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459 East Main Street  Denville, NJ 07834
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POWER DIVIDERS/
COMBINERS

2-way through 
16-way in N, 

SMA, BNC, TNC 
and 7/16 DIN 

connector styles 

ATTENUATORS
DIRECTIONAL & HYBRID 

COUPLERS

Average power 
handling from 

50W to 1kW. 
Standard 

coupling values 

DC BLOCKS

Available in N, 
BNC, TNC, SMA & 

7/16 DIN 
con�gurations . 

Power ratings to 
500 watts (2.5 

INTEGRATED ASSEMBLIES

Let MECA 
create an 

integrated 
assembly with 

any of our

BIAS TEES

Covering 
bands from 0.5 

– 2.5 GHz and 
0.7 to 2.7 GHz  

in 7/16 DIN, 

CIRCULATORS & ISOLATORS

In both N & 
SMA-Female 

connectors with 
average power 

ratings from 2 to 

RF LOADS

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 

ratings from 2 to ratings from 2 to 

from 0.4 to 18.0 GHz.

Most available in 
1 dB increments 

from 0 - 40dB. 
Power ratings 
from 2 to 150 

Watts. 18 GHz. of 3, 6, 10, 20, 30 and 40 dB.

kW peak).
 standard RF/Microwave 

products on 19” panels, shelves 
or enclosures.

SMA, N, BNC & TNC con�gurations 
with RF power ratings to 

300 watts (3 kW peak).

250 watts. “Popular” frequency 
bands between 0.7 - 18.0 GHz.

Power ratings 
from 1 to 500 

watts and 
frequency 

ranges up to 

Aviation

Earth Station

Instrumentation

L, S, C, X, and Ku Bands

Microwave Radio

Mobile Satellite

Radar 

Telemetry
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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products.  Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional
testing instruments.

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing.  And only Picoprobe  offers the
lowest loss, best  match,  low  inductance
power supplies, and current sources on a
single probe card.

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

Through unique modular design
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

GGB INDUSTRIES, INC.     •     P.O. BOX 10958     •     NAPLES, FL 34101
Telephone  (239) 643-4400     •     Fax   (239) 643-4403     •     E-mail  email@ggb.com     •    www.picoprobe.com

®

MWJGGB0409.indd   3 11/29/11   11:44 AM

mailto:mail@ggb.com
http://www.picoprobe.com


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

®

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
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442

448 rev H

POWER
SPLITTERS

COMBINERS
 as low as79 ¢

from2 kHz to18 GHzNOW!

The Industry’s Largest Selection includes THOUSANDS  
of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in 

coaxial, flat-pack, and surface-mount housings for 50 and 75  systems.
From 2-way through 48-way designs, with 0°, 90°, or 180° 

phase configurations, Mini-Circuits power splitters/combiners  offer 
outstanding performance for insertion loss, isolation, and VSWR. 

Decades of experience with multiple technologies make it all possible, from 
core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters, 
outline drawings, PCB layouts, and everything else you need to make a decision 

quickly, at minicircuits.com. Just enter your requirements, and our patented search 
engine, Yoni 2, searches actual test data to find the models that meet your needs.

All Mini-Circuits catalog models are in stock, 
continuously replenished, and backed by our 1-year guarantee. We even list 

current stock quantities and real-time availability, as well as pricing, to 
help our customers plan ahead and make quick decisions. 

So why wait? Take a look at minicircuits.com today! 

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 
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Avoid the Battlefield   
Interference Penalty!

www.polezero.com

To add them to your Comm Team,  
please call 513.870.4087

Y our receiver picks up all signals in the 
battle zone. That’s the problem!

Noise. Crosstalk. Greatly reduced range.  
lost, garbled communications.

Pole/Zero’s new, agile Extended Range 
Filters (ERF) are custom designed for 
all 30–512 MHz Software Defined Radio 
applications. These new SMT packaged 
ERFs are currently deployed in field tests 
by domestic and international teams.

The MICRO-ERF and the MINI-ERF’s  
from Pole/Zero extend range, increase  
link margins and win victories!
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Innovative Design Solutions for
Performance-Driven Applications

 

Aeroflex / Weinschel has 

been pioneering developments

in microwave and RF technolo-

gies for more than 58 years.

Today part of Aeroflex, we are

continuing to set new stan-

dards in component and sub-

system innovation with a wide

variety of new products to fit

the most demanding customer

applications.

Our mission is to provide

superior design capabilities,

products of consistently high

quality, and a high level of

service to help our customers

compete in today’s demanding

global markets.

From broadband to base 

stations, defense subsystems 

to satellites, whatever your

application, you can count on

Aeroflex / Weinschel for inno-

vative, high performance 

product solutions.

Call 800-638-2048

weinschel-sales@aeroflex.com

www.aeroflex.com/weinschel
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N O T E  F R O M  T H E  E D I T O R

020	 	 The Year That Was...
David Vye, Microwave Journal Editor
A brief review of this past year and a look ahead to 2012 as the industry forges forward with new opportunities

C O V E R  F E A T U R E
024		Using Smart People to Form Future Mobile Wireless Networks

Simon L. Cotton and William G. Scanlon, Queen’s University Belfast
Presents the results of some illustrative experiments that will help quantify the impact of the human body and related 
movements on signal reception and their implications in body-centric system design

M V P
042	 	 CST	STUDIO SUITE 2012: System Assembly and Modeling

CST of America
Introduction to CST’s newest release of CST STUDIO SUITE™, which comprises CST’s full 3D electromagnetic simulation 
as well as other tools, dedicated to specific problems, such as cable harness or EM/circuit co-simulation

S P E C I A L  R E P O R T S
046	 	 Underneath the Hood of 802.11ac

David A. Hall, National Instruments
In-depth look at some of the fundamental enabling features of the physical layer that allow the specification to support higher 
throughput

056	 	 EuMW 2011: Show Wrap-up By the Numbers
MWJ Staff

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

074	 	 Wideband Voltage Variable Attenuator with Fewer Components
Chin Leong Lim, Avago Technologies
Describes the design and construction of the variable resistance circuit, as well as its modeling and performance

086	 	 Compact Dual-mode, Dual-band, Microstrip Filter with Multiple Transmission Zeros
C.L. Wei, B.F. Jia, Z.J. Zhu and M.C. Tang, University of Electronic Science and Technology of China
Presents a compact microstrip, dual-mode, dual-band, bandpass filter with multiple transmission zeros and example design
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From Core Components to 
Integrated Solutions

The most important thing we build is trust

Product Technologies include:

• MMIC

• Filters

• Multipliers

• Amplifiers

Photo courtesy of U.S. DoD

• Control Systems

• Integrated Microwave Assemblies

• High Performance Antennas

• Composites and Radomes

• Precision Positioners

• RF Front-End Subsystems

For further infomation on Cobham capabilities, please contact us at sensorsales@cobham.com
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096		 Automated Cavity Perturbation Method for Measurement of 
Dielectric Constant 
Kirti Bansal, K.K. Jain, B.S. Matheru and U.C. Ray, Solid State Physics 
Laboratory  
Presents an automated cavity perturbation technique at X-Band using a VNA 
and LabVIEW software

S P E C I A L  R E P O R T

102		  2011 Editorial Index
A complete listing of 2011 Microwave Journal articles organized by subject and 
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108		  IQ Demodulator Integrates PLL/VCO to Reduce System Size
Analog Devices
Introduction to a series of highly integrated IQ demodulators with a 
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mm LFCSP package

114		  Extremely Rugged UHF 600 W LDMOS Transistors
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100 MHz 

to 20 GHz

Isolators/Circulators

As one of the leading suppliers of ferrite  

components in the industry, UTE Microwave 

has pioneered  innovative designs, quality 

craftsmanship and exceptionally high quality 

products. Custom designs, standards...many 

of them off-the-shelf, are the result of  over 

35 years of experience in the industry. UTE 

Microwave continues this tradition with new 

products for ever changing applications. 

Our broad line of HIGH POWER, low loss  

circulators and isolators spans the spectrum 

from below 100 MHz in coax/stripline units  

to waveguide devices at 18 GHz for both  

peak and average powers.

Our “POWER-LINE” 
serves the
COMMUNICATIONS, 
TELECOM, 
MEDICAL, SCIENTIFIC, 
TV, PCS and 
INDUSTRIAL 
markets.

For Military / Radar
Applications.

Features:
• Power levels to 5 KW CW, 75 KW Pk. 

• Low Intermod Units 

• Low Loss Options 

• Extended Octave Bandwidths

• Power Monitors and DC Blocks

• Iso Filter-Monitor Assemblies

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

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

The following models are examples of our High Power units

Broadband Units • Common Band Devices • High Isolation 
Units • Multiport Devices • Drop-In Devices • Wireless/PCN
Devices • High-Power Industrial/Medical Iso Adaptors
Waveguide Junctions • High-Power TV Units • VHF and UHF 
Devices                        sales@utemicrowave.com

Model No. Power Connectors Freq. Range

CT-1542-D 10 Kw Pk 1 Kw Av DIN 7/16 420–470 MHz

CT-2608-S 3 Kw Pk 300 W Av “Drop-in” 1.2–1.4 GHz

CT-3877-S 2.5 Kw Pk 250 W Av “Drop-in” 2.7–3.1 GHz

CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7–3.1 GHz

CT-1645-N 250 W Satcom N Conn. 240–320 MHz

CT-1739-D 20 Kw Pk 1 Kw Av DIN 7/16 128 MHz Medical

POWERHIGH

100 MHz HIGH POWER  Circulator for Medical, 
Scientific and Industrial applications

A new HIGH POWER Circulator suitable for FM Broadcast, 
Scientific and Medical applications is now available. The unit 
provides 10 MHz bandwidth in the 85–110 MHz spectrum.

Specifications are 20 dB min. isolation, 0.3 dB max. loss and 
1.25 max. VSWR. Operating power is 1 kW average and 25 kW 
peak. The 8-1/2" hex x 2" thick unit operates over a 15°–50° C  
temperature range. DIN 7/16 connectors are standard. Other 
units are available at higher frequencies.

HIGH POWER
Drop-in Series
A broad line of low loss HIGH 
POWER Drop-in circulators are 
available from VHF to Ku band 
including Kilowatt average power 
levels at VHF thru S band. L and 
S band radar are a specialty.  
A few of these are shown here.

A) 2.7–3.1 GHZ 1 kW pk, 100 W av

B) 1.2–1.4 GHZ 3 kW pk, 300 W av

C) UHF TV Band 5 kW pk, 500 W av

A.

B.

C.
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Free Webinars
Leading Technology Webinar Series
PCB and Package Co-design and Co-
optimization
This webinar looks at the challenges of 
designing high density circuits across the on-
chip, package and PCB domain using PCB 
package co-design and co-optimization for 
modeling and simulation.
Live webcast: 12/1/11, 11:30 AM ET
Presented by: CST

Leading Technology Webinar Series
Electromagnetic Simulation in Radar 
System Design
This webcast will discuss the application of CST 
STUDIO SUITE to a full radar system design. 
CST’s complete simulation technology enables 
the most appropriate method/solver to be 
applied to the diverse range of components 
typically found in a radar system.
Live webcast: 12/15/11, 11:30 AM ET
Presented by: CST

RF/Microwave Training Series
Radio Communications
This webinar examines some fundamental 
concepts behind today’s advanced radio 
communication systems using basic radio 
components in a block diagram that 
incorporates digital signal processing at RF 
frequencies.
Live webcast: 12/20/11, 11:00 AM ET
Sponsored by: AWR and Tektronix

Defence and Security Executive Forum
Video presentation of the Defence and Security 
Forum, including industry perspectives, market 
analysis and defence agency insights.
Available for on demand viewing 
Presented by: Microwave Journal
Sponsored by: Agilent Technologies, National 
Instruments, RFMD, Rohde & Schwarz and 
TriQuint Semiconductor
www.mwjournal.com/2011DefenceForum

Online Technical Papers
AWR’s Visual System Simulator 
Co-Simulates with NI’s LabVIEW for 
Enhanced Signal Processing Capabilities
Gent Paparisto, AWR Corp.

Integrated LNA Serves Base Station 
Needs
Chin-Leong Lim, Avago Technologies

Comparative Study of an Open 
Waveguide. Application to Deconvolution 
of a Magnetic Probe in Near-Field Zone
Presented by COMSOL

Accurate Co-Simulation of Surface-Mount 
Capacitors in Shunt Confi gurations
Presented by Modelithics

Bandwidth vs. Effi ciency Trades in RF 
Amplifi er Design
Greg Ramon, QinetiQ North America

Executive Interview
Peter Real, Vice President of 
Analog Devices’ Linear and RF 
group, discusses the company’s 
new products and how Analog 
Devices opened up its laboratory 
expertise with the “Circuits from 
the Lab” series.

Online

Join Us
(direct links at www.mwjournal.com)
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  Info & Free Samples

The New Low in Frequency Synthesis

  Features

Low Noise and Spurious Levels, 375MHz to 6GHz Frequency Synthesizers
Our new ultralow noise, integer-N frequency synthesizers provide best-in-class phase noise and spurious performance.
The LTC®6945 is a low noise, low 1/f corner PLL core for use with an external VCO while the LTC6946 is a complete
frequency synthesizer including a low phase noise VCO. The free, easy-to-use PLLWizardTM CAD tool quickly and accurately
simulates synthesizer performance to ensure an optimal design. So, creating low noise designs without performance 
compromises is done without losing sleep. 

• Low –226dBc/Hz Normalized In-Band
 Phase Noise Floor

• Industry’s Lowest In-Band 1/f Noise
 Corner

• Spurious Levels <–100dBc

• High Current 11mA Output Charge
 Pump Minimizes Loop Compensation
 Thermal Noise

• Programmable Output Divider for
 Wide Operating Frequency Range

ADC

Output
DividerPLL

LTC6946
VCO

REF
OSC

Outstanding Performance:

–226dBc/Hz Normalized In-Band
   Phase Noise Floor

–157dBc/Hz Output Noise Floor

<–100dBc Spurious Products

    , LT, LTC, LTM, Linear Technology and the Linear logo are 
registered trademarks and PLLWizard is a trademark of Linear 
Technology Corporation. All other trademarks are the property of 
their respective owners.

www.linear.com/product/LTC6946

1-800-4-LINEAR

Closed-Loop Phase Noise

Offset Frequency (Hz)

–140Ph
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e 
No
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e 

(d
Bc
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RMS NOISE = 0.61°
RMS JITTER = 296fs
fRF = 5.7GHz
fPFD = 10MHz
BW = 85kHz

Get the

www.linear.com/PLL
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INCREDIBLE 
HXG AMPLIFIERS

492 rev. A

Mini-Circuits System In Package
™

See minicircuits.com for specifications, performance data, and surprisingly low prices!
Mini-Circuits...we’re redefining what VALUE is all about!

IP3 +46 dBm!
P1dB +23 dBm    5V @ 146 mA

0.25 x 0.27 x 0.09"

Outstanding IP3, at low DC power. Mini-Circuits HXG  
amplifiers feature an eye-popping IP3 of +46 dBm, at only  
730 mW DC power. A typical gain of 15 dB, output power of 
23 dBm, and an IP3/P1dB ratio of 23 dB make them very use-
ful for output stage amplifiers. All this, and surprisingly low noise 
figures (2.4 dB) extend their usefulness to receiver front-end 
circuitry! All in all, the HXG family delivers incredible performance 
with less heat dissipation, for greater reliability and a longer life.

MSiP brings it all together. Our exclusive Mini-Circuits System 
in Package techniques utilize load-pull technology and careful 
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Note from the Editor

My hometown of Newburypo-
rt is located by the ocean at 
the mouth of the Merrimac 

River in the upper eastern corner of 
Massachusetts. Exploiting its natural 
resources, the first settlers were natu-
rally fisherman. As larger and more 
commercially successful fishing com-
munities took root in Gloucester and 
New Bedford, the city transitioned 
into a ship-building hub, designing and 
manufacturing the fast clipper ships 
needed to rapidly transport tea from 
China and the East Indies to Britain 
and the world in the 19th century. 

Then, as now, being first to market 
was essential to business success. And 
so, trade merchants needed faster, 
more efficient commercial vessels 
capable of a global reach, all design 
features of the Newburyport Clipper 
ships.  But eventually, the ship build-
ing business migrated to larger labor 
markets, such as Portsmouth, Boston, 
New York and beyond. With little 
land to farm, many inhabitants par-
layed their knowledge of building and 
working on trade ships into careers as 
merchants and traders. Today, many 
of the city’s residents carry on the 
global merchant tradition as business 
people seeking opportunities around 
the world. 

I keep this history in mind when 
considering our own industry’s need 
to evolve and seek opportunities 
wherever they might be located. The 
global economy is not a new concept. 
Many microwave companies have 
been building their off-shore busi-

ness for years. What is new is the in-
troduction of a unified microwave in-
dustry marketing channel under the  
Microwave Journal brand, specifically 
for companies doing business in China. 

In November, we announced the 
launch of Microwave Journal China, 
a bi-monthly magazine in simplified 
Chinese available in print and elec-
tronically. It will provide this market 
with articles and product informa-
tion from international companies as 
well as local interest news and events. 
Publisher Carl Sheffres and I trav-
elled to the 6th Annual International 
Microwave and Antenna Exhibition 
(IME 2012) in Shanghai to promote 
the new publication with a 20-page 
preview magazine. The response from 
Chinese engineers and international 
companies in attendance was over-
whelmingly positive. 

With tens of millions of new cel-
lular subscribers in China each year, 
utilizing networks that operate from 
2G to 4G, the demand for hardware is 
immense and the technical challenges 
are not trivial. In short, this is a mar-
ket looking to be served. But it is also 
one that has its fair share of business 
obstacles and pitfalls. With a dedicat-
ed Microwave Journal China media 
outlet, we hope to significantly reduce 
communication barriers between sup-
plier and engineer. As an industry, I 
believe we can leverage our combined 
strength to open up new opportunities 
for all.  We always have in the past.

Of course, connecting technology 
companies to end-users is a concern 
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The Year That Was…

throughout the industry and we saw 
some interesting trends in 2011. I am 
pleased that most microwave compa-
nies recognized the value of technical 
content and choose to market their 
products through a constructive tech-
nical discussion with their prospective 
customers. This conversation took 
many forms in 2011. On the editorial 
side, we experienced a healthy uptick 
in companies willing to submit articles 
detailing their technological advances. 

This editorial influx was in addition 
to the steady stream of product fea-
tures, new product announcements 
and tech briefs we frequently receive. 
We also published 50 online exclusive 
white papers this year. Less prolific 
writers still managed to stay in front of 
their intended audience with mean-
ingful print advertising. I applaud ev-
eryone who produced ads that caught 
readers’ attention while educating 
them. Never underestimate how 
much the industry stays informed by 
gazing at ads while thumbing through 
Microwave Journal.  

Connecting at an even higher level 
requires a conversation between pre-
senter and audience. This past year, 
we saw an increase in microwave 
companies exploring new ways to hold 
conversations with their customers. 
For instance, the number of webinars 
with question and answer sessions 
doubled in 2011 over the previous 
year.  This format was not restricted to 
webinars. This year, Microwave Jour-
nal organized expert forums on non-

David Vye, Microwave Journal Editor

(Continued on page 22)
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cial house has yet to fi nd terra fi rma 
due to the fi scal woes of its economi-
cally weak members. Ah well, it is all 
part of an evolving world. Change is 
constant, just as it was for the 19th 
century inhabitants of Newburyport – 
adapt or perish.

Consider one of the biggest events 
of the year – the “Arab Spring.” For-
get about bringing democracy to the 
Middle East by way of shock and awe, 
it was the self-immolation of a Tuni-
sian street vendor that sparked public 
uprisings that brought down dictator-
ships in Tunisia, Egypt, and Libya and 
threatens those in Yemen and Syria. 
To be sure, the efforts of the former 
rebels in Libya would not have suc-
ceeded in getting rid of Muammar 
Gaddafi  without NATO’s technol-
ogy and fi repower providing support. 
Likewise, technology by way of UAV 
surveillance provided the necessary 
intelligence to make the Navy Seals 
successful in their operation to take 
out Osama Bin Laden. 

Military strategists saw this dynam-
ic at play and coined the term “asym-
metric warfare.” The asymmetric 
nature of today’s battlefi eld can be a 
threat or a weapon depending on how 
planners engage their adversaries. 
The lessons of Iraq and Afghanistan 
showed that technology and brute 
strength alone do not ensure success. 
And so defense spending is undergo-
ing a transformation.

According to the market research 
presented by Strategy Analytics in our 
Defence & Security Forum at EuMW, 
the military is interested in strength-
ening the capabilities of its electronics 
systems specifi cally for this new kind 
of engagement. Accordingly, budgets 
will look to upgrade systems with an 
emphasis on being cheaper, faster and 
better. Delivering on these require-
ments may spare your business from 
a devastating downturn in future de-
fense spending cuts.  If not, perhaps 
you should look to the emerging com-
mercial markets in China.

The take-away is this – technology 
and individual effort make the differ-
ence to bring about change. Waiting 
for opportunities is not the same as 
actively seeking them. Take stock in 
your strengths, be knowledgeable 
of the changes taking place globally, 
align the two and let’s take on the 
world.

can have a pesky way of impacting 
our fate. The Tea Party-led victories 
of last year’s mid-term election have 
the US government nearly grinding to 
a halt every other month as a divided 
Congress argues over spending. On 
the brink of letting the whole system 
collapse, we wait to see who blinks 
fi rst – cuts to defense or entitlement 
spending or higher taxes for corpora-
tions and the top one percent (those 
scorned by Occupy Wall-Street empa-
thizers). Meanwhile, Europe’s fi nan-

linear device characterization (IMS 
MicroApps), MIMO over-the-air 
testing (CTIA Wireless) and Defence 
& Security (European Microwave 
Week). We believe smaller, focused 
expert forums are of increasing im-
portance to RF/microwave engineers 
who want to stay well-informed on the 
latest technologies, applications and 
market opportunities. Look for more 
of them in 2012.

Of course, our industry does not 
operate in a vacuum and global events 
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Using Smart People 
to Form Future Mobile 
Wireless Networks

As demand for high data rate applications 
on the move continues to rise, cellular 
network and mobile hardware designers 

will continue to vigorously push the boundar-
ies on the maximum rate at which information 
can be transmitted over wireless communi-
cations channels. One exciting possibility to 
supplement mobile communications is to use 
network users themselves as relays by employ-
ing cooperative communications. In this article 
we introduce the concept of a body-to-body 
network, where smart communicating devices 
carried or worn by a person are used to form 
a wireless network with devices situated on 
other nearby persons. By using body-to-body 
networks operating in the popular Industrial, 
Scientific and Medical bands, it will be possible 
to complement and extend existing infrastruc-
ture networks by supporting network capac-
ity, improving data rates and promoting green 
spectrum usage. We present the results of 
some illustrative experiments that will help to 
quantify the impact of the human body and re-
lated movements on signal reception and their 
implications in body-centric system design.

Recent years have seen significant uptake of 
new so-called “smart phones” where the end 
user has access to a host of different functional-
ity such as e-mail, web browser, media player, 
positioning information and on-board high def-
inition (HD) video camera as well as the abil-
ity to make voice calls. New innovations in this 
area will see the form factor of smart devices 
being modified, so that they may be worn on 

the human body (for example, Sony’s Nextep 
concept) or integrated into clothing, in the 
process creating a new generation of “smart” 
people. This explosion of intelligent technol-
ogy and its associated high bandwidth require-
ments will place increased demands on mo-
bile wireless networks. This high demand for 
data services is already being experienced in 
densely populated areas, such as sports venues, 
rail stations and airports. Network and service 
providers are currently trying to meet these 
needs through the introduction of long term 
evolution (LTE) and WiMAX technologies 
which aim to provide individual networks users 
with multi-megabit data rates. Another popu-
lar measure, which aims to alleviate the strain 
on cellular networks and extend the range of 
data services into difficult to reach and densely 
populated areas, is the use of WiFi hotspots.

While network operators are already plan-
ning for the fourth generation (4G) of cellular 
wireless standards to include the implementa-
tion of LTE Advanced capable networks, an-
other as-of-yet unexplored possibility, which 
may help to sustain high data rates and extend 
the range of infrastructure networks, is to use 
the network users themselves as simplified ad 
hoc base stations. This will be achieved by cre-
ating vast body-to-body networks of interlinked 
wireless devices, carried, worn or integrated 

Simon L. Cotton and  
William G. Scanlon
Queen’s University Belfast, UK
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into clothing. These networks will al-
low data to be routed from person-to-
person before being forwarded to the 
recipient or the relevant infrastruc-
ture network if necessary. In the cre-
ation of body-to-body networks there 
will be many issues that will impact 
the design of physical and medium ac-
cess layers. In this article, we briefly 
discuss some of these issues before fo-
cussing on how the human body itself 
will affect these links.

