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Noisecom’s random and deterministic noise generators The latest J7000A instruments provide combined Rj and Dj

put you in total control of your signal-to-noise ratio output for all your compliance test requirements including:
(SNR) when measuring eye closure and BER. The latest

generation of Serial Data compliance standards require * PCl Express

noise immunity testing as part of the solution, and an impor- e USB

tant part of that testing is repeatability. High performance * 10 Gigk

attenuators provide repeatable eye closure, while maintain- e SATA

ing wide dynamic range that allow high crest factor output

to emulate rare events. Optional filters are available that For more information visit us at noisecom.com/J7000

shape the noise profile for use with multiple standards. orcall +1 973-386-9696.

% Wireless Telecom Group Noisecom

Boonton Microlab Noisecom Willtek
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Broadband RF and Microwave

FEATILRES:
e MIC Technology
e High Snns:it:hrit;y' .
e Rise Times as,fast
as 1.5 ns .
e Small Size

]

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

are available. " :
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MODEL FREQUENCY  DYNAMIC TANGENTIAL VIDEO  RISE FALL RECOVERY
| NUMBER RANGE RANGE SENSITIVITY FLATNESS TIME TIME TIME
[MHz] [dBm] [dBm] [dB] [ns]  [ns] [ns]
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MLS-375/250-70 250 to 500 -70to 0
MLS-550/500-70 300 to 800 -70t0 0
MLS-1000/500-70 750 to 1250 -70to 0
MLS-2000/1000-70 1500 to 2500 -67 to +3
MLS-3000/2000-70 2000 to 4000 -70to 0
MLS-5000/2000-65 4000 to 6000 -60 to +5
MLS-6000/4000-60 4000 to 8000 -55to +5
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100 Davids Drive, Hatippauge, NY 11788,
(631) 436-7400 FAX: (631) 436-7430
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noV 2kHz 1018 GHz .1 79°

THE INDUSTRY’S LARGEST SELECTION Mini-Circuits offers thousands of power
splitters/combiners for applications from 2 kHz to 18 GHz and with power handling as
high as 300 watts. Choose from coaxial, flat-pack, and surface-mount housings, for 50 Q
and 75Q applications. The industry’s largest selection includes 2-way through
48-way power splitters/combiners in 0°, 90°, and 180° configurations, with outstanding
performance in terms of insertion loss, VSWR, amplitude unbalance, and phase
unbalance. All models are characterized with detailed data and performance curves,
available at the touch of a button using Mini-Circuits advanced Yoni2 search
engine. These low-cost, off-the-shelf power splitters/combiners are available
immediately, and backed by Mini-Circuits 1year guarantee. But if your application
calls for a custom unit, our development team will meet or exceed your requirements
quickly and cost-effectively. Contact Mini-Circuits today, for the industry’s largest
selection of power splitters/combiners. RoHS Compfiant

0 omplian

Mini-Circuits... Your partners for success since 1969 Product availability is

listed on our website.

ANNIVERSARY
1969-2009 1SO 9001 I1SO 14001 AS9100 CERTIFIED
5' ’?W P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
L d!f The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see_l':#r“(L

o IF/RF MICROWAVE COMPONENT. 248 10 G
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Low Phase Noise, High Stability

Utilizing Vectron’s Patented QRM Crystal Technology; the OX-042 achieves
0.2 ppb/g G-Sensitivity performance

The OX-042 is the first in a series of low g-sensitivity oscillators that are being released by Vectron, The OX-42
series OCX0 is designed to meet today's environmental requirements for low g OCX0's for use in Radar,
Tactical and Airborne applications. The OX-042is available with a standard low g crystal, capable of 2ppb/g
or with the Vectron patented QRM crystal, capable of 0.2ppb/g. The OX-042 offers two mounting styles with
PCE or Chassis mounting available,

Applications Additional Features
® Military ® Low G-Sensitivity
® Radar ® Low Phase Noise
® Test Equipment ® High Stability
® Frequency Synthesizers ® SC-Cut Crystal Standard
® Position Location ® Vectron's Patented QRM Crystal Technology
® Satellite Communications {US Patent 6,984,925)
® Frequency Range: 3 MHz to 20 MHz

For more information on the new 0X-042 or any Vectron products, please contact a customer service representative
at 1-B8-VECTRON-1 or visit www.vectron.com

Helping Customers

Innovate, Improve & Grow
With over 50 years of experience, we are the leader in providing frequency control and
hybrid solutions to our customers around the world. Our innovative approach to V EQTH QN

design and manufacture has resulted in the most advanced product offering of any mlgll INTERMNATIOMNAL
Frequency Contral Supplier in the world. - 2 - noven) cossrasy

Precision Timing Solutions
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1. assured reliance on the character, Hbiliri-',
strength, or truth of someone or something

2. one in which confidence is placed

@ MICROWAVE

B BOVIE | COMPANET

We understand the meaning of trust
and realize that it is not a game.
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NoiseWave your supplier
of high quality, precise
equipment for AWGN.
Experience the new
wave in Noise, contact
NoiseWave today!

NoiseWave Corp.
SE Phone (973) 386-1119
Fax (973) 386-1131
/-Te\'/ egarcia@noisewave.com

he new i
Wavg j, \o/SE www.noisewave.com
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Measure With Confidence!

Using Maury’s Automated Test & Measurement Solutions!

Maury’'s MT910 series Automated Mobile Test System software (AMTSv1.0)
enables load pull impedance testing of cell phone transmit and receive mode
performance under simulated non-ideal (non-50£2) enwronmental conditions.

Powered b,

Version 1.0
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Graphical Representations of Typical TX (feft] and RX (right} Resuits

Maury Load Pull Plus NVNA Yields Maury is Teamed with Agilent Maury's Ultra-Fast Noise Fmﬂe:
Enhanced X-Parameters for development of breakthrough o wemes : Method
for PA Deslgusiiggl gt test & measurement e s i

' r ST s £

\_) Contact our Sales Department

for the latest information about
these and other exciting

test and measurement

HH:"““‘-u_ = ’_ i hﬂﬂ"l l-ﬂf?ﬂ 5"’“1 Models solutions! Over 100 Times Faster -
= Without the Modeling Effort! Than The Old Method!

MALIRY ‘55 Agilent Technologies 2900 Inland Empire Blvd., Ontario, California 91764 « USA
R CTREANRIION. it Tel: 909-967-4715 + Fax: 08-087-1112 » Email: maury@maurymw.com

On The Web at MAURYMW.COM
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16 william Bazzy: 1920-2009
Carl Sheffres, Microwave Journal Publisher

A look back at the legacy of William Bazzy, the man who co-founded Microwave Journal more than 50 years ago

COVER FEATURE
24 Supporting the Warfighter: Adapting to the Changing Paradigm of the Defense Market

Jeremy Wensinger, Cobham Defense Systems

Ways in which solution providers and military users must collaborate to sustain and support national defense interests

MVP: MOST VALUABLE PRODUCT

40 The Firstin a Family of Versatile High Power GaN Transistors
RFMD

Introduction to a portfolio of gallium nitride unmatched power transistors ranging in power from 30 to 120 W

TUTORIAL

62 Automating Radar Measurement Tasks throughout the Lifecycle of a Radar System
Darren McCarthy, Tektronix Inc.

Use of automated signal generation and test software in helping engineers establish reliable and repeatable measurements
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76 Performance Improvement of Power Amplifiers Using an Asymmetrical Spurline Structure

Haiwen Liu, East China Jiaotong University; Fu Tong, Chinese Academy of Sciences

Introduction to an asymmetrical spurline structure used to reduce the higher harmonics of microwave power amplifiers
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AWR

Spawning new ideas and getting
them to market fast are the mark
of innovative companies. So we're
happy that customers tell us they
I : more than double their productivity
C ea S C: POW with today’s Microwave Office® design
| — ,
environment. ACE™ automated

n
fas l 'EI \ I I l circuit extraction cuts interconnect

. modeling to seconds. AXIEM™ 3D
th e PI c ht planar EM reduces most EM cycle
-— times by a factor of 10. Plus our
. open framework means everything
e nVI PO r] I I Ie nt is in the same workflow so there’s
no jumping in and out of different
tools. It means shorter turnarounds

and less hectic deadlines too. Grab
a test copy at awrcorp.com/MWO.

Advancing the MICROWAVE

wireless revolut on™
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A Compact, Omni-directional, Circularly Polarized Microstrip
Antenna

Jian An, Guang-ming Wang, Chen-xin Zhang and Hui-yong Zeng,

Air Force Engineering University

Presentation of an omni-directional, circularly polarized antenna using a zero-
order resonator with arc-shaped stubs

A Small Size, High Gain Antenna for Wireless Base Station

Applications

Debatosh Guha, University of Calcutta; Yahia M.M. Antar, Royal Military
College of Canada; P. Beland and M. Roper, Spotwave Wireless Inc.

Demonstration of a single-element high gain microstrip antenna operating over
a wireless band covering eight percent impedance bandwidth

A Compact Planar Monopole Antenna for Ultra-wideband
Operation

Jinwoo Jung and Yeongseog Lim, Chonnam National University; Hyeonjin Lee,
Dongkang College

Proposed use of a planar monopole antenna with a subminiature version A
connector for ultra-wideband operation

PRODUCT FEATURES
Switchable W-CDMA Power Amplifier Modules Supporting LTE
Mitsubishi Electric Corp.

Design of a series of power amplifier modules for current and future cell
phone handset applications

Arch Roll Spherical Nearfield Scanner

Nearfield Systems Inc.

Development of a spherical scanner designed for wide angle satellite and radar
antenna testing
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MILITARY, AEROSPACE & AVIONICS

Complete RF/Microwave Solutions

Carlisle’s high perfermance connectors, cables and assemblies encompass a wide selection
of sizes, materials and operating frequencies. Contact us for a comprehensive list of
product offerings or custom solutions to meet YOUR unigue application needs.

= (Jur SMP and SSMP* products provide superb isolation and performance and are excellent choices for high frequency, small form factor connectors and assemblies.

= Swept Right Angles allow for superior performance in a tighter package and reduce shock or vibration failures that mitered right anples or semi-rigid assemblies incur,
» Phase Adjusters - Our family of precision coaxial phase adjusters is ideally svited for Electronically Scanned Arrays (ESAs) and other military and space applications.

+ AccuPhase™ low loss phase stable flexible assemblies are optimal for any application where performance and stability at higher frequency ranges is critical.

+ HORFI™ assemblies provide designers the ability to gang multiple RF contacts into a small area and reduce stubbing, especially in blind mate applications.

For more information visit
www.carlisleit.com

phone B66.282.4708
email rf@carlisleit.com
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The latest industry news, product updates, resources and
web exclusives from the editors of Microwave Journal

Free Webinars

Radar Systems

This webinar examines the principles of radar
operations and some common frequency bands,
velocity and range measurements, antennas,
angular resolution, pulse Doppler and a pulse
radar block diagram, along with modern
components and applications.

Sponsored by Rohde & Schwarz
Live webcast: 1/19/2010, 11:00 am (ET)

Fundamentals and Applications of AESA
Radar

Microwave Journal partners with market
analysts, Strategy Analytics in this free
webinar focused on Active Electronically
Scanned Array Radars. An overview of radar
types, applications, signal measurements,
enabling technologies and different systems
will be discussed as well as potential business
opportunities.

Sponsored by Tektronix
Live webcast: 1/28/2010, 11:00 am (ET)

Online Technical Papers

Solutions for Securing Successful First-
pass Component Design: Understanding
X-parameter Nonlinear Measurements
Agilent Technologies Inc.

Optimized Device Design: A
Demonstration of Parameterization,
Optimization and High-performance
Computing with Hardware Accelerated
FDTD

Christopher Penney and Yong Wang, Remcom Inc.

Millimeter-wave Measurements Using
Converters of the R&S ZVA Family
Michael Hiebel, Rohde & Schwarz

Setting Strategies for 4 x 4 Printed Beam
Forming Networks
Leo G. Maloratsky, Aerospace Electronics Co.

14

Executive Interview

Shoiki Nakagawa, Division
Manager of Semiconductor
European Business Group at
Mitsubishi Electric Europe,
outlines the company’s evolution
from its inception in 1921,

the Seven Guiding Principles
that underpin its operation,
environmental issues and how
breakthrough technologies are identified and
developed.

Expert Advice

Mike Lincoln of TriQuint
Semiconductor discusses the
advantages of GaN RF technology
available through modules and
other packaged products, die-level
devices and foundry services,

the technological alternatives to
GaN and why engineers should '
consider Gallium Nitride for their next design.

EDA Focus

The latest release of Ansoft HFSS™ (v12.1)
introduces a new integral equation solver
option, based on 3-D full-wave method of
moments (MoM) for large-scale, open, radiating
and scattering simulations required by aircraft
system integrators interested in antenna
placement or radar cross section (RCS) studies.

Join Us

(direct links at www.mwjournal.com)

in

LinkedIn Group “RF and Microwave
~ Community”

Facebook Microwave Journal Fan Page

Follow us on Twitter

@mwjournal, @pathindle and @KAatMWJ
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Their sites have search engines.
Ours has a tind engine.

; Coilcraft Inductor Finder

File Edit Wiew Favorites Tools  Help

Coileraft

O P

SER1360-152 = D 0024
LPS5015-182 SM 5 1.8 0.0780
LP54414-182  SM 5 1.8 0.0870
1005P5-152 Shl ) 1.8 0.0%00
LPS3015-182  SM 5y 1.8 0.1000
LES3010-182 5™ 5 1.8 0.1500
OB05PS-152 Shl 3 1.8 0.5400
1008L3-182 Shd 1.8 0.8400
OB03LE-152 = 18 1.1000

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

But Coilcraft’s web site is different.

In seconds, our Inductor Finder will show
you all the parts that meet your electrical and
size requirements. You can sort the results
by your most important parameters. Compare

oRDER DIRE
Q

O\IERN\G\“
DELIVERY
QRDERBY

Inductor Fmder Results

Sort results 1) [BI¢H

18 0
2.9
29
21
21
i3
0.39

| 1250 580 $0.67
500 150 $0.38
430 1.40 $0.38
381 274 $0.64
300 1.50 $0.38
14 150.0 3.00 300 1.00 $0.38
07 1850 258 2058 1.80 $0.51
06 1700 282 278 203 $0.30
03 800 180 127 1.2 $0.41

pricing. Even analyze the core and winding
losses of up to four different power inductors!
You'll find lots of other design tools to help
you choose the perfect part. And then request
free samples with just a few clicks.
So quit searching for magnetics and start
finding them at www.coilcraft.com!

é www.coilcraft.com 800/322-2645
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WiLLiam Bazzy: 1920-2009

Co-founder of Horizon House Inc./ Microwave Journal

Microwave Journal mourns the
passing last month of William “Leo”
Bazzy, co-founder of Horizon House
Inc. and Microwave Journal, at the
age of 89. Mr. Bazzy was this maga-
zine’s first publisher, and served as
president and chairman of Horizon
House for more than 50 years. He
also founded and served as publisher
of Telecommunications Magazine and
other specialty publications dedicated
to advanced business practices in mul-
timedia communications and wireless
engineering for commercial, civil and
defense industries.

William learned the basics of elec-
trical engineering and wireless com-
munications from the Army Signal
Corps, where he served as a non-
combat engineer during WWII, upon
graduating from high school. After
serving his country, he became an
integral member of WBZ’ radio en-
gineering team. He led the technical
team in the successful launch of WBZ
TV in 1948, a first for New England,
followed by a number of other inno-
vations including live Red Sox games,
in-studio debates featuring future-
President Kennedy, and the area’s
first live daily news. He then worked
for NBC’s parent company RCA and
other manufacturers to draft specifi-
cations in 1956 that became the uni-
versal standard for transmission of
color television.

William left WBZ to found Ho-
rizon House in 1958. By joining in
business with his brother Emil, who
operated a printing press, they raised
$10,000 to launch a new magazine
called Microwave Journal. Ted Saad,
an accomplished microwave engineer
and industry entrepreneur, joined the

16

two as a co-founder and served as the
magazine’s first technical editor. To-
gether, they worked with the IEEE
to establish and grow what is now the
annual exhibition aligned with the
MTT-S International Microwave
Symposium. Horizon House remains
a family owned and operated business,
located in Norwood, MA, the town in
which William spent most of his life,
along with his loving wife Salwa.

In his “Publishers Editorial”, ap-
pearing in the debut issue of Micro-
wave Journal, William wrote: “Our
objective is simply to offer a forum
to the industry and be the means of
communication for the people in this
segment of the electronic field”. The
idea was to create a magazine writ-
ten for and by microwave engineers,
covering not only the rapidly evolving
technology, but also the people and
companies driving that technology.
William took a deep interest in what
was going on throughout the industry,
enjoyed meeting people and build-
ing the long-lasting relationships that
ensured a stable supply of top-notch
contributors and advertising support.
He ended his editorial by saying “...
we hope that this [the Journal] will
enable the industry to keep in touch
with one another, to keep the chan-
nels of communication open for the
benefit of all”.

William could have never imagined
at the time how vastly those channels
of communication would evolve.

For most of the fifty two year his-
tory of Microwave Journal, there was
only one distribution mechanism to
transmit information to readers—the
print publication. Then came the in-
ternet, and it provided our readers

NoOTE FrROM THE PUBLISHER

with the ability to access content not
only via print, but also our websites,
newsletters and webinars. Social me-
dia and blogs have encouraged our
community to interact like never be-
fore. As an example, Microwave Jour-
nal webinars have attracted thousands
of viewers, and the social networks
have added thousands of members.
The channels of communication have
never been more robust.

The magazine continues to evolve,
while adhering to its core mission of
delivering practical design informa-
tion and market analysis to its mi-
crowave engineering audience. This
month’s cover feature on “Support-
ing the Warfighter: Adapting to the
Changing Paradigm of the Defense
Market” from Jeremy Wensinger of
Cobham Defense Systems serves as
an example of how the Journal con-
tinues to be a sounding board for in-
dustry leaders. It also illustrates how
microwave companies continue to
adapt the technology to meet current
demands.

William Bazzy left a legacy that
we're all proud of here at the Journal.
At a time when a fledgling microwave
industry was recovering from the
post-war economic downturn in the
defense sector, he launched a publica-
tion dedicated to the technology, busi-
nesses and entrepreneurs he believed
were poised for great success. Today,
as we face another challenging econo-
my, we're committed to continuing his
legacy and his mission, armed with an
array of communication channels and
poised for continued industry success.

CARL SHEFFRES
Publisher, Microwave Journal
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Technology refresh today and tomorrow.
You have current, legacy and future challenges. The new Agilent PXA
signal analyzer delivers seamless integration now, connects to your past,
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ready test tools in the X-Series, an evolutionary approach to signal analysis
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it will help drive your evolution today—and tomorrow.
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Want a miniature surface mount, shielded plug-in, or rugged
coaxial voltage controlled oscillator with the right stuff
for your project? Contact Mini-Circuits! From custom
designs to standard catalog models always in stock,
we’ll supply extra robust, 100% tested VCO solutions
you need at a price you can afford. Choose from narrow to
broad to octave band widths. Select linear tuning, low
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for a variety of designs and applications. You can
quickly find the model you need using “The YONI2
Search Engine” at the Mini-Circuits web site. Justenter
yourspecifications into YONI2...click...and immediately
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start evaluating suggested VCO solutions using the
actual measured performance data displayed. But
perhaps you need a custom design. Not a problem!
Contact us for our lightning fast response, low prices, and
quick turnaround. Give the competition real competition...
specify Mini-Circuits VCOs!
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Our expanded
S&D Group

offers integrated
solutions for
next-gen systems
like tomorrow’s
AESAs.

For over 40 years, the world’s
primes have relied on Anaren’s
deep microwave engineering

expertise and innovations like
beamforming technology and the
industry’s first DFDs, DRFMs, and
Passive Ranging Subsystems (PRSS).
Now, to help you deliver the multi-
function, multimission solutions of
the future, we proudly introduce the
all-new Anaren Space & Defense Group.

performance
microwave
components

PWBs & PWB s
assemblies

Anaren’s vertically integrated
capabilities are now affording
our customers innovations at
all levels of complexity.

Comprised of Anaren Microwave,
Anaren Ceramics, MS Kennedy, and
Unicircuit - each a longstanding
and respected supplier - our
team now offers a remarkable
talent and technology toolbox in
one seamless, highly innovative,
and refreshingly accessible
organization.

Covering DC to 44GHz, top-level
capabilities include:




Ask Anaren about:

3dB 90° hybrid and 20dB directional couplers now
available covering 0.25 to 6.0GHz in support of
military radio, counter-IED, and other defense
applications - from the company that introduced
the industry’s first, Xinger®-brand multilayer stripline
coupler to the commercial wireless market. Email
space&defensemktg@anaren.com to learn more.

Anaren

What'll we think of next?®

Available from:
Anaren Microwave, Inc.

RF modules

Mil-spec and space-qualified design-to-spec or build-
to-print RF module solutions now available. Choose
from LTCC or metal hermetic packaging - and benefit
from our world-class microwave engineering, testing
resources, and a wide range of advanced manufacturing
techniques (chip & wire, flip chip, BGA, more).

Email sales@mskennedy.com to learn more.

Anaren’

What'll we think of next?®

Available from:
M.S. Kennedy subsidiary

High-precision PWB fabrication

Looking for the next micro-

> Precision building blocks -

high-reliability PWBs, LTCC, wave technology, footprint, per-
high-performance mil-spec formance, or cost breakthrough?
components Email, call, or visit our website
> Modules & assemblies - for our free capabilities overview Mil-spec and space-qualified multilayer PWB solutions
o sl L d hedul . d for CTE constrainment, thermally demanding applications,
ybrid modutes, complex and to schedule an 1ntroductory extreme/unique HDI structures, RF manifolds, and more.
PWB assemblies, IMAs presentation. Capabilities include core-to-core, FEP, and fusion

bonding; embedded components; RF connector attach;
LDI, YAG laser etching, and laser sculpting/profiling;
active cavity; composite and hybrid packages; more.
Email sales@unicircuit.com to learn more.

Anaren’

What'll we think of next?®

> Complex microwave sub-

systems - in support of EW, Anaren®

airborne/ground-based radar, e B e
or communications platforms www.anaren.com > 800-411-6596

Available from:
Unicircuit subsidiary
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SUPPORTING THE
WARFIGHTER; ADAPTING TO
THE CHANGING PARADIGM
OF THE DEFENSE MARKET

fense companies. Department of Defense

(DoD) budgets are under greater scrutiny,
and pressure is mounting to reduce spending
and change the way the US military does busi-
ness. Yet new requirements and increasing de-
mands are placed on the military every day, and
the Global War on Terrorism continues into its
eighth year. As a result, there is just not enough
funding or resources to do everything that is
being asked of our military. As the DoD formu-
lates its plans to address these challenges, our
business environment is becoming fundamen-
tally different and increasingly complex.

I submit that these fundamental changes
requ1re each company to assess how we will
adapt to meet rapldly evolving
customer needs. It is a risky
business situation, but some real
trends are emerging to help us
understand how to change the
way we operate. We must make
some “course heading” vector
corrections in order to provide
the most-affordable, best-tech-
nology and value-added solu-
| tions to meet DoD require-
ments.

It is a whole new world out there for de-

This article explores these issues and their
implications for defense programs, procure-
ment policies and the way we suppliers must
move forward. It sets the stage by looking at
key economic issues framing the debate. It dis-
cusses changing priorities in defense spending
and procurement and explores the paradigm
shifts in modern warfare that drives DoD
thinking about fighting in new environments. It
looks at the emergence of the complex Battle-
field of the Future, which is all about the net-
worked warfighter. It also outlines the need for
advanced sensors, net-centric operations, tac-
tical communications and electronic warfare,
which give the warfighter the 360° Mission
Perspective necessary to meet the challenges
of the modern and future battlefield. It evalu-
ates issues central to the warfighter’s needs,
discusses implications for RF and microwave
technology and our industry, and suggests how
we must adapt to satisfy customer needs. It also
shares some of our own Cobham Defense Sys-
tems insights and plans for growth and success
by providing best-value solutions to assist the
warfighter.

JEREMY WENSINGER
Cobham Defense Systems, Washington, DC
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SPDT & DPDT

RLC has the standard and custom
design solutions vou’re looking for.

RLC Electronics’ electromechanical waveguide switches offer a compact design utilizing a proprietary
non-contacting actuator mechanism that requires low current. Precision machined parts insure

optimum electrical performance over the entire waveguide band.

B Frequencies from 7.05 to B Standard Waveguide Sizes B Low VSWR
40 GHz
B Switching Times As Fast B 5, 12 or 28v DC Coil
B Failsafe, Latching, Manual As 25 Milliseconds
Override or Manual B Environmentally Conforms
B High Isolation to MIL-DTL-3928

B Indicator and TTL Options
Bl Low Insertion Loss

For more detailed information on SPDT & DPDT Waveguide Switches, visit our web site.

RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549 e Tel: 914.241.1334 ¢ Fax: 914.241.1753
E-mail: sales@rlcelectronics.com ¢ www.rlcelectronics.com

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

We clearly are living in challeng-
ing economic times. Access to credit
markets is tight, institutional and pri-
vate investors are wary of financial
markets, and most economic projec-
tions are stagnant at best. Corporate
leaders are asking themselves two
questions: “How can we grow market
share, provide opportunities for val-
ued employees, and satisfy customers
with reliable products and services?”
and “How can we do more with less?”

The defense market faces similar
economic issues. The DoD’s bud-
get will not be increasing in the out
years, and it likely will decline for
years to come. Supplemental Budget
Requests—previously used to fund
contingency operations in Operation
Enduring Freedom/Operation Iragi
Freedom—will become part of the
annual DoD appropriations process.
In the past, supplementals sometimes
funded programs not directly related
to the fight on the ground, such as
congressional “plus ups,” specific ear-
marks for directed spending, addi-

tional quantity buys of certain weapon
systems, and monies for “Not Funded
Service Priority Items” for the three
military services. For good or bad,
those supplementals are now history.

A NEW ERA IN DEFENSE
PRIORITIES

A change in thinking is moving
across the DoD and all the services.
Secretary of Defense Robert Gates
is leading the charge for reform. His
“revolutionary and evolutionary” ap-
proach embodies strengthening such
management concepts as accountabil-
ity, performance to task and individ-
ual contractor responsibility. Gates is
supported in these efforts by Deputy
Secretary of Defense Bill Lynn and
Under Secretary of Defense for Ac-
quisition, Technology and Logistics,
Ashton Carter. All share a common
mindset for driving change. Congress
has stepped up to the plate with the
passing of a new public law last May
giving Pentagon leadership the right
language and legal authority to move
forward with real and meaningful re-
forms in the way the DoD does busi-

ness, directs its acquisition process
and manages its weapons programs.
Certain programs are being can-
celed and contractors are being held
more accountable for meeting re-
quirements. As an example, the Ar-
my’s massive Future Combat System
(FCS) will likely be replaced with
smaller modernization efforts because
of escalating program costs, lack of a
performance-based contract and, in
large part, because the manned com-
bat vehicle portion failed to reflect an-
ti-insurgency lessons learned in Iraq
and Afghanistan (see Figure 1). On
the acquisition side, new DoD pro-
curement guidelines and acquisition
reforms reflect changing priorities in
which urgency is a factor in deter-
mining risk (i.e., going with an exist-
ing solution available to save lives to-
day versus waiting for the promise of
something better much later).

CAN WE AFFORD THE DEFENSE
WE NEED?

Budget pressures, deficits, pub-
lic bailouts of financial institutions
and increased oversight of defense
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Next generation
3D electromagnetic simulation

The best available tool for 3D EM simulation has evolved into
version 2010. With a user friendly interface, easy data exchange
to and from other software tools, a choice of first class solvers
and world class post-processing tools, you can leverage the
latest developments in 3D electromagnetics to bring designs to
market faster and with lower risk.

Choose CST MICROWAVE STUDIO® 2010 — complete technology
for 3D EM.
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spending, along with heated debate
over healthcare reform costs, have
the “pot of public opinion” on finan-
cial restraint bubbling over. At the
same time, the Iraq and Afghanistan
wars, potential for added resources
and troop deployments, global terror-
ist threats, high-seas pirates and some
bad state actors have all combined to
create a “perfect storm complex threat
environment.” As a result, the burning
questions facing our industry include:

PHASE SHIFTERS &
VECTOR MODULATORS SWITCHES

SPIT |

5Hz Bandwidth
iqg Sr o 00

* How can we get the DoD funding
necessary to answer these threats
given the economic climate?

e What will it take to equip, train and
protect our warfighters with the ad-
vanced sensors, weapons and com-
munications tools they need to suc-
cessfully execute their missions?

e How do we ensure the safe return of
all our brave men and women who
go into harm’s way in support of our
national interests?

ME

The Leading Edge in Performance

EEmery Avenus

Randolph, NJd O78E68 USA
S73-281-5700 Fax: 972-381-B722
www.gtmicrowave.com

e-mail: salesIgtmicrowave.com
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e How can the DoD and the defense
industry, specifically those of us in
the microwave technology commu-
nity, come together to support the
warfighter’s technology and pro-
gram needs?

* How can we address the political
problems associated with affordabil-
ity and cost growth reported on pro-
grams like F-22 Raptor, F-35 JSF
and the Littoral Combat Ship?

THE NEED TO ADDRESS WHAT IS
URGENT

Generational Defense programs
are going away. Life cycles will be
much shorter as the Services speed
the way things are procured. There-
fore, the defense industry must be-
come more commercially oriented in
bringing products to market quickly,
and bringing technology development
spirals into products faster.

General Peter W. Chiarelli, Vice
Chief of Staff of the US Army, is high-
ly critical of the “out of date ways” the
Army buys weapons and equipment
and believes soldiers are being short-
changed. “We have to find better ways
to keep up with technology. It doesn’t
do us any good to have a procurement
cycle that takes 10 to 15 years,” he said
recently in Washington at the October
AUSA meetings.

Consider the evolution of the
Joint Tactical Radio System (JTRS)
program for the US Army. Initial ra-
dios took a very long time to design,
configure and test. The development
faced huge technological and manu-
facturing challenges. These radios are
technologically complex and state-of-
the-art and were very costly. As pro-
duction approaches and trades are
being made on how to use and deploy
these radios, unit recurring costs are
increasing even more. Some of these
“follow on models” are becoming
far more expensive than anticipated.
There is no way every soldier will get
a JTRS radio due to the cost. In ad-
dition, their ultimate deployment will

i . =
[

Ar ig. 2 The Joint Tactical Radio System
enables state-of-the-art radio connectivity.
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not be as widespread as originally an-
ticipated (see Figure 2).

The DoD Chief Technologist,
Zachary Lemnios, recently conducted
a study on bringing technology from
the lab to the battlefield quickly. The
purpose of the study was to identify
lessons learned as well as effective
tools and catalog best practices used
by innovative defense firms. The study
group was briefed on specific exam-
ples of how industry players rose to
the challenge to meet urgent warfight-
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er needs, such as Cobham Defense’s
efforts to deliver nearly 10,000 jam-
ming devices to theater in less than
60 days to aid in the fight against in-
surgent Improvised Explosive Device
(IED) attacks (see Figure 3).

CHANGES IN MODERN WARFARE

The nature of the threat has fun-
damentally changed. Instead of in-
ternational disputes that gradually
escalate into major hostilities between
nations, today’s wars are often region-

components each offer

workmanship.

These new 2.92mm
40 GHz attenuators pro-
vide four times the power
handling of our previous
offering. They are ideal for
test and measurement and
the OEM markets, offering
price alternatives to other
“scientific grade” products
available.

The DC Blocking SMPM
terminations, operate from
30 kHz to 50 and mate
with GPPO™ and SMPM
male connectors. They are
ideal for 40 Gb/s optical
transmission systems and
for test and measurement
applications.

To learn more, request
a quote, or to buy, visit:
www.aeroflex.com/inmet.

Aeroflex / Inmet
Ann Arbor, Michigan
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A passion for performance.
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A Fig. 3 IED defeat activity is critical to
today’s threats.

al conflicts that may erupt with little
warning. Rather than facing only con-
ventional military forces, warfighters
must be informed and highly mobile
to engage and defeat elusive bands
of guerrillas, insurgents or terrorists
anywhere around the globe. Military
operations often are smaller in scale,
becoming opportunistic  missions
waged by special operational forces
against a shadowy enemy, as opposed
to organized battles that match tradi-
tional forces against one another in a
conventional cold war scenario.

In addition to the new rules of
engagement, there are new military
requirements. Victory has a less-con-
crete definition that depends more
on efficient, real-time surveillance,
quicker analysis of intelligence and
swifter deployment of assets to en-
gage and defeat the enemy. It is all
about highly mobile forces, enhanced
sensors and information networks,
and greater precision and accuracy
of deployed weapons. All informa-
tion is required in all phases of the
engagement. Communications and
data flow in the battle is essential for
all concepts of operation. Battle dam-
age assessment has become critical
to knowing the accuracy of weapons,
the extent of damage, and any corre-
sponding collateral effects. Conten-
tious international issues arise when
enemy propaganda accuses the US of
“reckless deployment™ of lethal force
on unintended civilian areas. We have
to get it right every time and be ready
to show and prove the truth about
how we engaged the enemy.

BATTLEFIELD OF THE FUTURE

The concept of warfighting is
evolving from conventional conflicts
with organized armies to irregular
warfare with groups of insurgents,
terrorists and non-state actors. It will
be waged in multiple domains—land,
sea, air, space and cyberspace. It will
be directed against enemies both seen
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For mission critical applications
150 kHz to 4 GHz

Plastic
Case

Miniature hi-rel surface-mount mixers from Mini-Circuits
are built to handle tough applications in hostile environments.
Featuring hermetically sealed ceramic quads, rugged ADE-R
mixers are supplied in durable plastic packages while
reliable TUF-R mixers are enclosed in laser welded shielded
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range from as low as 150 kHz through 4 GHz, with models
for a wide selection of LO drive requirements, including +3,
+7, +10, and +13 dBm. Both versions offer outstanding
multi octave wideband performance featuring conversion
loss as low as 5.0 dB, very high isolation up to 50 dB and
IP3 up to 22 dBm. They are ideal wherever space is at a
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For your mission-critical applications, count on rugged
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and unseen with bullets, electrons,
software, computers, network-centric
information activities, advanced wire-
less technologies, unmanned vehicles,
lethal force and real-time intelligence.

Success on the new battlefield re-
quires what we at Cobham Defense
Systems call 360° Mission Perspec-
tive—the ability to gather, manage
and secure information from every
angle in order to provide the warf-
ighter with secure situational aware-
ness and ultimate mission success.

For example, we must deliver net-
worked communications at the soldier
level along with real-time imagery to
identify enemy forces and coordinate
operations. Our warfighters must be
able to clearly understand their bat-
tle space and mission objectives, and
how to achieve those objectives with
the limited resources at hand. Battle-
field information must be collected,
analyzed and updated in real time to
track an enemy that is highly mobile
and hiding from view.

