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

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

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

(Jitter, Rj)

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

+1 973-386-9696.

e Wireless HD Testing

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

u’”" Wireless Telecom Group Noisecom

Boonton Microlab Noisecom

Visit http://mwj.hotims.com/28497-72 or use RS# 72 at www.mwjournal.com/info
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FREQ.
)

0.5-1

MODEL
NUMBER

CD-501-102-10S
CD-501-102-20S
CD-501-102-30S

CD-102-202-10S
CD-102-202-20S
CD-102-202-30S

CD-202-402-10S
CD-202-402-20S
CD-202-402-30S

CD-262-522-10S
CD-262-522-20S
CD-262-522-30S

CD-402-802-10S
CD-402-802-20S
CD-402-802-30S

CD-702-1242-6S

CD-702-1242-10S
CD-702-1242-20S
CD-702-1242-30S

CD-752-163-10S
CD-752-163-20S
CD-752-163-30S

CD-1242-183-10S
CD-1242-183-20S
CD-1242-183-30S

CD-102-103-10S
CD-102-103-20S
CD-102-103-30S

SVIA Connectors

& MIL-STD-45662

* Ruggedized Stripline Construction
* Meets ISOD 93001, MIL-STD-09858A

* Space DQualified, Bidirectional,
[usturl_'l Linits & Values Available

VSWR POWER

FREQ. INSERTION (Max.) (Watts, Max.)
COUPLING FLATNESS  LOSS DIRECTIVITY PRI SEC. AVG. AVG. PEAK
) (¢dB)  (dB, Max.)  (dB,Typ.) LINE LINE FORWARD REVERSE (kW)

10 +1.25
20 £1.25
30 £1.25

10 +1.25
20 £1.25
30 £1.25

10 +1.25
20 £1.25
30 +1.25

10 £1.25
20 +1.25
30 £1.25

10 £1.25
20 +1.25
30 £1.25

6 +1.25
10 +1.25
20 £1.25
30 +1.25

10 +1.25
20 £1.25
30 £1.25

10 +1.25
20 +1.25
30 £1.25

10 1.5
20 +1.5
30 +1.5

For additional Infurmaﬂnﬁ‘please contact our Sales Department

at [631) 439-9220 or e-mail components@miteg.com

—_ e a1 OO WWWW WWW WWW WWWw WwWww

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

Visit http://mwj.hotims.com/28497-64 or use RS# 64 at www.mwjournal.com/info
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SPlI TTERS
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THE INDUSTRY’S LARGEST SELECTION Mini-Circuits offers thousands of power
splitters/combiners for applications from 2 kHz to 18 GHz and with power handling as
high as 300 watts. Choose from coaxial, flat-pack, and surface-mount housings, for 50 Q
and 75Q applications. The industry’s largest selection includes 2-way through
48-way power splitters/combiners in 0°, 90°, and 180° configurations, with outstanding
performance in terms of insertion loss, VSWR, amplitude unbalance, and phase
unbalance. All models are characterized with detailed data and performance curves,
available at the touch of a button using Mini-Circuits advanced Yoni2 search
engine. These low-cost, off-the-shelf power splitters/combiners are available
immediately, and backed by Mini-Circuits 1year guarantee. But if your application
calls for a custom unit, our development team will meet or exceed your requirements
quickly and cost-effectively. Contact Mini-Circuits today, for the industry’s largest
selection of power splitters/combiners. oHS Gompliant

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

listed on our website.

®

1SO 9001 ISO 14001 AS 9100 CERTIFIED
-6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@4”2 The Design Engineers Search Engine finds the model you need, Instantly + For detailed performance specs & shopping online see miniciﬁui\s-con‘g
U.S. patent 7739260
IF/RF MICROWAVE COMPONENT: 448 rev £

Visit http://mwj.hotims.com/28497-51 or use RS# 51 at www.mwjournal.com/info
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Confidence In Measurement Means
Accuracy and Repeatability
at Every Connection

MAURY Provides The Right Tools, With The Right Performance, For The Right Price!

METROLOG YV ERADENEtEcsonedlStanuaras aic €omponel j’i
-

.H!N:u Orr
o Y Internaticnal J
54 > STOCKING
Piry O DISTRIBUTORS
Qﬁg For Quicker
el Ly

Prems:un Calrbratmn Standards
& Components :

MAURY > Blvd., Ontario, California 91764 « USA
MICROWAVE Tel 90 9—9&?—4?15 Fax: 909-987-1112 » Email: maury @maurymw.com
G LA LSO On The Web at MAURYMW.COM

Visit http://mwj.hotims.com/28497-47 or use RS# 47 at www.mwjournal.com/info
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DEPENDABLEV

The [fr\f& ﬁﬁ:@? Mm ] ﬂﬂltar selection program helps customers quickly

determine which filter products best meet their application needs.

Visit www.klifilterwizard.com, provide your desired specifications, and the
software will return a list of products that match, placing response graphs,
outline drawings, and downloadable s-parameters at your fingertips.

There are better ways to get help with your filter design.

MICROWAVE

A THOTER | COomPANY

vidths, and unloaded

K& : Inc. » rive y - MD - 21801 - P:
F: 44 0 e klmicr =, COMm Wi dfilte ard.com * sales
Visit http://mwj.hotims.com/28497-41 or use RS# 41 at www.mwjournal.com/info
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Experience
the new wave
in Noise,

NoiseWave.

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

and Noise Generators for telecommunications.

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

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

Choose NoiseWave,
the new wave in Noise!

For more information
Contact Ed Garcia at:

/\/

NOISEWAVE

/ﬂ]\/

e n
"W Wavejn noisE

NoiseWave Corp.

Phone (973) 386-1119
Fax (973) 386-1131
egarcia@noisewave.com

WwWwWw.hoisewave.com

Visit http://mwj.hotims.com/28497-73 or use RS# 73 at www.mwjournal.com/info
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Putting components together To make it even easier for you,

we've just put together two
shouldnt be a puzzle proven companies that fit
like the pieces of a puzzle.
Advanced Control Components
and Aeroflex / KDI-Integrated
Products have now merged to
become Aeroflex / Control
Components. ACC supplies
high-performance solid-state
RF and microwave components
and sub-systems to the military,
aerospace, commercial, and
instrumentation markets. Our
industry-leading team of design
engineers has extensive experi-
ence and an impressive track
record in passive and active
component design and sub-
system integration up to
40 GHz. Using the latest and
most advanced CAD software,
we can solve the toughest
design puzzles with compre-
hensive solutions, including:
= Attentuators
= Detectors
= Limiters
= Switches and switch matrices
= Phase shifters
= Frequency converters
" |ntegrated assemblies
Let us put the pieces of the
puzzle together for you!

732-460-0212
www.aeroflex.com/ACCmj

= [\EROFLEX

A passion for performance.

.{_-*7 http://mwj.hotims.com/28497-2 g j{ e
RS#-2 at www.mwjournal.com/infc
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FEATURES

COVER FEATURE

20 The State of RF/Microwave Switches
Pat Hindle, Microwave Journal Editor

In-depth look at the technological advances in solid-state switches, including the emerging battle between CMOS silicon-
on-insulator, silicon-on-sapphire and GaAs MMIC switches

TECHNICAL FEATURES

ﬁ A 470 to 960 MHz Resonant Antenna: Covering UHF Mobile TV and CDMA/GSM without
Tuning Circuits

Mohamed Sanad, Amant-Antennas; Noha Hassan, Cairo University

Development of a wideband antenna for ultra high frequency mobile digital television

74 Fiatness Improvement for a Shunt-peaked Ultra-wideband Low Noise Amplifier

H. Garcia-Vizquez, Sunil L. Khemchandani, |. Arias-Pérez and |. del Pino, University of Las Palmas de Gran Canaria
Presentation of a configuration to achieve flat gain in wideband low noise amplifiers

84 a Compact, Balanced Low Noise Amplifier for WiMAX Base Station Applications
J.S. Mandeep and H. Abdullah, Universiti Kebangsaan Malaysia; Nitesh Ram, Universiti Sains Malaysia

Presentation of the design and development of a balanced low noise amplifier suitable for WiMAX base station applications

ﬂ Diamond Rf™ Resistives: The Answer to High Power and Low Capacitance
Mark Bailly, EMC Technology

Description of how diamond passive components provide a path to reduce design limitations in real applications

M Microwave Journal (USPS 396-250) (ISSN 0192-6225) is published monthly by Horizon House Publications Inc., 685 Canton St., Norwood, MA 02062. Periodicals postage paid
& at Norwood, MA 02062 and additional mailing offices.
Photocopy Rights: Permission to photocopy for internal or personal use, or the internal or personal use of specific clients, is granted by Microwave Journal for users through
Copyright Clearance Center provided that the base fee of $5.00 per copy of the article, plus $1.00 per page, is paid directly to the Copyright Clearance Center, 222 Rosewood
Drive, Danvers, MA 01923 USA (978) 750-8400. For government and/or educational classroom use, the Copyright Clearance Center should be contacted. The rate for this use

is 0.03 cents per page. Please specify ISSN 0192-6225 Microwave Journal International. Microwave Journal can also be purchased on 35 mm film from University Microfilms,
§4°) Periodic Entry Department, 300 N. Zeeb Rd., Ann Arbor, MI 48106 (313) 761-4700. Reprints: For requests of 100 or more reprints, contact Barbara Walsh at (781) 769-9750.

Ce‘//eﬂ@e_ POSTMASTER: Send address corrections to Microwave Journal, PO Box 3256, Northbrook, IL 60065-3256 or e-mail mwj@omeda.com. Subscription information: (847) 291-5216.
T | This journal is issued without charge upon written request to qualified persons working in that part of the electronics industry, imcluding governmental and university installation,
"'I. that deal with VHF through light frequencies. Other subscriptions are: domestic, $120.00 per year, two-year subscriptions, $185.00; foreign, $200.00 per year,
two-year subscriptions, $370.00; back issues (if available) and single copies, $10.00 domestic and $20.00 foreign. Claims for missing issues must be filed within 90 days of date
of issue for complimentary replacement.

©2010 by Horizon House Publications Inc.
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FEATURES

PRODUCT FEATURES

Validating a 3 GHz Calibration Kit for Testing to 6 GHz

Radiall USA Inc.
Design of a 75 ohm HDTV BNC connector that offers a 75 ohm interface with
low VSWR and return loss over a frequency range from 0 to 6 GHz

Bias-T Up to 100 W and 7 GHz for GaN
Tecdia

Development of a series of bias-T products for high power GaN devices

Triple Mode Filter for Wireless Communication Systems
KMW USA Inc.

Introduction to a triple mode filter capable of providing high stop band
attenuation with low pass band insertion loss in a small package

TECH BRIEFS

Compact, Low SSB Phase Noise Wideband VCOs Cover 6 to 20 GHz
Hittite Microwave Corp.

Introduction to two wideband voltage-controlled oscillators that operate
between 6 to 12 and 10 to 20 GHz

Power Divider/Combiners Offer Low-loss and High Isolation
MECA Electronics

Design of a power divider/combiner product family based on microstrip
techniques using high quality materials to lower insertion loss
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Carlisle’s high performance connectors, cables and assemblies encompass a wide selection
of sizes, materials and operating frequencies. Contact us for a comprehensive list of
product offerings or custom solutions to meet YOUR unique application needs.

INTERCONNECT TECHNOLOGIES

Visit http://mwj.hotims.com/28497-14 or use RS# 14 at www.mwjournal.com/info
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Go to
www.mwjournal.com

Online |

The latest industry news, product updates, resources and
web exclusives from the editors of Microwave Journal

Free Webinars

MWJ]/Besser Associates Webinar Series:
Communication System Design

RF/Wireless Signal Propagation Analysis

Maximize the range of indoor wireless networks
operating in the 900 MHz, 2.4 GHz and 5 GHz
license-free bands.

Live Webcast: 11/16/2010, 11 AM (ET)
Sponsored by AWR and Tektronix

MWJ]/Agilent Innovations in EDA Series:
Applying the Latest Technologies to MMIC
Design

This webcast will use an LTE RF power amplifier
to present the latest developments in design
and simulation technologies. Topics will include
improving MMIC design and demonstrating a
complete front-to-back design flow using the
Advanced Design System.

Live Webcast: 11/11/2010, 1 PM (ET)
Presented by Agilent Technologies Inc.

Online Technical Papers

LTE Measurements with P-Series Power
Meters and Sensors
White Paper, Agilent Technologies Inc.

Tag Designs and Techniques Used in HF
RFID Item Level Tracking

Ronald A. Marino

Join Us

(direct links at www.mwijournal.com)

in _f

“RF and Microwave @mwijournal,
Microwave Journal @pathindle
Community” Fan Page and @KAatMWJ

14

GaAs Low Noise Amplifier Design
Trade-offs in the Working World

This webinar will present some of the design
decisions implemented in a new GaAs LNA
MMIC, discussing trade-offs and RF performance
attributes involving this LNA as well as small-
signal linear driver amplifiers.

Live Webcast: 12/07/2010, 11 AM (ET)
Presented by Freescale Semiconductor Inc.

CST Webinar:

Integrating 3D EM Simulation Technology
This presentation will show how 3D EM
simulation with its new links and coupled
solutions is moving towards providing full
electromagnetic solutions for complex systems.
Live Webcast: 12/09/2010, 2 PM (ET)
Presented by CST

Executive Interview

Dale Wildes, Executive T =—owa—
Vice President of KMW

Communications Inc., discusses

his company’s origins, global

trends among wireless carriers and

original equipment manufacturers,

and the state of wireless

infrastructure technologies.

Expert Advice

Leo Maloratsky, author of Passive
RF and Microwave Integrated

Circuits, has worked in RF/
microwave R&D for several decades |
and is an assistant professor at '
the Moscow Institute of Radio-
Electronics. This month, he
contributes engineering tips on
transmission line design and applications.
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More Q. Less Cu

[

) | These tiny new air core inductors

have the highest Q and current handling
in the smallest footprint.

Coilcraft’s new SQ air core inductors have unmatched Q
factors: most are above 200 in the 1-2 GHz range! That’s 3
times higher than comparably sized 0805 chip coils.
And with their extremely low
DCR, they can handle 4 to 8 times
i more current: up to 4.4 Arms.

SQ air core inductors are perfect
for your LC filter and RF impedance
= | [l matchingapplications. They come in
° feumgomy ™ 15 values ranging from 6 to 27.3 nH,

Q factors are 3X higher than all with 5% tolerance.
Standard chip inductors These coils

are significantly smaller than exist- \\\\\‘\1
ing air core inductors. We reduced
the footprint by using close-wound > %
construction and keeping the leads (7 ] =Y

e

Q Factor

close to the body. The square shape
cuts the height to as low as 1.5 mm
and creates flat top and bottom sur-
faces for easy automated handling
P and stable mounting.

| - See how the ultra-high Q and
The square shape and narrow fooprint - ©urrent handling of Coileraft’s
reduce board space by 60-75% over  new SQ air core inductors can
conventional air core inductors. maximize the P erformance of
your next design. For complete specifications and free

evaluation samples, visit www.coilcraft.com/sq

AY

gR DIRECT

DELIVERY

ORDER BY 5

www.coilcraft.com 800/322-2645
Visit http://mwj.hotims.com/28497-19 or use RS# 19 at www.mwjournal.com/info



http://www.coilcraft.com/sq
http://www.coilcraft.com
http://mwj.hotims.com/28497-19
http://www.mwjournal.com/info
http://BUY.COILCRAFT.COM

MMIC AMPLIFIER

50MHz to20GHz -~ -

AVA-24+ : _
$19.95ea. (Qty.1-9) r g . ¢ PHA' 1 +
WY

$1.49ee. (. 50)
WO COVER 50 MHz 1o 20 GHz WITH ONLY 2 AMPLIFIERS!

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

The PHA-1+ is a highly advanced E-pHEMPT amplifier poised to be a workhorse for your wireless applications.
Why? It offers ultra-high dynamic range but with low noise, and has among the highest IP3 performance
(42 dBm typical at 2 GHz) of any amplifier in its class. The PHA-1+ has good input and output return
losses over an extremely broad frequency range (50 MHz to 6 GHz) and can work without external matching
components - saving you cost, design time and board space. The PHA-1+ is ideal for use in LTE and
TD-SCDMA systems. ACLR and EVM data is available on our website.

The AVA-24+ can cover 5 to 20 GHz with excellent gain flatness (+/- 0.8 dB) across its entire frequency range,
with integrated matching circuits and bias circuit in an easy-to-use surface-mount package. Its high isolation
(37dB typical) makes it very useful as a buffer amplifier. This design approach makes the AVA-24+ an extremely
flexible MMIC that is simple and straightforward to use.

Full electrical, mechanical and environmental specifications for both of these models, as well as characterization
data including S-parameters and performance curves, are available at minicircuits.com. These models are in
stock for immediate shipment. Mini-Circuits... Your partners for success since 1969

®

I1SO 9001 ISO 14001 AS 9100 CERTIFIED
0 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@ilz The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minil=irt=E uits.com

IF/RF MICROWAVE COMPONENTS 476 100 B
Visit http://mwj.hotims.com/28497-52 or use RS# 52 at www.mwjournal.com/info
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Mark Your CALENDAR

SATURDAY

4
IMS 2011
Call for Papers
Deadline:
December 3, 2010
5 6 7 8 9 10 11
‘ oo WA:&; Pacific Microwave Conference Yokohama, Japan "
Webinar: Webinar:
GaAs LNA Design CST STUDIO
Trade-offs in the SUI.TE 2.011 )
Working World Webinar: Integrating Simulation
Sponsored by ANSYS 2010 Technology
Sponsored by
o =11 -+ 1sM 2010
12 13 14 15 - = 5
International Symppsium on Microwaves 2010 cccceeoee .}
Bangalore, India
MW)/Besser
Webinar:
Component
Modeling
Sponsored by
Cawr
19 20 21 22, 23 24 25
26 27 28 29 30 31 1

Next month: Radio Wireless Week
January 16-19, 2011
Phoenix, AZ

Go to: www.mwiournal.com/events

MICROWAVE JOURNAL m NOVEMBER 2010
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CALL FOR PAPERS
WAMICON 2011
Deadline: November 12, 2010
IMS 2011
Deadline: December 3, 2010
ARFTG
Deadline: December 31, 2010
RFIC 2011
Deadline: January 11, 2011

www.mwiournal.comlevents

NOVEMBER

ARMMS RF AND MICROWAVE CONFERENCE
November 22-23, 2010 ¢ Corby,
Northamptonshire, UK

_WWW.Armms.org
76™ ARFTG SYMPOSIUM

www.arftg org
DECEMBER

MILLIMETER-WAVE AND SUBMILLIMETER-WAVE
MEASUREMENTS AND MODELING
November 30—December 3, 2010
Clearwater Beach, FL

APMC 2010

AsiA PAcIFic MiICROWAVE CONFERENCE
December 7-10, 2010 ® Yokohama, Japan
www.apmc2010.org

JANUARY
RWS 2011

RADIO AND WIRELESS SYMPOSIUM
January 16-20, 2011 * Phoenix, AZ

http://rawcon.org

MEMS 2011

IEEE INTERNATIONAL CONFERENCE ON MICRO
ELECTROMECHANICAL SYSTEMS

January 23-27, 2011 * Cancun, Mexico

www.ieee-mems2011.org

FEBRUARY

N

MWC 2011

MoBiLE WORLD CONGRESS

February 14-17, 2011 * Barcelona, Spain
www.mobileworldcongress.com

ISSCC 2011

INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE

February 20-24, 2011 * San Francisco, CA

http://isscc.org

NATE 2011
NATIONAL AssOCIATION OF TOWER ERECTORS
February 21-24, 2011 ® Oklahoma City, OK

www.natehome.com

COMING EVENTS

ntermational

MARCH

SATELLITE 2011
March 14-17, 2011 ® Washington, DC

www.satellite2011.com

CTIA witH RF/MICROWAVE AND M2M ZONES
March 22-24, 2011 ® Orlando, FL

www.ctiawireless.com

ACES 2011

27™ INTERNATIONAL REVIEW OF PROGRESS IN
ApPLIED COMPUTATIONAL ELECTROMAGNETICS
March 27-31, 2011 ® Williamsburg, VA

http://aces.ee.olemiss.edu/conference/

APRIL

WAMICON 2011

IEEE WIRELESs AND MICROWAVE TECHNOLOGY
CONFERENCE

April 18-19, 2011 e Clearwater, FL
JUNE

WWW.Wamicon.org ! .
RFIC 2011

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM
June 5-7, 2011 ® Baltimore, MD

www.rfic2011.org
IMS 2011
IEEE MTT-S INTERNATIONAL MICROWAVE

SYMPOSIUM
June 5-10, 2011 ® Baltimore, MD

www.ims2011.org

ARFTG 2011
ARFTG MICROWAVE MEASUREMENT CONFERENCE
June 10, 2011  Baltimore, MD

www.arftg.org

AUGUST

EMC 2011

IEEE INTERNATIONAL SYMPOSIUM ON
ELECTROMAGNETIC COMPATIBILITY
August 14-19, 2011 ® Long Beach, CA

www.emc2011.org

OCTOBER

EuMW 2011
EUROPEAN MICROWAVE WEEK
October 9—14, 2011  Manchester, UK

www.eumweek.com

NOVEMBER

COMCAS 2011

INTERNATIONAL IEEE CONFERENCE ON
MiCcROWAVES, COMMUNICATIONS, ANTENNAS AND
ELECTRONIC SYSTEMS

November 7-9, 2011 o Tel Aviv, Israel

WWW.COMCaASs.org
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THE STATE OF RF/
MICROWAVE SWITCHES

F and microwave switches are used ex-
Rtensively in wireless systems for signal
routing, finding wide use in switching
signals from antennas to the transmit and re-
ceive chains. They are one of the highest vol-
ume RF devices in use today, as several devices
are typically contained in a block diagram. RF
and microwave switches fall into the two main
categories of electromechanical and solid-state
switches. While electromechanical switches
have not found wide use in RF and microwave
applications since the PIN diode was devel-
oped, they are making some new in-roads in
certain applications in the form of micro-
electromechanical systems (MEMS) devices.
Solid-state switches are typically more reliable
and exhibit longer lifetime than electrome-
chanical switches, plus offer faster switching
times. However, solid-state switches typically
have higher intrinsic ON resistance and more
harmonic distortion than mechanical switches.
Today’s CMOS silicon-on-insulator (SOI)
and silicon-on-sapphire (SOS) switches are
starting to challenge GaAs MMIC switches in
many applications as their cut-off frequencies
and breakdown voltages improve. Each tech-
nology has it advantages and disadvantages,
which can be leveraged for various applica-
tions for an optimal solution. Up until a few
years ago, MEMS switches were considered

an emerging technology that had reliability and
reproducibility issues. However, recent gen-
erations have solved many of those problems
making them very competitive in several ap-
plications.

OLDIE BUT GOODIE

Starting in the 1950s, PIN diodes were the
first widely used solid-state switching technol-
ogy and are still in wide use today. They excel
in very high power and high frequency applica-
tions with low insertion loss and better power
handling capabilities when compared to most
IC FET switches. A PIN diode operates as a
variable resistor at RF and microwave frequen-
cies. Its ON resistance varies from less than
1 ohm (ON) to more than 10 kohms (OFF)
depending on the bias.! One limitation of a
PIN diode switch is its lower frequency limit
of a few kHz to about a MHz depending on
the thickness of the intrinsic or I (intrinsic)
region. Therefore, they do not operate all the
way down close to DC like most IC switches
such as GaAs MMICs or CMOS RFICs. They
also require more current to operate compared
to IC switches, which means they are typically

PAT HINDLE
Editor, Microwave Journal
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A Fig. 1 Series PIN SPDT switch (a), shunt PIN SPDT switch (b)
and series-shunt PIN SPDT switch (c).1

not a good fit for mobile applications. However, they can
be more desirable for higher power levels used in military,
Satcom or base station applications.

As explained in an Agilent application note,! PIN diode
switches can consist of a mixture of series and/or shunt di-
odes depending on the circuit requirements. Series PIN
diodes can function within a wide bandwidth limited by
the biasing inductors and DC blocking capacitors, while
shunt diodes feature high isolation relatively independent
of frequency (see Figure 1). Circuit designers often use
transmission lines to create series lumped inductance to
achieve a low pass filter effect, which enables the switch
to work up to the desired frequency. Shunt diode switches
have limited bandwidth arising from the use of quarter
wavelength transmission lines between the common junc-
tion and each shunt diode. A combination of both shunt
and series diodes are typically used to achieve optimal in-
sertion loss and isolation performance in a diode switch,
but there is a trade off between them. As seen in these
various configurations, PIN diodes can require larger cir-
cuit areas to realize because of the passive components and
multiple diodes needed for the switch design compared to
IC switches. The larger footprint is an issue in compact and
mobile designs.

Some examples of high power PIN diode products
come from Aeroflex’Metelics, a company that offers sur-
face-mount PIN diodes with 100 W CW power handling
and 650 W pulsed power handling with insertion loss less
than 0.2 dB and isolation of 53 dB. Skyworks offers a se-
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manufacturing

PIN diodes for many years, so they are well characterized
and have proven reliability in many demanding applica-
tions. They are available in many form factors such as chip,
beamlead, ceramic packaged and surface-mount packaged
in addition to chip scale form factors.

PIN diode switches are not just offered as discrete de-
vices; many manufacturers offer integrated diode MMICs.
M/A-COM Tech pioneered the diode MMIC in the
late 1980s with the Glass Microwave Integrated Circuit
(GMIC), which used a glass process to isolate the devices
by fusing the GaAs with a glass wafer.2 This was the pre-
decessor to the Heterolithic Microwave Integrated Cir-
cuit (HMIC) process, which is glass and Si fused together.
M/A-COM Tech has recently developed multi-octave, high
power switches with its AlGaAs PIN diode HMIC devices
including multi-throw switches with power handling of 50
W CW (over 100 W pulsed) with less than 2 dB insertion
loss and over 30 dB isolation at 40 GHz. This family of
switches utilizes a patented AlGaAs heterojunction anode
to reduce insertion loss and increase IP3 without compro-
mising isolation; off-state capacitance remains unchanged.
This family of AlGaAs/GaAs PIN-based switches probably
has the highest frequency, broadest bandwidth response
of any of the other technology currently available as these
switches are fully functional from 1 MHz to 75 GHz. In
addition, switching speeds of less than 500 picoseconds
have been measured with this technology. Figure 2 shows
a SPST broadband AlGaAs HMIC PIN diode and its per-
formance.

Another example comes from TriQuint, who offers
a vertical PIN process as a foundry service. An example
device is a GaAs monolithic PIN diode SP4T switch that
operates from DC to 20 GHz. At a bias current of 10 mA
per output arm, typical mid-band performance is 0.6 dB
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insertion loss with 40 dB isolation in
the off-arms. Isolation and insertion
loss can be adjusted by varying the

output arm bias current of the switch.

THE CURRENT WORKHORSE

GaAs field-effect transistor (FET)-
based switches have been the main-
stay of RF/microwave switches since
the 1980s when MMIC circuits be-
came widely available at relatively
low prices. Driven by DARPA fund-
ing for defense applications (MIMIC
program) and a high demand for com-
mercial wireless devices, GaAs MMIC
reproducibility improved dramatically
during this period and device costs
were greatly reduced.® FET switches
are very stable and repeatable due to
good control of the drain-to-source
resistance. FET switches are voltage-
controlled resistors so they provide
low power operation, small size and
relative design simplicity compared to
PIN diodes. They are broadband (DC
to 20 GHz devices are widely avail-
able) and have relatively high linearity.

Initially, GaAs MMIC MESFETs
were widely used in the 1980s and
‘90s, but these have given way to
PHEMT MMIC devices, which have
better ON resistance (Ron) charac-
teristics and are now the most widely
used GaAs MMIC switching devices.
While MESFET devices were able to
reach switching speeds down to tens
of pico seconds, PHEMT devices
suffer from gate lag as electrons can
be trapped on the surface. PHEMTs
typically have switching times in the
hundreds of micro seconds as they can
switch in tens of nano seconds (10 to
90 percent), but have gate lag times of
several hundred microseconds (90 to
98 percent).

However, new developments such
as M/A-COM’s nanosecond designs
achieve about ten
nano second switch-
ing times including
gate lag. M/A-COM
made a number
of changes to the
PHEMT process
and device struc-
ture to overcome
this problem.* The
number of surface
states and interface
traps were reduced L
at the ungated GaAs

PORT
RF_PORT_1

GATE
CONTROL

GATE
CONTROL

ing techniques and the deposition of
a special passivating dielectric. The
formation of the Schottky diode gate
was modified to both reduce gate re-
sistance with no additional gate ca-
pacitance in order to minimize the
RC charging time associated with
device turn-on and turn-off. And a
proprietary III-V layer was added to
the PHEMT structure to further re-
duce the channel resistance and en-
able enhanced movement of charge
through the device especially from the
ungated recess region. This process
optimization for low gate lag not only
resulted in an improvement in the 90
to 98 percent switch settling time, but
also exhibited reduction in the 10 to
90 percent switching speed. While
CMOS Si-based switches do not suf-
fer from gate lag, they typically switch
in the range of micro seconds. This is
because CMOS SOI devices are typi-
cally designed for low-frequency op-
eration. Similarly, SOS switches can
achieve nanosecond switching speeds
without gate lag; however, most devic-
es have been designed to optimize the
tradeoff between speed and low fre-
quency operation. One of the draw-
backs of MEMS switches is switching
speed as they typically exhibit speeds
of tens to hundreds of micro seconds
for electrostatically operated devices.
Low channel resistance allows
GaAs MMIC switches to operate at
low frequencies (very near DC) and
reverse biasing completely depletes
the channel in the OFF state provid-
ing excellent isolation at low frequen-
cies.! However, to operate down near
DC, GaAs switches do need a charge
pump circuit because the traditional
capacitors prevent low frequency
operation. The isolation degrades at
higher frequencies due the effect of
the drain-to-source capacitance. Fig-

PORT
COMMON_PORT

PORT
RF_PORT_2

S FET2

surface using clean- A Fig. 3 Simplified SPDT switch using FETs as switching devices.!
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ure 3 shows a simplified schematic
diagram of a SPDT FET switch. The
biasing path is not connected to the
RF path simplifying the DC biasing
path and eliminating the expensive
RF choke. The chokes are used to
reduce the insertion loss that results
from the biasing path being connected
to the RF port in PIN diode switches.
The ON resistance of a GaAs FET is
still typically higher than a PIN diode,
so the insertion loss performance of
FET switches is not as good as PIN
switches. FET switches are voltage
controlled so they consume far less
current than current controlled PIN
switches.

While GaAs MMIC switches were
originally only available as depletion
mode devices, they required a nega-
tive control voltage for operation that
was not desirable compared to CMOS
switches. An alternative to using a
negative control voltage is to elevate
or float the DC voltage at the source
of the FET to +5 V and use a 0 to +5
V control voltage. Floating the DC
voltage requires blocking capacitors
that complicates the design and re-
quires more circuitry. However, there
are now a number of suppliers offer-
ing enhancement mode PHEMT (E-
PHEMT) devices that do not require a
negative gate voltage to operate (these
devices are typically only offered in
PA MMICs). They are normally OFF
and use a positive voltage to turn the
FETs on. This also allows integration
of limited logic on the same chip that
has always been an advantage with Si-
based FET switches, but it is at the
cost of current consumption. Many
companies and foundries also of-
fer E/D-PHEMT processes that can
incorporate both FET modes on a
MMIC so that each device type with-
in the circuit can use the process that
best fits its needs for performance.
Companies such as TriQuint, RFMD,
Skyworks, Hittite and M/A-COM
Tech, along with others, use this tech-
nology in their switches for appropri-
ate applications where the increased
complication in processing is worth
the added benefits. Therefore, the
disadvantages for negative voltage op-
eration and logic integration for GaAs
MMICs has been decreased over the
past few years, although Si CMOS still
offers better integration opportunities
with logic and memory circuits.

The GaAs MMIC switch market
is still very large and they are used in
many applications from commercial
to military. Many circuit designs and
switch types are available and opti-
mized for almost any application. The
design demands for compact, low cur-
rent multi-throw handset devices are
far different from high power base
station or military radar applications.
Most of the widely known compo-
nent manufacturers such as Skyworks,
RFMD, TriQuint, Hittite, CEL/
NEC, Mini-Circuits and M/A-COM
Tech offer a wide variety of devices
depending on the application. GaAs
MMIC devices are still progressing
as they shrink die sizes, develop chip
scale packaging and optimize the FET
design, but the technology is relatively
mature so the improvements are not
revolutionary at this point. Over the
last 20 years or so, GaAs PHEMT
switches have offered the best overall
performance for most high frequency
(over a few GHz) and broadband ap-
plications that require low to medium
power levels, but this is changing.

GAINING GROUND

Standard Si CMOS-based FET
switches have previously not proven
to be good RF switches as they suf-
fered from significant insertion loss
and low isolation because the sub-
strate is not insulating and break-
down voltages are low. One way to
overcome the low breakdown voltage
is to stack the FETs, but it is difficult
to accomplish spreading the voltage
evenly across the FETs so this has not
worked very well in standard CMOS.
However, Si-on-sapphire (SOS) and
more recently Si-on-insulator (SOI)
FET switches have been gaining mar-
ket share in many applications as their
insulating substrate quality, cut-off
frequencies and breakdown voltages
have improved. They are compet-
ing with GaAs switches in some high
volume applications such as handset
switches and even demanding military
applications.

These Si technologies accomplish
FET stacking with even voltage distri-
bution across the FETs, low insertion
loss, high isolation and better linear-
ity than standard CMOS. An example
of higher voltage operation is Per-
egrine Semiconductor SOS switches
that have recently achieved 50 W
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CW power handling and greater than
80 dBm IIP3 on switch designs that
are much higher than GaAs MMIC
switches and similar to PIN diode
MMIC:s (see Figure 4). This is allow-
ing them to penetrate even the high
power territory where PIN diodes
have dominated. Peregrine maintains
that SOS provides the highest linear-
ity due to its fully insulating substrate
and GaAs linearity has limitations due
to the diode junction formed between
the gates in the channel.

Peregrine  Semiconductor and
IBM recently teamed up to develop
and manufacture future generations
of Peregrine’s patented UltraCMOS™
silicon-on-sapphire  (SOS)  process
technology, which is unique for its
thin insulating layer. It provides the

ter RF CMOS process at IBM’s 200
mm semiconductor manufacturing fa-
cility in Burlington, VT. This develop-
ment marks the first commercial use
of 200 mm (8-inch) wafer processing
for a silicon-on-sapphire process. An
example of a high performance switch
recently developed by Peregrine is a
monolithic symmetric SPST switch
(manufactured on its STeP5 process)
that covers from near DC to 4 GHz
with TIP3 of +70 dBm, ITP2 of +130
dBm and insertion loss of 0.35 dB
(900 MHz). The switch handles +35
dBm operating input power (across
the range) with high ESD tolerance of
up to 4 kV (HBM).

While GaAs MMIC switches offer
good linearity and isolation with low
ON resistance and low OFF capaci-

needed  isolation,
but is thin enough
so that it minimizes 20
the negative ef-
fects of a thicker Si 10

A

layer that does not

provide ideal high
resistivity (see Fig-
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tance (Coff), they do have some disad-
vantages. GaAs technology is relatively
mature and while it still is improving,
most major advances have probably
been achieved. As a representative
from Peregrine said, “There are not
many more dials to turn to improve
GaAs device performance.” SOS and
SOI CMOS-based devices are im-
proving quickly and are now closing in
on a lower Ron-Coff product, a good
figure of merit for switches, allowing
the design of switches with lower in-
sertion loss and higher isolation. Pere-
grine believes that SOS could achieve
a product of less than 200 fs as they
progress to 0.18 micron technology
and even lower with 0.13 micron tech-
nology. Today some high performance
GaAs devices are already at this level.

Up until recently, SOI resistivity
was not as ideal as GaAs or SOS, so
devices made with SOI technology ex-
hibited higher levels of harmonic and
intermodulation distortion. However,
recent advancements in SOI CMOS
technology have been able to reduce
these effects to make them competi-
tive with SOS.> RFMD has demon-
strated a SP9T SOI switch with simi-
lar performance to current PHEMT
switches with a Ron-Coff product of
250 fs, which is close to a high quality
PHEMT value of 224 {s. This compares
favorably to current SOS products of
400 fs with 0.25 micron technology,
but with 0.18 micron technology SOS
is expected to be below 200 fs.

RFMD has three new SOI switch-
es that are being released. This lineup
has been designed into two major
handsets, so it seems to be gain-
ing momentum. Earlier this year,
Skyworks introduced a symmetrical

SP4T SOI switch. The device is de-
signed for 3GPP bands from 0.70 to
2.7 GHz with typical insertion loss as
low as 0.6 dB and isolation as high as
30 dB and harmonic performance less
than 75 dBc at 0.9 GHz. At the same
time, the company also introduced a
W-CDMA DP4T SOI switch with a
decoder. Today’s best GaAs PHEMT
switches, 0.18 micron SOS and 0.18
SOI appear to be nearly equal in this
figure of merit measurement. Table 1
compares the Ron-Coff figure of merit
for various technologies. It should be
noted that this figure of merit is ef-
fective for comparing raw device per-
formance, but is not the only metric
important for a complete switch de-
sign. Therefore, processes with low-
er Ron-Coff values can outperform
ones with lower values when other
tradeoffs are made in a complete design.

GaAs MMIC devices can have
higher contact resistance than these
Si technologies, increasing losses,
and cannot integrate logic circuits as
well as Si-based technologies. Driv-
ing GaAs switches also frequently
requires extra interface components,
and GaAs has limited capability to in-
tegrate other functions such as logic
control and memory. While CMOS
switches have greater than 2000 V
(HBM) ESD tolerance, which is
relatively robust, most GaAs MMIC
switches are only around 200 V, mak-
ing them susceptible to ESD damage
and typically requiring special han-
dling procedures. The same is true
with most RF MEMS switches.

Cost is a major advantage of any
type of Si wafer processing for large
volume applications compared to
GaAs because Si has lower material

TABLE |
FIGURE OF MERIT FOR VARIOUS SWITCH TECHNOLOGIES
Process Device Coff Ron-Coff
(ohm-mm) (FF/mm) (fs)
0.18 thick film 5V NFET 255 485
SOI Lg = 0.6 pm
13 nm gate oxide
0.18 thin film 2.5 VNFET 310 250
SOI Lg = 0.32 pm
5.2 nm gate oxide
0.5 pm SOS NFET 270 756
10 nm gate oxide
0.35 pm SOS NFET 240 264
10 nm gate oxide
GaAs PHEMT | R-JPHEMT 160 224
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costs and larger wafers to reduce the
cost per unit area. While in the past
SOS substrates were very expensive,
this is changing as the LED mar-
ket is fueling demand for lower cost
substrates and driving high volumes.
According to Peregrine Semiconduc-
tor, government funding for the LED
market along with the demand for low
energy lighting could make sapphire
substrates the highest volume elec-
tronic devices in the near future (see
Figure 6). LEDs have been running
on 150 mm substrates, putting them
on the same wafer sizes as high vol-
ume GaAs.

However, neither SOS nor GaAs
wafer processing can probably come
close to the low cost of SOI switches,
which use standard Si processing and
larger wafer sizes, although Peregrine
maintains that its SOS process uses
fewer masking steps and standard
processes that can match SOI costs.
As SOI perf()rmance improves to
match GaAs and SOS switches, they
will probably have a cost advantage
for high volume applications. One way
that GaAs devices compete on cost is
their setup costs (lower cost mask
sets) are typically much less for wa-
fer runs than Si, so for lower volumes
they can gain a cost advantage espe-
cially for IDMs that produce their
own devices.3

While SOI technology has not
been competitive in the past, it seems
poised to compete in the lower fre-
quency (under 3 GHz), high volume
market such as handset and perhaps
even WLAN markets. This is mostly
enabled by the recent availability of
low cost, high resistivity Si substrates
(1 kohm-cm), which

formance, and SOI substrate costs are
a fraction of sapphire at 200 mm, not
counting the fact that SOI uses stan-
dard technologies and libraries.” Per-
egrine conversely states that its SOS
technology uses standard CMOS pro-
cesses and libraries. The company also
maintains that its Step5 process leads
the market in all performance param-
eters and provides better design flex-

ibility.