Body-to-Body Network 
Concept

In its simplest form, a body-to-
body network (BBN) is a type of mo-
bile ad hoc network in which constitu-
ent wireless nodes are either carried 
or worn by people. By creating vast 
cooperative BBNs in densely popu-
lated areas, cellular network provid-
ers have opportunity to truly achieve 
“anytime, anywhere” connectivity and 
multi-megabit or even gigabit down-
load rates (if using ultra short-range 
millimeter-wave communications1). 
The term “cooperative” relates to the 
idea that all users of a BBN should 
contribute a nominal amount of their 
bandwidth to forward data relayed by 
other network users, thus acting in a 
cooperative manner for the greater 
benefit of the network. To illustrate 
the concept of a BBN and how it 
could be used to support mobile com-
munications, consider the simple, but 
relatively common scenario depicted 
in Figure 1a. Here we have two cellu-
lar network users who wish to transfer 
data (for example, video, music or just 
social networking information) to one 
another within the same network cell. 
Using traditional cellular architec-
ture, the data originating from person 
A would be routed through the local 
base station to person B. Now consid-
er the identical communications pro-
cess, whereby person A wishes to send 
data to person B who is still within the 
locality except this time, they will use 
a BBN to cooperatively relay the data. 
This scenario is shown in Figure 1b, 
where instead of uploading the data 
to the nearby base station, person A 
transmits the data over a much shorter 
distance to other BBN users in a lo-
cal vicinity. The data is then routed 
through the BBN until it reaches the 
intended recipient, person B. Among 
the key benefits of body-to-body net-
working are that it provides the op-

portunity for both multicasting and 
multiplexing of the data. In the case 
of multicasting, multiple copies of the 
data are sent purposely to multiple 
recipients. In multiplexing, used, for 
example, in large file transfer (such 
as, HD video), the data may be bro-
ken into smaller components by the 
sender’s smart device before taking 
separate network paths through the 
BBN and being reassembled by the 
recipient.

Antenna techniques like sector-
ization and channel access technolo-
gies, such as wideband code division 
multiple access (W-CDMA) and the 
orthogonal frequency-division mul-
tiple access (OFDMA) scheme used 
in LTE, promote frequency reuse 
within cellular networks. In BBNs, 
because signal propagation is likely to 
occur over distances of a few meters 
to a maximum of 100 meters, frequen-
cy reuse can be achieved over much 
shorter distances, in the process pro-
moting so-called “green” spectrum us-
age. Furthermore, because BBN us-
ers are transmitting over much short-
er distances, the power amplifier in 
the smart device’s transmit chain used 
for body-to-body communications 
will not be required to operate with 
as high an output level, in the pro-
cess saving valuable battery energy. As 
shown in Figure 1b, BBNs will com-
plement existing infrastructure based 
networks by extending their coverage 
into difficult to reach places such as 
indoor environments, as it only takes 

one person within a BBN to be con-
nected to a particular infrastructure 
network and this person (node) can 
act as a gateway for the whole BBN. 
In the long term, this may have the 
added benefit of helping to reduce 
controversial base station densities in 
areas like city centers.

Issues Affecting BBNs
Applications of body-to-body net-

working will extend well beyond the 
support of cellular and Wi-Fi net-
works as described above. They will 
also be used in short-range covert 
military applications,1 first responder 
applications,2 team sports and used 
to interconnect body area networks 
(BAN).3 In this respect, the wire-
less technology used to interconnect 
body-worn devices will ultimately de-
pend on the application. For example, 
low data rate applications, such as 
positioning and health monitoring 
systems likely to be used by first re-
sponders, may utilize technologies like  
ZigBee4, which operates in unlicensed 
worldwide frequency allocations in 
the 868/915 MHz and 2.45 GHz In-
dustrial, Scientific and Medical (ISM) 
bands. To complement cellular and 
other infrastructure networks, BBNs 
may operate using mobile ad hoc net-
working based on WiFi. The main 
reasoning and advantage here is that 
many smart devices already feature 
WiFi chipsets that could be used for 
communications.

Like any mobile ad hoc or mesh net-

s Fig. 1  Data communications between two cellular network users, persons A and B, who are 
(a) within the same network cell and (b) using a BBN.
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work, the use of BBNs to supplement 
cellular and other infrastructure net-
works will mean that communications 
are susceptible to increased latency 
due to the additional hops required 
to route traffic. Security will also be a 
major issue as routing between mul-
tiple nodes will increase the risk of 
unauthorized access and compromise 
sensitive data. This will add complex-
ity to the medium access layer (MAC) 
and network management. At candi-
date ultra-high frequency (UHF) and 
microwave frequencies, hardware de-
signed to operate in BBNs, such as an-
tennas, will be subject to time varying 
electromagnetic interaction effects. 
These include near-field coupling, ra-
diation pattern distortion and shifts in 
antenna impedance,5,6 which may de-
grade the efficiency of the body-worn 
system and reduce signal reliability. 
Successful operation of physical layer 
(PHY) attributes, such as antennas, 
transceiver hardware and modula-
tion schemes, will also be dependent 
upon a thorough knowledge of the 
radio propagation channel, which is 
discussed next.

Signal Propagation in BBNs
Body-to-body communication 

channels2 found in BBNs differ sig-
nificantly from conventional fixed-to-
mobile or off-body channels,7 where 
the base station is fixed, typically el-
evated and often relatively free of lo-
cal scattering. Figure 2 shows three 

of the main communication scenarios 
likely to be encountered in body-to-
body networking. In these examples 
we have assumed that the antennas 
are positioned on each person’s front 
central chest region although, in real-
ity, communications equipment used 
for BBNs could be carried or worn on 
any region of the body. To illustrate 
the impact of some of these scenarios 
on narrowband signal reception in 
BBNs, we use the results of some rep-
resentative experiments conducted 
at the ISM frequency of 2.45 GHz.8 
In these experiments, a novel flexible 
patch antenna (see Figure 3) that was 
designed to be resonant on the hu-
man body with a peak gain in the off-
body direction of +6.2 dBi and −10 dB 
bandwidth of 55 MHz (2.398 to 2.453 
GHz) was placed at the front central 
chest region of two male test subjects 
using a small strip of Velcro and 
without the use of a dielectric spacer. 
The measurement hardware used in 
these trials consisted of the body sen-
sor node (BSN) platform developed 
by Imperial College London. The 
transceiver section of the node uti-
lized a Texas Instruments CC2420,9 
which has a linear dynamic operat-
ing range of approximately 100 dB, 
maximum transmit power of 0 dBm 
and a receive sensitivity of −95 dBm. 
A transmitter node attached to person 
A was configured to transmit a con-
tinuous wave signal with a power level 
of 0 dBm at 2.45 GHz. The receiver 

s Fig. 2  Illustration of the most common communication scenarios: (a) LOS, (b) NLOS where 
one body obstructs the LOS path and (c) dual-NLOS where both bodies obstruct the LOS path.

A. LINE OF SIGHT

B. NON-LINE OF SIGHT

C. DUAL NON-LINE
OF SIGHT

DIFFRACTED
COMPONENTS

REFLECTED
COMPONENTS

SURFACE WAVE

COMPLETE SHADOWING
OCCURS WHEN BLOCKING
BY THE BODY COMPLETELY

REDUCES THE SIGNAL
BELOW THE NOISE

THRESHOLD OF
THE RECEIVER

REGION PARTIALLY
SHADOWED BY THE BODY

BUT CANNOT
ALWAYS

GUARANTEE
ITS PRESENCE

MULTIPATH MAY
HELP MITIGATE

BODY SHADOWING

ANTENNA

 12M27 Final PROOF.indd   28 11/29/11   2:03 PM

http://WWW.NORDENGROUP.COM


MWJANSYS0211.indd   29 11/29/11   12:01 PM

http://www.ansys.com


30 	 MICROWAVE JOURNAL n DECEMBER 2011

Cover Feature

piration and biomechanical actions, 
such as movement of the limbs. In 
Equation 1, P0 (dB) is the path loss 
measured at a reference distance (in 
these experiments, 1 m), n is the path 
loss exponent, d is the distance be-
tween the transmit and receive anten-
nas and d0 is the reference distance.
P P n d d

X V
dB dB

BS dB SM dB

( ) ( )

( ) (

log( / ) ( )= + +

−
0 010 1

))

Figure 4 shows the measured 
received signal power as person A 
walked in a straight line toward person 
B from a position 15 m away. To cal-
culate the estimated received signal 
power at a particular distance in per-
son A’s journey toward person B, time 
was translated to distance using the 
estimate of person A’s walking speed 
(∼0.88 m/s). Using Equation 1 and 
converting the measured received sig-
nal power to path loss, the exponent n 
and path loss at the reference distance 
were calculated and found to be n = 
2.9 and P0 = 29.6 dB.

Similar to shadow fading in mobile 
communications channels, the XBS 
component of the received signal is as-
sumed to follow a lognormal distribu-
tion. Lognormal random variables can 
be viewed as the result of a number 
of multiplicative factors that become 
additive under logarithmic transfor-
mation. The µ and  parameters of 
the lognormal PDF most likely to 
have generated the XBS component of 
the signal were found to be µ = 0 and  
 = 0.2. In mobile communications 
channels, it is often assumed that the 
short-term fading component of the 
received signal is subject to Rayleigh 
fading. In Rayleigh fading, the re-
ceived signal is viewed as the resultant 
of a large number of scattered signal 

node was then attached to person B 
and was programmed to record the 
8-bit received signal strength indica-
tor (RSSI) obtained from the CC2420 
every 16 ms. To limit the influence of 
environmental multipath and, hence, 
ensure the variations in the received 
signal level were due to the human 
body itself, the measurements were 
conducted in a low multipath outdoor 
environment.8

Scenario A (LOS)
If we initially ignore environmen-

tal multipath, scenario A illustrates 
the situation where two persons face 
each other with an antenna positioned 
on the front of the body. In this case, 
signal propagation will be predomi-
nantly via line of sight (LOS) through 
free space propagation, with some 
supplementary multipath contribu-
tions caused by scattering and reflec-
tion from the body surface. Because 
of this, it is necessary to add two extra 
parameters to the popular log-dis-
tance path loss model commonly used 
by wireless engineers to estimate sig-
nal loss over distance. These two pa-
rameters account for body shadowing 
(XBS), slower physiological processes 
and small movements (XSM), such as, 
rapid fluctuations in the signal due to 
much smaller changes in body posture 
akin to small scale fading. Examples of 
slower physiological processes are res-

s Fig. 3  Wearable flexible antenna attached 
to BSN node along with radiation patterns.
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s Fig. 4  Received signal power and esti-
mated signal power as person A walked in 
LOS toward person B from 15 to 1 m points.
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complex propagation scenario creates 
a signal shadowing region at the front 
of the person, a mechanism common-
ly referred to as human body shadow-
ing.11 Additionally, when the desired 
signal falls below the noise threshold 
of the receiver, complete shadowing 
will occur.

Figure 5 shows the received signal 
power as person A walked in NLOS 
from a distance of 1 m from person B 
to a point 15 m away. One issue that be-
came evident from this scenario, which 
will have implications for the future de-
sign of hardware to be used in BBNs, is 
the dynamic range required for opera-
tion. Even though the receiver section 
of the CC2420 has a linear dynamic 
operating range of approximately 100 
dB, for scenarios where one body shad-
ows the direct LOS path and when the 

components arriving 
at the receiver, each 
with random ampli-
tude and uniform 
phase. In body-to-
body communica-
tion channels, where 
a dominant signal 
component (LOS or 
strong on-body re-
flection) may exist, 
it will be more ap-
propriate to model 
the received signal 
as exhibiting Ricean 
fading,10 which as-
sumes a scattered 
signal component 
alongside a single 
signal component, 
which dominates 
over the scattered 
signal. An important 
figure, associated 
with Ricean fad-
ing is the Ricean-K 
factor. The Ricean-
K factor is used to 
characterize the 
degree of fading in 
a wireless channel 
and is defined as the 
ratio of the square of 
the dominant com-
ponent (A2) to the 
average scattered 
power (2s2), such as, 
K = A2/2s2. When 
K  0 and hence 
the dominant com-
ponent A decreases, 
the fading becomes closer to Rayleigh 
fading, and as K  ∞, the channel no 
longer exhibits fading. The Ricean-K 
factor for this scenario was extreme-
ly large (K  200), which shows that 
under direct LOS conditions and in 
body-to-body communications chan-
nels, there is very little fading due to 
small body movements.

Scenario B (NLOS)
At UHF and microwave frequen-

cies, the human body acts as an inho-
mogeneous interfering object. Thus, 
as shown in scenario B, when one 
of the persons turns so that his body 
obstructs the main LOS signal path, 
the communications link becomes de-
pendent on diffracted, reflected, scat-
tered and trapped surface wave com-
ponents. As shown in Figure 2, this 

s Fig. 5  Received signal power and estimated signal power as per-
son A walked in NLOS away from person B from 1 to 15 m points.
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tenuation occurs compared to the LOS 
case. This undesirable consequence of 
body shadowing is further exacerbated 
by an increase in the spread of the XBS 
component of the received signal (µ =
0.02 and σ = 0.28). Additionally, the 
Ricean-K factor of the XSM component 
was signifi cantly reduced (K ∼ 18) al-
though this value infers that a domi-
nant signal component still exists.

SCENARIO C (DUAL-NLOS)
The situation depicted in scenario 

C, where both persons’ bodies now 
obscure the main LOS, may be viewed 
as one of the most complicated signal 
propagation scenarios to analyze and 
indeed compensate for in BBNs. To 
examine this scenario, persons A and 
B stood with an initial at a separation 
distance of 5 m in an outdoor environ-
ment. They then proceeded to walk 
toward each other, meeting at the 2.5 
m point before turning and walking  
back to their star ting positions. What 
is immediately obvious from Figure 6
is that, even at very short separation 
distances, the communications link in 
a BBN will be heavily susceptible to 
dual-body shadowing events. This can 
be seen from the time series at ap-
proximately 4 to 6 seconds as the two 
persons begin to turn, the received 
power level immediately begins to de-
teriorate, eventually dropping below 
the noise threshold of the BSN node 
when the persons fi nally enter dual 
NLOS channel conditions. There-
fore, not only will wireless hardware 
designed to operate in BBNs have to 
contend with signifi cant variations in 
received signal levels, but protocols 
will have to be resilient to extended 
periods of outage and have the abil-
ity to readily reroute communications 
through other nearby BBN users.

MITIGATION OF BODY 
SHADOWING AND FADING

Antennas: Antennas designed to 
operate in body centric communica-
tions systems may be broadly cat-
egorized as on- or off-body radiators, 
according to their radiation pattern 
characteristics when mounted on the 
human body. As shown in Figure 3, 
the patch antenna used for the exam-
ples described above was designed to 
provide maximum gain in an off-body 
direction. This will be advantageous 
in BBNs when it is desired to have 
communications that occur over ex-

Equivalently, if an extra gain stage is 
introduced to the transmit and receive 
chains, it will signifi cantly reduce bat-
tery life or increase the size of the de-
vice if a greater capacity battery is used. 
Using the same procedure for treating 
the data as in scenario A, the parameter 
estimates for the path loss in this sce-
nario were n = 1.5 and P0 = 79.6 dB. It 
can be seen quite clearly that for body-
to-body signal propagation in which 
one person’s body completely shadows 
the direct LOS an extra 50 dB signal at-

straight line distance between the two 
persons exceeded 6 m, the received 
signal power regularly entered the 
region beyond the noise threshold of 
the receiver. Because of this, only the 
fi rst 6 s of this scenario were used for 
this analysis (inset shown in Figure 5). 
While it could be argued that a more 
omni-directional antenna may help to 
sustain the link in this scenario, the 
subsequent reduction in antenna gain 
may reduce the distance over which 
the hardware could effectively operate.
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NLOS channels where there is insuf-
ficient environmental multipath avail-
able to sustain the link.

Spatial Diversity: Another pos-
sible method of improving PHY layer 
performance may be to use diversity 
combining based on multiple, spa-
tially separated antennas. Distributing 
antennas in smart garments will facili-
tate greater spacing, reducing nega-
tive effects associated with diversity 
arrangements in mobile handsets such 
as undesired correlation and mutual 
coupling. For example, consider the 
highly demanding application of first 
responders attending an emergency 
within a building.2 Using the distrib-
uted antenna system shown in Figure 
7, operating at the ISM frequency of 
2.45 GHz with a maximal ratio com-
bining scheme, up to 8.69 dB diver-
sity gain can be made available at 90 
percent signal reliability when four 
spatially separated antennas are used 
at the receiver. Empirical cumula-
tive distribution functions (CDF) are 
shown for the right-head positioned 
antenna, four branch selection com-
bining (SC), maximal ratio combin-
ing (MRC) and equal gain combining 
(EGC). Note that all CDFs are rela-
tive to the mean of the branch with the 
highest mean signal level (right-head). 
By using multiple antennas at both 
ends of a body-to-body communica-

tion may prove advantageous in dual 
NLOS situations as electromagnetic 
waves will be forced out and around 
the side (toward the back) of the hu-
man body using trapped surface and 
diffracted wave modes of propaga-
tion. Thus, new hybrid on/off body 
antennas, such as the one proposed in 
Scanlon and Chandran,12 which have 
the ability to electronically switch be-
tween on- and off-body modes may 
prove indispensible for future BBN 
communications, especially in dual 

tended distances. However, as shown 
for scenarios B and C, because of the 
relatively directive radiation charac-
teristics, this type of antenna can suf-
fer from the effects of body shadow-
ing. On-body antennas, because of 
their application space, are typically 
designed to maximize electromag-
netic radiation across the body surface 
and minimize radiation in an off-body 
direction. While this may seem coun-
terintuitive for body-to-body applica-
tions, an on-body mode of propaga-

s Fig. 7  Antenna arrangement for four 
branch diversity systems with empirical 
cumulative distribution functions (CDF) for 
various configurations.
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8 3.0-15.0 1.3 15 0.5 dB PS8-15
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sons’ bodies obstruct the main LOS 
path.

Mitigation of body shadowing will 
most likely come in the form of in-
novative antenna design and multiple 
antenna systems, such as diversity and 
MIMO, made possible by the fabrica-
tion of fashionable smart garments. 
Recent advancements in millimeter-
wave technology mean that it will 
soon be feasible to use ISM frequen-
cies in the 59 to 66 GHz range to 
provide high bandwidth capabilities 
for a range of BBN applications. The 
propagation characteristics at this part 
of the spectrum will provide many 
benefi ts for short-range body-to-body 
communications, especially in densely 
populated areas. For example, the 
higher path loss, when compared to 
the microwave region of the radio 
spectrum, will mean BBN users will 
benefi t from even better frequency re-
use due to much shorter hops as well 
as the potential of achieving data rates 
in excess of 2 Gb/s. Furthermore, the 
short signal wavelength (λ ≈ 5 mm), 
will also support the development of 
truly miniaturized devices that will be 
ideal for wearing on the human body 
or integration into clothing. 
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The key challenge facing RF engineers to-
day is to minimize the time taken for the 
design and optimization of components, 

but the ability to do so is impeded by the need 
to use different EM simulation tools for differ-
ent aspects of the design. By embedding state-
of-the-art solvers based on different numerical 
techniques, such as Finite Integration Technique 
(FIT), Finite Element Method (FEM) or Method of 
Moments (MoM), in one single user interface, 
CST has provided engineers with a universal 
toolbox to choose from. However, although the 
optimization of individual components in isola-
tion is important, it might not be enough. The 
systems’ performance might be affected by the 
interdependence of components and an optimi-
zation of the entire system may, therefore, be 
required.

SYSTEM ASSEMBLY AND MODELING
To this end, System Assembly and Modeling 

(SAM) has been introduced to version 2012 of 
CST STUDIO SUITE, providing an environment 
that simplifi es the management of simulation 
projects in many ways. In SAM, a system is de-
scribed by a schematic. In the simplest case this 
is a single block representing a parameterized 
3D model. The user defi nes the desired evalu-
ations for this model by setting up simulation 
tasks. SAM helps to compare the results of dif-
ferent solvers, or to model confi gurations within 
one simulation project.

The user can also set up a linked sequence 
of solver runs. For example, the electromagnetic 
analysis of a fi lter could be followed by a thermal 
simulation, then the fi lter’s resulting mechanical 
deformation could be determined, and fi nally 
this geometric change could be used in another 
electromagnetic simulation to investigate the 
detuning effect. All simulations and links can be 
defi ned easily in SAM to enable a seamless mul-
tiphysics work fl ow.

By adding other models to the schematic, the 
user can create a 3D system. SAM helps the user 
to defi ne the geometric alignment of the various 
components. Simulation tasks that include sin-
gle or multiple components can be defi ned, and 
the user can specify which components should 
be simulated in 3D, and which solver and CST 
simulation acceleration options should be used 
for those simulations.

Components could also be represented 
simply by their S-parameter behavior or by an 
equivalent fi eld source in the system simulation. 
This combination of different levels of simula-
tion helps to reduce the computational effort 
required to analyze a complex model accurately. 
Also, if required, SAM naturally enables the user 
to create and simulate their system in full 3D, as 
shown in Figure 1. In the fi gure, one project only 
includes a horn antenna; the other project also 

CST of America
Framingham, MA
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ity information. New to version 2012 is 
the CMA-Evolution Strategy, a power-
ful global optimizer with good conver-
gence behavior.

HPC
High performance computing (HPC) 

continues to be a hot topic. The CST sim-
ulation acceleration scheme employs 
graphical processor units (GPU), clus-
ters, or simply an array of computers in 
a network, to speed up simulations. New 
in version 2012 is support for Nvidia’s 
latest GPU generation, not only by CST 
MWS but also by CST PARTICLE STU-
DIO, CST’s software dedicated to the 
simulation of electron devices,  such as 
traveling wave tubes and magnetrons.

The System Assembly and Model-
ing approach of CST STUDIO SUITE 
2012 is entirely focused on simplifying 
electromagnetic system simulation by 
applying innovative simulation and op-
timization technology to either full EM 
systems or components thereof. This 
latest version includes a wide range 
of improvements that both increase 
speed and versatility and significantly 
enhance the user experience.

CST of America,  
Framingham, MA  
(508) 665-4400,  
info@cst.com, www.cst.com.

FEM fast 
resonant solver

With version 2012, 
a new fast resonant 
solver based on FEM 
has been introduced. 
It features curved 
elements of arbitrary 
order that enable a 
conformal represen-
tation of the geom-
etry, which improves 
the simulation accu-
racy. The solver per-
forms a model order 
reduction (MOR) and 
derives S-parameters and fields from this 
model. It outperforms the general pur-
pose solver for applications that require a 
large number of samples for an accurate 
frequency sweep, such as higher order 
filters or structures designed for a very 
wide frequency band.

Eigenmode solver
Alongside the Finite Integration 

Technique based Eigenmode solver, 
CST MWS now features an alterna-
tive Eigenmode solver, which uses the 
Finite Element Method. It also employs 
curved elements. In combination with 
the unstructured FEM grid, which can 
resolve small structure details very ef-
ficiently, it can increase the simulation 
performance dramatically.

Multi-layer Solver
CST MICROWAVE STUDIO (CST 

MWS) version 2012 comes with a new 
MoM solver, which solves planar, 
multi-layer geometries both accurately 
and efficiently. The layer stack can be 
generated automatically from 3D mod-
els. The geometry does not need to be 
strictly planar: 3D elements can also be 
included. Additionally, the solver fea-
tures open boundaries and automatic 
edge mesh refinement, as well as au-
tomatic de-embedding of ports. Typical 
application areas are RF designs, such 
as planar antennas and filters, as well 
as MMIC and planar feed network de-
signs. It can also plug-in to SAM.

Automatic Optimization
CST STUDIO SUITE features ver-

satile algorithms for local and global 
optimization, such as the Nelder-Mead 
Simplex Method, Particle Swarm opti-
mizers and the Trust Region Method, 
for which convergence can be further 
accelerated by employing sensitiv-

includes the reflector and ortho-mode 
transducer.

CST DESIGN STUDIO
The user accesses SAM through the 

familiar CST DESIGN STUDIO (CST DS) 
interface, which is part of every CST 
STUDIO SUITE installation, because it 
employs the CST DS task concept. This 
task concept has been enhanced sig-
nificantly in version 2012. Most impor-
tantly, it enables the set-up of nested 
task structures to run, for example, 
optimization within parameter sweeps.

