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The Most Important Piece of your DAS System...

Microlab certified products offer superior quality, low-
maintenance and deliver optimal signal coverage for DAS
Systems—bothIndoorand Outdoor.Eveninthe mostchallenging
environments, you can expect Microlab’s low loss components
to dramatically reduce loss and provide strong, clean signals.
Stay on time and on budget with immediate availability of
our off-the-shelf components. You can also take advantage
of complete turn-key systems which provide the highest
reliability and minimal in-field installation time.

e Indoor & Outdoor DAS
Off-the-Shelf

e Customization
Compact Design

e Low Loss & Low PIM

For more information about Microlab certified products or if
you need to speak to us about customized components and
services please contact us at www.microlab.fxr.com or call
+1(973) 386-9696.

Scan QR Code

S

(# Wireless Telecom Group

Boonton Microlab Noisecom

Microlab
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Features

e Wide Frequency Rang 18-40 GHz o Amplitude: Balance ‘i =04 dBityp.
e High Isolation . . .o8%. . . >17 dB o Phasg Unbalancer s =2V
e Low Insertion LoSSY. . . . . 1.6-3.4 dBityp. eAnput/OmtpuisVSIWRES TS AL7:1 typ.

r
RF INPUT PARAMETERS  UNITS MINIMUM MAXIMUM

2 Way Power Divider - Model PD02-18004000

RF frequency range GHz 18 40
Insertion loss dB 1.5
Isolation dB 17

Input VSWR Ratio 1.8
Output VSWR Ratio 1.7
Phase unbalance Degrees 5.0
Amplitude balance dB +0.5

4 Way Power Divider - Model PD04-18004000

RF frequency range GHz 18 40
Insertion loss dB 25
Isolation dB 17

Input VSWR Ratio 1.8
Output VSWR Ratio 1.7
Phase unbalance Degrees +5.0
Amplitude balance dB +0.5

8 Way Power Divider - Model PD08-18004000

RF frequency range GHz 18 40
Insertion loss dB 35
Isolation dB 17

Input VSWR Ratio 1.8
Output VSWR Ratio 1.7
Phase unbalance Degrees 5.0
Amplitude balance dB

Foriadditi fAformation;or.technical support;
please contact:olriSales;Department at (631) 439-9220
or-e-mail/components@miteq.com

= 100 Davids Drive, Hauppauge, NY 11788
Tel: 631-436-7400 - Fax: 631-436-7430

www.miteg.com
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POWER
SPLITTERS/
OMBINERS

noW 2kHz 1018 GHZ 100 79°

The Industry’s Largest Selection includes THOUSANDS

of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in
coaxial, flat-pack, and surface-mount housings for 50 and 75 systems.
From 2-way through 48-way designs, with 0°, 90°, or 180°

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

Decades of experience with multiple technologies make it all possible, from

= f core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.
Get easy-to-find, detailed data and performance curves, S-parameters,

outline drawings, PCB layouts, and everything else you need to make a decision
quickly, at minicircuits.com. Just enter your requirements, and our patented search
engine, Yoni2, searches actual test data to find the models that meet your needs.

- ¥ All Mini-Circuits catalog models are in stock,

: continuously replenished, and backed by our 1-year guarantee. We even list

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

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

e o RoHS Compliant
Product availability is listed on our website.

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

Q k. ] - - - ®
[JMini-Circuits
ISO 9001 1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

2@
&;’2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minic:irt:E uits.com-

U.S. Patents

IF/RF MICROWAVE COMPONENTS 248 reu 1
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RUGGED & RELIABLE

Aviation Microwave Radio
Earth Station Mobile Satellite
Instrumentation Radar
L, S, C, X, and Ku Bands Telemetry
- 2-way through i ¥ Most available in Power ratings g {J' 1 Average power
= - 16-wayinN, | |, : .} 1 dB increments from 1t0 500 | | - e handling from
73 r .| SMABNCTNC *- '1 from 0 - 40dB. wattsand | -k 4 50W to TkW.
eI | and 7/16 DIN "“':j o Power ratings frequency 2 Standard
™, connector styles & from 2 to 150 ranges up to l:.:?-" coupling values
from 0.4 to 18.0 GHz. Watts. 18 GHz. of 3,6, 10, 20, 30 and 40 dB.
- Availablein N, Let MECA = Covering | 4. In both N &
N —1  BNC,TNC, SMA & create an “° /% bandsfromos | =% - SMA-Female
Ii 1 il .E 7/16 DIN ﬂj’ integrated : I_ _;! j -2.5GHz and . /"( connectors with
2 g/ = 3E configurations. - assembly with = P 0.7 to 2.7 GHz E5 average power
v Y = Powerratings to any of our in7/16 DIN, ratings from 2 to
~ 500 watts (2.5 standard RF/Microwave | SMA, N, BNC & TNC configurations 250 watts. “Popular” frequency
kW peak). products on 19" panels, shelves with RF power ratings to bands between 0.7 - 18.0 GHz.
or enclosures. 300 watts (3 kW peak).

MECA ELECTRONICS, INC.

459 East Main Street Denville, NJ 07834
To learn more, please call 866-444-6322 or visit our website at www.e-MECA.com 7 96 1-20 A A
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Supporting
Space Exploration
through the Development
of Innovative
Technology.

K&L Microwave has contributed
to the aerospace industry for
forty years and has been part
of the following programs:

Apollo 17

Mars Science Lab

Mars Opportunity Rover
Mars Spirit Rover

Iridium Satellite Constellation
CHIRP

GPS-3

GPS-R

V-Sensor
Thuraya

MSV
OCEANSAT 2

MICROWAVE

Cm“ﬂﬂ:ﬁ Hﬂw&‘;ﬁ"ﬂ:&m BSCFILTERS * DOW-KEY MICROWAVE ° ROVACAR = 3
et © Iri‘uH;ﬂT shrnn = B

www.kimicrowave.com
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Engineer the ideal switch from
a brand new table of elements

(EROFLEX

METELICS

il

oo1

msw2T-"

sPST SeMel o912
il T Shunt 20w, 6GHz D S
y b P ez, DFN 2615 SE-O1 0-16S [
I 60 W, S
SEMN 73023 / M
20
.l' spPST Series
gpsT Series ;0 W, 3 GHz, DFN o408
12 0 W, 1 GHz, DFN.OS08 T

tor
Matched Schottky Detec
Scﬁ%ﬂgngBe;;? g&“fg ue 18 GHz, DFN 0406

Aeroflex / Metelics has
created a suite of versatile
control elements designed
to move your next switch to
another level of efficiency.
The core component of the
group is an integrated SPDT
switch in a 3x3 mm QFN
package. MSW2T-1001
gives you 0.3 dB of inser-
tion loss and 24 dB of
isolation up to 6 GHz. Five
other SPST components
offer a broad range of high
power, low inductance, low
capacitance choices that
also deliver through 6 GHz,
while 2 complimentary
Schottky's give you
detection solutions

you can push to 18 GHz.
They're all efficiently priced
for high volume commercial
applications.

Make the switch with
Aeroflex / Metelics.

408-328-3321
www.aeroflex.com/metelics

(\EROFLEX

A passion for performance.



http://www.aeroflex.com/metelics

{

FEATURES

NOVEMBER 2011 VOL. 54 « NO. 11

22 Divine Innovation: 10 Technologies Changing the Future of Passive and Control Components
David Vye, Microwave Journal Editor

In-depth look at 10 technologies changing the future of passive and control components

i3

New High End Spectrum and Signal Analyzer

Rohde & Schwarz

Introduction to the new R&S FSW signal and spectrum analyzer that features a wide analysis bandwidth and straightforward,
intuitive operation

&

RF Integrated Passive Devices: The Next Big, Small Thing
Valpey Fisher Corp.

Thomas Arthur, Director of Marketing, Microwave Products Group at Valpey Fisher, provides insight into RF integrated
passive device industry trends

76 Design and Fabrication of Monolithic High Quality Factor RF-Solenoids Using Dielectric Structure
Reza Kamali-Sarvestani and John D. Williams, UAHuntsville

Presents the design, simulation and fabrication of novel off-chip solenoid inductors with high quality factor

mprove ermal Management of Microwave s Usin vance ircuit Materials
92 improved Thermal Manag fM PCBs Using Advanced C M I
John Coonrod, Rogers Corp.

