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Noisecom’s cutting edge technology will lead you down the road to success with
our innovative and high-speed solutions.

As a global provider of noise generators, modules, diodes and ¢ RF & Microwave AWGN * >60 GHz Noise Figure
specialized test solutions we are ready to meet your present

needs, as well as address your future applications. * Digital Noise Generation  » Serial Data Compliance

(Jitter, Rj)

For more information visit: www.noisecom.com or call * Satellite Communications
’ * * (BER, Eb/No)

+1 973-386-9696.

e Wireless HD Testing

e Wireless (WiMAX & LTE) e Receiver & Antenna
Calibration

@ Wireless Telecom Group Noisecom

Boonton Microlab Noisecom Willtek
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P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
& 1’2 The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

IF/RF MICROWAVE COMPONENTS 448 Rev B
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~ SPLITTERS
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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. PoHS Gomplant

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

listed on our website.
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1969-2009
ISO 9001 1SO 14001 AS9100 CERTIFIED
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Confidence In Measurement

Means Accuracy & Repeatability At Every Connection!

MAURY products are designed to give you that confidence!
Trust MAURY for test & measurement tools you can rely on!

PRECISION CALIBRATION KITS CAL KIT COMPONENTS

For VNAs, PNAs & ENAs
* Supporting EIA WR430 - WR10; 1.7-110 GHz
* Supporting All Popular Coaxial Connector Types; DC - 67 GHz

COAX & WAVEGUIDE ADAPTERS
Combinations of Most Common Types & Sizes

= [n-Series and Belween-Series 75

« VNA Test Port Adapters ﬂj :
* Precision Coaxial to 67 GHz

* Waveguide-fo-Coax Up To 50 GHz
= Space-Qualified Versions

= Test Port Connector Savers

IESTHEOHIESSENTIALS
Connector Gage Kits Test Port Cable & Adapter Kits
= Verify Critical Dimensions * Waveguide & Coax Adaplers
* Metrology & Production — EIA WR229 g
Test Through WR28 :
gl =24, 2082 3.5,
7 & 14mm,
.Nr & TNG
* Phase Stable

Precision Torque Wrenches

* For All Popular Coax Connectors
* Improves Repeatability
* Prevents Damage -

MAURY 2900 Inland Empire Blvd. =
MICROWAVE Ontario, California 91764 USA ';;
Tel: 909-987-4715 » Fax: 909-987-1112 I.HA

VANAWL. A UR Y MW. CO M

Email: maury@maunymw.com

Need Adapters? Go to maurymw.com/al iim
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/( K&L - Cavity Filter Solutions _L

e cowenne  CeNter Frequencies to 97 GHz

Relative Bandwidths from .1% to 50%
Rugged Mechanical Construction for Harsh Military Environments
Connectorized Gull Wing and True Surface Mount Available
High Power Options Available &
Bandpass and Bandstop Designs Available

. Product Spotlight
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Mini-Pack™Filter
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gMP 20-T I, K&L Microwave's Mini-Pack™ product line is now available
‘EIN BT — i in a gull wing surface mount configuration. It has been
= g \ - designed for space flight and is suitable for use in
i . airborne, shipbome, and vehicle mount applications.
ﬁ i\ Mini-Pack™ products are inherently tough to survive harsh
= environments.
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The 8MP20-7140/H500-PX/PX features;

+ Gull Wing Surface Mount RF Pins

+ Meets Military Environmental Requirements

+ 45% Weight Reduction from Standard Combline Designs
+ 40% Volume Reduction from Standard Combline Designs

EilterdWizanda

K&L Microwave's Filter Wizard™" software simplifies selection of the right filter product
for your application from a vast number of designs. Provide desired specifications,
and Filter Wizard™ returns response data, downloadable S-Parameter data, and
-outline drawings for matching products. Visit www_klfilterwizard.com today!

EEB.MC&‘!]]ERUWJWEPR{)D‘UC['S
b ongponenis & Micromane Sal

K&L Microwave, Inc. = 2250 Northwood Drive = Salisbury - MD - 21801 - P: 410-749-2424 - F: 443-260-2268 g
www.klmicrowave.com » www.klfilterwizard.com » sales@kimicrowave.com » sales@kleurope.com g;a:%_
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Experience
the new wave
in Noise,

NoiseWave.

NoiseWave Corp. offers you a new choice
in Noise sources! Backed by expert
designers in Noise, NoiseWave provides
reliable Noise Components, Noise Diodes

and Noise Generators for telecommunications.

Our goal is to give you the most reliable,
the most advanced and the most cost
effective Noise products, while providing
unmatched, superior service.

Contact us to order a standard product,
always available from
stock, or let us design
a custom noise source
guaranteed with a
quick delivery.

Choose NoiseWave,
the new wave in Noise!

For more information
Contact Ed Garcia at:

NoiseWave Corp.

Phone (973) 386-1119
Fax (973) 386-1131
egarcia@noisewave.com
www.hoisewave.com
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AR Helps You Afford The Quality Equipment You Need ... Because We're All In This Together.

Times are tough. Budgets are getting smaller. And competition is more fierce than ever. So you can't afford to take chances with
outdated or second-rate test equipment.

We've created a flexible rental program that makes it easier to get the best and most innovative test equipment. Think of it as our latest
innovation to help you through these challenging times.

Under the new program, most AR equipment is available for rental. For as little as three months to however long you need it.
You don’t need to make a commitment up front, just decide from month to month if you want to keepit. And if you choose to buy the
equipment, you can do so at any time; and 90% of your rental payments will be applied toward purchase — up to 95% of the list price.

Power. Quality. Support. 40 years of experience. Now for rent!
And, of course, you're not only getting the best equipment when you go with AR — you're getting the full backing of AR’s global support
network. We've been around for over 40 years; and we'll be there for you when you need us. Any time. Any where.

With the combined resources of all the AR companies, AR is your source for everything from power amplifiers, antennas, complete test
systems, probes, monitors, software, and receivers to amplifer modules that can be customized to meet the toughest specs.

To leam more — and to see just how affordable AR equipment can be — visit wuwuar-aworldwide.com or call us at 215-723-8181.

ISO 9001:2008

Certified
rf/microwave instrumentation

Other ar divisions: modular rf e receiver systems ® ar europe

USA 215-723-8181. For an applications engineer, call 800-933-8181.

n '@
In Europe, call ar United Kingdom 441-908-282766 * ar France 33-1-47-91-75-30 * emv GmbH 89-614-1710 * ar Benelux 31-172-423-000

Visit http://mwj.hotims.com/23287-8 or use RS# 8 at www.mwjournal.com/info Copyright © 2009 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.
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22 How Design Software Changed the World

David Vye, Editor, Microwave Journal

A history of the individuals, companies and products that helped define the development of design software

TECHNICAL FEATURES

64 Enhancement of Microstrip Stepped-impedance Low-pass Filters Using Fractal-shapes

Wen-Ling Chen and Guang-Ming Wang, Missile Institute of Air Force Engineering University; Guo-Dong Chen, Guang-Feng
Yao, Ying-Chen Han and Chun-Wang Xiang, Equipment Academy of Air Force

Design, fabrication and measurement of low-pass filter prototypes constructed with different fractal-shapes of different
iteration orders

78 A Modified Low Insertion Loss Dual-mode Filter Using Meander Spur-lines

Haiwen Liu, Chinese Academy of Sciences; Xiaohua Li, University of Electronic Science and Technology of China

Introduction to a dual-mode square-patch filter with meandered spur-lines providing current distribution distortions

84 Design of a Dual-band Planar Dipole Antenna for WLAN Applications
Wen-Shan Chen and Shih-Hung Cheng, Southern Taiwan University

Fabricated antenna with dual-band operation covering 2.23 to 2.62 and 4.84 to 5.38 GHz
SPECIAL REPORT

92 Software Vendors
Company descriptions of some of today’s leading EDA suppliers
PRODUCT FEATURES

9_6_ Tailored RF & Microwave EDA Solutions

Schmid & Partner Engineering AG (SPEAG)
Introduction to a suite of solutions for the antenna, medical, automotive, EMC/EMI, optic and microwave device fields
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Advancing the N
wireless revolution™

NeCorc

Visit http://mwij.hotims.com/23287-12 or use RS# 12 at www.mwjournal.com/info

AXIEM™ is a quantum shift in
momentum for 3D planar EM
simulators. More than lightning
quick, AXIEM is the most accurate
solver in its class. And it's capable
of solving big problems as well —
typically 10x faster than current
alternatives. For EM results in
minutes rather than hours, with
no reduction in accuracy, take
AXIEM for a test drive today. Go
to axiem3d.com and get started.
Think Fast. Think AXIEM.
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104 30 Fem Analysis Software for Solving Complex Problems

AWR Corp.

Development of a 3D finite element method electromagnetic solver employing
both spectral and domain decomposition techniques
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b
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New Version of EM Simulator Focuses on the User

Remcom Inc.

Development of a User Focused FDTD-based 3D electromagnetic solver
for antenna design and analysis, microwave circuit design and other
electromagnetic simulation applications
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Oscar Wilde once said something along the lines of the
following: “It is better to be talked about than not talked about.”
With this in mind, I was pleased when our May issue inspired
so many readers to ask, “Who’s that on the cover of Microwave
Journal?” We typically don’t get a lot of feedback on our choice
of cover art, so a heightened reaction is worth noting. And yet,

I was slightly taken aback that the father of electromagnetism
would be unrecognized by so many.

With the current economic situation in mind, we wanted to tip
our hat to the important relationship between engineering and
commerce by placing an iconic microwave figure overlooking
the Boston skyline in anticipation of the upcoming International
Microwave Symposium (IMS). I'll admit that iconic microwave
“dudes” are hard to come by. Old bearded guys from the past
are apparently less rare. I can assure you that we did not put
the father of Marxism, or the leader of the Grateful Dead or
the guy who works one night a year in the dead of winter on the
cover of the May issue. We did put the man who, in four elegant
equations, made it possible for the engineering side of the
symposium to do their job.

Inside the issue, we shifted our editorial focus toward the
exhibition. We did so in order to recognize the role that the
commercial side plays in supporting the technical conference.
Given the need for a healthy balance between engineering and
commerce, I hope we faithfully served both audiences while
helping all exhibiting companies achieve a recognizable iconic
stature of their own.

David Vye
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When it comes to your infrastructure, KNOW that yvou are
dealing with the highest grade cables and connectors on
the market. Carlisle Interconnect Technologies presents

AccuPhase® - a complete line of low loss and phase stable Q “'

coaxial cable for frequencies up to 40 GHz!

R
r——

® I
AccuPhase, integrated with Carlisle’s RF/Microwave connectors, was —

designed and engineered for the highest possible performance. This @3 E:1

product family supports the most demanding needs of any application
where performance and stability at the higher frequency range is critical.

Your success is dependant on so many variables. Why take a chance?

Trust your infrastructure.
Trust Carlisle Interconnect Technologies.

phone 8466.282. For more information visit

2
emailkrfassembly@earlisleit.com www . carlisleit.caom

MILITARY, AERCSPACE, AVIONICS AND TEST & MEASUREMENT.
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The latest industry news, product updates, resources and
web exclusives from the editors of Microwave Journal

Free Webinar

MWJ]/Besser Associates Webinar Series:
School’s Out for Summer (July)

While the Besser Instructors take a short
holiday, catch-up on these recent webinars:
High Speed/EMC Basics;
MIMO in Wireless and
Radar; Increasing
efficiency with 10, 20
and 100 GB/s SMT
Optical Drivers and
Next Generation Active
Load Pull. Our webinars
resume in August:
Passive Components,
sponsored by Res-Net.

Visit: www.mwjournal.com/resources
Next live webcast: 8/18/2009, 11:00 am (ET)
Sponsored by Res-Net

Online Technical Papers

The Perils of Spectrum Analyzer Power
Averaging

Steve Murray, Keithley

SMA Connector Frequency Extension
R. Fuks and A. Weirback, Astrolab Inc.

Analysis of Quick Lock N Type Connectors
James Qu, Zhi Shen and Gregory Pollack, Anoison
Electronics Ltd.

Beyond Conformance Testing in 3GPP
LTE

White Paper, Elektrobit

Executive Interview

Dr. John DeFord, Director

of Engineering at AWR Corp.
and former founder of STAAR,
explains the company’s evolution
since its formation following
the merger of two independent
companies 40 years ago, its
commitment to providing
connectivity solutions and its
strategies for developing new
technologies.

Expert Advice

3-D EM simulators are much
more cost effective than building
and measuring hardware
prototypes. Before turning

all the design work over to a
computer, Dr. Martin Timm of
CST talks about the pros and
cons of different computational
methods and offers some tips for
users.

Read the advice from this
industry expert, respond with
your comments and win a
complimentary copy of Electrical
Engineering: A Pocket Reference
from Artech House (see www.
mwijournal.com for details).
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Enjoyed our cover story on how design software
changed the world? We've compiled additional
material of interest. Go to www.mwjournal.com/

softwareQ9 for more details.
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Their sites have search engines.
Ours has a tind engine.

oilcraft Inductor Finder

J File Edit \iew Favorites Tools  Help

B

SER1360-182

LPS5015-182  SM 3 1.8 00750
LPS4414-182  SM 5 1.8 00870
1005FS-182 Shd =) 1.8 0.0900
LPE3015-182 S 3 1.8 01000
LPE3010-182  SM 5 1.8 01500
0603F3-182 Shl =) 1.8 05400
1005L5-152 Shd 1.8 0.5400
0B03L5-182 S 1.8 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 DIRECY

ovm\\em
DELVERY

QRDERBY 3

Inductor Finder Results

Sort results 1) 388

18.0
2
29
21
2.1
ks
039

| 1250 580 $0.67
215 500 150 §0.35
19 430 140 $0.38
] 381 274 $0.64
14 300 150 $0.38
1.4 150.0 3.00 300 1.00 $0.38
07 1550 259 2058 180 $0.51
06 1700 292 278 203 $0.30
035 800 180 127 112 $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!

www.coilcraft.com 800/322-2645
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For forty years, we at Mini-Circuits have held firm to a single goal:
demonstrate total commitment to our customers by creating high-quality products, quickly
and efficiently, at exceptionally competitive prices and with uncompromising technical support
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THE INTERNATIONAL IEEE CONFERENCE ON
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EMC 2009
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RFIT 2009
IEEE RADIO FREQUENCY INTEGRATION

TECHNOLOGY SYMPOSIUM
December 9-11, 2009 ® Singapore
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AEMC 2009

IEEE APPLIED ELECTROMAGNETICS CONFERENCE
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JANUARY
IEEE RADIO WiRELESs WEEK 2010
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IEEE INTERNATIONAL CONFERENCE ON MICRO
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January 24-28, 2010 ® Hong Kong, China
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How DESIGN SOFTWARE
CHANGED THE WORLD

microwave circuits were heavy and bulky

and consisted of voluminous, hollow me-
tallic pipes and tubes known as waveguide. Mi-
crowave engineers working in waveguide were
referred to as plumbers and their tools includ-
ed files, ball-peen hammers, epoxy and paint.
In the 1960s, planar transmission line circuits,
based on two-dimensional layered topologies,
were introduced. They were relatively cheap,
lightweight and offered the potential for minia-
turization, which quickly led to the concept of
microwave integrated circuits (MIC).

MICs were also known as “hybrids” for their
mix of active and passive components (some
components are printed on a substrate, such as
thin film caps or spiral inductors, while others
are placed in chip form, typically active compo-
nents such as diodes and discrete transistors).
With an MIC, an entire circuit could be printed
on one substrate with various components con-
nected to each other in a continuous integrated
fashion, thereby replacing individual micro-
wave components connected by waveguide
or coax cables. MICs could support mass-pro-
duction and thus reduce costs. Circuit design,
however, was still performed by hand using for-
mulas from text books, pencils, Smith charts, a
circuit board, some copper tape, a razor blade,
soldering iron and test equipment. Either de-

In the beginning... (Around World War II),

sign task (MIC or waveguide) required a solid
understanding of circuit behavior, astute obser-
vation of cut and try experiments... and a good
deal of time.

WRIGHT PAT AND TI

In 1964, the Air Force’s Wright Paterson
Aeronautical Lab requested Texas Instruments
(TI) to submit a proposal for an airborne for-
ward-looking radar system that maximized the
use of semiconductors. The goal was to dem-
onstrate that T/R modules could be manufac-
tured at the price point commensurate with
future large, active aperture phased-array and
ECM systems.! The resulting Microwave Elec-
tronic Radar Applications (MERA) program,
which was co-sponsored by DARPA, would
push the state of the microwave art and lead to
the demonstration of microstrip transmission
on semi-insulating silicon and gallium-arsenide
substrates in 1965 including the first silicon
MMIC, an X-band T/R switch in 1966, a 500
MHz tuned amplifier in 1966, the first gallium-
arsenide MMIC, a 94 GHz local oscillator and
balanced mixer in 1967.2 Out of the technical
success of MERA, which culminated in the de-

DAvID VYE
Editor, Microwave Journal
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livery of a complete operating radar
system in 1970, other programs were
started in most military radar houses
throughout the US and abroad. Mi-
crowave circuit design would need to
ramp up fast.

How did the TI engineers advance
the state of microwave circuitry so
quickly? One clue is found in US pat-
ent 3622762 filed in November 1971
by L.W. Dyer, T.W. Houston and G.].
Policky of Texas Instruments: “Using
representations of circuit topologies
and initial values of all elements, a
circuit design may be modified by an
automated data processing machine
to improve operation for at least one
performance characteristic by chang-
ing design variables. A desired circuit
topology is selected and the initial
values for all the circuit elements are
coded and stored in the data proces-
sor. In addition, the desired perfor-
mance characteristic is also selected
and coded. Using coded input infor-
mation, the data processor generates
and stores a representation of a con-
tinuous analytical objective function.
In the operation of the data proces-
sor, a value of the objective function is
generated and stored.”

The patent abstract refers to a cir-
cuit simulation and optimization pro-
gram developed internally by TI for
microwave circuit designers support-
ing the MERA program. The program,
known as CAIN (Computer Aided In-
tegrated Networks), operated on an
IBM 360 computer using punch cards
as described by the patent filers in the
August 1969 IEEE-Wescon techni-
cal paper, “Computer-aided Design
of Microwave Integrated Circuits.”
While TI engineers used this program
for years, it was never commercialized

by the company.

THE FIRST COMMERCIAL
HIGH FREQUENCY CIRCUIT
SIMULATOR

The benefits of using microstrip
and stripline transmission lines, which
included miniaturization and easier
manufacturing, came at the price of
design uncertainty. Among the is-
sues, the inhomogeneous medium of
microstrip results in an effective di-
electric constant that increases with
frequency so that the phase velocity
decreases, the characteristic imped-
ance changes and discontinuities such
as bends, tees (line intersections) and
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line width steps need to be properly
modeled to account for parasitics
and accurately represent their high-
frequency behavior. Before software,
microwave engineers relied on text
books and hand calculations in order
to roughly approximate circuit behav-
ior, a slow and tedious process.

While a few select companies had
internally developed software on their
mainframe computers, most micro-
wave engineers at the time did not
have access to computers or comput-
er-aided design. Among them was Les
Besser, who began his engineering
career in 1966 in Hewlett Packard’s
(HP) Microwave Division, developing
broadband microwave components. It
was at HP that Besser began working
on simulators and impedance match-
ing programs; although at the time,
his manager disapproved of this side
project.*

In the fall of 1969, Professor Ron
Rohrer of UC Berkeley returned from
a leave at Fairchild and taught a cir-
cuit design and analysis course. The
course project was to develop the com-
ponents of a comprehensive and opti-
mal circuit simulator. The result was a
program called “Computer Analysis of
Nonlinear Circuits, Excluding Radia-
tion (CANCER)”. The unusual name
was chosen to reflect that the pro-
gram was not funded by the defense
industry, which provided funding for
most circuit simulation programs at
the time and required them to be able
to test a circuit’s radiation resistance.
One of the principle developers was
grad student Laurence Nagel. Under
the direction of his new advisor Prof.
Donald Pederson (replacing Rohrer),
Nagel developed the program into a
public-domain  general-purpose cir-
cuit simulator. The result was called
SPICE (Simulation Program with
Integrated Circuit Emphasis), which
was released to the public as open-
source code in 1972.5

However, SPICE could not address
distributed transmission lines and was
unacceptably slow for high frequency
simulations. Without any commer-
cially available ones, many companies
(including Bessers former employer,
HP) developed in-house code. In
1970, Besser left to join Fairchilds
Microwave Division where he con-
centrated on MICs, GaAs FET ampli-
fiers and CATV systems. At Fairchild,
Besser wrote SPEEDY, a two-port

analysis tool offering a transistor da-
tabase with high-frequency device S-
parameters for Fairchild transistors.

The program’s name was chosen
to advertise the speed of the program
in comparison to the existing time-
domain simulators that were not well
suited for microwave frequency analy-
sis. At a time when computers (main-
frames) were rare and prohibitively
expensive, users could access this
program worldwide via commercial
timesharing through local telephone
calls with terminals (i.e., teletype) and
modems operating at speeds as low as
110 baud (bits/s).® As slow as this was,
design tools were faster than proto-
typing. In the case of ICs, SPICE was
proving that they were absolutely es-
sential.

Farinon Electric Co. hired Besser
to direct their microcircuit design
and development efforts. During that
time he authored a program called
COMPACT (Computerized Optimi-
zation of Microwave Passive and Ac-
tive CircuiTs). In 1973, the same year
that SPICE1 was first presented at
conference,” Besser commercialized
his program and established Compact
Software. This represented the first
microwave CAD company and the
first commercially successful micro-
wave circuit optimization routine.

While limited in capability, it would
set the path for future high-frequency
design tools. The first versions of the
software could only address ideal
transmission lines and two-port ele-
ments that could be cascaded in series
or parallel connections. Over time
microstrip elements and discontinuity
junctions were added. Later versions
could do crude matching network
synthesis and plot Smith charts using
alphanumeric characters.

According to Besser in his presen-
tation on the history of MIC/MMIC
inventions at IMS 2008 in Atlanta,
“Recognizing that exact closed-form
analytical solution for even a rela-
tively simple microwave circuit, such
as a single-stage feedback amplifier,
was not practical, the first version of
COMPACT included optimization of
the circuit components. Although ini-
tially it was restricted to two-port type
interconnections, generalized nodal
connection and noise optimization
were added in subsequent releases.
(The) Circuit library included a wide

range of components, as well as mea-
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sured S-parameter
databanks.”6
The ability to

optimize complex
microwave circuits
eventually con-

vinced many reluc-
tant engineers to
accept CAD as a
practical design tool
and as a result revo-
lutionized  circuit
design. Time and
again, the success
of a software prod-
uct would depend
on its ability to im-
prove engineering
productivity and/or
cut costs. Software
with  optimization
capability offered to
shave project times
down from months
to days, saving up
to $24,000 per proj-
ect according to
the advertisements
running at the time
(see Figure 1).
Initially, COM-

SUPER-COMPACT COST SAVINGS

Witbou! Wiith Profect

SUFER-COMPACT SITPER-COMPALT  Naidwgs
Clrouis Diesign Time 3 months 3 days
Product Design Time
[ man-maonths ) & 2 4
Product Design Cycle
{ calendar-manths ) Gej2 3 64
Total Design Costs L ETRILICH] E12 00y 24,000

Annual Manpower Benefits:

With a total of about 30 projects annually, an
estimate of manpower benefits can be made as
follows:

Number of Projects per year: 30
Average Project Savings  § 24,000
Total Annual Savings $720,000

The annual savings shows how the cost of SUPER-
COMPACT can be recovered in just a few months of
LISE.

A Fig. 1 SuperCompact ad highlighting the per project savings using
design software vs. hardware prototypes.
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puters costing en-
gineering  depart-
ments  $3000 to
$5000 per CPU

hour (the personal
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computer did not A Fig. 2 Example of a netlist with distributed transmission line

yet exist). The user models (TRL and OST).

interface pre-dated

schematic editors; therefore, circuits
were defined by text via a netlist edi-
tor (see Figure 2). Remote terminals
hooked up with 300 baud acoustical
modems.

In 1980, Compact Software was
bought by Comsat and Besser re-
mained associated with the company
for the next three years before leaving
to start a professional training organi-
zation called Besser Associates. Dur-
ing this time, a third-generation pro-
gram known as SuperCompact™ was
developed for mini-computers such as
the Digital Equipment VAX, a design
workstation, which cost about $250
K. The link between software and the

operating platform played a major fac-
tor in the commercial fate of design
software as the microprocessor and
PC revolutionized electronic design
throughout the 1980s.

A MORE ACCESSIBLE COMPUTER
PLATFORM

Entrepreneur Charles J. (“Chuck”)
Abronson was co-founder of Amplica
Inc. (1972) and served as CEO; he suc-
cessfully managed the company’s IPO
in 1981 and subsequent merger with
Comsat in 1982. Amplica had used a
design program called Magic to devel-
op its state-of-the-art low noise ampli-
fiers and achieve commercial success.

As a result, Abronson became a
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true believer in the power of design
software. During the negotiation to
sell Amplica to Comsat, he met Bill
Childs, an employee of the Compact
subsidiary. Together they teamed up
to start EEsof in 1983.

EEsof focused on providing design
software that targeted the inexpensive
and rapidly growing personal com-
puter, introducing their first product,
the Touchstone® linear circuit simu-
lator in 1984.8 While the initial netlist-
based text entry was similar in format
to SuperCompact, the move to the PC
gave Touchstone a game-changing ad-
vantage and the company quickly ate
into Compact’s market share.

EEsof furthered its product capa-
bility by adding links from its software
to the HPS510 network analyzer. This
allowed measured data to be captured
directly into the analysis software.
More importantly, the feature would
entice those engineers dedicated to
the “build and test” design method
into using software. The so-called
“Touchstone file” (also known as a SnP
file after its set of file extensions) was
originally the proprietary file format
for the linear circuit simulator. The
file format would become an indus-
try standard for S-parameters (along
with Y- and Z-parameters) used by
circuit simulators and measurement
equipment (VNAs) alike. This simple
ASCITI text file is now universally used
to document the n-port network pa-
rameter data and noise data of linear
active devices, passive filters, passive
devices, or interconnect networks.

By 1985, the Compact Software
subsidiary was practically bankrupt
and Comsat essentially gave away the
business unit’s product line assets to
Communications Consulting Corp.
(CCC)* just as it had released Super-
Compact PC version 3.09 to counter
the growing popularity of Touchstone
on the lower cost platform. CCC Pres-
ident, Dr. Ulrich Rohde, had deep
roots in the industry, also being the
Chairman of Synergy Microwave and
Director with Rohde & Schwarz, the
test equipment manufacturer. At the
time, Rohde stated his intentions to
“immediately increase the capabilities
of Compact’s software products and to
incorporate new microwave models.”
The new company came with zero
employees; however, Rohde immedi-
ately partnered with other technolo-

gists from around the globe and began
focusing on model accuracy and new
analyses.

TOOL FUNCTIONALITY GROWS
AS VENDORS COMPETE

Combining circuit analysis soft-
ware with test equipment data was
well-suited to microwave product de-
velopment in the mid-1980s. Touch-
stone and the HP8510 network ana-
lyzer were often paired together by
engineering teams. Around this time,
HP and EEsof were also tied together
via a marketing relationship whereby
HP sold and marketed Touchstone
software on HP platforms such as the
Series 200 (but not on the PC). The
marketing agreement brought great-
er exposure for EEsof and help with
entry into major defense contractors,
further eroding Compacts market
share. It also provided entry into the
design software market for HP and
would set the stage for future compe-
tition.

The challenges of developing mi-
crowave components and even the
network analyzer itself had convinced
HP of the growing importance of de-
sign software. An internal tool, MAN-
TIS (Microwave Analog Topology In-
teractive Simulator) was developed by
Jeff Meyer who used it to help devel-
op a broadband amplifier. HP execu-
tives concluded that design software
would be a natural extension of the
company’s strong position in the net-
work analyzer market (and a capability
the company would promote for many
years to come).

Around this time, according to
HP literature, “Hewlett-Packard en-
gineers were developing advanced
internally-used design tools, including
its own highly-capable linear simula-
tor that ran on the readily available
workstations from the HP computer
division.” In 1985, several key design-
ers from the HP 8510 team were cho-
sen to guide the development of soft-
ware for the emerging microwave and
RF design marketplace. The goal was
“to integrate simulation, data display,
and layout tools in a way that mirrored
the way engineers really worked.”8

By 1987, the first version of the
HP Microwave Design System (MDS
A.01.00) was released. It had been
developed in-house and comprised
a linear circuit simulator with inte-
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grated schematic capture and graphi-
cal layout with back-annotation, a first
for RF EDA software. MDS was of-
fered on UNIX workstations from HP,
Sun and Apollo as well on the PC (not
Microsoft Windows but SCO UNIX).
Schematic capture would help engi-
neers enter their circuits graphically,
thereby speeding-up design entry (for
some) and providing a useful visual
for circuit troubleshooting. To no sur-
prise, the introduction of HP’s MDS
product soon ended the marketing
relationship with EEsof, at least tem-
porarily.

Competition between Compact,
EEsof and new-entrant HP sparked
considerable innovation during these
years. Also driving development
was the DARPA program known as
MIMIC. The overall goal of this pro-
gram was to provide analog micro-
wave and mm-wave sensors, based
on gallium arsenide integrated circuit
technology that would improve per-
formance, size, weight, cost and reli-
ability for the armed services (Army,
Navy and Air Force). The program
targeted CAE specifically as an area
for development.

This program, similar to the earlier
MERA program that fueled TT's GaAs
development, was announced in the
fall of 1985 by Egbert Maynard, the
czar of the DoD’s VHSIC program.”
In 1987's MIMIC program “Phase 07,
each military branch awarded four
teams between $750 K and $1 M to
study the best way to develop and
produce affordable, reliable, high per-
formance MMICs. “Characterization
of material and device processes and
the development of computer-aided
design capabilities” were specific pro-
gram goals targeting design software.

