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Total Control…

even with your eye closed.

Noisecom’s random and deterministic noise generators 

put you in total control of your signal-to-noise ratio 

(SNR) when measuring eye closure and BER. The latest 

generation of Serial Data compliance standards require 

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

tant part of that testing is repeatability. High performance 

attenuators provide repeatable eye closure, while maintain-

ing wide dynamic range that allow high crest factor output 

to emulate rare events. Optional fi lters are available that 

shape the noise profi le for use with multiple standards.

The latest J7000A instruments provide combined Rj and Dj 

output for all your compliance test requirements including:

• PCI Express

• USB

• 10 GigE

• SATA

For more information visit us at noisecom.com/J7000

or call +1 973-386-9696. 
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For additional information or technical support, please contact our
Sales Department at (631) 439-9220 or e-mail components@miteq.com

SPST
0.2 – 2 SW1-002020RN1NF 1.7 70 1.6:1 10/10 20 35 35/70

2 – 8 SW1-020080RN1NF 2 80 1.7:1 10/10 20 35 35/70
4 – 12 SW1-040120RN1NF 2.2 80 1.7:1 10/10 20 35 35/70
2 – 18 SW1-020180RN1NF 3 80 2:1 10/10 20 35 35/70
1 – 18 SW1-010180RN1NF 3 70 2:1 10/10 20 35 35/70

SP2T
0.2 – 2 SW2-002020RN1NF 1.5 70 1.6:1 10/10 20 35 60/60

2 – 8 SW2-020080RN1NF 1.8 80 1.7:1 10/10 20 35 60/60
4 – 12 SW2-040120RN1NF 2.2 80 1.7:1 10/10 20 35 60/60
2 – 18 SW2-020180RN1NF 2.8 80 2:1 10/10 20 35 60/60
1 – 18 SW2-010180RN1NF 3 70 2:1 10/10 20 35 60/60

SP3T
0.2 – 2 SW3-002020RN1NF 1.6 70 1.6:1 20/20 150 180 85/85

2 – 8 SW3-020080RN1NF 1.9 80 1.7:1 20/20 150 180 85/85
4 – 12 SW3-040120RN1NF 2.4 90 1.7:1 20/20 150 180 85/85
2 – 18 SW3-020180RN1NF 3 80 2:1 20/20 150 180 85/85
1 – 18 SW3-010180RN1NF 3.1 70 2:1 20/20 150 180 85/85

Note: The above models are all reflective switches. Absorptive models are also available, please contact MITEQ.

Frequency Insertion Rise/Fall On/Off On/Off DC Power
Range Model Loss Isolation VSWR Time Time Time Positive/Negative
(GHz) Number (dB, Max.) (dB, Min.) (Max.) (ns, Typ.) (ns, Typ.) (ns, Max.) (mA, Max.)

Ad441 7.8125x10.75:ad441  6/23/10  8:18 AM  Page 1
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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 Ω 
and 75 Ω applications. The industry’s largest selection includes 2-way through 
48-way power splitters/combiners in 0°, 90°, and 180° configurations, with outstanding 
performance in terms of insertion loss, VSWR, amplitude unbalance, and phase 
unbalance. All models are characterized with detailed data and performance curves, 
available at the touch of a button using Mini-Circuits advanced Yoni2 search 
engine. These low-cost, off-the-shelf power splitters/combiners are available 
immediately, and backed by Mini-Circuits 1year guarantee. But if your application 
calls for a custom unit, our development team will meet or exceed your requirements 
quickly and cost-effectively. Contact Mini-Circuits today, for the industry’s largest 
selection of power splitters/combiners. 

RoHS Compliant 
Product availability is 
listed on our website. 

o S
C O M P L I A N T

POWER
SPLITTERS

COMBINERS

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

 as low as79 ¢
from2 kHz to18 GHzNOW!

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260
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Tel:1(888)236-9828(US&Canada)
      1(630)930-9917(Worldwide) 

www.jqlelectronics.com     sales@jqlelectronics.com

Drop-in Isolators Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators

Technology On the Move TM
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Ideas grow 
faster in 
the right 

environment

MICROWAVE 
OFFICE

Spawning new ideas and getting
them to market fast are the mark
of innovative companies. So we’re
happy that customers tell us they
more than double their productivity
with today’s Microwave Office® design
environment. ACE™ automated
circuit extraction cuts interconnect
modeling to seconds. AXIEM™ 3D
planar EM reduces most EM cycle
times by a factor of 10. Plus our
open framework means everything
is in the same workflow so there’s
no jumping in and out of different
tools. It means shorter turnarounds
and less hectic deadlines too. Grab
a test copy at awrcorp.com/MWO.
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Don’t be held captive by bulky, expensive and long lead times of the old Transient          
Voltage Suppression solutions. Carlisle Interconnect Technologies new-patented TVS 
design  incorporates the TVS diodes directly into the Printed Circuit Board (PCB) adjacent 
to the contacts they protect. This approach saves weight, size and cost which is critical in 
high performance applications. CarlisleIT can also include an electromagnetic interference 
(EMI) filter array in the same package with a little more shell length. Contact us today for all 
your high voltage and lightening protections needs.

480.730.5700
jerrik@CarlisleIT.com

For more information 
visit www.Jerrik.com

• Smaller
• Lighter
• Lower Cost 
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Free Webinars
MWJ/Besser Associates Webinar Series: 
Electrically Small Antennas
This month’s webinar presents basic antenna 
property defi nitions such as impedance, 
bandwidth and quality 
factor for general 
wireless, cellular and RF/
microwave systems. 
Design considerations 
and simulation are also 
discussed.
Sponsored by CST
Live webcast: 7/20/2010, 
11:00 am (ET)

Online Technical Papers
Wireless Backhaul for Microcellular 
WiMAX and LTE Networks
Erik Boch, Dragonwave Inc.

The Emergence of Compact Base Stations 
in the New RAN Architecture Paradigm
White Paper, ABI Research

What is Packet Microwave?
Stuart Little, Aviat Networks

Automatic Test Procedure for RF 
Characterization of a C-band Rotary Field 
Phase Shifter
K.K. Jain, Kirti Bansal, Meenakshi Aggarwal, B.S. Matheru 
and U.C. Ray, Solid State Physics Laboratory, India

Expert Advice
Paul Colestock, RFIC Product 
Manager, Agilent EEsof EDA, 
writes about solving the RFIC 
Design for Yield and Verifi cation 
Dilemma with GoldenGate, Agilent 
EEsof’s integrated RF circuit design 
within the Cadence Virtuoso 
design fl ow.

MarketWatch
In this month’s MarketWatch, Erik Boch, CTO 
& VP of Engineering from Dragonwave Inc., 
looks at the changing hardware requirements 
for high capacity wireless backhaul especially 
among microcellular deployments for 4G. Visit 
www.mwjournal.com/marketwatch_july2010 for 
more information.

IMS 2010 Videos
Enjoy video coverage of IMS 2010, including 
an interview with Chairman J.K. McKinney 
and the CEOs of both M/A-COM and Mimix in 
addition to product demos from many leading 
companies who exhibited at the show. Visit 
www.mwjournal.com/IMS2010videos.

Executive Interview
Ulrich Jakobus, Director of EM 
Software & Systems and FEKO 
Product Manager, outlines how his 
involvement with the company has 
taken him from Germany to South 
Africa, his approach to software 
development and strategies for 
achieving global expansion.

Online

Join Us
(direct links at www.mwjournal.com)
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®

Some people only think of us
for chip inductors.

Yes, chip inductors are among
Coilcraft’s biggest sellers. But
did you know we also offer a
full range of other RF products
like these?

They’re all in stock for
immediate shipment and all
available as free samples for
testing and evaluation.

For the full picture, visit
www.coilcraft.com/RF

Air Core Inductors
For the highest possible Q
and current handling,
nothing beats our air core
“Spring” inductors. New
models offer more inductance values and
smaller size.

Wideband Transformers
Our low insertion loss transform-
ers come in a wide range of turns
ratios. Use for baluns, isolation
or impedance matching.

RFID Transponder Coils
A variety of antenna coils for 125
kHz systems. Automotive grade
models for tire pressure and
keyless entry applications.

Broadband Conical Inductors
High impedance from 10 MHz to
40 GHz. Perfect for RF to
millimeter-wave choking and
bias tees. Available with leads
or in surface mount versions
for ruggedness and easy mounting.

7.8125 x 10.75

MWJ/COILCRAFT/THINK/0410
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Mini-Circuits...Your partners for success since 1969

10 MHz to  7 GHz  from $9.95 10-49

HI-REL LIMITERS
                 BLOCK HIGH LEVEL RF INTERFERENCE ...

               PROTECT YOUR LOW NOISE RECEIVERS.

Need to protect a low-noise receiver  that  will be 
operating in a hostile environment? These limiters offer 
excellent protection against ESD, power surges and 
unwanted high-level signals--without the tradeoff of 
high insertion loss. And these l imiters react nearly 
instantaneously ( 2 ns response time, 10 ns recovery time ) 
and work over a very broad band.

With an insertion loss of only 0.23 dB typical, these hi-rel, 
wide-band limiters provide protection against high level 
signals from +12 dBm to +30 dBm input. The power 
out of the limiter is +11.5 dBm, typical. Thus protecting 

the sensitive devices connected to the limiter output. 
The surface mount RLM series is housed in a miniature 
plastic case, 0.25" x 0.31" x 0.17". While the VLM SMA 
connectorized series is housed in a rugged, patented 
unibody  package for easy connection to sensit ive 
devices following the limiter. 

Data sheets, performance curves, measurement data, 
and environmental specifications are available on our 
website, minicircuits.com. So why wait, order on our 
website and get delivery as quickly as the next day.
       Unibody patent 6,943,646

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260

RoHS compliant.

480 rev org.indd   1 6/10/10   10:57:25 AM
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AUGUST 2010

MWJ/Besser 
Webinar: 

MMIC Design 
Sponsored by

Call for Papers 
Microwave Update

Deadline: 
August 31, 2010

MICROWAVE STUDIO® 
Training for EMC/
Signal Integrity
Darmstadt, Germany Call for Papers

 
Deadline: 

August 13, 2010

Sonnet 
Software 
Presentation
“Examples of 
Microwave Filter 
Optimization 
Using Perfectly 
Calibrated Ports”
Reykjavik, Iceland

MMS 2010
10th Mediterranean Microwave Symposium

Guzelyurt, Turkey

NI Week 2010 Austin, TX

ASQED 2010 
Asia Symposium on

Quality Electronic Design
Penang, Malaysia

HFSS for Antenna
Boston, MA

®

http://www.mwjournal.com/events
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JULY

EMC 2010 
IEEE International Symposium on 
Electromagnetic Compatibility
July 25–30, 2010 • Fort Lauderdale, FL 
www.emc2010.org

AUGUST

ASQED 2010 
ASIA Symposium Quality Electronic Design 
August 3–4, 2010 • Penang, Malaysia
www.asqed.com

NIWeek 2010 
August 3–5, 2010 • Austin, TX
www.ni.com

10th Mediterranean Microwave Symposium 
(MMS)
August 25–27, 2010 • Guzelyurt, Turkey
www.mms.ncc.metu.edu.tr

SEPTEMBER

IEEE Great Lakes Technology Symposium 
September 16–17, 2010 • Ann Arbor, MI
www.ieeegreatlakes.org

EuMW 2010 
European Microwave Week 
September 26–October 1, 2010 • Paris, France
www.eumweek.com

OCTOBER

AOC 2010 
47th Annual AOC International Symposium 
and Convention
October 3–6, 2010 • Atlanta, GA
www.crows.org

Bipolar/BiCMOS Circuits and Technology 
Meeting
October 4–7, 2010 • Austin, TX
www.ieee-bctm.org

CALL FOR PAPERS
Radio Wireless Week 2011

Deadline: July 30, 2010

Mobile World Congress
Deadline: July 30, 2010

MILCOM 2010
Deadline: August 13, 2010

Microwave Update (MUD)
Deadline: September 1, 2010

ISSCC 2011
Deadline: September 13, 2010

MEMS 2011
Deadline: September 14, 2010

www.mwjournal.com/events

MWP 2010 
International Topical Conference on 
Microwave Photonics
October 5–9, 2010 • Montreal, Canada
www.mwp2010.org

AMTA 2010 
Antenna Measurement Techniques 
Association
October 10–15, 2010 • Atlanta, GA
www.amta2010.com

IEEE International Symposium on Phased 
Array Systems & Technology
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How Design Software 
Changed the World, 
Part II

Before design software, microwave engi-
neers spent their days with copper tape 
and soldering iron applying cut and try 

methods. Without software, the MMIC, the 
RFIC, the LTCC, the SoP and SiP would al-
most certainly not exist and we would not have 
today’s smart phones or smart weapons.

“How Design Software Changed the World, 
Part I” (Microwave Journal, July 2009) looked 
at design software and microwave hardware 
from the early 1960s up through 1987. Dur-
ing this period, the US defense department 
needed to develop smarter systems to counter 
balance the superior size of the soviet military 
in Eastern Europe. The weapon systems en-
visioned required reliable, high performance 
RF/microwave electronics. This is when MIC 
and MMIC technologies came into favor and 
design began to rely on “home-grown” soft-
ware programs.

The Department of Defense (DoD) helped 
fund software development that affected MMIC 
implementation, namely simulation, layout 
and work flows. The microwave and mm-wave 
monolithic integrated circuits (MIMIC) pro-
gram promoted collaboration between defense 
contractors, software providers and branches of 
the armed services to further the adoption of 
software tools among engineers.

By 1988, the Reagan administration, which 
was responsible for the military build-up of the 

1980s, was in its final year. Military spending, 
which peaked at 6.2 percent of GDP in 1986, 
was trimmed down to 5.8 percent and would 
continue to decline to the present day (roughly 
3.0 percent). However, the MIMIC program 
was well-funded and entering its second year. 
Among the major commercial RF/microwave 
software vendors vying for contract money 
were EEsof, Compact and Hewlett Packard. 
Over the next decade, software would be influ-
enced by the downsizing of defense spending, 
the emergence of the commercial mobile com-
munications market, new technologies, start-
ups, mergers, acquisitions and fierce competi-
tion among vendors.

System Simulation
Heading into the 1988 IEEE MTT-S  

Symposium in New York, EEsof unveiled a 
new system level simulator in the May issue  
of Microwave Journal. The product—
OmniSys—allowed microwave system design-
ers to predict the overall system performance 
(gain, noise, dynamic range, nonlinearities, 
spurious signals, distortion and more) from 
the performance data of the constituent com-
ponents. The frequency-domain component 
data (scalar, S-parameter or pole-zero) could 

David Vye
Editor, Microwave Journal
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petitor to the front-ends offered by HP 
and EEsof, and was a poor show of the 
solid engineering going into Compact’s 
analysis capabilities. By December, 
Compact stopped actively promoting 
Gas Station and released the Micro-
wave Design Workstation (MDW).

As described in a July 1989 MWJ 
product feature called “New Design 
Workstation Simplifies the Design 
Process,” MDW combined Compact’s 
nonlinear simulator, Microwave Har-
monica with Design Framework—a 
schematic and layout tool from Ca-
dence Design Systems—into a single 
CAD workstation. The combination of 
Compact’s analysis and modeling capa-
bilities with Cadence’s powerful design 
automation made a formidable chal-
lenge to HP and EEsof’s products.

The Compact/Cadence collabora-
tion provided users with a number of 
powerful design features including 
forward and back annotation, open 
architecture (ability to create custom 
pull-down menus, define macros, etc.), 
design rule checking, hierarchical sche-
matic, GDS II output for mask genera-
tion and a “zoom” feature. Compact 
focused on the analysis capabilities of 
Microwave Harmonica with new tem-
perature-dependent models, improved 
noise performance predictions of ac-
tive devices (MWJ cover story, Decem-
ber 1988) and a new harmonic balance 
algorithm resulting in a 300 time speed 
up in convergence.

In case any engineers were drawn 
into believing that these advances in 
simulation and design automation 
were going to free them from ac-
tual design work, future MWJ editor, 
Harlan Howe, brought optimization-
happy designers back down to earth 
with his November 1988 special re-
port, “Computers Don’t Innovate…
People Innovate!” Howe reminded 
readers that the human element was 
still very much needed in microwave 
circuit design and that “a Calma tape 
full of cell designs is basically no more 
than the rack of plastic drawers with 
resistors, capacitors and inductors 
sitting against the back wall in every 
laboratory.” Howe warned that ignor-
ing MMIC process variations or the 
impact of temperature variations was 
a guaranteed recipe for failure.

By July of 1990, Compact was in-
troducing its own system analysis tool, 
Microwave Success, supporting top-
level block design capabilities, budget 

the company had initially gained mar-
ket share through the PC, they now 
shifted focus to the same platforms 
as other CAD tools such as Mentor 
Graphics and Cadence, namely 32-
bit workstations and mainframes. By 
April, EEsof introduced the MMIC 
Design Workstation and the EEsof 
Microwave/RF Design Workstation 
for board designs. These short-lived 
products were a stop-gap measure to 
counter the market gains made by the 
Design Capture System of HP’s MDS 
and Compact’s strong position among 
workstation users.

In November, six months after in-
troducing the MMIC Design Work-
station, EEsof introduced its new 
Microwave Design Environment – 
Academy, a front-end schematic and 
layout capture user interface for both 
Touchstone and Libra. Academy em-
phasized an integrated workflow, al-
lowing engineers to create designs 
from either schematic or layout, mov-
ing seamlessly between editors.

Compact Software was also busy 
building up its product portfolio and 
bundling tools into solutions for MIC 
and MMIC design. Under Ulrich Ro-
hde’s leadership, Compact focused its 
attention on improving the capabili-
ties (speed, accuracy and robustness) 
of its harmonic balance engine, Mi-
crowave Harmonica, as well towards 
the company’s noise analysis and mod-
el accuracy.

Along with its analysis tools—Su-
per Compact (linear), Microwave 
Harmonica (nonlinear), Microwave 
SPICE and LINMIC (EM)—the com-
pany expanded its offering of synthesis 
tools that included Filter, PLL, and 
RF & Communications Design Kits 
along with the new Complex Match II, 
a unique impedance matching tool for 
designing feedback amplifiers, match-
ing antenna impedances, transforming 
lumped designs into distributed ones 
and synthesizing commensurate dis-
tributed matching networks.

For design entry and layout, Com-
pact partnered with third parties, re-
leasing the clumsily named “Gas Sta-
tion” (along with AutoArt) in March 
of 1988. This “mouse-driven, menu-
oriented graphics system” generated 
layouts and geometrically related sche-
matic displays from “hierarchically flat” 
Super Compact files. Unfortunately, 
this cobbled together user interface 
and layout tool was a lackluster com-

be synthesized from circuit simula-
tions or test measurements. The ini-
tial release contained 50 internal com-
ponent models and signal generators 
and was capable of simulating systems 
with up to 350 components, targeting 
radios, radars, EW systems, receiv-
ers/transmitters and feedback control 
loops.

The introduction was well-timed 
as many MMIC and MIC devices 
were becoming available for system 
integration. In the same May issue, 
an article by Bob Bierig of Raytheon 
and David McQuiddy of Texas Instru-
ments entitled “Broadband MMICs 
for System Applications” described a 
series of MMIC-based building blocks 
for microwave systems targeting mili-
tary applications. The authors’ respec-
tive companies were partners in the 
MIMIC program. Noting that “one of 
the more notable features of MMIC 
technology is the relative ease with 
which components with broad op-
erational bandwidths can be demon-
strated,” the article heralded a variety 
of successful MMIC designs including 
driver and power amps, mixers, phase 
shifters and switches; all front-end 
components for the defense depart-
ment’s next generation of military sys-
tems and undoubtedly made possible 
through simulation.

Early Design Environments
System simulation added to the 

number of discrete, dedicated soft-
ware tools available, which now in-
cluded linear and nonlinear simula-
tors, measurement data acquisition, 
yield analysis, schematic capture and 
physical design layout. Around this 
time, software vendors began to mar-
ket bundled solutions, followed short-
ly by the introduction of new design 
environments, which unified the user 
interface and integrated functional-
ity. Pressure to develop powerful user 
interfaces was driven by the growing 
complexity of MMIC design, the in-
troduction of schematic capture (over 
text-based netlist entry) by HP MDS 
and the need to support a variety of 
platforms from the IBM compatible 
PC to Sun, Apollo, HP and Digital 
Equipment Corp. UNIX workstations.

By early 1988, EEsof promoted the 
interoperability of its products: Libra, 
Touchstone, mw SPICE, MiCAD, 
ANACAT, E-Syn and Libraries across 
multiple computer platforms. While 
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ing parasitics to include in the CAD 
netlist. While the author achieved 
reasonable results, the approach was 
not for the weak of heart and clearly 
illustrated the need for a more acces-
sible and generalized solution.

Ray Pengally (formerly with Com-
pact Software) further represented 
this need in his 1990 MWJ article 
“CAD for MMIC Implementation.” 
describing how GaAs foundries would 
fabricate and characterize (from mea-
surement) a large array of passive 
structures such as a multi-turn spiral 
inductor, each with different physical 
dimensions. Working with CAD ven-
dors, equivalent circuit models were 
fitted to measured S-parameters over 
a specified frequency range. It was of-
ten possible to fit simple polynomial 
expressions as a function of geometry 
to these equivalent circuits, relying on 
less-than-reliable interpolation for un-
measured components.

A more rigorous solution using 
electromagnetic simulation for passive 
structure characterization was of great 
interest to engineers and university 
researchers alike. Pengally described 
several programs including Linmic+, 
EMSym, Sonnet Software and Sting-
ray (a quasi-static analysis based on 
finite element for calculating local ca-
pacitance matrices for multi-coupled 
lines, Apogee Software, Oakland, NJ), 
which could simulate structures in 
two dimensions “since considerable 
reductions in computing time can be 
achieved if planar metalized patterns 
are assumed where two-dimensional 
current distributions exist.”

The evolution of EM simulation 
technology occurred over multiple 
decades, producing a variety of tech-
niques. The basic FDTD space grid 
and time-stepping algorithm can be 
traced back to a seminal 1966 paper 
by Kane Yee in IEEE Transactions 
on Antennas and Propagation, while 
the “Finite-difference time-domain” 
(FDTD) descriptor supposedly origi-
nated with Allen Taflove in a 1980 
paper in IEEE Transactions on Elec-
tromagnetic Compatibility. Today, 
approximately 30 commercial and 
university-developed FDTD software 
suites are available. Word of early 
commercial offerings began appear-
ing more regularly in publications 
during the late 80s and early 90s.

In 1977, Weiland introduced Finite 
Integration Theory (FIT), also known 

a big improvement to Compact Soft-
ware’s user interface. Though Com-
pact now offered a more competitive 
PC-based CAD product, the complex-
ity of MMIC design had shifted much 
of the engineering work back toward 
workstations.

EM Simulation
In his March 1989 MWJ article, 

Carl Denig of M/A-COM presented 
a technique for designing microstrip 
interdigital filters, “applying an ap-
proximate method for modeling these 
structures in CAD programs such as 
Super Compact and Touchstone.” 
Earlier approaches to modeling mul-
tiple-coupled sections using parallel 
sections of singly coupled lines ig-
nored coupling between nonadjacent 
lines and resulted in errors that be-
came more pronounced at lower sub-
strate dielectric constants.

Denig provided an eight-step pro-
cedure to analyzing a multiple-cou-
pled line filter that included deter-
mining an equation relating even- and 
odd-mode impedances using linear 
regression, calculating even- and odd-
mode phase velocities and estimat-

calculations, an unlimited number of 
cascade-able n-ports and unlimited 
number of sources including multiple 
carriers and modulations. A MWJ 
special report, also in the July issue, 
discussed the features of CAD/CAE 
tools on display at that year’s IMS in 
Dallas, TX, noting that as Compact 
was introducing enhancements to new 
and upgraded elements, file syntax, 
time-domain steady-state analysis and 
graphics, EEsof was releasing Acad-
emy version 3.0 with a number of user 
interface and analysis enhancements.

While the development of an inte-
grated design environment with sche-
matic capture and layout took several 
twists and turns (MDW, Gas Station, 
EASI) from 1987 to 1990, Compact 
introduced a new design workstation 
called Serenade in August. Based 
on X-Windows, Motif and GKS, the 
product supported the use of remote 
terminals with networking capabili-
ties that allowed the simulator engine, 
graphics and user-interface to run on 
different computers. The new “look 
and feel” of the user interface to Su-
per Compact, Microwave Harmonica 
and the new Microwave Success was 
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easily adapted into a conformal code  
so Weiland reformulated FIT in terms 
of global quantities assigned to space 
objects, allowing matrix formulations 
that were valid for irregular and non-
orthogonal grid systems. In addition, 
CST decided to build a new environ-
ment from scratch, taking advantage 
of the improved usability offered by 
Microsoft’s new Windows OS. The re-
sult was CST’s current flagship prod-
uct CST MICROWAVE STUDIO 
(CST MWS), which was first released 
in 1998. By that time telecoms were-
dominating CST’s business and CST 
MWS was aimed squarely at people 
designing antennas and connectors 
for mobile phones and base stations.

In 1988, Sullivan, et al. published 
the first 3-D FDTD model of sinusoi-
dal steady-state electromagnetic wave 
absorption by a complete human body, 
while Zhang, et al.—the founder of 
Zeland Software (and IE3D)—intro-
duced FDTD modeling of microstrips. 
In February of 1990, Microwave Jour-
nal featured HP’s high frequency struc-
ture simulator (HFSS) on its cover, 
“Software Computes Maxwell’s Equa-
tions.” Promising to replace empirical 
design procedures, the software, which 
was jointly developed by Ansoft Corp., 
was able to accurately simulate the RF 
performance of a coaxial-to-waveguide 
adaptor on an HP 9000 model 835 
workstation, taking less than one hour 
for a single frequency point.

Using a mathematical technique 
known as finite elements, the sim-
ulator provided key information, 
including multi-port S-parameters 
and color displays of electromag-
netic field plots. Based largely on 
the work of Ansoft founder Zoltan 
Cendes and some of his gradu-
ate students from Carnegie Mel-
lon University, the technique had 
been used in civil and mechanical 
engineering before Cendes and his 
team figured out a way to address 
the spurious signal modes that were 
problematic at high frequencies.

Ansoft also developed an adaptive 
mesh refinement algorithm, capable of 
generating and refining the mesh auto-
matically. With adaptive meshing, engi-
neers just had to accurately define the 
structure, its materials, boundary con-
ditions and port excitations in order to 
obtain correct results, at least in theory. 
HP contributed by defining the scope of 
functionality, managing the product de-

Algorithm) for 3D EM and charged 
particle simulation. By 1992, Wei-
land founded Computer Simulation 
Technology (CST) to commercialize 
MAFIA and focus on the telecoms 
industry along with three managing 
directors: Dipl.-Ing. Michael Bartsch, 
Dr. Peter Thoma and Dr. Bernhard 
Wagner.

In 1996, CST decided to implement 
the perfect boundary approximation 
(PBA) into its simulation software. 
Unfortunately, MAFIA could not be 

as FI. In this technique, the integral 
form of Maxwell’s equations is approx-
imated by summations around small 
loops. This technique is different than 
FDTD in which the differential form 
of Maxwell’s equations is represented 
as finite difference approximations. In 
1983, at the Deutsches Elektronen 
Synchrotron (DESY) in Hamburg, 
Weiland set up an international col-
laboration in order to develop the 
software package MAFIA (Max-
well’s equations Finite Integration 
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measurements of the fabricated fi lter. 
The agreement between the EM re-
sults and the measured fi lter were sig-
nifi cantly better than the Touchstone 
response, which neglected inter-ele-
ment coupling.

Within the year, Compact began 
offering its planar EM solution, Ex-
plorer v1.0. In 1992, HP introduced 
Momentum, originally developed by 
Belgian company, Alphabit, a spinoff 
from IMEC, Europe’s largest inde-
pendent research center in nano-elec-
tronics and nano-technology. Today, 
planar and 3D EM simulation pro-
vides such an improvement to circuit 
simulation accuracy that all major RF/
microwave circuit simulation environ-
ments have some form of integrated 
EM technology.

ACTIVE DEVICE MODELING
Active device modeling plays a 

critical role in accurate RF circuit 
simulation and thus HP introduced 
a new approach to transistor model-
ing based on its expertise in test and 
measurement. In September 1991, 
David Root of HP wrote the MWJ 
cover feature, “A Measurement-
based FET Model Improves CAE 
Accuracy,” describing a technique for 
improving large-signal simulations by 
explicitly constructing device nonlin-
earities from measured data. An au-
tomated procedure of collecting DC 
and S-parameter data was proposed 
as a replacement for conventional 
parameter extraction and physical or 
empirical model generation.

Nonlinear model functions were 
stored in tabular form as functions of 
two independent controlling termi-
nal voltages. The lookup-table model 
“avoided the ad hoc procedure of opti-
mizing equation coeffi cients of process 
specifi c models to fi t measured data.” 
They were also process technology in-
dependent, meant to alleviate the need 
for specialized active device modeling 
personnel. The HP IC-CAP model 
extraction software program provided 
the graphical interface and instrument 
drivers to generate the compiled table-
based “Root” model for use with HP 
MDS. Root continued working with 
HP (and later Agilent) researchers on 
measurement-based models and non-
linear vector network analyzer mea-
surements, resulting in today’s X-pa-
rameters and NVNA technology. For 
more details, see the MWJ March 2010 

user interface. The designer provided 
the multi-point polygons of the layout; 
input the dielectric constants, port 
defi nitions, simulation frequencies 
and the grid size.