Use of a simple model to illustrate the benefits of circuit materials with high thermal conductivity to help develop strategies
for effective PCB thermal management

100 A Compact Dual-Wideband Bandpass Filter Using Spiral-Shaped Multi-Mode and Complementary Split
Ring Resonators

Mehdi Nosrati, Islamic Azad University and Madigan Daneshmand, University of Alberta
Details a novel miniaturized dual-wideband bandpass filter using spiral-shaped multi-mode resonators
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Stop waiting and waiting and waiting
for your complex multi-tone designs
to simulate. AWR users don't wait.
They simulate at turbo speeds
thanks to multi-rate harmonic
balance (MRHB) technology. With
simulation times that are typically
10x faster, designs with 2, 3,

or even more tones converge
guickly— and nail the performance,

oNn comple; _ _
2 . too! Fe er‘ mouse clicks and novel
jultt MRHB technol hort
Multi-tone  iesmes = e

designs, and less stress for you.

CI r‘C u ItS . Don't you deserv:a that? Grab a test

copy at awr'cor'p.csﬂ'\‘/ MWO.

RARN
3
o .. MICROWAVE
Stop waiting and start designing 1_‘. OFFICE”

"


http://awrcorp.com/MWO
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A Compact Microstrip Diplexer Using Composite Right-/Left-
Handed Transmission Line with Enhanced Harmonic Suppression

He-Xiu Xu, Guang-Ming Wang, Jian-Gang Liang and Tian-Peng Li,
Missile Institute of Air Force Engineering University

Presentation of a microstrip diplexer operating at 1.8 and 2.2 GHz, based on
composite right-/left-handed transmission lines

High Performance Programmable Direct Conversion Receiver
Platform

Hittite Microwave Corp.

Introduction to a single direct conversion receiver platform design that features
receiver flexibility with no sacrifice in the high performance of its discrete parts

GaN MMIC Switch Handles 40 W from DC to 6 GHz

TriQuint Semiconductor

Introduction to a GaN MMIC SPDT switch that operates from DC to 6 GHz
and can handle up to 40 W CW

Werlatone’s New Line of 20 to 1000 MHz High Power
Combiners and Directional Couplers

Werlatone Inc.

Up to 250 W, 1 to 6 GHz Power Amplifier Family
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When Performance Matters...

DCto 27 GHz

Enhanced Performance

Introducing our latest line of SMA connectors:
The EPsMA™ (Enhanced Performance) series of the
Standard SMA product line provides mode free
performance to 27 GHz. In addition, these connectors
are tuned to provide ultra low VSWR to 27 GHz
(typically 1.15:1). The current product offering consists
of field replaceable styles with industry standard
flange configurations and pin sizes.

1.866.282.4708 www.CarlislelT.com

Features:

Frequency range: DC to 27 GHz

Low VSWR to 27 GHz (1.15:1 max to 27 GHz)
2 Hole and 4 Hole flange field replaceable
configurations

Low RF leakage (less than 90 dB)

Interface conforms to MIL-STD 348
Common configurations in stock

rf@CarlislelT.com INTERCONMNECT TECHNOLOGIES


http://www.CarlisleIT.com
mailto:rf@CarlisleIT.com

J

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

Innovations in EDA Series

RF Power Amplifier Design Part 1: Using
Simulated and Measured Load Pull for
Optimal Performance

This webcast will introduce many techniques that
could save weeks of time, identify bad designs
early and turn a good design into a great one.
Available for on demand viewing

Presented by: Agilent Technologies

Technical Education Series
An Intro to Over-the-Air Device

meMASTERS
or MIMO

Performance Testing

This webcast will look at the challenges to
characterizing over-the-air device performance
through channel emulation.

Live webcast: 11/16/11, 11:00 AM ET
Presented by: Azimuth Systems

Innovations in LTE Series
How to Verify Your LTE MAC and RF
Interactions

Join us online to learn about the different
protocol layers used to configure the uplink
transmissions and manage the link operation.
Live webcast: 11/16/11, 1:00 PM ET
Presented by: Agilent Technologies

An Electrical-Thermal MMIC Design Flow
White Paper, AWR

Choosing the Right RF Switches for Smart
Mobile Device Applications
White Paper, Skyworks

Dual Phononic and Photonic Band Gaps in
a Periodic Array of Pillars Deposited on a
Membrane

Presented by COMSOL

RFID Objects Monitoring in Space Bounded by
Metallic Walls
White Paper, Scientific and Technical Center

Addressing Traffic and Channel Power

Distributions in 3G Networks
White Paper, ISCO

14

Leading Technology Webinar Series
Electromagnetic Simulation in Radar System
Design

This webcast will discuss the application of CST
STUDIO SUITE to a full radar system design. CST's
complete simulation technology enables the most
appropriate method/solver to be applied to the
diverse range of components typically found in a
radar system.

Live webcast: 11/17/11, 11:30 AM ET

Presented by: CST

RF/Microwave Training Series
RF and Microwave Filters

This webinar will include a discussion on lowpass
filters with lumped elements; using filter tables;
transformation to bandpass; the importance of Q;
impedance inverter concept; and coupled-resonator
filters.

Live webcast: 11/22/11, 11:00 AM ET

Presented by: Besser Associates

Sponsored by: Mini-Circuits

Wolfgang Damm, Director of
Product Marketing at Wireless
Telecom, the parent company of
the Noisecom, Boonton Electronics
and Microlab, talks about the military
and commercial test markets and the
direction of his company’s product development.

Pat Hindle, Technical Editor, Microwave Journal, will
be reporting live from the MILCOM and AOC events,
with blogs, Twitter and online news.

(direct links at www.mwijournal.com)

_f
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Why Coilcratt
witewound

chip inductors are
your #1 choice

™

v,
o

a
=
] #'e

Higher Q Compared to non-wirewounds, our chip
inductors usually have Qs that are 50 to 150% higher.

Lower DCR Put up to 3 times more current through
our chip inductors thanks to their low DC resistance.

Higher SRF The solenoid winding of our inductors
gives them a much higher SRF than multilayer parts.

Tighter tolerance Precision manufacturing lets us
consistently make parts with +2% inductance toler-
ance. Many popular values also come in =1 %.

Better support With our engineer-friendly web site,
interactive design tools and generous free samples,
Coilcraft is just plain easier to do business with.

Visit www.coileraft.com for information on all our
high performance wirewound inductors.

'\@coilcmﬁdired.com / N /

No min order. Next day delivery. i

WWW.COILCRAFT.COM
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90° SPLITTERS

$295
5 MHZ tO 8 GHZ from ea.qty. 20

Two-way 90° power splitters (hybrids) are critical building blocks in a

wide array of RF design solutions. That’s why Mini-Circuits offers i

extra-tight phase and amplitude balance, to ensure your expected ”i “
high-performance design results. Plus, our robust, rugged units deliver  “*w, - % - =
repeatable performance and are available in over 70 different = ] F

SMT models, in the widest range of frequencies in the industry _— 1 " ;-ﬂ""
(from 5 MHz to 8 GHz), and in package sizes as small as 0.08" x 0.05". ..,H_-c_,_ e %r,

LTCC models now available in small-quantity reels, with standard counts " -

of 20, 50, 100, 200, 500, 1000, or 2000 at no extra cost! For full performance ¢ RoHS compliant
details and product availability, visit our web site www.minicircuits.com.
You can order online and have units in-hand as soon as next-day.