ULTRA LOW PHASE NOISE
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The warfighter also needs greater
agility and mobility, and must be able
to deploy the right assets to the right
place at the right time. This means hav-
ing the best weapons, communications
and sensors available to detect, target
and engage the enemy. In addition,
because new threats also represent
greater risks to both armed forces and
civilians, our forces need advanced
electronic sensors that can be used
reliably as decision aides for accurate
weapons engagement that minimizes
any non-combatant casualties.

SENSOR REQUIREMENTS FOR
FINDING COMBATANTS

The warfighter will face shadow
enemies who seek to inflict the most
harm whenever and wherever they
can, in the shortest time possible and
without regard to collateral damage,
and then vanish as quickly as they
appeared. These combatants want to
move freely and operate with impu-
nity. So how do we find them, track
their movements, and anticipate their
next moves and counter planned ac-
tivities? What types of electronic sen-
sors and systems will it take to ensure
victory against these new and emerg-
ing threats?

For real-time intelligence, pre-
cise location information and accu-
rate targeting data, warfighters need
advanced radar and imagery sensor
information. The tools must include
the best radar sensors, radios and RF-
directed weapons possible, enabled by
RF, microwave and millimeter-wave
technologies. Advanced sensors will
help our forces target the “bad guys”
and avoid the unintended conse-
quences of injuring non-combatants.
Today’s solution providers must get
the “electronic smarts” into battlefield
weapons, communications gear and
EW/radar sensors, quickly and afford-
ably (see Figure 4).

FOCUS ON THE WARFIGHTER
Everything today must be warf-
ighter focused. Whether it is on the
ground or in a helicopter, if it helps
warfighters accomplish their missions,
it is very relevant. As a nation, we
must ask whether we are spending on
things that do not assist the warfighter.
As Secretary Gates has said, the DoD
must buy the hardware to fight the
wars we are fighting now; the futuris-
tic stuff does not help today’s soldier.
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A Fig. 4 Sensors like the US Army’s EQ-36 will track back to launch enemy rockets, shells and

grenades for counter fire.
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Our spending priorities  must
change to reflect the new paradigm. It
is no longer just about tanks, bullets,
guns, ships and fighters. Rather, it is
about fighting with intelligence and
focused lethality. It is about situational
awareness, whether around a tank, a
ship, a plane, or even a single soldier.
Reform and political resolve are need-
ed around defense appropriations so
the military can focus on the mission
and survivability of the warfighter.

IMPLICATIONS FOR THE RF/MW
INDUSTRY

How can we fight the battle in the
physical domain as well as the elec-
tronic domain via satellites, sensors and
imagery? Today, drones can be flown
from bases in Nevada to the battlefields
in Afghanistan, Iraq and anywhere else.
The complexity of enabling special-
ized unmanned aerial vehicles (UAV)
like the Global Hawk or Predator to be
flown, controlled, engaged with the en-
emy and firing ordnance is very impres-
sive (see Figure 3).

Using more UAVs requires a new
class of sensors, communication links
and EW. Systems will require smaller,
more agile platforms including micro-
wave sensors. More and better sensors
also are needed on the battlefield, along
with a greater ability to use computer
networks. Game changers will include
specialized EW to protect the warfight-
er from IEDs.

It is getting to the point where the
age of cyber warfare is upon us. When
you consider the recent Israeli strike on
the Syrian Nuclear Reactor in which
all electronic systems went down (as
reported by Time magazine and other
media) —all military and computer net-
works, radar and surface-to-air missile
sites, all communication and informa-
tion operations—you realize that we
are now going to battle with networks
and “electrons.”

The US Navy is taking on the afford-
ability question as it views and develops

Ar ig. 5 UAVs for combat air support missions
total on average 37 simultaneous flights at any
one time.
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A Fig. 6 The future of Navy Littoral War-

g Yy
fare—fighting the enemy close to the shore on
land—uwill be defined by the LCS program.

next-generation phased-array technolo-
gy for its new fleet of warships (see Fig-
ure 6). This includes radar, communi-
cations, EW, and other RF and micro-
wave-related functions. It is proceeding
under a Modular Open Systems Archi-
tecture (MOSA) approach in a program
called Integrated Topside (InTOP) that
is funded out of ONR, and supported
by NRL, NAVSEA and others in the
Navy. The idea is that these complex
sensor systems can have well-defined
interfaces between the various aspects

READY TO DEPLOY TOMORROWS
G MOBILE SYSTEMS?

MPON| EDED TO

| | L RF/MICRC O,
MESH LTE/ WiMAX NETWORKS WITH EXISTING INFRASTRUCTURE.
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next generation networks with existing
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and RF Loads.
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supply to ALL major US / Canadiian service
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reputation for delivering rugged and reliable
components to the field on-time, every time!

Engineers, Product Managers and
Equipment Installer alike trust MECA for critical
projects and rely on our superior product
performance and extraordinary delivery
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We proudly offer a 36 month warranty
on ALL of our American-made RF/Microwave
components.
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mobile systems? WE ARE!
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of the system —antennas, T/R modules,
beamforming networks, digital and
advanced signal processors. Is it pos-
sible on a warship for these elements to
function in a “plug and play” environ-
ment, similar to a desktop PC? If such
a system architecture can be realized, it
can be procured and maintained by the
Navy in a far more cost-effective way
than a single OEM that just has a sys-
tems specification for shipboard elec-
tronic systems. Today, the cost of elec-
tronics on a ship approximately equals
the cost of the ship itself. This INTOP
combat electronics program is geared

to address that affordability problem.

ADAPTING TO CHANGE

Change never comes easy. The new
defense marketplace requires all stake-
holder organizations and their employ-
ees to rethink how they conduct their
DoD business and operate to support
the warfighter. Our customers cannot
afford to keep developing new systems.
The view forward is agility and afford-
ability via sharing, reuse and modifica-
tion. We must challenge conventional
technology, wisdom and approaches to
achieve true affordability of next-gener-
ation solutions.

All of us can benefit from this new
approach, and we all have a stake in its
success; whether it is military planners
defining requirements more realisti-
cally (i.e., an 80 percent solution that
is effective), DoD procurement lead-
ership demanding strict cost realism
in estimates and bids (i.e., expenditure
planning that minimizes cost growth),
or holding government and industry
program managers more accountable
for schedule and cost performance (i.e.,
terminating troubled and non-perform-
ing programs).

Successful solution providers will be
those that can meet customer needs in
a more efficient and nimble way. Ev-
eryone must work together in the best
interest of the nation. By becoming
facilitators of the process, we will find
ways to compete and win in the new en-
vironment. Instead of being gatekeep-
ers longing for the old ways and hoping
to outlast the people with new ideas,
we must adapt. Change is already in the
building.

HOW COBHAM IS INNOVATING
TO ASSIST THE CUSTOMER

Cobham Defense Systems has
many sophisticated customers who
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Cobham Sensor Systems is
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Sensor Electronics, Microwave
Electronics, and Microwave
Components. For added assurance,
all our products, from the smallest
MMIC components to the largest
antenna subsystems, are designed,
manufactured, tested and inspected
to meet the most stringent
customer specifications.

Count on Cobham for all your
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take on difficult technology and sys-
tem challenges to improve military ca-
pabilities. To support these efforts, we
have established a world-class tech-
nology and innovation business area
that challenges traditional technology
and manufacturing approaches. What
is most unique about this area is its
up-front focus on the process of inno-
vation to achieve true affordability of
next-generation sensor solutions.

Our engineers and scientists are
tasked with challenging conventional

satellite or earthstation handoff
emulation for full constellation
testing.

wisdom and traditional thinking on
hardware approaches. Their job is
to define a workable solution that is
more cost-effective and affordable
than a traditional approach. This re-
quires having a thorough knowledge
of advanced microwave and millime-
ter-wave technology, advanced semi-
conductors and system engineering,
and knowing how these issues affect
system performance.

The new world of defense demands

greater affordability, higher reliability
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and lower maintenance costs. It also
opens the door for innovative compa-
nies with a common interest to team
up on new opportunities. The best
way defense OEMs and their partners
can achieve the affordability and per-
formance goals is to share their com-
bined expertise in an integrated prod-
uct team environment that can deliver
full systems, individual components,
and fully integrated subsystems, on
time and on cost.

NEXT STEPS FOR OUR INDUSTRY

While it will be a difficult financial
and management challenge to suc-
ceed in the new defense environment,
we all have a stake in the outcome.
Solution providers, military users and
the DoD must collaborate to address
requirements to sustain and support
our warfighters and ensure our na-
tional defense interests.

We can help our customers get
the warfighter a step ahead by im-
proving combat efficiency and sur-
vivability, providing faster and more
agile defense systems development,
and delivering the technology, hard-
ware, communications and infor-
mation networks that are critical to
victory on new and emerging battle-
fields.

We must be prepared for the en-
gagements that are entered into today
and tomorrow, not those of yesterday.
We also must keep a laser-like focus
on affordability and cost reduction
and strive to implement extensive de-
sign reuse. Most importantly, we must
employ a spirit of constant innovation
for problem solving.

All of us at Cobham Defense Sys-
tems welcome the challenge of this
dynamic defense marketplace. We
commit to working with all stakehold-
ers to provide the effective and afford-
able technology solutions and the 360°
Mission Perspective our warfighters
need to succeed. B

Jeremy Wensinger has served as President
of Cobham Defense Systems since September
2008. Cobham Defense Systems is a division
of Cobham Plc, which has been a valued
technology partner and solutions provider

to the aerospace and defense industries for
75 years. With more than 125,000 systems
felded with 18 allied armies around the
world, Cobham Defense Systems is the world’s
ubiquitous supplier of advanced mission
subsystems that move information between
sensors and decision makers, delivering 360°
Mission Perspective.
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FMD has developed a portfolio of Gal-
R lium Nitride (GaN) on Silicon Carbide
(SiC) high power amplifiers and just
recently released the first product from a fam-
ily of discrete unmatched power transistors. The
RF3931 is a 48 V, 30 W high power discrete tran-
sistor that operates in the DC to 3 GHz frequency
range and is designed for commercial wireless
infrastructure, defense/military, industrial/sci-
entific/medical, test instrumentation and gen-
eral purpose broadband amplifier applications.
Using an advanced high power density 0.5
pum GaN high electron mobility transistor (HEMT)
semiconductor process, these high-performance
amplifiers achieve high efficiency and flat gain
over a broad frequency range in a single amplifi-
er design. The RF3931 is an unmatched GaN tran-
sistor packaged in a hermetic, flanged ceramic
package. This package provides excellent ther-
mal stability through the use of advanced heat
sink and power dissipation technologies. Ease
of integration is accomplished through the incor-
poration of simple, optimized matching networks
external to the package that provide wideband
gain and power performance in a single ampli-
fier. This is the first product released from a fam-
ily of four unmatched power transistors ranging
in power levels from 30 to 120 W.

DESIGN

The RF3931 utilizes RFMD'’s advanced 0.5 pm
GaN1 process optimized for high-power and

MosTt VVaLuaBLE ProbucT

THE FIRST IN A
FamiLy oF VERSATILE

HicH Power GAN
TRANSISTORS

high-efficiency performance with the follow-
ing process parameters: 28 to 43 V operation,
Vbd>200 V, Pd 6-8 W/mm and Ft ~11 GHz. The
RFMD GaN1 process is fully qualified and has
a predicted Activation Energy E =2.3 with Mean
Time to Failure (MTTF) of 9.2x10° at 200°C chan-
nel temperature. The GaN high-voltage process
delivers lower output capacitance and higher
impedance, enabling device designs that pro-
vide wider bandwidth and simpler matching cir-
cuits versus incumbent silicon processes.

RFMD’s RF3931 is a depletion mode device
and therefore requires a typical -5 to -6 V gate
pinch-off voltage. The Vgsq to bias the transis-
tor for nominal class AB operation is between -3
to -4 V. Even though the transistor is optimized
for 48 V operation, it has been demonstrated to
work at drain voltages as low as 28 V and as high
as 65 V. The input capacitance is 9.5 pF or 0.3
pF/W; the output capacitance is 5.5 pF or 0.15
pF/W. The RF3931 is optimized for the DC to 3
GHz frequency range and is incorporated into
an advanced, high thermal conductivity pack-
age that is required to support the higher power
density of GaN. The bolt-down, 2-leaded-flange,
hermetically sealed solution provides a robust,
packaged designed to operate over temperature
ranges from -40° to 85°C.

REFMD®
Greensboro, NC
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A Fig. 1 RF3931 drain efficiency vs. output
power at 900 MHz (Vds = 48 V, Idq = 130 mA).

| 880 MHz 900 MHz 920 MHz |

= RN

Gain (dB)

30 32 34 36 38 40 42 44 46
Poyr (dBm)

2110 MHz 2140 MHz 2170 MH |

~
=l

Drain Efficiency (%)

=88888

_{

= 73 85
=2 80
— o 15 75 =
2310 - 02
R =~ 65 3
&5 5 55=
Z10 50 =2

215~ 45

=2 40

1200 1240 1280 1320 1360 1400
Frequency (MHm)

30 32 34 36 38 40 42 44 46

Poyr (dBm)

A Fig. 3 RF3931 drain efficiency vs. output
g Y B
power at 2.1 GHz (Vds = 48 V, Idq = 130 mA).

[ 2110 MHz 2140 MHz 2170 MH: |

16 j
15
= 14
<
=13 Q\‘
S 12

1

10
30 32 34 36 38 40 42 44 46
Poyr (dBm)

A Fig. 2 RF3931 gain vs. output power at
900 MHz (Vds = 48 V, Idg = 130 mA).

A summary of the RF3931’s features
include: 28 to 48 V operation; DC to
3 GHz broadband tunable frequency
range. Performance at 900 MHz (see
Figures 1 and 2): 50 W typical peak
power; 65% power added efficiency; 20
dB linear gain. Performance at 2.1 GHz
(see Figures 3 and 4): 40 W typical peak
power; 62% power added efficiency; 15
dB linear gain. Common to both: 0.012
dB/°C gain variation over temperature;
-40° to 85°C operating temperature
range; 100 percent RF and DC tested;
industry-standard 2-leaded flange ce-
ramic package; RoHS compliant and
lead-free; EAR99 export control.

Nonlinear models were developed
to enable the design community to pre-
dict performance of the RF3931 in both
linear and compressed applications.
Efforts to improve the model perfor-
mance over temperature at specific
frequencies and power convergence
are ongoing. Upgrades to the models
will be made available to the market
periodically.

NUMEROUS APPLICATIONS

Suitable for both linear and com-
pressed end products, the RF3931 is an
ideal solution for a multitude of applica-
tions requiring bandwidth, power and
efficiency. Such applications include
public mobile radios (PMR), military
communications, civilian and military
radar, military jamming, test instrumen-
tation, commercial/cellular wireless
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A Fig. 4 RF3931 gain vs. output power at
2.1 GHz (Vds = 48 V, Idg = 130 mA).

infrastructure, and general purpose
broadband amplifiers. End customers
incorporating the RF3931 into next-
generation systems will benefit from
utilizing this advanced technology due
to its ability to enable higher efficiency,
higher power and wider bandwidth
solutions versus the incumbent tech-
nology. These enhanced capabilities
enable the RF3931 to provide value
proposition(s) of reduced components,
reduced cooling/thermal requirements,
reduced weight/size, and ultimately, re-
duced installed costs.

The RF3931 performs well for both
pulse and CW constant envelope ap-
plications. Optimum performance is
highlighted by the results of a RF3931
fixture tuned for L-band 1200 to 1400
MHz frequency under pulse conditions.
The RF3931, operating at Vdd=48 V
and ldsq= 130 mA, provides 45 W out-
put power with ~65 percent drain effi-
ciency and ~17 dB gain over the full 200
MHz bandwidth when a 100 usec pulse
width, 10 percent duty cycle waveform,
is introduced to the fixture (see Figure
5). The RF3931 L-band results were ac-
complished through simple, optimized
matching networks external to the
package.

Linear performance in high power
amplifiers is important for applica-
tions using complex waveforms with
high peak to average ratios (PAR). The
RF3931 demonstrates respectable lin-
ear performance and can be used in

A Fig. 5 RF3931 L-band (1200 to 1400
MH?z) performance.
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A Fig. 6 RF3931 ACP measurements.

both corrected and un-corrected linear
architectures. The linear performance
of the RF3931 achieves better than -40
and -45 dBc ACP for 2.1 GHz and 900
MHz, respectively, using 0 percent clip-
ping on a 3G 64-channel test model to
34 dBm (see Figure 6). Both examples
demonstrate that the RF3931 is a ver-
satile power amplifier that provides a
range of power, efficiency, bandwidth
and linearity from a single device. The
inherent attributes in RFMD's GaN1
process and end product design allow
for ease of implementation and supe-
rior performance in end customer ap-
plications.

CONCLUSION

RF3931 is the first product released
in RFMD's new family of GaN un-
matched power transistors ranging in
power from 30 to 120 W. The design
is incorporated in an advanced, high
thermal conductivity flange ceramic
package and has been developed to
meet the needs of customers requiring
optimal power performance for both
compressed and linear applications.
Based on RFMD's robust GaN1 HEMT
process technology, the RF3931 offers
customers high power and high effi-
ciency broadband power amplification
in a low-cost, green solution.

RFMD®,
Greensboro, NC
(336) 664-1233, www.rfmd.com.
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. reg 6H2  Gain (@) MIN  Noise Figure @)  Power-out@P1d8  3rd Order ICP VSWR
CA01-2110 28 I L0.7T +10 +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
(A24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CA0T-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CAOT-2113 0.8-1.0 28 0.6 MAX 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 PN 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 54-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A1315-3110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
CA34-6116 3.1-3.5 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 59-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(AB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Freti 6Hz)  Gain (@) MIN  Noise F|gure @8)  Power-out@pid  3rd Order [P VSWR
CA0102-3111 0.1-2.0 28 1. . +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1 =
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX 3.5TYP +30 MIN +40dBm  2.0:1
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5TYP +24 MIN +34 dBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (6Hz)  Input Dynamic Range OutpUT Power Run e Psat  Power Flainess dB  VSWR
(LA24-4001 2.0-4.0 -28 t0 +10 dBm +7 1o +1 +/- 1.5 MAX 2.0:1
(LA26-8001 20-6.0  -50to+20 dBm +14 0 +1 8 dBm +/-15MAX 2.0
(lA712-5001  7.0-12.4  -211t0o+10 dBm +14 10 +19 dBm +/-1.5MAX  2.0:1 =
CLA618-1201 6.0-18.0  -50to +20 dBm +14 to +19 dBm +/-1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN _ Noise Figure @)  Power-out@Pid8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 , 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
(A1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20TYP  +18 MIN 20 dB MIN 1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Freq (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA0QT-2110 0.01-0.10 18 4.0 , 2.2 TYP +10 MIN +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm 2.0
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA0QT-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
(A003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:1
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm 2.0:1
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Northrop Grumman Receives Contract to
Supply Radar to Submarines

()rthr()p Grumman Corp.s Sperry Marine business
N unit has been awarded a contract to supply navigation

radar systems for eight new US Navy nuclear attack
submarines. The firm, fixed-price contract, valued at $20.9
M, was awarded to Sperry Marine by Naval Sea Systems
Command, Washington, DC.

The contract calls for Sperry Marine to produce and
deliver eight AN/BPS-16(v)5 radar sets to be installed on
eight Virginia-class Block III submarines. The scope of
work will include manufacturing, fabrication, assembly
and testing. The AN/BPS-16(v)5 is an advanced submarine
navigation radar and electronic navigation system, which
provides naval electronic
chart display and infor-
mation system (ECDIS-
N) capability running on
Sperry Marine’s Voyage
Management System
(VMS) software.

“The AN/BPS-16(v)5
with VMS software will
permit the new subma-
rines to be certified to
use ECDIS-N as their primary navigation tool,” said J.
Nolasco DaCunha, Vice President of Northrop Grumman
Sperry Marine. “With this contract, the submarine com-
munity continues to make rapid progress toward the US
Navy’s goal of converting the entire fleet to ECDIS-N.”

The Virginia-class Block III submarines are being built
by Northrop Grumman Shipbuilding and General Dy-
namics Electric Boat. The lead submarine in the Block I11
build, North Dakota (SSN 784), is scheduled to be deliv-
ered in 2014.

...The contract calls
for Sperry Marine to
produce and deliver
eight AN/BPS-16(v)5
radar sets...

Lockheed Martin Awarded $1 B Contract
for Aegis Ballistic Missile Defense

e US Department of Defense’s Missile Defense
I Agency (MDA) awarded Lockheed Martin a $1 B con-
tract for continued development and evolution of the
Aegis Ballistic Missile Defense (BMD) Weapon System.
Under the contract, Lockheed Martin’s Surface-Sea Based
Missile Defense line of business, in Moorestown, NJ, will
design, develop, integrate, test, deliver and install further
Aegis BMD capability for the US and allied navies.

“This contract will both continue the spiral develop-
ment of Aegis BMD capability to meet expanding global
security threats and increase the number of BMD-capable
ships at sea by integrating Aegis BMD into the Aegis Mod-
ernization program,” explained Orlando Carvalho, Vice
President and General Manager of the Lockheed Martin
business completing the work. “This further supports the

DEFENSE NEWS

increasing demand for Aegis BMD capability worldwide,
especially in light of the Administration’s recent shift in
policy in European Missile Defense.”

Currently, a total of 21 Aegis BMD-equipped warships
—19 in the US Navy and two in the Japanese Maritime
Self-Defense Force—have the certified capability to en-
gage ballistic missiles and perform long-range surveillance
and tracking missions. The US Navy is modifying two ad-
ditional US East Coast-based Aegis-equipped ships to per-
form ballistic missile defense.

The Aegis Weapon System is the world’s premier na-
val defense system and the sea-based element of the US
Ballistic Missile Defense System (BMDS). Its precision
SPY-1 radar and integrated command and control system
seamlessly guides the interceptor and uplinks target track
information to the missile for terminal homing. Its ability
to detect, track and engage targets ranging from sea-skim-
ming cruise missiles to ballistic missiles in space is proven.
The Aegis BMD Weapon System also integrates with the
BMDS, receiving track data from and providing track in-
formation to other BMDS elements.

The 92 Aegis-equipped ships currently in service around
the globe have more than 950 years of at-sea operational
experience and have launched more than 3,500 missiles in
tests and real-world operations. In addition to the US, Ae-
gis is the maritime weapon system of choice for Australia,
Japan, Norway, South Korea and Spain.

Raytheon Eyes International Contract
Award for F-16 AESA Radar

aytheon Co. moves closer to its first international
Rsale of RACR (Raytheon Advanced Combat Radar)

following approval for the company to move forward
with technical discussions with at least two potential cus-
tomers. Both countries are looking to upgrade their F-16
fleets within the next two years in order to keep their
force structure at the cutting edge of today’s complex bat-
tlespace. RACR is designed for all F-16s and is approved
for export. The program is on schedule to fly production
hardware on an F-16 during the first half of 2010.

“RACR continues to exceed expectations in meeting key
production and integration milestones and has just wrapped
up a series of validation tests at Lockheed Martin’s system
integration laboratory,” said Tom Kennedy, Vice President
of the Tactical Airborne Systems business division. The pro-
gram demonstrated various radar capabilities in both air-
to-air and air-to-ground modes as well as integration with
Raytheon’s F-16 center pedestal display. The new color dis-
play allows pilots to conduct simultaneous operations and
provides a clearer picture of the overall battlespace.

“RACR has 90 percent software and hardware commonal-
ity with our combat-proven AESA radar for the F/A-18 Super
Hornet. Several US Navy squadrons are already operational
in theater with this technology today, while the Royal Austra-
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lian Air Force is also in flight training with our AESA radar
system. This active production line allows us to provide F-16
customers with a high-performing, affordable but low-risk so-
lution while also address-
ing obsolescence chal-
lenges they currently face
with mechanical scanned
radars,” added Kennedy.
Within the past year
Raytheon has also in-
stalled the RACR radar
twice on F-16s at both
Lockheed Martin and
Edwards Air Force Base.
The seamless installation
process  demonstrated
Raytheon’s proven mod-
ular radar design resulting in an easy upgrade path for cus-
tomers who need AESA md(u capability.

Microwave Journal
partners with
Strategy Analytics
in a free webinar
focused on AESA
Radars. Live
webcast: 1/28/2010,
11:00 am (ET)

Harris Completes Major Review for
GOES-R Satellite

arris Coq), an international communications and
information technology company, successfully com-
pleted the first milestone in a National Oceanic and

A Clean Sweep | .

DEFENSE NEWS

Atmospheric Administration (NOAA) program that will
process 40 times more data than is possible today, and
deliver weather images to more than 10,000 direct users.
The Systems Requirements Review of the Geostationaljv
Operational Environmental S

Segment (GOES-R GS) program was completed recently
in Melbourne, FL. The review ensures the system’s func-
tional and performance 1equi1ements and its preliminary
program plan satisfy the GOES-R mission.

The ground segment of the GOES-R program encom-
passes receiving and processing of satellite data, generating
and dlStIlblltlIlO' of products from satellite data and com-
mand and c()ntlol of operational satellites. Harris is the
prime contractor and systems integrator for the 10-year,
potential $736 M contract.

“This milestone establishes a common understanding of
all of the requirements the GOES-R ground segment muqt
meet during development, deployment and operation,”
said Ray Thorpe, Vice President of GOES-R programs at
Harris Government Communications Systems.

Today’s GOES satellites provide the images and time-
lapse sequences familiar to most Amencans in television
weather forecasts. They are the primary tool used by
NOAA to detect and track hurricanes, thunderstorms, tor-
nadoes and other severe weather in the continental US and
western hemisphere. The next-generation GOES-R sys-
tem will provide significantly improved image resolution.
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Butterfly Wings Project Takes Off

ver the next three years scientists from QinetiQ and
the University of Exeter, UK, will build on a portfo-

lio of patented technology to develop new anti-coun-
terfeit and RF technologies. The work will be based on
groundbreaking physical sciences research in the field of
tailored electromagnetic materials—made by studying the
wings of butterflies.

By understanding how the wing surfaces control light to
produce iridescence, the team will apply the same physics
to control infrared, microwave or radio wave radiation to
develop new anti-counterfeit technology, radio-frequency
identification technology, WiFi efficiency and security ap-
plications.

The £3.2 M project is funded through the Engineering
and Physical Sciences Research Council’'s (EPSRC) Knowl-
edge Transfer Accounts (KTA), which were established to
help translate research into business innovation. The initial
product targets are in the growth markets of Radio Fre-
quency Identification (RFID) and Anti-Counterfeiting
measures (ACF). The team aims to launch its first innova-
tion in spring 2010 and
will be hosting a num-
ber of investor forum
events at the university
and in London.

“Butterfly wings cre-
ate a myriad of visual
effects through subtle
changes in the size,
shape or structure of
fine scales on their sur-
face which can refract
or absorb light and produce vivid colours,” said Andrew
Treen, QinetiQ’s entrepreneur within the project. “By
understanding the underlying optical properties, we can
develop and apply the principles to a variety of other com-
mercial applications in the infrared, microwave and radio
wave segments of the spectrum and develop solutions that
will help society. The natural world still holds many secrets,
but this project will hopefully unlock a few more of them.”

“Butterfly wings
create a myriad of
visual effects through
subtle changes...

on their surface”

Galileo Ground Station Inaugurated
The site of a ground station for Galileo, Europe’s global
n

avigation satellite system, inside the Guiana Space
Centre (CSG), near Kourou in French Guiana, has
been inaugurated. The site, which was made available by
France’s Centre National d’Etudes Spatiales (CNES), will
play an essential role in the setting up of the Galileo sys-
tem, since it will accommodate the most comprehensive of
the Galileo ground segment stations.
The Kourou station will consist of a telemetry, tracking
and command (TT&C) station to monitor and control the
Galileo constellation satellites, a sensor station (GSS) for

Go to www.mwjournal.com for more international news items ~ g
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acquisition of the satellite navigation signals, and two up-
link stations (ULS) for transmission of navigation and in-
tegrity messages to the satellites. In all, the Galileo ground
segment for the in-orbit validation phase (IOV) will com-
prise 18 sensor stations, five uplink stations, two telemetry,
tracking and command stations, and two Galileo Control
Centres (GCC).

The Control Cen-
tres will be situated
at Fucino in Italy and
Oberpfaffenhofen in
Germany. The data
gathered by the sensor
stations will be continu-
ously transmitted to the
GCCs where they will
be processed by mission
control in order to determine the navigation and integrity
messages to be sent back to the satellites via the uplink sta-
tions. The Galileo system’s capability to directly inform its
users of the integrity level of its signal represents a major
advance compared to other satellite navigation systems.

The inauguration of the Kourou site marks an important
stage in the in-orbit validation phase of the Galileo pro-
gramme developed by the European Space Agency (ESA)
in cooperation with the European Commission. The first
of the Galileo constellation satellites will be launched at
the end of 2010. Subsequently, the Galileo ground station
at Kourou will evolve as the system—swhich will consist of
30 satellites—is built up to full deployment, with the addi-
tion of two ULS antennas and two further redundant GSS
channels, producing the final configuration.

The Kourou station
will consist of a
telemetry, tracking

and command
(TTLC) station

EADS Opens R&T Branch in Bangalore

ADS Innovation Works, the European aerospace and

Edefence group’s research and development network,
is opening a branch

in Bangalore, India. Lo-

cated within the Airbus
Engineering Centre In-
dia’s premises, EADS
Innovation Works India
will manage and broker

“The opening of
EADS Innovation
Works India is a
part of our global
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R&T projects for the
EADS Business Units
and the Corporate R&T
Organisation.

Some of the projects carried out will be performed
in collaboration with Indian partners such as the Indian
Institute of Science and the Indian Institutes of Tech-
nology. EADS Innovation Works India will also run its
own projects using internal resources at its own facili-
ties. The projects will capitalise on Indian capabilities
identified by EADS in various fields: numerical simu-
lation of complex physical systems, multi-disciplinary

research and
technology strategy”

~

)
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optimisation, high-performance computing and radar
technology.

“The opening of EADS Innovation Works India is a
part of our global research and technology strategy,” said
EADS CTO Jean Botti. “EADS is developing interna-
tional R&T capabilities in order to access new technolo-
gies and engineering resources efficiently close to our
strategic markets. India is an important part of our vision
for research and technology growth and India has highly
educated people that will offer tremendous value to our
R & T capabilities.”

Yann Barbaux, head of EADS Innovation Works, add-
ed: “Bangalore is India’s aerospace and IT hub; it was
important for us to be present. The opening of this new
branch of EADS Innovation Works, the third one outside
of Europe, will again put some fresh ideas in our innova-
tion process.”

SMS Wins Award for Microwave Source
Development
Specialist Microwave Solutions Ltd. (SMS) has been

awarded a two-year Knowledge Transfer Partnership
(KTP) sponsored by the UK Technology Strategy
Board. As a result, SMS will work together with Cranfield
University’s Manufacturing Department, within the School

INTERNATIONAL REPORT

of Applied Sciences and with their microwave experts
from the Defence and Security academy in Shrivenham,
to develop cost-effective microwave sources and associated
technologies for radar, secure communications and elec-
tronic sensing system applications.

SMS Ltd. enjoys a
strong market presence
in the UK for microwave

components, assemblies Successful
and sub-systems for the ,

aerospace, defence and achievement Of the
industrial sectors; suc- KTP will expand

cessful achievement of
the KTP will expand the
company’s capability to
include complex state-
of-the-art  microwave
sources.

Benefits will include increased value added within their
existing component and sub-system business as a result of
the ability to reduce costs by higher levels of integration
and less reliance on bought-in parts. Cranfield University
has strong expertise in microwave engineering, design op-
timisation, cost engineering, value engineering, and obso-
lescence management, across a range of industry sectors
and has successfully conducted a number of projects in
these areas.

the company’s

capability

Keep the noise down!

Tel +44(0) 1983 817300
Fax +44(0)1983 564708
e-mail mjenquiries@pascall.co.uk &

Phase noise for 100MHz unit

OCXOF Series

Min guarant teed
performance 10Hz 100Hz 1kHz 10kHz  100kHz offsets

level 1 -100 -135 -162 -176 -182 dBc/Hz
level E -102 -137 -164 -178 -182 dBc/Hz

Samples available upon request

thinking inside the box www.pascall.co.uk

©L
@ A subsidiary of Emrise Electronics

50 Visit http://mwj.hotims.com/28484-85

MICROWAVE JOURNAL m JANUARY 2010


mailto:mjenquiries@pascall.co.uk
http://www.pascall.co.uk
http://mwj.hotims.com/28484-85

TINY RF & MICROWAVE

¢
0.15-6200 MHZ as 1owas 99:&1{5“:(01‘)/. 100)

Everything you want in a microwave or RF transformer: Your choice of package styles includes:
rugged, all-welded construction; wide frequency coverage  TC+ and TCM+ models have compact open case design,
(from 150 KHz to 6.2 GHz); excellent VSWR with impedance all-welded construction and offer high-strength plastic
ratios ranging from 1:1 to 16:1 and a choice of package base for low cost commercial applications.
styles to meet your size, performance, and environmental TCN+and NCS+ mini-packaged Low Temperature
requirements. Plus, we offer the world’s largest selection of  Co-fired Ceramic transformers deliver both outstanding
standard models (more than 300) deliverable within a week  thermal stability and high reliability.
from your order, and we even have designer kits available to TC-G2+ models include a ceramic base with gold plated

help support your selection. terminations for military and high reliability requirements.
e ’ Q Q Don’t see what you need? No problem. Our engineers can
; i customize a model at no extra charge. It’s all part of our
12°x 06 15" 15" O RoHS compliant. g p

commitment to you and your design solution success.

Visit us online at www.minicircuits.com and view actual performance data, environmental specifications,
and pricing/availability. Off-the-shelf or customized, the exact transformer you need is only a click away.

Mini-Circuits...Your partners for success since 1969

40w ®
ANNIVERSAR
1969-2009 1SO 9001 I1SO 14001 AS 9100 CERTIFIED
ii‘ —»u P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
?H;-;glg The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see_ﬁrk
IF/RF MICROWAVE COMPONENTS 377 rev R

Visit http://mwj.hotims.com/28484-63 or use RS# 63 at www.mwjournal.com/info


http://www.minicircuits.com
http://mwj.hotims.com/28484-63
http://www.mwjournal.com/info
http://www.minicircuits.com

DCto8GHz

VIMIC Amplifiers

* Power output to 22 dBm
% « High IP3 up to 42 dBm
Actual Size * Transient and ESD protected
¢ * Fixed voltage, GVALI 84+
* Gain from12-26 dB
from ea.(qty. 25) * Noise figure from 2.4 dB

SOT-89

* InGaP HBT, E-PHEMT

These Tiny SOT-89 cascadable 50 ohm ¢ year guarantee

wideband gain blocks cover from below
10 KHz up to 8 GHz in a single model.
Built to outlast the equipment it will be
used in, these transient protected units
are ruggedly constructed and will meet
level 1 moisture sensitivity testing.

