonkoma, NY (631) 981-0900,
www.rodelcocorp.com.

RS No. 244

NEW PRODUCTS

MICRO-ADS
Visit http://mwj.hotims.com/7963-(RS#)

RS 60

RS 72

RS 119

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
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■ GaAs FET Amplifier
The model SM1727-37HS is a GaAs FET ampli-
fier designed for various WiMAX products

and device test ap-
plications. The
unit operates from
1.7 to 2.7 GHz
with a P1dB of
+37 dBm. Small-

signal gain is 20 to 33 dB with a flatness of ±0.5
dB across the band. Typical WiMAX perfor-
mance (802.16d 64QAM OFDM) is –40 dB
EVM at +30 dBm burst power. Standard features
include a single +12 VDC supply and over/re-
verse voltage protection. Size: 4" × 2" × 0.54".
Stealth Microwave Inc., 
Trenton, NJ (609) 538-8586,
www.stealthmicrowave.com.

RS No. 245

SOFTWARE
■ Enhanced EDA Tool

The VeloceRF™ v1.5 features an enhanced Spi-
ral Wizard™ inductor synthesizer, several im-
provements in its rapid RLCK modeling engine
and new features addressing Design for Manu-
facturability for 90 and 65 nm RFICs. The syn-
thesis engine now supports the creation of pat-
terned shields that enhance inductor Q-factor
and improve substrate isolation. Version 1.5 effi-
ciently addresses DFM requirements emerging
for RF CMOS at the 90 nm process node and
below. Features such as conductor track slotting
to mitigate metal stress, geometry resizing under
current density constraints and the use of dummy
fill patterns are now programmed into the Velo-
ceRF inductor library and are consistently sup-
ported by the Spiral Wizard, the modeling engine
and the layout and LVS modules. 
Helic, 
Athens, Greece +30 210 9949390,
www.helic.com.

RS No. 246

■ Multi-port SMD Modeling

SMDMOD is a new tool for designers of hybrid
microwave circuits using R, L, C surface-mount
components and representing their electrical
properties correctly in circuit simulations up to
10 or even 20 GHz and higher. Based on two-
port S-parameter measurement results of a set of
samples on one, two or three different substrates,
SMDMOD allows the capability to extract super-
scaleable realistic multi-port models. From that,
SMDMOD allows the generation of two-, three-
or four-port S-parameter files of intermediate
component values mounted with varying pads on
a different substrate, with one or two ports on
each pad. These S-parameter files can then be in-
cluded in standard circuit simulators to better
represent SMD component parasitic effects than
current commercial state-of-the-art equivalent
circuits models do. 
AC Microwave GmbH, 
Aachen, Germany +49-241-879 3022,
www.linmic.com.

RS No. 247

SOURCES
■ Advanced Digital 

Synthesizer Technology
The WaveCor 2.50 is the newest addition to
ITT’s line of DDS-based frequency synthesiz-

ers. This synthe-
sizer features an
operating fre-
quency range
from 300 MHz to
2.5 GHz with step

sizes of less than 1 Hz. This new product con-
tinues WaveCor’s tradition of low phase noise
and spurious levels combined with extremely
fast switching speeds. At 2.4 GHz, the
WaveCor provides phase noise levels of –136
dBc/Hz at a 10 kHz offset and spurious levels
up to –70 dBc. Switching speeds are less than
250 ns at any operating frequency. The
WaveCor 2.50’s high reliability and perfor-
mance is available in a lightweight 3U rack
mount chassis.
ITT Corp. – AES Division, 
Lowell, MA (978) 441-0200,
www.ittmicrowave.com.

RS No. 255

■ C-band Coaxial Resonator
Oscillator

The model CRO3375A-LF is a lead-free,
RoHS compliant, coaxial resonator oscillator in 

C-band (3370 to
3380 MHz) that
features low
phase noise per-
formance of –115
dBc/Hz at 10 kHz
offset from the
carrier. This de-
sign offers tuning
linearity with a

typical tuning sensitivity of 7 MHz/V and cov-
ers the entire band between 0.5 to 4.5 V. It is
designed to operate at 5 VDC supply while
drawing 21 mA (typical) over the extended op-
erating temperature range of –40° to 85°C.
Size: 0.50" × 0.50" × 0.22". Price: $29.95/VCO
(5). Delivery: four weeks.
Z-Communications Inc., 
San Diego, CA (858) 621-2700,
www.zcomm.com.

RS No. 248

NEW PRODUCTS

MICRO-ADS
Visit http://mwj.hotims.com/7963-(RS#)

RS 36

RS 61

RS 49
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SUBSYSTEM
■ Custom Multi-function

Assemblies
This series of custom multi-function assem-
blies (MFA) is designed for RF power distribu-

tion applications.
These particular
MFAs provide in-
put filtering, am-
plification using
GaAs MMIC de-
vices, digitally
controlled attenu-

ation, and temperature compensated power
distribution of incoming RF signals amongst
eight output ports. Limiters and equalizers are
incorporated onto each signal path to provide
flat output power response vs. frequency, and
particular care has been taken in the design to
provide stringent phase matching and tracking
performance. Multiple models have been de-
veloped to accommodate multi-octave band-
widths within the 0.5 to 18 GHz range, making
them ideally suited for electronic surveillance
and signal intelligence (SIGINT) applications.
Each model is hermetically sealed and works
over the complete military operating range of
–55° to +85°C.
Endwave Defense Systems, 
Sunnyvale, CA (408) 522-3180,
www.endwave.com.

RS No. 249

TEST EQUIPMENT
■ Spectrum Analyzer

The 9100 spectrum analyzer series provide fea-
tures such as a frequency range from 100 kHz
to 4 GHz, RBW of 100 Hz to 1 MHz and VBW
of 10 Hz to 1 MHz. With the displayed average
noise level of –135 dBm (typ., RBW = 1 kHz,
attn. = 0 dB), or additional power measurement
capabilities like channel power, ACPR and
OBW, this series can claim a leading position in
the market of portable spectrum analyzers. A
standard TCP/IP interface permits to not only
exchange measured data ultra-fast, but also al-
lows remote control of the spectrum analyzer
from any place in the world over a domain net-
work.
Boonton Electronics, 
Parsippany, NJ (973) 386-9696,
www.boonton.com.