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

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

v A Q)
@;’2 The Design Engineers Search Engine finds the model you need, Instantly -« For detailed performance specs & shopping online see minit.:irt:E uits.com_

T73a0e0, 1442 IF/RF MICROWAVE COMPONENTS 463 rev G
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Mark Your CALENDAR

Lwine Jnnevatiens

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
3
Webinar:
csT PCB and
Package
Co/design
and
Co/optimization
4 & 9 10
A7
Call for Papers
Deadline
11 12 13 14 15 16 17
18 19 20 21 22 23 24
MW) Besser
Webinar:
Radio
Communications
Sponsored by
G
25 26 27 28 29 30 31
Call for Papers
Deadline
Next month: Radio Wireless Week
January 15-19, 2012
Santa Clara, CA

Go to: www.mwiournal.com/events
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RF,MICROWAVE & MILLIMETER-WAVE

COMPOMNENTS AND SUB-SYSTEMS
£Fay

(ISOLATOR
UP TO 160GHz

WAVEGUIDE PRODUCTS UP TO 325GHz

TERMINATIONS/LOADS UP TO 160GHz
MIXERS{UP TO 110GHz)

ATTENUATORS{UP TO 160GHz)
S(UP TO 160GHz)

LIMITERS(UP TO 180GHz)
BLAS TEE (UP TO 100GHz)

POWER COMBINERS/DIVIDERS EQUALIZERS

CABLES
ASSEMBLIES/CONNECTORS (UP TO 100GHz)

18

CALL FOR PAPERS
IMS 2012
Deadline: December 5, 2011
ARFTG 2012
Deadline: December 31, 2011
WAMICON 2012
Deadline: January 9, 2012
ICMMT 2012
Deadline: January 10, 2012

COMING EVENTS

IWCE 2012

INTERNATIONAL WIRELESS COMMUNICATIONS
Expo

February 20-24, 2012 * Las Vegas, NV

WWW.IWCeexpo.com

MWC 2012

MogiLE WORLD CONGRESS
February 27-March 1, 2012
Barcelona, Spain

www.mobileworldcongress.com

MARCH

www.mwjournal.com/events
NOVEMBER

SATELLITE 2012
March 12-15, 2012 ® Washington, DC
www.satellitetoday.com/satellite2012/

0...
AOC 2011

48™ ANNUAL AOC INTERNATIONAL SYMPOSIUM
AND CONVENTION
November 13-16, 2011 » Washington, DC

WWW.CTOWS.OT¢

ARMMS RF AND MICROWAVE CONFERENCE
November 21-22, 2011
Corby, Northamptonshire, UK

WWW.armins.org

78™ ARFTG MICROWAVE MEASUREMENT
CONFERENCE
November 29-December 2, 2011 © Tempe, AZ

www.arftg.org

15 WIMA NFC USA

November 30—December 1, 2011
San Francisco, CA
www.wima.mc/201 lusa

DECEMBER

APMC 2011

AsiA PaciFic MICROWAVE CONFERENCE
December 5-8, 2011 ® Melbourne, Australia

www.apmc2011.com

JANUARY g

IEEE RWS 2012
RADIO AND WIRELESS SYMPOSIUM
January 15-19, 2012 * Santa Clara, CA

www.rawcon.org
IEEE MEMS 2012
INTERNATIONAL CONFERENCE ON MICRO

ELECTRO MECHANICAL SYSTEMS
January 29-February 2, 2012  Paris, France

www.mems2012.org

FEBRUARY

NATE 2012 CONFERENCE & EXPOSITION
NATIONAL AssOCIATION OF TOWER ERECTORS
February 6-9, 2012 ® San Antonio, TX

www.natehome.com

ISSCC 2012
IEEE INTERNATIONAL SOLID-STATE CIRCUITS
Febmary 19-23, 2012 o San Francisco, CA

WWW.issce.org

ISQED Symposium 2012

13™ ANNUAL INTERNATIONAL SYMPOSIUM ON
QuALITY ELECTRONIC DESIGN

March 19-20, 2012 ® Santa Clara, CA

www.isqed.org

APRIL

ACES 2012

28™ ANNUAL INTERNATIONAL REVIEW OF
PROGRESS IN APPLIED COMPUTATIONAL
ELECTROMAGNETICS

April 10-14, 2012 » Columbus, OH

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

b i

WAMICON 2012

IEEE WIRELESs AND MICROWAVE TECHNOLOGY
CONFERENCE

April 16-17, 2012 ® Cocoa Beach, FL

WWW.AWVAImicon.org

MAY

ICMMT 2012

INTERNATIONAL CONFERENCE ON MICROWAVE
AND MILLIMETER WAVE TECHNOLOGY

MWIE 2012

MicROWAVE WIRELESS INDUSTRY EXHIBITION IN
CHINA

May 5-8, 2012 ® Shenzhen, China

WWW.CNINW.OT

CTIA WIRELESS 2012
May 8-10, 2012 » New Orleans, LA
JUNE

www.ctiawireless.com ) ]
IMS 2012

IEEE MTT-S INTERNATIONAL MICROWAVE
SYMPOSIUM
June 17-22, 2012 ® Montreal, Canada

www.ims2012.org

RFIC 2012

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM

June 17-22, 2012 » Montreal, Canada

www.rfic2012.org

79™ ARFTG MICROWAVE MEASUREMENT
SYMPOSIUM
June 22, 2012 © Montreal, Canada

www.arftg org

N
Onternational 57
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Work smarter.

Sonnet® integrates fullwave EM model extraction within your design flow.
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DIVINE INNOVATION:
10 TECHNOLOGIES CHANGING
THE FUTURE OF PASSIVE AND
CONTROL COMPONENTS

n “The Innovator’s Dilemma” (1997), Clay-
ton Christensen, Professor of Business
Administration at the Harvard Business
School, coined the term “disruptive technol-
ogy” to describe innovation that changes the
fundamentals of an existing market and related
value network through displacement of an en-
trenched technology. Although the phrase con-
notes an abrupt transition, the innovation itself
often takes years to develop and be adopted.
Christensen described a process by which a
product or service initially took root in simple
applications at the bottom of a market and then
relentlessly moved “up market,” eventually dis-
placing established competitors. In contrast, he
defined “sustaining innovation” as a continuous
evolution of an existing technology by the es-
tablished market leaders to remain competi-
tive. This type of innovation does not necessari-
ly create new markets, but does have the ability
to transform the market with better products
and services. Yet it is the disruptive technol-
ogy that drastically lowers prices, enables new
functionality or alters product efficiency, desir-
ability or competitive advantage to the extent
that the market is changed forever.
Established companies in technology-driv-
en markets recognize the need for continual
technology development; yet many remain vul-
nerable to unforeseen market innovations. Un-
fortunately, in today’s current business climate
many companies are unwilling to redirect their

scarce resources away from immediately profit-
able ventures for fear that they cannot afford
to invest their R&D beyond sustaining innova-
tions, such as those needed to compete against
current competition. And yet, market leaders
need to be on the alert for innovations occur-
ring elsewhere in their industry, lest a game
changing technology transforms the market
and leaves them behind.

In “The HP Phenomenon” (2009), Charles
House and Raymond Price tell the story of how
Hewlett-Packard innovated and transformed
itself six times. Continually prevailing over
each challenge, the company came across along
the way. Early on, David Packard observed
that “change and conflict are the only real
constants.” As a result, HP developed internal
philosophies, practices and organizational prin-
ciples that led to a sequence of innovations and
transformations, made possible through the
company’s customer-centered, contribution-
driven, and growth-focused approach.

The “HP Way,” with its emphasis on bot-
tom-up innovation and the flexibility to see re-
sults brought to the marketplace, is a classic ex-
ample of what is required to develop disruptive
technologies. Perhaps HP’s most drastic game

DAvID VYE
Microwave Journal Editor
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changer took place in the 1960s when
the company was the start-up risk
taker. During that time, test equip-
ment utilizing HP’s semiconductor
technology was able to displace the
tube-based test equipment manufac-
tured by then-market leader General
Radio (GenRad). From there, test
equipment became highly automated
through computer control and the
market never looked back.

According to Christensen, a firm’s
existing value network(s) often places
insufficient value on pursuing disrup-
tive innovations. In contrast, start-
up companies have a different set of
value networks and operating costs,
which allow them to take more risks
and follow an alternative path of inno-
vation, one that is not tied to an estab-
lished method.

This risk taking approach to R&D
was glorified in the “Think Differ-
ent” advertising campaign from Apple
Computer, coincidently in the same
year “The Innovator’s Dilemma” was

published.

THE CRAZY ONES - APPLE’S
“THINK DIFFERENT”
AD CAMPAIGN

“Here’s to the crazy ones. The
misfits. The rebels. The trouble-
makers. The round pegs in the
square holes.

The ones who see things dif-
ferently. They're not fond of rules.
And they have no respect for the
status quo. You can quote them,
disagree with them, glorify or vilify
them.

About the only thing you can't
do is ignore them. Because they
change things. They invent. They
imagine. They heal. They explore.
They create. They inspire. They
push the human race forward.

Maybe they have to be crazy.

How else can you stare at an
empty canvas and see a work of
art? Or sit in silence and hear a
song that’s never been written? Or
gaze at a red planet and see a labo-
ratory on wheels?

We make tools for these kinds
of people.

While some see them as the
crazy ones, we see genius. Because
the people who are crazy enough
to think they can change the world,
are the ones who do.”