EEsof’s EMSim applied a similar 
method-of-moments technique us-
ing a closed-form solution to Green’s 
function to characterize planar micro-
wave passive circuits. In the article, 
EM simulation of an edge-coupled fi l-
ter was compared to results based on 
a Touchstone microstrip model and 

velopment, QA, testing and marketing.
While HFSS allowed microwave 

engineers to address 3D problems 
such as waveguide fi lters and an-
tennas, planar geometries could be 
solved more rapidly with a 2D or 2.5D 
approach. The July 1990 MWJ report 
on CAD/CAE at IMS reported on 
planar EM technology from Sonnet 
software as did a May 1991 product 
feature, “EMSim 3.0” by EEsof. The 
Sonnet product “em” operated on a 
UNIX platform with a mouse-driven 
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Frequency
Range (MHz)

Coupling
(dB)

I.L. Loss
(dB) max.

Coupling
Flatness max.

Directivity
(dB) min.

Input Power
(watts) max.

Model
Number

2.0-32.0 50 ± 1 0.06 0.25 25 2500 C50-101
0.5-50 50 ± 1 0.10 0.50 20 2000 C50-100
0.5-100 30 ± 1 0.30 0.50 25 200 C30-102
0.5-100 40 ± 1 0.20 0.30 20 200 C40-103
1.0-100 50 ± 1 0.20 1.00 20 500 C50-109
20.0-200 50 ± 1 0.20 0.75 20 500 C50-108
0.1-250 40 ± 1 0.40 0.50 20 250 C40-111
50-500 40 ± 1 0.20 1.00 20 500 C40-21
50-500 50 ± 1 0.20 1.00 20 500 C50-21

100-1000 40 ± 1 0.40 1.00 20 500 C40-20
500-1000 50 ± 1 0.20 0.50 20 500 C50-106
200-2000 40 ± 1 0.40 1.00 20 200 C40-22
200-2000 50 ± 1 0.50 1.00 20 200 C50-22
1500-3000 30 ± 1 0.30 1.00 20 500 C30-23
2000-4000 30 ± 1 0.30 1.00 18 500 C30-24

IN-OUT ports: Type N connectors standard, SMA connectors optional.
Coupled ports: SMA connectors standard. See website for details.

Industry Consolidation
Mergers and acquisitions are com-

mon in the software world where 
markets can only support one or two 
major vendors and smaller companies 
are eagerly acquired for their game-
changing innovations. In 1992, the RF 
EDA market was fiercely competitive 
with three major players. That fall, 
EEsof launched a stealth marketing 
campaign for a new high-frequency 
analog design suite that the company 
claimed would “redefine the indus-
try standard.” Two months later, the 
company revealed EEsof Series IV, a 
new design environment that offered 
unprecedented ease-of-use, eight 
simulation engines, time, frequency 
electromagnetic simulation, statistical 
design, yield optimization, models, li-
braries and synthesis tools. Series IV 
was well-received by engineers and 
went on to have great success in the 
market despite a short-lived ad cam-
paign that ended in December, when 
the independently-owned EEsof dis-
appeared from the pages of Micro-
wave Journal forever.

Something momentous was about 
to occur.

By 1993, EEsof CEO Chuck 
Abronson had been contemplating a 
bold strategic move. HP and EEsof 
were wrestling for the top position in 
the RF software market, each com-
pany realizing approximately $20 M 
in annual revenue. The new Series IV 
design environment took three years 
to develop and was designed to go up 
against Cadence, Mentor Graphics 
and Avanti in the emerging wireless 
chip set market. To compete, EEsof 
needed to dominate its current market 
so that its resources could re-focus on 
design tools for the RFICs being built 
for the next generation of handsets.

While the EEsof sales force was 
bullish on competing against HP, Bill 
Childs, EEsof’s head of development, 
was less optimistic about the compa-
ny’s prospects of forcing HP out of the 
RF software business. Abronson had 
two options. He first contacted HP’s 
executive leadership to gage its desire 
to sell the EDA group to EEsof. As 
a strategic part of its design through 
test solution, HP was not interested 
in leaving the software business. 
Therefore, Abronson proposed that 
HP acquire EEsof, a transaction that 
was publicly announced the following 
September. HP GM Jake Egbert led 

FET and HEMT modeling, compat-
ible with the company’s simulation 
software MMICAD™. Optimization 
Systems Associates’ (OSA) offered a 
nonlinear device-modeling program 
called HarPE, which included pop-
ular FET models, a Gummel-Poon 
model for BJTs and HBTs, models for 
HEMTs, as well as user-defined mod-
els. In 1997, OSA was acquired by HP 
for its EM optimization technology 
to complement its Momentum and 
HFSS products.

cover feature, “Fundamentally Chang-
ing Nonlinear Microwave Design.”

Compact Software’s Scout was a 
PC and workstation-based active de-
vice extraction and large-signal mod-
eling program with interactive mod-
eling features. Users could modify 
parameter values and observe the ef-
fects on both DC and S-parameters. 
MMIC-focused modeling software 
from other companies included Op-
totek’s Small and Large Signal Analy-
sis (SALSA), dedicated to MES-

http://mwj.hotims.com/28491-75
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sential to making the next leap forward 
in simulation software. The first was 
the advancement of system simulation 
and support for the digital modulation 
that was driving future mobile phone 
technology. HP initially intended to 
address this first requirement with its 
acquisition of EEsof’s Omnisys.

Coinciding with the introduction of 
2G systems was the trend away from 
the larger “brick” phones toward tiny 
100 to 200g hand-held devices. This 
drove the other requirement for RF 
circuit simulation, namely enhancing 
EM simulation to address the com-
ponent miniaturization for smaller 
handheld devices. For this second re-
quirement, HP had its planar EM tool, 
Momentum and an exclusive market-
ing agreement to sell HFSS under the 
HP name. Any new design environ-
ment would look to further integrate 
these simulators into the engineering 
workflow.

As HP was developing its new plat-
form, the relationship with Ansoft was 
beginning to strain. In 1992, Ansoft 
introduced a new software product, 
Maxwell Spicelink, which targeted 
signal integrity applications. Spic-
elink essentially combined Ansoft’s 
EM technology with SPICE for high-
speed electronic circuit design. While 
HP had the exclusive rights to sell 
HFSS, a technical clause in the con-
tract allowed Ansoft to sell Maxwell 
Spicelink and HFSS in a bundled a 
package called Eminence, which es-
sentially allowed Ansoft to compete 
in the RF/microwave market as well. 
Meanwhile, HP was developing its 
own version of HFSS.

During the early 1990s, Ansoft 
grew steadily, as management pre-
pared to take the company public. 
Revenues grew from $3.47 M in 1993 
to $6.15 M in 1995. In 1996 Ansoft 
made an initial offering of stock to 
the public, netting some $12 M and 
allowing the company to acquire tech-
nologies that would further expand its 
product portfolio and market reach. It 
was also during this period that Ansoft 
and HP became competitors, as both 
companies vied for supremacy in the 
3D electromagnetic modeling market.

Revenue from the HP agreement 
accounted for 12 and 13 percent of 
Ansoft revenue in fiscal 1997 and 
1996, respectively. When the HP 
agreement expired in January 1997, 
it was not renewed, although HP 

to-network signaling. The rise in mo-
bile phone usage as a result of 2G was 
explosive and would greatly impact 
the opportunities for design software 
as well as the required functionality.

In 1993, as HP-EEsof shifted its 
focus toward this new market, the 
new organization found itself serving 
roughly 80 percent of the traditional 
RF market with two similar products. 
Setting a course for new product de-
velopment, HP executives identified 
two requirements they considered es-

the new HP EEsof from 1993 until 
1999; Bill Childs stayed another year 
through the transition while Chuck 
Abronson retired from EDA to focus 
on the California real-estate market.

In the 1990s, the ‘second genera-
tion’ (2G) of mobile phone systems 
emerged, primarily using the GSM 
standard. These 2G phone systems 
differed from the previous generation 
in their use of digital transmission in-
stead of analog and also by the intro-
duction of advanced and fast phone-
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to its introduction in June 1997.
ADS was promoted as the industry’s 

first integrated, end-to-end signal path 
design solution for communications 
products, providing design technolo-
gies—from circuit and electromagnetic 
simulation to digital signal processing 
(DSP) synthesis and physical design—
all in a single environment.

“The HP system provides new DSP 
design and synthesis software in 
addition to significant new design 
capabilities for microwave and 
radio-frequency integrated circuit 
(RFIC) design. The integration and 
co-simulation of RF and DSP analy-
sis is unique in the EDA industry, as 
is the software’s availability on both 
UNIX and PC platforms.” 

initial press release, June 2, 1997

ADS included two new DSP  
tools—DSP Designer and DSP Syn-
thesis. The DSP Synthesis software 
targeted communications products 
with features for optimizing and imple-
menting high-level DSP designs into 
application-specific integrated circuits 
(ASIC) and field programmable gate 
arrays (FPGA), including both behav-
ioral and register transfer level (RTL) 
VHDL/verilog code generation, simu-
lation and synthesis capability, output-
ting the hardware description language 
(HDL) in industry-standard formats 
for logic-synthesis tools.

DSP Designer merged software 
from HP research and technology from 
the University of California at Berkeley 
Ptolemy project. This simulation en-
gine facilitated co-simulation of time, 
frequency and data flow technologies 
for mixed RF/analog/DSP communi-
cations projects. The system simulation 
had also been enhanced with harmonic 
balance co-simulation to allow full-
budget simulations on any RF topol-
ogy using patented new technologies, 
which included new high-frequency 
SPICE, harmonic balance (speed en-
hancements up to 100 times faster than 
comparable solutions with a reduction 
in memory usage by up to 15 times) 
and new Circuit Envelope simulation 
technologies.

HP was ambitious in both the scope 
and schedule set for ADS. According 
to Larry Lerner, Agilent EEsof R&D 
Manager, “The decision to build ADS 

than support two similar products or 
select one environment over the oth-
er, the HP management team directed 
the joint group of developers to start 
work on a totally new platform. The 
plan for this multi-year project was to 
combine the best technologies from 
both products while adding the new 
functions required for the emerg-
ing wireless technology. The product 
known internally as DE 1.0 (Design 
Environment 1.0) was re-named to 
Advanced Design System (ADS) prior 

maintained the non-exclusive rights 
to sell HFSS through January 1998. 
While Ansoft was directly marketing 
and selling HFSS version 5, HP intro-
duced the HFSS product it had been 
developing internally, resulting in two 
products of the same name and plenty 
of confusion among engineers.

The New Kids on the Block
HP’s acquisition of EEsof resulted 

in considerable overlap in simulation 
technologies and model sets. Rather 
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was a risky one. It was by far the most 
complex and most expensive project 
ever attempted by the HP Test & 
Measurement Group. It was also a 
heavily constrained project with many 
must-have requirements.” Many en-
gineers expected the new product to 
provide the same functionality and 
feature sets found in both Series IV 
and MDS. Designers accustomed to 
a particular user-interface found the 
new environment non-intuitive and 
complex, especially with the new sys-

tem, circuit and physical design capa-
bilities rolled into one. In addition, 
migrating legacy designs into the new 
environment was problematic. Need-
less to say, ADS got off to a rocky start, 
with many customers delaying their 
upgrade from MDS or Series IV. Ulti-
mately, the functionality goals initially 
set for ADS would prove to be well-
aligned with the needs of RF/mixed-
signal IC and multi-chip module de-
sign. ADS (as well as Ansoft, CST and 
AWR products) would also find a cus-

tomer base among the emerging high-
speed (giga-bit) design market.

While the ADS product was stabiliz-
ing and designers became familiar with 
its operation, HP competitors sensed 
a market opportunity and pounced. 
Since the introduction of SpiceLink, 
Ansoft viewed EM-simulation as a 
critical component to high speed/fre-
quency circuit design. In April 1997, 
the company made its move to com-
plement HFSS with a dedicated RF/
microwave circuit-design tool, acquir-
ing HP EEsof’s largest competitor in 
the RF space—Compact Software. In 
August, the company also acquired its 
own planar EM solution with the pur-
chase of Boulder Microwave Technolo-
gies Inc. for $1.5 M.

After competing for several years, 
HP EEsof left the 3D EM market 
with the sale of its HFSS product to 
Ansoft in 2001 (Agilent returned in 
2008 with EMPro), allowing Ansoft 
to focus on its next generation archi-
tecture/environment while continu-
ing to develop the Serenade product  
suite—Serenade (circuit), Symphony 
(system) and Ensemble (planar EM). 
The dual development efforts were a 
strain on Ansoft’s limited resources and 
delayed the product release until 2003. 
The resulting platform, Ansoft Design-
er, raised the bar on EM/circuit inte-
gration, yet the window of opportunity 
for replacing ADS had passed.

By 2003, HP was no longer an An-
soft competitor. In November 1999, 
the T&M division—including the 
EDA group—had been spun off into 
an entirely new corporation called Ag-
ilent Technologies, executing the larg-
est IPO in Silicon Valley history. In 
addition to Agilent, Ansoft also faced 
new competitors utilizing Microsoft’s 
core set of application programming 
interfaces (API) and Windows oper-
ating system. With advances in pro-
gramming, software companies were 
able to create RF design tools with 
the feel of standard Microsoft Office 
programs.

Joe Pekarek joined Hughes Air-
craft in 1988 as an engineer. By the 
early 1990s, he was leading the devel-
opment of a low-cost radar receiver 
chipset in Hughes’s solid-state micro-
wave division. As a hardware design-
er, he was an experienced software 
user, yet he was dissatisfied with the 
functionality from a user’s perspec-
tive. In particular, he wanted tools 
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few sources of financing. MWO de-
buted at MTT-S IMS 1998 in Balti-
more, with a limited set of features 
compared to the products from An-
soft and HP EEsof. Nonetheless, 
the graphic oriented user interface, 
friendly design methodology and re-
al-time tuning (using fast, nonlinear 
Volterra Series analysis rather than 
harmonic balance) caught the eye of 
many attendees and put Microwave 
Office on the map.

The MWO interface was con-
ceived for the “typical” RF engi-
neer’s workflow, placing emphasis 
on productivity and utilizing an un-
derlying architecture that leveraged 
Win 32 APIs and object-oriented 
programming. Modeled after es-
tablished design frameworks from 
EDA companies such as Cadence, 
the environment was constructed as 
a socket for supporting technologies, 
allowing AWR to partner with third-
party technologists in order to sup-
plement product functionality and 
offer designers a choice in solvers. 
This approach provided AWR with 
the time needed to enhance prod-
uct functionality toward support of 
complex end-to-end communication 
systems being targeted by Agilent 
and Ansoft.

While MWO capability was being 
developed for the wireless chip set 
market, the product’s ease of use and 
lower price tag made it a hit with the 
traditional RF board market. AWR 
uncovered or at least demonstrated 
the existence of a market for tools 
that were less complex, used primar-
ily by individuals or small groups 
working for cost-sensitive companies. 
This non-RFIC market now included 
a sizable number of MMIC and MIC 
design houses.

This market was also fertile 
ground for Eagleware (known as Cir-
cuit Busters until 1991), which had 
quietly been selling its linear simula-
tor (=SuperStar=) and EEpal tools 
since the company was founded by 
Randy Rhea in 1985. A product fea-
ture for EEpal appeared in the May 
1991 issue of MWJ. This program 
was a combination of scientific cal-
culator and microwave product/ven-
dor selector guide. Users could solve 
polynomial equations, the Fourier 
coefficients of a square wave or look 
up the fax and phone numbers of mi-
crowave filter vendors.

inspired him to change his disserta-
tion topic toward developing a new 
environment explicitly for simulating 
high-frequency chip design. In 1994, 
with a year left to go on his doctoral 
studies, Pekarek left Hughes to start 
Applied Wave Research (AWR) and 
develop the company’s first product, 
Microwave Office (MWO).

Pekarek and two other engineers 
worked on a shoestring budget to 
prepare MWO for market in 1998; 
credit-card debt being among their 

that would help him to design high-
frequency electronics at the system 
and circuit levels while laying out the 
physical components in order to re-
duce errors.

While at Hughes, Pekarek entered 
the doctoral program at UCLA to 
focus on harmonic balance circuit 
simulators, but switched subjects to 
numerical electromagnetics after his 
dissertation advisor left the univer-
sity a few years into his studies. Un-
daunted, his prior EDA experience 
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el tool provider, thereby adding Sys-
temVue signal processing design soft-
ware for behavioral modeling of com-
munication and DSP systems to their 
portfolio of high-frequency simula-
tion, analysis and synthesis software. 
By the middle of the decade, software 
vendors offering an RF design solu-
tion with circuit, system, planar EM 
simulation, integrated into a single 
user environment included Agilent, 
Ansoft, AWR and Eagleware-Elanix.

In 2005, Cutler’s career went 
full-circle as he helped broker the 
deal for Agilent EEsof’s acquisition 
of Eagleware-Elanix, complement-
ing their portfolio of RFIC prod-
ucts (ADS, Golden Gate, RFDE) 
with products intended for smaller 
enterprises, individual profession-
als and personal (contractor) use. 
Meanwhile, AWR has made several 
significant acquisitions including 
ICUCOM (system-level simulator 
in 2000), APLAC (harmonic balance 
simulation in 2005) and Simulation 
and Applied Research or STAAR (3D 
FEM in 2009). In 2008, Ansoft was 
acquired by Ansys. Continuing to sell 
its HFSS, Ansoft Designer/Nexxim, 
SIWave and Spicelink tools, the com-
pany recently announced further in-
tegration of its HFSS product within 
Ansoft Designer and HSPICE co-
simulation.

Epilogue
The introduction of new simula-

tion technology and integration with 
powerful design entry tools reflect 
the major advances in software de-
velopment over the past two decades. 
The wireless revolution gave birth to 
several software start-ups and merg-
ers. Through it all, the needs of the 
microwave circuit designer have 
been met with innovative software 
products supporting the ever-in-
creasing complexity required for the 
next generation of wireless devices 
and defense systems.

This article looked at the larger 
RF circuit/system-level design soft-
ware vendors as well as two innova-
tors in EM technology (i.e. CST and 
Sonnet). A complete guide to all the 
software companies, researchers and 
products that have been developed 
for the wide range of microwave fre-
quency design challenges could fill a 
book. n

and system design software platform 
in a direction similar to Agilent, An-
soft and AWR. The company began 
promoting its various synthesis tools 
(PLL, Filter, oscillator, Tline and 
matching), schematic and layout edi-
tors and linear simulator under the 
Genesys name. Over time, Genesys 
added a harmonic balance nonlinear 
simulator (Harbec) and a planar EM 
tool (EMPower).

In 2004, the company acquired 
Elanix Inc., an electronic-system lev-

In 1995, Todd Cutler joined Ea-
gleware as CEO. Cutler had spent 
20 years at HP, where he worked as 
a development engineer, led applica-
tions development in the European 
Microwave and Communications 
Group, and was a founding member 
of the HP microwave design software 
business, serving as Marketing Man-
ager of HP-EEsof after the merger. 
At Eagleware, Cutler steered the 
development and marketing of the 
Genesys RF and microwave circuit 
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MOST VALUABLE PRODUCT

AXIEM, a 3D planar electromagnetic 
(EM) simulator from AWR Corp., was 
fi rst announced in 2007 with innovative 

technology to solve large, complicated prob-
lems with unprecedented speed and accuracy. 
Released as an integral part of AWR’s design 
environment, AXIEM provided designers with 
the ability to simulate large problems (more than 
100,000 unknowns), send the layout of a circuit 
to AXIEM, simulate and seamlessly bring the re-
sults back into the circuit simulator.

The new 2010 release of AXIEM takes the 
speed, capacity and accuracy assets of the 
technology a step further by opening up the 
design space (literally). AXIEM 2010 has added 
post-processing capabilities for antenna analy-
sis, including various fi eld patterns, antenna 
currents, and, of course, feed impedances. It is 
now possible for designers to see the standard 
antenna parameters of interest, including gain 
and directivity, polarization, and power patterns. 
Planar antenna arrays are traditionally a formi-
dable problem for planar EM simulators because 
of the large number of unknowns resulting from 
the meshing of the elements. AXIEM has the 
capability of solving problems with over 100,000 

unknowns in minutes using compressed, itera-
tive, matrix solution techniques. This feature is 
critical for large arrays, because it is simply not 
possible to solve these large problems with tra-
ditional direct matrix methods.

AXIEM’s integration into AWR’s design envi-
ronment gives users a great deal of fl exibility in 
how the tool is to be used. For example, portions 
of a circuit’s layout can be automatically sent 
to AXIEM for EM analysis, and the resulting S-
parameters can be automatically included in the 
circuit for further analysis. The method, called 
EM extraction, can be controlled in sophisti-
cated ways. As such, AXIEM is ideal for planar 
antenna problems, as the designer can draw 
the antenna in the same layout as the rest of the 
circuit, have it automatically sent to AXIEM for 
analysis, and then have the results returned for 
further analysis.

SIMULATION OF LARGE PROBLEMS
The bulk of the simulation time spent in a 

AWR Corp.
El Segundo, CA
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Most Valuable Product

to perfecting the iterative solvers and 
pre-conditioners (for more information, 
read http://web.awrcorp.com/default.
asp?docId=16033).

Figure 1 shows an 8  16 patch ar-
ray, which had a mesh of 96,000 ele-
ments. The total number of unknowns 
was 164,000. This array simulated in 
about 30 minutes per frequency point 
on an 8-core machine with 8 GB of 
RAM (AXIEM takes advantage of multi-
core machines).

EM Extraction
Planar antennas are normally cou-

pled together with the associated feed 
network and drive circuitry. EM extrac-
tion is a technique where the antenna 
is coupled with the circuit in the sche-
matic and its layout. The advantages 
are that the designer can see the an-
tenna as part of the entire layout, the 
feed network of the antenna can be 
easily drawn and simulated, and the 
resulting S-parameter files from AXIEM 
are automatically incorporated back 
into the entire circuit simulation. Fig-
ure 2 shows the schematic of an eight-
element patch array and its associate 
Butler feed matrix. Note the element la-
beled “Extraction Block.” This element 
can be configured to automatically 
send all, or part of, the layout of the 
schematic to AXIEM for simulation. The 
resulting S-parameters are used by the 
circuit for the final simulation. Figure 3 
shows the layout, and a 3D version of 
the layout.

Antenna Measurements and 
Patterns

AXIEM now supports a variety of 

planar EM simulation is in solving the 
matrix. The matrix is formed by look-
ing at the interactions between the 
mesh currents on the conductors of 
the circuit. Roughly speaking, if there 
are N meshes, the matrix created is 
a dense N  N matrix. Traditionally, it 
takes order N2 amount of time to create 
the matrix and order N3 amount of time 
to solve the matrix. The mathematical 
term “order of” means the following: 
If the number of cells is doubled, the 
fill time is four times longer (order N2), 
and the solve time is eight times longer 
(order N3). This is why the matrix solve 
dominates for large enough problems, 
roughly about 10,000 unknowns.

The problem for antenna design-
ers is that a large array, for example  
16  16 elements, can have well over 
100,000 unknowns, and the N3 scal-
ing of the solve time quickly renders 
the problem completely impractical to 
solve. Say it takes 10 seconds to solve 
1000 unknowns at one frequency. The 
number of unknowns in the array is 100 
times bigger (100,000 unknowns), and 
takes 106 times longer to solve. There-
fore, the solve time is 107 seconds, 
which is about four months.

Fortunately, new iterative solution 
methods have been developed, where 
the matrix is compressed and solved by 
making repeated guesses or iterations 
to the solution. When properly applied, 
the methods can lead to matrix fill and 
solve times as fast as order Nln(N). The 
array problem mentioned in the previ-
ous paragraph can be solved in about 
80 minutes per frequency point, which 
is a realistic simulation time for a prac-
tical design. The matrices that result 
from planar array problems typically 
have many blocks of elements that have 
about the same value. These blocks of 
elements correspond to groups of cells 
that are far away from one another. 
This is why the compressed, iterative 
methods work well.

The compression methods only 
work well if the matrix is properly con-
ditioned. The mathematical term “con-
ditioning of a matrix” refers to how 
easy it is to solve the matrix condition 
on a computer with finite precision 
arithmetic. The matrices generated in 
EM simulators are traditionally not well 
conditioned. It is therefore necessary 
to pre-condition the matrix. There are 
several ways to do this. A large part of 
AWR’s 20 man-years of development 
investment in AXIEM has been devoted 

s Fig. 1  An 8 × 16 patch array antenna 
with a corporate feed mesh (a) and close up 
for two elements in the array (b).

(a)

(b)
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sign flow rather than simply a back-end 
verification tool, AXIEM continues to 
fulfill its promise as a software product 
that offers cutting-edge technologies 
engineers need as they face the design 
challenges posed by today’s complex 
wireless products. Highlighted in the 
new 2010 release of AXIEM are in-
novative antenna capabilities that are 
quickly becoming an indispensable tool 
for antenna designers.

AWR Corp.,  
El Segundo, CA  
(310) 726-3000,  
www.awrcorp.com.

RS No. 303

antenna measure-
ments, including the 
standard antenna 
pattern measure-
ments for electric 
field as a function of 
sweep angles theta 
and phi. Both circu-
lar and polar anten-
na pattern measure-
ments can be made. 
Figure 4 shows the 
left hand and right 
hand polarization 
patterns in the prin-
cipal planes for the  
8  1 array fed by the 
Butler matrix. Two 
different scan angles 
are shown. Addition-
ally, the designer can 
look at currents on 
the antennas, as well 
as the electric fields 
in various cross-sec-
tions of the circuit. 
This can be useful 
when trying to diag-
nose an impedance 
mismatch or phasing 
problem.

Key 2010 AXIEM 
Features
•	 �Seamless inte-

gration with Mi-
crowave Office® 
and Analog Of-
fice® software

•	 �Proprietary full-
wave planar EM 
solver technology

•	 �Advanced hybrid meshing technology
•	 �Numerous source/excitations in-

cluding auto-calibrated internal 
ports

•	 �Parametric studies, optimization 
and tuning

•	 3D visualization and animation
•	 �Support for 64-bit PC platform and 

multi-core configurations
•	 Antenna capabilities, such as:

–– �Antenna measurements, in-
cluding gain

–– �Patterns for linear, circular  
and elliptical polarizations

–– Current visualization

Conclusion
Developed specifically to provide 

designers with a way to implement EM 
simulation as a practical part of the de-

s Fig. 3  An eight-element array and Butler matrix feed.

3D VIEW OF THE LAYOUTARRAY AND BUTLER MATRIX

s Fig. 4  8 × 1 array antenna patterns for two different scan angles.

s Fig. 2  Schematic of the antenna array and feed network.
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

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

Visit our web site at www.ciaowireless.com for our complete product offering.
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Dan Massé, Associate Technical Editor
DEFENSE NEWS

more than 10 years. “As Boeing’s strategic partner, we bring 
the low risk of our domain expertise on GMD fi re control 
and communications, and the robust systems management 
model of our leadership role on ICBMs,” said Karen Wil-
liams, Vice President, Air and Missile Defense Systems, for 
Northrop Grumman’s Information Systems sector. “Those 
are very powerful capabilities we can use to help our team 
bring GMD into a new era of effi ciency, affordability and 
long-term partnership with MDA.”

ThalesRaytheonSystems Awarded $21.8 M 
to Modernize US Army AN/MPQ-64 Radars

ThalesRaytheonSystems has been awarded a $21.8 M 
contract by the US Army to upgrade multiple AN/
MPQ-64 Sentinel air defense radar systems. This 

award is an option to the existing upgrade contract origi-
nally awarded in June 2007. The contract will upgrade the 
US Army Sentinel radar transmitters, receivers and excit-
ers, and increase functional capabilities such as faster data 
processing and greater detection range for smaller targets. 
Additional capabilities 
will also help minimize 
instances of fratricide 
and accidental counter-
missile fi ring and fa-
cilitate a transition to 
defense-force mobility.

“The latest system 
enhancements will ben-
efi t the warfi ghter by 
providing earlier threat 
detection,” said Kim Kerry, Chief Executive Offi cer, Thales-
RaytheonSystems, US Operations. “It will also prepare the 
Sentinel for future missions such as special events protection, 
air traffi c control and general homeland defense.” Upgrade 
work will be performed in El Paso, TX, and Fullerton, CA.

The Sentinel radar is the premier air surveillance and 
target acquisition and tracking sensor for the US Army’s 
Cruise Missile Defense Systems program. The radar’s 
primary mission is to protect maneuver forces and criti-
cal assets from cruise missile, unmanned aerial vehicles, 
and rotary- and fi xed-wing threats. The Sentinel accurately 
acquires targets far enough forward of friendly troops to 
provide suffi cient reaction time for air defense weapons to 
engage at optimum ranges. More than 200 Sentinel radars 
are currently deployed by military forces worldwide.

Lockheed Martin Delivers First US Air Force 
Advanced EHF Satellite

Lockheed Martin has delivered the fi rst satellite in the 
Advanced Extremely High Frequency (AEHF) pro-
gram to Cape Canaveral Air Force Station, FL, where 

Boeing and Northrop Grumman Partner for 
Missile Defense Competitive Contract

The Boeing Co. and Northrop Grumman Corp. an-
nounced a strategic partnership in pursuing the com-
petitive development and sustainment contract for 

future work on the Ground-based Midcourse Defense 
(GMD) system for the US Missile Defense Agency.

“Boeing takes great pride in supporting the Missile De-
fense Agency on GMD, providing 24/7/365 protection of 
the United States against attack by ballistic missiles, and we 
are pleased to join with Northrop Grumman in this compe-

tition for future develop-
ment and support of this 
critical element of the 
defense of our home-
land,” said Greg Hyslop, 
Vice President and Gen-
eral Manager of Boe-
ing Strategic Missile & 
Defense Systems. “This 
partnership offers MDA 
the most experienced 
and responsive team, 

ready to adapt GMD to future needs and requirements. At 
the same time, this proven team will continue to offer the 
warfi ghter an unmatched level of mission readiness, avail-
ability and support—affordably and with the lowest risk.”