RS No. 250

■ EDA Products and Capabilities
This complete set of EDA products and capa-
bilities enable the mainstreaming of System-in-
Package (SiP) IC design. This solution address-
es the limitations inherent in the current “ex-
pert engineering” approach to SiP design by
providing an automated, integrated, reliable
and repeatable process to meet the escalating
demand for wireless and consumer products.
New products include the Cadence® Radio
Frequency SiP Methodology Kit, two new RF
SiP products, Cadence SiP RF Architect and
Cadence SiP RF Layout, and three new Digital
SiP products, Cadence SiP Digital Architect,
Cadence SiP Digital SI and Cadence SiP Digi-
tal Layout.
Cadence Design Systems Inc., 
San Jose, CA (408) 943-1234,
www.cadence.com.

RS No. 251

■ Noise Generator

The model NW2.7G-HP-MI is a manual high
power output noise generator that features
broadband frequency coverage from 10 MHz
to 2.7 GHz. Power out is +30 dBm and the unit
features a flatness of ±2.5 dB. This model op-
erates from standard line voltages. Applications
for the instrument include system and compo-
nent wireless testing, signal simulation, CATV
and VSAT testing as an economical source for
bit error rate telecommunication testing. The
high power output and broadband coverage al-
low the unit to be used in multiple applica-
tions, supplying high power levels into even
narrow bandwidths.
NoiseWave Corp., 
East Hanover, NJ (973) 386-1119,
www.noisewave.com.

RS No. 253

■ Upgradeable Probe System
The BlueRay™ probe system, a high-through-
put wafer prober capable of testing up to 

70,000 dies per
hour, can now be
upgraded from a
semiautomatic to
a fully-automated
probe station in
the field. This is
achieved by
docking a wafer-
handling robot,
which then han-
dles all wafers au-
t o m a t i c a l l y .
Docking and un-
docking is quick

and done on site, reducing downtime to a min-
imum. In addition, the test platform can now
remain constant from ramp-up to production,
which minimizes changeover costs and capital
investments.
SUSS MicroTec Test Systems GmbH, 
Sacka bei Dresden, Germany 
+49 35240 73-0, www.suss.com.

RS No. 254  

NEW PRODUCTS

MICRO-ADS
Visit http://mwj.hotims.com/7963-(RS#)

RS 4

RS 62

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

FREE
Product Information

Now Available Online
at

Info Zone
The new Web-based product information system

From

Just visit 
mwjournal.com/info

and enter the RS number from the ad 
or editorial item 

or 
request information by company name 

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

Personal

Probe

Station

Personal

Probe

Station

J micro  Technology

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

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

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

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

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

•Test wafers, microstrip packages and surface mount components•

J microTechnology
3744 NW Bluegrass Pl

Portland, OR 97229
(503) 614-9509

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

Very Low Cost

High Function

A  P r o b e  S t a t i o n  O n  E v e r y  B e n c h
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IEEE MTT-S
INTERNATIONAL MICROWAVE SYMPOSIUM

Microwaves Across the Pacific

June 3–8, 2007
Honolulu, Hawaii
www.ims2007.org

Call for Papers
The IEEE MTT-S International Microwave Symposium 2007 (IMS 2007) will be
held in Honolulu, Hawaii, Sunday, June 3 through Friday, June 8, 2007 as the
centerpiece of Microwave Week 2007. Technical papers describing original work in
research, development, and application of RF and microwave theory and
techniques are solicited.

Microwave Week 2007: The IMS 2007 technical sessions will run from Tuesday
through Thursday of Microwave Week. Workshops will be held on Sunday,
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 during Microwave Week 2007.

Electronic Paper Submission: Technical papers for this symposium must be
submitted via the IMS 2007 website, www.ims2007.org. Complete information on
how to submit a paper and register for the conference, as well as other important
information, can be found at the IMS 2007 website.

Proposals Invited: Workshop (Tutorial through Expert level), Special Session
(Focused and Honorary), and Panel/Rump Session proposals are invited. To
suggest topics, or to volunteer to help organize or participate in a Workshop,
Special Session, or Panel Session, contact the appropriate committee member
listed on this page.

The Hawaiian Islands are a world-renowned visitor destination with many activities
for you and your family to enjoy. Snorkel among tropical fish at Hanauma Bay.
Learn to surf at Waikiki Beach. Golf at one of more than 80 courses and world-
class resorts. Explore fiery lava flows on the Big Island. Hike through lush
rainforests on Kauai. Cruise down a Maui volcano on a mountain bike. Many of
these and other historical Hawaiian cultural activities will be part of our guest
program. For more information in several languages, visit www.gohawaii.com

Electronic Submission Deadlines
Proposals for short courses, workshops, panels, and special sessions:
Manuscripts for Review:
Final Manuscripts:
All submissions must be made through the IMS 2007 portal:

September 15, 2006
December 1, 2006

March 1, 2007
www.ims2007.org

General Co-Chairs
Wayne Shiroma
University of Hawaii
shiroma@ieee.org

Michael DeLisio
Wavestream Corporation
delisio@ieee.org

Technical Program
Tatsuo Itoh (Chair)
UCLA
t.itoh@ieee.org

Yuanxun Ethan Wang (Vice Chair)
UCLA
yewang@ieee.org

Olga Boric-Lubecke (Vice Chair)
University of Hawaii
olga@ieee.org

Workshops
Yi-Chi Shih
MMCOMM Inc.
yc.shih@ieee.org

Interactive Forum
Eric Bryerton
Natl Radio Astronomy Observatory
bryerton@ieee.org

Panel Sessions
John Cowles
Analog Devices
john.cowles@analog.com

Publications
Debabani Choudhury
Intel Corporation
debabani@ieee.org

Electronic Paper Management
Jon Hacker
Rockwell Scientific Co.
jbhacker@ieee.org

Operations
Wen Phan
Northrop Grumman
wen.phan@ngc.com

Finance
Ed Rezek
Northrop Grumman
e.rezek@ieee.org

Visa Assistance
Zaher Bardai
Raytheon
zb@ieee.org

Local Arrangements
Kevin Miyashiro
Trex Enterprises
kmiyashi@ieee.org

Exhibitor Support
Reynold Kagiwada
Northrop Grumman
r.kagiwada@ieee.org

Pacific Rim Coordinator
Victor Lubecke
University of Hawaii
lubecke@ieee.org

ALL SUBMISSIONS MUST BE IN PDF FORM Hard copies not accepted
The authors are responsible for formatting. Font embedding must be IEEE Xplore compatible.