The next year, the three services
managed to agree on a single state-
ment of work and selected the four
teams that would move forward. In
phase 1, EEsof would team with
primes Hughes and GE and found-
ries AT&T, M/A-COM and Harris
in a contract worth $50 M. EEsof
would also collaborate with newly
formed Cadence to develop “Smart”
(simulation-able microwave artwork)
libraries, which combined an electri-
cal model of MMIC components with
each component’s physical layout.
Compact would team up with primes
Raytheon and TT along with partners

General Dynamics, Norden Systems,
Teledyne, Litton Airtron and Aerojet
on their contract worth $68 M (HP’s
MDS was not part of the phase 1
awards).10

The infusion of money, directly and
to their end-users, would help subsi-
dize the new developments in mod-
eling, analysis and design to manu-
facturing (CAD layout) required to
support the complexity introduced by
MMIC technology through the late
1980s and early 1990s. While HP was
relatively quiet from the initial launch
of its linear simulator until 1989 and
the release of MDS B.01.00, Compact
and EEsof were extremely busy add-
ing and marketing capabilities that
targeted the emerging MMIC market.
Acquired and internally developed
technologies, such as improved circuit
simulation, netlist to artwork conver-
sion, CAD with graphical interfaces,
synthesis and IC model libraries were
continually being added to both fami-
lies of products.

Over this period, EEsof linked
Touchstone to an artwork conversion
tool called MiCAD, a transmission
line calculator (LineCalc), circuit syn-
thesis (E-Syn) and a version of mi-
crowave SPICE. The company also
introduced ANACAT, which allowed
control of the HP 8510 or equivalent
Wiltron network analyzer from a PC,
and sorted the resulting data into the
necessary formats for use with Touch-
stone, Lotus 1-2-3 and dBase. The
products also became available on the
DEC VAX, Apollo and HP 300 series
in addition to the PC.

By the middle of 1987, EEsof in-
creased the number of components
available in Touchstone, added many
MMIC-based devices and was openly
hinting of upcoming nodal-reduction
algorithms (for speed and handling
larger circuits), generalized nodal
noise figure calculations, a schematic
editor specifically for microwave/RF
engineers and a new class of frequen-
cy-domain nonlinear simulator. The
mainframe platform support, MMIC
models, new analyses and emphasis
on computing power indicated that
the company was actively pursuing
the emerging MMIC market.

In 1987, as the battle for the
hearts and minds of MMIC design-
ers raged, the cost-conscious side of
the software market was being ex-
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main frame and PC versions were un-
stable and distributed models such as
T-junctions, crosses and others were
fairly inaccurate at higher frequen-
cies.” By the end of 1986, the code
had been stabilized for both platforms
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In that year, the company offered
synthesis capability for filters, PLL
and complex matching along with mi-
crowave design, RF and communica-
tion design kits. Bi-directional control
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for the PC version, AUTOART cir-
cuit to layout conversion (a feature
introduced during the Comsat days)
was available on both platforms and
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new and unique analysis capabilities,
including unrestricted N-dimensional
nodal noise analysis for linear (and
eventually nonlinear) circuits, yield
optimization and user-defined model
capability. Rohde was especially fo-
cused on developing the state of the
art in passive model accuracy, touting
this as a significant advantage over his
competitors.
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MODELING PASSIVE ARBITRARY
GEOMETRIES

RF/mW design software from
EEsof, Compact, HP and Eagleware
relied on netlist and schematic entry
(in the case of MDS) to define the cir-
cuit topology. Parameterized distrib-
uted elements represented the trans-
mission lines and discontinuities that
defined the geometry of the physical
circuit and were known (or assumed)
to impact electrical performance. In
general, these distributed elements
were parameterized by their physical
attributes which, in turn, would im-
pact the equivalent electrical model.
Artwork conversion programs were
used to translate the netlist (or netlists
generated from schematic) into layout
for circuit visualization and mask gen-
eration.

Typically, the microwave circuit
designer would progress from ideal
design (wired interconnections and
lumped elements) to replacing the
ideal interconnects and elements
with transmission lines and real ele-
ment data (measured or other form);
adjust the design to compensate for
the change to the overall performance
(via tuning or optimization); add dis-
continuity models to sections where
transmission lines intersected and ad-
just the design once again. Essentially,
the microwave circuit designer, like
previous generations of microwave
engineers, was a plumber. This time,
the tool box was a library of compo-
nents and the hammer was a set of pa-
rameters such as W or L.

The designer’s goal was to approxi-

MICROWAVE JOURNAL = JULY 2009


http://mwj.hotims.com/23287-92
http://www.rfhic.com
mailto:rfsales@rfhic.com

vodaulators
jemodiulators

360 Degree Phase Shift
020 dB'Amplitude’Adjustment
Digitally Controlled

WPSHKTViodolators
0,90, 180, 270 Degree Phase Shift
Built-in Output Amplifier
Built-in'Low-Pass Filtering

High Carrier Suppression

07 180Phase’States
FastiSwitching Speed

ernmodulaltors

1&Q Outputs With Linear. Phase
WideVideo Bandwidth
Integrated Internal llow Noise Amplifier

industries®

BT e L T, Inc./

o0 Intervale Rd. Boonton, NJ 07005 U.S.A. Tel: 973-394-1719 Fax: 973-394-17110
email: sales@etiworlid.com wehsite:-www.ETIworlid.com

wurnal.com/info


mailto:sales@etiworld.com
http://www.ETIworld.com
http://mwj.hotims.com/23287-27
http://www.mwjournal.com/info

TECDIA

Tecdia introduces
the SBT-GF0702
high voltage Bias-T.

The SBT-GF0702 is capable of handling
up to 10 amps of DC current at 150V
to apply bias to RF signals within the
range of 2~7 GHz.

For many years Tecdia has produced top
of the line high current (5, 10 and 20A)
bias tee models capable of handling a
DC bias voltage of 30V, and RF power
of 50W. Now, to meet the higher
voltage and power requirements of
GaN devices, Tecdia is introducing this
new design that has the following
specifications :

Series
Model SBT-GF0702
Frequency Range 2~7GHz
Insertion Loss 0.5dB max.
VSWR (Return loss) 1.22 max. (20dB min.)

Connectors
BNC-R (Female)

Soma | _to0wmax
TS0 max

50 x 52 x 20

RF Power
Bias Current
Bias Voltage
Dimensions (mm)*
Weight
* Excluding Connectors

Typical VSWR & Insertion Loss

SBT-GF0702
These Bias-Ts are the optimum choice for measurement
of high-power devices.

gHiSit logwAa  10dm 2 =29.201 a8
GH2 821 iediAs 8B B 3 231 &

e

U

STOP 55000 Gz

www.tecdia.com

34 Visit http://mwj.hotims.com/23287-102

mate the electrical performance of
their circuit by aligning these individ-
ual distributed element geometries in
such a way as to replicate the physical
shape of the design layout. The accu-
racy of any circuit simulation depend-
ed on the quality of the different ven-
dor models for distributed elements
as well as the engineer’s use of these
models to reflect their intended physi-
cal design. Model quality and correct
model use would improve over time
and user experience, but was often the
weak link in an accurate simulation.

Design, test and re-evaluating
modeling assumptions typified hard-
ware development during this period.
With a glut of GaAs foundries, mul-
tiple design iterations were yet to be
a significant problem. However, accu-
rate modeling was most problematic
for the innumerable irregular geom-
etries being conceived, which were
not analytically calculable. The in-
ability to derive closed form solutions
of Maxwell’s equations under various
constitutive relations of media, and
boundary conditions needed to be
overcome by computational numeri-
cal techniques.!!

In the February 1986 issue of
Microwave Journal, the cover story
featured a technical article by Rolf
Jansen of MCAD Software and De-
sign Corp. (in association with Com-
pact Software), West Germany. The
article described a CAD package for
layout-oriented design of single- and
multi-layer MICs and MMICs up to
mm-wave {requencies. The software
program, known as LINMIC, incor-
porated analysis, sensitivity analysis
and “interactive” optimization based
on a spectral-domain electromag-
netic technique that computed the
required design data in the form of
multi-dimensional look-up tables to
be used in subsequent circuit design.
LINMIC’s EM-based models were
added to the SuperCompact prod-
uct and would provide a boost to its
passive model accuracy, especially
the multi-coupled line as verified by
MIMIC team partner’s Raytheon and
Texas Instruments.

Through the 1970s and 1980s, a
number of researchers were inves-
tigating methods to apply Maxwell’s
equations via computer programming
to solve arbitrary geometries.

In 1975, physicist Thomas Wei-

land at the Technische Hochschule in
Darmstadt, Germany, started work-
ing on numerical algorithms to solve
the eigenvalue problem of arbitrarily
shaped and filled waveguides. Weiland
solved this problem by inventing the
finite integration technique (FIT) for
solving Maxwell’s equations. Weiland
left Darmstadt to work at the CERN
particle-physics lab before moving on
to the University of Hamburg, where
he continued working on the design
of accelerators and microwave com-
ponents, such as cavities. Throughout
this period he continued to improve
and extend FIT. The resulting code
later came to be called MAFIA (an
acronym for solving MAxwells Equa-
tions using the Finite Integration Al-
gorithm) and it was the first program
to provide 3D simulation of particle
beams moving through a cavity while
under the influence of RF fields from
external sources.!2 In 1983, at the
Deutsches Elektronen Synchrotron
(DESY) in Hamburg, he set up an
international collaboration in order
to develop the software package MA-
FIA for 3D EM and charged particle
simulation. Throughout the 1980s,
Weiland improved and commercial-
ized the code, which began to get the
attention of companies building RF
and microwave equipment. By 1992,
Weiland founded CST to commercial-
ize MAFIA and focus on the telecoms
industry.

In 1987, the Journal began run-
ning advertisements for a product
“designed to determine the elec-
tromagnetic field and performance
characteristics of high frequency mi-
crowave devices.” This product, from
a new company called Ansoft Corp.,
was called Maxwell and it could be
used to analyze microwave integrated
circuits, dielectric waveguides, con-
nectors, transmission lines and cavity
resonators.

The new numerical methods and
the introduction of the IBM PC in
1981 led a number of university pro-
fessors and researchers to start elec-
tromagnetic field simulation software
companies: MAFIA (now CST), Vec-
tor Fields, IES, Infolytica and Mag-
soft/Cedrat. Also among the first com-
mercial EM products was a program
from Jim Rautio (a former General
Electric MMIC designer) called Son-
net Software released in 1989. This
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“planar” electromagnetic simulator
solved arbitrary 2 and 2.5D (planar)
problems using the Method of Mo-
ments applied directly to Maxwell’s
Equations. Structures were defined
by their geometry and the dielectric
stack-up. The program subdivided the
metal structure into a mesh of small
subsections based on a rectangular
grid and would calculate the voltage
everywhere due to current on that
one subsection, repeating for all the
sub-sections. The simulation provided
S-parameters of the structure, which
could be used to validate analytic
models, develop libraries, trouble-
shoot passive structures and eventual-
ly (with optimization) perform actual

design.
NONLINEAR BEHAVIOR

Integrated microwave circuits use
nonlinear components such as GaAs
FETS and diodes. As a result, simula-
tion software needs to address large-
signal handling performance. Linear
frequency-domain simulators, which
are well suited for analyzing dispersive
transmission lines, could only simulate
active devices operating under small-
signal conditions (such as S-parame-
ters or small-signal linear models).

Prompted by the emergence of
device models for the GaAs FET
and more readily available comput-
ing power in the early 1980s, efforts
began to concentrate on developing
efficient simulation techniques for
steady-state nonlinear circuits. Non-
linear analysis was needed in order
for engineers to expand simulation
to power amplifiers, oscillators, mix-
ers and examine traditional linear
circuits as they approach nonlinear
behavior.

Before 1987, the commercially
available tools for nonlinear analysis
were SPICE (microwave versions in
both Touchstone and SuperCompact)
and the Volterra series expansion.!3
Researchers, many tied to academia,
were investigating different ap-
proaches to high-frequency nonlinear
simulation that, unlike SPICE, could
address distributed transmission line
models. SPICE, which had to per-
form a large number of computations
over hundreds of thousands of cycles
to achieve steady state at microwave
frequencies, was unacceptably slow.
The most promising candidate for an
alternative nonlinear (periodic and

quasi-periodic) steady-state simulator
at high frequencies was known as Har-
monic Balance (HB).

Harmonic balance methods are
variations of Galerkin’s method, first
described in 1915, when applied to
nonlinear circuits.!* This method as-
sumes a solution containing unknown
coefficients, which is substituted into
the governing equations and the un-
known coefficients are adjusted so
that the governing equations are satis-
fied as accurately as possible. This is
known as convergence. When the as-
sumed solution is a sum of sinusoids,
the procedure is referred to as har-
monic balance.

The name appeared as early as
1937 in the work of Ukrainian sci-
entists Kryloff and Bogoliuboff. The
method was developed and applied
to nonlinear circuits by E.M. Baily of
Stanford in 1968 and J.C. Lindenlaub
1969. In 1976, Nakhla and Vlach!® re-
duced the number of variables to be
optimized by partitioning the network
into smaller sub-networks composed
of linear or nonlinear elements. This
technique, originally referred to as
piecewise harmonic balance, splits
the networks into linear and nonlinear
portions, solving the linear portion in
the frequency domain and the non-
linear portion in the time-domain.
The nonlinear time-domain solution is
converted into the frequency-domain
via discrete or fast Fourier transform
(DFT or FFT) and the spectra of the
currents at the linear-nonlinear in-
terface are compared. The continu-
ity equation for current requires that
the nonlinear currents equal the lin-
ear currents. The technique seeks a
solution to this steady-state nonlinear
problem by iteratively solving for a set
of variables such as the voltages at the
linear-nonlinear interface.

Like the plethora of EM simula-
tors, transistor models, measurement
techniques and IC processes that have
evolved over time, harmonic balance
has had many implementations. Each
method is like a recipe, constantly be-
ing tweaked to optimize performance
for the intended problem. Being an it-
erative solver, the challenge for scien-
tists and programmers was to develop
techniques that would achieve con-
vergence—most rapidly, accurately
and for the range of circuit problems
being implemented by the RF/micro-
wave industry.
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Investigating the criteria for convergence, Hicks and
Kahn developed the fixed-relaxation method (1980-1982);
Kerr developed the multiple-reflection method in his 1975
paper, “A Technique for Determining the Local Oscillator
Waveforms in a Microwave Mixer” (later to be shown by
Hicks and Kahn to be a variation on the “p method”; Ca-
macho-Penalosa developed an algorithm for determining
the optimum p factor). Rizzoli, et al. used a state variable
approach to overcome the problem of requiring the non-
linearities to be expressed explicitly as voltage-controlled
current sources. While the currents and voltages at the
nonlinear ports had to be evaluated for the harmonic bal-
ance equations, they need not be explicitly dependent on
each other, but may be related through an alternate set of
independent control variables (referred to as state-vari-
ables). Rizzoli’s program, written in Fortran77, could then
iterate on the state-variables (rather than the interface cur-
rents) and call the nonlinear models with time-samples of
the state-variable.!®

In October 1987, the Microwave Journal cover fea-
tured a new commercial simulator from Compact soft-
ware called Microwave Harmonica. It was the commer-
cialization of Rizzoli’s program and Rizzoli was credited
with the Microwave Harmonica mainframe implemen-
tation in the article. This program would represent the
first nonlinear frequency-domain simulator to reach the
market, if only by one month. By November, EEsof was
marketing its netlist-based nonlinear frequency-domain
simulator, Libra.

Ken Kundert, a Research Fellow for the Networks
Measurements Division of HP pursuing his PhD at UC
Berkeley, developed the core algorithms and code base
for the microwave “harmonic balance” circuit simulator
(MNS) version of MDS, HP8515b. In 1986, Kundert and
UC Berkeley advisor, Alberto Sangiovanni-Vincentelli,
published a paper, “Simulation of Nonlinear Circuits in the
Frequency Domain,” which described the spectral New-

Finally, the HP 8510 design team
talks about their favorite CAE software.

(D Pt

A Fig. 4 1987 HP MDS ad featuring J. Botka, B. Donecker, D. Rytting,
g g ytiing,
J. Meyer and . Fitzpatrick.

38

ton technique as implemented in the project he developed
at Berkeley called Harmonica.

Stating that the piecewise implementation of harmonic
balance, which required an optimizer to solve the frequen-
cy-domain equations formulated by the technique, would
result in the number of harmonics and nonlinear devices
being severely limited, the authors solved the nonlinear
equations with Newton’s method (frequency-domain anal-
ysis of nonlinear circuits driven by multi-tone signals).16
This approach did not require partitioning the circuit into
linear and nonlinear networks and was thus known as the
nodal formulation.

Nodal harmonic balance treated every node in the
circuit the same way, whether it was nonlinear or not.
This approach would prove more capable in solving cir-
cuits with more nonlinear devices operating under more
strongly nonlinear conditions than the piecewise approach.
The piecewise approach would prove to have a speed and
convergence advantage where the circuit had more passive
components and was only moderately nonlinear. As these
techniques became commercialized, designers would be-
come intimate with the engine settings (i.e. state variables,
number of harmonics) and source conditions (i.e. power
levels) to assist the simulator with convergence.

In 1989, EEsof introduced the company’s nonlinear high
frequency simulation tool, Libra, based on what they learned
and could leverage from Kunderts work. UC of Berkeley’s
open source policy allowed them to study and use some parts
of the actual code including the sparse matrix package. How-
ever, the Libra HB engine was based on the piecewise formu-
lation of harmonic balance and not Kundert’s nodal approach.
Six months after returning to HP in 1988, Kundert's work was
commercialized in the MDS HB engine and released in early
1989 (see Figure 4).

Because Compact Software had trademarked the Micro-
wave Harmonica name, Kundert changed the name of his
Berkeley program from Harmonica to Spectra, which in turn
was leveraged into the Spectre and SpectreRF programs (a
SPICE-like transient simulator before harmonic balance was
added), developed by Kundert when he joined Cadence De-
sign Systems Inc. after leaving HP the same year as the MDS
HB simulator was released. Kunderts advisor and co-author,
Alberto Sangjovanni-Vincentelli, was co-founder of Cadence
(as well as rival EDA vendor Synopsys). The Spectre and Spec-

TABLE |

POTENTIAL MIMIC REQUIREMENTS OF SELECTED SYSTEMS
(1989)

SYSTEM ARRAY TOTAL TOTAL MIMICs

SIZE SYSTEMS
ATF 2,000 750 12 x 106
ATA 3,800 2,000 38x 106
ALQ-131 64 400 128,000
ASP] 64 750 1.44 x 106
INEWS 64 750 1.44 x 106

ATF: Advanced Tactical Fighter Aircraft

ATA: Advanced Tactical Aircraft

ALQ-131: ECM pod for Tactical Aircraft (F-16, A-10, F-11)
ASPJ: Airborne Self-protection Jammer

INEWS: Integrated Electronic Warfare System
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treRF simulators would help
transform Cadence from a

| CAD company into a lead-

ing EDA company. Spec-
treRF and its nodal formula-

tion would provide a distinct
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served by four major competitors—
Compact, EEsof, Eagleware, and HP.
The MIMIC program started in De-
cember of 1987 was well into phase 1
(the second of a four-phase program)
and was providing the driving force in
the development of GaAs integrated
circuits and supporting CAE software.
The DoD and NATO were gravely
concerned that the Warsaw Pact had
superior resources and was gaining a
technological advantage. The recent-
ly signed INF treaty forced military
planners to devise a way to stop (with-
out using nuclear weapons) a poten-
tial large-scale Warsaw Pact assault.
Despite improvements in US-Soviet
relations and Congress’ close scru-
tiny of defense spending, high-tech
weapon systems based on advanced
components were needed (see Table
1). This threat provided the MIMIC
program funds, which would take mi-
crowave design to the next level of
complexity at a critical stage.

While the commercial support for
advanced GaAs ICs was very limited,
the DoD did project that a growing
commercial demand would emerge in
the 1990s, as shown in Table 2. To ad-
dress this need, software would once
again needed to evolve. This time,
the digitally-modulated RF devices
such as MMICs, RFICS and multi-
chip modules (MCM) in the emerg-
ing wireless communications market
would drive the need for greater simu-
lation capacity, more automation, new
design environments, EM and system
simulation along with the integration
of these tools.

CONCLUSION

What were the watershed moments
in design software? The development
of microstrip/stripline transmission
line theory, and MIC and MMIC
technologies, the GaAs FET and
simulation models, the adoption of S-
parameters and the network analyzer,
two-port linear analysis, parameteriza-
tion and optimization, development of
distributed transmission line models,
time-shared mainframe computers,
the microprocessor and PC, the de-
velopment of planar and 3D electro-
magnetic simulation, the development
of harmonic balance, krylov-subspace,
transient assisted harmonic balance,
circuit envelope, netlist to artwork
conversion software, the schematic
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editor, the integrated multi-tool work-
station, the integrated design environ-
ment, C++ and object-oriented cod-
ing, back-annotated layout, the sys-
tem simulator (time and frequency),
dynamically-linked circuit, system and
EM solvers, parallel processing, com-
pute farms, domain decomposition,
nonlinear devices characterization and
X-parameters. Hardware and software
evoevolution have always progressed
together, hand-in-hand.

PART Il

In Part II, our story continues with
contributions from the people work-
ing in CAE/EDA today. As military
spending winds down and cellular
technology takes off, the software
market goes through some funda-
mental changes. HP acquires EEsof;
Ansoft acquires Compact, Applied
Wave Research (AWR) and Computer
Simulation Technologies (CST) enter
the market; The MAFET program;
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EM and system tools make significant
gains in capability and popularity;
and automated design environments
(ADS, Microwave Office, Ansoft De-
signer, Genesys and Microwave Stu-
dio) with integrated simulators, lay-
out, EM and more take center stage
all while playing a critical role in the
wireless revolution.

COMMENTS

Have some war stories from your
early days of using, developing or sup-
porting REF/microwave CAE software?
We would love to hear from you. Con-

tact the author at dvwve@mwijournal.com.
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x4 Active Multiplier
® 114 -13.2 GHz Fo

© Very Low Phase Noise

HMC386LP4E

VCO w/ Buffer Amp
®2.6-2.8GHz Fo

* Low Phase Noise
-115 dBc/Hz @ 100 kHz

15 GHz Integrated PLO

REF.
14.6/15.4 GHz HMC442LC3B gﬂgﬁz",_.re Doubler
Medium PA X2 |+ 1218 GHa F
Loop Filter o) ©17.5-25.5 GHz - Z Fin.
228/240 MHz Voo « 13 dB Gain * 50 dB F, Isolation

Lock Detect

® +21 dBm P1dB |

HMCB812LC4 NE\N‘.
Analog VVA

| ®5-30 GHz

* Wide Attenuation

228/240 MHz

IF1o Range to 30 dB
® +25 dBm Input P1dB
HMC535LP5E HMC523LC4
1/Q Mixer / IRM |_ A

Phase Locked Oscillator

®14.7 - 15.4 GHz
® 12 dBm Output Power
* Low Phase Noise
-110 dBc/Hz @ 100 kHz

® 15-23.6 GHz RF/LO

® 25 dB Image Rejection
® +25 dBm Input IP3
*DC-3.5GHz IF

IF2 o

=

i

NEW Hvcs04LCaB
Low Noise Amp
«14-27 GHz
«2.2dBNF

Products Available in Die, SMT or Connectorized Package Form to 86 GHz!

% “

41.66 x 36.32 x 8.50 mm

caHittite

MICROWAVE CORPORATION

LC3/LC3B
3.0x3.0x1.0mm

v E
28 =20 WU

4.0x4.0x1.0/1.2 mm

v

'“HFII

LP5 “QFN” LM1/LM3

5.0x5.0x 1.0 mm

5.1x5.1x1.1mm

20 Alpha Road Chelmsford, MA 01824

Phone: 978-250-3343 - Fax: 978-250-3373 - sales@hittite.com


mailto:sales@hittite.com

WAVE COMMUNICATIONS

SMT SoLrurions Covering 7 To 86 GHZ!

Subsystems & Instrumentation M IE
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60 GHz Tx/Rx Chipset

HMC-SDH126
HMC-XDH158 HMC-SDD112
Features: _ - ’ [ = —{}
¢ <4 dB LNA Noise Figure 14-16 GHz
HMC-ALH382 mgjﬁgﬁiﬂf
¢ +18 dBm Psat PA Output Power |
¢ Sub-Harmonic Option Available ~ 55 64 OHz
¢ 1/Q or Double-Balanced Mixer HIMC-ABH209 HMC-SDD112
Products Available DC -3 GHz

-0 o=

HMC-MDB207 HMC-ALH382

HMC-MDB169
Sub-Harmonic Option for 60 GHz Chipset
HMC-XDB112 HMC-XDH151 . .
°—E F ,\ Applications:
1a- 18 aH2 L= L ¢ Short Haul High Capacity Links
HmC-ABH241 j ¢ Picocell Mobile Phone Links
28-32 GHz o - ¢ Network Backbone &
HMC-ALH313 Branch Links
. HMC-SDD112
DC - 3 GHz HMC-ALH382 ¢ HDTV Wireless Component Links

—poo—

HMC-MDB218

72 & 82 GHz Tx/Rx Chipset for High Capacity Communication Links

HMC-MDB277 HMC-VVD104 HMC-APH633

o

DC - 10 GHz*
HMC-ALH508 HMC-AUH317
HMC-AUH317 HMC-ALH509 HMC-AUH318
HMC-AUH318 HMC-AUH320 Product Key
HMC-AUH320
72 & 82 GHz
‘< 69-87GHz 72 GHz Only
23-29 GHz*
HMC-XTB110 82 GHz Only
HMC-ALH508
HMC-ALH509
DC - 10 GHz* Rx IN
© O
HMC-MDB277

RoHSYV’
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E
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r ry from Stock to 2 Weeks ARO from the naﬁias:ur—lllllltto your specifications!

-=_!{umpuﬁhm Pricing & Fast Delivery
= Military Reliability & Qualification
* Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
* Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPLIFIERS b

Model No. Fre% (GHz)  Gain (@) MIN  Noise Figure (dB)  Power-out@pide 3rd Order ICP VSWR
CA01-2110 28 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
CA12-2110 1.0-2. 0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
(A24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20 dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm  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
CAO1-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA01-2113 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 2.7-2.9 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
(A56-3110 5.4-59 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
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 Ll =89 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA1415-7110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
(A1722-4110  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. Fre(i GHp  Gain (@) MIN  Noise Figure ()  Power-out@pid8  3rd OrderICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20dBm  2.0:1
(A0108-3110 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:]
CA02-3112 0.52.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +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:]
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A218-4116 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, 3.5 TYP +24 MIN +34 dBm  2.0:1
LIMITING AMPLIFIERS
Model No. Freq 6tz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB ~ VSWR
(LA24-4001 2.0-4.0 -28 to +10 dBm +7/ to +11 dBm +/-1.5MAX  2.0:]
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-1.5MAX  2.0:]
(lA712-5001  7.0-12.4  -21 t0+10 dBm +14 10 +19 dBm +/-1.5MAX  2.0:1
(LA618-1201  6.0-18.0  -50 fo +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freg ©GHz)  Gain (@) MIN  Noise Figure (@8)  Power-out@P1d8 Gain Attenuation Range VSWR
CA001-25TTA  0.025-0.150 21 5.0 MAX, 3.5TYP  +12 MIN 30 dB MIN 2.0:1
CA05-31T0A 0.5-5.5 23 25MAX T5TYP +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25MAX 15TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freri (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@pid8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:]
(A001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:]
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:]
(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 +25dBm  2.0:1

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

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

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

Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com
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Harris Awarded
$736 M for Weather

Satellite System
I

Harris Corp. has been
awarded a 10-year, po-
tential $736 M contract to
provide a complete, end-to-
end solution for the Nation-
al Oceanic and Atmospher-

ic Administration’s (NOAA)
Geostationary Operational
Environmental Satellite —
Series R Ground Segment
(GOES-R GS) program.

The Harris team will
design, develop, deploy and operate the GOES-R ground
segment, which will receive and process satellite data, and
generate and distribute weather data to more than 10,000
direct users. Harris will also provide the command and
control of operational satellites. The Harris team is pro-
viding a service-based, open-architecture solution that will
accommodate the anticipated 40-times increase in data to
be ingested, processed and distributed. The first launch of
a GOES-R series satellite is scheduled for 2015.

Today’s GOES satellites provide the images and time-
lapse sequences familiar to most Americans because they
are commonly used in television weather forecasts. The
satellites are the primary tool used by NOAA to detect and
track hurricanes, thunderstorms, tornadoes and other se-
vere weather in the continental US and the western hemi-
sphere. The next-generation GOES-R system will provide
significantly improved image resolution and increase the
rate of imagery coverage of earth surfaces from every 30
minutes to every five minutes in normal conditions, and
every 30 seconds during periods of severe weather.

DEFENSE NEWS

those applying to either the land-based or shipboard seg-
ments. Total “free world” market values are just over US$6
B in 2009, which more than doubles to exceed US$13 B
for 2015. Throughout the report the geographic segmen-
tations are: Europe, North America and the Rest of the
“Free World” (RoW).

Engalco’s research indicates that the total available mar-
kets for TRMs will approach US$1.3 B for 2009, which will
grow strongly over most of the time scale. Total markets
for the required MMICs, implemented in each TRM, to
a large extent mirror the forecasted data for the TRMs.
However, careful attention is paid to the impacts of unit
prices on both TRM and MMIC market values. Unit price
data, including regional and application-segment forecasts,
are provided for TRMs and MMICs. The impact of new
technologies such as GaN power amplifiers and SiGe BiC-
MOS receivers is taken into account in the data.

AESAs2 includes extensive market data charts and ta-
bles complete with commentaries and critiques, covering
all application segments and geographic regions to 2015.
Forecasted shipments data are included and the retrofit-
ting of AESAs onto existing platforms represents an impor-
tant feature of this report. For further information, please
contact Engalco at +44 (0)1262 424 249 (GMT) or e-mail:
enquiries@engalco-research.com.

he US Air Force has
awarded Lockheed
Martin a fixed-price con-
tract for nearly $25 M to

Lockheed Martin to

Develop Long-range

Radar for US Air develop a prototype for the
next-generation 3-Dimen-

Force ional Expeditionary Long-
— Range Radar (3DELRR).

Lockheed Martin was one
of two teams placed under

- n January 2007—around
Growmg Market I two-and-a-half years™ back
for Active —Engalco released the first
industry and market report

Electronically- concerning AESAs. That

first report clearly showed

Scanned Arrays that these types of radars al-

ready had great operational
(AESA) significance whilst at the
I Same time pI‘OVidiI]g sub-

stantial and growing markets

for the associated transmit-
receive modules (TRM) and MMICs. The AESAs Report
was understandably well received and the time is now right
for an update: AESAs2, recently released by Engalco.