The two companies also announced leaders for the 
combined team. As part of the strategic partnership, Norm 
Tew, Boeing Vice President and GMD Program Director, 
will serve as Program Manager of the Boeing-Northrop 
Grumman GMD team. Steve Owens, Northrop Grumman 
GMD Program Director, will be the team’s Deputy Pro-
gram Manager.

In leading the Boeing-Northrop Grumman GMD 
Team, Boeing will build on its experience of supporting 
the Missile Defense Agency as prime contractor for the 
GMD program since 2001, leading the industry team in 
the development, deployment, integration and testing of 
the GMD weapon system. The Boeing-led team also oper-
ates and sustains the deployed weapon system while ac-
tively developing and testing innovative technologies to 
provide greater reliability and meet its customer’s evolving 
needs and requirements.

Northrop Grumman is responsible for designing and 
deploying the command-and-control systems that form the 
backbone of the ground system, known as GMD Fire Con-
trol/Communications (GFCC) products. GFCC products 
connect and orchestrate GMD components that launch and 
guide interceptors in-fl ight. In addition, Northrop Grum-
man has developed and sustained ground-based missile sys-
tems for more than 50 years and has been prime contractor 
for the US Intercontinental Ballistic Missile (ICBM) weap-
on system since 1997. Northrop Grumman has been part 
of the Boeing Ground-based Midcourse Defense Team for 

Go to www.mwjournal.com for more defense news items
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it will be prepared for a July 30 liftoff aboard an Atlas V 
launch vehicle. The AEHF system will provide the US 
military and national leaders with global, protected, high 
capacity and secure communications. 

“Shipment of the first AEHF satellite is testimony to 
a strong government and industry partnership focused on 
achieving total mission success on this vitally important 
program,” said Col. Michael Sarchet, Commander of the 
Protected Satellite Communications Group at the US Air 
Force’s Space and Missile Systems Center. “AEHF will 
play an integral role in our national security space architec-
ture, and we look forward to providing this new capability 
to the warfighter.”

The AEHF system is the successor to the five-satellite 
Milstar constellation and will provide significantly im-
proved global, highly secure, protected, survivable com-
munications for all warfighters serving US national secu-
rity. The governments of Canada, The Netherlands and 
the United Kingdom participate in the AEHF program as 
international partners and will have access to the commu-
nications capability of AEHF. A single AEHF satellite will 
provide greater total capacity than the entire Milstar con-
stellation currently on-orbit. Individual user data rates can 
be up to five times higher than Milstar’s highest speed. The 
faster data rates will permit transmission of tactical military 
communications, such as high-quality real-time video and 
quick access to battlefield maps and targeting data. 

“Lockheed Martin 
is extremely proud of 
this significant program 
milestone,” said Mike 
Davis, Lockheed Mar-
tin’s AEHF Vice Presi-
dent. “This satellite will 
provide substantially improved protected communications 
capabilities for the warfighter, and we look forward to 
achieving mission success for our customer.” 

The second AEHF spacecraft (SV-2) has completed Final 
Integrated System Test, which verified all spacecraft inter-
faces, demonstrated full functionality and evaluated satellite 
performance, and is now preparing for Intersegment testing 
to ensure the spacecraft is ready for flight. The third AEHF 
satellite, SV-3, has completed acoustic testing, one of several 
critical environmental tests that validate the overall satel-
lite design, quality of workmanship and survivability during 
space vehicle launching and on-orbit operations. SV-2 and 
SV-3 are on track for launch readiness in 2011.

The AEHF team is led by the US Air Force Military 
Satellite Communications Systems Wing at the Space and 
Missile Systems Center, Los Angeles Air Force Base, CA. 
Lockheed Martin Space Systems Co., Sunnyvale, CA, is 
the AEHF prime contractor and system manager, with 
Northrop Grumman Aerospace Systems, Redondo Beach, 
CA, as the payload provider. 
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an open interoper-
able interface for radio 
equipment in distrib-
uted mobile cellular base 
stations—GSM, UMTS 
and LTE. ISG ORI is a 
direct result of require-
ment work undertaken 
by the NGMN Alliance, 
in its Open BBU RRH 
Interface (OBRI) proj-
ect, and leading mobile 
network operators and 
telecom equipment vendors have agreed to become found-
ing members.

The use of distributed radio equipment can lead to sig-
nifi cant cost savings for a mobile operator, as well as of-
fering a greater level of fl exibility in network design and 
deployment. The interface that will be defi ned by the ISG 
ORI is an important step towards realising these ben-
efi ts through widespread deployment of distributed radio 
equipment.

Peter Meissner, Operating Offi cer of the NGMN Al-
liance, commented, “The Board of the NGMN Alliance 
highly appreciates the broad vendor commitment and sup-
port for the activities to drive open interface specifi cations. 
The NGMN Alliance will follow the future specifi cation 
work closely and will actively participate in the ISG to en-
able the early implementation of this essential specifi cation 
in future mobile radio access networks.”

Universities Join UK Industrial Design 
Coalition

Thirteen leading UK universities have joined with Brit-
ish Design Innovation (BDI)—the trade organisation 
for leading industrial design, service design and inno-

vation consultancies—to form a national University Design 
Industry Partnership Scheme (UDIPS), in a bid to create 
world-changing innovations, products and processes. The 
scheme underscores the value private sector industrial 
design companies can bring to discovery-led university re-
search results by acting as a bridge between the technology 
and consumer-focused market applications, and between 
originators and industry.

The 13 pioneering 
UDIPS universities—
each one hand-picked 
to refl ect a representa-
tive mix of disciplines, 
students, staff, geo-
graphical spread and 
a commitment to col-
laborative innovation—
are the Universities of 
Anglia Ruskin, Brunel, 

EARTH Aims to Halve 4G Network Energy 
Use

A group of 15 leading telecommunications service pro-
viders, component and infrastructure vendors, and 
academic institutions have launched Energy Aware 

Radio and Network Technologies (EARTH), a consortium 
whose goal is to achieve a 50 percent reduction in the en-
ergy consumption of 4G mobile wireless communication 
networks within the next two-and-a-half years.

The consortium comprises: Alcatel-Lucent, Ericsson, 
NXP Semiconductors France, DOCOMO Communica-
tions Laboratories Europe GmbH, Telecom Italia S.p.A., 
CEA, University of Surrey, Technische Universität Dres-
den, imec, IST - Technical University of Lisbon, University 
of Oulu, Budapest University of Technology and Econom-
ics, TTI and ETSI.

EARTH will adopt 
an approach that con-
siders the energy ef-
fi ciency of mobile 
networks at a compre-
hensive system level 
rather than focusing on 
discrete network ele-
ments. The consortium 
members will research 

approaches to allow for unprecedented energy savings in 
the area of wireless networks, their components and its ra-
dio interfaces. Based on this, EARTH will develop a new 
generation of energy-effi cient network equipment and com-
ponents, craft energy-oriented deployment strategies, and 
conceive energy-aware network management solutions.

The EARTH initiative supports the European Union’s 
Work Programme for Information and Communication 
Technologies under the objective “Network of the Future”. 
The project is funded within the European Union’s Sev-
enth Framework Program (FP7).

Rainer Fechner, head of Bell Labs in Germany and 
member of the management board, Alcatel-Lucent in Ger-
many, said, “What makes EARTH so compelling is that it 
has the potential to deliver tangible benefi ts to society on 
a number of levels: reducing energy consumption of net-
works and their impact on the environment while making 
broadband wireless service available to a greater number 
of people in Europe. The value of our contribution derives 
from deep experience and innovations in both green tech-
nology and advanced wireless systems.”

ETSI Launches Open Radio Equipment 
Interface ISG

ETSI and NGMN have announced the creation of the 
ETSI Industry Specifi cation Group on Open Ra-
dio equipment Interface (ISG ORI) that will specify 
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International Report
Cambridge, Cranfield, Hertfordshire, Loughborough, 
Middlesex, Nottingham Trent, Queen’s Belfast, Stafford-
shire and Sussex, the Open University and UCA. 

“We all need to recognise that the discovery-led na-
ture of university research will only ever be properly com-
mercially exploited if it engages with strategic designers’ 
unique ways of thinking, commercial knowledge and global 
client portfolios,” said Maxine Horn, BDI’s CEO. 

She added, “Industrial designers with multi-sector expe-
rience are also uniquely positioned to identify ‘right tech-
nology, wrong market’ for those who are either not special-
ists in certain industry sectors, or are specialists in only one 
industry sector. Our proven knowledge transfer processes 
are accredited by the Institute of Knowledge Transfer, and 
our designers’ abilities to validate the Visual Business Case 
not only assists universities, spinouts, start-ups and SMEs 
to communicate their potential to investors, venture capi-
talists and other stakeholders, but also prevents market ap-
plication mistakes from occurring.”

ITU Conference Adopts Hyderabad Action 
Plan

The Hyderabad Action Plan, adopted by the ITU 
World Telecommunication Development Conference 
(WTDC-10), outlined a road map to foster the global 

development of information and communication technolo-

gy (ICT) networks 
and services over 
the next four-year 
cycle. The roll out 
of next-generation 
networks (NGN) 
and increased ac-
cess to broadband 
services, wireless 
technologies and 
the Internet were recognized as catalysts to achieve the 
broader development goals.

The Hyderabad Declaration states: “Broad access to 
telecommunications and ICTs is essential for the world’s 
collective economic, social and cultural development, and 
the building of a global Information Society. This access 
brings new opportunities for interaction amongst people, 
for sharing of the world’s knowledge resources and exper-
tise, for transforming people’s lives, and for contributing to 
the global development agenda.”

P.J. Thomas, Secretary, Department of Telecommuni-
cations of the Government of India, said, “The increas-
ing role of ICT in the life of the common man cannot be 
overemphasized. Keeping in view the latest technological 
developments in ICT, the Hyderabad Declaration adopted 
by WTDC-10 will play a decisive role in the development 
of the ICT sector across the world, especially in developing 
countries.”
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Want a miniature surface mount, shielded plug-in, or rugged 
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Fi-enabled products in the next fi ve years, achieving an 
estimated CAGR of 25 percent between 2009 and 2015; 
the penetration rate will reach approximately 40 percent 
of total handsets shipped in 2015. Laptops, netbooks and 
MIDs are other segments that will see higher shipments 
across all Wi-Fi-enabled products, and the trend will carry 
on throughout the following years.

“The penetration rate of Wi-Fi ICs in consumer elec-
tronic products will continue to grow robustly,” Bo con-
tinues. “Total shipments of consumer electronic products 
with Wi-Fi functionality are expected to exceed 530 million 
in 2015, with a 26 percent CAGR between 2009 and 2015. 
Shipments of Wi-Fi-enabled digital still cameras, TVs and 
DVD players will increase more than tenfold in 2015 as 
compared to 2009. The demand for Wi-Fi-enabled home 
entertainment products such as networked game consoles 
and handheld game consoles is increasing as well: between 
2009 and 2015, the CAGR will reach 8 percent and 6 per-
cent, respectively.”

ZigBee Alliance and IPSO Alliance 
Collaborate

The ZigBee® Alliance and the IPSO (IP for Smart Ob-
jects) Alliance announced an agreement to collabo-
rate on wireless home area networks (HAN) using the 

ZigBee IP specifi cation and the ZigBee Smart Energy™ 
version 2.0 standard. The two alliances will collaborate on 
expanding HANs by using IP technology. The ZigBee Al-
liance is a global ecosystem of companies creating wireless 
solutions for use in energy management, commercial and 
consumer applications; the IPSO Alliance promotes the 
use of Internet Protocol (IP) in smart objects.

ZigBee Smart Energy is the market leading wireless 
HAN standard with more than 40 million smart meters 
being installed around the world. Common HAN devic-
es include utility meters, thermostats, pool pumps, water 
heaters, appliances and plug-in electric vehicles. It was 
developed by industry leading utilities, suppliers and tech-
nology companies to connect those everyday household 
devices to the Smart Grid.  Last year, it was selected by the 
US Department of Energy and the National Institute of 
Standards and Technology (NIST) as an initial interoper-
able standard for HAN devices.

“Working with the IPSO Alliance will speed our devel-
opment work on ZigBee Smart Energy,” said Bob Heile, 
Chairman of the ZigBee Alliance. “By using IP technol-
ogy, ZigBee Smart Energy will give utilities more fl exibil-
ity in future Smart Grid deployments.” IPSO is the latest 
organization to collaborate on ZigBee Smart Energy.  Four 
other organizations are working to expand this standard for 
HANs, including DLMS, EPRI, ESMIG and HomePlug 
Powerline Alliance.

“The IPSO Alliance is pleased to be working with the en-
ergy experts at the ZigBee Alliance on their industry lead-
ing standard for HANs,” said Geoff Mulligan, Chairman of 

Wi-Fi Shipments to Surpass 770 Million 
Units in 2010

Global shipments of Wi-Fi ICs have experienced an 
extraordinary growth in recent years, due to the in-
creasing demands for wireless-enabled devices and 

enterprise level applications. Wi-Fi IC shipments are 
forecast to surpass 770 million units in 2010, up almost 33 
percent compared to 2009. Shipment of 802.11n ICs will 
surge ahead of 802.11g and dominate the market this year, 
accounting for approximately 60 percent of total Wi-Fi IC 
shipments.

“The 802.11n standard which was ratifi ed last year is a 
powerful growth engine to drive the Wi-Fi IC market in-
creases,” says ABI Research Wireless and Semiconductor 
Industry Analyst Celia Bo.  

The accompanying chart shows the Wi-Fi IC shipment 
forecast by product type. The cellular handset segment is 
seen to be maintaining the highest unit shipment of Wi-

Go to www.mwjournal.com for more commercial market news items

ing standard for HANs,” said Geoff Mulligan, Chairman of 

Go to www.mwjournal.com for more commercial market news items

MarketWatch
The escalated Radio Access Network (RAN) data rates 

for 4G networks are placing new demands on infrastructure 
and supporting hardware, requiring signifi cant bandwidth 
upgrades (anywhere from 50 to 200 Mbps) to base stations 
and the backhaul layer. Aside from capacity, another less 
apparent impact relates to the shift to higher operating fre-
quencies, which due to increased losses associated with dif-
fraction, refraction and absorption negatively impacts cell 
coverage. 

Currently, “micro-cellular” networking structures are 
being developed to combat the reduction in cell area 
at higher frequencies. For instance, in downtown urban-
canyon environment, the base stations have to be moved 
off roof-tops and brought down toward street level, cre-
ating new design challenges. In this month’s Market-
Watch, Erik Boch, CTO & VP of Engineering, Dragon-
wave, looks at changing hardware requirements for high 
capacity wireless backhaul for microcellular deployments. 
Visit www.mwjournal.com/marketwatch_july2010.

Others
Computer Peripherals
Digital Camcorders
Digital Still Cameras
Portable Music Players
Portable AV Players
Handheld Game Consoles
TVs
DVD Players
DVRs (Non-Service Provider)
Set-top Boxes
Music Receiver and Home Theater
Networked Game Consoles
Digital Media Adapters
UMPCs
MIDs (Mobile Internet Devices)
Netbooks
Laptops
Pure VoWi-Fi Handsets
Cellular Handsets

Source: ABI Research2009 2010 2011 2012 2013 2014 2015

Wi-Fi shipment forecast by product type.

http://www.mwjournal.com/marketwatch_july2010
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Commercial Market
the IPSO Alliance.  “We have been playing an active role in 
this space and our contributions to ZigBee Smart Energy 
and the ZigBee IP specification will help speed adoption of 
the Smart Grid.”

ZigBee Smart Energy enables wireless communication 
between utility companies and common household devices 
such as smart thermostats and appliances. It improves en-
ergy efficiency by allowing consumers to choose interop-
erable products from different manufacturers giving them 
the means to manage their energy consumption more pre-
cisely using automation and near real-time information. It 
also helps utilities and energy providers implement new 
advanced metering and demand response programs to 
drive greater energy management and efficiency, while re-
sponding to changing government requirements. For more 
information and a list of ZigBee Certified products, visit: 
www.ZigBee.org/SmartEnergy.   

2012 Will Be a “Bellwether” Year for 4G

ABI Research has been tracking cities and population 
coverage for 4G for the past year. At the end of 2009 
there were more than 170 802.16e carriers across 65 

countries, covering 480 million people. That number is pro-
jected to cross the 1 billion mark by 4Q-2012. USB dongles 
have been an excellent vehicle to prime the market along 
with CPE and laptops, but mobile handsets will be essen-
tial to the success of WiMAX. Yota, Sprint and Clearwire 
have already started beefing up their lineups with models 
from HTC and Samsung. Meanwhile, mobile operators are 
seeking out LTE licenses. Twenty carriers will launch by 
4Q-2010. Population coverage lags WiMAX, but will catch 
up, reaching 600 million people by 4Q-2012. LTE cover-
age will start in urban hotspots, but carriers indicate they 
will push coverage rapidly in order to handle the increasing 
mobile data wave.

The 4G market could well have 150 million subscriptions 
by 4Q-2014. The split between WiMAX and LTE will depend 
on WiMAX carrier commitments to upgrade to 802.16m. 
WiMAX vendors such as Motorola and Huawei are gearing 
up to offer “802.16e+”, which will bring features of 802.16m 
to the current market. Many companies in the ecosystem are 
already working on interoperability testing for 802.16m.

• Repeatable, stable performance
• Flex life >100k cycles
• Excellent cable / connector retention

…with a reputation for exceptional quality, on-time
delivery and superior performance, built to with-
stand the test of time and repeated use in all 
applications.

www.trucorporation.com
+1 978.532.0775
+1 800.262.9878

A Ceralta Technologies Company

Cable 
Assemblies

General Purpose and Test

• Robust axial and torsional strain relief 
and attachment methods

• High power
• High performance
• Matched cable designs 

and connector / cable 
junctions

Conformable 

• Hand formable to final shape
• Robust stainless steel coupling nut
• Tin copper or FEP cable jacket

®

6517 SAGE TRU Cable Assemblies  4/6/10  1:33 PM  Page 1

ABI Research’s Google Earth 4G deployment tracker.
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AROUND THE CIRCUIT

 INDUSTRY NEWS

M/A-COM Technology Solutions Inc., a supplier of 
semiconductors, components and subassemblies for use 
in RF, microwave and millimeter-wave applications, and 
Mimix Broadband Inc. jointly announced that their re-
spective corporate parents have signed a defi nitive merger 
agreement that will add Mimix and its subsidiaries to the 
M/A-COM Tech family of companies. Mimix is a fabless 
supplier of high performance gallium arsenide (GaAs) 
semiconductors from DC to 50 GHz for RF, microwave 
and millimeter-wave applications. Pursuant to the merger 
agreement, Mimix Holdings Inc. and its subsidiaries will 
join M/A-COM Tech as subsidiaries of M/A-COM Tech-
nology Solutions Holdings Inc. Financial terms were not 
disclosed.

Rosenberger Hochfrequenztechnik GmbH & Co. KG, 
Tittmoning, Germany, has acquired CDS DataComm of 
Plano, TX. The newly acquired company will be called 
Rosenberger CDS LLC and will continue to operate with 
its current management and staff in its Plano, TX facility. 
Details of the transaction were not disclosed.

CPI International Inc. announced the signing of a defi ni-
tive merger agreement with Comtech Telecommunica-
tions Corp. (CMTL) under which Comtech will purchase 
CPI in a cash and stock transaction with an enterprise value 
of approximately $472.3 M. Comtech will fund the acquisi-
tion by redeploying approximately $372.0 M of its existing 
cash plus the issuance of approximately 4.4 million shares 
of Comtech common stock.  All existing CPI debt is antici-
pated to be repaid upon the closing of the transaction.

Linx Technologies Inc., a provider of easily applied, 
cost-effective wireless solutions, announced its acquisition 
of Apex Wireless Inc. in a transaction with undisclosed 
terms. Based in Boulder, CO, Apex Wireless has provided 
RF product development, contract design and wireless 
consulting services since 1985. Apex specializes in high 
performance, cost-optimized wireless products employing 
RF transmitters, receivers and transceivers, including fre-
quency hopping and direct sequence radios.

Wireless Telecom Group Inc. announced the comple-
tion of its previously disclosed agreement to sell substan-
tially all of the operating assets of its wholly owned sub-
sidiary Willtek Communications GmbH and affi liates to 
Aerofl ex Inc., a Delaware corporation, in exchange for 
$2,750,000 in cash and the assumption of certain liabilities. 
The cash purchase price is subject to a post-closing adjust-
ment if the adjusted net assets sold at the date of closing 
are less than the adjusted net assets target set forth in the 
purchase agreement. As part of the sale, all current em-
ployees of Willtek Communications GmbH and its affi li-
ates will be offered employment with affi liates of Aerofl ex.

Murata Manufacturing Co. Ltd. announced the restruc-
turing of its wireless module business in North America, 
establishing Murata Wireless Solutions. This action 
aligns the resources of SyChip Inc. with those of Murata 
Electronics North America Inc.’s existing Wireless Busi-
ness Development Group, thus signifi cantly extending the 
company’s customer support and design services. John F. 
Denslinger will head the new organization and serve as Se-
nior Vice President, Murata Wireless Solutions and Presi-
dent of SyChip Inc.

Valpey Fisher Corp., a leader in low noise timing solu-
tions, announced the creation of its Microwaves Products 
Group. The group will focus on the design, manufacture 
and marketing of high performance RF/microwave com-
ponents and integrated modules for a broad range of end 
markets, including microwave point to point, wireless in-
frastructure and military communications.

RF Micro Devices Inc. (RFMD) announced the company 
has added high power Integrated Passive Component (IPC) 
technology to RFMD’s foundry services portfolio and be-
gan providing IPC technology to customers of its Foundry 
Services business unit in June of this year. RFMD’s IPC 
technology is complementary to its GaN technology, and 
other power semiconductor technologies, for the design 
of multi-chip modules (MCM). With RFMD’s IPC tech-
nology, foundry services customers can design integrated 
matching networks and other passive functions on RFMD’s 
gallium arsenide (GaAs) process technology. This allows 
RFMD’s foundry services customers to reduce costs and 
achieve higher levels of integration by leveraging RFMD’s 
industry-leading scale and cost structure in GaAs and GaN 
manufacturing. 

The Wi-Fi Alliance and the Wireless Gigabit Alliance 
(WiGig Alliance) announced a cooperation agreement for 
multi-gigabit wireless networking. The Wi-Fi Alliance and 
the WiGig Alliance will share technology specifi cations for 
the development of a next-generation Wi-Fi Alliance cer-
tifi cation program supporting Wi-Fi operation in the 60 
GHz frequency band. This agreement further encourages 
the development of products supporting 60 GHz technol-
ogy to expand existing Wi-Fi capabilities. 

Agilent Technologies Inc. and Tabor Electronics Ltd. 
announced an OEM agreement establishing Tabor as a pro-
vider of Agilent test solutions for the high-speed arbitrary 
waveform generator (AWG) market. An integral aspect of 
this OEM agreement is the all-new Agilent 81180A, a 4.2 
GSa/s arbitrary waveform generator that delivers excep-
tionally high dynamic range.

Carlisle Interconnect Technologies, Jerrik Division, 
announced its US Patent 7,672,140, CIRCUIT BOARD 
CONFIGURATION, issued March 2, 2010. Using an 

Jennifer DiMarco, Staff Editor

For up-to-date news briefs, visit www.mwjournal.com
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etc. 
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only provide you with the 
surface mount connec-
tors, we provide – as a 
free service – a footprint 
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application.

RF surface mount 
connectors from Rosen-
berger – along with 
optimized footprints – are 
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dard interfaces – SMP, 
Mini-SMP, MCX, SMA, 
QMA and for various test & 
measurement connectors.
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Around the Circuit

innovative new design, CarlisleIT Jerrik has developed 
a printed circuit board (PCB) for transient voltage sup-
pression (TVS) filter connectors that incorporate the TVS 
diodes directly into the PCB. Previously the TVS diodes 
were clustered around the PCB in a ‘cordwood’ type ar-
rangement. This new development in PCB design creates 
a TVS filter that is more compact, lighter in weight, costs 
less and is quicker to manufacture. Now military and aero-
space avionics suppliers can design electromagnetic pulse 
and lightning protection into their modern equipment 
while using less space and weight than a conventional filter 
connector. This patented design for diode packaging can 
be used in several applications including military aircraft, 
commercial aircraft and helicopter environments.

EM Research Inc., a designer and manufacturer of min-
iature frequency synthesizers, phase-locked oscillators and 
signal sources for commercial, military and government 
systems, announced that it has achieved ISO 9001:2008 
certification. EM Research has been awarded this designa-
tion by Orion Registrar Inc., for meeting the guidelines set 
out by the International Organization for Standardization. 

Superior Technical Ceramics Corp. announced it has 
been awarded certification to AS9100, the International 
Aviation, Space & Defense Organizations Quality Standard 
by AQA. As such, Superior Technical Ceramics Corp. has 
simultaneously been certified by AQA to ISO9001. STC 
is an American owned manufacturer of custom technical 
ceramics for over 100 years.

	 Contracts

TriQuint Semiconductor announced that it has been 
awarded a contract by the US Air Force Research Labo-
ratories (AFRL) to develop new Gallium Nitride (GaN) 
modules for unmanned aerial vehicles (UAV). TriQuint’s 
new GaN devices will extend the range and capabilities of 
UAVs that are used for reconnaissance missions over Af-
ghanistan, Iraq and other regions.

Skyworks Solutions Inc., an innovator of high reliability 
analog and mixed signal semiconductors enabling a broad 
range of end markets, announced that it has captured de-
sign wins at MediaTek in support of several of its next-
generation platforms targeting low-cost handsets in emerg-
ing markets.

Auriga Microwave announced it received its fifth Phase II 
Small Business Innovative Research (SBIR) award. Auriga 
will begin a two-year contract with the Navy’s Naval Sea 
Systems Command (NAVSEA) to build a high-efficiency, 
solid-state radar power amplifier under SBIR N08-172. 
This award brings Auriga to a total of five Phase II SBIR 
awards granted to the company since early 2009.

In addition to the successful development in the Laser Di-
rect Structuring (LDS) business, LPKF is about to achieve 
another breakthrough within the cutting and structuring 
laser segment. The company has received a major order 

Visit http://mwj.hotims.com/28491-87

mailto:info@rosenbergerna.com
mailto:info@rosenberger.de
http://mwj.hotims.com/28491-87


4GW I R E L E S S4GW I R E L E S S4G
Simulation Baseband Analysis

Signal Creation Signal Analysis

Network Installation 
and Maintenance

eNodeB Manufacturing

www.agilent.com/fi nd/lte

© Agilent Technologies, Inc. 2010

Build your LTE knowledge with our library of FREE 
resources—authored by LTE experts
www.agilent.com/find/LTEtesting
And, order your copy of Agilent’s NEW LTE book
www.agilent.com/find/NewLTEbook

Industry’s most comprehensive line 
of LTE design and test products

u.s. 1-800-829-4444    canada: 1-877-894-4414

Agilent gives you the right test equipment at the right time so your products and network 
meet the latest LTE standards and your project schedule.
The company’s LTE product range spans the entire 
technology life cycle, from early R&D through manufacturing 
to network deployment and service assurance.”
(Frost and Sullivan, 2009)

“

4G4G

File:  97560_MJ_LTE_Feb_AG_r1
Docket/Job:  97560
Client:  Agilent

Trim: 7.8125" (w) x 10.75" (h)
Safety: 7.3125" (w) x 10.25" (h)
Bleed: .25"

Publication: Microwave Journal
Insertion Date:  February 2010 
Colours:  CMYK

Art Director: Pick-up
Copywriter: Pick-up
Mac Artist: Mike

Proof printed 
at 100 %

4G
UE Development

97560_MJ_LTE_Feb_AG_r1.indd   1 2/22/10   3:40:32 PM

MWJ/AGILENT/LTE/0310

Visit http://mwj.hotims.com/28491-2 or use RS# 2 at www.mwjournal.com/info

http://www.agilent.com/find/lte
http://www.agilent.com/find/LTEtesting
http://www.agilent.com/find/NewLTEbook
http://mwj.hotims.com/28491-2
http://www.mwjournal.com/info


64  MICROWAVE JOURNAL  JULY 201064  MICROWAVE JOURNAL  JULY 2010

AROUND THE CIRCUIT

RPM PSI ®

8750 Shirley Ave., Northridge, CA 91324-3409

Phone: +1 818 349 8680 | Fax: +1 818 772 7577 | sales-mwj@rpm-psi.com

RPM PSI
8750 Shirley Ave., Northridge, CA 91324-34098750 Shirley Ave., Northridge, CA 91324-3409

+1 818 349 8680 | Fax: +1 818 772 7577 |  +1 818 772 7577 | sales-mwj@rpm-psi.com

Rotating Precision Mechanisms Inc.  

• Integration Of Antennas, 
Sensors, Optics, Rotary Joints, 
Waveguide, Slip Rings, and 
other Ancillary

   Components

• In- House 
• Engineering
• Manufacturing
• Rigorous Testing

• RPM has developed over 500 
COTS & NDI designs from One 
to Six Axis, including Controls

ANTENNA POSITIONERS

Series
PG-1500

Series
PG-0500

Series
PG-5000

Integration Of Antennas, 

The System Integrator’s
Choice For Best Value and Timely 

Solutions!

other Ancillary

Series
PG-5000

Series
PG-1500

Series
PG-0500

W W W . R P M - P S I . C O M

for laser systems used for the depaneling of assembled 
PCBs. The order volume is just under 6 M ($7.3 M) and 
is anticipated to be completed within the current fi nancial 
year. The newly developed LPKF MicroLine laser systems 
will fi nally make the depaneling with lasers within mass 
production competitive and deliver, at the same time, un-
matched accuracy. 