Check out our web site, over 24 models available with penormance

AMPLIFIER DESIGNER’S KITS

K3-Gali_GVA+: Only $99.95
Contains 10 Ea. of Galitd24+, 74+,
84+, GVARI84+ (40 pieces total)
K4-Gali+: Only $99.95
Contains 10 Ea. of Galitad 1+, 2+, 3+,

data, curves, environmental specs and easy downloading 4+, 54, 6+, 21+, 33+ 51+ (90 pieces total)
of S parameters from the web to your simulation software. K5-Gali+: Only $64.95
Models are available to provide the performance you need Contains 10 Ea. of Galitd 4F+, 5F+, 6F+,
from high gain, low noise, high IP3 or low DC current. 51F+, 55+ (50 pieces total)
Don’t wait; choose the MMIC model that meets your Evaluation Boards Available, $59.95ea.
performance/price requirements, Available from Stock. All models protected under U.S. patent #6,943,629.
Mini-Circuits... Your partners for success since 1969 0 RoHS compliant.
®
ANNIVERSAR
1969-2009 1SO 9001 IS0 14001 AS 9100 CERTIFIED

& P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
— 4’2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see_r—k

IF/RF MICROWAVE COMPONENTS 346 rev Q

Visit http://mwj.hotims.com/28484-64 or use RS# 64 at www.mwjournal.com/info


http://mwj.hotims.com/28484-64
http://www.mwjournal.com/info
http://www.minicircuits.com

WiFi Hotspot Market Stages Revival in
2009

narked by renewed interest from communication
providers and increased usage among both business
and leisure users, reports In-Stat. In-Stat estimates that
hotspot usage will increase in 2009 by 47 percent, bringing

total worldwide connects to 1.2 billion.
“A market that appeared to be languishing due to rev-
enue shortcomings has found a renewed life force,” says
Frank Dickson, In-Stat

The Wi-Fi hotspot market is entering a revival period
n

hOtSpOt usage will Analyst. “Mobile op-
) erators have become in-
increase in 2009 by creasingly involved in the
47 perc ent hotspot market globally

as they assess the poten-
tial of hotspots to offload
wireless data traffic from overburdened 3G networks. Also,
mass market adoption of Wi-Fi-enabled smartphones has
significantly altered hotspot usage, with these devices ac-
counting for the majority of access sessions in some loca-
tions.” Recent research by In-Stat found the following:

e Total worldwide hotspot venues will reach 245,000 loca-
tions in 2009.

e AT&T is on course to experience 500 percent usage
growth for 2008 vs. 2009.

* Asia-Pacific will experience the greatest growth in ven-
ue deployments over the next few years, largely driven by
large-scale deployments in China.

® Survey results suggest that security concerns by individ-
uals, not corporate users, are limiting hotspot usage.

The research, “Wi-Fi Hotspots: Cellular Handsets and
Portable Devices Drive a Market Renaissance,” covers the
worldwide market for Wi-Fi hotspots. It includes:

e TForecasts of mobile handsets with embedded Wi-Fi
sales through 2013.

e Forecasts of hotspot venue and usage growth for North
America, Asia and Europe through 2013.

* Results and analysis of an In-Stat consumer survey.

¢ Provider segmentation and deployment analysis.

e Profiles of major players, including AT&T, Swisscom,
Boingo, iPass and WeRoam.

¢ Discussion of emerging applications.

Qualcomm Takes Lead as 4G Patent Holder

ualcomm looks set to be the leading patent holder
in 4G wireless communications after recording 24
percent of ETSI declarations surrounding LTE, as
well'as 16 percent of the 26,000 patents that have potential
relevance to 4G technologies generally, including WiMAX.
Other notable players in the LTE field include Interdigital
(18 percent), Huawei (10 percent), LG (9 percent), Nokia
(9 percent) and Samsung (7 percent). When considering
the whole 4G environment Samsung takes second spot

COMMERCIAL MARKET

T-Mobile 1%

Alcatel Lucent 1%

T1 2% Ericsson 3%

s g 7% ETRI 2%

ltal

J
\__l!luv

Nokia Siemens 2%

Panasonic 3%
Nortel 3%

NEC 1% Motorola 1%

Source: ABI Research
with 12 percent of all patent filings, and Nokia takes third
with 6 percent.

Stuart Carlaw, Chief Research Officer at ABI Research,
comments, “Innovation in this space continues unabated.
Given that these declarations reflect work completed 18
months ago, it is very feasible that this landscape could
shift again during the coming two years as we see the 4G
market ramp up. We see no major reason why the licensing
situation in 4G will be significantly different from that for
3G. There is still a big list of ‘haves” but also a large list of
‘have-nots’. The only major change is that the list of haves
has changed significantly to embrace newly active patent
holders such as Samsung and Huawei.”

These data are contained in ABI Research’s database
product “LTE and WiMAX Intellectual Landscapes.” The
research was compiled through analysis of IEEE declara-
tions of essentiality as well as a full search of patents relat-
ing to OFDM, OFDMA, Beamforming, SDMA, HARQ,
SC-FDMA, MIMO and Fast Power Control. It forms part
of the firm’s 4G Research Service, which also includes Re-
search Reports, Research Briefs, ABI Insights, ABI Vendor
Matrices and analyst inquiry support.

Shipments of WiMAX Chipsets Reach Four
Million
s hipments of mobile WiMAX chipsets were predicted
to reach four million by the end of 2009 according
to the latest research by Maravedis, who in partner-
ship with Reveal Wireless released its new report “WiMAX
Wave2 Subscriber Station Chipset Vendors Competitive
Analysis.” Maravedis and Reveal Wireless found that the
WiMAX subscriber station chipset ecosystem is acutely
fragmented, with more than 14 chipset vendors compet-
ing for market share. “This puts pressure on vendors with
insufficient customer traction, lacking funding or scale, or
offering only partial chipset solutions,” said Adlane Fellah,
Maravedis CEO and Founder and Co-author of the report.

Go to www.mwjournal.com for more commercial market news items j\k
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Several early movers that entered the WiMAX market
with fixed or Wavel mobile solutions are now shipping

Wave2 compliant chip-
sets, mainly composed
of a baseband chip and
companion RF trans-
ceiver IC. “However,
most of the available
chipsets are not highly
optimized because they
were compelled to cover
a broad range of appli-
cation segments,” noted
Pascal Deriot, Senior
Analyst and Co-author
of the report. “We be-
lieve that WiMAX mass
market adoption requires ubiquitous coverage and 10T
mature, sub $10 chipsets that are power and performance
optimized for each application-specific segment.”

This research provides a detailed comparison of the key
WiMAX chipset vendors, identifying system architectures,
estimating chipset and system BOM, cost of available de-
vices, such as CPEs, USB dongles or Express Cards, and
researching vendor product roadmaps and SWOT. The
report covers over 29 baseband, RF IC and module solu-
tions from 14 WiMAX vendors, and profiles the five key

...the WiMAX
subscriber station
chipset ecosystem is
acutely fragmented,
with more than 14
chipset vendors
competing for
market share

COMMERCIAL MARKET

players—Beceem, GCT, Intel, Samsung and Sequans—
offering an in-depth analysis of each chipset.

Select Key Findings:

e The five key players have introduced differentiated
chipset solutions, enabling them to gain significant leader-
ship in their target market segments.

e Few WiMAX chipset players have the scale to effectively
address all segments; no global leader has emerged in 2009.
e Mixed process technologies and packaging approach
have been launched in 2009, from monolithic solutions to
System-in-Package implementations to save cost and space.
e Similar to WiFi or 3GPP/3GPP2 platforms, vendors le-
verage their first or second generations to further reduce
chipset cost and improve footprint, Bill of Material and
performance.

* Three chipset vendors are best positioned to achieve
the US$10 price target through baseband and RF mono-
lithic die integration in 65-nm.

e The WiMAX market is not large enough to support 14
chipset vendors. Consolidations, exits and transitions to-
ward LTE are expected in the next two years.

The report also analyzes the difficult choices faced by
small chipset players with limited budgets. The next chal-
lenge for most WiMAX chipset vendors will be to find the
right balance of R&D investments in an LTE transition
and a more integrated and cost-effective path for their
WiMAX solution.
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INDUSTRY NEWS

Keithley Instruments Inc., a leader in advanced electrical
test instruments and systems, announced that it has signed
a definitive agreement with Agilent Technologies Inc. to
sell substantially all of its RF product line to Agilent. Fol-
lowing the closing, it is anticipated that the majority of the
RF team will become Agilent employees. Under the terms
of the agreement, the company will transfer substantially all
of the assets associated with the RF product line and Agilent
will assume certain related liabilities. Agilent will provide
global sales, service and support for the existing RF product
line. The company expects to receive cash proceeds of ap-
proximately $9 M and to realize a pre-tax gain in the range of
$2.5 to $3.5 M during its first quarter ended December 31,
2009, as a result of the sale.

Molex Inc., an electronic components company, announced
that it has completed the acquisition of China-based Zhen-
jiang Tean Telecom & Appliance Co. Ltd. (Tean), located
in Jiangsu Province. Tean designs and manufactures a vari-
ety of radio frequency (RF) and microwave products for the
telecom and base station/wireless markets globally.

AWR®, an innovation leader in high-frequency electronic
design automation (EDA), and AMPSA, a supplier of RF
and microwave amplifier design software, announced a re-
lationship that enables AWR to incorporate AMPSA’s Mul-
timatch amplifier design technology as an optional module
into its industry-leading Microwave Office high-frequency
design software. By making the Multimatch Amplifier De-
sign Wizard (Multimatch ADW) readily available to Micro-
wave Office software users, designers gain ready access to
design technology for realizing state-of-the-art, high-dynam-

ic-range RF and microwave amplifiers (Class A and Class B).

Cobham has opened a new facility in Exeter, NH, that will
immediately accommodate 80 new jobs related to the man-
ufacture of cable systems sold to the US Government and
major aerospace and defense companies. Cobham Sensor
Systems products manufactured at this facility support elec-
tronics warfare and command, control, communications,
computers, intelligence, surveillance and reconnaissance
(C4ISR) applications, as well as a wide variety of major air-
borne, shipboard, ground-based, space-based and homeland

security-related radar platforms.

Rochester Electronics, a comprehensive and authorized
source for discontinued semiconductors, is actively expanding
its mission critical product manufacturing capabilities to en-
sure a continuous supply of certified radiation hardened space-
level semiconductors. An approved member of the Class V
Qualified Manufacturer List (QML) by the Defense Supply
Center Columbus (DSCC), Rochester Electronics is contrac-
tually licensed by National Semiconductor, TI, Fairchild and
other leading semiconductor firms, to provide a continuing
manufacturing source for products they no longer make.

56

AROUND THE CIRCUIT

DragonWave Inc., a supplier of packet microwave radio
systems for mobile and access networks, announced that it
has received Metro Ethernet Forum (MEF) certification for
its Horizon Compact packet microwave radio solution. The
MEF certification program provides service level bench-
marks for manufacturers” equipment and service provider
performance in complex Ethernet-based networks. Horizon
Compact is now MEF 9 and MEF 14 certified.

Cobham SATCOM, a manufacturer of Inmarsat satellite
communications equipment, announced that the HGA-
7001 High Gain Antenna subsystem has been certified on
the Airbus A320 (Single Aisle) family of airframes. This
complements an ever growing range of airframes on which
the system is deployed and confirms the general appeal and
acceptance that this product enjoys in the aeronautical mar-
ket. Cobham also confirmed the first deliveries of this prod-
uct to Airbus for installation on airline aircraft.

Skyworks Solutions Inc., an innovator of high reliability
analog and mixed signal semiconductors enabling a broad
range of end markets, announced that the company’s ex-
panded ISO/TS 16949 certification now includes its entire
Mexicali, Mexico manufacturing facility. Skyworks™ 2007
ISO/TS 16949 certification previously covered only certain
facets of its Mexicali operations.

Rodelco Electronics Corp. has received an AS9100B sup-
plier certification for the design, development and manufac-
ture of RF/microwave assemblies, microelectronic circuits
and electronic assemblies. The certificate was issued by Na-
tional Quality Assurance, USA. Rodelco is a manufacturer
of high quality, custom developed, RF and microwave com-
ponents and assemblies for the military and OEM market.

Gowanda Electronics installed two cleanrooms at its facili-
ties in upstate New York. It is the first inductor manufactur-
er to install multiple cleanrooms. The cleanrooms are Class
100,000, but can be upgraded to Class 10,000 as needed
to meet customer requirements. The installation of these
cleanrooms reflects Gowanda’s commitment to the electron-
ics industry and to the increasing demands/requirements of
its customers.

CONTRACTS

Comtech Telecommunications Corp. announced that
its Tempe, Arizona-based subsidiary, Comtech EF Data
Corp., received $2.4 M in orders for satellite modems and
redundancy switches. The equipment will be employed
by the United States government to support an ongoing
military communications program. The order includes the
DMD2050 Universal Satellite Modem and corresponding
redundancy switches.

RF Micro Devices Inc. (RFMD) announced that RFMD
has been selected by a leading manufacturer of smart-
phones to support two upcoming CDMA smartphones.
RFMD will supply its high performance RF1130 single-
pole three-throw (SP3T) cellular switch into two upcoming
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models targeting the consumer smartphone market. The
first device is expected to launch in the first half of calendar
2010, and shipments of the RF1130 are expected to com-
mence in the March 2010 quarter.

Ball Aerospace & Technologies Corp. has been selected
by NASA’s Goddard Space Flight Center to build a sec-
ond Global Precipitation Measurement Microwave Imager
(GMI) in support of the Global Precipitation Measure-
ment (GPM) mission. The identical GMI 1 and GMI 2 Mi-
crowave Imagers are multi-channel, conical-scanning, mi-
crowave radiometers serving an essential role in the near-
global-coverage and frequent-revisit-time requirements
of GPM, a mission designed to improve climate, weather
and hydrological predictions by providing more accurate
precipitation measurements from space. GMI 1 is sched-
uled to begin full instrument testing at Ball Aerospace by
mid-2010. Following completion, the radiometer will fly
aboard the GPM space-borne core observatory scheduled
to launch in 2013.

PERSONNEL

Electronic Assembly Manufacturing Inc. (EAM) has an-
nounced the hiring of a new Director of Sales, Mary Ter-
ribile. With more than 31 years of management and cus-
tomer service experience, Terribile will fulfill the role of
Director of Sales by developing and managing field sales

Proven Performance. Hundreds of radomes installed on every continent on Earth,

including the most extreme environments.

Application Versatility. MFG Galileo radomes provide exceptional RF and structural
performance for commercial and government customers. Application expertise includes
Air Traffic Control, Weather Detection, Satcom and others.

representative teams for the growing cable assembly com-
pany. She previously worked at Radiall USA Inc. (formally
Applied Engineering Products), located in New Haven,
CT, in a variety of roles including Inside Sales Manager,
National Sales Manager and Product Manager. She also
has experience working for Cablewave Systems and Times
Wire and Cable as an inside sales representative.

Spartech-South, an RF and microwave manufactures rep
firm covering the southeast, announced that Scott Brooks
has recently joined the Spartech team as territory Sales
Manager. Brooks has 25 years experience selling RF and
microwave components and interconnects with companies
such as W.L. Gore, Precision Marketing Inc., M/A-COM,
Adams-Russell and most recently with Brooks Associates,
a manufacturing rep firm he started in 1991. Brooks will
be covering commercial and military customers in Eastern
and Southern Florida. His new contact info is as follows:
Office (321) 727-8045, Cell (321) 615-1454, e-mail: Scott@
Spartech-South.com.

Analog Devices Inc. (ADI) announced new, expanded
roles for Vice Presidents Robert (Robbie) McAdam and
Vincent Roche, as part of an organizational change that
strengthens the company’s focus on delivering world-class
signal processing products and support to customers. Mc-
Adam and Roche will lead two new groups, reporting to
President and CEO Jerry Fishman. Vice President Robbie
McAdam leads the Core Products and Technologies (CPT)
group, which focuses on strengthening ADI’s number-one
market share position in converters and high performance
amplifiers, and growing the portfolio of RF, power, MEMS

Standard features on
MFG Galileo Composites
radomes:

Evaluated for each
customer’s requirements

Pseudo-random and
non-random geometric
panel designs

Sizes from 4-feet to
77-feet diameter

Ground and ship-based
Performance to 40 GHz
Wind ratings > 200 mph

Low maintenance
requirements

Proven Composites Technology Expertise. As part of the Molded Fiber Glass e
Companies family, MFG Galileo is the only radome supplier united with a world leader
in composites technology, testing, analysis and process development.

ISO 9001:2000 Certified | 334.493.8040
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I AROUND THE CIRCUIT

and DSP products. Vice President Vincent Roche leads
the new Strategic Market Segments (SMS) group, which
focuses on integrating ADI technology into optimized so-
lutions for automotive, industrial, medical, consumer and
communications infrastructure customers.

D.L.S. Electronic Systems Inc., Wheel-
ing, IL, names Mitch Gaudyn Manager
of its Conformity Assessment Compliance
Testing Group. Gaudyn will oversee the
day-to-day operations and management of
the Product Safety testing arm of D.L.S.,
b covering UL, CSA, CE, CCC, C Tick,
BSMI and other global testing standards
and requirements. Gaudyn comes from
Charles Industries, where he has been the Product Manager
for OSP Telecom and Other Electronic Products.

REP APPOINTMENTS

Richardson Electronics Ltd., whose new website features
the latest products from the top suppliers for the most im-
portant RE/Wireless and Power Conversion applications, an-
nounced it has signed a global distribution agreement with
Sarantel, a manufacturer of filtering antennas for mobile and
wireless devices. As aleading distributor of RF and microwave
components, Richardson Electronics offers technical exper-
tise, value-added customer service, and a global sales footprint,

1/10 Conr-

FCl and HART"
ruggedize~’
With twc
[\
[\
outdoor applic

[\
www.HARTIN G N

A Mitch Gaudyn

FCl and HARTING’s outdoor
1/0 webpages provide
direct links to technical
resources for ruggedized,
cost-effective outdoor

connectors.
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which provides OEM/ODM companies with streamlined new
product introduction and shorter design cycles.

Vaunix Technology Corp., a manufacturer of USB con-
trolled and powered test equipment, has announced the hir-
ing of two new sales representatives to handle customer re-
lationships in the UK and Japan. MCS Test Equipment is a
supplier of wireless test and measurement equipment in the
UK. Located in North Wales, MCS covers all territory within
the UK. Vaunix representative Bill Beck can be reached by
phone 08453 62 63 65 or e-mail: info@mcs-testequipment.
com. For more information, visit the MCS website at www.
mces-testequipment.co.uk.

Electronic components distributor Digi-Key Corp., recog-
nized by design engineers as having the industry’s broadest
selection of electronic components available for immediate
shipment, announced it has expanded its agreement with
CTS Corp. to include the Tusonix line of EMI/RFI filters,
capacitor assemblies and related components.

Reactel Inc., a manufacturer of RF and microwave filters,
multiplexers, and multi-function assemblies for the commer-
cial, military, industrial, and medical industries, announced
the appointment of Trembly Associates as the company’s
exclusive representative in Arizona, New Mexico, Colorado
and Utah. For more information about Trembly Associates,

please visit www.trembly.com or telephone Gary Mulryan at
(505) 266-8616.

Linx Technologies Inc. announced the appointment of
World Micro Inc. as a stocking distributor.

FCi

Pushing Performance

www.HARTING-usa.com www.fci.com
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AUTOMATING RADAR
MEASUREMENT TASKS
THROUGHOUT THE
LIFECYCLE OF A RADAR

SYSTEM

he measurements needed for radar dif-

fer depending on the job to be done and

the type or radar to be characterized.
Modern radar designs incorporate complicated
pulses that present significant measurement
challenges. Improvements to range, resolution
and immunity to interference have implement-
ed complex technologies such as phase modu-
lated pulses, frequency hopping, frequency
chirped pulses and very narrow pulses, with
many of these exhibiting high bandwidth.

The latest commercial test equipment has
enough bandwidth, resolution, timing accuracy
and RF performance that when coupled with
automatic signal generation and analysis soft-
ware can reduce development costs and speed
time-to-market for emerging radar designs.
While radars can internally test their own func-
tion, radars cannot tell themselves why they do
not work or in many cases when they are not
functioning properly. Further, the validation
and verification of emissions and immunity to
the anticipated environment require indepen-
dent test tools.

The radar measurements discussed here are
all pulse measurements. Although there are
several continuous transmission types of radar,
primarily Doppler and passive radar technolo-
gies, the great majority of radars are pulsed.
This article addresses the needs for pulse gen-
eration and measurements, the automated

pulses are detected and the measurements that
are available, explanation of just how several
automated measurements are made, and pulse
generation. The three main phases of the radar
measurement lifecycles are design and verifica-
tion, production, and signal monitoring.

During the verification of the design of ra-
dar, there is a need to assure that the transmit-
ted signal is correct, that the receiver responds
to correct signals, and that there are no unex-
pected signals emitted from the transmitter.
Unexpected outputs can range from unintend-
ed signals that are related to the desired pulse
(such as harmonics, sub-harmonics, images
and mixing products, etc.), as well as spurious
outputs unrelated to the desired pulse, such as
radiation of internal local oscillators, coupling
from digital clocks, spurious oscillations within
RF circuitry, pulse errors due to component
distortions and mismatch, and so forth.

In the modern world of “software-defined”
radar, modulated pulses, chirps, and other wave-
forms are often created not with traditional ana-
log circuitry, but with Digital Signal Processing

DARREN MCCARTHY
Tektronix Inc., Beaverton, OR
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(DSP) and Direct Digital Synthesis
techniques that digitally synthesize
complicated signals directly at IF or RF
frequencies. These only become analog
when the synthesized digital data is put
through a D/A converter.

Within the DSP, subtle computer
code errors such as illegal filter values
Or NumMeric expressions can create very
short-duration signals that may bear lit-
tle or no relation to the desired output.
A single incorrect computer instruc-
tion can create momentarily incorrect
RF output. This can play havoc when
filtered, amplified and transmitted.
Spurious emissions can interfere with
other services as well as provide a dis-
tinctive signature if they are specific to
a particular transmitter design.

Production testing requires verifi-
cation that each unit meets its speci-
fications. Tasks include tuning and
calibrating assemblies, as well as com-
pensating and calibrating analog mod-
ules, linearizers and amplifier com-
ponents. Results must be accurate
and repeatable to assure that the final
product will function as intended. As
component and subsystem vendors
make changes to their processes, con-
tinued verification of performance
is required without varying the tests
throughout the production life.

Automated testing reduces the
chance for operator error, which is a
drawback of manually operated and
interpreted testing equipment. Re-

producibility of test results can be
maintained regardless of production
personnel, environment, or equip-
ment ehanges, and training require-
ments can be significantly reduced.

In situ signal monitoring presents
a somewhat different challenge, par-
ticularly in defense and military appli-
cations. There is less need to verify a
specification, but more to identify sig-
nals that may be present in a local area,
or may show themselves only very rare-
ly. This type of interference can jam or
reduce the effectiveness of the radar.

When searching for pulsed or in-
terfering signals, an automated con-
tinuously searching analyzer must not
blink just when the signal appears.
Discovering, triggering and capturing
infrequent signals or transient charac-
teristics of signals are required before
analysis can be performed. Interfer-
ence may be manifested not only as
an infrequent problem, but may be
an issue of multiple signals sharing a
frequency, either intentionally or un-
intentionally.

For the design and production
phases of the radar lifecycle, both
transmitter and the receiver test are
required coupled with appropriate
signal generation solutions. On the
transmitter side, modern radars of-
ten generate pulses at an Intermedi-
ate Frequency (IF) where the pro-
cessing is easier. They then convert

TE ks

G—
; MIXER/
E ~ UPCONVERTER "

POWER TX/IRX :
AMPLIFIER DUPLEXER
RX
FRONT END

-

GENERATE WAVEFORMS

ANALYZE WAVEFORMS

A Fig. 1 Radar test tool overview.
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that frequency to the final operating
frequency before amplifying it to the
necessary high power. When testing
an up-converter from the IF system,
or testing the power amplifier, a radar
pulse generator is needed as well as
the pulse analyzer.

There are several solutions for
generation of radar pulses. Arbitrary
Function Generators (AFG), Arbi-
trary Waveform Generators (AWG),
and software to create the necessary
pulses can generate digital and ana-
log baseband, IF, RF, or microwave
signals using direct synthesis. Test
waveforms can be imported into the
generators, synthesized, or replayed.
Signal generation is often required in
the selection and verification of ana-
log transmitter components to test the
margin of design and manufacturing
processes.

Testing the receiver portion of a ra-
dar system when the companion trans-
mitter is not yet available requires
pulse generation equipment with the
capability to add impairments and dis-
tortions to generated pulses. This will
verify the limits of receiver functional-
ity. A generator of waveforms with ar-
bitrary variation of any part of a digi-
tally created waveform fills this need.
Common impairments are in-channel
and out-of-channel signals and noise
to test desensitization or blocking.

There are many different varieties
of wideband AFG and AWG instru-
ments that are capable of generating
complex radar signals as baseband or
IF signals. For the lower radar fre-
quencies, even fully modulated RF
signals can be directly generated.
Some models also have digital data
outputs in addition to the analog sig-
nals. Figure 1 illustrates where the
test tools can be applied for radar
transmitter or receiver analysis.

The latest development is signal
generation software that delivers ad-
vanced capabilities for direct synthesis
and generation of complex radar signals
using an AWG to generate the actual
signal. The user enters into the soft-
ware a description of the desired RF
signal and the software will compile the
necessary waveform file. It will also use
the waveform sequencing ability of the
signal generator to create longer length
waveforms. The software provides the
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flexibility to create independent single
or multiple pulse groups to form a co-
herent or a non-coherent pulse train.
It is also possible to define inter and
intra pulse hopping patterns in both
frequency and amplitude and to visual-
ize defined radar pulse patterns graphi-
cally in spectrogram view.

The traditional measurements of a
pulse are timing. The width and period
are the most basic, and convert to rep-
etition rate and duty cycle. Pulse shap-
ing may be used to contain the trans-
mitted spectrum. Pulse shape includes
the rise time, fall time and aberrations.
The aberrations include overshoot,
undershoot, ringing and droop. A chal-
lenge is to measure the transient splat-
ter and spectral re-growth if the pulse
shaping is not correct.

Timing variations from one pulse
to another is the next more advanced
timing measurement. These may be
intentional variations or unintentional
ones, which may degrade system func-
tionality. Radar signals, however, may
contain modulation within a pulse.
Such modulations can be simple or
very complex. There are several ways
to measure different modulations
within a pulse.
¢ Amplitude-versus Time
e Phase-versus Time
® Frequency-versus Time
* General Purpose Modulation Mea-

surements, such as BPSK, QPSK,
QAM, etc.
e Chirp measurements

Amplitude, Phase and Frequency
versus Time are all single parameter
measurements and operate on a sam-
ple by sample basis. The amplitude
measurement plots the magnitude
envelope detection. The magnitude is
calculated for each sample by squar-
ing both In-phase (I) and Quadrature
(Q) values for each sample, summing
them and then taking the square root
of the sum.

Analysis of digitally modulated sig-
nals is more complex. The desired plot
includes the amplitude, the phase, or
both plotted against the transmitted
“symbols” (the data words transmit-
ted). This requires entering the mod-
ulation type, symbol rate and the mea-
surement and reference filter param-
eters. This measurement can display
constellation, error plots, signal qual-
ity and a demodulated symbol table.

TUTORIAL

As radar signals have become more
complex, it is increasingly beneficial
for engineering whether in design,
production or monitoring stages, to
have automated tools for completing
RF pulse measurements. This ensures
both greater reliability and repeat-
ability. The following descriptions of
pulse measurement techniques gen-
erally apply to spectrum analyzers and
oscilloscopes with vector signal analy-
sis software.

Measurements made of a single
pulse (sometimes called short frame
measurements) depend on the in-
tended use of the pulse. The applied
modulation will determine the need-
ed measurements. For simple single-
frequency (CW) pulses the measure-
ments may include power (or voltage),
timing, shape, RF carrier frequency
and RF Spectrum occupancy.

For modulated pulses, additional
measurements are required. The ac-
curacy of modulation contained with-
in the pulse is needed. Parameters
such as phase or frequency modula-
tion, frequency extent of a chirp, and
phase linearity of a chirp are crucial to
the performance of the radar system.
Modulation accuracy of digitally mod-
ulated pulses is also important.

Before any parameters can be
measured, an automated system
must identify that a pulse exists and
further locate some critical features
of the pulse, from which the timing,
amplitude and frequency measure-
ments will be referenced. Algorithms
used for finding pulses require at least
seven samples between the rising and
falling edges to be assured of good re-
liability of pulse detection. If there are
fewer points, then the detector will be
less reliable and the pulse measure-
ment specifications will all degrade.
For a 40 MHz bandwidth digitizer, 7
samples is equivalent to 150 nanosec-
onds. And for a 110 MHz digitizer it is
50 nanoseconds. For a 20 GHz band-
width oscilloscope it is roughly 140
picoseconds.

The actual detection of pulses is
complicated by the extremes of some
of the parameters and variations en-
countered in modern pulsed radars.
The duty cycle may be very small,
which leaves the pulse detector look-
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ing at only noise for most of the pulse
interval. The pulse timing may vary
from pulse to pulse, or the frequency
of each pulse may hop in an unpredict-
able sequence. Even the amplitude
may vary between pulses leaving a de-
tection analysis based solely on modal
histogram distribution unusable.

Other difficulties arise if the puls-
es exhibit real-world characteristics
shown in Figure 2 such as ringing,
droop, carrier leakage, unequal rise and
fall times, or even amplitude variations
such as a dip in the middle of a pulse.
The greatest difficulty to overcome is
poor signal-to-noise ratio. Particularly
as the pulse width gets smaller, the rise
time gets faster, or as a frequency chirp
gets wider, the bandwidth of the mea-
suring system must also get greater. As
the bandwidth increases, the noise in-
creases with it.

The basic tradeoff in the pulse
amplitude algorithm is between the
reliability of the detection versus the
speed of the algorithm. The method
used in the advanced pulse analysis
includes four separate pulse detection
algorithms. Each of these algorithms
is called within the DSP processor
one at a time. They are called in or-
der of the simplest and fastest first.
Then the next detector with increas-
ing complexity will be tried. This will
continue, and if at any time a pulse is
found, then the process ends. In this
manner the finding of the pulse and
its amplitude is completed in the least
amount of time required.

The pulse Carrier Detection Algo-
rithm reports “no Pulse Found” only
if all four methods fail to find a pulse.
All of the carrier level detection algo-
rithms use envelope detection. With
this method, a sim-
ple CW pulse will
be represented by
a voltage waveform
that represents the
baseband pulse
that modulated an
RF carrier. The ac-
tual mechanism is
to take the square
root of the sum of
the squares of the
(I) and (Q) values at
each digital sample

TOP OF RISE

oogo \

TUTORIAL

Once the pulse has been found, the
magnitude can be determined from
the samples now known to be inside
the pulse and the reference points
(cardinal points) can then be located.

Once it has been determined that a
pulse does exist, a model of the pulse
will be constructed with four cardinal
points and four lines. These points
and lines are the fundamentals from
which all of the measurements are ref-
erenced. Figure 3 shows a set of mag-
nitude samples with the lines drawn
through the samples. Then the points
are shown at the intersection of the
lines. When a pulse view is selected
on-screen with a linear scaled display,
these calculated pulse lines will be
shown overlaid on the actual plot of
the measured pulse.

To construct the model, the instru-
ment first performs a re-iterative least
squares fit in the pulse points to deter-
mine the best-fit position for these lines.
The process starts with the top line.
For greatest likelihood of good fit, the
line-fit is started with only the center 50
percent of the points at the top. This is
done to minimize errors from any over-
shoot or ringing at the transitions.

All frequency and phase measure-
ments within pulses are made with

OVERSHOOT

MAGNITUDE

CARRIER LEAK
0 TIME g

A Fig. 2 A real-world pulse can have many
distortions.

TOP OF FALL

0% OF T-ON

LINE-RISE 2

LINE-BOTTOM

BOTTOM OF RISE

of the IF signal. A Fig. 3 The cardinal points and connecting lines of the pulse model.
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respect to the carrier frequency of the
pulse. This frequency can be entered
manually by the user if the frequency
is known. Or the instrument can auto-
matically estimate the carrier frequen-
cy. If the frequency is to be estimated
internally, there are some settings that
the user can enter to help with the es-
timation. The frequency estimations
are performed based on the user en-
try of the type of pulse and improve
the time to results for measurements.

If the carrier were ON constantly,
then there would be little difficulty
determining the frequency. But for
these pulses the carrier is ON and
visible for only a small fraction of the
time. These fractions are discontinu-
ous as well. This makes the determi-
nation much more difficult.

Once the cardinal points have been
located, the timing measurements can
be calculated. All measurements are
made with reference to these points.
The first measurements are the rise
and fall times. The best-fit lines were
found as part of the pulse and cardinal
points location process. While a good
approximation would be to simply
measure the time between the lower
and upper points at each transition,
this would be slightly incorrect. The
specified time is between the two
points that lie on the actual pulse and
are also at the specified amplitudes.

In this case, the amplitudes were
specified as either the 10 and 90 per-
cent voltage or 20 and 80 percent.
In Figure 4 the pulse trace window
shows the measured pulse, the best-fit
lines, the cardinal points and the arrow
with the vertical lines shows the exact
points of the rise time of the pulse.

Other timing measurements in-
clude pulse width, repetition interval/
duty cycle, peak amplitude, average
ON power, average transmit power,
droop and pulse top ripple. The ripple
is defined as the difference between
the peak positive and negative excur-
sions from the best-fit line (which was
already found to be the droop). This
ripple, as seen in Figure 5, is expressed
in percent of the pulse-top voltage.

For CW pulses only, a frequency
measurement can be made using the
marker on a spectrum display, but

TUTORIAL

this method has limitations due to the
PRF lines that are an artifact of swept
spectrum analysis and the difficulty of
locating the center one to place the
marker depending on the space inter-
polation and signal repeatability. The
software uses a variety of methods
to find the carrier frequency within
pulses in preparation for automated
measurement of phase and frequency
parameters.

Pulse-to-pulse carrier phase differ-
ence is made using I/QQ processing as
other phase measurements. The accu-
racy of this measurement is subject to
four major influences: signal-to-noise
ratio, phase noise, estimation of the
pulse rising edge, and finally the over-
shoot present on the pulse as measured.

The pulse-to-pulse frequency mea-
surement is just like the corresponding
phase measurement, except that the
error effects are far less pronounced.
Frequency measurement is a relative
phase-change measurement made lo-
cally on the pulse, from which the fre-
quency is calculated. Then the mea-
sured pulse frequency is compared to
the reference pulse frequency, which
was found locally within the first pulse.

There are specialized measure-
ments required for verification of the
performance of frequency chirped
pulses. For simple time-of-flight

A Fig. 4 The rise time measurement with
measurement points shown on the pulse
trace.