A substantial amount of new research lies behind AE-
SAs2, including of course the likely impacts of US Defense
Secretary Richard Gates” major review. There are many
changes affecting the main application segments of airborne,
land-based and shipboard platforms, and an entirely new
segment is included providing quantitative data on space-
borne radars. Several recently announced new AESA sys-
tems are included throughout this report for each segment.

Airborne applications represent the main markets with
379 “free world” shipments in 2009 rising to 1,638 in 2015.
These markets are typically two orders of magnitude above

MICROWAVE JOURNAL m JULY 2009

contract for the technical
development of this new
land-based radar.
The Electronic Systems
Center at Hanscom Air Force Base leads the acquisition
for the new radar. The Air Force plans to replace its en-
tire TPS-75 long-range radar inventory with the SDELRR,
which will detect, identify, track and report aircraft and
missiles. Following a 20-month Technical Development
Phase, the Air Force has said it intends to competitively
award one contract for system development in the 2011
timeframe.

“Lockheed Martin will leverage our years of experience
in developing transportable long-range radars to provide
our long-time Air Force customer with a radar that will
meet its mission requirements,” said Carl Bannar, Vice
President of Lockheed Martin’s radar business in Syracuse,
NY. “We are honored to have been selected to continue
development on 3DELRR, and intend to demonstrate that
we have the best solution.”

Lockheed Martin built the first next-generation long-range
radar, the AN/TPS-59. There are more than 170 of the com-
pany’s radars—including the TPS-59, the AN/FPS-117 and

47
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N/TPS-77—operating throughout the world. The ra-
dars are used in areas such as battle theaters and very remote
locations; none has ever been removed from service.

Herley Industries Inc.
announced that its Mi-
cro Systems subsidiary lo-
cated in Fort Walton Beach
FL, has been awarded a
production order totaling
$1.5Mona long—term pro-
duction contract. The order
Contract ), , major defense prime
S contractor represents the
exercise of a contract op-
tion for target control tran-
sponders for a quantity of 15 full scale aerial target drones
and a number of spare assemblies.

Wayne Armstrong, Micro Systems’ President, stated,
“This option award is a prime example of the type of work
that is the core of our business. This long-term production
contract was preceded by an extensive de\ elopment effort.
We are now in steady state production and expect annual
orders for a number of years into the future. Our focus on
timely deliveries of qudhty products at fair prices results in
long-term partnerships with our customers.”

Micro Systems
Awarded

Target Control

Transponders

A Clean Sweep | .

DEFENSE NEWS

Raytheon Awarded R‘?_\,«Theon Co. has been
awarded $14.7 M for
$14 M for Patriot depot-level  maintenance
for US Army Patriot Air and
Missile Defense Systems.

The US Army Aviation
and Missile Command,
Redstone Arsenal, AL, pro-
vided the additional fund-
ing under a contract previ-
ously awarded to Raytheon
in ]une 2006. This is the
fourth option bringing the value of the sole-source con-
tract to $51.9 M. “This contract provides for third-echelon
maintenance performed by Raytheon field en(rmeels at
locations in the United States and overseas,” > said Joseph

“Skip” Garrett, Vice President and Deputy for Patriot Pro-
grams at Raytheon Integrated Defense Systems (IDS).

Theqe services are necessary to ensure the hlcrh reliability
and readiness that the Army requires.”

Services under this contract include diagnostics, main-
tenance, repairs, modifications and technical assistance at a
level higher than Patriot units are able to perform.

awheon IDS is the prime contractor for both domestic
and international Patriot Air and Missile Defense Systems
and systems integrator for Patriot Advanced Cdpdblhty
missiles.

Depot-level

Maintenance

The DDS Synthesizer lineup from ITT offers the cleanest phase noise performance and e I T T

superior switching speeds. From our budget-conscious WaveCor SLO to several standard
WaveCor rack mount models, including cost saving duals, no one offers you better
digital signal generation options. And if your application requires a custom design,

we can put over 20 years of DDS experience to work in building the perfect solution.

Visit our website to download data sheets.

Microwave Systems

Engineered for life

978-441-0200
ittmicrowave.com
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Smart Solutions for Challenging Applications

Lorch Microwave offers more than four decades of experience as an RF and microwave industry
leader in product performance, innovation and reliability. By incorporating the latest design and
manufacturing technology with the flexibility to meet each customer’s unique requirements,
we deliver the highest quality products quickly and affordably, whether standard or custom, on
time and on budget. Our talented team of sales and application engineers along with our global
representatives from 34 sales offices worldwide stands ready to provide solutions for even the most

demanding military, space and commercial applications. Give us a call to discuss your challenge.

Lo RCH Salisbury, MD 21802 - USA - 800.780.2169 - 410.860.5100

Brackenholme YO8 6EL, UK - Tel/Fax +44 (0) 1757 633 755 sm l.t h S

m WWW.|0r(h.C0m bringing technology to life
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Searching High & Low?

Look no further.

Reactel has your High Power Lowpass Filters
for all of your amplification requirements.

Visit www.reactel.com / hi-low for details.

Passband Rejection Points Common Specifications
0 - 30 MHz, minimum | = 40 dB @ 40 Mz & = 50 dB @ 60 - 400 MHz | «IL: <03dB&@PB

- 45 MHz, minimum | =40dB @ 60 MHz & = 50 dB @ 90 - 600 MHz « VSWR: =1.25:1 @ Passhand
- 75 MHz, minimum | > 40dB @ 90 MHz & = 50 dB @ 135 - 600 MHz * Power: 2000 W CW

115 Mz, minimum =40 dB @ 150 Ml Iz & = 50 dB @ 250 - 600 Milz | ¢ Connectorss “5C or Type N
20 - 150 MHz, minimum | = 40 dB @ 200 MHz & = @ 300 - 600 L

50 dB @ 300 - 600 MHz |

. 220 MHz, minimum | =40dB @ 300 MHz & =50 dB @ 450 - SO0 MHz | * These units are customizable
[20 - 335 MHz, minimum =40 dB @ 440 MHz & = 50 dB @ 660 - 1400 MHz | to your exact specifications.
[20-500 MHz, minimum | =35 dB @ 670 MHz & = 50 dB @ 1005 - 2000 MHz |

[ 20 - 700 MHz, minimum = 40 dB @ 980 MHz & = 50 dB & 1470 - 2000 MHz |

[20- 1010 MHz, minimum | =35 dB @ 1400 MHz & = 50 dB @ 2100 - 3000 MHz |

- 1400 MHz, minimum | =40 dB @ 2000 MH: & = 50 dB @ 3000 - 4200 MHz |

- 2000 MHz, minimum | =40 dB @ 2800 MHz & = 4200 - 5000 MHz |

- 3000 MHz, minimum | =40 dB @ 3940 MHz & = CHOTEN - UK .'\-'IH??

Fan:- (3001 519-2447

OO kD reCEIvEe your Fpprovaly
[T

el reschel @ reactel.oom * B-miail catalog

tel Product Catalog or go online to www.réactel.com to download vour copy today.
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nfineon Technologies

AG, Robert  Bosch
GmbH, BMW Forschung
und Technik GmbH, Con-
tinental AG and Daimler
AG have formed the Radar
on Chip for Cars (RoCC)
technology cooperation
project. The companies are
engaged in joint research
with the aim to significant-
ly increase driving safety
by making highly reliable radar systems available in all
vehicle classes.

The three-year RoCC project has a budget of more
than €17 M. It is supported by a financial grant of €8.3
M from the German Federal Ministry of Education and
Research (BMBF), as part of the ITK2020 support pro-
gramme focusing on ‘Innovation Alliance in Automotive
Electronics’. The German government’s high-tech strat-
egy promotes efforts made to reduce the overall number
of traffic accidents, in this case by helping to introduce
innovative safety solutions into the compact and small-
vehicle classes as quickly as possible.

In the RoCC cooperative project, the five companies
will work together to develop highly integrated, cost-op-
timized automotive radar sensor systems in the 76 to 81
GHz frequency range for both long-range systems (cov-
ering distances of up to 250 m) and short-range systems
(covering distances between 5 cm and 20 m). Infineon
Technologies is the project coordinator. Additional par-
ticipants from academia include German universities in
Bochum, Bremen, Erlangen-Nuremberg, Stuttgart and
Ulm, the Technical University in Munich and the Univer-
sity of Applied Sciences in Ulm.

Short-range automotive radar sensors in use today use
ultra-wideband technology at 24 GHz. This frequency,
however, is licensed in Europe only up until 2013. The
RoCC project aims to convert the system to the frequen-
cy range already released by the European Union of 79
GHz, and deliver systems that use these higher-frequency
sensors at a cost that does not exceed today’s 24 GHz sys-
tems. This presents a significant challenge to semicon-
ductor technology, sensor design technology and in-vehi-
cle integration that can only be tackled by a joint research
project involving some of the most important companies
in the automotive industry and their suppliers.

Radar on Chip for
Cars Cooperative

Formed in Germany

he TD Industry Associa-

NGMN Alliance tion (TDIA) and the
and TDIA Establish ) GMN Alliance, the group
focussing on the evolution of
AGREEMENT next generation mobile net-
works, have established a co-

|

operatjon agreement to sup-
port the globally harmonized
development of next genera-
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INTERNATIONAL REPORT

Richard Mumford, International Editor

tion mobile broadband technologies and services.

The TDIA and NGMN will work together to promote
TD-LTE technology worldwide and ensure the develop-
ment of a convergent standard for Frequency Division
Duplex and Time Division Duplex-based next generation
mobile networks. This will lay the foundation to extend
market scale and to ensure seamless mobile broadband ex-
perience for the customer. The two bodies will widen the
scope of work on chipsets and devices, system interwork-
ing, trial coordination, spectrum requirements, as well as
roaming support.

Peter Meissner, operating officer of the NGMN Alli-
ance, stated, “The aim of this agreement is to avoid frag-
mentation of standards, to reduce cost and market risks,
and to provide truly global services and devices for the
end-user.”

ZigBee Alliance and he ZigBee® Alliance
and the European
ESMIG Act Smart on Smart Metering Industry

Metering in Europe

Group (ESMIG) are work-
ing together to define in-
teroperable  communica-
tions standards for smart

metering technology across

the European Union. The

ZigBee Alliance is a global

ecosystem of companies

creating wireless solutions
for use in energy management, commercial and consum-
er applications, and ESMIG is the organization for smart
metering in Europe. The ZigBee Smart Energy public
application profile is the first open standard to be en-
dorsed by ESMIG.

ESMIG members determined that the ZigBee Alliance
and its ZigBee Smart Energy provide a solid, open stan-
dards approach to smart metering communication. ESMIG
provides impartial expertise to key stakeholders including
EU institutions, EU Member State governments, authori-
ties, regulators, electric, gas and water utility providers on
all aspects related to Smart Metering.

The two organizations will collaborate and identify
where ZigBee Smart Energy can be rolled out across the
27 Member States of the EU. They will evaluate ways to
maximize the benefits of a standardized smart metering
program for consumers, utility service providers and the
environment.

“The ZigBee Alliance is both a valuable and experi-
enced partner who can provide ESMIG with expertise
and solutions for smart metering in Europe,” said How-
ard Porter, Managing Director at ESMIG. “ESMIG be-
lieves that a handful of proven and open standards, like
ZigBee Smart Energy, will play a key role in EU smart
metering projects because they deliver the most value
for all parties, and allow utility service providers with
flexibility in choosing standards that fit their specific
requirements.”
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Indra and Cisco pains Indra and Cisco

have signed an interna-
tional agreement to collabo-
rate in the research and
development of new tech-
nologies and solutions for
the security and defence in-
dustries. The Memorandum
of Understanding (MoU)will
allow both companies to
strengthen their positions in
markets with high growth
potential over the next few years and will initially focus on
technology areas such as wireless networks, mobility, mobile
data centres, Cisco TelePresence™ and IP video surveillance.

Under the terms of the MoU, the companies may also,
in the future, extend their collaboration into other public
and private sector market segments, such as healthcare and
intelligent urbanisation, where both companies already
have extensive experience and a track record of innovation.

“Working with Indra is particularly timely given the
growing trend towards cross-border collaboration in to-
day’s defence and security bodies,” said Chris Dedicoat,
President of Cisco’s European Markets. “These ‘border-
less” organisations need robust network systems, with the
intelligence to make them secure and allow them to sup-
port collaboration across functional, geographic and inter-
organisational divides.”

Work on Defence
and Security

Innovation

INTERNATIONAL REPORT

lcatel-Lucent has an-
nounced the operational

Alcatel-Lucent

Opens Alternative launch of the first alternative
energy laboratory and pilot

Energy lab site in the world dedicated to

the telecoms sector. Located

on its Bell Labs research site
in Villarceaux, France, this
station forms part of an Al-
ternative Energy strategic
programme launched by the
company to respond to the
growing demand from wireless operators for energy-autono-
mous and green wireless networking equipment that can
provide advanced communications capabilities even in re-
mote areas with no access to commercial power grids.

This programme builds on Alcatel-Lucent’s recent in-
novations to create more energy efficient wireless networks
and leverage its experience deploying more than 300 ra-
dio sites powered by alternative energy sources. The goal
is to develop a mass-produced alternative energy solution
capable of being deployed to more than 100,000 wireless
base station sites through 2012.

The team staffing this lab will research technologies that
will enable operators serving developed areas to retrofit exist-
ing base stations with alternative energy solutions, consequent-
ly cutting down on their carbon emission and reducing their
network operating costs while protecting the environment.

thinking inside the box

www.pascall.co.uk

How low can you get?

Guaranteed phase noise at 100MHz

NEW OCXOF series

-137dBc/Hz at 100Hz
-182dBc/Hz at 100kHz

Phase nolse of 120MHz QCXOF
Tel +44(0) 1983 817300
@ lﬁ’ Fax +44(0)1983 564708
A subsidiary of Emrise Electronics B email enquiriesf@@pascall.co.uk
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TINY RF & MICROWAVE

)

0.15-6000 MHZ 251ov.s 9 T

Everything you want in a microwave or RF transformer:
rugged, all-welded construction; wide frequency coverage
(from 150 KHz to 6 GHz); excellent VSWR with impedance
ratios ranging from 1:1 to 16:1 and a choice of package
styles to meet your size, performance and environmental
requirements. Plus, we offer the world’s largest selection of
standard models (more than 300) deliverable within a week
from your order, and we even have designer kits available
to help support your selection.

RoH. mpliant.
12°x 06" 15"x.15" O 0HS compliant.

TRANSFORMERS

g, 9

Your choice of package styles includes:
TCN+/ TCM+ models have compact open case design,
all-welded construction and offer high-strength plastic
base for low cost commercial applications.
TCN+/NCS+ mini-packaged Low Temperature
Co-fired Ceramic transformers deliver both outstanding
thermal stability and high reliability.
TC-G2+ models include a ceramic base with gold plated
terminations for military and high reliability requirements.

Don’t see what you need? No problem. Our engineers
can customize a model at no extra charge. It's all part of
our 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
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[JMini-Circuits’

ISO 9001 ISO 14001 AS 9100 CERTIFIED

minicircuits.com

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
&;’g The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
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uitra small

2,3 AND 4 WAY
SPLITTERS

0.5-7200 MHz

ﬁ Value Packed ¢
Recession Busters!  from ea. qty. 25

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 power splitters.

Choose from over a hundred models...

These rugged LTCC and semi conductor power splitters are available with narrowband and broadband coverage
through 7200 MHz. Small in size and cost, but big on performance, they can handle as much as 1.5 W input power,
with high isolation and low insertion loss. Yet they won't take up valuable circuit board space, with 2 and 3 way
power splitters measuring from 0.126 x 0.063 x 0.035 in. and 4 way splitters as small as 0.210 x 0.063 x 0.077 in. The
small size also contributes to minimal amplitude and phase unbalance with outstanding unit-to-unit repeatability.
All Mini-Circuits 2, 3, and 4 way surface-mount power splitters fit easily within your design, and your budget!

Visit our website to choose and view comprehensive performance curves, data sheets,

pcb layouts, and environmental specifications. And you can even order direct from - . /
oo n Nk

our web store and have a unit in your hands as early as tomorrow! g v scr: e

Mini-Circuits... Your partners for success since 1969 BP sP '

0 RoHS compliant
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ini=-Circuits’
ISO 9001 ISO 14001 AS9100 CERTIFIED
P.O. Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site

(g” ‘ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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Mobile phone operators
3G and 4G Product are now  looking be-
yond the handset to fuel
further growth. They fore-
see a broad range of con-
sumer electronics devices
as vehicles for 3G and 4G
wireless service access. The
new Strategy  Analytics
Connected Home Device
Strategies report, “Beyond
the Handset—Wireless
Consumer Electronics: US Market Forecast,” identifies up
to 20 new device segments in which 3G and 4G wireless
technologies will be embedded, and which operators could
support with data and media services. The new range of
embedded CE devices will create a market of 100 million
installed devices for wireless operators in the US by 2014.
By the end of 2009, more than half of the 8.4 million con-
sumer electronics devices installed and enabled for 3G and
4G will be consumer notebook PCs. This entire device
population of 3G and 4G enabled products will nearly dou-
ble to 16.6 million in 2010, and continue to expand toward
101 million by 2014. According to Peter King, Director,
Consumer Home Device Strategies at Strategy Analytics,
“Beyond notebooks, Strategy Analytics expects other por-
table devices, such as Mobile Internet Devices and game
consoles to add 3G and 4G wireless network capabilities.”

“Wireless operators stand to benefit from future ex-
pansion in portable digital media device markets,” notes
David Mercer, Vice President, Digital Consumer Practice.
“They must now pay closer attention to developing innova-
tive multi-device business models. The majority of today’s
wireless service plans are poorly adapted to the need for
unlimited data access across multiple consumer devices.”
This Strategy Analytics report also concludes that today’s
3G technologies will dominate the consumer electronics
device market in the near term. LTE and WiMAX will be-
gin to have an impact in 2013 and beyond, as service avail-
ability expands and key price points are reached.

Expansion

he latest Strategy Ana-

TriQuint and Win
Tighten Grip on
GaAs Foundry

Market
I

Iytics report, “Squeezing
Out the Competition: Tri-
Quint Semiconductor and
Win Semiconductors Ex-
tend GaAs Foundry Lead-
ership,” reports that Tri-
Quint Semiconductor and
Win Semiconductors con-
tinue to squeeze out the
competition, increasing
their collective share of the

COMMERCIAL MARKET

Quint hard for the number one spot in 2008, with only one
percentage point separating the two companies in overall
market share.

“Strategy Analytics estimates that the total market for
GaAs foundry grew 27 percent year-on-year in 2008 and
was worth $311 M,” noted Asif Anwar at Strategy Analyt-
ics. “The market for GaAs foundry services will continue to
grow as dual-sourcing and fabless strategies become more
prominent in the GaAs industry.”

“Start-up companies and research institutes targeting niche
and emerging markets may be finding that the tapeout costs
of ‘cheap silicon” are too expensive in the current downturn,”
observed Stephen Entwistle, VP of the Strategic Technolo-
gies Practice. “This offers an additional opportunity for GaAs
foundries to leverage the lower costs and higher performance
capabilities offered by GaAs processes.”

Itra low-cost handsets

(ULCH)—those selling
for $35 or less—will deter-
mine the success of opera-
tors and vendors in emerg-
ing markets, according to
“ULCH—A Key to Success
for Vendors and Operators
in Emerging Markets,” a re-
port from the Strategy Ana-
lytics Emerging Markets
Communications Strategies
service. More than half of the 300 million ULCH expected
to be sold in 2013 will go to emerging markets, with China
and India playing a crucial role in driving the growth.

Between 2007 and 2013, the ULCH share of global
handset sales will triple, as operators try to attract new
users. “Emerging markets have a huge untapped popula-
tion,” says Rahul Gupta, Manager, Emerging Markets, and
author of the report. “But it’s a population with limited
spending power. A low-cost handset has to be part of the
strategy of any operator or handset vendor trying to get a
piece of this market.”

“The most important issue for operators seeking to ben-
efit from low-cost handset development is to choose sup-
pliers who have global scale in purchasing, product design
and brand,” added Chris Ambrosio, Executive Director of
the Strategy Analytics Global Wireless Practice.

This report also points out that low-cost alone is not suf-
ficient; the need to provide a limited set of rich applica-
tions, such as embedded gaming and FM radio, along with
the expansion of distribution and service networks into
rural areas, compounds the challenges that operators and
device vendors have in developing ULCH offerings.

Ultra Low Cost
Handset Surge in

China and India
I

CE Products and

GaAs (gallium arsenide) foundry market from 67 percent
in 2007 to 77 percent in 2008.

TriQuint held onto the top spot in 2008, benefiting from
commercial opportunities as well as engagements in the
US defense and aerospace industries. Win Semiconductors
is by far the largest pure-play GaAs foundry, pushing Tri-
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Handsets Drive Wi-Fi

Chipset Growth
——

hile mobile PCs and
portable consumer
electronic (CE) devices
comprised the lion’s share
of Wi-Fi chipset ship-
ments in 2008, mobile
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handsets and stationary CE categories are driving the

market growth, reports In-Stat.

In 2008, Wi-Fi chipsets in mobile handsets grew by
more than 51 percent. By 2010, In-Stat anticipates that this
category will exceed 20 percent of the total Wi-Fi chipset
market.

“A new segment of Digital Media Adapters (DMA),
over-the-top devices, is also generating a lot of attention,”
says Victoria Fodale, In-Stat Analyst. “Over-the-top devic-
es access third-party home entertainment services that are
delivered across a broadband network with no affiliation to
a specific broadband operator. These devices include Apple
TV, the Netflix player by Roku and the Blockbuster/2Wire
Streaming MediaPoint box.”

Recent research by In-Stat found the following:

* Total Wi-Fi chipset revenue will pass $4 B by 2012.

* The Apple iPhone garnered a lot of attention in the hand-
set category, but Nokia and HTC led in Wi-Fi-enabled
handset volumes.

® The strong success of new netbook devices is boosting
growth in the computing segment.

* 802.11n will surpass 802.11g in the stationary CE embed-
ded chipset segment in 2010.

* New Bluetooth 3.0 specification uses 802.11¢g technology
for the physical layer, which could open up a new market
for Wi-Fi chipset suppliers.

Need help
knocking 40% OFF

your Ccost?

v Thousands of RF Mini Coax Cables to choose from
v High performance with Low-Loss Interface

v’ Premium quality gold-plated RF connectors

v Aggressively low prices

v In-stock and ready to ship!

we'll stretch your dollar and SCIVE@ 40% or more everyday!

g Shopondine cablesys.com/
Call us 800.555.7176 * E-mail us cs@cablesys.com
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Recent In-Stat research, “Global Wi-Fi Chipset Fore-
cast and Analysis: 2007 to 2013,” covers the worldwide
market for Wi-Fi chipsets. It includes:

* Forecasts of WLAN chipset units and revenue by market
segment and by technology

¢ Segmentation for mobile PCs, including notebook PCs,
netbooks, ultra mobile PCs (UMPC) and mobile Inter-
net devices (MID)

* Segmentation for portable CE, including handheld
games, digital still/video cameras, IP network cameras,
personal digital assistants (PDA) and personal media
players (PMP)

* Segmentation for mobile handsets

* Segmentation for networking equipment, including rout-
ers, gateways and access points (AP)

* Segmentation for stationary CE, including gaming
consoles, Blu-ray players/recorders, digital televisions
(DTV), media adapter/player/receivers, networked at-
tached storage, personal video recorders (PVR), printers
and multi-function peripherals (MFP), personal video
recorders (PVR) and set-top boxes (STB)

* Segmentation by technology, including 802.11g,
802.11a/g and draft n/802.11n

e Analysis of market segments, including drivers and bar-
riers

For more information, visit: www.instat.com.
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“I need a faster, more accurate audio analyzer.”
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We knew you'd say that.

The new Agilent U8903A audio analyzer is four times more accurate and
over seven times faster than its popular HP 8903B ancestor. In fact, it is
among the fastest and most accurate currently in its class. It's also a more
fully capable audio analyzer, letting you make crosstalk measurements and
phase measurements, FFT analysis, and graph sweep. And it will soon be
upgradable to eight channels. You can't find that anywhere else. Go online
to learn more about this remarkable new audio analyzer.

Save 2,400

when you trade in your old HP 8903B

for a new Agilent U8903A audio analyzer®
www.agilent.com/find/U8903Apromo

©Copyright Agilent Technologies 2009
Trade in offer good for a limited time. u.s. 1-800-829-4444 canada: 1-877-894-4414

Visit http://mwi.hotims.com/23287-3 or
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For up-to-date news briefs, visit www.mwjournal.com.

OBITUARY

William Cuming, who helped start Emer-
son & Cuming in 1948, died of pneumonia
on May 28 in Boston, MA. Born in New
York City, Cuming earned a degree in me-
chanical engineering from the Stevens In-
stitute of Technology in 1942 and an MBA
from Harvard University in 1947. Along
with Cherry Emerson, he started Emerson
& Cuming, a company that designed epoxy resins and
coatings to protect components. The company eventually
employed more than 700 people. Cuming and Emerson
sold their company to W.R. Grace in 1978. After the sale of
Emerson & Cuming, he launched a new technologies
company called Cuming Corp., a supplier of flotation and
insulation materials to the offshore oil and gas industry. A
sister company, Cuming Microwave Corp., manufactures
radar-absorbing materials and microwave materials for the
electronics and aerospace industries. A World War II vet-
eran, Cuming was 88 years old.

INDUSTRY NEWS

H Skyworks Solutions Inc., an innovator of high reli-
ability analog and mixed signal semiconductors enabling a
broad range of end markets, announced its acquisition of
Axiom Microdevices, a volume supplier of CMOS-based
power amplifiers for mobile phones. Terms of the acquisi-
tion were not disclosed and will have no significant impact
to Skyworks’ operating expenses. Accordingly, the compa-
ny expects the transaction to be earnings per share neutral
in fiscal year 2009 and accretive thereafter.

M Curtis Industries, a division of Powers Holdings Inc.,
and a Milwaukee manufacturer of electronic EMI filters
and wire interconnect terminal blocks, acquired the Fil-
ter Networks, Salisbury, MD brand of EMI filters and
filtered connectors.

M Valpey Fisher Corp. and Kernco announced that the
two companies are collaborating on technology, marketing
and manufacturing products that address the satellite com-
munications business.

B Remtec Inc., a manufacturer of metallized ceramic
substrates and packages with Plated Copper on Thick
Film Technology (PCTF®), and Microwave Packaging
Technology Inc. (MPT), Anaheim, CA, a leader in the
design, test and assembly of microwave modules and com-
ponents, have announced a strategic alliance to integrate
their core competencies. By combining these capabilities,
Remtec and MPT establish a single, reliable source for the
design, test and manufacture of advanced microwave and
millimeter-wave packages and modules built with PCTF
technology.
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AROUND THE CIRCUIT

B Freescale Semiconductor announced that it has part-
nered with Flextronics to create a high performance refer-
ence design for the Enterprise WLAN access point market.
Based on Freescale’s PowerQUICC® 11 Pro MPCS8377E
processor, the IEEE® 802.11N access point reference de-
sign offers a comprehensive, production-ready solution that
scales from 400 to 800 MHz and speeds time-to-market.

H Agilent Technologies Inc. announced that Simplay
Labs, Shanghai, China, has selected Agilents HDMI test
solution for source, sink and cable certification at its new
test center. This purchase continues the long-term relation-
ship between Simplay Labs and Agilent to further develop
devices for HDMI standards. The test center at Simplay
Labs is designed to promote industry-wide interoperability
among products using HDMI and High-bandwidth Digital
Content Protection (HDCP).

B WIN Semiconductors announced the availability of
a set of design kits for its PP25 family of 0.25 pm optical
gate PHEMT technologies for use with Advanced Design
System (ADS) EDA software from Agilent Technologies.
The WIN PP25-00 kit also supports a complete ADS front-
to-back end MMIC design flow with scalable devices, na-
tive design rule checker (DRC) and latest layout capabili-
ties in ADS 2009, which is the latest release from Agilent
EEsof.

B Modelithics and Auriga Measurement Systems an-
nounced the placement of an Auriga AU4750 pulsed IV
measurement system at Modelithics. Modelithics is now
integrating the AU4750 into its overall transistor charac-
terization and modeling strategy.

B AWR announced that users of AWR’s Microwave Of-
fice design software now have access to XML library data
for a broad array of microwave amplifiers from TriQuint
Semiconductor Inc.s San Jose design center (formerly
W] Communications). The devices include packaged gain-
blocks, field effect transistors (FET) and heterojunction
bipolar transistor (HBT) amplifiers.

B The US Department of Defense (DoD), through the
Defense Microelectronics Activity (DMEA), has granted
Tahoe RF Semiconductor Inc., a fabless RFIC company
and Wireless Electronic Design Services (EDS) provider,
accreditation as a Microelectronics Trusted IC Supplier
for the DoD and all other US Government customers.
The DoD requires that all Mission Assurance Category I
systems employ only Trusted IC service(s) to fabricate its
custom designed ICs.

B Aeroflex announced its IFF-45TS avionics test set has
received official certification from the US Department of
Defense (DoD) International AIMS Program Office. The
IFF-45TS test set is now AIMS certified to perform testing
and validation on identification, friend or foe (IFF) Mode 4
and 5 transponders and interrogators. In addition, the IFF-
45TS will perform testing on DME/TACAN interrogators.
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Phase Noise
@ 10 kHz
{dBefHz) [Tyr

Frequancy Range Tuning DC Bias
[ MHz } Voltage ( VDC ) VDC @ [Typ.]