Accessing, sorting and filtering of 
the results data is greatly simplified by 
a new table view. CST DS 2012 also fea-
tures a built-in component library that 
enables access to components from 
various vendors, such as ON Semicon-
ductor and STMicroelectronics.

CST MWS transient solver
The well-established CST MWS 

transient solver has undergone many 
improvements, in particular with re-
spect to material handling, for example 
for surface impedance, broadband 
constant tan(δ), and higher order dis-
persive magnetic materials, as well as 
transparent sheets. It also features a 
field-dependent material model, which 
allows the modeling of electric break-
down phenomena, such as ignition of 
RF plasma. The broadband sensitivity 
analysis with respect to geometry and 
material property variation has also 
been enhanced.

bi-directional coupling
Coupling between fields and complex 

cable bundles is bi-directional; cables 
can both receive and re-radiate electro-
magnetic fields. Depending on the rout-
ing/position of cables within an enclo-
sure, the field distribution, modes and 
current paths can be strongly affected, 
and only considering one-way coupling 
may produce inaccurate results.

CST STUDIO SUITE 2012 enables 
true transient bi-directional field/cable 
coupling to be simulated for complex 
cable bundles routed through complex 
3D environments, such as electronics 
enclosures, aircraft and automobiles. 
Accurate analysis can be performed 
efficiently, despite the huge difference 
in scale between cable cross-section 
dimensions and overall system/vehicle 
dimensions. Figure 2 shows a model of 
a cable harness inside an Apache heli-
copter for EMP analysis.

Most Valuable Product

s Fig. 1  System Assembly and Modeling: various simulation proj-
ects can be derived from one master project.

s Fig. 2  Model of a cable harness inside 
an Apache helicopter for EMP analysis: inset 
pictures show the cable cross-section at dif-
ferent locations.
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Special Report

Underneath the Hood 
of 802.11ac

In a recent market study, researchers esti-
mated that by the year 2015, manufactur-
ers will be shipping more than a billion 

IEEE 802.11ac radios annually. The figure is 
impressive, especially because 802.11ac does 
not yet exist as a public standard. So one may 
be wondering, “What is this 802.11ac specifica-
tion and how is it different from today’s Wi-Fi?”

A few years ago, some of the world’s first 
802.11n Wi-Fi products hit the market labeled 
as “draft-n” compliant. Of course, these routers 
and access points used the “draft-n” moniker 
for specific reasons – the standard did not exist 
yet. Today, 802.11n products are everywhere 
and it has become widely accepted as the pre-
eminent Wi-Fi standard. However, just like 
many 802.11g products have largely moved on 

to 802.11n, the next generation of Wi-Fi will be 
based on the 802.11ac specification.

The motivation for the new 802.11ac speci-
fication is primarily based on the requirement 
for higher data throughput. In the past few 
years, Wi-Fi has moved from 802.11a/b to “g” 
to “n.” The 802.11ac very high throughput 
(VHT) specification promises substantially 
higher data rates. This article will walk through 
some of the fundamental enabling features of 
the physical layer that allow the specification to 
support higher throughput. More specifically, 
evolutionary characteristics, such as the imple-
mentation of use of wider channel bandwidths, 
changes in modulation type, the use of more 
spatial streams and the possible data rates, will 
be described.

Table 1 compares some basic physical layer 
specifications of both the past and future gen-
erations of Wi-Fi. The primary new feature in-
troduced in 802.11n specification was the use 
of more spatial streams through the introduc-
tion of 4×4 MIMO technology. In the 802.11ac, 
the maximum spatial streams have moved to 
eight with 8×8 MIMO. In addition, other no-
table changes are the optional use of 160 MHz 
channel bandwidth and the introduction of the 
256 QAM modulation scheme.

David A. Hall
National Instruments, Austin, TX
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TABLE I
New generations of Wi-Fi involve evolutionary changes in the 

Physical layer specifications

802.11a/g 802.11n 802.11ac

Antenna 
Configuration

11 SISO 44 MIMO 88 MIMO

Highest Order 
Modulation

BPSK to 64 QAM BPSK to 64 QAM BPSK to 256 QAM

Channel 
Bandwidth

20 MHz 20 and 40 MHz 20, 40, 80, 80 + 80, 
and 160 MHz

Year Introduced 1999 (802.11a) 
2003 (802.11g)

2009 2012 (estimated)
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Use of Wider Channel 
Bandwidths

Up until the age of MIMO, the 
Shannon-Hartley theorem was gener-
ally regarded as the primary model of 
theoretical data throughput through 
a given digital communications chan-
nel.

Capacity

Bandwidth SNR

=

× +( )log ( )2 1 1

According to the theorem, data 
rates through a particular channel can 
only be increased by affecting either 
channel bandwidth or signal-to-noise 
ratio (SNR). Today, the Shannon-
Hartley theorem does not account for 
the effect of multiple spatial streams 
on total data throughput – but it does 
illustrate the direct correlation be-
tween channel bandwidth and data 
rate.

In an OFDM system, one can 
intuitively understand the correla-
tion between wider bandwidth and 
higher data rates. For example, con-
sider the fact that when the same 
subcarrier spacing is maintained (and 
hence symbol rate), adding more sub-
carriers inherently requires increas-
ing the channel bandwidth. In the 
802.11ac specification, the relation-
ship between channel bandwidth and 
number of data subcarriers can be 
clearly observed. As shown in Table 
2, the subcarrier spacing is fixed in all 
bandwidth modes and that bandwidth 
is increased simply by increasing the 
number of subcarriers.

The optional 160 MHz mode 
marks a substantial change from the 
maximum bandwidth supported by 
802.11n (40 MHz). Today, the only 
Wi-Fi band with 160 MHz of avail-
able spectrum occurs in the 5 GHz 
band (and not in the 2.4 GHz band) 
and thus, the 802.11ac specification 
applies only to the 5 GHz ISM band.

Increasing Spatial Streams
While the Shannon-Hartley theo-

rem is able to reasonably estimate the 
maximum theoretical throughput in 
a Single Input Single Output (SISO) 
channel, it must be slightly modified 
to adequately predict the maximum 
channel throughput in a MIMO chan-
nel. In a physical channel with suffi-
cient multipath reflections, the maxi-
mum theoretical improvement in data 

rates scales linearly 
with the number 
of theoretical spa-
tial streams. For 
example, in a 2×2 
MIMO system, the 
use of two indepen-
dent spatial streams 
in the same physi-
cal channel, (that 
is at the same fre-
quency), effectively 
doubles the data 
rates over what one 
might expect from 
a traditional SISO 
system. Accordingly, 
a 4×4 MIMO chan-
nel would enable 4× 
data rates improvement and an 8×8 
MIMO channel would enable 8× data 
rates over a SISO channel. As such, a 
modified version of the Shannon-Hart-
ley theorem can be illustrated. Similar 
to other emerging wireless specifica-
tions, such as 3GPP’s LTE Advanced, 
802.11ac VHT specification allows for 
use of up to 8×8 MIMO.

Enhancements in 
Modulation Scheme and 
Code Rates

Perhaps one of the most interest-
ing mechanisms offered by 802.11ac 
to increase data throughput is the use 
of the 256 QAM modulation scheme. 
Since the deployment of 802.11a, the 
64 QAM modulation type was consid-
ered the “highest order” modulation 
type among all wireless standards. 
However, 802.11ac marks the first ma-
jor commercial wireless standard in 
the consumer world that invokes 256 
QAM for increased data throughput. 
Equation 2 shows the simple relation-
ship between the “order” of a modu-
lation scheme and the number of bits 
that can be represented by each indi-
vidual symbol.

Bits Per Symbol =

log Modulation Order2( ) ( )2

It shows how simple modulation 
schemes, such as Binary Phase Shift 
Keying (BPSK) which utilizes only 
two symbols, would produce only 
one bit per symbol (log2 (2) = 1). By 
contrast, a more complex modula-
tion scheme, such as 256 QAM, is 
considered to have a higher “order” 
and thus produce higher data rates. 
In fact, 256 QAM yields eight bits 
per symbol (log2 (256) = 8). By com-
paring 802.11ac to 802.11n, it can be 
seen that, in environmental conditions 
where 256 QAM can be sustained, up 
to 33 percent higher data rates over 
the traditional 64 QAM scheme would 
be enabled.

One interesting note on modulation 
order is that a very tight correlation 
between the modulation quality of a 
transmitter and the Shannon-Hartley 
theorem is shown. One of the easiest 
ways to observe this relationship is 
to look at the 802.11ac specification 
limits for transmitter relative constel-
lation error (equivalent to EVM). As 
shown in Table 3, higher-order mod-

TABLE II
Channel Bandwidth options in 802.11ac

Channel Bandwidth 
(MHz)

Subcarrier 
Spacing (kHz)

Total 
Subcarriers 
(IFFT Size)

Data 
Subcarriers

Pilot 
Subcarriers

20 312.5 64 52 4

40 312.5 128 108 6

80 312.5 256 234 8

160* 312.5 512 468 16

* Denotes this mode is optional for 802.11ac

TABLE Iii
EVM transmitter minimum performance 

requirements

Modulation Coding Rate RMS EVM

BPSK 1/2 -5 dB

QPSK 1/2 -10 dB

QPSK 3/4 -13 dB

16 QAM 1/2 -16 dB

16 QAM 3/4 -19 dB

64 QAM 2/3 -22 dB

64 QAM 3/4 -25 dB

64 QAM 5/6 -27 dB

256 QAM 3/4 -30 dB

256 QAM 5/6 -32 dB
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code rate, symbol rate and number of 
spatial streams, must be considered. To 
determine the aggregate data rate, fi rst 
determine the number of coded data 
bits that can be transmitted at any one 
time. The pre-draft 802.11ac specifi -
cations refer to this as the “Number 
of data bits per subcarrier” (NDPSC) 
and it includes data bits over all spatial 
streams. Mathematically, NDPSC is de-
termined by factors such as the bits per 
symbol, code rate and number of data 
subcarriers. Mathematically, NDPSC
can be represented by

 

NDPSC = Bits Per Symbol ×  

Number of Data Subcarriers ×
Code Rate (3)

For example, in a 20 MHz 802.11ac 
transmission, 52 of the 64 subcarriers 
are used for data and the rest are used 
for a combination of guard bands, null 
subcarriers or pilot tones. If one were 
to use a modulation type of QPSK and 
a code rate of ½, NDPSC would equal 
26 bits (1 × 52 × 0.5). In Table 4, 
NDPSC is computed for a number of 
combinations of bandwidth and spa-
tial streams, for scenarios where the 
256 QAM modulation type is used.

Given the total data bits per spa-
tial stream, the maximum theoretical 
throughput of the 802.11ac physi-
cal layer can be calculated simply by 
multiplying NDBPS by the number of 
spatial streams, the symbol rate and 
percentage of total symbol period that 
is utilized for data. In this case, the 
symbol rate is equivalent to the sub-
carrier spacing, which is 312.5 kHz 
or 312,500 symbols/second. This re-
lationship is illustrated in Equation 4.
Data Rate = N

Symbol Rate
T
T

DEPS

DFT

SYM

×

× ( )4

ulation types such as 256 QAM, have 
more stringent EVM requirements – 
not surprising given there is very close 
correlation between EVM and SNR.

In order to best illustrate the effect 
of SNR on the order of modulation 
type, Figure 1 illustrates the constel-
lation diagram of a 256 QAM signal in 
various SNR environments. As shown 
in the constellation diagram for 256 
QAM, an SNR of 32 dB is suffi ciently 
large to demodulate a 256 QAM signal 
without signifi cant bit errors – and, 
hence, frame errors. By contrast, in 
an environment with a lower signal-
to-noise ratio, a smearing in the con-
stellation occurs, which is evident at 
an SNR of 27 dB or less. Under these 
channel environment conditions, a 
given Wi-Fi access point would not be 
able to sustain communications using 
256 QAM, but would transition to a 
lower-order modulation scheme that 
was capable of sustaining the appro-
priate frame error rate performance. 
This example is a practical illustration 
of the relationship between SNR and 
data throughput as described in the 
Shannon-Hartley theorem.

CALCULATING DATA RATES
Given the key enhancements in the 

802.11ac specifi cations, such as wid-
er bandwidth, more spatial streams 
and higher-order modulation types, 
one would suspect that the optional 
high throughput features would yield 
roughly an order of magnitude higher 
data rates than 802.11n. In fact, with 
the theoretical limits for 802.11n at 
approximately 600 Mbps, the data rate 
increase in 802.11ac should roughly 
be an order of magnitude higher.

In order to correctly predict the 
maximum theoretical throughput of 
802.11ac, key factors, such as modula-
tion type, number of data subcarriers, 

 Fig. 1  Higher SNR enables use of higher modulation types, such as 256 QAM.

SNR = 37 dB SNR = 32 dB SNR = 27 dB
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proximity – where signal strength will 
be much higher. Finally, it must be also 
realized that there is much more to a 
communication system than just the 
physical layer. While it is clear that the 
physical layer should be able to support 
6.9 Gbps, substantial enhancements 
must also be made to the MAC layer, 
digital data buses and even embedded 
processors in order for vendors to pro-
duce products capable of utilizing the 
maximum data throughput.

THE CHALLENGE OF 802.11AC 
TESTING

The next generation of wireless stan-
dards, such as 802.11ac, produces obvi-
ous benefi ts to consumers in the form 
of higher data rates. However, design 
and test of the radios designed to use 
these standards pose signifi cant test 
challenges. For example, today’s engi-
neers have to deal with the complexity 
of multi-radio testing confi gurations 
such as 8�8 MIMO. In addition, the 
bandwidth requirements of the option-
al 160 MHz specifi cation are substan-
tial and engineers will be tasked with 
obtaining good measurement fi delity 
over increasingly wider bandwidths. 
Finally, in automated use cases, mea-
surement speed often increases with 
measurement complexity. Given that, 
demodulation of 802.11ac signals re-
quires an order of magnitude more of 
signal processing power. Measurement 
speed associated with 802.11ac testing 
will also be a concern. Going forward, 
it appears that software-defi ned PXI 
test equipment will be at the forefront 
of testing next generation standards. 
Today, 802.11ac products are already 
being tested with PXI test equipment 
and the core benefi ts of PXI, such as 
modularity, fl exibility and signal pro-
cessing power, will continue to drive 
PXI adoption in the test and measure-
ment industry in the near future. �

SPECIAL REPORT

As Equation 4 demonstrates, the 
symbol utilization is the ratio of the 
data symbol period divided by the to-
tal symbol interval. Where:

TDFT = DFT/IFDFT Symbol Pe-  
 riod = 3.2 µs

TSYMS = Short GI symbol interval  
 = 3.6 µs

TSYML = Long GI symbol interval  
 = 4.0 µs

Thus, in confi gurations where the 
short guard interval is used, the utili-
zation is 3.2/3.6 = 88.9 percent. Simi-
larly, when the long guard interval is 
employed, the utilization is 3.2/4.0 = 
80 percent.

The maximum theoretical through-
put of an 802.11ac communications 
channel can be now be estimated. In 
determining the maximum theoretical 
throughput for 802.11ac, 8×8 MIMO, 
160 MHz channel bandwidth, 256 
QAM modulation scheme and the 
short guard interval are used. In this 
case, the theoretical maximum data 
rate is shown in Equation 5.

Data Rate=24960 bits

3125000
Sym
sec

×

× 3 2
3 6
.
.

μs
μμs

Gbps

=

6 933 5. ( )

The theoretical maximum data 
throughput offered by the 802.11ac 
physical layer is greater than 6.9 giga-
bits per second. However, it must be 
noted that this approximation is merely 
a theoretical calculation. In practical 
terms, data rates exceeding 6.9 Gbps 
are only possible when the physical 
channel is physically diverse enough 
to allow for eight spatial streams simul-
taneously. Moreover, given the SNR 
requirements on the 256 QAM modu-
lation types, it is likely that the maxi-
mum theoretical throughput will only 
be approached in scenarios where the 
transmitter and receiver are in close 

TABLE IV
NDPSC AND DATA RATE INCREASES EXPONENTIALLY WITH INCREASE IN BANDWIDTH 

 AND SPATIAL STREAMS

Channel 
Bandwidth 

(MHz)

Spatial 
Streams

Modulation 
Scheme

Code 
Rate

Total 
Subcarriers

Data
Subcarriers

NDPSC Max. 
Data 
Rate

20 1 256 QAM 3/4 64 52 312 86.7 Mbps

40 2 256 QAM 5/6 128 108 1440 400 Mbps

80 4 256 QAM 5/6 256 234 6240 1.7333 Gbps

160 8 256 QAM 5/6 512 468 24960 6.933 Gbps

* Denotes this mode is optional for 802.11ac
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For the complete wrap-up, 
visit mwjournal.com/eumw2011wrap-up

Read MWJ 
wrap-up
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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

which was named Army’s “Top Ten Greatest Inventions.” 
In addition, SRC has successfully developed and tested 
other systems, including the Army’s enhanced Multi-
Mission Radar, Defense Advanced Research Projects 
Agency’s FORESTER foliage penetration radar and the 
Army’s Advanced Ground Electronic Warfare System.

Northrop Grumman to Complete Advanced 
Technology Microwave Sounder for NASA

Northrop Grumman Corp. will build and deliver the 
Advanced Technology Microwave Sounder (ATMS) 
for the Joint Polar Satellite Systems (JPSS) under 

a contract with NASA. JPSS is a system of polar-orbiting 
satellites to be developed by NASA for the National Oce-
anic and Atmospheric Administration (NOAA) for weather 
forecasting, storm tracking and climate monitoring. The 
ATMS instrument is the second fl ight model and is slated 
to fl y on the fi rst JPSS satellite in 2016. The fi rst ATMS 
was completed in 2005 and has been integrated on the 
NPOESS Preparatory Project (NPP) satellite, which is 
scheduled to launch in October.

“The successful contract transition is an important mile-
stone for the Joint Polar Satellite Systems, since ATMS is 
one of its key operational weather sensors,” said Dr. Steve 
Toner, Vice President of Northrop Grumman’s Overhead 
Persistent Infrared and Azusa Programs business unit. 
“The Flight 2 development, build and test have proceeded 
smoothly and follow the success of the Flight 1 instrument 
for NPOESS Preparatory Project.”

ATMS will provide critical microwave data, including 
atmospheric temperature and moisture profi les, to sup-
port weather forecasting for the operational JPSS system. 
The instrument has 22 
channels spanning the 
frequency band from 
23.8 to 183.3 GHz. 
It was designed to be 
the functional equiva-
lent follow-on to the 
Advanced Microwave 
Sounder Units with im-
proved sampling and 
coverage.

“Our experience in creating the ATMS engineering de-
velopment unit and delivering the NPOESS Preparatory 
Project fl ight unit showed our capability to support the 
customer,” said Steve Opel, ATMS Program Manager at 
Northrop Grumman. “This transition of the second fl ight 
unit to the Joint Polar Satellite Systems not only capitalizes 
fully on that previous experience, but also demonstrates 
our commitment to developing a long-term partnership 
with both NASA and NOAA on this program.”

US Army Awards SRC $9 M Contract 
for OWL Radar Prototype Development

T he US Army’s Intelligence and Information Warfare 
Directorate has awarded a contract to SRC Inc., for-
merly Syracuse Research Corp., for the development 

of an Omni-Directional Weapon Location (OWL) radar 
system. The contract includes a 32-month award valued at 
approximately $9 M. Under the terms of this contract, SRC 
will develop the OWL system design and produce a tech-
nology demonstrator prototype to be evaluated in 2013.

“We are extremely proud of this contract award for 
OWL, as it is further evidence of our leadership in radar 
development. The innovative design and technological 
advances of the OWL system will provide an impressive 
capability for the Army,” said Paul Tremont, President of 
SRC. “For more than 50 years, SRC has been committed 
to keeping America safe and strong, and our mission con-
tinues to drive our motivation to create systems that save 
lives, like the OWL radar.”

The OWL radar will be a state-of-the-art, yet afford-
able, weapon location radar system, providing the Army 
with the ability to detect, track and locate mortar, cannon 
and rocket fi ring positions with unprecedented accuracy 
over a wide variety of threat trajectories. OWL is a multi-
mission-capable system that provides surveillance over a 
hemispherical coverage area.

In response to the contract award, Sen. Charles E. 
Schumer stated, “We know our highly skilled workforce 

can compete amongst 
the best of the best and 
win. SRC’s award reaf-
fi rms central New York’s 
commitment to inno-
vating and succeeding 
in the highly competi-
tive defense industry 
and their work with the 
OWL radar contract will 

keep our service members safe, our local workforce on the 
job and our nation protected.”

US Sen. Kirsten Gillibrand said, “The Army’s decision 
to award this important contract to SRC is direct testimony 
to the outstanding work this New York company is doing, 
especially in the area of advanced radars. The OWL radar 
system will not only strengthen a terrifi c local company, but 
the system will ensure the safety of our troops.” 

Congresswoman Ann Buerkle also lauded SRC.
“I would like to congratulate SRC on this award in sup-

port of the OWL program,” she said. “SRC’s continued 
growth and expansion is good news for the central New 
York economy and for ongoing efforts to advance this re-
gion as a top location for high tech businesses and research 
and development.” 

SRC is known for its high tech development capa-
bilities, such as its Lightweight Counter-Mortar Radar, 

Go to www.mwjournal.com for more defense news items

“For more than 
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Satellite Systems’) 

key operational 
weather sensors.”

MICROWAVE JOURNAL  DECEMBER 2011 59

 12M14 Final PROOF.indd   59 11/29/11   10:41 AM

http://www.mwjournal.com


DEFENSE NEWS

Raytheon Installs Cobra Judy 
Replacement’s X- and S-Band Antennas

Raytheon Co. has completed the shipboard installation 
of the Cobra Judy Replacement program’s X- and S-
Band antennas onto the USNS Howard O. Lorenzen 

(T-AGM 25). These massive active phased-array antennas, 
each weighing more than 500,000 pounds, were installed 
onto the ship at Kiewit Offshore Services (KOS), Corpus 
Christi, TX. 

“This is a signifi cant chapter in Raytheon’s extensive 
legacy in large-scale active phased-array radars,” said Ray-
theon Integrated Defense Systems’ (IDS) Kevin Peppe, 
Vice President of Seapower Capability Systems. “The Co-
bra Judy Replacement program marks the fi rst shipboard 
integration of a true dual-band active phased-array radar 
suite – a major milestone for both the US Navy and our 
industry team.” 

The mission of the CJR program is to provide the gov-
ernment with long-loiter ballistic missile data collection 
capability. Its dual-band radar suite consists of X- and S-
Band phased-array sensors, a common radar suite control-
ler and other related mission equipment. All of CJR’s mis-
sion equipment has now been installed onto the ship, and 
Raytheon is proceeding with shipboard dual-band radar 
integration and testing per the program plan.

Raytheon is the prime contractor for the CJR mission 

equipment and principal on an industry team that includes 
Northrop Grumman Electronic Systems, General Dynam-
ics SATCOM Technologies, VT Halter Marine and KOS. 
The team has been a 
model of collaboration, 
focused on the delivery 
of a high performing 
shipboard radar capabil-
ity that the US Navy can 
rely upon as a critical 
fl eet asset.

Prior to installation 
onboard the Lorenzen, 
the X-Band and S-Band 
arrays were installed and 
integrated into their en-
closures. Raytheon also successfully simulated the process-
ing of dual-band data through the common back-end as it 
was installed. The common back-end is the core integra-
tion technology that coordinates the two radars. All of the 
ship’s major hardware has now been installed. 

Work on the CJR program is primarily performed at 
Raytheon IDS’ Surveillance and Sensors Center, Sud-
bury, MA; Northrop Grumman Electronic Systems, Bal-
timore, MD; and Kiewit Offshore Services. The T-AGM 
25 ship was built for the Navy by VT Halter Marine, 
Pascagoula, MS.
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Richard Mumford, International Editor
INTERNATIONAL REPORT
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With time, the Chalmers team hopes to be able to com-
bine both methods. As soon as a tumour is detected, the 
already connected antennas could be used to start treating 
the tumour directly while at the same time monitoring that 
the right tissue is heated up. The method should also be 
applicable for parts of the body other than breasts, head 
and neck. Theranostics – the treatment and diagnosis of 
diseases in a single system – is a growing area of research, 
and the Chalmers team believes that microwaves have 
great potential in the fi eld. 