A Fig. 5 The pulse ripple measurement.
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pulsed CW radar, the main concern is that the timing pa-
rameters of the pulse be as designed. For chirp radar, the
possible transmitted errors that will cause errors in the re-
ceiver can be much more subtle. While parameters such as
pulse timing, center frequency, chirp frequency width and
frequency errors across the chirp will all certainly cause
problems when the transmitter adds these to the radiated
signal, the phase errors across each pulse as well as from
one pulse to another are the more subtle contributors to
the success of chirped radar.

LONG FRAME MEASUREMENTS (MULTIPLE PULSES)

Measurement of a single pulse is not usually sufficient
to assure transmitter performance. Many pulses can be
measured. If there are differences from one pulse to an-
other, this by itself can be used to diagnose problems that
may be otherwise difficult to find.

The first view into such variations is the pulse table.
When there are many pulses in one acquisition, the mea-
sured values can be arranged into a table where the nu-
meric values of all measurements are calculated for each
acquisition. The user can select which measurements will
be shown in the table. Each column contains the results
from one parameter displayed sequentially for all the puls-
es which were measured. A new column is added for each
additional parameter selected by the user.

The results table shows variations in the pulse pow-
er of only about one tenth of a dB amongst the pulses.
Even though this is only an extremely slight variation, it

TUTORIAL

may be significant. To see if there is some regularity to
the results, the trend of results is plotted. The trend plot
plots one point for each pulse. This effectively removes
the long time in between the pulses and gives a readable
trend plot.

Figure 6 shows such a plot for the results of Average
ON Power of a series of pulses. There is a pronounced pe-
riodicity in the pulse power being produced by this trans-
mitter. If the variations were random, then, as small as they
are, they might well be ignored by the receiver. But a pe-
riodic variation may well produce false target information,
so there is a need to find the nature of the periodicity as
well as the cause.
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A Fig. 6 Plot of the trend of average ON power in a series of pulses.
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The table of values is useful to
manually see if there are anoma-
lous readings for some pulses. The
pulse trend plot graphically shows
the character and magnitude of such
variations. But to analyze these re-
sults and make a possible determina-
tion of the root cause for such varia-
tions requires further computations.
The method provided is a Fast Fou-
rier Transform (FFT) of the tabular
pulse measurement results. Figure 7
shows the process.

The drawing illustrates how the
FFT might well have been from the
previous trend plot. In this case, by
analyzing just the ON samples of
the Average ON measurements, and
eliminating the OFF time samples,
an FFT of the Average ON trend
can be calculated. Here the 400 Hz
primary power supply is modulating
the transmit power. Having found a
correlation between the variations
and a possible cause, remedial ac-
tion can now be taken.

CONCLUSION

The complicated pulses used in
modern radar systems present sig-
nificant measurement challenges in
military and defense environments.
The need for testing solutions extends
throughout the lifecycle of a radar
system from initial design, to produc-
tion and through to signal monitoring.
While there are somewhat different
requirements at each phase, automat-
ed signal generation and test software
help engineers make reliable and re-
peatable measurements.

Using AWG and signal creation
software, signals can be inserted at
any point in the radar chain to verify
performance or to simulate a range
of signal conditions. Using software
together with oscilloscopes and spec-
trum analyzers, engineers can per-
form a full range of automated pulsed
radar measurements including tim-
ing, frequency and phase, chirp and
long frame measurements involving
multiple pulses. No longer is it nec-
essary for radar development teams
to develop custom test benches to
fully characterize and validate their
designs due to a lack of suitable test
solutions. M
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PERFORMANCE
IMPROVEMENT OF POWER
AMPLIFIERS USING AN
ASYMMETRICAL SPURLINE
STRUCTURE

TECHNICAL FEATURE

In this article, an asymmetrical spurline structure with dual rejection bands

is proposed to reduce the higher harmonics of microwave power amplifiers.

To evaluate the effect of an asymmetrical spurline structure on microwave

amplifiers, two InGaP HBT power amplifiers were designed and fabricated. One

of them has an asymmetrical spurline structure at the output section, while the

other has a conventional 50 Q microstrip line only. The results show that the

asymmetrical spurline structure suppresses the second and third harmonics by

more than 27 dB at the output and yields an improved power added efficiency

(PAE) and output power by 6 to 8 percent and 1 to 4 percent, respectively.

icrostrip bandgap structures, such as
M photonic bandgap (PBG), electro-

magnetic bandgap (EBG) and de-
fected ground structure (DGS), have recently
been used to suppress high-order harmonics in
antennas, amplifiers and oscillators!* because
they are simple to fabricate and have excellent
filtering performance. For example, Radisic!
introduced a wideband power amplifier using a
dielectric PBG structure for higher harmonics
suppression and improvement in power-added
efficiency (PAE), while Lim? reported a power
amplifier with efficiency and output power im-
provements using a defected ground structure.
However, slotted ground planes are required
in the above-mentioned applications, which

result in a large circuit size and higher inser-
tion loss. Woo demonstrated that a single asym-
metric slotted ground plane with compact size
was excellent for second and third harmonics
suppression simultaneously.> Nevertheless, a
slotted ground plane needs an etching process
on the backside ground plane and an accurate
position calibration, which increases cost and
complexity.

HAIWEN L1u

East China Jiaotong University
Nanchang, China

Fu ToNG

Chinese Academy of Sciences
Chengdu, China
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A Fig. 1 Layout of the proposed asym-
metrical spurline structure.

Ar ig. 2 Schematic of the power amplifier
with the asymmetrical spurline structure (a)
and photograph of the fabricated amplifier (b).

A spurline structure is a simple
slotted structure that is embedded di-
rectly into a microstrip line. Without
any stubs and etch processing on the
backside ground plane, it is a conve-
nient process for dense integrated cir-
cuits because of their inherently com-
pact design and ease of integration.
Also, spurline structures can provide
excellent bandgap characteristics and
have been applied in antenna and fil-
ter designs.®” However, the reported
spurline structures only provide a sin-
gle bandgap to suppress one higher-
order harmonic component.

Based on previous work about
asymmetrical spurlines,®9 a new
method to suppress harmonics in a
power amplifier is proposed, using an
asymmetrical spurline structure. An
asymmetrical spurline structure with
dual rejection bands was designed and
can be applied to the second and third
harmonics suppression. Measured re-
sults are given and the improved out-
put power and PAE performances of
the power amplifiers are discussed.

ASYMMETRICAL SPURLINE
STRUCTURE AND POWER
AMPLIFIER DESIGN

An asymmetrical spurline structure
is shown in Figure 1. It consists of
two asymmetrical L-shaped slots em-

78

bedded into the microstrip line. The
length difference between the upper
spurline and lower spurline is denoted
by L. The configuration of the spurline
structure is defined by three param-
eters: the slot width s, the slot length
a and the slot height b. Because of the
dimensional asymmetry, different in-
ductance and capacitance effects of
the asymmetrical spurline structure
are expected and dual bandgap char-
acteristics could be obtained.

A MMIC InGaP HBT amplifier
(HMC454ST89 from Hittite) com-
bined with the proposed asymmetri-
cal spurline structure is employed to
realize a Class A power amplifier op-
erating over the 1.7 to 2.2 GHz band.
It is shown in Figure 2. The required
drain bias voltage is set to +5 V. Choke
inductors and shunt MIM capaci-
tors are used in the bias circuit. The
matching circuits are made of a mi-
crostrip impedance transformer, DC
block capacitors and shunt capacitors.
The asymmetrical spurline structure
is etched in the output microstrip line
to implement the second and third
harmonics suppression. The proposed
asymmetrical spurline structure’s di-
mensions are chosen as follows: s =
02mm, a=11.3mm,]l=35mm,b
= 0.4 mm, w = 1.48 mm. A substrate
with a relative dielectric constant of
4.5 and a thickness of 0.8 mm is used
in the simulation and measurements.
The amplifier circuit and the spurline
patterns can be realized at the same
time by a simple etching process.

The signals at the output of the
amplifier are terminated by the asym-
metrical spurline structure. Only the
fundamental component F, at 1.91
GHz passes through; the higher har-
monic components (2F, and 3F) are
suppressed, resulting in improved lin-
earity and an increase in fundamental
power.

In order to investigate the perfor-
mance improvement of the ampli-
fiers, two kinds of power amplifiers
have been fabricated. One is a con-
ventional design without the spurline
structure, while the other is the pro-
posed design. The simulated trans-
mission characteristics of the amplifi-
ers are shown in Figure 3. As shown,
it is demonstrated that the optimum
load impedance at the fundamental
frequency (F,) is changed slightly af-

ter adding the asymmetrical spurline

TECHNICAL FEATURE

structure. Furthermore, it is found
that the harmonics suppressions at
the second and third harmonics are
approximately 34.5 and 27 dB, re-
spectively.

A comparison of the measured
output power and PAE of the two am-
plifiers is shown in Figure 4. From
the measured results, it is clearly ob-
served that the asymmetrical spurline
structure has improved the PAE of
the power amplifier by 6 to 8 percent.
Additionally, the improvement in out-
put power is 0.4 to 1.0 dBm and is not
appreciable because the magnitudes
of the second and third harmonics are
very small. The output power is im-
proved by 1 to 4 percent.
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A Fig. 4 Measured performance of the two
amplifiers: (a) power added efficiency (PAE)
and (b) output power.
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CONCLUSION

A new method of adopting an
asymmetrical spurline structure for
higher harmonics rejection in micro-
wave amplifiers is verified in this ar-
ticle. At the output of the proposed
amplifier, an asymmetrical spurline
structure with dual rejection bands
is introduced to tune out the second
and third harmonics. Compared to
the conventional amplifier design,

the asymmetrical spurline structure
suppresses the second and third
harmonics by more than 27 dB and
yields an improved PAE by 6 to 8
percent. It is expected that the
asymmetrical spurline structure can
be widely used in other microstrip
circuits and systems for tuning har-
monics and improve performance
while the design is compact and
easy to integrate. H

80 Visit http://mwj.hotims.com/28484-10
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A COMPACT,
OMNI-DIRECTIONAL,
CIRCULARLY POLARIZED
MICROSTRIP ANTENNA

TECHNICAL FEATURE

A new type of omni-directional, circularly polarized microstrip antenna

employing a zero-order resonator (ZOR) loaded with arc-shaped stubs along the

patch is presented. The concept of the proposed antenna uses a configuration

of the horizontal magnetic and electric loop currents that act as electric and

magnetic monopole antennas, respectively. By adjusting the relevant dimensions

of the loaded stubs, an omni-directional, circularly polarized operation can

be realized. The operational frequency of the proposed antenna is 1.9 GHz.

According to the measured results, the proposed antenna provides a 10 dB input

return loss and bandwidth of 11.8 percent. The simulation and measurement

radiation patterns show that the proposed antenna radiates the electromagnetic

wave omni-directionally. The simulated axial ratios of the proposed antenna

indicate that it has a good circular polarization performance.

s a result of further research, antennas
Ausing metamaterials have been pub-

lished. Planar leaky-wave antennas us-
ing transmission-line metamaterials have been
reported with continuous beam scanning.!-3
Feeding networks of microstrip patch arrays
using transmission-line metamaterials have
been designed,* which removes the inherent
pattern squint resulting from the traditional
series feeding network. lizuka and Hall have
shown how left-handed transmission lines can
be incorporated into dipole antennas and found
that the antenna shows a reduced wavelength
with decreasing frequency.® Microstrip patch
antennas, loaded with a miniaturized multilay-
ered left-handed (LH) transmission line that
increases the effective wavelength of the an-
tenna and thus lowers the resonant frequency
of the radiating mode, have been realized.5 As
a new type of antenna, zero-order resonator

antennas have been explored.”-10 These anten-
nas radiate electromagnetic waves like mono-
pole antennas and simultaneously maintain the
inherent advantage of a low profile microstrip
patch. However, these antennas are all linearly
polarized and, to the authors” knowledge, om-
ni-directional circularly polarized structures
using ZORs have not been reported so far.

In this article, the design, fabrication and
measurement of a novel type of an omni-direc-
tional, circularly-polarized microstrip antenna
are described. The proposed antenna uses a
zero order resonance loaded with four identi-
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cal arc-shaped stubs, which maintains
the advantage of a low profile mi-
crostrip patch antenna and possess a
monopole-like radiation pattern.

THEORY

Antennas using a ZOR based on a
periodic design approach have been
studied in detail. 919 In the circuit
model of these antennas, the series
capacitance between unit ZORs is
needed to represent the electromag-
netic coupling, and provides the ca-
pacitance realizing the left-handed
part of the composite right-/left-hand-
ed transmission line. A mushroom
ZOR, which consists of a square me-
tallic patch connected to the ground
plane by a shorting post, has been
considered.%10 This structure, em-
ploying unit ZORs, realizes an omni-
directional linear polarization opera-
tion. The equivalent circuit model of
a ZOR is shown in Figure 1. Ly, C;,
L; and Cy’ are series inductance and
capacitance per unit length and par-
allel inductance and capacitance per
unit length, when the periodic ZORs
can be seen as homogeneous media.

By applying the periodic boundary
related to the Bloch-Floquet theo-
rem, the unit ZOR dispersion is deter-
mined to be:

i 7Y
B(w)=cos™ 1+ > @
L'rP c'/p
O_NYY\ I I o)
CcRP T 3 LuP
(o2
e [ gl
(a)
®
STOPBAND
O RH BAND
BAND GAP
W
LH BAN
STOPBAND B
- 0 iy
(b)

A Fig. 1 Equivalent circuit of a unit 20R (a)
and its dispersion diagram ().

TECHNICAL FEATURE

where the series impedance and
shunt admittance are

, 1
Z(w)= jloL, —E) 2)
Y(w) = jC, - mi ) (3)

L

The series resonance angular {re-
quency and the shunt resonance an-
gular frequency of the unit ZOR are
defined as follows:

o = (4)

0, = (5)
L C

<
=
=
=

In general, the series and shunt
resonance angular frequencies are
not equal. The balance condition is
not satisfied and a bandgap exits be-
tween the left-handed low pass band
and the right-handed high pass band.
The bandgap can be described by two

cut-off frequencies following:

o =min(o_,o,) (6)

o, =max(w_,o,) (7)

The dispersion diagram is also
shown in the figure. The unit ZOR
supports a fundamental left-handed
wave (phase advance) at lower fre-
quencies and a right-handed wave
(phase delay) at higher frequencies.
By periodically cascading unit ZORs
of length p, N times, the final struc-
ture can still be considered a resona-
tor under the resonance condition

B, = )
P

where n is the resonance mode
number, which can be zero, or a posi-
tive or negative integer.!! In the case
of open boundary conditions, the ze-
ro-order resonance angular frequency
is determined by the shunt resonance
angular frequency oy.19 When the
ZOR operates in the zero order mode,
the ZOR antenna radiates the elec-
tromagnetic wave omni-directionally,
like a monopole antenna with finite
ground plane.

In this article, a circular mushroom
ZOR is considered. By loading the
patch with four identical arc-shaped
stubs along the patch perimeter, a cir-
cumfluent current can be obtained and
thus omni-directional, circularly po-
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larized radiation can also be realized.
Figure 2 shows the equivalent circuit
model of the proposed structure. The
loaded arc-shaped stubs extend the
current path of the patch of the ZOR
and act as an increase in the area of the
patch, which can be further considered
as increasing the shunt capacitance and
series inductance. The series capaci-
tance between unit ZORs is not includ-
ed in the circuit model of the proposed
antenna, since only one unit ZOR is
used. The resonant frequency of the
proposed ZOR antenna is determined
by the shunt resonance as follows:

1
QY .
Lr
o—1Y Y o
Cr - gli
: :

Ar ig. 2 Equivalent circuit of the proposed
antenna.

A Fig. 3 Layout of the proposed antenna.
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A Fig. 4 Input impedance of the proposed
antenna without ring slot.

TECHNICAL FEATURE

DESIGN OF THE OMNI-
DIRECTIONAL, CIRCULARLY
POLARIZED ANTENNA

The layout of the proposed ZOR
antenna is shown in Figure 3. The
feed point is located at (6 mm, 0 mm,
0 mm). The four stubs extend the
current on the patch, increasing the
patch area that is the shunt capaci-
tance. Based on Equation 9, the reso-
nant frequency will be lower than that
of the ZOR antenna without the four
loaded stubs.

Input Impedance and Matching

The input impedance of the ZOR
antenna without any matching is shown
in Figure 4. It can be seen that the real
part of the input impedance is very large
at the resonance frequency and the
ZOR antenna is badly mismatched to
the 50 ) feed line. Appropriate match-
ing means must be added to match to
the 50 () feed line. Here, a ring slot is
adopted to improve the matching of the
ZOR antenna, whose dimensions are
optimized by using HFSS. A ring slot
with an outer radius of 2.1 mm and an
inner radius of 1.7 mm is used. Figure
5 shows the input impedance of the
ZOR antenna with the matching ring
slot. It can be seen that the matching
of the ZOR antenna is greatly improved
after adopting the ring slot.

Effect of Dimensions of the Loaded
Stubs on the Axial Ratio

The current distribution in the
patch of the ZOR antenna is plotted
in Figure 6. The in-phase current
distribution on the patch and loaded
stubs can be observed. The radiation
of the radial current simulates the
function of the electric monopole an-
tenna and the radiation of the circum-
fluent current simulates the function
of the magnetic monopole antenna.
The electric and magnetic monopole
antenna have the same phase center,
that is the geometrical center of the
ZOR antenna, but they have not the
same original phase. If the electric
and magnetic monopole antenna are
equal in terms of magnitude and or-
thogonal in terms of phase, the circu-
larly polarized operation can be real-
ized. The magnitude of circumfluent
current has relevant relations with the
dimensions of the loaded stubs. The
difference of the original phase of the
radial and circumfluent current is de-
termined by the distance between the
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A Fig. 5 Input impedance of the proposed
antenna with ring slot.
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A Fig. 7 Prototype of the proposed antenna.

stubs and the patch sides. The axial
ratio changes with the dimensions of
the loaded stubs and the distance be-
tween the stubs and the patch sides.
The proposed antenna realizes left
hand circular polarization. If the stubs
are loaded inversely along the patch
perimeter, right hand circular polar-
ization can be realized.

Antenna Realization

In order to obtain good circular po-
larized performance, the relevant pa-
rameters of loaded stubs are optimized
by using HFSS and are shown in the
layout figure. Figure 7 shows the pro-
totype of the proposed antenna. It uses
a Teflon substrate with a dielectric con-
stant of 2.65 and a height of 2 mm.

SIMULATION AND
MEASUREMENT RESULTS

The simulated and measured return

TECHNICAL FEATURE

0

% 5
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3 10\\ /

w

Q15 v

Z 20 \ /
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A Fig. 8 Simulated and measured return loss.

SIMULATION
MEASUREMENT

90°

-8 —
-6 —
-4 —
-2 —
0
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(b)

Ar ig. 9 Simulated and measured radiation
patterns in the x-y plane: (a) horizontal compo-
nent and (b) vertical components.

losses are displayed in Figure 8. The
operational frequency of the proposed
antenna is 1.9 GHz. The difference
between the two curves may be due
to the fact that the top patch is loaded
with stubs and the current path is ex-
tended. However, the ground plane is
not large enough and the current on
it may flow on the outer surface and
even on the outer surface of the coaxi-
al line. This acts as an effective imped-
ance matching. The proposed antenna
provides a 10 dB input return loss and
bandwidth of 11.8 percent. Figure 9
shows the simulated and measured
radiation patterns of the vertical and
horizontal polarization components
in the x-y plane. It can be seen that
omni-directional radiation is obtained
for the proposed antenna. The radia-
tion non-circularity of the proposed
antenna may be attributed to fabrica-
tion errors and measurement environ-
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270°

A Fig. 10 Simulated axial ratio of the pro-
posed antenna in the x-y plane.

ment. Figure 10 plots the simulated
axial ratio of the proposed antenna in
the x-y plane. It can be observed that
the proposed antenna has a good om-
ni-directional axial ratio performance.
By using the gain comparison method,
the measured gain of the proposed an-
tennais 0.2 dB.

CONCLUSION

A new type of low profile omni-di-
rectional, circularly polarized antenna
is designed, fabricated and measured.
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TECHNICAL FEATURE

The proposed antenna has a good per-
formance in size, a radiation pattern
similar to a monopole antenna and
can provide a large service area. The
proposed antenna can find wide ap-
plications in the mobile and wireless
local area network (WLAN) systems
due to its good performance in axial
ratio, size and service area. H
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TECHNICAL FEATURE

A SMALL S1zE, HIGH GAIN
ANTENNA FOR WIRELESS
BASE STATION APPLICATIONS

A single-element high gain compact microstrip antenna has been experimentally

demonstrated to operate over a wireless band covering 8 percent impedance
bandwidth. As much as 11 dBi peak gain with linearly polarized radiation has

been achieved using a prototype designed for personal communication systems
(PCS: 1850 to 1990 MHz). The prototype occupies only 0.15\, X 1.0\2 space,
Ny being the wavelength corresponding to the center frequency. This antenna is

aimed to communicating with the wireless base stations as a booster/repeater

device to serve a microcell in a weak signal zone.

of the wireless equipment, their compact

size and configuration have been a big is-
sue to the wireless industry. Some challenges in
realizing miniaturized wireless antennas have
been discussed by Cantrell’ and some new use-
ful candidates using dielectric resonators and
microstrips have been recently reported.2-4

Of all the possible structures investigated so
far, microstrip appears to be the most advanta-
geous for various reasons, including simplicity,
cost, weight and fabrication. However, a mi-
crostrip patch having a rectangular or circular
shape suffers from an inherent limitation of
narrow impedance bandwidth (=2 to 3 percent
with VSWR < 2) and the peak gain is limited
to 6 to 7 dBi. Several techniques are known
to increase the impedance bandwidth of a mi-
crostrip antenna, but they usually reduce the
antenna gain. Several gain enhancement tech-
niques like using a planar array or superstrate
layers are also known, but they could signifi-
cantly reduce the antenna bandwidth.

In this work, the combination of some use-
ful techniques have been explored to demon-
strate a small size, high gain antenna with a
considerably large impedance bandwidth ac-
commodating a commercial wireless band. The
techniques employed here were studied earlier
by different groups individually to investigate
a mechanically tunable patch,>6 to compen-

In view of the compact and portable nature

sate probe reactance” and to study improved
radiation properties using a shaped ground
plane.8-11

Here, all of them have been employed in
one structure for the first time, to realize a com-
mercially viable high gain wireless antenna. As
much as 11 dBi peak gain has been experimen-
tally demonstrated using a prototype operating
over the 1850 to 1990 MHz band (VSWR < 2
over 8 percent impedance bandwidth) for the
PCS band. The antenna occupies only 0.15\,
by 1.0\ space, N being the wavelength corre-
sponding to the center of the frequency band.
The antenna, backed by a transmit-receive unit,
can be packed together in a compact plastic en-
closure and should be ideal for both indoor and
outdoor installations. This is basically aimed to
microcell applications to communicate with a
base station as a booster/repeater device in a
weak signal zone like an airport, large building,
shopping mall, etc.
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DESIGN APPROACH

A schematic diagram of the antenna is shown in Figure
1. A coaxial-fed circular patch, etched on a microstrip sub-
strate, is used as the radiating element where the substrate
is fitted within a circular cylindrical cavity having its diame-
ter D equal to approximately the resonant wavelength and
the depth 1 = 0.15D. The substrate maintains a variable
air gap h with the ground plane, which is the floor of the
metal cavity. An annular slot is introduced surrounding the
feed point. This design approach, aimed at achieving a high
gain performance over a wide impedance bandwidth using

CYLINDRICAL
METAL CAVITY

SUBSTRATE Er

= [~

AIR GAP —i—d
—— N

CIRCULAR

GROUND PLANE

A Fig. 1 Schematic diagram of the proposed wireless antenna.

Features

4 High Output IP3: +40 dBm

¢ High Output P1dB: +23.5 dBm
¢ High Gain: 16 dB

4 Low Noise Figure: 2.5 dB
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a compact ground plane, is provided below:

(i) An increase in the substrate thickness and decrease
in its relative permittivity are two suitable choices to en-
hance the impedance bandwidth of a microstrip patch.
This was implemented by introducing an air gap below the
substrate.>6 In the original work with an air gap,® the ob-
jective was to tune the antenna by varying the gap height
h. In the present structure, the air gap results in increased
electric fringing fields; hence, a considerable increment
in the effective radius of the radiating patch is obtained,
which can be estimated.® This increment in the effective
patch radius causes the enhancement in the antenna gain.

(ii) Feeding through a coaxial probe has been chosen
since it is simple, less expensive and efficient for integrat-
ing with the transceiver front end. However, the long cen-
ter conductor penetrating through the substrate with air
gap results in a large value of feed inductance, which de-
grades the impedance matching at the input. A capacitive
loading by an annular slot on the patch, surrounding the
feed, was demonstrated by Hall” as a probe compensation
technique for a thick substrate. Here, for the first time,
that technique has been applied to the proposed geometry
with an air-gap to simultaneously achieve the high gain
along with a wide matching bandwidth.

(iii) Maintaining the ground plane size as small as possi-
ble is another requirement for a compact wireless antenna,
which in turn, for a microstrip element, degrades the ra-
diation pattern and the antenna gain. This aspect has been
taken care of by introducing a metal cavity surrounding
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the patch, which also prevents diffrac-
tion at the edge of the ground plane.
Some earlier studies employing cavity
and shaped ground plane8-11 also ad-
dressed the possibility of reduction in
patch size and improvement in radia-
tion characteristics.

For the present design, the opti-
mum parameters like the patch radius
a, the air gap h and the feed location
¢ have been directly calculated from
previously published formulas,512 for
the center frequency of the band. The
antenna has been designed to oper-
ate over an approximately 8 percent
matching bandwidth; the matching
parameters r and s of the annular slot
have been optimized through a series
of simulation studies.!> The other
important parameters like the cavity
diameter D and depth 1 were thor-
oughly studied in view of achieving
optimized radiation properties. Fur-
ther details of the design parameters
are also available.14

MEASURED AND SIMULATED
RESULTS

A prototype, operating in the PCS

band, was fabricated and measured
using an HP 8510 B network analyzer
and a fully automated anechoic cham-
ber. Some representative results are
presented. Figure 2 shows the mea-
sured and simulated return loss charac-
teristics of the prototype. The antenna
parameters are: €, = 4.5, t = 1.575 mm,
I=25mm,d=1275mm, a =233 mm,
r=5mm,s=08mm,c=14mm,h-=
5 mm and D = 160 mm. The measure-
ments show close agreement with the
optimum simulated return loss values.
The measured S;; values rather indi-
cate a comparatively improved imped-
ance matching at the antenna input.
The diameter of the ground plane

o
MEASURED
SIMULATED
—~ =10 \
«Q
3 \
&
T -20 \V
1.8 1.9 2.0
FREQUENCY (GHz)

A Fig. 2 Measured and simulated return loss
of the prototype antenna.
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has been initially chosen to be approxi-
mately 1.0\ (D = 160 mm). The effect

|40mm ZSmmIOmmOmml
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=
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1
-
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/

-20
-180 -90 0 90 180
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(b)
A Fig. 3 Simulated radiation patterns for
different heights of the cavity wall: (a) E-plane
and (b) H-plane.
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of the cavity height
| on the radiation
characteristics has
been  examined
and is shown in
Figure 3. Those
corresponding  to
I = 25 mm indi-
cate the best pos-
sible response in -20
view of the opti-
mum beam shape

and minimum = (a)
backward  radia-
tion. The effect of 10
change in D value CO-POL
above and below
D = 160 mm has
also been exam-
ined and is shown
in Figure 4, keep-
ing 1 = 25 mm. A
decrease in D by -180 -90 0 90 180
20 mm (that is D AZIMUTH (°)

= 140 mm) results = (B)

in relativel}/ 1 dB AFz'g 4 Simulated radiation pattern for dif-
down in the peak ferent cavity diameters.

gain. Again, an in-

crease of D by 20 mm (D = 180 mm) is found to enhance the
peak gain by approximately 1 dB, but with a considerable
back radiation, particularly in the E-plane pattern. There-
fore, D = 160 mm with 1 = 25 mm appears to be the best
choice to achieve a good radiation pattern with an optimum
peak gain of approximately 11 dBi.

Figure 5 shows the measured values of the peak gain
along with the simulated data. The simulated data have
been generated in two sets: over 1.85 to 1.9 GHz, using 1.9
GHz as the ‘solution frequency’, and over 1.92 to 2 GHz,
using 2 GHz as the ‘solution frequency’. The simulation
shows close agreement with the measurements indicating a
maximum relative deviation of the order of 0.5 dB.

The measured radiation characteristics of the PCS an-
tenna are shown in Figure 6 near the centers of its two
sub-bands called uplink (1.85 to 1.91 GHz) and downlink
(1.93 to 1.99 GHz) frequencies. Both the co- and cross-po-
larized patterns at these two frequencies are identical. As
much as 11 dBi peak gain with its main lobe aligned to the
bore sight is revealed. The simulated gain, shown previ-
ously, closely corre-
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-
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//

/
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sured values except . 44/
for the E-plane @~ MEASURED
cross-polarized g SIMULATED
level. Though no ' 2 6

significant  cross- 3

polarized radiation 3

above -25 dB is

obtained theoreti- 00 o e FToo
cally, the measure- FREQUENCY (GHz)

ments show this
as much as -10 dB A Fig. 5 Measured and simulated peak gain

. of the prototype antenna.
near bore sight. f the prototyy
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Ar ig. 6 Measured radiation characteristics
of the proposed antenna: (a) E-plane and (b)
H-plane.
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Such an experimental observation was
also indicated and discussed in a pre-
vious paper.13

CONCLUSION

A new design of an antenna suit-
able for certain wireless applications
is presented. The performance of the
antenna is demonstrated based on
theoretical and experimental studies.
This antenna is simple, less expensive,
compact in size and with relatively
high gain, operating over the PCS fre-
quencies. As much as 11 dBi peak gain
with linear polarization and 8 percent
impedance bandwidth have been ex-
perimentally demonstrated. ll
———
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A COMPACT PLANAR
MONOPOLE ANTENNA
FOR ULTRA-WIDEBAND

OPERATION

A novel planar monopole antenna of small dimensions is proposed for ultra-
wideband (UWB) operation. With the use of a planar monopole microstrip feed
and a subminiature version A (SMA) connector, the proposed antenna has a very
wide impedance bandwidth from 3.06 to 10.80 GHz, defined by a VSWR less
than 2:1. The transmission loss and group delay are also measured and discussed.

he United States Federal Communica-
I tions Commission (FCC) has opened
the radio spectrum from 3.1 to 10.6
GHz, permitting the use of a new unlicensed
radio transmission technology, the UWB sys-
tem. UWB systems entail sharp sub-nanosec-
ond pulses, and occupy a wide band with the
only restriction being a limit on the radiated
emissions levels. The European Commission is
following the same road and has been allocat-
ing the bands from 3.4 to 9 GHz for UWB sys-
tems.! Several compact UWB antennas have
been reported.27

H UNIT: mm
21.77
:Lr"- l12.7-| o %IL__IJI
1.7
-3 éms
jl 3.19 ) 1 ©

A Fig. 1 Geometry of the proposed antenna: (a) top view, (b) SMA
connector and (c) sectional view.

In this article, a compact planar monopole
antenna is proposed for UWB operation. The
proposed antenna uses an SMA connector in
place of a ground plane. Details of the antenna
design and experimental results are presented
and discussed.

ANTENNA DESIGN

Figure 1 shows the geometry of the pro-
posed antenna. The antenna is printed on a
FR4 substrate, with a relative permittivity of
4.4 and a thickness of 1.6 mm, and mounted on
the square flange of an SMA connector, with
a width of 12.7 mm. The antenna consists of
three sections: a planar monopole, a microstrip
line and an SMA connector.

Planar monopole antennas, featuring broad
bandwidth, small size, omni-directional ra-
diation pattern and low cost, have been pro-
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posed and investigated for UWB ap-
plications.?3 Therefore, a rectangular
planar monopole (12.8 mm x PW) is
used. In addition, a line (IL x IW) is
situated between the planar mono-
pole and the microstrip line to achieve
good impedance matching.

The antenna is fed by a microstrip
line 3.19 mm wide. The microstrip
line is connected to the 1.3 mm diam-
eter inner conductor of an SMA con-
nector and a 1.7 mm diameter circular
patch is printed around the via-hole
for a smooth connection. The ground
plane of the antenna is the ground
flange of the SMA connector that has
the dimensions of 12.7 x 12.7 mm.
Therefore, the proposed antenna is
designed to connect the main radiator
directly to the SMA connector with-
out a special ground plane.

Planar antennas with a modified
ground plane (beveling and notch)
have been proposed and investigated
for UWB operation.*>7 In the case of
the proposed antenna, the SMA con-
nector has bevels (with a width of 1.35
mm and a 45-degree angle) at each
corner for broadband operation. In-

DA Series Attenuators

+ Broadband Coverage: DC - 13 GHz

corporation of the four circular holes
of the SMA connector does not have a
significant influence on the operating
performance of the antenna.

DISCUSSION AND
EXPERIMENTAL RESULTS

For a printed rectangular planar
monopole antenna, the impedance
bandwidth is heavily dependent on
the width of the monopole.® Figure
2 shows the simulated voltage stand-
ing wave ratio (VSWR) of the anten-
nas for various widths PW, keeping
IW = 0.35 mm and IL = 1.3 mm
constant. Varying PW from 1.5 to 9.5
mm yields results similar to those of
Jhon and Amman.% Good impedance
matching can generally be imple-
mented only when PW is equal to 5.5
mm, at which value the impedance
bandwidth covers the UWB band
(3.1 to 10.6 GHz).

A small transmission line is located
between the planar monopole and the
microstrip line to achieve good im-
pedance matching. Figure 3 shows
the VSWR of the antennas with vari-
ous widths IW, keeping PW = 5.5 mm

Not anymore. WA’s new
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and IL = 1.3 mm constant. Figure 4
shows the VSWR of the antennas with
various lengths IL, keeping PW = 5.5
mm and IW = 0.35 mm constant. The
final dimensions IW and IL are set at
0.35 and 1.3 mm, respectively, in or-
der to cover the UWB band.

PW = 1.5 mm
PW =55 mm PW=75mm
PW = 9.5 mm
10
8
g 6
> 4 y
2 \ /ﬁ_ﬁ;/ﬁ A

0
2 3 4 56 7 8 9 1011 12
FREQUENCY (GHz)

Ar ig. 2 Simulated VSWR for various widths

PW.
IW=0.35 mm
IW=1.35mm IW = 1.85 mm

IW=2.35 mm

10

8

g 6
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—
o fﬁ__,
2 3 4 5 6 7 8 9 1011 12
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A Fig. 3 Simulated VSWR for various
widths IW.

IL=1.3 mm
IL=1.8mm IL=2.3 mm
10
8_
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A Fig. 4 Simulated VSWR for various
lengths IL.
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A Fig. 5 Photograph of the fabricated
antenna.
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A Fig. 6 Simulated and measured VSWR of
the fabricated antenna.