DCO Series
DCO1198-8 1198.4 - 11898.7 0.5~ 1.5 +8 {0 30 mA

1700 - 3400 0.5 -24 +5 @ 24 mA
+5 @ 35 mA
+3 @ 35 mA
+5 @ 35 mA
+3 @ 35 mA
+5 @ 35 mA
+3 @ 35 mA

V@ 17 mA
st 4325 - 4950 0.5-11 s ki 0.3x03%0.1

DCO4T3542-5 5@ 20 mA
Sy | 4730-5420 05-22 3@ 2m
DCO490517-6 +5 @ 22 mA,
DCO480517-3 | s i +3 @ 22 mA

DCO495550-5 ‘5 @22 mA
DCO495550-3 L +3@22 mA

DCOG08634-5 +5 @ 22 mA
DCOS08634-3 G080 - 8040 } +3 @ 22 mA
DCOG15712-6 5@ 22 mA
DCOB15712-3 S +2@22 mA
DXO Series

DXO0810900-5 5@ 22 mA
DX0810900-3 B100/= Do '3 @ 22 mA

DX0300965-5 +5 @ 22 mA
DX0900965-3 0 000 V3@ 22 mA

2000 - 4000 0.5-18

3000 - 6000 0.5-18 0.3x%0.3x04

4000 - 8000 0.5-18 0.3x0.3x01

0.3x03 %01
0.3x03x01
0.3x0:3x01
0.3x03x01

0,3x03x01

0.3x0.3x01
0.3x03x01

Patented Tech

= Exceptional Phase Noise

- Bimensions: 0.3"x 0.3"x 0.1"

= Excellent Tuning Lineariry

- Models Available from 4 to 11 Gle
- High Immunity To Phase Hits
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For additional information, contact Synergy's sales and application team.
Phone: (973) 881-8800 Fax: (973) 881-8361 E-mail: sales@synergymwave.com
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Customized
Footprints

The performance of sur-
face mount RF connectors
is dependent on a variety of
parameters, e.g. substrate
thickness, board-stack up
etc.

At Rosenberger, we not
only provide you with the
surface mount connec-
tors, we provide — as a
free service — a footprint
that is optimized for your
application.

RF surface mount
connectors from Rosen-
berger — along with
optimized footprints — are
available in various stan-
dard interfaces — SMP,
Mini-SMP, MCX, SMA,
QMA and for various test &
measurement connectors.

Ask us for more information:

Rosenberger of North America, LLC - Greenfield Corporate Center
P.O.Box 10113 - USA — Lancaster, PA 17605-0113
Phone: 717-290-8000 - Fax: 717-399-9885 - info@rosenberaerna.com

Rosenberger Hochfrequenztechnik GmbH & Co. KG
P.O.Box 1260 - D-84526 Tittmoning
Phone: +49-8684-18-0 - Fax: +49-8684-18-499 - info@rosenberger.de

Visit http://mwi.hotims.com/23287-94
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M Richardson Electronics Ltd. announced that it has
been named “Distributor of the Year” by Microsemi
Corp.’s Power Products Group. This distinction, present-
ed annually by the Microsemi Sales and Marketing teams,
goes to the distributor who has consistently shown exem-
plary design, sales and logistics support to Microsemi’s
global customer base.

CONTRACTS

B Comtech Telecommunications Corp. announced
that its Maryland-based subsidiary, Comtech Mobile
Datacom Corp., received orders totaling $6 M under its
Movement Tracking System, or MTS contract, with the US
Army. Total orders received to date against the $605.1 M
MTS contract increased to $535.2 M.

M TriQuint Semiconductor, an RF products manufac-
turer and foundry services provider, announced that it
has been awarded leadership of Phase III of a multi-year
gallium nitride (GaN) research and development contract
by the Army Research Laboratory (ARL). The contract,
funded by the Defense Advanced Research Projects Agen-
cy (DARPA), was awarded based on TriQuint surpassing
Phase II goals. The overall program is designed to develop
new high power, wideband GaN amplifiers for a range of
defense applications.

B Micro Systems Inc., a wholly owned subsidiary of Her-
ley Industries Inc., has achieved a significant milestone on
the Korea Medium Range Surface to Air Missile (KMSAM)
program. Working as a key team member with Composite
Engineering Inc. (CEi) of Sacramento, CA, the company
has integrated its MONTAGE ground control station with
the CEi developed BQM-167i high performance aerial
target. In early May, 2009, the Korean missile successfully
engaged the target system and the target aircraft was re-
covered normally.

B RF Micro Devices Inc. (RFMD) announced that the
company has been selected by a smartphone manufacturer
to supply its RF2815 GPS LNA module for use in a soon
to be released CDMA smartphone. This new smartphone
is expected to launch in the second half of calendar 2009
in North America. The feature-rich, dual-band CDMA
device will be manufactured by the Taiwan-based smart-
phone manufacturer and will feature a leading open source
mobile operating system.

NEW MARKET ENTRY

B RFaxis is a provider of RF chips, specifically designed
to address the critical path needs of the burgeoning wire-
less market. Founded in 2007 and based in Irvine, CA, the
company’s game changing technologies hope to redefine
and simplify RF integration with single chip solutions that
deliver both high performance and cost efficiency. Lever-
aging BiCMOS technologies, along with its own innova-
tive approach and technology, RFaxis has developed an RF
front-end integrated circuit. Now, design engineers will
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have access to a single chip, single die device that simpli-
fies their design task and lowers end product cost, while
delivering high RF sensitivity.

PERSONNEL

B Park Electrochemical Corp. announced the appoint-
ment of Patrick Crowley as Vice President of Research
and Development. In this position, Crowley will be re-
sponsible for the company’s global research and develop-
ment activities. Crowley had previously been President of
Nelco Products Pte. Ltd. in Singapore.

B Crane Aerospace & Electronics, a segment of Crane Co.,
has announced the appointment of Simon Abel as
Director of Sales, Standard Power for the
Electronics Group. Abel will be respon-
sible for the Field Sales organization and
for driving sales in current and emerging
markets. Abel joined Crane in 1988,
opening a sales office in the United King-
dom to serve the European market.

A Simon Abel

B TRAK Microwave Corp., a Smiths Interconnect busi-
ness, appointed Keith Morrison as Director, Business
Development for Integrated Microwave
Assemblies (IMA). Morrison joins TRAK
Microwave from Avnet Inc., where his
last position was Business Development
Manager. Morrison earned his BSEE
from the University of South Florida,
and brings to TRAK Microwave a
successful 23-year career in the RF/
microwave industry, with proven skills in
both technical and sales responsibilities.

A Keith Morrison

M Centellax has added three sales positions to its US sales
team. Perry King, Regional Sales Manager-US Compo-
nents, comes to Centellax with over 20 years of technical
sales experience. He has previously worked with Inphi,
Iterra Communications and Anadigics. Rob Crowe, Re-
gional Sales Manager—East Coast Test Products, has pre-
viously worked for LeCroy, Yokogawa and Fluke. He has
30+ years experience in sales and account management.
Cindy McMillan, Regional Sales Manager—California Test
Products, has more than 15 years experience. She brings a
wealth of knowledge from her previous engineering posi-
tions at Delco Systems, TRW and Hewlett-Packard.

REP APPOINTMENTS

B Greenray Industries has chosen Akon Electronics In-
dia (A.E.L) to exclusively represent them in India. A.E.I’s
sales office is in the ideal location of Bangalore. A.E.I. is a
division of Akon Inc. USA, who has successfully been con-
ducting business in India for over a decade. In 1994, Akon
USA established a full microwave manufacturing facility
and sales office (Akon Electronics India) in New Delhi to
better serve the Indian Defense Market. A.E.I. has since
expanded its sales offices to Bangalore and Hyderabad.
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ENHANCEMENT OF
MICROSTRIP STEPPED-
IMPEDANCE LOW-PASS
FILTERS USING FRACTAL-

SHAPES

icrostrip  stepped-impedance low-
M pass filters using fractal shapes, such

as Koch islands and Sierpinski car-
pets, are proposed for the first time. Conven-
tional stepped-impedance low-pass filters are
very popular, due to their ease of implementa-
tion in either microstrip or coplanar technology.
However, to achieve a low-pass filter with high
stopband performance, techniques such as in-
creasing the high- to low-impedance ratio will
degrade the passband performance because of
sharp current discontinuities in the high-low
steps. By proper design, the sharp current dis-
continuities can be smoothed by constructing
the low-impedance sections with fractal-shaped
geometries, thus the passband performance of
the microstrip stepped-impedance low-pass fil-
ters is enhanced greatly. To verify the proposed
method, low-pass filter prototypes, constructed
with different fractal-shapes of different itera-
tion orders, are designed, fabricated and mea-
sured, and the results show that the maximum
return loss level is greatly reduced, either us-
ing Koch or Sierpinski fractals, while the other
performance parameters are not changed.

A compact and high performance micro-
wave low-pass filter (LPF) is highly desirable to
suppress harmonics in wireless communication
systems, such as satellite and mobile communi-
cation systems. One of the conventional filters
used is the stepped-impedance low-pass filter,

mainly because of its ease of fabrication in ei-
ther microstrip or coplanar technology. The
filter is normally composed of alternating low
and high impedance regions, where the change
in impedance is controlled by the line width of
the strip. In order to achieve a high degree of
attenuation in the stopband, it is necessary to
increase the order of the filter or obtain a large
high to low impedance ratio (7, / Z;).1> How-
ever, if the filter order is increased, the size
of the entire circuit will be larger, and if the
impedance ratio is large enough, the passband
performance will be degraded because of the
sharp current discontinuities in the high-low
steps.

To enhance the passband performance for
a low-pass filter with a large impedance ratio,
electromagnetic bandgap (EBG) structures
are used.>® However, since the frequency se-

WEN-LING CHEN AND GUANG-MING
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Missile Institute of Air Force Engineering
University, Shaanxi Province, P.R. China
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lective properties of electromagnetic
bandgap structures are based on the
well-known Bragg effect, their period
scales with the signal wavelength, and
hence the dimensions of the struc-
ture might be too high (in certain
applications) to achieve the desired
rejection levels. Furthermore, this
kind of structure cannot be attached
to a metal plane. Since microwave
components are always enclosed in
a metal box to shield radiation to or
from other microwave components,
the use of electromagnetic bandgap
structures will cause enclosure diffi-
culties. High performance microstrip
stepped-impedance low-pass filters
with lumped elements have been pro-
posed;”8 however, the use of lumped
elements raises fabrication difficulties
and manufacturing repeatability is dif-
ficult to maintain.

Recently, fractal-shaped coupled-
line microstrip bandpass filters?
and stepped-impedance transform-
ers!¥ have been proposed. Because of
the weak current discontinuities of the
fractal-shaped geometry in the pass-
band, fractal-shaped bandpass filters
and stepped-impedance transform-
ers have achieved high performances.
Based on these reports, fractal-shaped
microstrip stepped-impedance low-
pass filters were proposed for the first
time by the authors,!! and some pre-
liminary results were discussed, such
as the simulation and experimental
results of the Koch fractal-shaped
microstrip stepped-impedance low-
pass filters. However, the general
characteristics of the fractal-shaped
low-pass filters were not mentioned,
and the reasons for the passband
enhancement abilities of the fractal-
shaped low-pass filters were also not
discussed. In this article, an in-depth
insight to the behavior of the general
fractal-shaped microstrip stepped-
impedance low-pass filters is provid-
ed, and the reasons for the passband
enhancement abilities of the fractal-
shaped low-pass filters are discussed
through the simulated current distri-
butions of the structures. The main
properties of fractal geometries, such
as the Koch islands and Sierpinski
carpets, are reviewed and the design
procedure of the fractal-shaped mi-
crostrip stepped-impedance low-pass
filters is presented. The simulation
and measurement results for the de-
signed microstrip stepped-impedance
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(a)
(b)
(c)

A Fig. 1 Koch fractal island shape whose
iteration factor is 1/4 (a) iteration order 0, (b)
iteration order 1, (c) iteration order 2.

low-pass filters are given. A detailed
analysis of the reasons for the pass-
band enhancement abilities of the
fractal-shaped low-pass filters is also
presented. Through the current dis-
tributions of the low-pass filters based
on the simulation results, it will be
demonstrated that, with the use of the
fractal-shaped geometries, the cur-
rent discontinuities in the passband
caused by the high-low impedance
steps are reduced greatly, and the re-
sultant passband performance is thus
enhanced, while the stopband perfor-
mance remains virtually unchanged.

FRACTAL GEOMETRIES
AND THEIR APPLICATION
ON MICROSTRIP STEPPED-
IMPEDANCE LOW-PASS FILTERS
Koch and Sierpinski Fractal
Geometries

Nowadays, fractal theory is widely
applied to microwave engineering,
such as in circuit designs,>!2 in an-
tenna designs,!314 and in frequency
selective surface designs.!>16 The clas-
sical fractal geometries are Koch and
Sierpinski fractal geometries, which
are named after the Dutch math-
ematician Helge von Koch and Polish

TECHNICAL FEATURE

(a)

(b)

(c)

A Fig. 2 Sierpinski fractal carpet shape
whose iteration factor is 1/3 (a) iteration
order 0, (b) iteration order 1, (c) iteration
order 2.

mathematician Sierpinski, respectively.
The other fractal shapes are mainly
derived from these two shapes, so the
general behavior of the fractal-shaped
microwave components can be derived
from the behavior of the components
that employ these two fractal geom-
etries. No matter which kinds of fractal
shapes are used, they are character-
ized by two factors: The iteration factor
(fractal factor) and the iteration order.
The iteration factor represents the con-
struction law of fractal geometry gen-
eration and the iteration order depicts
how many iteration processes are car-
ried out. For a conventional square, it
has numerous fractal shapes. Figure 1
shows the generation process of a Koch
island whose iteration factor is 1/4, and
Figure 2 shows the generation process
of a Sierpinski carpet whose iteration
factor is 1/3. Increasing the iteration
order of the fractal geometry infinitely
would produce the ideal fractal struc-
ture that shows self-similarity. The
multiband and wideband properties of
the fractal antennas are a consequence
of its self similarity. In this article, the
fractal-shaped structures are applied
to the design of microstrip stepped-
impedance low-pass filters, and it will
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TABLE | TABLE 11
PHYSICAL PARAMETERS OF THE SUMMARY OF RESULTS
CONVENTIONAL MICROSTRIP 7 7
STEPPED-IMPEDANCE LOW-PASS F .- Simulation Results
FILTER MRL CF SL 2H-IL 2H-F
i z(0) w(mm) I(mm) KO0, SO 0 -19.8 234 1453 -1.75 8.45
1 15 11.22 2.06 o 1 -26.2 238 14.17 -2.00 7.95
0C!
2 120 0.45 8.54 2 NULL 237 14.05 -2.98 7.80
3 15 11.22 7.70 1 -26.4 235 14.2 -2.86 8.35
Sierpinski
4 120 0.45 11.65 2 -30.35 238 14.0 -2.91 8.3
5 15 11.22 5.64 Experiment Results
F Iter

6 120 0.45 3.1 MRL CF SL 2H-IL 2H-F
be demonstrated that the sharp cur- K0, 50 0 178 23 1445 212 560
rent discontinuities of the high-low mi- i 1 -23.2 243 14.12 -2.76 7.65
crostrip steps can be greatly smoothed, ¢ 9 986 236 14.0 9.65 795
\yllen the low—lmpedance microstrip- . BT - e B e
lines are made with fractal shapes. Sierpinski

2 -28.8 235 13.75 -2.77 8.3

Design of the Fractal-shaped

Microstrip Stepped-impedance
Low-pass Filters

Based on the construction law of
the Koch islands and Sierpinski car-
pets mentioned above, the fractal-
shaped stepped-impedance low-pass
filters were designed in microstrip

technology. The specifications are
given by the cut-off frequency (f, =
2.5 GHz), filter order (sixth-order)
and frequency response (maximally
flat Butterworth). The design of the
structure is a two-step process.
First, the conventional layout of
the filter is obtained according to

the standard procedure. To this end,
the characteristic impedances of the
high and low impedance sections
have been set to Z;, = 120 € and Z,
= 15 ), respectively. From these
values, the electrical length of each
transmission line section has been
obtained following the standard

design formulas.! By using a com-
mercial transmission line calculator
(Agilent LineCalc), the geometry of
the filter has been determined for
a Rogers RT/Duroid 5880 substrate
with a thickness h = 0.78 mm and a
dielectric constant € = 2.2. To pro-
vide space for the connectors, 50
Q) access lines have been cascaded
at the input and output ports. The
physical parameters of the designed
conventional microstrip stepped-
impedance low-pass filters are list-
ed in Table 1, where i is the filter
section number, Z is the impedance
of the section, and w and 1 are the
width and length of the microstrip
line, respectively.

The second step consists of con-
structing the low-impedance sec-
tions, where the conductor strip
width is substantial, as Koch islands
and Sierpinski carpets of different
iteration numbers, to enhance the
passband of the filter. The iteration
orders of the fractals are limited
to two because of manufacturing
tolerance. Thus, the Koch and Si-
erpinski fractal-shaped microstrip
stepped-impedance low-pass filters
with different iteration orders are
determined.
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RESULTS AND ANALYSIS
Simulation Results

The designed Koch and Sierpinski
fractal-shaped microstrip stepped-im-
pedance low-pass filters with different
iteration orders are simulated using
the finite-element-method (FEM)-
based software Ansoft HFSS 10.0; the
simulated frequency responses are
shown in Figure 3.

As can be seen, the two kinds of
fractal-shaped low-pass filters show
great passband performance enhance-

satellite or earthstation handoff
emulation for full constellation

testing. I

ment abilities. The simulation results
of these filters are summarized in Ta-
ble 2, where F is the fractal shape, Iter
is the iteration number, MRL is the
maximum return loss in the passband
in dB, CF is the cut-off frequency in
GHz, SL is the selectivity!7 in dB/Hz,
2H-IL is the second harmonic inser-
tion loss in dB and 2H-F is the operat-
ing frequency corresponding to 2H-IL.
The maximum return-loss level of the
passband of the Koch fractal-shaped

microstrip  stepped-impedance low-

diBm, L1LC

RF Test Equipment for Wireless Communications

32A Spruce Street
Tel (201) 677-0008

€ Oakland, NJ 07436
¢ Fax (201) 677-9444

www.dbmcorp.com
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pass filters decreased from -19.8 dB
for KO, to a value below -30 dB for K2,
and the maximum return-loss level of

the passband of the Sierpinski fractal-

o -
-5 4
@ ::g \ S21

-20 \

-25
_30ll?

) | A
-35 STr “@FL ¥
e KO K1K2
-55

MAGNITUDE (dB

0123 4 5 67 8 9 10
FREQUENCY (GHz)

0

-5
= -10 \ _—

-15
b i AN

-20
25 LTI
s [ TN 1

::g S0 s1 s2
| | |

01 23 4 5 67 8 910
FREQUENCY (GHz)

bt
>

MAGNITUDE (d

(b)

A Fig. 3 Simulated response of fractal-
shaped stepped-impedance low-pass filters
with different iteration orders; (a) Koch and
(b) Sierpinski.

A Fig. 4 Prototypes of the Koch and
Sierpinski fractal-shaped microstrip stepped-
impedance low-pass filters.
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shaped microstrip stepped-impedance
low-pass filters is decreased from -19.8
dB for SO, to -30.35 dB for S2. It is also
observed that the higher the iteration
order, the lower the maximum return-
loss level becomes. Nevertheless, these
results reveal that the proposed tech-
nique is very promising for the design
of microstrip stepped-impedance low-
pass filters with improved passband.
Because the sharp current discontinui-
ties in the high-low steps are smoothed

by the fractal shapes, and the perfor-
mance of the stopband is decided
by these current discontinuities, the
stopband performance of the fractal-
shaped microstrip low-pass filters all
degraded a little. However, the degen-
erations have not changed the overall
performance of the low-pass filters.

Measurement Results

The final fractal-shaped microstrip
stepped-impedance low-pass filters
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were fabricated and the prototypes
are shown in Figure 4. All prototypes
were measured using a HPST20ET
vector network analyzer, and the mea-
sured frequency responses are shown
in Figure 5. As can be seen, the frac-
tal-shaped low-impedance sections
have zigzag/forklike width distribu-
tions of great complexity along the
structure with the aim to suppress the
sharp current discontinuities caused
by high-low steps at their resonant
frequency. It is not difficult to see the
essence of the passband enhancement
abilities of the fractal-shaped mi-
crostrip stepped-impedance low-pass
filters, which is reducing the sharp
current discontinuities in the high-
low steps by smoothing the strip width
variations. The measured frequency
response agreed well with the simu-
lated frequency response with slight
discrepancies. The slight discrepan-
cies between simulation and measure-
ment are due to tolerances that are
inherent to the fabrication process
and are especially critical as a conse-
quence of the small fractal dimensions
and narrow strips for the high imped-
ance sections. The experiment results
of these filters are summarized in Ta-
ble 2. The maximum return loss level
of the passband of the Koch fractal-
shaped low-pass filter is reduced from
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A Fig. 5 Measured response of fractal-
shaped stepped-impedance low-pass filters
with different iteration orders; (a) Koch and
(b) Sierpinski.
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-17.8 to -28.6 dB, and the maximum
return loss level of the passband of the
Sierpinski fractal-shaped low-pass fil-
ter is reduced from -17.8 to -28.8 dB.
Although the stopband performance
is degraded a little, it seems that the
iteration order has no relation to the
performance degeneration.

Analysis

In order to have a direct view of
the current discontinuities smoothing
effect of the fractal shapes on the mi-
crostrip stepped-impedance low-pass
filters, the characteristics of the fractal-
shaped microstrip stepped-impedance
low-pass filters were analyzed, based
on the simulation results using Ansoft
HFSS 10. Figure 6 shows the current
distributions of the designed microstrip
low-pass filters employing Koch and
Sierpinski fractal-shapes, when operat-
ing at 0.8 GHz. The current disconti-
nuities of the conventional microstrip
stepped-impedance low-pass filter are
very strong, especially at the edges of
the high-low-steps and in the middle
of the low-impedance sections, result-
ing in high reflection loss levels. For
the fractal-shaped microstrip stepped-
impedance low-pass filters, such as K2
and S2, the current discontinuities are
smoothed mainly due to the gradual
changes in the strips at the high-low
steps of the fractal-shaped microstrip-
line, so low reflection loss levels are

provided.

CONCLUSION

It has been demonstrated that
the passband performance of a mi-
crostrip  stepped-impedance low-
pass filter can be improved by mere-
ly constructing the low impedance
sections with fractal shapes, such as
Koch and Sierpinski fractal shapes.
By properly increasing the iteration
order of the fractal shapes, it has
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been experimentally found that the
maximum return-loss level of the fil-
ter can be greatly reduced, with no
major effect on the stopband. The
main advantages of this technique
are: (1) no extra area is added; (2)
the stopband is virtually unaltered;
(3) no lumped elements are added;
and (4) the conventional design
methodology of the filter holds. To
the best of our knowledge, this is
the simplest approach for the pass-
band enhancement of the microstrip

stepped-impedance low-pass filter
reported so far. The idea can be ap-
plied to other technologies such as
coplanar-waveguide, stripline, etc. l
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A MoDIFIED Low
INSERTION L0OSS DUAL-
MODE FILTER USING
MEANDER SPUR-LINES

A novel dual-mode filter with meander spur-lines is designed, fabricated and

examined in this article. The meander spur-lines provide current distribution

distortions and a size reduction of approximately 36 percent is obtained at the

same resonant frequency, compared to a conventional dual-mode bandpass filter.

Also, the proposed filter exhibits low insertion loss because there are no coupling

gaps for the I/O ports. The measured minimum insertion loss within the passband

of this filter is -0.9 dB including the SMA connector losses.

ompared to traditional microstrip fil-
C ters, the dual-mode patch resona-
tor shows attractive features such as
its sharp band rejection and compact size. In
general, the dual-mode operation consists of
two degenerate modes, which are excited by
asymmetrical feed lines and some perturbation
element(s) on the patch resonators. Moreover,
in order to improve the coupling between the
resonator and the input/output (I/O) ports, a
pair of coupling gaps was adopted widely to en-
large the interface between the feed lines and
the patch resonator.!3 However, the pair of
coupling gaps causes more etching uncertain-
ties and insertion loss of the patch resonator
than those with only one coupling gap or with-
out a gap.*® On the other hand, some methods
to reduce the filter’s size are presented. For ex-
ample, Sung reported that spur-lines etched in
a patch resonator are an effective way to make
a compact dual-mode filter.6
Based on previous research on spur-lines,*”
a square-patch dual-mode bandpass filter
(BPF) with a novel feeding scheme and mean-
der spur-lines is proposed in this article. By in-

troducing two spur-lines on both sides opposite
to the feed lines and removing the gaps on the
feed lines, a compact and lower insertion loss
dual-mode filter is designed. Its transmission
performance and current distribution results
are discussed. The design method is also veri-
fied by measurements.

DUAL-MODE BANDPASS FILTER DESIGN

The basic structure of the proposed dual-
mode BPF is shown in Figure 1, where the
dimensions are in millimeters. This filter is
composed of one square-patch resonator with
a pair of orthogonal slots and I/O feed lines.
A pair of meander spur-lines is etched in the
patch resonator to perturb the fields of the
patch resonator. Compared to a straight spur-

HAITWEN LU
Chinese Academy of Sciences
Chengdu, China
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University of Electronic Science and
Technology of China, Chengdu, China
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are connected to a
50 € microstrip line.
The slot’s length and
width are indicated
by S and g, respec-
tively. The differ-
ence in length be-
tween the two slots
is AS. The physical
dimensions of the
meander  spur-line
are described by b,
I ¢, d, g and m. The
proposed filter is
fabricated on a sub-
strate with a relative
permittivity €, = 4.5
and a thickness of
0.8 mm. The center
operating frequency

A Fig. 2 Photograph of the designed band-

pass filter.
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A Fig. 3 Measured performance of the
proposed filter.

line,® a meander spur-line provides
more slow-wave effect and occupies
a smaller circuit area.” Without cou-
pling gaps in the I/O ports, a low in-
sertion loss performance is obtained.
In order to perturb two degenerate
modes, the two slot lengths are not
equal and the two feed lines are or-
thogonal.

The side length of the patch is de-
signed to be 20 mm and the feed lines

80

is designed to be 2.3
GHz. The physical
parameters are cho-
sen as follows: S = 20 mm, g = 0.3 mm,
b=2mm,c=04mm,m=13mm,
d = 1.4 mm and AS = 0.2 mm. A size
reduction of approximately 36 percent
is obtained at the same resonant fre-
quency, compared to a conventional
dual-mode bandpass filter® A pho-
tograph of the designed dual-mode

bandpass filter is shown in Figure 2.

RESULTS AND DISCUSSION

Figure 3 shows the measured
transmission performances of the de-
signed dual-mode BPF; the measure-
ment was obtained using a HP8722
network analyzer. A center frequency
of 2.3 GHz and a 3 dB bandwidth of
23 percent are measured. Note that
the two degenerate modes are located
at 2.27 and 2.33 GHz, respectively.
There are two transmission zeros on
both sides of the passband, providing
a sharp rejection and selectivity. They
are -49.4 and -37.8 dB at the frequen-
cies of 1.85 and 2.58 GHz, respective-
ly. Furthermore, the insertion loss is
better than -1.5 dB from 2.22 to 2.40
GHz and the return loss is better than
-25 dB from 2.25 to 2.35 GHz. The
minimum insertion loss is -0.9 dB at
2.26 GHz including SMA connector
loss.

The simulated current distribu-
tion at the resonant frequency is
shown in Figure 4, which is ob-
tained by a commercial full-wave
EM simulator, Ansoft HFSS. One
port is driven by current in orthogo-

TECHNICAL FEATURE

(b)

A Fig. 4 Simulated current distribution at

the resonant frequency; (a) phase = 0° and
(b) phase = 90°.
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A Fig. 5 Simulated insertion loss for differ-
ent slot lengths.

nal phase while the other port is ter-
minated in a 50 ) microstrip line.
Two degenerate modes, related to
mode TM;, and TM,, can be ob-
served. Note that the high current
density distributions (red area) are
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located around the ends of the slots.
It is interesting to see that the cur-
rent density distribution is distorted
by the meander spur-line, which
yields the current flow rerouting.
Simulated insertion loss perfor-
mances of the proposed filter with
different slot lengths are presented
in Figure 5. The center operating
frequencies of the filter are approxi-
mately 2.17, 2.38 and 2.56 GHz for S
=17 mm, 19 mm and 21 mm, respec-

tively. The center operating frequency
is changed by 18 percent. Therefore,
the simulated results show that the
passband can be adjusted greatly by
the slot length. Correspondingly, the
transmission zeros are obviously con-
trolled by this physical parameter.

CONCLUSION

In this article, a dual-mode square-
patch filter with meandered spur-lines
is introduced and verified by measure-
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ments. Compared to a traditional du-
al-mode square patch filter, the pro-
posed filter provides a 36 percent size
reduction with a lower insertion loss
of -0.9 dB. Interestingly, it is found
that the current density distribution
can be distorted by meander spur-
lines, which yields the current flow
rerouting. This compact dual-mode
BPF with low insertion loss has a good
prospect in microstrip circuit applica-
tions. H
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DESIGN OF A DUAL-BAND
PLANAR DIPOLE ANTENNA
FOR WLAN APPLICATIONS

In this article, a dipole antenna is designed to operate in the 2.4 and 5.2 GHz
WLAN bands. A novel T-shape slit is embedded in the dipole antenna to achieve
dual-band operation for WLAN applications, and to avoid increasing the area

of the antenna. The antenna has the dimensions of 7 x 43.96 x 0.8 mm and good

radiation characteristics. The fabricated antenna has a dual-band bandwidth
covering 2.23 to 2.62 GHz and 4.84 to 5.38 GHz. The effects of the antenna
parameters (S,, S, and L) on the operating band are studied by using various

lengths of the T-shape slit.

here has recently been much research

I on broadband and multi-band antennas
for various wireless communication sys-

tems. The IEEE has issued regulations for the
wireless local area network (WLAN, 802.11a/b)
since 1999. The development of WLAN has al-
ready reached maturity and has become fairly
universal. The development of antennas used
on mobile communication devices is extremely
important. The advantages of the printed di-
pole antennal-2 include low profile, light weight
and low cost. Furthermore, it is very suitable
for installation in notebook computers. A di-
pole antenna

was reported?

Lsus where an em-

bedded U-

Wsug shaped slot in
the two rect-

angular arms

produced two
y pole arms.

These two di-
A pole arms en-
Fig. 1 Proposed WLAN antenna geometry. able the di-

84

pole antenna to generate a lower and a higher
frequency resonance. Similarly, a different
shaped slot, embedded in the dipole antenna,
can produce two additional dipole arms.?# Two
designs®6 of monopole antennas consist of two
strips with the same width and different length.
These strips can generate different operating
frequency bands.