 NEW MARKET ENTRIES

TotalTemp Technologies Inc. is a manufacturer of tem-
perature cycling and conditioning equipment. TotalTemp’s 
primary expertise is based on creating thermally conductive 
environments to transfer heat to and from the Device Un-
der Test (DUT). The most widely known product for this 
purpose is a thermal platform, often referred to as a “hot/
cold plate”. Thermal Platforms have a fl at anodized alumi-
num surface that use thermal conduction to transfer heat 
to and from the DUT. Any product that requires tempera-
ture testing and has a reasonably low profi le and a fl at ther-
mally conductive surface can be conditioned on a thermal 
platform. Two engineers with almost 40 years combined 
experience in this fi eld formed TotalTemp Technologies to 
provide customers with a new and more affordable alter-
native to the standard thermal platform systems currently 
on the market. The real benefi t of this improved simplifi ed 
solution is that the TotalTemp’s Next Generation product 
line is safer, extremely reliable and much more cost effec-
tive. For more information, visit www.totaltemptech.com.

Freescale Semiconductor entered the gallium arsenide 
(GaAs) Monolithic Microwave Integrated Circuit (MMIC) 
marketplace with the introduction of four new devices de-
signed and optimized specifi cally for high performance in 
macro base stations, repeaters and femtocells employed in 
wireless networks. The devices address low-noise ampli-
fi ers and transmit power amplifi ers, two elements of wire-
less infrastructure equipment for which extremely high RF 
performance is critical. The devices are also designed for 
low power consumption, resulting in optimized energy ef-
fi ciency and long-term reliability. 

 PERSONNEL

BC Systems announced the appoint-
ment of Joseph Seminoro as Manager 
of Business Development. In his new 
position, Seminoro will be responsible 
for expanding the company’s sales with-
in the aerospace and defense industry 
throughout North America. Seminoro 
has more than 22 years of experience in 
the RF and microwave industry. He   Joseph Seminoro

comes to BC Systems from Microphase 
Corp. where he was Manager of Business Development. 
He was previously a Regional Sales Manager at RLC Elec-
tronics, National Sales Manager at Polyfl on Co., and earlier 
held management and engineering positions in the elec-
tronic industry.
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attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a 
wealth of applications. So contact Mini-Circuits today, and capture this next generation of 
performance and value!  Mini-Circuits...Your partners for success since 1969

IN STOCK

Now Available! Adapters ( Prices: qty. 1-49 )

      SMA to BNC           Type-N to Type-N  
  DC-2 GHz  $395 ea.         DC-6 GHz  $995 ea.

 Type-N to SMA             
        DC-18 GHz $2295 ea.

 SMA to SMA          QUICK CONNECT  SMA  

                           DC-18 GHz  from  $495 ea. o S
C O M P L I A N T

To order Attenuators as RoHS, add + 
to base model No. Example: BW-S1W2+
Adapters available as RoHS, see web site.

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260

331 rev P

 331 revP.indd   1 6/4/10   11:58:49 AM

MWJ/MC/F331REVp/0710

Visit http://mwj.hotims.com/28491-53 or use RS# 53 at www.mwjournal.com/info

http://mwj.hotims.com/28491-53
http://www.mwjournal.com/info
http://minicircuits.com


66 	 MICROWAVE JOURNAL n JULY 2010

You can enhance your professional prestige and earn 
substantial royalties by writing a book or software package. 
With over 500 titles in print, Artech House is a leading pub- 
lisher of professional-level books in microwave, radar, com- 
munications and related subjects.  We are seeking to pub- 
lish new microwave engineering books and software in 
areas such as microwave and RF device design, wireless 
communications, advanced radar and antenna design, elec- 
tromagnetic analysis, RF MEMS, and more. 

We are currently seeking potential authors among engi- 
neers and managers who believe that they can make a con- 
tribution to the literature in their areas of expertise.  If you 
have published technical papers, conducted professional 
seminars or solved important real-world problems, then you 
are an excellent candidate for authorship. 

We invite you to submit your manuscript or software 
proposal for review.  For a complete publications catalog 
and Author’s Questionnaire please contact: 

Dr. Simon Plumtree 
Senior Publishing Editor  
Artech House 
16 Sussex Street
London SW1V 4RW, England

T el: +44(0) 207 596 8750 
splumtree@artechhouse.co.uk 

Mark Walsh 
E ditor 
Artech House 
685 Canton St. 
Norwood, MA 02062 

1-800-225-9977 
mwalsh@artechhouse.com 
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Thunderline-Z, a supplier of feedthrus 
and hi-rel packages to the RF/micro-
wave community, has recently an-
nounced the appointment of Timothy 
Lacey to the position of National Sales 
Manager, effective immediately. Lacey 
most recently worked in the Emerson 

ss Timothy Lacey Climate Technologies Division in Sid-
ney, OH, as a Strategic Commodity Manager, and has 
moved to Thunderline-Z where he will manage sales 
territories across the country. He obtained his Bachelor 
of Science Degree in Electrical Engineering from Ohio 
University and continued his education at the Univer-
sity of Pittsburgh where he obtained his Masters of 
Business Administration from the Katz Graduate School 
of Business.

	 Rep Appointments

International representation for Endwave in India 
will be covered by Hicotronics Devices, specifically 
by its military and space department. Hicotronics De-
vices will increase Endwave’s international presence 
in India, and can be contacted by phone or e-mail  
(91-80-22420690/41203768, hicotronics.india@sril.
net). Alignment Co. will do likewise for Endwave in 
China, as they are experienced professionals in the 
China IC market and understand the product tech-
nology, customer demands, channel management, and 
local business systems and methods. Located in Shen-
zhen, China, Alignment will cover all of China and can 
be reached by phone or e-mail (+86-755-82537066,  
dan.zhao@alignment-china.com, www.alignment-china.
com). Tel Aviv-based NextWave Technologies will 
represent Endwave in Israel in its commitment to high-
level engineering, sales and marketing to support both 
customers and manufacturers business models. Next-
Wave can be contacted by phone or e-mail as well (972-
3-9619000, michal@nextwave.co.il). 

	 Web Site

RFCONNEXT Inc.’s new web page provides extensive 
information about the new high speed interconnect 
technologies PMTL™, VMTL™ and SMTL™, which 
together provide increased bandwidth for any high 
speed interconnects, thus help advancing the High 
Speed Interconnect Ecosystem. In addition to informa-
tion, the web page provides a large number of white 
papers and information that will be of great interest 
to RF/microwave engineers as well as the high speed 
digital community. Additionally, the web page provides 
various examples of bandwidth enhancements in cables 
and connectors, high speed backplane, high speed and 
mmw packaging, test and measurement, and RF/micro-
wave circuits and systems. For more information, visit 
www.rfconnext.com.

Visit http://mwj.hotims.com/28491-29

http://mwj.hotims.com/28491-29
mailto:mwalsh@artechhouse.com
mailto:splumtree@artechhouse.co.uk
http://www.artechhouse.com
mailto:hicotronics.india@sril.net
mailto:dan.zhao@alignment-china.com
http://www.alignment-china.com
mailto:michal@nextwave.co.il
http://www.rfconnext.com
http://www.gigalane.com
mailto:sales@gigalane.com
mailto:hicotronics.india@sril.net
http://www.alignment-china.com
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LARK ENGINEERING COMPANY
A Division of Baier and Baier, Inc.

Lark Engineering Company is a leading supplier of RF and Microwave filters with ISO 9001 and ISO 14001 
certifications.  The company was established in 1987 with the goal to design and manufacture quality 
products to meet or exceed the customer’s individual needs and requirements.  Currently, Lark Engineering’s 
products are being utilized in major digital and analog wireless devices ranging in use from communica-
tions systems to test equipment and military systems.  Lark Engineering also produces filters for GPS, 
Cellular, ISM, PCN, PCS and many other wireless applications.  For each customer, Lark Engineering is 
committed to providing the very best quality of filters and is dedicated to meeting our customers Microwave 
and Radio Frequency filter needs. Our commitment to quality and customer service has been a cornerstone 
of the company since its inception. 

Today, with an ever-changing industry, Lark Engineering continues to be the leader in RF and Microwave 
filters by focusing on design, quality and customer service.  We offer an extensive product mix with filters 
and Multiplexers that satisfy requirements from 100 KHz to 20 GHz.  Our web based filter design tool 
allows you to design Band Reject, Surface Mount Combline, High Power Ceramics and many other filters.  
Many of our filters can be sampled in as little as 10 days.   

BANDPASS CENTER FREQUENCY RANGE 3dB BW (% OF Fc) CONFIGURATION
MC 1 – 5000 MHz 2 – 50 Miniature PCB Mount / SMA
SMC 5000 – 15000 MHz 3 – 20 SMT Combline 
MS 1 – 5000 MHz 2 – 50 SMT Leadless
SD 250 – 5000 MHz 1 – 10 SMT Leadless Ceramic
SDP 800 – 2000 MHz 3 – 7 High Power Ceramic
3B 1000 – 18000 MHz 1 – 50 Combline Coaxial Connecters
4B 1000 – 18000 MHz 1 – 50 Combline Coaxial Connecters 
2C 50 – 400 MHz 1 – 2.5 Cavity
3C 400 – 2000 MHz 0.2 – 3.5 Cavity
4C 800 – 2500 MHz 0.2 – 3.5 Cavity
5C 1000 – 3000 MHz 0.2 – 3.5 Cavity
6C 2000 – 7500 MHz 0.2 – 3.5 Cavity

BAND REJECT CENTER FREQUENCY RANGE 3dB BW (% OF Fc) CONFIGURATION
SDN 800 – 2500 MHz 1 – 5 SMT Leadless Ceramic

HIGHPASS CUT OFF FREQUENCY RANGE  CONFIGURATION
HMS 10 – 1500 MHz  SMT Leadless 
HMC 10 – 2000 MHz  Miniature PCB / SMA

LOWPASS  CUT OFF FREQUENCY RANGE  CONFIGURATION
LMS 1 – 2500 MHz  SMT Leadless
LMC 1 – 3500 MHz  Miniature PCB / SMA

Please call Lark Engineering if your requiements fall outside of our standard range.

Lark Engineering Standard Filter Capabilities include the following:

LARK ENGINEERING COMPANY  949 -240-12332



Switch Filter Systems   
 
Lark’s new Switch Filter Systems are designed with a wide array of Switch Filter Banks and low noise 
amplifiers. They are available in Ceramic and Lumped Element configurations, low profile connectorized 
packages and a wide frequency range.  Switch Filters are ideally suited for receiver applications and 
assisting in overall system performance. 

SPECIFICATION STANDARD

Frequency 100 to 3000 MHz

3dB Bandwidth 1 to 40%

Nominal Impedance 50 Ω 

Max Insertion Loss 3 - 7 dB

Return Loss 14 dB Min.

Number of chanels 2, 3, 4, 5, 6, 7, and 8

Switching Speed 300 ns Max.

Bias  -5 V DC / + 5 V DC

Shock 5 G’s

Gross Leak Mil STD 202 Method 112
 Condition D

Fine Leak 10^ -7 Mil STD 202 Method 112
 Test Condition C

Vibration  5 G’s

Humidity 95%

Altitude +/- 50,000 ft

Package SMA, feed thru pins, or SMT

  
 

SPECIFICATION  STANDARD

Frequency 100 to 3000 MHz

3dB Bandwidth 1 to 40%

Nominal Impedance 50 Ω

Gain 10 to 40 dB

Return Loss 18 dB Typical
 14 dB Min.

Noise Figure 1.5-5.0 dB Typical

Number of chanels 2, 3, 4, 5, and 6

Switching Speed 300 ns Max.

Bias  + 10 V DC,  + 5 V DC

Shock  5 G’s 

Gross Leak Mil STD 202 Method 112
 Condition D

Fine Leak 10^ -7 Mil STD 202 Method 112
 Test Condition C

Vibration 5 G’s

Humidity  95%

Altitude  +/- 50,000 ft

Package SMA, feed thru pins, or SMT

Contact Lark Engineering with your specific needs

Switch Filter Amplifier-  SFA  series Switch Filter Bank- SFB series

www.larkengineering.com         3
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Max. Input 
Power 
(peak)

Max. Input 
Power
(avg.)

Max. 
VSWR

Nominal 
Impedance

Number 
of
sections

Center 
Frequency (Fc)ConfigurationSeries

ELECTRICAL SPECIFICATIONS

BANDPASS FILTERS

MS Surface Mount 1 to 5000 MHz 3 to 6 50 Ω 1.5/1 2 W 20 W

  1 to 6500 MHz 2 to 10 50 to 300 Ω 1.3/1 10 W 50 W

MC Miniature 1 to 5000 MHz 3 to 6 50Ω 1.5/1 2 W 20 W

  0.1 to 6500MHz 2 to 10 50 to 300 Ω 1.3/1 20 W 100 W

SD Ceramic 250 to 5000 MHz 2 to 6 50Ω  2/1 1 W  2 W

  200 to 6000 MHz 2 to 10 50 to 75 Ω 1.5/1 10 W 50 W

SDP High Power 800 to 2000 MHz 2 to 4 50Ω 1.5/1 50 W  250 W

 Surface Mount 650 to 2250 MHz 2 to 5 50 to 75 Ω 1.3/1 50 W  250 W

SDN Band Reject 800 to 2500 MHz 3 to 6 50 Ω  2/1 1 W  2 W

 Surface Mount 400 to 3500 MHz 2 to 8 50 to 75 Ω 1.5/1 2 W  10 W

3B Combline 1000 to 18000 MHz 3 to 10 50 Ω 1.5/1 Up to 20 W  Up to 200 W

  1000 to 20000 MHz 2 to 14 50 Ω 1.3/1 Call Lark  Call Lark

4B Miniature 1000 to 18000 MHz 3 to 8  50 Ω 1.5/1 Up to 10 W  Up to 100 W

 Combline 1000 to 20000 MHz 2 to 14 50 Ω 1.3/1 Call Lark  Call Lark

SMC Surface Mount 5000 to 15000 MHz 2 to 6 50 Ω 1.5/1 Call Lark  Call Lark

 Combline        

2C Hi-Q 50 to 400 MHz 3 to 6 50 Ω 1.5/1 Up to 8 W  Up to 37.5 W

 Cavity  50 to 500 MHz 2 to 7 50 to 100 Ω 1.3/1 Call Lark  Call Lark

3C Hi-Q 400 to 2000 MHz 3 to 6 50 Ω 1.5/1 Up to 30 W  Up to 30 W

 Cavity  400 to 2500 MHz 2 to 7 50 Ω 1.3/1 Call Lark  Call Lark

4C Hi-Q 800 to 2500 MHz 3 to 6 50 Ω 1.5/1 Up to 50 W  Up to 200 W

 Cavity  750 to 2500 MHz 2 to 7 50 Ω 1.3/1 Call Lark  Call Lark

5C Hi-Q 1000 to 3000 MHz 3 to 6 50 Ω 1.5/1 Up to 7.5 W  Up to 30 W 

 Cavity  800 to 4000 MHz 2 to 7 50 Ω 1.3/1 Call Lark  Call Lark

6C Hi-Q 2000 to 7500 MHz 3 to 6 50 Ω 1.5/1 Up to 7.5 W  Up to 30 W 

 Cavity  2000 to 9000 MHz 2 to 7 50 Ω 1.3/1 Call Lark  Call Lark

LOWPASS FILTERS  CUT OFF FREQUENCY       

LMS Surface Mount 1 to 2500 MHz 3 to 6 50 Ω 1.5/1 2 W  20 W

  0.5 to 3000 MHz 2 to 10 50 to 300 Ω 1.3/1 10 W  50 W

LMC Miniature 1 to 3500 MHz 3 to 6 50 Ω 1.5/1 2 W  20 W

  0.5 to 5500 MHz 2 to 10 50 to 300 Ω 1.3/1 20 W  100 W

HIGHPASS FILTERS  CUT OFF FREQUENCY       

HMS Surface Mount 10 to 1500 MHz 3 to 6 50 Ω 1.5/1 2 W  20 W

  1 to 2500 MHz 2 to 10 50 to 300 Ω 1.3/1 10 W  50 W

HMC Miniature 10 to 2000 MHz 3 to 6 50 Ω 1.5/1 2 W  20 W

  1 to 3000 MHz 2 to 10 50 to 100 Ω 1.3/1 20 W  100W

LARK ENGINEERING COMPANY  949-240-12334

1 MHz to 20 GHz



SeriesShock Vibration
Humidity 
(% Relative)

Temp. Range 
(Operating)

Temp. Range 
(Non- Operating)

ENVIRONMENTAL SPECIFICATIONS

      BANDPASS FILTERS

20 G’s 10 G’s 95% -40˚C to + 85˚C -65˚C to + 125˚C Standard MS

75 G’s 30 G’s 95% -55˚C to + 125˚C -65˚C to + 150˚C Special 

20 G’s 10 G’s 95% -40˚C to + 85˚C -65˚C to + 125˚C Standard MC

75 G’s 30 G’s 100% -55˚C to + 125˚C -65˚C to + 150˚C Special 

20 G’s 10 G’s 95% -40˚C to + 85˚C -65˚C to + 125˚C Standard SD

75 G’s 30 G’s 100% -55˚C to + 125˚C -65˚C to + 150˚C Special 

15 G’s 5 G’s 90% -30˚C to + 85˚C -54˚C to + 100˚C Standard SDP

75 G’s 30 G’s 100% -54˚C to + 100˚C -62˚C to + 150˚C Special 

15 G’s 5 G’s 90% -30˚C to + 85˚C -54˚C to + 100˚C Standard SDN

75 G’s 30 G’s 100% -54˚C to + 100˚C -62˚C to + 150˚C Special 

25 G’s 10 G’s 95% -40˚C to + 85˚C -65˚C to + 125˚C Standard 3B

50 G’s 20 G’s 100% -55˚C to + 125˚C -65˚C to + 150˚C Special 

25 G’s 10 G’s 95% -40˚C to + 85˚C -65˚C to + 125˚C Standard 4B

50 G’s 20 G’s 100% -55˚C to + 125˚C -65˚C to + 150˚C Special 

Call Lark Call Lark 95% -40˚C to + 85˚C -54˚C to + 100˚C Standard SMC

      

20 G’s 10 G’s 95% -25˚C to + 85˚C -54˚C to + 125˚C Standard 2C

20 G’s 15 G’s 100% -54˚C to + 85˚C -54˚C to + 125˚C Special 

20 G’s 10 G’s 95% -25˚C to + 85˚C -54˚C to + 125˚C Standard 3C

20 G’s 15 G’s 100% -54˚C to + 85˚C -62˚C to + 125˚C Special 

20 G’s 10 G’s 95% -25˚C to + 85˚C -54˚C to + 125˚C Standard 4C

25 G’s 20 G’s 100% -54˚C to + 85˚C -54˚C to + 125˚C Special 

20 G’s 10 G’s 95% -25˚C to + 85˚C -54˚C to + 125˚C Standard 5C

25 G’s 20 G’s 100% -54˚C to + 85˚C -54˚C to + 125˚C Special 

20 G’s 10 G’s 95% -25˚C to + 85˚C -54˚C to + 125˚C Standard 6C

25 G’s 20 G’s 100% -25˚C to + 85˚C -54˚C to + 125˚C Special 

      LOWPASS FILTERS

20 G’s 10 G’s 95% -55˚C to + 85˚C -65˚C to + 125˚C Standard LMS

50 G’s 15 G’s 100% -55˚C to + 100˚C -65˚C to + 125˚C Special 

20 G’s 10 G’s 95% -55˚C to + 85˚C -65˚C to + 125˚C Standard LMC

50 G’s 15 G’s 100% -55˚C to + 100˚C -65˚C to + 125˚C Special 

      HIGHPASS FILTERS

20 G’s 10 G’s 95% -55˚C to + 85˚C -65˚C to + 125˚C Standard HMS

50 G’s 15 G’s 100% -55˚C to + 100˚C -65˚C to + 125˚C Special 

20 G’s 10 G’s 95% -55˚C to + 85˚C -65˚C to + 125˚C Standard HMC

50 G’s 15 G’s 100% -55˚C to + 100˚C -65˚C to + 125˚C Special

      

ISO 9001 and ISO 14001 Certified

www.larkengineering.com        5
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LARK ENGINEERING CAPABILITES
Satcom Diplexer
In response to the current market demand for a lighter filter with a reduced form factor while maintaining 
competitive electrical performance, Lark offers its Compact Satcom Diplexers.  Our new design saves both 
space and weight for all systems working in the Satcom bands.  
• Standard Diplexer Dimensions: 21.00” L x 6.50” W x 5.00” H 
• Compact Diplexer Dimensions:   6.25” L x 3.00” W x 2.00” H

Ceramic Diplexers
Lark Engineering’s family of ceramic diplexers is based on our stand-alone ceramic filter series. The 
ceramic diplexer series uses a PCB / PWB board carrier with outputs in the corners and an axial port along 
the opposite side to provide the best channel-to-channel isolation. Through the addition of input match- ing 
circuitry, the ceramic diplexer is able to provide the best common junction match. Our design algo- rithms 
are capable of matching any two non-contiguous passbands using various filter configurations.

Triplexers and Multiplexers 
Along with the Diplexer series of filters, Lark also offers Triplexers and Multiplexers.  By creating a basic 
network of three or more bandpass series filters, a Triplexer or Multiplexer is able to separate the pass- band 
frequencies and apply the signal to isolated terminals.  The passband of the individual network may be 
contiguous or separated by overlapping stopbands.   

Ultra Compact Ceramic Filters
When board space is a premium and getting the best performance in a very small footprint is a must, Lark 
can offer ultra compact ceramic filters with resonator sizes as small as 1.5mm.  The filter performance you 
need from a standard ceramic filter but in a size equal to or smaller than 8x8mm depending on the number 
of resonators.

Elliptic Function Filters
Elliptic designs are available for very sharp rejection responses.  This type of response can be used on Lump 
Element, Ceramic and Cavity filter designs.  

Cross Coupled Cavities
To improve rejection in your filter without increasing the filters size, Lark offers a cross coupled cavity filter 
design.  Using a Semi-Elliptical arrangement; resonators are cross-coupled to approach zeros in transmis-
sion.  The zeros in transmission can be placed in the upper or lower side of the Rejection skirt depending on 
your needs.  

True TuneTM Test Fixtures
With designs becoming more and more complex, it is essential that the performance of the filters be similar 
on a test fixture as on your board.  Lark Engineering will take your PCB / PWB and create a test fixture to 
fine tune the filters.  This will significantly reduce the need for final tuning in production by matching the 
impedance and capacitance associated with your board.  Lark offers this service to its customers to facilitate 
their time to market and success.   

Legacy Filters
In addition to our surface mount and ceramic bandpass filters, Lark Engineering continues to offer the 
2B, TO-8 and Tubular filter series. The 2B series is an interdigital configuration ranging in center frequency 
from 1,000 to 12,000MHz.  The TO-8 series is offered in Lowpass, Highpass and Bandpass, and range in 
center frequency from 10 to 5000 MHz.  The Tubular series offers Bandpass, Lowpass and Highpass filters 
ranging in center frequency of 60 to 8000 MHz.

LARK ENGINEERING COMPANY  949-240-12336



LARK ENGINEERING FILTER DESIGN TOOL 
Visit our web site FILTER DESIGN TOOL at www.larkengineering.com. 
CLICK ON THE FILTER DESIGN TOOL ICON.  Just follow the simple steps 
to determine the optimal filter Lark Engineering can offer for your require-
ments.  At any time you can click on the HELP button and use the FILTER 
DESIGN DEMO for directions and examples.

 Select a FILTER SERIES in the left hand 
 column. If you are not sure  which series 
 to use, check out our Filter Index page.  
 

 Enter your filter requirements... 
 your desired frequency, bandwidth, 
 Insertion Loss, etc.  

 Click the “Design Now” button. 
 If your filter design is outside of Lark’s standard 
 range, forward your captured requirements to Lark 
 via e-mail:  Sales@larkengineering.com, or 
 fax to:  949-240-7910.

 For your convenience, a request for 
 quote form is available on our website. 

1

2

3
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Newsletters Military Microwave Executive Interviews Show Coverage
 Supplement 

White Papers Cables & Connectors Expert Advice Webinars
 Supplement 

CTIA Pavilion The Magazine The Website European Microwave
   Week 

      Blogs Mobile Communications China Website Vendor View
 Supplement  Storefronts 

NEWSLetters

CTIA Pavilion
Join the leading suppliers of high 

frequency electronics solutions in The 
RF/Microwave Zone at CTIA. MWJ 

organizes a complementary array of 
RF and microwave companies in this 
technology pavilion to provide one-

stop-shopping for potential buyers at 
this global event.

The Magazine
Your ad in Microwave Journal reaches 

50,000 qualified design engineers 
and engineering managers in the 

publication that RF and microwave 
professionals rate as the number one 

magazine in its field. More companies 
advertise in MWJ than in any 

competing publication because they 
know that MWJ delivers.   

The Website
Reach more than 60,000 registered 
users with your message on the 
“Home Page of the RF/Microwave 
Industry”. The website combines the 
editorial content from the magazine 
with unique engineering tools and 
resources and provides an array 
of lead generating advertising/
sponsorship opportunities.

European Microwave 
Week
Exhibit at the largest RF/Microwave 
trade show in Europe and showcase 
your company’s products to this global 
audience. The Symposium boasts four 
conferences and various workshops and 
courses by leading experts to attract 
highly qualified delegates.

Expert Advice
Industry experts share their insights 
and knowledge in this regular feature 
to the MWJ website. Interaction with 
members of the community creates a 
blog environment providing perspectives 
on different market segments. 

Webinars
Are you interested in receiving over 
1,000 quality leads from a single webinar 
sponsorship? Our webinar series with 
partners Besser Associates and Strategy 
Analytics do just that, while also 
presenting your company’s message to 
this global audience. 

Executive Interviews
MWJ editors speak with industry 
executives to gain insight to their 
company’s current activities and long-
term objectives. This monthly feature is 
archived in the Resources section of the 
MWJ website.

Show Coverage
Online Show Dailies and Newsletters 
provide in-depth coverage of the 
EuMW and IMS events and excellent 
opportunities for exhibitors to deliver their 
message to attendees of the industry’s 
two biggest industry trade shows. 

Vendor View 
Storefronts
These featured storefronts in the Buyer’s 
Guide section of the MWJ website 
provide a portal for your company’s news, 
products, MWJ articles, white papers and 
downloads. Vendor View companies get 
their products featured in the Microwave 
ADVISOR and the RFIQ tool generates 
instant leads to your marketing group.        

China Website
MWJ is pleased to announce the debut 
of our China website, designed to meet 
the needs of the rapidly growing Asian 
RF and microwave market. This website 
provides the opportunity for your 
company to target this important market 
through banner ads and sponsorships.

White Papers
Deliver your company’s technical 

expertise to a targeted audience of 
thousands of design engineers looking 

for solutions to design and development 
challenges. Position your company as 

a thought leader and innovator and 
generate high quality sales leads.

Cables & Connectors 
Supplement

Leading suppliers of cables, connectors 
and related components love this 

supplement for its targeted content 
and bonus distribution at CTIA and 

IMS. Your ad reaches engineers 
looking for the latest developments in 

transmission-line technology.

Newsletters
MWJ delivers the weekly Microwave 
FLASH and Microwave ADVISOR and 

the monthly MicroView to targeted 
audiences of opt-in subscribers. 

Your sponsorship of these popular 
newsletters provides exposure to more 

than 40,000 readers and is a proven 
lead generating tool.

Military Microwaves 
Supplement

If your company sells into the defense 
sector, you won’t want to miss this 

annual publication. Always our 
most popular print supplement with 

advertisers, this piece features the 
latest developments in component and 

sub-system architecture and delivers 
bonus distribution to the EuMW and 

MILCOM events.

Blogs
Be the expert! Sponsored blogs are 

hosted on the mwjournal.com home 
page and position your company as 
a technical resource for the industry. 

Blogs are promoted in the weekly 
Microwave FLASH newsletter and in 

the magazine.

Mobile Communications  
Supplement

This annual publication focuses 
on the rapidly evolving wireless 

communications market with cutting-
edge content from industry experts. 

Bonus distribution at the Mobile World 
Congress provides exposure to this 

enormous audience of 
potential buyers.

Network with the RF/Microwave Industry 

www.mwjournal.com

MWJ/HOUSEAD/PHONE/0410

http://mwjournal.com
http://www.mwjournal.com


MAKING WAVES IN CALIFORNIA: 
2010 MTT-S IMS WRAP UP

This year’s MTT-S IMS seemed 
to be a turning point for the 
industry as the business at-

mosphere seemed very positive 
and the show floor busier than the 
past few years. Going back to Ha-
waii in 2007, where the total atten-
dance declined significantly, the 
number of people attending has 
increased each year; the prelimi-
nary numbers this year showed a 
seven percent increase in total at-
tendance (see Figure 1). The IEEE 
reported preliminary numbers 
of 9500 attendees, with techni-
cal registration numbers totaling 
2,793 participants with 858 papers 
submitted and over 250 presented 
orally. The interactive forum saw 
122 papers presented and new 
tracks were added for emerg-
ing technologies. This year’s IMS 
Chairman, JK McKinney, and his 
team did a great job running the 
event and the technical program 
was strong.

Madhu Gupta, Chairman of 
the IMS Technical Program Com-
mittee, had 32 sub-committees 
reviewing papers and this year 
added a new category called New 
Emerging Technologies. The com-
mittee then found appropriate 
experts in each area to evaluate 
them. New sessions were added 
for RFID, high power microwaves 
for industrial/material processing 
and power scavenging technolo-
gies.