Conference Management
Elsie Cabrera
IEEE Conference Mgmt Services
e.cabrera@ieee.org

Exhibition Management
Harlan Howe
Microwave Journal
hhowe@mwjournal.com

Additional Steering Committee Members: Keith Abe, Derek Ah Yo, Jason Akagi, Justin Akagi, Trevor Bird, Daniel Branch, Joseph
Cardenas, Kendall Ching, Bill Deal, Chad Deckman, Lisa DeLisio, Ky-Hien Do, Timothy Fujishige, Darren Goshi, Cynthia Hang, Jerry Hausner,
Cheryl Ishii, Reece Iwami, Charlie Jackson, Eric Kaneshiro, Shigeo Kawasaki, Hee Kyung Kim, Michael Kim, Kevin Kobayashi, Hiroshi
Kondoh, John Kuno, Kory Kurokawa, Chushiro Kusano, Tom Lambert, Hai-Young Lee, Timothy Lee, Wendy Lee, Kevin Leong, Dorothy Lewis,
Jenshan Lin, Louis Liu, Michael Majerus, Ryan Miyamoto, Karen Miyashiro, Shogo Miyoshi, Blaine Murakami, Geok Ng, Yoshio Nikawa, Aaron
Oki, Ryan Pang, Jeff Pond, Yongxi Qian, Vesna Radisic, Justin Roque, Dave Rutledge, Jim Schellenberg, Arvind Sharma, Sanghoon Shin,
Grant Shiroma, Stacey Shiroma, Chic Shishido, Mansoor Siddiqui, Richard Snyder, Chenyan Song, Noriharu Suematsu, Stephen Sung, Steve
Swift, Bela Szendrenyi, Brandon Takase, Eric Taketatsu, Michael Tamamoto, Tyler Tamashiro, Eduardo Tinoco, Wade Tonaki, Karl Varian,
Monte Watanabe, Jim Weiler, Larry Whicker, Ke Wu, Dale Yee, Huan Chun Yen
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PRODUCT DATA
SHEET

This data sheet
provides detailed
information on
the company’s
precision load
pull system, the
AU2000 series.
This system
provides digital-
l y - c o n t r o l l e d ,
precision elec-
tronic and me-
chanical tuner-
based large signal characterization of semicon-
ductor devices for the RF, microwave and
millimeter-wave industry. 
Auriga Measurement Systems LLC, 
Lowell, MA (978) 441-1117, 
www.auriga-ms.com.

RS No. 200

PRODUCT
SELECTION
GUIDE

This product se-
lection guide
summarizes over
430 products in-
cluding 31 prod-
ucts new for
June 2006. The
guide organizes
the company’s
portfolio by
product line as
well as by mar-
ket applications including: automotive, broad-
band, cellular, microwave and mm-wave, test
and measurement, fiber optic, military and
space. Newly redesigned are dedicated sec-
tions for connectorized modules, designer’s kits
and application circuits. An updated version of
the 2006 Designer’s Guide CD-ROM is also
available.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 201

CD
COMPONENTS
CATALOG

The Summer
2006 full-line
CD components
catalog offers a
comprehensive
display of the
company’s stan-
dard and custom
capabilities. The
CD includes
product specifi-
cations, outline drawings, test data, manufac-
turing flow diagrams and a wide assortment of
technical application notes. 
MITEQ Inc., 
Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 202

FILTER
DATA SHEET

This data sheet
highlights the
company’s newest
filter products for
use in microwave
a p p l i c a t i o n s .
These products
include high per-
formance, low
profile, ceramic
resonator filters
suitable for both
military and com-
mercial markets. The data sheet is available for
download on the company’s site or contact the
company for a hard copy.
Reactel Inc., 
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 203

SELECTION
GUIDE

This selection
guide is designed
for military, aero-
space and COTS
applications. The
catalog features
74 families in a
tabular format
designed in an
easy to use for-
mat to quickly
assist engineers
in choosing a
product. The digest provides detailed informa-
tion about the relays, which include AC, DC
and bi-directional relays with output ranging
from 0.25 to 10 amps, and includes parameters
such as load voltage, load current, ON-state
voltage drop, isolation type, input voltage, oper-
ating temperature, mounting and dimensions.
Teledyne Relays, 
Hawthorne, CA (800) 284-7007,
www.teledynerelays.com.

RS No. 204

TERMINAL
BLOCK CATALOG

This edition of
the BUCHANAN
terminal block
catalog consoli-
dates information
for six major ter-
minal block types
including: Eu-
rostyle, barrier
strips, card edge
terminal blocks,
interface mod-
ules, Europa and
NEMA terminal blocks. This catalog combines a
considerable amount of product information with
helpful part number cross-references.
Tyco Electronics Corp., 
Harrisburg, PA (800) 522-6752,
www.tycoelectronics.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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Named in honor of William Bazzy, founder of
Microwave Journal® the fellowship is open to
graduate students and working engineers to 
promote continued study, research and advance-
ment in the field of RF and microwave engineering.
A $5,000 fellowship will be awarded each spring.