STARTING TO COMPETE

RF MEMS capacitive switches
were first developed and used in the
early 1990s and typically use an elec-
trostatic means to actuate the switch.
They offer very low loss and high lin-
earity compared to FET switches, but
their switching speed is typically much
lower. There are basically two types,
the ohmic contact and capacitive con-
tact. With ohmic switches, two metal
electrodes are brought together to

CURRENT CAPACITY
BEAR DEMAND
BULL DEMAND
160
9 CAPACITY
8 :;g 60BU
5 so
3 60
Q40
20
0
2009 2010 2011 2012
YEAR

A Fig. 6 Projected demand for sapphire sub-
strates (source: Canaccord Adams estimates).

were not available
several years ago.
As one representa-
tive from RFMD
put it, “While SOI
was  thought to
have poor linear-
ity, we are finding
that through careful
switch branch lay-
out, charge pump
optimization and an
excellent collabora- .
tion with our found- | GLASS

ry partners, we are
now meeting or ex-
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the movable contact
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A Fig. 7 Example capacitive MEMS switch construction (courtesy
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RFMD.

Mini-RF Passive Components Portfolio

A new line of mini-RF passive couplers, splitters, and transformers is now available from RFMD! Designed for applications that require very
small, low-cost, and highly reliable surface mount components, these high-performance devices serve a broad range of end markets, including
broadband and wireless communications systems.

CATV original equipment manufacturers (OEMs) require RF passives in both head end, forward path, and return path applications. RFMD now

offers a cost-effective solution for these CATV OEMs and other broadband manufacturers by providing this new line of low-cost mini-passive
components that provide better performance with a smaller footprint. Contact your local RFMD sales representative for pricing.

SPLITTERS - 0° OFFSET

Insertion Insertion Amp Phase
Part Freq Range Return Lo Min  Isolation Typ  Isolation Min Loss Typ Loss Max Unbalance Max  Unbalance Max
Number (MHz) (dB) (dB) (dB) (dB) (dB) (dB) (Deg) Package
RFSP5522* 5to 1200 14 22 18 1.0 1.6 0.6 5.0 S18
RFSP5722 5to 1200 12 28 22 0.8 1.5 0.5 5.0 S18
* 50 ohms
COUPLERS
Nominal Coupling Mainline Mainline Directivity Directivity Return Loss
Part Freq Range Coupling Flatness Loss Typ Loss Max Typ Min Min
Number (MHz) (dB) (dB) (dB) (dB) (dB) (dB) (dB) Package
RFCP5742 5 to 1200 10+0.5 +0.5 1.5 2.0 14 10 11 S18
RFCP5743 5 to 1200 10+ 0.5 +0.5 15 2.0 14 8 14 S20
RFCP5762 5 to 1200 16 £0.5 +0.5 0.6 1.2 20 10 14 S18
RFCP5763 5 to 1200 16 £0.5 +0.5 0.8 1.2 20 8 14 S20
TRANSFORMERS
Insertion Loss Insertion Loss Insertion Loss
Part Freq Range Impedance 3 dB Bandwidth 2 dB Bandwidth 1 dB Bandwidth
Number (MHz) Ratio (MHz) (MHz) (MHz) Package
RFXF2513* 0.3 to 200 1:4 — — 3 to 200 S20
RFXF2533* 2 to 350 1.2 — — 2 to 350 S20
RFXF2553* 1 to 350 1.4 — — 1 to 350 S20
RFXF2713 5 to 200 1:1 — — 5 to 200 S20
RFXF3553* 2 to 1000 1:4 — 2 to 1000 2 to 400 S20
RFXF5702 5 to 1200 1:1 — 5 to 1200 5 to 750 S18
RFXF5703 5 to 1200 1:1 — 5 to 1200 10 to 870 S20
RFXF5704 5 to 1200 1:1 — 5 to 1200 5 to 800 S21
RFXF5712 5to 1200 1:1 — 5to 1200 5 to 1000 S18
RFXF5753 5to 1200 1:4 5to 1200 5 to 870 — S20
RFXF5792 5 to 1200 1:1 — 5 to 1200 5 to 1000 S18
RFXF5793 5 to 1200 1:1 — — 5 to 1200 S20
RFXF5794 5 to 1200 1:1 — — 5 to 1200 S21
RFXF6553* 10 to 1900 1.4 10 to 19000 10 to 1000 10 to 500 S20
RFXF8553* 500 to 2500 1.4 500 to 2500 500 to 1500 500 to 1000 S20
RFXF9503* 3 to 3000 1:1 3102700 3 to 2400 3 to 1800 S20
RFXF9504* 5 to 3000 1:1 5 to 3000 5 to 2700 5 to 1200 S21
* 50 ohms
FEATURES
RFMD . * Extremely small in.dustry-standard footprint.
* S21 package, the industry’s smallest footprint
g LR i wideband transformer
- - A — R * Superior performance
S21 Package size: S20 Package size: S18 Package size: ¢ Low cost and ROHS compliant
0.100” x 0.080” 0.150” x 0.150” 0.250” x 0.300” o

50 ohms and 75 ohms impedance

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

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

7628 Thorndike Rd., Greensboro, NC 27409-9421 USA « Phone 336.664.1233 « Fax 336.931.7454
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A Fig. 8 RF MEMS switch has no compres-
sion point up to +36 dBm (4 W) RF power.

create a low resistance contact, while
in capacitive switches, a metal mem-
brane is pulled down onto a dielectric
layer to form a capacitive contact. Fig-
ure 7 shows the construction used by
Omron for its MEMS switches. The
electrode is a special metal composi-
tion that flexes down when voltage
is applied to turn the switch on and
returns back to its original position
without the applied voltage. The use
of capacitive coupling has reduced is-
sues associated with older generation
MEMS switches of dry contact, metal
to metal ohmic switching. Issues with
sticking contacts, wear, etc., have been
mitigated using this newer technology
as suppliers have optimized the metal-
lic materials and design.

RF MEMS switches can have no
compression point until +36 dBm,
as shown in the comparison to GaAs
switches in Figure 8. Omron has de-
signed a SPDT switch that operates
at 34 V with typical insertion loss of 1
dB, isolation of 30 dB and return loss
of 10 dB at 10 GHz. Radant manu-
factures some high isolation, low loss

34

MEMS  switches
such as a SP6T DC
to 20 GHz device
with 22 dB isolation
and less than 0.8 dB
loss at 18 GHz and
near zero harmonic
distortion. They
also have a very
high isolation DC-

12 GHz MEMS
switch with better .. vvics.
than 70 dB isolation

and less than 0.3 dB insertion loss at
2 GHz.

Over the past decade, process-
ing improvements, materials refine-
ments and design changes have en-
abled designs with less than 0.1 dB
loss through 40 GHz, low power
consumption of tens of nanojoules
per cycle and high linearity of greater
than 66 dB, according to Memtronics.
Reliability is on the order of 100 mil-
lion cycles, minimum. In fact, Radant
Technology reports that its devices
have been independently tested by
the Department of Defense (DoD)
laboratories under a DARPA pro-
gram to 1.5 trillion cycles, which was
conducted in 30 months of continu-
ous testing. This has allowed them to
compete in several applications such
as test & measurement and switching
arrays for antennas. The advantage of
the mechanical switch is that when it
is off, it is physically isolated so there
is little leakage. Leakage current is
about 100 fA at 100 VDC. MEMS
offer lower off-state capacitance and
better off-state RF isolation than ei-
ther FETs or PIN diodes. Like GaAs
FETs, they have low ESD tolerance
of around 100 V HBM so they re-
quire special handling.

iSuppli recently reported that it
anticipates RF MEMS revenue to rise
to $8.1 M this year, $27.9 M in 2011
and then $223.2 M in 2014. Much of
this is projected to be from cell phone
front-end adoption of tuning using
RF MEMS switches and varactors to
help boost the performance of smart
phones. iSuppli states that WiSpry and
TDK-Epcos are offering RF MEMS
for high volume cell phone applica-
tions, while Analog Devices, Radant
Technologies and XCOM Wireless (in
cooperation with Teledyne Technolo-
gies) as well as Omron are targeting
high end applications for testing and

A Fig. 9 Die photographs of TriQuint’s 6, 12 and 18 GHz SPDT

instrumentation such as ATC and RF
test. Also noted at EuMW 2010 this
year was DelfMEMS, who is also
manufacturing and supplying MEMS
switches.

An example of the new MEMS tun-
ing technology is the TDK-EPC and
WiSpry tunable modules that quickly
switch in and out various values of ca-
pacitance to dynamically tune handset
antenna to maximize efficiency. Start-
ups Radant and MEMtronics are also
focusing on defense applications. Out-
side of cell phone and instrumenta-
tion, wireless infrastructure switches
could be replaced by cheaper, higher
performance RF MEMS devices. An-
other opportunity is in defense appli-
cations for radio systems and phased-
array antennas.

FUTURE TECHNOLOGIES

While most of the recent advances
in switch technology have concen-
trated on the lower power applica-
tions driven mostly by handsets, the
higher power applications are still
dominated by PIN diode technology.
GaN has been developed mostly for
high power amplifier applications,
but it also shows great promise as a
future switch technology. A couple of
GaN suppliers have started to release
switch products. TriQuint has devel-
oped three broadband GaN on SiC
MMIC switches to cover frequency
ranges of DC-6, DC-12 and DC-18
GHz, as shown in Figure 9. These
devices have maximum insertion loss
of 0.7, 1.0 and 1.5 dB, and demon-
strate 40, 15 and 10 W RF power
handling, respectively, for 6, 12 and
18 GHz designs.5 Cree has advanced
datasheet information available on
a 25 W, 0.1 to 3 GHz SPDT GaN
MMIC switch. It features less than
0.7 dB insertion loss, 15 ns switching
speed, over 30 dB isolation and over

MICROWAVE JOURNAL m NOVEMBER 2010



cCusToOoOm ocEsIoNsS
TO OROCER...

- ASIK ASO0OUT OuiR
COST CFFECTIVE
SOLUTIONS.

TRIMILIIESIR
CFIF'FICI UJIX D

® Low Cost Trimmer Capacitors
® Miniature Trimmers
@ Standard Air Trimmers

@ High Voltage PTFE
Dielectric Trimmers

@ High Voltage Extended Range
Series FTPE Dielecric Trimmers

® Very High Voltage Trimmers

@ Ultra High Voltage PTFE
Dielectric Trimmers

@ High Q Sealed Sapphire
Trimmer Capacitors

® Precision Microwave Tuners

® Dielectric Resonant
Ocillator Tuners

@® Precision Microwave
Cavity Tuners

@ Half Turn Trimmers

The Trimm

CERAMIC, & MICROWAVE Pl BSC FILTERS ® DOW-KEY MICROWAVE ® NOVACAP ® SYFER TECHNG
K e s DIELECTRIC LABORATORIES ® K&L MICROWAVE ® POLEZERO @ www.voltronicscorp.com

www.dovercmp.com

Visit http://mwj.hotims.com/28497-113 or use RS# 113 at www.mwjournal.com/info



http://mwj.hotims.com/28497-113
http://www.mwjournal.com/info
http://www.voltronicscorp.com
http://www.dovercmp.com

/ CPW

SUBSTRATE

GRAPHENE SHEETS

A Fig. 10 Top view of the graphene NEMS
switch configuration.”

60 dBm TOI. With the need for high
power switches with lower current
consumption, GaN switches should
eventually find their way into several
applications, especially satellite and
military designs.

There also has been some work
done with microwave nano electro-
mechanical systems (NEMS) switches
that potentially could overcome the
drawbacks of the current MEMS de-
vices. Work has been done that shows
graphene flakes that can operate as a
switch up to 60 GHz with switching
times of less than a nano second.”
This could enable all the benefits
of MEMS switches while obtaining
fast switching times comparable to
the fastest solid-state switches. The
simplified construction is shown in
Figure 10. The device is a coplanar
waveguide and an array of metal-
lic graphene sheets suspended over
it. The waveguide is made from gold
strips deposited on a 500 micron thick
semi-insulating Si substrate. The gra-
phene flakes are suspended over the

36

es, but could be attached via metallic
contacts.

THE STATE OF SWITCHES

Table 2 shows a summary of the
key performance metrics for the
various switch technologies cov-
ered. The “state” of RF and micro-
wave switch technology today shows
that the PIN diode is still very vi-
able in high power, high frequency
applications, but the most widely
used technology is the GaAs MMIC,
which still offers the best perfor-
mance for most high frequency
(over a few GHz) and broadband
applications that require low to me-
dium power levels. However, the
market is changing as SOS and SOI
CMOS switches are making signifi-
cant in-roads in some high volume
applications. Their performance is
matching that of GaAs MMICs at
frequencies up to a few GHz and
they offer cost and integration ad-
vantages. SOI and SOS switches
are also proving they can be viable
in medium to high power applica-
tions as breakdown voltages have
improved with FET stacking. In the
future, GaN MMIC switches show
great promise to take a foothold in
higher power applications, prob-
ably replacing PIN diodes in some
of these areas. MEMS switches are
showing promise in the test & mea-
surement, phased array and tunable
module market, which promises to
be significant in the large handset
market.

TABLE Il
COMPARISON OF SWITCH DEVICE PARAMETERS
Switch Technology Monolithic PIN GaAs MMIC CMOS sOI CMOS SOs RF MEMS GaN MMIC
diode
Insertion Loss (dB) 0.3-1.5 0.3-2.5 0.3-2.5 0.2-1.5 0.1-1.0 0.1-1.5
Isolation (dB) >=30 >=25 >=30 >=30 >=30 >=30
Power Handling (W) <=50 <=10 <=50 <=50 <=10 <=100
Power Consumption High Low Low Low Low Low
Switching Speed ns to psec ns to psec Jisec ns to psec Jsec ns
Ron-Coff (fs) 100-200 224-400 250 (.18 ) 264 (.35 p) 100-200 400
Cost High Low Very Low Very Low Medium High
ESD Tolerance Medium Low High High Low High
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= Military Reliobility & Qualificotion

* Various Options: Temperature Compensation,
Input Limiter Protection, Defectors/TTL & More

# Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPI.IFIERS

and AS91008
CERTIFIED

Model No. reg (GHz)  Gain (d8) MIN  Noise Figure dB)  Power-out@pide 3rd Order [P VSWR
CA01-2110 28 . , 0. +10 +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
(A24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CA01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA0T-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27-29 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 5.4-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 1.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A1315-3110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41dBm  2.0:1
(A34-6116 SIS 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 59-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(AB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Freti 6Hz)  Gain (@) MIN  Noise Flgure @)  Power-out@pid  3rd Order [P VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 +10 +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
CA26-3110 2.0-6.0 26 2.0 MAX, 1.5TYP +10 MIN +20dBm  2.0:1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (6Hz)  Input Dynamic Range OutpuT Power Ru e Psat  Power Flatness dB  VSWR
(CLA24-4001 20-40  -281t0+10dBm +7 to +1 +/-1.5MAX  2.0:1
CLA26-8001 2.0-6.0  -50to+20 dBm +14 10 +1 8 dBm +/-1.5MAX  2.0:1
(lA712-5001  7.0-12.4  -211t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(LA6181201  6.0-18.0  -50 to +20 dBm +14 10 +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN  Noise Figure @)  Power-out@pid8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 5.0 MAX, 3.5 +1 30 dB MIN 2.0:1
CA05-3110A 0.5-5.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
(A1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CAT518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20 dB MIN 1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fregl (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA00T-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
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
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Lockheed Martin Awarded Contract to

Defend Against Anti-ship and Missile

Threats

The US Navy awarded Lockheed Martin a $119 M con-
t

ract to demonstrate its conceptual designs for the Air

and Missile Defense Radar (AMDR) intended to up-
grade the Navy’s future capability against advanced anti-
ship and ballistic missile threats. Lockheed Martin was one
of three industry teams competitively selected to advance
its designs for the AMDR S-band radar and the radar suite
controller under a 24-month technology demonstration
phase contract.

“Lockheed Martin's AMDR design provides a high per-
formance radar suite capable of supporting simultaneous
multi-mission operations in stressing environments, bal-
anced with affordable lifecycle costs,” said Carl Bannar,
Vice President of Radar Systems. “Our team has developed
an open-architecture and modular design that has matured
technologies through significant investment by our com-
pany and the Navy.”

The AMDR suite is scalable and can accommodate
current and future mission requirements for multiple
platforms. The AMDR S-band radar will provide volume
search, tracking, ballistic missile defense discrimination
and missile communications. The AMDR X-band ra-
dar, part of a separate procurement, will provide horizon
search, precision tracking, missile communication and ter-
minal illumination. Both radars will be integrated by the
radar suite controller, which will provide the appropriate
interfaces between the two radar bands and the ship’s com-
bat system.

Raytheon to Design Technology
Demonstrator for Air and Missile Defense
Radar

aytheon Co. also received a $112.3 M contract to de-
Rsign and develop an S-band radar and radar suite con-

troller technology demonstrator for the US Navy’s new
Air and Missile Defense Radar (AMDR). This highly ad-
vanced system will provide unprecedented capabilities for
the Navy’s Arleigh Burke-
class destroyers. AMDR
is being developed to fill
capability gaps identified
by the Joint Require-
ments Oversight Council
in May 2006. The radar
suite will consist of an S-
band radar, X-band radar
and radar suite controller. The system is scalable, enabling
installation and integration with multiple platforms to meet
the Navy’s current and future mission requirements.

The radar suite will
consist of an S-band
radar, X-band radar
and radar suite
controller.

DEFENSE NEWS

Dan Massé, Associate Technical Editor

The AMDR S-band component will provide volume
search, tracking, ballistic missile defense discrimination
and missile communications. Raytheon’s skills and exper-
tise in dual band radar technology will ensure that AMDR’s
S- and X-band radars operate in coordination across a vari-
ety of operational environments.

Raytheon recently validated the maturity of its S-band
capability with a demonstration of the system’s advanced
power amplifier and beamforming technology. System re-
liability and performance were confirmed, propelling the
company closer to a full demonstration of a highly capable,
low-risk solution for the Navy.

Raytheon has partnered with General Dynamics Advanced
Information Systems and shipbuilder Gibbs & Cox in the con-
cept development of this next-generation radar solution.

Under the contract, Raytheon IDS will design and de-
velop radar arrays for far-field testing. The technology dem-
onstrator will reduce risk and refine the system concept in
preparation for the engineering and manufacturing devel-
opment phase of the program. Work on the program will
be performed at Raytheon IDS Headquarters, Tewksbury,
MA; at the Surveillance and Sensors Center, Sudbury, MA;
at the Seapower Capability Center, Portsmouth RI; and at
the Integrated Air Defense Center, Andover, MA.

Northrop Grumman Awarded Contract to
Develop AMDR Phase Il Concepts

The US Navy has also awarded Northrop Grumman
Corp. a $120 M contract to conduct technology de-
velopment for the Air and Missile Defense Radar
(AMDR). A next generation radar system planned for the
Navy’s Future Surface Combatant, AMDR is designed as a
scalable, multi-mission radar system. AMDR is comprised
of an X-band and an S-band radar along with a radar suite
controller and is intended to provide unprecedented situ-
ational awareness to easily detect, track and engage ballis-
tic missiles in high clutter environments.

“Under this two-year contract, Northrop Grumman will
mature and demonstrate several key technologies required
for the AMDR S-band radar and the radar suite controller,”
said Steve McCoy, Vice President of the Advanced Concepts
business unit for the company’s Electronic Systems sector.

Northrop Grumman is leveraging its extensive history
of military S-band radar development along with modu-
lar, open architecture approach to provide a solution for
AMDR that will scale to multiple ship classes and help pro-
tect the US Navy fleet for the next 40 years, McCoy added.

Northrop Grumman has proven active electronically
scanned array technology developed for airborne and sur-
face-based platforms and is a leading integrator of ship-
board electronics. The corporation has delivered more
than 500 S-band radar systems and is currently the supplier
on a large S-band system for the Navy.

~
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Harris Receives $9.6 M to Deliver Type-1,
Suite B Handheld Radios

arris Corp., an international communications and
Hinformation technology company, has received a

$9.6 M order for the Harris RF-310M-HI, a new
handheld tactical radio designed to simplify and improve
secure communications interoperability for US and allied
forces in combat. Harris is supplying RF-310M-HH mul-
tiband, multi-mission, software-defined radios under the
US Department of Defense Coalition Readiness Support
Program to provide secure communications interoperabil-
ity to the International Security Assistance Force (ISAF)
in Afghanistan. The RF-310M-HH is the first NSA Type-1,
Suite-B certified tactical radio for protecting voice and data
transmissions up to SECRET level classification.

This capability will enable secure communication be-
tween coalition units using RF-310M-HH radios and US
forces using either RF-310M-HH or other Suite B tactical
radio products, such as the Falcon III® AN/PRC152(C)
handheld and AN/PRC-117G manpack radios. The AN/
PRC-152 and AN/PRC-117G radios contain both US
Type-1 Suite A and Suite B encryption, providing secure
interoperability with the RF-310M-HH in support of vari-
ous operational scenarios.

“The RF-310M-HH was developed in response to the

© Extremely low insertion loss

Enables high-quality cellular services

© Low inter-modulation

Increases capacity and improves clarity

© Superior power handling

Supports multiple carriers

© Connector or tab interface

Simplifies manufacturing integration

© Tested for extreme temperatures

Ensures functionality in all conditions

© Available for many frequency bands

Provides flexibility for emerging technologies

www.rfsworld.com

40 Visit http://mwj.hotims.com/28497-84
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increased use of multi-
national coalitions on The RF-310M-HH
today’s battlefield,” said 18 theﬁr st NSA

Steve Marschilok, Presi-
dent, Department of
Defense business, Har-
ris RF Communications.
“Nations in these coali-
tions utilize many differ-
ent types of radios, each
with their own sovereign
encryption technologies,
making  inter-coalition
communication a chal-
lenge.”

The RF-310M-HH radio uses the Sierra IIB programma-
ble encryption module, certified by the NSA in June 2009.
In addition to allowing secure interoperation with other
tactical radios, the RF-310M-HH also hosts the APCO P25
waveform. The P25 waveform provides interoperability with
radios used by police and other emergency response organi-
zations, allowing the RF-310M-HH to span the gap between
tactical and public safety networks. With its programmable
encryption technology, Software Communications Archi-
tecture (SCA) and coverage of the entire 30 to 512 MHz
frequency range, the RF-310M-HH is the ideal solution to
interoperability challenges presented in coalition operations.

Type-1, Suite-B
certified tactical
radio for protecting
voice and data
transmissions up

to SECRET level
classification.

A Worldwide Leader in Ferrite Devices

RFS Ferrocom designs and manufactures a
broad range of ferrite devices that are
unequaled in performance, quality and
reliability. We offer more than 2000
designs covering the 80 MHz to 40 GHz
range as well as a highly skilled engineer-
ing staff that is ready to develop isolators
and circulators to your specifications.

In keeping with our commitment to

quality, our facility is registered to the
1SO-9001/2008 quality standard and fully
compliant with MIL-I-45208A.

Technical Information:
Tam Nguyen
tam.d.nguyen@rfsworld.com
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Christina Alvarado
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GPS FILTERS

Since 1979, Reactel has been a global leader in the design
and manufacture of filters for military and commercial
applications.

Our versatility and expertise is reflected in the variety
of units we are providing for GPS systems,

Small and lightweight, rugged for high power or anything
in between; let our engineers design a unit which is the

right fit for your application.
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Indra to Design Radar System for ESA

he European Space Agency (ESA) has awarded In-
Tdra three contracts worth a total of €5.4 M to design
a future radar system for the surveillance of objects
close to the Earth as well as the development of its working
prototype. The company will also determine its location
and develop the simulator for the system. The contracts
strengthen Indra’s role within the preparatory stage of the
Space Situational Awareness (SSA), promoted by ESA.
The working prototype will prove, in a real scenario, its
capacity to detect objects in Low Earth Orbits at altitudes
between 200 and 2,000 km and will require Indra to de-
sign one of the most advanced radar systems capable of
operating at such dis-
tances. The study of
feasibility and the tests
will last for two years—
until 2012. The results

The project is within
the strategy of the

European Union to
will form the basis for

gainfurther inSight ESA to lay the basis
into the space for building the actual

. detection network. The
environment...

tests with the prototype
will help determine the
structure and amount of equipment so that costs can be
estimated.

The other two contracts include the development of a
radar simulator that will predict the radar’s system perfor-
mance and will be used to optimise its final design. Indra
is also considering the locations for the optimisation of the
future surveillance radar in Europe and the report will
help ESA decide the location.

The initiative seeks to increase security of space missions
in the event of collisions with orbiting objects, magnetic
storms or meteors. The project is within the strategy of
the European Union to gain further insight into the space
environment by proprietary means, which will undertake
surveillance of nearby orbits and will monitor more distant
zones. For this purpose, different technologies such as ra-
dars and optic telescopes, etc., will be employed.

USA ETSI Meeting Stresses Global
Importance of M2M
The global significance of machine-to-machine (M2M)

communications was demonstrated by the first meet-

ing outside Europe of the M2M technical committee

of the European Telecommunications Standards Institute

(ETSI). The meeting of the committee, which defines the

operation of future M2M communications and the effi-

cient integration onto wireless networks, was held in Phila-
delphia, PA, and hosted by InterDigital Inc.

Over 40 telecommunications experts from leading com-

panies and organizations around the world participated

in shaping wireless technologies that connect people and

Go to www.mwjournal.com for more international news items :\/
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Richard Mumford, International Editor

devices—ranging
from remote monitor-
ing and control to e-
health, smart transpor-
tation and intelligent
homes—changing the
way people live, work
and play.

As an adjunct to the
meeting, the host held
a successful demon-
stration of a working
prototype of an end-to-end architecture that interconnects
cellular and non-cellular (e.g. WPAN, WLAN) networks
seamlessly, using the cellular network to remotely manage
and control both cellular and non-cellular M2M devices.
This architecture is being standardized within ETSI in or-
der to enable a broad range of M2M applications in vertical
markets such as smart energy, healthcare, transportation
and security.

France Telecom’s Marylin Arndt, Chairman of the ETSI
M2M committee, announced that the first step of the stan-
dardization process, defining requirements for the system,
had been successfully completed and that work continues
to develop the detailed standards. A first release of these is
foreseen for the first semester of 2011, enabling the global
industry to deliver M2M services.

... architecture is
being standardized
within ETSI in
order to enable

a broad range of
M2M applications in
vertical markets...

Thales Constructs Air Traffic Management
Centre in Melbourne

hales Australia has begun the construction of a new
Tresearch and development centre in Melbourne, Vic-

toria, Australia, aimed at shaping the future of Air
Traffic Management (ATM). The Centre for Advanced
Studies in ATM (CASIA) will be at the forefront of the
companys work on
new ATM offerings for
Australia and export
markets around the
world. Beyond cutting-
edge R&D, CASIA
will be available for use
by Thales™ customers,
partners and suppliers.
The company will also
strengthen its ties with
Victorian universities and other educational institutions
through shared research initiatives.

The centre will be located within Thales Australia’s ex-
isting premises at Melbourne’s World Trade Centre, and
will begin operations early in 2011. It will pioneer inno-
vative solutions and explore new technologies that will di-
rectly contribute to making air travel safer, more efficient
and greener, while delivering a host of other benefits to
local and international Air Navigation Service Providers.

“Thales Australia is
ideally placed to offer
local, regional and
global customers the
most innovative ATM
solutions...”

l
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Chris Jenkins, Thales Australia’s CEO, said CASIA rep-
resented the next chapter of ATM in Australia. “CASIA is
the result of long term investment in our ATM business,
which has grown from just a few employees 15 years ago
to a global centre of excellence employing 400 people in
highly skilled jobs.”

“Thales Australia is ideally placed to offer local, regional
and global customers the most innovative ATM solutions in
the world today, building on our success with the Eurocat
system and enabling effective airspace management in an
era of increasing air traffic and technological complexity.”

ip.access Signs Femtocell Agreement with
Qualcomm

M access has signed a femtocell technology develop-
ment agreement with Qualcomm Inc. that will enable
ip.access to develop W-CDMA residential and enter-

prise femtocell products using Qualcomm’s Femtocell Sta-

tion Modem™ (FSM™) chipset platform. The company
is also a licensee of Qualcomm’s femtocell patent licensing
program.

Femtocells are low power access points that create a
mobile phone signal in homes, offices, shops and other lo-
cations that are hard to reach using a regular outdoor mo-
bile phone network. The agreement between ip.access and

Qualcomm comes at a
time when network op-
erators in North Amer-
ica, Europe and Asia
have been accelerating
their femtocell deploy-
ments.

“Our FSM chipset
provides a highly inte-

“We are now

seeing a mature
femtocell ecosystem
with diversity of
supply for all of

the key technology

grated solution includ-
ing radio frequency
capabilities, baseband, network listen, GPS and a 1 GHz
Snapdragon™-based processor,” said Ed Knapp, Senior
Vice President of Marketing at Qualcomm Flarion Technol-
ogies. “The FSM reduces the cost of a femtocell access point
while providing best in class interference management tech-
niques and other advancements. ip.access has established a
leading position in this exciting new technology area, and we
are very pleased to be collaborating with them.”

“Femtocells and picocells are becoming an important
part of today’s 3G networks, and will be increasingly used
as part of future network evolutions,” said ip.access CEO
Stephen Mallinson. “We are now seeing a mature femto-
cell ecosystem with diversity of supply for all of the key
technology components. Qualcomm’s expertise, industry
knowledge and connections make them a valuable poten-
tial supplier for ip.access.”

components.”

Tel +44(0) 1983 817300
Fax +44(0)1983 564708

Keep the noise cown!t

e-mail mjenguiries{@pascall.co.uk

FPhase nolse for 100MHz unit

OCXOF Series

W gt
— 10Hz 100HE fkHe 10kHz  100kH: cissis

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

Samghes avalable upon regquasl

thinking inside the box www.pascall.co.uk

@ A subsidiary of Emrige Electronics
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nivy TOUGHEST MIXERS
UNDER THE SUN

Y 0 20 GHz !

SA%
Rugged, tiny ceramic SIM mixers from T ea. gty. 1000
offer unprecedented wide band, high frequency

performance while maintaining low conversion  02'x018"  industrial, and commercial applications. Visit our

loss, high isolation, and high IP3.

Over21 models IN STOCK are available to operate
from an LO level of your choice, +7, +10, +13, and
+17 dBm. So regardless of the specific frequency
band of your applications, narrow or wide band,
there is a tiny SIM RoHS compliant mixer to select
from 100 kHz to 20 GHz. Built to operate in tough

environments, including high ESD levels, the SIM
mixers are competitively priced for military,

website to view comprehensive performance
data, performance curves, data sheets, pcb layouts,
and environmental specifications. And, you can
even order direct from our web store and have it in
your hands as early as tomorrow!
Mini-Circuits... Your partners for success since 1969

U.S. Patent #7,027,795 0 RoHS compliant

®

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

U.S. patent 7739260
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SUPER ULTRA WIDEBAND

AMPLIFIE

+24 dBm outout... 0.7t0 21 GHZz

Calling these amplifiers “wideband” doesn’t begin to describe them.
Consider that both the ZVA-183X and ZVA-213X amplifiers are
unconditionally stable and deliver typical +24 dBm output power at 1dB
compression, 26 dB gain with +/- 1 dB flatness, noise figure of 3 dB
and IP3 +33 dBm. What’s more, they are so rugged they can even
withstand full reflective output power when the output load is open or
short. In addition to broadband military and commercial applications,
these super wideband amplifiers are ideal as workhorses for a
wide number of narrow band applications in your lab or in a
production environment.

Visit our website for comprehensive performance data and
specifications for our ZVAs or any of our over 10,000 catalog items.
You can even order on-line for next day shipment.

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

TYPICAL SPECIFICATIONS

MODEL FREQ. GAIN POUT NOISE FIG. PRICE
(GHz)  (dB) (dBm) (B) (1-9)
@ 1dB Comp.
ZVA-183X+ 0.7-18 26 +24 3.0 845.00
ZVA-213X+ 0.8-21 26 +24 3.0 945.00
Note: Alternative heat-sink must be provided to limit maximum base plate temperature.
ZVA-183+ 0.7-18 26 +24 3.0 895.00
ZVA-213+  0.8-21 26 +24 3.0 995.00
All models IN STOCK! O RoHS compliant
®

ISO 9001 ISO 14001 AS 9100 CERTIFIED
~5e P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
&,).'472 The Design Engineers Search Engine finds the model you need, Instantly + For detailed performance specs & shopping online see minicircE uits.com-

U.S. patent 7739260
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GPS, Accelerometers and Gyroscopes Will
Add Functions to Smartphones
Afl Research anticipates that the sensor-driven user

interface (UI) will be an emergent theme in the

ext wave of mobile UI innovation, turning ob-

jects, locations and people into networked, interactive
elements. By 2013, 85 percent of smartphones will ship
with GPS, over 50 percent will ship with accelerometers

and almost 50 percent will have gyroscopes.
“The growth of sensors in smartphones will be driven
by applications such as gaming, location awareness and
augmented reality, as well as the expansion of motion-
based commands,” says Senior Analyst Victoria Fodale.
“The high-level operating system of a smartphone,
which provides open application programming inter-
faces (API), has facilitated the use of data from cameras,
sensors and GPS receivers.”

When an accelerometer is combined with a gyro-
scope, developers are able to create applications that
can sense motion on six axes: up and down, left and
right, forward and backwards, as well as roll, pitch and

yaw rotations. This

By 2013, 85 percent gives a mobile device

. similar functionality to

Of smartphones will a game controller such

sh@p with GPS, over as the Nintendo Wii.

. . Prompted by Apple’s

50 percent will Shlp Ul iEnovatiZns p\}?vith

with accelerometers the iPhone, smart-

and almost 50 phone = OEMs  have

. poured resources into

percent will have UI design and devel-

gyroscopes. opment. Many OEMs,

particularly those wus-

ing Google’s Android

0S8, developed their own custom UI overlays. Sensors

will also help OEMs to innovate beyond a touchscreen

UI for differentiation in the marketplace. However,

added functionality must be balanced with ease of use.

“There is an inherent paradox with technology,” says Fo-

dale. “As mobile devices integrate more technology, the

UI must be kept simple enough to be intuitive for the
user.

A new ABI Research study, “Mobile Device User
Interfaces,” examines the key market and technology
trends for mobile device Uls. It highlights the Uls of
leading device OEMs, and examines UI technologies
including frameworks, touchscreens, GPS, sensors and
other components. Forecasts include smartphones ship-
ments by OS and region and mobile augmented reality
application downloads, as well as the attach rate for key
sensor and other components.

Go to www.mwjournal.com for more commercial market news items Vi
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Dan Massé, Associate Technical Editor

Global M2M Module Market Forecast to

Reach $3.8 B
The Cellular Machine-to-Machine (M2M) communica-
t

ion market has been a challenging place for cellular

embedded module vendors over the past 18 months.
2007 was this market’s last “good year”: 2008 saw both ship-
ment volumes and revenue decrease. In 2009, the cellular
M2M module market grew somewhat in terms of unit ship-
ment volume, although rapidly declining module prices
meant that 2009 revenue was still below that of 2007.

Despite its difficulties, however, this market is on an up-
ward path. Unit shipment volume growth and the growing
importance of 3G are already resulting in stronger perfor-
mance and a new ABI Research study estimates that the
market will be worth $3.8 B in 2015.

What were the cellular M2M module market size and
module vendor market shares in 2009?

What is the cellular M2M module market forecast, by
shipment and revenue, segmented by region, application,
and air interface standard?

What are the strategic responses of cellular M2M mod-
ule vendors to market forces and resulting market trends?

To learn more about the cellular M2M market and how
it may affect business models now and in the future, please
visit the ABI Research study “Cellular Machine-to-Machine
(M2M) Markets,” which discusses these trends, analyzes
cellular M2M module vendor strategic responses, pro-
vides vendor market share data for the period 2003-2009,
and forecasts cellular M2M module shipment and revenue
growth for the period from 2007 through 2015, segmented
by region, application and air interface standard.

It is part of the firm’s M2M Research Service, which
also includes other Research Reports, Research Briefs,
Market Data, ABI Insights and analyst inquiry support.

Total Cellular M2M Module Shipments by Application
World Market, OEM-Basis Forecast: 2009 to 2015

[ Industrial PDA [_] RMAC

I ot [ Security
— [ other I Awmi
-Telehealth - Commercial Telematics
I D [ Aftermarket Telematics
— I Vending [ OEM Telematics

[ ] arvypos

2009 2010 2011 2012 2013 2014 2015

Year
Source: ABI Research
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Almost 13 Million Fixed Wireless Terminals

and Cellular Routers Will Ship in 2015

n 2015, shipments of fixed wireless terminals (FWT) and
Icellular routers will total nearly 13 million, according to

the latest forecasts from ABI Research. The research
includes market analysis for industrial terminals, business
gateways, telephony adaptors—all relatively mature mar-
kets showing stable modest growth—and the newest mar-
ket segment, mobile broadband routers, which will con-
tribute the greatest increase in shipments.

“While they share underlying technologies, these de-
vices/applications perform different roles and are used in
diverse environments,” says M2M Practice Director Sam
Lucero. “Industrial terminals, as machine-to-machine de-
vices, benefit from the growing business and government
interest in telemetry and telematics. Business gateways
now offer viable alternatives to DSL-based services and
are increasingly used in remote branch offices. Telephony
adaptors connect local analog voice phone systems to the
world via a cellular network; the Chinese government is
particularly interested in their use to extend telephony ser-
vices to rural areas.”

Principal Analyst Jeff Orr adds: “Mobile broadband
routers allowing multiple devices to connect from ‘any-
where’ (a car, a hotel, a construction site) may be found in
both consumer and business contexts. Businesses are al-

COMMERCIAL MARKET

ready familiar with wired

business continuity and

redundancy  methods.

Now devices have ‘grown

wings,” becoming mobile

broadband routers. This
segment is starting from
practically zero, and its
top is not yet in sight.”
To make the most of
this market, Orr and Lu-
cero recommend that:

e Cellular embedded
module vendors should seek new application oppor-
tunities in other FWT and M2M segments.

e Business gateway vendors should focus on data con-
nectivity rather than voice connectivity.

e Developers of mobile broadband hotspot routers
must understand early-adopter markets.

e Industrial terminal vendors should offer platforms
that include cloud computing software delivery
models.

* Mobile network operators should reconsider how
pervasive Wi-Fi technology enables new subscribers
and welcomes multi-device users.

e FWT and cellular broadband router vendors should
consider entry into the business gateway market.

“Industrial
terminals, as
machine-to-machine
devices, benefit from
the growing business
and government
interest in telemetry
and telematics.”

housing.

MSDA 81840

¢ High Dynamic Range

¢ Excellent Log Accuracy

e Fast Video Response

¢ Military Temperature Range
e Hermetically Sealed

¢ Reverse Voltage Protection

Best in Class Log Accuracy and Linearity
irto the Millimeter Wave Range

From Microsemi’s RF Integrated Solutions team
comes this new full-featured Successive Detection
E{“ﬂ Log Video Amplifier for applications requiring an
t._ln" extended dynamic range in a highly ruggedized

Provides signal sensitivity approaching the
thermal noise floor, while maintaining excellent
thermal stability for early warning radar receivers,
threat detection equipment, electronic counter-
measures and missile guidance systems.

Microsemi RFIS is AS-9100 and ISO-9001
Certified, delivering components and
subassemblies from 100 MHz to 110 GHz.
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& Microsemi

RF Integrated Solutions

www.microsemi-rfis.com

Amplifiers / Frequency Multipliers / LO Distribution Assemblies / Converters / Build-to-Print Hybrid Chip and Wire Modules

© 2010 Microsemi Corporation
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6GHz Dual, Matched RMS Detector with
Superior Isolation Simplifies Calibration

The LTC®5583 delivers outstanding channel-to-channel isolation and 60dB dynamic range using single-ended inputs, eliminating
the need for external balun transformers. This dual RF detector offers exceptional accuracy of +0.5dB error over a temperature
range from -40°C to 85°C. The device provides a drop-in solution that simplifies design, improves accuracy and reduces costs.