Other happenings included the 
student paper and design con-
tests, panel sessions, workshops, 
short courses, MicroApps semi-
nars on the show floor and the 
historical exhibit, which means 
there was no shortage of tech-
nical content for the week. The 

plenary presentation was Tues-
day with the Honorable Zachary J. 
Lemnios, CTO for the Department 
of Defense (DoD), discussing an 
overview of a number of defense 
related technology opportunities 
and challenges.

The RFIC Symposium took 
place on Sunday through Tuesday 
with workshops, sessions and a 
plenary session Sunday evening 
on “RF Power Amplification: Can 
CMOS Deliver?” by David J. All-
stot of the University of Washing-
ton and “RF Application Trends of 
the Next Decade” by Gregory L. 
Waters, Executive VP and General 
Manager of Skyworks.

The ARFTG Microwave Mea-
surement Conference took place 
on Friday and included technical 
presentations, an interactive fo-
rum and exhibition. The confer-
ence theme was “Measurement of 
Modulated Signals for Communi-
cations.”

The commercial side of the 
event (aka - the exhibition) saw 
good traffic and increased ac-
tivity from what most exhibitors 
reported to us. The exhibit floor 

PAT HINDLE
Editor, Microwave Journal
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showcased a total of 556 compa-
nies and 892 booths representing 
40 countries to support the event. 
The exhibit-only registration num-
bers indicated 2,687 participants 
according to a preliminary count. 
The MicroApps presentations on 
the show floor attracted a wide au-
dience and array of technologies; 
it seems to be coming into its own 
as an attraction for more applica-
tions oriented topics.

Some of the trends that we 
found were increased PIM testing 
(probably becoming a standard 
test soon for base stations), nonlin-
ear behavioral modeling increas-
ing its adoption, increased sensi-
tivity/speed in test equipment to 
find signals that previously would 
not be detected, an increased 
presence of CMOS and GaN de-
vices, high efficiency amplifiers 
(Doherty, feed forward, envelope 
tracking, etc., with one paper on 
90 percent efficient devices), new 
low noise amplifiers with less than 
0.5 dB noise figure for cellular ap-
plications, new compact filters for 
co-existence of signals in mobile 
applications, very low phase noise 
sources and new passive integra-
tion platforms.

Microwave Journal editors were 
extremely busy visiting exhibitors 
and covering the event. See our fi-
nal coverage of the show from our 
link on the Events page at www.
mwjournal.com/IMS2010Wrap for 
a complete summary of the new 
products and demos on the exhi-
bition floor, video interviews and 
product demonstrations, photos, 
show news and more.

 Fig. 1  MTT-S IMS attendee totals (pre-
liminary numbers for 2010).
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Technical Feature

A Thin, Low-profile 
Antenna Using a Novel 
High Impedance Ground 
Plane

The size of the antenna for a given ap-
plication does not depend purely on 
the technology, but on the laws of phys-

ics where the antenna size with respect to the 
wavelength has the predominant influence on 
the radiation characteristics. With modern day 
communication devices becoming smaller and 
lighter, demand for low-profile antenna designs 
is greater than ever.1

One way of realizing a low-profile antenna 
design is to use a high impedance ground plane 
in place of the conventional metallic ground 
plane.2-7 Metallic plates are used as ground 
planes to redirect the back radiation and provide 
shielding to the antennas. By nature, the con-
ventional ground planes that are perfect electric 
conductors (PEC) exhibit the property of phase 
reversal of the incident currents that result in 
destructive interference of both the original an-
tenna currents and the image currents. To over-
come this effect, antennas are to be placed at a 
quarter wavelength above the metallic ground 
plane, making the size of the antenna bulky at 
low frequencies. To reduce the size of the an-
tenna, a ground plane that is a dual of the con-
ventional PECs is needed; in other words, a per-
fect magnetic conductor (PMC) is required. But 
how can a PMC that is not available in nature 
be realized? The answer to this problem is pro-

vided in the form of high impedance surfaces 
(HIS), which can essentially be considered as 
artificial magnetic conductors.8,9

HISs are popular for their widespread ap-
plications in reflect array antennas, low-profile 
antennas, electromagnetic absorbers and po-
larizers.10-13 These surfaces exhibit unique 
properties like the in-phase reflection of in-
cident waves and the suppression of surface 
waves. Different antenna parameters such as 
gain, impedance and size can be enhanced by 
incorporating the HISs into the antenna struc-
tures. The design of the HISs can be optimized 
to tailor their electromagnetic properties de-
pending on the operational requirements. 
Computer-aided design tools have enabled the 
solution of complex problems by means of nu-
merical optimization algorithms.14,15 A large 
number of optimization methods are presently 
available for solving electromagnetic problems. 
Deciding the most appropriate method for a 
given problem, however, is a non-trivial task 
and depends on factors like the number and 
range of the varying parameters, the goal of the 
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movement of the simplex is achieved 
using three operations: reflection, ex-
pansion and contraction.

Particle Swarm Optimization (PSO)
Particle Swarm Optimization is 

a global search algorithm, which is a 
population-based stochastic evolu-
tionary computation technique based 
on the movement and intelligence of 
swarms found in nature. The mecha-
nism of PSO can be best described us-
ing the analogy of a swarm of bees in a 
field, whose goal is to find the highest 
concentration of flowers where each 
bee represents a set of parameter val-
ues. Every bee has information about 
the position of flower abundance 
based on its own experience (local 
best) and the position of maximum 
flower abundance based on the ex-
perience of all the other bees (global 
best). Based on the weights given to 
individuality or peer pressure, a bee 
flies in a direction between the posi-
tions of the local and the global bests. 
Once the flying is done, the bee con-
veys the new found information to 
all the other bees, which then adjust 
their positions and velocities. With 
this constant exploring and exchange 
of information, all the bees are even-
tually drawn towards the position of 
the highest concentration of flowers. 
The possible optimization param-
eters/variables in the proposed FSS 
unit cell are the dimensions of the 
Jerusalem cross arms and the fractal 
patch. An optimization mask was used 
to specify the optimization goal, as 
shown in Figure 3.

Being a local optimizer, the con-
vergence of the Simplex algorithm is 
much faster compared to the global 
optimizer PSO. However, unlike the 
global optimizer PSO, the success of 
the Simplex depends on the starting 
point, which carries the disadvantage 

characteristics of the FSS structure 
are explored in designing a HIS that 
can be used as a potential substrate 
for antennas in cordless phone appli-
cations to reduce cross talk. The per-
formance of the HIS substrate is dem-
onstrated with a 5.8 GHz low-profile 
monopole (quarter wavelength) an-
tenna with a 0.07  dielectric thick-
ness. The monopole is first analyzed 
as a wire structure; this design is then 
translated to a printed format.

FSS design and optimization
The operation of the FSS structure 

depends on the resonance of the unit 
cell. A periodic array of the unit cell in-
teracts with the electromagnetic wave 
and resonates at certain frequencies, 
where it acts as a band stop filter with 
total reflection of the incident plane 
wave, as shown in Figure 2.

The initial design of the FSS struc-
ture with broadband characteristics 
is optimized for sharp narrow band 
characteristics. The commercial soft-
ware FEKO22 is used for the analysis 
of the FSS structure using two differ-
ent optimization methods: Simplex 
Nelder-Mead and Particle Swarm Op-
timization (PSO).20

Simplex (Nelder-Mead Method)
The Simplex Nelder-Mead algo-

rithm is a local or hill climbing algo-
rithm in which the final optimum re-
lies strongly on the starting point. The 
term simplex refers to the geometric 
figure formed by a set of N+1 points 
in an N-dimensional space. The ba-
sic idea of the simplex method is the 
comparison of values of the combined 
optimization goals at the N+1 points 
of the general simplex (where each 
point represents a single set of param-
eter values) to facilitate the movement 
of the simplex towards the optimum 
point during an iterative process. The 

optimization, the model size and the 
resources available.

Two-dimensional (2D) arrays of 
periodic resonant elements (printed 
or complementary slot) interact with 
electromagnetic waves within certain 
frequency band(s) and can be char-
acterized as frequency selective sur-
faces (FSS). Different FSS elements 
have been described in the literature, 
where each design has its own advan-
tage over the other. The multiband 
dipole structures are polarization de-
pendent, the symmetric designs are 
dual-polarized and the fractal struc-
tures are compact designs. The HIS is 
realized by printing the periodic array 
of FSSs over a metal-backed dielectric 
substrate. It is important to optimize 
the performance of HIS over the fre-
quencies of interest. It is observed 
that the characteristics of the FSS and 
HIS follow each other. This correla-
tion can be exploited to speed up the 
optimization process by carrying out 
the design in two steps:
•	 Optimize the free-standing FSS
•	 �Realize the HIS by printing the 

optimized FSS on a metal-backed 
dielectric substrate
Even though there is growing de-

mand for wideband antennas, a nar-
rowband design has its advantages 
in cordless and wireless phone appli-
cations that operate at 49 MHz, 900 
MHz, 2.4 GHz and 5.8 GHz. Interfer-
ence from adjacent frequency bands 
can be avoided by using narrowband 
antennas that operate only around the 
frequency of interest. This article de-
scribes a novel FSS structure that is 
optimized for steep behavior of the 
reflection coefficient. The FSS unit 
cell is the combination of a Jerusalem 
cross and a three-step fractal patch, 
as shown in Figure 1. The reflection 

s Fig. 1  The FSS unit cell.

s Fig. 2  Reflection coefficient of a periodic 
array of unit cells.
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design parameters of the HIS shown in 
Figure 6 are given in Table 2, where 
λd denotes the wavelength inside the 
dielectric at 5.8 GHz.

The reflectivity characteristics of the 
HIS ground planes realized using the 
un-optimized and the optimized FSS 
structures reveals the correlation be-
tween the FSS and the HIS. The HIS 
realized with optimized FSS reduced 
the bandwidth of the un-optimized de-
sign by 7 percent, as shown Figure 7, 
where the bandwidth is defined for the 
phase of the reflection coefficient vary-
ing between +90° and -90°.

Unlike the conventional PEC 
ground planes, antennas can be 
placed very close to the surface of the 

of converging to a local minimum. 
From Figure 4, it is clear that the 
global optimizer PSO was able to ap-
proximate the mask more closely com-
pared to the Simplex, but at the cost of 
a huge run time.

To improve the chances of reach-
ing the global minimum without com-
promising on the speed of conver-
gence, PSO is hybridized with Sim-
plex, where the global optimizer will 
be used to find the starting point for 
the local optimizer. The hybridized 
method has improved the speed of 
the optimizer without compromising 
on the ability to reach the global goal. 
In this process, the local optimizer 
was started after 100 iterations of the 
global optimizer. The local optimizer 
Simplex converged to the global mini-
mum in 154 iterations, as shown in 
Figure 5, reducing the runtime by 95 
percent. Table 1 describes the num-
ber of iterations and the time taken 
for each optimization algorithm to 
converge on a 2 GHz, EM64T Linux 
machine that has 2 physical CPUs 
with 4 cores per CPU.

HIS Design and Validation
The optimization completes the first 

step in the realization of the artificial 
magnetic conductor, taking the design 
process to the next stage, where the op-
timized FSS structure is printed on a 
metal-backed dielectric substrate. The 

s Fig. 4  Comparison of Simplex and PSO 
algorithms.
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optimization run times

Optimization 
Algorithm

No. of 
Iterations

Time Taken 
(hrs.)

PSO 5000 900

Simplex 179 32.2

PSO+Simplex 100+154 45.7

s Fig. 5  Comparison between PSO and 
Simplex-PSO hybrid optimization.
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TABLE II
his design parameters

Periodicity of the unit cell 7.6 mm

Dielectric constant of the 
substrate

r=2.2

Height of the substrate 3 mm = 0.07 d
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that has the same dielectric properties 
as the substrate. Figure 10 shows the 
printed monopole antenna on top of 
the newly added dielectric layer. The 
HIS is located at the boundary of the 
dielectric layers and can be seen in the 
wire frame view. A TEM mode is ex-
cited from the end of a coaxial cable, 
whose outer conductor terminates at 
the ground plane and inner conductor 
extends further through the substrate 
to excite one end of the monopole.

Replacing the air layer with a di-
electric substrate alters the electrical 
length of both the monopole and the 
HIS, thereby moving the resonant fre-
quency away from the desired value of 
5.8 GHz. To re-tune the antenna  
back to 5.8 GHz, the monopole  
is scaled by a factor of 

1

1 2( ) /εr +

and the HIS by a factor of 

ε

ε

r

r

+⎛
⎝⎜

⎞
⎠⎟

1
2

 

HIS ground plane resulting in a low-
profile design.21 The performance of 
the low-profile design is tested with a 
quarter wave (at cordless frequency of 
5.8 GHz) monopole antenna with the 
HIS ground plane and a metal-backed 
dielectric substrate of same thickness. 
Figures 8 and 9 validate the perfor-
mance of the HIS ground plane with 
low return loss and an improvement 
of 7.5 dB in the gain over the metal-
backed dielectric substrate.

Planar Antenna
Antennas are generally preferred 

in a printed format, so that they can be 
made flush with the surrounding envi-
ronment. Printed planar antennas also 
have the advantage of being cheap 
and more convenient to manufacture 
and lend themselves more easily to 
mass production than non-printed an-
tennas. For these reasons the design 
is transferred from the protruding 
cylindrical monopole structure to one 
involving a planar printed monopole. 
The wire monopole (modeled as a cyl-
inder) is transformed to the printed 
monopole using the well known for-
mula α =0.25w, where ‘a’ is the radius 
of the cylinder and ‘w’ is the width of 
the strip. This strip monopole is lo-
cated at the same height as the axis of 
the cylindrical monopole to keep the 
electromagnetic relationship between 
the High Impedance Surface (HIS) 
and the monopole intact. It is not de-
sirable that the gap between the strip 
monopole and the top surface be left 
as free-space as this leaves the mono-
pole vulnerable to damage and also 
defeats the purpose of ease of manu-
facture. In order to avoid these prob-
lems this space is filled with a dielec-
tric superstrate (relative to the HIS) 

s Fig. 8  Return loss of monopole on HIS 
and dielectric substrate.
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ing the local optimizer with the global 
optimizer, which is demonstrated in 
the case of the proposed FSS struc-
ture. The narrowband HIS realized 
from the optimized FSS can be used 
in designing low-profile antennas. The 
low-profile monopole antenna on the 
HIS ground plane with a substrate 
thickness of 0.07 λd improves the gain 
of the antenna by 7.5 dB. Further 
improvement to the antenna can be 
made by transforming the design into 
a planar antenna, which increases the 
gain from 5.35 to 7.73 dB. It is found 
that doing so increases the return loss 
bandwidth of the antenna. A study of 
the substrate size shows that a reduc-
tion in size causes the antenna to be-
come narrow band, but at the cost of 
the resonance null depth. n
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It should be pointed out that although 
the scaling brings the resonance very 
close to 5.8 GHz, some finer adjustments 
of these factors is required to make the 
resonance fall exactly at 5.8 GHz. Fig-
ure 11 compares the S11 of the planar 
design with the previous non-planar de-
sign and the non-HIS substrate. From 
the graph, note that the planar design 
leads to an increase in the return loss 
bandwidth (defined as being lower than 
10 dB). Due to the improved imped-
ance match at the center frequency, the 
gain of the antenna is increased from a 
value of 5.35 dB (non-planar monopole) 
to a value of 7.73 dB (planar monopole). 
Figure 12 illustrates this behavior and 
shows the gain pattern in the elevation 
plane (XZ).

Effect of the substrate 
length and width

As the overall size of the antenna, 
including the HIS ground plane, is im-
portant for use in compact mobile de-
vices, the effect of the substrate length 
and width on the impedance charac-
teristics of the antenna was studied. 
Figure 13 shows the variation in re-
turn loss due to a decrease in substrate 
size. It can be seen that decrease in 
substrate size narrows the impedance 
bandwidth. Substrate size can be used 
to control the impedance bandwidth.

Conclusion
A novel FSS structure is designed 

by combining the fractal and Jeru-
salem cross elements. The resultant 
structure provides more flexibility in 
controlling the reflection coefficient 
behavior. The efficiency of the opti-
mizers can be increased by hybridiz-

s Fig. 11  Comparison of the return loss.
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Special Report

The Coming of Age 
of the Software 
Communications 
Architecture

The idea of the “Software-Defined Radio” 
(SDR) has been circulating in industry 
and academia for almost 20 years, the 

term having been coined by Joe Mitola in a 
1992 paper.1 Since that time, many commer-
cial and defense-oriented radio SDR products 
have been developed and released, most using 
basic technology. Until recently, however, most 
SDRs have used proprietary middleware to fa-
cilitate communications between their differ-
ent radio components—not only within wave-
form applications, but also to higher layers in 
the communications protocol. These proprie-
tary middleware components are often narrow-
ly focused, resulting in rigid, monolithic radios 
that inhibit IP reuse, platform-independence 
among applications, or innovations that would 
significantly reduce cost and time-to-market. 
The Software Communications Architecture 
(SCA) is a software specification that tries to 
improve this situation, and focuses on the “soft-
ware” part of a software-defined radio.

SCA was born out of requirements for the 
Joint Tactical Radio System (JTRS) program. It 
standardizes the middleware that governs the 
interoperation of software across all operating 
layers within SDRs, and ensures portability 
and modularity between SDR software com-
ponents and hardware implementations. Thus, 

SCA-compliant waveforms can be assembled, 
loaded, run and networked into systems across 
radio sets. This interoperability facilitates IP 
re-use, lowers platform costs and develop-
ment times, and lengthens the service life of 
platforms by improving their adaptability. SCA 
is realizing other secondary, indirect benefits. 
As an open middleware specification, it has 
helped create a stable SDR industry ecosys-
tem, enabling third-party vendors to stream-
line development tools and provide additional 
middleware components. The overall result is 
an increase in SDR design efficiency. 

Today, the SCA standard is proliferating 
beyond the original JTRS program into other 
US DoD programs and Mil/Aero SDRs around 
the world (such as the ESSOR initiative in Eu-
rope). This, along with continued evolution 
(such as the ‘SCA Next’ initiative under the 
auspices of the Wireless Innovation Forum), is 
evidence of the value SCA is adding to SDR 
design. SCA is enabling smaller and smaller 

F. Ditore and R. Cutler 
Agilent Technologies Inc., Santa Clara, CA
S. Jennis 
PrismTech, Boston, MA
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Special Report

form-factor radios, and is reaching be-
yond mil/aero applications into com-
mercial telecom SDRs, such as the 
ETSI reconfigurable Radio Systems 
(RRS) effort.

Methodology for 
Developing SCA-compliant 
Radio Components

As stated, the Software Commu-
nications Architecture governs the 
structure and operation of software 
within an SDR, allowing waveform 
components and full radio applica-
tions to share a common control in-
terface and signal path connections. 
SCA also provides common methods 
for radio applications to communi-
cate across the middleware boundary. 
However, the development of wave-
form components for most SDRs still 
follows a very traditional design meth-
odology when targeted to FPGA, DSP, 
or general purpose processors (GPP). 
While these methodologies produce 
highly efficient designs for a given tar-
get, they typically require additional 
manual development of interface 
code, as well as additional code devel-
opment to revise a design if a new tar-
get device is identified. This manual 
process is time-consuming and prone 

to overdesign in order to meet given 
performance targets. Also, due to the 
disjointed nature of the various tools 
used in the implementation of wave-
form components, the final integrated 
system is not always fully optimized 
for maximum performance.

Improved methodologies now re-
volve around a “model-based design” 
paradigm. PrismTech’s Spectra CX can 
be used to model the SCA design. For 
the functional design, products like 
Agilent’s SystemVue allow waveform 
components to be developed quickly. 
Functional design starts with algo-
rithmic construction of various signal 
processing functions, and then fol-
lows with mixed-signal performance 
analysis of baseband signal processing 
with realistic analog, RF and channel 
models, incorporating environmen-
tal waveforms and measurements as 
needed. SystemVue’s ability to pro-
vide continuous verification through-
out the design process, with a gradual 
transition to hardware measurements, 
insures that metrics are being met for 
performance and standards compli-
ance. Finally, improved methodolo-
gies allow the developed, optimized, 
and verified IP to be quickly and con-
veniently targeted via a SCA-compli-

ant waveform implementation using 
automatic code generation in C/C++ 
and/or HDL wrapper interfaces, for 
porting to any number of signal pro-
cessing HW targets. Commercial tools 
enable a closed-loop, model-based 
design process for SCA-compliant 
waveforms that includes RF and mea-
surements, as well as baseband and 
algorithmic validation, so that SDR 
waveforms can be (re)deployed faster, 
with greater confidence and portabil-
ity, than ever before. Such a flow is de-
picted graphically in Figure 1.

Using this improved methodology 
allows developers of advanced SDR 
waveforms to be de-coupled from 
their final hardware targets, allowing 
them to focus on high-performance 
design of the waveform components 
and overall radio application. It also 
facilitates a quick and convenient way 
to prototype and re-target a design to 
a new hardware platform, leading to 
faster deployment of radios.

Hardware Prototyping and 
Measurement

Different SDR waveforms often 
place conflicting requirements on the 
radio hardware platform, especially in 
the Analog/RF domain. For example, 

s Fig. 1  Design flow for SCA-compliant waveforms.

1. Design & Simulate
Waveform

Using SystemVue

4. Link the Running Application
to Simulation & Test

2. Import into Spectra to create
SCA-compliant

Components & Applications

3. Deploy the Application
on a SCA Platform (Spectra OE)



®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260

478 rev A

MMIC AMPLIFIERS
50 MHz to 20 GHz

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

WOW!
COVER 50MHz to 20GHz WITH ONLY 2 AMPLIFIERS !

A wide operating bandwidth can mean a tradeoff in performance. Not with these amplifiers. With just two 
Mini-Circuits MMICs, you can cover the entire spectrum from 50 MHz to 20 GHz, with outstanding electrical 

performance — making them an exceptional value for their price.

The PHA-1+ is a highly advanced E-pHEMPT amplifier poised to be a workhorse for your wireless applications. 
Why? It offers ultra-high dynamic range but with low noise, and has among the highest IP3 performance 

(42 dBm typical at 2 GHz) of any amplifier in its class. The PHA-1+ has good input and output return 
losses over an extremely broad frequency range (50 MHz to 6 GHz) and can work without external matching 

components - saving you cost, design time and board space. The PHA-1+ is ideal for use in LTE and 
TD-SCDMA systems. ACLR and EVM data is available on our website. 

The AVA-24+ can cover 5 to 20 GHz with excellent gain flatness (+/- 0.8 dB) across its entire frequency range, 
with integrated matching circuits and bias circuit in an easy-to-use surface-mount package. Its high isolation 

(37dB typical ) makes it very useful as a buffer amplifier. This design approach makes the AVA-24+ an extremely 
flexible MMIC that is simple and straightforward to use.

Full electrical, mechanical and environmental specifications for both of these models, as well as characterization 
data including S-parameters and performance curves, are available at minicircuits.com. These models are in 

stock for immediate shipment. 

AVA-24+   $19.95 ea. PHA-1+   $1.49 ea.

478 rev A.indd   1 6/10/10   1:13:17 PM

MWJ/MC/F478REVa/0710

 Visit http://mwj.hotims.com/28491-54 or use RS# 54 at www.mwjournal.com/info

http://minicircuits.com
http://mwj.hotims.com/28491-54
http://www.mwjournal.com/info
http://minicircuits.com


Special Report

a frequency-hopping FSK waveform 
may need fast local oscillator (LO) 
switching and settling, whereas an 
OFDM waveform may require low 
phase noise. While it may be possible 
to design a fast-tuning LO with low 
phase noise, it will likely be expensive 
and power hungry. An alternative to 
the one-size-fits-all approach is to use 
adjustable radio technology. In this 
example, the LO tuning parameters 
may be adjusted one way to optimize 
LO performance for the frequency 
hopping FSK signal, and adjusted an-
other way when operating under an 
OFDM signal. Similar arguments can 
be made for the power amplifiers, in-
ternal drive levels and IF bandwidths 
in these analog designs. 

While adjustable hardware can im-
prove performance, lower cost and in-
crease battery life, it also implies that 
the hardware settings may need to be 
optimized for each waveform. Adjust-
able hardware introduces another 
complication, in that each adjustable 
component geometrically increases 
the number of radio configurations. 
A radio with just three independently 
adjustable components, each with 
three settings, could have up to 27 us-
able configurations. While it may be 
possible to adjust radio parameters 
to reasonable values, simply based on 
the waveform characteristics, a large 
number of simulations and measure-
ments will likely be required to op-
timize radio performance over large 
combinatorial sets of radio settings.

The flexibility of SDR baseband 
processing enables the use of test 
waveforms. Test waveforms are less 
complicated than regular communica-
tion waveforms allowing them to be 
developed more quickly, and with spe-
cific goals in mind. For example, us-
ing some of the design methodologies 
described earlier, one might quickly 
develop a simple 64 QAM radio, for 
the sole purpose of making BER mea-
surements on prototype hardware. 
Test waveforms may also be designed 
specifically to make specific types of 
hardware measurements easier. For 
example, a test waveform that gener-
ates a multi-tone signal with a specific 

peak-to-average power statistic could 
be used while making adjustments to 
the radio hardware. It might also sim-
plify intermodulation distortion mea-
surements in manufacturing. These 
low complexity waveforms are usually 
less demanding on baseband resourc-
es, making them easier to implement, 
and highly portable if implemented 
within the SCA framework.

The RF performance of a software-
defined radio is a function of both the 
hardware and software, which leads to 
diagnostic complexities. For example, 
a radio that exhibits excessive adjacent 
channel power (a spectral mask vio-
lation) might suffer from insufficient 
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s Fig. 2  Consistent measurement algorithms throughout the signal chain and design process.
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to learn more.
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RF manifolds, and more. Capabilities include
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components; RF connector attach; LDI, YAG laser
etching, and laser sculpting/profiling; active
cavity; composite and hybrid packages; more.
Email sales@unicircuit.com to learn more.

Mil-spec and space-qualified design-to-spec or
build-to-print RF module solutions now available.
Choose from LTCC or metal hermetic packaging –
and benefit from our world-class microwave
engineering, testing resources, and a wide
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(chip & wire, flip chip, BGA, more). Email
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The information you need, from the 
technology leaders you trust.

Wireless Backhaul for Microcellular WiMAX 
and LTE Networks
Erik Boch, Dragonwave, Inc.

Check out these new online Technical Papers featured 
on the home page of  Microwave Journal and the 
MWJ white paper archive in our new Technical 
Library (www.mwjournal.com/resources)

The Emergence of Compact Base Stations in the 
New RAN Architecture Paradigm
White Paper, ABI Research

What is Packet Microwave?
Stuart Little, Aviat Networks

 
Automatic Test Procedure for RF Characterization 
of C-band Rotary Field Phase Shifter
K K Jain, Kirti Bansal, Meenakshi Aggarwal, B S Matheru,  
U C Ray Solid State Physics Laboratory, India

Special Report

numerical range or resolution in the signal processing, or 
it could have an analog amplifier problem. A high bit error 
rate could indicate a lack of receiver sensitivity, a bug in the 
receiver’s algorithms, or a timing problem that only shows 
up when running on the radio platform. 

Most likely, unless an SDR is seriously broken, it is diffi-
cult to isolate individual mechanisms for a particular prob-
lem. More likely, there will be several contributing factors, 
and each 1 dB performance problem is actually a combina-
tion of several sub-dB root causes. Identifying these root 
causes is exacerbated if the same measurement must be 
performed at different points in the radio, using different 
measurement algorithms. Ideally, identical measurement 
algorithms should be used at all stages in the signal path, 
and during all stages of development. Consistent measure-
ment algorithms in the software can be used throughout 
the signal chain and design and verification processes, 
eliminating uncertainties that interfere with troubleshoot-
ing and root cause analysis of SDR performance issues that 
often cross domains (see Figure 2). If instead, different 
measurement tools are used, then something as seemingly 
simple as a power measurement on a digitally modulated 
signal can give apparently different results, due to differ-
ences in the shape of the RBW filters and the methods 
used to average results. Fortunately, it is possible today to 
make identical and comparative measurements on any sig-
nal, whether simulated or real, digital or analog.

Finally, it is possible to combine design analysis with 
actual waveform HW using “hardware in loop” (HIL) 
or, using a new term, “OE in the loop” to stream live 
test signals into the waveform HW/Firmware as it runs 
in an Operating Environment (OE) on the target. With 
PrismTech’s SpectraOE and Agilent’s SystemVue, such 
a link has been developed allowing direct simultaneous 
simulation and HW “in the loop” validation. Figure 3 il-
lustrates this for a simple QPSK modulator running in-
side the SpectraOE.

Conclusion
The Software Communications Architecture is no lon-

ger a “science experiment” for SDR development. It is now 
a technology ready for the mainstream, whose maturity is 
being driven by the commercial off the shelf (COTS) prod-
ucts available for SDR implementers. The COTS vendor 
community is making SCA development productive, ro-
bust, high performance and, most importantly, affordable. 
For the first time the full potential of SDR is being deliv-
ered in commercially viable platforms, and a new breed 
of development tools is allowing rapid development of 
new and complex waveforms and radio applications both 
in aerospace/defense and commercial applications. Using 
these development tools, designers are moving from con-
cept to deployed waveforms in months rather than years, 
with extreme portability that allows for future HW up-
grades. n
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Tutorial

Design of Solid-state, 
Wideband, High-power 
Microwave Amplifiers 
for Radiated Immunity 
Testing
This article illustrates how the requirements for amplifiers used in immunity 
testing are dictated by various EMC standards. A case is made for using solid-
state devices rather than tubes. An overview of new transistor technologies is 
included, showing ranges of power and bandwidth typically obtainable from 
single devices. Key amplifier design issues, including load VSWR, thermal 
constraints and power combining techniques, are discussed. It is noted that a 
shift in amplifier design philosophy is necessitated by new device technologies, 
with nonlinear analysis and heat flow analysis emerging as essential design tools.