The antenna was fabricated and
measured. Figure 5 shows a pho-
tograph of the fabricated antenna.
Figure 6, which shows the simu-
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A Fig. 7 Group delay measured in the time
domain.

lated and measured VSWR for the
given dimensions, confirms the good
agreement between the measured
and simulated results. The simu-
lated and the measured bandwidth,
defined by VSWR less than 2:1, were
7.63 GHz (3.09 to 10.72 GHz) and
7.74 GHz (3.06 to 10.80 GHz), re-
spectively.
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A Fig. 8 Measured transmission loss.

Figure 7 shows the measured
group delay in the time domain. The
antennas were separated by a distance
of 50 mm due to the low output pow-
er of the network analyzer. The group
delay is not well detected by the net-
work analyzer at a significant distance,
without a low noise amplifier (LNA).”
Considering the measured values in
an available range of UWB commu-
nication, from 3.1 to 10.6 GHz, the
group delay variation was less than
approximately 1 ns. This performance
should allow for communication
through enhanced phase linearity,
and a pulse template transmitted or
received by the antenna will retain its
shape without serious distortion. The
magnitude of transmission loss (Sy;)
between two identical antennas sepa-
rated by 100 mm was also measured
and is plotted in Figure 8. For mea-
surement of group delay and S,;, an
antenna was connected to each port of
the network analyzer, and both identi-
cal antenna pairs were placed front to
front, front to side, and side to side. In
the figures, the markers indicate the
frequency points at 3.1 and 10.6 GHz,
respectively.

CONCLUSION

A compact planar monopole an-
tenna with an SMA connector has
been proposed for UWB opera-
tion. The proposed antenna uses an
SMA connector in place of a ground
plane. As a result, broad imped-
ance bandwidth and compact an-
tenna dimensions are achieved. The
measured VSWR, transmission loss
and group delay demonstrate that
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the antenna can serve for UWB op-
erations. The proposed antenna has
small dimensions, broad impedance
bandwidth, small group delay, and is
suitable for UWB antenna dpph(d—
tions. ®
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Term Evolution (LTE) will be the next

generation standard or the 3.9 generation
(3.9G) mobile phone standard, which could
be introduced as early as this year. The LTE
advantage is a very high-speed data transfer ca-
pability of up to 326 Mbps and can utilize quite
a few existing base stations, compared to other
emerging high-speed data link systems such as
WiMAX.

Key devices needed to realize longer talk
time and lighter handsets are power amplifier
modules (PAM). Because they consume a large
amount of the current available from the pow-
er supply in a handset, it is essential to operate
the PAM with high efficiency under the various
modulation schemes.

In addition, it is important for the PAM to
incorporate a simple digital input/output (I/O)
interface and have reference voltage genera-
tion, as the reference voltage often plays an
important role in the accurate bias feeding of
HBT-based power amplifiers. The self-refer-
ence generation of the PAM allows a discrete
low-voltage-drop-out regulator (LDO) to be
removed on the printed-circuit board (PCB)

In many quarters it is expected that Long

and a digital I/O enables direct control of the
PAM by advanced Si-based RF-LSIs or base-
band LSIs. Thus, increased functionality as
well as improved performance is a key require-
ment for the PAM.

BAO12DX SERIES

These requirements are more than satisfied
by Mitsubishi Electric’s new BA012Dx series
of power amplifier modules, which incorpo-
rate cutting-edge device and circuit technolo-
gies. These PAMs support current and near
future cell phone handset applications from
W-CDMA systems up to LTE systems. The ap-
plications include the latest fast data transfer
systems—High Speed Downlink Packet Ac-
cess (HSDPA), High Speed Uplink Packet Ac-
cess (HSUPA) and High Speed Packet Access
Plus (HSPA+).

The BA012Dx series has been specifically
developed to address the requirements men-
tioned above and is a family of single-band

Mi1TsUBISHI ELECTRIC CORPORATION
Tokyo, Japan
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PAMs for use in cell phone handsets
or data cards for mobile applications.
Compared to multi-band PAMs, the
single-band PAM configuration gives
customers the freedom for a more
flexible PCB design. In the series, the
BA0O12D1 is for band I, BA012D2
for band V, BA012D3 for band XI,
BA012D4 for band II, BA012D5 for
band VIII and BA012D6 for band III
(IV). PAMs for other bands are cur-
rently being considered.

INTEGRATED COUPLER

Ablock diagram of the PAM is shown
in Figure 1. One of the key features is
an integrated coupler for monitoring
output power to simplify the layout of
the handset. Other features are the in-
tegrated reference voltage generator
and the control logic circuit, which ad-
dress recent Si I/O level requirements.
To achieve this level of integration, an
advanced in-house BiFET technology
has been employed for the BA012Dx
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Ar ig. 1 Simplified block diagram of the
BAO012Dx (a) and gain/efficiency vs. B, 4 (b).

series, which allows for both HBTs and
FETSs to be fabricated on the same die.
In this process FET-based topologies
can be used for the DC bias circuits
and the analog RF switches, and these
can be incorporated together with a
conventional HBT power amplifier
block. Thanks to the BiFET process,
the BAO12Dx series can be operated in
three different power modes depend-
ing on the required output power level.
These three power modes can be used
to reduce the average current consump-
tion and extend battery life. In the high
power mode, the PAM works as a two-
stage amplifier, delivering sufficient out-
put power and linearity.

In contrast, the mid-power mode is
implemented by switching the second
stage off and bypassing it, leading to
very high efficiency operation. In the
low-power mode, only an additional
small-size power stage is active while
the other stages are kept in the off-
state. As a result, the BAOI2Dx series
is capable of delivering very high ef-
ficiency in each power mode.

POWER-ADDED EFFICIENCY
Figure 2 shows an example of the
power measurement for the BAO12D1
module under W-CDMA modulation
test conditions. This PAM achieves
power-added efficiencies (PAE) of 36
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percent, 26 percent (or higher), and 10
percent in the high, mid, and low pow-
er modes, respectively, while maintain-
ing adjacent channel leakage power
ratio (ACLR) of less than -41 dBc and
next adjacent channel leakage power
ratio (NACLR) of less than -55 dBc.
Under the LTE (3rd Genera-
tion Partnership Project [3GPP]
TS36.101) modulation condition of
resource blocks (RB), 25 and 100, the
PAEs of 31.3 and 31.4 percent can
be achieved in the high power mode.
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The efficiency drop is minimized due
to circuit parameter optimization for
various modulation schemes from W-
CDMA to LTE. The 3GPP compli-
ant, probability distribution function
(PDF)-based average current is as low
as 27.7 mA, which is very effective in
saving battery current consumption
and consequently extending talk time
in everyday cell phone use.

The cross-section of a BA012Dx
device is shown in Figure 3. The
BiFET MMIC die is assembled on a
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A Fig. 2 Typical performance of the
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A Fig. 3 Cross-section view of a BAOI12Dx
device.

small 3 X 3 mm glass epoxy substrate,
together with several surface-mount
devices (SMD) such as capacitors and
inductors, used for matching and de-
coupling. The height of the package is
less than 1 mm, which is suitable for
realizing low-height cell phones and
thin data cards.

CONCLUSION

Mitsubishi Electric has utilized
the companys wealth of manufac-
turing experience in producing very
high reliability products to develop
the BA012Dx series, which has been
produced in order to satisfy the cur-
rent and future mobile phone and
data-card  market  requirements.
Cutting-edge design and fabrication
techniques have produced a range of
PAMs that are expected to contrib-
ute to the realization of even smaller,
lighter cell phone handsets.

Mitsubishi Electric Corp., Tokyo,
Japan, Tel: +81-3-3218-2111;
Mitsubishi Electric Europe B.V.,

Ratingen, Germany,
Tel: +49-2012-486 0,

www.mitsubishichips.com.
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purchase made through January 2010. R E M C':.ﬁ:'M

www.remcom.com/xf7-freespeed

+1.888.7.REMCOM (US/CAN) | +1.814.861.1299 | www.remcom.com/xf7-freespeed

Visit_http://mwj.hotims.com/28484-91 or use RS# 91 at www.mwjournal.com/info

NVIDIA, CUDA, Quadro, and Tesla are frademarks and/or registered trademarks of NVIDIA Corporation in the United States and other countries.
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THE GOLDEN STATE OF MICROWAVES

Keynote Speaker
at IMS2010

Come visit - cgj;forn;a
Anahe! 7 for IMS2010

2010 |EEE International Microwave Symposium is proud to announce this
year's keynote speaker, The Honorable Zachary J. Lemnios. Mr. Lemnios currently
serves as the Chief Technology Officer (CTO) for the Department of Defense. Prior
to acceptance of his current role, Mr. Lemnios has held many key and influential
positions which have helped advance technology. His remarkable career
includes positions, within MIT Lincoln Laboratory, eventually serving as CTO.

His responsibilities in this role called for strategically coordinating technology
and growth to support current and future laboratory missions. Mr. Lemnios was
also the Director of the Defense Advanced Research Projects Agency (DARPA)
Microsystems Technology Office (MTO) as well as the Deputy Director of
Information Processing Technology Office (IPT0).

Mr. Lemnios has served on numerous DoD, industry and academic committees.
Mr. Lemnios has authored over 40 papers, holds 4 patents in advanced GaAs
device and MMIC technology and is a Senior Member of the IEEE.

We encourage your participation in joining us during this exciting Plenary
Session to be held May 25th, 2010. Due to Mr. Lemniosbusy work schedule, this
is a rare opportunity you will not want to miss! To learn more about Mr. Lemnios
and his upcoming discussion, please visit our website at www.ims2010.org.

IMS2010, visit www.IMS2010.0rg.

Official Media Source

Media Partners of the MTT Society: May 23-28, 2010
o Eogneety e Ftre Jouriial IMS2010 | Anaheim Convention Center
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Straight Talk.

End Launch Adapters

Space saving design.

MDL End Launch Adapters are designed to offer an efficient method of transition from rectangular waveguide
to a coaxial connector. This configuration affords designers of waveguide systems distinct advantages when
compared to the conventional right-angle adapters. Call an MDL specialist today for some Straight Talk about
MDL's End Launch Adapters.

You’ve never been in better hands.

Quality from CAD to crate, quick turnaround and value is what we're all about.
Call 800-383-8057 or visit us at mdllab.com.

Freq.Range | Model VSWR ‘ “A” Female WAVEGUIDE CAST BENDS & TWISTS
(%Hz) Number Max. Max. Connectors WAVEGUIDE FEED ASSEMBLIES
26.5-40.0 | 28AEL66 1.35 .00 24mm MONOPULSE COMPARATORS
26.5-40.0 | 28AEL86 1.35 1.00 2.9mm ROTARY JOINTS
x 22.0 - 33.0 | 34AELé6 1.35 1.00 24mm MICROWAVE FILTERS
22.0-33.0 | 34AEL86 1.35 1.00 2.9mm ROTARY SWITCHES
j 180-265 | 42AEL86 | 125 | LIS 2.9mm WAVEGUIDETO COAX ADAPTERS
[50-220 | S5IAEL86 1.25 1.50 SMA WAVEGUIDE PRESSURE WINDOWS
[24- 180 | 62AEL86 1.25 [.50 SMA COMMERCIAL WAVEGUIDE ASSEMBLIES
124 - 180 | 62AELI06 1.35 1.75 TNC
j [0.0- 150 | 75AEL46 1.25 [.75 N
}4 A > 10.0- 150 | 75AEL86 1.25 .50 SMA
82-124 | 90AEL86 1.35 [.50 SMA

Standard material is Aluminium with MIL-Spec Flange.

Other waveguide sizes and specials available upon request. Visit htt ://mw'.hotims.c‘om/28484-5'9 or use
RS# 59 at www.mwjournal.com/info

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
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earfield Systems Inc. (NSI) has devel-

oped a new spherical near-field scan-

ner, NSI-700S-300, that is capable of
testing stationary antennas over wide angles
with accuracies and speeds that historically
were only available from planar near-field sys-
tems. It is ideal for wide angle satellite and ra-
dar antenna testing.

The planar near-field technique is often
used for testing antennas of higher directivity
(typically >15 dBi), and allow the antenna to
remain in a fixed orientation. However, planar
near-field scanning cannot provide good side-
lobe coverage out to beyond about +70 or +80
degrees. Spherical near-field measurement
systems can avoid that limitation, but until now
have required that the antenna be moved about
one or both axes to accomplish the measure-
ment. NSI, in introducing the NSI-700S-300
Arch Roll Spherical Near-field Scanner, has

PropucTt FEATURE

ArcH RolLL
. SPHERICAL
' NEARFIELD SCANNER

overcome this limitation, allowing high preci-

sion spherical near-field measurements beyond

+90 degrees, without the need to move the an-

tenna (see Figure 1).

The challenge was to design a spherical an-
tenna measurement system that would allow
fast and accurate electromagnetic field mea-
surements for a stationary antenna by using
only probe motion. The advantages of testing a
stationary antenna include:

e The antenna can be measured in the orien-
tation in which it will be used. This way an-
tenna flexure due to a changing gravity vector
does not corrupt the measured patterns.

® Manufacturing support hardware costs for
the antenna can be greatly reduced. For in-

NEARFIELD SYSTEMS INC.
Torrance, CA

MICROWAVE JOURNAL m JANUARY 2010
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MILLIMETER-WAVE TECHNOLOGY

Standard and Application-Specific
Antennas and Modules

Millimeter-Wave Products 18-220 GHz

* Components including antennas, amplifiers,
oscillators, converters, control devices and
passive components

* Subsystems and integrated modules
* Custom products and engineering services

QUINSTAR TECHNOLOGY, INC.

24085 Garnier Street, Torrance, CA 90505
Tel 310-320-1111 - Fax 310-320-9968

sales@quinstar.com _
www.quinstar.com S [=|EE ) wwtin
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Add ADMOTECH !

Product Line

CIRCULATOR m CONVERTOR
ISOLATOR B LNA

FILTER B MODULATOR
DUPLEXER = DEMODULATOR
COUPLER B SYNTHESIZER
ATTENUATOR B FILTER BANK
RFSWITCH =

stance, expensive slip ring assem-
blies and flexing power control ca-
bling used for active thermal control
are no longer necessary.

e The antenna alignment support
equipment is much simpler and can

ADMDTEBH

i o ADVANCED MDBILE TECHNOLDOIES . .

p be set up in the manufacturing as-
sembly area, and simply rolled in
to the test range without elaborate
fixtures, mounting procedures, or

WWW ad thECh Com ahgnment steps.
118 Visit http://mwj.hotims.com/28484-1

Fig. 1 Typical hemispherical near-field data plot measured on NSI-700S-300.

Fig. 2 Pictorial of NSI-700S-300 arch roll spherical scanner with inset image.

The stationary antenna approach
requires an electromagnetic field
sensing probe that moves over a hyper-
hemispheric surface enveloping the
antenna (see Figure 2). The probe is
precisely positioned in space by a high
precision structure augmented by
dynamic motion compensation. The
scanner can complete a hyper-hemi-
spherical multi-beam, multi-frequen-
cy antenna measurement set of up to

MICROWAVE JOURNAL m JANUARY 2010
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RFMD

High Power RF

MILITARY -
RADAR,
COMMUNICATIONS,
ECM/IED

GENERAL
PURPOSE
BROADBAND
AMPLIFIERS

PUBLIC
MOBILE
RADIOS

COMMERCIAL
WIRELESS
INFRASTRUCTURE

CELLULAR
AND WIMAX
INFRASTRUCTURE

Broad portfolio of
RF components

* Robust, high-performance
solutions

* High power amplifiers
from 5 W to 500 W

 L-Band, S-Band
and X-Band radars

Order RFMD products online at www.rfmd.com/rfmdExpress

For sales or technical support, contact your authorized local sales representative (see www.rfmd.com/globalsales).
Register to receive RFMD’s latest product releases with our Email C Alerts at www.rfmd.com, i

7628 Thorndike Rd., Greensboro, NC 27409-9421 USA * Phone 336.664.1233  Fax 336.931.7454

RFMD

rfmd.com

RFMD? is a trademark of RFMD, LLC. All other trade names, trademarks and registered trademarks are the property of their respective owners. ©2009 RFMD.

Visit http://mwj.hotims.com/28484-95 or use RS# 95 at www.mwjournal.com/info
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WUrricrenaal

Micxawane EJILL

RF & Microwave Design and m.l'll.lf:lmlﬁ'g
Covering Frequencies from DC to 20 Ghz
Serving the Industry Since 1993
“Quality Products at Compatitive Prices"
“Custom Designs am Available”
Product Line:
& Solid State Variable Attenuators
Solid State Switches
Directional Couplers
Hybrid Couplers (90/180 Deg)
Power Dividers / Combiners
DC-Blocks & Bias Tee's

FT02-0 General Washingfon Drive
Alexandria, Virginia 22312 USA
Tal; (703) 6425232, Fax: (T03) 642-2558
Email: sales i umnec111.com

www.umcclll.com
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TABLE |
NsI-7005-300 SPECIFICATIONS

Construction

Steel support column, Phi and Theta “C” shaped structure

Drive System

Precision Stepper Motors

Scan Area 360° Phi and 95° in Theta®
Maximum Antenna 96" (2.4 m)

Diameter

Resolution 0.0015° Phi and Theta
Position Repeatability 0.015°

Rotational Speed 30°/s Phi

System Controller
interfaces

NSI Panther Motion Controller with serial and parallel I/O

Measurement Workstation

Measurement workstation computer with large LCD monitor

Stepper Motor Power EIA 19" rack mount (7" high x 14" deep)

Amplifier

Motor Cables Quick-connect; 40' (12 m)

Scanner Absorber Absorber Kit (12" pyramidal cone), Flat

Probe WR90 Open-ended Waveguide Probe SMA (f) transition and
Pyramidal Absorber (3")

RF Cables 20 GHz RF Cables

Rotary Joints Qty. 3 - DC-26.5 GHz, (Phi, Theta, Pol)

Supported RF Devices NST Panther 9000 Receiver or selection of Agilent, Rohde &
Schwarz, and Anritsu VNAs (contact NSI for a complete list)

Power 100-240 VAC switchable, 50/60 Hz, 500 W

eight feet in diameter in less than one
hour. The arch rotates continuously
at 30 degrees per second during the
measurement process.

The new Arch Roll scanner prod-
uct line opens the door for accurate
wide angle hyper-hemispherical mea-
surements of stationary antennas. Its
design not only eliminates the need
for slip ring assemblies to the antenna,
but simplifies the meticulous align-
ment procedure required for accurate
measurements on traditional spherical
scanners.

The NSI-700S-300 Arch Roll Scan-
ner’s proven design allows for fre-
quency expansion to millimeter-wave
measurements. The design is also
adaptable for symmetrical 1g load-
ing measurement requirements. It is
ideally suited for satellite and radar
antennas that require precision test-
ing of a fixed antenna that cannot be
moved or rotated during a test cycle.

Other unique features of the Arch
Roll Scanner include (see Table 1 for
a full list):

e Sub arc second encoders combined

with structural deformation correc-
tion.

A 4" travel radial stage for accom-
modating a variety of probes.
Specially designed algorithms for
dynamic probe position correction
of the arch roll configuration that
allow ‘on-the-fly’ probe position
correction to maintain a probe posi-
tion accuracy on the order of 0.0025
inches rms.

An RF subsystem that is capable of
measuring thousands of frequencies
and beam configurations.

The NSI-700S-300 Arch Roll
Spherical Near-field Scanner together
with NSI’s Panther 9000 RF subsys-
tem and NSI 2000 antenna measure-
ment software deliver spherical mea-
surement with unprecedented accura-
cies and speeds.

Nearfield Systems Inc. (NSI),
Torrance, CA,

e-mail: sales@nearfield.com,
www.nearfield.com.

RS No. 302
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Well connected

Rosenberger
Coaxial Connectors
and Cable Assemblies

play a key role in many high-tech-applica-
tions — such as telecommunications, radio
base stations, automotive electronics,

test & measurement applications, aerospace
engineering, modern data networks, medical
electronics etc.

Our comprehensive product range covers
RF-coaxial connectors, automotive con-
nectors, adaptors or test&measurement
products such as high-precision connectors,
calibration Kits, test cables and many more.

New:

I Multiport coax connections —
for semiconductor test equipment
applications

| Passive intermodulation analyzers —
rack and portable types, site analyzers.

Rosenberger of North America, LLC Rosenberger Hochfrequenztechnik GmbH & Co. KG
Greenfield Corporate Center P.O.Box 1260

P.O.Box 10113 - USA - Lancaster, PA 17605-0113 D-84526 Tittmoning

Phone: 717-290-8000 - Fax: 717-399-9885 Phone: +49-8684-18-0 - Fax: +49-8684-18-499
info@rosenbergerna.com . www.rosenbergerna.com info@rosenberger.de - www.rosenberger.com

Visit http://mwij.hotims.com/28484-99 or use RS# 99 at www.mwjournal.com/info
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: February 2-3, 2010

Santa Clara Convention Center
Santa Clara, California

DEesignGon

The BRIGHTEST Minds in Electronic Design

DesignCon

Be a Chiphead

Kick-off the New Year with DesignCon, the premier annual event for electronic
design experts, addressing common issues in signal integrity, power

management, interconnection, and design verification.

John Daane Alex Shubat Jure Sola
Chairman, President, President Chairman
and Chief Executive and Chief Executive and Chief Executive
Officer Officer Officer
Altera Virage Logic Sanmina-SCI

New! PCB Summit - IP Summit - Tutorials and Technical paper sessions - Technical panels
Business Forum Sessions - 125+ exhibitors - DesignVision Awards

Unmatched networking opportunities - And more!

Register today for this must-attend industry event!
and enter promotion code Chiphead 11.

Featured Events PSmUMMIT'

Visit
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http://www.ArtechHouse.com

Order direct from Artech House and take advantage of exclusive savings:

Save 20% on every currently available title
Save 15% on forthcoming books
Free surface shipping

When ordering at www.ArtechHouse.com or calling,
use promotion code MW10D to receive your savings.

All discounts and special offers expire February 28, 2010 unless otherwise indicated. No other discounts apply.

Find The Details You Need
Find complete book descriptions, reviews, sample chapters, links to related titles,
and more at www.artechhouse.com.

Enjoy Fast, Secure, and Easy Ordering
Shop ArtechHouse.com

Or contact the Artech House office nearest you:

US -

Phone: Call Toll-Free 1-800-225-9977, ext. 4030 or
1-781-769-9750

Fax: 1-781-769-6334

Email: artech@ArtechHouse.com

Mail to: Artech House, 685 Canton Street,
Norwood, MA 02062 USA

UK -

Phone: +44(0)20 7596-8750

Fax: +44(0)20 7630-0166

Email: artech-uk@ArtechHouse.com

Mail to: Artech House, 16 Sussex Street,
London SW1V 4RW, UK

The Artech House Guarantee

If you're not completely satisfied with your purchase, you may return any

ook in new condition with the invoice within 30 days for a full refund less
shipping and handling. Opened software is not returnable unless defective.



http://www.ArtechHouse.com
http://www.artechhouse.com
mailto:artech@ArtechHouse.com
mailto:artech-uk@ArtechHouse.com

New!

Radio Frequency Integrated Circuit Design, Second Edition
John W. M. Rogers and Calvin Plett, Carleton University

This newly revised and expanded edition of the 2003 Artech House classic, Radio
Frequency Integrated Circuit Design, serves as an up-to-date, practical reference for
complete RFIC know-how. The second edition includes numerous updates, including

e  Greater coverage of CMOS PA design;
e Additional guidance on RFIC design with on-chip components;
e More worked examples with simulation results.

By emphasizing working designs, this book practically transports you into the authors’
own RFIC lab so you can fully understand the function of each design detailed in this
book. Among the RFIC designs examined are RF integrated LC-based filters, VCO
automatic amplitude control loops, and fully integrated transformer-based circuits, as
well as image reject mixers and power amplifiers.

Hardcover. Approx. 635 pp.

Available February 2010 If you are new to RFIC design, you can benefit from the introduction to basic theory
ISBN: 978-1-60783-979-8 so you can quickly come up to speed on how RFICs perform and work together in
$149, £89 a communications device. A thorough examination of RFIC technology guides you

MW Di £ Pri in knowing when RFICs are the right choice for designing a communication device.
Iscount Frice This leading-edge resource is packed with over 1,000 equations and more than 435
$119.20, £71.20 illustrations that support key topics.

Contents: Introduction To Communications Circuits. Issues in RFIC Design, Noise,
Linearity and Signals. System Level Architecture and Design Considerations. A Brief
Review of Technology. Impedance Matching. The Use and Design of Passive Circuit
Elements in IC Technologies. Low Noise Amplifier (LNA) Design. Mixers. Voltage
Controlled Oscillators. Frequency Synthesis. Power Amplifiers.

Coming Soon! Save 15% Now!

Wafer-Level Testing and Test During Burn-In
for Integrated Circuits

Sudarshan Bahukudumbi, /nte/ Corporation and
Krishnendu Chakrabarty, Duke University

Wafer-level testing refers to a critical process of subjecting integrated circuits and
semiconductor devices to electrical testing while they are still in wafer form. Burn-in is
a temperature/bias reliability stress test used in detecting and screening out potential
early life device failures. This hands-on resource provides a comprehensive analysis of
these methods, showing how wafer-level testing during burn-in (WLTBI) helps lower
product cost in semiconductor manufacturing.

You learn how to implement the testing of integrated circuits at the wafer-level under
various resource constraints. Moreover, this unique book helps you address the issue
of enabling next generation products with previous generation testers. You also find

Hardcover. Approx. 215 pp. expert insights on current industry trends in WLTBI test solutions.
Available March 2010
ISBN: 978-1-59693-989-9

Contents: Introduction. Wafer-Level Test and Burn-In: Industry Practices and Trends.

$109, £66 Resource-Constrained Testing of Core-Based ScCs. Defect Screening for “Big-D/Small-
Only $92, £56 A" Mixed-Signal SoCs. Wafer-Level Test During Burn-In: Test Scheduling for Core-
when you order before Based SoCs. Wafer-Level Test During Burn-In: Power Management by Test-Pattern
February 28, 2010 Ordering. Wafer-Level Test During Burn-In: Power Management by Test-Pattern

Manipulation. Conclusions.



N Hardcover. 334 pp. 2008

ISBN: 978-1-59693-128-2
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Designing Bipolar Transistor Radio
Frequency Integrated Circuits
Allen A. Sweet, Independent Consultant

If you're looking for an in-depth and up-to-date
understanding bipolar transistor RFIC design, this practical
resource is a smart choice. Unlike most books on the
market that focus on GaAs MESFET or silicon CMOS process
technology, this unique volume is dedicated exclusively to
RFIC designs based on bipolar technology. Until now, critical
GaAs HBT and SiGe HBT process technologies have been
largely neglected in reference books. This book fills this
gap, offering you a detailed treatment of this increasingly
important topic.

Hardcover. 516 pp. 2008
ISBN: 978-1-59693-140-4
$139, £87

MWIJ Discount Price
$111.20, £69.60

SAMPLE E-BOOK
CHAPTER @ AVAILABLE

Advanced Phase-Lock Techniques
James A. Crawford, Consultant, AM1 LLC

This practical reference offers a unified approach to phase-
lock technology, spanning large and small signal-to-noise
applications. It takes you from continuous-time systems
through hybrid time-sampled systems to fractional-

N synthesis techniques. The book also looks at bit-

synchronization in the context of phased-lock loop methods.

You find expanded coverage of frequency synthesis that
examines techniques used to develop RFICs for WiMAX and
WCDMA applications.

CD-ROM Included! Contains practical tools to aid in the
design process such as Visio figures and Matlab code for
nearly all the mathematical plots in the book.

4

Hardcover. 586 pp. 2007
ISBN: 978-1-59693-154-1
$149, £99

MWIJ Discount Price
$119.20, £79.20

SAMPLE E-BOOK
CHAPTER @ AVAILABLE

Phase-Locked Loops Engineering
Handbook for Integrated Circuits
Stanley Goldman, Texas Instruments

ICs for microprocessors, DSPs, microcontrollers, and
telecommunications are increasingly demanding higher
frequencies ranging from 200 to 4000 MHz. Monolithic

PLLs can meet these demands, but properly designing new
monolithic PLLs is a demanding, complex activity. To guide
you through design, simulation, and troubleshooting, turn to
this collection of practical solutions, SPICE listings, simulation
techniques, and testing set-ups.

Hardcover. 578 pp. 2007
ISBN: 978-1-59693-156-5
$139, £93

MWIJ Discount Price
$111.20, £74.40

RF and Microwave Coupled-Line Circuits,

Second Edition
R.K. Mongia, I.J. Bahl, P. Bhartia, and J. Hong

This extensively revised edition of the 1999 Artech House
classic, RF and Microwave Coupled-Line Circuits, offers you
a thoroughly up-to-date understanding of coupled line
fundamentals, explaining their applications in designing
microwave and millimeter-wave components used in today’s
communications, microwave, and radar systems. The Second
Edition includes a wealth of new material, particularly
relating to applications. You find brand new discussions on
high pass filters using coupled lines, software packages used
for filter design, advanced filter technology, and the design
of filters using new materials and technologies.



Hardcover. Approx. 214 pp.
Available April 2010

ISBN: 978-1-59693-271-5
$99, £59

Only $84, £50
when you order before
February 28, 2010

Coming Soon! Save 15% Now!

Substrate Noise Coupling in
Analog/RF Circuits
Stephane Bronckers and Geert Van der Plas

This practical resource offers you detailed guidance on

the impact of substrate noise on a wide range of circuits
operating from baseband frequencies up to mm-wave
frequencies. This unique book presents case studies to
illustrate that careful modeling of the assembly characteristics
and layout details is required to bring simulations and
measurements into agreement. You learn how to use

a proper combination of isolation structures and circuit
techniques to make analog/RF circuits more immune to
substrate noise.

Hardcover. 242 pp. 2009
ISBN: 978-1-59693-383-5
$117, £73

MW)J Discount Price
$93.60, £58.40

SAMPLE
CHAPTER

Design Methodology for

RF CMOS Phase Locked Loops
Guillermo Bistué, CE/T, iAigo Adin, CEIT,
and Carlos Quemada, /KERLAN

Blast through phase-locked loop challenges fast with this
practical book guiding you every step of the way from specs
definition to layout generation. You get a proven PLL design
and optimization methodology that lets you systematically
assess design alternatives, predict PLL behavior, and develop
complete PLLs for CMOS applications that meet performance
requirements no matter what IC challenges you come up
against. This uniquely comprehensive workbench guide
takes you step-by-step through operation principles, design
procedures, phase noise analysis, layout considerations, and
CMOS realizations for each PLL building block.

Hardcover. 430 pp. 2008
ISBN: 978-1-59693-317-0
$149, £93

MWIJ Discount Price
$119.20, £74.40

SAMPLE
CHAPTER

VLSI Circuits for Biomedical Applications
Kris Iniewski, Redlen Technologies, inc., Editor

VLSI (very large scale integration) is the process of creating
integrated circuits by combining thousands of transistor
based circuits into a single chip. Written by top-notch
international experts in industry and academia, this
groundbreaking resource presents a comprehensive, state-
of-the-art overview of VLSI circuit design for a wide range of
applications in biology and medicine. Supported with over
280 illustrations and over 160 equations, the book offers
cutting-edge guidance on designing integrated circuits for
wireless biosensing, body implants, biosensing interfaces,
and molecular biology.

Hardcover. 326 pp. 2007
ISBN: 978-1-58053-709-4
$99, £64

MWIJ Discount Price
$79.20, £51.20

SAMPLE @ E-BOOK
CHAPTER AVAILABLE
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Advanced Production Testing of
RF, SoC, and SiP Devices

Joe Kelly and Michael D. Engelhardt,
Agilent Technologies

Featuring invaluable input from industry-leading companies
and highly-regarded experts in the field, this first-of-its
kind resource offers you a comprehensive understanding
of advanced topics in RF, SiP (system-in-package), and SoC
(system-on-a-chip) production testing and the peripheral
testing needs and equipment that are critical to your work
involving semiconductor devices. The book covers the key
measurement concepts you need to understand for your
varied projects and helps you explain these concepts to
management to aid in the reduction of project cost, time,
and resources.



s

Hardcover. 228 pp.
Available March 2010
ISBN: 978-1-60783-981-1
$109, £68

Only $92, £57
when you order before
February 28, 2010

over. 306 pp. 2008
978-1-59693-194-7

Coming Soon! Save 15%

RFID-Enabled Sensor Design and Applications
Amin Rida and Manos Tentzeris, Georgia Institute of Technology

RFID (radio-frequency identification) is an emerging communication system technology
and one of the most rapidly growing segments of today’s automatic identification

data collection industry. This cutting-edge resource offers you a solid understanding

of the basic technical principles and applications of RFID-enabled sensor systems.

The book provides you with a detailed description of RFID and it's operation, along
with a fundamental overview of sensors and wireless sensor networks. Moreover, this
practical reference gives you step-by-step guidance on how to design RFID-enabled
sensors that form a wireless sensor network. You also find detailed coverage of state-
of —the-art RFID/sensor technology and worldwide applications.

Contents: Automatic Identification Systems. Components of RFID System.
Fundamentals of Operating Principles. Licenses and Standards. Tag Design.
Fundamentals of Sensors. RFID-Enabled Sensors. State-of-the-Art: Technology for RFID/
Sensors. Worldwide Applications.

RFID Design Principles
Harvey Lehpamer

This cutting-edge book serves as a comprehensive introduction to RFID,
offering you a detailed understanding of design essentials and applications,
and providing a thorough overview of management issues. By comparing
RFID with WLAN and Bluetooth, this practical resource shows you how RFID

MWJ Discount Price  technology can help you overcome many design challenges and limitations
$79.20, £49.60 in the field. The book explains the design of electronic circuits, antennas,

interfaces, data encoding schemes, and complete RFID systems. Starting

@i’fﬁﬁfm with the basics of RF and microwave propagation, you learn about major
system components including tags and readers. This hands-on reference
distills the latest RFID standards, and examines RFID at work in supply chain
management, intelligent buildings, intelligent transportation systems, and
tracking animals.

Content Highlights: Comparison of Short-Range Communications
Systems. Automatic Identification Systems. RFID Standards Development.
Components of an RFID System. RFID Applications. RFID Considerations.
Socio-Cultural Implications.

¥=9 IPF°® (In-Print-Forever)

Searching for an Artech House classic?

The Artech House IPF® (In-Print-Forever®) program makes hundreds

of titles, unavailable from general inventory, available to you in special IPF®
hardbound editions. More than 400 titles are ready to be printed at your request
and delivered within a few weeks of receipt of order. You'll find greal IPF®
books in all areas of RF and microwave engineering.

Visit ArtechHouse.com for details and to view our full list of IPF®books.



http://ArtechHouse.com

New!