Research Team Claims First Tunable 
Broadband Photonic Phase Shifter

A team of researchers from the Universitat Politècnica 
de València’s El Instituto de Telecomunicaciones y 
Aplicaciones Multimedia (iTEAM) in Spain claims 

to have created the fi rst tunable broadband RF photonic 
phase shifter. The study was funded in part by the “Gov-
erning the speed of light” (GOSPEL) project, which was 
backed under the Information and Communication Tech-
nologies (ICT) theme of the EU’s Seventh Framework 
Programme (FP7) to the tune of €2.19 M.

Experts believe optical phase shifters for RF signals are 
important components for the installation of hybrid broad-
band telecommuni-
cation systems. They 
combine fi bre optic 
transmission and radio 
transmission. They are 
the basis of conver-
gence between net-
works, a required step 
for either accessing the 
Internet or swapping 
the orientation of radar 
and satellite antennas. 

According to the 
researchers, there are several applications of the phase 
shifter, including radio astronomy and terrestrial satellites, 
as well as radar antennas, ultra wideband communications, 
radio link systems and RF applications for automobiles. 
These applications help boost the fl ow of information trans-
mission, effectively mitigating traffi c and guaranteeing the 
best performance of the entire communication system. 

José Capmany, the head of UPV’s iTEAM, said the 
phase shifter is important for two reasons.

“First, a 75 percent reduction – in comparison with pre-
vious designs – in the number of components needed will 
make it possible to save some of the space that the phase 
shifter occupies when it is integrated into a chip, and, 
consequently, save in the production costs too,” he said. 
“Moreover, reducing the number of active elements from 
fi ve to one means a saving in energy consumption of up to 
80 percent.”

Chalmers Team Uses Microwaves to Fight 
Tumours, Detect Breast Cancer

A research team from Chalmers University of Technol-
ogy, Gothenburg, Sweden, has developed two new 
techniques of cancer diagnosis and treatment with 

the aid of microwaves. One method is an alternative to 
mammography that uses X-rays to detect breast cancer. 
The other method aims to treat tumours in the head and 
neck by heating the cancer cells.

Andreas Fhager, Associate Professor of Biomedical 
Electromagnetics at Chalmers, has developed a system to 
detect breast cancer with a new technique known as mi-
crowave tomography. Fhager’s “microwave tomograph” 
currently consists of some 30 antennas arranged around a 
cylindrical container adapted to the breast. All antennas act 
both as transmitters and receivers. The microwaves spread 
out in a complex pattern that is analysed by advanced al-
gorithms, which reconstruct an image of the breast tissue 
in 3D.

“We obtain three-dimensional images showing signifi -
cantly better contrast between healthy and malignant tis-
sue compared to X-rays,” Fhager explained. “That makes 
it easier to detect even really small tumours that may cur-
rently be obscured by healthy tissue, thus creating the 
preconditions for much more reliable diagnosis. Unlike 
X-rays, the technique also emits negligible doses of non-
ionising radiation – less than a hundredth of the radiation 
to which you are exposed when talking on a mobile phone.”  

In the second Chalmers project, the microwaves are 
used to destroy the tumours by heating them, a process 
known as hyperthermia. Antennas transmit microwaves 
with high effi ciency, perfectly synchronised to heat up in-
dividual tumours. Clinical studies have shown that treat-
ment with conventional radiotherapy and chemotherapy in 
combination with hyperthermia may double the long-term 
ability to cure certain forms of cancer, such as cervical can-
cer and soft-tissue sarcoma.

“We are now developing a new hyperthermia system 
that can reach deep-seated tumours in the head and neck 
with high accuracy,” said Hana Dobšíček Trefná, who holds 
a doctorate in biomedical engineering. “In this way, higher 
temperatures can be reached in the tumour without affect-
ing the surrounding tissue.”

Go to www.mwjournal.com for more international news itemsGo to www.mwjournal.com for more international news items
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International Report

European Research Council Grants to Take 
Projects from Research to Market 

A series of European Research Council (ERC) “top 
up” grants worth up to €150,000 each have been 
awarded to 30 leading researchers across Europe. 

Part of the ERC’s new “Proof of Concept” funding initia-
tive, these grants are being awarded to researchers who 
already hold ERC grants, in order to help them transform 
their ideas into marketable innovative solutions. The idea 
is to help researchers package their ideas and demonstrate 
commercial potential so as to appeal to potential investors. 

The ERC is the first European funding body set up to 
support investigator-driven frontier research. Its main aim 
is to stimulate scientific excellence by supporting and en-
couraging the very best, truly creative scientists, scholars 
and engineers to be adventurous and take risks in their re-
search. The scientists are encouraged to take an innovative 
approach. 

ERC President Professor Helga Nowotny commented, 
“The Proof-of-Concept scheme has been set up to provide 
a bridge for ideas emerging from frontier research that 
might be attractive for markets. Innovation takes place in 
companies. We offer to ERC grantees the possibility to 
probe and prove the innovative potential of their ideas and 
we trust that many of them will find their way to be trans-
formed into productive outcomes.”

EADS and RUSNANO Join Forces on 
Nanotechnology Research Programmes

European aerospace and defence group EADS and Rus-
sian Nanotechnology Corp. RUSNANO  have signed 
a cooperative research and development agreement in 

the field of nanotechnology. As a first step, the partners will 
identify relevant patents in EADS’s portfolio, which could 
be suited to develop new business in the Russian industry.

“As a global leader in aerospace and defence, EADS 
has technologies that can help our partners maintain their 
competitive edge,” EADS CTO Jean Botti said. “Today’s 
agreement establishes the ground for cooperation in dif-
ferent areas through the use and transfer of Intellectual 
Property and technology. We are pleased to partner with 
RUSNANO, a corporation at the forefront of innovation 
in Russia.” 

“The advanced technologies of EADS complement well 
with RUSNANO’s strong position in the Russian high tech 
market,” stated RUSNANO CEO Anatoly Chubais. “Our 
cooperation paves the way for progress in nanotech-related 
fields, including energy efficiency, new materials, life sci-
ence and security.”

In 2003, the company established a Russian Technology 
Office, which has been involved in more than 100 coopera-
tive research and technology programmes between EADS 
and Russian institutions. 
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See minicircuits.com for technical specifications, performance data, pricing, and real-time, in-stock availability!

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

Rugged, repeatable performance. 
At Mini-Circuits, we’re passionate about transformers. We even 
make own transmission line wire under tight manufacturing 
control, and utilize all-welded connections to maximize 
performance, reliability, and repeatability. And for signals up 
to 6 GHz, our rugged LTCC ceramic models feature wrap-
around terminations for your visual solder inspection, and 
they are even offered in packages as small as 0805!

Continued innovation: Top Hat. 
A Mini-Circuits exclusive, this new feature is now available on 
every open-core transformer we sell. Top Hat speeds 
customer pick-and-place throughput in four distinct ways: 
(1) faster set-up times, (2) fewer missed components, 

(3) better placement accuracy and consistency, 
and (4) high-visibility markings for quicker visual 
identification and inspection. 

More models, to meet more needs 
Mini-Circuits has over 200 different SMT models in 
stock. So for RF or microwave baluns and transformers, 
with or without center taps or DC isolation, you can 
probably find what you need at minicircuits.com. Enter 
your requirements, and Yoni2, our patented search 
engine, can identify a match in seconds. And new custom 
designs are just a phone call away, with surprisingly 
quick turnaround times gained from over 40 years of 
manufacturing and design experience!
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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 
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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
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442

RoHS compliant.

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

480 rev A.indd   1 8/17/11   10:29 AMMWJMC_F480REVB1111.indd   66 11/29/11   12:14 PM

http://minicircuits.com
http://minicircuits.com


COMMERCIAL MARKET
Dan Massé, Associate Technical Editor

MICROWAVE JOURNAL  DECEMBER 2011   67

consists of two market segments, process automation and 
factory automation, in which WSN in fi eld devices has seen 
broader adoption in the former, particularly in the realm 
of monitoring. Key adoption is seen in monitoring appli-
cations, such as oil refi neries, petrochemical plants to fa-
cilitate plant operation effi ciencies, safety prevention, and 
compliance, alongside asset management.

Two industrial WSN protocols that are based on IEEE 
802.15.4 silicon, WirelessHART and ISA100.11a, have 
been the driving force behind WSN adoption in process 
automation. WirelessHART, leveraging on an estimated 
installed base of 30 million HART devices, has the largest 
addressable market for 
WSN deployment. This 
is aided further with its 
ratifi cation as IEC 62591 
in 2010, reassuring end 
users contemplating the 
deployment of standard-
ized devices. 

“After WirelessHART, a competing industrial WSN 
protocol, ISA100.11a, which is geared toward interoper-
ability with a multitude of industrial protocols, is next in 
line to see wide adoption, albeit with a higher growth po-
tential,” said Kelvin Chan, Industry Analyst, M2M and 
Smart Energy. 

A third emerging protocol, WIA-PA, which is also based 
on IEEE 802.15.4 silicon, is undergoing standardization 
and will become a Chinese national standard. 

“Considering China’s market size by sheer size, scope, 
and level of manufacturing, WIA-PA should see signifi cant 
potential within China, but it is unlikely to extend its reach 
across the globe without broader standardization efforts and 
support from manufacturers outside of China,” Chan said.

ABI Research’s study “Industrial Wireless Sensor Net-
works” analyzes the market opportunity for WSN in indus-
trial deployments; the implications of the key standards ef-
forts including WirelessHART, ISA-100.11a, and WIA-PA; 
the implications WSN adoption will have for the market; 
and the key players involved in making WSN a reality in 
industrial automation.  

80 Million LTE Connections Seen by 2013

By the end of 2013, LTE connections will be close to 
80 million, according to ABI Research. This fi gure 
will account for connections on both FD-LTE, in-

cluding that paired with W-CDMA/HSPA and CDMA 1x/
EV-DO, and TD-LTE technologies globally. 
“We are expecting to see more LTE networks lighting up 
in the next year or two, but operators are now taking a 
quieter approach when it comes to deployment,” said Fei 
Feng Seet, Research Analyst, Wireless.

This is evident in the case of Saudi Arabia, where all 
three of the nation’s operators, Mobily (Etihad Etisalat), 
Saudi Telecom Co. (STC) and Zain Saudi Arabia an-

Container Shipping Market to Boost 
Security and Tracking Revenues

Container security and tracking revenues will grow at a 
compound annual growth rate (CAGR) of 27 percent 
from $212 M in 2011 to $690 M in 2016, according 

to ABI Research. 
“With a lot of regulations and legislation being intro-

duced in the aftermath of 9/11, expectations that this in-
dustry would fi nally take off were high, prompting many 
vendors to enter this market with advanced solutions,” said 
Dominique Bonte, ABI’s Telematics and Navigation Group 
Director. “While RFID-based point solutions at port yards 
are becoming more established – at least in North America 
and Western Europe – uptake of more advanced GPS-
based solutions has been disappointing, despite several 
solutions having been made available by vendors such as 
SkyBitz, DB Schenker, Starcom, and Pointer Telocation – 
mainly for the intermodal market.” 

ABI’s “Cargo Container Security and Tracking” study 
covers maritime and intermodal asset management solu-
tions that are enabled with a family of integrated wireless 
technologies to provide real-time, global tracking, security 
and communications features. It includes detailed descrip-
tions of segments and verticals, applications and function-
ality, market drivers and barriers, regulation, and legisla-
tion, as well as shipment and revenue forecasts. 

WSN Chipsets for the Industrial 
Automation Market Will Hit $8 M in 2016

In 2010, global spending on wireless sensor networking 
(WSN) chipsets in industrial automation reached $2 M, 
with the overall market expected to grow to $8 M by 

2016, according to ABI Research. Industrial automation 

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

“WIA-PA should 
see signifi cant 

potential within 
China.”
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nounced their LTE network launches within a matter of 
days of one another. All three fought hard to gain recogni-
tion and have fi rst mover advantage in the Middle East. 
The interesting part is that all three are rolling-out TD-
LTE networks using 2.5 GHz licensed spectrum meant 
for WiMAX and plan to extend their coverage nationwide. 
While the Saudi operators have conducted FD-LTE trials 
for over a year with various vendors, the reason behind the 
TD-LTE network choice is primarily due to unavailable 
paired spectrum. They are waiting on the regulator to re-
lease new spectrum, since preferred frequency is currently 
used for military purposes. 

“The issue of insuffi cient spectrum echoes across 
various markets and is especially evident in developing 
regions as regulators are a bit slow in reacting to mar-
ket needs,” said Philip Solis, Research Director, Mobile 
Networks. 

Many operators are looking into the option of spectrum 
re-farming. While the preferred spectrums are usually 2.6 
GHz or 700 MHz, players such as Poland’s Aero2 and Sin-
gapore’s MobileOne have successfully deployed FD-LTE 
on 1.8 GHz, which was slated for 3G usage. Aero2 has de-
ployed TD-LTE on 2.5 GHz band. Reacting to operator 
demand, both TD-LTE and FD-LTE devices are expected 
to fl ood the market in the next few years driving subscriber 
connectivity. ABI Research’s “4G Subscriber, Device, and 
Networks Market Data” contains regional and selected 
country-level segmentation for the 4G market, including 
forecasts for mobile WiMAX and LTE subscribers, devic-
es, base stations, and population coverage.

Multiple Secure Elements to Drive 
NFC Market Above $1 B in 2016

Out of a total of 552 million NFC handsets shipped in 
2016, 227 million will feature multiple secure ele-
ments. The increased inclusion of multiple secure 

elements will drive the mobile NFC market valuation 
above the $1 B mark. Although MNOs favor SWP SIM 
implementation, the market will develop with both SWP 
and embedded solutions shipping onto single devices. 
Continued development of ICs combining both control-
ler and secure element will result in most handsets ship-
ping with an embedded solution as standard practice. 
ABI Research forecasts that 78 percent of all NFC hand-
sets will ship with some form of embedded secure solu-
tion in 2016.

“The issues affecting the location of the secure element 
remain a hot topic and, although progress has been made, 
there remains uncertainty among ecosystem players,” said 
Research Analyst Phil Sealy. 

As the market matures and business models are re-
alized and deployed, a variety of secure elements are 
being deployed into devices to meet different client 
demands. In the long run, this will allow service provid-
ers to enter the NFC market alongside MNOs, in turn 
making the offerings of NFC applications more com-
petitive. As well as the well-publicized NFC handset 
market, lesser known sectors, such as CE devices, tags, 
bridging solutions, and other markets will account for 
additional IC shipments totaling 534 million in 2016.

COMMERCIAL MARKET
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 INDUSTRY NEWS

Microsemi Corp., a leading provider of semiconduc-
tor solutions differentiated by power, security, reliabil-
ity and performance, and Zarlink Semiconductor Inc.
announced that 0916753 B.C. ULC, an indirect wholly 
owned subsidiary of Microsemi, has accepted the tender of 
and is acquiring 123,438,737 Zarlink shares, representing 
approximately 96 percent of Zarlink’s outstanding shares, 
and CAD $54,417,000. With the success of this tender, Mi-
crosemi takes control of Zarlink’s board and operations.

AMETEK Inc., a manufacturer of electromagnetic com-
patibility (EMC) test equipment, has acquired the parent 
company of EM Test (Switzerland) GmbH, a privately 
held manufacturer of electronic test and measurement 
equipment headquartered in Reinach, Switzerland, for 
$93 M.  

ITT Corp. of White Plains, NY, completed the previously 
announced spin-offs of its Defense and Information Solu-
tions business and its Water Technology and Services busi-
ness. With the spin-offs complete, ITT is now a $2 B com-
pany with four businesses that deliver highly engineered 
and customized products and services to the industrial, 
aerospace, transportation, and oil and gas industries. 

AWR Corp. and Magus (Pty) Ltd., developers of the 
Antenna Magus expert system for antenna synthesis, an-
nounced a joint marketing relationship focused on accel-
erating the pace of antenna design for wireless-enabled 
products. The fi rst result of this relationship is AWR Con-
nected™ for Antenna Magus, an interface between the 
respective fi rms’ software products that expedites anten-
na design from synthesis with Antenna Magus to full cir-
cuit/EM simulation with AWR’s Microwave Offi ce™ and 
AXIEM® software tools. Antenna Magus provides a data-
base of many different highly characterized antenna types 
that can be exported to AWR’s EDA tools for EM analysis, 
integration, tuning and optimization.  

AMCAD Engineering and Maury Microwave, working 
together under the exclusive development and distribution 
agreement they signed in June of 2010, announced in Oc-
tober of this year, the release of a new pulser (probe head) 
tailored for small-periphery transistor (HBTs and HEMT) 
pulsed IV measurements. This new pulser, AM223, has 
two embedded measurement units: one for currents lower 
than 20 mA, one for currents between 20 and 200 mA. This 
and other features of the new pulser allow for the most ac-
curate characterization of HBTs to date. This new pulser 
is one of many products being jointly developed by Maury 
and AMCAD, following their successful launch in 2010 of 
Maury’s IVCAD advanced device characterization software 
suite, which was the fi rst collaboration between Maury and 
AMCAD. 

TBM Consulting Group, the global business improve-
ment leader for the manufacturing and service sectors, 
presented the Tukwila plant of Carlisle Interconnect 
Technologies (CarlisleIT) with the 2011 “Perfect En-
gine” Site Award recognizing the organization for its 
commitment to a continuous improvement philosophy 
and its success using operational excellence to drive 
value creation. The Tukwila plant has also been chosen 
as one of 16 fi nalists in IndustryWeek’s 2011 Best Plants 
Competition.

DITF Interconnect Technologies of Minden, NV, was 
one of 39 companies presented with a supplier excellence 
award from Raytheon Co. in September. The awards are 
for exceptional performance in supporting the company’s 
Space and Airborne Systems (SAS) business during 2011. 
They were chosen for meeting demanding standards in the 
areas of quality and delivery performance, customer sat-
isfaction, and total business and fi nancial health. Awards 
were presented at the 3- and 4-Star level, and DITF re-
ceived a 3-Star award.

Special Hermetic Products Inc. (SHP) announced cer-
tifi cation to ISO 9001:2008. In business since 1988, SHP 
is a leader in the design and manufacture of hermetically 
sealed feedthrus, connectors, headers, assemblies, custom 
design solutions and related products and services for mili-
tary, aerospace and commercial applications. 

 CONTRACTS

KOR Electronics announced that it has been awarded in-
ternational contracts for simulator products valued in ex-
cess of $13.4 M. They include new development contracts 
for advanced AESA Radar, missile, and Electronic Coun-
termeasure (ECM) simulator systems. These simulators 
are equipped with the latest KOR Electronics 10/12 Bit 
1 GHz Digital Radio Frequency Memories (DRFM).

Crane Aerospace & Electronics Power Solutions was 
selected by Gulfstream Aerospace Corp. to supply its 
Transformer Rectifi er Units (TRU) on the Gulfstream 
G650. The fi ve 250A TRUs on each G650 provide DC bus 
power throughout the aircraft.

 PERSONNEL

RF Micro Devices Inc. announced the appointment of 
technology veteran Hans Schwarz, 54, as Corporate Vice 
President, business development. In this newly created 
position, Schwarz will be responsible for corporate busi-
ness development initiatives, including strategic planning, 
M&A strategy and execution, and IP-based acquisition and 
licensing for RFMD®. Schwarz will be based in RFMD’s 
West Coast offi ce, in CA’s Silicon Valley. 

Kerri Germani, Staff Editor

For up-to-date news briefs, visit www.mwjournal.com
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AR RF/Microwave Instrumentation has announced the ap-
pointment of Carl Mueller to the position of Applications En-
gineer for the company’s EMI Receiver, Conducted Immunity 
Systems, and test software. Mueller will provide customer sup-
port and will also be involved in system development. Mueller 
has worked as Principal System Engineer on radar warning 
receivers, communication jamming systems, and aircraft simu-
lated training systems.  

	 Rep Appointments

Giga-tronics Inc. announced the appointment of 
GiGaProM, as a new sales representative for Russia and 
the Russian Federation, to cover its growing business in 
RF and microwave test and measurement equipment. 
GiGaProM (www.gigaprom.ru) represents a number 
of leading test and measurement companies in Russia. 
GiGaProM can be contacted at 7-495-661-67-07 or info@
gigaprom.ru. 

Pulse Electronics Corp., a leading provider of electronic 
components, has selected Microtarget Tecnologia Digi-
tal Ltd. to provide sales, engineering, design support, 
parts, training, and service for its customers in Brazil and 
South America. Microtarget will represent Pulse Electron-
ics’ antennas, connectors, Excelsus filters, and electronic 
components for the telecom, LAN, power, RF and wire-
less, and automotive industries.

Reactel Inc., a manufacturer of RF and microwave filters, 
multiplexers, and multifunction assemblies to the commer-
cial, military, and industrial markets, announced the ap-
pointment of Eastern Instrumentation / EI Technology 
as the company’s representative in MD, VA, Washington, 
DC, eastern PA and southern NJ. For more information 
about Eastern Instrumentation / EI Technology, visit www.
eicorp.com or call (410) 884-7303.

Vaunix Technology Corp., a manufacturer of USB con-
trolled and powered test equipment, hired two new sales 
representatives, Sea-Port Technical Sales and Clarke 
and Severn Electronics, to handle customer relation-
ships in WA/OR and Australia/New Zealand, respectively. 
Sea-Port Technical Sales offers a suite of RF, microwave 
and fiber-optic products: components, modules and sub-
assemblies, design software, and manufacturing/engineer-
ing services. Vaunix representative Tom Raschko can be 
reached by phone at (425) 702-8300 or by email at Tom@
seaporttech.com. Clarke and Severn Electronics is a dis-
tributor of electronic components and products. Vaunix 
representative David Haimovich can be reached by phone 
at +61-2-94821944 or by email at davidh@clarke.com.au. 

W.L. Gore & Associates Inc. announced that Astron 
Electronics Inc., Gore’s authorized sales representative in 
southern CA, will now sell Gore’s high performance line of 
test and measurement RF/microwave cable assemblies, in-
cluding GORE® PHASEFLEX®. To view Gore products 
on Astron’s website, visit www.astron1.com or call (949) 
379-7266.
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Technical Feature

Wideband Voltage 
Variable Attenuator 
with Fewer Components

The cellular infrastructure equipment is 
subject to intense pricing and size pres-
sures. Recently, a Rubik’s Cube size base 

station has been demonstrated.1 Both cost and 
size can benefit from reducing the number 
of circuit elements in a function block. Low 
noise amplifiers (LNA), fabricated using con-
temporary semiconductor technologies, have 
some degree of gain variability. For example, 
0.9/1.9/2.5 GHz LNAs, fabricated on 0.25 µm 
GaAs enhancement mode pseudomorphic 
(EPHEMT) process, require 3 dB gain specifi-
cation windows.2-4 In critical applications, volt-
age-variable attenuators (VVA) are required for 

gain leveling. Some contemporary LNAs for 
base station applications have dedicated ports 
for connecting to external VVAs (see Figure 
1).

PIN diodes, configured as the PI or the 
bridged-TEE topologies, are commonly used 
for realizing wideband, high linearity and 
compact VVAs. The commercial availability 
of pre-configured diode arrays,5,6 and stand-
alone modules7 can minimize the design ef-
fort and space requirement. These PIN diode 
VVAs typically contain 14 to 18 circuit ele-
ments each (see Table 1) and these numbers 
have remained constant for two decades. So, a 
tantalizing route to size and cost reduction lies 
in reducing this quantity. Another argument 
against employing conventional topologies is 
that they typically have more than 30 dB of 
dynamic range (DR), whereas gain alignment 
requires far less.

Aiming at drastically reducing the cost of 
implementing the VVA function, a variation of 

Chin Leong Lim
Avago Technologies, Penang, Malaysia
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s Fig. 1  Block diagram of an LNA module with provision for con-
necting an external VVA.
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the TEE topology that utilizes only 
one variable element has been ex-
plored. Although it has a significantly 
reduced DR, it is, nevertheless, suffi-
cient for gain alignment. This article 
describes the design and construction 
of the variable resistance circuit, as 
well as its modeling and performance.