WV High Performance RMS Detectors

LTC5583 LTC5582 LT®5581 LTC5587
Operating Frequency 40MHz to 6GHz | 40MHz to 10GHz | 10MHz to 6GHz 10MHz to 6GHz
# Channels 2 1 1 1
Dynamic Range (dB) 60 57 40 40
Detection Range (dBm) -581t02 -56to 1 -34t06 -34t06
Measurement Accuracy
(=40°C to 85°C) +0.5dB +0.5dB +1dB +1dB
Output Interface Log-Linear Voltage |Log-Linear Voltage | Log-Linear Voltage | 12-Bit Serial ADC
Power Supply 3.3V/90mA 3.3V/42mA 3V/1.4mA 3.3V/3mA

TECHNOLOGY

V Info & Free Samples

www.linear.com/5583
1-800-4-LINEAR

—

Free Wireless
Solutions
# Brochure
it
www. linear. ireless

A7, LT, LTC, LTM, Linear Technology and the Linear logo are
£ d trade ks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.
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INDUSTRY NEWS

L-3 Communications announced that it acquired 3Di
Technologies LLC. 3Di provides highly specialized end-
to-end secure satellite communications utilized by for-
ward-deployed United States special operations and in-
theater personnel. The terms of the transaction were not
disclosed. The business will be included in the Microwave
Group within L-3s Electronic Systems segment.

AML Communications Inc., a designer, manufacturer
and marketer of microelectronic assemblies for the de-
fense industry, announced the launch of Cal Mimix Inc.,
a wholly owned subsidiary. Cal Mimix has been in forma-
tion for the last six months as a fabless designer and de-
veloper of RF and microwave semiconductor products to
serve commercial and military applications. The company
has entered into manufacturing contracts with an on-shore
foundry for production of GaAs-based semiconductor de-
vices and has taken delivery of low rate production units.

Ceragon Networks Ltd., a provider of high-capacity, 4G/
LTE-Ready wireless backhaul networks, announced that it
has acquired all the shares of privately-held Elxys Inno-
vations, Athens, Greece. Elxys is a designer of advanced,
next-generation  radio-frequency integrated circuits
(RFIC). The acquisition solidifies Ceragon’s leadership in
RF design and allows it to further optimize its core radio
technology. By strengthening the radio design team with
a group of seasoned professionals in the RFIC domain,
Ceragon will continue to offer its customers superior radio
performance, higher capacities, reduced power consump-
tion and better overall cost.

Rohde & Schwarz has entered into a cooperative agree-
ment with the Belgian company NMDG, a highly special-
ized provider of nonlinear network analysis solutions that
will enable Rohde & Schwarz to expand its extensive net-
work analysis portfolio of nonlinear measurement solu-
tions. Today’s advanced RF components and systems need
to support complex modulation techniques and accommo-
date even wider transmission bandwidths. The goal is to
achieve higher data throughput while simultaneously low-
ering power consumption.

W.L. Gore & Associates Inc. has entered into a strategic
partnership with A.E. Petsche Co. to providle GORE®
FireWire® Cable Products for the Joint Strike Fighter
(JSF) F-35 Lightning program, the Department of De-
fense’s next-generation strike aircraft system for the Navy,
Air Force and Marines. A.E. Petsche will manage the re-
quirements of all program partners to ensure optimum
stocking levels and timely distribution.

Agilent Technologies Inc. announced that its application
for a seat on the board of directors was accepted by the PXI

AROUND THE CIRCUIT

Jennifer DiMarco, Staff Editor

Systems Alliance Board at its annual meeting on Septem-
ber 15. Following the recent announcement of 46 new PXI
and AXIe modular products, Agilent applied for sponsor-
level membership, the highest level of membership within
the PXI Systems Alliance. The primary goal of the PXISA
is to improve the effectiveness of CompactPCI-based solu-
tions in measurement and automation through use of the
PXT specification.

Linwave Electronic Manufacturing Services, a division
of Linwave Technology, announced the opening of a new
UK-based high technology microwave manufacturing cen-
tre. The facility will support key activities of diode manu-
facturing, MMIC packaging and high frequency/precision
manufacturing solutions. The technology partnership be-
tween e2v and Linwave Technology has been enabled by
the transfer of equipment, processes and 15 highly skilled
personnel into the new facility.

ON Semiconductor, a supplier of high performance,
energy efficient silicon solutions for green electronics, re-
cently announced plans to expand production capacity at
its 6-inch (150 mm) wafer manufacturing facility in Oude-
naarde, Belgium, by approximately 40 percent with a total
equipment investment in 2010 of 12.3 M EUR (or $15.78
M USD). The Belgium factory specializes in the manufac-
ture of application specific high-voltage technologies for
the automotive and industrial industry, and in integrated
and discrete standard products for a wide range of market
segments.

East Coast Microwave is pleased to announce the com-
pany’s recent ISO 9001:2008 certification. Certificates
available upon request. As of October 1, 2010, East Coast
has moved to an expanded facility. The new address: 70
Tower Office Park, Woburn, MA 01801.

Emerson Network Power Connectivity Solutions, a
business of Emerson and a leader in enabling Business-
Critical Continuity™, announced that it has been awarded
the Digi-Key Superior Sales Performance by Superior En-
gagement Award.

CONTRACTS

SenarioTek LLC, a provider of custom RF/microwave test
and measurement solutions, has been awarded a contract
by Orbital Sciences Corp., Dulles, VA, to provide test
technology to extend the capabilities of Orbital’s installed
payload test systems for the HYLAS 2 satellite payload.
The SenarioTek solution will provide Orbital the highest
level of RF accuracy and performance and reduces the test
program risk by better characterizing the uncertainties in-
troduced by the test system.

VTI Instruments announced that it has been selected by

For up-to-date news briefs, visit www.mwjournal.com ;\k
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High Performance SDLVAS

Whether it’s 45 db or 75 dB dynamic range, broadband or
narrow band, limited output or not, Paciwave has the log
video product you need. Rise times of 10 ns or better, recov-
ery times down to 60 ns, full 35 MHz of video bandwidth for
accurate processing of pulses 50 ns or less. Frequency
coverage from 500 MHz to 26.5 GHz. Excellent log accuracy
and log linearity. DC coupled, for best response, CW immu-

, nity option. Limited

| _ RF output option.
o AT oo Also, stand-alone
IE e P J detector modules.

Deliveries from 90
days ARO. Designed
& for Military Tactical
environments. Call us
today and tell us what
newes you need.

FACTWAVE.

LT Wit -*l

Other Paciwave Products Include: Switch Matrices, Switch Filter Banks,
Solid State Switches, Attenuators, Custom Integrated Assemblies

® PACIWAVE, INC.

Microwave Customr Components & Subsystens

1286 Hammerwood Ave., Sunnyvale, CA 94085 USA  web: www.paciwave.com
Phone +1-408-745-0385 FAX +1-408-745-7835 email: sales@paciwave.com
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Lockheed Martin to provide the Enhanced Switching
and General Purpose Interface (eGPI) subsystem for the
US Navys eCASS (Electronic Consolidated Automated
Support System) Program. eCASS will replace CASS as
the US Navy’s core test system and ensures that fleet
aircraft can maintain mission-ready status by facilitating

quick diagnostic and repair of line-replaceable subassem-
blies.

WiSpry Inc., a leader in tunable RF semiconductor prod-
ucts for the wireless industry, announced that it has won,
along with key partners, a four year, $48 M DKK (38 M
USD), Smart Antenna Front End (SAFE) project to be
funded by Denmark’s High Technology Foundation. Wi-
Spry will work together with Aalborg University (AAU),
antenna specialist Molex Interconnect, and chipset leader
Infineon Technologies to develop tunable antennas and
RF front-ends based on WiSpry’s tunable RF technology.
To work closely with its partners, WiSpry will be establish-
ing a technical presence in Aalborg, Denmark. The Smart
Antenna Front End (SAFE) project’s goal is to develop
antennas and front-end technology platforms for the next
generation of mobile handsets and media devices. SAFE
will enable significant reduction in the size and cost of
mobile devices while increasing their overall efficiency.

NEW MARKET ENTRY

Wireless Applications Corp., a Bellevue, Washington-
based Telecom Infrastructure software and services com-
pany, announced that it has beta-released a suite of web
service Application Programming Interface (API) for per-
forming telecom infrastructure analysis called the Telecom
APT Suite. Carriers, tower companies, web app program-
mers and wireless service providers alike can immediately
begin amping up their software with power from the Wire-
less Applications’ cloud service.

PERSONNEL

Crane Aerospace & Electronics, a seg-
ment of Crane Co., has announced the
appointment of Bob Tavares as Vice
President, Microwave Solutions for the
Electronics Group. Tavares will lead the
Microwave Solutions business. Tavares
comes to Crane Aerospace & Electron-
ics with an extensive background in the
A Bob Tavares Microwave industry. He has spent most
of his career at Tyco Electronics, M/A-
COM Division. He started his career as an engineer and
then progressively advanced his career to his latest position
of Vice President, General Manager, where he was respon-
sible for setting the strategic direction, growth and profit-
ability of a $320 M RF and microwave multi-site business,
making a diverse set of highly custom and application spe-
cific products. He also created divisional LEAN and 6 Sig-
ma programs, which became the foundation for the Opera-
tional Excellence program in M/A-COM.
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Any complex modulated signal in;
accurate signal power measurement out.

In RF, ADI makes the difference.

New TruPwr™ RMS detectors: TruPwr™ RMS Detectors Simplify RF Designs. The proliferation of high crest factor
a ADL5902 _ signals in broadband RF designs complicates the task of power measurement. RMS
Accurate rms-to-dc conversion ] . o
from 50 MHz to 9 GHz. Single- detectors from Analog Devices solve this problem, delivering accurate, repeatable
ended dynamic range of 65 dB. : : . ;
Best-in-class temperature stability measurement results that are independent of signal type. Analog Devices’ TruPwr RMS
of <=0.3 dB. Linear-in-dB output. detector portfolio offers best-in-class temperature stability over the widest tempera-
ture range and across the widest dynamic range. Input frequencies up to 9 GHz can be
ADL5505 . N S
a For use in 450 MHz to 6 GHz Rx and measured while maintaining frequency versatility without the need for a balun, or
Tx designs; 35 dB input power any other form of external input tuning, thereby simplifying designs and reducing
dynamic range, inclusive of crest . . , . .
factor. Excellent temperature stability. component count and cost. With the industry’s broadest portfolio of high performance
RF detectors, ADI can meet any RF power measurement challenge. Learn more at
www.analog.com/TruPwr.
ANALOG
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Fixed-frequency or serially-programmable Lab sources to 12 GHz

Phase-Locked DRO replacements, outputs up to 26 GHz

Portable broadband signal generators (up to 4 octaves)

Extremely fast-switching available (<1 pSec)
Optionally hermetically-sealed per MIL-STD-883
High vibration tolerance, low power consumption
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REP APPOINTMENTS

Anritsu announced the appointment of Trescal as its sole
certified service partner in France. This certification means
that Trescal will be providing OEM backed calibration and
repair services on Anritsu products via their network of
labs throughout the country. Anritsu will be directly sup-
porting Trescal, as an integral part of this relationship, to
ensure the continuing high quality service support of An-
ritsu products for its French customers.

Anatech Electronics announced three manufacturer’s
representatives each responsible for sales of the company’s
RF and microwave filter and passive products in different
areas of the US. FCS Group will represent Anatech Elec-
tronics in Colorado, Montana, Utah and Wyoming. The
company has multiple sales offices in Colorado and more
than 15 years of experience in technical sales and support,
along with contacts in key aerospace, communications and
electronics manufacturing companies. The FCS Group can
be reached at (303) 587-3353. Martronix will represent
Anatech Electronics in Southern California and southern
Nevada. The company has two offices based in the South-
ern California and has been representing high-tech compa-
nies for more than 20 years. They can be reached at (805)
499-6385. Electronic Instrument Associates will repre-
sent Anatech Electronics in Illinois, Indiana, Iowa, Michi-
gan, Minnesota, North and South Dakota, and Wisconsin.
The company was founded in 1971 and covers the Midwest
through three offices in Chicago, Minneapolis and India-
napolis. Electronic Instrument Associates can be reached
at (630) 924-1600.

MITEQ Inc. announced the appointment of Test Midwest
LLC as the company’s exclusive sales representative in Illi-
nois, Iowa, Kansas, Minnesota, Missouri, Nebraska, North
and South Dakota, and Wisconsin. Test Midwest LLC
will represent MITEQ’s Component division of products,
which includes amplifiers, mixers, frequency multipliers,
passive power components, switches, attenuators, limiters,
phase shifters, IF signal processing components, oscilla-
tors, synthesizers, integrated multifunction assemblies and
fiber optic products. Test Midwest LL.C can be contacted
at (866) 639-3311.

International Manufacturing Services Inc. (IMS), a
manufacturer and supplier of high quality thick and thin
film resistors, terminations, attenuators, planar dividers,
planar filters and thermal management devices to the elec-
tronics industry, announced the appointment of E.G. Hol-
mes as its Dixie States representative. E.G. Holmes and
Associates Inc. was organized in 1955 by Edward Holmes
and remains focused on sales of RF, microwave and fiber
optic/electro-optic components, and subsystems. Sales ter-
ritories encompassed by EGH include South Carolina,
Tennessee, Mississippi, Alabama, Georgia and Florida.
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A 470 10 960 MH?
RESONANT ANTENNA:
COVERING UHF MOBILE
TV anp CDMA/GSM
WITHOUT TUNING CIRCUITS

A novel wideband antenna has been developed for UHF mobile digital TV. The
new antenna has a bandwidth of more than 68 percent. It is an unbalanced

resonant antenna that does not need any tuning or matching circuits. It resonates
from 470 to 960 MHz and can cover all bands of UHF mobile digital TV (470

to 862 MHz or a portion of it), CDMA/TDMA/GSMS00 (824 to 894 MHz) and
E-GSM900 (880 to 960 MHz). The overall size of the new antenna is very small
and its manufacturing costs are very low. It has a very small cross-section and

is made of a flexible material. Bending the antenna in more than one direction

considerably reduces the effect of the human body and the surrounding

environment on the antenna. It also increases its sensitivity to different

polarizations. Since the new antenna is multi-polarized, it significantly reduces
the need for separate diversity antennas. The new antenna can be used as an

internal, external or partially internal and partially external antenna.

ntennas for mobile TV are usually re-
Aquired to have a very wide frequency

band. For example, ultra high frequen-
cy digital video broadcasting-handheld (UHF
DVB-H) is designed to work in the frequency
band from 470 to 862 MHz or a portion of it.
This is a very wide bandwidth, which is difficult
to cover with a single resonant antenna. There-
fore, matching circuits are usually used to tune
the antenna for this band! or even for narrower
bands such as 470 to 770 MHz2 and 470 to 702
MHz.3 Matching circuits increase the com-
plexity and the costs of the antenna and also
reduce its efficiency.

On the other hand, the mobile TV band
overlaps with the CDMA/GSMS800 band (824
to 894 MHz). It is also too close to the E-
GSM900 band (880 to 960 MHz). This over-
lapping may cause severe coupling and inter-
ference between antennas of both applications,
especially if they are placed close to each other
in the limited space inside handsets, which are
getting smaller and smaller. A novel solution to

MOHAMED SANAD
Amant-Antennas, Giza, Egypt

NoHA HASSAN
Cairo University, Cairo, Egypt
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overcome this interference problem
is to use only one antenna that can
cover all bands of UHF mobile digi-
tal TV, CDMA/TDMA/GSMS800 and
E-GSM900. In this case the antenna
is required to cover an overall band
from 470 to 960 MHz, which is very
challenging.

A wideband antenna for UHF mo-
bile digital TV has been developed.
The new antenna can cover a band-
width of more than 68 percent. It is
an unbalanced resonant antenna that
does not need any tuning matching

circuits. It resonates from 470 to 960
MHz and hence can cover all bands
of UHF mobile digital TV, CDMA/
TDMA/GSMS800 and E-GSM900. Of
course, if it is undesirable to merge
the frequency bands of mobile TV and
CDMA/GSM, the new antenna can be
designed with a narrower bandwidth
that can only cover the mobile TV band
or any other band. Actually, narrowing
the bandwidth increases the efficiency
of the antenna. The new antenna can
be used with cellular phones, palmtop,
notebook, laptop computers or any

other portable com-

w, L, munication  equip-
%_Zﬁé_/% = =_ 7 /W, ment.
A L DESCRIPTION
. OF THE NEW
A Fig. 1 Geometry of the new antenna. ANTENNA

Figure 1 shows

ETme the geometry of the
SHORT ARM newly developed

- ;’Z L ,  UHF digital mo-
bile TV antenna. It

LONGARM ¢ &57c consists of two nar-

A Fig. 2 The selected sample antenna configuration.

row printed metallic
arms connected to-
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gether by a shorting metallic strip. The
two arms may be parallel to each other
or may have any angle between them.
The length of the short arm is L, and its
width is W, while the length of the long
arm is L, and its width is W, the thick-
ness (the height) is T and the antenna
is fed at a distance F from the shorted
edge. The two arms of the antenna can
have equal or unequal widths W, and
W,. Furthermore, the two arms can be
shaped in different ways in order to op-
timize the antenna performance.

As shown, each arm has a set of
slots having different configurations.
These slots can be circular, rectangu-
lar, square, triangular or other shapes.
The arm lengths of the new antenna,
especially the length of the short arm,
are the main parameters that deter-
mine the operating frequency of the
antenna. The feed location is adjusted
in each configuration in order to im-
prove the return loss as much as pos-
sible. The bandwidth, the peak gain
and the efficiency of the antenna are
mainly determined by the widths
of the two arms, the angle between
them, the thickness of the antenna
and the configurations of the slots,
which are all optimized together in
order to enhance the antenna perfor-
mance, especially the bandwidth.

The antennas are completely self-
contained and do not need extended
ground planes or any additional com-
ponents. Thus, the new antenna can
be mounted anywhere, inside or out-
side any handset, because the antenna
does not use a part of the handset as an
extended ground plane, which usually
happens with most available internal
antennas. Furthermore, the antenna is
made of a flexible printed material and
can be bent and/or folded in different
forms in order to fit any available space
inside or outside the handset. Actually,
it can be used as an internal, external or
partially internal and partially external
antenna. Moreover, the overall size of
the antenna is small and its manufac-
turing costs are low.

: A CALCULATED MEASURED
NN\ A \
AVAVALY \

g Vv

| $11 | (dB)

_20470 568 666 764 862 960

FREQUENCY (MHz)

A Fig. 3 Calculated and measured return
loss of the new antenna.

MICROWAVE JOURNAL m NOVEMBER 2010


http://Anatechelectronics.com
http://AMCrf.com
mailto:sales@anatechelectronics.com
http://mwj.hotims.com/28497-9

Attenuation
Authority

ol e

i il &l

HOTAOTLy y€ars, w ¢ have supplied temperature
mw5m| ixed attenuation solutions to

MW designers around the world

i m m J.. !;g ! technologles and now offer
. lue for today’s most demanding
‘ commercial applications

F | ﬂ * 11'-" F
* Wire-bo able and coaxial versions also available
1{"": B

-3“ - Temp variable to 10 dB
8 - Fixed frequency to 30 dB

_;,J,r'f W ﬂ1 you on your new applications!

8851 SW Old Kansas Ave, Stuart, FL. 34997 LJSA
Phone: 772-286-9300 or 800-544-5594 | WWW.EMC-RFLABS.COmM

~ Visit http://mwj.hotims.com/28497-29 or use RS# 29 at www.mwjournal.com/info


http://mwj.hotims.com/28497-29
http://www.mwjournal.com/info
http://WWW.EMC-RFLABS.com

180°

A Fig. 4 Calculated radiation patterns at 800 MHz.

RESULTS

Different prototypes of the new
mobile TV antenna have been de-
signed, manufactured and tested. The
results for a selected sample antenna

A Tradition of Quality

A Commitment to Customer Service

VAR
Weinschel Associates

Broadband RFIMicrowave Solutions

180°

configuration are presented. The sam-
ple is made of a flexible printed mate-
rial “PET” with a dielectric constant €,
= 3.5 and a loss tangent & = 0.015. The
geometry of the selected antenna con-
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A Fig. 5 Measured radiation patterns at 800 MHz.

figuration is shown in Figure 2.

The two arms of the selected sam-
ple antenna are parallel to each other.
The length L, of the short arm is 11.5
cm while the length L, of the long arm
is 25 cm. The width W, of the short
arm is 2.6 mm while the width W, of
the long arm is 3.5 mm and the an-
tenna thickness T is 2 mm. The over-
all size of the antenna is 25 X 0.35 X
0.2 = 1.75 cm3. It should be noted
that this is the overall volume of the
antenna because it does not require
an additional ground plane, a match-
ing circuit or any other components.
All slots in both arms are selected to
be rectangular in shape. The length of
each slot is 5 mm and its width is 2
mm. The distance between the short-
ed edge and the first slot is D;. The
distances between the successive slots
are Dy, Ds,...., Dg, respectively.

The locations of the first five slots
are similar in both arms. This means
that the first five slots in the short arm
are located exactly above the first five
slots in the long arm. However, since
the long arm is wider than the short
arm, the first five slots are positioned
close to the middle of the long arm,
while they are located at the edge of
the short arm as shown. The values of
Dy, Dy, ...., Dgare as follows: D; = 5
mm, Dy = 10 mm, D3 = 15 mm, D, =
5 mm, D5 = 45 mm, Dg = 35 mm, D,
=5 mm and Dg = 75 mm.

The return loss and the radiation
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patterns of the antenna were numeri-
cally calculated using a software pack-
age that utilizes the moment method.
They were also measured at the IMST
antenna labs in Germany.!3 Figure
3 shows the calculated and the mea-
sured return loss of the antenna. The
measured return loss is better than
5 dB from approximately 470 to 960
MHz, which is more than 68 percent
bandwidth. The calculated radiation
patterns at 800 MHz, as a sample fre-

quency, are shown in Figure 4. The
corresponding measured patterns are
shown in Figure 5.

Figure 6 shows the calculated and
the measured peak gain of the new
antenna from 470 to 960 MHz, which
is approximately 0 dBi over most of
the band. The measured peak gain is
much higher than the MBRAI specifi-
cations of UHF DVB-H mobile TV.14
The calculated and measured efficien-
cies of the new antenna are shown in
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Figure 7 from 470 to 960 MHz. The
average measured efficiency over the
whole frequency band is approximate-
ly 45 percent.

REDUCING THE ANTENNA SIZE

The antenna size can be further re-
duced by decreasing its width and/or
its thickness. For example, if the width
W, of the short arm of the above con-
figuration is reduced from 2.6 to 2 mm
while the width W, of the long arm is
reduced from 3.5 to 2.8 mm and the
antenna thickness T is also reduced
from 2 to 1 mm, the overall size of
the new antenna configuration is 25 X
0.28 X 0.1 = 0.7 cm3. Thus, the size
of the antenna is reduced from 1.75
to 0.7 cm®. Figure 8 shows the cal-
culated and the measured return loss
of the new antenna after reducing
its overall size from 1.75 to 0.7 cm3.
The return loss is still approximately
5 dB over most of the band from 470
to 960 MHz. The calculated and the
measured peak gain and efficiency of
the antenna after reducing its overall
size from 1.75 to 0.7 cm3 are shown
in Figures 9 and 10, respectively. It
is clear that the peak gain is still much

5
CALCULATED MEASURED MBRAI

s 0? %
z 5
- —
T470 568 666 764 862 960
FREQUENCY (MHz)

A Fig. 6 Calculated and measured peak
gain of the antenna.
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Ar ig. 7 Calculated and measured efficiency
of the antenna.
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A Fig. 8 Calculated and measured return
loss of the reduced size antenna.
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higher than the MBRAI specifications
of UHF DVB-H mobile TV.

The width W, of the long arm of
the new antenna is further reduced
from 2.8 to 2 mm in order to make
it equal to the width W, of the short
arm. The overall size of the new an-
tenna conﬁguration is now 25 X 0.2
X 0.1 = 0.5 cm?®. Figure 11 shows the
calculated and the measured return
loss of the new antenna after the sec-
ond reduction in its size from 0.7 to

0.5 cm3. The return loss is better than
6 dB over most of the band from 470
to 960 MHz. The measured peak gain
of the 0.5 cm3 antenna is still much
higher than MBRAI specifications
of UHF DVB-H mobile TV. It is not
shown because of space limitations.
From all the results shown above,
it can be seen that there are some
considerable  differences between
the calculated and measured results.
This is because the software package
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used assumes an infinite substrate.
This assumption affects the accuracy
of calculations when the width of the
antenna substrate is Very narrow as
in the earlier antenna configurations.
The difference between calculations
and measurements is significant in ef-
ficiency curves because the efficiency
depends on radiation patterns in all di-
rections and in all planes; hence, there
is an accumulated reduction in the ac-
curacy of calculations. This was clear-
er at the lower part of the frequency
range, where the antenna width is
very narrow in terms of wavelengths.
Furthermore, the difference between
calculations and measurements was
further increased when the width of
the antenna was reduced from 3.5 to
2.8 mm, as can be observed by com-
paring Figures 7 and 10.

BENDING AND FOLDING THE
ANTENNA

As mentioned before, the new an-
tenna has a very small cross-section
area and is made of a flexible printed
material that can be easily bent and/
or folded in order to fit the available
space in any wireless equipment.

Therefore, although the length of the

5
. CALCULATED MEASURED MBRAI
8 o —
sz o =
Z 5
< - ="
N 10 | "] L

T'470 568 666 764 862 960
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A Fig. 9 Calculated and measured gain of
the reduced size antenna.
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Ar ig. 10 Calculated and measured efficiency
of the reduced size antenna.
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A Fig. 11 Calculated and measured return
loss of the 0.5 cm3 antenna.
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A Fig. 12 Straight and folded antennas.

A Fig. 13 The antenna folded around a
handset.
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the form of a rectangular shape was
also measured at IMST labs in Ger-
many. The calculated and measured
return loss of the folded antenna in
the y-z plane is shown in Figure 14.
The calculated radiation patterns
at a sample frequency 800 MHz are
shown in Figure 15; the correspond-

~ =5

Q N\ N
S\ AN AV Vv
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A Fig. 14 Calculated and return loss of a
bent antenna.
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A Fig. 15 Calculated radiation patterns of
the bent antenna.
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ing measured patterns are shown in
Figure 16. Comparing Figures 5 and
16, it can be seen that the main dif-
ference between the performance of
the folded antenna and the straight
antenna is the sensitivity to more than
one polarization. It is clear that the
straight antenna is sensitive to only
one polarization. Folding the antenna
in two perpendicular directions in the
y-z plane makes the radiation pat-
terns sensitive to two perpendicular
polarizations. This is very important in

MIMO and in all indoor applications,
where the waves are randomly orien-
tated because of multipath reflections
and rotation of polarization.

MULTI-POLARIZED
CONFIGURATIONS

From the above results, it was shown
that bending the new antenna in two
perpendicular directions significantly
increased its sensitivity to two perpen-
dicular polarizations. Of course, the
optimum situation for polarization di-
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versity is to make the antenna sensitive
to three perpendicular polarizations.
This can be achieved by bending the
new antenna in three perpendicular di-
rections. Bending the antenna in three

A Fig. 16 Measured radiation patterns of
the bent antenna.
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Ar ig. 17 A palm top computer with the
antenna bent in three perpendicular directions.
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perpendicular directions will also re-
duce the effect of the human body and
the environment on the antenna. Since
the new antenna has a very small cross-
section area and is made of a flexible
material, bending the antenna in three
perpendicular directions can be easily
accomplished depending on the form
factor of the wireless equipment. For
example, the new antenna can be fold-
ed in three perpendicular directions
inside notebook, laptop and palmtop
computers, as shown in Figure 17. It

is clear that the antenna configuration
can be fully embedded inside the por-
table computer. The calculated radia-
tion patterns of the new antenna while
it is folded in three perpendicular di-
rections are shown in Figure 18. The
antenna is sensitive to all polarizations
in all planes.

On the other hand, the form fac-
tor of some wireless equipment does
not allow the new antenna to be in-
ternally folded in three perpendicu-
lar directions, as in cellular phones.
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180°

A Fig. 18 Calculated radiation patterns

of a bent antenna in three perpendicular
directions.

In such cases, special methods have
to be found in order to bend the new
antenna in three perpendicular direc-
tions. In one of these methods, a part
of the antenna is embedded inside the
handset while the other part is kept
external to the handset. The internal
part of the antenna is folded in two
perpendicular directions parallel to
the handset. The external part of the
antenna is retractable and can be used
as a mechanical support for the hand-
set while it is used as a mobile TV. In
this case, the external part of the an-
tenna is mechanically supported by
a thin plastic rod in order to make it
mechanically rigid.

CONCLUSION

A novel wideband antenna for mo-
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bile digital TV has been developed.
The new antenna covers a bandwidth
of more than 68 percent. It is an unbal-
anced resonant antenna that does not
need any tuning or matching circuits.
It resonates from 470 to 960 MHz and
hence can cover all the UHF bands
of mobile digital TV (470 to 860 MHz
or a portion of it), 700 MHz WiMAX
band (698 to 806 MHz), CDMA/
TDMA/GSMS800 (824 to 894 MHz)
and E-GSM900 (880 to 960 MHz).
The new antenna can be used with

Microwave Multi-Dctave

Directional Gouplers

cellular phones, palmtop computers,
notebook computers, laptop comput-
ers or any other portable communica-
tion equipment. The overall size of the
new antenna is very small and its man-
ufacturing costs are very low. Different
configurations of the new mobile TV
antenna have been designed, manufac-
tured and tested. The overall sizes of
the sample prototypes were 1.75 cm3,
0.75 cm3 and 0.5 cm3. These were the
overall sizes of the antenna because
the new antenna does not require ex-

" Coupling Value: 3, 8, 8, 10, 13, 16, 20 d8.

Frequency I.L. (dB) Coupling Diirectivity VSWH Modal
Range mim, Flatness mex. | (dB) min. . Mumber
0520 GHz 0.35 +0.76.d8 23 1.20:4 C8%02
1.0-4.0 GHz 0.35 +0.50 dB 23 1.2001 Ca-04
05-8.0 GHz 1.00 + 0,80 dB 16 1.80:1 CE10-24
2.0-80 GHz 0.35 + 0,40 dB 20 1.2571 Cs*-08
0.5-12,0 GHz 1.00 +0.80 dB 15 1.50:1 cs~18
1.0-18.0 GHz 0,80 +0.50 dB 15 12 1.80:1 Ca™18
2.0-18.0 GHz 0.80 + (.50 dB 16 12 1.60:1 CS"15
4.0-1B.0 GHz 0.60 0,50 dB 15 12 1.40:1 Cs*-18
8.0-20.0 GHz 1.00 + 0,80 dB 15 12 1.50:1 cass-21
8.0-26.5 GHz 0.70 + 0.80 dB 13 1.65:1 CS20-50
1.0-40.0 GHz 1.80 +1.50 dB 10 1.80:1 C820-53
2.0-40,0 GHz 1.60 + 1,00 dB 10 1.80:1 CS20-52
8,0-40,0 GHz 1.20 +1.00 dB 10 1.70:1 CE10-51

10 to 500 watls power handiing depending on coupling and model number..
SMA and Type N connectors avallable to 18 GHz.
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tended ground planes or any other ad-
ditional components.

The antenna is made of a flexible
material that can be bent and/or folded
and shaped in different forms to fit the
available space in any wireless equip-
ment. It can be used as an internal,
external or partially internal and par-
tially external antenna. On the other
hand, some configurations of the new
antenna are aimed to be multi-polar-
ized, which is a very important factor
in MIMO and in all indoor applica-
tions. Multi-polarization can be easily
achieved by bending the new antenna
in three perpendicular directions. ll
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FLATNESS IMPROVEMENT
FOR A SHUNT-PEAKED
ULTRA-WIDEBAND LOow
NOISE AMPLIFIER

A novel configuration to achieve flat gain in wideband low noise amplifiers (LNA)

is presented. It consists of a conventional shunt-peaking resistor, decoupled from

the cascode stage through a capacitor. A trade-off between the voltage headroom

and bandwidth is obtained, improving the traditional shunt-peaking load. As an
example, two LNAs for ultra-wideband (UWB), operating for mode I (3.1 to 4.8
GHz), are designed in CMOS 0.35 wm technology. The measured power gain is

fairly flat, approximately 10 dB, for frequencies ranging from 3.1 to 5 GHz.

ltra-wideband (UWB) is a technol-

l | ogy for transmitting information spread
over a large bandwidth that should be

able to share spectrum with other users. This is
the main reason why UWB has attracted much
attention from the wireless community, both
from standardization bodies and chip manufac-
turers. The UWB frequency range is from 3.1 to
10.6 GHz and the data rate is up to 480 Mbps.1

Vbp o

RFour

R = o]

CHEBYSCHEV 374 ORDER FILTER

One of the most challenging components
of a UWB front-end is the wideband low noise
amplifier (LNA). This circuit must have a pre-
cise amplification over a wide range of fre-
quencies. There are several methods to design
a UWB LNA. Previously reported articles use
the classic shunt-feedback configuration.3
Another commonly used topology is the dis-
tributed amplifier,>8 where several gain stages
are connected so that their capacitances are
separated. Series inductive elements are used
to separate capacitances at the inputs and out-
puts of adjacent gain stages occupying a high
area. Finally, inductor degenerated amplifiers
with LC-ladder input matching networks are
also employed.?-1! This configuration expands
the use of the typical inductively degenerated
narrow band amplifier, by embedding the input
network of the amplifying device in a multi-

H. GARCIA-VAZQUEZ, SUNIL L.
KHEMCHANDANI, |. ARIAS-PEREZ

AND |. DEL PINO
University of Las Palmas de Gran Canaria

A Fis. 1 Wideband LNA simplified schematic with wideband input
g p P
impedance matching.

Spain
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section reactive network. In this way,
the overall input reactance is reso-
nated over a wider bandwidth, achiev-
ing at the same time a wideband input
match and low NF. To extend the gain
bandwidth, the load is generally com-
posed of a shunt-peaking resistor.12
This technique imposes an upper lim-
it to maximum gain and flatness. To
overcome this issue, a modification of
the conventional shunt-peaking load
is proposed.

satellite or earthstation handoff
emulation for full constellation |
testing.

CIRCUIT DESCRIPTION

A schematic of the wideband in-
put matched CMOS LNA is shown in
Figure 1. It consists of a wideband in-
put matching circuit, a gain stage with
inductive degeneration (L, and Lg)!!
and a wideband output load. In order
to buffer the output to an external 50
Q load, an emitter follower (M;) has
been included. As the figure shows,
the input matching circuit consists of

diBm, LLC

32A Spruce Street
Tel (201) 677-0008

www.dbmcorp.com
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& Oakland, NJ 07436
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Cc

(a) (b)

A Fig. 2 Conventional shunt-peaking load
(a) and modified shunt-peaking load (b).

a filter embedded with the input im-
pedance of M. In this case, a third-
order bandpass Chebyshev filter in T
configuration was selected. In order
to increase the flexibility of the filter,
Cpisintroduced between the gate and
source of M.

The gain stage is composed of a
cascode transistor, which improves
the reverse isolation and lowers the
Miller multiplied capacitance. The
width and polarization current of the
transistors are optimized for noise
and power consumption. As shown in
Figure 2, and in order to provide a
wideband operation, the typical reso-
nant load used in narrow band LNAs
is replaced by a shunt-peaking resis-
tor.'> With this configuration the over-
all amplifier gain should be flat across
the pass-band. The amplifier gain is
given by the product of the transistor
transconductance (gm) and the mag-
nitude of the impedance of the shunt-

peaking load, given by:
ZL (]0)> =
R, +joL;

. M
1-0°L; C

out + ijoutRL

where C_, represents the equiva-
lent capacitance at the output node,
which includes the transistor output
capacitance, the loading by inter-
connections and subsequent stages,
and the parasitic capacitance of the
inductor. This expression contains a
zero and two complex poles. The ex-
tended bandwidth comes from the
|Z(j(x)) | increase due to the poles
below the L; C,,, resonance (@, = 1/
L; C,,) and to the zero (0, = R;/L;).
Unfortunately, this leads to a peak in
the frequency response, thus degrad-
ing the flatness. A possible solution is
to keep both resonances out-of-band
by using a low value of L, which in
turn implies a low gain.
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In order to have a large gain, Ry, should be chosen suf-
ficiently high to improve the gain at lower frequencies.
However, the voltage headroom imposes an upper limit to
R; and, as a consequence, to maximum gain and flatness.
To overcome this issue, a modification of the conventional
shunt-peaking load is proposed.

The proposed shunt-peaking load is also shown in the
Figure. It is based on a conventional shunt-peaking resis-
tor, decoupled from the cascode stage through a capacitor
C¢. To bias the active stage, an inductance L, is placed
between V5 and the My, drain. The impedance of the new
shunt-peaking load is given by

) joL;
joL R, +1
P‘L
1-jo’L,L; C,, — ®°L,R; C

Z(jo) =

(2)
+jo(L, +L;)

out

The C, value has been chosen high; consequently, its
effect is neglected and it does not appear in Equation 2.
With this configuration, Ry, can be chosen higher than in a
conventional shunt-peaking load, overcoming the voltage
headroom limitation. The immediate consequence is that a
flatness improvement is achieved.

DESIGN EXAMPLE AND COMPARISON

To demonstrate the practical viability of the proposed
structure in CMOS technology, both the proposed topol-
ogy and the conventional one have been applied to a 3.1 to
4.8 GHz wideband amplifier, based on a 0.35 pm standard
CMOS process. Both circuits were optimized with the
pads and on-chip spiral inductors analyzed with the MO-
MENTUM electromagnetic simulator.13

Figures 3 and 4 show the photos of the LNA with
shunt-peaking load and the LNA Wlth modified shunt-
peaking load, re-
spectively. As can
be observed, the
layouts are very
similar with the ex-
ception of the L
inductor in the up-
per right corner. In
both designs, the
chip size, includ-
ing the probe pads,
is 949 X 760 pm.
Each amplifier
draws 17 mA from
a 3.3 Vsupply.

The measured
forward gain and
input return loss of
the amplifiers are
shown in Figure
5 for frequencies
from 2 to 6 GHz.
For the proposed
shunt-peaked
LNA, the power
gain is fairly flat at

A Fig. 3 Photograph of the LNA with
shunt-peaking load.

A Fig. 4 Photograph of the LNA with the
modified shunt-peaking load.
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approximately 10 dB for frequencies
ranging from 3.1 to 5 GHz. However,
the same cannot be said for the con-
ventional case, where a peak is evident.
To flatten the insertion gain, the zero
pole frequency should be placed as
close as possible to the upper edge of
the band by lowering L;. However,
this entails a gain reduction, as can be
seen in Figure 6, where the simulated
Sy is plotted for different ideal L; in-
ductors. As the inductance decreases,
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the flathess and bandwidth increase
but the gain drops.