EMC standards are created to verify the 
reliability of electronic equipment. The 
standards need not only dictate the test 

levels and requirements, but must specify test 
equipment, configuration and requirements. 
There exist countless possible RF threats, 
usually in the form of transmitters, most of 
which are narrow band. Because it is difficult 
to predict exactly what sources of interference 
to which a particular device may be exposed, 
most EMC test standards specify a broad spec-
trum approach, including the likely frequen-
cies of all perceived threats:
• Commercial IEC: 150 kHz to 6 GHz
• �Military: MIL-STD-461: 10 kHz to 18 or 40 

GHz
• Avionics: DO-160: 10 kHz to 18 GHz
• �Telecom: Bell Core GR-1089: 10 kHz to 10 

GHz
• Automotive: 1 MHz to 18 GHz

The standards specify the field intensity to 
which a product must be subjected, based on 
real world field measurements, past failures 
or even potential future threats. Based on the 
product’s application and the level of product 
quality, a safety margin is often applied to the 
level of the perceived threat to ensure the test 
field exceeds that which the product may en-
counter in use. The required EMC amplifier 
power is determined based on these specifica-
tions and the gain of the antenna or transducer 
used to generate the specified field as well as 
the area to be illuminated.
• Commercial IEC: 30 V/m → 1 kW at 80 MHz

N.D. du Toit, R. Thomas, J.H. 
Smith, F.N. Schirk and J.A. Mogel
AR RF/Microwave Instrumentation 
Souderton, PA
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an ever larger portion of this market. 
The TWT amplifi er, with signifi cantly 
higher broadband noise and harmonic 
power, poor linearity and mismatch 
tolerance, typically cannot compete 
with the performance of a class A, 
solid-state amplifi er.

THE SOLID-STATE AMPLIFIER
The explosion of wireless commu-

nications has changed the dynamics of 
power transistor technology develop-
ment. High volume applications have 
provided capital for development of 
devices that provide higher perfor-
mance than ever before. While the 
majority of these devices have been 
tailored to the specifi c needs of various 
commercial and telecom applications, 
a few foundries have released general-
purpose transistors using each of these 
new technologies, allowing the design 
of solid-state amplifi ers with power 
density previously available only from 
traveling wave tube amplifi ers.

Most signifi cant in power device 
technology are the development and 
widespread use of silicon LDMOS 
and silicon carbide (SiC) for use at RF 
frequencies (< 3 GHz), and gallium 
nitride (GaN) high electron mobil-
ity transistors (HEMT) operating in 
the lower microwave domain (1 to 10 
GHz). LDMOS has gained popularity 
at the expense of silicon bipolar tran-
sistors and MOSFETS, while GaN 
HEMTs offer signifi cantly higher 
power density than gallium arse-
nide (GaAs) pseudomorphic HEMTs 
(PHEMT). SiC devices have provided 
performance enhancements in the 
traditional crossover frequency range 
between silicon transistors and GaAs 
devices. GaAs PHEMTs and indium 
phosphide (InP) HEMTs continue to 
dominate at upper microwave (10 to 
30 GHz) and millimeter-wave (> 30 
GHz) frequencies (see Figure 1).

At RF frequencies, silicon LDMOS 
devices offer a revolutionary change 
in packaging. The device structure 
provides for the source terminal to 
be the back side of the die, allowing 
the die to be attached electrically and 
mechanically to ground (the pack-
age fl ange). Through careful adjust-
ments to materials and processes, it 
has become possible to utilize a nearly 
pure copper fl ange in some instances, 
providing extreme improvements in 
thermal performance over traditional 
devices, which place an insulating ce-

•  Military: MIL-STD-461: 200 V/m →
10 kW at 10 kHz

•  Avionics: DO-160: 7.2 kV/m 
pulsed → kWs - MWs

•  Telecom: Bell Core GR-1089: 8.7 
V/m → low 100s of W

• Automotive: 600 V/m pulsed → 1 kW
Additional amplifi er constraints 

may include limits on harmonic power 
and linearity since amplifi ers, operat-
ing in a nonlinear region, will typically 
generate high harmonic power. When 
designing narrowband amplifi ers, it 
is possible to realize the biasing and 
matching circuitry to fi lter this har-
monic power; however, this is gener-
ally not possible with multi-octave 
amplifi ers. Beyond this, driving an 
amplifi er into compression leads to 
distortion, which may produce results 
that do not duplicate in another labo-
ratory, due to unknown or unpredict-
ed spurious or harmonic power.

A fi nal requirement for the RF am-
plifi ers is ruggedness, both physically 
and electrically. The normal EMC 
laboratory environment can be de-
manding. The antennas and transduc-
ers required to generate the fi eld can 
have very severe mismatches, causing 
high power refl ections that may dam-
age amplifi ers not designed for this 
specifi c application. Many amplifi ers 
designed to handle poorly matched 
loads and high power refl ections may 
do so by reducing, or “folding back” 
the amplifi er output power, which 
may prevent the amplifi er from deliv-
ering the specifi ed power to a poorly 
matched antenna. This can make it 
impossible to meet the fi eld require-
ments specifi ed by the test standard, 
so it is critical that any amplifi er speci-
fi ed for EMC testing be able to de-
liver full power into any antenna or 
transducer it may encounter, without 
folding back or reducing output pow-
er in any way.

THE TRAVELING WAVE TUBE
Historically, the traveling-wave 

tube (TWT) amplifi er, with the capa-
bility to deliver very high power with 
extremely wide frequency at a reason-
able cost, has been the answer to the 
needs of microwave EMC test engi-
neers. However, increasingly stringent 
restrictions written into many of the 
EMC test standards, along with a de-
sire to more closely and carefully con-
trol the test environment, has helped 
solid-state EMC amplifi ers to absorb 

http://mwj.hotims.com/28491-82
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Gain Noise VSWR Output DC Power
Model Frequency Gain Flatness Figure In/Out Power @15V

Number (GHz) (±dB, Max.) (±dB, Max.) (dB, Max.) (Max.) (dBm, Min.) (mA, Nom.)

AMF-2B-00030300-150-32P 0.03-3 20 2.5 15 2:1/2.5:1 32 650*
AMF-4D-00100100-30-30P 0.1-1 44 1 3 2.2:1 30 850
AMF-3B-00500100-13-33P 0.5-1 43 1.5 1.3 2:1 33 1700
AMF-4D-00500200-25-33P 0.5-2 40 2 2.5 2:1/2.3:1 33 1400
AMF-4B-00800250-50-34P 0.8-2.5 40 3 5 2:1/2.3:1 34 2700
AMF-3B-01000200-35-30P 1-2 30 1 3.5 1.8:1 30 900
AMF-3B-01000200-20-33P 1-2 35 1 2 1.5:1 33 1200
AMF-5D-01000200-15-33P 1-2 50 1.5 1.5 2:1/2.3:1 33 1500
AMF-3B-01000200-50-40P 1-2 35 3 5 2.2:1/3:1 40 4100
AMF-3D-01000400-45-30P 1-4 28 1.5 4.5 2:1/2.3:1 30 800
AMF-4D-01000400-35-30P 1-4 39 1.5 3.5 2:1/2.3:1 30 900
AMF-4D-01000800-85-30P 1-8 28 2 8.5 2.2:1 30 1100
AMF-4D-00400600-50-30P 0.4-6 34 2 5 2:1/2.3:1 30 650
AMF-3B-02000400-20-30P 2-4 35 1 2 2:1 30 950
AMF-4B-02000400-15-33P 2-4 50 1.5 1.5 2:1 33 1600
AMF-5B-02000600-70-33P 2-6 34 2 7 2:1 33 2200
AMF-4B-02000600-70-37P 2-6 35 2 7 2:1/2.8:1 37 4800
AMF-4B-02000800-80-36P 2-8 40 2.5 8 2:1/2.8:1 36 4800
AMF-3B-02001800-30-30P 2-18 35 2 3 2.2:1 30 2000
AMF-3B-02001800-60-32P 2-18 35 2.5 6 2:1/2.3:1 32 4500
AMF-3B-02002000-60-30P 2-20 40 2.5 6 2:1/2.5:1 30 4500
AMF-5B-04000800-60-30P 4-8 33 1.5 6 2:1 30 1400
AMF-4B-04000800-50-33P 4-8 36 1 5 2:1 33 1500
AMF-6B-06001800-80-33P 6-18 35 2.5 8 2.1:1/2.2:1 33 3500
AMF-2B-06001800-65-35P 6-18 45 3 6.5 2.1:1/2.2:1 35 6500
AMF-6B-06001800-120-40P 6-18 43 5 12 2:1/2.3:1 40 12,500
* Negative supply and +24V required.
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simulators for de-
signing GaAs-based 
broadband class A 
amplifi ers. Many are 
now struggling to 
understand complex 
nonlinear behavior 
and large-signal de-
sign techniques re-
quired to safely and 
effi ciently extract 
maximum pow-
er from the GaN 
HEMT, while main-
taining the durabil-
ity and load toler-
ance they have come 
to expect from their 
GaAs counterparts.

An equally impor-
tant consideration 
to the actual device 
technology em-
ployed is the pack-
aging of the device. 
Package material 
and mechanical con-
siderations defi ne 
the thermal charac-
teristics of the pack-
aged transistor, as 
well as the amount 
and confi guration 
of wire bond induc-
tances and package 

lead capacitances and inductances that 
affect the ease or diffi culty with which 
the packaged transistor can be imped-
ance matched for maximum power and 
gain over a given range of frequen-
cies. These small parasitic inductances 
and capacitances produce reactances 
often safely neglected at RF frequen-
cies, generally below 1 GHz, but be-
come very problematic for broadband 
matching at microwave frequencies.

The thermal constraints imposed 
by the high drain currents and volt-
ages possible, with many of the newer 
device technologies, creates problems 
that are altogether new to most mi-
crowave engineers used to working 
with devices operating at signifi cantly 
lower power densities. RF engineers 
working below 1 GHz have worked 
with these constraints for many years 
using more powerful devices than 
those classically available to the mi-
crowave engineer, but are also fac-
ing new challenges due to increasing 
power density of SiC and LDMOS. 
In both cases, the primary challenge 

ramic and a less-conductive compos-
ite fl ange between the transistor die 
and the heat sink. Plastic encapsulated 
packages are rendered economically 
feasible by the volume markets associ-
ated with LDMOS devices, replacing 
ceramic packages at very signifi cant 
cost reductions.

At lower microwave frequencies, 
the development of GaN HEMTs has 
pushed power densities to new limits1

(see Figure 2), reducing the parasit-
ics commonly associated with large 
GaAs devices and alleviating many 
problems associated with broadband 
matching of high-power transistors. 
This increase in available power does 
bring increased complexity to power 
amplifi er design, in terms of thermal 
management and large-signal device 
characterization, as it is rarely possible 
to bias GaN HEMTs in a true class A 
mode of operation without exceeding 
thermal constraints and damaging or 
degrading the device. For a genera-
tion, microwave engineers have been 
able to rely on simple small-signal 
design using S-parameters and linear 

 Fig. 2  Output power vs. frequency for various power FET tech-
nologies.
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drain for bipolar and field-effect de-
vices, respectively. Simple mathemati-
cal calculations allow one to correlate 
the magnitude and phase of these 
waveforms to characteristic imped-
ances for the device at each frequen-
cy, operating at a given bias.

The characteristic behavior of most 
RF/microwave transistors in use over 
the last several decades has allowed 
this to work quite well by providing 
a “strong nonlinear” response that 
stays very linear from small-signal 
conditions to a level very close to the 
maximum power of the device, before 
sharply transitioning into current satu-
ration. For years, only RF/microwave 
engineers designing high-efficiency 
power amplifiers had to give special 
consideration to nonlinear effects, and 
even then, design from S-parameters 
was most often sufficient.

Unfortunately, many of the newer 
devices discussed herein display a 
“weak nonlinearity,” in which the de-
vice gradually transitions from a linear 
small-signal response into saturation 
over a wide range of drive conditions 
(see Figure 3). The strongly nonlin-
ear device (solid line) has well-defined 
break points with an entirely linear re-
lationship between drain current and 
gate voltage from Id to Imax, whereas 
the weakly nonlinear device (dashed 
line) has poorly-defined break points 
and a gradual roll-off in Id from bias to 
Imax. This all but eliminates the pos-
sibility of finding ideal matching con-
ditions based on S-parameters alone, 
confounding many engineers used to 
working with more traditional device 
technology. Rather than working di-
rectly from S-parameters or using lin-
ear circuit simulators, it is necessary 
to construct complex nonlinear device 
models and employ long-forgotten 
methods to find the ideal matching 
conditions for extracting maximum 
power or efficiency from this new 
breed of transistor.

Thermal considerations further 

acteristic input and output imped-
ances, governed both by the material 
form and structure, with which the 
device is constructed. Extrinsic para-
sitic conductance and susceptance is 
added to this, due to the necessary 
interconnects on the chip and packag-
ing surrounding the chip, adding up 
to a total input and output impedance 
that varies with frequency, bias and 
drive conditions, but which also must 
be well-matched at all frequencies 
for a given bias and drive condition. 
Once an appropriate bias is selected 
for a device, the primary responsibil-
ity of the RF/microwave engineer is to 
design circuitry that will provide the 
appropriate impedance matching to 
the input and output of the transistor, 
permitting the maximum transfer of 
power by controlling the voltage and 
current magnitude and relative phase.

Traditionally, this has been accom-
plished by measuring the S-param-
eters of the device, composed of the 
forward- and reverse-traveling volt-
age and current waves resulting from 
small-signal (that is very low power) 
stimulus at each device terminal, most 
often base and collector or gate and 

is developing methods to dissipate 
more heat from smaller parts, requir-
ing more research and development 
in heat sinks and heat spreaders than 
previously required of RF and micro-
wave amplifier manufacturers.

Key Amplifier Design 
Considerations

Because the antennas, connected 
to the amplifier in an EMC test envi-
ronment, often present high VSWR, 
special consideration must be given to 
amplifiers designed for EMC testing 
applications, such that they can drive 
full power into loads ranging from a 
near-short circuit to a near-open cir-
cuit. This factor, more than any other, 
presents serious problems for the en-
gineer, as the bandwidth of the ampli-
fier is usually far too great to consider 
the use of circulators or other isolating 
devices. The problem is further ag-
gravated by many of the newer tran-
sistor technologies, whose thermal 
constraints prevent the engineer from 
biasing the transistors in the mode 
classically shown to be most favorable 
to tolerating these conditions.

Every transistor has intrinsic char-

s Fig. 3  Strong and weak nonlinearity, as 
related to a FET.
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gain requirements often necessitate 
multiple stages, each providing some 
percentage of the total gain. Various 
combinations of power dividers, cou-
plers and power combiners are used 
to achieve this goal.

Dividers and combiners can be 
classified or divided along many lines 
of distinction, including resonant ver-
sus non-resonant, binary versus N-
way, and circuit- or waveguide-based 
versus spatial. Couplers are often de-
fined as directional dividers or com-
biners. Most large power amplifiers 
make use of combinations of dividers, 
couplers and combiners, and the pos-
sible permutations are unlimited.

Of particular importance in the 
amplifier design is the phasing of the 
combiners. Many combiner designs 
provide a 90° or 180° phase relation-
ship between outputs. In these cases, 
it is necessary to design splitters to 
provide the corresponding phase rela-
tionship on the input.

Resonant structures rely on a cav-
ity or tank, which resonate at a par-
ticular frequency or multiples of that 
frequency, are inherently narrowband, 
and thus are of little interest in the de-
sign of broadband amplifiers. All of the 
divider and combiner structures pre-
sented herein can be designed as non-
resonant circuits, and thus offer the 
possibility of broadband performance.

Binary dividers and combiners are 
three-port networks in which power 
is divided (or combined) equally be-
tween two of the three ports, and in 
the case of lossless networks, can be 
cascaded infinitely to yield any com-
bination of 2N divided or combined 
(from here forward referred to as 
“coupled”) ports (see Figure 4). In 
practice, using components with some 

to provide models of a complexity 
with which they are often unfamiliar. 
Some have employed the expertise of 
companies and university laboratories 
specializing in nonlinear device mod-
eling, while others work to build their 
own internal modeling capability.

Multiplying the Power from 
Single Devices: Dividers and 
Combiners

While TWT amplifiers may of-
ten extract all of the required power 
from a single tube, solid-state ampli-
fiers typically make use of dozens, if 
not hundreds, of transistors. A wide 
variety of power dividing and combin-
ing technologies and architectures are 
available to the microwave engineer, 
for dividing the load between vari-
ous combinations of transistors, and 
recombining the power generated 
at each. A topical discussion of vari-
ous combining techniques, consider-
ations, advantages and disadvantages 
of various architectures, and applica-
tions for directional couplers follows.

Output power requirements dic-
tate that a given number of transis-
tors must share the total power, while 

complicate the development process, 
especially for those designing broad-
band amplifiers around these new de-
vice technologies. Thermal resistance 
and junction temperature constraints 
rarely allow the engineer to bias the de-
vice in a true class A mode of operation. 
Unfortunately, traditional techniques 
developed for eliminating the harmon-
ics generated when driving a device 
under large-signal conditions cannot be 
employed in multi-octave amplifiers, as 
the harmonics of the lower frequencies 
of operation are now “in-band.”

It is necessary to carefully study the 
behavior of the device under a wide 
range of bias and load conditions in 
order to find the ideal compromise 
between thermal and electrical per-
formance, which can be extremely 
time consuming at best. This requires 
design techniques, nonlinear device 
models, and simulators of a complex-
ity with which most RF/microwave 
engineers are not familiar. The spe-
cialized field of nonlinear device mod-
eling, long used by engineers working 
on high-efficiency power amplifiers, is 
becoming more relevant as manufac-
turers of these new devices scramble 

s Fig. 4  Cascaded binary dividers.
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EUROPEAN MICROWAVE WEEK 2010
THE ONLY EUROPEAN EVENT DEDICATED TO THE MICROWAVE AND RF INDUSTRY

European Microwave Week continues its series of successful events, with its 13th at the CNIT La Défense, Paris. EuMW2010 returns to this wonderful city for what promises to
be an important and unforgettable event. Bringing industry, academia and commerce together, European Microwave Week 2010 is a SIX day event, including 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 trends and developments that are widening the field of application of microwaves. Pivotal to the week
is the European Microwave Exhibition, which offers YOU the opportunity to see, first hand, the latest technological developments from global leaders in microwave technology,
complemented by demonstrations 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 technical with the experts
• Technical Workshops - get first hand technical advice and guidance from some of the industry's leading innovators
• Four Conferences - European Microwave Integrated Circuits Conference (EuMIC), European Microwave Conference (EuMC), European Wireless Technology Conference (EuWiT), 

European Radar Conference (EuRAD) 

BE THERE
Exhibition Dates Opening Times
Tuesday 28th September 09.30 - 17.30
Wednesday 29th September 09.30 - 17.30
Thursday 30th September 09.30 - 16.30

Data supplied to Horizon House Publications may be shared with associated companies and subsidiaries for the purposes of customer information, direct marketing or
publication. Data may also be made available to external parties on a list rental 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 basis, please tick the box or write to the Data Protection Coordinator, C/O R McCorquodale, Horizon House Publications,
16 Sussex Street, London, SW1V 4RW, UK or phone +44 20 7596 8700

EUROPEAN MICROWAVE EXHIBITION 
REGISTRATION FORM

Please complete the following:

First Name: zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz Last Name:  zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

Company/University: zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

Dept: zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

Address: zzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

City: zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

Country: zzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz Postal Code: zxzxzxzxzxzxzxzxzxzxzxzxz

Tel: zzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

E-mail: zzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

Yes, I would like to receive information by email from EuMA/Horizon House 

Yes, I would like to receive information by email from microwave/wireless industry 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 / Commercial  Government / Military  Academia  

REGISTRATION INFORMATION

Attending the Exhibition is FREE! You can Pre-register on-line at www.eumweek.com by clicking on 'Registration'.
Alternatively, complete this form and fax to +44 (0) 20 7596 8749. 
Registration deadlines: for advance fax or mail, 1 September 2010; for advance website, 8 September 2010. 
Please note that ALL visitor badges to the exhibition can be collected on-site.
Badges will NOT be mailed to visitors prior to the event.
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Advance Registration deadlines: for advance fax or mail, 1st September 2010; for advance website, 8th September 2010.
After these dates you must register on-site at the conference at the higher rates listed below.

Conferences Society Member (*any listed over) Non-Member
(available options - choose one) Standard Student/Snr Standard Student/Snr
1 Conference
EuMC €520 €130 €680 €170
EuMIC €410 €120 €540 €160
EuWiT €410 €120 €540 €160
EuRAD €290 €110 €380 €150

2 Conferences (10% discount for Standard)
EuMC and EuMIC €840 €250 €1,090 €330
EuMC and EuWiT €840 €250 €1,090 €330
EuMC and EuRAD €730 €240 €950 €320
EuMIC and EuWiT €740 €240 €960 €320
EuMIC and EuRAD €630 €230 €820 €310
EuWiT and EuRAD €630 €230 €820 €310

3 Conferences (20% discount for Standard)
EuMC & EuMIC & EuWiT €1,080 €370 €1,400 €490
EuMC & EuMIC & EuRAD €980 €360 €1,270 €480
EuMC & EuWiT & EuRAD €980 €360 €1,270 €480
EuMIC & EuWiT & EuRAD €890 €350 €1,160 €470

4 Conferences (30% discount for Standard)
EuMC & EuMIC & EuWiT & EuRAD €1,150 €480 €1,490 €640

Workshop and Short Course Prices Society Member (*any listed over) Non-Member
Standard Student/Snr Standard Student/Snr

1/2 Day WITH conference registration €80 €60 €110 €80
1/2 Day WITHOUT conference registration €110 €80 €150 €110
Full Day WITH conference registration €120 €90 €160 €110
Full Day WITHOUT conference registration €160 €120 €210 €150

ON-SITE REGISTRATION FEES
Advance registration is up to 30% lower. See reverse for details.

EUROPEAN MICROWAVE WEEK 2010
CONFERENCE REGISTRATION

Don't miss Europe's premier microwave conference event. The 2010 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) - 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 close to 1,300 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 at www.eumweek.com or by fax or mail - see form overleaf for details.

Deadlines are 1st September 2010 (fax/mail) and 8th September 2010 (website).

• After these dates you must register ON-SITE at the conference at the higher rates listed below.
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Advance Conference Registration
European Microwave Week 2010
26 September – 1st October 2010, Paris, France

Three ways to register:
On-line: www.eumwregistration.com
FAX: +44 207 596 8749
Mail: details below

Each delegate must submit a separate registration form. A copy may be used.
Registration deadlines: for advance fax or mail, 1 September 2010; for advance website, 8 September 2010. Fees 30% higher for on-site registration.

To register, tick � the appropriate boxes and enter corresponding fees and totals on the lines provided.

Name zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz   zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz (include business card if possible)
 First Last / Surname

Affi liation zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz   zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz
 Company/University Department/Mail Stop

Address zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz
 Street

zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz   zxzxzxzxzxzxzxzxzxzxz   zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz
 City  State/Province  Country

zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz   zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz
 Postal code Telephone

Email zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz
 e-mail address (for registration confi rmation and receipt)

� Yes,I would like to receive information by e-mail from EuMA.    � Yes,I would like to receive information by e-mail from microwave/wireless industry companies.

SOCIETY MEMBERSHIP/Membership Number(s): zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz

� EuMA    � GAAS®          � IET � IEEE 
STUDENTS/SENIORS (Full-time students less than 30 years of age and Seniors 65 or older at 1 October 2010)

Date of Birth zxzxzxzxzxzxz   Student’s University zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzz

Student’s Supervising Professor Email zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz
If you want to benefi t from reduced rates, subscribe for EuMA membership NOW by ticking one of these boxes:   � Professional:  €20/year      � Student: €10/year
To renew your existing EuMA membership, tick one of these boxes: � renew Professional: €20/year  � renew student: €10/year

For Offi ce Use only:
Badge _____________

Transaction _____________
Order _____________

CONFERENCES Society Member (*any of above) Non-Member
(available options - choose one) Standard Student/Sr. Standard Student/Sr.
1 Conference
EuMC  � €400 � €100 � €520 � €130
EuMIC  � €310 � €90 � €410 � €120
EuWiT    � €310  � €90 � €410 � €120
EuRAD  � €220 � €80 � €290 � €110
2 Conferences (10% discount for standard)
EuMC & EuMIC � €640 � €190 � €840 � €250
EuMC & EuWiT � €640 � €190 � €840 � €250
EuMC & EuRAD � €560 � €180 � €730 � €240
EuMIC & EuWiT  � €560 � €180 � €730 � €240
EuMIC & EuRAD  � €480 � €170 � €630 � €230
EuWiT & EuRAD � €480 � €170 � €630 � €230 
3 Conferences (20% discount for standard)
EuMC & EuMIC & EuWiT � €820 � €280 � €1,070 � €370
EuMC & EuMIC & EuRAD � €750 � €270 � €970 � €360
EuMC & EuWiT & EuRAD � €750 � €270 � €970 � €360
EuMIC & EuWiT & EuRAD � €680 � €260 � €880 � €350
4 Conferences (30% discount for standard)
EuMC & EuMIC & EuWiT & EuRAD � €870 � €360 � €1,150 � €480

DVD Archive EuMC  EuMA members Non EuMA Members
DVD Archive EuMC 1969-2003  Qty. _____ @  � €10  � €40  
DVD Archive EuMC 2004-2008  Qty. _____ @  � €35    � €128  

PROCEEDINGS ON CD-ROM
All papers published for presentation at each conference will be on a CD-ROM given out with the delegate bags to those 
attending conferences. For additional CD-ROMs order here: Qty:____ @ €50

Conference dinners, side events and social events
For information on and registration, please visit the conference website: http://www.eumweek.com.  
Early registration is highly recommended for these events as it will be required for logistical planning. 

IMPORTANT PAYMENT INFORMATION: NO REGISTRATION WILL BE PROCESSED WITHOUT PAYMENT. All payments must be in Euros, Cards will be debited in Euros and cheques must be in Euros from 
a Euro account. Details of Bank Transfer payments must be provided in advance and sent with the registration form. ALL COSTS FOR BANK TRANSFERS ARE THE RESPONSIBILITY OF THE REGISTRANT. 
All bank transfers must be received in advance of the registration deadline. Make cheques payable to: European Microwave Week.

 � AMEX     � VISA     � MASTERCARD     � CHEQUE     � BANK TRANSFER

Card Number zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz   Expiry Date zxzxzxzxz   Security Code* zxzxzxzxz

Name as it appears on the card zxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxzxz   Amount € zxxxxz

Card Holder’s Signature zxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxz   Date zxzxzxzxzxzxz

MAIL completed FORM with credit card information,
bank transfer document or cheque payment to:
EuMW Registration
Horizon House Publications
16 Sussex St
London SW1V 4RW,UK

or FAX completed FORM with credit card 
information or bank transfer document to:
+44 207 596 8749
Cheque registration must be mailed.
or REGISTER ON-LINE with credit card at: 
www.eumwregistration.com

SEND BANK TRANSFERS TO:
EuMA Account Registrations
Reference – EuMW Registration, delegate’s name
Fortis Bank, Place de l’Université 6, B-1348 Louvain-la-Neuve, Belgium
Account no: 001-4396992-58
IBAN: BE95 0014 3969 9258 BIC: GEBABEBB

* Visa & MC - last 3 digits on back by signature
   Amex - 4 digits printed on front of card

Refund requests received by August 15, 2010 will be honoured. For requests postmarked after this date, pre-registrants will, in lieu of a refund, be mailed upon request any CDs due. Please state the pre-registrant’s name and provide a mailing address 
for the refund cheque. If the registration was paid by credit card, reimbursement will be through an credit card account credit. Address your request to: EuMW Registration, Horizon House Publications Ltd., 16 Sussex Street, London SW1V 4RW, UK.

WORKSHOPS and SHORT COURSES
(Prices below left. Visit www.eumweek.com for titles and further details)
� WFS01 (EuMIC)  1 day €____ 
� WFS02 (EuMC/EuMIC) 1 day €____
� WFS03 (EuMC/EuMIC)  1 day €____
� WFS04 (EuMC/EuMIC)  1 day €____
� WFS05 (EuWiT) 1 day €____
� WFS06 (EuMC/EuMIC) 1 day €____
� WHS01 (EuMC/EuWiT) 1/2 day €____
� WHS02 (EuMC/EuMIC) 1/2 day €____
� WHS03 (EuWiT) 1/2 day €____
� WHS04 (EuWiT) 1/2 day €____
� SFS01 (EuMIC) 1 day €____
� SHS01 (EuMC/EuWiT) 1/2 day €____
� WHM01 (EuMC) 1/2 day €____
� WHM02 (EuMC) 1/2 day €____
� WHM03 (EuMC) 1/2 day €____
� WFW01 (EuMC/EuRAD) 1 day €____
� WHW01 (EuMC/EuRAD) 1/2 day €____
� WFF01 (EuRAD) 1 day €____                                                  
� WHF01 (EuRAD) 1/2 day €____

 Workshop & SC Total €_____

 Conference Total €_____

 EuMA Membership Total €_____

 CD-ROM Total €_____

 DVD Total €_____

 GRAND TOTAL €_____

Horizon House acts by order and for account of European Microwave Association (EuMA), Chemin du Cyclotron 6, B-1348 Louvain-la-Neuve, Belgium, VAT No. BE 464.401.356

The conference CD-ROM will be available FREE to all conference attendees.