TEE VVA Topology
The new VVA configuration 

evolved from the fixed TEE attenu-
ator (see Figure 2). For a specific 
characteristic impedance (Z0) and at-
tenuation (A), TEE attenuator’s series 
(Rs) and shunt (Rp) resistors are given 
by:13
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VVAs rarely are based on the TEE 
topology because all three resistors 
must be varied simultaneously to keep 
Z0 constant. Instead, a variation known 
as the bridged-TEE is more popular 
because only two resistances need to 
be varied.14 A proposed modification 
to the TEE topology, whereby only Rp 
is varied, works on the premise that Z0 
deviates minimally for small excursion 
in the value of Rp. As a larger change 

in Rp will skew Z0 
from the system ref-
erence impedance, 
the dynamic range is 
limited by the worst 
return loss that can 
be tolerated. When 
the required dy-
namic range is rela-
tively small, the pro-
posed configuration 
can advantageously 

replace conventional topologies for 
component reduction. Although the 
narrowband attenuators, like the hy-
brid coupled and the resistive line, can 
also achieve low component count, 
they are either expensive or require 
a large PCB area. The variable resis-
tance can be chosen from either field-
effect transistor (FET) or PIN diode 
and the entire VVA can be fabricated 
in monolithic or discrete forms. It is 
possible that this configuration is not 
new because it is so simple, but a liter-
ature search did not unearth any simi-
lar work. The value of Rs determines 
the compromise between minimum 
attenuation and dynamic range (see 
Figure 3). As previously discussed, 
the dynamic range is limited by the 
increasing impedance mismatch for 
larger deviation of Rp and so, a return 
loss limit of 10 dB was used as the 
constraining parameter in the simu-
lation. The simulation also assumes 
ideal components.

Variable Resistance Element
Although either a FET or PIN di-

ode can function as the variable re-
sistances, the optimal technology will 
depend on the application. For ex-
ample, the former’s microAmp-level 
operating current15 will be clearly ad-
vantageous in battery-powered equip-
ment. Whereas in mains-powered 
equipment, such as cellular base sta-
tions, the latter’s high linearity16 will 
be more useful than power saving. A 

PIN diode with the following salient 
characteristics – 125 µm I-layer thick-
ness and 1500 nS carrier lifetime17 
– was selected to realize the VVA, be-
cause it has the highest linearity in the 
diode portfolio.

A dual cathode SOT-323 pack-

TABLE I
comparison of the number of circuit elements in various compact, 

wideband VVAs

Topology
No. Circuit Elements

Active Passive Total

3-diode PI 8, 9 4 14 18

Waugh 4-diode PI 10, 11 4 10 14

Bridged TEE 12 2 12 14

This Work 1 4 5

s Fig. 2  Fixed TEE (a), bridged TEE (b) and one variable resistance 
TEE (c) attenuators.

(a) (b) (c)

R2
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RS RSRSRS

Rp Rp

s Fig. 3  Dynamic range and minimum at-
tenuation vs. Rs.
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s Fig. 4  Simplified circuit of the HSMP-481 
dual cathode PIN diode.
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up to approximately 1.1 nH. How-
ever, when the two bond-wires are ar-
ranged such that their currents flow in 
the opposite directions, the resultant 
mutual inductance, M, lowers the ef-
fective bond-wire inductance to (Lb − 
M)/2.19 So, the actual total inductance 
could be considerably lower than the 
simple calculation, which did not ac-
count for mutual inductance.

For linear structures, such as two 
straight wires separated by “d” and of 
a height “h” above ground, M can be 
determined analytically from:

M ln h d≈ + ( )⎡
⎣⎢

⎤
⎦⎥

0 1 1 2 3
2

. / ( )

Unfortunately, M cannot be easily 
determined for bond-wires because 
the height changes along their length 
(usually referred to as “loop profile”). 
Since it is necessary to account for 
the bond-wires equivalent inductance 
in the simulation, a value of 0.35 was 
assumed for M; the value was chosen 
without any expectation of accuracy.

Assembly and Modeling
To achieve the target DR of ap-

proximately 4 dB, an Rs value of 5.1 
Ω was selected for the evaluated cir-
cuit (see Figure 5). The 0.8 mm thick 
FR-4 PCB was designed for a differ-
ent project and so has many unused 
pads (see Figure 6). The microstrip 
traces associated with the VVA input 
and output connections are dimen-
sioned for a 50 Ω characteristic imped-
ance. The value of L1, which chokes 
the DC bias, was chosen to suit the 2 
GHz upper frequency limit. A multi-
layer inductor was chosen to save cost 
because preliminary simulation with 
a higher Q inductor (such as wire-
wound) showed insignificant improve-
ment (∼0.03 dB) in circuit loss. Fig-
ure 7 shows the simulated minimum 
attenuation versus L1’s unloaded Q, 
excluding the PCB and connector 

losses. The arrows 
mark the published 
typical Q at 1.8 GHz 
for Toko LL1608 
wirewound induc-
tor and Coilcraft 
0603CS multilayer 
inductor. Table 2 
is the part list of the 
1-diode TEE VVA.

The VVA was 
modeled so that its 

age style, as shown in Figure 4, was 
chosen because of its better high 
frequency performance than a con-
ventional single-cathode package. 
Ordinarily, the parallel cathode paths 
results in half the inductance and, by 
inspection of the package model, the 
sum of the parasitic inductances is Ll 
+ ((Lb + Ll)/2). Using the manufac-
turer-supplied model parameters,18 
the total package inductance adds 

Technical Feature

TABLE II
TEE VVA PART LIST

Pos. Value Remark

C1 1 nF 0603

D1 HSMP-481B

J1, J2 142-0701-881 Johnson

JU 0R 0603

L1 33 nH Toko LL1005

R1, R2 5R1 0603

s Fig. 5  Circuit diagram of a 1-diode TEE 
VVA.

J1

D1 C1

L1
Id

J2R1 R2

s Fig. 6  PCB used for experimental verifi-
cation of the 1-diode TEE VVA.
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s Fig. 7  Simulated minimum attenuation at 
1.85 GHz vs. L1’s unloaded Q.
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Square Peg,
Round Hole?

performances could be evaluated in 
a linear simulator. The models nest 
in a 3-level hierarchy shown in Fig-
ure 8: the complete PCB assembly 
at the top (a), the packaged diode in 
the middle (b) and the diode equiva-
lent resistance at the bottom (c). 
The RLC equivalent circuits com-
prise only the first-order parasitic 
and are created after the Rhea intui-
tive method of whittling away lesser 
parasitic.21 Specifically, the resistors’ 
predominant parasitic (Lpst) was 
decided using a rule22 and the val-
ue was guesstimated. The inductor 
L1 parasitic capacitance Cpst was 
calculated from the self resonance 
frequency specified by the manufac-
turer. The diode package model fol-
lows the SOT-323 model published 
by the manufacturer,23 but addition-
ally accounts for lower bond-wire in-
ductance, due to mutual inductance. 
The current dependent resistance 
follows the APLAC linear repre-
sentation of the HSMP-381x PIN 
diode.24

Results and Discussion
The experimental results at the 

nominal cellular frequencies of 870 
MHz and 1.85 GHz are > 4.5 dB dy-
namic range, –1.5 dB minimum attenu-
ation and +53.5 dBm third order inter-
cept point (OIP3). The simulation and 
measurements agree reasonably. The 
measured attenuation changes from 
–1.5 dB to –6 dB at 870 MHz when 
the current is swept over a 0 to 1.6 mA 
range – the current is constrained to 
this range to ensure better than a 10 
dB return loss (see Figure 9). A com-
parable PI VVA needs 0 to +10 mA op-
erating current range and has a mini-
mum attenuation of –4 dB.25 When 
cascaded with an LNA, the improved 
minimum attenuation limit  (e.g. –1.5 
dB vs. –4 dB) is less degrading to the 

s Fig. 8  Nested models of (a) complete VVA, (b) packaged diode and (c) diode current-con-
trolled resistance.
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s Fig. 9  Simulated and measured attenu-
ation and return loss vs. diode current at 
870 MHz.
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also assumes that the current is limited 
to 0 to 1.6 mA to ensure better than a 
10 dB return loss (see Figure 10). The 
maximum simulation errors are 1.2 and 
2 dB for attenuation and return loss, 
respectively.

The OIP3 is as high as for the PI 
topology’s. Using 869 and 871 MHz 
input signals at 25 dBm, the OIP3 
decreases in an almost 1-to-1 man-
ner with increasing attenuation but 
remains above 53.5 dBm (see Fig-
ure 11). The OIP3 at 1.85 GHz was 
not measured, but is expected to be 
higher, because it has been previ-
ously reported that a silicon PIN 
diode’s OIP3 increases linearly with 
frequency.26 The distortion is caused 
by RF currents modulating the I-lay-
er’s charge density. So, the distortion 
increases with attenuation because a 
larger fraction of the RF currents is 
diverted from the load to the diode.

CONCLUSION
The 1-diode TEE VVA contains 

only one-third of the total components 
in the equivalent PI and bridge-TEE 
topologies, but can fulfi ll the same 
gain-leveling role. Additionally, it is 
capable of lower attenuation than a PI 
VVA built with similar diodes, has com-
parable linearity and yet operates at 
the fraction of the current. The much-
improved minimum loss limit will ben-
efi t the cascaded noise fi gure. A simple 
design chart has been provided for de-
signing to different dynamic range and 
minimum attenuation targets.

Beside the PIN diode, the FET is 
equally suited as the variable element. 
In fact, implementation in monolithic 
FET technology should result in the 
lowest cost and size. While the design 
is presented in the context of cellular 
LNA gain alignment, it should fi nd use 
in other applications that do not require 
the conventional VVA’s large dynamic 
range, such as automatic level control in 
power amplifi ers and signal generators. 
It is anticipated that the proposed con-
fi guration will lead to improvement in 
the base station LNA’s size, cost, power 
consumption and sensitivity. 
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noise fi gure. Maxi-
mum simulation 
errors are 1.7 and 
8 dB for attenua-
tion and return loss, 
respectively. Inac-
curate PIN diode 
APLAC parameter 
values and compo-
nent models are the 
suspected causes of 
the simulation er-
rors. The attenua-
tion can be varied 
from –1.4 to –6 dB 
at 1.85 GHz; this 

 Fig. 10  Simulated and measured attenu-
ation and return loss vs. diode current at 
1.85 GHz.
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Appendix: Third Order Distortion Measurement
High IP3 is generally difficult to measure due to the great difference between 

fundamental and intermodulation amplitudes. Depending on the attenuator’s set-
ting (see Figure 12), the intermodulation products could either be overshadowed 
by the spectrum analyzer’s internally generated distortion or have insufficient 
margin from the noise floor. Additionally, cross modulation between the signal 
sources can create artifacts that are indistinguishable from the real distortion. A 
tutorial27 lists the necessary hardware and procedures for enhancing measure-
ment accuracy. To ensure that the setup used for the VVA evaluation did not con-
tribute to the intermodulation results, its IP3 was measured at 62.8 dBm (versus 
the VVA’s best case OIP3 of 58 dBm).
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  Voltage Variable Attenuators (V VAs)      
deliver as high as 40 dB attenuation control over the 
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Compact Dual-mode, 
Dual-band, Microstrip 
Filter with Multiple 
Transmission Zeros
A compact microstrip, dual-mode, dual-band bandpass filter with multiple 
transmission zeros is presented. The filter consists of an open stub loaded 
resonator (OSLR) and a short stub loaded resonator (SSLR). By utilizing 
the odd- and even-mode resonance properties of the proposed dual-mode 
resonators, the filter is designed with two transmission poles in both passbands. 
Furthermore, the coupling introduced between source and load can result in 
multiple transmission zeros in the stopband, which will improve the selectivity 
of the passband and reject the unwanted signals above the passband. To validate 
the design theory, a dual-mode, dual-band filter, with two passbands located 
at the center frequencies of 2.4 and 5 GHz, was designed and fabricated. Both 
experimental and simulation results are provided, with good agreement.

Due to the explosive growth of vari-
ous wireless communication ser-
vices, today’s microwave commu-

nication systems often require multi-band 
operations. For example, global systems for 
mobile communications (GSM) operate at 
both 900 and 1800 MHz, IEEE 802.11a and 
IEEE 802.11b wireless local area networks 
(WLAN) products operate in the unlicensed 
industrial, scientific and medical (ISM) 2.4 
and 5 GHz bands, respectively. The compact-
ness, low insertion loss in passbands and wide 
stopbands are three main standards for judg-
ing the performance of a filter, and in order 
to achieve these goals, various methods have 
been proposed.1-16 Dual-band BPFs have been 
designed by combining two separated filters 
with two specific single passbands or cascad-
ing a wideband BPF and a stopband filter, but 
they suffer from excess sizes and high inser-
tion losses.1,2 Stepped-impedance resonators 
(SIR) have been employed in dual-band BPFs 

design. However, the resonant frequencies 
of SIRs are dependent in some cases, which 
makes the filter design complicated.4,5

On the other hand, microstrip filters with 
dual-mode response are also attractive, be-
cause each dual-mode resonator can be used 
as a doubly tuned resonant circuit. Thus, the 
number of resonators required for a given de-
gree of filter is reduced by a half, resulting in a 
compact filter configuration. Therefore, dual-
mode, dual-band filters have received much 
attention.8-16 Dual-mode, stub-loaded resona-
tors (SLR) have been successfully used to de-
sign dual-band BPF with good performance 
for their characteristic of easy control of reso-
nant frequencies.8-10 The SLR has some very 
important properties. First, there are two main 

C.L. Wei, B.F. Jia, Z.J. Zhu  
and M.C. Tang
University of Electronic Science and 
Technology of China, Chengdu, China

86 	 MICROWAVE JOURNAL  DECEMBER 2011

_12M34 Final PROOF.indd   86 11/29/11   1:57 PM



Analog, Digital & Mixed-Signal
ICs, Modules, Subsystems & Instrumentation

2 Elizabeth Drive  •  Chelmsford, MA  01824
978-250-3343 tel  •  978-250-3373 fax  •  sales@hittite.com

Order On-Line at: www.hittite.com 
 Receive the latest product releases - click on “My Subscription”

REF

+5V

+3V

PLLVIN VOUT

REF

+5V

+3V
PLL VIN VOUT

REF

Tx

Rx

Tx

Rx

+5V

+3V

PLLVIN VOUT

REF

x 2

x 2

REF

Hittite's New IF & RF Analog AGC ICs!

HMC992LP5E & HMC993LP5E
Automatic Gain Controllers From 0.05 to 3 GHz!

 Wide Gain Control Range Up to +38 dB

 Constant High Output IP3 Over Entire 
 Attenuation Range Up to +40 dBm

 Positive Analog Control: 0V to +5V

 Configurable with 1 or 2 Attenuators

HMC830LP6GE
Wideband PLL + VCO

HMC285E
HMC915LP4E

DBL-BAL Mixer + LO

HMC860LP3E
High PSRR DC Regulator

HMC972LP5E
Analog VGA

HMC992LP5E
IF Automatic Gain Controller

Ideal for WiMAX/LTE/4G, Microwave Radio, VSAT, Test Equipment & Sensor Applications!

HMC285E
HMC915LP4E
DBL-BAL Mixer + LO

HMC815LC5
I/Q Upconverter / Transmitter

HMC977LP4E
I/Q Downconverter / Receiver

HMC860LP3E
High PSRR DC Regulator

HMC860LP3E

HMC965LP5E
2W Power Amplifi er

HMC712LP3CE
Analog VVA

HMC993LP5E
RF Automatic Gain Controller

Linear-in-dB AGC & Power Detector
in a 25 mm2 SMT Package!

MWJHITTITE_GAIN1211.indd   87 11/29/11   12:56 PM

mailto:sales@hittite.com
http://www.hittite.com


88 	 MICROWAVE JOURNAL  DECEMBER 2011

Technical Feature
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noise figure
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> Very low power consumption
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> Drop-in package for MIC
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*Noise figure higher @ frequencies
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for all applications
For the odd-mode resonance of 

the OSLR, the symmetry plane be-
haves as an electric wall, along which 
there is a voltage null. Thus, the plane 
is short circuited. The resonant condi-
tion is

 θ1 = π (at�f = foO) (1)

where θ1 = βL1 is the electric 
length of the half-wavelength reso-
nator in the OSLR, and foO is the 
odd-mode resonant frequency of the 
OSLR, given as:

f
c

L
oO

eff

=
2

2
1 ε

( )

where c is the speed of light in free 
space, and εeff denotes the effective 
dielectric constant of the substrate.

For the even-mode resonance of 
the OSLR, the symmetry plane, on 
the contrary, behaves as a magnetic 
wall, through which no current flows. 
The resonant condition in this case 
will be
cot( / ) tan( )

( ) ( )

θ θ1 2
2

1
2

2

3

= −

=

Z
Z

at f feO

where θ2 = βL1 is the electric 
length of the open stub, and feO is the 
even-mode resonant frequency of the 
OSLR. For the special case Z1 = 2Z2, 
it can be deduced that

 

feO =
c

(L1 + 2L2) εeff

(4)

As for the SSLR, the first resonant 
frequency is an even-mode. The reso-
nant condition is given by

tan( ) tan( / )

( ) ( )

θ θ4 3
3

4
2

2

5

=

=

Z

Z

at f feS

where θ3 and θ4 are the electric 
length of the half-wavelength resona-
tor in the SSLR and the short stub, re-
spectively. feS is the even-mode reso-
nant frequency of the SSLR. For the 
special case of Z3 = 2Z4, the resonant 
frequency here can be derived as
f

c

L L
eS

eff

=
+2 2

6
3 4( )

( )
ε

For the odd mode in the SSLR, the 
resonant characteristic is almost the 
same as that of the OSLR, which is 
mainly determined by the half-wave-

coupling paths between source and 
load. Second, for the dual-mode reso-
nators, the two modes are not coupled 
to each other. Thus, the dual-mode 
filters are special, two-order, full ca-
nonical transversal filters. The two-or-
der full canonical transversal filter has 
an inherent transmission zero in the 
stopband.17 By introducing source-
load coupling (S-L coupling), addi-
tional transmission zeros are created 
near the passband.18 Furthermore, 
due to the intrinsic characteristics of 
a transversal filter, the bandwidths of 
the two bands can be adjusted over a 
relatively wide range.

In this article, a dual-mode, dual-
band, microstrip filter incorporating 
an SSLR and an OSLR is proposed. 
Additional transmission zeros are ob-
tained by the widely used ways of in-
troducing S-L coupling. Consequently, 
a 2.4/5 GHz dual-band bandpass filter 
is designed with multiple transmission 
zeros on either side of both passbands.

Characteristics of  
Stub-loaded Resonators

Figure 1 shows the schematic 
models of the OSLR and SSLR, either 
of which comprises a half-wavelength 
resonator and an open stub or a short 
stub shunted at the midpoint. Z1, L1, 
Z2, L2, Z3, L3, Z4 and L4 are the char-
acteristic impedances and lengths of 
the half-wavelength resonator and 
open or short stub in each SLR. The 
two SLRs are symmetrical in struc-
ture. Thus, odd- and even-mode anal-
ysis can be adopted.

s Fig. 1  Schematics of the OSLR (a) and 
SSLR (b).
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second band. The signal is coupled to 
the OSLR and the SSLR at the same 
time, while no coupling between reso-
nators is introduced, providing two 
main paths to load for each passband 
signal.

The corresponding coupling 
scheme for each band is shown in 
Figure 3, where 1 and 2 represent 
the odd and even modes, respectively. 
The signal is coupled to each resona-
tor at the same time, providing two 
main paths for the signal between 
the source and load, and no coupling 
between each mode is introduced. 
Therefore, the two-order full canoni-
cal transversal filter theory can explain 
the dual-mode resonator.17,18 In each 
band, a different resonator operates at 
an even and odd mode, respectively. 
The coupling matrix can be written as

0

0

0

0

1 2

1 11 1

2 22 2

1 2

M M M

M M M

M M M

M M M

S S SL

S L

S L
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⎟
⎟
⎟
⎟

( )8

The dual-mode resonator exhibits 
symmetry, so the relationship MS1 = 
−M1L and MS2 = M2L holds. An inher-
ent transmission zero can be created 
near each band due to two main path 
signals counteraction, as explained by 
Cameron,18 which can be provided in 
a lowpass prototype as follows:

Ωinh
S S

S S

M M M M

M M
=

−

−
11 2

2
22 1

2

1
2

2
2

9( )

Thus, the inherent transmission 
zero can be shifted from one side 
of the passband to the other side by 
properly choosing the relative values 
of MS1 and MS2 as well as the signs 
of M11 and M22. The additional trans-
mission zeros can be created by in-
troducing capacitive S-L coupling. 
Therefore, multiple transmission ze-
ros can be achieved on both sides of 
the passband, which can improve the 
selectivity of the passband and reject 
unwanted signals above the passband. 
The design process is simple, because 
there is no coupling between each 
mode. Each band can be designed, 
respectively, by the coupling matrix 
without changing the other band re-
sponse.

A 2.4 and 5 GHz, with 200 and 
100 MHz, 3 dB absolute bandwidths, 

length resonator. Therefore, the odd 
mode resonant frequency of the SSLR 
can be given by
f

c

L
oS

eff

=
2

7
3 ε

( )

Therefore, by properly choosing 
the value of L3 and L4, using Equa-
tions 6 and 7, the even- and odd-
modes of the SSLR together, can gen-
erate the first passband of the filter. By 
properly choosing the value of L1 and 
L2 using Equations 2 and 4, the even- 
and odd-modes of the OSLR together, 
can generate the second passband of 
the filter.

Design of the Dual-mode, 
Dual-band BPF with Multiple 
Transmission Zeros

The configuration of the proposed 
dual-mode, dual-band filter is shown 
in Figure 2. The SLRs used here 
are SSLR and OSLR with source-
load coupling. The SSLR is operated 
at an even and odd resonance in the 
first passband and the OSLR is oper-
ated in the second band. Namely, the 
resonant frequencies in the first band 
are feS and foS, and foO and feO in the 

s Fig. 2  Layout of the proposed dual-mode, 
dual-band filter.
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s Fig. 3  Layout of the corresponding cou-
pling scheme of each band.
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sented. The fi lter employs stub loaded 
dual-mode resonators together with 
S-L coupling to control the transmis-
sion zeros. Multiple transmission ze-
ros are created to improve the perfor-
mance of the fi lter by utilizing source-
load coupling and two main paths 

dual-band fi lter is designed to validate 
the concept. The coupling matrix is 
shown in Equation 8. The substrate 
used here is Duroid 5880 with a thick-
ness of 0.508 mm. The fi nal structure 
parameters of the bandpass fi lter are 
as follows: Wo = 1.52 mm, W1 = 0.3 
mm, W2 = 1.95 mm, W3 = 1 mm, W4 = 
0.4 mm, W5 = 2.8 mm, W6 = 1.3 mm, 
W7 = 0.6 mm, Wp = 1.6 mm, Wp1 = 
0.3 mm, Wp2 = 0.3 mm, R1 = 0.3 mm, 
L1 = 9.4 mm, L2 = 6.2 mm, L3  = 5 
mm, L4 = 1.4 mm, L5 = 1.6 mm, L6 = 
5.6 mm, L7 = 1.9 mm, L8 = 2 mm, So 
= 0.3 mm, S1 = 0.2 mm, S2 = 0.2 mm. 
The total area of the proposed fi lter is 
9.4 � 14.2 mm, which corresponds to 
a size of 0.1 λ � 0.15 λ, where λ is the 
guided wavelength at the center fre-
quency 2.4 GHz. Thus, the proposed 
fi lter is very compact. Figure 4 shows 
the photograph of the fabricated fi lter.

SIMULATION AND 
MEASUREMENT RESULTS

Figure 5 shows the simulated 
and measured results, which are 
in good agreement. There are two 
transmission poles inside each pass-
band, which correspond to the two 
resonance modes of the dual-mode 
resonators. The measured minimum 
insertion losses for the two passbands 
are 1.5 and 1.7 dB, respectively. There 
exists multiple transmission zeros with 
better than 45 dB suppression on 
the outsides of each passband, as ex-
pected. The measured 3 dB absolute 
bandwidths for the lower and upper 
passbands are 200 and 90 MHz, re-
spectively. Furthermore, the spurious 
frequencies are suppressed from 5.1 
GHz up to 8.7 GHz, with better than 
20 dB suppression. There is a slight re-
sponse discrepancy at 5 GHz between 
the simulated and measured results. 
This phenomenon is due to the reso-
nant frequency shift of the resonators, 
which might be due to a variation of 
the material characteristic at higher 
frequencies and manufacturing effect. 
It can be rectifi ed by slightly adjust-
ing the dimensions of the open stub 
loaded dual-mode resonator. Thus, 
the proposed fi lter is characterized 
with low insertion loss, compact size 
and high selectivity.

CONCLUSION
A new dual-mode, dual-band, mi-

crostrip bandpass fi lter has been pre-

 Fig. 4  The photograph of the fabricated 
dual-mode, dual-band BPF.