An independent academic panel will select a 
fellowship recipient based on a written proposal of
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Andreas F. Molisch
John Wiley & Sons Ltd. • 668 pages; $75
ISBN: 0-470-84888-X

THE BOOK ENDTHE BOOK END

This book is written for advanced under-
graduate and graduate students, as well as

for practicing engineers and researchers.
Readers are assumed to have an understand-
ing of elementary communication theory, like
modulation/demodulation as well as basic as-
pects of electromagnetic theory. The book is
divided into five parts. The first part, the in-
troduction, gives a high level overview of
wireless communications. The second part
describes the various aspects of wireless
propagation channels. As the propagation
channel is the medium over which communi-
cation happens, understanding it is vital to
understanding the remainder of the book.
The third part of the book deals with the
structure and theory of wireless transceivers.
After a short summary of the components of
an RF transceiver, the different formats that
are used for wireless applications are dis-
cussed. The fourth part then takes into ac-
count the desire to operate a number of wire-
less links simultaneously in a given area. This

so-called ‘multiple access’ problem has a
number of different solutions. The last part of
the book describes standardized wireless sys-
tems. Standardization is critical so that de-
vices from different manufacturers can work
together and systems can work seamlessly
across national borders. The book describes
the most successful cellular wireless stan-
dards, namely GSM (Global System for Mo-
bile Communications), IS-95 and its ad-
vanced form CDMA 2000, as well as Wide-
band CDMA (also known as UMTS). The
most important standard for wireless LANs
— namely IEEE 802.11 — is also described.
A companion web site (www.wiley.com/go/
molisch) contains some material which would
have made the printed version overly bulky.
In particular, the appendices of the various
chapters, as well as supplementary material
on the DECT (Digital Enhanced Cordless
Telecommunications) system, the most im-
portant cordless phone standard, can be
found there.

Wireless Communications

Steve C. Cripps
Artech House • 465 pages; $139, £82
ISBN: 1-59693-018-7

This is the second edition of this book,
where the general flow of the original

book has been kept. There are several new
chapters and nearly all of the original mate-
rial has been updated and extended as ap-
propriate. A new Chapter 4 digs a bit deep-
er into all the things that make PA devices
behave differently at gigahertz frequencies
than at audio. Some of this analysis leads
into another new chapter, Chapter 8, where
an undisguised attempt is made to per-
suade RF designers that transistors do not
behave as switches anymore and the classi-
cal ‘switch’ modes can be approximated us-
ing more conventional RF thinking on im-
pedance and harmonic matching. Modula-
tion and nonlinear effects in PAs are closely
interwoven and both are covered in Chap-
ter 9. The design of bias networks for PAs
has been promoted to chapter status,

Chapter 11. The problems of maintaining
stability and simultaneously minimizing
supply modulation effects can cause as
much difficulty for a PA designer as does
the design of the RF matching networks
and hopefully this new chapter will provide
some useful new insights for the PA practi-
tioner. PA linearization has become a huge
subject and several books have been devot-
ed to it. Chapter 14 has therefore been
carefully limited to an overview, as in the
original edition. Efficiency enhancement
techniques, as in the first edition, are con-
sidered as a separate subject from lineariza-
tion and Chapter 10 is a much extended
and updated treatment of this important
topic. A feature of this second edition is the
inclusion of a CD, which contains most of
the simulation files and some of the Excel
spreadsheets that are used in the text.

RF Power Amplifiers for Wireless Communications: Second Edition

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

The Atrium, Southern Gate
Chichester, West Sussex 

PO19 8SQ, England
+44 1243 779777

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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50 to 2650MHz Freq. POUT Phase  VTUNE Harmonics Current Price 
( MHz) (dBm) Noise* ( V ) (dB) (mA) $ea.

Model No. Min. Max. Typ. Typ. Max. Typ. Max. (1-9 )

ZX95-100 50-100 10.0 -110 17 -33 20 37.95
ZX95-200 100-200 10.0 -106 17 -30 20 37.95
ZX95-400 200-380 10.0 -104 17 -25 21 39.95
ZX95-535 300-520 6.0 -101 17 -25 21 39.95
ZX95-765 485-765 8.0 -98 16 -35 22 40.95

ZX95-1200W 612-1200 10.0 -96 18 -16 30 49.95
ZX95-1410 850-1410 8.0 -101 11 -17 30 44.95
ZX95-1600W 800-1600 9.0 -99 24 -22 35 44.95
ZX95-1700W 770-1700 9.0 -100 24 -25   35 49.95
ZX95-1900V 1450-1900 8.0 -104 20 -20  25 42.95

ZX95-2150VW 970-2150 4.0 -99 25 -22 26 54.95
ZX95-2500 1600-2500 7.5 -91 14 -17 28 46.95
ZX95-2650 2165-2650 5.0 -101 19 -12 25 43.95

*Phase Noise: SSB at 10kHz offset, dBc/Hz.
U.S. Patent Number 6,790,049

VCOs

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

Coaxial

SERIES

Mini-Circuits family of ZX95 voltage controlled oscillators offers a generous
variety of high performance solutions for your instrumentation, test, R&D,
system, lab, and production needs! The series features linear tuning across
each band and exceptionally low noise. Choose from models with octave or
near octave-band tuning, excellent harmonic suppression, low pushing &pulling,
and a wide range of tuning voltages and output powers to suit your particular
application. ZX95 VCOs also employ our patented Unibody construction,
which substantially reduces size and cost while enhancing repeatability.
All models are IN STOCK for "no wait" shipments,
and custom needs will be met with our fast follow-up!
Mini-Circuits…we’re redefining what VALUE is all about!

(L)1.20"x (W)1.18" x(H) 0.46"
Dimensions Include Bracket

from
$37 95

ea. (Qty.1-9)

CIRCLE READER SERVICE CARD

410 Rev 0rg.

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

RF/IF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
TM

®

ISO 9001 ISO14001 CERTIFIED
88

 9M2 FINAL  8/29/06  1:23 PM  Page 187

http://www.minicircuits.com/vco.shtml
http://www.minicircuits.com


188 MICROWAVE JOURNAL ■ SEPTEMBER 2006

A
D

V
E

R
T
IS

IN
G

IN
D

E
X

56 Integra Technologies, Inc.  . . . . . . . . . . . . .102 . . . . . . . . . . . .310-606-0855 310-606-0865 http://mwj.hotims.com/7963-56
57 Interad Ltd.  . . . . . . . . . . . . . . . . . . . . . . . . .60  . . . . . . . . . . . .757-787-7610 757-787-7740 http://mwj.hotims.com/7963-57
58 International Manufacturing 