M M Y Y

 Society Member * Non-Member

Workshops and Short Course Prices Standard Student/Sr. Standard Student/Sr.
1/2 Day WITH conference registration  €80  €60  €110 €80
1/2 Day WITHOUT conference registration €110 €80 €150 €110 
Full Day WITH conference registration  €120 €90 €160 €110
Full Day WITHOUT conference registration €160 €120 €210 €150
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transistors from unfriendly load con-
ditions, and more consistent loading 
of the bias circuitry. For power sam-
pling, the coupler can be designed 
with forward- or reverse-coupled 
ports that typically extract a small 
fraction of the signal passing through 
the coupler, for the sake of monitoring 
and control of power passing into or 
out of the amplifier.

Conclusion
For a generation, amplifier engi-

neers have relied on simplified design 
techniques that often now fail when 
applied to these newer device tech-
nologies. Thermal constraints have 
forced engineers attempting to use 
these new transistor technologies to 
run the devices at reduced bias, intro-
ducing harmonic and matching issues 
affecting performance and durability. 
Nonlinear transistor modeling and 
simulation is fast becoming a neces-
sary skill for understanding the behav-
ior of these new devices. n
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Both binary and N-way, resonant 
and non-resonant dividers and com-
biners may be constructed using pla-
nar circuits, coaxial line, waveguide, or 
spatial technology. Constraints such as 
insertion loss, power handling, or phys-
ical size will often favor one technology 
over another, although certain archi-
tectures do limit the possible choices, 
as is the case with radial N-way com-
biners. Ferrite loaded coaxial combin-
ers are common for broadband appli-
cations extending below 500 MHz.

It is always desirable to have some 
degree of isolation between the coupled 
ports of any power divider or combiner, 
and this is most often provided in the 
form of resistors placed between the N 
outputs or inputs of a divider or com-
biner, respectively. Physical constraints 
often make it impossible to include 
these isolation resistors in power com-
biners, especially in the case of micro-
wave amplifiers, so it is very common to 
sacrifice isolation in power combiners, 
including it only in the splitter.

Couplers are most often direc-
tionally-coupled four-port networks, 
and may be used in power amplifiers 
as power dividers, power combiners 
or for power sampling. In the case of 
power division and combination, pow-
er is usually divided equally between 
two ports of the coupler, with the sig-
nal at the two ports often 90° or 180° 
out of phase with one another. This 
provides many advantages in terms 
of improving VSWR, protecting the 

finite loss, one reaches a point of di-
minishing return, where the loss of 
each stage outstrips the power added. 
Assuming the structure does not con-
tain active or anisotropic materials, 
basic network theory will show that it 
is not possible to create a binary di-
vider or combiner that is both lossless 
and matched at all three ports.3

In 1960, Ernest Wilkinson4 pre-
sented an N-way hybrid power di-
vider, which, due to complexity of 
construction at microwave frequen-
cies, is most often seen in an N=2 
form. While at first this appears to 
be an exception to the rule, as a loss-
less three-port network with all ports 
matched, it is important to note that 
analysis of the scattering parameters 
reveals that this is not actually a loss-
less network.3

N-way dividers and combiners are 
those structures that may contain an 
arbitrary number of ports at one stage 
or station, such as radial or spatial 
power dividers and combiners. These 
combiners have the advantage of not 
being limited to a specific (2N) num-
ber of ports, and can exhibit much 
lower loss than corporate structures 
for high port counts due to their sin-
gle-stage nature. As already noted, the 
Wilkinson power divider is one of the 
most well-known N-way structures, 
although with the exception of some 
relatively low-frequency applications, 
it is rare to find a Wilkinson divider 
with more than two outputs.
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Interference affecting RF signals is a famil-
iar problem for development engineers 
working in the field of RF engineering. It 

may be caused by sporadic or brief events with-
in the frequency domain, the spectral behavior 
of signal sources during frequency switching, 
or by digital circuits. Identifying the causes be-
hind problems like these is often challenging 
and can be very time-consuming. To meet such 
demanding challenges, Rohde & Schwarz has 
developed the new R&S FSVR, believed to be 
the first instrument on the market to combine a 
fully fledged signal and spectrum analyzer with 
real-time spectrum analyzer capability.

The R&S FSVR seamlessly captures and 
displays the frequency spectrum over a 40 
MHz bandwidth; various display formats are 
available. Functionality such as the analyzer’s 
spectrogram and persistence mode ensure 
that no events remain hidden to users. With 
its frequency-selective trigger, the analyzer is 
also capable of detecting and examining signals 
that occur sporadically within the spectrum. 
The instrument’s signal and spectrum analyzer 
capabilities are based on the R&S FSV. They 
include the full complement of functions and 

properties that an advanced measuring device 
of this kind requires to meet modern demands.

Real-Time Spectrum Analysis Up To 
30 GHz

In real-time mode, the R&S FSVR captures 
RF signals seamlessly in the time domain with 
a bandwidth of up to 40 MHz, transforms them 
into the frequency domain and displays them 
as a spectrum. To achieve high time resolu-
tion and therefore accurate level measure-
ments, even of short-term or pulsed signals, 
the instrument can overlap the time windows 
for fast Fourier transformation (FFT) by at 
least 80 percent. Since all the data captured is 
processed in real-time without any gaps, users 
do not miss even very short signals. The R&S 
FSVR is thought to be the first analyzer to pro-
vide this real-time capability for input frequen-
cies up to 30 GHz or, with an external mixer, 
up to 110 GHz.

Rohde & Schwarz
Munich, Germany
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Real-time 
Spectrum Analyzer 
Provides Seamless 
Signal Capture
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Product Feature

Figure 1 shows a typical measurement. The analyzer 
captures and displays even very short signals, thus pro-
viding a complete picture of the time variation of the 
frequencies and amplitudes occurring in the frequency 
domain.

Spectrogram Function
The persistence mode opens up new possibilities for 

users to analyze errors by visualizing the time variation 
of signals in the frequency domain. To accurately capture 
this time variation, the R&S FSVR includes a spectrogram 
function. It assigns a color to the signal amplitude, allowing 
the spectrum to be displayed with just a single horizontal 
line. The spectrogram is created by continuously append-
ing the horizontal lines. In real-time mode, the spectro-
gram provides a gapless picture of the spectrum versus 
time.

In spectrogram mode, the instrument captures and 
records up to 10,000 traces per second and writes them 
to a ring buffer. Here, too, the analyzer uses a detector to 
compact the data for on-screen display. The ring buffer 
memory depth is sufficient to store up to 100,000 traces. 
Depending on the selected update rate, the R&S FSVR 
can measure continuously for a period of up to five hours.

To allow completed measurements to be examined in 
detail, the analyzer provides markers that users can move 
along the time and frequency axes. For example, this makes 
it very convenient to measure the duration of events or the 
intervals between events for a given frequency (see Figure 
2), and thus greatly simplifies the gapless monitoring of 
frequency bands. This is not just valuable in the context of 
frequency monitoring; it is also highly useful for engineers 
searching for intermittent interfering signals.

Even for radio transmissions that involve frequent fre-
quency changes (as is the case with RFID or Bluetooth®), 
the R&S FSVR is a valuable tool when it comes to track-
ing frequency hops and determining transmitter char-
acteristics. It makes finding rare errors in the frequency 
processing of transmitters or sporadic interference from 
digital circuits much easier and greatly reduces the time 
required.

The spectrum analyzer digitizes the RF signal with a 
sampling rate of 128 MHz and transforms it into the fre-
quency range, computing up to 250,000 spectra per second 
in the process. Since the human eye cannot register such a 
large number of spectra, the R&S FSVR combines the data 
obtained in a detector and displays the results at a refresh 
rate of approximately 30 times per second. This is roughly 
the refresh rate the human eye is capable of processing.

The peak detector ensures that no RF signal in the 
monitored frequency range is lost and that every signal oc-
curring during the monitoring period is displayed. When 
operating in this mode, the R&S FSVR combines multiple 
spectra in a single trace, which significantly reduces time 
resolution. To provide users with a clear picture of the 
spectrum variation versus time, the instrument offers a va-
riety of display and measurement functions.

Persistence Mode
The persistence mode offers an effective means of visu-

alizing ultra-short-term signals. The R&S FSVR superim-
poses the gapless spectra in a diagram. Depending on how 
often a specific signal with a given amplitude occurs, the 
spectrum analyzer changes the color of the corresponding 
pixel on the display. Signals that are continuously present 
are displayed in red, for example, whereas very infrequent 
signals are displayed in blue. If specific signals cease to 
occur, they disappear from the display when the chosen 
persistence time has elapsed. The persistence mode repre-
sents a kind of spectral histogram. It is a useful tool when 
investigating signals that occur irregularly.

For example, users are now able to analyze the fast tran-
sient response behavior of phase-locked loops (PLL). Full, 
gapless visualization of all frequencies and amplitudes oc-
curring, complete with probability weighting, provides a 
new view of the dynamic behavior of a system within the 
frequency domain. Users can see whether a transmitter 
makes rapid frequency hops or whether there are signifi-
cant changes in amplitude for brief periods of time. Effects 
like these, which can considerably affect the behavior of an 
entire system, are difficult to detect using sweeping spec-
trum analyzers.

s Fig. 1  Transient response of VCO for WLAN applications in 
persistence mode.

s Fig. 2  Airport radar signal—the spectrogram shows the pulsed 
structure of the signal and allows the pulse repetition rate of 2.5 ms to 
be measured.
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Triggering On Events
The information acquired by means of the spectro-

gram can also be used to define a trigger in the spectral 
domain, known as a frequency mask trigger (FMT). The 
FMT reacts to events in the spectrum. The R&S FSVR 
evaluates every single spectrum—at a rate of up to 250,000 
spectra per second—and compares each spectrum with a 
predefined, frequency-dependent mask. If a trace violates 
the mask, the spectrum analyzer generates a trigger event 
and displays the current spectrum, or makes the captured 
data available for further processing (in a test application, 
for example).

The mask for the spectral trigger can be defined eas-
ily via the R&S FSVR’s touch screen. Clearly structured 
tables and graphics provide users with the means to adapt 
masks quickly to changing situations. Figure 3 gives an 
impression of how easily and efficiently users can work 
with the analyzer. Users are able to define both a lower and 
an upper limit line. The trigger conditions just described 
can be especially useful when the signal being monitored 
has to remain within a given tolerance band.

The R&S FSVR has an I/Q memory depth of 200 
Msamples. This means that, even with large bandwidths 
and high sample rates, it can record spectra gaplessly over 
prolonged periods of time.

Full-Featured Signal and Spectrum 
Analyzer

When real-time operation is not activated, the R&S 
FSVR operates like a sweeping spectrum analyzer or a sig-
nal analyzer. It sweeps the selected frequency range (up 
to 30 GHz) and displays the spectrum. It has a minimum 
sweep time of under a tenth of a second for the full 30 
GHz frequency range. It offers a wide range of resolution 
bandwidths from 1 Hz to 10 MHz. Unlike in real-time 
mode, the resolution bandwidth is user-selectable and not 
linked to the selected span. In addition to the fast sweep 
filters, the analyzer also provides channel filters and root 
raised cosine filters to support mobile radio standards.

s Fig. 3  Input window for setting the frequency mask trigger limit 
line (shown here triggering on an error signal approximately 400 kHz 
above the actual signal frequency of a swept source).

Like all of the company’s spectrum analyzers, the R&S 
FSVR offers as standard an extensive range of measure-
ment functions, including adjacent channel power, spec-
trum emission mask, third-order intercept (TOI), CCDF 
and spurious emission measurements. With a level mea-
surement uncertainty of 0.4 dB up to 7 GHz, the R&S 
FSVR delivers precise and reliable results. With the R&S 
FSV-K9 option, it can also be connected directly to R&S 
NRP power sensors, obviating the need for a separate pow-
er meter in situations requiring especially high measure-
ment accuracy.

The R&S FSVR provides more than 1,000 sweeps per 
second. This high measurement performance not only 
helps speed up manufacturing systems, it also reduces 
processing time in R&D or conformance testing in appli-
cations where large numbers of measurements have to be 
averaged (as required by numerous standards). In addition, 
the instrument offers options for measuring basic physi-
cal characteristics, including phase noise (R&S FSV-K40), 
noise figure (R&S FSV-K30), and the parameters of signals 
with analog (AM/FM/PM) and digital modulation (R&S 
FSV-K70).

As well as classical spectrum analysis, the R&S FSVR is 
suitable for verifying compliance with mobile radio stan-
dards. It currently supports the following standards: GSM/
EDGE/EDGE Evo, WCDMA, TD-SCDMA, CDMA2000, 
WLAN 802.11a/b/g/n, WiMAX and LTE (TDD/FDD).

Conclusion
Combining real-time spectrum analyzer capability with 

full-featured signal and spectrum analysis, the R&S FSVR 
is a unique instrument. Its extensive, easy-to-use real-
time functions mean users have new and highly effective 
analysis resources at their disposal, yet at the same time 
can continue to work with the same signal and spectrum 
analysis functions they are familiar with. The intuitive user 
interface, designed along the same lines as those of spec-
trum analyzers, simplifies working with the instrument and 
successfully integrates real-time analysis within a cohesive 
overall design concept.

Rohde & Schwarz,  
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e-mail: customersupport@rohde-schwarz.com,  
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As the demand for energy efficiency in-
creases, more electronics are being 
designed with switching regulators in 

place of linear regulators. Power systems with 
multiple switching regulators are becoming 
commonplace; as the number of regulators 
increases, the impact of electromagnetic in-
terference (EMI) also grows. One of the sim-
plest, most cost-effective techniques for EMI 
reduction is the use of a multiphase, spread-
spectrum clock.

Multiphase Synchronization
The operating frequency of most switching 

regulators can be controlled with an external 
clock, which, in turn, sets the fundamental 
frequency of generated EMI. This feature can 
be useful to set the EMI outside of a sensitive 
band and is a particularly valuable feature when 
operating multiple switching regulators togeth-
er. Multiple independently running switching 
regulators have the potential to generate large 
peak EMI, as clock frequencies approach each 
other and create beat frequency conditions. 
Similarly, if multiple regulators are operated on 
a single clock, the EMI will be synchronized 

and very concentrated. One solution is for each 
regulator to be driven with the same clock fre-
quency, but with different phases.

Multiphase synchronization refers to the 
technique of externally driving multiple switch-
ers with a single clock frequency that has a time 
shift placed between each regulator. This re-
duces peak switching current by staggering the 
turn-on for each switcher such that there is in-
put current drawn where previously there was 
a dead band. As a result, multiple switching 
regulators synchronized out of phase, versus 
in phase, have a lower peak current and there-
fore lower EMI. Also, the frequency of EMI 
increases after phase synchronization. As a re-
sult, EMI filtering is more effective since filter-
ing is more effective at higher frequencies.

Spread Spectrum Frequency 
Modulation (SSFM)

In addition to multiphase synchronization, 
EMI can be improved by continuously varying 

Linear Technology Corp.
Milpitas, CA
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Ideal Solution 
for EMI
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as audible tones or visible display arti-
facts, due to supply noise coupling or 
limited power supply rejection in the 
downstream circuitry. A pseudoran-
dom frequency modulation can avoid 
this periodic ripple. With pseudoran-
dom frequency modulation, the clock 
shifts from one frequency to another 
in a pseudorandom fashion. Since the 
switcher’s output ripple is amplitude 
modulated by a noise-like signal, the 
output looks as if there is no modula-
tion and the downstream system im-
plications are negligible.

Modulation Amount
As the range of SSFM frequencies 

increases, the percentage of in-band 
time is reduced. If the emitting sig-
nal enters the receiver’s band infre-
quently and for short periods, relative 
to its response time, significant EMI 
reduction occurs. For example, fre-
quency modulation of ± 10 percent is 
more effective at reducing EMI than 
frequency modulation of ± 2 percent. 
However, switching regulators have a 
limited range of frequencies for which 
they can tolerate. As a general rule, 
most switching regulators can easily 
tolerate frequency variation of ± 10 
percent.

Modulation Rate
Similarly to the modulation 

amount, as the rate of frequency 
modulation increases, the time that 
EMI will be “in-band” for a given re-
ceiver will decrease and EMI will be 
reduced. There is a limit, however, to 
the rate of frequency change (dF/dt) 
that a switcher can track. The solu-
tion is to find the highest modulation 
rate that does not impact the switch-
er’s output regulation.

Ideal Solution
Silicon oscillators provide an ideal 

platform for multiphase, spread-spec-
trum switching regulator clocks. In 
addition to having an on-board clock 
generator, these solid-state devices 
can combine spread spectrum modu-
lation and multiphase outputs.

With this in mind, Linear Technol-
ogy developed the LTC6909, a pre-
cision spread spectrum silicon oscil-
lator with eight separate multiphase 
outputs. A single resistor selects the 
output frequency from 12.5 kHz to 
6.67 MHz. Three logic inputs set the 
output phase relationship in a range 

acteristics: The range of frequencies 
for which the receiver will respond 
and the receiver’s response time when 
subjected to EMI.

Modulation Method
Most switching regulators exhibit 

ripple that varies with frequency; more 
ripple at lower switching frequencies 
and less at higher switching frequen-
cies. As a result, a switcher’s ripple 
will exhibit an amplitude modulation 
if the switching clock is frequency 
modulated. If the clock’s modulating 
signal is periodic, such as a sine-wave 
or triangle-wave, there will be a peri-
odic ripple modulation and a distinct 
spectral component at the modulating 
frequency. Since the modulating fre-
quency is much lower than the switch-
er’s clock, it may be difficult to filter 
out. This could lead to problems, such 

the frequency of the switching regu-
lator clock. This technique, referred 
to as SSFM, improves EMI by not al-
lowing emitted energy to stay in any 
receiver’s band for a significant length 
of time. There are four primary con-
siderations for maximum SSFM ef-
fectiveness: The bandwidth of the im-
pacted receiver; the method for mod-
ulating the frequency; the amount of 
frequency spreading; and the rate of 
modulation.

Receiver
Whenever considering EMI, the 

designer should understand the band-
width of the EMI affected receiver(s). 
These receivers could be real system 
devices, or they could be receivers 
used for regulatory conformance per 
CISPR 16-1. The receiver’s band-
width determines two important char-

s Fig. 1  Block diagram of LTC6909 multiphase silicon oscillator with spread spectrum modulation.
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ing and shielding practices, the use 
of multiphase synchronization and 
spread-spectrum frequency modula-
tion can dramatically improve EMI 
performance. Linear Technology’s 
LTC6909 offers a straightforward so-
lution. With little effort, this small, 
low power and robust silicon oscillator 
can easily prove its worthiness.

Greg Zimmer is a 
product marketing 
engineer at Linear 
Technology responsible 
for the management of 
silicon oscillators and 
other signal conditioning 
products. His 
background includes 
technical marketing, 

applications engineering and analog design. 
He received his BS degree in Electrical 
Engineering/Computer Science from the 
University of California, Berkeley, and his 
BA degree in Economics from the University 
of California, Santa Cruz.

Linear Technology Corp., 
Milpitas, CA 
(408) 432-1900, 
www.linear.com.

RS No. 300

modulation rate and provides smooth-
ing between frequency transitions 
(see Figure 2). Using the LTC6909 
results in a significant improvement in 
EMI, as shown in the output frequen-
cy spectrum from 150 kHz to 30 MHz 
(9 kHz resolution BW) displayed in 
Figure 3.

In summary, using multiple switch-
ing regulators in a single system can 
present a significant EMI concern. 
In addition to standard layout, filter-

of 45° to 120°, allowing the LTC6909 
to provide synchronization for up to 
eight phases (see Figure 1). A pseu-
dorandom spread spectrum frequency 
modulation can be enabled with fre-
quency spreading of ± 10 percent of 
the center frequency. The user selects 
one of three modulation rates to en-
sure that the modulation rate does not 
exceed the regulator’s bandwidth.

In addition, the LTC6909 has an 
innovative filter that tracks the SSFM 

s Fig. 3  EMI improvement using the 
LTC6909 with SSFM enabled.
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Product Feature

In response to market needs, HUBER+ 
SUHNER has developed a new series of 
RF board-to-board connectors that can 

cope with significantly greater axial misalign-
ment. The new series of connectors addresses 
the fact that continuing miniaturization and 
tight space constraints have resulted in the 
need for more board-to-board connections. 
Owing to the complex stack-ups and larger 
piece part tolerances, this growing need is ac-
companied by an increasing demand for the 
connections to have greater ‘axial float’ in or-
der to cope with significantly greater axial mis-
alignment. This is particularly true in the field 
of radio base stations (BTS), but is also the case 
in the industrial, medical, defense, automotive, 
test and measurement, and aerospace sectors.

In order to meet these requirements and the 
rise in demand, HUBER+SUHNER has fur-
ther developed its well-established and proven 
MMBX RF connector series and extended the 
product portfolio with the MBX family. In par-
ticular, the MBX series has been specifically 
designed to satisfy ever increasing demands 
with regards to axial and radial misalignment.

Performance Characteristics
The new product family exhibits the follow-

ing important performance characteristics:
•	 Greater axial float (±1.2 mm is possible)
•	 Power up to 260 W
•	 �Minimum board-to-board distance of 13 

mm 
•	 Robust and reliable design

The result is low total cost of owner-
ship, high output power, and reliable mat-
ing and assembly. The connectors are also 
suitable for low weight modules. In addition, 
HUBER+SUHNER offers real added value in 
terms of technical support.

The basic MBX range offers the following: 
Straight board connections—male and female 
board connectors for through-hole and SMT 
technology; barrels for three board-to-board 
distances—13, 18 and 28 mm; and cable con-
nectors (for testing)—straight and right angle. 
Also, a number of MBX to SMA adapters are 

HUBER+SUHNER AG
Herisau, Switzerland
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RF Connector 
Series Offers 
Greater Axial 
and Radial Float



IN STOCK

DC to 18 GHz  from 

$6895
ea. (qty. 1-9)

CABLES6
       TEST
FLEX 

GUARANTEE* FLEX
mo.

6GUARANTEE 
mo.

TM

 Strength, ruggedness, and reliability…supercharged! That’s what you get 
when you choose Mini-Circuits ultra-flexible precision test cables. 
Engineered to be a workhorse for your day-to-day test operations, these 
triple shielded cable assemblies are qualified to at least 20,000 bends, 
employ an advanced strain relief system, and are equipped with 
passivated stainless steel connectors, so you can rely on them to 
flex, connect and disconnect over and over and over again! 
They're so rugged, each test cable is backed by our 6 month guarantee*! 
With low insertion loss and very good return loss, you can also rely on 
getting good performance over the wide DC-18 GHz band. Visit our 
website to choose and view comprehensive performance curves, data 
sheets, and environmental specifications.   
                                      

       RoHS complianto S

Frequency Range: DC-18 GHz, Impedance: 50 ohms
Models Connector  Length Inser. Loss (dB) Return Loss (dB) Price 
 Type (Ft.) Midband Midband $ ea.
   Typ. Typ. Qty. (1-9)
Flex TesT Cables      Male to Male
CBL-1.5 FT-SMSM+ SMA 1.5 0.7 27 68.95
CBL-2FT-SMSM+ SMA 2 1.1 27 69.95
CBL-3FT-SMSM+ SMA 3 1.5 27 72.95
CBL-4FT-SMSM+ SMA 4 1.9 27 75.95
CBL-5FT-SMSM+ SMA 5 2.5 27 77.95
CBL-6FT-SMSM+ SMA 6 3.0 27 79.95
CBL-10FT-SMSM+ SMA 10 4.8 27 87.95
CBL-12FT-SMSM+ SMA 12 5.9 27 91.95
CBL-15FT-SMSM+ SMA 15 7.3 27 100.95
CBL-25FT-SMSM+ SMA 25 11.7 27 139.95
CBL-2FT-SMNM+ SMA to N-Type 2 1.1 27 99.95
CBL-3FT-SMNM+ SMA to N-Type 3 1.5 27 104.95
CBL-4FT-SMNM+ SMA to N-Type 4 1.9 27 112.95
CBL-6FT-SMNM+ SMA to N-Type 6 3.0 27 114.95
CBL-15FT-SMNM+ SMA to N-Type 15 7.3 27 156.95
CBL-2FT-NMNM+ N-Type 2 1.1 27 102.95
CBL-3FT-NMNM+ N-Type 3 1.5 27 105.95
CBL-6FT-NMNM+ N-Type 6 3.0 27 112.95
CBL-10FT-NMNM+ N-Type 10 4.7 27 156.95
CBL-15FT-NMNM+ N-Type 15 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 11.7 27 199.95
                                  Female to Male
CBL-3FT-SFSM+     SMA-F to SMA-M 3 1.5 27 93.95 
CBL-2FT-SFNM+ SMA-F to N-M 2 1.1 27 119.95
CBL-3FT-SFNM+ SMA-F to N-M 3 1.5 27 124.95
CBL-6FT-SFNM+ SMA-F to N-M 6 3.0 27 146.95
aRmoReD Cables       Male to Male
APC-6FT-NM-NM+ N-Type 6 3.0 27 181.95
APC-10FT-NM-NM+ N-Type 10 4.8 27 208.95
APC-15FT-NM-NM+ N-Type 15 7.3 27 243.95

       Tough armored Cables are steel triple shielded     
and qualified to at least 25,000 
bends. They're so rugged they can 
even pass a crush test of a 600lb.    
nitrogen tank over the cable 1000 
times, without any change in      
electrical performance. 

New!

6
       TEST
FLEX 

GUARANTEE* FLEX
mo.

6GUARANTEE 
mo.

*Mini-Circuits will repair or replace your test cable at its option if the 
connector attachment fails within six months of shipment. This guarantee 
excludes cable or connector interface damage from misuse or abuse.

metric sizes available on our Website

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

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see

        IF/RF MICROWAVE COMPONENTS

ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260
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Product Feature
HIRAI’s featured LTCC process, in-house plating, 
forming and mm-wave technologies enable you to 
design SiP with high Q and lower cost.

contact: Y.Kobayashi at, koba@hirai.co.jp
TEL +81.334991351

web.:    http://www.hirai.co.jp/index_e.html

”Reasonable device”Reasonable device--LTCC”LTCC”

R

L

C

=5

=18

=7

ANTENNA FEM

One week shipment after design freeze.

Design kit download -able from our web.

Design support possible up to 77GHz

DC&RF tests are available up to 67GHz

Special arrangement for the iterative dev.

LTCC
Foundry
Service

available for mea-
surement purposes. 
A coupl ing/de-
coupling tool facili-
tates handling, and 
assembling of the 
within-series adapt-
er (32_MBX) com-
pletes the range.

Blind Mateable 
Connection

As a blind mate-
able board-to-board 
connection, the 
MBX series enables the design of di-
rect RF connections between the 
boards. This design advantage enables 
size and weight reductions with re-
gard to the RF modules, particularly 
in the case of remote radio units. As 
well as the previously mentioned axial 
misalignment handling of ±1.2 mm 
(shown in Figure 1), other advantages 
include excellent power handling and 
the fact that the MBX product family 
complies with current and upcoming 
power specifications for radio modules.

The dimensions of the MBX inter-
face are similar to those of the SMA 
connectors, which ensure robustness 
and good power performance. Signifi-
cantly, the minimum board-to-board 
distance is a mere 13 mm, enabling a 
broad range of applications. Thanks to 
the ‘ball joint’ design (shown in Fig-
ure 2), no forces act upon the piece 
parts or soldering joints, which en-
sures a high level of reliability.

Reduced Cost of Ownership
The MBX Series’ technical speci-

fications, particularly the range of 
axial misalignment (±1.2 mm), which 
means that users can utilize the inter-
face for complex stack-ups, results in 
a significantly lower total cost of own-
ership. As the mechanical tolerances 
can now be greater with regard to 
modules, boards and other individual 
parts, the costs naturally fall, which is 
a driving factor in today’s economic 
environment with its preoccupation 
with cost-saving.

As has been outlined, the MBX 
series comprises a variety of RF con-
nectors. The range for the product 
launch was defined based on the pre-
dominant market needs, but addition-
al designs based on specific customer 
requirements can be realized. As 
HUBER+SUHNER designs, devel-

ops and produces in a user-oriented 
manner, customer-specific designs are 
available on request; for example, it 
can meet customer requirements for 
specific board-to-board distances to 
meet particular applications and the 
needs of the end-user.

HUBER+SUHNER has respond-
ed to market needs and developed 
a new series of RF board-to-board 
connectors that can cope with sig-
nificantly greater axial misalignment. 
Miniaturization is effectively support-
ed by having blind-mateable, direct 
board-to-board connections in place 
of assemblies. This makes smaller RF 
modules possible, with correspond-
ingly reduced weight.

With the MMBX, the company in-
troduced an interface that can handle 
extremely small board-to-board dis-
tances of 6.7 mm. With the new MBX, 
it has launched an interface that can 
handle the greatest axial misalign-
ment, and features a very small board-
to-board distance in the frequency 
range of up to 6 GHz.

HUBER+SUHNER AG,  
Herisau, Switzerland 
+41 71 353 41 11, 
www.hubersuhner.com.

RS No. 301

Visit http://mwj.hotims.com/28491-76

s Fig. 1  The MBX connector is designed to accommodate an axial 
misalignment of ± 1.2 mm.

s Fig. 2  The ball joint design eliminates 
forces on the piece parts or soldering joints.
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Typical Phase Noise Output
Frequency Output Power

Model Range Type 10 100 1K 10K 100K 1M Frequency (dBm, Min.)