In both amplifiers, the input return
losses remain the same, because both
circuits share identical input matching
circuits. As a consequence, the noise
figure (see Figure 7) is also the same
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CONCLUSION
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A Fig. 5 Measured S-parameters for LNA

with shunt-peaking load and modified shunt-
peaking load.
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A Fig. 6 Gain simulation for different L,
inductance using conventional shunt-peaking.
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A Fig. 7 Measured noise figure for LNA
with modified shunt-peaking and shunt-
peaking load.

based on a conventional shunt-peak-
ing resistor decoupled from the cas-
code stage through a capacitor. It of-
fers the advantages of broadband op-
eration and substantially higher gain
flatness than a conventional shunt-
peaking load. Its practical implemen-
tation in a standard low cost 0.35 um
process was discussed and verified.
The presented results make the LNA
design suitable for the 3.1 to 4.8 GHz
UWB frequency range. ll
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A COMPACT, BALANCED

Low NOISE AMPLIFIER FOR
WIMAX BASE STATION
APPLICATIONS

This article presents the design and development of a balanced low noise
amplifier suitable for WiMAX base station applications. The balanced low noise
amplifier employs a compact 3 dB branch line coupler and advanced GaAs
E-PHEMT technology to realize excellent return loss, noise figure and linearity
performance as well as compact size. By using the compact branch line coupler,
a size reduction of 40 percent is achieved as compared to using the conventional
branch line coupler. The balanced LNA, using a compact branch line coupler
designed on a printed circuit board PCB with Rogers 4003C substrate, exhibits a
small-signal gain of 14.30 dB at 2.3 GHz and 13.50 dB at 2.7 GHz, a noise figure

less than 1 dB, an OIP3 of 37.2 dBm and a P1dB of 21.28 dBm at 2.5 GHz.

quire low noise amplifiers (LNA) with
low noise figures, high linearity, com-
pact size, and excellent input and output return
loss.! A balanced amplifier topology is often
the preferred choice in LNA applications for
base station transceiver front-ends, because it
presents several advantages over single-ended
amplifiers such as excellent input and output
return loss, higher linearity and better stabili-
ty.2 These requirements present several design
challenges that involve technology and design
trade-offs of couplers to achieve an optimal so-
lution in terms of size and performance. GaAs
E-PHEMT has an enormous potential for re-
alizing low noise amplifiers at microwave fre-
quencies, due to their low noise features, high
electron velocity and positive gate bias voltage
requirements.’
A branch line coupler is one of the most
popular hybrids for the design and implemen-
tation of balanced LNAs.# However, a branch

B ase station applications for WiMAX re-

line coupler requires a large circuit area, due
to the quarter wavelength transmission lines.#
Various efforts to reduce the size of the branch
line coupler have been reported.>7 The Lange
coupler® is relatively impractical for fabrication
on a printed circuit board (PCB) as the lines are
very narrow, close together and is more practical
for MMIC designs. The broadband lumped ele-
ment 3 dB quadrature coupler? is more suitable
for MMIC applications. A branch line coupler
is more suitable for base station LNAs because
it has better input and output return losses and
lower insertion loss, compared to the lumped
element approach. In order to design a reduced

J.S. MANDEEP AND H. ABDULLAH
Universiti Kebangsaan Malaysia
Selangor, Malaysia
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Universiti Sains Malaysia
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size branch line coupler on a PCB for
low cost applications, the design tech-
nique proposed by Ching-Wen Tang!?
is more promising and hence chosen
for this design.

COMPACT BRANCH LINE COUPLER

Ar ig. 1 Simplified schematic of the proposed
balanced LNA.
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BALANCED LNA DESIGN

The schematic of the proposed bal-
anced LNA is shown in Figure 1. The
design of a balanced LNA comprises
two main steps. The first step involves
the design of a single stage LNA. Once
the single stage amplifier has been de-
signed, the next step involves the de-
sign of an appropriate coupler to meet
the size and bandwidth requirements.

LNA DESIGN

The Avago Technologies ATF-
5414311 high dynamic range, low
noise enhancement mode PHEMT
(E-PHEMT) device was selected for
the amplifier design.
The schematic of
the LNA is shown in
Figure 2. A voltage
divider, consisting of
R1 and R2, is used
to bias the FET. The

<
SR4=-470
R1=300
1
r
C1 =100 pF

A Fig. 2 Schematic of the proposed LNA.

m28

indep(m28) = 44

NsCircle1 = 0.420/-76.005
ns figure = 0.482857
impedance = 42.296 -j41.896

m29

indep(m29) = 46

NsCircle1 = 0.479/-56.149
ns figure = 0.582857
impedance = 55.396 -j57.117

m30

indep(m30) = 42

NsCircle1 = 0.615/-76.582
ns figure = 0.682857
impedance = 28.419 -j54.781

m31

freq = 2.500 GHz

Sopt = 0.218/-128.458
impedance = 36.127 -j12.937

Sopt
NsCircle1

CIR_pts (10.000 TO 51.000)
FREQUENCY(2.500 GHz TO 2.500 GHz)

A Fig. 3 Simulated T, and noise circles.
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purpose of R4 is to
enhance the low
frequency  stabil-
ity of the device by
providing a resistive
termination at low
frequencies. The
capacitor C3  pro-

m33

indep(m33) =36

GpCircle1 = 0.29/75.76
gain = 15.000000
impedance = 48.64 + j29.85

m34

indep(m34) = 37
GpCircle1 = 0.08/-63.09
gain = 14.000000
impedance = 53.32 -j8.03

m35

indep(m35) = 38

GpCirclel = 0.32/-77.70

gain = 13.000000

impedance = Z0* (0.93 —j0.65)

m36

indep(m36) = 40

GpCircle1 = 0.51/-64.25

gain = 12.000000

impedance = Z0* (0.90 -j1.13)

({(@"ﬁ\

% Vk
(o
=
St
==

[—=

/

GpCircle1

“
&

cir_pts (0.000 to 51.000)

A Fig. 4 Simulated G, circles.
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vides a low frequency bypass for R4.
Additional resistance in the form of
R5 (approximately 10 kQ) is added to
provide current limiting for the gate
of enhancement mode devices such as
the ATF-54143. Quarter wavelength
microstrip lines are used to provide
the DC feed and to improve the capa-
bility of blocking the RF signal.

Radial stubs are used, together with
the quarter wavelength microstrip
lines, to improve the isolation of the
DC and RF path.* The LNA stability
is improved by adding an inductance
at the emitter (source) of the active
device.!? Input impedance matching,
using inductive source degeneration, is
a popular approach, because matching
to the source does not introduce addi-
tional noise (as in the case of using a
shunt input resistor) and does not re-
strict the value of g, (as in the case of
the common-gate configuration).

INPUT AND OUTPUT MATCHING

For low noise applications, the in-
put matching is done at T’ , to achieve
the lowest noise possible.* The maxi-
mum gain is achieved, for uncon-
ditionally stable amplifiers, when
both input and output are conjugate
matched. The results of T, , and noise
circles, calculated for the input match-
ing design, are shown in Figure 3.

For output matching require-
ments, the Gy circles calculated for
various gain values are shown in Fig-
ure 4. In order to achieve the lowest
LNA noise figure possible, the input
stage of the amplifier is matched to
T, .* the location of which is 36.127-
j12.93 Q. The matching network is de-
signed to match 50 Q to 36.127- j12.93
Q. A single stub matching technique,
using series and shunt open stubs, is
selected to design the input matching
network. The output matching net-
work transforms the load impedance
from 48.64 + j29.86 Q to 50 Q for a
gain of 15 dB.

COMPACT BRANCH LINE
COUPLER DESIGN

The size reduction of the branch
line coupler is practical, using the
approach proposed by Razavi.!> Fig-
ure 5 shows the equivalent circuit
of the quarter wavelength transmis-
sion line. Three types of shortened
quarter wavelength transmission line
can be used for the compact branch
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mentation and the
reduced complexity
in terms of layout.
The design uses
the low impedance

PORT 2

Zo
PORT 1
I-\/4
I EQUIVALENCE
Zo, 62 Zy, 02 Zo, 62

open stub in the

iZo, 62

shortened  quarter

PORT 1 o e +H i -0 PORT 2
ﬁzo, 02 ﬁzo, 82} |Zo, 6

wavelength  trans-
mission line of the
T-model. Figure 6

A Fig. 5 Equivalent circuit of a quarter wavelength transmission line.

Wi

W3

Z;, 02

Zy, 61

Z,, 01 &

A Fig. 6 Diagram of the T model microstrip
branch line coupler using a low impedance
approach.

Zy, 02 Za, 62

PORT 1 0—: i—0 PORT 2
Zp, 0

A Fig. 7 Equivalent quarter wavelength
transmission line of T model.

line couplers. They are the T-model,
the m-model and a combination of
both models.!? The low impedance
T-model approach is selected in this
research, due to the ease of imple-

shows the T-model
microstrip  branch
line coupler using the low impedance
approach.

Z
WE (1)
tan 0,
7, tan 20,

Using Equations 1 and 2, the im-
pedance and lengths of each short-
ened equivalent quarter wavelength,
which are Z, 7, 0, and 0, as depicted
in Figure 7, are derived for both the
shunt and series arms. A size reduc-
tion of approximately 40 percent is
reported using a compact branch line
coupler. The complete design of the
balanced LNA, using compact branch
line couplers, is shown in Figure 8.

SIMULATION AND MEASURED
RESULTS

The simulated small-signal S-pa-
rameters, which includes the gain,
input and output return losses and
isolation, are shown in Figure 9. As
can be observed, the maximum value

TECHNICAL FEATURE

of gain obtained is 14.74 dB at 2.3
GHz and rolls off gradually to 13.44
dB at 2.7 GHz. The input and output
return losses are very good across a
limited bandwidth, better than 10 dB
from 2.3 to 2.7 GHz. The measured
small-signal S-parameters are shown
in Figure 10. Good agreement be-
tween the simulated and measured
results can be observed. The mea-
sured gain is slightly lower, 14.30 dB
at 2.3 GHz to 13.50 dB at 2.7 GHz.
Both simulation and measured re-
sults show a gain flatness of less than
1 dB. The input and output return
losses degraded slightly, compared to
the simulated results. The reason for
the deviation of a few dB is due to
the losses in the microstrip elements
of the amplifier and coupler circuits,
variations in the SMD devices and
coupling of signals between the am-
plifiers. The comparison between
simulated and measured noise figure
results is shown in Figure 11.

The noise figure measurements
were made in a shielded room. The
measured noise figure performance
was found to degrade slightly, com-
pared to the simulated noise figure of
the circuit. However, the measured
noise figure is well below 1 dB and
only degrades approximately 0.2 to
0.3 dB from simulation. This low noise
figure has been achieved by matching
the input at Gamma Opt and using E-
PHEMT device. The simulated noise
figure is typically lower than the mea-
sured one, due to unaccounted sourc-

Ar ig. 8 Layout of the balanced LNA using compact branch line
couplers.
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A Fig. 9 Simulated S-parameter results.
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TECHNICAL FEATURE

TABLE |
COMPARISON BETWEEN MEASURED AND SIMULATED RESULTS AND OTHER
REPORTED LNAs
References Frequency Gain NF 1p3 P1dB Pdis
(GHz) (aB) (aB) (dBm) (dBm) (mW)
This Work 2.3-2.7 13.20 0.92 23.80 21.28 192.7
(Measured)
This Work 2.3-2.7 13.44 0.65 21.70 21.61 185
(Simulated)
(13) 2.44 15.3 3.34 -10 -18 3.9
(14) 2.4-6 13.0 2.5 -3.9 - 6
(15) 0.8-1.7 37 0.9 - - -
(16) 0.1-8 16 3.4-5.8 -9 - 16
7) 2-10 10 4.6 - - 100
(18) 2.5-4 10.6 4 -8 - 8

es of noise such as

the noise contrib- [m3 m7 m10 mi3
h r freq = 2.7 GHz freq = 2.70 GHz freq = 2.70 GHz freq = 2.70 GHz
utedlby td € pgwe dB(5(1,1)) = -12.2 | dB(5(2,2)) = -12.10 | dB(s(1,2)) = ~17.04 |dB(S(2,1)) = 13.20
supp y an. ambient — s o iz
noise. Figure 12 |feq-2.5GH: |freq=2.50GHz [freq=2.50 GHz  |freq=2.50 GHz
shows the simulat- dB(S(1,1)) = -24.6 |dB(S(2,2)) = -22.60(dB(S(1,2)) = -15.90 | dB(5(2,1)) = 13.90
m1 m5 m8 m11
?d versus measured freq=2.3GHz  |freq=2.30GHz  |freq=2.30 GHz  |freq = 2.30 GHz
input  IP3. The  |dB(s(1,1)) = -15.9 |dB(5(2,2)) = -15.10 | dB(s(1,2)) = ~18.86 | dB(5(2,1)) = 14.30

higher input IP3 is 25
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= // T

as compared to 4 5 ~
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. = m8 mbé
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. . m.
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ricated device s A Fig. 10 Measured S-parameter results.

shown Figure 13.
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A Fig. 13 Photograph of the fabricated LNA.

1 dB is achieved across the band-
width of interest. This design is suit-
able for applications that require
a smaller size device. By using the
compact branch line couplers, a size
reduction of 40 percent is achieved as
compared to using the conventional
branch line coupler. Excellent per-
formance could be achieved even by
reducing the branch line coupler by
almost 40 percent. B
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DIAMOND Rf™ RESISTIVES:
THE ANSWER TO HIGH
POWER AND Low

CAPACITANCE

The technology in this article is used in the high power Diamond RfT Resistives—resistors,
terminations and attenuators—from EMC Technology. These components demonstrate
excellent electrical and thermal performance due to the high thermal conductivity of the
CVD diamond substrate material, which results in a component size reduction for a given
power dissipation. Components built with this material also demonstrate lower parasitic
behavior (i.e. better isolation), which is ideal for applications such as phased array radar.
The characteristics of the CVD diamond material impacts performance and design for ap-
plications such as high power Wilkinson power dividers/combiners, dual junction circula-
tor duplexers and feedback networks for power amplifiers.

A single 0402 resistor; manufactured on a CVD diamond substrate, can dissipate
20 W of continuous electrical energy and 200 W of pulsed energy. This provides
great flexibility to the design engineer, who is continually asked to reduce size
and increase performance. This article describes the current power resistor

implementations, the limitations of conventional power resistors and shows how

diamond passive components can provide a path to reduce the limitations in real

applications.

and microwave components has always

been a challenge for design engineers.
A thin film resistor, required to dissipate large
amounts of heat, needs a substrate with high
thermal conductivity to transfer the heat to the
system heat sink. Over the past few decades
beryllium oxide (BeO) and aluminum nitride
(AIN) have been the preferred substrate materi-
als for high power RF resistors. These ceramic
materials have relatively high thermal conduc-
tivities and suffice for many applications; how-
ever, as designers face size reduction challenges,
the BeO and AIN capabilities become inade-
quate. This leaves designers seeking alternative
methods to dissipate heat in a small footprint.
Type 2 CVD diamond has been developed as a
substrate material to address the shortcomings

Properly dissipating heat in resistive RF

of BeO and AIN; a material with a thermal con-
ductivity eight times greater than AIN.

CVD diamond is a single crystal carbon sub-
strate material that is produced using chemical
vapor deposition (CVD) processing. From a
structural view, Type 2 CVD diamond is simi-
lar to the diamond that can be found naturally
in the earth. Due to the nature of the material,
it can be processed similarly to other substrate
materials to form electrical circuits. Thin film
resistors can be developed by sputtering tan-
talum nitride (TaN) on to the CVD diamond
substrate. Conductor materials can also be sput-
tered onto CVD diamond in order to create
eutectic solder pads or wire bond pads allow-

MARK BAILLY
EMC Technology, Stuart, FL
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TABLE | Z-500
1/4\g  PORT2
THERMAL AND RF PROPERTIES OF SUBSTRATE MATERIALS —
Material Thermal Dielectric Constant Loss Tangent
Conductivity
(W/ecm°C) S$1000
AIN 1.7 8.9 0.0005
BeO 2.6 6.5 0.0040
l—.—G
CVD Diamond 16.0 5.6 0.0005 Z=500
PORT 3
TABLE 1l A Fig. 2 Traditional Wilkinson divider/
combiner.
THIN FILM RESISTOR DIMENSIONS

2. 82-3031 (BeO 50 Q termination)
3. 82-7176 (AIN 50 Q termination)
Table 2 compares the physical siz-
es of each chip thin film resistor. As

Area
(inches?)

Substrate
Thickness
(inches)

Device  Substrate Length  Width

(inches) (inches)

Cap./W
(pF/W)

Material

CT1310D CVD 0.015 0.068 0.068 0.005 0.003 . . N
Diamond seen from the Table, the C/W ratio of
§2-3031 BeO 0.040 0.160 0.130 0.021 0.007 the CVD diamond chip is significantly
lower than that of conventional sub-

82-7176 AIN 0.040 0.230 0.120 0.028 0.012 strate materials.

. . The reduced capacitance per watt
need eight times ¢ dic d has many advant:
less area to dissipate 0 QVD iamond has many advantag-

2.0 es for RF circuits and also translates

same amount

/ AIN_CHIP E)lf]"eheat. The physi- to higher frequency of operation.

BeO_CHIP

DIAMOND_CHIP

cal size of a power

1.6

resistor is directly

1.8 l
| [/
317:..;5MH1/ /

VSWR

12241 MHz

related to the ther-
mal conductivity of

1.25 /

1.4 A
\ 4505.3 MHz
4 1.25
1.2

the substrate. A low

5

thermally  conduc-

= tive substrate re-

o quires more resistor

0 5040 10040 15000 surface area. The
) increased size of the

A Fig. 1 VSWR vs. frequency for different terminations.

ing CVD diamond circuits to be easily
used in many mounting configurations,
such as surface mount, chip and wire,
flange mount, etc.

While CVD diamond is well known
for its durable mechanical strength, its
thermal conductivity is where it shines
for RF resistive components. Table 1
compares the thermal conductivities
and RF properties of BeO, AIN and
CVD diamond. The excellent RF and
thermal properties of CVD diamond
make it a great choice for thin film re-
sistive products for demanding, high
reliability applications such as military,
space and wireless infrastructure.

FIGURE OF MERIT:
CAPACITANCE PER WATT

Since CVD diamond has a ther-
mal conductivity that is approximately
eight times higher than AIN, a CVD
diamond-based thin film resistor will

926

device presents two
problems for micro-
wave designers:

1. More PCB space is required

2. The upper frequency is limited

due to the increased capacitance

The increased capacitance is simply
due to the parallel plate capacitance
between the thin film material and the
ground plane under the chip. A helpful
figure of merit is the capacitance per
watt (C/W). For two resistors with the
same power rating, a lower C/W will
indicate that the resistor’s upper fre-
quency range will be less constrained
by capacitance. This is becoming in-
creasingly important for systems re-
quiring wideband frequency respons-
es, as the reactive tuning needed for
diamond is eight times less difficult
than for traditional AIN resistors.

To highlight the significance of lower
C/W, here is an example of three solutions
to handle 120 W of dissipated power:

1. CT1310D (CVD diamond 50 Q

termination)

Figure 1 shows the measured VSWR
of these three chip terminations. For
comparison purposes, the frequency
at which the VSWR increases above
1.25 is noted. The CVD diamond op-
erates up to 12.4 GHz before cross-
ing the VSWR limit. The AIN chip
operates to 3179 MHz before cross-
ing the VSWR limit. The BeO chip
operates to 4505 MHz before cross-
ing the VSWR limit.

COMMON APPLICATIONS OF
DIAMOND RF RESISTIVES

Due to the distinct benefits of
CVD diamond, it is worthwhile to
present some common applications
where this product line has solved
design engineering problems, specifi-
cally Wilkinson combiners/dividers,
isolator circuits and amplifier feed-
back networks.

High Power Wilkinson Power
Dividers/Combiners

Figure 2 shows the highly popu-
lar single stage Wilkinson divider/
combiner.! High power dividers/
combiners require a high power re-
sistor to provide isolation between
the combining ports. The isolation
resistor can see large amounts of
power if the signal at each leg (ports
2 and 3) are out of phase or have
unequal amplitudes. The worst case
occurs when the signals are 180° out
of phase, in which case the isolation
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A Fig. 5 Dual junction circulator duplexer.

resistor will dissipate a majority of
the energy. As the trend continues to
make RF circuits smaller, the resis-
tor hits a limitation of power dissipa-
tion and upper frequency operation.
The size reduction of the traditional
BeO or AIN resistor is limited due to
the substrate thermal conductivity.
For a given power rating, the CVD
diamond resistor can be made signifi-
cantly smaller. As shown in Table 2, a
150 W CVD diamond part will have
a capacitance per watts ratio of less
than half that of the BeO part. This
reduced parasitic capacitance allows
the combiner with the CVD diamond
isolation resistor to operate at a high-
er frequency with significantly less
loss and greater isolation.

For comparison purposes, two
Wilkinson combiners were designed
for a center frequency of 10 GHz (X-
band). One combiner uses a 50 W
BeO 100 Q resistor and the other uses
a 50 W CVD diamond 100 Q resistor.
Figures 3 and 4 show the Sy, and S;;
results, respectively. As expected, the
BeO resistor has a degraded perfor-
mance at higher frequencies, due to
the shunt capacitance introduced by
the resistive film physical size. If using
the BeO isolation resistor, a reactive
tuning is required to tune out the ca-
pacitance for optimized insertion loss
and isolation, resulting in a very nar-
row band combiner and manufactur-
ing repeatability challenges. Diamond
resistors have a distinct advantage in
this application.

TECHNICAL FEATURE

Dual Junction Circulator Duplexer
Applications

Typical phased array radars, de-
pending on the number of elements,
can have hundreds or even thousands
of transceivers. Many transceiver to-
pologies require a duplexer for switch-
ing between transmit and receive
modes. In many cases, the duplexing
function is implemented with an isola-
tor in order to isolate the sensitive re-
ceive side from any high power trans-
mit crosstalk. In some situations, a dual
junction circulator is used to provide
isolation up to 50 dB (see Figure 5).2

With this topology, any power that
leaks from the transmitter will be ab-
sorbed by the 50 Q termination. The
termination resistor must be capable
of handling the maximum transmit
power, minus the isolation of the iso-
lator. These peak power levels can
be extremely high in many radar ap-
plications. In the past, these resistors
would be large BeO or AN resistors.
The CVD diamond resistor can be
used in place of the ceramic resistors.
With a smaller size diamond resistor
and inherently less capacitance, the
duplexer module can be made smaller
and the isolator termination port can
be better matched to prevent damage
to the transmitter. The decreased size
of the duplexer is multiplied by the
number of array elements, producing
a meaningful system size reduction.

Additionally, the decreased ca-
pacitance of CVD diamond termina-
tions creates an ideal solution for high

fastRise” prepreg and Speedboard C may look a lot alike,
but their loss properties are another story.

Material
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A Fig. 6 Typical FET power amplifier with
negative feedback.

frequency radar. As expected, the
VSWR of BeO and AIN terminations
is degraded at higher frequencies and
can ultimately limit the overall perfor-
mance of the isolator.

In some instances, the 50 Q ter-
mination used for the isolation load
can be replaced with a 20 or 30 dB
attenuator. This technique is used for
power sampling of the power dissi-
pated by the attenuator. This power
level can be used as a method of mea-
suring power incident to the attenu-
ator. Similar to the load resistor, the
attenuator needs to be sized to han-
dle the worst case reflected power. If
implemented with CVD diamond, a
size reduction of up to 14 times can
be achieved.

Power Amplifier Feedback Resistor

As military and commercial wire-
less applications begin to stretch across
multiple bands, power amplifiers have
been required to operate over wider
bandwidths. As the bandwidth re-
quirements increase, negative feed-

back stability compensation becomes
necessary.> Figure 6 shows a simple
FET power amplifier with negative
feedback. The feedback provides a
method of bandwidth improvement
and a method of stabilization. In a pre-
vious article, the author describes a 0.7
to 1.8 GHz amplifier, which uses a 10
W GaN HEMT and negative feed-
back.# The design requires that the
feedback resistance be split into two
1206 size resistors, in order to enhance
the power handling capabilities. While
this may suffice for PA applications to
10 W, higher power amplifiers will re-
quire significantly more dissipation ca-
pabilities from the feedback resistors.
In another article, the author describes
a 100 W amplifier using LDMOS tran-
sistors with a flanged feedback resis-
tor® In this case, the large feedback
resistor requires a flanged device to
handle the amount of feedback power
dissipated in the resistor. This can lead
to a physically large design and an in-
crease in shunt capacitance of the re-
sistor, which will load the output of the
LDMOS amplifier.

In both amplifier designs, the CVD
diamond resistors can offer benefits of
greater power handling in a smaller
package than the ceramic counterparts
resulting in an overall size reduction.

CONCLUSION

The key system parameters of radar
and wireless infrastructure systems
are pushing the capabilities of even

TECHNICAL FEATURE

the simplest of passive components,
the resistor. These passive compo-
nents need to handle more power, at
higher frequencies, and with smaller
packages. The Diamond RfT™™ Resis-
tive technology is a proven solution
to equip wireless designers with a re-
sistive component that handles more
power, at higher frequencies, and is
produced in a smaller package. H

For more information:
http: me-rfl ive-
Components/Overview.aspx

I
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ith the introduction of high-defini-
s ; s / tion video signals operating at data
rates up to 1.485 Gb/s for 1080i
and 2.97 Gb/s for 1080p, a new generation of
BNC connectors needs to perform at signifi-
cantly higher frequency than standard BNCs
in broadcast studio and transmission applica-
tions. To meet the broadcast industry’s strin-
gent HDTV standards such as SMPTE 292M
and 424M, Radiall has designed a new 75 ohm
HDTV BNC connector that offers a true 75
ohm interface with low VSWR and return loss
over a frequency range from 0 to 6 GHz.

The new connector design needs to keep a
suitably low VSWR to ensure signal integrity.
The increased frequency range—from 3 to 6
GHZ—presents concerns over testing the con-
nectors. Commercially available 75 ohm cali-
bration kits are specified only to 3 GHz. How-
ever, kits should be usable at higher frequencies
once they are validated to such frequencies.
This article explains how Radiall validated its
existing 75 ohm calibration kit for performance

Propuct FEATURE

VALIDATING A
3 GHz CALIBRATION
KIT FOR TESTING TO

6 GHz

to 6 GHz. Specifically, Radiall wanted confi-
dence that it could accurately measure VSWR
and return loss for the connector.

Calibration kits are essential to adjusting
a vector network analyzer (VNA) and other
test equipment for accurate measurements. A
kit contains precision components of known
characteristics to allow the VNA to be accu-
rately calibrated and to remove the effects of
adapters and other components from the re-
sults. Once calibrated, the VNA reveals valu-
able information about a component’s VSWR,
return loss, impedance and other character-
istics by evaluating reflected and transmitted
energy.

To validate the 75 ohm calibration kit at
higher frequencies, Radiall compared its per-
formance to that of a 50 ohm kit at frequencies

RapiaLL USA INc.
Chandler, AZ

RADIALL FRANCE
Rosny sous Bois (Paris), France
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up to 6 GHz. Since the 50 ohm kit is
specified up to 18 GHz, comparing
the VSWR of the two kits allows de-
termination of the suitability of using
the 75 ohm kit to characterize the new
connectors at high frequencies.

50 AND 75 OHM CALIBRATION
DYNAMIC MEASUREMENTS
First, the RF dynamics of the two kits

were evaluated by measuring return loss
and VSWR. As shown in Figure 1, the
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results were quite close. For broadcast
market testing needs, a dynamic lower
than -50 dB between 0 to 3 GHz and
-40 dB between 3 to 6 GHz are accept-
able. The dynamic of both the 50 and 75
ohm calibration are better than 45 dB
for return loss and 1.01 for VSWR over
the entire 0 to 6 GHz frequency band.
Thus, there is a high-level correlation in
terms of reflection due to the connec-
tion component between the VNA port

75 OHM MATCHED LOAD
MEASUREMENT

The 75 ohm calibration kit was then
used to measure a 75 ohm matched
load. The return loss and VSWR re-
sults are shown in Figure 2. The
VSWR of the matched load is lower
than 1.1 in the frequency band from
0 to 6 GHz. These results show that
the calibration done with the 75 ohm
calibration kit is suitable for measure-
ments up to 6 GHz.

50 AND 75 OHM AIR LINE
MEASUREMENTS

Using the two calibrations, Radi-
all measured 50 and 75 ohm air lines.
Since air lines are a perfect coaxial
line for measurements by minimizing
the effects of a plastic dielectric, it can

m ,“5) 50 () calibrati dy i
3 75 Q calibration measurement dynamic
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A Fig. 1 Calibration measurement dynamic.

(5

2 10 75 ) method load t
3 20
v
w 30
S W
Z
g sol
E 70
& 80
90
0 1 2 3 4 5 6
FREQUENCY (GHz)
};i‘,’ Load 75 Q (75 O calibration)
1.24
1.21
g 1.18
1.15
£ 112
1.09
1.06
1.03
1,00 ==T"1
0 1 2 3 4 5 6
FREQUENCY (GHz)

A Fig. 2 Measurement of 75 Q matched
load with 75 Q calibration kit.
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o , _ * lower tofal cost of ownership
The new MBX connector series is based on the extensive experience itable for | ioh dul
gained with the world renowned HUBER+SUHNER® MMBX * Suitable for low weight modules
board-to-board connector solution. e Secure mating and ossembhng
USA and Canada
Toll free  1-866 HUBER SUHNER  (1-866-482-3778) Fax 1-802-878-9880
HUBER+SUHNER AG

Q100 Herisau  Switzerland  Phone +41 71 353 4111  info@hubersuhner.com

hubersuhner.com
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IMST Products

Services
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K EMPIRE XCcel™

Faster on CPUs than others on GPUs
Facts: Radar pulse reflections @ F22 Raptor

Speed 1200 million cells per sec.
Size 450 million cells

Memory usage 13,5 GByte

Simulation Time 25 min.

Hardware Dual Xeon 5580

Try it yourself with a free evaluation.
Created by engineers for engineers.

T +49-2842-981-400 ies
F +49-2842-981-499 Pf&ﬁ
E emeire@imstde

i XCpel-

| _www.empire.de

EMPIRE XCcel™ is a product of IMST GmbH
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Checkout these new online Technical Papers featured
on the home page of Microwave Journal and the
MWJ white paper archive in our new Technical
Library (www.mwjournal.com/resources)
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again  correlate
the results. Tak-

ing into account 139 T Taiine 50 0 CAL 50 0
geometrical  dis- 1.24 Airline 75 {) CAL 75 ()
persion between g 123

50 and 75 ohm air 5 1.15

lines and meas- o

urement  disper- 1.06 =
sions, the VSWR ::gg - N N
of the air lines are o v 4 8 o &g €

lower than 1.1, as FREQUENCY (GHz)

shown in Figure
3. The conclu-
sion can be made
that the meas-
ured VSWRs are
comparable. The

A Fig. 3 50 and 75 Q air line VSWR mea-
surements by using 50 and 75 Q calibration kit.

two lines have a |© figuration | VSWR requirements (max)
VSWR lower than sr::isll-: :::i :::’ f:ck DC-:::sGHz 1.5:;}1: 3-:2(;"1
1.1 up to 6 GHz.

Equaﬁy impor- 1.4 \:isglrl‘llli;lng
tant, more than 1.3 —
99.8 percent of g 1.2 ]
the energy passes 1 //,

through the con- o

nector, with a low :

0.2 percent re- .040 3 6
flected. FREQUENCY (GHz)

To validate
that the 75 A Fig. 4 VSWR measurement of the Radiall
ohm calibration HDTV t0 6 GH-.
presents the same
reference (calibration) plane as the 50 ohm calibration,
Radiall measured the phase for the two air lines. The
maximum phase difference between the two air lines is
less than 2 degrees at 6 GHz. Both calibration kits meas-
ured with the same phase.

As a result of the process described here, Radiall is able
to test and characterize the new BNC connector design
through 6 GHz. Figure 4 shows that the new design pro-
vides considerable headroom in meeting design goals and
ensuring the high-performance needed for evolving broad-
cast applications.

By testing to see the correlation between an 18 GHz,
50 ohm calibration kit and a 3 GHz, 75 ohm kit, Radiall is
able to confidently validate the performance of the 75 ohm
kit to 6 GHz. The 75 ohm calibration kit allows the VNA to
be calibrated for testing to 6 GHz with accurate results. In
fact, the test results will be worst case; products tested will
perform better than the measured values.

Radiall USA Inc.
(480) 682-9400,
infousa@radiall.com;

Radiall France
33149 35 35 35,
info@radiall.com.

RS No. 300

MICROWAVE JOURNAL m NOVEMBER 2010


mailto:empire@imst.de
http://www.empire.de
http://mwj.hotims.com/28497-39
http://www.mwjournal.com/resources
mailto:infousa@radiall.com
mailto:info@radiall.com

N |

- : : ":fr.?' L 1

x e Tee

\'\. i W
1 S IR
f &“r 5 \l.-l,r .' -T}'

P x.

inl:ans pHEMT Technology*™

&WN I?‘E’e world’s largest and leading 6" GaAs faundry T

-l-i...

0.1pm gate length of pHEMT technology
10V off-state BV for power application
Single recess for high performance

500 mW/mm output power of 3.5V @ 29 GHz
450 pF/mm capacitor for design flexibility

P1dB (mW/mm)

__ “enew [mmen | - |
m—
= —

| —————
J"_|=\-'bl

| ““—

Visit http://mwj.hotims.com/28497-118 or use RS# 118 at www.mwjournal.com/info

e
/’ W|N Tel:+886-3-397-5999 Fax: +886-3-397-5069

SEMICONDUCTORS E-mail:sales@winfoundry.com http://www.winfoundry.com


http://mwj.hotims.com/28497-118
http://www.mwjournal.com/info
http://www.winfoundry.com
mailto:sales@winfoundry.com

108

50.00

40.00
30.00
20.00
10.00
0
-10.00
-20.00
-30.00
-40.00
-50.00

>CH1: START 500.000 MHz

ecdia specializes in manufacturing
high-current bias-Ts with low insertion
loss and low return loss. With the in-

creased activity in GaN devices and technolo-
gies, Tecdia has developed the SBT-GF0702-F

s21 1: 2.000000 GHz -0.07670 dB
10.00 dB/, 0.00 dB LogM 2:7.000000 GHz -0.25109 dB

s12 1: 2.000000 GHz -0.07800 dB
10.00 dB/, 0.00 dB LogM 2:7.000000 GHz -0.26322 dB

s22 1: 2.000000 GHz -23.957 dB
10.00 dB/, 0.00 dB LogM 2:7.000000 GHz -29.392 dB

2

=D

N /1\

v
D\ /4
1

N4

s === === STOP 8.50000 GH:z

A Fig. 1 S-parameters for SBT-GF0702-F.

Propuct FEATURE

Bias-T Up 10
100 W anD
7/ GHz ror GAN

bias-T for high power GaN devices. The SBT-
GF0702-F includes coaxial bias-T devices with
power handling of 50 W (bias current 20 A, bias
voltage 30 V) or 100 W (bias current 10 A, bias
voltage 150 V) covering frequencies from 2 to
7 GHz with a return loss of 20 dB minimum
and insertion loss of 0.5 maximum. Figure 1
shows the S-parameters versus frequency for
the SBT-GF0702-F; Table 1 summarizes its
specifications.

The SBT-GF0702-F is housed in a con-
nectorized unit measuring 50 X 52 X 20 mm
(excluding connectors) with an APC-7 RF con-
nector and BNC-R (female) DC connector.
Figure 2 shows the dimensions of the unit that
weighs 200 g.

Tecdia also manufactures bias-T prod-
ucts for GaN applications, including a 10 W
(TBT-HO6M20-F) and 25 W (TBT-06M20-F)
device covering 20 MHz to about 6 GHz in
connectorized units along with the SMBT-

TECDIA
Santa Clara, CA
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You Have Load Pull Needs - We Have You Covered!
Maury Microwave Has the Most Complete Selection of Load Pull Solutions

F - '. . 1 .

.t“"\-‘._._ .-r/JII - = . =
MAURY’s Mixed-Signal Active Active and Hybrid Load Pull Pulsed-Bias Pulsed-RF
Load FPull Alfows Wideband Using PNA-X Simplifies Harmonic Load Pull
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Probuct FEATURE

TABLE |
SBT-GF0702-F SPECIFICATIONS
Bias-T Model
SBT-GF0702
Frequency Ran 2~7 GH
aey e = DCIN
VSWR (Return Loss) 1.22 max. (20 dB min.) (150 V/10 A MAX)
Insertion Loss 0.5 dB max.
SBT-GF0702-F
RF APC-7 52 D
Connectors 1 RF
DC BNC-R (Female) _T_ pC RF
RF Power 50 W max. 100 W max. 17
Bias Current 20 A max. 10 A max. l
Bias Voltage 30 V max. 150 V max. 50 |<— 20 —>|
Dimensions*® 50 x 52 x 20 mm
Weight 200 g
“Excuding Connectos A Fig. 2 Outline drawing for SBT-GFO702-F.
06M20L(or R)-F surface-mount bias-T covering 20 MHz Tecdia,
to about 6 GHz and up to 5 W. Santa Clara, CA
Tecdia’s model TBT-HO6M20 bias-T was selected by (408) 748-0100,
Cree for performance data tests of its GaN HEMT MMIC www.tecdia.com.
25 W amplifiers. It was designed to meet the high power
P : s1P RS No. 302

and wide bandwidth (20 MHz to 6 GHz) of Cree’s model
CMPAO060025F.

Bring Realistic and Fully Repeatable Air Interface Conditions into Your Lab

Expertise in Radio Channel Emulation since 1995 for

OPERATORS
RESEARCH

RADIO NETWORK MANUFACTURERS
CHIPSET DEVELOPERS

DEVICE MANUFACTURERS
AEROSPACE & DEFENSE

EB (Elektrobit) Tutkijantie 8, 90590 Oulu, Finland Tel. +358 40 344 2000 Fax +358 8 343 032
email: rcpsales@elektrobit.com  website: www.elektrobit.com/ebpropsim
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from ea. Qty.1000
Now upto 4A DC current 100 kHz-12 GHz TYPICAL SPECIFICATIONS
N . . . X Model Freq Insertion Isolation Max Current Price $ea.
Mini-Circuits is your complete source for Bias-Tees, covering (MHz)  Loss(dB) (dB) mA Qty.10
from 100 kHz to 12 GHz and handling up to 4A DC in a variety of =~ TCBT-2R5G+  20-2500 035 44 200 6.95%
ol oluo- d surf i K All of Bias-T TCBT-6G+ 50-6000 0.7 28 200 9.95
coaxial, plug-in, and surface mount packages. All of our Bias-Tees  1Cgr.14+ 10-10,000 035 33 200 8.45
boast low insertion loss and VSWR. Our patented TCBT LTCC TCBT: LTCC, Actual Size .15” x.15”, U.S. Patent 7,012,486. SR
ceramic designs are the sma!lest in the.w.orlgl and are ready for  pramocs 104200 06 10 500 3995
your projects where very low price, space limitation, and temperature ~ JEBT-4R2GW+ 0.1-4200 06 40 500  59.95
stability are a must. Our ultra-wideband ZX85 Bias-Tees use our PBTC-1G+ 10-1000 0.3 33 500 2595
. . . . . PBTC-3G+ 10-3000 03 30 500 3595
patented Unibody construction to give you small size and high PBTC-1GW+  01-1000 03 33 500 3595
repeatability. Whether your applications call for biasing amplifiers, PBTC-3GW+  0.1-3000 0.3 30 500 4695
i i i i ZFBT-4R2G+ 104200 0.6 40 500 5995
laser dloclales,. or active antgnnas, DC blocking, DC rgturn, satglhte SFET60, 106000 08 0 200 o0
communications, test, or if you have custom requirements, just  ZFBT-4R2GW+ 0.1-4200 06 40 500 7995
contact Mini-Circuits and let us fit your needs to a “TEE”! ZFBT“SGWG*FF 01-6000 06 4/0 500 8995
e . . ZFBT-4R2G-FT+ 10-4200 0.6 N/A 500  59.95
Mini-Circuits...we’re redefining what VALUE is all about! ZFBT-6G-FT+  10-6000 0.6 N/A 500 79.95
ZFBT-4R2GW-FT+ 0.1-4200 0.6 N/A 500  79.95
ZFBT-6GW-FT+ 0.1-6000 0.6 N/A 500  89.95
= ZFBT-282-1.5A+ 102800 0.6 45 1500 5695
- = " ZFBT-352-FT+ 30-3500 0.4 23 4000 4895
& ] ‘ £ { ] ZNBT-60-1W+ 256000 0.6 45 500 8295
WEAN PF YV O s # Lroc TEcHNoLoGY 2665-12G+ 0212000 06  NA 400 9995

X85+  ZNBT+
O RoHS compliant.

ZFBT-FT+ ZFBT+ JEBT+ TCBT-14+ TCBT+

BIAS-TEES

$

95y

ZX85: U.S. Patent 6,790,049.

Note: Isolation dB applies to DC to (RF) and DC to (RF+DC) ports.