 Fig. 5  Measured and simulated frequency 
responses (a) wideband, (b) narrowband at 
2.4 GHz and (c) narrowband at 5 GHz.
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Sample Rate 

# of 
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Power 

Dissipation [2][3] SNR (dBFS) SFDR (dBc) Package
EasySuite™ 

Evaluation Kit P/N

HMCAD1520 12-Bit  640 MSPS 1, 2, 4 490 mW 70 60 / 75 [1] LP7D EKIT01-HMCAD1520

HMCAD1511 8-Bit 1 GSPS 1, 2, 4 710 mW 49.8 49 / 64 [1] LP7D EKIT01-HMCAD1511

HMCAD1510 8-Bit 500 MSPS 1, 2, 4 295 mW 49.8 49 / 65 [1] LP7D EKIT01-HMCAD1510

HMCAD1102 13 / 12-Bit 80 MSPS 8 59 mW / Channel 70.1 77 LP9 EKIT01-HMCAD1102
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HMCAD1051-80 13 / 12-Bit 80 MSPS 1 60 mW 72 77 LP6H EKIT01-HMCAD1051

HMCAD1051-40 13 / 12-Bit 40 MSPS 1 33 mW 72.7 81 LP6H EKIT01-HMCAD1051

HMCAD1040-80 10-Bit 80 MSPS 2 78 mW 61.6 75 LP9 EKIT01-HMCAD1040

HMCAD1040-40 10-Bit 40 MSPS 2 43 mW 61.6 81 LP9 EKIT01-HMCAD1040

HMCAD1041-80 10-Bit 80 MSPS 1 46 mW 61.6 75 LP6H EKIT01-HMCAD1041

HMCAD1041-40 10-Bit 40 MSPS 1 25 mW 61.6 81 LP6H EKIT01-HMCAD1041

Our Analog-to-Digital Converter (ADC) products provide ultra low power dissipation per channel, ease of use and cost 
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signal counteraction. One sample filter with two passbands 
located at 2.4 and 5 GHz has been designed and measured 
for demonstration. Results indicate that the proposed filter 
has the properties of compact size, low passband insertion 
loss and high selectivity. With all these good features, the 
proposed filter is applicable to modern wireless communi-
cation systems. 
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Application Note

Automated Cavity 
Perturbation Method 
for Measurement of 
Dielectric Constant
The cavity perturbation method is a well established technique for the 
measurement of dielectric properties of materials at microwave frequencies. This 
article presents an automated cavity perturbation technique at X-Band, using 
a VNA and LabVIEW software. Being an automated procedure, the method is 
repeatable and avoids any uncertainties of manual measurements. The computer 
algorithm for automation of data acquisition and the overall experimental setup is 
presented.

Cavity perturbation techniques1,2 have 
been widely used for the measurement 
of dielectric properties at microwave 

frequencies. The fundamental concept of this 
technique is that the presence of a small vol-
ume of dielectric sample in the resonant cavity 
will not significantly perturb the electromag-
netic field around the loaded sample and the 
shift in resonant frequency of the loaded cav-
ity has been computed with these assumptions. 
The dielectric constant and loss tangent of the 
specimen can be calculated from the shifts of 
resonant frequency and the change in quality 
factor.1,2

LabVIEW3 is a high level graphical pro-
gramming language that is designed for data 
acquisition and control. This article describes 
an automated procedure based on LabVIEW 
software to measure the dielectric properties 
of the material, which are dielectric constant 
and loss tangent. The measurement setup uses 
a rectangular waveguide TE103 cavity resona-

tor, an HP8510 Network Analyzer and a per-
sonal computer.

Cavity Perturbation Technique
In the cavity perturbation method, the 

sample under test is positioned at the maxi-
mum electric field in the resonant cavity then 
the change in resonant frequency and Q of 
the cavity in loaded and unloaded conditions 
is measured using a standard resonant rectan-
gular cavity in the TE103 mode. The sample 
under test is fabricated in the form of a thin 
rod. A weak circular aperture coupling to the 
cavity is used to enhance the Q of the cavity.  
εr = εr' − j εr" is the relative complex permittiv-
ity. The real and imaginary parts of the relative 
permittivity are calculated from measurable 
quantities as follows:2

Kirti Bansal, K.K. Jain,  
B.S. Matheru and U.C. Ray
Solid State Physics Laboratory, Delhi, India

96 	 MICROWAVE JOURNAL  DECEMBER 2011

_12M33 Final PROOF.indd   96 11/29/11   2:12 PM



MWJAML1011.indd   97 11/29/11   1:00 PM

http://www.amlj.com
http://www.amlj.com
mailto:sales@amlj.com


98 	 MICROWAVE JOURNAL  DECEMBER 2011

Application NoteApplication Note

ε

ε
r c c s s s

r c s

V f f V f

V V

' / ( )

'' /

= −( )⎡⎣ ⎤⎦ +

= ⎡⎣ ⎤⎦

2 1 1

4 11 1 2

1 1 3

1

/ / ( )

' ' / ( )

Q Q

Q Q V V

s c

c c r s c

−( )
= + −( )⎡⎣ ⎤⎦ε

// tan '' / ' ( )Qd r r= =δ ε ε 4

where fc and fs are the resonant 
frequencies without and with the 
sample, respectively, and Qc and Qs 
are the quality factors of the cavity 
without and with the sample inside 
the cavity, respectively, Vc and Vs are 
the volumes of cavity and the sample, 
respectively.

The rectangular X-Band wave-
guide cavity used in this work is shown 
in Figure 1. The cavity is coupled to 
a WR90 (X-Band) waveguide through 
circular inductive irises at both ends 
of the cavity. The sample is inserted 
through a non-radiating hole at the 
center of the broad side of the cavity. 
The resonant frequency and Q of the 
cavity with and without the sample are 
measured and εr' and tan δ are com-
puted from Equations 1 to 4. The Q is 
calculated from the following relation

Q f f f= −( )0 2 1 5/ ( )

where f0 is the resonant frequency 
and f2 and f1 are the frequencies at the 
−3 dB points.

Design Methodology
The measurement system, shown 

in Figure 2, is composed of the fol-
lowing:
•	 HP 8510C Network Analyzer
•	 LabVIEW Version 8.2
•	 Computer with GPIB card
•	 TE103 cavity

The computer is interfaced with 
the network analyzer through the 
GPIB port. The cavity resonator is 
connected to the two ports of the HP 

8510 S-parameter test set with stan-
dard waveguide to coax adaptors. The 
resonance properties, that is the reso-
nant frequency and the 3 dB frequen-
cy points are observed with the VNA 
for the loaded and unloaded cavity.

The program for the measurement 
of dielectric constant and loss tangent 
using a VNA has been developed us-
ing LabVIEW, which controls every 
stage of the measurement process. 
The program performs the tasks of 
instrument control, data acquisition 
and post processing of data. The com-
puter plays the roles of talker (writes a 
control string to the instrument with 
the address), listener (receive data 
string from the instrument with the 
address) and con-
troller (GPIB). The 
devised program 
has a simple and 
user friendly input 
panel, where the 
details of the mea-
surement set up like 
frequency range, 
number of points 
and dimensions of 
sample can be en-
tered. The measured data and results 
are displayed in the output panel. 
The program flowchart is shown in 
Figure 3. In designing this measure-
ment software, a modular approach 
has been chosen. In LabVIEW, these 
modules are called virtual instruments 
(VI). The main VI, automated cavity 
perturbation (ACP) measurements, 
consists of various sub-VIs, which are 
designed for specific tasks as shown in 
Figure 4. These sub-VIs can be ex-
ecuted and debugged independently. 
The functions of various sub-VI are as 
follows:
•	 Initialize.VI: This VI initializes the 
system by taking information from the 
input panel as start frequency, stop 

frequency, number of points, param-
eter and scale.
•	 −3 dB.VI: This VI measures the 
resonance frequencies and −3 dB 
points on either side of the resonance 
curve, first for the unloaded cavity as 
well as for the cavity loaded with the 
sample.
•	 Cal.VI: This VI calculates the di-
electric parameters, that is the di-
electric constant (εr') and loss tangent 
(tan δ) from the recorded data, using 
Equations 1 to 4.
•	 Plot_Gen.VI: This VI presents the 
resonance curves for the empty cavity 
and for the loaded cavity.
•	 Waveformgraph.VI: This is used to 
present the waveform in the desired 
format.

s Fig. 1  Cavity resonator. s Fig. 2  Block diagram of the test set-up.

COMPUTER
WITH LABVIEW
AND PROGRAM

AGILENT
8510C

SAMPLE
HOLDERWAVEGUIDE

DIELECTRIC

P1 P2

s Fig. 3  Flow chart of the software.

START

INITIALIZE VNA

SET MARKER ON RESONANCE CURVE ON VNA
FOR 3 dB BANDWIDTH FOR CAVITY

READ THE CORRESPONDING PARAMETER
VALUES FROM VNA & STORE THEM

LOAD THE SAMPLE IN CAVITY AGAIN & SET MARKER
ON RESONANCE CURVE ON VNA FOR 3 dB

BANDWIDTH OF SAMPLE

READ THE CORRESPONDING PARAMETER
VALUES FROM VNA & STORE THEM

CALCULATE DIELECTRIC CONSTANT AND
LOSS TANGENT

RETRIEVE ALL 801 POINTS OF DATA AND
RESONANCE WAVEFORM ARE GENERATED

WITH CAVITY AND SAMPLE

SUMMARY RESULT IS ARRANGED ACCORDINGLY
& EXPORTED  TO MS-EXCEL FILE (SPREADSHEET)

STOP

s Fig. 4  Main VI and  sub VIs.

ACP

2
INITIALIZE.VI

2
–3dB.VI

2
CAL.VI

2
PLOT_GEN.VI

2
PRINTGRAPH.VI

3
WAVEFORMGRAPH.VI

2
SUM2XCL.VI

1

_12M33 Final PROOF.indd   98 11/29/11   2:13 PM



MWJCPI_Beverly.indd   99 11/29/11   1:01 PM

http://www.cpii.com/bmd
mailto:marketing@bmd-cpii.com


Application Note

®

RF Training Comes Right to 
Your Desk, SmartPhone, or 

Your iPad/Tablet!

Upcoming Courses in the Web Classroom:
EMC/Shielding/Grounding Techniques for Chip & PCB 
Layout

— January 23-27, 2012  
GaN Power Amplifier Design
- New Course!

— March 12-16, 2012
RF Fundamentals 

— June 25-29, 2012 

Visit our website for more information:
www.besserassociates.com

All courses are also available for delivery on-site.
info@besserassociates.com

+1-650-949-3300

You don’t have to travel to get access to the best instruc-
tors in the RF and Wireless industry. You don’t even 

have to be at your computer anymore! With the right 
web-conferencing app loaded on your smartphone or 

tablet you can attend courses from just about anywhere. 
Check out the latest offerings in the Besser Associates 

Web Classroom™ and sign up today!

100 	 MICROWAVE JOURNAL  DECEMBER 2011

•	 Sum2xcl.VI: This saves and presents the results in an EX-
CEL sheet. 
•	 Printgraph.VI: This VI is used to print the graphs and 
provide a hard copy of the data.

Figure 5 shows the measured resonance curves for the 
unloaded cavity and the loaded cavity.

Conclusion
The software for automated measurement of dielectric 

constant and loss tangent of dielectric materials at X-Band, 
using a VNA and LabVIEW, has been successfully devel-
oped. The method is simple and flexible as the VIs can be 
adapted to meet changing requirements, if any, very quick-
ly. The system is routinely used for our work on ceramic 
and ferrite. 
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Product Feature

Integration to reduce system size, while still 
maintaining performance levels achieved 
by discrete solutions has been a main focus 

across multiple industries. Recently, Analog 
Devices developed a series of highly integrated 
IQ demodulators with a fractional-N phase 
locked loop (PLL), a voltage-controlled oscil-
lator (VCO), and multiple low drop-out regula-
tors (LDO) into a compact 40-lead 6  6 mm 
LFCSP package. The RFICs leverage SiGe 
BiCMOS technology to achieve this small size 
without sacrificing electrical performance.

The ADRF680X family uses a high per-
formance mixer core that results in an excep-
tional input IP3 and input P1dB, with a very 
low output noise floor for excellent dynamic 
range, along with a low noise VCO, combined 
to achieve an excellent error vector magnitude 
(EVM). The three devices in the ADRF680X 
family support LO frequency ranges from 
50 to 1150 MHz to cover a wide range of IF 
frequencies used in QAM/QPSK receivers as 
well as supporting common cellular standards, 
such as W-CDMA/CDMA2000/LTE, and also 
microwave point-to-point and point-to-multi-

point radio architectures. The ADRF680X 
family also features multiple programmable 
functions through its SPI port. This allows the 
user to control the fractional-N PLL, the de-
modulator LO divider, multiple optimization 
options, low power mode, as well as allowing 
for an externally applied LO, or to generate a 
divided-down VCO signal for external use. The 
ADRF680X family is the only known quadra-
ture demodulators to combine three RF func-
tions into a single device, thereby simplifying 
design and reducing board space and bill of 
materials cost.

The newest member of the ADRF680X 
family is the ADRF6806, Figure 1. It uses a 
differential RF input and operates over an LO 
frequency range of 50 to 525 MHz. The dif-
ferential I and Q output paths have excellent 
quadrature performance with a phase accuracy 
of < 0.5° and amplitude accuracy of < 0.1 dB 
and can handle baseband signaling or complex 
IF up to 120 MHz. The ADRF6806 has an in-

Analog Devices
Norwood, MA
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IQ Demodulator 
Integrates PLL/
VCO to Reduce 
System Size

Peter Real, Vice President of Analog  

Devices’ Linear and RF group, discusses the 

company’s new products and how Analog 

Devices opened up its laboratory expertise with the “Circuits 

from the Lab” series.
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ADRF6801 has an input P1dB of 12.5 
dBm, an input IP3 of 25 dBm, a noise 
figure (DSB) of 14.3 dB, a voltage 
conversion gain of 5.1 dB, and a wide 
3 dB baseband demodulation band-
width of 275 MHz.

To evaluate overall demodulator 
performance, the EVM versus RF 
input power was analyzed. EVM is 
a measurement used to quantify the 
performance of a digital radio trans-
mitter or receiver. A signal received by 
a receiver has all constellation points 
at their ideal locations. However, vari-
ous imperfections in the receiver sig-
nal chain, such as magnitude imbal-
ance, noise floor, and phase imbalance 
cause the actual constellation points 
to deviate from their ideal locations.

In general, a demodulator exhibits 
three distinct EVM limitations versus 
received input signal power. As signal 
power increases, the distortion com-
ponents increase. At large enough 
signal levels, where the distortion 
components due to the harmonic non-
linearities in the device are falling in-
band, EVM degrades as signal levels 
increase. At medium signal levels, 
where the demodulator behaves in a 
linear manner and the signal is well 
above any notable noise contributions, 
the EVM has a tendency to reach an 
optimal level determined dominantly 
by either quadrature accuracy and 
I/Q gain match of the demodulator or 
the precision of the test equipment. 
As signal levels decrease, such that 
the noise is a major contribution, the 
EVM performance versus the signal 
level exhibits a decibel-for-decibel 
degradation with decreasing signal 
level. At lower signal levels, where 
noise proves to be the dominant limi-
tation, the decibel EVM proves to be 
directly proportional to the SNR.

put P1dB of 12.2 dBm, an input IP3 
of 28.5 dBm, a noise figure (DSB) of 
12.2 dB, a voltage conversion gain of 
1 dB, and a wide 3 dB baseband de-
modulation bandwidth of 170 MHz. 
When the part is run in low power 
mode to reduce current consumption, 
the ADRF6806 has an input P1dB of 
10.6 dBm, an input IP3 of 25.2 dBm, 
a noise figure (DSB) of 11.4 dB, a volt-
age conversion gain of 4.2 dB, and a 
3 dB baseband demodulation band-
width of 135 MHz.

The next member of the 
ADRF680X family is the higher fre-
quency ADRF6807. It also uses a dif-
ferential RF input and operates over 
an LO frequency range from 700 to 
1050 MHz. The differential I and Q 
output paths have excellent quadrature 
performance with a phase accuracy of  
< 0.5° and amplitude accuracy of 
<  0.1 dB and can handle baseband sig-
naling or complex IF up to 120 MHz. 
The ADRF6807 has an input P1dB of 
12.8 dBm, an input IP3 of 26.7 dBm, a 
noise figure (DSB) of 13.1 dB, a volt-
age conversion gain of 1 dB, and a wide 
3 dB baseband demodulation band-
width of 170 MHz. When the part is 
run in low power mode to reduce cur-
rent consumption, the ADRF6807 has 
an input P1dB of 11.7 dBm, an input 
IP3 of 24 dBm, a noise figure (DSB) 
of 12.4 dB, a voltage conversion gain of 
4.3 dB, and a 3 dB baseband demodu-
lation bandwidth of 135 MHz.

Next is the single-ended 50 Ω in-
put ADRF6801, that operates over an 
LO frequency range of 750 to 1150 
MHz. The differential I and Q out-
put paths have excellent quadrature 
performance with a phase accuracy of 
0.3° and amplitude accuracy of 0.05 
dB and can handle baseband signaling 
or complex IF up to 120 MHz. The 

s Fig. 1  ADRF6806 block diagram and pin outs.
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The information you need, from the 
technology leaders you trust.

AWR’s Visual System Simulator Co-Simulates 
with NI’s LabVIEW for Enhanced Signal  
Processing Capabilities
Gent Paparisto, AWR Corp.
 

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

Frequency Matters .

Integrated LNA Serves Base Station Needs
Chin-Leong Lim, Avago Technologies

 
Comparative Study of an Open Waveguide.
Application to Deconvolution of a Magnetic  
Probe in Near-Field Zone
Presented by COMSOL

Bandwidth vs. Efficiency Trades  
in RF Amplifier Design
Greg Ramon, QinetiQ North America

Accurate Co-Simulation of Surface-Mount  
Capacitors in Shunt Configurations
Presented by Modelithics
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A 140 MHz modulated signal was used to test the 
EVM of the ADRF6806 on its evaluation board, and the 
ADRF6806 shows excellent EVM performance for vari-
ous modulation schemes. Figure 2 shows the EVM of the 
ADRF6806 being better than −45 dB over a wide RF input 
range of about +35 dB for a 16 QAM modulated signal at 
a 5 MHz symbol rate with a baseband IF of 5 MHz. EVM 
was tested for both power modes: normal power mode, 
LPEN  0, and low power mode, LPEN = 1. When low 
power mode is enabled, the EVM is better at lower RF 
input signal levels due to the parts’ lower noise. While in 
normal power mode the EVM remains lower at higher RF 
input signal levels.

Figure 3 shows the peak EVM of the ADRF6806 for a 
256 QAM modulated signal that is not degraded with re-
spect to the previously shown 16 QAM signal results. The 
symbol rate was also 5 MHz with a baseband IF of 5 MHz. 
Again, EVM was tested for both power modes and is better 
than −45 dB over a wide RF input power range of about 
+35 dB.

The ADRF680X family provides very high levels of 
integration and performance by incorporating a high dy-
namic range mixer core, a versatile fractional-N PLL, a 
low noise VCO, and multiple LDOs. Packaged in a com-
pact 40-lead 6  6 mm LFCSP, it delivers exceptional 
dynamic range and EVM performance required of to- 
day’s demanding receiver architectures. 

Analog Devices,  
Norwood, MA  
(800) 262-5645,  
www.analog.com.

s Fig. 2  EVM performance of ADRF6806 for a 16 QAM modulated 
signal.
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Recently, Freescale Semiconductor de-
veloped two new LDMOS power tran-
sistors that are setting new standards 

for ruggedness in the UHF broadcast trans-
mitter industry and ISM applications. The 
MRFE6VP8600H and MRFE6VP8600HS 
are push-pull power transistors, which pro-
vide enhanced RF performance while operat-
ing over the entire 470 to 860 MHz UHF fre-
quency band. When used in digital UHF TV 
applications (such as DVB-T), these devices 
will deliver highly linear, 125 W average signal 
output power at 30 percent efficiency. In ad-
dition, these two transistors are fully capable 
of sustained power output (CW) greater than 
600 W (P1dB). More importantly, at full-rat-
ed output power the devices will not degrade 
in performance even while withstanding a 
nearly 100 percent mismatched load (greater 
than 65:1 VSWR) at all phase angles. This un-
matched ruggedness specification holds true 
even when the transistors are over-driven at 
up to twice their rated input power, as can of-

ten be encountered with digital pre-distortion 
(DPD) systems. Finally, with over 19 dB of 
gain across the band, the MRFE6VP8600H 
and MRFE6VP8600HS provide a combination 
of excellent linear power amplification, high 
efficiency and ruggedness for the broadcast 
transmitter industry.

Simplifying UHF Transmitter Design
Taken together, the high output power and 

high gain capabilities of the MRFE6VP8600H 
will mean a reduction in the total number of 
splitters, transistors and combiner stages need-
ed for a given output power level. This helps 
to simplify the transmitter design and improve 
reliability when compared to previous genera-
tion solid-state UHF amplifier systems. In Fig-
ure 1, a representative UHF amplifier consists 
of four MRFE6VP8600H transistors driven by 

Richardson RFPD, Inc.
LaFox, IL
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Extremely 
Rugged UHF 
600 W LDMOS 
Transistors
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enhanced ruggedness characteristics 
of the MRFE6VP8600H make it pos-
sible to design an amplifier with more 
simplified transmitter protection cir-
cuitry, even eliminating the need for 
isolators and/or circulators in many 
applications.

Robust Design and Improved 
Performance

Given their enhanced ruggedness, 
the MRFE6VP8600H/HS devices 
can tolerate the out-of-band reflec-
tive load conditions caused by highly 
selective channel filters and the high 
peak-to-average (PAR) of the newest 
digital transmission schemes. This is 
especially true for higher-order modu-
lation techniques such as the DVB-T 
and DVB-T2 standards. In addition, 
the enhanced ruggedness makes the 
MRFE6VP8600H/HS far more reli-
able under adverse conditions (such 
as operator error, transmission line 
failure, antenna icing), even with the 
higher drive peaks normally associat-
ed with today’s pre-distortion systems. 
Table 1 summarizes the key features 
of these devices.

Typical applications for the 
MRFE6VP8600H/HS include all 
digital UHF television transmitters, 
translators and gap fillers employing  
DVB-T, DVB-T2, ATSC, or ISDB-
T standard modulation schemes. 
The devices are also well-suited 
for use in analog UHF televi-
sion transmitter designs. In addi-
tion, the MRFE6VP8600H and 
MRFE6VP8600HS can be used for 
many Industrial, Scientific and Medi-
cal (ISM) applications over the entire 
frequency range of 450 to 900 MHz.

Finally, these rugged LDMOS 
transistors have been designed and 
tested to provide high reliability, and 
either device is capable of providing 
an extended working life even in the 
most demanding environments. RF 
amplifier designers can choose either 
air-cavity ceramic package – the bolt-
down NI-1230 or the solder-attach 
NI-1230S.

Richardson RFPD, Inc.,  
LaFox, IL 
(630) 208-2700,  
www.richardsonrfpd.com.

possible using amplifier drain modu-
lation schemes (such as envelope 
tracking).

Extended Negative Gate-
Source Voltage Range

The MRFE6VP8600H includes an 
extended negative gate-source voltage 
range from −6 to +10 V. This unique 
feature allows improved Class C oper-
ation, such as when the device is used 
as the peaking stage of a Doherty am-
plifier. This feature can also be used to 
provide an easy way to safely, quickly 
and completely shut down the ampli-
fier.

Reductions in Transmitter 
Parts Count

The broadband internal input 
matching circuit included within the 
MRFE6VP8600H reduces the exter-
nal component count, simplifies cir-
cuit design and results in better power 
distribution across multi-stage ampli-
fiers (see Figure 1). In addition, the 

a single MRF6VP3091NB amplifier, 
resulting in 450 W average DVB-T 
output power at a combined 26 per-
cent power-added-efficiency (PAE) – 
including all five devices.

Reduce Monthly Costs for 
Broadcasters

Each MRFE6VP8600H transistor 
by itself is capable of around 30 per-
cent output power efficiency, so less 
overall current is required and less 
power is wasted as heat (for a given 
power output), translating directly 
into monthly utility cost savings for 
the UHF broadcaster. At 30 percent 
output-stage efficiency, a solid-state 
transmitter design based on the 
MRFE6VP8600H can use up to 15 
percent less power than previous 
generations. When used in Doherty 
amplifier configurations, the overall 
output-stage efficiency can increase 
to approximately 45 percent, sav-
ing additional monthly utility costs. 
Still further PAE improvements are 

s Fig. 1  UHF TV amplifier design using one MRF6VP3091NB and four MRFE6VP8600H 
devices with 450 W average output power.