More than a decade later, Apple’s
iPhone played a significant role in
establishing the Smartphone cate-
gory and transforming the slumping
mobile phone market (22 percent
decline in US sales in 2008) into one
of high growth and profitability. In
this case, the disruptive technology
was the phone itself - with its ergo-
nomic and user-friendly look and
feel, not to mention the cool factor.
But the microwave technologists
designing components for these
handsets also needed to innovate to
enable the multi-mode, multi-band
radios inside these products.

For microwave companies build-
ing the passive and control compo-
nents found in RF/mW front-ends,
mobile devices and infrastructure,
test equipment or Radar/EW sys-
tems, sustaining innovation is about
improving insertion loss, filter selec-
tivity, switching speeds, reliability,
etc. in order to outperform their
competitors. Additionally, the mar-
ket demands manufacturers build
smaller passive components with
more integrated functionality. Min-
iaturization leads to greater circuit
density, which in turn leads to an in-
crease in parasitics and poorer elec-
trical performance at high frequen-
cies. To overcome this degradation,
researchers are focusing their at-
tention on new materials and novel
structures. These research efforts
target both printed circuit boards
and semiconductors.

If Christensen is right, one could
expect to find disruptive innovation
coming from little known start-ups
with a tolerance for risk or from
radical larger firms, such as Apple
and early HP — companies that have
institutionalized a process for break-
ing the rules. Still, even Apple and
HP innovations were initially linked
to research from places such as Stan-
ford, UC Berkeley and Xerox PARC.

Given the “bottom up” nature
of disruptive technologies, anyone
scanning the horizon for such devel-
opments needs to keep a close eye
on published research and watch for
its evolution toward productization.
The following technologies are in
different states of making this trans-
formation. Whether any of them has
the potential to disrupt the market
remains to be seen.
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ing power handling
capability and low
loss performance of
the SIW are much
better than conven-
tional transmission
planar lines.

In the February
Microwave  Jour-
nal cover story, R.
Holtzman of Elisra
Electronic Systems
(Israel) wrote that
“one current area of
research is substrate

Fig. 1 Examples of SIW construction showing metal (top/bottom)

and dielectric layers along with via side walls.

SUBSTRATE INTEGRATED
WAVEGUIDES FOR GREATER

POWER HANDLING AND
LOWER LOSS
Substrate integrated waveguide

(SIW) structures also known as lami-
nated waveguide or post-wall wave-
guide have received some attention
over the past several years. The con-
struction offers easy fabrication while
sharing comparable electrical and
mechanical performances with con-
ventional rectangular waveguide. This
new family of transmission line and dis-
tributed planar waveguide component
is formed by a dielectric substrate and
densely arrayed metalized posts or via-
holes that form side-walls connecting
upper and lower metal plates, which
sandwich the substrate material. The
metal layers along with the array of
metalized via-holes define the wave-
guide walls as shown in Figure 1.
Developments in SIW  technol-
ogy target both multi-layer PCB and
CMOS substrates and can be eas-
ily fabricated with through-hole tech-
niques for low cost and mass-pro-
duction. The post-wall waveguide is
known to have similar guided wave and
mode characteristics to conventional
rectangular waveguide with equiva-
lent guided wavelength. The result-

integrated ~ wave-
guide (SIW) com-
ponents. Using this
technique, some of the alumina filters
may be replaced by SIW filters.” In
a Microwave Journal article appear-
ing last December, Y. Yun employed
a periodically arrayed grounded-strip
structure (PAGS) on silicon substrate
to create an ultra-wideband, multi-
section transformer using a Cheby-
shev polynomials design technique.
At 0.026 m2 on a silicon substrate,
the resulting transformer was more
than 90 percent smaller than the one
fabricated using conventional copla-
nar waveguide and showed good RF
performance over an ultra broadband
from 8 to 49.5 GHz.!

High precision PCB manufacturing
techniques including LTCC should
support passive component design
using SIW structures to extend up to
the 100 GHz range while advanced
micro-fabrication techniques, such
as photo-imaging, micromachining,
CMOS process, and others, have the
potential to push design of substrate
integrated structures up to the hun-
dreds GHz and THz range.?

% )

METAMATERIALS: MATERIALS
UNBOUNDED OR WEIRD
SCIENCE

Metamaterials are synthetic ma-
terials constructed from periodically

MICROWAVE JOURNAL m NOVEMBER 2011


mailto:sales@rfhicusa.com
http://www.rfhic.com
mailto:rfsales@rfhic.com
mailto:sales@rfhicusa.com

CoMSOoL ’i
MULTIPH':ISICSC@Q

ANTENNA MODELING: A radome minimizes losses and
improves radiation characteristics of an antenna through its
design. Shown in the model is the surface current density on
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The xy plot shows the far field pattern in the H and E planes.
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Fig. 2 Metamaterial formed by an array
of complementary split ring resonators.

arranged, resonant conductive sub-
wavelength elements with specific
inductive and capacitive characteris-
tics (see Figure 2). These structures
manipulate the flow of electromag-
netic energy in ways that cannot be
achieved with naturally occurring
substances. At microwave frequen-
cies, they have demonstrated great
promise in high performance beam
steerers, modulators, bandpass filters,
lenses, couplers and antenna systems.
Planar metamaterials and metamate-
rial resonators are easily incorporated
into microwave circuits and support
passive component size reduction
and the high integration densities re-
quired by mass-market wireless com-
munications.

Metamaterials” greatest potential
lies in its ability to create a structure
with a negative refractive index. Most
materials, whether they are a conduc-
tor or insulator, have positive permit-
tivity and permeability values, result-
ing in an ordinary index of refraction.
Metamaterials, however, are able to
exhibit a state where both permit-
tivity and permeability are negative,
resulting in an extraordinary index of
negative refraction. For plane waves
propagating in electromagnetic meta-
materials, the electric field, magnetic
field and wave vector follow a left-
hand rule.

In 2000, microwave frequency
metamaterials from horizontal stack-
ing of periodically placed split-ring
resonators and thin wire structures
was first demonstrated. In 2002, a
method was developed to realize neg-
ative index metamaterials using artifi-
cial lumped-element loaded transmis-
sion lines in microstrip technology.?
By 2006, metamaterials advanced the
state of stealth technology when the
first real invisibility cloak at micro-
wave frequencies was realized.*

This past May, G. Jang and S.
Kahng presented a metamaterial
bandpass filter in Microwave Jour-
nal. In the design, an intermediate
gap was used to provide capacitive
coupling between neighboring zero-
order resonators formed by half cir-
cular, mushroom-shaped cells. Along
with an improvement in the stopband
performance, a size reduction of more
than half that of a conventional filter
(based upon half-wavelength resona-
tors) was achieved.

NANOTECHNOLOGY: THE PATH
TO HIGHER CIRCUIT DENSITIES

Nanotechnology is expected to be
an enabling technology for many of
the new electronic devices and cir-
cuits, including those for communica-
tion, sensors, imaging and advanced
medical applications. Nanoelectronic
materials and devices, such as carbon
nanotubes, graphene, spin-flip elec-
tronic devices and superconducting
quantum interference devices, are
expected to offer higher integration
densities and substantially improved
microwave properties. The field of
nanotechnology is quite broad.

For instance, with its high carrier
mobility and saturation velocity, at-
tention is being focused on the de-
velopment of graphene-based transis-
tors for RF applications. Synthesis of
large-scale graphene sheets of high
quality and low cost has been demon-
strated using chemical vapor deposi-
tion (CVD). Using this manufacturing
technology, Scientists at IBM have
managed to create a graphene tran-
sistor that operates at 155 GHz. The
carbon-based graphene transistor was
developed together with DARPA to
be used in radio frequency technology
and reach extreme clock frequencies
through its molecular characteristics
where the hexagonal pattern makes
it possible for electrons to move at in-
credible speeds.

At the University of Southern
Florida, magneto-dielectric polymer
nanocomposites are being investigat-
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ed as a new class of functional materi-
als for use in RF and microwave appli-
cations. Magnetite (FE;0,) nanopar-
ticles homogeneously dispersed in a
polymer matrix were shown to exhibit
low loss at microwave frequencies.
The mono-dispersion of the mag-
netic nanoparticles, with sub-10 nm
diameters and tight size distribution,
enhanced the microwave properties
of the engineered composite material
by increasing the relative permeability
and relative permittivity. Moreover,
complex permeability and permittiv-
ity of the nanocomposite material can
be tuned by an externally applied DC
magnetic field.