Discrete Oscillator Design: Linear, Nonlinear, Transient,
and Noise Domains
Randall W. Rhea

Oscillators are an essential part of all spread spectrum, RF, and wireless systems, and
today’s engineers in the field need to have a firm grasp on how they are designed.
Presenting an easy-to-understand, unified view of the subject, this authoritative
resource covers the practical design of high-frequency oscillators with lumped,
distributed, dielectric and piezoelectric resonators. Including numerous examples, the
book details important linear, nonlinear harmonic balance, transient and noise analysis
techniques. Moreover, the book shows you how to apply these techniques to a wide

——

Hardcover. Approx. 470 pp.
Available February 2010
ISBN: 978-1-60807-047-3
$139, £86

MW)J Discount Price
$111.20, £68.80

Hardcover. 500 pp. 2007
ISBN: 978-1-59693-162-6
$149, £93

MWIJ Discount Price
$119.20, £74.40

SAMPLE @ E-BOOK
CHAPTER AVAILABLE
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Foundations of Oscillator Circuit Design
Guillermo Gonzalez, University of Miami

Offering broader coverage than other oscillator design
books on the market, this comprehensive resource considers
the complete frequency range, from low-frequency audio
oscillators to more complex oscillators found at the RF

and microwave frequencies. Packed with over 1,200
equations, the book gives you a thorough understanding

of the principles and practice of oscillator circuit design

and emphasizes the use of time-saving CAD simulation
techniques.

Contents: Theory of Oscillators. Oscillator Characteristics.
Tuned-Circuit Oscillators. Crystal Oscillators.
Negative-Resistance Oscillators. Relaxation Oscillators.
Appendix A: Conditions for a Stable Oscillation.
Appendix B: Analysis of the Series Feedback Circuit.

range of oscillators. You gain the knowledge needed to create unique designs that
elegantly match your specification needs.

Contents: Preface. Linear Techniques. Nonlinear Techniques. Transient Techniques.
Noise. General-Purpose Oscillators. Distributed Oscillators. Tuned Oscillators.
Piezoelectric Oscillators. Appendices.

Hardcover. 504 pp. 2009
ISBN: 978-1-59693-098-8
$139, £87

MWIJ Discount Price
$111.20, £69.60

Remember to use
Promotion Code MW10D
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Bestseller

Design of RF and Microwave Amplifiers
and Oscillators, Second Edition
Pieter L.D. Abrie, AMPSA (PTY) Ltd.

This newly revised edition of the classic book, Design of RF
and Microwave Amplifiers and Oscillators (Artech House,
1999) has been updated to include expanded derivations
and problem sets, helping to make the material even more
accessible and easier to master. The second edition adds
critical coverage of nodal analysis and derivation of the
power parameters for simple FET and bipolar transistors. You
also get new a brand new chapter on wideband distributed
amplifier design, more focus on power amplifiers, and new
tables of network elements for resistive matching networks
over various passbands.

CD-ROM Included! Contains a Visual C++ 2008 executable
for the program LSM, as well as updated versions of the
Fortran source code. LSM can be run under Windows XP
and Vista, and can be used to synthesize lumped-element
solutions to single- and double-matching problems.



Hardcover. 338 pp. 2009
ISBN: 978-1-59693-319-4
$129, £69

MWIJ Discount Price
$111.20, £55.20

SAMPLE
CHAPTER

Recent Release

Solid-State Microwave
High-Power Amplifiers
Franco Sechi and Marina Bujatti

This practical resource offers expert guidance on the most
critical aspects of microwave power amplifier design. This
comprehensive book provides descriptions of all the major
active devices, discusses large signal characterization,
explains all the key circuit design procedures. Moreover you
gain keen insight on the link between design parameters and
technological implementation, helping you achieve optimal
solutions with the most efficient utilization of available
technologies. The book covers a broad range of essential
topics, from requirements for high-power amplifiers, device
models, phase noise and power combiners... to high-
efficiency amplifiers, linear amplifier design, bias circuits, and
thermal design.

B | oF PmErEEHlEAnDH Hardcover. 360 pp. 2007
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Frequency-Domain Characterization
of Power Distribution Networks
Istvan Novak and Jason R. Miller, Sun Microsystems

Measure, simulate, and model power distribution networks
(PDNs) accurately and efficiently with this new, cutting-edge
resource. Frequency-domain analysis has revolutionized
component design, and this book shows you, step-by-step,
how to accurately characterize PDN components in the
frequency domain including vias, bypass capacitors, planes,
DC-DC converters and systems. Guiding you through the
many alternatives to characterizing PDNSs, it helps you to
improve accuracy by choosing the right technique and
avoiding the common pitfalls.

8

Hardcover. 472 pp. 2006
ISBN: 978-1-59693-018-6
$149, £93

MWIJ Discount Price
$119.20, £74.40

SAMPLE @ E-BOOK
CHAPTER AVAILABLE

Bestseller

RF Power Amplifiers for Wireless
Communications, Second Edition
Steve C. Cripps

This extensively revised edition of the bestselling

Artech House book, RF Power Amplifiers for Wireless
Communications, offers you a comprehensive, practical,
and up-to-date understanding of how to tackle a power
amplifier design with confidence and quickly determine the
cause of malfunctioning hardware. Among the numerous
updates, the Second Edition includes five new chapters

on class AB PAs at GHz frequencies; switching PA modes

at GHz frequencies; signals, modulation systems, and PA
nonlinearities; power amplifier bias circuit design; and load-
pull techniques.

CD-ROM Included! Contains practical tools for your work,
such as Excel spreadsheets that enable PA performance to be
analyzed with specific modulation systems, design example
files for Spice and MWO, and a PA_Waves program which
enables harmonic termination effects for mixed mode PAs to
be explored.

Enjoy Fast, Secure, and Easy Ordering

Shop ArtechHouse.com

Use promotion code MW10D to save.

Or contact the Artech House office nearest you:

us -

Phone: Call Toll-Free 1-800-225-9977, ext. 4030
or 1-781-769-9750

Fax: 1-781-769-6334

Email: artech@ArtechHouse.com

Mail to: Artech House, 685 Canton Street,
Norwood, MA 02062 USA

UK -

Phone: +44(0)20 7596-8750

Fax: +44(0)20 7630-0166

Email: artech-uk@ArtechHouse.com

Mail to: Artech House, 16 Sussex Street,
London SW1V 4RW, UK
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Recent Release

Second Edition

at VHF/UHF levels.

Hardcover. 298 pp. 2009
ISBN: 978-1-59693-456-6
$109, £68

MW)J Discount Price
$87.20, £54.40

SAMPLE
CHAPTER

Hardcover. 294 pp. 2009
ISBN: 978-1-59693-321-7
$139, £75

MWIJ Discount Price
$111.20, £60.00

SAMPLE
CHAPTER

RF Bulk Acoustic Wave Filters

for Communications
Ken-ya Hashimoto, Chiba University

For years, surface acoustic wave (SAW) filters have been
widely used as radio frequency front-end filters and
duplexers for mobile communication systems. Recently, bulk
acoustic wave (BAW) filters are gaining more popularly for
their performance benefits and are being utilized more and
more in the design of today’s cutting-edge mobile devices
and systems. This timely book presents a thorough overview
of RF BAW filters, covering a vast range of technologies,
optimal device design, filter topologies, packaging,
fabrication processes, and high quality piezoelectric thin
films. Moreover, the book discusses the integration of BAW
filters in RF systems.

Contents: Background and History. Resonator and Filter
Topologies. Baw Device Basics. Design and Fabrication of
BAW Devices. FBAR Resonators and Filters. Comparison
with SAW Devices. Films Deposition for BAW Devices.
Characterization of BAW Devices. Monolithic Integration.
System-in-Package (SiP) Integration. Index.

Microwave Radio Transmission Design Guide,

Trevor Manning, TMC Global

This newly revised edition of the classic Artech House book, Microwave Radio
Transmission Design, provides a current, comprehensive treatment of the subject with
a focus on applying practical knowledge to real-world networks. The second edition
includes a wealth of important updates, including discussions on backhaul capacity
limitations, ethernet over radio, details on the latest cellular radio standards (2.5G, 3G,
and 4G). You also learn about recent changes in spectrum management, including the
availability of unlicensed bands and new mm band frequencies between 70 and 90
GHz. Additionally, you find more details on the fundamentals of antennas, especially

Contents: Forward. Preface. Introduction. Link Planning. Reliability Standards.
Transport Technologies. Radio Equipment Characteristics. Microwave Propagation.
Antenna Considerations. Frequency Planning. Link Design. Useful Formulae.

List Acronyms and Abbreviations. About the Author. Index.

Hardcover. 252 pp. 2009
ISBN: 978-1-60807-033-6
$89, £55

MW)J Discount Price
:'hr: $71 -20, £44.00
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Recent Release

The Six-Port Technique with

Microwave and Wireless Applications
Fadhel M. Ghannouchi University of Calgary and
Abbas Mohammadi, Amirkabir University of Technology

One of the main issues in microwave and wireless system
design is to ensure high performance with low cost
techniques. The six-port technigue helps allow for this in
critical network design areas. This practical resource offers
you a thorough overview the six-port technique, from
basic principles of RF measurement based techniques and
multiport design, to coverage of key applications, such

as vector network analyzers, software defined radio, and
radar. The first book dedicated to six-port applications and
principles, this volume serves as a current, one-stop guide
offering you cost-effective solutions for your challenging
projects in the field.

Contents: Introduction. Six-Port Fundamentals. Design

of Six-Port Junctions. Calibration Techniques. Load-Pull
Measurements Using Six-Port Technique. Six-Port Network
Analyzer. Six-Port Wireless Applications. Six-Port Microwave
Applications. Index.



New!

fl Component Reliability for Electronic Systems
Titu-Marius I. Bajenescu and Marius I. Bazu
|

i

This practical book offers you specific guidance on how to design more reliable
components and build more reliable electronic systems. You learn how to optimize a
virtual component prototype, accurately monitor product reliability during the entire
production process, and add the burn-in and selection procedures that are the most
appropriate for the intended applications. Moreover, the book helps you ensure that
all components are correctly applied, margins are adequate, wear-out failure modes
are prevented during the expected duration of life, and system interfaces cannot lead
to failure.

Ths Mk | Sifspsnca | Mol B
K Contents: Part I: Reliability — Reliability Building. Reliability Assessment. Package
_________. and Reliability. Failure Analysis. Test and Testability. Part Il: Reliability of Electronic
Components — Reliability of Passive Electronic Parts. Reliability of Diodes. Reliability
Hardcover. 694 pp. 2010 of Silicon Power Transistors. Reliability of Optoelectronic Components. Reliability
ISBN: 978-1-59693-436-8 of Thyristors and Triacs. Reliability of Monolithic Integrated Circuits. Reliability of
$129, £79 Memories and Microprocessors. Reliability of Hybrid Integrated Circuits. Reliability of

) . Micro- and Nano-Systems.
MW)J Discount Price
$103.20, £63.20

Hardcover. Approx. 425 pp.
Available May 2010
ISBN: 978-1-60783-983-5

Hardcover. Approx. 390 pp. | | |
Available March 2010
ISBN: 978-1-60783-977-4

‘_Ii"'ﬁ'"!"_-—.-_

: $139, £85 { $139, £84
: Only $118, £72 I Only $118, £71 when you
§ when you order before £ Automated order before April 30, 2010
February 28, 2010 { )| Testing
High 5peed
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g
Coming Soon! Save 15% Coming Soon! Save 15%
FBAR, MEMS and NEMS Resonator Automated Testing of High-Speed
Design and Applications Digital Interfaces
Humberto Campanella, Jose Moreira, Verigy, Hubert Werkmann, Verigy
Instituto Microelectronica de Barcelona and Heidi Barnes, Agilent
This groundbreaking book provides you with a Providing a complete introduction to the state-of-the-
comprehensive understanding of FBAR (thin-film bulk art in high-speed digital testing with automated test
acoustic wave resonator), MEMS (microelectomechanical equipment (ATE), this practical resource is the first book
system), and NEMS (nanoelectromechanical system) focus exclusively on this increasingly important topic.
resonators. For the f|r§t time anywhere, you find extensive Featuring clear examples, this one-stop reference covers
coverage of these devices at both the technology and all critical aspects of the subject, from high-speed digital
application levels. This practical reference offers you basics, ATE instrumentation for digital applications, and
guidance in design, fabrication, and characterization of test and measurements, to production testing, support
FBARs, MEMS and NEBS. It discusses the integration of these instrumentation and text fixture design. This in-depth volume
devices with standard CMOS (complementary-metal-oxide- also discusses at advanced ATE topics, such as multiplexing
semiconductor) technologies, and their application to sensing  of ATE pin channels and testing of high-speed bi-directional
and RF systems. interfaces with fly-by approaches.
Contents: Part I: Introduction to Thin-Film Bulk Acoustic Contents: Introduction. High-Speed Digital Basics. High-
Wave Resonators (FBAR), Micro and Nano Electro Speed Interfaces Standards. ATE Instrumentation for Digital

Mechanical System (M/NEMS) Resonators. Part II: Fabrication  Applications. Tests and Measurements. Production Testing.
Technologies and CMOS Integration. Part lll: Applications of Support Instrumentation. Test Fixture Design. Advanced ATE
FBAR, MEMS, NEMS Resonators. Case Studies: Modeling, Topics.

Design and Fabrication of FBAR and MEMS-Based Systems.
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CD-ROM with User's Manual.
400 pp. 2005

ISBN: 1-58053-965-3

$427, £266

MWIJ Discount Price
$341.60, £212.80

Demo available at ArtechHouse.com

WIPL-D Microwave:

Circuit and 3D EM Simulation

for RF & Microwave Applications —
Software and User’'s Manual

Branko M. Kolundzija, Jovan S. Ognjanovic,
Tapan K. Sarkar

Offering you the performance and time-saving features of
software costing many times more, this software package
serves as fast and accurate design & simulation tool for
your projects involving microwave circuits, components,
and antennas. It includes an easy-to-use circuit solver and
schematic capture, component library, and an optimizer
that automates the design of microwave devices and
antennas. As a product from the well-know WIPL-D family,
it inherits a full-wave 3D EM (electromagnetic) solver.

CD-ROM set with

320-page user’s guide. 2004.
ISBN: 1-58053-731-6

$470, £298

MW)J Discount Price
$376.00, £238.40

CFDTD: Conformal Finite Difference
Time Domain Maxwell’s Equations
Solver, Software and User’s Guide

Wenhua Yu and Raj Mittra,
Pennsylvania State University

Here's a powerful, full three-dimensional Maxwell’s
eqguations solver that serves as a fast and accurate tool for
modeling a wide variety of antenna and arrays, waveguides,
cavities, microwave circuits, as well as a useful resource

for Radar Cross Section analysis. This cutting-edge CFDTD
software package combines visual languages and advanced
techniques in computational electromagnetics to simulate
the behaviors of complex microwave systems. Designed

to handle 220 x 220 x 220 nodes, the software is well-
equipped for large-size and high-frequency problems.

Microwave Software

CD-ROM. 2007
ISBN: 978-1-59693-026-1
$320, £200

MWIJ Discount Price
$256.00, £160.00

Demo available at ArtechHouse.com

ES3D: Electrostatic Field Solver
for Multilayer Circuits

Marija Nikoli , Antonije Djordevi ,
and Milos Nikoli , University of Belgrade

Analyze electrostatic properties of arbitrary 3-D metallic

and dielectric structures with ES3D, a powerful software
package created exclusively to aid you in evaluating circuit
performance or designing power devices. ES3D calculates
self and mutual capacitances, as well as circuit (y) parameters
of networks formed by these capacitances. This output can
be seamlessly exported to software that analyzes microwave
and RF circuits.

Hardcover. 248 pp./CD-ROM. 2008
ISBN: 978-1-59693-256-2
$129, £81

MWIJ Discount Price
$103.20, £64.80

Demo available at ArtechHouse.com

Book and CD-ROM package!

Microwave System Design Tools
and EW Applications, Second Edition
Peter W. East, Private Consultant

Previously available only as a CD-ROM, this popular electronic
warfare (EW) and microwave design resource has now been
transformed and expanded into a practical, fully-integrated
book and CD-ROM package. More than ever, in this dynamic
second edition, you find a wealth of practical tools and
guidance to help you speed up design, evaluation, and
specification of EW systems and microwave components.
The book covers a broad range of essential topics in the
field. The CD-ROM contains a number of independent
software applications that parallel and build on the topics
presented in the book and help you calculate accurate design
performance data.
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Your Co:mplete Source for
RF & Microwave Design Know-How

New!

The Six-Port Technique
with Microwave and
Wireless Applications
Fadhel M. Ghannouchi and Abbas
s Mohammadi

Sin-Pont
Technigue

Wi Miciiwrm i
Wienless kIS

One of the main issues in microwave and
wireless system design is to ensure high
performance with low cost techniques.
The six-port technique helps allow for this
in critical network design areas. This prac-
tical resource offers you a thorough overview the six-port technique,
from basic principles of RF measurement based techniques and
multiport design, to coverage of key applications.

BiitEIoa] e d-0s .

T e i

e Hardcover ¢ 252 pp. ¢ 2009
* ISBN: 978-1-60807-033-6 * $89/£55

New!
Solid-State Microwave
High-Power Amplifiers

Franco Sechi and Marina Bujatti

This practical resource offers expert guid-
ance on the most critical aspects of micro-
wave power amplifier design. This compre-
hensive book provides descriptions of all
the major active devices, discusses large
signal characterization, explains all the key
circuit design procedures. Moreover you
gain keen insight on the link between design parameters and tech-
nological implementation.

¢ Hardcover ¢ 338 pp. * 2009 ¢ ISBN: 978-1-59693-319-4 « $129/£69

Recent Release!

Microwave Radio
Transmission Design Guide,
Second Edition

Trevor Manning

This newly revised edition of the clas-
sic Artech House book, Microwave Radio
Transmission Design, provides a current,
comprehensive treatment of the subject
with a focus on applying practical knowl-
edge to real-world networks. The second
edition includes a wealth of important updates, including discussions
on backhaul capacity limitations, ethernet over radio, details on the
latest cellular radio standards.

¢ Hardcover ¢ 298 pp. * 2009 * ISBN: 978-1-59693-456-6 * $109/£68

Bestseller!

Design of RF and
Microwave Amplifiers and
Oscillators, Second Edition
Pieter L.D. Abrie, AMPSA (PTY) Ltd.

This newly revised edition of a classic Artech
book has been updated to include expand-
ed derivations and problem sets, helping to
make the material even more accessible and
easier to master. You also get new material
on power amplifiers, amplifier stability, and
designing conditionally stable amplifiers.

)\ CD-ROM Included! Contains a Visual C++ 2008 execut-
‘ able for the program LSM, as well as updated versions of the
Fortran source code.

* Hardcover ¢ 504 pp. * 2009 ¢ ISBN: 978-1-59693-098-8 * $139/£87

Find complete book descriptions and order at the Artech
House Online Bookstore www.artechhouse.com

e Special discounts on forthcoming titles © Secure ordering with email confirmation e Exclusive savings offers
e Sample chapters and demonstration software e In-stock orders ship within 24 hours

Orderatwww.artechhouse.comorcontactthe office nearestyoufTTIFAX Purchaseordersandcreditcardordersto1-781-769-6334 PHONE Toll-
Free 1-800-225-9977, ext.40300r 1 -781-769-9750E-MAILartech@artechhouse.coml!] EFAX Purchaseordersandcreditcardorders24 hoursadayto+44(0)207630-
0166 PHONE +44 (0)20 7596-8750 E-MAIL artech-uk@artechhouse.com All orders plus shipping/handling and applicable taxes.
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Signal Analyzer
Migration Brochure

Y)VENDORVIEW

B i Agilents new technical brochure
and website now address the tran-
sition details when upgrading from
the PSA signal analyzer to the new
PXA high-performance signal ana-
lyzer. The brochure also highlights
the 12 top reasons why the PXA is
the ideal and direct form, fit and
functional replacement for the
PSA, while offering more perfor-
mance, capability and flexibility.
For more information, visit http:/

cp literature.agilent.com/litweb/
pdf/5990-3990EN.pdf.

e

A Tabssiaga

Agilent Technologies Inc.,
Santa Clara, CA (800) 829-4444, www.agilent.com.
RS No. 310

Product Data Sheets

Analog Devices introduces a series

= of datasheets for the companys
T - - highly integrated RFICs designed
= for LTE and 4G cellular base sta-
tions. As worldwide mobile carri-
ers evolve toward 4G technologies,
small higher-density radio card
form factors are needed to support
the delivery of continuous voice
and high-data-rate services. ADI’s
new ADRF670x series of modu-
lators enable these high-density
radio cards by combining multiple
discrete functional blocks into a
single device, while meeting the
demanding performance required
by higher-capacity base stations.
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Analog Devices Inc.,
Norwood, MA (781) 329-4700, www.analog.com.
RS No. 312

Custom Assembly
Literature

Custom Assembly has developed a
more efficient way to solder high
power circuit boards. Using a
single-pass reflow solder process,
Custom Assembly can bond cop-
per plate ground planes and com-
ponents all at once, saving time
and reducing costs. Features to
note: minimal solder voids; quick
and efficient single-pass process;
ability to accommodate low-
volume production runs; and is a
cost-effective solution.

Custom Assembly LLC,

Wood Dale, IL (630) 595-4855, www.customassemblyllc.com.
RS No. 314

124

CATALOG UPDATE

Thin Film Technologies
Catalog

The 16-page ATC//AVX Thin Film
Technologies/Engineered ~ Thin
Film Solutions Catalog highlights
the combined capabilities of the
Jacksonville, FL. and Myrtle Beach,
SC design and manufacturing fa-
cilities. The catalog details the Thin
Film capabilities and lists primary
markets and applications for these

R e products. Included are tables for
?gg;';.r;l:{:"ll.? i substrate  properties, sputtered
el and electroplated materials, wafer
construction, resistors, capacitors
and inductors, and typical metal-
izations.

Ly 1§ boAdum

American Technical Ceramics,
Huntington Station, NY (631) 622-4700, www.atceramics.com.
RS No. 311

CD Catalog

Cobham Sensor Systems — Balti-
more, MD (formerly Nurad Tech-
nologies Inc.) announces a new
Antenna and Composite Products
digital catalog. This new catalog
contains a comprehensive detailing
of company capabilities and prod-
ucts. Downloadable product data-
sheets include: broadband horn,
conformal, log periodic and blade antennas. A representative listing of its
radome and composite structure products is also available. Antenna and
composite design aid information is available to help determine custom
design needs. Since the catalog is web-based, all information in the cata-
log can be easily acquired using the interactive hyperlinks. To request a
catalog, contact NuradSales@cobhamdes.com.

f Arvanna & Cowmipns Pt

Cobham Sensor Systems — Sensor Electronics,
Baltimore, MD (410) 542-1700, www.cobham.com.
RS No. 313

Defence CD ROM

This CD ROM reflects e2v’s expe-
rience in the design, engineering
and manufacture of specialised
components and sub-systems for
the defence and aerospace sectors.
The company’s key technologies
and solutions include electronic
warfare and radar, missiles, air-
craft UAV and space, SATCOM
and homeland security. The CD
includes .pdfs of products under
the headings: broadband convert-
ers, imaging, microprocessors, mi-
crowave products, MRAM magneto resistive RAM, QP semiconductors,
SATCOM products, solid-state modulators, thermal imaging and TWTs.

ey,
Chelmsford, UK +44 1245 493493, www.e2v.com.
RS No. 315
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MilitarylsiCommercial
Eastern Wireless TeleComm understands just how much irelessie @__;EIHQ
is on the line with each and every product we make.
We continually provide the highest quality filter products,
design support, and service to our customers each and
every time. Where Performance Counts, Count on EWT.

Specializing in custom design and manufacturing of
RF and Microwave filters and filter based products to 50 GHz.

www.ewtfilters.com

Eastern Wireless TeleComm, Inc.
Tel: 410.749.3800 Fax: 410.749.4852
sales@ewtfilters.com

Visit http://mwj.hotims.com/28484-30 or use RS# 30 at www.mwjournal.com/info
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High-power Broadband
RF Amplifiers

This updated Products and Capa-
bilities Guide is a comprehensive
overview of the company’s capa-
bilities and a listing of its most
popular amplifier products. With
products that cover from 150 kHz
to 6 GHz and an extensive library
of building block designs, there is
an array of catalog standard and
semi-custom solutions available
to consider. This brochure will be
especially useful for buyers, sales
reps and engineers.

Empower RF Systems Inc.,
Inglewood, CA (310) 412-8100, www.empowerrf.com.
RS No. 316

Condensed Reference
Catalog

- JVENDORVIEW

This six-page short form Con-
densed Reference Catalog contains
= the most up-to date product and ca-
g pability offerings from Florida RF
y Labs/EMC Technology, a Smiths
business. The brochure highlights
the company’s broad product of-
fering that includes RF and mi-
crowave resistors, terminations,
attenuators (fixed and temperature
variable), couplers, power dividers,
equahzers and coaxial cable assem-
# Dly solutions. Also included are the
company’s unique engineering design kits. Component details, datasheets
and measured data can be downloaded from the websites.

CONDENSED
REFERENCE CATALDG

Florida RF Labs/EMC Technology,
Stuart, FL (772) 286-9300, www.rflabs.com and www.emct.com.
RS No. 318

[EE— # Thin Film Microcircuits

A new data sheet from LEW
Techniques, United Kingdom,
describes the thin film microcir-
cuit manufacturing capability of
the company. The datasheet de-
tails the various materials, circuit
geometries and intricate shapes
available, the benefits of the
metallisation schemes used, and
covers special features such as
pre-deposited Au/Sn for assembly
efficiency, vias, multilayers and re-
sistors. The data sheet is available
at www.lewtec.co.uk.

Thin Pile Miceschmu®s

LEW Techniques Ltd.,
Somerset, UK +44 (0) 1823 286698, www.lewtec.co.uk.
RS No. 320
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CATALOG UPDATE

2010 Microwave
Products Catalog

This comprehensive 128-page cat-
alog features standard and custom
waveguide components, antennas,
programmable  instrumentation

&

FLAWY BCREAVE
and systems from 320 MHz to 500
GHz in rectangular guide and 2
to 40 GHz in double ridged. New

products featured include milli-
Wiorswave Prodists

1|inll

metric split block couplers, 1.0 mm
waveguide to coax adaptors, high
power terminations, switch driv-
ers, commercial system switches,
NRL horns and near field probes.
The catalog also contains standard

products up to 330 GHz.

Flann Microwave, Bodmin,
Cornwall, UK +44 (0) 1208 77777, www.flann.com.
RS No. 317

Product Literature

\JVENDORVIEW
Hittite’s Off-the-Shelf Newslet-
ter showcases 27 newly released
products including several fea-
ture articles. Two new product
lines are introduced: Synthesiz-
ers with Integrated VCOs and
Dielectric  Resonator  Oscilla-
tors. Other features include an
expanded product ‘Applications
e by Market Table” for products
e e throughout the newsletter. Hit-
SIS e | tites 2009 Designer's Guide Cata-
£ e log is also available on CD-ROM
with full product specifications
for over 760 products across 22
product lines.

Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343, www.hittite.com.
RS No. 319

Integrated Assemblies
Brochure

Renaissance  Electronics  Corp.
(REC) announced its new RF,
Microwave and Millimeter Wave

FRLILTBOMCS CORURATIR

RF,
T Integrated Assemblies Brochure is
Mlilimatar available for distribution. Renais-

Wave sance/HXT is a turnkey solution
Ts::,"" provider of quality RF, microwave

and millimeter-wave products.
REC provides optimized cost and
performance solutions for all RF,
microwave and millimeter-wave-
based components, sub-assem-
blies, integrated assemblies and
sub-systems. This latest brochure
shows its capabilities in partner-
ing and manuiacturmg build-to-print integrated products assuring cost-
effective solutions.

Renaissance Electronics Corp.,
Harvard, MA (978) 772-7774, www.rec-usa.com.
RS No. 321
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CONSIDER

PHASE MASTER® ENHANCED
190E Series Cable Assemblies

Highly shielded, phase stable assemblies

Compared to similar phase stable cables, Phase Master® 190E’s
enhanced, multilayer shield construction yields:

¢ Increased shielding effectiveness (120 dB @ 1GHz, min)

Increased mechanical durability, especially torsion resistance

Greater connector retention (>40 Ibs straight pull with SMA
connectors).

A high level of phase stability vs. temperature and flexure

Reduced insertion loss & increased amplitude stability

» Download the data sheet: www.teledynestorm.com/PM190E

» Call us now for information on how Phase Master® Enhanced
190E Series cables can benefit your program: 630-754-3300

AN TELEDYNE Microwave Business Unit Tel 630.754.3300
" STORM PRODUCTS 10221 Werch Drive Fax 630.754.3500

Woodridge, lllinois 60517 storm_microwave@teledyne.com

A Teledyne Technologies Company
Visit http://mwj.hotims.com/28484-112 or use RS# 112 at www.mwjournal.com/info
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IEEE Wireless and Microwave Technology Conference
WWAMICON 2010

Growne Plaza Melhourne Oceanfront

Melhourne, FL

April 12-13,2010

JOIN US!

The 11th annual IEEE Wireless and Microwave
Technology Conference (WAMICON) will be
held in Melbourne, Florida on April 12-13, 2010.
Sponsored by the MTT Society, with technical
co-sponsorship from the Electron Devices and
Communications Societies, WAMICON will
address up-to-date multidisciplinary research
needs and interdisciplinary aspects of wireless
and RF technology. The program includes oral
presentations, poster presentations, and five
tutorials that are included with registration. The
tutorials will cover a range of topics including
modern radio fundamentals, power amplifier
design approaches and up-to-the-minute filter
design techniques. With approximately 70
presentations and a vendor exhibit area,
WAMICON provides a great opportunity for
professional networking and personal

Exhibit and Sponsorship
Opportunities Available!
Contact info@modelithics.com
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) =CATALOG UPDATE

LTCC Design Guide

This free, low temperature co-
fired ceramic (LTCC) design
guide offers information useful
to any OEM engineer employ-
ing LTCC in the design of a new
product. The 12-page illustra-
tion and table-rich guide includes
information on conductor, via,
multilayer and RF/microwave pa-
rameters; general design tips and
insights of use when laying out
LTCC circuits; and introductory
information on Anaren’s LTCC
capabilities, which are offered out
of the company’s ceramics-focused
operation in Salem, NH, and aug-
mented by Anaren’s RF/microwave engineering expertise at company
headquarters in Syracuse, NY.

Anaren Inc.,
East Syracuse, NY (603) 898-2883, www.anaren.com.
RS No. 323

Microwave Amplifier
Brochure

JVENDORVIEW

The microwave amplifier brochure
from AR RF/Microwave Instru-
mentation features a wide range
of microwave amplifiers. The bro-
chure highlights the “S” series (1
to 800 W, 0.8 to 18 GHz) and TWT
amplifier series (1 to 10,000 W,
0.8 to 45 GHz). The brochure in-
cludes photographs, descriptions,
specifications and  performance
graphs for each model.

Microway

AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181, www.ar-worldwide.com.
RS No. 324

Product Catalog

This updated 36-page catalog
features over 145 all-new ampli-
fier products including lightweight
and compact 0.5 to 20 GHz LNAs,
0.1 to 20 GHz broadband LNAs,
and 0.5 to 31 GHz rack-mount
power amplifiers employing GaN
and GaAs technologies for UHF
through  Ka-band  applications.
CTT’s extended product offering
includes GaN-based power am-
plifiers for wideband applications
(25 W from 0.5 to 2 GHz), as well
as narrowband radar applications
(80 W from 8.5 to 9.6 GHz). Ad-
ditional offerings include high and
medium power amplifiers, custom engineered options (CEO) and con-
tract manufacturing services.

CTT Inc.,
Sunnyvale, CA (408) 541-0596, www.cttinc.com.

Microwave Amplliers
and Subassemblies

e

RS No. 325
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Ultra-Low Phase Noise Microwave Oscillator

AND Homodyne Phase Noise Measurement System

Based on patented opto-electronic
oscillator (OEO) technology.

FEATURES
-145 dBc/Hz at 10 kHz offset at 10 GHz
Compact 4.5" x 5.9" x 0.94" package

BEyBEALSE

Low spurious content

PHASE NOISE (dBefH2)
/ b

-

(=]

Low vibration/acceleration sensitivity

External phase locking option

-200 wers . . L] “ Pulsed optical output option
10 100 1,000 10,000 100,000 1,000,000 10,000,000

DFFSET FREQUENCY (Hz) EMI tﬂlEI‘ant
Phase Noise at 10 GHz

Complete automated connect and click microwave
phase noise/jitter measurement system.

FEATURES

No reference source required 2 I

e I
No down converter or PLL required § -T0 . it

-] R 1 115
-174 dBc/Hz absolute phase noise = 40 \\\ _lr
measurement capability S ] m

"u; i I
Frequency range option up to 68 GHz 5.:2 YJ I

s Mill
RMS and P-P jitter measurement option z ** N

us -140 +
Unigue microwave-photonic system 5 250 | —
takes seconds to operate T 160 T rysestarelatian Oijtion =

170 | (101K averages shawn) | il RN L
Various performance levels, features, ey LU N L 1T~
and future upgrade options available i 100 ‘-"E:FEH H‘gﬂm ::;m i
Absolute Phase Noise Floor at 10 GHz
PLEASE CONTACT US 626.449.5000
FOR CUSTOM FEATURES www.oewaves.com
Visit http://mwj.hotims.com/28484-83 or use

RS# 83 at www.mwjournal.com/info D EW aves
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eaturedWhitePapers

The information you need, from the
technology leaders you trust.

REMC: M

ROHDE&SCHWARZ

Check out these new online Technical Papers featured
on the home page of Microwave Journal and the
MWJ white paper archive in our new Technical

Library (www.mwjournal.com/resources)
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Pulsar Microwave Corp.,
Clifton, NJ (973) 779-6262, www.pulsarmicrowave.com.

mCATALOG UPDATE

RF and Microwave
Passive Components

Pulsar Microwave Corp. is a val-
ued supplier of high quality RF
and microwave passive compo-
nents in the frequency range of
DC to 40 GHz. Current catalog
features attenuators, bias tees, di-
rectional couplers, frequency dou-
blers, modulators and demodula-
tors, mixers, phase shifters, power

combiners, power dividers 90° and

180° hybrids and switches.

Response Microwave Inc.,

RS No. 322

Product Selection Guide

JVENDORVIEW

Response Microwave Inc. an-
nounced the availability of its
new product selection guide. The
60-page catalog provides an over-
view of corporate capabilities and
selection tables of the company’s
passive component and connec-
tivity product offering that oper-
ates from DC to 65 GHz, and also
selective optical products. It also
offers application notes on the
company’s unique HYBRIDLINE
series of drop-in quad hybrids and
couplers. The catalog will also be
available in a downloadable .pdf
format at the company website.