TYPICAL PERFORMANCE: WIDEBAND 470 TO 860 MHz

5 total parts, DVB-T (8k OFDM) signal

MRF6VP3091NB
9 W Avg., 

21 dB, 18% Eff.

MRF6VP8600H (�4)
125W Avg., 19 dB, 30% Eff.

39 dB of gain in 2 stages, after
splitting and combining losses

DEVICE MRF6VP3091NB MRFE6VP8600H (X4) 
COMBINED

       TOTAL

TYPICAL
GAIN (dB) 21 19 39

DRAIN
EFFICIENCY (%) 18 30 26

AVERAGE
Pout (W)  9 125 450

TABLE I
Key product features for the MRFE6VP8600H and MRFE6VP8600HS 

LDMOS power transistors

• �Enhanced Ruggedness: Devices can withstand > 65:1 VSWR load mismatch with no damage 
(over all phase angles and with 3 dB overdrive)

• 19 dB gain at 860 MHz, DVB-T

• Deliver 125 W Avg. DVB-T (8k OFDM) output power at 50 V supply

• P1dB is greater than 600 W over the entire 470 to 860 MHz UHF band

• Efficiency is typically 30 percent (and up to 45 percent in Doherty configuration)

• Extended negative gate-source voltage range (-6 to +10 V)

• Integrated ESD protection

• �Characterized for extended operating range from 20 to 50 V means these transistors are fully 
compatible for use with enhanced drain supply modulation schemes, such as envelope tracking 

• �Optimize just one transistor for many different UHF amplifier designs: These transistors can be 
easily designed into Class AB, Doherty, or drain modulation amplifier architectures, so there is 
no need to waste valuable design resources optimizing different output-stage devices for each 
individual amplifier design 
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Tech Brief

Ultralow Noise and Spurs 
373 to 5790 MHz  
Integer-N Synthesizers

L inear Technology has developed 
the LTC6946, the first device 
in a family of high performance 

integer-N frequency synthesizers with 
integrated VCO, delivering −226 dBc/
Hz normalized closed-loop in-band 
phase noise, −274 dBc/Hz normalized 
in-band 1/f noise and best-in-class 
−103 dBc spurious output. In a typi-
cal 900 MHz application, these per-
formance attributes help to achieve a 
closed-loop phase noise of −100 dBc/
Hz at 1 kHz offset. The device is avail-
able in three frequency options: the 
LTC6946-1 tunes from 2.240 to 3.740 
GHz; the LTC6946-2 from 3.080 to 
4.910 GHz; and the LTC6946-3 from 
3.840 to 5.790 GHz. In addition, each 
part has an on-chip output divider 

that is programmable from 1 through 
6 to extend frequency coverage to as 
low as 373 MHz.

This family of devices integrates a 
low noise 5.7 GHz phase-locked loop 
(PLL), which includes a reference 
divider, phase-frequency detector 
(PFD) with phase-locked indicator, 
ultralow noise charge pump, and inte-
ger feedback divider to attain very low 
noise PLL operation. The PLL circuit 
is tightly coupled to a low noise VCO 
as well as internal self-calibration to 
ensure optimum VCO resonator tun-
ing for best phase noise performance. 
The VCO requires no external com-
ponents. The on-chip SPI compatible 
bidirectional serial port allows fre-
quency tuning and control, and read 

back of register and loop status infor-
mation. All versions of the LTC6946 
are specified over the full case tem-
perature range from −40° to 105°C. 
The products are available in a 4  5 
mm, 28-lead plastic QFN package.

The low phase noise and spurious 
capabilities of this family of frequency 
synthesizers enhance the performance 
of multiband base stations support-
ing LTE, W-CDMA, UMTS, CDMA, 
GSM and WiMAX standards. Its high 
frequency capability also supports point-
to-point broadband wireless access, 
military, avionics, and high performance 
test and measurement applications.

Linear Technology,  
Milpitas, CA (408) 432-1900, 
www.linear.com.
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enter your requirements, and our patented search 
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models that  meet your needs. And if you need a 
 

custom design, challenge us with a phone call or email! 
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so you’ll get a quick response, fast turnaround times, 
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real competition...specify a Mini-Circuits VCO!
                      
        

W O R L D ’ S  W I D E S T  S E L E C T I O N

VCOsVCOs

12 to 6840 MHz from $1195
ea. (qty. 5)

RoHS models available, 
consult factory. 

 

o S
C O M P L I A N T

TM

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

®

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
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442

359 rev T

All SMT components are glued, 
as well as soldered, in place 
for long-term, reliable performance 
even after multiple reflow operations.

sinPgVCOfull-359revT.indd   1 10/27/11   10:58 AMMWJMC_F359REVT_1211.indd   119 11/29/11   2:59 PM

http://minicircuits.com
http://minicircuits.com


120 	 MICROWAVE JOURNAL n DECEMBER 2011

Wireless Design and Test

Gain greater insight into wireless design 
and test with the new 24/7 Agilent Wireless 
Videos page. The site is designed to give 
information about wireless test for greater 
understanding of the wireless connectivity 
technologies with a full range of design and 
test solutions. Visit www.agilent.com/find/
wirelessvideos.
Agilent Technologies,  
5301 Stevens Creek Blvd.,  
Santa Clara, CA 95051

www.agilent.com

Microwave, Millimeter-wave and 
RF Passive Components
An all new online version of TechSelect®,  
ATC’s premium engineering design sup-
port software for product specification and 
selection, makes its debut on its new web-
site.  This interactive tool enables the user 
to calculate all of the pertinent electrical and 
mechanical parameters.  Product options are 
generated that fit the user’s specific design 
requirements. 
American Technical Ceramics,  
One Norden Lane,  
Huntington Station, NY 11746

www.atceramics.com

EMC Technology & Florida RF 
Labs Redesign Website

EMC Technology & Florida RF Labs have 
combined and redesigned its website to en-
hance online communication with customers 
by providing current and detailed informa-
tion. The easy-to-navigate resource allows 
visitors to access the breadth of expertise 
within the company and the variety of tech-
nologies and market-specific solutions of-
fered.
EMC Technology & Florida RF Labs, 
8851 SW Old Kansas Avenue,  
Stuart, FL 34997

www.emc-rflabs.com

Signal Processing Technology
Analog Devices Inc. has made major web en-
hancements to the company’s global website, 
www.analog.com. Engineers now can more 
easily access technical content, make critical 
product selections and speed up design and 
implementation. The improvements include 
technical support resources on a newly or-
ganized home page, new search algorithms, 
streamlined product sampling and evaluation 
board purchases. 
Analog Devices,  
3 Technology Way,  
Norwood,  MA 02062 

www.analog.com

Solid-state Power Amplifiers

Empower RF Systems has launched a web-
linked and inventory-backed program with 
Richardson RFPD to offer faster availability 
on a specific selection of standard, building 
block products. The teamed approach offers 
RF designers an array of power amplifier so-
lutions on a “quick turn” basis to support lab 
test requirements, prototype developments 
and assurance of supply on COTS products.  
Look for the “Buy Now” tab included with 
product descriptions.  
Empower RF Systems Inc.,  
316 W. Florence Avenue,  
Inglewood, CA 90301

www.empowerrf.com

RF/IF and Microwave Components

Yoni2, an advanced search engine, provides 
three ways for customers to find models 
– scroll through the product lines, enter a 
model number or enter performance re-
quirements. Among the clickable details for 
each model in the catalog are data sheets, 
S-parameters, environmental specifications, 
material declarations, export information, 
technical notes, PCN history, engineering 
tools, PCB layouts and companion products. 
Mini-Circuits,  
PO Box 350166, Brooklyn, NY 11235 

www.minicircuits.com

Web Update
For more new products, visit www.mwjournal.com/buyersguide featuring                              storefronts
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Web Update

Measurement Products
OML Inc. has launched a new website de-
sign at www.omlinc.com. This new website 
adds modern navigation features so visitors 
can usually access information in less than 
three clicks. Simply click on a cell in the new 
homepage table to immediately download 
brochures and datasheets organized by prod-
uct categories and waveguide bands. Product 
categories include: VNA modules, VNA cali-
bration kits, source modules, harmonic mix-
ers and specialty products. Waveguide bands 
span 50 GHz to 0.5 THz.
OML Inc.,  
300 Digital Drive,  
Morgan Hill, CA 95037

www.omlinc.com

Systems, Subsystems, 
Components and Amplifiers

Since its founding in 1989, Planar Mono-
lithics Industries Inc. (PMI) has provided 
solutions for microwave frequency applica-
tions. These include amplifiers, log ampli-
fiers, DLVAs, SDLVAs, couplers, dividers, 
filters, switch filter banks, limiters, detectors, 
switches, switch matrices, variable attenua-
tors, fixed attenuators, diplexers, multiplex-
ers, DTOs, receiver front-ends, as well as 
integrated subsystems and systems.
Planar Monolithics Industries Inc., 
7311-F Grove Road, Frederick, MD 21704

www.pmi-rf.com www.richardsonrfpd.com

www.rfmd.com

Connectors
Sabritec announces the implementation of 
Stockcheck, a Hearst Business Media inven-
tory locator tool. This new feature will benefit 
customers by providing an option to easily 
view and place orders for Sabritec connec-
tors in real time. Customers can find this fea-
ture on the Sabritec website home page. The 
customer enters the part number into Stock-
check, it will then pull a list of distributors who 
stock the part and the level of inventory they 
currently have, with links to their websites. 
The customer can then link to the distributors 
websites and request quotes. 
Sabritec,  
17550 Gillette Ave., Irvine, CA 92614 

www.sabritec.com

Custom Electronic Subsystems
For customers seeking designs for appli-
cations of RF, DC, ultrasonics and lasers, 
Versatile Powers’ new website offers mul-
tiple quick links, including power supply and 
controller design solutions, highly successful 
case histories, management team biogra-
phies, electronic subsystem disciplines, and 
the quality control procedures (ISO 9001-
2000 and 13485-2003). Visitors can also find 
sections on press activities, links to published 
articles, a contact page, which allows for 
scheduling meetings with a member of the 
Versatile Powers team, and more.
Versatile Power Inc., 
743 Camden Ave., Campbell, CA 95008

www.versatilepower.com

High Performance 
Semiconductor Components
Visit www.rfmd.com to find all the latest 
RFMD company and product  information. 
Product-related features include enhanced 
parametric filtering and a powerful search 
engine for finding products, media-rich 
documentation from datasheets to product 
videos, the latest performance specifications, 
detailed landing pages, and the ability to log 
into your RFMD account for purchase and 
history purposes. 
RFMD,  
7628 Thorndike Road,  
Greensboro, NC 27409

“What’s New” Webpage
Interactive graphics on the “What’s New” 
page link visitors to featured new product de-
tails, microsites and supplier-sponsored pro-
motions. Part detail pages for new products 
include parametric data for key attributes, 
pricing and availability, and links to data-
sheets. The “What’s New” page includes links 
to “New Products News,” the company’s e-
newsletter,  and the new Product Selector 
Guide, an interactive PDF updated monthly 
with links to the newest parts.
Richardson RFPD Inc.,  
40W267 Keslinger Road, LaFox, IL 60147
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Register Now!   http://www.radiowirelessweek.org/Register Now!   http://www.radiowirelessweek.org/

Wireless in the Heart of Silicon Valley 
15-18 January 2012 in Santa Clara, CA

at the Santa Clara Marriott Hotel
	 Join	us	in	Santa	Clara,	California	for	the	2012	IEEE	Radio	and	Wireless	Week	(RWW)	which	consists	of	five	
colocated topical conferences. In addition to the Radio and Wireless Symposium (RWS) and IEEE Topical Meet-
ing	on	Silicon	Monolithic	Integrated	Circuits	in	RF	Systems	(SiRF),	the	IEEE	MTTS	and	RWW	have	created	three	
conferences	to	fill	a	void	in	the	society’s	conference	offerings.	This	first	being	the	IEEE	Topical	Conference	on	RF/
Microwave	Power	Amplifiers	(PAWR),	the	society’s	only	conference	publishing	an	archival	digest	dedicated	to	the	
topic	of	power	amplifiers.	The	second	conference	is	the	IEEE	Topical	Conference	on	Biomedical	Wireless	Technolo-
gies,	Networks	&	Sensing	Systems	(BioWireleSS)	targeting	one	of	the	most	exciting	and	rapidly	growing	areas	due	
to	the	potential	of	wireless	medical	devices.	The	third	conference	is	the	IEEE	Topical	Conference	on	Wireless	Sen-
sors	and	Sensor	Networks	(WiSNet),	which	utilizes	technologies	from	the	RWS,	PAWR,	and	SiRF	to	develop	new	
applications	related	to	BioWireleSS,	consumer,	commercial,	and	military	sensor	markets.

oral	presentations	-	posters	-	workshops	-	panels	-	exhibitions	 

HTTP://WWW.RADIOWIRELESSWEEK.ORG

IEEE Radio and Wireless Symposium
IEEE Topical Conference on Wireless Sensors
       and Sensor Networks
IEEE	Topical	Conference	on	Biomedical	Wireless	
       Technologies, Networks & Sensing Systems
IEEE	Topical	Conference	on	RF/microwave	Power	Amplifiers		
Topical Meeting on Silicon Monolithic Integrated 
       Circuits in RF Systems
32 Technical Oral Sessions - Mon - Wed, 16-18, Jan., 2012
Poster Sessions - Mon - Wed, 16-18, Jan., 2012
Demo Sessions - More details soon!
Student Paper Competition Finals - More details soon!
Workshops - Sunday afternoon, 15, Jan., 2012
					“National	&	International	Spectrum	Management	Policies	and	
	 Processes	for	Wireless	Professionals”
					“Advances	of	Nanoelectronics	in	RF	Technology”
					“Telemedecine:		Wireless	Sensor	and	Body	Area	Networks”
					“Wireless	Sensor	Network	Technologies	for	the	Internet	of	Things”
Panel Session
					“Spectrum	Sharing	and	Frequency	Reuse”
Rump Session
					“Emerging	PA	Architectures	&	Technologies”
Exhibits – Mon-Tue, 16-17, Jan., 2011

Advanced Doherty Power Amplifiers
Prof.	Fadhel	M.	Ghannouchi,	University of Calgary
Microwave Near-Field Imaging of Human Tissue: Hopes, 
Challenges, Outlook
Prof.	Natalia	K.	Nikolova,	 McMaster University
A Look at Some of the Principles of Wireless 
Communication from a Maxwellian Viewpoint
Prof.	Tapan	Sarkar, Syracuse University 
Autonomous Aero-Visual and Sensor Based Inspection 
Network for Power Grid and Asset Monitoring
Prof.	Arun	Somani, Iowa State University

RWW 2012 Highlights

Distinguished	Lecturer	Talks

k

http://www.radiowirelessweek.org/

15 - 18 January 2012, Santa Clara, CA, USA

A S
P

Keynote	Plenary	Session
On Scaling Wireless Capacity
Prof.	Arogyaswami	Paulraj,	Stanford University

MWJRWW1111.indd   124 11/29/11   3:46 PM

http://www.radiowirelessweek.org/
http://www.radiowirelessweek.org/
HTTP://WWW.RADIOWIRELESSWEEK.ORG/


European Microwave Association

Official Publication: Supported by:Organised by: Co-sponsored by:

R

Co-sponsored by:

European Microwave Week 2012
Amsterdam RAI, The Netherlands
October 28th - November 2nd 2012

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

The EuMW2012 Exhibition will see:
• 7,500 sqm of gross exhibition space
• 5,000 key visitors from around the globe
• 1,700 - 2,000 conference delegates
• In excess of 250 exhibitors

Running alongside the exhibition are 3 separate,
but complementary Conferences:
• European Microwave Integrated Circuits 

Conference (EuMIC)
• European Microwave Conference (EuMC)
• European Radar Conference (EuRAD)

Plus a one day Defence and Security Conference

Space for Microwaves

Co-sponsored by:

Interested in exhibiting?
Call +44(0) 20 7596 8742 or visit www.eumweek.com
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New Waves: Amplifiers and Oscillators
For more new products, visit www.mwjournal.com/buyersguide  
featuring V  storefronts
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SPDT Coaxial Switch 
The 2EL Series 
SPDT coaxial 
switches fea-
tures SMA con-
nectors and op-
erates at a 
frequency range 
from DC to 18 
GHz and the 
2ELE Series 
operates at DC 

to 26.5 GHz. Both series are available with fail-
safe and latching self cut-off options. Operating 
life is 5,000,000 cycles typical (3,000,000 mini-
mum). RF impedance is 50 Ω nominal. Operat-
ing temperature (failsafe) is -55° to +85°C am-
bient. Operating temperature (failsafe) is -25° 
to +85°C ambient. Switching sequence is break 
before make. Ducommun has design engineers 
who can create custom versions for specific ap-
plications. 
Ducommun LaBarge Technologies,  
Carson, CA  
(310) 513-7200,  
www.ducommun.com.   

800 W Termination

Florida RF 
Labs has intro- 
duced a high 
per formance, 
flange mounted,  
800 W termi- 
nation. The 

32M7200F offers outstanding performance and 
low VSWR and the convenience of bolt on in-
stallation. This termination has been optimized 
for performance in the DC to 0.5 GHz frequen-
cy range, boasting a 1.10:1 maximum VSWR, 
making it very appealing to the broadcast, pub-
lic safety and medical (MRI) markets. This ter-
mination offers high power, integrated heat 
sink, and tab launch.    This new 800 W termina-
tion exhibits excellent thermal characteristics 
through a superb heat distribution design.  The 
package size is 1.900" (456.26 mm) × 1.040" 
(26.42 mm) and delivered in a tray package.  
This product is also non-magnetic and RoHS 
and REACH compliant. The 32M7200F data- 
sheet and evaluation samples are readily avail-
able upon request.
Florida RF Labs,  
Stuart, FL  
(772) 600-1632,  
www.emc-rflabs.com.

Octal ADCs

Hittite Micro-
wave Corp. is 
featuring a new 
set of octal 12-bit 
analog-to-digital 
converters, the 
HMCAD1102, 
HMCAD1101 

and HMCAD1100. They complement Hittite’s 
ultra low power ADC products. The 
HMCAD1102, HMCAD1101 and 

HMCAD1100 family are octal 12 and 13-bit 
ADCs that operate from 20 to 80 MSPS. Both 
12-bit and 14-bit LVDS output modes are avail-
able and can be selected through the SPI con-
trol interface. Noise performance (SNR) at 50 
MSPS with 8 MHz input frequency and 14-bit 
output is typically 72.2 dB. It is PIN compatible 
with the ADS527x and ADS528x families from 
Texas Instruments. Power dissipation at 50 
MSPS is 40 mW per channel, including LVDS 
outputs. The ADCs are housed in a 9 × 9 mm 
plastic leadless surface-mount package and pro-
vide excellent temperature stability over the 
-40° to +85°C temperature range. Samples and 
evaluation PC boards for all SMT packaged 
products are available from stock and can be 
ordered via the company’s e-commerce site or 
via direct purchase order. 
Hittite Microwave Corp.,  
Chelmsford, MA   
(978) 250-3343,  
www.hittite.com.

ISM Band Cavity Filter

NIC introduces 
a 902 to 928 
MHz cavity fil-
ter offering high 
performance for 
ISM base sta-
tion applica-
tions. This filter 

provides low insertion loss of < 1.5 dB and 45 
dB rejection in the cellular band of 824 to 894 
MHz and GSM band of 936 to 960 MHz. Fea-
tures include high performance, competitive 
pricing and fast delivery. Prototypes are avail-
able for immediate delivery. Custom configura-
tions designed up to Ku-Band. 
Networks International Corp.,  
Overland Park, KS 
 (913) 685-3400,  
www.nickc.com. 

Low Noise Amplifier

NuWaves Engineering has expanded its series 
of High Intercept Low Noise Amplifiers  
(HILNATM) with the introduction of the 
HILNA 3G. NuWaves’ HILNA 3G is the latest 
addition to the family of low noise, high gain, 
high intercept and wideband amplifiers. The 
HILNA 3G covers the broad frequency range 
from 1 to 3 GHz with a gain of 50 dB, and is 
even smaller than its predecessors, boasting a 
total of 3.3 cubic inches and weighing only 3 
ounces. The HILNA 3G is ideal for system inte-
gration where footprint, high gain and broad-
band operation are determining factors.  
NuWaves’ robust high performance amplifiers 
have been completely characterized over tem-
perature, supply voltage, and frequency, in or-

der to meet the demanding needs required in 
state-of-the-art RF systems.
NuWaves Engineering,  
Middletown, OH  
(513) 360-0800,  
www.nuwaves-ltd.com.

PIN Diode

Skyworks Solutions 
Inc. introduced 
SMP1345-087LF, 
a high power, 
series PIN  
diode for large 
signal transmit 
and receive 
switching ap- 
plications. This 
high thermal-

dissipative diode combines low insertion loss, 
very good isolation, fast switching, excellent 
power handling and low distortion in a very 
small surface-mount package.  This diode is 
ideal for infrastructure, homeland security, first 
responder and military markets. Samples are 
available, and pricing depends on quantities.  
Skyworks Solutions Inc.,  
Woburn, MA (781) 376-3000,  
www.skyworks.com.

Miniature Microwave Coax 
Contact Assemblies

Southwest Microwave Inc. announced minia-
ture microwave coax contact assemblies that fit 
into the small, standard size 20 contact cavities 
of D-subminiature connectors and also size 20 
(and larger) contact cavities for standard MIL-
DTL-38999 circular connectors.  Called SSBP-
20, they can be used interchangeably with non-
coax signal contact assemblies. Applications 
range from airborne to medical and test, from 
missile and space to mobile communications.  
Benefits include miniaturization, increased reli-
ability and reduced system costs.  Resistant to 
vibration (tested to 2000 Hz, random and sine, 
at 150°C) and shock (tested 3 axis, 100 Gs), yet 
installed with simple plastic tools. Although tar-
geted for miniaturized packaging benefits, the 
interface is 0.9 mm, which permits economical 
use at both RF and extreme millimeter-wave 
applications and combinations thereof in the 
same connector.  All Southwest Microwave in-
terconnect products are RoHS compliant, lead 
free, with DFARS steel and raw material trace-
ability.  
Southwest Microwave Inc.,  
Tempe, AZ (480) 783-0201,  
www.southwestmicrowave.com.

New Waves: Industrial, Scientific and Medical Applications
For more new products, visit www.mwjournal.com/buyersguide  
featuring V  storefronts
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COUPLERS
Directional/Bi-Directional

®

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
P.O.  Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500  Fax (718) 332-4661®

U.S. Patents 
7739260, 7761442

495 rev org

from

$ 169
ea. (qty. 1000) 5 kHz to 12 GHz   up to 250W

Looking for couplers or power taps? Mini-Circuits has 
236 models in stock, and we’re adding even more! Our 
versatile, low-cost solutions include surface-mount 
models down to 1 MHz, and highly evolved LTCC 
designs as small as 0.12 x 0.06", with minimal insertion 
loss and high directivity. Other SMT models are designed 
for up to 100W RF power, and selected core-and-wire 
models feature our exclusive Top Hat™, for faster  
pick-and-place throughput.

At the other end of the scale, our new connectorized  
air-line couplers can handle up to 250W and frequencies 
as high as 12 GHz, with low insertion loss (0.2 dB @ 9 
GHz, 1 dB @ 12 GHz) and exceptional coupling flatness! 
All of our couplers are RoHS compliant. So if you need 
a 50 or 75 Ω, directional or bi-directional, DC pass or 
DC block coupler, for military, industrial, or commercial 
applications, you can probably find it at minicircuits.com, 
and have it shipped today!

See minicircuits.com for specifications, performance data, and surprisingly low prices!
Mini-Circuits...we’re redefining what VALUE is all about!
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of linear power at typical gain of 12 dB and 
noise figure of 4 dB at +25°C. Gain flatness is 
±0.75 dB maximum over the band and the input 
and output VSWRs are 2.0:1 maximum. The 
amplifier utilizes thin film and MMIC technol-
ogy to provide a versatile, economical and reli-
able gain module for microwave applications in 
communications, radar and defense equipment.
AtlanTecRF,   
Braintree, UK +44 (0)1376 550220,  
www.atlantecrf.com.