In this article, a rectangular dipole antenna
is demonstrated, where two embedded T-
shape slits generate a new resonant mode to
achieve dual-band operation from 2.23 to 2.62
and 4.84 to 5.38 GHz for WLAN applications.
The proposed antenna is fed with a 50 () mini
coaxial line. The advantages of the proposed
antenna include small size, low cost, easy fab-
rication. It is very suitable for installation in
a notebook computer, Personal Digital Assis-
tant (PDA) and other mobile communication
devices. Detail design steps and experimental
results for the designs are studied and investi-
gated in this article.

WEN-SHAN CHEN AND

SuiH-HUNG CHENG
Southern Taiwan University, Taiwan, ROC
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ANTENNA DESIGN

The configuration of the proposed
antenna is shown in Figure 1, with
dimensions of W, = 7 mm, L, =

0
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43.96 mm and H = 0.8 mm. The pro-
posed dual-band dipole antenna is
printed on an FR4 substrate with a
relative dielectric constant €. = 4.4
and a thickness H = 0.8 mm. The pro-
posed antenna is fed in the middle of
the structure and connected to a 50
Q) mini coaxial line. The basis of the
antenna structure is two rectangular
arms with dimensions of W, = 5 mm

and L; = 16.53 mm. The horizontal =~ DISCUSSION
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A Fig. 6 Measured radiation patterns in the y-z and x-z planes for
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design, a T-shape slit, is embedded
in each arm of the rectangular dipole
antenna to generate a new resonant
mode at 5.2 GHz. Combining the 2.4
GHz band of the rectangular dipole
antenna and the 5.2 GHz band newly
generated meets the requirements of
WLAN systems.

EXPERIMENTAL RESULTS AND

In this section,
dipole antennas
with various param-
eters (S, Sy and L)
were  constructed
and studied to dem-
onstrate the perfor-
mances of the pro-
posed design. The
simulated results are
obtained with An-
soft High Frequency
Simulation Software
(HFSS). Figure 2
shows the measured
return losses of dif-
ferent slit lengths S,
with other dimen-
sions: G = 0.9 mm,
L, = 1653 mm,
Ly =5mm, Ly =5
mm, L, = 6 mm,
W, = 5mm, W, =
2 mm, W5 = 2.mm
and Sy = 1 mm. The
resonance charac-
teristics of these
antennas are listed
in Table 1. When

the proposed antenna. Sl decreases, the
TABLE |
RESONANCE CHARACTERISTICS FOR DIFFERENT S; LENGTHS
S; (mm) 15t Resonant 15t Bandwidth 2nd Resonant 274 Bandwidth
Frequency (GHz) (%) Frequency (%)
(GHz)

2.41 16.6 5.05 11.49

4 2.49 17.27 5.44 12.5

2 25 16.08 5.41 54519
TABLE 1I

RESONANCE CHARACTERISTICS FOR DIFFERENT S, LENGTHS

S, (mm) 15t Resonant 15t Bandwidth 2nd Resonant 274 Bandwidth
Frequency (GHz) (%) Frequency (%)
(GHz)
1 2.41 16.6 5.05 11.49
3 2.44 14.75 5.89 9.51
5] 25 17.6 6.77 5.16
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lower frequency is slightly shifted up 5.05 to 5.41 GHz. The measured re-
from 2.43 to 2.54 GHz, and the higher  turn losses for various slit lengths S,
frequency is markedly shifted up from are shown in Figure 3 with S; = 6

TABLE Il
RESONANCE CHARACTERISTICS FOR DIFFERENT L; LENGTHS
Lz (mm) 15t Resonant 15t Bandwidth 2nd Resonant 24 Bandwidth
Frequency (GHz) (%) Frequency (%)
(GHz)
7.53 241 16.6 5.05 11.49
B 241 14.11 5,715 13.04
3.53 2.41 12.03 5.98 6.85
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mm. The resonance characteristics
of these antennas are listed in Table
2. The higher resonance frequency is
markedly shifted up from 5.05 to 6.76
GHz when S, is increased. Figure 4
shows the measured return losses for
different lengths L, with S; = 6 mm
and Sy = 1 mm. When L decreases,
the higher frequency is markedly
shifted up from 5.05 to 5.98 GHz. It
can be found that the length L; deter-
mines the higher frequency, which is
approximately a quarter of a guided
wavelength. The related results are
also listed in Table 3. Figure 5 shows
the measured and simulated return
losses of the proposed antenna, with
S;=6mm, Sy =1 mm and Ly = 7.53
mm. The small frequency shift be-
tween the measured and simulated
results is caused by the manufacturing
tolerances.

The far-field radiation patterns
were measured and calibrated in a
STUT anechoic chamber. Figure 6
shows the measured radiation patterns
at 2.4 and 5.2 GHz in both the x-z and
y-z planes. Since the feed line is locat-
ed parallel to the y-axis, the y-z plane
radiation pattern of the proposed an-
tenna has nulls in +y-direction and -y-
direction. It is noted that the radiation
pattern in the x-z plane of the antenna
is with omni-directional radiation
characteristics. Figure 7 shows the
measured antenna peak gain against
frequency. The antenna gain is 2.77

£
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A Fig. 7 Measured antenna gain at (a) 2.4
GHz and (b) 5.2 GHz.
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dBi at 2.4 GHz and
4.18 dBi at 5.2 GHz.
Figure 8 shows the
simulated  surface
current at 2.4 and
5.2 GHz for the
proposed antenna.
It can be observed
that these currents
circulate in two cur-
rent paths in this
structure.

TECHNICAL FEATURE

CONCLUSION

The antenna proposed in this article
supports a dual-band operation at 2.23
to 2.62 GHz and 4.84 to 5.38 GHz for
WLAN applications, with good radia-
tion characteristics in both operating
WLAN bands. The proposed antenna
has a simple structure, low profile and
small dimensions. Therefore, it will
be an attractive candidate for WLAN
applications and is very suitable for
installation in notebook computers,
PDAs and other portable devices. Bl
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simulation software. Ansoft's new integrated
multiphysics capability solves problems
such as electromagnetic-induced heating in
high-power microwave and RF structures and
antenna performance while under mechani-
cal deformation through links with ANSYS®
Workbench™.

AWR

AWR Corp.

1960 E. Grand Avenue, Suite 430
El Segundo, CA 90245
(310) 726-3000 (ph)
info@awrcorp.com

WWW.aWrcorp.com

AWR®, the innovation leader in high-
frequency EDA, improves your productivity
by dramatically reducing development time
and costs for the design of high-tech devices
employed in wireless, high-speed wired
broadband, aerospace and defense, and
electro-optical applications. AWR — Advanc-
ing the Wireless Revolution!

Products: A full suite of microwave and
RF software products, including Microwave
Office®, Visual System Simulator™, and
Analog Office® design suites, as well as the
AXIEM™ 3D planar EM simulator.

Learn more today at www.awrcorp.com and
WWw.awr.tv.
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W COMSOL
COMSOL Inc. 1
Attn: Bernt Nilsson, cn
Sr. VP of Marketing CST of America® Inc.

1 New England Executive Park, Suite 350
Burlington, MA 01803
(781) 273-3322 (ph)
(781) 273-6603 (fax)
info@comsol.com

www.comsol.com

COMSOL is the developer of COMSOL
Multiphysics, an industry-leading scientific-
software package for the modeling and
simulation of any physics-based system. The
software simultaneously accounts for inter-
dependent, coupled physics — multiphysics
phenomena. Modules for specific disciplines
including AC/DC, Acoustics, Chemical Engi-
neering, Earth Science, Heat Transfer, MEMS,
RF and Structural Mechanics are available.
The COMSOL Reaction Engineering Lab al-
lows users to enter chemical formulas and
immediately see the reaction kinetics and
thermodynamics.
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492 Old Connecticut Path, Suite 505
Framingham, MA 01701
(508) 665-4400 (ph)
info@us.cst.com

WWW.cst.com

CST develops and markets high performance
software for the simulation of electromagnetic
fields in all frequency bands. Its products
allow engineers to characterize, design and
optimize electromagnetic devices all before
going into the lab or measurement chamber.
This can help save substantial costs espe-
cially for new or cutting edge products, and
also reduce design risk and improve overall
performance and profitability.

More information can be found on the CST

website at http://www.cst.com.
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Eastern Wireless TeleComm understands just how much irelessie
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
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Product Selection Guide

RFcore

Broadband Amplifiers
Defense Application

Available Options
= VSWR Alarm & VSWR Protection

= Over Power Protection
VSWR (Fast back-off)

= Delicate Reduction for Open/Short

= Over Voltage Protection

RCAZ20-40H44 2000-4000MHz
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I RCA21-27H50 2100-2700MHz

PR 17.20m00 11uu-2ud0MHZ

RCA10-20H44 1000-2000MHz
RCA10-20H47 1000-2000MHz

(_MICIAN

Mician GmbH
Schlachte 21
28195 Bremen, Germany
+49 421 168 993 51 (ph)
+49 421 168 993 52 (fax)

les@mici

Www.mician.com

Mician from Bremen, Germany offers the

full wave 3D simulation software pWave
Wizard™. Typical applications for yWave
Wizard™ are complex passive waveguide
components and structures like waveguide
and comb line filters; couplers, tapers, multi-
plexers and horn antennas. The tool includes
features such as 64 bit capability (including
multiprocessor capabilities) and fast fre-
quency sweep based on adaptive rational
function interpolation. For further information
on yWave Wizard and/or Mician and our
sales representatives worldwide, please visit

|

Www.mician.com.
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REMC: M

REMCOM
315 S. Allen Street, Suite 222
State College, PA 16801
(888) 773-6266, (814) 861-1299 (ph)
(814) 861-1308 (fax)
sales@remcom.com

WWW.remcom.com

Remcom has been leading the electromag-
netic market with innovative simulation and
wireless propagation tools for nearly 15
years. Our newly released 3D EM solver,
XFdtd 7.0, combines significant productivity
advances with our industry-leading expertise
in fast and accurate analysis of complex EM
problems. XF7 reduces time-to-market in the
development cycle. Several new features
combine with an overall goal of reducing the
level of tool learning-investment needed by
the average user to take advantage of Rem-
com’s electromagnetic expertise.
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RCAO05-10H50 500+1000MHz
RCAQ8-10H53 800-1000NV

RCA00205H50 20-500MHz

e RCA00205H47 20-500MHz
e RCA00205H53 20-500MHz

Frequency(MHz)

For more information or technical support,
please visit our website www.RFcore.com or
e-mail sales@rfcore.com

RFcore Co., Ltd.

C-708, Bundang Techno Park,145 Yatap-dong,
Bundang-gu, Seongnam-si, Gyeonggi-do, Korea
Tel : 82-31-708-7575 Fax : 82-31-708-7596
E-mail : sales@rfcore.com

www.RFcore.com
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SONNET’

L

Sonnet Software Inc.
Jacqueline Foss
100 Elwood Davis Road
North Syracuse, NY 13212
(315) 453-3096 (ph)
(315) 451-1694 (fax)
jif nnetsoftware.com

www.sonnetsoftware.com

Sonnet Software is dedicated to the devel-
opment of high-frequency electromagnetic
analysis software. Sonnet'’s software is aimed
at today’s demanding design challenges in-
volving predominantly 3D planar circuits and
antennas (including microstrip, stripline, co-
planar waveguide, PCB (single and multiple
layers)) and RF packages incorporating any
number of layers of metal traces embedded
in stratified dielectric material. Sonnet intro-
duces the Sonnet Suites Release 12, with up
to 30x or faster analysis over the previous
release.
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Zeland Software Inc.
48834 Kato Road, Suite 103A
Fremont, CA 94538
(510) 623-7162 (ph)

(510) 623-7135 (fax)
info@zeland.com

www.zeland.com

Zeland is the EM Design and Verification
technology leader and serves the needs

of antenna, RFID, MMIC, RFIC, packaging
and PCB high frequency designers. The
company'’s flagship product line, IE3D, is
well established amongst academic and
commercial for delivering highly accurate
full-wave 3D EM simulation and modeling
solutions smartly packaged for multiple
markets. Recently the company announced
|IE3D-SI aimed directly at high-frequency
signal integrity simulation of entire package,
PCB and circuits.
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I-REL MIXERS

For mission critical applications
150 kHz to 4 GHz

US Army Photo

U.S. Navy Photos

" 4 é’ - CERAMIC DIODE QUAD {

e ‘___.__!"
Plastic S 95 Metal
Case

Case IN STOCK from ea. qty.10-49

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
metal housings. ADE-R and TUF-R mixers cover a frequency
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

40y __
ANNIVERSARY

19692009

[ Mini-Circuits’

ISO 9001 ISO 14001 AS 9100 CERTIFIED

premium in military, industrial, and commercial applications;
from UHF/VHF tactical radios to cellular basestations.

For your mission-critical applications, count on rugged
surface-mount ADE-R and TUF-R mixers. With a wide
selection of models, you'll find a high-rel mixer optimized
for your requirements. Visit the Mini-Circuits website at
www.minicircuits.com for comprehensive performance
data, circuit layouts, and environmental specifications.
Order online for next day shipment.

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

U.S. Patent #7,027,795 and #6,133,525 () RoHS compliant

minicircuits.com

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
& "2 The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
~u

Patent Pending
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oday’s engineering environment puts di-
I verse requirements on simulation tools,
demanding large spatial dimensions

in terms of the computational domain on the
one hand, while incorporating small, detailed
and complex structures on the other. What's
needed is to address these spatial limitations
and apply more advanced simulation routines
for combined physical problems. The latest re-
lease of SEMCAD X—V14 Aletsch—does just
that by offering a novel suite of solutions that
have been tailored to solve any of today’s engi-
neering challenges within specific application
fields such as antennas, medical, automotive,
EMC/EMLI, optics and microwave devices.

Problems in these engineering sectors in-
clude:
e Antennas: MIMO systems in the proximity
of the human body embedded in a multipath
propagation environment
* Medical: Assessment of the safety of implant-
ed micro devices exposed to electromagnetic
fields in a macro environment
e EMC/EMI: Power and signal integrity on
multichip (MCM) PCBs
* Optical: Modeling a nano-structured photo-
voltaic solar cell
e Microwave: Broadband simulation of an entire
1,000 way unequal waveguide power divider
* Low frequency: A human body exposed to mag-
netic fields in the vicinity of an induction heating
hob

All these challenges are centered on Max-
well’s equations and many different numerical
approaches have been developed to solve these
equations, each having their own advantages
and limitations. The Finite-Difference Time-
Domain (FDTD) method is well-suited to
solving highly inhomogeneous structures (di-
electric and metal), mainly due to its straight-

PropucT FEATURE

TaiLoreD RF &
Microwave EDA

SOLUTIONS

forward, robust and efficient approach. In
addition, GPU-based hardware acceleration
solutions, offering simulation times of up to
100 times faster in desktop form-factors, are
still mostly tailored to FDTD solvers. There-
fore, the FDTD method is more often suited
to solving large and complex electromagnetic
simulations.

SEMCAD X V14 Aletsch offers high perfor-
mance EM and Thermal FDTD-based solvers;
Finite Element Method (FEM)-based low fre-
quency as well as static solvers—all in 32 and 64
bit, and on all available operating systems and
platforms. In addition, special methods such as
conformal solvers C-FDTD/FIT, ADI-FDTD
and special material models (thin sheets, real
metals, etc.) are provided. All these solvers are
coupled with each other within different solutions
and interfaced to NVIDIA GPU-based hardware
acceleration provided by Acceleware Corp.

As mentioned earlier, the solutions are tai-
lored to specific solutions, which will be ad-
dressed in turn.

ANTENNAS

SEMCAD X ANTENNA enables accurate
and fast broadband frequency characterization
covering a full spectrum from miniaturized an-
tennas to large reflecting/radiating structures.
The multi-parameter (S-parameter, SAR and
Near- & Far-field) and multi-goal optimization
engine, based on a number of algorithms like
Genetic, Tree, Powell and Swarm, enables the
optimization of highly complex CAD imported
and derived structures.

SCcHMID & PARTNER ENGINEERING
AG (SPEAG)

Zurich, Switzerland
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A Fig. 1 Detailed image of a cell phone (left) and far-field radiation
from a cell phone in the proximity of the SAM head (right).

The SPICE-based Circuit Simulation co-engine per-
forms full wave coupled co-simulation integrating circuits
in the electromagnetic simulation. Python script-based
specialized tools for antenna diversity (MIMO), hearing
aid compatibility and Over-The-Air performance (OTA) in
combination with a unique set of different hand and head
phantoms, which are fully posable, allow the compliant
prototyping of mobile phones, handsets and net/notebooks.

Radiation performance, efficiency, gain and directivity
of the simulation can be verified using the integrated post-
processing engine of near-field measurements from the
DASYS5 system. Figure 1 shows an example solved using
the SEMCAD X ANTENNA solution.

MEDICAL

SEMCAD X MED combines the EM FDTD, magne-
to-static, magneto-quasi-static and thermal solvers into a
powerful and robust platform. The solution is trimmed to
simulate and visualize electromagnetic fields interacting
with human and biological tissues. The toolbox addresses
modeling requirements from MRI design to implants and
safety regulations.

Furthermore, a generalized Huygens Box excitation is
available for the EM FDTD solver. The Huygens Box is
a generalized Total-Field Scattered-Field (TFSF) plane
wave excitation. Instead of defining a plane wave incident
field, the field distribution from a previous simulation can
be used to excite the Huygens Box.

Anatomical human and animal models offering great
detail and accuracy are bundled into a large commercial
library of CAD-based phantoms. The unrestricted choice
of resolution as well as the fully customizable posture of
the phantoms enables a fast and accurate exposure simula-
tion. Many electromagnetically induced effects are directly
coupled to temperature elevation within tissues and are
addressed in the native combination of the EM and the
advanced Thermal Solver.

It is based on various extensions of the Pennes bioheat
equation, including anisotropic conductivity, temperature
dependent parameters, discreet vasculature model, thin
wire model, pseudo-1D boundary conditions, time depen-
dent heat generation rate and a steady-state thermal solver.

Also, a pre-modeled medical device database includes ge-
neric birdcage CAD models as well as tools for the optimization
of field uniformity and handling of the acquired MRI/CT data
to be segmented and converted to a full CAD model. Figure 2
shows an example solved using the SEMCAD X MED solution.

98
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A Fig. 2 Computed SAR distribution of the human body inside a

g p Yy
MRI coil (left) and birdcage model loaded with anatomical adult male
phantom in SEMCAD X (right).

-

A Fig. 3 PCB layout imported from ODB++ (CAD model and
Netlist) as well as the simulated current distribution on the digital line
of the 20 layer PCB board.

EMC/EMI TESTING

SEMCAD X EMC approaches the complexity of com-
pliance and interference simulation for EMC/EMI testing
using the speed and performance of the GPU hardware
accelerated full wave simulation. The 3-D solid modeler,
based on the ACIS modeling toolkit, allows a rapid import
and processing of various CAD formats and features using a
fast OGL-based rendering engine, implemented in-house.

The ODB++ hierarchical format incorporating the en-
tire CAD/CAM data is natively imported and can be com-
bined with the SPICE co-simulator for signal and power
integrity in the time and frequency domain, e.g. for PCB
applications (see Figure 3). Also, broadband frequency
response is available using arbitrary custom pulse shaped
excitations.

Applying the GPU acceleration and dedicated special
techniques allow performing the simulation of various
EMC applications such as ESD, NEMP and lightning
pulses. A virtual toolbox consisting of anechoic, reverbera-
tion and TEM cell chambers is also available. Together
with the extremely powerful visualization engine for near
and far fields as well as Python scripting-based tools for
extraction of peak fields give a powerful method that can
be used for virtual prototyping and the compliance-testing
environment for a large number of EMC applications.

OPTICAL

SEMCAD X OPTICS is tailored to simulate large ac-
tive/passive optical devices described by the advanced
material database, including Debye, Lorentz, Drude and
Drude-Lorentz-Debye on the native GPU accelerated
platform. Pole and relaxation times of measured materials

MICROWAVE JOURNAL m JULY 2009
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Recession Busters!  from \\\S‘W‘

Tired of the high cost and lost time that come with constantly havmg to replace your current
mechanical switches? Then why not change over to Mini-Circuits ultra reliable DC to 18 GHz
switches, (three versions available; SPDT reflective, SPDT absorptive and Transfer switches)
- you could start saving up to 90% right away.

How? Our RF/microwave mechanical switches use breakthrough, advanced technology to 10 vr.
eliminate springs and other life shortening moving parts. The result? Switches that are so 100 Million Cycles*
reliable they’re backed by our 1-year, 10 million cycle warranty, extendable to a 10-year, o

ili s y . year agreement
100 million cycle warranty. In fact, they’re so robust we’ve even tested them in sleep mode for required
up to four years without a single start up failure. Plus, they still deliver the superior performance, See website for details

good impedance matching, low insertion loss, and high isolation (up to18 GHz), you’ve come to
expect from any of Mini-Circuits high quality components. For details, please see our website.
Outstanding performance. Unmatched reliability. Guaranteed.

It’s all part of our commitment to giving you the best in value.

Mini-Circuits... Your partners for success since 1969
Protected by patents 4,908,588 5,272,458 6,650,210

—"M [ IMini-Circuits’
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can be extracted with a dedicated material Genetic Algo-
rithm-based optimization routine to a stable combination
of Drude-Lorenz-Debye, while the accuracy of the model
can be controlled in the optimization routine.

The optical material definition includes the Kerr-effect
(linear intensity dependence of the relative permittiv-
ity or permeability) and Raman-scattering, describing the
scattering of light at phonons (lattice vibrations). Optical
waveguides, filters, photonic crystals, nano-particles and
plasmonic resonant structures can be optimized using a
framework of four advanced optimization methods based
on Genetic Algorithms, Particle Optimization and Brack-
eting Techniques. Figure 4 shows a typical example using
the SEMCAD X OPTICS solution.

EXTREMELY LOW FREQUENCIES

SEMCAD X ELF incorporates advanced static and
quasi-static solvers, which address today’s increased num-
ber of low frequency industrial and research applications.
Five different FEM-based solvers are available: Electro
Static, Stationary Currents (electro quasi-static with domi-
nating ohmic currents), Electro Quasi-Static, Magneto
Quasi-Static and Magneto Static (Biot-Savart).

In addition to the established low frequency applica-
tions such as power lines (see Figure 5), the user can ap-
ply the entire range of SEMCAD X’s posable anatomical
high-resolution full body human/animal models for radio
frequency ablation in cancer treatment as well as various

other biomedical applications.
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SEMCAD X pWAVE is an advanced EM full-wave so-
lution for fast and accurate design of microwave devices. A
set of different time-domain solvers centered on the stan-
dard FDTD method are available: FDTD, FIT/C-FDTD,
ADI-FDTD and FIT/C-ADI-FDTD. The ability to use
conformal mesh FIT/C-FDTD results in a coarser spa-
tial resolution that nonetheless produces accurate results,
while reducing substantially the computational effort.
Also, the ADI-FDTD solver is well suited to highly over-
discretized simulation setups, as well as for simulations at
very low frequencies.

Automated or user defined healing is available for the vast
set of CAD formats: SAT, IGES, STEP, 3DS, CATIA V4/V5,
Pro/E, STL, I-DEAS, DXF, Gerber, ODB++ and various
voxel/binary importers. Manipulation of 50,000 parts or more

A Fig. 4 Field distribution of an optimized 90° optical waveguide
bend (left) and an add/drop ring coupler for optical filtering at 550
nm (right).
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Typical Phase Noise
1K 10K 100K 1M

Frequency

Output 2
Model Range 100 Frequency (dBm, Min.) |

X10-05 5130 MHz Ovenized Crystal - - - - - - 100 MHz
PLD 30-130 MHz P.L. Crystal - - - - - - 100 MHz
=% PLD-IC ~ 130-1000 MHz ~ P.L Mult. Crystal - - - - - - 560 MHz
. BCO .100-16.5 GHz P.L. Single Loop - - - - - - 16.35 GHz
o VES 1-14GHz  Multiple Freq. Dual Loop~ - - - - - - 12.5 GHz
. DLCRO .8-26 GHz P.L. CRO Dual-Loop - - - - - - 10 GHz
PLDRO 240 GHz PL. DRO Single/Dual - - - - - - 10 GHz
a (P .8-3.2 GHz PL. CRO Single Loop - - - - - - 2 GHz
' (PM 4-15 GHz P.L Mult. Single Loop - - - - - - 12 GHz
ETCO .1-24 GHz Voltage Tuned CRO - - - - - 24 GHz"
3 * Octave band.
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A Fio. 5 Hfield distribution along a power line (left) and Electro-
4 gap

Quasi-Static solution of the induced currents in a human phantom

inside a gradient z-coil of a MRI system (right).

is achievable with
the OGL-based 3D
QTech  rendering
engine, which has
been developed

in-house. Fully pa-

rameterized mod- A Fig. 6 Field distribution inside a six-port
Ji " waveguide coupler (left) and inside a circular

€ ng can - pertorm multi-aperture narrow-wall waveguide

simulations of sta- coupler (right).

tistically distributed

parameter values in addition to the advanced optimization

routines available. Figure 6 shows typical examples using the

SEMCAD X pWAVE solution.

ADDITIONAL FEATURES
Listed above are the application specific features, but
SEMCAD X V14 Aletsch also has numerous new features

the potential of

that are solution independent. These include:

¢ Next generation GUI

® New CAD importer

* Multi-view model window and perspective camera for
better visualization and handling of most complex models
 Optimizer 3: full redesign and reintegration of SEMCAD’s
optimization platform to integrate all solvers and distribute
an optimization using multiple machines on the network

e New posable human and animal body models in
SEMCAD X POP

* Doubling of the computation power when using new
NVIDIA GPU & Acceleware hardware solutions

e Titled lumped elements and edge sources

* Extended material handling functionality, extension of
the materials database

e True 64 bit support for simulations > 1 BCells

CONCLUSION

The new SEMCAD X V14 Aletsch release builds on the
existing and established strengths of the SEMCAD X to offer
a novel suite of solutions that have been tailored to specific
applications. It offers scope and flexibility to address the wide
variety of challenges that engineers typically encounter.
Schmid & Partner Engineering AG (SPEAG),
Zurich, Switzerland,
Tel: +41 44 245 9700,

e-mail: info@speag.com,
www.speag.com.
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Design Methodology for RF CMOS Phase Locked Loops

Guillermo Bistué, ifigo 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
P " » Systematically assess design alternatives;

» Develop complete PLLs for CMOS applications that meet performance requirements.
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: [T FAX Purchase orders and credit card orders to 1-781-769-6334
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HIGH ISOLATION... 0.3 MHZz to 6 GHZz ion y

On land, sea, and in the air, demanding critical applications call for a switch
that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramic
RF/microwave SPDT switch is that switch. From 0.5 to 6 GHz this switch
operates in the absorptive mode (good output VSWR in off state). From
0.3 MHz to 500 MHz in the non absorptive mode (Output ports reflective in
off state). The CSWA2-63DR+ at only 4 x 4 x 1.2 mm handles tight spaces;
provide protection against high moisture environments, and offers outstanding
performance. For tough RF/microwave switch requirements in commercial,
industrial, or military applications, think Mini-Circuits’ new ceramic switch. Visit
our website to view comprehensive performance data, performance curves,
data sheets, pcb layout, and environmental specifications. And, you can even
order direct from our web store and have it in your hands as early as tomorrow!
Mini-Circuits... Your partners for success since 1969

CERAMIC HERMETICAllY-SEAlED

‘RF SWITCHES

%
ea.(Qty.10-49)

CSWA2-63DR+ In Stock
e VVery High Isolation: 63dB @ 1 GHz
to 44 dB @ 6 GHz
e [ ow Insertion Loss: 1.2dB
e High IP3: +45 dBm
e Integral CMOS Driver
e Supply current of only 18 micro amps
e 23 ns typical rise/fall time
e Operating temperature -55° to +125°C

4 mm Square Package
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3D FEM ANALYSIS

SOFTWARE FOR
SOLVING COMPLEX

PROBLEMS

ExecuTive INTERVIEW SERIES

MW) speaks witH JoHN DEForp, DIRECTOR OF ENGINEERING, AWR.
ViSIT WWW.MWJOURNAL.COM TO READ THIS IN-DEPTH INTERVIEW.

has evolved from its traditional place as

a back-end verification tool to a neces-
sity throughout the design flow. However, this
role can impede the design flow if it requires
designers to spend precious time performing
file conversions, transfers, and other minutiae,
or slow it to a crawl when tackling large planar
or arbitrary three-dimensional (3D) problems.
AWR, a company founded by microwave en-

E lectromagnetic (EM) analysis software

gineers who
have experi-
enced  first-
hand the com-
plex issues
that are part
and parcel of
high frequen-
cy design, has
addressed this
issue with its
AXIEM™
3D planar
EM simula-

FET

A Fig. 1 SEM photo reveals the arbitrary 3D features of a FET ~ tOT, which can
making the Analyst FEM solver a good fit.

104

process upwards of a million unknowns at very
high speed. The company has now expanded
these capabilities to include a full 3D finite
element method (FEM) EM analysis with its
Analyst™ 3D FEM EM acquisition. Analyst
technology is unique among 3D EM tools
because it can efficiently use clusters of com-
puters in parallel employing both spectral and
domain decomposition techniques. Together
these proprietary algorithms produce an or-
ders-of-magnitude reduction in computational
time while improving results. The complexity
of the problems Analyst can solve are limited
only by the computational resources available
to the designer and not the abilities of the soft-
ware itself.

Even relatively straight-forward geometries
presented to a 3D FEM EM solver can contain
many thousands of coupled equations (see Fig-
ure 1). While the solutions to these are neces-
sary, a single computer’s processing time and

AWR CoRp.
El Segundo, CA
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memory requirements for such calcu-
lations rapidly becomes a bottleneck
in the design process; it is sometimes
not even possible to solve problems
above a certain size and complexity.
To mitigate these limitations, mul-
tiple processors must be employed in
parallel and problems must be solved
using spectral and domain decompo-
sition. To understand the latter two
techniques, it is necessary to describe
the unique characteristics of each one.