HIGH PERMEABILITY
FERROMAGNETIC THIN-FILMS
TO SUPPRESS SKIN EFFECT
IN ON-CHIP CONDUCTORS

At the EuMIC conference, re-
searchers from Japan and Germany
presented an overview of RF high per-
meability ferromagnetic thin films ap-
plied to a new ferromagnetic/conduc-
tive multi-layer to suppress skin effect
in RF on-chip conductors. The com-
bined multi-layer structure has certain
properties that are attractive for de-
signing inductive passive components.

At sufficiently high frequencies,
the negative permeability of the fer-
romagnetic films effectively compen-
sates the positive permeability of the
nonmagnetic metal layers, leading to
an overall suppression of the skin ef-
fect. Addressing the increased resis-
tance due to skin effects, researchers
believe the multi-layered structure of
metal/magnetic thin film will improve
the performance of any on-chip con-
ductor, including transmission lines,
integrated inductors and antennas in
order to realize high-Q and energy-
saving systems. Available in various
forms, including sputter-deposited
metallic alloy, traditional oxides and
nano-composites, application trials
are ongoing for CMOS integrated
inductors, one-chip DC-DC convert-
ers and on-chip noise suppression for
LTE-era RFIC receivers.

DESIGNING HIGH Q PASSIVES IN
LIQUID CRYSTAL POLYMERS

Liquid Crystal Polymer (LCP) is a
fairly new thermoplastic organic mate-
rial that offers both low loss and dielec-
tric stability (2.9 at 5.8 GHz) from DC to
110 GHz. LCP has a permittivity value
that is particularly well suited for antenna
systems because the material naturally
prohibits the excitation of surface waves.
LCP is also conformal (in thin film form,
it is as flexible as paper), so it can be
rolled into a cylindrical shape, packed
into a rocket payload and launched into
space or deployed as an antenna array on
the battlefield. Multi-layer LCP devices
can be made with a low melting tem-
perature, which gives it a key advantage
over other packaging materials. When
the footprint size must be minimized, a
multi-layer LCP can be used as a combi-
nation substrate and packaging material,
making it a useful medium for System-
on-package and embedded designs.5

LCP is excellent material for design-
ing high Q spiral inductors with quality
factors as high as 90 at X-Band for induc-
tance values ranging from 2 to 5nH. Pre-
sentations on high-Q, miniaturized LCP-
based passive components and filter
design for SoP applications and high-Q
multi-layer LCP were presented at this
year’s European Microwave Week.

In addition, research at UC Davis
has recently focused on the develop-
ment of sealing techniques of LCP onto
LCP and LCP onto semiconductor ma-
terials to form near hermetic cavities for
housing MEMS and MMIGCs. Using the
newly developed sealing techniques,
LCP waferlevel packages, surface-
mount packages and multi-chip mod-
ules to 40 GHz have been realized.

These surface-mount packages were
designed with novel feed-through in-
terconnects that achieved a measured
insertion loss of ~0.2 to 0.4 dB up to 40
GHz and included embedded filters.
Reliability evaluation of the LCP pack-
ages included environmental testing at
1000 hours of 85°C and 85 percent hu-
midity as well as temperature cycling
and thermal shock testing.
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Engineering, without compromise since 1954.

Fig. 3 A single capacitive RF MEMS switch with quality factor of

can be greatly de-
graded by large mis-
matches  resulting
from the user’s hand position. Phone
manufacturers study the impact us-
ing over-the-air testing with the ac-
tual phone placed in various positions
against hand and head models. Test-
ing all possible hand/head positions is
not practical, so over-the-air testing is
limited in its ability to detect potential
failures. Since multi-mode, multiband
phones with densely packed radios
and future MIMO antennas will only
make next generation designs even
more problematic, antennas need to
be less sensitive to their environment.

Microwave Journal Technical Edi-
tor Pat Hindle discussed recent work
with adaptive antenna tuners in
“MEMS Tuner Modules Could Solve
Handset Reception Problems” (Janu-
ary 2011). These modules dynamically
change antenna impedance using a
feedback controller so it is always
tuned for maximum efficiency. In
these modules, a detector measures
the transmitted RF signal and an algo-
rithm derives the mismatch informa-
tion from the phase of the matched
input impedance and calculates any
necessary changes for the adaptive
matching circuit.

A simple series-connected LC
matching network compensates the
complex component in the antenna
impedance variations. A DC-DC
controller forces the change in the
impedance matching by varying the
voltages applied to a varactor in the
LC network. This process is repeated
until the desired impedance has been
reached. TDK-EPC and WiSpry are
two companies developing this tech-
nology using tunable RF MEMS de-
vices to switch the loading circuit be-
tween different valued capacitors in
an array.

The module from TDK-EPC uses
a binary weighted 5 bit RF MEMS
array of electro-statically variable ca-
pacitive RE MEMS switches is shown
in Figure 3. A high voltage driver
generates the MEMS bias voltages. It
supports all common frequency bands
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from 824 to 2170 MHz in a module
size of 5 x 5 x 1 mm. RF MEMS of-
fer several distinct advantages over
competing varactor technologies, es-
pecially linearity and power stability.
A single capacitive RF MEMS switch
has a Q factor of up to 250 at 1 GHz
— three to five times greater than com-
peting technologies — as well as a large
tuning range of 10:1.

Earlier this year, WiSpry an-
nounced a partnership with IBM to
develop single-chip tunable RF front-

ends for mobile handsets, which the
company has begun marketing to
tier-one original equipment manufac-
turers. WiSpry’s tunable RF MEMS
technology, shown in Figure 4, also
uses arrays of capacitive devices that
can provide more than 3 dB of link
resiliency. WiSpry reports similar re-
sults as TDK-EPC, including a broad-
band tuning range of 10:1, +3 to +6
dB of transducer gain and overall ef-
ficiency gains of 30 percent or more,
depending on the implementation

Multiple bands, one antenna:
Anatech makes it easier

If you’re adding 700 MHz LTE to an existing base
station, multiband combiners from Anatech Electronics
dramatically reduce your system’s complexity — and cost.
You can multiplex transmit and receive signals from

|xi |

i i

S— 15 ' Ilul
m, ! |

any wireless band with those
of any other wireless
band and feed them
to a single antenna.
And since they’re
based on Anatech
Electronics’ superb

assured of extremely ! -’
high rejection, | P
isolation, and power
handling ability.

In addition to standard models available

at AMCrf.com we can
quickly build custom
products to handle any
wireless bands from

Wl

F Tl
cavity filters you’re - J

Fig. 4 WiSpry’s fully integrated tunable
impedance matching (TIM) solution (3.5 x
4.0 mm).

within the handset. WiSpry's standard
RF CMOS manufacturing process
through the IBM foundry supports
integration of RF MEMS devices on
active CMOS, setting the stage for fu-
ture tunable SoCs.

MOSFET SWITCHED CAPACITOR
IMPEDANCE TUNING

The downside of tunable imped-
ance networks based on voltage vari-
able capacitors and MEMs switched
capacitor banks is that both of these
options require 30 to 40 V for opera-
tion, which is difficult to produce in a
handset. Peregrine Semiconductor is
now offering an alternative solution
based on MOSFET switched capaci-
tors that permit higher frequency op-
eration, faster switching and higher Q.
The company’s DuNE technology has
yielded a digitally tunable capacitor
(DTC) chip that contains five capaci-

VHF through microwave
frequencies for indoor or
outdoor installation.

So please contact us today, by phone
at (973) 772-4242 or by e-mail at
sales@anatechelectronics.com

A Solution-Driven Company

tors switched by MOSFETS operating
from a serial input bus with a 5-bit
code providing 32 possible capacitor
values.

Making a big debut at this year’s
MTT-S IMS, Peregrine’s DuNE chips
offer capacitor values ranging from
0.5 to 10 pF with typical tuning ratios
of 3:1 to 6:1, or 10:1 in some cases.
Typical switching speed is less than 5
us. Capacitor Qs greater than 100 are
possible. The frequency range is up to
3 GHz, and power handling is up to 40
dBm. The chip operates with a supply
voltage of 2.4 to 3 V with current con-
sumption in the 20 to 100 YA range
(see Figure 5).
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One or more of the devices can
be used in an L, T, or ® network for
matching purposes. The chip can be
used in an open-loop fashion with in-
put control from a lookup table or in a
closed-loop adaptive tuning network.
The closed-loop system uses a direc-
tional coupler to sense forward and
reflective power. A tuning algorithm
is implemented to provide automatic
adjustment to bring the VSWR to
its lowest possible value. Among the
potential applications, Peregrine is
promoting the technology for use in
mobile TV receivers that must oper-
ate over wide frequency ranges. For
example, the European DVB-H and
Japanese ISDB-T mobile TV systems
commonly operate in the 470 to 862
MHz range, creating a massive detun-
ing problem with channel selection.