Services, Inc.  . . . . . . . . . . . . . . . . . . . .122 . . . . . . . . . . . .401-683-9700 401-683-5571 http://mwj.hotims.com/7963-58
59 Isola Corp. . . . . . . . . . . . . . . . . . . . . . . . . . .169 . . . . . . . . . . . .800-845-2904 http://mwj.hotims.com/7963-59

60,61,62 J microTechnology . . . . . . . . . . . . . . . .176,178,180  . . . . . . . .503-614-9509 503-531-9325 http://mwj.hotims.com/7963-60
64 LNX Corporation  . . . . . . . . . . . . . . . . . . . .112 . . . . . . . . . . . .603-898-6800 603-898-6860 http://mwj.hotims.com/7963-64
65 Lorch Microwave . . . . . . . . . . . . . . . . . . . . .57  . . . . . . . . . . . .800-780-2169 410-860-1949 http://mwj.hotims.com/7963-65
66 MECA Electronics, Inc. . . . . . . . . . . . . . . .144 . . . . . . . . . . . .973-625-0661 973-625-9277 http://mwj.hotims.com/7963-66
67 Messe Munchen International  . . . . . . . . .95,97 http://mwj.hotims.com/7963-67
68 Micon Precise Corp.  . . . . . . . . . . . . . . . . . .58 . . . . . . . . . . .886-2-2917-7528 886-2-2912-1659 http://mwj.hotims.com/7963-68
69 MicroMetrics Inc. . . . . . . . . . . . . . . . . . . . .101 . . . . . . . . . . . .603-641-3800 603-641-3500 http://mwj.hotims.com/7963-69

70,71 Microsemi . . . . . . . . . . . . . . . . . . . . . . . . .90,145  . . . . . . . . . .408-986-8031 408-986-8120 http://mwj.hotims.com/7963-70
72 Microwave Communications 

Laboratories Inc. (MCLI)  . . . . . . . . . .176 . . . . . . . . . . . .800-333-6254 727-381-6116 http://mwj.hotims.com/7963-72
73 Microwave Development Laboratories  . . .44  . . . . . . . . . .781-292-6680/6684 781-453-8629 http://mwj.hotims.com/7963-73
74 Microwave Filter Company, Inc.  . . . . . . . .116 . . . . . . . . . . . .800-448-1666 315-463-1467 http://mwj.hotims.com/7963-74

Microwave Journal . . . . . . . . . . .64,172,180,182,183,189  . . .800-225-9977 781-769-5037 www.mwjournal.com
75 Microwave Solutions, Inc.  . . . . . . . . . . . . . .15  . . . . . . . . . . . .800-967-4267 619-474-4600 http://mwj.hotims.com/7963-75
76 Mimix Broadband, Inc.  . . . . . . . . . . . . . . . .65  . . . . . . . . . . . .281-988-4600 281-988-4615 http://mwj.hotims.com/7963-76

77,78,79, Mini-Circuits  . . . . . . . . . . . . . . . . . . . . .4–5,16,37,
80,81,82,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .47,48,86–87,
83,84,85,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .109,121,135,
86,87,88  . . . . . . . . . . . . . . . . . . . . . . . . . . . .161,173,187  . . . . . . . .718-934-4500 718-332-4661 http://mwj.hotims.com/7963-77

89,90 MITEQ Inc.  . . . . . . . . . . . . . . . . . . . . . .3,20–21  . . . . . . . . . .631-436-7400 631-436-7430 http://mwj.hotims.com/7963-89
91 Molex RF/Microwave 

Connector Division  . . . . . . . . . . . . . . .103 . . . . . . . . . . . .317-834-5600 317-834-5611 http://mwj.hotims.com/7963-91
92 Narda Microwave-East, 

an L3 Communications Co. . . . . . . . . . .6 . . . . . . . . . . . . .631-231-1700 631-231-1711 http://mwj.hotims.com/7963-92
93 Narda Microwave-West, 