SPECTRAL & DOMAIN
DECOMPOSITION

When solving a problem over a
range of frequencies using spectral
decomposition, a subset of the fre-
quency domain is sent to each proces-
sor, which solves the design within a
portion of the spectrum assigned by
the software. The processors com-
municate only when they collectively
present their results to the user after
performing their tasks, which cuts
overall computation time by a factor
of nX, where n is the number of pro-
cessors available. For example, if 10
processors are available to the user,
a problem can be solved in one tenth
the time by sending one tenth of the
spectrum to each processor, instead
of processing the entire spectrum
on one processor and serially solving
one frequency after another. Spec-
tral decomposition is neither new nor
difficult to implement and is com-
monly employed by EM tools from
many vendors, including AWR’s own
AXIEM method of moments (MoM)
solver. However, its implementation
within Analyst is in conjunction with
the much more complex and powerful
approach of domain decomposition,
providing unique benefits in terms of
capacity and memory utilization.

Spectral decomposition works well
if each processor can handle its desig-
nated portion of the spectrum on its
own. However, if one processor alone

A Fig. 2 Analyst and analytic transmission
4 y y

phase agree to four decimal places of accu-

racy for this circular waveguide.
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cannot solve one frequency and spec-
tral decomposition is the only tech-
nique available, the problem cannot
be solved. The answer lies in domain
decomposition, which can overcome
the hardware-limitation of spectral
decomposition. Domain decomposi-
tion grows the possibilities of what can
be solved by subdividing the finite ele-
ment mesh among as many processors
as are available to the user. Domain
decomposition and its complementary
nature to spectral decomposition are
unique to the Analyst 3D FEM EM
tool and have been developed and re-
fined over 10 years, with funding from
the US Department of Energy, by
AWR’s Analyst design team.
Somewhat less efficient than spec-
tral decomposition, domain decompo-
sition provides not quite an nX reduc-
tion in computation time given that all
processors must communicate with
each other when working on the same
frequency. Consequently, domain de-
composition provides a 60 to 80 per-
cent efficiency in reducing computa-
tion time over each additional process,
rather than spectral decomposition’s
typical near-linear scaling with the
number of processors. In the 10 pro-
cessor example mentioned above, a
fraction of the overall mesh is sent to
each processor and all 10 work on a
single frequency/frequency spectrum
together. This makes it possible for
Analyst to solve problems of nearly
unlimited size, bounded only by the
number of processors available. Up
until this point, “large” has been de-

scribed in terms of a problem’s com-
ponent count and wavelengths; how-
ever, a problem can likewise be large
as dictated by numerical complexity
versus physical complexity (see Fig-
ure 2). Here a physically simple wave-
guide structure is shown with a highly
refined mesh as a very precise calcula-
tion for phase was desired for compar-
ison to an analytic formula. The result
is a “large” number of unknowns and
a numerically challenging calculation.

Whether large is defined in terms
of physical design complexity or nu-
merical accuracy required, Analyst
can solve large problems and do so
efficiently. The Analyst 3D FEM EM
engine further boasts resource opti-
mization heuristics that automatically
determine the optimum number of
processors to use for a given problem
at a given frequency. If the problem
is too large to fit on one processor but
fits on two, communication time is
reduced because the software has re-
duced the number of processors to its
optimal number—and two processors
do not need to communicate nearly as
frequently as 10. This unique combi-
nation of spectral and domain decom-
position is illustrated in Figure 3 and
uniquely available within the Analyst
tool.

MMIC EXAMPLE

As the F, of process technol-
ogy pushes into the low THz range,
MMIC design at mm-wave frequen-
cies looks much less like distribut-
ed-design-on-a-chip. As such, the

MINIMUM FREQUENCY SPECTRUM , MAXIMUM
FREQUENCY REQUENCY SPECTRU FREQUENCY
SPECTRAL DECOMPOSITION
VIRTUAL
MACHINES

DOMAIN DECOMPOSITION

PHYSICAL PROCESSORS (IN CLUSTER)

A Fig. 3 Analyst’s complementary utilization of spectral and domain decomposition makes it

possible to solve complex problems accurately.
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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!

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

Agilent Technologies

For high reliability, all Mini-Circuits
VCOs are tested with the

Agilent E5052B Signal Source Analyzer.
www.agilent.com/find/ssa

- - - -
®
ANNIVERSAR m Mini-C t
ini=-Circuits
1SO 9001 ISO 14001 AS9100 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site

(g"ilzm The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
~

Patent Pending

IF/RF MICROWAVE COMPONENTS

359 Rev K

Visit_http://mwj.hotims.com/23287-66 or use RS# 66 at www.mwjournal.com/info



http://www.minicircuits.com
http://minicircuits.com
http://www.agilent.com/find/ssa
http://mwj.hotims.com/23287-66
http://www.mwjournal.com/info

A Fig. 4 Results from Analyst for a 3D PHEMT FET at 60 GHz
show the distributive nature of the current in the gate, drain and
source. The circled area shows a region of high current density.

metal on the FET now needs to be extracted separately
and understood apart from the intrinsic device. Given
the complex cross-sectional structure of the gate, mesa-
etched epitaxial layers, and metallization effects at mm-
wave (see Figure 1), 3D FEM becomes necessary as
it gives greater insight into the interplay of metal and
device than a 3D planar EM simulation alone. In this
example (courtesy of WIN Semiconductor), a four-fin-
gered PHEMT device is analyzed at mm-wave frequen-
cies to reveal the impact of the the 3D nature of not
only the trapezoidal vias but also the arched airbridge

PropucTt FEATURE

and stepped metal that shorts the source and drain
stripes, as shown in Figure 4. The circled feature is
actually a high current area due to a step in the metal
in the z-direction.

CONCLUSION

Analyst transcends the limitations of conventional 3D
FEM EM solvers in three ways. First, it was designed from
its inception to efficiently perform calculations in paral-
lel using computer clusters rather than a single computer,
regardless of how many processors it employs. Second, it
optimally and automatically employs the minimum num-
ber of processors required to solve a problem because too
many processors employed inefficiently can actually in-
crease computational time. Finally, by using spectral and
domain decomposition, Analyst can exploit the benefits of
both while minimizing their shortcomings. The result is
computational times orders of magnitude faster than con-
ventional tools when solving very large problems, the abil-
ity to solve large problems with highly accurate results, and
the ability to scale linearly to accommodate problems of
virtually any size the user demands.

AWR Corp.,

El Segundo, CA

(310) 726-3000,
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rcor, m

RS No. 302

August 17 - 21, 2009

EMC Avs¥in S#y/e

www.emc2009.orqg

ENC

SOCIETYS

108

THE BEST SPEAKERS
THE BEST PAPERS

YOUR BEST FRIENDS

THE BEST TIME OF YOUR LIFE

Join your friends for the industry’s premier gathering of EMC
experts from industry, academia and government. You'll experience
the best in technical sessions, demonstrations, workshops, exhibits
and social events - "Austin Style”|
\UM 4
032 (/y

Q A
N 7
» —
O =

N
E &

2009

MICROWAVE JOURNAL m JULY 2009


mailto:info@awrcorp.com
http://www.awrcorp.com
http://www.emc2009.org

Here's The Idea Behind Our
Subampability Concepts!

Subampability’: (sub-amp-ability). noun: The ability to use an amplifier individually, or
as a building block, upon which power can be added incrementally.

Grow as you go. One small step at a time. Building on what's already there.
AR has applied this age-old idea to amplifiers used for EMC testing. When you need a more powerful amplifier, now you can add the
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Add Power To Existing Amps.
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At AR, we're always thinking ahead. And we know you are, too. That’s why you'll appreciate our Subampability concept ...

and the fact that all AR products are backed by the strongest, most comprehensive warranty in the industry, and a global support system
that's second to none.

To learn more, visit wwwuar-worldwide.com or call us at 215-723-8181.
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M simulation has become increasingly
E important in the design and analysis of

antennas, microwave circuits, scattering
and photonics, etc. In addition, manufacturers,
regulatory bodies and the general public share
a common concern over the effects of RF ra-
diation from cell phones, implanted medical
transmitters and MRI systems on humans. As
RF energy is deposited in the tissue, heating
can occur. Measuring the rate at which RF en-
ergy is absorbed is known as the specific ab-
sorption rate (SAR) and is defined as the power
absorbed per mass of tissue (watts per kilo-
gram). Because live human heads cannot be
safely instrumented for these measurements,
computational methods are used to estimate
the SAR in actual human heads. For product
designers, it has become standard practice to
calculate the SAR of new devices to ensure that
they generate a level below the limits set by the
IEEE and other regulatory bodies. EM simu-
lation is at the heart of these calculations.

The finite-difference time domain (FDTD)
modeling technique is a differential formula-
tion that allows users to divide the model space
into very small cells, which provides excellent
resolution of tissue structures in the human
body and makes it ideally suited for SAR cal-

PropucT FEATURE

NEW VERSION OF

+  EM SIMULATOR

~ FOCUSES ON THE
USER

culations. Remcom’s XFdtd® is an FDTD-
based 3D electromagnetic solver that is used
by manufacturers of cell phones, implantable
RF transmitters and MRI devices to compute
SAR values generated by their new products.

The company has just recently announced
the release of XFdtd 7.0 (XF7), which address-
es biological EM analysis as well as antenna de-
sign and analysis, microwave circuit design and
other EM simulation applications. The prin-
ciple enhancements of XF7 focus on providing
a simplified and streamlined user interface and
several unique time-saving features, ubiqui-
tous parameterization, more accurate and ef-
ficient meshing, and dynamic interactive data
processing (graphs). All these features target
engineering productivity, speed and accurate
results.

INTERFACE AND WORKFLOW

An intuitive and easy to operate user in-
terface helps designers set up problems more
efficiently with less time spent learning the
tool’s capabilities. The developers of XF7 put

REMcoM INc.
State College Park, PA
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Imported Model Editing

—

!
i

A Fig. 1 Parameterized features on imported models.

considerable effort into making their interface simple and
clutter-free. Key features include a customizable project
tree, context sensitive tools display (to reduce the number
of irrelevant toolbar buttons during various stages of de-
sign entry or data-processing), in-line editors to eliminate
obstructed views and menu-embedded controls instead of
pop-up dialogs.

As projects are entered in XF7, each model, compo-
nent, sensor, waveform, material or shared definition will
indicate if it is invalid—or if anything it depends upon is
invalid—and why. The interface checks for errors in real-
time to ensure the validity of simulations and provides thor-
ough feedback to troubleshoot difficulties. To eliminate
redundancies in the workflow, XF7 multiplies productivity
by allowing the reuse of almost anything. Any project can
be turned into a template, most parts of the project can be
stored in a shared library, and any simulation can be saved
and the results easily accessed for comparison purposes.

Smaller features like these can save the user anywhere
between five and 30 minutes each time they are used. The
new Hierarchy Import can save hours when frequently up-
dating CAD files by allowing the user to set up the hierar-
chy, material assignments and meshing priority only once.
XF7 preserves this information each time a new version
of the file is imported. Workflow efficiency is further ad-
dressed with the new complete result history.

SETTING UP THE MODEL

The new modeling engine in XF7 supports complicated
models built from the ground up or imported from CAD files,
which in turn can be edited (see Figure 1). Modeling opera-
tions are broken down into step-by-step procedures, keeping
the interface simple and the tasks easy to understand. Model-
ing operations are chained together on each object, creating
an editable history for each model in the project.

The starting point for creating models in XF7 is the
powerful 2D Sketcher. Intuitive grid/object snapping and
a constraint system allow for quick creation of complex
shapes. XF7 keeps track of all the operations performed
while creating a model, allowing users to go back and edit
the original sketch and those changes will be propagated
through the rest of the modeling history.

Using parameters in geometric modeling is a real time
saver. In XF7, parameters can be assigned to parts, compo-

112
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A Fig. 2 Meshing example of cell phone and head.

A Fig. 3 Modeling examples.

nents, waveforms, materials and just about everything else
in the project. Entire assemblies based on the same param-
eter can be modified by changing one value and parameter
sweep simulations can be run automatically. Mathemati-
cal expressions can be used in place of basic parameters,
and each parameter can be defined as an expression or as a
scripted function.

Nearly everything in the application can be controlled
and accessed through a powerful scripting API. The XF7
scripting API enables the same level of user control as the
GUI. Modeling functions, result data, grid and mesh opera-
tions and even creating and running simulations can all be
controlled by scripts.

MESHING

Remcom claims to have improved the product’s already
fast meshing engine by an order of magnitude in the lat-
est release (see Figure 2). Meshes that previously would
have been too large to view can now be created and in-
spected in a fraction of the time on a desktop computer.
XF7 intelligently updates the mesh only when and where
it is required, allowing users to create the most accurate
and efficient mesh with fewer interruptions. XF7 can au-
tomatically detect small details on your model, and adjust
the grid automatically to provide the most detail where it is
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needed. This ensures that any project
will have the smallest mesh necessary
to perform an accurate simulation.

RESULTS AND PLOTS

This results history allows quick
and easy access to past results. The
Results Browser in XF7 is completely
customizable, allowing users to find
results based on user-selected charac-
teristics (see Figure 3). Access to past
results will likely result in data be-
coming quite large. The filtering and

searching tools in the Results Browser
provide ready access to all this data in
a few mouse clicks. Results from oth-
er projects or past simulations can be
added to graphs, viewed in 3D, post-
processed, or exported to text files.
And it all starts from the same place,
the Results Browser. There are fewer
windows to go through and no com-
plicated folder structures to navigate.

The graphing tool within the new
product supports plotting of results as
they are computed. The results are auto-

PropucTt FEATURE

matically updated as new data becomes
available and the graphing engine within
the tool has been sped up significantly.

Field visualization is an important
capability of any EM simulation tool.
XF7 allows users to save fields on any
point, surface, or volume in the proj-
ect. Sensors are used to capture fields
and can be attached to points, surfaces
or even volumes. Each sensor saves
only the requested fields allowing us-
ers to save only as much output data as
needed. Far-zone sensors are drawn
around the geometry, allowing visual-
ization of the angles being saved. And
when viewing far-zone result data, all
the p()st—pr()cessing controls are inte-
grated with the field viewing controls.
Near-zone sensors can be attached to
geometric parts allowing the sensor
to move along with the part’s move-
ments. Near-zone sensors can also be
assigned to a plane, rectangular shape,
or a volumetric box. Each sensor can
save a different set of fields, and at dif-
ferent time intervals.

PLATFORM AND VERSIONS

XF7 is the first EM simulation
package in the industry to run natively
on Windows, Mac OS X and Linux.
This ensures a consistent experience
across platforms and a smooth, easy
transition for those in mixed platform
environments.

There are two versions of XFdtd
available: XFdtd Pro and XFdtd Bio-
Pro. Both include the following:

e Pro-Analysis or Bio-Pro Analysis
Module (32- or 64-bit)

e Geometric Modeler and Postpro-
cessor (32- or 64-bit)

* Shared Memory (MPM) Multipro-
cessor for XFdtd Analysis Modules at
eight cores

e 3D CAD Import Modules (Pro E,
STEP, IGES, Inventor, Catia, Uni-
graphics, Solidworks, Parasolids, other)

XFdtd Bio-Pro includes these addi-
tional capabilities:

e SAR capability
e Hi-Fidelity Female and Male Hu-
man Body Meshes

Additional acceleration capability is
available including GPU hardware ac-
celeration and MPI distributed memory.

Remcom Inc.,
State College Park, PA
(888) 7-REMCOM,

www.remcom.com.

RS No. 301
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Constant Impedance

VVA

10 to 3000 MHz

3.
fromJ ea.qty.10-49

Voltage Variable Attenuators (VVAs)
deliver as high as 40 dB attenuation control over the
10 MHz through 3.0 GHz range. Offered in both 50
and 75 Q models these surface-mount and coaxial
low-cost VVAs require no external components
and maintain a good impedance match over the
entire frequency and attenuation range, typically
20 dB return loss at input and output ports. These
high performance units offer insertion loss as low as
1.5 dB, typical IP3 performance as high as
+56 dBm, and minimal phase variation low as 7°.

40y
ANNIVERSARY

1969-2009

-nu’

0 RoHs compliant

Mini-Circuits VVAs are enclosed in shielded
surface-mount cases as small as 0.3” x 0.3” x
0.1”. Coaxial models are available with unibody
case with SMA connectors. Applications include
automatic-level-control (ALC) circuits, gain and
power level control, and leveling in feedforward
amplifiers. Visit the Mini-Circuits website at www.
minicircuits.com for comprehensive performance
data, circuit layouts, environmental specifications
and real-time price and availability.

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

[ Mini-Circuits’

ISO 9001 ISO 14001 AS 9100 CERTIFIED
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PNA-X Brochure
)VENDORVIEW

Agilent now offers a new 32-page
brochure that describes in detail the
PNA-X premier-performance mi-
crowave network analyzers applica-
tions, measurement functions, and
the latest in calibration technology.
The PNA-X provides the widest
range of measurement applications
in a single connection with break-
through speed, accuracy, and per-
formance compared to traditional
microwave  network  analyzers.

Netwaork Analyzers .'."“'.‘.':.":"::'.".-
- This brochure is available at

www.agilent.com/find/pnax

[Ty S

am

e b T
T

Agilent Technologies Inc.,

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

AR's Orange Book of
Knowledge

JVENDORVIEW

The third edition of AR’s “Orange
Book of Knowledge” is now avail-
able. The book contains articles
and application notes on a wide
range of topics and applications in-
cluding “Custom Pulses Made
Easy” to a reference guide for co-
axial connectors and cables. Con-
tact your local AR sales associate
for a copy.

AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181, www.ar-worldwide.com.
RS No. 320

RF Amplifiers Catalog

Empower presents its updated
Products and Capabilities Guide.
This brochure 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. 322
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CATALOG UPDATE

RF and Microwave
Filters Guide

YJVENDORVIEW

This recently released “How To
Specify RF and Microwave Fil-
ters” is the first in what will be-
come a series of useful guides for
technicians, engineers, installers,
and others who use electromag-
netic filters to solve interference
problems. This guide describes
cavity, ceramic, crystal, helical,
lumped element (LC) and SAW
filters, and illustrates their advan-
tages and disadvantages for spe-
cific applications to make the
process of filters much easier.

Anatech Electronics Inc.,
Garfield, N) (973) 772-4242, www.anatechelectronics.com.
RS No. 311

Cable Assemblies
Brochure

VENDORVIEW

Electronic Assembly Manufactur-
ing Inc. (EAM), an RF/microwave
coaxial cable assembly supplier, has
recently announced the release of
its “RF & Microwave Cable Assem-
blies” brochure. The six-page bro-
. chure features an array of products,
= broken down by cable type. The
seven cable types include flexible,
hand formable, LMR®, semi-rigid,
low loss, RG and corrugated. Typi-
cal VSWR is included.

Electronic Assembly Manufacturing Inc., Methuen, MA
(978) 374-6840, www.eamcableassemblies.com.
RS No. 312

Hybrid Capacitors
Catalog

This catalog features the com-
pany’s Hybrid® Capacitors that
have been specified in numer-
ous systems throughout the F-35
Joint Strike Fighter. Hermetically
sealed, tantalum hybrid capaci-
tors have more than 4x the ener-
gy density of other military-style
capacitors. These capacitors are
found in laser targeting, com-
munications modules, controls,
cockpit displays, phased-array
radars, fire control systems and
elsewhere on many advanced
commercial and military aircraft.

eg“‘
EVANS

Evans Capacitor Co.,
East Providence, RI (401) 435-3555, www.evanscap.com.
RS No. 323
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COMSOL
CONFERENCE

WORLDWIDE

Join the Leaders in Multiphysics Simulation
at the COMSOL Conference 2009

BOSTON, OCT 8-10 / MILAN, OCT 14-16

GOLD SPONSORS

Hands-on Minicourses & Tutorials

Get hands-on training in more than a dozen topics it
using COMSOL Multiphysics e
Microsoft
Keynote Talks and User Presentations ronzs i
Tap into users” applications and research ———
Exhibition & Poster Session @jlm
Showcase of simulation products and services -
Demo Stations A
Test drive new products and meet with support N
and application engineers R
Desio
Awards Banquet D
Meet and interact with your colleagues. el
Prizes for best papers and posters —
]
www.comsol.com/conference?009 \E COMSO0L

© 2009 COMSOL Inc. COMSOL, COMSOL Multiphysics,and COMSOL Reaction Engineering Lab are registered trademarks of COMSOL AB.

Other product or brand names are trademarks or registered trademarks of their respective holders.
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Hittite Microwave Corp.,

Chelmsford, MA (978) 250-3343,

Synthesizers
L

56 MHz-6010 MHz,

I Mini-Ciresits

New Literature

Y)VENDORVIEW

The June 2009 Off-the-Shelf
newsletter showcases 27 new
product releases and includes sev-
eral feature articles describing the
new HMC-T2100 Signal Genera-
tor, Fractional-N PLL Synthesizer
ICs and industry leading single
and dual channel Power Detector
ICs. The June 2009 Product Se-
lection Guide summarizes over
750 items including 34 new prod-
ucts, while an expanded Frequen-
cy Generation section features
Fractional-N and Integer-N PLL
ICs operating to Ku Band.

RS No. 313

Advasivd Mrasareraid Techeapes
Sor OFTW- s BHBKD base Aaba Syofcrm
[ e

Keithley Instruments Inc.,

CATALOG UPDATE

Easy WiMAX Signal
Creation and Analysis

Keithleys CD, “Advanced Mea-
surement Techniques for OFDM-
and MIMO-based Radio Systems:
Demystifying WLAN and WiMAX
Testing,” includes a comprehen-
sive set of RF measurement notes,
an RF glossary and useful tables,
as well as capsule descriptions of
selected products designed for RF
and DC testing. Request your free

copy at www.keithlev.com/at/557.

Cleveland, OH (800) 588-9238, www.keithley.com.

Synthesizer Catalog
YJVENDORVIEW

Let the Mini-Circuits design team
create a custom frequency synthe-
sizer tailored to your requirements.
The Mini-Circuits’ team will re-
view your requirements and, fol-
lowing technical discussions be-
tween  your  engineers and
Mini-Circuits designers, will work
closely with you to create final
specifications that meet or exceed
your requirements. To ensure high
yields, they will factor in compo-
nent tolerances and even variations
in manufacturing processes. You

will have full access to performance data from sample units, and can even
evaluate sample units in your system to ensure that final production units

fulfill your performance requirements.

Mini-Circuits,

Brooklyn, NY (718) 934-4500, www.minicircuits.com.

RS No. 316

Wireless Products
Catalog

Times Microwave Systems an-
nounced the availability of the
new 2009/2010 14th edition of
the LMR® Wireless Products
Catalog. The new catalog includes
the entire range of LMR® cables
including LMR-DB, LMR-FR,
LMR-Ultraflex, LMR-LLPL and
LMR-75 as well as TCOM® (low
PIM cable), FBT® low loss, high
power cables and T-RADT™ leaky
feeder cables. Also included in this
latest edition are a new LMR In-
staller Training Program, the new
Intra-Flex™ in-the-box intercon-

nect cable, updates on the LMR Bundled Cable and SilverLine product
lines as well as new connectors, tools and installation accessories.

Times Microwave Systems,

Wallingford, CT (203) 949-8400, www.timesmicrowave.com.
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ROGERS
[

ECEroRAfG

BISCO" Slicongs

Rogers Corp.,

RS No. 314

Selection Guide
)VENDORVIEW

This 16-page Material ~Selec-
tion Guide highlights Rogers’
BISCO®  Silicone  materials,
which are offered in cellular, solid
and specialty grades. These mate-
rials are used in a wide range of
markets, from transportation and
communications to electronics
and high intensity lighting. The
new BISCO Selection Guide in-
cludes product samples and tips
for materials selection based on
market applications.

Rogers, CT (800) 935-2940, www.rogerscorp.com.

|: o E-Communiaaiions, las,

The World Leader in
VCOs & PLLs

M0F PRODUCT CLIDE

Z-Communications Inc.,
San Diego, CA (858) 621-2700, www.zcomm.com.

RS No. 318

Product Guide

Z-Communications Inc. an-
nounced the release of the com-
pany’s 2009 Product Guide. This
short form catalog includes a wide
variety of surface-mount voltage-
controlled oscillator (VCO) and
phase-locked loop (PLL) syn-
thesizer modules ranging from
40 MHz to 10 GHz. A complete
listing of all available parts and
specifications can be found on the
company’s website. Users can also
download an electronic version of
the product guide online at www.
zcomm.com or contact the com-
pany at sales@zcomm.com for a

hard copy version.

RS No. 321
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High-Performance EM Simulation and Optimization

and Electronic Design Automation

IE3D Full-Wave EM Design System V14

= 30 EW [l Syt - brmartond F .goe

_ IFHE T S oK . u| £ LS &=
% CEEE

Cisrrend Ve || bealar, VYemar = pn, Bethed Sinectors - an |

S-Pasamtens Display

L I TR

e rAEEEE |

[ R <]

IE3D V14 gets a new look with integrated layout editing, real-time EM tuning and
optimization, s-parameters, current distribution, near field and radiation pattern
visualization and post-processing.

Features:

- Accurate simulation from 1 Hz to 10 THz.

- Efficient full-wave EM design for microwave circuits, MMIC, RFIC, LTCC circuits,
antennas, RFID, IC and PCB interconnects and signal integrity.

- Excellent for both planar and true 3D structures with precise thickness model.

- Automatic full-3D EM model creation from industrial standard layouts for streamlined
and batch full-wave EM simulations.

- Integrated into Cadence Virtuoso, Cadence Allegro and AWR Microwave Office.

- Equation and Boolean based parameterized geometry modeling.

- Real-time full-wave EM tuning and optimization for both planar and 3D structures.

- Multi-CPU support and network distributed EM simulation and optimization.

ZELAND SOFTWARE, INC.

Fremont, California, USA, Tel: 510-623-7162 Fax: 510-623-7135, info@zeland.com, www.zeland.com
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New Waves: RBF & MIcRoWAVE SOFTWARE

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE

FEATURING W VENDORVIEW STOREFRONTS

Front-to-back Solution

)VENDORVIEW

Agilent Technologies Inc. recently announced
Advanced Design System (ADS) 2009 Update
1, a complete, front-to-back solution for mono-
lithic microwave integrated circuit (MMIC)
and RF module design. The release integrates
3-D electromagnetic (EM) analysis, wireless
standards-based design verification libraries, X-
parameter simulation, and statistical design and
yield optimization. Advanced Design System
2009 Update 1 enables designers to stay within
the design and simulation platform of choice
for their entire design cycle and eliminates the
need for separate, time-consuming point tools.
Agilent Technologies Inc., Santa Clara, CA

(800) 829-4444, uzumamlmhmm
RS No. 216

Simulation Solutions

JVENDORVIEW

As wireless communication and electronic de-
vices proliferate and become smaller and more
functional, the need for robust simulation solu-
tions increases. Ansoft™ software helps engi-
neers design, simulate and validate the behavior
of complex high performance RF, microwave
and millimeter-wave devices in next-generation
wireless communication and defense systems.
Using Ansoft technology, customers can achieve
a dramatic reduction in development time and
cost, while at the same time realize increased
reliability and optimization. Ansoft recently in-
troduced planned enhancements to its 3-D full-
wave electromagnetic field simulation software
HFSS™ including domain decomposition, a
high performance computing (HPC) option.
The technology, which adds depth and breadth
to the ANSYS multiphysics suite, enables en-
gineers to solve problems such as electromag-
netic-induced heating in high power microwave
structures and antenna performance while un-
der mechanical deformation through links with
the ANSYS® Workbench™ platform.
Ansoft, Pittsburgh, PA
(412) 261-3200, www.ansoft.com.

RS No. 217

Microwave Office Software
)VENDORVIEW

AWR announced that users of AWR’s Micro-
wave Office design software now have access
to XML library data for a broad array of mi-
crowave amplifiers from TriQuint Semicon-
ductor Inc.’s San Jose design center (former-
ly W] Communications). The devices include
packaged gain-blocks, field effect transistors
(FET) and heterojunction bipolar transistor
(HBT) amplifiers. The library provides mea-
surement-based models and footprints used
for printed circuit board (PCB) and module
layouts. It is available to users of AWR’s Mi-
crowave Office software through the XML
library link accessible from the software.
While the majority of the library is targeted
for small-signal simulation, there are a va-
riety of nonlinear models available for the
AP60x Series high-voltage HBT amplifiers.
AWR®, El Segundo, CA

(310) 726-3000, www.awrcorp.com.

Asym totic Solver

VENDORVIEW

Engineers working on antenna placement, ra-
dar cross section simulation or other electrically
large problems will benefit from CST’s newest
addition to the CST MICROWAVE STUDIO®
(CST MWS) solver family. The new CST MWS
asymptotic solver targets a range of simulation
model sizes beyond the reach of even the suc-
cessful integral equation solver, i.e. much larger
than 100 wavelengths. The asymptotic solver is
tightly integrated in the CST design environ-
ment and shares the same well-known usability
features as the other CST MWS solver modules.
CST of America® Inc.,
Framingham, MA (508) 665-4400,
www.cst.com.

RS No. 246

EMPIRE XCcel™ 5.3

L L L R =2 e

The 3D EM solver EMPIRE XCcel 5.3 covers
nearly all today’s design challenges for RF de-
signers, like antennas, passive circuits, packag-
es, waveguides or EMC/EMI problems. Due to
the unique structure and processor adapted
code generation, a simulation performance up
to 1600 million FDTD cells per second can be
achieved on a conventional PC with full access
to the built-in memory. Thus very complex
structures can be modeled very fast and highly
accurate (e.g. 23 lambda X 16 lambda X 4.5
lambda array antenna simulation at 24 GHz
needs only 12 GB memory).
IMST GmbH, Kamp-Lintfort, Germany
+49 2842 981 0, www.imst.com.