®

1SO 9001 1SO 14001 AS 9100 CERTIFIED

NP2 The Design Engineers Seal

U.S. patent 7739260

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

IF/RF MICROWAVE COMPONENTS
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TRrRiPLE MODE FILTER
FOR WIRELESS
COMMUNICATION

SYSTEMS

Dale Wildes, Executive Vice President of
KMW Communications Inc.

Visit www.mwjournal.com to read this in-depth interview.

Executive!nterviews

avity filters and dielectric resonator
C (DR) filters are widely used in commu-
nication systems. However, the need for
more efficient filters is even greater with the
advent of new 4G networks overlaying the ex-
isting 3G infrastructure, particularly in areas of
limited spectrum and base station resources.
Requirements for high attenuation with low
insertion loss and small size are key issues in
filter technology for communication systems.
Many other companies have endeavored to
develop dual mode and triple mode filters to
fulfill these requirements.
An alternative solution has been proposed

SINGLE MODE

1RESONANCE OCCUR

by  utiliz-
TRIPLE MODE : i

(BLACK HOLE FILTER) Ing super
conductor

technology.
But the dis-
advantages
of size, cost,
weight and
mainte -
nance, not
to mention
the power
required to

modal

mindid

3 ORTHOGONAL AXES GENERATING
3 EQUAL RESONANCE

A Fig. 1 Single mode vs. triple mode filter.

112

IN 1 RESONATOR .
cool it make
supercon-
ductor fil-

ters impractical. KMW has recently introduced
the “Black Hole Filter (BHF),” using the first
commercialized “Triple-Mode”  technology,
which is capable of providing high stop band at-
tenuation with low pass band insertion loss in a
relatively small package.

BLACK HOLE FILTER’S TRIPLE MODE
RESONANCE

“Triple-Mode” technology enables three
distinctive resonances with only one resonant
cavity, utilizing a dielectric resonator with high
Q value inside the single pocket. Compared to
conventional DR filters, the triple mode “Black
Hole Filter” offers very low insertion loss, ex-
tremely high attenuation, with a significant size
reduction. Inside the pocket, waves can travel
without bending and distortion, achieving the
highest possible Q and steepest band-edge
skirts ever in a single pocket filter.

The conventional single mode filter shown
in Figure 1 provides only a single resonance
mode in the single pocket. The triple mode fil-
ter generates three distinctive resonances using
the TE018 mode as the same as the single mode
filter. It also enables two additional TE018
modes allowing the single cavity to function as

KMW USA INc.
Fullerton, CA
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For 3G/4G Wireless Broadband and Mobile Handset Applications

Linear 4
TRx Rx Rx
Part Number / Description Ports Ports SAW

SP8T-SP10T Antenna Switch Modules—With GSM Harmonic Filter

SKY14152 SP8T, DCS Rx SAW filter 5 1 Yes  -0.6/-1.1 -30 -103  -40/-45 MCM20L3.2x3.2
SKY18106-455LF SP8T, SPI DigRF interface 6 0 No  -0.6/-0.9 -30 -106  -50/-45  QFN26L3.0x3.8
SKY18107-455LF SP&T, SPI MIPI interface 6 0 No -0.6/-0.9  -30 -106  -50/-45 QFN 26L 3.0x 3.8
SKY18110 SP8T, GPIO logic 6 0 No -0.8/-0.9 >35 <-102 -45/-42 MCM20L3.2x3.2
SKY 18116 SPS8T, small form factor 6 0 No -0.8/-0.9 >35 <-102 -45/-42 MCM 18L3.2x2.5
SKY18108 SPIT, WCDMA and TD-SCDMA 3 4 No -0.8/-09 >35 <-102  -45/-42 MCM20L3.2x 2.5
SKY13364-389LF SP10T 4 4 No -0.6/-1.0 >35 <-105 -40/-40 QFN 26L 3.0x 3.8
SKY13362-389LF SP10T 5 3 No -0.7/-1.1 >35 <-105 -40/-40 QFN 26L 3.0x 3.8
SKY13378-389LF SP10T, MIPI interface 5 3 No -0.7/-1.1 >35 <-105 -40/-40 QFN 26L 3.0x 3.8
SKY18118 SP10T Rx FEM 5 3 Yes -0.8/-09 >35 <-102 -45/-42 MCM20L3.5x3.2

SP2T-SP5T Discrete Switches—Suitable for Primary or Diversity Path Applications

SKY13374-397LF SP2T 2 - No 0.5 >28 - -50/-50 QFN 16L2.0x 2.0
SKY13373-460LF SP3T 3 - No 0.5 >23 - -50/-50 QFN 12L2.0x2.0
SKY14155-368LF DP4T, 3G band switch 4 - No 0.4 >32 - -50/-50 QFN 12L2.0x2.0
SKY14151-350LF SPAT 4 - No 0.4 >23 <-115  -45/-45  QFN 16L 3.0x 3.0
SKY 18105 SP4T, Rx diversity, FEM 0 4 Yes  -2.1/-3.3 Filtered -100 - MCM 18L4.5x 4.5
SKY13358-388LF SP5T 5 - No 0.7 >27 <-102 -50/-45 QFN16L2.3x2.3

‘@ Skyworks Green™ products are compliant to all applicable materials legislation and are halogen-free. For additional information, refer to Skyworks Definition of Green™, document number SQ04-0074.

For more information on our broad product portfolio,
visit our Web site at www.skyworksinc.com
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Harmonic (Comb)
Generators
for Output 0.1 to 50 GHz

114 Visit http://mwj.hotims.com/28497-34

three cavities, which
improves the perfor-
mance and lowers
the manufacturing
cost. Figure 2 com-
pares the size of the
single mode and tri-

8 RESONATORS CAN BE
REDUCED INTO 2 RESONATORS

—

%

ple mode filter. The A Fig. 2 Single mode filter with eight resonators and triple mode
single mode filter filter with two resonators.

with eight resona-

tors can be replaced by the triple mode
filter comprised of only two resonators
while achieving the same performance,
occupying less than a third of the size
of the conventional cavity filter.

With the deployment of micro
base stations including Remote Radio
Head (RRH) systems, and the overlay
of multiple frequency bands for mul-
tiple standards on a single cellular site,
the space available for the RF hard-
ware is decreasing. Since RF filters
typically occupy a significant fraction
of the base station volume, base sta-
tion manufacturers are looking for
filter technologies that offer size and
cost reduction, while still meeting the
stringent base station RF specifica-
tions of insertion loss, rejection and
power handling. The multi-mode
filter is now an attractive alternative
featuring improvements in all these
categories.

The differences of the KMW triple
mode filter over previous others in-
clude:

Previous Triple Mode Filters

e Use DR structure for coupling
(limit of structure)

e Difficult to achieve TE018 mode in
applications (limit of function)

e Tuning screw required for tuning
(limit of production)

e Difficult to achieve notch filter re-
sponse (limit of application)

KMW’s Triple Mode Filter

e Uses coupling network for cou-
pling (no structural restriction)

e Simple dielectric structure (low
cost)

* No tuning screw required for tun-
ing (easy production)

* Notches can be implemented (free
application)

e Simple inside structure (simple
structure)

Figure 3 shows the single pocket
performance achieved by the triple
mode BHF in the 800 MHz band for
Receive Channel blocking to prevent

high power signals from adjacent chan-
nel. 20 dB rejection at 1.5 MHz offset
from the band edge can be provided by
the single pocket BHF. The cascaded
BHF pockets can provide more rejec-
tion should the application require it.

KMW’s BHF technology enables
a size reduction of about 1/3, and
much higher Q value compared to
other conventional filters (more than
9 times the Q of cavity filters and 1.6
times that of superconductor filters).
Comparative Q values featuring these
three filter technologies are shown in
Table 1, based on an estimate of a
reference 90 X 90 X 90 mm cavity in
the 860 MHz band. These advantages
are demonstrated by the triple mode
resonance and triple notches gener-
ated in this single pocket.

KEY APPLICATIONS FOR THE
BLACK HOLE FILTER

Some examples of key applications
that may be addressed by the BHF are
in wireless communication systems
where Tx spurious suppression is nec-
essary to meet emission mask require-
ments, Rx blocking in an interference
environment to protect receivers, and
co-siting solutions to combine differ-

ent services in same RF line for re-
duced CAPEX and OPEX.

700 MHZ/UPPER D BLOCK AND
PUBLIC SAFETY BROADBAND

The FCC revised the 700 MHz fre-
quency band plan and service rules to
promote the creation of a nationwide
interoperable broadband network for
public safety and to increase the avail-
ability of new and innovative wireless
broadband services for consumers.
The Commission designated the low-
er half of the 700 MHz Public Safety
Band (763 to 768/793 to 798 MHz)
for broadband communications. The
FCC also consolidated existing nar-
rowband allocations to the upper half
of the 700 MHz Public Safety block
(769 to 775/799 to 805 MHz). To min-
imize interference between broad-

MICROWAVE JOURNAL m NOVEMBER 2010


http://mwj.hotims.com/28497-34
http://www.herotek.com
mailto:Info@herotek.com

CoMSOoL "ﬁ
MULTIPHYSICS® ‘

A stator blade in the turbine stage of a jet engine is heated by the combustion gases.
To prevent the stator from melting, air is passed through a cooling duct in the blade.
e
[

Capture the Concept.

With COMSOL Multiphysics® you are empowered to build the simulations
that accurately replicate the important characteristics of your designs.
The key is the ability to include all physical effects that exist in the real
world. This multiphysics approach delivers results—tangible results that
save precious development time and spark innovation.

Watch tutorial

www.comsol.com/showcase

©2010 COMSOL, INC. COMSOL, COMSOL MULTIPHYSICS ARE REGISTERED TRADEMARKS OF COMSOL ' . C D M S D L

AB. CAPTURE THE CONCEPT IS A TRADEMARK OF COMSOL AB. OTHER PRODUCT OR BRAND NAMES
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QuesT Microwave Inc. @

225 Vineyard Court
Morgan Hill, California 95037
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| o
Nave | x v CURVE INFO [ 7<
M dB(S(WavePort1, WavePort1))
m1 887.2500 | -28.4447
10,00 | Setup1: Sweep1 N
’ m2_| 8922500 | 337345 M dB(S(WavePort2, WavePort1))
m3 | 885.0000 | -47.9943 Setup1: Sweep1
-20.00 ~
S -3000 m
lmZ
—40.00 /
5000 \\ / / \I m3
—~60.00
820 840 860 880 900 920
FREQUENCY (MHz)
A Fig. 3 Single pocket performance of the Black Hole Filter in the 800 MHz band.
TABLE |
COMPARISON OF THE BHF AND CONVENTIONAL FILTERS
(FREQUENCY=860 MHz, CAVITY SIZE 90x90x90 mm)
Cavity Filter DR Filter DR Filter Super Black Hole
(TEM mode) (TM mode) (TEc01 mode) Conductor Filter
Q Factor 7500 11000 18000 45000 24000 x 3 =
72000
Size A A A A O
Weight A A X X O
Insertion X A (] O O
Loss
Attenuation X A o O O
Reliability o [ J [ ) X o
PIMD O [ ] [ ] — [ J
Cost O [ J A X [ J
Handling ([ ] L J (] X (]
Power
Bad: X Normal: A Good: @ Very Good: O
band and narrowband operations, the
Commission adopted a one mega- TABLE Il
hertz guard band (768 to 769/798 to FILTER REQUIREMENTS BY FCC
799 MHz) between the public safety PART 27.53
broadband and narrowband segments System R0 (W)
(see Figure 4). The FCC requires a Ouput
strict emission mask of 76+10log(P) at Power
1 MHz offset from the Public Safety 46.5 (dBm)
Broadbar'ld channel band edge to pro- chew B (M)
tect Public Safety Narrow Band chan- (MHz)
nel integrity.
. . 39.5 dBm/MH:
Table 2 tabulates estimated signal ( 2
and attenuation levels necessary to PAACLR 3 (dB)
meet the 76+10log(P) FCC require- 55 (dBm/MHz)
ments. According to these estimates, at PA output’s band edge
with a single tone at the band edge of 40.5 | (dB) rejection by filter @
46.5 dBm, the filter should provide 1 MHz offset to meet
more than 40 dB attenuation at 1 MHz -46 (C;lgmﬁ;im;;eq
offset from that band edge. Figure 5 I8
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More than just
an amplifier.

With the new R&S®BBA100, Rohde & Schwarz now offers the
most flexible and sophisticated broadband amplifier on the
market:

1 The R&S®BBA100 is modular from top to bottom. This means
that complex systems can be set up in very small spaces.
Subsequent expansions are also easy.

1 The R&S®BBA100 is more than an amplifier. It's an entire sy

stem. It includes an integrated system controller, configurable
interlock loops and other system components, eliminating the
need for any external add-on equipment.

1 The R&S®BBA100 is extremely reliable. With our expertise as
the market leader in TV transmitters, we designed it for
maximum operational availability. Its plug & play amplifier
modules can be replaced in just minutes so that downtime is
no longer a concern.

The R&S®BBA100 ushers in a brand-new level of sophistication
in broadband amplifier design. Want to know more? Visit us at:

www.rohde-schwarz.com/ad/bba/mwj

N
\

N
N

N

NN
N

N

NN

NN

WO,
O e
.\.

St
<'|
\C\“\
‘\"_;\* 1%11
AR ANARN

-,
AN
A

N

ROHDE&SCHWARZ

Visit http://mwj.hotims.com/28497-96 or use RS# 96 at www.mwjournal.com/info



http://mwj.hotims.com/28497-96
http://www.mwjournal.com/info
http://www.rohde-schwarz.com/ad/bba/mwj

TECDIA

Bias Solution
for GaN FET

High Power Broadband

VGG VDD

TBT-HO6M20-F TBT-HO6M20-F

TBT
TBT-HO6M20-F
50Q
Frequency Range 20MHE GH2
3~66Hz
VSWR (Return loss) mm 1.4 max.
Insertion Loss O

0.8dB max. 1.0dB max.
Connector

SMA (Female)

Feedthru
RF Power 25W max.
3A max.
50V max.
50 x 38 x 18 mm
709
0°C~ +40°C

Series
Model

Impedance

Bias Current
Bias Voltage
Dimensions *
Weight
Temparature

* Excluding Connectors

Typical VSWR & Insertion Loss

www.tecdia.com
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REVISED 700 MHz PLAN FOR PUBLIC SAFETY SERVICES
763 769 775 793 799 805
PUBLIC SAFETY ALLOCATION PUBLIC SAFETY ALLOCATION
BROADBAND g NARROWBAND COMMERCIAL ALLOCATION BROADBAND g NARROWBAND
CH.62 | CH.63 | CH.64 | CH.65 | CH.66 | CH.67 | CH.68 | CH.69
764 770 776 782 788 794 800 806
REVISED 700 MHz BAND PLAN FOR COMMERCIAL SERVICES
A|lB|C|D|E|A|B|C C [A|p| PUBLIC B| ¢ |[A|p| PUBLIC
SAFETY SAFETY
CH.| CH.| CH.| CH.| CH.| CH.| CH.| CH.| CH.| CH.| CH. | CH. | CH. | CH. | CH. | CH. | CH.| CH.
52| 53| 54| 55| 56| 57 |58 | 59|60 |61 |62|63|64|65]|66| 67| 68| 69
698 704 710 716 722 728 734 740 746 752 758 764 710 776 782 788 794 800 806
\— _/
“ o -
LOWER 700 MHz BAND UPPER 700 MHz BAND
(CHANNELS 52-59) (CHANNELS 60-69)
A Fig. 4 Revised 700 MHz band plan.
1a 2a 3b 4c 5S¢
h PN 0 0
presents the simu 10 g | mmm
. - — (a)-0.07 dB
lation results of a | @ _p 10 b 2ertas
duplexer of the 700 | = -30 15 | o
MHz upper D and Lo -20 &) 5148
Public Safety Broad- | 5 -0 e
. . » 60 -30 (b)-0.411 4B
band satisfying the | = _ g5 | @ome
. = (4) 788 MHz
FCC regulation by | & —gg —:g e
applying a B.HF Wlth e e .
0.6 dB max insertion S B S . a8 B9S2 B e
loss. It shows -48 dB R R EEEE R o
. y ~ ~ ~ ~ o a) 51
at the Public Safety T b)-0d8 5.

Narrow Band down

link starting point of A Fig. 5 700 MHz duplexer for upper D and Public Safety Broad-

769 MHz and -51 dB  band.

at 799 MHz at same
point on the up link side.

LOWER 700 MHZ RX BLOCKING
FILTER TO PROTECT FROM THE
DTV AND MEDIAFLO

Another useful application is Rx
blocking to prevent high power signal
leakage from DTV channel 51 and Me-
diaFlo on the lower 700 MHz band, as
shown in Figure 6. New LTE systems
will be deployed in lower 700 MHz
band A, B and C Block. The high pow-
er signal from adjacent broadcasting
systems will impact the LTE receiver
and significantly degrade system per-
formance. To avoid receiver perfor-
mance degradation, the system needs

to employ a filter with improved out
of band rejection. The wall type filter
shown in Figure 7 produces more
than 40 dB attenuation at 500 kHz off-
set. The BHF filter appears to be the
best solution for Rx blocking in this
high-interference environment.

CO-SITING SOLUTIONS
2G, 3G and 4G LTE/M-WiMAX

technologies are expected to co-exist,
installing in same sites and sharing
antennas. This implies that co-siting
solutions will be required for CAPEX
and OPEX. Figure 8 shows a typical
example of an in-band combiner to
support that of three carriers, CDMA
and the new 5 MHz LTE that must be

Lower 700 MHz Spectrum
Broadcast FDDRx FDDRx  FDDRx MediaFlo - MobileTV. FDDTx FDDTx  FDD Tx
A B A B C
Verizon | AT&T Verizon | AT&T AT&T
uscc | usce usce usce
Verizon Verizon
692 698 704 710 716 722 728 734 740 746

A Fig. 6 Lower 700 MHz spectrum.
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why CANNOT miss  Eronthynk:
*Short lead time.

*Accurate cross-examination skills

*High flexibility in manufacture and delivery

*Best Customized Solutions

DC to 67 GHz; VSWR < 1.2

2.4 mm Connector
DC to 50 GHz; VSWR < 1.2

| 2.92 mm Connector
DC to 40 GHz; VSWR <£1.2

3.5 mm Connector
DC to 34 GHz; VSWR £1.2

Visit http://mwj.hotims.com/28497-33 or use RS# 33 at www.mwjournal.com/info

E-mail:info@frontlynk.com
Tel:886-6-356-2626 Fax:886-6-356-6268

www.frontlynk.com
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HIGH QUALITY, COST EFFICIENT

MICROWAVE COMPONENTS FROM CHINA [t Ackew ChiToace_Fresporss_ 3 Stmkir_4 Miierudsis_ Gl State.
pﬁ- i Lﬁ :: iy hak oo (1
XIAN FORSTAR S&7 COLT7D. — ] T ¥

-§

Cable, Cable Assemblies, Coaxial Termination
and other Microwave Components.

Specialized in R.F Coaxial Connectors, R.F Sk ’\f\

4

+3.00 1 i SO0 <. 300 e A
T F13.70000 M -1.7FEL o8 T L3700 e N1
T GI7.00000 M 4732 O TIOLINENZ W -2l o0
e A TLE_ MO0 M -0 041 o
“AE.20 § PO W . 17
- =7 r3 Fy = &

A Fig. 7 700 MHz Wall Type filter to protect from DTV and

MediaFlo.
3 5 MHz LTE 5 MHz: 1.25 MHz CDMA X 3 CARRIES ———>
BLOCK DIAGRAM T
3dB BPF  3dB
HYBRID [ooa HYBRID
Low Frequency Series CDMA Tx
Circular Connector COMAIRX
Rectangular Connector COMAITY
High Reliable Contact
Mini Rectangular Connector
CDMA BTS LTE eNodeB
2.4mm Connector ! i A Fig. 8 Co-siting example of CDMA plus LTE.
DC ~18GHz:1.15max
18~26.5GHz:1.25max | : LS c"“’:“}" el R
26.5~-50GHz:1.45max - 0 0 v (1) 1930.625 MHz
. -5 -5 —0.51544 dB
jg ] jg (2) 1934.375 MHz
2.92mm Connector g 2 | 1 g 2 -0.79218 dB
DC ~18GHz:1.15max =< -5 H ] I (3) 1935.01 MHz
18~26.5GHz:1.25max @ =30 @ -30 -0.79159 dB
26.5~40GHz:1.35max jg B jg I (4) 1945 MHz
15 a5 —0.28936 dB
Smp 50 50
DC ~26.5GHz 1920 1935.005  1950.01 1920 1935.005 1950.01
FREQUENCY (MHz) FREQUENCY (MHz)

Jumper/Feeder
DC ~3.8GHz :
VSWR: ! combined over 10 MHz of bandwidth with a narrow guard
1.10 DC~2.2GHz band. Conventional combiners require more than 5 MHz
1.15 2.2GHz-3.8GHz for guard band, but the Constant Impedance BPF (CIB)

- implemented by the BHF only needs 625 kHz guard band
to combine two different services. The simulation results
are presented in Figure 9.

KMW has been bringing industry leading filter tech-
nology and RF products to market since the early days of
CDMA in 1995. KMW enables a new world of filter tech-
nology “Black Hole Filter” by the “Triple Mode” resonance
Add: NO. 71 Jinye Road, High- Phone: 86-29-68903618 and offers solutions that are aimed at maximizing spectrum

Fax: 86-20-88243212-3618 R ol
tech Zone, Xi'an. China 710077 | o 50 S0 o en utilization and reducing size by market demands.

FORSTAR® www.forstar.com.cn KMW USA Inc.,
Fullerton, CA (714) 515-1100, www.kmwcomm.com.
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Ar ig. 9 Filter response of co-siting combiner (CIB).



http://mwj.hotims.com/28497-120
http://www.kmwcomm.com
http://www.forstar.com.cn
mailto:market@forstar.com.cn

S. M. ELECTRONICS L.L.C. DBA

FAIRVIEW MICROWAVE

ATTENUATORS 0-50 GHZ

A

SA50 $288.00 SA4014 $142.00 SA26B $75.00 SA18H $30.50 SA6H $20.00 SA6Q $29.00
2.4MM_50GHZ 2.92MM_1W 40GHZ SMA 27GHZ SMA 18 GHZ SMA 6GHZ QMA 6GHZ 2w

SA3011 $12.75 SA4017 $500.00 SA3S5W $36.00 SA3N10W $70.00 SA18S10W $122.00 SA3T $29.00
SMA 3GHZ BRASS 2.92 40GHZ 5W SMA 3GHZ 5W N 3GHZ 10w SMA 18GHZ 10W TNC 3GHZ 2w
SA18N $47.00 SA3NS $26.00 SA3N5W $40.00 SA18N10W $123.00 SA4N-50 $170.00 SA18N100 $700.00
N 18GHZ N 3GHZ N 3GHZ 5wW N 18GHZ 10W N 4GHZ 50W N 18GHZ 100W

ADAPTERS 0-65 GHZ

3
o
& v

SM3250 $198.00 SM3929 $409.00 SM3985 $135.00 SM8902 $105.00 SM4216 $25.00 SM4742 $39.50
2.92 M/F 40GHZ 1.85-1.85 65GHZ 1.85-3.5 34GHZ MINISMP-SMA 26GHZ N-M-SMA 6GHZ SMA-TNC 18GHZ

e

ﬁ——dﬁ

’ « 4l -

SD3235 $47.00 DC BLOCK EQUALIZERS ST5038 $260.00 SMP0218 $275.00 ST3N501 $129 CABLES SMA, N, 2.92
SMA 5KHZ-23GHZ 1-18 GHZ 2.4MM 1W 50GHZ DIVIDER SMA’S 2-18GHZ 3GHZ 50W 0-65 GHZ

FAIRVIEW
MICROWAVE

FAST DELIVERY!

WWW.FAIRVIEWMICROWAVE.COM 1-800-715-4396

460 S HIGHWAY 5 FAIRVIEW, TX 75069 1-800-715-4396 FAX: 972-984-1218 EMAIL: SALES@FAIRVIEWMICROWAVE.COM

Visit http://mwj.hotims.com/28497-32 or use RS# 32 at www.mwjournal.com/info
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TECH BRIEF

CompAct, Low SSB PHASE
Noise WipeeanD VCOs Cover
6 10 20 GH:z

ittite has introduced

two wideband  voltage-con-

trolled oscillators (VCO): The
HMC732L.C4B and HMC733LC4B,
which operate between 6 to 12 and
10 to 20 GHz, respectively. While
complementing and extending the fre-
quency range of Hittite’s GaAs HBT
wideband VCO offerings, they are ide-
al for military radar and EW & ECM,
as well as test and measurement.

The HMC732LC4B and HMC-
733LC4B integrate a resonator, neg-
ative resistance device and varactor
diode in a single 4 X 4 mm RoHS
compliant SMT package. The Vtune

port of the VCOs accepts an analog
tuning voltage from 0 to +23 V and
accommodates a very fast tuning
bandwidth. The HMC732L.C4B has
SSB phase noise of -65 dBc/Hz at
10 kHz and -95 dBc¢/Hz at 100 kHz,
whereas the HMC733LC4B has SSB
phase noise of -60 dB¢/Hz and -90
dBc/Hz at 10 and 100 kHz, respec-
tively. Both provide a single ended
RF output matched to 50 ohms.

The HMC732LC4B and HMC-
733LC4B combine the attributes of
low phase noise, compact size and
wide tuning range, making them
ideal for applications where tuning

range and high performance are of
primary importance. The HMC-
732L.C4B and HMC733LC4B op-
erate from a single +5 V power sup-
ply, while drawing 54 and 70 mA of
current, respectively. Their SMT
footprint requires up to 90 percent
less PC board area when compared
to traditional MCM and discrete hy-
brid VCO approaches.

Hittite Microwave Corp.,
Chelmsford, MA

(978) 250-3343,

www. hittite.com.

RS No. 303

The MWJ/Besser Associates Webinar Series
Grow your technical'skills & professional prospects

November 16th: Communication System Design -
RF /Wireless Signal Propagation Analysis

Journal

122

December 14th: Component Modeling
January 19th: Radar Fundamentals
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TINY RF & MICROWAVE

TCM+TOP
< "-u.-‘-—

TRANSFORMERS

TCN+

0. 75‘6200 MHZ as low as ggegch (qty. 1000)

Every transformer you need, right off the shelf!

Need an RF or microwave frequency transformer with a small
footprint? Mini-Circuits has what you need, already in stock.
Our TC-series transformers cover a wide variety of frequency
ranges, with rugged construction, outstanding VSWR
performance and several packages to fit your size, reliability
and environmental requirements—and we can ship within a
week of your order. Don’t see what you need? Our engineers
can customize a model to your needs at no extra charge.

i ’ q‘ a ’ OROHS compliant.

.12"x.06” 18"x.15”

Your choice of package styles includes:
TC-G2+ Ceramic with gold-plated terminals
for military and high-reliability requirements.
TCN+ and NCS+ Low Temperature Co-fired Ceramic (LTCC)
miniature packaging for superior thermal stability and reliability.
TC+and TCM+ All-welded construction and a plastic
base for commercial applications.
TC-TOP Features a “top-hat” package with
square top surface and model markings that can
improve your manufacturing throughput.

Detailed technical specifications and pricing info are available at minicircuits.com.
THE TRANSFORMER YOU NEED IS JUST A CLICK AWAY!

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

®

ISO 9001 I1SO 14001 AS 9100 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

@ I2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicircuits.com

U.S. patent 7739260

IF/RF MICROWAVE COMPONENT-:

377 rev U

Visit http://mwj.hotims.com/28497-61 or use RS# 61 at www.mwjournal.com/info
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microwave divider/combiner is
Aa passive reciprocal RF/micro-
wave component responsible
for the vector summation of two or
more signals. As such, they play an
important role in the distribution of
signals through higher-level systems
such as mobile base stations, distrib-
uted antenna systems, in-building
wireless systems and cable distribu-
tion networks. Increasingly, these sys-
tems must support more signals and
greater bandwidths, requiring new
levels of performance. Additionally,
the move toward remote radio heads
is also placing new constraints on cost,
size, weight and specifications for
stringent outdoor use.
To address these needs, MECA

124

TECcH BRIEF

Power Diviber/ COMBINERS

ISOLATION

Electronics has implemented its V-Line
power divider/combiner product family
based on microstrip techniques using
high quality materials to lower inser-
tion loss. The V-line compact power di-
vider/combiner offers increased power
rating and extended frequency range.
These compact, microstrip divider/
combiners provide minimal insertion
loss while delivering high isolation be-
tween output ports with exceptional
phase and amplitude balance. These
two- through 16-way, 40 W power di-
vider/combiners are optimized for ex-
cellent performance across all wireless
bands from 0.7 to 2.7 GHz. The com-
ponents, which are available from stock
within two weeks ARO, are available
in N, SMA, BNC or TNC connector

OFrer Low-L0ss AND HiGH

configurations. The two-way 800 se-
ries is a divider/combiner that exhibits
insertion loss below 0.5 dB with 27 dB
typical isolation. All units are rated for
maximum input power as a divider or
balanced combiner with load VSWR
of 1.20:1 or better. All output/power
combiner ports are in-phase (0° dif-
ference) and are rated for an operating
temperature from -55° to +85°C. They
can be manufactured to IP65 weather
proof specifications for outdoor (tower
mounted) applications.

MECA Electronics,
Denville, N) (866) 444-6322,

www.e-meca.com.
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Visit the InfoZone

to follow-up on the ad
or editorial item -
that caught your eye.

The MW\J InfoZone
Product Information System
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Recognized World-Wide as the
Performance Leader in Connectors & Adapters

¢ SMA, SSMA, 2.92mm, 2.4 mm, N, TNC,
Cable Connectors and Adapters

“ Transmission Line Approach
to Connector Design

Typical VSWR < 1.10:1 (Industry’'s Lowest)
RF Leakage < -100 dB (Industry’'s Lowest)
Field Replaceable/Insertable
Material Traceability & Single Lot Control

- COTS Up-Screened for Hi-Rel
100% U.S. Made

SOUTHWEST
MICROWAVE

For more information please visit:

TTRTTIRTT - . 0 B8 B’ Saermmicrowsvae o B

Southwest Microwave, Inc. + Tempe, Arizona USA + 480-783-0201
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SYSTEM SIMULATION SOFTWARE
ACS has recently released a new version of the LINC2 VSA (Visual Sys-
tem Architect) system simulation software. Version 1.09 adds new system
component models to the VSA's components menu. This new version of
the VSA offers a new file-based multi-tone signal source for stimulation
of system schematics with multiple simultaneous input tones. The associ-
ated signal file can arbitrarily specify the signal amplitudes, frequencies
and signal phases for each signal in the input signal set. The Visual Sys-
tem Architect offers the flexibility and ease of use of schematic-based
RF system simulation combined with a comprehensive array of analysis
methods and graphic displays for designing at the system level.
Applied Computational Sciences (ACS) LLC,
Escondido, CA (760) 612-6988,
www.appliedmicrowave.com.
RS No. 310
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USB DESIGNER'S KIT
YJVENDORVIEW

The HMC-DKO008 Serial/Parallel USB Interface Designer’s kit has been
expanded to provide a user friendly interface for programming Hittite’s
family of interface driver/controllers, digital attenuators and variable
gain amplifiers. This kit allows the designer to set desired attenuation
and gain states, toggle between serial and parallel control modes, and
construct custom serially clocked input signals. The HMC-DK008 De-
signer’s Kit includes a Serial/Parallel USB Interface Board, custom USB
and ribbon cable assemblies, and software CD-ROM.
Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343,
www.hittite.com.
RS No. 312

SOFTWARE UPDATE

ar

e | e

P i 4 e s
KICDEL SWiae?

ERIC Tewt Solmare

SOFTWARE FOR COMPLIANT TESTING
\JVENDORVIEW

AR’s SW1007 software is a standalone program that combines con-
ducted immunity test software and radiated susceptibility test software
into one user-friendly package suitable for corporate to professional test
lab users. The software automatically performs both calibration and im-
munity testing in full compliance with IEC 61000-4-3, 4-6; MIL STD
461/462 RS103, CS114 and RTCA/DO160 Section 20 speciﬁcations.
The new version has an updated user interface including a tab system
and organizes all the features for quick, easy access and makes selecting
test standards much easier. The SW1007 also has the ability to control
more equipment and the report generating feature has been enhanced
to offer more control and customization.
AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181, www.ar-worldwide.com.
RS No. 311

Downicad RLE Fitar Salecior

FILTER SELECTOR
RLC Electronics, a supplier of RF and microwave components,
is pleased to anmounce and introduce the companys new website,
www.rlcelectronics.com. The site now includes a new search capability

126

and a downloadable filter selector software and performance program.
Download the companys filter selector software and automatically find
the product that meets your requirements.
RLC Electronics Inc.,
Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 313
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Three words you’ve never heard AtAeroflex/ Metelics our

commitment is to support
from us: “So Iy, that's obsolete.” your program needs for
as long as you need your
devices. Today, we call it
Product Lifeline Assurance.
But for over 30 years,

’ it's just how we've been
EROFLEX doing business. While

METELICS our competitors regularly

change manufacturing

strategies and discontinue

products—forcing you into

\ \ : ' \ unscheduled and unfunded
——— 2 redesigns—we remain
— / committed.

In short, we promise:

* To stand behind our
policy not to obsolete
products.

-~ N / = To be the benchmark
for consistency in your

- / = supply chain strategy.
. ( . \ Wherever possible, to
,T .EEOFLEX replace competitors’
obsolete devices—
offering assurance
on these devices, too.

Product Lifeline Assurance.
Support you can rely on
for your high performance
diodes, passive and
integrated devices, and
custom semiconductors.

www.aeroflex.com/metelicsPLA

(\EROFLEX

A passion for performance.
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ISOPRO 3.0® SOFTWARE
T-Tech Inc. announces the release of IsoPro® 3.0, Mill Path Gen-
eration and CAD editing software for Quick Circuit users. The newly
added features are “CheckByTouch®” broken bit detection, “Contact-
ByTouch®” automatic depth sensing, auto tool change, tool manage-
ment including Linking, improved mill/drill path optimization, and new
multilingual help files with embedded graphics. T-Tech offers a new
Live Machine Status Bar, with added mouse functions and much more.
IsoPro 3.0 exceeds anything on the market today, offering upgrades to
existing customers. IsoPro 3.0 is Windows 2000 through Win 7 and Mac
10.X compatible. The software was recently released at MilCom 2010.

T-TECH Inc.,
Norcross, GA (770) 455-0676,
www.t-tech.com.
RS No. 314

SOFTWARE UPDATE
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[ S —

W

APPLICATION PROGRAMMING INTERFACE
Wireless Applications Group announced it has beta-released a suite of
web service Application Programming Interface (API) for performing
telecom infrastructure analysis called the Telecom API Suite. Carriers,
tower companies, web app programmers and wireless service providers
alike can immediately begin amping up their software with power from
the Wireless Applications’ cloud service. Anyone can sign up for a free
dev key and begin immediately seeing how easy it is to integrate these
powerful functions into their site. Included in the site are samples of
PHP, C#, Javascript and even Objective C for those popular phone apps.
There is even an assortment of simple examples of map integration to
get started.

Wireless Applications Corp.,
Bellevue, WA (425) 643-5000,

www.wacorp.net.
RS No. 315

Achieve Information Dominance!

Supported with over 400 color photographs and illustrations, this new book offers professionals expert
guidance on how to achieve information dominance throughout the battlespace with network-enabled
warfare. Written in clear, non-technical language with minimum mathematics, this book discusses:

Battlespace Technologies:
Network-Enabled Information Dominance
Richard S. Deakin, National Air Traffic Services

¢ How to use sensor technologies, including radar and electronic warfare systems, to disseminate
information to key decision makers in timely and relevant manner;

* How networked systems can be used to greatly improve on the speed, quality and output of

decision-making cycles;

* How these technologies allow for the effective acquisition and dissemination of intelligence,

TECHNOLOGIES

while denying the collection, dissemination and use of intelligence by enemy forces;

o What factors need to be taken into account when designing systems and equipment for use in a
network-enabled environment.

Netwaork-Enabled
|nformation [lominance Hardcover » 530 pp. ® 2010 » ISBN: 978-1-59693-337-8 * $139/£89
: : Only $118/£75 with Free Shipping when you order before 11/30/10.
! USE PROMO CODE BT10.

Find complete details and order at ArtechHouse.com

Or contact the office nearest you:

US: Toll-Free 1-800-225-9977, ext. 4030 or 1-781-769-9750 e UK: +44 (0)20 7596-8750
All orders plus shipping/handling and applicable taxes.

ARTECH HOUSE B0STON| LONDON

685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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Available for shipment within 24
hours from receipt of your order.

Visit http://mwj.hotims.com/28497-12 or
use RS# 12 at www.mwjournal.com/info

minibend’
CABLE ASSEMBLIES

minibend® SMA plug to SMA plug cable assemblies
(3” to 16”) are now available for shipment within 24
hours from receipt of your order. Astrolab’s expedited
shipping is available for all orders up to 100 cable
assemblies. Varying lengths can be ordered in any
combination to achieve the best quantity discount.

Astrolab’s patented minibend® cable assemblies
provide an excellent commercial-off-the-shelf (COTS)
solution for your cable assembly needs. The perfect
low profile design solution for making point-to-point
interconnections between RF modules. minibend®
cable assemblies are readily integrated into virtually
any commercial, military, or space application.

minibend® cable assemblies are engineered to
meet or exceed applicable industry and military
standards. They’re triple shielded, bend-to-the-end
and easily outperform competitive semi-rigid or
semi-flex cable. All minibend® assemblies are 100%
tested and are superior replacements for custom
pre-formed semi-rigid cables.

If your company uses RF cables, you need to talk

to us. We’ll work with you to supply a minibend®
solution that will deliver proven superior performance.
Contact our customer service department to
experience the minibend® difference.

ASTROLAB .

Tel: 732.560.3800
Email: sales@astrolab.com
www.astrolab.com

© 2009 Astrolab, Inc. Patented — US Patent Office. Astrolab is a registered trademark of Astrolab, Inc. All rights reserved.
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£ TRANSFORMATION

The mobile ecosystem is in the midst of an unprecedented wave of
transformation. As business models adapt, new verticals and players
emerge. Technology evolves, perceptions shift, and lives are improved.

At the centre of this transformation is GSMA Mobile World Congress,
the must-attend annual gathering of the mobile industry. Our
participants — 50,000 senior mobile leaders from 190 countries —
enable, accelerate and direct this transformation, leading us into
the mobile future. Be there to be a part of it.

MOBILE.
CONGRESS
Barcelona | 14-17 February 2011

GSIMmA.
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\| |IEEE Radio and Wireless Week

16 - 19 JANUARY 2011, PHOENIX, AZ, USA

A I E E E m, ﬁvﬁ

http://www.radiowirelessweek.org/

Register Now! http://www.radiowirelessweek.org/

Start The New Year With A
Week of Wireless
16-19 January 2011 in Phoenix, AZ

Join us in Phoenix,Arizona for the 201 | IEEE Radio and Wireless Week (RWW) which now includes three
all new conferences. In addition to the Radio and Wireless Symposium (RWVS) and |EEE Topical Meeting on Silicon
Monolithic Integrated Circuits in RF Systems (SiRF), the IEEE MTTS and RWW have created three new confer-
ences to fill a void in the society’s conference offerings. This first being the IEEE Topical Conference on RF/Micro-
wave Power Amplifiers (PAWR), the society’s first conference publishing an archival digest dedicated to the topic of
power amplifiers.The second new conference is the IEEE Topical Conference on Biomedical Wireless Technologies,
Networks & Sensing Systems (BioWireleSS) targeting one of the most exciting and rapidly growing areas due to
the potential of wireless medical devices.The third new 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.