SWITCHING HIGH POWER RF
APPLICATION WITH GaN

PIN diodes and GaAs FETs are
two widely used technologies in RF
switching applications. While FETSs
offer low insertion loss and high
switching speed with minimal DC-
bias power requirements, the short
source-drain separation required for
operating at microwave frequencies
leads to the low breakdown voltages,
which, in turn, limits their power-han-
dling capability, typically in the range
of a few watts. While switches based
on PIN diodes have a much higher
power handling capability, they con-
sume more DC power and typically
require a larger circuit footprint area
to incorporate the passive compo-
nents and multiple diodes that make
up their non-integrated design.

GaN switches on the other hand,
offer high electric field strength for
significantly improved power han-
dling capability along with the size
and cost benefits that come with inte-
gration into standard MMIC architec-
tures. A couple of GaN suppliers have
started to release switch products to
the market. TriQuint has developed
three broadband GaN on SiC MMIC
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switches to cover frequency ranges of
DC to 6, DC to 12 and DC to 18 GHz.
These devices have maximum inser-
tion loss of 0.7, 1.0 and less than 1.5
dB, and demonstrate 40, 20 and 10 W
RF power handling, respectively, for
6, 12 and 18 GHz designs. Switching
speeds are below 25 ns and the isola-
tion is greater than 30 or 35 dB de-
pending on the device (for more infor-
mation, see TriQuint’s product feature
article in this issue, page 132).
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TriQuint’s GaN process yields a break-
down voltage of 70 V DC compared to
about 13 V DC for GaAs and can handle
current of more than 1 A/mm of device
area versus 650 mA/mm for GaAs.
The high thermal conductivity of the
insulating SiC substrate reduces leak-
age caused by high RF voltage swing
while also improving heat transfer to
the back of the device, which is useful
in radar, EW and high power commu-
nication systems.

Comtech’s Hill Engineering Division
develops and manufactures high
power PIN diode switches, wide
bandwidth RF receiver protectors
(limiters), and multi-function
assemblies in frequencies ranging from
10 MHz to 18 GHz with power levels up

to 8kW Peak and 1200 W CW.

Our markets include:

4 Airborne, shipboard and ground
based radar systems

© (ommunication and jamming
systems

@ Customized explosive device

detection & jamming equipment

@ Electronic counter-measure
equipment

For more information, contact us at:

Hill Engineering Division

417 Boston Street, Topsfield, MA 01983
Tel: (978) 887-5754 « Fax: (978) 887-7244
E-mail: sales@hilleng.com

Web: www.comtechpst.com
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Fig. 6 SPDT GaN switch from Cree.

At this year’s Compound Semicon-
ductor Manufacturing Conference (CS
Mantech), Cree presented results for a
25W, 0.1 to 3 GHz SPDT GaN MMIC
switch featuring less than 0.7 dB inser-
tion loss, 15 ns switching speed, over 30
dB isolation and a TOI over 60 dBm,
see Figure 6. And at EuMW, research-
ers from Fujitsu in collaboration with
the Japan Ministry of Defense, pre-
sented a 200 W+ high isolation GaN
switch for L-Band Radar, indicating
that GaN switches are well poised for
ad()ption into numerous applicati()ns
calling for high power switches with
lower current consumption.

\H |

MULTI-MODE RF FILTERS
SAVE SPACE

High selectivity, group delay flat-
ness, power handling, insertion loss,
weight and volume constraints are
among the stringent requirements for
today’s microwave filter. As a result,
many technologies and physical con-
figurations have been introduced to
satisfy various performance criteria
over a range of applications. New fil-
ter configurations, such as single and
dual-mode filters with elliptic func-
tion responses, have been developed.
Combined with new high dielectric
constant materials with a high qual-
ity factor and low temperature coeffi-
cient, these filters have the advantages
of low loss, smaller size and superior
temperature stability.

With the deployment of micro base
stations, including remote radio head
(RRH) systems, and the overlay of
multiple frequency bands for multiple
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standards on a single cellular site, the
space available for the RF hardware is
decreasing. RF filters typically occupy
a significant fraction of the base sta-
tion volume, so base station manufac-
turers are looking for filter technolo-
gies that offer size and cost reduction,
while still meeting the stringent base
station RF specifications of insertion
loss, rejection and power handling.
One such example is the “Black
Hole Filter (BHF)” from KMW,
which claims to be the first com-

mercialized use of “Triple-Mode”
technology, providing high stopband
attenuation with low passband inser-
tion loss in a relatively small package.
The company’s innovative approach
to “Triple-Mode” technology enables
three distinctive resonances with only
one resonant cavity, utilizing a dielec-
tric resonator with high Q value inside
the single pocket. Compared to con-
ventional dielectric resonator filters,
the triple mode “Black Hole Filter”
offers very low insertion loss and high

Powerful Multipath/Link

Emulator

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing

Sophisticated Satellite link emulation
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attenuation with a significant size re-
duction. Inside the pocket, waves can
travel without bending and distortion,
achieving the highest possible Q and
steepest band-edge skirts seen in a
single-pocket filter.

Whereas conventional single-mode
filters may provide only a single reso-
nance mode in the single pocket, the
triple-mode filter generates three dis-
tinctive resonances using the same
TE;5 mode as the single-mode filter.
It also enables two additional TE;s
modes allowing the single cavity to
function as three cavities, which im-
proves the performance and lowers
the manufacturing cost. The single-
mode filter with eight resonators can
be replaced by the triple-mode filter
comprised of only two resonators while
achieving the same performance, occu-
pying less than a third of the size of the
conventional cavity filter.

o)

VERY-HIGH-Q SOLENOID RF
INDUCTORS OFFER BETTER
PERFORMANCE ON A VARIETY
OF SUBSTRATES

Inductors and resonators are essen-
tial passive components used in the de-
sign of most RF circuits, especially os-
cillators and filters. As such, they have
a great impact on the performance and
physical size of these circuits. Distrib-
uted components require considerable
real-estate and, like planar spiral induc-
tors, they may limit circuit performance
with a low quality factor. A number of
research efforts have focused on re-
defining the structure and shape of the
RF inductor using via interconnects to
synthesize solenoids that offer high Q
and can be manufactured on many dif-
ferent substrates.

At IMS in Baltimore, researchers
from Ecole de Technologie Supéri-
eure in Montréal and Robert Aigner,
Director of R&D Acoustic Technolo-
gies at TriQuint, presented their work
on very-high Q solenoid RF induc-
tors. Targeting SiP LTCC integration,
this team produced a compact high-Q
three-dimensional inductor topology
that achieved a quality factor of 75

E
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and high self-resonance frequency
(SRF 4.5 GHz) with inductance-val-
ues ranging from 2 to 7 nH at 2 GHz.
In the same workshop, a team from
University of Alabama in Huntsville
presented a high Q tuned resona-
tor based on a two-turn solenoid and
embedded capacitor fabricated on
RT/Duroid 5880, shown in Figure
7. Measured results showed a quality
factor over 300 at 12.25 GHz.

These structures are not restrict-
ed to LTCC or multi-layer PCBs. In
2001, Georgia Institute of Technology

Microwave Multi-Octave

Directional Gouplers

researchers first reported a fabrication
process for high Q solenoid inductors
on top of 0.24 pm CMOS technology
using surface micro-machined, epoxy-
embedded electroplated structures.
The six-turn inductor yielded a peak
Q-factor of 20.5 at 4.5 GHz and an in-
ductance of 2.6 nH.7 By 2007, a low
temperature, two step copper—plating
process fully compatible with CMOS
technology was used to fabricate sole-
noid inductors with Q-factors as high
as 87 at 14.5 GHz and 35 at 6.4 GHz.8

The increased number of metal

* Coupling Value: 3, 6, 8, 10, 13, 18, 20 dB.