RS No. 219

Design Tool

pWave Wizard, a design tool using the mode-
matching technique, which is particularly suit-
able for simulation and optimization of passive
microwave systems and components, including
antennas. The aim of the latest introduction,
version 7.0, is the execution of pWave Wizard
on a 64 bit operating system and in parallel with
the 3D finite element method (3D-FEM) solv-
er for 3D-FEM based elements, as well for us-

and multiprocessor computers on 32 bit and 64
bit Windows operating systems.
Mician GmbH,
Bremen, Germany
+49 (421) 168 993 51,
WL mICtan.Com.,
RS No. 220

EM CAD and Optimization Tool

fl ponid

The latest version of its hybrid MM/FE/MoM/
FD WASP-NET® tool now includes elements
for aperture and wire-cross-coupled combline
and dielectric resonator filters. Utilizing a novel
ultra-adaptive sweep technique, which is par-
ticularly appropriate for fast optimization, such
components can be calculated within fractions
of a second. A new flexible, user defined input
system for body-of-revolution (BOR) antenna
structures, where all desired parameters can be
individually parameterized by the user enables
convenient design and optimization of complex
antenna systems, including shaped subreflec-
tors, shaped reflectors, lenses and radomes.
Also, there are new user-friendly extended syn-
thesis wizards for all kinds of filters, slot arrays
and corrugated horn antennas.

Microwave Innovation Group (MiG)
GmbH & Co. KG, Bremen, Germany

+49 421 223 7966 0,
www.mig-germany.com.

RS No. 247
3D Planar EM Simulator

Sonnet Software Inc. introduces Sonnet Lite
Release 12, a free 3D Planar EM simulator, as a
tool for learning and experimenting in high fre-
quency RF transmission lines, circuits, packages
and antennas. Sonnet Lite provides a full-wave
EM analysis solution for 3D planar circuits and
allows high frequency designers to solve prob-
lems that require up to 1 MB of RAM, with-
out giving personal information. In return for
registering and providing contact information,
Sonnet will expand the memory resource limit
to 16 MB of RAM.

Sonnet Software,

North Syracuse, NY (315) 453-3096,
www.sonnetsoftware.com.

RS No. 221

RS No. 218 ing 3D-FEM on a complete circuit. With this
version the 3D-FEM solver supports multicore
120 Visit mwjournal.com/info and enter RS# to request information MICROWAVE JOURNAL m JULY 2009
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300 MHz-12 GHz RoS

LTCC MIXERS 3=

For Commercial, Military, and Industrial Use, Mini-Circuits proudly presents the Model LLO‘ RFTGQ- CLonV- L(‘D-‘RF sFérice
MCA1 series of Low Temperature Co-fired Ceramic (LTCC) frequency mixers. Highly @B (M) (@B) (dB) (Qiy.10)
reliable, only 0.080” in height, and “tough as nails”, these patented mixers have all MCA1-85L 4 2800-8500 60 35 9.45
circuitry hermetically imbedded inside the ceramic making them temperature stable M%AX{EEL ‘71 33888’1231%%3 g-? ig 1;-32
and impervious to most environmental conditions. The process also gives you high MGAT-42 7 10004200 61 35 6.95
performance repeatability and very low cost. There’s a variety of broadband models Mgﬁl-gg ; ; ggg-gggg g.é gg g.gg
and LO power levels to choose from, so you can use these mixers in a multitude of MCAT-12G 7  3800-12000 62 38 1095
designs and applications. And MCA1 mixers are ideal for the COTS program! Just MCA1-24LH 10 300-2400 65 40 6.45
; : MCAT-42LH 10  1000-4200 6.0 38 7.45
check all the specs on our web site. Then, chopse the quel th_at best fits your MCA160LH 10 17006000 63 30 aan
needs. Our team is ready to handle your requirements with quick off-the-shelf MCA1-80LH 10  2800-8000 59 35 9.95
i i - i i MCA1-24MH 13 300-2400 6.1 40 6.95
shipments, custom designs, and fast turn-around/high volume production. MeAiGaME 18 o0Ea B A 52
e . MCA1-60MH 13  1600-6000 6.4 27 8.95
Mini-Circuits... Your partners for success since 1969 MCA1-80MH 13  2800-8000 57 27 1095

MCA1-80H 17 2800-8000 6.3 34 11.95
Dimensions: (L) 0.30” x (W) 0.250” x (H) 0.080"
For RoHS compliant requirements, U.S. Patent #7,027,795
ADD + SUFFIX TO BASE MODEL No. Example: MCAT1-85L+

40 == o= ar o
amveesarr. [ Miini-Circuits
1969-2009 inicircuits.
ISO 9001 SO 14001 AS9100 CERTIFIED Minicireuits.com
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site

g\l "2 The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
—u
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NEw ProbpucTs

Components

Programmable Attenuator

\JVENDORVIEW

This  improved
programmable
0.5 to 18 GHz
attenuator  in-
corporates a
new driver cir-
cuit with faster
switching  and
more accurate
attenuation. Low insertion loss and stable op-
eration over temperature extremes. Switching
between all attenuation level is typically within
1dBin 5 ps at 25°C. Sinewave scan modulation
small and large signal bandwidth of 100 kHz
and 50 kHz respectively. Temperature stability
of +2.5 dB over -10° to 85°C and +3.5 dB over
-40° to 95°C. Size: 2.00" x 1.81" x 0.5".
American Microwave Corp.,

Frederick, MD (301) 662-4700,

WWW.americanmicrowavecorp.com.
RS No. 222

PIN Diode Switches

This family of
surface-mount,
silicon PIN di-
ode SP2T switch-
es offer power
handling capa-
bility up to 100

RF & MICROWAVE
FILTERS

e/

W C.W. incident RF power. They are optimized
to function in two frequency bands of interest:
20 to 700 MHz, and 400 to 4000 MHz, and are
available in compact surface-mount packages
measuring 8 x 5 x 2.5 mm. The MSW2000 se-
ries of surface-mount PIN diode SP2T switches
is manufactured using Aeroflex/Metelics’ prov-
en hybrid manufacturing process incorporating
high voltage PIN diodes and passive devices
within a ceramic substrate. Both asymmetrical
and symmetrical SP2T topologies are offered.
The asymmetrical SP2T provides Tx/Ant inser-
tion loss of 0.20 dB, with 20 dB return loss and
40 dB Tx/Rx isolation. Ant/Rx loss is similar at
0.3 and 20 dB return loss.

Aeroflex/Metelics, Londonderry, NH

(603) 641-3800, www.aeroflex.com/metelics.
RS No. 223

Doppler Ranging Sensor Heads

Model SRU Se-
ries, ranging
sensor heads are
designed for
long range dis-
tance detection
where the sensi-
tivity is essen-
tial. The SRU series ranging sensors are used
for moving targets (where the Doppler shift is
presented) distance detection. Four configura-
tions are offered for special applications. The
single channel versions are used for speed and
distance sensing only while dual channel ver-
sions are offered for speed, distance and direc-
tion sensing. In addition, dual antenna versions
are offered for high power to eliminate the lim-
ited TX/RX isolation problems due to the di-
plexer. The single antenna versions are con-

SELECTION
IN THE INDUSTRY

SOL TION

122 Visit http://mwij.hotims.com/23287-5

structed with a high performance horn antenna
or lens corrected antenna, a linear to circular
polarizer and T/R diplexer, a single side band
up-converter or modulator, a balanced mixer or
an I-Q mixer and an amplifier and a high perfor-
mance Gunn Oscillator.
Ducommun Technologies Inc., Carson, CA
(310) 847-2859, www.ducommun.com.

RS No. 224

Attenuator Design Kit
JVENDORVIEW

EMC Technolo-

gy introduces a

’ new ultra broad-

\ band, wire
bondable  chip

attenuator  kit,

‘ ‘ K-BAND-DKIT,
Designed  with

high frequency

in mind, this kit offers a complete selection of
wire bondable attenuators both fixed (KFA) and
temperature variable (KTVA). The products in-
cluded in the kit operate effectively in the 16 to
36 GHz frequency range. This is the perfect de-
sign kit for the high frequency customer and
provides an ample amount of both fixed and
temperature compensating attenuators to com-
plete most designs. The K series attenuator
product can handle up to 200 mW and is avail-
able in many dB values with an operating tem-
perature range from -55° to +150°C.
EMC Technology, Stuart, FL
(772) 286-9300, www.emct.com.
RS No. 225

High Power Terminations

Johanson Manufacturing Corp. has announced
the production release of its new line of high-
voltage terminations. The new line was de-
veloped in its NJ headquarters facility and is
produced in volume at its Dominican Republic
plant. Available in multiple package sizes with a
range of termination values, the new family of
terminations addresses critical circuit require-
ments, most notable in RF and power amplifier
applications.
Johanson Manufacturing Corp., Boonton, NJ
(973) 334-2676, www.johansonmfg.com.

RS No. 226

Elliptic Bandpass Filter
T i e § KR Electronics
introduces part
number 2897, a
surface-mount
300 MHz group
delay and ampli-
tude equalized elliptic bandpass filter. The filter
has a typical insertion loss of 3 dB and minimum
1 dB bandwidth of 48 MHz. The filter attains
over 50 dB rejection by 225 and 380 MHz.
Group delay variation is typically 5 nsec over
the 48 MHz bandwidth. The filter is supplied in
an surface-mount package measuring 2.0" x
0.5" x 0.3" and can also be supplied connector-
ized. The filter can be customized for other cen-
ter frequencies and bandwidths.
KR Electronics Inc., Avenel, NJ

(732) 636-1900, www.krfilters.com.
RS No. 227

4

Band Reject Filter

Lorch  Model
18BRX-1350/
X700-NM/N is a
band reject filter
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EUROPEAN MICROWAVE WEEK 2009

EuMW2009 PUTS CUTTING EDGE TECHNOLOGY ON A GLOBAL STAGE

The historical, cultural and stylish city of Rome will be the backdrop for the 12th European Microwave Week when it plays host to Europe's premier
Microwave, RF, Wireless Technology and Radar event for the very first time. The vibrant Italian capital complements the focussed and challenging Week,
which covers FIVE days, encompassing FOUR cutting edge conferences and ONE dynamic trade and technology exhibition featuring leading players from

across the globe.
THE MUST GO SHOW

Concentrating on the needs of engineers the event showcases the latest rends and developments that are widening the field of application of microwaves.
Fivotal to the week is the European Microwave Exhibition, which offers YOU the opportunity to see. first hand, the latest technological developments from
gﬂnbal Ieadlers in microwave technology, complemented by demaonstrations and industrial workshops. Registration to the Exhibition is FREE!
International Companies - meet the industry's biggest names and network on a global scale
» Cutting-edge Technology - exhibitors showcase the latest product innovations, offer hands-on demonstrations and provide the opportunity to
talk tachnical with the experts
« Technical Workshops - get first hand technical advice and guidance fram some of the industry's leading innovators
»  Four Conferences - European Microwave Integrated Circuits Conference (EuMIC), European Microwave Conference (EulC),
European Wireless Technology Conference (EUWIT), European Radar Conference (EuRAD)

BE THERE
Exhibition Dates Opening Times
Tuesday 29th September 09.30-17.30
Wednesday 30th September 09.30-17.30
Thursday 1st October 09.30 - 16.30

EUROPEAN MICROWAVE EXHIBITION
REGISTRATION FORM

Please complete the following:

First Mame: ||| | - B - Il 1) LastMName: L | | | L.} N - - I
Company/University: || L1 L1 1 (| I 1 I [=1 L 11| (| Gl L1 . |
Dept: Y R Sy S Sy A

Addrass: I I L. |1 L1 I I [ Il P .1 I - L1
City: O N O G O Y Oy I O

Cauntry; [ L.l (| (- I - (- (- Ll ) Jied | Postal Coce: | || (- (- |
Tet: | GG AN A N S A S N s (N S DY o N S N PO I O ] Y S |

E-mail; | R N GO O Y Y N Y A Y Y N NN Y N N Y O [y I | (AL I - | L

] Yes, | would like to receive information by email from EuMAHorzon House
1 Yess, Dwoutkd like o recenve information by email from mcrowasehwireless ndustry companies

What is your job title? (please tick box)
Corporate Management | Technical Management [ Technical Engineering |

Which market does your company serve? (please tick box)
Industrial | Cormmercial —J Governasent | Military [ Academia [

Attending the Exhibitien Is FREE! You can Pre-register on-line at www.eumweek.com by clicking on "Registration’

Altarnativaly, complate this form and fax 1o +44 {0} 20 7596 8749, Registration deadiines; for advance fax or masdl, 1 Septernber 2009; for advance website, 3 Septembsar 2009,
On-site registration & avatkable at the event however fees are 30% highe

Please note that ALL visitor badges 1o the exhibition can be coflected on-site.

Badges will NOT be maded ta visitors prior 1o the event.

REGISTRATION INFORMATION

Data supplied to Horizon House Publications may be shared with assaciated compandes and sibsidiaries for the purpeses of customer information, direct marketing or
pubdication. Data may also be made available to extemnal parties on a list rentad or lease basis for the purposes of direct marketing. If you do not wish data to be made
available to external parties on a list rental or lease hasis, please tick the bax || or write o the Data Protection Coordinator, 000 B MoCorquodale, Horizon Howse
Pubdications, 16 Sussex Street, London, SW1V 4RW, UK or phone +44 20 7596 8700
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EUROPEAN MICROWAVE WEEK 2009
CONFERENCE REGISTRATION

Don't miss Europe's premier microwave conference event. The 2009 week consists of four conferences and associated workshops:
= The European Microwave Integrated Circuits Conference (EuMIC) - Monday & Tuesday

* The European Wireless Technology Conference (EUWIT) - Monday & Tuesday

* The European Microwave Conference (EuMC) - Tuesday, Wednesday, Thursday

* The European Radar Conference (EuRAD) - Wednesday, Thursday, Friday

The four conferences specifically target ground breaking innovation in microwave research through a call for papers explicitly

inviting the submission of presentations on the latest trends in the field, driven by industry roadmaps. The result is four
superb conferences created from the very best papers, carefully selected from over 1,250 submissions from all over the world.

Special rates are available for EuMW delegates. For a detailed description of the conferences, workshops and short courses
please visit www.eumweek.com. The full conference programme can be downloaded from there.

REGISTRATION

*  ADVANCE REGISTRATION at reduced rates via the web al wanweumweek com or by fax or mail - see form overleal for details.
Deadlines are 1st September 2009 {fax/mail) and &th September 2009 (website),

»  After these dates you must register ON-5ITE at the conference at the higher rates listed below.

ON-SITE REGISTRATION FEES

Advance registration is up to 30% lower. See reverse for details.

Conferences Sovety Member {*any lsted over) Non-Member
{available options - choose one) Standard Student/Snr Standard Student!/Snr
1 Conference
[EuML =520 =130 E6ED =170
[Eumic €410 €120 €540 160
Eulil 410 120 2540 €160
EuRAD =290 =110 =380 =150
2 Conferences (10% discount for Standard)
|-Eul'|'I{ and EubIC =240 E2150 1,090 330
|FIJI'-'|{ and EubiT EH4D €150 21,080 =130
|EuMC and EuRAD 730 240 =950 €320
|EuF.'HE and EuliT 740 €240 €560 320
|[uM!l.‘. and EuRAD E630 €230 EB20 €310
|Eulh'|'r and EuRAD R0 130 =R =310
|3 Conferences (20% discount for Standard)
lEuMC & EuMIC & EuWiT 1,080 €370 1,400 =430
|Eu|'-'|(. & EuMIC & EuRAD £980 €360 €1,270 480
|Eul'|'I{ & EuWIT & EuRAD =980 =360 1,270 480
IEIJMiC B EuMWAT & FuRAD E8390 350 =1,160 =401
4 Conferences (30% discount for Standard)
|-EuMC & EuMIC & EUWIT & EuRAD | 1,150 [ &4B0 1,490 | =£40
Warkshop and Shert Course Prices Society Member (*any listed over] Non-Member
Standard Student/Snr Standard Student/Snr
112 Day WITH confesence regestration L] il 110 B0
112 Day WITHOUT conference registration €110 <80 €150 =110
[Full Day WITH conference registratian €120 90 &160 2110
|Fu|| Day WITHOUT conference registraticn =160 120 =210 =150
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| COMFERENCES Society Member (*any of above] fior-Member

Advance Conference Registration B i e ways toregister: For Office lise anly:

European Microwave Week 2009 i Bl : : R

28 September - 2 October 2009, Rome, Italy Sirleis 2l deta _' e Order
Each delegate must submit a separate registration form, A copy may be used.

Registration deadiines: for advance fax or mail, 1 September 2009; for advance website, 8 Sepfember 2009, Fees 20% higher for on-sife registration,
To register, tick 0 the appropriate boxes and enter corresponding fees and totals on the lines provided,

MName || | N I I | e e B e [ 5 | Lol L L (inchude business card if possible)
First Last { Surname

Affliation | | | | | L 1 L [ | L L L L L L L 1| N [ N RS N [ N NS S Y N N I SO 1
CompanyiUssenity Dipartsant'Masd Stop

Address | | | I I | | | | | I . | N T | | ]

et
[ | I | I | T G | 1 | L
City Staic'Province Country
G N S T R s T 0 S Y S 5 I | 1 ] S G A S
Perital ode Telephone
Email L_L_[ | | I | I - Ll 1 | I | N W o I T |

e-mail addresy tar regisbration confemation and receipt)
1 e, | sl like 1o receive information by e-mall fram Futdt, O Yes | would lke to recedve infarmation by e-mail from microwaseiwineless industry companies.

SOCIETY MEMBERSHIPIMembership Mumber(s): | AR B 110 AP N A A | [l A I -

3 EuMi, O GAASTE QO IET O [EEE
STUDENTS/SENIORS {Full-time students less than 30 years of age and Seniors 65 or older at 2 October 2009)
DateofBirth| | | | | Student’s University | | ] O | M e L1 1 -~

Student’s Supervising Professor Email | | L | | i AL oy [ | (|
If you want 1o benefit from reduced rates, subscribe for Eut membership NOW by ticking one of these boxes: I Professional; €200vear 1 Student: £100year
The conference CD-ROM will be available FREE to all conference attendees.

Tavaltable optians - thooss o] Tandard | Swdentsr | Sondad | Swdendsr | | WORKSHOPS and SHORT COURSES

| TConference I 1 o — [ ] | Arices bt lefr Visit e sunmaeek com Sar titles and further details)
FUME 0 €400 €10 Q€5 €130 : -

[~EaMIE ST = T —ENb T || WMDY l:EuME.'EuW!TI' Tday€____

| gtz =T =TT T T | aae | gegn || DWFMOZ (EubC/EuWIT) Tday€_

EuRAD Q€2 | aem | oem | e | I
|2 Canferences 101% discount o standard) SRR | || (o e £ & —
| EuMC B EuMIC T | _|F.1sr.- [T [T | < WHMOS {EuMOEUMIC) 12day€____
EUME & ELVNTT 1640 JE1W 0 EB4D JE250

|| EuMC & EuhiaD | Gew | oem | oew | uew | |- WMOSEMO |ty S

| EuMIL & EufiT_ | €56 €18 Q€T OGn | | LIWFOE (Eub0) 1 day €

| EuRIIC & FuRhD [ O&dE | O€m | O€mn | O 0 WHMO7 {EuMC) 12 day €

|73 Citrrace 5% iz o i . Ues s L | WHWER (EUMICTEUMO) Vday€

| TEUME & EuMIC & FuwiT [ O | aeE | OEm | Oeam || O WFWED (EuMC) Tday€_

| EuME & EuMIC & EuRAL [ aes | aemm T =7, I T = .

[ EuME & EuWIr & EuRaD e | e | e | e || WRWETDHEUMCEUMIC) 1day €

| EuMIC & BT & EuRAD T =T | dERED | €30 || WHWETT (EuMC) 112 day €

| 4 Canderences (30% dicount for standard) .

[ EuME B EuhliC & ExTT & EuiAD BT T [ meE | oeams | | S WRTHIZ (Eudc) 1 day €
Lunch Trays O WFTH13 (FuMC/EURAD) 1 day &
Limch trays are not wnduded in your confesence package and hence can be purthased at @ sate of €10 per day An advance resenation Tor | | 1 SFTHT (EuMIC) 1 day €
the lunch trays is stmngly advisable, since m the area of Fiera di Rama allemative dhoeces e rather limsed and, for logesscal planning T MICTELM 1
kasl-minate on-site lunch resendation may no knger be possibile, _:I SFTHS {EAMICTEUME) day€___

| Which days would you lke to order lunch for? L Monday 2 Tussday ' Wednesday L) Thursday I Friday S WEFRT4 (EGRADIEUMC) 1day €

I society Mamber * I Ner-Member | | WHFRYS [EuRAL] 112 day €

| Workshops and Short Course Prices | Standard | Student/Sr | Standard | Student/Sr | | J SHFR3 [EuRAD) 12day€

|12 Py WiITH comfevenice regearation. | € | e &b | eEh |

| 12 Dy WITHOUT conderersce recistration | Eno | emn | &0 G 1 Workshop & 5C Total €

| Full Duvyg WITH comference regianation 1 fl]‘l!l | =0 . €160 ] €l 1 |

[ Full Dy WITHOUT conterensce regisration 6l 20 &l €sr | Conference Total €
DVD Archive EuMC EuA mambiers Non Enldd Members EuMA b .

ip Total
DVD Archive EubC 1963-2003 Qty. @ 21 €4 uMA Membership Total €

| DVD Archive EuMC 2004-2008 Oty @ €3 O €128 [ CD-ROM Total €
PROCEEDINGS ON CD-ROM
AN papers puldished for presentation 2 eacl conderence will be on g CD-ROM given out wilh (he delegate bags 1o those DVD Total E'—'

| atvending canberences, Foe addilionsl CD-ROMs arder here: Qly. & €50 Lunch TfaFS Total €

Conference dinners, side events and sodial events
Fe irthnmation on et regiatrition, phsese sl e conleence wtee: i sk com GRAND TOTAL E_
Euarly recpsteation & highby secommenched hor fhese events o 8 will be requaed for kogistical planning. |

TMPORTANT PAVIENT INFORMATION: MO REGISTRATION WILL BE PROCESSED WITHOUT PAYMENT AN payments must be & Euros, Cards will be dedited i Furos and cheques aus? be o Euros from
& Evr account, Detats of Bank Transfer papments must be provided n advance and sant with the registration form, ALL COSTS FOR BANK TRANSFERS ARE THE RESPONSBILITY OF THE REGISTRANT
AN bank transfers must be receivad in advance of the ragistration deadling. Make dheques payalie fo; Ewropean Microwave Weet.

JAMEX  OVISA OOMASTERCARD  JCHEQUE [ BANK TRANSFER

Card Number || L1 11 - L1 Expiry Date | |

Namse as it appedrs on the cand L | | | | | N N | | | L | | | | Amount€l |

Card Holder's Signature | Datel | | |

MAIL comgleted FORM with credit card informatian, or FAX completed FORM with credit card SEND BANK TRANSFERS TO:

Bank transfer document or cheque payment to; Infeemation or Bank transfer doument to: Euldh Account Registrations

EuMW Registration +44 207 596 8749 Reference — EuMW Registration, delegate’s name

Honzon House Publications Cheque registration must be mailed. Fortis Bank, Place de |"Université &, B-1348 Louvain-la-Newve, Balgium
16 Sussex 54 or REGISTER ON-LINE with credit card at: Account no; 001-4356992-53

Lovdaon STV 4RW UK W B egrsiration. com IBAMN: BE9S 0014 3965 9253 BIC: GEEABEBH

Fefund requests recosod by August 14, 20875 will ba honowned, For requests postmarked atter s date, pre-regsstrants will, m leu of  refend, be maded upon request amy CDs due, Please sate fhe pre-regestant's name and provde a maiing address
fior e efund chespre | the pagistration was paid by credit cand, seimbursement will be teough an eredin card aocoem oedit, Addsess your reguest (o EohW Aegisisation, Morizon Hose Poblicrtions Ld, #6 Susses Steet, Longdon SW1H AV UK

Hovizon Howse acts by order and for account of Evropean Micowave Assaciation (Fultd), Chemin oy Cpelatron 5, B-1348 Lamvain-la-Newwe, Belgivm, VAT No. BE 364 401 356
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Europe’s Premier Microwave, < WEEK
s Rome

RF, Wireless and Radar Event

28 September - 2 October 2009

[ www.eumweek.com o

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.

EuMW2009 will provide:
* 7,500 sgm of gross exhibition space
¢ 5,000 key visitors from around the globe ¢
* 1,700 - 2,000 conference delegates °
* In excess of 250 exhibitors

Pl ‘ . i T

ey

Running alongside the exhibition are 4 separate, but complementary
Conferences plus Workshops and Short Courses.

Interested in exhibiting? Book online NOW!

Visit_http://mwj.hotims.com/23287-28 or use RS# 28 at www.mwjournal.com/info

www.eumweek.com

For further information please contact:

Richard Vaughan Kristen Anderson

Horizon House Publications Ltd.

16 Sussex Street, London SW1V 4RW, UK
E:rvaughan@horizonhouse.co.uk
Tel: +44 20 7596 8742
Fax: +44 20 7596 8749

Co-sponsored by: Organised by:

horizon
. house
MTT-S

@IEE'E EuMA

European Microwave
Association

Horizon House Publications Inc.
685 Canton Street, Norwood, MA 02062, USA
E:kanderson@mwijournal.com
Tel: +1 781769 9750
Fax: +1781 769 5037
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The 39th European Microwave Conference
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The 2nd European Wireless The 6th European  The 4th European Microwave Inte-
Technology Conference Radar Conference grated Circuits Conference
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NEw ProbpucTs

with specifications of 70 dB from 1200 to 1570
MHz. Insertion loss is 1.2 dB from 20 to 1000
MHz and 1.5 dB from 1800 to 2500 MHz. The
VSWR is 1.5:1 over this range also. Power han-
dling is 100 W and package size is 2.5" x 1" x 1"
with an operating temperature of -40° to +65°C.
Lorch Microwave, Salisbury, MD
(410) 860-5100, www.lorch.com.

RS No. 228

E-GSM Diplexer
Y)VENDORVIEW

Reactel part
number  2DP-
EGSM-900 is a
diplexer for the
E-GSM  Band.
This unit fea-
tures passbands
of 880 to 915 and 925 to 960 MHz with an in-
band insertion loss of less than 1.2 dB. With 40
dB of isolation and minimum handling capability
of 20 W, this unit is a great fit for your application.
For additional information, please contact the
factory by calling (301) 519-3660, e-mailing reac-
tel@reactel.com or visiting www.reactel.com.
Reactel Inc., Gaithersburg, MD

(301) 519-3660, www.reactel.com.

RS No. 229

Micro Miniature SMA Switch

RLC Electron-
ics” micro minia-
ture SMA switch
is a single-pole
two position
type. The switch
incorporates SMA
connectors to al-
low high density
packaging and excellent electrical performance
through 26.5 GHz. The switch is available in
failsafe and latching configurations with a
choice of three different frequency ranges and
three different coil voltages.

RLC Electronics Inc., Mount Kisco, NY
(914) 241-1334, www.rlcelectronics.com.
RS No. 230

Type N Panel Receptacles
JVENDORVIEW

San-tron an-
nounced the re-
lease of a UG-58
A/U Type N
panel receptacle
that features
single  piece
body  construc-
tion. The seamless UG-58s are manufactured us-
ing a custom machine designed and built by San-
tron for fully automated assembly. This automation
and construction method saves time and money
during the manufacturing process, allowing for
lower prices that make the receptacles a cost effi-
cient choice for the consumer. The one piece con-
struction of the UG-58s also dramatically increases
the reliability of the panel receptacle by eliminat-
ing interference. The result is consistently smooth
signal transfer. The UG-58 A/U panel receptacles
have a frequency range of DC to 11 GHz and a
nominal impedance of 50 ohms.
San-tron Inc., Ipswich, MA
(978) 356-1585, www.santron.com.

RS No. 231

Interchangeable Connector
Circulators

Utilizing the “QC” Interface, a wide range of
connector types and loads can be chosen with-
out ordering a custom circulator. Typical high
power choices include N, HN, SC and EIA rig-
id line connectors. The circulator is operable
over a 10 percent minimum bandwidth be-
tween 500 and 1600 MHz at power levels up to
50 kW peak and 1 kW average. Typical specs for
the CT-1800-S Series are 20 dB minimum isola-
tion, 0.3 dB loss and 1.25 VSWR over 0 to 65°C.
UTE Microwave Inc., Asbury Park, NJ
(732) 922-1009, www.utemicrowave.com.
RS No. 232

Amplifiers

18 to 40 GHz SDLVA

Akon Inc. has
available for im-
mediate  deliv-
ery an 18 to 40
GHz SDILVA
with limited RF
output  (model
A15-MCH212).
This model is
available with a -63 to +2 dBm video log range,
+1.5 dB video log linearity, and 11 nanosecond
rise time, 40 nanosecond recovery time, and 15
nanosecond delay time.
Akon Inc., San Jose, CA
(408) 432-8039, www.akoninc.com.

RS No. 233

MODEL AT5-NCHITE

I;Ybrid Power Amplifier Modules
\JVENDORVIEW

AR’s new line of
wideband,  hy-
brid power am-
plifier modules
(HPM)  cover
the 6 to 18 GHz
frequency range,
and are the re-
sult of combining Microelectronic technology
with the latest developments in thin film sub-
strates. These hybrid modules require a single
DC voltage source and are 50 ohm cascadable
building blocks with output powers up to 37
dBm. AR offers the in-house capabilities to cre-
ate custom HPM design solutions with frequen-
cies from DC to 20 GHz. Bring AR your re-
quirements and they will work with you to
create a solution.

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

RS No. 234

Linear Power Amplifier

YVENDORVIEW

This QFN packaged GaAs MMIC linear power
amplifier with 49 dBm OIP3 and 16.5 dB small-
signal gain, identified as XP1039-QJ, covers 5.5

We're Ready When You Are... Next Day Ilelivery
0f Catalog Gomponents

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

CALL OR WRITE

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
Switchas, Aftenuators & Phase Shifters. Waveling
has the expertise and capabiliies to integrate
waveguida and solid-state dasigns for subassemblies.