XTO-05 5-130 MHz Ovenized Crystal -95 -120 -140 -155 -160 - 100 MHz 11
PLD 30-130 MHz P.L. Crystal -95 -115 -140 -155 -155 - 100 MHz 13
PLD-1C 130-1000 MHz P.L. Mult. Crystal -80 -100 -120 -130 -135 - 560 MHz 13
BCO .100-16.5 GHz P.L. Single Loop -65 -75 -80 -90 -115 - 16.35 GHz 13
VFS 1-14 GHz Multiple Freq. Dual Loop -60 -75 -110 -115 -115 - 12.5 GHz 13
DLCRO .8-26 GHz P.L. CRO Dual Loop -60 -85 -110 -115 -115 -138 10 GHz 13
PLDRO 2-40 GHz P.L. DRO Single/Dual -60 -80 -110 -115 -120 -145 10 GHz 13
CP .8-3.2 GHz P.L. CRO Single Loop -80 -110 -120 -130 -130 -140 2 GHz 13
CPM 4-15 GHz P.L. Mult. Single Loop -60 -90 -105 -110 -115 -130 12 GHz 13
ETCO .1-24 GHz Voltage Tuned CRO - - -70 -100 -120 -130 2-4 GHz* 13
* Octave band.

ad517 7.8125x10.75:ad 471  6/23/10  8:38 AM  Page 1
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Tech Brief

HFSS and HSPICE 
Solver on Demand in  
Ansoft Designer 6.0

Ansoft (part of the Ansys Inc. 
product portfolio) has always tar-
geted the most challenging engi-

neering problems in both the RF/micro-
wave and signal integrity design space with 
the combination of its industry-leading 3D 
EM HFSS and circuit/system/planar EM 
Design environment—Ansoft Designer. 
HFSS, the general-purpose 3D EM simu-
lator, solves components with the most 
complex, arbitrary geometries, while An-
soft Designer incorporates the resulting 
electrical model into the larger network 
including active devices and measurement 
test benches (for simulating EVM, ACPR, 
jitter, eye diagrams, etc.). Up until now, 
the products were separate entities, “dy-
namically-linked” through the company’s 
proprietary technology.

Ansoft Designer 6.0, which was pre-

viewed at this year’s IMS, allows HFSS to 
be operated completely from within the 
Ansoft Designer Environment. Models 
of RFIC layout, IC packages and PCBs 
can be imported to the environment us-
ing ECAD links to tools like Cadence, 
Mentor and Zuken. Designers can then 
assemble models that can be solved in 
HFSS without any further set up. Ansys 
calls this HFSS Solver on Demand. Mod-
eling, material properties, port set up and 
boundary conditions are set automatically. 
In addition, all aspects of the models can 
be parameterized to explore design varia-
tions and manufacturability.

Designer 6.0 is also now linked to the 
popular circuit simulator HSPICE from 
Synopsys. While ANSYS offers its own 
circuit simulator called Nexxim that runs 
within Designer, many signal integrity en-

gineers are locked into proprietary models 
and designs based on encrypted HSPICE. 
The new link supports simulation of 
HSPICE encrypted circuits and models. 
Engineers are now able to continue using 
these legacy designs with their simulation 
engine of choice, while integrating passive 
modeling results based on Ansoft’s EM 
simulation technology. Additionally, since 
HSPICE is a circuit solver engine only, 
without schematic capture or post-pro-
cessing, Designer provides HSPICE with 
a powerful user interface ideal for RF/mi-
crowave and high speed design.
ANSYS Inc.,  
Pittsburgh, PA (412) 261-3200, 
www.ansys.com and  
www.ansoft.com.
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685 Canton Street, Norwood, MA  02062  USA
16 Sussex Street, London SW1V 4RW UKB O S T O N   L O N D O N
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a day to +44 (0)20 7630-0166 Phone +44 (0)20 7596-8750  e-MAil artech-uk@artechhouse.com  All orders plus shipping/handling and applicable taxes.

Reduce 
test and 

packaging 
costs!

Visit ArtechHouse.com for a complete description and to order

New 2010 Release!

Hardcover • 198 pp. 2010 • ISBN: 978-1-59693-989-9  $99/£65

Wafer-Level Testing and Test During 
Burn-In for Integrated Circuits
Sudarshan Bahukudumbi, Intel Corporation, and 
Krishnendu Chakrabarty, Duke University

Constantly increasing test and packaging costs mean steeper 
product costs and lower profit margins. These costs can be 
better controlled and reduced through the use of wafer-level test 
and burn-in (WLTBI) techniques. This practical book serves as 
your personal tutorial, guiding you in implementing test solutions 
that can help you achieve higher shipped-product quality and 
lower product cost, especially for emerging technologies such 
as three-dimensional integrated circuits. This concise, yet 
comprehensive guide helps you:

n   �Implement wafer-level testing of integrated circuits under 
various resource constraints;

n   �Enable next generation products using previous generation 
testers;

n   �Utilize the latest industry practices and trends in WLTBI.

http://www.ansys.com
http://www.ansoft.com
http://ArtechHouse.com
http://www.artechhouse.com
mailto:artech@artechhouse.com
mailto:artech-uk@artechhouse.com
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    Choose any 8, LFCN, HFCN models.
Receive 5 of ea. model, for a total of 40 filters. 

Order your KWC-LHP FILTER KIT TODAY!

Wild Card KWC-LHP LTCC Filter Kits        
$98only

U.S. Patent 6, 943, 646RoHS compliant
o S

  CeramiC FiLT erS
Low Pass    bandPass    HigH Pass

Value Packed
  Recession Busters!

Over 120 models…45 MHz to 13 GHz
Measuring only 0.12" x 0.06", these tiny hermetically sealed filters utilize 
our advanced Low Temperature Co-fired Ceramic (LTCC) technology to 
offer superior thermal stability, high reliability, and very low cost, making 
them a must for your system requirements. Visit our website to choose 
and view comprehensive performance curves, data sheets, pcb layouts, 
and environmental specifications. And you can even order direct from 
our web store and have a unit in your hands as early as tomorrow!
Mini-Circuits...Your partners for success since 1969

In today’s tough economic situation there is no choice: Reducing cost while 
improving value is a must. Mini-Circuits has the solution…pay less and get more 
for your purchases with our industry leading ultra small ceramic filters.

141
Over 120 models…45 MHz to 13 GHz

®

The Design Engineers Search Engine finds the model you need, Instantly • For detailed performance specs & shopping online see
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ISO 9001 ISO 14001 AS 9100 CERTIFIED
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. patent 7739260
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Express Distribution 
Products Catalog

This edition is packed full of Aero-
flex/Weinschel products that can 
be shipped overnight via Argosy 
Component Sales. Express prod-
ucts include fixed attenuators 
(high power also), adapters, power 
splitter/dividers, terminations and 
DC blocks. This catalog also in-
cludes programmable attenua-
tors; connector systems (Planar 
Crown® and Planar Blindmate®); 
and phase shifters.

RF Signal Generators
AnaPico offers a range of RF sig-
nal generators designed to match 
different customer requirements 
and to provide a lightweight, 
compact and low cost alternative 
to high end laboratory grade in-
struments. Featured in the new 
catalog are: the APSIN3000 and 
APSIN6000, which are true hand-
held, low noise, fast switching 
instruments; the APSIN 6010 (9 
kHz to 6100 MHz), the company’s 
fastest-switching analog signal 
generator; the APGEN 3000 (9 
kHz to 3000 MHz), with 0.1 Hz 
frequency resolution, good signal 
quality and powerful trigger capa-

bilities; and the APPH 6000, a fully automated phase noise test system 
to 6 GHz. 

Frequency Control 
Solutions
Crystek specializes in providing 
high frequency, low phase noise 
solutions to the microwave and 
RF wireless industries. Crystek’s 
custom engineering solutions, 
manufacturing capabilities and 
quality control are unmatched in 
the industry. The Crystek frequen-
cy control lineup features VCOs, 
VCXOs, PLLs, XOs, TCXOs and 
quartz crystals, along with a full 
line of accessories such as RF coax 
cable assemblies, attenuators and 
filters. 

Aeroflex/Weinschel,  
Frederick, MD (301) 846-9222, www.weinschel.com.

RS No. 310

AnaPico Ltd.,  
Zurich, Switzerland +41 44 440 0051, www.anapico.com.

RS No. 313

Crystek Corp.,  
Fort Myers, FL (800) 237-3061, www.crystek.com.

RS No. 316

Application Notes

These free application notes pro-
vide insight into solving mea-
surement problems for both the 
design and manufacturing envi-
ronments. The new Power of X 
application note topics include 
solutions for securing successful 
first-pass component design, un-
derstanding X-parameter nonlin-
ear measurements and solutions 
for characterizing high power de-
vices using X-parameters to make 
nonlinear measurements of high 
power amplifiers. To request cop-
ies of the application notes, go to  
www.agilent.com/find/powerofx.

White Paper

A new white paper from AWR® 
entitled “A Plethora of Ports: Mak-
ing Sense of the Different Types 
of Ports in EM Planar Simulators” 
provides a fundamental under-
standing of ports so that design-
ers can select them properly in 
the process of circuit simulation. 
It traces the evolution of ports in 
EM simulation and examines all 
aspects of how they can be em-
ployed to make design simulation 
practical. The new white paper is 
a complement to “Understanding 
Grounding Concepts in EM Simu-
lators,” which explores the con-

cept, definition and use of “ground” in EM simulators. Both documents 
can be downloaded by visiting www.awrcorp.com/axiem.

Product Selection Guide

The product selection guide sum-
marizes over 825 products includ-
ing 35 new products and two new 
product lines. New for this pub-
lication is an expanded product 
line section featuring high speed 
clocked comparators, tunable 
filters, power conditioning and 
PLLs with integrated VCOs. Hit-
tite’s selection guide also contains 
a new Part Number index, product 
sections organized by IC products, 
connectorized modules and instru-
mentation and expanded market 
and application sections, and in-
cludes competitor cross reference 

tables. Request your copy of the selection guide at www.hittite.com.  

Agilent Technologies Inc.,  
Santa Clara, CA (800) 829-4444, www.agilent.com.

RS No. 311

AWR,  
El Segundo, CA (310) 726-3000, www.awrcorp.com.

RS No. 315

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

RS No. 318
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Product Selection Guide

Download TriQuint’s new and ex-
panded product selection guide 
(PSG), which includes hundreds 
of advanced RF solutions for mo-
bile device, 3G/4G wireless base 
station, optical, CATV/FTTH, 
WLAN, GPS/PND, defense and 
aerospace markets. It contains 
new components, modules and ap-
plication block diagrams. A print-
ed edition of this new PSG is in-
cluded with the May 2010 issue of 
Microwave Journal. One can also 
acquire printed copies through 
area TriQuint Sales Representa-
tives, or by contacting TriQuint.

Catalog Update

Product Catalog

JFW Industries announced the 
release of the company’s new, 
180-page catalog. This latest edi-
tion introduces 50 new models, 
including an impressive series of 
broadband programmable attenu-
ators that cover 0.2 to 6 GHz. Also 
showcased is JFW’s unique selec-
tion of high power solid-state RF 
switches. To request your copy, 
call JFW at (877) 887-4539 or visit 
www.jfwindustries.com.

Product Selection Guide

Visit www.rfmd.com to download 
the new 2010 RFMD Product 
Selection Guide, which provides 
specifications for over 850 prod-
ucts. The guide offers a broad port-
folio of RF components for the RF 
industry in an easy-to-use format, 
and lists products servicing over 20 
end-market segments. Individu-
als can cross-reference and search 
products using market application 
diagrams. 

JFW Industries,  
Indianapolis, IN (877) 887-4539, www.jfwindustries.com.

RS No. 319

RFMD,  
Greensboro, NC (336) 664-1233, www.rfmd.com.
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TriQuint Semiconductor,  
Hillsboro, OR (503) 615-9000, www.triquint.com.

RS No. 326

Product Selection Guide

This catalog highlights the com-
pany’s MW and RF components 
and provides a comprehensive 
product portfolio from discretes 
to integrated high power amplifi-
ers. RFHIC utilizes the most so-
phisticated technologies including 
hybrid solutions of GaN, and is a 
cost-effective solution provider. 
RFHIC has a strong relationship 
with CREE to provide the most 
mature GaN technology in the 
market. RFHIC is an ISO9001 
and 14001 certified company pro-
viding reliable and dependable 
products. 

Broadcast Catalog
This catalog presents the complete 
SPINNER broadcast product port-
folio, which includes multi channel 
combiners, bandpass filters, patch 
panels, parallel switching units, 
coaxial switches, RF lines, and 
monitoring and coaxial loads. It 
also includes all available informa-
tion on the company’s numerous 
new products in this field, such as 
components of the compact com-
bining and switching system. The 
catalog is available from the com-
pany’s website and is the first to uti-
lize the new visual design that the 
SPINNER Group has adopted to 
underline its leading role in terms 
of technology and quality.

RF Interconnect 
Catalog
TRU Corp.’s new catalog, RF 
and Microwave Interconnects, 
includes various types of cable 
assemblies including: general pur-
pose, quick disconnect, Cintru® 
flexible commercial, conformable 
and general purpose test. The 
catalog also includes a line of pre-
cision test adapters, quick change 
adapters, and a high power test 
and measurement cable kit with 
interchangeable connector head 
test adapters.

SPINNER GmbH,   
Munich, Germany +49 89 12601-0, www.spinner-group.com.  
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TRU Corp.,  
Peabody, MA (800) 262-9878, www.trucorporation.com.

RS No. 327

RFHIC,  
Gyeonggi-do, Korea +82-31-250-5011, www.rfhic.com.
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Design Software

Agilent recently announced tools for circuit-
level modeling through system verification for 
general RF/uW, 4G Comms and aero/defense 
applications including SystemVue 2010.01 and 
Genesys 2010.05. These software platforms add 
X-parameter support and move X-parameters 
beyond RF into system-level design. The non-
linear model support provides convenient and 
reliable design flow closure between wireless 
circuit designers, RF system architects, and 
non-analog colleagues doing communications 
PHY algorithms and baseband signal process-
ing. Time Domain Reflectometer (TDR) appli-
cation software option for the Agilent E5071C 
ENA network analyzer: This one-box solution is 
ideal for high-speed serial interconnect analysis 
and can be used by signal integrity engineers 
who require efficient design and verification in 
R&D, quality assurance and manufacturing.
Agilent Technologies Inc.,  
Santa Clara, CA (800) 829-4444,  
www.agilent.com.
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Advanced Measurement and 
Modeling Software

Maury Micro-
wave Corp. and 
AMCAD Engi-
neering have 
signed an exclu-
sive develop-
ment and distri-
bution agree- 

ment with regards to AMCAD’s advanced 
measurement suite, IVCAD, and its PIV/PLP 
family of pulsed IV systems. Development of 
IVCAD, which is currently available for sale, 
will continue over the upcoming year as a com-
plement to Maury’s long-standing ATS device 
characterization software. IVCAD will support 
multiple load pull techniques including tradi-
tional load pull using external instrumentation, 
VNA-based load pull, active load pull and hy-
brid load pull. It will perform noise parameter 
measurements, DC-IV and pulsed-IV measure-
ments as well as incorporate device modeling 
tools. Its modern visualization capabilities give 
users a greater ability to view, plot and graph 
measurement data in an intuitive manner.
AMCAD Engineering/ 
Maury Microwave Corp.,  
Ontario, CA (909) 987-4715,  
www.maurymw.com.
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High Frequency EDA

AWR recently announced new features coming 
in the 2010 release of Microwave Office®, AX-
IEM™, Visual System Simulator™ and Analog 
Office® design suites. New technologies such 
as iFilter™ lumped and distributed filter syn-
thesis software, antenna analysis and visualiza-
tion in AXIEM 3D planar EM software, and 
support for nonlinear behavioral models from 
many of the test equipment manufacturers 
were on display at IMS 2010. New feature high-
lights in Microwave Office include: nonlinear 
behavioral modeling support for Agilent’s X-pa-

rameters® and Mesuro’s Cardiff model; multi-
rate harmonic balance technology (MRHB™) 
improvements for even faster simulation times; 
and constant compression/constant output pow-
er simulation for computing compression from 
linear gain region or max gain region. New fea-
tures for AXIEM antenna analysis include: an-
tenna patterns for linear, circular and elliptical 
polarizations, etc.; numerous antenna measure-
ments including gain; and current visualization/
animation. VSS features include: time delay 
neural network advanced amplifier behavioral 
models for capturing memory effects; turbo de-
coders supporting 3G/4G standards and custom 
turbo codes; and additional RF models and en-
hancements to RF architecture design.
AWR Corp.,  
El Segundo, CA (310) 726-3000,  
www.awrcorp.com.
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Asymptotic Solver

Engineers simulating electrically large struc-
tures, either for radar cross-section analysis or for 
antenna placement studies, benefitted from the 
introduction of an asymptotic solver in CST MI-
CROWAVE STUDIO version 2010. This solver 
is based on the shooting bouncing ray method. 
With the latest CST STUDIO SUITE 2010 ser-
vice pack, significant functional enhancements 
have been made available to CST customers. 
The asymptotic solver can now use far-fields as 
excitation sources. These far-fields can be com-
puted by other CST MWS solvers including the 
transient and frequency domain solvers. This 
makes the calculation of an installed antenna’s 
far-field possible, even for an electrically large 
structure such as a ship. Importing more than 
one far-field enables the computation of the cou-
pling between several antennas, or of the total 
far-field including all antennas. 
CST,  
Darmstadt, Germany +49 6151 7303-0, 
www.cst.com.
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High-speed Simulation Software
Version 5.40 of 
the EMPIRE 
XCcel™ soft-
ware enables one 
simulation job to 
be distributed on 
multiple net-
worked PCs, 

thus speeding up simulation processes. The al-
most infinite extension of memory-space, based 
on the available PC network resources, means that 
a greater range of complexities can be addressed, 
i.e. by higher resolutions and/or larger dimen-
sions. Other features include: complete automa-
tion of distribution of files and data throughout the 
simulation, easy configuration capability for mul-
tiple hosts, transparent job-management by visu-
alization of configuration and processes, and the 
performance and simulation-speed scaled linearly 
with the number of PCs.
IMST GmbH,  
Kamp-Lintfort, Germany  
+49 2842 981 245,  
www.empire.de.
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Software Tool Features 3D

Version 8.0 of WASP-NET® features a new 3D 
structure editor, which is a convenient 3D data file 
import option, and two new fast 3D solvers: A fi-
nite-element/boundary integral (FE-BI) solver for 
arbitrary 3D waveguide, antenna and microstrip 
structures, and an integral equation solver for 
large-scale, open scattering and radiating struc-
tures. These new features combine with the CAD 
tool’s typical high computational speeds for direct, 
fast EM-based optimizations that are capable of 
solving challenging waveguide, coaxial, microstrip 
and antenna design problems. The new features 
will support microwave design engineers with 
practically unlimited CAD flexibility, combined 
with high EM CAD optimization performance.
Microwave Innovation Group (MiG), 
Bremen, Germany +49 421 22 37 96 60, 
www.mig-germany.com.
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3D EM Simulation Software
Remcom announced Fdtd, its 3D EM simulation 
software. XACT Accurate Cell Technology: Accu-
rately resolve even the most intricate designs with 
fewer computational resources. Benefits include 
faster run times and the power to simulate com-
plex geometries. XTend Script Library: Use the 
pre-loaded scripts in XF7 to automate your mod-
eling and design, customize them or request addi-
tional scripts at no cost. Multiphysics Toolset: Use 
XFdtd and Wireless InSite together to achieve a 
more complete, real-world antenna analysis.
Remcom,  
State College, PA (814) 861-1299,  
www.remcom.com. 
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High Frequency EM Software
Sonnet had a preview of the Sonnet Suites 
Release 13, a major new release planned for 
later this year on display at IMS 2010. Sonnet 
Suites Release 13 will provide designers with 
new model extraction techniques and enhanced 
modeling capabilities. 
Sonnet Software,  
North Syracuse, NY (315) 453-3096,  
www.sonnetsoftware.com.
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Electronic Design Automation
Synopsys’ latest technology enhancements to 
Galaxy Custom Designer and HSPICE include a 
demo that highlights phase noise and jitter analy-
sis of VCOs and PLLs, RFIC simulation using the 
advanced Harmonic Balance and Shooting New-
ton algorithms, Signal Integrity analysis with the 
most accurate nonlinear buffer models available, 
combined with powerful StatEye, S-parameter 
and transmission line analysis capabilities.
Synopsys Inc.,  
Mountain View, CA (650) 584-5000,  
www.synopsys.com.
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New Waves: Software and Design
For more new products, visit www.mwjournal.com/buyersguide  
featuring VENDORVIEWV  storefronts
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Wideband Microwave Amplifier

The Mini-Circuits AVA-24+ is a surface-mount, 
microwave amplifier and fully integrated gain 
block up to 20 GHz. It is packaged in Mini-Cir-
cuits’ industry standard 3×3 mm MCLP (QFN) 
package, which provides excellent RF and ther-
mal performance. The AVA-24+ integrates the 
entire matching network with the majority of the 
bias circuit inside the package, reducing the 
need for complicated external circuits. This ap-
proach makes the AVA-24+ extremely flexible 
and enables simple, straightforward use.
Mini-Circuits,  
Brooklyn, NY (718) 934-4500,  
www.minicircuits.com.
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SP4T MMIC Switch

This ceramic 
SMT packaged 
GaAs PHEMT 
SP4T MMIC 
switch is ideal 
for industrial 
sensors, test and 
measurement, 

microwave radio, military EW and space appli-
cations from DC to 20 GHz. The HMC641LC4 
is a GaAs PHEMT MMIC SP4T switch that is 
rated for operation from DC to 20 GHz. This 
wideband, non-reflective switch exhibits 2.1 dB 
insertion loss and 42 dB isolation at midband, 
and features an on-chip binary decoder that re-
quires only two control lines. High P1dB and 
input IP3 performance of +23 and +39 dBm, 
respectively, make the HMC641LC4 ideal for 
applications requiring wide bandwidth and 
moderate to high linearity. 
Hittite Microwave Corp.,  
Chelmsford, MA (978) 250-3343,  
www.hittite.com.
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System
Thermal Platform Systems

The Next Gen-
eration Total-
Temp Thermal 
Platforms are 
specifically de-
signed to deliver 
fast, efficient 
and precisely 

controlled temperature conditioning to a device 
under test. Utilizing COTS technology to pro-
vide the successful integration of an embedded 
copper tube cooling channel with a high density 
arrangement of long life durable AC cartridge 
heaters, TotalTemp provides a comprehensive 
system able to deliver hot and cold temperature 
cycling and conditioning on demand with tem-
perature ranges from -100° to +200°C.
TotalTemp Technologies Inc.,  
San Diego, CA (888) 712-2228,  
www.totaltemptech.com.
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excellent VSWR performance. Operating up to 
22 GHz, the BMA connectors are designed 
based on MIL standards and are suitable for 
communication base station equipment, rack-
and-panel applications with appropriate float-
mounted jacks, and building block systems such 
as radar. SMP connectors operate up to 40 GHz 
and have excellent vibration and shock perfor-
mance. Their design is also based on MIL stan-
dards, making them suitable for applications 
such as aerospace, military, broadband, instru-
mentation and telecoms.
GigaLane Co. Ltd.,  
Gyeonggi-do, Korea  
+82-31-233-7325,  
www.gigalane.com.
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Components
BMA and SMP Connectors 

Ranges of both BMA and SMP connectors have 
been introduced that offer precise mating and 

New Products
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THE BOOK END

mation and defi nitions of problems 
regarding EMI in communication 
systems. In addition, it gives expe-
rienced practitioners knowledge of 
how to solve possible problems in 
both digital and analog communi-
cation systems. The examples given 
are intended for an easier compre-
hension of otherwise demanding 
electromagnetic problems. The 
book’s primary audience includes 
designers, researchers and gradu-
ate students in the area of commu-
nications. There is an accompany-
ing program on CD that works in 
the LabVIEW environment on a 
PC Windows operating system.

EMI Protection for Communi-
cation Systems is a complete text 
covering all aspects of EMI and is 
appropriate for laymen, but also 
contains good instructional mate-
rial for practitioners in the fi eld 
to help solve problems with EMI 
appropriate for industry profes-
sionals, researchers and advanced 
students.

In recent years the protection 
of communication services op-
erating in the same adjacent 

channels has become more and 
more challenging. Communica-
tion systems need to be protected 
from natural and man-made in-
terference. Electromagnetic in-
terference (EMI) can be radiated 
or conducted, intentional or unin-
tentional. Understanding physical 
characteristics of wave propaga-
tion is necessary to comprehend 
the mechanisms of electric and 
magnetic coupling in the com-
munication signal paths. Different 
modulating techniques, as well as 
encoding and encrypting, can im-
prove bit error rates (BER) and 
signal quality. Communication sys-
tems must be designed properly, 
so that the performance of their 
system capabilities is not subject to 
degradation or complete loss due 
to electromagnetic interference.

Although there are numerous 
books available on electromag-
netic compatibility (EMC), signal 
processing and electromagnetic 
theory, not many offer a compre-
hensive description of technolo-
gies for the protection of commu-
nication systems, which includes 
discussions on the improvement 
of existing communication systems 
and the creation of new systems. 
EMI Protection for Communica-
tion Systems provides basic infor-

EMI Protection for 
Communication Systems

Krešimir Malaric’

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) 20 7596-8750

275 pages; $129, £79
ISBN: 978-1-59693-313-2

Modco Dual Band Synthesizers 
in a 0.6 inch square package.

MPB-3662
Date: MAY 4 2010
Set By: JRL
Colors: 4
Size: MICRO
Format: CREATED INHOUSE

The PDM832-1920VI is a dual band Syn-
thesizer designed to operate at 832MHz and 
1920MHz. It offers 
exceptional Phase 
Noise of -120dBc @ 
10kHz, -98dBc @ 
10kHz offset respec-
tively and +1dBm 
Power Output. PDF sampling sidebands are 
-75dBc, frequency isolation is -30dBc and  
Locktime is 3mS. Operating temperature 
range is -45 to +85 Degree C Package is 0.6 
inch square and 0.138 inch in height.  Cus-
tom designs and 0.5" square single band 
models are available.

www.modcoinc.com
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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 yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package materials
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Modco announces its MCS Series CRO’s. 
Low Vcc of 3.3V and current consump-
tion of 13ma and makes it ideal for battery 
powered applications. Model Number 
MCS1400-1470CR tunes 1400-1470MHz 
with a Vt of 0.3-2.7V It provides 0dBm 
output power. Phase Noise is -110dBc @ 
10kHz Pushing is 0.2MHz per volt and Pull-
ing is 0.9MHz. Many models are available. 

 www.modcoinc.com

Miniature 0.3 inch square CRO

Now available at:

or

Cost-effective Radiall 

SMP-MAX RF Coax 

Connectors with 

misalignment 

tolerances as high 

as .078” (2 mm)

and up to 3° tilt. www.radiall.com

www.molex.com 

   

Get More with 
SMP-MAX at 
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Wright Technologies excels at taking our customer’s
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battle tested know how, we stay on target and on budget.
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Across
5	An iterative process of selectively refining the finite ele-
ment mesh based on the results from a previous solution 
(2 words)
11	 Radio in which some or all of the physical layer func-
tions are software defined (3 words)
12	 A class of methods for converting a continuous opera-
tor problem (such as a differential equation) to a discrete 
problem
14	 Modulation technique that works by splitting the ra-
dio signal into multiple smaller sub-signals that are then 
transmitted simultaneously at different frequencies
15	 A scalar for which there exists a nonzero vector such 
that the scalar times the vector equals the value of the 
vector under a given linear transformation on a vector 
space
16	 Receive constellation error (3 words)
17	 A grid-based differential time-domain numerical mod-
eling method, which can be traced back to a seminal 1966 
paper by Kane Yee in IEEE Transactions on Antennas and 
Propagation
18	 Iterative method for solving a system of linear equa-
tions that derives approximations to the solution by mini-
mizing the residual over the subspace formed (2 words)

20	 A method used to calculate the steady-state frequen-
cy response of high-frequency electrical circuits, which 
include nonlinear and passive distributed elements (2 
words)
21	 A text-based file that describes the connectivity of an 
electronic design
23	 An operation that transforms the time domain infor-
mation into the frequency domain (2 words)
24	 A software standard for SDR that is proliferating 
beyond the original JTRS program into other programs 
around the world (3 words)

Down
1	 A widely used bipolar junction transistor model origi-
nally developed in 1970 and frequently used to model 
HBTs (hyphenated)
2	 System simulation engine co-developed by HP and UC 
Berkeley, which facilitates co-simulation of time, frequen-
cy and data flow technologies
3	 An agency of the United States DoD responsible for the 
development of new technology for use by the military, 
responsible for funding the MIMIC program
4	 A method of combining two amplitude-modulated (AM) 
signals into a single channel (3 words)
6	 Two-dimensional arrays of periodic resonant elements 

that interact with EM waves within certain frequency 
band(s) (3 words)
7	 Factorization of a matrix into some canonical form, used 
for solving complex systems of linear equations (2 words)
8	 A hardware description language (HDL) used to model 
electronic systems (2 words)
9	 Most frequently cited phase noise model
10	 Type of function used to solve inhomogeneous differ-
ential equations subject to boundary conditions (2 words)
13	 A type of simulation for high-frequency amplifiers, 
mixers, oscillators and subsystems that involves transient 
or modulated RF signals, introduced with HP-EEsof ADS (2 
words)
19	 The “A” in API, the programming interface (API) imple-
mented by a software program that enables it to interact 
with other software
20	 Practice of splitting the design into pieces, each piece 
becoming a “definition” that can be used as instances in 
the design; complex designs are often composed of these 
pieces known as sub-circuits
22	 Determines whether the physical layout of a particular 
chip layout satisfies a series of recommended manufac-
turing parameters, a major step during physical verifica-
tion signoff
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