Low Noise Amplifier
The HLNAV-360 
is a low noise 
amplifier with 
integrated isola-
tors at the in- 
put and output 
ports. The LNA 
operates over 

the 57 to 64 GHz frequency band with 27 dB 
gain, noise figure of 6 dB and a P1dB of +12 
dBm. RF interfaces are via WR-15 waveguide 
with standard UG-385/U flanges. A single MCX 
connector provides the bias input for the +15 V 
DC operating voltage. The amplifier bias is in-
ternally regulated and sequenced for reliability 
and user convenience. This same architecture 
can also be used for power amplifiers from 18 to 
110 GHz. Bandwidths of 2 to 3 GHz are easily 
achieved, and bandwidths up to 7 GHz are 
available above 50 GHz. 
HXI LLC,  
Harvard, MA (978) 772-7774,  
www.hxi.com.

Dual Output Amplifier
Model AML618P5012 is a high efficiency dual 
(combined) input, dual output power amplifier 
operating over 6 to 18 GHz bandwidth. Ampli-

fier delivers 
+31 dBm power 
at each output 
and is designed 
to operate up  
to +95˚C base 
plate tempera-

ture. AML618P5012 is available with input 
power protection option up to 2 W CW. This  
design is available in a high density package 
with 3.5" × 1" × 0.3." RF connectors are SMP. 
The DC supply is +10 V at 2.2 amps. 
Microsemi,  
Camarillo, CA (805) 388-1345,  
www.amlj.com.

Sources
CMOS Oscillator

Crystek Corp. 
has launched 
the CCHD-575, 
a new ultra-low 
phase noise 
CMOS oscilla-
tor providing  
a –168 dBc/Hz 
noise floor.  

Compact and powerful, the CCHD-575 is the 
industry’s lowest-jitter clock oscillator in a 5 × 
7.5 mm package. Crystek’s CCHD-575 features 
a typical phase jitter of 82 fSec RMS at 100 
MHz. Close-in phase noise is -90 dBc/Hz at 10 
Hz, while its floor is at -168 dBc/Hz.  The ex-
tremely low phase noise performance is very 

with a relative 3 
dB bandwidth 
of 34 to 38 GHz.  
Typical VSWR 
is 1.3:1 in and 

out over 34 to 38 GHz and the insertion loss is 
less than 3 dB mid-band.  The rejection is great-
er than 50 dB at 32 GHz.  Impedance is 50 Ω 
and is available with K type connectors.  The 
approximate size is 1.13" × 0.5" × 0.5" (without 
connectors).
K&L Microwave Inc.,  
Salisbury, MD (410) 749-2424,  
www.klmicrowave.com.

Micro Miniature SMA Switch
RLC Electron-
ics’ Micro Min-
iature SMA 
switch is a sin-
gle-pole, two-
position type. 
The switch in-
corporates SMA 

connectors to allow high density packaging and 
excellent electrical performance through 26.5 
GHz. The switch is available in failsafe and 
pulse latching configurations with a choice of 
three different frequency ranges and three dif-
ferent coil voltages.
RLC Electronics Inc.,  
Mt. Kisco, NY (914) 241-1334,  
www.rlcelectronics.com.

High Isolation Switch
Telemakus re-
l e a s e d  t h e 
T E S 7 0 0 0 - 5 0 
SPDT, USB- 
controlled switch 
that adds to the 

growing family of Telemakus test equipment. 
Operating from 100 MHz to 7 GHz with < 3 dB 
insertion loss and 50 dB of isolation at 4 GHz, the 
TES7000-50 handles up to 24 dBm CW input 
power (29 dBm pulsed). A built-in pulse function 
allows menu selectable pulse width and period 
from 250 nSec to 8 Sec. SMA connectors com-
plement the full line of Telemakus USB-con-
trolled devices providing the ability to cascade 
multiple accessories into a customized configura-
tion to meet various requirements.  Flash memory 
contains all necessary installation files for Win-
dows XP or Vista. One of the smallest USB-con-
trolled switches on the market, it weighs less 
than 1 ounce and can be carried in a pocket or 
tool box.
Telemakus Stocking Distributor 
RFMW Ltd., San Jose, CA  
(408) 414-1450, www.rfmw.com.

Amplifiers
X-Band Miniature Amplifier

The AGM-1005-15 
is a miniature X-
Band amplifier, 
which features 
High Reliability 
Screening to 
MIL-STD-883 

as standard, and can be used in either connec-
torized or drop-in configuration. Covering the 8 
to 12 GHz frequency range the amplifier runs 
from a +15 V DC supply to deliver over 18 dBm 

Components
Point of Load Converters

Crane Aero-
space & Elec-
tronics an-
nounced the 
availability of its 
Interpoint MFP 
Series Point of 
Load Convert-
ers in qualified 

H and K level MIL-PRF-38534 versions. These 
highly flexible non-isolated MFP converters are 
now registered with the Defense Logistics 
Agency (DLA) in Radiation Hardness Assur-
ance (RHA) levels of 30 krad and 100 krad. 
Guaranteed RHA performance levels for both 
Enhanced Low Dose Rate Sensitivity (ELDRS) 
and standard conditions can now be ordered to 
a Standard Microcircuit Drawing (SMD). The 
MFP Series are single output 16 W devices pro-
viding output voltages from 0.64 to 3.5 V from a 
source voltage of 3 to 6 V. These are 1.2" × 1.2," 
up to 90 percent efficiency and low noise, while 
requiring no external components. 
Crane Aerospace & Electronics,  
Redmond, WA (203) 363-7300,  
www.craneco.com.

38 GHz Narrowband Cavity Filter
A 36 GHz narrowband cavity filter has been de-
veloped for a satellite application by K&L Mi-
crowave.  The center frequency is 36 GHz 
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supply while drawing 21 mA (typical) over the 
temperature range of -40º to 85ºC. This VCO 
features typical second harmonic suppression 
of -15 dBc and comes in Z-Comm’s standard 
SUB-L package measuring 0.3" × 0.3" × 0.08." 
It is available in tape-and-reel packaging for 
production requirements. The SMV1365C-
LF is also ideal for automated surface-mount 
assembly and reflow. SMV1365C-LF is well 
suited for applications that require ultra low 
phase noise performance.
Z-Communications Inc.,  
Poway, CA (858) 621-2700,  
www.zcomm.com.

Test Equipment
Pulser Heads for HBTs

AMCAD Engi-
neering has re-
leased a new 
pulser, also re-
ferred to as 
probe head, tai-

lored for small-periphery transistor (HBTs and 
HEMT) pulsed IV measurements. This new 
pulser, AM223, has two embedded measure-
ment units: one for currents lower than 20 mA, 
one for currents between 20 and 200 mA. The 
system consists of two independently operating 
power modes – pulsed or DC (continuous 
mode). The maximum average power delivered 
by the sensors output is 50 W in pulsed mode, 
or 80 W in DC mode. This specification is 
linked to the external power probes used. The 
voltage measurements on the two channels are 
carried out from the internal resistance of each 
channel. The current measurements are made 
using differential measurements at the termi-
nals of the same internal resistance.
Maury Microwave Corp.,  
Ontario, CA (909) 987-4715,  
www.maurymw.com.

Phase Stable Cables 
Test grade ca-
bles are a must 
for RF applica-
tions. The test 
cables serve as 
the extension of 
the equipments’ 
test ports. They 
provide flexibili-
ty for measuring 
cable assem-

blies or other microwave devices. It is vital to 
system performance that they remain stable 
when subjected to environmental or mechani-
cal stresses. Phase stable cables have triple 
shielding with low loss dielectric and high tem-
perature jacketing to minimize the phase ef-
fects when flexed multiple times. The connec-
tors are made of rugged stainless steel for 
extended attachment and feature a strain relief 
support designed for armoring as an option. RF 
Precision Products now offers such cables for 
applications up to 26.5 GHz. Test charts are in-
cluded. Off the shelf lengths are 24", 36" and 
48". Custom lengths are available.
RF Precision Products,  
Division of RF Industries,  
San Diego, CA (858) 549-6340,  
www.rfp2.com.

5000 operates from 700 to 5000 MHz. The SBC-
8000 operates from 5000 to 8000 MHz. 
EM Research Inc.,  
Reno, NV (775) 345-2411,  
www.emresearch.com.

VCO for TV Broadcasting

The ZX95-868+ 
is a VCO, de-
signed to oper-
ate from 805 to 
868 MHz for  
TV broadcasting 
application. The 
ZX95-868+ is 

built using Mini-Circuits’ proven unibody con-
struction (1.20"  0.75"  0.46"), which inte-
grates the RF connectors with the case body to 
shield against unwanted signals and noise. Fea-
tures include low phase noise (-116 dBc/Hz 
typical at 10 kHz offset), linear tuning sensitivi-
ty ratio of 1.2:1 typical and excellent pulling 
(0.03 MHz typical).
Mini-Circuits,  
Brooklyn, NY (718) 934-4500,  
www.minicircuits.com.

RoHS-Compliant VCO
Z-Communications Inc. announces a new 
RoHS-compliant VCO model SMV1365C-LF 
in L-Band. The SMV1365C-LF operates at 
1265 to 1465 MHz with a tuning voltage range 
of 0.5 to 4.5 V DC. This VCO features a typi-
cal phase noise of -98 dBc/Hz at 10 KHz offset 
and a typical tuning sensitivity of 113 MHz/V. 
The SMV1365C-LF is designed to deliver 
a typical output power of 8 dBm at 5 V DC 

useful in applications such as: DACs, ADCs, 
low phase signal sources, and test and measure-
ment. The CCHD-575 generates frequencies 
between 50 and 130 MHz.  Its output driver is 
capable of driving ±24 mA, translating to a rise/
fall time of ~600 ps at 100 MHz with a 15 pF 
load. Input supply voltage of 3.3 V DC consum-
ing 15 mA of current is required.  Extended 
temperature operating range of -40° to +85°C is 
also available.
Crystek Corp.,  
Ft. Myers, FL (800) 237-3061,  
www.crystek.com.

Multi-Octave Frequency 
Synthesizer 

The SBC Series 
consists of fre-
quency synthe-
sizers that fea-
ture tuning 
steps of 1 Hz, 
and exception-
ally low phase 
noise (-100 dBc/

Hz at 10 KHz). The units are locked to a 10 
MHz external reference and offers +7 dBm out-
put power, -15 dBc harmonics and -60 dBc 
spurs.  Options include external or internal ref-
erences (10 to 500 MHz) and extended tempera-
ture ranges. The SBC Series is available in cus-
tom multi-octave frequency bands to 8 GHz. 
The SBC Series is ideally suited as a lab source 
for prototype and bench-top testing.  The SBC-
3000 operates from 400 to 3000 MHz. The SBC-
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Avtech offers over 500 standard models 
of high-speed pulse generators, drivers, 
amplifiers and accessories ideal for both 
R&D and automated factory-floor testing. 
Some of our standard models include:

FAST PULSE TEST SOLUTIONS

AVR-EB4-B: for reverse-recovery time tests
AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests
AV-151J-B: for piezoelectric tests
AVOZ-D2-B: for production testing attenuators
AVR-DV1-B: for phototriac dV/dt tests

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/ 
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Model FL1645VS tunes 401MHz to 
406MHz and is used in MedRadio appli-
cations. A bias voltage of 1.5V delivers 
+ 2.0dBm power with only 5ma current 
consumption. Phase noise is -98dBc @ 
10kHz offset. Package size is 0.175 inch 
square with height of .075 inch.

www.modcoinc.com

from
Happy Holidays!

MICRO-ADS

MODPAK RF ENCLOSURES use a unique 
connector design that supports and allows 
access to both sides of your PC board.  
The enclosures are offered in 27 standard  
models with BNC, TNC, N or SMA 50 ohm 
female connectors. Custom enclosures 
fabricated to your specs. Contact us today.

Ph: 207.884.8285 • Fax: 207.884.8712
www.modpak.com

Access 
BOTH 
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of your 
PC board
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RF/Microwave Training Series
Presented by Besser Associates
•	RF	and	Microwave	Filters
•	Small	Signal	Amplifiers	-	LNA
•	Passive	Components:	Couplers,	Dividers	and	Combiners

Innovations in EDA Series
Presented by Agilent EEsof EDA
•		RF	Power	Amplifier	Design	Part	1:	Using	Simulated	and	Mea-

sured	Load	Pull	for	Optimal	Performance
•		The	Effect	of	Digital	Noise	on	RF	Receiver	Sensitivity	in	Smart-

Phone	Applications
•	High	Performance	Digital	Pre-Distortion	for	Wideband	Systems

Innovations in Signal Analysis Series
Presented by Agilent Technologies
•		Making	900	MHz	Wideband	Measurements	Using	PXA	SA	and	

VSA	Software
•	Interference	Analysis	Using	Handheld	Spectrum	Analyzers
•	Custom	OFDM:	Understanding	Signal	Generation	and	Analysis

Leading Technology Webinar Series
Presented by CST
•		New	Simulation	Workflows	for	Predicting	Radiated	Emissions	

from	Electronics	Systems
•		BioEM	Simulations	for	Improved	Medical	Diagnosis	and	Treatment
•	Reconfigurable	Antenna	Simulation

Market Research Series
Presented by Strategy Analytics
•	Military	Satellite	Communications	Market	Trends
•	RF	&	Power	Electronics	Opportunities	for	GaN	Market	Growth

Technical Education Series
•	An	Intro	to	Over-the-Air	Device	Performance	Testing
•	Replacement	of	Obsolete	Instrumentation	In	A&D	Test	Systems

Other
Presented by Agilent Technologies
•	How	to	Verify	Your	LTE	MAC	and	RF	Interactions
•	Optimizing	Battery	Operating	Time	of	Wireless	Devices
•	Using	Wireless	Signal	Decoding	to	Verify	LTE	Radio	Signals

Frequency Matters .

Past Webinars On Demand

Register to attend at  
mwjournal.com/webinars

December Short Course Webinars

Leading Technology Webinar Series
Presented by: CST
PCB and Package Co-design and Co-optimization 
This	webinar	looks	at	the	challenges	of	designing	high	density	cir-
cuits	across	the	on-chip,	package	and	PCB	domain	using	PCB	pack-
age	co-design	and	co-optimization	for	modeling	and	simulation.
Live	webcast:	12/1/11,	11:30	AM	ET

Leading Technology Webinar Series
Presented by: CST
Electromagnetic Simulation in Radar System Design
This	 webcast	 will	 discuss	 the	 application	 of	 CST	 STUDIO	 SUITE	
to	a	full	 radar	system	design.	CST’s	complete	simulation	technol-
ogy	enables	the	most	appropriate	method/solver	to	be	applied	to	
the	diverse	range	of	components	typically	found	in	a	radar	system.		
Live	webcast:	12/15/11,	11:30	AM	ET

RF/Microwave Training Series
Presented by: Besser Associates
Radio Communications
This	webinar	examines	some	fundamental	concepts	behind	today’s	
advanced	radio	communication	systems	using	basic	radio	compo-
nents	in	a	block	diagram	that	incorporates	digital	signal	processing	
at	RF	frequencies.
Live	webcast:	12/20/11,	11:00	AM	ET
Sponsored by: AWR and Tektronix

Defence and Security Executive Forum
Presented by: Microwave Journal
Video	presentation	of	the	Defence	and	Security	Forum,	including	
industry	perspectives,	market	analysis	and	defence	agency	insights
Available	for	on	demand	viewing
Sponsored by: Agilent Technologies, National Instruments, RFMD, 
Rohde & Schwarz and TriQuint Semiconductor 
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Botanical Garden

Description : Chinese Garden at the Montréal Botanical Garden
Credit : © Montréal Botanical Garden, Michel Tremblay

Montréal International Jazz Festival

About the conference:
The IEEE Microwave Theory and Techniques Society's 2012 
International Microwave Symposium (IMS2012) will be held on 
17-22 June in Montréal, Canada as the centerpiece of 
Microwave Week. IMS2012 offers technical sessions, interactive 
forums, plenary and panel sessions, workshops, short courses, 
industrial exhibits, application seminars, historical exhibits, and 
a wide array of other technical and social activities including a 
guest program. Colocated with IMS2012 are the RFIC 
symposium (www.rfic2012.org) and the ARFTG conference 
(www.arftg.org), which comprise the Microwave Week 2012 
technical program. With over 9,000 attendees and over 800 
industrial exhibits of the latest state-of-the-art microwave 
products, Microwave Week is the world’s largest gathering of 
Radio Frequency (RF) and microwave professionals and the 
most important forum for the latest and most advanced 
research in the area.

For more information visit http://ims2012.mtt.org

IMS2012 exhibit space is 
available for reservation. 
To book a space or for information contact: 
Richard D. Knight, Sales Manager
Telephone: 303-530-4562 ext. 130
Email: Rich@mpassociates.com

http://ims2012.mtt.org

IMS2012: Microwaves without Borders

Description : Montréal International Jazz Festival
Credit : © Festival International de Jazz de Montréal, Jean-François Leblanc

Biosphère, Environment Museum 

Description : Biosphère, Environment Museum
Credit : © Tourisme Montréal
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ISBN: 978-1-60807-057-2 
$139/£92

Introduction to RF Design 
Using EM Simulators
Hiroaki Kogure, Yoshie Kogure, 
and James Rautio
Hardcover. 310 pp. 2011
ISBN: 978-1-60807-155-5 
$109/£75

US:     Call   1-800-225-9977 (in the U.S. or Canada), 
or 1-781-769-9750, ext. 4030

 Fax to: 1-781-769-6334
 E-mail to: artech@ArtechHouse.com

UK:  Call +44 (0)20 7596 8750
 Fax to: +44 (0)20 7630-0166
 E-mail to: artech-uk@ArtechHouse.com

For complete descriptions and to order, visit 
ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

Passive RF Component 
Technology: Materials, 
Techniques, and Applications 
Guoan Wang and Bo Pan
312 pp. Available January 2012
ISBN: 978-1-60807-199-9 • $139/£92
Only $118/£78 
Order before December 31, 2011

ARTECH HOUSE

ARTECH HOUSE

Klystrons, Traveling 
Wave Tubes, Magnetrons, 
Crossed-Field Amplifiers, 
and Gyrotrons
A.S. Gilmour, Jr.
Hardcover. 882 pp.
ISBN: 978-1-60807-184-5  
$159/£109

Microwave Materials for 
Wireless Applications
David B. Cruickshank
Hardcover. 248 pp. 2011
ISBN: 978-1-60807-092-3 
$99/£66

685 Canton Street, Norwood, MA  02062  USA 
16 Sussex Street, London SW1V 4RW UK

B O S T O N   L O N D O N

The Newest, Practical Resources 
for RF & Microwave Engineers

Coming 

Soon! 
Save
15%

THE BOOK END

R adio frequency microelec-
tromechanical systems (RF 
MEMS) can offer superior RF 

performance over more conventional 
solid-state electronic devices and can 
help to implement advancements 
within a broad range of applications,
from ubiquitous smart sensor net-
works to mobile handsets. Moreover, 
they can substantially reduce the size, 
weight and cost of reconfi gurable sub-
systems, making this an important en-
abling technology for the 21st century.  
Advanced RF MEMS is an up-to-date 
guide to the theory and applications of 
these devices. With detailed informa-
tion about RF MEMS technology as 

Using materials from all these sources, 
Steve Lucyszyn does a nice job of pre-
senting the content in a coherent man-
ner.  Although the content is global, it 
is primarily European as the book is a 
bi-product of a Network of Excellence, 
called Advanced MEMS for RF and 
Millimeter-Wave Communications 
(AMICOM) funded by the EU with all 
the contributing authors being associ-
ated with the network.  It is a recom-
mended book for academics and prac-
ticing engineers. 

well as its reliability and applications, 
this is a comprehensive resource for 
professionals, researchers and stu-
dents alike.

The book reviews RF MEMS 
technologies and illustrates new tech-
niques that solve long-standing prob-
lems associated with reliability and 
packaging.  It also provides the in-
formation needed to incorporate RF 
MEMS into commercial products, 
describes current and future trends in 
RF MEMS and provides a perspective 
on industry growth.  The book is well 
suited for those studying or working in 
RF and microwave circuits, systems, 
micro-fabrication and manufacturing, 
production management and metrol-
ogy and performance evaluation.

The book has contributions from 
many well known experts in the fi eld 
so it provides comprehensive coverage 
of the subject, including future trends. 

Advanced RF 
MEMS

Edited by 
Stepan Lucyszyn

To order this book, contact:
Cambridge University Press, 
32 Avenue of the Americas, 
New York, NY 10013-2473 

(212) 924-3900
www.cambridge.org/us

415 pages; $120 
 ISBN: 978-0-52189-771-6
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Microwave, RF, Wireless

and Radar Event

SUBMIT YOUR PAPER ONLINE NOW!
To electronically submit a technical paper for
one or more of the four conferences, all you
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1. Log on to www.eumweek.com
2. Click on 'Conference Information' to view 

the individual conference topics
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0.1 MHz - 20 GHz

TINY ToughEST MIXERS
uNDER ThE SuN

NoW

Rugged, tiny ceramic SIM mixers  
offer unprecedented wide band, high frequency 
performance while maintaining low conversion
loss, high isolation, and high IP3.   
   Over  21 models in stOck are available to operate 
from an LO level of  your choice, +7, +10, +13, and 
+17 dBm. So regardless of the specific frequency 
band of your applications, narrow or wide band, 
there is a tiny SIM RoHS compliant mixer to select 
from 100 kHz to  20 GHz. Built to operate in tough 

environments, including high ESD levels, the SIM 
mixers are competitively priced for military, 
industrial, and commercial applications. Visit our 
website to view  comprehensive performance  

data, performance curves, data sheets, pcb layouts, 
and environmental specifications. And, you can 
even order direct from our web store and have it in 
your hands as early as tomorrow! 

       RoHS compliantU.S. Patent #7,027,795

$495
ea. qty.  1000

Up to 20 GHz!

SIM

from  

0.2"x 0.18"

.

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

Math, Science and Logic Puzzles 
for the  enginerd’ in all of us

(re-printed with permission from pzzls - www.pzzls.com) 
’  

answers available online at www.mwjournal.com

Rocket Launch

Why are the European Ariane rockets launched from the Korou site in French Guiana, South America, 
and not from some place in Europe where the rockets are built? 

The Pzzls Eye Test

Close one of your eyes. Move your head close to the page and watch closely to the left circle if you 
closed your left eye. You should look to the right circle if you closed your right eye. Keep watching and 
move your head slowly backward while checking the other circle. What happens? And how is that 
possible? 

Pole Vaulting

What is the maximum height a pole vaulter could theoretically jump? Would it ever be possible that a 
pole vaulter passes the height of 10 meters? 

Day away

Sarah and Mike conclude that it is Wednesday. But five minutes later it is already Friday. How is that 
possible?
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FREQUENCY GAIN NOISE NOMINAL PEAK
MODEL RANGE GAIN FLATNESS FIGURE VSWR P1dB Psat CURRENT @ 30V

NUMBER (GHz) (dB, Min.) (±dB, Max.) (dB, Max.) IN/OUT (dBm, Min.) (dBm, Min.) (mA)

AMFG-3F-00030100-60-33P 0.03-1 42 1.5 6 2:2 34 36 750*
AMFG-3F-00030300-60-33P 0.03-3 40 2 6 2:2.2 33 35.5 750*
AMFG-3F-00030400-60-32P 0.03-4 40 2 6 2:2 32 35 750*
AMFG-3F-00040250-60-33P 0.04-2.5 40 2 6 2:2.2 33 35.5 670
AMFG-3F-00050100-50-34P 0.5-1 40 1.5 5 1.8:1.8 34 37 750*
AMFG-3F-00230025-30-37P 0.23-0.25 50 1 3 1.5:2 37 40 250*
AMFG-3F-00500350-60-32P 0.5-0.35 40 1.75 6 2:2.2 33 35 600*
AMFG-3F-00700380-60-35P 0.7-3.8 40 2 6 2.5:2.5 35 39 1500
AMFG-3F-00800220-60-35P 0.8-2.2 40 1.5 6 2:2 35 38 900*
AMFG-2F-01000300-60-35P 1-3 40 2 6 2:2.2 35 39 1500
AMFG-2F-01000200-60-38P 1-2 35 2 6 2:2 36 37 1500

Notes: Psat is defined as the output power where a minimum of 3 dB gain compression takes place.
Higher power available, please contact MITEQ.
* 12V version available.

100 Davids Drive • Hauppauge, NY 11788
TEL.: (631) 436-7400 • FAX: (631) 436-7430

www.miteq.com

100 Davids Drive • Hauppauge, NY 11788
TEL.: (631) 436-7400 • FAX: (631) 436-7430

www.miteq.com
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