an L3 Communications Co.  . . . . . . . . .75  . . . . . . . . . . . .916-351-4500 916-351-4550 http://mwj.hotims.com/7963-93
94 Networks International Corporation  . . . . .100 . . . . . . . . . . . .913-685-3400 913-685-3732 http://mwj.hotims.com/7963-94
95 NoiseWave Corp.  . . . . . . . . . . . . . . . . . . . . .8 . . . . . . . . . . . . .973-386-1119 973-386-1131 http://mwj.hotims.com/7963-95
96 OML Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . .147 . . . . . . . . . . . .408-779-2698 408-778-0491 http://mwj.hotims.com/7963-96
97 Pascall Electronics Limited . . . . . . . . . . . . .46  . . . . . . . . .+44(0) 1983 817300 +44(0) 1983 564708 http://mwj.hotims.com/7963-97
98 Piconics  . . . . . . . . . . . . . . . . . . . . . . . . . . . .92  . . . . . . . . . . . .978-649-7501 978-649-9643 http://mwj.hotims.com/7963-98
99 Picosecond Pulse Labs Inc.  . . . . . . . . . . . .143 . . . . . . . . . . . .303-209-8100 303-447-2236 http://mwj.hotims.com/7963-99
100 Programmed Test Sources, Inc.  . . . . . . .COV 3  . . . . . . . . . .978-486-3400 978-486-4495 http://mwj.hotims.com/7963-100
101 Pulsar Microwave Corporation  . . . . . . . . .110 . . . . . . . . . . . .800-752-3043 973-779-2727 http://mwj.hotims.com/7963-101
102 Radiall  . . . . . . . . . . . . . . . . . . . . . . . . . . .124,142  . . . . . . . . .33-1-49-353535 33-1-48-546363 http://mwj.hotims.com/7963-102
103 Radio Research Instrument Co., Inc.  . . . .174 . . . . . . . . . . . .203-753-5840 203-754-2567 http://mwj.hotims.com/7963-103
104 Reactel, Incorporated . . . . . . . . . . . . . . . . .153 . . . . . . . . . . . .301-519-3660 301-519-2447 http://mwj.hotims.com/7963-104
105 Remcom  . . . . . . . . . . . . . . . . . . . . . . . . . . .163 . . . . . . . . . . . .814-861-1299 814-353-1420 http://mwj.hotims.com/7963-105
106 REMEC Defense & Space  . . . . . . . . . . . . .30  . . . . . . . . . . . .858-560-1301 http://mwj.hotims.com/7963-106
107 Renaissance Electronics Corporation . . . . .26  . . . . . . . . . . . .978-772-7774 978-772-7775 http://mwj.hotims.com/7963-107
108 RF Connectors, Division of RF Industries 58  . . . . . . . . . . . .800-233-1728 858-549-6340 http://mwj.hotims.com/7963-108
109 RF Micro Devices  . . . . . . . . . . . . . . . . . . .105 . . . . . . . . . . . .336-678-5570 336-931-7454 http://mwj.hotims.com/7963-109
110 RFHIC  . . . . . . . . . . . . . . . . . . . . . . . . . . . .114 . . . . . . . . . . .82-31-250-5011 82-31-250-5089 http://mwj.hotims.com/7963-110
111 Richardson Electronics, Ltd.  . . . . . . . . . . .151 . . . . . . . . . . . .800-737-6937 630-208-2550 http://mwj.hotims.com/7963-111
112 RLC Electronics, Inc.  . . . . . . . . . . . . . . . . .23  . . . . . . . . . . . .914-241-1334 914-241-1753 http://mwj.hotims.com/7963-112
113 Rodelco Electronics Corp.  . . . . . . . . . . . . .29  . . . . . . . . . . . .631-981-0900 631-981-1792 http://mwj.hotims.com/7963-113
114 Rogers Corporation  . . . . . . . . . . . . . . . . . . .81  . . . . . . . . . . . .480-961-1382 480-961-4533 http://mwj.hotims.com/7963-114
115 Rohde & Schwarz GmbH  . . . . . . . . . . . . . .55  . . . . . . . . . .+49-1805-124242 +49-89-412913777 http://mwj.hotims.com/7963-115
116 Rosenberger  . . . . . . . . . . . . . . . . . . . . . . .83,124  . . . . . . . . . .+49-8684-18-0 +49-8684-18-499 http://mwj.hotims.com/7963-116
117 RTx Technology Co., LTD.  . . . . . . . . . . . . .76  . . . . . . . . . .82-31-743-6275~7 82-31-743-6278 http://mwj.hotims.com/7963-117
118 S.M. Electronics  . . . . . . . . . . . . . . . . . . . . .117 . . . . . . . . . . . .800-715-4396 972-984-1218 http://mwj.hotims.com/7963-118
119 Sector Microwave Industries, Inc.  . . . . . . .176 . . . . . . . . . . . .631-242-2300 631-242-8158 http://mwj.hotims.com/7963-119
120 Semflex Microwave Solutions  . . . . . . . . . .129 . . . . . . . . . . . .800-778-4401 480-985-0334 http://mwj.hotims.com/7963-120
121 SGMC Microwave  . . . . . . . . . . . . . . . . . . .139 . . . . . . . . . . . .321-409-0509 321-409-0510 http://mwj.hotims.com/7963-121
122 SHF Communication Technologies AG . . .56  . . . . . . . . . .+49 30/ 772 05 10 +49 30/ 753 10 78 http://mwj.hotims.com/7963-122
123 Skyworks Solutions, Inc.  . . . . . . . . . . . . . . .51  . . . . . . . . . . . .781-376-3000 http://mwj.hotims.com/7963-123
124 Spectrum Elektrotechnik GmbH  . . . . . . .107  . . . . . . . . . .+49-89-3548-040 +49-89-3548-0490 http://mwj.hotims.com/7963-124
125 Spinner GmbH  . . . . . . . . . . . . . . . . . . . . . .123  . . . . . . . . . .+49 89 12601-257 +49 89 12601-287 http://mwj.hotims.com/7963-125
126 Stealth Microwave, Inc. . . . . . . . . . . . . . . . .35  . . . . . . . . . . . .888-772-7791 609-538-8587 http://mwj.hotims.com/7963-126

RS NO. ADVERTISER PAGE NO. PHONE FAX WEB ADDRESS

 9M2 FINAL  8/29/06  1:23 PM  Page 188

http://mwj.hotims.com/7963-56
http://mwj.hotims.com/7963-57
http://mwj.hotims.com/7963-58
http://mwj.hotims.com/7963-59
http://mwj.hotims.com/7963-60
http://mwj.hotims.com/7963-64
http://mwj.hotims.com/7963-65
http://mwj.hotims.com/7963-66
http://mwj.hotims.com/7963-67
http://mwj.hotims.com/7963-68
http://mwj.hotims.com/7963-69
http://mwj.hotims.com/7963-70
http://mwj.hotims.com/7963-72
http://mwj.hotims.com/7963-73
http://mwj.hotims.com/7963-74
http://www.mwjournal.com
http://mwj.hotims.com/7963-75
http://mwj.hotims.com/7963-76
http://mwj.hotims.com/7963-77
http://mwj.hotims.com/7963-89
http://mwj.hotims.com/7963-91
http://mwj.hotims.com/7963-92
http://mwj.hotims.com/7963-93
http://mwj.hotims.com/7963-94
http://mwj.hotims.com/7963-95
http://mwj.hotims.com/7963-96
http://mwj.hotims.com/7963-97
http://mwj.hotims.com/7963-98
http://mwj.hotims.com/7963-99
http://mwj.hotims.com/7963-100
http://mwj.hotims.com/7963-101
http://mwj.hotims.com/7963-102
http://mwj.hotims.com/7963-103
http://mwj.hotims.com/7963-104
http://mwj.hotims.com/7963-105
http://mwj.hotims.com/7963-106
http://mwj.hotims.com/7963-107
http://mwj.hotims.com/7963-108
http://mwj.hotims.com/7963-109
http://mwj.hotims.com/7963-110
http://mwj.hotims.com/7963-111
http://mwj.hotims.com/7963-112
http://mwj.hotims.com/7963-113
http://mwj.hotims.com/7963-114
http://mwj.hotims.com/7963-115
http://mwj.hotims.com/7963-116
http://mwj.hotims.com/7963-117
http://mwj.hotims.com/7963-118
http://mwj.hotims.com/7963-119
http://mwj.hotims.com/7963-120
http://mwj.hotims.com/7963-121
http://mwj.hotims.com/7963-122
http://mwj.hotims.com/7963-123
http://mwj.hotims.com/7963-124
http://mwj.hotims.com/7963-125
http://mwj.hotims.com/7963-126


FREE
Product Information

Now Available Online
at

Info Zone
The new Web-based product information system

from

Just visit
mwjournal.com/info

and enter the RS number from
the ad or editorial item 

or 
request information by company

name or product category

It’s Easy

It’s Fast

It’s FREE

GET IN THE ZONE!