Frequency LL. (dB Coupling Directivity VEWH Moded
Range min. Flatness max. | (dB) mim, ma, MNumber
0520 GHz 035 +0.75 dB 23 1,200 cs™-02
1.0-40 GHz 035 =10.50 d8 23 1,200 C5™-04
0.5-8.0 GHz 1.00 +0.80 dB 15 1.50:4 C510-24
20-80 GHz 0.35 +0.40 dB 20 1.251 Cs™-08
0.5-12.0 GHz 1.00 +0.80 dB 16 1.50:1 C3*18
1.0-18.0 GHz 0.80 = 0.50 dB 15 12 1.50:1 S8
2.0-18.0 GHz 0.80 +0.50 dB 15 12 1.50:1 816
4.0-18.0 GHz 0.60 + (.50 dB 15 12 1.40:01 CS"-18
B.0-20.0 GHz 1.00 +0.80 dB 15 12 1.50 C821
6.0-28.5 GHz 0.70 = 0.80 dB 13 155 C520-50
1.0-40.0 GHz 1.80 +1.50 dB 10 1.80:1 CS20-53
2.0-40.0 GHz 1.60 +1.00 dB 10 1.80:1 C520-52
6.0-40.0 GHz 1.20 « 1.00 dB 10 1,701 CS10-51
6.0-50.0 GHz 1.60 +1.00 dB 10 2.00:1 CS20-54
6.0-60.0 GHz 1.80 +1.00 dB o7 2,001 CS20-55

10 1o 500 walls power handling depending on caupling and model number..
SMA and Type N connectors available 1o 18 GHz,
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Fig. 7 HFSS model of high Q resonator
constructed with planar solenoid inductor
with embedded capacitor.

layers available in today’s CMOS pro-
cesses will support the development of
compact, high quality on-chip vertical
solenoid inductors that will continu-
ously reduce the inductor area while
increasing the Q and self-resonant
frequency (SRF). At this year's RFIC
conference at IMS, researchers from
Renesas Electronics reported very
small on-chip vertically coiled solenoid
inductors (V-solenoid) with measured
self-resonance frequencies higher than
40 GHz using 90 nm CMOS multilevel
interconnect technology.

Are any of these 10 technologies the
next big thing for drastically enhancing
the performance of passive and con-
trol components? Some technologies
tend to linger as a perennial favorite
of researchers, never quite making it
outside the R&D lab. Others slowly
work their way into the next generation
of products. Modest innovation will
only buy so much time in the effort to
stay ahead of competition. Eventually,
new technologies will disrupt the sta-
tus quo. Want to really get ahead of the
pack? Think different, go crazy.

In Memory of Steve Jobs, 1955-2011 B
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RFMD offers an outstanding portfolio of GaAs HBT
linear power amplifiers suitable for myriad high
performance radio applications. The RFPA380x family
of linear PAs achieves high OIP3 with low bias current
covering a range of power levels from 0.25W to 4W.
They're ideally suited for linear driver applications

for spectrally efficient, advanced radios employing
high peak-to-average ratio modulation. The low noise
figure (<4dB), also makes them suitable for final low
noise amplifier stages requiring good linearity with

a moderate NF. With simple external matching,

the RFPA380x family achieves good performance
over frequency ranges from 150 to 2700MHz. The
0.25W and 0.5W variants are offered in an SOT-89
package or a QFN package if a power down feature
is desired. The 1W and 4W variants are offered in an
SOIC-8 package. The 2W version, RFPA3806, is a
two stage linear amplifier housed in a QFN package.
Details of each linear amplifier product are listed in
the table below.

Frequency Small Signal Noise
Range Gain Output IP3 P1dB Figure Vee Icco Part
(MHz) (dB) (dBm) (dBm) (dB) ) (mA) Package Number
150 to 960 18.0 49.0 36.7 5.0 7 650 SOIC-8 RFPA3800
700 to 2700 23.5 50.0 33.5 4.0 5 880 QFN RFPA3806
400 to 2700 15.8 43.0 25.0 3.5 5 90 SOIC-8 RFPA3807
400 to 2700 17.0 49.0 29.0 3.9 5 275 SOIC-8 RFPA3809
400 to 2700 19.5 43.0 27.5 2.8 5 155 S0T-89 RFPA2189
400 to 2700 16.3 43.0 25.0 3.0 5 100 DFN RFPA1012
400 to 2700 15.7 41.5 27.0 3.8 5 165 QFN RFPA2013
Order RFMD products online at www.rfmd.com/MWJ1141.
oo FEATURES
s = - 0IP3>40dBm
'é 'é g 8 + 0.25W to 4W output power (P1dB)
g v 5 £ & o2 » <-60dBc ACPR for advanced modulation formats
[24] [oa] [e= F fﬂ * Low-current power-down function
NE: i * Low noise figure for later-stage LNA applications
¢ Adjustable bias current
M RFOUTZ2VCCZ * Flexible supply voltages from 3.6 to 7.0 volts
* Offered in a variety of package styles
RER REOUTCE ¢ Excellent linearity to DC power ratio
NC Il RFOUTZVCC2 e Class 1C (1000V) HBM ESD
* Pre-driver for cellular base station power amplifiers
Ne (5] RFOUT2VCE2 « Final LNA stages for cellular base station receivers
wireless infrastructure
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T he new R&S FSW signal and spectrum
analyzer has been developed to meet
demanding customer requirements.
Designed to set standards in RF performance
and usability, the analyzer has a wide analysis
bandwidth and straightforward, intuitive opera-
tion that makes it particularly suitable for use in
the aerospace and defense (A&D) sector and for
developers of future communications systems.

The new, innovative internal architecture
of the analyzer is claimed to deliver RF per-
formance not previously possible in high end
analyzers. For example, the first intermediate
frequency (IF) of about 9 GHz allows image sup-
pression up to 8 GHz without a YIG preselector.
Traditionally, this frequency limit has been 3 to 4
GHz. The advantage is a very flat, stable, repro-
ducible frequency response up to 8 GHz, which
results in an absolute level accuracy of < 0.4 dB.
This is especially significant for wireless ap-
plications in the 5 GHz bands, e.g. WLAN IEEE
802.11a/n/ac.

In addition, the R&S FSW uses different sig-
nal paths depending on the RF frequency. From
2 Hz to 30 or 40 MHz (depending on the resolu-
tion bandwidth used), the input signal is directly
digitized by the 200 MHz, 16 bit A/D converter.
Excellent sensitivity and a dynamic range down
to the lowest frequency are the result.

The frequency range up to 1 GHz uses 1.31
GHz as the first IF. Due to the low first IF, a low
frequency local oscillator and low frequency
mixer with a very high dynamic range can be

SignAL ANALYZER

used. This results in a high third order intercept
point of 30 dBm and very low phase noise. This
makes the analyzer very powerful for this fre-
quency band, which is of interest for many appli-
cations, such as professional and private mobile
communications.

MICROWAVE FREQUENCIES

In the frequency range up to 8 GHz or the mi-
crowave range up to 26.5 GHz, where a YIG pre-
selector is used, the R&S FSW offers a very high
dynamic range up to microwave frequencies. At
20 GHz, with preamplifier, for example, the result
is a displayed average noise level (DANL) of -166
dBm (1 Hz). With noise compensation, it nearly
reaches the thermal noise floor with -173 dBm (1
Hz). The instrument not only delivers very good
sensitivity, it also handles high signal levels.
For example, an adjacent channel leakage ratio
(ACLR) of -88 dB for a 3G signal at 2 GHz says
a lot about its dynamic range. This is especially
important for manufacturers of mobile radio
base stations.

The R&S FSW is believed to be the first ana-
lyzer to provide switched lowpass and bandpass
filters in the RF frequency range for the measure-
ment of harmonics. This is the most critical range,
i.e. when measuring harmonics of mobile radio
base stations or handsets. A second harmonic

RoHDE & SCHWARZ
Munich, Germany
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We continually provide the highest quality filter products,
design support, and service to our customers each and
every time. Where Performance Counts, Count on EWT.