RWW 2011 Highlights
IEEE Radio and Wireless Symposium

/)

i

/}
A
A

Distinguished Lecturer Talks

IEEE Topical Conference on Wireless Sensors Wt Inkjet-Printed Paper/Polymer-Based “Green” RFID and
and Sensor Networks w Wireless Sensor Nodes:The Final Step to Bridge Cogni-
IEEE Topical Conference on Biomedical Wireless e«‘. tive Intelligence, Nanotechnology and RF?
Technologies, Networks & Sensing Systems Dr. Manos Tentzeris, GEDC Associate Director for RFID/Sen-
|EEE Topical Conference on RF/microwave W sors Research, Georgia Institute of Technology
Power Amplifiers \2 Relay Node Placement in Wireless Sensor Networks
| Ith Topical Meeting on Silicon Monolithic Integrated Prof. Guoliang (Larry) Xue , Arizona State University

Circuits in RF Systems
35 Technical Oral Sessions - Mon -Wed, 17-19, Jan., 201 |
Interactive Poster Sessions - Mon/Wed, 17,19, Jan., 201 |
Student Paper Competition Finals - Mon, 17, Jan., 201 |
Workshops - Sunday afternoon, 16, Jan., 201 |
“Inter- and Intra-vehicle Wireless Communications & Networking’
“Wireless Communications for Smart Grid”
“Wireless Biomedical Applications”
“ZigBee Applications”
Panel Sessions
“Ultra-wideband (UWB) Technology: Past, Present, and Future”
“Cell Phone Tower Myths and Misconceptions”
Joint RWWI/SIRF Plenary - Tue, 18, Jan., 201 |
Joint RWWI/SIRF Banquet - Tue, 18, Jan., 201 |
Exhibits — Mon-Wed, 17-19, Jan., 201 |

ORAL PRESENTATIONS = POSTERS = WORKSHOPS = PANELS = EXHIBITIONS
HTTR/IYWWWRADIOWIRELESSWEEK.ORG

More to be announced soon!!!

)
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Components

Crystal Notch Filter
\JVENDORVIEW

- Anatech  Elec-
tronics in-

..,_“\\ troduced the
"~ AS1I0CNSO01

crystal notch fil-
ter, which offers
a notch center
frequency of 10
MHz and notch bandwidth of 1 kHz. The filter’s
rejection in the notch bandwidth is 80 dB, low-
side passband is 9.8999 to 9.999 MHz, high-side
passband is 10.001 to 10.201 MHz, and inser-
tion loss is less than 1.3 dB. The filter’s power
handling ability is 10 dBm, and it employs SMA
female connectors. The ASIOCN801 measures
6">< 1" X lll.

Anatech Electronics,

Garfield, NJ

(973) 772-4242,

www.amcz l .com.

RS No. 216

RF Coaxial Cable Assemblies

! Crystek has rug-

i gedized its
LL142 low-loss
RF cable assem-
blies by incor-
porating a spi-
raled  stainless
steel casing,
along with extra
fortification pro-
vided by heavy-
duty  adhesive
strain relief with
a  Neoprene
jacket. This added measure of protection elimi-
nates the failures commonly caused by cable
flexion and compression. At 18 GHz, the new
Armored L1142 assemblies feature attenuation
of 0.36 dB/ft. and VSWR characteristics of
< 1.3. Crystek’s Armored LL142 Series cables
offer shielding effectiveness of greater than
-110 dB with an operating temperature range of
-55° to +85°C (extended range of -55° to
+125°C available through special order).
Crystek Corp.,
Fort Myers, FL (239) 561-3311,

www.crystek.com.

RS No. 223

Ka-band Up/Down Converter

The  Ka-band
up/down  con-
verter assembly
is a custom de-
signed  system.
It operates in an
anechoic cham-
ber in order to
simulate a radar receiver with realistic target
echoes. The system includes four transmitter
channels (up converter), one receiver channel
(down converter), detectors, control circuitry
and DC power suppliers. The system operates at

132

33.3 to 36.3 GHz RF frequency range and IF of
4.3 to 5.3 GHz. The receiver channel has the
gain of greater than 40 dB and noise figure of 5
dB, while the transmitter P1dB varies from +20
to +32 dBm with different channels according to
requirements. The LO input is about 13 dBm
from 29 to 31 GHz. The LO is multiplied by 2
and then shared by all the channels. The assem-
bly is in the standard rack mountable box with
the dimension of 19" x 7" x 19".

Ducommun Technologies Inc.,

Carson, CA (310) 847-2859,
www.ducommun.com.

RS No. 224

Temperature Variable Attenuator

Y)VENDORVIEW

EMC Technolo-
gy introduces a
new wideband
surface-mount
temperature
variable attenu-
ator optimized
for performance from DC to 20 GHz. Using
EMC’s patented Thermopad® technology, the
WTVA offers the best performance to date for
high frequency applications including optimal
temperature coefficients of attenuation (TCA)
at frequencies from 12.4 up to 20 GHz. These
devices have been noted for their excellent
erformance and small size, measuring only
0.070" x 0.060". The WTVA wideband tem-
perature variable attenuator is available in a
RoHS compliant solder finish with dB values
from 2 to 6 dB and negative coefficient slopes
from 0.003 to 0.006.
EMC Technology,
Stuart, FL
(772) 286-9300,
www.emc-rflabs.com.

RS No. 217

RMS Power Detector

The LTC5583 is a 40 MHz to 6 GHz dual chan-
nel, matched RMS power detector, offering
over 55 dB isolation at 2.14 GHz. In RF
power amplifier
(PA) applications,
the LTC5583
provides a sim-
ple solution for
accurately mea-
suring  forward
power, reverse
power and volt-
9 age  standing
wave ratio (VSWR). The device comprises a
pair of 60 dB dynamic range RMS detectors
that are matched to 1.25 dB. This provides ac-
curate RF power measurement of high crest-
factor signals such as those used in LTE,
WiMAX, W-CDMA, TD-SCDMA and
cdma2000 3G or 4G base stations and other
high performance radios employing complex
modulation waveforms.
Linear Technology,
Milpitas, CA
(408) 432-1900,

www.linear.com.

RS No. 218

Coaxial Directional Coupler

YVENDORVIEW

The model 3000-10 is a coaxial directional cou-
pler that delivers 10 dB of coupling from 225
MHz to 10 GHz, has flat frequency response
characteristics, high directivity, and is rugge-
dized for both commercial and military applica-
tions. The model 3000-10 handles 200 W aver-
age and 10 kW peak RF power, has directivity of
at least 30 dB, insertion loss of 0.7 dB or less,
maximum VSWR of 1.15:1, maximum deviation
from nominal of +1.2 dB, absolute calibration
accuracy of £0.1 dB per 10 dB step, weighs 1.8
oz., measures 10.68" x 2.13" x 0.88", and uses
Type-N female connectors. The model 3000-10
is available from Narda for immediate delivery.
Narda Microwave-East,
Hauppauge, NY (631) 231-1700,
www.nardamicrowave.com/east.

RS No. 220

Calibration Module

The Calibration
Module is a two-
port microwave
assembly  pro-
viding TTL se-
lectable  thru,
open, short or
50 Q termination load on the input port, and
thru or 50 Q termination on the output port.
The four available Input/Output connections
are: Short/Term, Open/Term, Term/Term or
Thru/Thru. This unit permits calibration of co-
axial test cables with far end termination type to
be TTL controlled, where those far ends are in
physically inconvenient locations such as in
vacuum or thermal chambers. This permits ca-
ble recalibration without personnel opening or
entering the chamber. This can save consider-
able time in production test environments.
Paciwave Inc.,

Sunnyvale, CA (408) 745-0385,
www.paciwave.com.

(BN ENE

RS No. 227

Two-way Power Divider

PS2-52-450/8S
is a two-way
power  divider
that covers the
frequency range
of 5 to 40 GHz
with 2.2 dB in-
sertion loss, 13
dB isolation and 1.90:1 maximum VSWR. Am-
plitude and phase balance are 0.8 dB and 10
degrees, respectively. Power rating is 1 W and
2.92 female connectors are utilized.

Pulsar Microwave Corp.,

Clifton, NJ (973) 779-6262,
www.pulsarmicrowave.com.

RS No. 221
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Directional/Bi-Directional

N 1 69
ea. Qty.1000

From

Mini-Circuits LTCC coupler family offers versatile, low cost
solutions for your 5 kHz to 6 GHz needs with rugged
connectorized models from .74"x.50” to surface mount
couplers from 12”x.06 the smallest in the world! Choose
from our 50 &75 Q directional and bi-directional couplers with
coupling ranging from 6-22 dB and with capability to pass
DC. Mini-Circuits offers the world’s most highly evolved LTCC

technology delivering both minimal insertion loss and high
directivity with models handling up to 65 W. All of our couplers
are ESD compliant and available as RoHS compliant. For full
product details and specifications for all our couplers, go to
Mini-Circuits web site and select the best couplers for your
commercial, industrial and military requirements.
Mini-Circuits...we’re redefining what VALUE is all about!

®

1ISO 9001 I1SO 14001 AS9100 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

20
@4”2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicil'cE uits.com

U.S. patent 7739260

IF/RF MICROWAVE COMPONENTS

Visit http://mwj.hotims.com/28497-62 or use RS# 62 at www.mwjournal.com/info
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NEw PRODUCTS

Optical Adapter

Radiall USA
Inc. introduces
its new size 5
EN4531 Optical
Adapter for ex-
isting  MIL-C-
81659B/DSX
series (ARINC
404  standard)
connectors. It is
available in both male and female versions for
either plug or receptacle DSX connectors. It is
suitable for standard EN4531 multimode opti-
cal contacts (termini). With this new adapter,
the optical contact performance meets and ex-
ceeds the requirements of the EN4531 stan-
dard. The two piece adapter can easily be re-
moved using a standard extraction tool for size 5
coaxial contacts. This new size 5 EN4531 Opti-
cal Adapter is a key accessory to allow for fiber
optic technology upgrade in existing rack and
panel interconnect applications.

Radiall USA Inc.,

Chandler, AZ

(480) 682-9400,

www.radiall.com.

RS No. 228

Air Dielectric Directional Couplers

RLC Electron-
ics’  miniature
air dielectric di-
rectional  cou-
plers are rugged
lightweight de-
vices that offer
lower insertion loss than comparable stripline
units. The simplified construction allows for
greater flexibility in creating customized configu-
rations. Any port can be used as the input with
these symmetrical devices. The standard units
are available with a choice of coupling values and
frequency ranges and an optional termination.
RLC Electronics Inc.,

Mount Kisco, NY

(914) 241-1334,

www.rlcelectronics.com.

RS No. 222

Amplifiers

GaN Amplifier

The model SSPA 2.8-3.8-200-RM is a high pow-
er, CW RF amplifier that operates from 2.5 to 4
GHz in a rack-mounted configuration. This GaN
amplifier is easi-
ly extendable for
operation from
2.5 to 6 GHz
with 200 W of
RF power across
the full band. Also, higher power levels are
easily achievable. Please contact the factory. It
is packaged in a 3U high, 19-inch rack-mount-
ed enclosure. This amplifier has a minimum
saturated output power of 200 W. This ampli-
fier offers a typical saturated gain of 40 dB
with a typical power flatness of =1 dB. Input
and output VSWR is 1.5:1 maximum. This RF
rack-mounted amplifier operates from 208 to
220 Vac.

134

Aethercomm,
Carlsbad, CA (760) 208-6002,
www.aethercomm.com.

RS No. 229
X-band Amplifier

AML announces the availability of a low
noise X-band amplifier, model number
AMLS12L3003. This LNA operates in the
frequency range of 8 to 12 GHz with
small-signal ~ gain  over 30 dB and
: a noise figure of
1.1 dB typical.
Output P1dB is
+10 dBm mini-
mum. This am-
plifier is avail-
able in a SMA
connectorized
housing with internal voltage regulation and re-
verse voltage protection.
AML Communications Inc.,
Camarillo, CA (805) 388-1345,

www.amlj.com.

RS No. 230

Solid-state Amplifiers
Y)VENDORVIEW

AR RF/Micro-
wave  Instru-
mentation  has
introduced  a
family of new
solid-state am-
plifiers that are more compact, more efficient
and more powerful than previous models. The
new “S” Series covers 0.8 to 4.2 GHz and pow-
ers up to 800 W. These models employ a new
design that delivers more than twice the power
of older models. With these improvements, AR
has maintained the superior rugged design for
mismatch tolerance and excellent linearity.

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

RS No. 231

MMIC Distributed PA
)VENDORVIEW

The model EWH2001ZZ is a distributed power
amplifier (PA) for commercial, industrial and
military applications from DC to 20 GHz.
Based on GaAs
pseudomorphic
| high-electron-
mobility-transis-
tor (PHEMT)
technology, the
monolithic-mi-
crowave-inte-
rated-circuit
(MMIC) distributed PA delivers +26 dBm typi-
cal output power at 1 dB compression (P1dB)
through 12 GHz and typically +23 dBm through
20 GHz. The amplifier features impressive gain
and gain flatness over its broad bandwidth, with
small-signal gain of typically 19 dB at 2 GHz
and typically 18 dB at 20 GHz, with gain flat-
ness of +2 dB from DC to 20 GHz. The broad-
band amplifier provides usable gain of 10 dB
through 30 GHz.
Endwave Corp.,
San Jose, CA
(408) 522-3100,
www.endwave.com.

RS No. 232

Coaxial High Power Amplifier
YJVENDORVIEW

The ZVE-3W-183+
is a coaxial high
power amplifier
that operates in
a frequency
range from 6 to
18 GHz. Fea-
. tures  include:
;‘:;“‘,a high power, 3
i, W; wideband, 6
to 18 GHz; high
1P3, +44 dBm typical; high dynamic range; high
gain, 35 dB typical and good directivity, 35 dB
typical; and internal voltage regulated for 13 to
18 VDC. Applications include: radar, video and
instrumentation, and lab use.
Mini-Circuits,
Brooklyn, NY (718) 934-4500,

www.minicircuits.com.

RS No. 233

X-band Power Amplifier
Y)VENDORVIEW

-— A series of com-
- pact X-band am-
plifiers are in-
troduced by
MITEQ Inc.,
. covering 30 to
34 dBm. The
model AMF-
6B-08501070-80-33P-1SO  delivers over 33
dBm of power over the band 8.5 to 10.7 GHz,
with over 30 dB gain and +0.75 dB flatness.
P1dB is over 34 dBm above 10 GHz. Noise fig-
ure is less than 8 dB, port VSWR is less than
1.5:1, and it draws about 1.4 A from a single +12
to +15 V DC supply. Output isolator is optional.
Typical output IP3 is over 41 dBm. The housing
has a footprint of only 3" by 1.9" and 0.9" high
with SMA connectors. Heatsink and other con-
trol features are also available as options.
MITEQ Inc.,

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

RS No. 234

Successive Detection Log Video
Amplifiers

PMI model SDIVA-6G18G-CD-1 Successive
Detection Log Video Amplifiers (SDLVA) of-
fers 75 dB dynamic range over the frequency
range of 6 to 18 GHz. This model offers an
ultra-fast  rise
time of 10 nsec
maximum and a
recovery time of
less than 60
nsec. The unit is
temperature
compensated
such that log linearity over temperature re-
mains less than +2.5 dB over the full operating
temperature range of -40° to +85°C. This mod-
el is supplied in a compact housing measuring
only 3.2" x 1.8" x 0.4". Optional frequency rang-
es covering 100 MHz to 26.5 GHz are available.
Planar Monolithics Industries Inc.,
Frederick, MD

(301) 662-5019,

www.pmi-rf.com.

RS No. 235
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NEw PrRoODUCTS

Integrated Circuit

1/Q Upconverter/Transmitters
YVENDORVIEW

The HMC924LC5 is a GaAs MMIC I/Q upcon-
verter with variable gain that operates from 10 to
16 GHz, delivers a small-signal conversion gain
of 15 dB and has -30 dBc of sideband rejection.

Modco Dual Band Synthesizers
in a 0.6 inch square package.

The PDM832-1920VI is a dual band Syn-
thesizer designed to operate at 832MHz and
1920MHz. It offers F

exceptional ~ Phase
Noise of -120dBc @
10kHz, -98dBc @
10kHz offset respec-
tively and +1dBm
Power Output. PDF sampling sidebands are
-75dBe, frequency isolation is -30dBc and
Locktime is 3mS. Operating temperature
range is -45 to +85 Degree C Package is 0.6
inch square and 0.138 inch in height. Cus-
tom designs and 0.5" square single band
models are available.

www.modcoinc.com

Visit http://mwj.hotims.com/28497-67

R& K {RF High Power Amplifier

MODEL : CA509MBW6-7373R
W All Solid State Amplifier. (300WX128parallel)
M Frequency Range : 509MHz = 3MHz
W Output Power : 20kW (min,) @P-1dB
M Forced Air Cooling, Best MTBF Design.

-"'.

All Sol'ﬂf'dtﬁltate

Limited
721-1 MAEDA, FUJI-City, SHIZUOKA-Pref. 416-8577 JAPAN

Tel : +81-545-31-2600 http://rk-microwave.com
Fax : +81-545-31-1600 E-mail: info@rkco.jp |

R&K Company

136 Visit http://mwj.hotims.com/28497-82

The HMC924L.C5 provides a high output IP3 of
+14 dBm while maintaining LO/RF rejection of
15 dBc or better across the operating frequency
band. The HMC-
925LC5 is a
GaAs MMIC
I/Q upconverter
with  variable
gain that oper-
ates from 5.5 to
8.6 GHz, delivers a small-signal conversion gain of
16.5 dB and has -30 dBc of sideband rejection. The
HMC925LC5 provides a high output IP3 of +29
dBm while maintaining LO/RF rejection of 22 dBc
or better across the operating frequency band.
Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343,

www.hittite.com.

RS No. 237
Sources
Ku-band Synthesizer
& The  THOR-

16000 Ku-band
frequency syn-
thesizer  oper-
ates at 15.5 GHz
over a > 5 per-
cent bandwidth

zlbt /
and features a
RF  enable/dis-

able switch, suitable for On-Off Keying (OOK),
Amplitude-Shift Keying (ASK) and Pulse-Posi-
tion Modulation (PPM) techniques. The switch-
ing capability features > 30 dB on/off isolation
and < 50 nsec transition time. The THOR-
16000 is housed in a hi-rel, rugged package
(25" x 1.1" x 0.4") of aluminum alloy, with an
operating temperature range of -40° to +85°C.
Additional characteristics of the unit include
low phase noise, low spurs and low power con-
sumption (+5 VDC at < 200 mA).

EM Research Inc.,

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

K

Pl

RS No. 239

Coaxial Resonator Oscillator

MODCO now
offers a funda-
mental  coaxial
resonator oscilla-
sy tor for 7 GHz ap-
| plications. The
new MCR7200-
- &= 7350MC  tunes
7200 to 7350 MHz. Phase noise is -94 dBc at 10
kHz offset, Vec is 8.0, Vtis 0.5 to 7.5 and Icc is 21
mA. Industry standard is 0.5 inch package.
Modco Inc.,
Sparks, NV (775) 331-2442,
www.modcoinc.com.

RS No. 240

Low Phase Noise VCO

This RoHS com-
pliant voltage-
controlled oscilla-
tor (VCO) model
CRO2690A-LF

operates at 2690
MHz with a tun-
ing voltage range of 0.5 to 4.5 VDC. This VCO
features a typical phase noise of -114 dBc/Hz at
10 KHz offset and a typical tuning sensitivity of

7 MHz/V. The CRO2690A-LF is designed to de-
liver a typical output power of 4 dBm at 5 VDC
supply while drawing 22 mA (typical) over the
temperature range of -40° to 85°C. This VCO
features typical second harmonic suppression of
-15 dBc and comes in Z-Comm’s standard MINI-
16-SM package measuring 0.5" x 0.5" x 0.22".
Z-Communications Inc.,
San Diego, CA (858) 621-2700,
www.zcomm.com.

RS No. 241

System

24 GHz FMCW Radar

The FMCW ra-
dar system op-
erates in the 24
GHz band and
can easily be
adapted to cus-
tomer applica-
tions, offering efficiency and flexibility in prod-
uct development. A fully configurable Digital
Direct Synthesis (DDS) Controller in combina-
tion with a fast locking phase-locked loop (PLL)
enables users to define an arbitrary waveform
that suits the specific target environment. With
an output power of 20 dBm (EIRP) targets up
to a distance of 70 m can be detected. The radar
system is built out of front-end, baseband and
DC-modules that can be replaced depending
on the desired functionality.
IMST GmbH,
Kamp-Lintfort, Germany
+49 2842 981 0, www.imst.com.

RS No. 242

Test Equipment

RF Handheld Vector Network and
Spectrum Analyzer Tool

Y)VENDORVIEW

Anritsu Co. introduces the MS202xB/MS203xB
VNA Master™ series, the highest-performing
handheld RF vector network analyzers (VNA)
in the industry. With frequency coverage from
500 kHz to 4/6 GHz, and featuring multi-instru-
ment functionality in a rugged, lightweight de-
sign that can withstand harsh environments, the
MS202xB/MS203xB allow field engineers to
find faults, optimize mission-critical systems,
and maintain more sites while reducing operating
and capital equipment expenditures. VNA Master
provides field engineers with a powerful S-param-
eter measurement tool for on-site installation and
maintenance activities, especia]ly two-port trans-
mission measurements such as filter tuning, com-
ponent test and phase matching cables.
Anritsu Co.,
Richardson, TX (972) 644-1777,
www.anritsu.com.
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DXOB10200-5
DXOB10900-3
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DXOS00965-3

DXNO10T01005-6 10,70 - 1085 03x03x01

DXO11441200-5 11 44 =120 03x

DXO1T51230-5 1M75-122 O3x03xdl

For additional information, contact Synergy's sales and application team.
Phone: (973) 881-8800 Fax: (973) B81-8361 E-mail: sales@synergymwave.com
201 McLean Boulevard, Paterson, NJ 07504

Visit Our Website At WWW.SYNERGYMWAVE.COM
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EUROPE'S PREMIER |- . Qe

MICROWAVE

MICROWAVE, RFE. WIRELESS |: .. « BRE¢

Manchester

9-14 October 2011
AND RADAR EVENT |-
www.eumweek.com

European Microwave Week is the largest event dedicated to RF,
Microwave, Radar and Wireless Technologies in Europe.
Capitalising on the success of the previous shows, the event
promises growth in the number of visitors and delegates.

- EuMW2011 will provide:
T Y N\ * 7,500 sgm of gross exhibition space
- ‘a\ * 5,000.key visitors from around the globe
’ E * 1,700 - 2,000 conference delegates
F I * In excess of 250 exhibitors
® - - o : - . " Running alongside the exhibition are 3 separate, but
» po | ; complementary Conferences:
)Y - [ e European Microwave Integrated Circuits Conference (EuMIC)
Xy T~ ‘: n e European Microwave Conference (EuMC)
g J e European Radar Conference (EURAD)
7 4 N Plus a one day Defence and Security Conference
1 -~

EuMA

European Microwave
Association

*e20 EUMIC
Micrave "... 2 01 1
h Jou rnal The 6th European Microwave

Integrated Circuits Conference
ST
41EUROPEAN \ CONFERENCE ’hz@’-lhll . 4 ;
MICROWAVE e 8th European Radar Conference

The 41st European Microwave Conference

Co-sponsored by:

Interested in exhibiting? Book online NOW!

www.eumweek.com

For further information, please contact:

Richard Vaughan Kristen Anderson
Horizon House Publications Ltd. Horizon House Publications Inc.
16 Sussex Street London SW1V 4RW, UK 685 Canton Street Norwood, MA 02062, USA
E:rvaughan@horizonhouse.co.uk E:kanderson@mwjournal.com
Tel: +44 20 7596 8742 Tel: +1 781 769 9750
Fax: +44 20 7596 8749 Fax: +1 781 769 5037
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PUSH-ON
SMA &N
Adapters

PUSH-ON
SMA Cable

w how about
RF TERMINATIONS?...

Few examples (all complying with
MIL-C-39012)

Resistance: 50 Ohm
¥SWRE18 GHz: < 1.25

SMC:
Power: 0.5 Watt
“Pick Power: 1 KWatt

Value......

What gives our switches value?
We provide more features as a standard.
More than any other switch provider out

Assemblies *Resistance: 50 Ohm % thore. While the other guys are charging you
NSWRE 4 GHz < 1.20 extra for so called “options”, we include them
T in all our switches. Things like -!.in:l‘ll:nﬂu;
~.and MORE contacts, 100% sealed & flanges are
é & Custom CPE ITALIA standard on our units. Come see why AST Is
. , h th the most reliable and affordable switch on
Since 1993 | Connector immediately the market X
available for you Swilch
- .'lad'nnlngf
www.rftec.com sales@cpeitatia.it i Gttt Tl
RS 87 RS 21 RS 1
iﬁl Ao Riidais; e REVOLUTTONARY

-0 www.appliedradar.com

Antenna Testing

Quick Turnaround

For More Information email:
antennameasurementi@appliedradar.com

RS 10

HERMETIC SMP CONNECTORS

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

For use with Aluminum, Kovar
and other package materials

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 — WILTON — NH - 03086
(603) 654-2002 — Fax (603) 654-2633

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

RS 103

Miniature 0.3 inch square CRO

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

WE ARE GOING TO THE EDGE
Our next stop is PLUTO!

RS 68

RS 99

Get the Best for Less
and more from SMP-MAX

The most cost-effective high misalignment
board-to-board RF connector!

For more information
and a FREE SMP-MAX
go to www.radiall.com
orca

RADIALLED
RS 83

DI COAX SETUPS
oStd Sizes e Cal Std’s e Loading Aids

1000T 0.1 to 5 GHz, 1500T 0.1 to 3 GHz
30007 0.1 to 1.5 GHz

uU,€, o - MuEpsin™ sfwr
Granular Materials, Liquids, Solids
www.damaskosinc.com

(610)358-0200 fax(610)558-1019

RS 24
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NATE has something for EVERYONE in the tower industry

Tower Erectors  Tower Ommers  Manufacturers
and GClimbers  and Operators  and Distributors

_ Gonstruction Management
Firms and General Contractors

Engingers, Safety Trainers, Gonsultants,
legal GCounsel, and Insurance Garriers

Safety & Education
Access to key players in the tower industry
Annual Conference & Exposition
NATE membership list
Standards
Training
Networking
Legal counsel
® Tower Times magazine FEBRUARY 21-24
Strong voice in Washington, D.C.
Opportunities to feature your products/services
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IMS2011 in Baltimore: A Perfect Match
€©IEEE  Final Call for Papers A

Deadline for Paper Submission: Friday, December 3, 2010

IEEE MTT-S 2011 International Microwave Symposium
Baltimore Convention Center
June 5-10, 2011
www.ims2011.org

The IEEE Microwave Theory & Techniques Society (MTT-S) International Microwave Symposium for 2011 (IMS2011) will be held in Baltimore,
Maryland, as the centerpiece of Microwave Week 2011, and is scheduled from Sunday, June 5 through Friday, June 10, 2011.

IMS2011 offers technical paper 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. The Awards Banquet and Crab Feast
are two of the highlights of the social activities. Collocated with IMS2011 are the RFIC Symposium (www.rfic2011.0org) and the ARFTG Conference
(www.arftg.org), which comprise the Microwave Week 2011 technical program.

PAPER SUBMISSION INSTRUCTIONS: Authors are invited to submit technical papers describing original work on radio-frequency, microwave, and
millimeter-wave theory and techniques. The deadline for submission is December 3, 2010. Late papers will not be reviewed. Please refer to the
IMS2011 website (www.ims2011.org) for complete submission information.

INVITATION TO SUBMIT PAPERS IN EMERGING TECHNICAL AREAS: IMS2011 enthusiastically invites submission of papers that report state-of-the-
art progress in technical areas that are outside the scope of the listed areas below, or that may be new to the Symposium but are of interest to
our attendees. Authors who have other original research results that are of interest are encouraged to submit to IMS2011 by selecting one of the
Emerging Technical Areas.

STUDENT PAPER COMPETITION: Students are encouraged to submit papers which will be evaluated using the same standards as all contributed
papers, and will be eligible for the Student Paper Competition. Please consult the IMS2011 website (www.ims2011.org) for full details.

INVITATION TO SUBMIT PROPOSALS FOR SPECIAL SESSIONS, WORKSHOPS, AND SHORT L .
COURSES: The Symposium invites proposals for Special Sessions (including focused, honorary, Visit www.ims2011.org
etc.), Workshops, Panel and Rump Sessions, and Short Courses (ranging from introductory MGG LR LR R IR NI ICCD

to expert level). Special Sessions on topics that will be of high interest to the Symposium or AT R I G TG T S

’ - A . . 1. Field Analysis and Guided Waves
particular relevance to the microwave community in the Washington DC/Baltimore area are 2. Frequency-Domain EM Analysis Techniques
solicited. Please consult the IMS2011 website (www.ims2011.org) for instructions on preparing 3. Time-Domain EM Analysis Techniques
a proposal. Proposals must be received by September 17, 2010. 4. CAD Algorithms and Techniques

5. Linear Device Modeling
Some Important Dates 6. Nonlinear Device Modeling
Sep.17,2010  Dec.3,2010  Jan.31,2011 Mar.11,2011 Mar. 18,2011 Jun.5-10,2011 N°""“ea'P2;°s‘i“'feagdo rsr}’;fr:';z't"s‘“'at'°"
Friday Friday Monday Friday Friday Sun.| = Fri. 8. MEMS Components and Technologies
Proposal Paper Paper Manuscript Notes Microwave 9. Transmission Line Elements
Submission Submission Disposition| Submission Submissionl Week 10. Planar Passive Filters and Multiplexers
Deadline Deadline Notification Deadline Deadline 11. Non-planar Passive Filters and Multiplexers
WEJ I o authors will be for the final electronically IMS2011 12.  Active, Tunable, and Integrated Filters
SegingSg; eattst be made notified vid manuscript of  upload both color ~ RFIC2011, 77t 13. Ferroelectric, Ferrite, and Acoustic Wave
Pg G Rum; electronically e-mail and on thel  accepted papers and B&W versions ARFTG, and Components
foEesion website and copyrights  of Workshop Notes  Exhibition 14. MEMS Components and Technologies

Active Components
15. Semiconductor Devices and Monolithic ICs
16. Signal Generation
17. Frequency Conversion and Control
18. HF, VHF, and UHF Technologies and Applications
19. Power Amplifier Devices and Circuits
20. High-Power Amplifiers
21. Low-Noise Components and Receivers
22. Millimeter-Wave and THz Components and
Technologies
Systems and Applications
23. Microwave Photonics
24. Signal Processing Circuits at GHz Speeds
25. Packaging, Interconnects, MCMs and Integration
26. Instrumentation and Measurement Techniques
27. Biological Effects and Medical Applications
28. Arrays as Antennas and Power Combiners
29. Radar and Broadband Communication Systems
30. Wireless and Cellular Communication Systems
31. Sensors and Sensor Systems
32. RFID Technologies
33. High Power Microwave Industrial Applications
Emerging Technical Areas
34. RF Nanotechnology
35. New Technologies and Applications
36. Innovative Systems
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Multigigabit Microwave and
—=  Millimeter-Wave Wireless

Communications
Jonathan Wells

or decades, microwave radios in the 6 to 50 GHz

bands have been providing wireless communica-

tions. Recently, newer technologies at the 60 to
100 GHz mmWave bands have taken advantage of
new wireless regulations that are designed to enable
ultra-high capacity communications. Multigigabit Mi-
crowave and Millimeter-Wave Wireless Communica-
tions explores this area in depth and offers the latest
details on multigigabit wireless communications. The
book places emp%asis on practical use and applica-
tions, Eut also provides a thorough explanation of im-
portant technofogical underpinnings to give readers a
complete understanding of the subject.

Multigigabit Microwave and Millimeter-Wave
Wireless Communications is very current and covers
the newer standards such as 60 GHz WLAN, Wire-
lessHD, IEEE 802.15.3c and 802.11ad, ECMA-387/
ISO/IEC 13156 and WiGig. It first reviews the high
data rate radio spectrum and standards before dis-
cussing high-frequency propagation, high data rate
wireless systems and multigigabit microwave radios.
It then covers more specific types of mmWave radio
designs and applications in detail, including future di-
rections and trends.

The 60 GHz band is covered in detail, including
frequency bands, channel sizes, propogation, applica-
tions, standards and systems. Another chapter covers
similar topics for 70/80 GHz radios and higher bands.
Finally, high data rate wireless link design is covered,
including %nk bud%et and fade margin with examples
plus environmental effects.

This is a well written book covering a wide range of
critical topics, from the high frequency electromag-
netic spectrum and high data rate mmWave radios, to
wireless link margins and path profiling. It is compact,
focused and can %e digested in a short period of time
if one is already familiar with mmWave technology.

To order this book, contact:

Artech House
685 Canton St., Norwood, MA 02062
(781) 769-9750 ext. 4030;
or
16 Sussex St., London SW1V 4RW, UK
+44 (0) 20 7596-8750

225 pages; $101, £67
ISBN: 978-1-60807-082-4
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e Current or TTL control

“e Low insertion loss [|3 l:: neal'fl
' " . Y . eV
2 e High isolation B e s s
. - M A
L] . | ; L] .!‘ 3

'. : Frequency Insertion Rise/Fall  On/Off On/Off

" Range Model Loss Isolation VSWR  Time Time Time
(GHz) Number (dB, Max.) (dB, Min.) (Max.) (ns, Typ.) (ns, Typ.) (ns, Max.)

SPST

e 02 =72 SW1-002020RN1NF . .6:1 10/10 20
. 2-8 SW1-020080RN1NF /51 10/10 20
4-12 SW1-040120RN1NF . 71 10/10 20

2—-18 SW1-020180RN1NF : 10/10 20

1-18 SW1-010180RN1NF : 10/10 20

. SP2T
0 2= SW2-002020RN1NF 1. 161 10/10 20
. 2-8 SW2-020080RN1NF . 71 10/10 20
4-12 SW2-040120RN1NF . 71 10/10 20
2-18 SW2-020180RN1NF . 5 10/10 20
1-18 SW2-010180RN1NF : 10/10 20

SP3T

02-2 SW3-002020RN1NF . .6:1 20/20 150
2-8 SW3-020080RN1NF . Al 20/20 150 180
4-12 SW3-040120RN1NF . L7 20/20 150 180
2-18 SW3-020180RN1NF 80 25 20/20 150 180
1-18 SW3-010180RN1NF 3.1 70 2:1 20/20 150 180

* Reflective or Absnrptnfe ; ' - ._ . .

DC Power
Positive/Negative
(mA, Max.)

35/70
35/70
35/70
35/70
35/70

60/60
60/60
60/60
60/60
60/60

85/85
85/85
85/85
85/85
85/85

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

P ArTay
’ ]
UMY

WARRANTY

For additional information or technical support, please contact our

Sales Department at (631) 439-9220 or e-mail components@mitea.com *.d

* " . " .
100 Davids Drfve Sdauppange WY 11?’8'8'
(631) 43657400 FAX:(63T) 4367430
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Want a miniature surface mount, shielded plug-in, or rugged
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start evaluating suggested VCO solutions using the
actual measured performance data displayed. But
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specify Mini-Circuits VCOs!
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Agilent Technologies |

For high reliability, all Mini-Circuits
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Across

1 GaAs PHEMT FET type that allows for digital logic inte-
gration on MMICs (2 words)

5 Currently the most widely used device technology for RF
switches (2 words)

7 Type of transformer that can convert signals that are
balanced to signals that are unbalanced and vice versa
10 Patented specialty SOI process that uses a very thin
layer of Si on a sapphire substrate

13 Passive device used to couple a specific proportion of
the power travelling in one transmission line out through
another port

14 =-20log|r| dB (2 words)

15 Magnitude of a signal that gets coupled across an
open circuit

16 Short for silicon-on-sapphire

146

19 Ron-Coff product is used as a figure of merit for which
device type?

21 Passive device that selects only the desired band of
frequencies (3 words)

23 Passive device that allows bi-directional communica-
tion O\Jier a single channel

2= I

Down

2 Nano-electromechanical systems

3 Three-port passive device used to control the direction
of signal flow in a circuit

4 Passive device made from two metal plates separated
by an insulator

6 Micro-electromechanical systems

8 S0I (3 words)

PAssIVE AND CONTROL
COMPONENTS

ANSWERS AVAILABLE ONLINE AT
WWW.MWJOURNAL.COM

narda

microwave-east

an b communications company

WWW.NARDAMICROWAVE.COM

9 Solid-state switch type in use since the 1950s and still
very well suited for high power, high frequency
applications (2 words)

11 Device that transfers electrical energy from one circuit
to another through inductively coupled conductors

12 Newer compound semiconductor switch technology
that could compete with PIN diodes for high power ap-
plications (2 words)

17 Switch technology that switches states quickly but
typically suffers from gate lag

18 Loss of signal power resulting from the insertion of a
device in a transmission line (2 words)

20 Nonlinear device that accepts as its input two different
frequencies and presents at its output a mixture of signals
22 Passive device that implements frequency domain mul-
tiplexing
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As good as PTS synthesizers
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Low Noise 20 ps frequency

As low as -152 dBc/Hz switching broadband
(100 MHz output, : S

100 KHz offset)

IKHz  10KHZ (100KH: 1MH:
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Reliability Value Selection

3-year warranty, Configure a system to Over a dozen models from

first in the industry fit your needs with our vast 0.1 MHz to 6.4 GHz; custom
selection of options configurations available

...they look even better
in your system.

For years, engineers and OEMS alike have relied on PTS performance-to-price ratio on the market. Choose from
frequency synthesizers for unmatched stability, speed, and over a dozen different models or design your own custom
spectral purity. With the most complete line of frequency configuration to meet your testing needs. Visit our website
synthesizers available in the industry, PTS produces fast for complete product specifications and to download a
switching, low noise synthesizers with the best catalog, or call today to request a printed catalog.
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1-978-486-3400
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HIGH POWER, MULTI-OCTAVE PERFORMANCE

* POWER COMBINERS/DIVIDERS

Insertion Loss
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-1.800 | Model D8468
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—-30.00 W
-35.00
—-40.00
-4.500
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e a
Werlatone, Inc. Model Type Frequency Power Insertion Loss VSWR Isolation Size
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T 845 27'8 2220 D7885 2-Way 200-2500 200 0.65 1.40:1 15 7.7x1.6x1.1
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sales@:weriatone com D7823 2-Way 500-2500 200 0.4 1.35:1 15 4.7x2.0x0.8
Wwvi.werlatone C(;m D8414 2-Way 600-3000 200 0.5 1:35:1 15 4.0x1.9x1.0
- - D8378 2-Way 500-2000 800 0.4 1:35:1 15 4.0x1.9x1.37
D8468 2-Way 800-5000 150 0.6 1:35:1 15 3.4x1.4x0.87
\D8294 2-Way 1000-4000 100 0.5 1:30:1 15 3.7x1.9x0.87 )

Our Patented, Low Loss Combiner designs tolerate high unbalanced input powers, while operating into severe Load Mismatch conditions.
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B Switches

B Mixers

® Technical Ceramics — Magnetic Materials, Dielectric Resonators,
RF Components, Advanced Materials

® Diodes — Limiter, PIN, Schottky, Varactor

Skyworks Solutions is an innovator of
high reliability analog and mixed signal
semiconductors enabling a broad range of
end markets. The Company’s solutions are
increasingly at the heart of smart phone,
broadband access, network infrastructure
and smart grid applications.

New Designer Kits

- USA: 781-376-3000 ;-Asia: 886-2-2735 0399 o Europe: 33 (0)1 41443660 e ‘Email: sales@skyworksinc.com
www.skyworksinc.com ¢ NASDAQ: SWKS
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Mobile Communications

From HSPA to LTE and
Beyond: Mobile Broadband

Evolution

The UMTS Forum (umits-forum.org) is an industry association committed to

helping all participants in the mobile broadband ecosystem understand and
profit from the opportunities of 3G/UMTS networks and their Long Term
Evolution (LTE). As a Market Representation Partner in the Third Generation
Partnership Project (3gpp.org), the UMTS Forum gratefully acknowledges the
support of 3GPP in the preparation of this feature.

he promise of 3G mobile broadband has

been borne out by more than 630 million

UMTS and HSPA subscribers, support-
ed by a vibrant industry ecosystem. Building on
these foundations, the first commercial launch-
es of Long Term Evolution (LTE) technology
are enhancing the mobile user experience still
further. However, even as LTE gains commer-
cial traction, the Third Generation Partner-
ship Project (3GPP) is cementing a new set of
standards to shape a new generation of wireless
communications.