Devens, MA (978) 772-3767, www.resp icrowave.com.

wial % (= Ial,

RLC Electronics Inc.,
Mount Kisco, NY (914) 241-1334, www.rlcelectronics.com.
RS No. 327

RS No. 326

Precision Microwave
Components

RLC, a designer and manufacturer
of high quality, state-of-the-art co-
axial switches, bandpass filters, pre-
cision attenuators and other trans-
mission line components for the
microwave industry, announced
the arrival of its new catalog. The
catalog can be downloaded from
the RLC website to your desktop
for easy access at www.rlcelectron-

ics.com. This catalog describes

RLC’s standard product line.
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hase
Performance
Evolution

astro-boa-flex” VII

The next evolution in flexible
coaxial cable has arrived!

Introducing the astro-boa-flex® VII family of ultra

SRR 2stra(20@ (nc.

phase stable flexible cable assemblies to meet the
most demanding system and laboratory requirements.
Utilizing cutting edge technology, 32188 cables offer

Phase Change vs. Temperature

exceptional consistency in dielectric performance

o
[

stability throughout multiple production lots. A

o
IS

nominal velocity of propagation of 87.5% combined

Astrolab 32188
-

o
N

with superb mechanical durability gives the cable

Phase Stability ° /GHz/ft.
IS)
w

/
0.1 . ape
h | f
. // exceptional phase stability when evaluated for
01 — both drift and tracking performance when subjected
-65 35 85

Temperature to flexure and temperature requirements.
astro-boa-flex® VIl cables offer the highest CW
power and lowest Insertion Loss on the market

for flexible cables of comparable diameter. With
full heritage of exceeding the requirements of
MIL-DTL-17, consider astro-boa-flex® VII cables

for your next high performance requirement!

Visit http://mwj.hotims.com/28484-15
e. Astrolab is a registered trademark of Astrolab, Inc. Al rights reserved. or use RS# 15 at www.mwjournal.com/info
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EuUMA

European Microwave
Association
Co-sponsored by:

7\

MTT-S°

Endorsed by:

< IEEE

G ILCTRON

54_ L} EVICES

ICIETY

* X %

EurAAP

Supported by:

[EV

Instituton from the IEE and IE

Organised by:

horizon
house

Official Publication:

Micrave
Journal

> . :|EUROPEAN
8 A0 TI] MICROWAVE

: A WEEK

o = CNIT Paris
= | 26 September -1 October 2010
LLl www.eumweek.com

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

26th September - 1st October 2010

CNIT La Défense,
Paris, France

SUBMIT YOUR PAPER ONLINE NOW!

To electronically submit a technical paper for
one or more of the four conferences, all you
have to do is:

1. Log on to www.eumweek.com

2. Click on 'Conference Information' to view
the individual conference topics

3. Click on 'Paper Submission' for author's
instructions on how to submit a summary

That's all there is to it, so log on now!

www.eumweek.com
4 Qoo "\ SONFERENCE LM\

The 40th European Microwave Conference

() EuWiT E@D s EUMIC
2010 %?& “*% 2010

The 7th European Radar Conference

The 5th European Microwave

The 3rd European Wireless
Integrated Circuits Conference

Technology Conference


http://www.eumweek.com
http://www.eumweek.com
http://www.eumweek.com

' "Spectrum

80905 Munich, Germany P.O. Box 450533
Telephone: +49-89-3548-040 Facsimile: +49-89-3548-0490

www.spectrum-et.com *  Email: Sales’@ Spectrum-et.com

Visit http://mwj.hotims.com/28484-105 or use RS# 105 at www.mwjournal.com/info
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New WAVES: RADAR AND ANTENNAS

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE

FEATURING W VENDORVIEW STOREFRONTS

Compact Antenna
PR W SERIES DIPOLE ANTENNA

The HW Series 1/2-wave center-fed dipole an-
tennas and 1/4-wave monopole antennas are
now available with standard SMA connector
terminations. HW Series antennas are ideal
for applications requiring a compact, low-cost
antenna solution. These antennas attach us-
ing an FCC-compliant RP-SMA connector or
the newly available standard SMA connector.
Alternate connectors and custom colors are
available for volume OEM orders. The anten-
nas are available in standard center frequencies
of 315, 418, 433, 868 and 916 MHz. The 868
and 916 MHz versions are 1/2-wave center-fed
dipoles, while the 315, 418 and 433 MHz are
all 1/4 wave monopoles. HW Series antennas
are immediately available at $4.98 in volume
quantities.

Antenna Factor,

Merlin, OR (800) 489-1634,
www.antennafactor.com.

RS No. 216

Reference Antenna

Cobham Sensor Systems - Baltimore announces
model 15RH1, a broadband linear horn gain
reference antenna that operates in the frequen-
cy range of 0.75 to 3 GHz, has a VSWR of 2:1
maximum and nominal gain of 6 to 16 dBi. This
antenna is primarily used in test chambers to
accelerate gain measurements and minimize
set-up errors. Units can be supplied with mea-
sured gain curve for enhanced gain accuracy
over calculated values. Typical gain accuracy is
better than 0.3 dB over the band of operation.
Model 15RH1 is designed to meet NRL Report
4433 requirements.
Cobham Sensor Systems—Sensor
Electronics,
Baltimore, MD (410) 542-1700,
www.cobham.com/baltimore.

RS No. 217

Comb Generator

This comb generator is a complete system in-
cluding power supply, synthesizer and comb
generator head. It covers a wide input frequen-
cy range and has low input power requirement

of only 0 dBm. The output harmonics reach
up to 18 GHz. It is applicable with an internal
(100 to 200 MHz) or an external synthesizer (30
MHz to 4 GHz). The features include two ECL
compatible outputs, 400 kHz tuning step size
and PC interface (serial/USB). It can be used
for a wide range of applications like frequency
multipliers, signal generators, EMC source,
UWB applications and FMCW radars.
Heuermann HF-Technik GmbH,

Stolberg, Germany +49 2402/9749764,

www.hhft.de.
RS No. 218

Power Detector

\JVENDORVIEW

This new 54 dB Log detector/controller is pri-
marily targeted to high volume automotive,
broadband, cellular/3G and WiMAX/4G appli-
cations between 50 MHz and 8 GHz. The
HMCT713LP3E Logarithmic Detector/Control-
ler is fabricated using a SiGe BiCMOS process
and converts RF signals at its input to a propor-

tional DC voltage at its output. The
HMCT713LP3E delivers 54 dB dynamic range
up to 2700 MHz with +1 dB accuracy. At input
frequencies from 3.9 to 8 GHz, dynamic ranges
up to 49 dB are achievable with +1 dB accuracy.
Stability over the -40° to +85°C operating tem-
perature range is outstanding, while input re-
turn loss is better than 10 dB across the entire
operating frequency range. The HMCT713LP3E
can also be used in the controller mode, making
it ideal for applications such as RF transmitter
power amplifier control, RSSI measurement in
cellular base stations, radio links and radar.
Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 219

Noise Instrument

-

NoiseWave announces the immediate availabil-
ity of the NW18G-MI noise instrument. The
unit is a manual Additive White Gaussian Noise
generator that features broadband frequency
coverage from 2 to 18 GHz. Power out is -14
dBm and the unit features a flatness of +2.5 dB.

The NWI18G-MI operates from standard line
voltages. Applications for this instrument in-
clude system and component wireless testing,
signal simulation, VSAT, defense and aerospace
related testing.

NoiseWave Corp.,

East Hanover, NJ

(973) 386-1119,

www.noisewave.com.

RS No. 220

Low Phase Noise Oscillator

Model OSCO049 is a multiplied crystal base
source. This oscillator utilizes a fifth overtone
SC cut crystal within a low-profile package that
maintains excellent frequency stability of =1
ppm maximum (+0.5 ppm typical) over -40° to
+85°C at 400 MHz output. The device offers
low-g sensitivity of 3 x 1010 /g; a noise floor
of -156 dB¢/Hz; and SSB phase noise perfor-
mance of: -116 dB¢/Hz at 100 Hz; -145 dBc/Hz
at 1 kHz; -150 dBc/Hz at 10 kHz; -154 dBc¢/Hz
at 100 kHz and -155 dBc/Hz at 1 MHz. This
model is ideal for electronic warfare, C4ISR as
well as radar applications.

TRAK Microwave Corp.,

Tampa, FL

(813) 901-7200,

www.trak.com.

RS No. 221

Four-way Power Divider

JVENDORVIEW

Model 3326B-4 is a four-way power divider that
operates from 6 to 18 GHz and features precise
phase and amplitude balance, high port-to-port
isolation, and low input VSWR. The power di-
vider is well suited for a broad array of commer-
cial and military applications. The model
3326B-4 offers insertion loss of less than 2 dB,
isolation of at least 18 dB, and input and out-
put VSWR of less than 1.5:1 or less. Amplitude
balance is maintained to 0.5 dB or less and
phase balance is maintained to 7° or better. Tt
can handle an average RF input power of 30 W
into a VSWR of 1.2:1 or less and up to 10 W
into a 2:1 VSWR. The Model 3326B-4 mea-
sures 4.3" x 1.4" x 0.5" and has Type-N female
connectors.

Narda,

Hauppauge, NY

(631) 231-1700,
www.nardamicrowave.com/east.

RS No. 229
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MULTIPLY

UPTO 20GHz

Frequency Multipliers from 95

For your leading-edge synthesizers, local oscillators, and Satellite up/down converters, Mini-Circuits
offers a large selection of broadband doublers, triplers, quadruplers, and x12 frequency multipliers.

Now generate output frequencies from 100 kHz to 20 GHz with excellent suppression of fundamental frequency
and undesired harmonics, as well as spurious. All featuring low conversion loss and designed into a wide

array of, off-the-shelf, rugged coaxial, and surface mount packages to meet your requirements.

Visit our website to choose and view comprehensive performance curves, data sheets, pcb layouts,
and environmental specifications. And you can even order direct from our web store and have a unit
in your hands as early as tomorrow! Mini-Circuits... Your partners for success since 1969

40y
ANNIVERSARY N
19692009 1SO 9001 I1SO 14001 AS 9100 CERTIFIED
—» P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co!
—= ’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online seé_rlﬁn

Patent Pending

IF/RF MICROWAVE COMPONENTS
Visit http://mwj.hotims.com/28484-68 or use RS# 68 at www.mwjournal.com/info
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Components
3 GHz SMA Attenuators

These low cost
attenuators op-
erate to 3 GHz
and are de-
signed for com-
mercial applica-
tions where price is the primary concern. The
AS398 series is RoHS compliant and is rated for
use to 1 W maximum power. These SMA attenu-
ators are priced below $6 in production quanti-
ties and are an excellent choice for in-building
wireless applications. Standard attenuation val-
ues of 1-10, 15 and 20 dB versions are available.
Aeroflex/Inmet,

Ann Arbor, MI (734) 426-5553,

www.aeroﬂ_ex.com.

RS No. 222

6 to 10 GHz Bandpass Filters
\VENDORVIEW

AKON Inc.s line of high selectivity bandpass
filters includes model number A65-MHO002.
This filter offers a 6 to 10 GHz passband, with
less than 1.0 dB insertion loss, 2.0:1 or better
VSWR, +40 dBm maximum power handling ca-
pability and -70 dB stopband minimum, all in a
2.9" x 0.58" x 0.50" package.

AKON Inc.,

San Jose, CA (408) 432-8039,
www.akoninc.com.

RS No. 223

I High Performance
M Panel Meter (Color Display)
I External Memory Function

Frequency | 95195 |

ADBOM102-5252R | 80-1000MHz]_150W
ADBOM102-5757R | _80-1000MHz| 500N
ADBOM102-6060R |_80-1000MHz| _1KW

DBAOBOM102-5252R | 80-1000MHz| _150W

[ DBAOSOM102-5757R |_80-1000MHz|_500W

DBA0BOM102-6060R | 80-1000MHz] _1iW

[ GABOIM302-4444R | B00-3000MHz|_20W
GAS01M302-474TR | 800-3000MHz| 40w
[ GABOIM302-4349R | 800-3000MHz|__60W
GAS01M302-5151R | B00-3000MHz|_100W
GABDIM302-5353R | B00-3000MHz|_150W
GAS01M302-5656R | 800-3000MHz| 300N
[ GABOIM302-5858R | 800-3000MHz|_500W
GA252M602-4040R [2500-6000MHz| _10W
[ GA252M802-4343R [2500-6000MHz|__20W

o AeAL GAAA b A b as AmASE B e
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RF Coaxial Terminations
ANOISON Elec-
‘G.ﬂ' l'n"'"g tronics announ-
ces the intro-
= ‘?# duction of a full
%’ @ ‘. line of RF coaxi-
> al terminations.
Included  are
terminations with SMA, QMA, Mini-QMA,
2.92 mm, TNC, N, HPQN and 7/16 interfaces.
Frequency ranges are offered from DC to 40
GHz with power up to 5 W as standard prod-
ucts. Custom configurations are available on
request.
ANOISON Electronics,
Portsmouth, NH (603) 431-0651,
www.anoison.com.
RS No. 224

Chip Attenuator
Y)VENDORVIEW

EMC Technolo-
gy introduces a
new fixed atten-
uator TSO7XXF,
in a SMT planar
style chip de-
sign. This new
TSO7TXXF offers
a small 0805 package size and has excellent fre-
quency response from DC to 6 GHz. The
TSO7XXF is packaged on 1,000 piece tape and
reels for high volume, pick & place and targeted
for Telecom and WiMAX applications. The
TSO7TXXF attenuator is available in values of 1
through 10 dB in one dB increments and han-
dles an operating temperature range of -55° to
+125°C. This cost-effective attenuator handles
100 mW of input power. The planar style chip
size is 0.080" x 0.050". All values of the TSO7TXXF
are available and are RoHS compliant.

EMC Technology,

Stuart, FL (772) 286-9300,

o4

www.emct.com.

RS No. 225

Downconverting Mixers

This LTC554x
family of four
new high dy-

namic range
downconverting
mixers  covers

the 700 MHz to
4 GHz wireless
infrastructure frequency range. The LTC554x
mixers offer outstanding TIP3 of 26 dBm, low
noise figures of 9 to 10 dB and high conversion
gain of 8 dB, enabling excellent dynamic range
performance for both main receivers and digital
predistortion receivers. The LTC554x family of
mixers provides best-in-class capability to main-
tain a low noise figure in the presence of strong
blocking interferers, and significantly enhanc-
ing receiver sensitivity and robustness. The
LTC554x family operates on a single 3.3 V sup-
ply without compromising performance, while
reducing power consumption by 34 percent
compared to the closest competing solution.
Linear Technology,

Milpitas, CA (408) 432-1900,

www.linear.com.

RS No. 226

Low Pass Filter

The T7LPX-R18000-S is a bi-directional
low pass filter. The insertion loss is 2.0 dB

maximum  from
200 MHz to
18 GHz. The
VSWR is 2.0:1
from 200 MHz
to 18 GHz. The
filter provides 35 dB rejection at 22 GHz and 55
dB rejection from 26 to 30 GHz. The physical
size is 0.81" x 0.450" x 0.38" excluding SMA fe-
male removable connectors.

Lorch Microwave,

Salisbury, MD (410) 860-5100,

www.lorch.com.

RS No. 227

Drop-in Isolators

These two drop-
in isolators are
designed for the
921 to 960 and
1805 to 1880
MHz  bands.
The isolators of-
fer 55 dB isolation over the whole frequency
band, allowing OEM manufacturers to specify a
single device for double isolation. For both iso-
lators, insertion loss is better than 0.5 dB, and the
VSWR is less than 1.14:1 over the operating tem-
perature range of 0 to +85°C. These dual-junc-
tion devices are also available in many other fre-
quency ranges. Dimensions: 2.17" x 1.25" x 0.36".
M2 Global Technology Ltd.,

San Antonio, TX (210) 561-4800,
www.m2global.com.

RS No. 228

QFN Packaged Up-converter
JVENDORVIEW

This 37 to 40
GHz GaAs
MMIC up-con-
verter integrates
an image reject
balanced mixer,
LO buffer am-
plifier, LO dou-
HLAIS19-GHr 3740 GHz bler and RF
NGRS OEA Rrh o buffer amplifier
within a  fully
molded 4x4 mm QFN package. This RoHS
compliant, packaged up-converter has an input
third order intercept point (IIP3) of +20 dBm, a
conversion gain of 7 dB and an image rejection of
greater than 15 dBc. The device can be tuned to
give 2xL.O leakage of less than -25 dBm; variable
gain regulation can be achieved by adjusting the
bias, with turn-down trajectories optimized to
maintain linearity and minimal 2xLO leakage
over the gain control range. The XU1019-QH is
well suited for point-to-point (PTP) radio,
LMDS, SATCOM and VSAT applications.
Mimix Broadband Inc.,
Houston, TX (281) 988-4600,
www.mimixbroadband.com.

RS No. 244

Crystal Filter

NIC introduces

a 200 MHz Crys-

tal filter used for

spectrum  clean

% up purposes in

clock/timing applications. These filters are de-
signed to reduce noise and other unwanted fre-
quencies around a desired signal. Features in-
clude: a fundamental frequency Crystal filter;
hermetic package complying with MIL-
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Communications

100 MHz to 20 GHz

Drop-in Model CT-3885-S
Military and Radar

UTE Microwave is one of the leading suppliers of ferrite components

in the industry. We offer innovative engineering, reliability, custom
design, standards...many off-the-shelf...plus superior service and
over 35 years of know-how.

For Military and Radar applications our Drop-in Model CT-3885-S

is designed to operate at 2.5 KW Peak and 250 Watts average
power in the 3 GHz radar bands. Bandwidth is up to 12%. Typical
specs are 20 dB Isolation. 0.3 dB max Insertion loss and 1.25 max
VSWR. The 1-5/8 x 1-5/8 x 7/8 package provides for optimum RF
grounding and heat transfer. Other stripline interface HIGH POWER
units are available from VHF thru C band.

A broad line of low loss HIGH POWER coaxial and stripline mounting
Scientific - Medical

Our “POWER-LINE” capability

servles major markets... . 800-3.5 GHz spectrum, 0.15 dB loss stripline drop-in units operate
M|I|tary and Com meI’CIa| at 200 Watts CW, 2 KW peak power levels.

circulators are available. Typical coax units handle 3 KW CW, 10 KW
peak at 120 MHz and 1 KW CW, 3 KW peak in the 400-800 MHz
TV bands. 250 Watt stripline drop-in units are also available. In the

FEATURES. The following models are examples of our High Power units
L]

* Power levels to 5 KW CW, 75 KW Pk.
A LI chpe CT-1542-D 10 Kw Pk 1 Kw Av DIN 7/16 420-470 MHz

* Low Intermod Units CT-2608-S 3Kw Pk 300 WAV “Drop-in” 1.2-1.4 GHz

¢ Low Loss Options CT-3877-S 2.5 Kw Pk 250 WAV “Drop-in”

¢ Extended Octave Bandwidths CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7-3.1 GHz

¢ Power Monitors and DC Blocks CT-1645-N 250 W Satcom N Conn. 240-320 MHz

¢ Iso Filter-Monitor Assemblies CT-1739-D 20 Kw Pk 1 Kw Av DIN 7/16 128 MHz Medical

Model No. Power Connectors Freq. Range

Visit http://mwj.hotims.com/28484-115 or use RS# 115 at www.mwjournal.com/info

Broadband Units © Common Band Devices ® High Isolation

Units e Multiport Devices ® Drop-In Devices e Wireless/PCN
Devices e High-Power Industrial/Medical Iso Adaptors
Waveguide Junctions e High-Power TV Units ® VHF and UHF A o o e

Tel: 732-922-1009 Fax: 732-922-1848
Devices sales@utemicrowave.com MIl:IIIMIWE |N(:. E?mai\: utemicrow:;e.com

Contact us for more information on our extensive product line and current catalog. We accept Visa, MC, Amex
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STD-202; small package size; custom designs of
fundamental frequency Crystal filters available
up to 250 MHz; and custom package configura-
tions—connectorized, surface-mount and PC
mount packages are available.
Networks International Corp.,
Overland Park, KS (913) 685-3400,
www.nickc.com.

RS No. 230

Eight-way Power Divider

Pulsar P/N
PS8-16-454/8S
is a new eight-
way power di-
vider  covering
the frequency
range of 0.5 to
18 GHz with 16 dB isolation, 6.5 dB insertion loss
and an input/output VSWR of 1.6:1. Maximum
amplitude and phase balances are 1.2 and 15 de-
grees, respectively. Outline dimensions are 6.0" x
6.36" x 0.4". SMA female connectors are standard.
Pulsar Microwave Corp.,

Clifton, NJ (973) 779-6262,
www.pulsarmicrowave.com.

RS No. 231

Bandpass Filter
Y)VENDORVIEW

Reactel part
number 6C9-
1621.25-X10.5T11
is a bandpass fil-
ﬂ ter for the Iridi-
um band. This
unit is specifically designed with a narrow band-
width and high rejection to isolate Iridium fre-
quencies from outside interference due to In-
marsat systems. This unit can be outfitted with
any RF connector you may desire. Please con-
tact the factory for this or any other Iridium fil-
ter requirement that you have.
Reactel Inc.,
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

Hermetically Sealed Switch

The hermetical-
ly sealed com-
ponents require
stringent quality
control metrics
and attention to
detail. The test
and  assembly
process is much
more  complex
than the compa-
ny’s standard
design. The 100 percent leak testing ensures a
precision high reliability component that meets
MIL-STD 202 method 112E. These current pro-
duction components have seen increased de-
mand in mission critical applications. The Re-
naissance RSMH series of switches offer the
same dependability of its standard design in a
hermetic laser welded package. All seals are glass
to metal or metal to metal. These SPDT switches
are laser welded in an argon environment (< 50
ppm moisture) and will operate at -55° to +85°C.
Renaissance Electronics Corp.,

Harvard, MA (978) 772-7774,
www.rec-usa.com.

RS No. 233

Low Pass Filters
P T e RLC Electron-
ics now offers
4th order tubu-
lar Bessel low
pass filters with
3 dB cutoffs from 1 to 22 GHz. Computer de-
sign and tubular construction allow RLC to
maintain excellent group delay characteristics
with reasonable rejection while extending its 3
dB cutoff approaching 30 Giga bits. These fil-
ters should be regarded as compromise designs
for pulsed systems where truthful reproduction
of the pulse shape is important. Primarily used
on lightwave receivers to reduce the impact of
higher order distortion and noise. These high
frequency filters are essential for todays high
bit rate applications.
RLC Electronics Inc.,
Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 234

Bundled Cable Products

Times  Micro-
wave  Systems
has developed a
series of bun-
dled cable prod-
ucts that are
uniquely suited to WiMAX deployments using
Alvarion BreezeMAX® equipment. These sys-
tems require four small coaxial cable runs per
sector (typically LMR-240). Times LMR®-
B(C240-4 cable offers considerable labor savings
over individual runs. Tt also adds mechanical
protection and eliminates the potential for
crossed cables since each inner cable is labeled
every six inches along its length. This cable is
very flexible, has an internal rip cord to assist
with the removal of the outer jacket and can be
deployed using standard %" cable accessories.
Times Microwave Systems,

Wallingford, CT (203) 949-8400,
www.timesmicrowave.com.

RS No. 235

Amplifiers

GaN Broadband Power Amplifier

Model SSPA
1.71-1.88-69 is
a high power,
Gallium Nitride
(GaN) amplifier
that  operates
from 1710 to 1880 MHz minimum and is pack-
aged in a very compact, high performance pack-
age. This amplifier is designed for operation in
harsh environments. Typical output power is 70 W
across the band at P3dB. Small-signal gain is 53 to
54 dB across the band typically. Power added ef-
ficiency in saturation is typically 40 to 50 percent
across the band. Input and output VSWR is 2.0:1
maximum. This unit is equipped with DC switch-
ing circuitry that enables and disables the RF de-
vices inside the amplifier in 2000 ns typical for
turn on and 5000 ns typical for turn off time.
Aethercomm Inc.,

Carlsbad, CA (760) 208-6002,
www.aethercomm.com.

RS No. 236

-
rs are created equal.

]

Model No. SMS-B120

1 to 20 GHz, Single Output
<50 psec Tuning Speed
-60 dBc Spurious

military, industrial or commercial.

Broadband, Fast Tuning Mini Synthesizer

Only 4.5W Power Consumption g
Internal 1.0ppm 10 MHz Reference
Smallest 3”"x 3”x 0.7” Package

At Spinnaker Microwave, our products are
designed with one thing in mind — your specifications.

We pride ourselves on delivering quality signal
sources custom tailored to your unique application —

L R R IR

3281 Kifer Rd, Santa Clara, CA 95051 » Tel: 408-732-9828  Fax: 408-732-9793 ¢

Arbitrary Waveform Converter/Exciter
Model No. SMS-ACX

Supports up to 1 GHz Arbitrary Modulation
Internal/External DAC or DDS Signal Generation
10 MHz to 14 GHz, Single Output

-50 dBc Spurious o
Down to 1 psec Tuning Speed
Small 4.7"x 4.6"x 1.7" Package

Contact Spinnaker Microwave today for the high-
performance microwave sources you can count on.

SPINNAKER

AT R ODOW AW E | | M
www.spinnakermicrowave.com

. B
\ -
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Whether you are looking for new cutting-edge
technology, comparison-shopping for the latest
applications or interested in taking next generation
products for a test drive, the SATELLITE Exhibition
Show Floor is the one place where you'll find
solutions from more than 300 companies in the
global communications via satellite market.

Register today for the SATELLITE Exhibition to Exhibition Hours

experience first-hand: Tuesday, March 16:
> 11:00 a.m. - 5:45 p.m.

Wednesday, March 17:

1
> NEW FOR 2010! 9:00 a.m. — 6:00 p.m.

Thursday, March 18:
9:00 a.m. - 1:00 p.m.

Back by popular demand! MSUA-7

The MSUA Pavilion features companies showcasing the latest products,

technology and applications for mobile satellite services. The MSUA Pavilion
is located on the SATELLITE Exhibition Show Floor and included with your
Exhibit Hall Only registration.

Discover new solutions suited to your needs in these categories:



Antennas
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>
» And more!
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i Join your fellow colleagues for the offi cial kick
‘ off of SATELLITE 2010!

Looking to maximize your experience?
Register for the SATELLITE 2010 Conference!

Don’t wait to register - the Early Bird discount ends December 16, 2009!
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Four Easy Ways to Register
%

Web: www.SATELLITE2010.com/register

ﬁ Phone (between 9 a.m.—5 p.m. EST):
+1-508-743-0512 or 800-915-9803

Fax: +1 (508) 759-4552

SATELLITE 2010

Bourne, MA 02532

‘E Mail this completed form to (forms
must be received by February 26, 2010):

c/o CDS, 107 Waterhouse Road

1. Contact Information
Name
Job Title/Rank
Company/Organization
Address
City. State/Province Zip/Postal Code
Country
Phone Ext Fax
Email
(Required to confirm registration)
O Check here if you have any disabilities that may require special services and attach
an explanation of your requirements.

By registering you agree (opt-n) to receive email messages concerning the Conference and Exhibition unless
you check the opt-out below. You may decide to opt-out at any time.
[ Optout—I do not want to receive any information about the Conference and Exhibition via email.

Registration Type Early Bird Di Late Ad Di On-Site
Register by Dec. 16, 2003 Register between Dec. 17, 2009 Register on Mar. 15-18, 2010
and Mar. 14, 2010
[ Pre-Conference Program $999 $1259 $1399

Includes:
* Your Choice of One Pre-Conference Program on Monday, March 15
* Exhibit Hall with MSUA Pavilion on Tuesday-Thursday, March 16-18
* Opening General Session Tuesday, March 16
* Welcome Reception, Monday, March 15

© 1)

Program (required):
[0 Space Principles

[ Vertical SatCom Markets

[ Engineering 2010: New Solutions for Satellite Services

Please select your Pre-C
O Satellite Finance Forum 2010
[0 Communications Via Satellite: The Basics
[ IP Networking Over Satellite

2. Select Your Registration Package

Early Bird Discount
Register by Dec. 16, 2009

Late Advance Discount On-Site
Register between Dec. 17,2009  Register on Mar. 15-18, 2010
and Mar. 14, 2010

$2049 $2359 $2699

Registration Type

O Full Conference
Military Discount rate: $1499
Best Value! Includes:
* Your choice of one Pre-Conference Program on Monday, March 15
* ALL Conference sessions on Tuesday-Thursday, March 16-18
* Exhibit Hall with MSUA Pavilion on Tuesday-Thursday, March 16-18
* Welcome Reception, Monday, March 15
* Satellite Executive of the Year Luncheon on Wednesday, March 17
* Satellite Executive of the Year Reception on Wednesday, March 17
* SATELLITE 2010 Conference Proceedings

Please select your Pre-Conference Program (required):

[0 Satellite Finance Forum 2010 [ Space Principles

O Communications Via Satellite: The Basics [ Vertical SatCom Markets

[ IP Networking Over Satellite [ Engineering 2010: New Solutions for Satellite Services

[ SATELLITE 2010 Individual Conference $1499 $1729 $1999
Military Discount rate: $999
Includes:

 ALL Conference sessions on Tuesday-Thursday, March 16-18

« Exhibit Hall with MSUA Pavilion on Tuesday-Thursday, March 16-18

* Welcome Reception, Monday, March 15

« Satellite Executive of the Year Luncheon on Wednesday, March 17

« Satellite Executive of the Year Reception on Wednesday, March 17

* SATELLITE 2010 Conference Proceedings

O Two-Day Forums $1279 $1529 $1699
Military Discount: $899
Includes:

* Your Choice of Two-Day Forum on Tuesday-Wednesday, March 16-17

« Exhibit Hall with MSUA Pavilion on Tuesday-Thursday, March 16-18

* General Sessions on Wednesday, March 17 and Thursday, March 18

* Welcome Reception, Monday, March 15

« Satellite Executive of the Year Luncheon on Wednesday, March 17

 Satellite Executive of the Year Reception on Wednesday, March 17

o SATELLITE 2010 Conference Proceedings

Please select your Two-Day Forum Program (required):
[ Broadcast Forum

[ Enterprise Forum

O Military Forum

[J Exhibit Hall Only FREE FREE $89
Includes:

* Exhibit Hall with MSUA Pavilion on Tuesday-Thursday, March 16-18

* Welcome Reception, Monday, March 15

* Opening General Session Tuesday, March 16

3. Co-Located Conference

Early Bird Late Advance On-Site
I MSUA-7 $525 $635 $745
Tuesday, March 16-Wednesday, March 17

4. Networking Events

MSUA Innovation and Pioneer Awards Luncheon
11:45 a.m.—1:15 p.m.Tuesday, March 16, 2010

O $65*

*One ticket is included with MSUA-6 registration

6. Calculate Total Due
+ Networking Events $ +

= [TOTALS

Registration Fee §

Conference Proceedings $

7. Payment Information

O Check: # is enclosed.
Please make check payable in USD to
Access Intelligence, LLC/SAT10

[ Credit Card:

[OVisa [0MasterCard [JAmerican Express [ Discover
Card Number
Expiration Date
Signature
Print Name on Card

WTA 2009 Teleport Award Luncheon
11:45 a.m.—1:15 p.m.Tuesday, March 16, 2010
O $35

5. Order Conference Proceedings
Conf Pr CD-Rom (Includes shipping)

I would like to add the following Conference

Proceedings to my registration:

[ SATELLITE 2010 — Pre-order—will ship 6 weeks after event $535
[0 SATELLITE 2009 — ships within 1 week $535

[0 SATELLITE 2008 — ships within 1 week $435

PO or Federal Government Voucher SF182
(please attach PO or voucher)

[0 Wire Transfer — Note: For all wire transfers and
foreign currencies, add $75 USD processing fee.

Wachovia (AKA First Union)

7901 Wisconsin Ave., Bethesda MD 20814

ABA: 05503201

Acct. # 2044002897673

SWIFT Address: PNBPUS33

Beneficiary: Access Intelligence, LLC-REF: SAT10

Your VIP Code:

16548


http://www.SATELLITE2010.com/register

SXD1

*JSATELLITE.
2010
4 Choke Cherry Road

Register with the VIP Code above for Roclule, M 20650
free access to the Exhibition!

JSATELLITE.
2010

CONFERENCE: MARCH 15-18, 20I0

EXHIBITION: MARCH I6-18, 2010

WWW.SATELLITE20I0.COM

Compliments of:
Microwave Journal

4SATELLITE.
2010

New Content, New Faces, Endless Opportunities This is your FREE, ALL-ACCESS PASS to experience:

> An Exhibition Show Floor packed with more than 300
Exhibition: March 16-18, 2010 leading companies - including outdoor exhibitors!

] > Unlimited networking with fellow colleagues at the
Conference: March 15-18, 2010 Welcome Reception on Monday, March 15

_—. - 4 1 b

Gaylord National Convention Center

» The community’s most influential CEOs in The Big
National Harbor, MD

Four: Agenda for a New Decade onTuesday, March 16

Register today at www.SATELLITEZ20I0.com!


http://www.WWW.SATELLITE2010.COM
http://www.WWW.SATELLITE2010.COM
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MIcable Inc. 150900172008 GERTIFIED # . |
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e ™

Whatever you need for your radar system

e Phase matching ® Phase tracking
| e Phase stability vs. flexibility & temperature
e Low loss and high power

e 3 dimensional bending for semi-rigid cable

Mlcable is your quality fast and low cost solution !

e S o T el

world-wide agents;

Micable Inc. SS5I Cable Corporation(USA)
Tel: 86 591-87382856 Tel: (360)426-5719

Fax: B6 591-87382857 Fax: (360)426-5912

Email: sales@micable.cn Email: sales@ssicable.com

Website: www.micable.cn Website: www.ssicable.com

Visit http://mwij.hotims.com/28484-56 or use RS# 56 at www.mwjournal.com/info
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Solid-state Power Amplifier

The Empower
RF model
BBM2E4ALP
125 W rugged
solid-state pow-
er amplifier
module operates
in a frequency
range from 20 to
1000 MHz. The
BBM2E4ALP high-power RF amplifier mod-
ule is the latest in compact high-output broad-
band amplifier technology. The amplifier is
compact at less than 6.75 inches long and 1.25-
inch thick, has high gain (51 dB) and excellent
linearity. It is built within a ruggedized CNC-
machined housing for use in the most extreme
conditions.

Empower RF Systems Inc.,

Inglewood, CA (310) 412-8100,

www.empowerrf.com.
RS No. 238
100 W Power Amplifier
Microwave So-
lutions an-

nounced its lat-
est addition to
its  solid-state
power amplifiers
series,  Model
MSD-2X0X901-
GC. With an op-
erating frequency of 1.5 to 1.6 GHz, this PA has
100 W saturated output power with input pow-
er as low as -12 dBm. It offers 20 dB of gain
control, precision RF power out detector cir-
cuitry and temperature compensation. This PA
is also available in bandwidth range of 20 per-
cent from 800 MHz to 2.1 GHz with saturated
output power up to 150 W.

Microwave Solutions Inc.,

National City, CA (619) 474-7500,
www.microwavesolutions.com.

RS No. 239

Low Noise Amplifier

Y)VENDORVIEW

(size: 0.591" x 0.394" x

(Qty. 5-49).
Mini-Circuits,
Brooklyn, NY

(718) 934-4500,
www.minicircuits.com.