 9M2 FINAL  8/29/06  1:24 PM  Page 189

http://mwjournal.com/info


190 MICROWAVE JOURNAL ■ SEPTEMBER 2006

RS NO. ADVERTISER PAGE NO. PHONE FAX WEB ADDRESS

127 Storm Products Company  . . . . . . . . . . . . .127 . . . . . . . . . . . .630-754-3300 630-754-3500 http://mwj.hotims.com/7963-127
128 StratEdge Corporation  . . . . . . . . . . . . . . . .74  . . . . . . . . . . . .858-569-5000 858-560-6877 http://mwj.hotims.com/7963-128
129 Swift & Associates . . . . . . . . . . . . . . . . . . . .133 . . . . . . . . . . . .818-989-1133 818-989-4784 http://mwj.hotims.com/7963-129

130,131,132 Synergy Microwave Corporation  . . . . .53,115,177 . . . . . . . . .973-881-8800 973-881-8361 http://mwj.hotims.com/7963-130
133 Tampa Microwave  . . . . . . . . . . . . . . . . . . .106 . . . . . . . . . . . .813-855-2251 http://mwj.hotims.com/7963-133
134 Tektronix, Inc.  . . . . . . . . . . . . . . . . . . . . . . .61 http://mwj.hotims.com/7963-134
135 Tensolite . . . . . . . . . . . . . . . . . . . . . . . . . . . .13  . . . . . . . . . . . .800-458-9960 904-829-3447 http://mwj.hotims.com/7963-135
136 Thales MESL Ltd.  . . . . . . . . . . . . . . . . . . .108  . . . . . . . .+44 (0) 131 333 2000 +44 (0) 131 333 3607 http://mwj.hotims.com/7963-136
137 Tiger Micro-Electronics Institute  . . . . . . .128  . . . . . . . . . .+86-28-66070208 +86-28-66070496 http://mwj.hotims.com/7963-137
138 Trilithic Inc.  . . . . . . . . . . . . . . . . . . . . . . . . .50  . . . . . . . . . . . .800-874-5484 317-895-3612 http://mwj.hotims.com/7963-138
139 TriQuint Semiconductor, Inc.  . . . . . . . . . . .59  . . . . . . . . . . . .503-615-9000 503-615-8900 http://mwj.hotims.com/7963-139
140 TRM, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . .84  . . . . . . . . . . . .603-627-6000 603-627-6025 http://mwj.hotims.com/7963-140
141 Universal Microwave 

Components Corporation  . . . . . . . . . .174 . . . . . . . . . . . .703-642-6332 703-642-2568 http://mwj.hotims.com/7963-141
142 Universal Microwave Corporation . . . . . . .131 . . . . . . . . . . . .877-862-9873 http://mwj.hotims.com/7963-142
143 UTE Microwave Inc.  . . . . . . . . . . . . . . . . .165 . . . . . . . . . . . .732-922-1009 732-922-1848 http://mwj.hotims.com/7963-143
144 Vectron International  . . . . . . . . . . . . . . . . . .7 . . . . . . . . . . .1-88-VECTRON1 888-FAX-VECTRON http://mwj.hotims.com/7963-144
145 Waveline Inc.  . . . . . . . . . . . . . . . . . . . . . . .154 . . . . . . . . . . . .973-226-9100 973-226-1565 http://mwj.hotims.com/7963-145
146 Weinschel Associates  . . . . . . . . . . . . . . . . . .36  . . . . . . . . . . . .877-948-8342 301-963-8640 http://mwj.hotims.com/7963-146
147 Werlatone, Inc. . . . . . . . . . . . . . . . . . . . . .COV 4  . . . . . . . . . .845-279-6187 845-279-7404 http://mwj.hotims.com/7963-147
148 Win Semiconductors Corp.  . . . . . . . . . . . .119 . . . . . . . . . . . .310-530-8485 310-530-8499 http://mwj.hotims.com/7963-148
149 Winchester Electronics  . . . . . . . . . . . . . . . .38  . . . . . . . . . . . .203-741-5400 203-741-5500 http://mwj.hotims.com/7963-149
150 WV Communications  . . . . . . . . . . . . . . . . .171 . . . . . . . . . . . .805-376-1820 805-376-1840 http://mwj.hotims.com/7963-150
151 Z~Communications, Inc.  . . . . . . . . . . . . . .137 . . . . . . . . . . . .858-621-2700 858-621-2722 http://mwj.hotims.com/7963-151
152 Zeland Software, Inc.  . . . . . . . . . . . . . . . . .167 . . . . . . . . . . . .510-623-7162 510-623-7135 http://mwj.hotims.com/7963-152

Network-centric Warfare and Information
Dominance

Airborne X-band Frequency Synthesizer Design

Simple and Complex Frequency Converter
Architectures

OCTOBER 2006
ISSUE

Visit Microwave Journal on the Web at www.mwjournal.com
Visit mwjournal.com/info and enter RS# to request information from our advertisers

CARL SHEFFRES, PUBLISHER KEN HERNANDEZ, TRAFFIC ADMINISTRATOR

SALES REPRESENTATIVES

Eastern and
Central Time Zones
Chuck Curley
Eastern Reg. Sales Mgr.
685 Canton Street
Norwood, MA 02062
Tel: (781) 769-9750
FAX: (781) 769-5037
ccurley@mwjournal.com