MOBILE BROADBAND COMES OF AGE

In September this year, a New York Times
article suggested that the video sharing
web site YouTube—owned by search giant
Google—generates 160 million mobile views a
day. That’s almost triple the corresponding fig-
ure from a year ago. Mobile now accounts for
a significant proportion of all YouTube traffic.
Indeed, for many viewers it is their only means
of interacting with the site.

Around the same time, the social networking
site Facebook claimed more than 150 million
active mobile users. What is more, the num-
ber of people accessing Twitter from their mo-
bile handset has shot up by 250 percent since
the beginning of 2010. And with more than
350,000 fresh users signing up to Twitter every
day, 16 percent of newcomers initially access

the microblogging service from their phone.
For these and millions of other users, the PC
is increasingly seen as a secondary means of ac-
cessing the Internet.

3G mobile broadband—as delivered by over
350 W-CDMA/HSPA networks globally—has
changed the way we work and play. For bet-
ter or worse, it keeps business travelers con-
nected to the office, wherever they are. It has
added an irresistible new dimension to You-
Tube, Facebook and other services that were
originally conceived with fixed Internet users
in mind. Furthermore, 3G mobile has enabled
the rise of a new breed of on-the-move services
that have no counterpart in the fixed world.
Since its launch in March 2009, location-based
social networking site Foursquare has attracted
three million users, with new additions running
at nearly 20,000 per day.

Non-voice traffic on 3G wireless networks
continues to rise organically, fuelled by a com-
pelling user experience delivered by the cur-
rent generation of feature-rich mobile devices.
Smartphones are everywhere, supported by a
fertile development ecosystem. Some 250,000
third-party applications are officially available

JEAN-PIERRE BIENAIME,
CHAIRMAN, UMTS Forum
London, UK
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on the App Store, and 100,000 more
via the Android Market.

Just as significant in terms of driv-
ing data consumption are PC dongles
and netbooks with embedded wireless
connectivity, plus a new wave of tablet
devices. Aside from its primary no-
madic application, Internet connec-
tivity via 3G is increasingly seen as a
substitute for fixed mobile broadband
in many homes and offices. Indeed,
PC usage—{rom big file transfers to
HD-quality video streaming—repre-
sents a major chunk of all mobile data
consumption.

At the end of September 2010,
cellular market information provider
Wireless Intelligence confirmed over
630 million subscriptions globally to
3G/UMTS networks. Of these, more
than half are customers of high-speed
HSPA and HSPA+ networks. Enjoying
multi-megabit downlink rates that rival
fixed broadband connections at home
or at work, many of these customers
are voracious data users. They rely on
mobile to satisfy their thirst for stream-
ing music and HD video, real-time
maps, P2P file exchange and non-stop
social networking status updates.

This explosion in mobile broad-
band usage confirms emphatically
the success of 3G. It also underlines
the pivotal role of the Third Genera-
tion Partnership Project (3GPP)—the
body that unites six telecommunica-
tions standards bodies from around
the world—in continually enhanc-
ing the performance of wireless net-
works to meet evolving market needs.
Through successive standards releas-
es, 3GPP offers the wireless industry
a coherent framework to serve the
evolving needs of its customers while
optimising the value of operators’ cur-
rent network investments.

3G/UMTS builds directly on the
extraordinary success of the original
GSM system that now numbers well
over 4.5 billion connections globally.
The sheer size and reach of the GSM/
UMTS footprint infers obvious econo-
mies of scale for both network equip-
ment vendors and terminal equipment
manufacturers. This, in turn, defrays
development costs. Teamed with glob-
al competition, it also realises the pos-
sibility of lower end-user pricing for
hardware and services, as evidenced by
the rise of the $20 handset.

The universal success of GSM also
impacts positively on 3G operators

6

and their customers. The close fam-
ily resemblance between second- and
third-generation systems lets subscrib-
ers enjoy a transparent experience as
their terminal switches seamlessly be-
tween 2G and 3G networks according
to geographic availability. And for the
hundreds of GSM operators—and W-
CDMA/HSPA greenfield networks—
the business case for evolving to higher
data speeds via successive technology
iterations is compelling.

Many of the performance enhance-
ments delivered by successive 3GPP
releases can be realised by relatively
simple, cost-effective software up-
grades to operators’ existing networks.
Even in the case of more fundamental
upgrades, this transformation can be
achieved while retaining key portions
of their network assets, from cell site
infrastructure and backhaul to billing
and customer care functions.

Faced with the inexorable rise in
network traffic, mobile operators must
continue to evaluate their options for
carrying these massive data volumes
more efficiently while catering for fur-
ther increases in future demand. The
needs of today’s data-hungry custom-
ers are already being met as operators
roll out HSPA+ and now LTE, the lat-
est commercial iteration of the 3GPP
family that is already live in the US
and Europe.

Even as LTE steadily gains com-
mercial traction, 3GPP is currently
fine-tuning a new set of standards that
will shape a new generation of wire-
less communications over the next
decade and beyond. Here, we briefly
review the status of wireless standar-
disation in 3GPP and corresponding
commercial activity. In particular, we
examine the objectives and timescales
for the ITU’s IMT-Advanced project,
examining how 3GPP has responded
to the ITUs challenge with its own
candidate for the ‘true’ fourth genera-
tion of mobile systems.

TOWARDS A NEW GENERATION:
LTE-ADVANCED AND ‘'TRUE’ 4G

Standardised in 3GPP Release 8,
LTE can be seen as the culmination of
a globally co-ordinated development
project over the past quarter of a cen-
tury to create the first truly interna-
tional broadband multimedia mobile
telecommunication system.

Today, the first family of standards
derived from the ITU’s original IMT

concept—IMT-2000, or 3G’ as it is
commonly known to operators and
end-users alike—has delivered voice
and broadband data capabilities to al-
most 800 million subscribers. Of this
total, the great majority (over 630 mil-
lion) are connected to the UMTS/W-
CDMA/HSPA family of 3G systems as
specified by 3GPP. They are comple-
mented by an estimated 150+ million
subscriptions to 1xEV-DO networks,
based on the CDMA-based IMT-2000
family member as standardised by
3GPP2.

However, with IMT-2000 require-
ments now over 10 years old, it is time
to set a fresh direction for the next
major epoch in mobile communica-
tions. User expectations have changed
dramatically since the first set of radio
interfaces were approved for IMT-
2000 in 1999. A decade ago, afford-
able, ubiquitous, high-speed Internet
access—even in the fixed world—was
still a dream. Outside the office and
academia, access to the web was slow
via dial-up connection. On the move,
‘mobile data’ effectively meant SMS.

“The requirements for IMT-Advanced
are a significant milestone in capability
when compared to those of IMT-2000.
IMT-Advanced is a leap beyond. It offers
new capabilities for the physical layer of
the radio interface and brings into play a
greater level of radio resource manage-
ment and control, advanced capabilities
from spectrum channel and bandwidth
aggregation, and improved performance
at all levels, including quality of service
aspects. IMT-Advanced represents a
wireless telecommunication platform
that has the flexibility to accommodate
services that are yet to be imagined.”
(See Figure 1)

Stephen M. Blust, Chairman of ITU-R

Working Party 5D

In this context, the ITU’s original
goals for IMT-2000—data speeds of
384 kbps at pedestrian speeds rising
to 2 Mbps indoors—are impressive
in themselves. More than a decade
on, the ITU’ fresh vision for a com-
pletely new generation of mobile sys-
tems is equally ambitious. A decade
from now, the wireless landscape will
look very different. Users will access a
new breed of ultra-high speed mobile
broadband services and applications
via a heterogeneous blend of radio ac-
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A Fig. 1 Phases and expected timeline for IMT-Advanced development and deployment

Termed ‘IMT-Ad-

LTE-Advanced

LTE

HSPA

W-CDMA

EDGE

GPRS

GSM

vanced’, it is a name
that echoes the am-
bitions of the previ-
ous centurys origi-
nal IMT project.
This time, however,
the goals are still

higher.
According to the
ITU’s definition:

“IMT-Advanced is a
leap beyond new ra-

(26 -256-36/IMT2000—— (356 ) —4G/IMT-Advanced)—

dio interface physi-
cal layer capabili-

A Fig. 2 Meeting the ITU’s formal requirements for IMT-Advanced,
LTE-Advanced is one of the first true 4G systems (source: 3GPP).

cess methods, network topologies and
radical approaches to spectrum usage:
a ‘network of networks’.

Users will connect and interact with
these services via radically new types
of terminal devices. Wireless connec-
tivity will not be restricted to phones,
PCs and tablets. It will be embedded
as a matter of course in domestic ap-
pliances, vehicles and consumer elec-
tronics devices. Machine-to-machine
communications will be ubiquitous,
with the ‘Internet of things’ number-
ing not millions but billions of end-
points.

Building on the extraordinary glob-
al success of 3G, including W-CDMA,
HSPA and now LTE, the ITU has ar-
ticulated a new vision for this next era
of global wireless communications.

ties and brings into
play a greater level
of radio resource
management and control, advanced
capabilities for spectrum aggregation,
and improved performance at all lev-
els including QoS [Quality of Service]
aspects.”

“International Mobile Telecom-
munications-Advanced  (IMT-Ad-
vanced) systems are mobile systems
that include the new capabilities of
IMT that go beyond those of IMT-
2000,” states a contribution from
ITUs Radiocommunication Sec-
tor (ITU-R) Working Party 5D in
March 2008. “Such systems provide
access to a wide range of telecom-
munication services, including ad-
vanced mobile services, supported
by mobile and fixed networks, which
are increasingly packet-based.”

The description hints strongly at a

heterogeneous future, where mobility
is characterised by a total user experi-
ence across a mesh of fixed and mobile
networks: “IMT-Advanced systems
support low to high mobility applica-
tions and a wide range of data rates in
accordance with user and service de-
mands in multiple user environments.
IMT-Advanced also has capabilities
for high quality multimedia applica-
tions within a wide range of services
and platforms, providing a significant
improvement in performance and
quality of service.”

In its earliest discussions about
IMT that date back to the early years
of this millennium, the ITU was cir-
cumspect in describing this new gen-
eration of advanced systems as 4G’. By
October 2009, however, ITU explicitly
used the term when it announced that
six candidate technology submissions
for 4G had been received in response
to an open invitation in March 2008
(see Figure 2).

Currently, several operators and
vendors have branded their LTE (and
WiIMAX) offerings as ‘4G’. However,
this nomenclature is potentially con-
fusing when seen in the light of the
ITU’s official terminology. LTE and
WIMAX certainly offer a significant
step forward in terms of data rates
compared with previous approaches.
Their capabilities, however, fall some
way short of the ITU’s formal require-
ments for IMT-Advanced.

As such, LTE and other systems
are better described as ‘3.9G—the
last evolutionary step before LTE-
Advanced. From the customer’s
perspective, discussions about what
properly constitutes 3G or 4G are of
little interest. The immense, globally
coordinated standardisation effort by
3GPP is easily obscured by the seam-
less simplicity of today’s mobile user
experience. Whether I am updat-
ing my Facebook status or uploading
some slides before a meeting, all that
I am aware of is an experience that is
slicker and quicker than it was a year
ago... and the year before that.

A BREAK WITH THE PAST
The ‘LTE-Ad-
mb vanced  name re-
Aovancen flects its roots in
lte LTE and the sys-
w  temsthat preceded
it—from HSPA+
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TABLE |
2G/3G/4G TECHNOLOGIES COMPARED
Technology Carrier UL Peak DL Peak Latency Spectrum Peak Spectral Eff. (Bit/s/Hz)
BW Data Rate Data Rate (MHz)
2G GSM/GPRS 200 kHz 56 Kbps 114 Kbps 500 ms 900/1800 0.17
EDGE (MCS-9) 118 Kbps 236 Kbps 300 ms 0.33 EDGE
W-CDMA 5 MHz 384 Kbps 384 Kbps 250 ms 900/1800/ 0.51
(2 Mbps) 2100/2600
HSPA 5 MHz 5.7 Mbps 14 Mbps -70 ms DD/900/ 2.88
2100/2600
3G HSPA+ (16 QAM) 5 MHz 11.5 Mbps -28 Mbps -30 ms DD/900/ 12.5
(64 QAM +Dual) (42 Mbps) 2100/2600
LTE (Rel.8) var. up to -75 Mbps -150 Mbps -10 ms DD/900/1800 16.32
(2x2 MIMO) 20 MHz (@ 20 MHz) 2100/2600
WiMAX IEEE 10 MHz 70 Mbps 70 Mbps -50 ms 2600/3500 3.7
802.16e 134 Mbps
4G LTE-Advanced*® var. up to >500 Mbps >1 Gbps <5 ms IMT DL: >30
100 MHz UL: >15
“IMT-Advanced” var. up to 270 Mbps 600 Mbps <10 ms IMT DL: >15
100 MHz 675 Mbps 1.5 Gbps UL: >6.75
Source: 3GPP/Telefonica 02
*To be confirmed with 3GPP Ref. 10 by end 2010

and HSPA though W-CDMA right
back to GSM.

Specified in 3GPP Release 10,
LTE-Advanced has been explicitly
dimensioned to meet—or even ex-
ceed—the requirements of IMT-
Advanced. Building on the pyramid
of previous releases, LTE-Advanced
is also backward compatible with Re-
lease 8 (LTE), helping operators to ef-
fectively leverage their current wire-
less investments.

The advanced performance require-
ments of 4G mandate a break with the
past. While interworking with 2G and
3G legacy systems will be supported,
4G demands radically new transmis-
sion technologies, plus fresh approach-
es to spectrum usage. Building on the
agenda now being set by LTE, 4G will
represent a total break from a circuit-
switched world. (By comparison, while
a number of approaches are currently
being considered, it is likely that at
least some operators will initially sup-
port voice in LTE via circuit-switched
fall-back to 2G/3G.)

So what exactly will 3GPP Release
10 offer? As you would expect, the
key dimensions where LTE-Advanced
scores over previous technologies in-
clude speed, spectral efficiency and
flexibility, capacity, coverage and in-
terworking.

10

Captured in Report ITU-R M.2134, the
basic requirements of IMT-Advanced are
as follows:

— A high degree of commonality of
functionality worldwide while retaining
the flexibility to support a wide range
of services and applications in a cost
efficient manner;

— Compatibility of services within IMT
and with fixed networks;

— Capability of interworking with other
radio access systems;

— High-quality mobile services;

— User equipment suitable for worldwide
use;

— User-friendly applications, services and
equipment;

—Worldwide roaming capability;

One of the standout attractions of
LTE-Advanced is its ability to exploit
variable, ultra wide carrier bandwidths
of 40 MHz, right up to 100 MHz.
This, in turn, supports extremely high
data rates in the mobile environment.
A new transmission scheme—based
on OFDMA/SC-FDMA plus sophis-
ticated MIMO techniques and other
measures—will together achieve the-
oretical peak data rates of 100 Mbps
in high mobility situations.

In stationary environments, this

theoretical performance rises as high
as 1 Gbps—an order of magnitude
faster than LTE. Uplink transmis-
sion is similarly enhanced, targeting
data rates up to 500 Mbps. To realise
these performance targets, Release
10 boosts peak spectral efficiency in
both uplink and downlink by an order
of magnitude compared with HSPA.
Other measures, like relay function-
ality, will boost cell edge coverage,
improving the end-user experience
in rural and non-optimal coverage
areas.

Physics dictates that data rates of
the order of 1 Gbps in 4G systems
require  bandwidths  approaching
100 MHz. This infers that spectrum
sharing—either through regulatory
measures or technology develop-
ments involving spectrally agile sys-
tems—will inevitably be part of future
considerations about maintaining a
competitive environment in mobile
broadband.

Of equal appeal to real-world us-
ers, LTE-Advanced cuts round-trip la-
tency times to 10 ms or less, a fraction
of even the 30 ms (approx.) attained
with HSPA+. For comparison, HSPA
(corresponding to Releases 5 and 6)
manages a latency performance no
better than 70 ms, while the original
W-CDMA standard (Release 99) lags

[Continued on pg. 26]
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How Mobile Device Users
are Impacting the Future of

RF Front Ends

n the last decade, cellular mobile devices

have undergone dramatic changes. What be-

gan as a mobile phone simply used for people
to talk or text with one another has now turned
into a handheld device that provides multi-func-
tionality such as a phone, web browser, text mes-
senger, camera, gaming unit, MP3 player, and
many other useful functions to satisfy our need
for information on-the-go. Not only do today’s
mobile device users want all of these features
included, they also want them readily available
to them at all times, irrespective of time or lo-
cation. This type of on-demand mobile technol-
ogy requires compatibility of multiple frequency
bands and modulation standards. This type of
complex functionality, along with the consum-
ers desire for smaller form factors, has placed
great demands on mobile designers to deliver
products at a lower bill of materials (BOM) cost
and within record-breaking time to satisfy the
market’s expectations generation over genera-
tion. Such stringent requirements have forced
designers to undergo a change in the way that

RF front ends are benchmarked.

A Fig. 1 External stub antennas.
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! This article discusses some of these
_ impacts and how a new approach
can be embraced to enhance the
consumer experience when using a

_ feature-rich mobile device.
"‘lﬁ Readers who were in the indus-
try several years ago can remem-

ber that voice was the primary

driver for performance, and the most widely
used modulation format was GSM/GPRS.
Handset designs were much larger, with more
printed circuit board (PCB) real estate dedi-
cated to the RF front-end section, and perfor-
mance was the primary focus of the project.
The antennas were external to the handset, as
depicted in Figure 1, taking the form of a stub
or slider that pulled out and retracted with ef-
ficiencies that were much better than what a
user can find in a handset today. Phones were
designed to be operated in voice-only calls with
the handset or mobile device held in a fairly
predictable position relative to the user’s head.
The consistency allowed the antenna to be de-
signed in a fairly known environment that al-
lowed for optimization of the design. This is still
critical today since the power amplifier (PA)
can be a significant drain on talk time, which is
directly correlated to a user’s experience with a
certain model of device as well as the company
brand of mobile device. If the designer can op-
timize the current consumption in a real-world
environment, the better positioned the mobile
device is in the consumer market. The consis-
tency of antennas and their real-world behav-
ior has given handset designers the flexibility to
optimize their design by impedance matching

JACKIE JOHNSON
RFMD, Greensboro, NC
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A Fig. 2 PIFA antenna.
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A Fig. 3 VSWR performance of a PIFA
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Ar ig. 6 Power detection block diagram.

antennas and PAs in order to deliver
the maximum amount of power as ef-
ficiently as possible.

MOBILE DEVICES: THAT WAS
THEN, THIS IS NOW

Fast forward a couple of years and
the mobile device market has changed
dramatically. Real estate is now dedi-
cated to applications processors and
components that are more focused
on software applications than enhanc-
ing the consumer experience. Mobile
devices are now designed with much
smaller form factors and performance
has been traded off in many cases to
achieve these unique form factors.
Handsets today have integrated patch
or Planar Inverted F Antennas (PIFA)
(illustrated in Figure 2) that in many
cases are far less efficient to their pre-
decessors. Even today, some handsets
are now reverting back to a stub anten-
na due to the issues that many design-
ers are facing. This performance versus
form factor tradeoff directly impacts
a consumer experience in the form
of battery life, talk time and network
availability since the antenna choices
and their environment affect the PA.

One example of how this affects PA
performance is in the form of voltage
standing wave ratio, or VSWR. Mobile
devices today are operated in three
basic configurations. Users talk on the
mobile device with the handset next to
the head in a conventional manner, out
in front of their head using the speaker
phone and in a free space environment
where the phone is not held. These
are just three scenarios in which the
VSWR response of the antenna can
change. In reality, there are numerous
configurations determined by the po-
sition of the fingers and hand, but for
simplicity this article is going to focus
only on these three scenarios. The dif-
ference in performance of the antenna
VSWR is illustrated in Figure 3.

These frequency responses illus-
trate the different VSWR require-
ments that the PA faces in a current
generation handset. At the band edg-
es, the PA will be exposed to VSWR
ranges from 5:1 to 2:1 in this particu-
lar mobile device. The RX sensitivity
is also affected due to the VSWR per-
formance as well. Common practice
used today by many handset design-
ers for benchmarking RF front ends
is measuring performance in a 50 ohm
lab environment. This method is no

MOBILE COMMUNICATIONS m NOVEMBER 2010

longer practical in today’s designs due
to the unpredictability of the imped-
ances that are seen by the PA. A de-
signer who wants to optimize his or
her solution to provide the best talk
time to the end user must begin to
examine their RF front ends under
VSWR conditions.

Standard governance boards such
as 3GPP set the requirements for over-
the-air (OTA) requirements. These re-
quirements are usually much more re-
laxed than typical carrier requirements
as they require more stringent OTA
performance. A typical value a carrier
may set for their mobile devices is -11
dB from conducted RF output power.
In terms of the GSM 850 standard, this
would equal a value of 22 dBm OTA
requirement since conducted output
power requirement is set to 33 dBm
with -11 dB of loss due to antenna ef-
ficiency and propagation effects which
are frequency dependent. These OTA
requirements are directly applicable
to the 50 ohm power if RF front ends
are benchmarked and compared with
these requirements in mind.

GSM POWER CONTROL
ARCHITECTURES' EFFECTS ON
TALK TIME

The three different architectures
most commonly used in the industry
today for GSM mobile applications
are current control, voltage control
and power detection. A simplified
block diagram of each of the three ar-
chitectures is illustrated in Figures 4,
5and 6.

Numerous articles have been pub-
lished on the theory of these three
architectures; therefore, this article
will provide only a brief description
as background. The current control
architecture in Figure 4 is an indirect
control scheme in which the current
is monitored and held constant. This
method relates current to power and
provides a very good method of power
control as long as the relation between
current and power remains constant
(which occurs only if the resistance of
the load does not change). Power is
controlled by adjusting the base bias
of the amplifier controlling the gain,
which results in power control. Figure
5 is an illustration of voltage control,
which is very similar to current control
in the sense that it is an indirect meth-
od relating voltage to power instead
of current. This method—much like

13
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current control—works well as long
as the resistance of the load remains
constant and the relationship between
voltage and power is maintained. The
collector voltage is adjusted to control
power instead of the base bias like in
current control. The final architecture
to be compared in this article is power
detection, which is illustrated in Fig-
ure 6. In this method, power is de-
tected by coupling a portion of the sig-
nal back to a detector that compares
the output voltage and the reference
voltage. The accuracy of this power
control scheme is great as well and
the mismatch performance is greatly
dependent on the directivity of the
coupler and the error in the feedback
loop. The disadvantage of this archi-
tecture, however, is the added output
loss of the coupler and the cost of the
component, as it takes more circuitry
to accomplish the power control func-
tion.

After reviewing a very simplistic
view of basic power control architec-
tures, one can focus on benchmarking
the devices in such a way that reflects
real-world performance and has a di-
rect impact on the consumer satisfac-
tion with talk time, battery life and
call reception. First, to understand
the real-world environment, the an-
tenna performance must be charac-
terized, as illustrated in Figure 3. As
mentioned previously, the VSWR can
range from 2:1 to 5:1, depending on
the end user and how the phone is
positioned. Based on these measure-
ments, a good benchmark for compar-
ison is determined to be a 3:1 VSWR.
A VSWR of 3:1 is chosen as this will
provide a good indication of part

| CURRENT CONTROL POWER DETECTION VOLTAGE CONTROL |

performance in the
real world without

providing unrealis-

tic reflections back

to the PA that may
distort the results of
the comparison. In
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A Fig. 10 Deltas in delivered power.
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Figure 7.

After examining Figures 8 and
9, one can see that even though the
power control function is achieved
with different architectures, the per-
formance in a real-world environment
is very different. What does this mean
and why is this so important? First of
all, as previously discussed, what real-
ly matters is OTA performance, which
is a direct correlation with delivered
power. As Figure 9 shows, current
control is the least desirable solution
of the three for maintaining a constant
delivered power into the load. There
is almost 1.5 dB of difference between
current control and power detection
in the GSM 850 band. The disadvan-
tage of the power detection scheme is
that the current is allowed to increase,
whereas the current is maintained
reasonably well in the other solution.
Although this would result in better
talk time in this condition, in a real-
world environment it would not.

For example, if the mobile de-
vice is operated at 29 dBm, which is
the power level that has the greatest
probability in a GSM system, the base
station would actually request that the
handset increase its power level by
moving from 29 to 31 dBm since the
delivered power cannot be met at cur-
rent power control level (PCL). This
in turn would increase the current
consumption and therefore decrease
the talk time. Another aspect to con-
sider is the current consumption ad-
vantages that can be realized. In a
mobile device, if the current control
scheme is providing enough delivered
output power under these conditions
to meet the carrier's OTA require-
ments, then there is no need to be
concerned about power into VSWR.
Since the reduction of delivered pow-
er is good enough, substantial current
consumption savings can be realized
with a solution that provides better
VSWR performance. In examining
Figure 10, consider the following
question: If the delivered power could
be made equal between all solutions,
what effect would this have on the end
user?

For voltage control and power de-
tection, the 50 ohm calibration could
be set 1 dB lower in power and still
meet the equivalent delivered power.
ETSI conducted specification speci-
fies that for PCL 5 the power is 33
dBm +2 dB under nominal conditions.
This means that to meet conducted
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A Fig. 11 50 Q phasing target delta in current for equivalent deliv-
ered output power.

performance the mobile device can output a minimum of
31 dBm for PCL 5. Understanding the need for margin,
the safest level that the mobile device should be calibrated
to is 31.5 dBm. If more margin is desired, the designer
could gain substantial current savings by phasing the mo-
bile device to 32 dBm in a 50 ohm environment. How this
correlates to 50 ohm performance is shown in Figure 11.

In Figure 11 the currents of the three solutions are
compared versus output powers. This demonstrates that
if the designer can achieve equal delivered output power
to meet OTA requirements, then the current control so-
lution would need to be calibrated for 33 dBm of output
power compared to 1 dB less for power detection. This
would result in 180 mA savings in the 50 ohm environment
at full power, which can extend battery life and talk time.
This current savings is realized without sacrificing any real-
world delivered output power OTA performance. The oth-
er advantage to lower phasing targets is more margins to
specific absorption rates (SAR) as well as lower harmonic
generation since harmonic energy is much lower at 1 dB
back-off from full power. This results in fewer emissions
issues and faster time to market.

If the designer is not interested in this approach and
would like to have more output power, this can also be ac-
complished with a better VSWR tolerant device. The con-
cern with higher output powers that every designer shares
is the possibility of failing the SARs requirement for ra-
diating energy in a multi-slot GPRS case. A much better,
well-behaved VSWR tolerant device allows the handset to
operate at higher power levels while still meeting SAR re-
quirements under these conditions by limiting the amount
of output power that is delivered in a low impedance state
(see Figure 12).

Figure 12 illustrates that if a mobile device designer
would like to optimize OTA performance, the phasing tar-
get could be increased in the mobile device 0.5 to 0.75 dB
higher in the voltage and power detection solution com-
pared to the current control. Phasing for higher targets
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statistically compromise SAR performance. As Figure 12
shows, however, the peak power swings are now equal for
all three solutions, and the 50 ohm set power is much higher
than the current control solution. This allows the designer
to develop a superior product compared to the competition
when compared at the carrier for OTA capabilities.

The final consideration is the tradeoff between transmit
(TX) and receive (RX) performance and the ability to cus-
tomize performance based on region. From Figure 3, the
VSWR plot of a mobile antenna, there is room to shift the
tuning to trade off TX performance for RX performance, if
desired. Examining the purple trace, in the case where the
phone is head loaded, one can see that if the GSM 850 TX
and RX performance was degraded slightly by shifting the
frequency response higher in frequencies, then the GSM
900 RX VSWR would actually improve. Having a VSWR
tolerant TX path can allow the designer to have the flexibil-
ity to make the tradeoffs between the parameters that are
most important in his or her particular design.

In conclusion, the importance of benchmarking solutions
under mismatch conditions needs to be seriously consid-
ered. This method opens a new way of thinking that exposes
designers to tradeoffs that can be made at the system level
that may have not been considered before. Only examining
solutions based on 50 ohm lab testing can and will cause
misconceptions on selecting the right architecture for one’s
design. In Figure 10, it is clear that almost all three solu-
tions can perform the function and are very similar in per-
formance. Although this is true in the 50 ohm environment,
it is not the case in real world application. Considering OTA
performance can result in greater flexibility for the designer
to customize their product for better current consumption,
high OTA power, or RX performance. All of these options
are revealed if the designer is open to a new way of bench-
marking RF front ends and making decisions that truly af-
fect consumer satisfaction in terms of fewer dropped calls
and longer battery life. As the end consumer experience im-
proves, so does the brand image of that particular mobile de-
vice, which results in greater demand from consumers and
higher adoption rates by the carriers. l
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Mobile Communications

A High Linearity Darlington
Intermediate Frequency
(IF) Amplifier for Wide

Bandwidth Applications

This article describes the design of a very high linearity, wideband intermediate
frequency (IF) amplifier. The design has a very flat gain response and most of
the circuit components are integrated. It achieves a third-order intercept point
(IP3) greater than 43 dBm and a noise figure (NF) less than 2 dB across a wide

frequency range of 30 to 1000 MHz.

F amplifiers are used in many applications,

including base stations, cable TV and instru-

mentation. High linearity is one of the most
desired features of an IF amplifier. New appli-
cations, such as amplifiers used in cable TV, also
require very flat gain and low noise. Darlington
amplifiers with single or dual RF feedback to-
pologies have been shown to have higher gain,
flatness and linearity over a wide bandwidth.1-?
Various device process technologies, including
HBT, SiGe and PHEMT among others, have
been used in the past. Each technology has its
unique advantages. Different active, dynamic
and passive biasing techniques have also been
used to improve performance over tempera-
ture and over the frequency band of opera-
tion.3* Capacitive peaking techniques are used
to further increase the bandwidth, with a trade
off in input and output return loss.> The draw-
back in most high linearity designs is the big
trade off in noise figure (NF).

The design of a high linearity Darlington
RF feedback amplifier with less than 2 dB NF
has been achieved. The design uses a source
capacitive peaking technique for optimum gain
flatness across a wide band. Source degenera-
tion inductors are used for improving the input
and output return loss and stability at lower
frequencies. Additional stability improvement
circuits are used to ensure unconditional stabil-
ity at higher frequencies.

CIRCUIT DESIGN

The frequency range of operation is from 30
to 1000 MHz. With a Darlington design topol-
ogy, the first and second stages can be biased
at different conditions. Individual voltage and
current adjustment of each stage provides extra
flexibility for performance optimization. The
Darlington configuration provides twice the
gain bandwidth product over single stage circuit
topologies. Furthermore, good input and output
return loss across a wide frequency range can be
achieved with RF feedback optimization.

The IP3 can be further improved by pre-
senting different impedance terminations to
the device.® When more voltage and current
are available, the drain voltage and current can
be increased to improve IP3 and the 1 dB com-
pression point (P} ,5) with minimal impact on
other performance parameters.

The device process used in this design is a
depletion (D)-mode low noise pseudomorphic
high electron mobility transistor (PHEMT)
with a thin film resistor (TFR). The PHEMT
process inherently has low noise and very high
linearity. This makes it suitable for this specific
application. However, the design shown in this
article is not limited to this type of process.

Hak1 CEBI
Skyworks Solutions Inc., Woburn, MA
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Figure 1 shows the circuit schematic of the die. Resistors
at the sources (R, and Rg) are used to set the positive source
DC voltage and the drain currents. The value of these resis-
tors can be easily calculated using the current equation

2
Vs
Ing = Ipss [ - V_] @

where the gate-to-source voltage (V) and the pinch-
off voltage (V) values are both negative. Once the drain
bias current (IiDS) is determined, Vg can be calculated.
The gate voltage is chosen to be small. It is applied through
the resistive divider (R; and R,) and a very large value of
shunt resistor (R3) connecting to the gate. Given the gate
voltage, the source voltage and resistor can be calculated.
The total current consumption is 100 mA at 5 V supply
voltage. It is also important to consider the thermal design
of the output transistor. For this reason the LNFET device
layout is optimized using thermal calculators.

Two of the design constraints, NF and input return loss,
are the main factors in determining the first stage design.
An optimum device sizing and inductive degeneration
technique are used for simultaneously optimizing noise
figure and input match. The second stage is designed for
optimum IP3 performance. The biasing conditions for
each stage are crucial in determining the best overall IP3.
One can choose the optimum biasing conditions such that
second-order and third-order intermodulation products
are cancelled.®

The drain current is controlled by the gate and drain
voltages. In the small-signal case, it can be represented by
a two-dimensional Taylor series expansion as an incremen-
tal drain current8

id(Vg,Vd)=Id<Vg>Vd)_Id(Vg0>Vdo)

2
11,

a,  aly
= —V _—

v+ —V
g d 2 'g
an BVg 2 avg

2 2
+2 asggc\l]d VgVd + ;)Vz% Vd2
1 ﬂ g 9’y 2
6lav,> & avav,? E e
8321(1 gZVd +il(é"d3+“‘ )
v, 2oV, v,

where V,, and V, are the DC bias voltages and Vg and
vq are the small-signal gate and drain voltages.

If the higher order terms are ignored and the coeffi-
cients simplified, the small-signal incremental drain cur-
rent can be written as

. I oo 1. 9

1d(vg,vd)=gmvg+Gdsvd +§gmvg +§Gdsvd
1. 5 1. 5

+m11Vng +gngg +€Gdsvds

1 1
+§m12Vng2 +§m12Vg2Vd (3)

MOBILE COMMUNICATIONS m NOVEMBER 2010

R1 R2
Vd
RF OUT
STABILITY STABILITY
IMPROVEMENT [— IMPROVEMENT
m NETWORK NETWORK

e 1

R4
C2

- L1

A Fig. 1 Die circuit schematic.

where the coefficients g, , ¢/ and g7 are the transcon-
ductance and its first and second derivatives with respect
tov,.

g
al %1, L
m= 0 8&m = . and = (4)
& aV, & avg2 § avg3

Gy, Gljand G} are the drain-to-source transconductance
and its first and second derivatives with respect to vy
! N
Gy=—%and Gj=—4
aVy aVy

oy

G, =
47 av,

(5)

And m};, m;y and my; are cross terms defined as
%1, 2°1, 9’1,

my;=——— m;,=—— and my; = ———

PV av,avy? oovov,

The drain to source transconductance, in the satura-
tion region where V; is high, can be assumed to be small.
The cross terms above are also generally small and can be
ignored. Therefore, the id equation above can be further
simplified to

. I o 9,1 3
1d<Vg>:ngg+§ngg +ggmvg (M)

The above equation gives rough guidance for optimizing
the second-order intercept point (IP2) and IP3. It shows
that the lowest second-order and third-order distortion
products are achieved when the first and second deriva-
tives of transconductance, g/ and g7, are minimized. It is
ideal to have both IP2 and IP3 products lowered. This can
be accomplished by carefully selecting the bias points as
well as optimizing the amplifier transconductance profile
over a wide bias range. The analysis above also shows the
sensitivity of this method to wafer uniformity and gain pro-
file. The sensitivity can be reduced by process parameters®
as well as topology selection and feedback techniques.?

The Darlington topology with source degeneration al-
lows gain optimization and high linearity. Capacitors C1
and C2 on the die are chosen for achieving the best gain
flatness without seriously degrading input and output re-
turn losses. These capacitors are also used to bypass the
source resistors and hence improve the NF. R1 and R2 on
the die are used for setting the gate voltages.
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Figure 2 shows
the test board sche-
matic with external
components.  The
external RF feed-
back resistor, R2, is
chosen for the best
input and output re-
turn losses and gain
trade-off. C1, C2
and C4 are used for
DC blocking.
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A Fig. 2 Evaluation board schematic.
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DESIGN FOR
STABILITY
Typical specifications dictate un-
conditionally stable operation up to
18 GHz. This amplifier is designed for
unconditionally stable operation, in-
cluding the external components and
biasing under all conditions. For this
purpose, various stability design tech-
niques have been employed and inte-
grated into the amplifier. In order to
solve stability problems at low to op-
erating frequencies, a source inductor
of some value is often used.

COMPONENT SELECTION
CONSIDERATIONS

External feedback circuit compo-
nents R2 and C2 can be tuned if a gain
adjustment is needed. The input and
output matching networks are com-
posed of L1 and L2, respectively. The
input and output matching circuits are
designed to be centered at approxi-
mately 700 to 1200 MHz. This can
also be tuned by the external match-
ing components L1, C1 and L2, C4.

MEASUREMENT RESULTS

An amplifier was fabricated and
tested on the test board shown previ-
ously with a supply voltage Vg4 of 5
V and a total supply current I; = 100
mA. Figure 3 shows the measured
noise figure in a bandwidth of 30 to
1030 MHz. The input connector and
board trace are not de-embedded
from the measurement. The loss of
the input transmission line was mea-
sured as 0.1 dB in this band. The NF
is measured as approximately 2 dB
from 100 to 1000 MHz, including the
input transmission line loss. Figure
4 shows the measured amplifier gain
as a function of frequency at several
temperatures with an input power of
-20 dBm. The gain is measured to be
15.6 dB at 450 MHz. The plots show
that the gain changes less than 1 dB

across the whole temperature range of
-40° to 85°C.

Figures 5 and 6 show the mea-
sured input and output return losses,
respectively, with an input power of
-20 dBm. The output third-order in-
tercept point (OIP3) measured within
the operating band was above 43 dBm.
The OIP3 measurements were done
using two signal sources with frequen-
cies of 433.25 and 449.25 MHz at P,
=5 dBm per tone.

CONCLUSION

Many performance aspects must
be considered in the design of IF
amplifiers. The next generation IF
amplifiers require careful topol-
ogy selection and competitive design
techniques to meet the increasing
demands of future applications. An
optimized IF amplifier design, using a
depletion mode PHEMT technology,
is discussed in this article. It will be
required to meet the challenging per-
formance requirements of new circuit
applications. H
I
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Design of a Broadband
MIMO RF Transmitter for
Next-generation Wireless
Communication Systems

The development of a broadband MIMO RF transmitter fulfilling the
requirements of the IMT-Advanced wireless communication system is presented.
The channel bandwidth of the transmitter is 100 MHz operating in the TDD
mode with more than 25 dBm linear output power and 60 dB output power
control range. Excellent EVM performance is obtained. The RF transmitter can
support up to 6 x 6 MIMO configuration and has been successfully integrated
with the MIMO RF receiver and the baseband modules. The average data rate in

the field test is approximately 1 Gbps.

he last decade has seen a great burst in

wireless communication technologies

and their commercial implementations.
Until now, the third generation (3G) mobile
networks (such as UMTS and ¢cdma2000) and
3.5G mobile networks (such as UMTS/HSPA
and CDMA 1xEvDO), which can deliver data
rates up to several Mbps to individual users,
have been deployed in many countries and ad-
opted by more and more people. However, the
pursuit for higher data rates never stops, and a
number of wireless technologies are under de-
velopment to meet future needs: Long Term
Evolution (LTE) and WiMAX, both of which
can support far higher data rates than existing
networks. According to the definition of IMT-
Advanced (4G) systems by the International
Telecommunication Union (ITU), the next
generation network should support data rates
up to 100 bps for high mobility and approxi-
mately 1 Gbps for low mobility. Unfortunately,
neither LTE nor WiMAX can fulfill these re-
quirements. Currently, much work is going on
to enhance these exiting standards in order to
meet the requirements of the IMT-Advanced
system.!2 The roadmap of evolutions of vari-
ous candidates toward the IMT-Advanced sys-
tem is shown in Figure 1.3

To meet the requirement of the data rates
defined in the IMT-Advanced system, the chan-
nel bandwidth will be up to 100 MHz. More-
over, the MIMO technique is needed to obtain
higher channel capacity or spectrum efficiency.
When the channel bandwidth approaches 100
MHz, RF designers have to face many chal-
lenges, both in the system scheme and the cir-
cuit design. It is known that the 6 x 6 MIMO
configuration can provide more than 10 bit/Hz
in the spectrum efficiency in many typical wire-
less channels without too much difficulty. In
this article, a detailed description of the design
of a high performance MIMO RF transmitter
with a novel direct-conversion architecture is
provided. The RF transmitter operates in the
3.45 GHz frequency band with 100 MHz chan-
nel bandwidth and excellent EVM and gain
flatness performance. Experimental results
are reported. The transmitter can support the
6 x 6 MIMO configuration and has been suc-
cessfully used in an IMT-Advanced experimen-
tal network.