RS No. 240

COFDM Power Amplifiers
Stealth

FET

and 19" rack configurations.
Stealth Microwave Inc.
Trenton, NJ (609) 538-8586,
www.stealthmicrowave.com.

RS No. 241

Waveguide Components

OFF THE-SHELF OR CUSTOM DESIGNS

The TAMP-72L N+
(RoHS  compli-
ant) is a low
noise amplifier
(LNA) that uti-
lizes advanced
E-PHEMT technology in a single stage low
noise amplifier design built into a shielded case
0.118"). The drop-in
module offers low noise figure and moderate
gain with good input and output return loss over
the entire frequency range and without the
need of external matching components. The
LNA operates in a frequency range from 400 to
700 MHz, offers TIP3 of 36 dBm typical, low
noise figure of 1.0 dB typical and integrated bias
matching and stability circuits. Price: $11.95

Micro-
wave introduces
the SM4450-
37HS, a GaAs
amplifier
designed for COFDM video transmission in
military bands. The unit operates from 4.4 to
5.0 GHz with a minimum P1dB and OIP3 of
+37 and +48 dBm, respectively. Twenty to 38
dB of gain is available with a flatness of +0.75
dB across the band. Standard features include a
single +12 'V DC supply, thermal protection
with auto reset, and over/reverse voltage pro-
tection. In module form, the unit measures 4.7"
x 2" x 0.54"; an integral heatsink is also avail-
able. This amplifier is also available in lab unit

Assemblies
Solder Bonding

Custom Assem-
bly has devel-
oped a more ef-
ficient way to
solder high power circuit boards. Using a sin-
gle-pass reflow solder process, Custom Assem-
bly can bond copper plate ground planes and
components all at once, saving time and reduc-
ing costs. Features include: minimal solder
voids; quick and efficient single-pass process;
ability to accommodate low-volume production
runs and is a cost effective solution.

Custom Assembly LLC

Wood Dale, IL (630) 595-4855,
www.customassemblyllc.com.

RS No. 242

RF Shielding Products

Duplex CSA
shielding prod-
ucts are de-
signed to pro-
tect sensitive
components from
RF electromag-
netic radiation
by keeping it
contained inside
or sealed out of
a device. In
partnership with its metalwork division, Duplex
has made a major investment in the design and
fabrication of custom shielding products that com-
plement its RF connector portfolio. This means
Duplex can offer fast turnaround from design to
delivery of completed components. Duplex can
deliver solutions ranging from a single piece shield
to complex multi compartment cases with snap on
covers. An idea can be turned into reality quickly,
utilizing a range of standard features that are
tooled and ready to use. Prototypes and produc-
tion runs can be produced with minimum tooling
costs using photo etching techniques.

Duplex CSA Ltd.,

Cambridgeshire, UK

+44 1480 406206, www.duplexcsa.com.

RS No. 237

We're Heady When You Are... Next Day IJeIivery
0f Gatalog Components

From The Largest inventory 0f Waveguide Components In The Industry
RECTANGULAR, MM-WAVE, & DOUBLE-RIDGED COMPONENTS

CUSTOM DESIGNS

Custom designs are a Waveline specialty. If you
donl see the product or design In our catalog, we
probably have your “special” in our design files.
Waveline now offers a complete line of Pin Diode
Switches, Attenuators & Phase Shifters. Wavelina
has the expertise and capabilities to integrate
wavegulda and solid-state designs for subassemblies.

Visit http://mwj.hotims.com/28484-117

CALL OR WRITE

waveline

P.0. Box 718, West Caldwell, NJ 07006
(973} 226-9100 Fax: 973-226-1565
E-mail: wavelineine.com
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SUPER ULTRA WIDEBAND

AMPLIFIE,

4
$
+24 dBm outout... 0.7t021GHZ  #om 845 ea.

Calling these amplifiers “wideband” doesn’t begin to describe them.
Consider that both the ZVA-183X and ZVA-213X amplifiers are

unconditionally stable and deliver typical +24 dBm output power at 1dB

TYPICAL SPECIFICATIONS

compression, 26 dB gain with +/- 1 dB flatness, noise figure of 3 dB Loy fgﬁ% ﬁfé’;‘ (Zg‘r’;) NO'EEB)F'G' F;T[g)E
and IP3 +33 dBm. What’s more, they are so rugged they can even @1dB Comp.
withstand full reflective output power when the output load is open or ZVA-183X+  07-18 26 o4 30 84500
short. In addition to broadband military and commercial applications, & ZVA-213X+ 0821 26 424 3.0 945.00
these super wideband amplifiers are ideal as workhorses for a Note: Alternative heat-sink must be provided fo limit maximum base plate temperature.
wide number of narrow band applications in your lab or in a
production environment. ZVA-183+ 0.7-18 26 +24 3.0 895.00
ZVA-213+ 0821 26 +24 3.0 995.00
Visit our website for comprehensive performance data and ' All models IN STOCK! O RoHS compliant
specifications for our ZVAs or any of our over 10,000 catalog items.
You can even order on-line for next day shipment.
Mini-Circuits... Your partners for success since 1969
®
ANNIVERSAR
1969-2009 SO 9001 1SO 14001 AS9100 CERTIFIED
g —p P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 T cuits.co
= :!f The Design Engineers Search Engine finds the model you need, Instantly < For detailed performance specs & shopping online see_r"&
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N and 7/16 Compo
Connections for
Outdoor Telecom
Applications

With over 20 new variations of plugs,
jacks and receptacles, Radiall's N and 7/16
Composite Connector Series are lightweight,
corrosion free for better performance at
a lower cost!
For more information
and a FREE N or 7/16

Composite Connector
go to www.radiall.com

‘ or call 1480 682 9400
RADIALL@%
RS 88
New Modco MCR Series

Ceramic Resonator VCO

These Voltage Controlled Oscil-
lators offer exceptionally low
Phase Noise in the industry
Standard one
half inch square
package. Mod-
el MCR1270-
1290MC with
an Input Volt-
age of +5.0V,
Tuning Voltage of 0.5V to 4.5V
and a Frequency Range of 1270-
1290MHz is rated -122dBc @
10khz offset. Many other cata-
log models are available and
custom designs can be supplied
with no NRE
www.modcoinc.com

142 RS 76
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Device

Switch and Attenuator Diodes

This suite of
surface-mount
PIN diode switch
elements and at-
tenuator  diodes
are designed for
high volume pick
and place appli-
cations.  These
control devices are delivered in plastic SMT
packages with standard 31 mils high bodies.
Their performance and mechanicals allow them
to be easily dropped into existing designs. Aero-
flex’Metelics” MS-family of medium and high
power PIN diode SPST switch elements are
available in series (SE), shunt (SH) and series
shunt (SS) configurations, and offer maximum
frequency options ranging from 1 to 10 GHz.
Ten models are available that offer maximum
rated power from 5 to 50 W, insertion losses at 1
GHz ranging from 0.15 through 0.40 dB and
isolation at 1 GHz of 10 through 63 dB.
Aeroflex/Metelics,

Sunnyvale, CA (888) 641-7364,
www.aeroflex.com/metelics.

RS No. 243

Sources

Phase-locked Oscillators

Serving as an
augmentation of
its standard prod-
uct line, EM
Research now in-
troduces its 1X-
Series of fixed-
frequency
phase-locked oscillators and serially-program-
mable frequency synthesizers with optional in-
ternal references. The series is available fixed or
in bands over the frequency range 50 MHz to 6
GHz with frequency stability of +5 ppm (stan-
dard) or +2.5 ppm (optional). It operates over
the temperature range of -30° to +70°C with
output power of +7 dBm +2 dB, 50 Ohms. The
oscillators feature low harmonics (<-20 dBc,
typical), low spurs (<-60 dBc, typical) and ex-
ceptionally low phase noise characteristics (-105
dBc/Hz at 100 kHz, typical — Fout = 2.45 GHz).
Supply voltage is +3.3, +5 or +8 VDC at 70 mA
(typical). Housed in a miniature (0.75" x 0.75" x
0.15") surface-mount package, the LX Series is
ideally used as a local oscillator in ISM Band up/
down converter applications or as a system high
frequency reference.

EM Research Inc.,

Reno, NV (775) 345-2411,

RS No. 245

Voltage-controlled Oscillator

The MW3500-1828 is a 1/2" hermetic package
voltage-controlled oscillator (VCO) with a
fixed tuning of 1200 MHz from 2 to 4 V tuning
using a 5 V supply. This VCO’s rugged hermet-
ic packaging makes it suitable in a range of
military and other demanding applications.

Output  power
is +8 dBm =2
dBm across the
band over tem-
perature while
using less than
40 mA of cur-
rent.

Micronetics Inc.,
Hudson, NH (603) 546-4167,
www.micronetics.com.

RS No. 246

GPS Frequency Reference

The ES-Y/ES000
is a GPS con-
trolled frequen-
cy and timing
source  provid-
ing very low
noise 10 MHz
and 1 PPS timing mark, both synchronized to
GPS time. Accurate and stable signals, locked
to GPS are traceable, calibration free outputs
that are without drift. The 10 MHz very low dis-
tortion sine wave 50 €}, +12 dBm output has
< 50 dBc harmonics and < 75 dBc spurii. Stabil-
ity is 8 x 10-13/s, accuracy is x 10-13 long term
and phase noise is -110 dB¢/Hz at 1 Hz offset. A
noise floor of -156 dBc/Hz is exhibited and
holdover is provided in the event of GPS signal
failure. The 1 PPS output is 5 V CMOS with 4
ns standard deviation and measured RMS jitter
is approximately 7 ns.
Quartzlock (UK) Ltd.,
Totnes, UK +44 (0) 1803 862062,
www.quartzlock.com.

RS No. 249

Voltage-controlled Oscillator

The model
ZROI1860A1LF
is an RoHS

compliant volt-
age-controlled

oscillator (VCO)
in L-band. The
ZROI1860A1LF

operates at 1860
MHz with a tuning voltage range of 0.5 to 4.5V
DC. This VCO features a typical phase noise of
-118 dBc/Hz at 10 kHz offset and a typical tun-
ing sensitivity of 5 MHz/V. The ZRO1860A1LF
is designed to deliver a typical output power of
3 dBm at 5V DC supply while drawing 25 mA
(typical) over the temperature range of -40° to
85°C. This VCO features typical second har-
monic suppression of -25 dB¢ and comes in Z-
Comm's standard MINI-16-SM package mea-
suring 0.5" x 0.5" x 0.22".

Z-Communications Inc.,

San Diego, CA (858) 621-2700,

www.zcomm.com.

RS No. 247

Test Equipment

Pulse Generator

Model AVRF-7A-B is a fast high voltage pulse
generator that generates amplitudes of up to
750 V, with 7.5 ns rise and fall times. The pulse
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FEATURES: over an octave bandwidth tuning, Small step size resolution,
Outstanding spectral purity, High spurious rejection, Fast lock settling time

MTS2500-110250-10
Output Frequency 1100 2500 MHz
Bandwidth 1400 MHz
External Reference 10 MMz
Step Size Programmabie 161 Hz
Bias Vollage Bl +33V
Output Power +3 g8m kin )
Spuriaus Suppreasicn B0 06 [Tvp.)
| Harmonic Suppression 15 ot (Typ.)
OHtsal dBelHz
1 KHE -3
a Phase Mok
Typic s Moise = s =
100 kHz -110
Within 1 kMz =22 mSec
Settling Time
Withen 10 Hz <3 mSec
Oparating Tampssratiss AT A

MTS52500-200400-10
Dutput Frequency 2000 - 4000 MHz
Bandwidth 2000 MHE
External Reference 10 MHz
Step Slze Programmabla to 1 Hz
Bias Voltage 51 +33 Y
Dutpt Poswer +5.5% dBmi {Min
Spurious Seppresaion Bl dB (Typ:)
Harmonic Suppression 10 dB [Typ.)
Crftsat dBciHz,
1kHz -85
ical Phase Moise
e 0 kHz a7
100 kHz 100
M T Within 1 kHz =10 mSec
L (1
™ Within 10 Hz <20 mSec
Opsarating Tomparatiarg S0t 4T

Range

Range

MTS2500-300600-10
Output Freguency 3000 - 5000 MHz
Bandwidih 3000 MHE
Extermal Reference: 10 MMz
Stap Size Frogrammabia ta 1 Hz
Bias Voltage #5433V
Output Powar +2 dBm (M)
Spuricus Suppoasaian B0 dB (Typ )
| Harmonic Suppression 20dB {Typ. |
Dt dBciHz.
| Phase Noi S i
ase Hoiss
Typica 10 kHz 83
100 kHe -108
Witthin 1 kHz <f mSec
Settling Tieme
Within 10 Hz <12 mEac
Dparating Temparature 908 #T0 O

Patented Technology

Programming Interface:

-- 3.3V SPI (Standard)

- R5§232

Also available in connectorized
package with the following options.
-- Internal reference (TCXO & OCX0O)
-- Divider output for lower bands

-- Low phase noise option

Available Frequencies Ranging Up To 8000 MHz

Visit http://mwj.hotims.com/28484-111 or use RS# 111 at www.mwjournal.com/info

p————

For addﬁma! Hnmmﬂan, contact Synergy's sales and application team.
201 McLean Boulevard, Paterson, NJ 07504 | Phone: (973) 881-8800

Fax: (973) 881-8361 | E-mail: sales@synergymwave com
Visit Our Website At WWW. SYNERGYMWAVE COM
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Applied Radar, Inc.
www.appliedradar.com

Introducing Our New
Antenna
Characterization
Service

2-18 GHz
Quick Turnaround

For more info email

antennameasurement@appliedradar.com

RS 11

& Standard Filters to 3
F Mt ary &
S5

144 RS 101

Miniature 0.3 inch square CRO

Modco announces its MCS Series CRO’s.
Low Vcc of 3.3V and current consump-
tion of 13ma and makes it ideal for battery
powered applications. Model Number
MCS1400-1470CR tunes 1400-1470MHz
with a Vt of 0.3-2.7V It provides 0dBm
output power. Phase Noise is -110dBc @
10kHz Pushing is 0.2MHz per volt and Pull-
ing is 0.9MHz. Many models are available.
www.modcoinc.com

RS 77

PUSH-ON
SMA &N
Adapters

PUSH-ON
SMA Cable

Assemblies
&&= | custom
Since 1993 Connector

www.rftec.com

WHAT CAN YOU FIND AT

www.mwjournal.com?

Use this invaluable reference source
| for locating companies, their products
and services,
Is your companiy
in the guide?

NEw ProbpucTs

width is variable from 0.15 to 10 us. The maxi-
mum PRF is 10 kHz, and the maximum duty
cycle is 0.1 percent. Switchable polarity is op-
tional. IEEE-488.2GPIB/RS-232 control.
Avtech Electrosystems Lid.,

Ottawa, Ontario, Canada

(613) 686-6675,

www.avtechpulse.com.

RS No. 248

Comb Generator

The CG1000 series comb generator provides a
combline of CW outputs up to 26 GHz. Picket
sizes of 500, 750 and 1000 MHz are avail-
able. A TCXO, PLO and integrated amplifier
are all included in the compact design.
Syntonic Microwave,
Mountain View, CA
(650) 264-7884,
www.syntonicmicrowave.com.

RS No. 250

Spectrum Analyzers

This new 8853 series of 3 GHz spectrum ana-
lyzers is designed for the broadcast and wireless
markets. This new series of spectrum analyzers
has a wireless option package that includes
channel power, adjacent channel power (ACP)
and Complimentary Cumulative Distribution
Function (CCDF) for testing CDMA2000,
WCDMA, TD-SCDMA, Ix EV-DO and
WiMAX. The new 8853 series from Trilithic al-
lows wireless operators to put sophisticated
analysis and troubleshooting capability in the
hands of a wider range of technicians.
Trilithic,
Indianapolis, IN
(317) 895-3600,
www.trilithic.com.

RS No. 251
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CERAMIC FILTERS

LOW PASS BANDPASS HIGH PASS

Value Packed 9 9
Recession Busters!  from ea. qty.1000

In today’s tough economic situation there is no choice: Reducing cost while
improving value is a must. Mini-Circuits has the solution...pay less and get more
for your purchases with our industry leading ultra small ceramic filters.
141
Over™t2Q.models...45 MHz to 13 GHz
Measuring only 0.12" x 0.06", these tiny hermetically sealed filters utilize
our advanced Low Temperature Co-fired Ceramic (LTCC) technology to Wild Card KWC-LHP LTCC Filter Kits on/y$98
offer superior thermal stability, high reliability, and very low cost, making Choose any 8, LFCN, HFCN models.

them a must for your system requirements. Visit our website to choose '..i"-ZJ' Receive 5 of ea. model, for a total of 40 filters.
and view comprehensive performance curves, data sheets, pcb layouts, J:..H:_ & Order your KWC-LHP FILTER KIT TODAY!
and environmental specifications. And you can even order direct from (9 RoHS compliant us. patent 6,943,646

our web store and have a unit in your hands as early as tomorrow!
Mini-Circuits...Your partners for success since 1969

40 ®
ANNIVERSARY
1969-2009 1SO 9001 I1SO 14001 AS 9100 CERTIFIED

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
@ "1’2 The Design Engineers Search Engine finds the model you need, Instantly < For detailed performance specs & shopping online serﬁr"&
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Fundamentals
of RF and
Microwave
Transistor
Amplifiers

Inder ). Bahl

mplifiers are the heart of most
Atransmitter designs and play a vital
role in the development of high-
performance, low cost and efficient de-
signs. Inder Bahl is one of the industry’s
most respected experts in microwave de-
sign and has authored or co-authored over
150 papers and 12 books. In his most re-
cent work he outlines the keys to success-
ful transistor amplifier design from his 28
years of experience in the industry.
Fundamentals of RF and Microwave
Transistor Amplifiers covers a compre-
hensive treatment of RF and microwave
low-noise and power amplifier circuits
including low noise, narrowband, broad-
band, linear, high power, high efficiency
and high voltage. The topics include
modeling, analysis, design, packaging,
and thermal and fabrication consider-

unlock

the potential of

ations. Amplifier related design prob-
lems range from matching networks to
biasing and stability, including examples
to understand the concepts presented.

The book has 22 chapters covering
basic principles, analysis, techniques
and designs used in transistor amplifi-
ers, and provide the foundation for the
analysis and design of RF and micro-
wave transistor amplifiers. Design pro-
cedures and examples are provided in
each chapter including technical infor-
mation and remarks on the most widely
used microwave techniques. This book
contains enough material for one year at
the senior or graduate level including a
set of problems in most chapters. Any-
one reading this book should have some
basic knowledge of solid state devices,
theory of transmission lines, circuit the-
ory and electromagnetics.

The unique features of this book in-
clude in-depth study of transistor ampli-
fiers, extensive design equations and fig-
ures, treatment of the practical aspects
of amplifier circuits, and description of
fabrication technologies. It provides a
broad view of solid state transistor am-

THE BOOK END

plifiers and covers essential background
material in the fundamentals of amplifi-
er design including both theoretical and
practical aspects. RF and microwave
circuits using Si bipolar and CMOS
technologies have made tremendous
progress in recent years, but are only
covered on a limited scope in this book.

This book is recommended to any-
one who wants to learn about amplifier
design or master amplifier design tech-
niques. The author’s broad and exten-
sive experience in the field enables him
to clearly outline the keys to successful
transistor amplifier design.

To order this book, contact:

John Wiley & Sons Inc.
111 River Street
Hoboken, NJ 07030
(201) 748-6395
670 pages; $149.95
ISBN: 978-0-470-39166-2

PLLs

SIS0 24

Hardcover. 242 pp.
ISBN: 978-1-59693-383-5
$117/£73

» Systematically assess design alternatives;
» Predict PLL behavior;
» Develop complete PLLs for CMOS applications that meet performance requirements.

Design Methodology for RF CMOS Phase Locked Loops

Guillermo Bistué, Ifiigo Adin, and Carlos Quemada

Blast through phase-locked loop challenges fast with this practical book guiding you every step of
the way from specs definition to layout generation. You get a proven PLL design and optimization
methodology that lets you:

Contents: Approach to CMOS PLL Design. PLL Fundamentals. LC-Tank Integrated Oscillators.
Frequency Dividers. Phase Frequency Detectors/Phase Detectors. Determination of Building Blocks
Specifications. Design of a 3.2-GHz CMOS VCO. Design of a Frequency Divider. Design of a Phase
Frequency Detector. Design of a Complete PLL. PLL Characterization and Results.

Find complete description and order at www.ArtechHouse.com

Order at www.artechhouse.com or contact the office nearest you:[TfJ FAX Purchase orders and credit card orders to 1-781-769-6334
PHONE Toll-Free 1-800-225-9977, ext. 4030 or 1-781-769-9750 E-MAIL artech@artechhouse.com m FAX Purchase orders and credit card orders 24 hours
a day to +44 (0)20 7630-0166 PHONE +44 (0)20 7596-8750 E-MAIL artech-uk@artechhouse.com All orders plus shipping/handling and applicable taxes.

X} ARTECH HOUSE 50570N | LONDON

685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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3-Channel

Receiver with Limiter

RE input fraquency 11 GHz

: IF_!_r‘éqUéT'i'c}f_range 25 to 50 MHz

£ 28 dB conversion gain

* 3 3dE noise figure

= 20 dB image rejection

* High and low gain
selectable

Integrated = =
Dual-Channel
Block Converter
. FrFJn_ﬁfft frequency range 18 to 40 GHz
I:E‘?Ptptr! frequency range 2 1o 16 GHz

r:tegrated LO multipliers and filters 8
ntegrated RFE and IF filters

...
%

Low Noise

Block Downconverter
* RF input range 18 to 22 GHz
* Internal LO 17 GHz
* |F output 1 to & GHz
+ Noise figure 2.9 dB
* 60 dB image rejection

Sub-Harmonic
Upconverter and
Power Amplifier Module

* RF output range 36 to 37 GHz

* LO input frequency 17.5 GHz

* Output 1 dB compression point +24 dBm

» Conversion gain 20 dB

* Carrier suppression 40 dB

* High reliability miniature hermetic MIC construction

Low Noise Block Converter with Fiber Optic IF Output

* R input frequency range 24 to 40 GHz
* |F output frequency range 2 to 18 GHz
* Instantaneous bandwidth 16 GHz

= Noise figure 4 dBE typical

Faradditionalintornation br technical support. please contact our
=] ek f_L:_.-;_ur sipie ci8 LEE])) ..'_E_E_l.,—".dl_l'u- =11l | Comp I '@I‘I‘Iltl'_‘t].t[ll‘ﬂ
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‘Recession 101’ and
Your Career

There is no doubt that the economy
has affected the industry. Jobs have
been lost, careers changed and the fi-
nancial status of many has been severely
affected. The one good thing I have
learned from the “Recession 101 Class”
is that recessions test us, but are never
final; recessions really do end.

If we had better monitoring and con-
trol over our economic/financial condi-
tion, we might not be in the precarious
situation of the past several months.
What have we learned from this? Could
this ever happen again? If it did, what
action would I take to ameliorate the
consequences? These questions are very
real and not only reflect the economy,
but each of our careers. Most impor-
tantly, the answers to these questions
are those that every individual should
have readily available.

One can easily become a victim of
the recession via layoffs and although
we cannot always avoid them, there are
steps we can take to minimize our job
risk. The time to avert career set backs

148

is well before they happen. Do you have
a well-planned primary career objec-
tive with goals, time-lines, as well as a
backup plan given the primary plan isn’t
achieved? The individuals most likely to
be successful in achieving the goals and
objectives are those with clearly defined
career objectives who don’t wait for suc-
cess to come to them. They are not re-
active; they are proactive. A career plan
is not just for the unemployed; it is just
as important for those individuals cur-
rently employed.

If you're fortunate enough to be em-
ployed, have you evaluated your em-
ployer’s plan and status? So many peo-
ple are surprised when they are told the
‘company is in trouble’ and their job is
tenuous. A regularly scheduled assess-
ment of the company’s status and evalu-
ation of your relationship to it is highly
recommended. Ask questions of your
employer and decide if the answers are
those that indicate a mutual compatibil-
ity and probability of continued success.
The assessment should include research
on the company’s financial condition,
the market for the product/services
produced, and whether or not your role

CAREER CORNER

within the company meets yours and
your employer’s needs.

Recessions require that employers
evaluate who is an asset. Contribu-
tors whose work benefits the company
will stay. Included in the evaluation is
whether the contributor’s personality
continues to ‘fit’ the company’s specific
culture. While working on your plan ask
yourself whether you are truly an asset.
Be honest with yourself. Does the ef-
fectiveness of your individual personal-
ity, work habits, etc., ‘fit in” with that of
your employer? Your plan and answers
to these questions can help you avert
negative consequences.

Last, but not least, recessions are a
test not an end!

Benson D. Evans, PhD
Managing Director
www.rfjobstoday.com
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| found it in
Microwave
Journalll

Visit the InfoZone to follow-up on the ad
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Request information by company
or product category

The MWJ InfoZone Product Information System

Easy. Fast. Free.
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mwjournal.com/info
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rivy TOUGHEST MIXERS
UNDER THE SUN

N0 20 GHz !

SA%
Rugged, tiny ceramic SIM mixers from T ea. qty. 1000
offer unprecedented wide band, high frequency

per‘formance while maintaining low conversion 0.2"x 018" industriaL and commercial app”cationsl\/isit our

loss, high isolation, and high IP3.

Over21 models IN STOCK are available to operate
from an LO level of your choice, +7, +10, +13, and
+17 dBm. So regardless of the specific frequency
band of your applications, narrow or wide band,
there is a tiny SIM RoHS compliant mixer to select
from 100 kHz to 20 GHz. Built to operate in tough

environments, including high ESD levels, the SIM
mixers are competitively priced for military,

website to view comprehensive performance
data, performance curves, data sheets, pcb layouts,
and environmental specifications. And, you can
even order direct from our web store and have it in
your hands as early as tomorrow!
Mini-Circuits... Your partners for success since 1969

U.S. Patent #7,027,795 O RoHS compliant
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EULMA

European Microwave
Association
Co-sponsored by:

MTT-S¢

Endorsed by:

$IEEE

Supported by:

13

Anew Instution from the IEE and IE

Organised by:

horizon
house

Official Publication:

Micave
Journal

| EUROPEAN
.. MICROWAVE

WEEK
CNIT Paris

26 September -1 October 2010
www.eumweek.com

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

European Microwave Week is the largest event dedicated to RF,
Microwave, Radar and Wireless Technologies in Europe.
Capitalising on the success of the previous shows, the event
promises growth in the number of visitors and delegates.

EuMW2010 will provide:
* 7,500 sqm of gross exhibition space ¢
e 5,000 key visitors from around the globe e
¢ 1,700 - 2,000 conference delegates °
¢ In excess of 250 exhibitors e

Running alongside the exhibition are 4 separate, but
complementary Conferences:
e European Microwave Integrated Circuits Conference (EuMIC)
e European Microwave Conference (EuMC)
* European Wireless Technology Conference (EuWiT)
e European Radar Conference (EuRAD)
Plus Workshops and Short Courses

Interested in exhibiting? Book online NOW!

www.eumweek.com

For further information please contact:

Richard Vaughan Kristen Anderson
Horizon House Publications Ltd. Horizon House Publications Inc.
16 Sussex Street 685 Canton Street

London SW1V 4RW, UK Norwood, MA 02062, USA
E:rvaughan@horizonhouse.co.uk E:kanderson@mwijournal.com
Tel: +44 20 7596 8742 Tel: +1 781 769 9750
Fax: +44 20 7596 8749 Fax: +1 781 769 5037
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Skyworks Solutions is an
innovator of high-reliability analog
and mixed signal semiconductors.
The Company’s products are

key elements in the design of

all types of transmitters and
receivers, from small consumer
wireless microphones to complex
navigational aid systems.

New! Free Designer Kits

Select products and sample/desianer
Innovation to Go"

USA: 781-376-3000 * Asia: 886-2-2735 0399 Ext. 990 ¢ Europe: 33 (0)1 4144366 * Email: salés@skyworksinc.com
www.skvworksinc.com ¢ NASDAQ: SWKS
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$ 9 5 \\\ s‘ot Frequency Range: DC-18 GHz, Impedance: 50 ohms O 2 complan

Models Connector  Length Inser. Loss (dB) Return Loss (dB)  Price

D C tO 18 G HZ from ea.(qty.1-9) e ) Mi#rind Mi#rind Qtsi'-?{i-e)

Strength, ruggedness, and reliability. ..supercharged! That's whatyou get ~ FEXTESTCABLES - MaletoMiak ” w05
when you choose Mini-Circuits ultra-flexible precision test cables. CBL-2FT-SMSM+ SMA 2 11 27 69.95
Engineered to be a workhorse for your day-to-day test operations, these CoLarTSMeNT o 3 i o %
triple shielded cable assemblies are qualified to at least 20,000 bends, ggtgggmgmi gm g gg z ;ggg
employ an advanced strain relief system, and are equipped with  CBL-10FTSMSM+  SMA 10 48 o7 87.95
passivated stainless steel connectors, so you can rely on them to ARV 12 o I
flex, connect and disconnect over and over and over again! GBL-25FT-SMSM+ SMA 25 nr 2 139.95
They're so rugged, each test cable is backed by our 6 month guarantee*! a3 oV SMA NI 2 iy N

i i i CBL-4FT-SMNM+  SMA to N-Type 4 1.9 27 112.95
W|th low insertion loss and very good return loss, you can also Irelly on R TN MADNTRe & i o 1128
getting good performance over the wide DC-18 GHz band. Visit our ~ CBL-15FTSMNM+ SMAtoN-Typpe 15 7.3 27 156,95
website to choose and view comprehensive performance curves, data  SEL2ETHMN ng 2 I a 10295
sheets, and environmental specifications. CBL-6FT-NMNM+  N-Type 6 30 27 112.95

Mini-Circuits... Your partners for success since 1969 G g Nie 1 4 a 1%
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
1 CBL-25FT-NMNM+ N-Type 25 1.7 27 199.95
Female to Male
New'TOUgh Armored CableS are steel triple shielded CBL-3FT-SFSM+  SMA-Fto SMA-M 3 15 27 93.95
and qualified to at least 25,000 CBL-2FT-SFNM+  SMA-FtoN-M 2 1.1 27 119.95
bends. They're so rugged they can CBL-3FT-SFNM+  SMA-F to N-M 3 15 27 124.95
: h test of a 600Ib CBL-6FT-SFNM+  SMA-F to N-M 6 3.0 27 146.95
even pass a crush test or a : ARMORED CABLES Male to Male
nitrogen tank over the cable 1000 APC-6FT-NM-NM+ N-Type 5 30 07 18195
times, without any change in APC-10FT-NM-NM+  N-Type 10 48 27 208.95
APC-15FT-NM-NM+ N-Type 15 7.3 27 243.95

electrical performance. Metric Sizes Available On Our Website

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

40, ®
ANNIVERSARY
19692009 IS0 9001 ISO 14001 AS9100 CERTIFIED
g - P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 minicircuits.co
yird :!3 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online ser[:r“g
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Across

4 The repeated switching of frequencies during radio trans-
mission (2 words)

9 A measure of how an electric field affects, and is affected
by, a dielectric medium

14 Radar system that uses the apparent shift in frequency
of an incident wave to measure presence and velocity of a
target (2 words)

15 Automatic Waveform Generator

16 Linear frequency sweep

17 Voltage Standing Wave Radio

18 The ratio of operating to non-operating time for a device
(2 words)

19 Variation in magnitude of a waveform

154

20 90 degrees out of phase
22 Quadrature Phase Shift Key modulation
24 PAE (3 words)

Down

1 Joint Tactical Radio System

2 DGS (3 words)

3 Type of distributed element filter with band-stop

(notch) characteristics

5 Improvised Explosive Device

6 The vector ratio of voltage to current, the reciprocal of
admittance

7 Next generation system for the warfighter which will
enable networked sensors (3 words)

8 Type of polarization when the plane of polarization rotates

in a corkscrew pattern making one complete revolution
during each wavelength

10 An unbalanced transmission line structure consisting of
a ground plane, the dielectric material of the printed circuit
board and a narrow strip on the top side of the circuit board
11 The ratio between the amplitude of the output signal of a
device or circuit compared to the amplitude of its

input signal (2 words)

12 The geometric shape of one period of an electric

signal when it is plotted versus time

13 Energy at integral multiples of the frequency of the fun-
damental signal

21 Direct Digital Synthesis

23 Digital Signal Processor
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As good as PTS synthe5|zers

ookonrg

Low Spurious, Fast Switching
Low Noise 20 ps frequency

As low as -152 dBc¢/Hz switching broadband
(100 MHz output, B -

100 KHz offset)

100Hz  1KHz  10KHE |100KH: 1MH: aj:’a

m‘ﬂ rw '

Reliability Value Selection

3-year warranty, Configure a system to Over a dozen models from

first in the industry fit your needs with our vast 0.1 MHz to 6.4 GHz; custom
selection of options configurations available

...they look even better
in your system.

For years, engineers and OEMS alike have relied on PTS performance-to-price ratio on the market. Choose from
frequency synthesizers for unmatched stability, speed, and over a dozen different models or design your own custom
spectral purity. With the most complete line of frequency configuration to meet your testing needs. Visit our website
synthesizers available in the industry, PTS produces fast for complete product specifications and to download a
switching, low noise synthesizers with the best catalog, or call today to request a printed catalog.

www.programmedtest.com
1-978-486-3400
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Wide bandwidth, @ WERLATONE
HIGH POWER DEVICES

Unsurpassed quality + on-time delivery, is the Werlatone promise

<t (B

QUADRATURES COUPLERS DIVIDERS HYBRIDS R“\es

High Power Combiners
i | EE“: *10:1 + Bandwidth
* Full Input Failure Protection

;ﬂ-: * Capable of Non-Coherent Combining . .

**Multi-Section Power Dividers, first described by Seymour Cohn, employ a large number
of floating, high value resistors, resulting in excessive high frequency roll-off and low
unbalanced power capability.

COMBINERS

**Werlatone’s, Patent Pending “Collapsed Cohn” design requires only one or two, low
value, high power resistors to provide the same port-to-port isolation and higher
unbalanced power protection, while eliminating high frequency roll-off.

Insertion Loss Model D7885
200 MHz 2500 MHz
VSWR Model D7885
200 MHz 2500 MHz
www.werlatone.com
4 )
Model Type Frequency Power Insertion Loss VSWR Isolation Size
(MHz) (waw) (dB) (dB) (Inches)
D7885 2-Way 200-2500 200 0.65 1.40:1 15 7.7x1.6x1.1
D7823 2-Way 500-2500 200 0.4 1.35:1 15 4.7x2.0x0.8
D7630 2-Way 800-3000 200 0.4 1.35:1 15 3.7x1.9x0.87
D7539 4-Way 800-2800 200 0.6 1.35:1 17 5.5x4.1x1.1
L D7695 4-Way 900-1300 100 0.4 1.30:1 20 4.0x3.3x0.8 |
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