124 Visit http://mwj.hotims.com/23287-105

waveline

F.O. Box 718, West Caldwell, NJ 07006
(973) 226-9100 Fax: 973-226-1565
E-mait; wavelinginc.com
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WFrequency: 800M-3000MHz

WFower: 200W
Model

AT0TETOZ=4141 MR
AN M102-4141M R
MG M102-4343M R
A0 BTG4 74 PR
]
R

and maore...,

Frequency | "fis®
100~ 1 000MH=z]| +41dBm
1 M- 1000MHz | +41dB8 )
1=1000MHz | +43dBm
FM-TU0UMHz ] +4 fdBim
1M=1000MHz | «50dBrm
2O0M-1000MHz | +53dB e
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ARDTMIT2-373TMR
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ASD1MZ52-3737M R | BODM-Z500MHz| +37dBm]
AA0IMIG2-40400 R | BOOM-2500MH =] +40dBm
AHDI 5243430 R | 800M-2500MH=] +43dBm
A0 ATATMAR [ BOOM=-2500MHz| +47dBm
A0 PAIEZ-5050 B | S00M-2500MH.=] +50dBm
ARDIBMIEI-5151 B | AOOM=-2500MHz] «53dBm
AH0IPAZE2-5757 B | 800M-2500MH=] +57dBm
AADBAIEI-AOE0 B | AOOM-2500MHz] +G0dBm
AR MI0Z=ITITMR | BOOM=3000MHz] +37dBm
AR01 MI02 40400 R | BOOM-3000MH=] +40dBm
001 MI0Z-43430 R | BOOM-3000MHz] +434B8m
AA0MI02-4T4TMR | BO0M-3000MHz] +47dBrm

B

Gl

BOO0M-3000MHz ] +50dE
S00M-3000MH | +53eB e
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R&K Company Limited

Tel - +81-545-31-2600" http=/ / rk-microwave.com
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AR0 ] MIN—5363

BFrequency: 10k-400MHz

HPower: 200W

Model

ADDTE1DT-4444M/R
ADIOK25 1 -4444M/R
ADDKADI=4444M/R
ADOTEIO1-4T4TMR
ADDK251-4T4TM/R
ADDKADT-4646M/R
ADDIE1D1-4548M,F
ADDK251-48430M/R
ADTDKADT-4848M/ R
ADDTK101-5353M/R
AD0K251-5353M/R
ADDK401-5353M/R
ADOK101-5757
Al01K251-5757
ALK 01-B0G0
AT K25 1-6060
A10KOE0-6363
AlDTK251-6363
A0 KDRO-6767
ATDK251-6767

and more.....

Frequency [P ISP

===

1k=100MHz| +44dBm
10k-250MHz| +d4dBm
10k=400MHz| +44dBm
1k=100MHz| +47dBm
10k-250MHz| +4T7dBm
10k=400MHz| +46dBm
1k=100MHz| +48dBm
10k-250MHz| +48dBm |
10k=400MHz| +48dBm
1k-100MHz| +53dBm
10k-250MHz| +53dBm
10k—-400MHz| +53dBm |
10k=100MHz| +57dBm
100k-250MHz| +57dBm
10k-100MHz| +60dBm
100k=250MHz| +60dBm
100k- BOMHz| +63dBm
100k—250MHz| +63dBm
100k—_BOMHz| +67dBm
100k=250MHz| +67dBm
AN KOB0-7070 100k=_BOMHz| +T0dBm
A101K251-7070 1 00k=250MHz| +70dBm
¥ M-Module type, R-Rack type

R&K Company Limited|

Tel : +81-545-31-2600 http://rk-microwave.com

Far: +81-545-31-1600 E-mail: info@rkco jp
Visit_http://mwj.hotims.com/23287-86
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to 7.5 GHz and includes
an on—chip temperature
compensated power de-
tector.  The  amplifier
comes in an RoHS compli-
ant, industry standard, ful-
ly molded 6x6 mm QFN
package and includes on-
chip ESD  protection
structures and DC bypass capacitors to ease
implementation and volume assembly. The
XP1039-QJ is well suited for highly linear com-
munications applications such as point-to-point
radio, LMDS, SATCOM and VSAT applica-
tions.

Mimix Broadband Inc., Houston, TX

(281) 988-4600, M.zmmxb.madhaud.mm
RS No. 235

Instrumentation Desktop
Amplifiers
\YVENDORVIEW

MITEQ’s latest
offering in its
instrumentation
amplifier series,
Models NSP2000-
NVG, NSP4000-
NVG and
NSP4000-NFG,
are now avail-
able with a frequency range from 0.1 to 40
GHz. Fixed or digitally-controlled variable
gain models are available. The variable gain
models offer a digital control range of up to
15 dB with a step size of 1 dB. The amplifiers
include a built-in CE approved power supply
and cooling fans. Options include various fre-
quency bandwidths, gain, noise figure and
power outputs.

MITEQ Inc., Hauppauge, NY

(631) 436-7400, www.miteq.com.

RS No. 236

High Power Amplifier
YJVENDORVIEW

Mini-Circuits
ZHL-16W-43+
offers high pow-

r (16 W) with
rugged reliabili-
ty over a broad
frequency range
from 1800 to
4000 MHz. Typ-
ical gain is 45
dB, IP3 +47 dBm, and DC current 4.3A max at
+28 VDC. This model includes temperature
sensing circuits for automatic shutdown and
output load protection to operate into a short or
an open making it ideal for use in laboratory or
field applications.
Mini-Circuits, Brooklyn, NY
(718) 934-4500, www.minicircuits.com.

RS No. 240

Antennas

Circularly Polarized Antenna

The model 470M1 is a compact highly efficient,
circularly polarized antenna that provides

hemispherical
omni-direction-
al coverage.
The Model
470M1 has a
VSWR of 1.5:1
maximum, nom-
inal gain of -1
dBiC at the horizon and operates at RF power
of 200 W CW. This antenna also employs a
unique approach to generate circular polariza-
tion from a single linearly polarized input. Mod-
el 470M1 operates in the C-band, but can be
scaled for other frequency bands of operation;
contact Cobham Sensor Systems (Baltimore)
for additional parameters. The antenna is five
inches in diameter with a height of seven inches
and the unit can withstand internal pressure of
10 psi. Model 470M1 has a WR187 connector
and the antenna is qualified for a high mechani-
cal shock environment.

Cobham Sensor Systems, Baltimore, MD
(410) 542-1700, www.cobhamdes.com.

RS No. 237
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Sources

Miniature Frequency Synthesizers

The SLX and
LX Series min-
iature frequen-
cy synthesizers
are custom-de-
signed to utilize
3 or 3.3 Vinputs to meet the stringent low pow-
er consumption requirements of short range
and battery powered wireless systems. The SLX
and LX units feature extremely low power con-
sumption (900 MHz, +3 V at 15 mA, typical)
and typical power outputs of -5 dBm (up to +7
dBm, optional). The units also feature low spu-
rious, low harmonics and exceptionally low
phase noise. Available with operating tempera-
ture ranges of -40° to +85°C, the units are de-
signed as cost-effective, surface-mount packag-
es and can be fixed-frequency or programmable
in bands from 50 MHz to 6 GHz, with extreme-
ly low phase noise (<-110 dBc/Hz at 100 kHz
offset, at 400 MHz).

EM Research Inc., Reno, NV

(775) 345-2411, www.emresearch.com.

RS No. 238

Miniature Frequency Synthesizer

The SLSM5 is a
new family of
frequency syn-
thesizers  that
operates to 12.5
GHz and covers
up to octave
bandwidths.
This synthesizer
features excellent phase noise (-95 dBe/Hz at 10
kHz at X-band) and excellent spurious perfor-
mance (-60 dBc¢ minimum). With 1 kHz steps
and frequency controlled via convenient RS485
interface this synthesizer is a system friendly
component. The SLSM5 operates on an exter-
nal 10 MHz input or an internal TCXO. Only a
single +5 V supply is needed to power this min-
iature (2.5" x 2.5" x 0.6") unit.

Luff Research, Floral Park, NY

(516) 358-2880, www.luffresearch.com.

RS No. 239
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FEATURES: over an octave bandwidth tuning, Small step size resolution,
Outstanding spectral purity, High spurious rejection, Fast lock settling time

Raivp

MTS2500-110250-10
Cstput Frequency Tiod - 2500 MHz
Bandwidih 1408 MHZ
External Referance 10 MHz
Sep Jize Programmable o 1 Hz
Bias Voltage K533V
Ourtput Power 49 dBrm {Min)
Spurious Suppression G0 dB (Typ.)
| Harmonic Suppression 15 dB (Typ )
Oiffsed dBciHz,
1kHz -3
Izal Phasa Nokse
e 10 kHz B
100 kHz =110
i Wiithin 1 kHz =22 mSac
ng Thme
L Within 10 Hz <35 mSan
Opraling Temperatuna 2040 +T0

MTS2500-200400-10
Cutput Frequency FO00) - 4000 MHz
Eanchwidth 2000 MHz
External Referance 10 MHz
Slep Size Programmabile 0 1 Hz
Biss Voltage 51433V
Cutput Power =5 5 dBem (Min )
Spurious Suppression GO dB [Typ.d
Harmonile Suppression 10 dB (Typ. )
Oiffasl dBciHE
1 kHz -i8
Typleal Phase Nolse
T kHz g
100 kHz 100
Vighin 1 kHz <0 mSe:
Seltling Time
Wishin 10 Hz =20 mSen
Operaling Temperature a T B
Range 20 b0+ 0 A0

MTS2500-300600-10
Output Frequency 000 - BHON M-
Bandwidth N0 MRz
External Referance 10 MHz
Slep Siee Programmable & 1 Hz
Bias Voltage b5 ¥A3Y
Dutpud Power +2 dBm (Man.)
Spuricus Suppression 80 dB {Typ.}
Harmanic Suppression 20dB {Typ }
Offast dBaHz.
1 kHz -B7
cal Phass Nolsa -
Tupl 10 kHz 3
100 kHz <108
Wiithin 1 kHz <5 mSac
Settling Time
) Within 10 Hz <12 m&eg
Operaling Temperature 30 15 +70 50

Range

Patented Technology

Programming Interface:

-- 3.3V SPI (Standard)

- R5232

Also available in connectorized
package with the following options.
-- Intemal reference (TCXO & OCXO)
-- Divider output for lower bands

-- Low phase noise option

(a3 A% 8 . 7 .Y B
W L e W

L -101 or use RS# 101 at www.mwjournal.com/info_
Far addltlnnal |rrfnnnahon 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 AL WWW. SYNERGYMWAVE COM
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Advanced

AST’s line of weather proof switches

- ,_h‘w‘l -
|

£-7

F

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 A
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

Wwww.modcoinc.com

RS 41

ULTRA LOW PHASE NOISE VCO

Modco MD Series VCOs offer very low
Phase Noise in a half inch package. Models
are low cost and available for a variety of
Frequency Bands. No NRE for custom
designs.

Model MD108SMST

902-928 MHz
Vee: 5V
Vt:05t04.5V
Current: 16 ma
Power: +4 dBm
2nd Harmonics: —45 dBc

Pushing: 0.4 MHz/V

Pulling: 0.6 MHz with a 12 dB return loss
Phase Noise: 117 dBc @10 KHz

Modco, Inc.
Sparks, NV (775) 331-2442

www.modceoinc.com
I

RS 76

RS 75

REVOLUTIONARY
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of
MIL-STD-348, but utilize unique housing
interface features, which significantly improves
reliability and production assembly vields.
Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 — WILTON — NH — 03086
(603) 654-2002 — Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com

RS 98

NEw PRODUCTS

ngh Resolution Synthesizers

)VENDORVIEW
The MTS2500 series of high resolution synthe-
sizers combine the latest in DDS and multi-
loop synthesizer
i technologies with
a high perfor-
mance VCO to
provide as low as
1 Hz step size,
ultra low phase
noise, wide
bandwidth  per-
formance  and
low spurious, while permitting for increased
loop bandwidth, faster settling time and higher
stability under vibration. Several models are
available covering wide frequency bands, the
MTS2500-110250-10 (1.1 to 2.5 GHZ),
MTS2500-200400-10 (2 to 4 GHz) and
MTS2500-300600-10 (3 to 6 GHz). Power con-
sumption is less than 2.0 W. The low resolution
offered by the MTS2500 series is ideal for ap-
plications in imaging equipment such as radar
and magnetic resonance.
Synergy Microwave Corp., Paterson, NJ

(973) 881-8800, www.synergymwave.com.
RS No. 241

Voltage-controlled Oscillator

The model
SMV4051A-LF
is an RoHS
compliant volt-
age-controlled

oscillator (VCO)
designed for
C-band.  The

SMV4051A-LF

operates  from
4030 to 4070 MHz with a tuning voltage range
of 0 to 5 VDC. This VCO features a typical
phase noise of -83 dBc/Hz at 10 kHz offset and
a typical tuning sensitivity of 55 MHz/V. The
SMV4051A-LF is designed to deliver a typical
output power of 2.25 dBm at 5 VDC supply
while drawing 18 mA (typical) over the tem-
perature range of -10° to 70°C. This VCO fea-
tures typical 2nd harmonic suppression of -15
dBc and comes in Z-Comm’s industry standard

' PUSH-ON
' SMA&N
- Adapters

| K Adapters
Custom
Connectors
a5 V&=, Test Cable
Since 1993 | Assemblies

www.rftec.com

RS 89
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SUB-L package measuring 0.3" x 0.3" x 0.08".
Z-Communications Inc., San Diego, CA
(858) 621-2700, www.zcomm.com.

RS No. 242

Test Equipment

Reverse Recovery Tester

LETR -

The AVR-CDI-B is a high performance, GPIB
and RS232-equipped instrument intended for
reverse recovery time testing of diodes and
other semiconductor devices. The AVR-CD1-B
applies a forward bias pulse of +0.1A to +10A to
a device under test (DUT). At the end of that
pulse, the current ramps downward at an ad-
justable rate of 100 to 200 A/us until the diode
stops conducting. The current waveforms gen-
erated by this instrument are suitable for MIL-
STD-750E Method 4031.4 Test Condition D
tests. Standard and customized jigs for different
device packages are available.

Avtech Electrosystems Ltd., Ogdensburg,
NY (888) 670-8729, ww

RS No. 243

20 GHz Signal Generator
Y)VENDORVIEW

The HMC-T2100 is a
new, easy to imple-
ment 10 MHz to 20
GHz synthesized sig-
nal generator that pro-
vides high output power,
low harmonic levels
and broad frequency
range for only $7,998.00. Ideal for use in auto-
mated test and measurement environments,
research and development laboratories, the
HMC-T2100 is a compact and lightweight fre-
quency generator that delivers up to +27 dBm
of CW output power in 0.1 dB steps over a 40
dB dynamic range. Harmonic rejection is better
than -39 dBc at 1 GHz and spurious products
are better than -65 dBc at 10 GHz.
Hittite Microwave Corp., Chelmsford, MA
(978) 250-3343, www.hittite.com.

RS No. 244

Waveform Generators
. ZTEC Instru-

ments announc-
es its new series
of waveform
generators, the
7T5210.  Avail-

(= able in PCI,
PXI, VXI and
LXI, these

multi-channel waveform generators feature a
sampling rate of 200 MS/s, a bandwidth of 50
MHz, and 14-bit resolution. The arbitrary wave-
form functionality of these instruments is ex-
tremely flexible. Up to 32M samples per channel
can be output using an 8M sample waveform li-
brary. Users can mix and match up to 8 sequenc-
es from the waveform library, each with 4096
segments/sequence. In addition to its arbitrary
waveform generator features, the ZT5210 series
offers a robust function generator library.
ZTEC Instruments Inc., Albuquerque, NM
(505) 342-0132,
www.ztecinstruments.com.

RS No. 245
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Repeatable Signal Integrity.

g

GORE- Microwave/RF Cable Assemblies

Gore develops a wide of range of reliable, innovative, high-performance
products to meet your most challenging system requirements.
With over 50 years of experience in maximizing repeatable signal integrity
and vigorous fitness-for-use testing, Gore insures that our products
do what we say they’ll do each time, every time. Gore delivers.

ore.com/mwj

Visit http://mwij.hotims.com/23287-104 129
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THE Book END

Analytical and Computational Methods in Electromagnetics
Ramesh Garg

b his book allows one to achieve optimal microwave system performance by mastering the
Gz PR . > . .

principles and methods underlying today’s powerful computational tools and commercial

software in electromagnetics. It offers clear and complete explanations of electromagnetics,

'i‘ providing the analytical background needed to understand such key approaches as MoM
INTE U.D

W
S MLLAW

(Method of Moments), FDTD (Finite Difference Time Domain) and FEM (Finite Element
Method), and Green’s functions. This book includes all math necessary to master the material
M plus numerous solved problems that help ensure the understanding of key concepts through-

out the book. It also includes time-saving Matlab® source code for the problems presented
=" in the book that can be easily modified to help solve similar problems in the field.

SN IR

b To order this book, contact:

R Artech House - 685 Canton St - Norwood, MA 02062 - (781) 769-9750 ext. 4030; or
16 Sussex St. - London SW1V 4RW, UK - +44 (0) 207-8750
470 pages; $170, £97 - ISBN: 978-1-59693-385-9

Electromagnetic Band Gap Structures in Antenna Engineering
Fan Yang and Yahya Rahmat-Samii

his comprehensive, applications-oriented survey of the state-of-the-art in Electromag-

netic Band Gap (EBG) engineering explains the theory, analysis and design of EBG
structures. It helps one understand EBG applications in antenna engineering through an
abundance of novel antenna concepts, a wealth of practical examples and complete design
details. It contains a customized FDTD method of EBG analysis, for which accurate and
efficient electromagnetic software is supplied to provide a powerful computational engine
for EBG designs. This book provides a dynamic resource for engineers, and researchers and
graduate students working in antennas, electromagnetics and microwaves.

To order this book, contact:

Cambridge University Press - 100 Brook Hill Drive - West Nyack, NY 10994-2133 - (845) 353-7500
266 pages; $90 - ISBN: 978-0-52188-991-9

Finite Element Analysis of Antennas and Arrays
Jian-Ming Jin and Douglas J. Riley

Antenna technologies have received renewed interest because of the rapid development
of wireless devices and advanced defense applications. Consequently, highly accurate
and efficient modeling and simulation tools are needed to satisfy the demand for sophisticat-
ed antenna designs. Finite Element Analysis of Antennas and Arrays covers all the technical
aspects in the analysis of complex antennas and arrays using the finite element.

To order this book, contact:

John Wiley & Sons Inc. - 111 River Street - Hoboken, NJ 07030 - (201) 748-6395
436 pages; $120 - ISBN: 978-0-470-40128-6
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From Microwave and RF Components...

» Amplifiers « Mixers « Multipliers
« |F Signal Processing Components

* Frequency Generation Products
*» Microwave Control Products

» Passive Power Components

* Integrated Assemblies
= Fiber Optic Products

.10 Satellite
Communication Systems!

* Redundancy Switchover Systems
* 1:1 and 1:2 Amplifier Systems
« Up- and Downconverters
* INMARSAT Equipment

» High Power Amplifiers

* RF Fiber Optic Links
T « Variable Equalizers
< Sl « LNA Assemblies

s .‘ » Test Translators
\ * TWT Amplifiers

MITEQ and it's subsidiary MCL, Inc., are leading manufacturers of microwave companants,
subsystems and systems for today’s advanced satellite and communication industry. Our vast array of
products are designed for both commercial and military markets.

A ( (pmrr=c
501 5, Woodcreek Drive, Bolingbrock, L 60440-4299 USA - 100 Davids Drive, Hauppauge, NY 11788 UISA
(530) 759-9500 FAN: (630) 759-5018 « wwww.mcl.com (631] 436-7400 FAX: (631) 436-7431 « wwwmiteq.com

Visit http://mwij.hotims.com/23287-74 or use RS# 74 at www.mwijournal.com/info
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RF/Microwave Engineering
Job Market, June 2009

According to  EngineerSal-
arv.com, RF engineers held over

51,000 jobs in 2008, making this
one of the smallest segments of the
engineering community. They ex-
pect that this number will increase
8.2% by the end of 2010, and stay
a fast growing segment until 2014.

Increasing number of con-
tract-based employment is an
interesting development, current-
ly approaching about 9% of oc-
cupied RF engineers. Consulting
opportunities for RF engineers are
assumed to grow in conjunction
with respective industry sectors.

Software defined radio skills
were highlighted by EngineerSal-
ary.com as “incredible demand”
by both commercial and defense
sector suppliers.

In general, defense and com-
mercial companies are seeking
experienced hands-on RF engi-
neers and RF engineering manag-
ers. According to EngineerSalary.
com, this stability is expected to
last until 2015.

Current evidence indicates that

the demand is mainly in the secu-
rity/defense sector. Yet recruiters
have reported signs of increasing
demand in the wireless/telecom-
munications sector.

Is there a real shortage of RF
engineers?

There is numerous contradicting
evidence. One recent recruiter’s e-
mail says, “I have a great number
of RF professionals looking for
work and it amazes me that I am
reading about an RF shortage,”
yet this very same e-mail says, “It
is kind of a catch 22. T need the
boards to help me find resumes
but have to get placements to get
money to afford the boards”. This
is a very common example these
days. Apparently those RF engi-
neers knocking on their door for
work don’t possess the skill sets
required for the vacancies. So the
answer is YES. The shortage is
real for those skill sets in de-
mand right now!

Houw is this explained?
RF/microwave engineering is
expertise-sensitive. Electromag—

CAREER CORNER

netic-related engineering is not
like IT, networking, programming
and the like, where all industry
sectors require similar skills. Mi-
crowave engineering encompasses
a diverse range of expertise, each
relevant in different industry sec-
tors, while employers impose
stringent requirements for hand-
on experience in the specific field
only.

The security sector is currently
responsible for most of the de-
mand for RF engineering skills.
This places specific sets of exper-
tise, which are in short supply
while other brilliant RF engineers
might be in the job market, not
only defense. A handful of other
sectors are active. Among these is
the medical wireless (recognized
among 2009 growth markets)
and telecommunications (espe-
cially wireless networks), a mar-
ket which is starting to show some
positive signs of growing demand
for design engineers.

Isaac Mendelson

ElectroMagneticCareers.com
Isaac@ElectroMagneticCareers.com

Radar System Analysis, Design and Simulation
Eyung W. Kang

Contents: Matrix, Vector and Linear Equation. Pseudo-Random Number, Noise

and Clutter Generation. Filter, FIR and IIR. Fast Fourier Transform. Ambiguity Func-
tion. Antenna. Target Detection. Kalman Filter. Monte Carlo Method and Function
Integrations. Constant False Alarm Rate (CFAR) Processing. Moving Target Indicator
(MTI). Miscellany. Index.

CD-ROM Included! Contains over 200 valuable simulation and implemen-

e the field.

tation tools, written in C++, to help you with your challenging projects in

To order this book, contact:

Artech House - 685 Canton St. - Norwood, MA 02062 - (781) 769-9750 ext. 4030; or
16 Sussex St. - London SW1V 4RW, UK - +44 (0) 207-8750
367 pages; $139, £75 - ISBN: 978-1-59693-347-7
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FIVE DAYS | FOUR CONFERENCES | ONE EXHIBITION

EuLMW2009 PUTS CUTTING EDGE
TECHNOLOGY ON A GLOBAL STAGE

EUROPEAN
MICROWAVE

WEEK

Rome

28 September - 2 October 2009

EuMW 2009

www.eumweek.com

The historical, cultural and stylish city of Rome will be the backdrop for the
12th European Microwave Week when it plays host to Europe's premier
Microwave, RF, Wireless Technology and Radar event for the very first time.
The vibrant talian capital complements the focussed and challenging
Week, which covers FIVE days, encompassing FOUR cutting edge
conferences and ONE dynamic trade and technology exhibition featuring
leading players from across the globe.

THE CONFERENCES
e European Microwave Integrated Circuits Conference (EuMIC) - 28-29 September 2009
e European Microwave Conference (EUMC) - 29 September - 1 October 2009
* European Wireless Technology Conference (EuWIT) - 28 - 29 September 2009
 European Radar Conference (EURAD) - 30 September - 2 October 2009
Plus Workshops and Short Courses

For full information on attending European Microwave Week log onto

www.eumweek.com
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DC 1018 GHz ATTENUATORS

MODELS (Add Prefix BW-)
9 2WSMA5WSMASW TypeN oo (@8)
$29.95 $44.95 $54.95 Nominal  Accuracy”
fr om (1-49) S1W2 S1W5 N1W5 1 +0.40
) ) ) SoW2 S2W5 N2W5 2 +0.40
Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost, S3W2 S3W5 N3W5 3 10_40
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW”
family of precision fixed attenuators stand above the crowd! This extremely broad ggwg ggwg mgwg : 0.40
band DC to 18 GHz series is available in 5 watt Type-N and 2&5 watt SMA coaxial o
designs, each containing 15 models with nominal attenuation values from 1 to 40 dB. S6wW2 S6WS NeWs 6 +0.40
Built tough to.h‘andle 125 watts maxmumpeak power, these h|‘gh performance s7w2 S7W5 NTWE . 04,409
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a S8W2 S8W5 N8W5 8 +0.60
wealth of applications. So contact Mini-Circuits today, and capture this next generation of Sow2 Sows NOWS 9  -04+08
performance and value! Mini-Circuits... Your partners for success since 1969 S10W2  S10W5  N1OWS5 10 +0.60
Now Available! Adapters (Prices: gty. 1-49) S12W2  S12W5  N12W5 12 £0.60
S15W2  S15W5  N15W5 15 +0.60
sl ¥ fa ! e 4
@i o w 350 5 NN - “~
! = B IR To order Attenuators as RoHS, add +
¥ ﬁ \i‘_‘a‘ - * @ @ J\'} ﬁf‘ to base model No. Example: BW-ST1W2+
Type-N to SMA SMA to SMA QUICK CONNECT SMA SMA to BNC Type-N to Type-N RoflS  /Adapters available as RoHS, see web ste.

DC-18 GHz $229% <= DC-18 GHz from $4%e= DC-2 GHz 3% DC-6 GHz 9% compuianT

itk ] Mini-Circuits’

19692009 A
ISO 9001 1SO 14001 AS9100 CERTIFIED Aminlcireuts.com
P.O. Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
M‘l ‘ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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MWJ PuzzLER

RF & MICROWAVE SOFTWARE

ANSWERS AVAILABLE ONLINE AT WWW.MWJOURNAL,COM
SPONSORED BY

Ll st e i

. WWW.FREESCALE.COM/RFPOWER

AcRross

1 Company formed by Joe Pekarek

3 Name of harmonic balance simulator from EEsof

5 Simulation technique for complex digitally modulated RF
signals (2 words)

11 Formerly Circuit Busters Inc.

14 A non-periodic signal

15 Multi-physics EM

19 Company formed by Bill Childs and Chuck Abronson

21 Commercial nonlinear simulator from Compact Software
23 Nonlinear circuit simulation technique for high frequen-
cy applications (2 words)

24 Design environment from Agilent to replace MDS and
Series IV

138

25 Computer Simulation Technology

26 Graphical representation of a circuit

27 Follow-up program to first commercial microwave de-
sign program

Down

1 Technique for automatically refining a mesh (2 words)

2 Platform for multi-domain simulation and model-based
design of dynamic systems

4 Occurs when iterative solver arrives at a solution

6 One method for solving partial differential equations over
complex domains (2 words)

7 System simulator from EEsof

8 Method for finding successively better approximations to
the roots of a real-valued function (hyphenated)

9 Electromagnetic simulation for planar geometries (3
words)

10 Company responsible for I[E3D

12 Grid-based differential time-domain numerical model-
ing method

13 Started first commercial microwave software company
16 High frequency circuit design environment from
Hewlett-Packard

17 Open source circuit simulator from UC Berkeley

18 The concurrent design, analysis or optimization of two or
more electronic systems (hyphenated)

20 Planar EM simulator out of Syracuse, NY

22 Created High Frequency Structure Simulator (HFSS)
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As good as PTS synthesizers

lookon

Low Spurious, Fast Switching
Low Noise 20 ps frequency

As low as -152 dBc/Hz switching broadband
(100 MHz output,

100 KHz offset)

10Hz 100Hz

bl W,

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 best performance-to-price ratio on the market. Choose
PTS frequency synthesizers for unmatched stability, from over a dozen different models or design your own
speed, and spectral purity. With the most complete line custom configuration to meet your testing needs. Visit
of frequency synthesizers available in the industry, PTS our website or call today to register and receive a 25%
produces fast switching, low noise synthesizers with the discount on orders placed before November 1, 2009.

Register today and receive a 25% discount on your order.
www.programmedtest.com/discount
1-978-486-3400

?

FREQUENCY SYNTHESIZERS
Visit http://mwj.hotims.com/23287-84 or use RS# 84 at www.mwjournal.com/info
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Wide bandwidth,
HIGH POWER DEVICES

Unsurpassed quality + on-time delivery, is the Werlatone promise

s

QUADRATURES

= R - A
q ——vﬁ.

DIVIDERS

COUPLERS

HIGH POWER 180° HYBRIDS

Multi-Octave Performance

Our Standard Line of 180° Hybrids features multi-octave performance.
Transmission line techniques guarantee low loss for both the sum and difference ports,
while providing exceptional isolation.

Our Patented Stripline 180° Hybrids exhibit an incredible 5:1 Bandwidth!!
Disruptive Microwave Techniques and Advanced Stripline Designs provide high power
performance with incredible isolation.
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HYBRIDS
Insertion Loss Model H7877
400 MHz 2000 MHz
Isolation Model H7877
E 400 MHz 2000 MHz
(&)
° ( N
Q Model Frequency Power Insertion Loss VSWR Isolation Size
c (MHz) (Watts) (dB) (dB) (Inches)
O H6287 0.1-50 500 0.5 1.30:1 30 9x8x3.6
-+ H6152 0.2-35 50 0.4 1.30:1 20 2.5X1.5X1.12
© H1484 2-32 500 0.2 1.30:1 25 5X3X2
— H6751 20-512 50 0.8 1.40:1 25 4X1.6X0.8
() H7450 100-500 200 1.0 1.35:1 20 6X5X2.25
g H7733* 100-500 2000 0.2 1.30:1 20 15X10X 2
S H3670 200-400 400 0.2 1.40:1 20 5X3X2.25
; H7498* 200-1000 750 0.3 1.30:1 20 8.5X5X1.5
; H7877* 400-2000 300 0.35 1.25:1 20 45X25X1.2
g H7492* 500-2500 200 0.4 1.30:1 20 4X2.2X0.85
.

Visit http://mwj.hotims.com/23287-107 or use RS# 107 at www.mwjournal.com/in

*Utilizing Werlatone’s Patented Stripline Design to achieve extremely low loss and high isolation!



http://www.werlatone.com
http://mwj.hotims.com/23287-107
http://www.mwjournal.com/info
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