Michael Hallman
Eastern Reg. Sales Mgr.
4 Valley View Court
Middletown, MD 21769
Tel: (301) 371-8830
FAX: (301) 371-8832
mhallman@mwjournal.com

Eastern and
Central Time Zones
Ed Johnson
Associate Publisher
PO Box 5962
Ocala, FL 34478-5962
Tel: (352) 620-2442
FAX: (352) 620-2443
ejohnson@mwjournal.com

Pacific and
Mountain Time Zones
Wynn Cook
Western Reg. Sales Mgr.
PO Box 23200
San Jose, CA 95153
Tel: (408) 224-9060
FAX: (408) 224-6106
wcook@mwjournal.com

International Sales
Richard Vaughan
International Sales Manager
Tel: +44 207 596 8742
rvaughan@horizonhouse.co.uk

Michel Zoghob
Deputy Publisher
Tel: +44 207 596 8741
mzoghob@horizonhouse.co.uk

46 Gillingham Street
London SW1V 1HH, England
Tel: +44 207 596 8740
FAX: +44 207 596 8749

Germany, Austria, 
and Switzerland
(German-speaking)
Juergen Wissling
Wissling Marketing Services
Riedstrasse 5
72813 St. Johann-Wuertingen
Germany
Tel: +49 7122 828140
FAX: +49 7122 828145
jwissling@horizonhouse.com

Israel
Oreet Ben Yaacov
Oreet International Media
15 Kineret Street
51201 Bene-Berak, Israel
Tel: +972 3 570 6527
FAX: +972 3 570 6526
obenyaacov@horizonhouse.com

Korea
Young-Seoh Chinn
JES Media International
2nd Floor, ANA Bldg.
257-1, Myungil-Dong
Kangdong-Gu
Seoul, 134-070 Korea
Tel: +82 2 481-3411
FAX: +82 2 481-3414
yschinn@horizonhouse.com

Singapore
Hoong-Mun Koo
Publicitas
02-01 Wellington Bldg.
20 Bideford Road
Singapore 229921
Tel: +65 6836 2272
FAX: +65 6735 9653

ED JOHNSON, ASSOCIATE PUBLISHER

A
D

V
E

R
T
IS

IN
G

IN
D

E
X

 9M2 FINAL  8/29/06  1:24 PM  Page 190

http://mwj.hotims.com/7963-127
http://mwj.hotims.com/7963-128
http://mwj.hotims.com/7963-129
http://mwj.hotims.com/7963-130
http://mwj.hotims.com/7963-133
http://mwj.hotims.com/7963-134
http://mwj.hotims.com/7963-135
http://mwj.hotims.com/7963-136
http://mwj.hotims.com/7963-137
http://mwj.hotims.com/7963-138
http://mwj.hotims.com/7963-139
http://mwj.hotims.com/7963-140
http://mwj.hotims.com/7963-141
http://mwj.hotims.com/7963-142
http://mwj.hotims.com/7963-143
http://mwj.hotims.com/7963-144
http://mwj.hotims.com/7963-145
http://mwj.hotims.com/7963-146
http://mwj.hotims.com/7963-147
http://mwj.hotims.com/7963-148
http://mwj.hotims.com/7963-149
http://mwj.hotims.com/7963-150
http://mwj.hotims.com/7963-151
http://mwj.hotims.com/7963-152
http://www.mwjournal.com
http://mwjournal.com/info
mailto:ccurley@mwjournal.com
mailto:mhallman@mwjournal.com
mailto:ejohnson@mwjournal.com
mailto:wcook@mwjournal.com
mailto:rvaughan@horizonhouse.co.uk
mailto:mzoghob@horizonhouse.co.uk
mailto:jwissling@horizonhouse.com
mailto:obenyaacov@horizonhouse.com
mailto:yschinn@horizonhouse.com


$

for synthesizers
from PTS, you don’t
even have to ask,
all our technical information, (web,

catalog, data sheets) shows

the price of our units.  PTS produces

fast switching, low noise 

synthesizers with the best

performance/price ratio on the

market.   Our total installed base, 

first in the ATE industry, confirms

this fact.

Are there products out there that

have even better performance?

Absolutely.  If you have to ask how

much those cost...we think you 

know the story...

If you should need information on

our products, you’re free to ask.  We

shall gladly answer your questions

about specs and price.

If you have to ask how much it costs.....  

INDUSTRY’S LARGEST INSTALLED BASE

synthesized

LO sources

with:

� crystal control
� ultra-low phase noise
� µs-switching
� multi-octave coverage
� fine resolution
� 0.1 MHz - 3.2 GHz

PTS HAS MANY DIFFERENT MODELS

you can afford it

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road
Littleton, MA 01460

Tel: 978 486-3400
Fax: 978 486-4495
http://www.programmedtest.com
e-mail: sales@programmedtest.com

PROGRAMMED TEST SOURCES, INC.

Covers 1-4 Texterity  8/31/06  2:43 PM  Page C3

http://www.programmedtest.com
mailto:sales@programmedtest.com


Covers 1-4 Texterity  8/31/06  2:43 PM  Page C4

http://www.werlatone.com

	Table of Contents
	Features
	Cover Feature
	The Current State of Technology and Future Trends in Wireless Communications and Applications

	Technical Features
	Coupled Line Noise in High Sensitivity RF Receiver Circuits
	Distortion Inherent to VNA Test Port Cable Assemblies
	RF Power Detection: Measuring WiMAX Signals
	Novel Low Pass Filters Using a Defected Microstrip Structure
	Low Voltage Operation of GaAs Power Amplifiers

	Tutorial
	Accurate Simulation of an X-band Frequency Synthesizer

	Product Features
	A Broadband I/Q Modulator for Broadband Radio Designs
	High Performance 28 V InGaP HBT Power Amplifiers
	Signal Generator Family Enhanced with Low Phase Noise, High Power and 70 GHz Coverage


	Departments
	Ask Harlan
	Coming Events
	Workshops &amp; Courses
	Defense News
	International Report
	Commercial Market
	Around the Circuit
	Web Update
	New Products
	New Literature
	The Book End
	Ad Index
	Sales Reps