ZHIQIANG YU, [IANYI ZHOU, JIANING

ZHAO, TENG ZHAO AND WEI HONG
Southeast University, Nanjing, China
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SYSTEM ARCHITECTURE
Compared to the conventional
superheterodyne architecture, the

direct-conversion solution has gained
more and more attention and applica-
tions in various low-cost and compact
wireless communication systems.4‘6
Unlike the direct-conversion receiv-
er, which has design challenges still
needed to be resolved in order to
achieve high performance, it is rela-
tively easier to ]Quild a direct-conver-
sion transmitter.’

The transmitter reported utilizes a
direct-conversion architecture illus-
trated in Figure 2. This diagram is just
an abstract illustration and only essen-
tial components are outlined. Other
necessary circuits, such as the control
circuit, power supply circuit, etc., are
omitted for brevity.

The configuration of the PLL is
shown in Figure 3 and will be in-

to-noise ratio due
to common mode
noise rejection, but also to suppress
the even order distortions resulting
from the nonlinearity of the quadra-
ture modulator. The low pass filters
following are used to further reduce
the out-of-band emission level and
aliasing products.

Next, the operational amplifiers
can provide a certain DC offset, re-
quired by the inputs of most quadra-
ture modulators. Usually these opera-
tional amplifiers should not provide
very much gain since the baseband
signal level is relatively large and even
a few dB gain can saturate the modula-
tor. In this transmitter, the input stage
uses operational amplifiers of unit gain.
The bandpass filter after the modula-
tor suppresses the spurs resulting from
the nonlinearity of the modulator. The
transmitter works in the TDD mode,
so it is important to switch off the RF
amplifier and power amplifier as fast as

MOBILE COMMUNICATIONS m NOVEMBER 2010

possible when the receiving period is
on, but the bypass capacitors necessary
for the stability of the amplifiers always
make this unpractical. To prevent the
receiver from saturation or jamming
by the power amplifier at the start of
the receiver period, it is wise to use a
RF switch, right before the RF driver
amplifier together with the one before
the antenna, both of which feature fast
switch speed within 60 ns and thus pro-
vide enough isolation between the re-
ceiving and transmitting period quickly.

The Automatic Power Control
(APC) is realized with digital attenua-
tors, which can provide more than 60
dB attenuation control range in 0.5 dB
steps. The required output power of
the transmitter is 20 dBm. Consider-
ing the peak-to-average ratio of the
transmitted signal, a MMIC power
amplifier capable of 33 dBm output
power at its 1 dB compression point is
utilized. To further assure the linear-
ity, the output IMD level is tuned and
optimized when the output power is
approaching 25 dBm.

Usually, special attenuation should
be paid in the design of the PLL used in
the direct-conversion architecture in or-
der to avoid the LO pulling effect, which
can seriously deteriorate the system per-
formance. As briefly shown in Figure 3,
the transmitter works on a carrier with
an offset from the running frequency of
the VCO. The offset is produced using a
by 2 frequency divider fed by the VCO;
the 3.45 GHz carrier is then obtained
by mixing the output of the VCO with
this offset. The bandpass filter is used
to suppress the unwanted mixing prod-
ucts. The common reference clock of 10
MHz shared by the 6 x 6 MIMO system
is produced either by an OCXO whose
frequency can be precisely adjusted by
the system AFC loop, or by the outside
reference source, meanwhile bypassing
the inside OCXO. This architecture is
very flexible in a prototype system and
capable of minimizing the frequency
offset between the receiver and the
transmitter, which can degrade the sys-
tem performance especially when using
an OFDM modulation scheme. Fur-
thermore, the LO phase noise should
be carefully optimized to achieve good
system performance.’

CONSIDERATIONS OF
BROADBAND OPERATION

In the case of broadband opera-
tion, the performance of the quadra-
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ture modulator greatly determines the overall transmitter
performance, such as the modulation accuracy indicated
by EVM.? Compared to the narrowband case, the ampli-
tude and phase unbalance among the differential I/Q input
channels becomes more serious and thus brings about the
image product, which aggravates the system performance.
Furthermore, almost every quadrature modulator in the
market requires a DC offset at its differential I/Q input,
the unbalance of which makes the elimination of the LO

feed through problem more difficult.

IMAGE PRODUCT

The mechanics resulting in the image product can be
clarified using a simple model shown in Figure 4. As il-
lustrated, ¢ and o represent the amplitude unbalance and
€ and B represent the phase unbalance. The image lies in
the same frequency band as the signal, thus degrading the
modulation accu-
racy. The lengthy
development of the
output signal equa-
tions can be found
in the literature.”
In the case when
OFDM is utilized,
the up converted
signal and its image
are shown in Fig-

—-(N-1) 0 N-1 N
SUBCARRIER NUMBER

A Fig. 5 Up-converted signal and its image
when using OFDM.
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sated in the baseband processing, such as adaptive adjust-
ment of the amplitude and phase of the I/Q signal as part
of the digital predistortion loop, or simply setting a fixed
amplitude and phase offset.

In the RF scenario, to alleviate the performance degrada-
tion caused by the image product, attention should be paid
to the PCB layout process where the differential I/Q chan-
nels should be identical in their physical layout. In the tun-
ing process, the level of the image product can be evaluated
from the image to signal ratio, which can be measured using
a spectrum analyzer. The unadjusted single tone output with
its image product is shown in Figure 6. Then, capacitors on
the order of several pF can be shunted to ground from the
signal traces of the differential I/Q channels. The working
of the capacitors results from their non-ideal parameters,
which can be modeled as a complex impedance; the magni-
tude and phase of the baseband signal can then be slightly
tuned. After carefully tuning, an image to signal ratio or im-
age suppression below -35 dBc can be achieved through-
out the working band. The improved image suppression is
shown in Figure 7.

CARRIER FEED THROUGH

The carrier feed through results not only from the DC
offset unbalance among the I/Q differential inputs, but also
from the LO leakage of the quadrature modulator. Usually
the LO leakage is not a concern because it is very small in a
MMIC quadrature modulator. The mechanics behind the
carrier feed-through problem due to DC offset unbalance
is illustrated in Figure 8. If a two-tone output is desired,
the baseband I/Q signal can then be expressed by the fol-
lowing, with their corresponding DC offset:

I channel signal: I(t) = cos 2nAft + Al (1)
Q channel signal: Q(t)=AQ1, (2)
Output signal:

O(t) = (cos 2MAft + Al ) - cos 2Tf; ot — AQ ., - sin 27/ 4t

= é[cos 2( f1 0 + A )t +cos2r( f1 5 — Af)t]
+A cos(2/; ot +6) (3)

[A12 2
A=Al +AQpq

According to the above equations, the component under-
lined in Equation 3 is the carrier feed-through product. The
input DC offset levels can be slightly adjusted around the rec-
ommended common mode voltage required by the quadra-

-1
0 =tan " (AQp. / Al )
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ture modulator to greatly reduce the
carrier feed-through level. The circuit
realizing the tuning function is shown
in Figure 9. After iterative adjustment
of the DC offset of the 1/Q differential
input, the carrier feed through to signal
ratio or carrier suppression below -50
dB is easily achieved. The tuning result
is shown in Figure 10.

I(t) —

vee G I(t) +lpc

Ar ig. 9 Circuit realizing the tuning of the
DC offset level using an operational amplifier.

33.7dB
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g

343 344 345 346 341
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>55 dB

AMPLITUDE (dBm)
g

343 344 345 346 347
(b) FREQUENCY (GHz)

A Fig. 10 The unadjusted carrier feed
through (a) and the adjusted carrier feed
through (b).

A Fig. 11 The 6 x 6 MIMO RF transceiver.

MEASUREMENT RESULTS

The transmitter reported in this
article is integrated together with the
receiver into one single PCB board.
The whole 6 x 6 MIMO system con-
sists of six such transceiver modules
as well as one control board, which
acts as an interface to the baseband
serial control signals, and one power
supply board providing the DC-DC
conversion from 48 to 6 V used by the
transceiver. The 6 x 6 MIMO system
equipped with six transceiver modules
is illustrated in Figure 11.

The transmitter is tested with ana-
log I/Q inputs from a vector signal
generator. During the test process, it
is convenient to divide the transmitter
into three parts: modulator, driver and
power amplifier, which can be tuned
and tested individually. In the modula-
tor test, the performance that is cared
about is the modulation accuracy in-
dicated by EVM. The LO phase noise
should first be optimized by adjusting
the setting of the synthesizer and the
loop filter. After adjustments of the
unbalance level mentioned before,
the modulation accuracy can then be
guaranteed. The resulting LO phase
noise figure and the EVM of different
modulation type are listed in Table
1, together with the image to carrier
ratio and carrier feed through level.
Due to the limited capability of the
laboratory instruments, the maximum
signal bandwidth that can be analyzed
is 20 MHz.

A conventional S—parameter test is

ditional IMD test is also carried out to
evaluate the nonlinearity of the power
amplifier when the output level of 25
dBm is achieved. The results are listed
in Table 2.

After individually testing of the dif-
ferent stages, the whole link is con-
nected and tested. The overall perfor-
mance, indicated by the EVM when
the output level achieves the specified
20 dBm, is listed in Table 3.

With help from the Agilent Open
Laboratory in Beijing, China, the
transmitter was tested with a base-
band signal of 80 MHz modulation
bandwidth, which was the maximum
digital modulation bandwidth avail-
able from Agilent at that time. The
results are shown in Figure 12. The
channel 1 OFDM error summary is
shown in Table 4.
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carried out in the
testing of the driver
and power ampli-
fier. After careful
tuning, the gain
fluctuation is kept
below 0.5 dB in
each stage. An ad-

LO phase noise:

Modulation EVM

Type 2
(2omHz) (%

MEASUREMENT RESULTS OF THE MODULATOR

TABLE |

-82 dBe/Hz@1 kHz;-95 dBe/Hz@10 kHz

-120 dBe/Hz@10 kHz;-139 dBe/Hz@1 MHz

EVM & SNR

SNR
(dB)

Carrier Suppression

-50 dB

QAM16

1.1-1.2

35 Image Suppression

QAMG64 1.0-1.1 | 35
TABLE I
MEASUREMENT RESULTS OF THE DRIVER AND POWER
AMPLIFIER
Driver Part Power Amplifier Part
Gain Return Loss Gain Return Loss IMD3
(dB) (dB) (dB) (dB) i
- - - - out=
Max: 6.8 | Input: =15 | Max: 20.2 | Input: =17 95 dBm
Ripple: 0.2 | Output: =20 [ Ripple: 0.5 [ Output: =27 45 dBc
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CONCLUSION

The implementation of a broadband direct-conversion
transmitter is reported. The considerations of system architec-
ture are discussed in detail and the issues regarding the broad-
band working are illustrated. The transmitter was integrated
ina 6 x 6 MIMO wireless prototype system capable of data
rates up to 1 Gbps in a low mobility scenario. ll
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OVERALL SYSTEM PERFORMANCE AT THE SPECIFIED OUTPUT
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Modulation Type EVM (%) SNR (dB)
(20 MHz)
QPSK 1.3-1.6 36
QAM16 1.0-1.3 35
QAM64 1.0-1.1 35
TABLE IV
ERROR SUMMARY
Ch1 Ch 2 Avg Units
EVM -29.353 — -29.353 dB
EVM Peak -19.505 = -19.505 dB
Pilot EVM -31.047 — -31.047 dB
Data EVM -29.276 — -29.276 dB
Freq Err — — 80.690 Hz
Sym Clk Err — — -0.44206 ppm
CPE = = 0.43687 Yorms
1Q Offset -20.361 — -20.361 dB
IQ Quad Err | -0.74561 — -0.74561 deg
IQ Gain Imb | -0.06951 — -0.06951 dB
Cross Pwr — — —
Sync Corr 0.92890 — 0.92890
[Continued from pg. 10]

still further behind at around 250 ms. Latency is a use-
ful measure of the all-important round-trip speed that is
vital to the user appeal of real-time, interactive applica-
tions. Think of multi-player gaming and media-rich social
networking for an idea of just some of the applications that
will be enhanced by LTE-Advanced. Table 1 shows the
performance characteristics for each technology.

Also taking centre stage is the ability of LTE-Advanced
to leverage advanced topology networks. Reflecting the
ITU’ vision for IMT-Advanced, Release 10 caters for
seamless interworking with a jigsaw of radio access sys-
tems. Macro-, micro-, pico- and femto-cells all figure in
a heterogeneous network environment, covering cell sizes
from tens of kilometres to just a few meters.

As long ago as 2003, ITU-R articulated its long-term stra-
tegic vision for IMT-Advanced: a global platform to build the
next generation of interactive mobile services, encompassing
fast data access, unified messaging and broadband multimedia.

The ITU’s formal process of identifying technology can-
didates for this, a new wireless generation moved forward
with an invitation (issued in March 2008) for the submis-
sion of proposals for candidate radio interface technologies
for the terrestrial components of IMT-Advanced.

In October 2009, the 3GPP Partners made their for-
mal submission to the ITU, proposing LTE Release 10 and
beyond—TLTE-Advanced—as a candidate for IMT-Ad-
vanced. Of the five other technology candidates that were
submitted in parallel, some were technically identical,
leaving just two main candidates. Self-evaluation results in
3GPP have shown that LTE-Advanced meets—or in some
cases exceeds—all requirements of ITU-R.

26

After the expected approval of LTE-Advanced specifi-
cations in December 2010, it is anticipated that work on
Release 10 will be effectively completed by mid-2011.
Following final approval of LTE-Advanced by the end of
2011, this will give vendors and operators a clear target
to start building 4G networks. While estimates vary, this
timeframe points to initial LTE-Advanced deployments
around 2015.

As proposed by the 3GPP Partners, LTE-Advanced is
the next technological iteration in a continuum of wireless
standardisation at a global level that spans almost three de-
cades.

As with GSM and W-CDMA/HSPA/LTE currently,
there will be a long period of co-existence between 3G
and 4G systems—maybe for two decades or more. As 2010
draws to a close, there are a growing handful of commer-
cially deployed LTE networks based on 3GPP Release 8,
with a flood of further launches expected during 2011 and
2012. These 3.9G’ networks are already giving customers
an early taste of the possibilities of ultra-high speed mobile
broadband, and—tantalisingly—a glimpse of our true 4G
future. B
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BAW Innovation Helps WiFi
and 4G to Happily Coexist

hannels allocated for wireless services

are increasingly being crammed to-

gether on the frequency band while
the price per MHz of spectrum remains quite
high at auction. This is especially at issue for
4G signals, which are commonly located at
frequencies adjacent to existing WiFi and
Bluetooth channels and therefore suffer from
mutual interference issues. As such, operators
and device makers need interference mitiga-
tion solutions. One such solution arises out of
an advanced filter technology known as bulk
acoustic wave (BAW) that has emerged over
the past few years. This article will investigate
the driving forces behind the need for better
filtering for 4G applications and discuss an ef-
fective hardware-based solution.

As demand for broadband services grows,
the trend towards wireless is well-established.
In emerging markets, such as China and In-
dia, build-out of wireline infrastructure will be
too expensive, time consuming and logistically
complicated. In established economies, mobil-
ity is the “killer app” that drives the growth in
demand for wireless devices and applications.

MOBILE COMMUNICATIONS m NOVEMBER 2010

But wireless communications require spec-
trum, which is—in economic terms—a scarce
resource; this has three key implications.

First, a limited supply coupled with strong
demand will naturally lead to high prices. This
has been evident in the billions of dollars gen-
erated at auction for the rights to these bands.
For example, this year’s 4G auctions in India
generated $8.2 B. The popularly quoted rev-
enue figure for the India BWA auction is $5.5
B (USD), which doesn’t take into account the
additional $2.7 B paid by state-run operators
BSNL and MTNL. Without having to actually
participate in the auction, these two firms were
guaranteed spectrum at a price equivalent to
the winning bid. This equated to an average
of $6.2 M per MHz of spectrum, with that
price per MHz per capita peaking over $1.15in
Mumbai and Delhi.

JosH RAHA
TriQuint Semiconductor, Hillsboro, OR

27



When
it matters...

28

GORE. Electronic Materials

Enhance performance
and increase design
flexibility in your
electronic systems with
the latest EMI shielding
and RF grounding
solutions from Gore.

gore.com/emi

Visit http://mwj.hotims.com/28496-12

Mobile Communications

Band 40 (CHN) Band 7 Band 38 Band 7
uplink (EUR) (EUR) downlink (EUR)
India 4G USA WiMAX BAND

= =3

S g3 g
« n

; ; Bluetooth 3
g2 £2
= & s 2
=) = sS=

T
2300 2400 2600 2700
FREQUENCY (MHz)

A Fig. 1 Allocated frequency bands.

Second, high demand for a scarce
resource motivates a supplier to
produce as much of that resource
as possible. While it is not possible
to “produce” more electromagnetic
spectrum, it is possible to “refarm”
existing spectrum. To that end, reg-
ulatory bodies worldwide are work-
ing to find more channels to put into
use, with the assumption that inter-
ference or other considerations will
be handled by the marketplace. The
FCC, with the support of President
Obama, has released The National
Broadband Plan this year. Amongst
other recommendations, the docu-
ment calls for 500 MHz of new spec-
trum to be made available for broad-
band within 10 years, 300 MHz of
which should be allocated for mobile
use within five years. To the Broad-
band Plan’s credit, it does recognize
that interference issues are lurking,
but it does not offer solutions. Mean-
while, many bands allocated for 4G
data services happen to be immedi-
ately adjacent to the International
ISM band, the unlicensed band that
runs roughly from 2.4 to 2.5 GHz
and is used worldwide for Wireless
LAN and Bluetooth signals. Anoth-
er example in the US is the satellite
radio band, which sits right in the
middle of WCS spectrum with no
guard-band defined by the FCC (see
Figure 1). As band assignments get
tighter, interference issues multiply.

Third, scarcity leads owners of
a resource to use it as efficiently as
possible. There are two main ap-
proaches to achieving spectral effi-
ciency, both equally important. The
first is the use of better modulation

techniques, allowing an operator to
pack more data into a given channel.
The second is to find ways to stretch
the use of purchased spectrum to
its edges—to use an entire 20 MHz
channel for data rather than give up
5 MHz on each side as guard-bands.

Let us take a moment to con-
sider guard-bands. A guard-band is
the slice of frequency between two
channels, a sort of “no-man’s-band”
where both parties gradually roll off
their transmission power. In some
cases, guard-bands are built into the
operator’s license; the FCC might
designate 10 MHz between chan-
nels that cannot be used. More com-
monly, the regulatory body tends to
leave the definition of the guard-
band to the operator. The require-
ments for out-of-channel transmis-
sions will be set by, say, the FCC,
and the license holder is free to use
as much spectrum as he wants, pro-
viding he meets those rules. Guard-
bands, naturally, represent wasted
spectrum, and operators are intent
on minimizing them.

Arising out of these implications
is a clear picture: 4G operators are
spending a great deal of money on
channels that happen to lie very
close on the frequency spectrum
to interfering signals, but have no
built-in guard-bands. The standards
upon which 4G data services will
be delivered are WiMAX, LTE and
TD-LTE. These are extremely simi-
lar in terms of transmission pattern
(all use the OFDMA modulation
scheme); and, more importantly,
there is a significant overlap in the
frequencies that each will use. As
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such, for the purposes of this discus-
sion, they can be referenced collec-
tively as “4G”. While there are sub-2
GHz bands set aside for LTE (most
notably, the 700 MHz “digital divi-
dend” spectrum), a significant pro-
portion of 4G services will be deliv-
ered in what the author calls the 4G
bands: 2.3 to 2.4 and 2.5 to 2.7 GHz
(see Figure 1).

Operators find this spectrum at-
tractive for three main reasons.
First, it has relatively good RF prop-
agation characteristics. Second, it is
largely unused, meaning there are
bigger chunks of consecutive spec-
trum available here than elsewhere
in the band. Third, we are seeing
some level of global harmoniza-
tion, with governmental regulators
in India, China, Japan, America and
Europe all offering this spectrum
for 4G services. Alas, nothing is per-
fect and there is a key drawback,
discussed earlier: nestled amongst
these attractive 4G bands are nasty
interferers in the form of WiFi,
Bluetooth and satellite radio signals.

This issue is perhaps most ap-
parent and acute in the increas-
ingly popular “personal hotspot”
devices. These are wireless LAN
access points that take a 4G signal
from the service provider and con-
vert it to WiFi in order to share
the 4G connection across multiple
WiFi-enabled devices. Because they
transmit and receive 4G and WiFi
signals at the same time, these per-
sonal hotspots have the greatest risk
for mutual interference issues.

In order to address this issue while
minimizing wasted spectrum in the
guard-bands, operators and device
makers have turned to advanced fil-

tering technologies. A filter with a
steep skirt—one that rolls off quickly
from pass-band to rejection band—
becomes increasingly important in
cases like these (see Figure 2). Sur-
face acoustic wave (SAW) filters have
traditionally served this purpose.
However, as frequencies rise to the
2.3 to 2.7 GHz range, SAW perfor-
mance starts to decline. BAW filters
are the natural evolution of acoustic
wave technology for higher frequen-
cy bands, and become extremely at-
tractive as frequencies grow to 2.3
GHz and above.

For example, TriQuint Semicon-
ductors BAW technology has been
applied to a trio of filters specifically
designed to mitigate the interfer-
ence issues between the ISM and 4G
bands. One filter in this family passes
the ISM band while effectively reject-
ing signals above 2.5 GHz. One appli-
cation for this part would be as a WiFi
pass-band filter. Notch filters are used
to knock down WiFi/BT signals and
pass the 4G signals with low insertion
loss both above and below the ISM
band. In addition to excellent electri-
cal performance, BAW filters can be
extremely small with very low profile
packaging. Filters are available in 1.3
X 1.7 mm packages with a profile of
less than 0.5 mm. Clearly, this sup-
ports the long-term trends toward ev-
er-smaller, full-featured mobile devic-
es. BAW also exhibits excellent power
handling capabilities, with WiFi notch
filters typically withstanding +28 dBm
(continuous wave). Used in various
combinations depending on the end
application, these BAW filters are
good examples of how companies are
simplifying RF connectivity with new
hardware technology that resolves
real-world problems like the interfer-
ence and band adjacency issues 4G
operators now face.

Demand for 4G will continue its
path of explosive growth and it is
conceivable that, moving forward,
every scrap of spare spectrum will
be prized as a vehicle for delivery of
lucrative broadband data services.
As useable spectrum bands continue
to press together, innovative filter-
ing solutions like BAW technology
will continue to help operators make
better use of their spectrum and re-
alize more complicated and compel-
ling consumer devices. l
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nalog Devices has introduced four

new Digital Variable Gain Amplifiers

(DVGA): ADL5201 and ADL5202,
which are IF DVGAs; and ADL5240 and
ADL5243, which are RF DVGAs. These new
DVGAs will enable the design of smaller base
stations with multiple carrier capabilities for
next generation wireless systems such as Long
Term Evolution (LTE) systems.

The ADL5201 and ADL5202 DVGAs are
optimized for use in IF sampling receivers.
The ADL5201 (see Figure 1) is suitable for
single-channel receivers while the dual-channel
ADL5202 is suitable for use in main and diver-
sity or MIMO receivers. For the most common
IFs used between 70 and 300 MHz, both these

PWUP

VIN+
VIN-

REGISTERS
AND
GAIN DECODER

PARALLEL, SERIAL,
UP/DOWN_INTERFACE

A Fig. 1 ADL5201 block diagram.

IF and RF DVGAs
for Next Generation

Wireless Systems

devices exhibit minimum amplitude variations
over frequency, allowing designers to choose an
optimum IF for their design. With a gain range
of 31.5 dB (-11.5 to 20 dB), these devices can
be used to expand the dynamic range of high
performance IF sampling receivers. In addition,
a gain-control step size of 0.5 dB ensures that
the full input range of the analog-to-digital con-
verter (ADC) can be fully utilized.

The ADL5201 and ADL5202 DVGAs fea-
ture novel and flexible gain control interfaces.
In addition to parallel and serial interface op-
tions, a novel up/down mode is also available.
When operated in parallel mode, the 6-bit gain
code can either be latched into a register or
the register can be made transparent resulting
in the gain following the code on the six gain
control pins. In serial mode, the gain is set by
clocking serial data into the devices™ serial to
parallel interface (SPI), which also has a read
back mode. In the serial mode, there is an ad-
ditional fast attack mode where rather than set-
ting the gain to a specific level, the gain can be
changed by 2, 4, 8 or 16 dB step increments or
decrements. The gain can also be changed us-
ing an up/down interface. This allows the gain
to be incremented up or down in steps of 0.5,
1, 2, or 4 dB. The gain control interfaces of the

[Continued on pg. 341

ANALOG DEVICES INC.
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Mobhile Communications:

LTE Base Station
Emulator

i - iE= i )VENDORVIEW
- Bl ( Agilent Technologies has a new
- mg:: LTE Base Station Emulator de-
i .=« == | signed to speed development and
E =W & & %0 verification of LTE user equip-

ment. The PXT Wireless Com-

munications Test Set (E6621A) is
a powerful, common hardware test platform that is used across the LTE
development lifecycle. Agilent’s PXT test set represents a significant
breakthrough in testing handsets and data modems for all planned LTE
deployments. The new PXT is the basis for a Signaling Conformance Test
suite that will run TTCN-3 scripted test cases validated by PTCRB, the
North American regulatory agency responsible for cellular device compli-
ance. For more information, visit www.agilent.com/find/PXT.

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

www.agilent.com.

EWT: Where
Performance Counts

Eastern Wireless TeleComm Inc.
(EWT) specializes in custom design
and manufacture of RF and micro-
wave filters and filter-based products
for mobile communications applica-
tions. The staff encompasses over
50 years of combined experience in
the design, development, and high
volume manufacturing of cavity and
waveguide filters to 50 GHz and lumped element filters up to 10 GHz. All
of the company’s products are manufactured to strict guidelines set forth in
its ISO-9001 compliant quality system, ensuring the highest level of prod-
uct performance and reliability. Through utilization of the company’s in-
house machining capabilities and state-of-the-art manufacturing processes,
rapid turn-around is standard. EWT can develop any cavity, lumped ele-
ment, waveguide, or wireless filter to meet your needs. Visit us online to
request your quote today.

Eastern Wireless TeleComm Inc.,
Salisbury, MD (410) 749-3800,
www.ewtfilters.com.

Mobile Communications

NIC’s mobile communication
products include filters, diplexers
and integrated assemblies used in
the transmit-receive chain as well
as for harmonic suppression. Dif-
ferent technologies such as LC,
ceramic and cavity are used based
on the specifications. Custom
designs are available to support
specific requirements. Features include: cavity filter designs with low in-
sertion loss and high power handling capability; custom high Q ceramic
filter designs offering high performance in a small package configuration;
integrated solutions providing improved performance while significantly
reducing the size and simplifying customer procurement; and standard-
ized products to offer low cost solutions. NIC is a global manufacturer of
custom RF and microwave components.

Networks International Corp.,
Overland Park, KS (913) 685-3400,
www.nickc.com.
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AWR Visual System
Simulator 2010
YVENDORVIEW

AWR's Visual System Simulator™
software (VSS) is ideal for commu-
nication system design. The 2010
release introduces new capabili-
ties that increase productivity for
RF engineers, including time de-
lay neural network (TDNN™) advanced amplifier behavioral models for
capturing memory effects and a new phased-array element for radar de-
signs. Enhancements have also been made to the VSS’s RFA™ architect
tool. New communication models and signal processing blocks have been
added as well, including turbo decoders for 3G/4G standards. AWR Con-
nected™ for Rohde & Schwarz’s WinIQSIM2 waveform generation soft-
ware integrates with VSS to ensure test & measurement source signals are
identical to those within VSS. This additional module to VSS supports all
communications standards and their variants. Visit www.awrcorp.com and
AWR.TV to learn more about VSS as well as to download a free 30-day trial.
AWR Corp.,

El Segundo, CA (310) 726-3000,

WwWw.awrcorp.com.

Compact
Communications
Amplifier Module

The PCM3R3SCO (SKU 7091) is
one of a series of communications
amplifiers. This 900 MHz compact
linear power amplifier is one of a
series that covers 450, 700, 800,
900, 1800, 1900 and 2100 MHz bands and is suitable for use in commer-
cial LTE networks and public safety wireless communication applications.
The amplifier employs latest generation LDMOS device technology and is
highly efficient. The amplifier has an advanced built-in predistortion engine
with wide instantaneous correction bandwidth, which ensures low distor-
tion and wide dynamic range operation. Efficiency of up to 40 percent is
possible in this series where the high performance is achieved by employing
advanced RF design techniques. Empower RF’s ISO9001 Quality Assur-
ance Program assures consistent performance and the highest reliability.

Empower RF Systems Inc.,
Inglewood, CA (310) 412-8100,
www.empowerrf.com.

RF CMOS Solutions

Peregrines new PE42662 SP6T
features six fully symmetric trans-
mit ports allowing any combination
of transmit/receive for 3G front-
end modules in multi-band GSM/
EDGE/W-CDMA handsets. The
UltraCMOS™ switch delivers high

\ linearity and exceptional harmonic
» * | performance: 2fo/3fo = -40 dBm at
35dBm TX (900 MHz) and 33 dBm

P E4266 2 TX (1900 MHz); IIP3 of +68 dBm

at 50 Ohm; low transmit insertion

loss of 0.5/0.6 dB (900/1900M Hz);

and 38 dB/33 dB isolation (900/1900 MHz). The switch handles maximum
+35 dBm input power with world-class ESD tolerance of 4000 V HBM at
ANT port, and 2000 V HBM on all ports.

Peregrine Semiconductor,
San Diego, CA (858) 731-9400,

www.psemi.com.
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MobilelGCommunications:

RFMD® LNA Products

RFMD® offers a broad portfolio
of LNA products ideally suited for
cellular applications that demand
high performance in a space-con-
strained environment. Products
include the RF281x family of GPS
LNA modules and the RF2884
broadband general-purpose LNA.
The RF281x family of GPS LNA
modules is based on RFMD’
EpHEMT process and integrates SAW filters. These modules have been
designed in very compact packages to deliver best-in-class performance,
which in turn enable GPS solutions that feature reduced front-end noise
and improved sensitivity. Features for the GPS LNA and general-purpose
receive LNA modules include low noise figure, high gain and excellent lin-
earity. To learn more about RFMD’s wide range of LNA products, visit
www.rfimd.com.

RFEMD

RF2815

Filters, Multiplexers
and Multifunction
Assemblies

Y/VENDORVIEW

Reactel offers a variety of filters,
multiplexers and multifunction
assemblies for the mobile com-
munication industry. Reactel’s ex-
perienced engineers can come up
with a creative solution for all of your Tx, Rx or Co-site requirements.
Reactel has designed a broad range of filters from high power units
operating to 5 kW and beyond to extremely small ceramic units that are
suitable for handheld or portable applications. The company’s prod-
uct line includes bandpass, lowpass, highpass and notch filters as well
as multiplexers and multi-passband filters. Offering fast turnaround,
competitive pricing and high quality, Reactel can satisfy most any re-
quirement you may have.

RFMD, Reactel Inc.,
Greensboro, NC (336) 664-1233, Gaithersburg, MD (301) 519-3660,
www.rfmd.com. www.reactel.com.
High Performance RF Wireless Infrastructure
= -
Components SGREE Solutions

Y)VENDORVIEW

Are your mobile device customers
demanding more talk time, faster
data exchange rates and streaming
video? Do they want connectivity
that seamlessly switches between cellular and broadband to experience
fewer delays and longer battery life? TriQuint Semiconductor designs and
manufactures high-performance radio frequency solutions for communi-
cations companies building mobile devices ranging from high-end smart-
phones and gaming devices to ereaders and netbooks. TriQuint is the in-
dustry’s only RF vendor to offer a total front-end solution that integrates
the amplification, filtering and switching technology into a single solution.
TriQuint’s solutions minimize board space and maximum battery life. Help
your customers talk, text, download video and enjoy their favorite mobile
devices. Choose TriQuint for your mobile device RF.

TriQuint Semiconductor Inc.,
Hillsboro, OR (503) 615-9000,

www.triquint.com.

RF Probe

INGUN has announced an innova-
tive breakthrough in modern RF
probing technology with the intro-
duction of the HFS-835 series RF
Probe with integrated attenuator. Tt
is said to be the first spring-loaded
RF probe with an integrated atten-
uation module. The 50 Q) RF probe
has a broadband frequency range
of DC to 3 GHz. Front plungers
and inner conductor tip-styles can be tailor-made to accommodate contact-
ing of several different PCB land-pattern shapes as well as selected RF con-
nector types. Applications include virtually any kind of production-line test
with RF test applications, e.g. the general telecommunication market, WiFi
boards, Bluetooth applications and the automotive market. It is especially
suitable for test fixtures with space restrictions or to prevent shear forces to
the probe due to externally connected attenuators.

INGUN Priifmittelbau GmbH,
Konstanz, Germany +49 7531 8105-62,

www.ingun.com.
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Skyworks™ broad portfolio of RF/
microwave products  includes
solutions for today’s demanding
wireless infrastructure = systems
including cellular base stations,
WiMAX access points, land-mo-
bile radio systems and point-to-
point radio links. Skyworks offers
components and subsystems from
the antenna connection to the
baseband output, including low
noise amplifiers, power ampli-
fiers, general-purpose amplifiers,
mixers, modulators, demodula-
tors, phase shifters, switches, attenuators, detectors, directional couplers,
hybrid couplers, power splitters/combiners, ceramic filters and resonators,
plus discrete control components including PIN, tuning varactor, Schottky
diodes and chip attenuators.

Skyworks Solutions Inc.,

Woburn, MA (781) 376-3000, www.skyworksinc.com.

Featured White Papers

The information you need, from the technology leaders you trust.
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[Continued from pg. 30]

IF DVGAs are designed to allow sim-
ple interfacing to ADCs from Analog
Devices, such as the AD9643, which
features over range detection. When
the ADC is connected to an ADL5201
or ADL5202 up/down interface, over
range detection at the ADC’s output
port starts decreasing the gain until
the ADC is no longer in an over drive
condition.

The ADL5201 and ADL5202 pro-
vide outstanding linearity, with an out-
put third-order intercept point (OIP3)
of better than +50 dBm at the high end
of the gain range at IFs up to 150 MHz.
Another key feature of these devices is
the low power mode, which reduces
the supply current by 25 percent com-
pared to the standard operating mode.
Operating in the low power mode re-
sults in a moderate drop in linearity,
but the mode can be switched on and
off based on dynamic conditions in the
receiver. For example, under normal
receive conditions the low power mode

The ADL5240 and ADL5243 are
high-performance RF DVGAs that
operate over a broad frequency range
of 100 MHz to 4 GHz. The AD1.5240
integrates a DSA with a broadband,
fixed-gain amplifier. The amplifier is
internally matched and has a broad-
band gain of approximately 19.5 dB.
The 6-bit DSA has 31.5 dB gain-con-
trol range, 0.5 dB step size and +0.25
dB step accuracy over the entire fre-
quency range. The DSA attenuation
can be controlled by using either a
parallel or serial interface mode. The
DSA and amplifier in the ADL5240
can be wired for the attenuator to
drive the amplifier, for transmit ap-
plications, or for the amplifier to drive
the attenuator, for receive applica-
tions. The ADL5240’s +38 dBm OIP3
and 3 dB noise figure make the device
attractive for both receiver and trans-
mitter signal paths.

The ADL5243 provides an even
higher level of integration. Along with
a broadband amplifier and a 31.5 dB

amplifier component lineup. When
the three components are connected
in the aforementioned configuration,
they provide a cascaded gain of 29 dB
when the DSA is set to minimum at-
tenuation. The ADL5243’ final stage
amplifier is designed to deliver highly
linear output power with OIP3 of +41
dBm and is capable of driving directly
into a base station power amplifier.
Like the ADL5240, the DSA attenu-
ation in the ADL5243 can be con-
trolled either by a parallel or serial in-
terface mode and support 0.5 dB step
size with £0.25 dB step accuracy.

The newly introduced RF and IF
DVGAs from Analog Devices provide
significant integration advantages with
reduced system and cost complex-
ity and will support and enable small
footprint designs for next generation
wireless systems.

Analog Devices Inc.,
Wilmington, MA
(978) 658-8930,

could be used with the higher linear- ~ DSA, the ADL5243 includes a sec- www.analog.com.
ity mode turned on only when large in - ond amplifier. This allows the device RS No. 305
band blockers are present. to be configured in an amplifier-DSA-
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RFMD.

RF3482
WiFi, Low Band Front End Module

RFMD® now offers the RF3482, a single-chip, integrated
Rré[’ﬁl“?’ front end module (FEM) developed for high-performance
AR WiFi applications in the 2.4 to 2.5 GHz ISM band. This
FEM addresses the need for aggressive size reduction for
a typical 802.11b/g/n front end design and minimizes the
number of components required beyond the core chipset.
The RF3482 features an integrated b/g/n power amplifier,

power detector, receive (Rx) balun, and some transmit
(Tx) filtering. It is also capable of switching between WiFi
Rx, WiFi Tx and Bluetooth® Rx/Tx operations. The device
comes in a 3 x 3 x0.45 mm, 16-pin package and meets
or exceeds the RF front end needs of 802.11b/g/n WiFi

RF systems.
SPECIFICATIONS
IEEE 11g/n 11b 11b/g/n 11g/n 11g/n Operating 11b Operating
Part 802.11 Pour Pour Gain EVM Vee Current Current Package
Number Functionality Type (dBm) (dBm) (dB) (%) w) (mA) (mA) (mm)
PA, SP3T, Rx Balun,
RF3482 * 2170 MHz and 2 Fo Filter b/g/n 16.0 20.5 33.0 3.0 3.3 135 170 QFN 3.0x 3.0
* Power Detector Coupler
RF3482 Block Diagram FEATURES
3_'5 5 o 5 * Single module radio front end
=] .
"__|’_“| |ﬂ [14] I Single voltage supply 2.7 to 5.5V
Z * Integrated 2.5 GHz b/g/n amplifier, Rx balun, and Tx/Rx switch
™} * Pour=16 dBm, 11g, OFDM at 3.0% EVM and Poy;=20.5 dBm,
L meeting 11b mask
GMD ‘zl * Applications include IEEE802.11b/g/n WiFi; single-chip RF
front end module; 2.5 GHz ISM bands; WiFi systems; portable
battery-powered equipment; optional Bluetooth® sharing of
eT[3]| single antenna port
PAEN [ 4 |
e

Order RFMD products online at www.rfmd.com/rfmdExpress.
For sales or technical support, contact your authorized local sales representative (see www.rfmd.com/globalsales). @
Register to receive RFMD’s latest product releases with our Email Component Alerts at www.rfmd.com/emailalert. R FM D )))))

7628 Thorndike Rd., Greensboro, NC 27409-9421 USA « Phone 336.664.1233

Q These products comply with RFMD’s green packaging standards. rfmd.com
RFMD® is a trademark of RFMD, LLC. All other trade names, trademarks and registered trademarks are the property of their respective owners. ©2010 RFMD.

MPG.WiFi, Low Band FE Module.1110.20
Visit http://mwj.hotims.com/28496-9 or use RS# 9 at www.mwjournal.com/info
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Everything you need to get from 3G to LTE.

Broadest set of LTE design
and test tools

More parameters to stress
your LTE designs

Supports the latest
LTE standards

© 2010 Agilent Technologies, Inc.

Visit http://mwj.hotims.com/28496-1 or
use RS# 1 at www.mwjournal.com/info

Extensive LTE
knowledge library

LTE experts for
clarification and help

Greater insight
Greater confidence

Fast.

Getting to market fast with LTE products requires up-to-date
test tools and reliable insights. Count on the Agilent LTE Design
and Test Portfolio for the broadest set of LTE design and test
tools, plus a robust knowledge library of LTE app notes, CDs,
expert help and more. In short, everything you need to interpret,
clarify and test to the evolving LTE standard. With greater insight,
and greater confidence. That’s Agilent.

Gain greater LTE insight and confidence

www.agilent.com/find/LTEInsight

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

Agilent Technologies
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