Specializing in custom design and manufacturing of
RF and Microwave filters and filter based products to 50 GHz.
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Tel: 410.749.3800 Fax: 410.749 4F
sales@ewtfilters.com


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

o8 A

Spectrism 2

Fregquency Swesp

s e
Inpist

! Outputs

10207 G .10 d8m

Hz 5
1.01% GHz -54.432 dB

W Spactrum

s
(s
Frequency

i THygse bl
5 H
Trigger/Gats

Bandwidth Anatysis Display Config [

A Fig. 2 Multiple measurements, such as spectrum analysis and special analysis of pulsed

signals, can be displayed at the same time.

intercept of 70 dBm eliminates the need
for external filters with switch matrixes.
The R&S FSW reduces cost and the
customer no longer has to calibrate the
setup with external signal paths.
Developers of oscillators, synthesiz-
ers and transmit systems benefit from
the analyzer's excellent dynamic range
when performing phase noise mea-
surements. Thanks to the in-house YIG
technology and the custom R&S syn-
thesizer ASICs, the R&S FSW achieves
a phase noise of -137 dBc (1 Hz) at 10
kHz offset from the carrier (for a 1 GHz
carrier). With this performance, the
instrument detects signals close to
the carrier that previously could not
be seen with a spectrum analyzer. It
also delivers a previously unattainable
dynamic range for adjacent channel

46

power measurements in narrow band-
width applications such as public mo-
bile radio.

WIDEBAND AND MULTI-STANDARD
APPLICATIONS

The R&S FSW offers up to 160 MHz
analysis bandwidth for measuring
wideband-modulated signals such as
future 4G, WLAN IEEE 802.11ac and
frequency-agile signals. Furthermore,
the RF signal path can handle up to 500
MHz bandwidth in anticipation of future
wider bandwidth requirements. The 500
MHz bandwidth is available at the IF
output and can be used to connect an
R&S RTO scope for wideband analysis,
for example.

When designing the R&S FSW, the
engineers introduced a new feature for

Most Valuable Product

signal analyzers. Currently, signal and
spectrum analyzers measure different
standards (GSM, CDMA, W-CDMA and
LTE) separately. The new instrument
takes analysis to the next level, provid-
ing the capability to measure multiple
standards simultaneously with the multi-
standard radio analyzer (MSRA) func-
tion. This feature is interesting both for
the design and production of multi-stan-
dard base stations as well as for testing
interactions between radar signals and
mobile radio communications.

EASE OF USE

As well as the RF performance it of-
fers and the fact that it covers future
wideband application requirements,
the R&S FSW also provides a new
level of usability and ease of operation.
Similar to a smartphone, it features a
touchscreen user interface and a flat
menu structure (shown in Figure 1) so
deep menu trees are no longer needed.
The result is a straightforward, clear
presentation.

The analyzer displays various mea-
surements simultaneously in separate
windows on its large 12.1-inch screen,
which greatly facilitates result inter-
pretation (see Figure 2). Users can
quickly switch between different set-
ups because settings are kept in the
memory and do not have to be reload-
ed from disk. In addition to practically
delay-free switching between instru-
ment setups, the R&S FSW also fea-
tures outstanding measurement speed
such as 1000 sweeps/s in remote op-
eration.

Currently, three models of the R&S
FSW are available, covering the fre-
quency ranges of 2 Hz to 8/13.6/26.5
GHz. With an initial focus on A&D appli-
cations, the R&S FSW comes with ap-
plication firmware for measuring phase
noise, noise figure and gain and pulsed
signals. The most frequently requested
measurement applications for mobile
radio, such as analysis of LTE and 3G
signals, are also available. Other mea-
surement applications and frequency
enhancements will be introduced step-
by-step to cover the full application
range of the well-known R&S FSU/Q
spectrum and signal analyzers.

JVENDORVIEW

Rohde & Schwarz,
Munich, Germany

+49 89 4129 12345,
www.rohde-schwarz.com.
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Turn USB Power Sensors into

SwarzRF POWER METERS

-30 to +20 dBm 9kHz to 8 GHz

« Lightning-fast measurement, as quick as 30ms « Averaging of measurement « 50 dB dynamic range
« Linux® support « Compatible with LabVIEW®, Delphi®, C++, C#, Visual Basic®, and .NET software*

Don’t break your bank with expensive conventional power
meters. Mini-Circuits USB Power Sensors turn almost any
Linux® or Windows® based computer into a low-cost testing
platform for all kinds of RF components. Reference calibration
is built in, and your USB port supplies required power. Our
GUI offers a full range of watt or dB measurements, including
averaging, frequency sweeps, and multi-sensor support.

All Power Sensor models include:

*Power Sensor Unit e
*Power Data Analysis Software . *\m
*SMA Adaptor (502 only) 2N
*USB Cable 3

* Linux is a registered trademark of Linus Torvalds. LabVIEW is a
registered trademark of National Instruments Corporation. Delphi
is a registered trademark of Codegear LLC. Visual Basic, Excel, L
and Windows are registered trademarks of Microsoft Corporation. '
Neither Mini-Circuits nor the Mini-Circuits USB Power Sensor are
affiiated with or endorsed by the owners of the above referenced
trademarks. Mini-Circuits and the Mini-Circuits logo are registered
trademarks of Scientific Components Corporation.

Our power sensors can be carried in your pocket, or mounted
remotely for manual or automated system monitoring (internet
connectivity required). Data can be viewed on-screen or exported
to Excel® spreadsheets for reporting and analytic tools.
Mini-Circuits Power Sensors cost half as much as you might
expect, so why do without? Place an order today, and we can
have it in your hands as early as tomorrow.

Model Frequency Speed € Price$ea.
qty.1-4
PWR-8FS 1MHz-8 GHz 10ms 50 969.00
PWR-8 GHS 1MHz-8GHz 30ms 50 869.00
PWR-6 GHS 1MHz-6GHz 30ms 50 795.00
PWR-6 G 1MHz-6 GHz 30ms 50 695.00
PWR-4 GHS 9kHz-4GHz 30ms 50 795.00
PWR-2 GHS-75 100kHz-2GHz 30ms 75 795.00
PWR-2.5 GHS-75 100kHz-2.5GHz 30ms 75 895.00
0 RoHS compliant

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

[JMini-Circuits’

1SO 9001

ISO 14001 AS9100

6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@.'412 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicirc; u'rls-con_L

U.S. Patents
7739260, 7761442
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RF INTEGRATED PASSIVE
DEevices: THE NEXT

Big, SMALL THING

=7

.

p

THOMAS ARTHUR, Valpey Fisher Microwave Products Group, Hopkinton, MA

F front-end designers have
Ralways been in need of pas-

sive devices that serve in many
functional blocks in their radio designs.
These devices include 90 degree hy-
brids, power dividers and directional
couplers, to state a few. There are
many others that can also be consid-
ered. Key challenges for the suppliers
of these parts have been to maintain
high RF performance while continu-
ing to make them smaller and drive out
cost. Also, the ability for these devices
to have a high degree of repeatability

and be easily integrated into higher
level functions is certainly desirable.
These high performance passives are
used in wireless infrastructure, point-
to-point radio, RFID readers, repeat-
ers, instrumentation and many other
ISM band applications. An example
might be a direct conversion transceiv-
er or base station transceiver where
they might be responsible for dividing
and combining the signals in a bal-
anced amplifier or coupling a signal for
error correction in a linear power am-

plifier (see Figure 1).

For any of these applications,
the behavior of the individual pas-
sive component will play a serious
role in the overall RF front-end
performance. Lying in the critical
path of RF signals, hybrids, direc-
tional couplers and n-way dividers
are all required to have low inser-
tion loss and VSWR as well as suf-
ficient power handling capability. In
addition, hybrids and power dividers
need high isolation along with excel-
lent phase and amplitude balance,
while directional couplers need to

SYNTHESIZER

IF
SYNTHESIZER

MIXER GAIN
BLOCK

BASE STATION TRANSMITTER

BI-PHASE
ATTEN

DRIVER
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COUPLER COUPLER
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DIRECTIONAL 0o
DETECTOR pyvpRip
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A Fig. 1 Highlighted passive components in a block diagram of direct conversion transceiver and base station transmitter.

48

MICROWAVE JOURNAL m NOVEMBER 2011



-— P
(1r

' "hd ey
| E
g T y - a

Emerson Connectivity Solutions

Your Front Line of Defense in Microwave.
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Emerson Network Power Connectivity Solutions
delivers innovation in interconnect technology
for maximum signal integrity. Your system’s
performance can be enhanced and assured by
Emerson Connectivity Solutions through:

- Harsh environment optical connectors
- Twinax and microwave cable assemblies
- High performance microwave components

Just another reason why Emerson Network Power
is the global leader in enabling Business-Critical
Continuity™.

EmersonConnectivity.com
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RFIPD PROCESS CROSS-SECTION
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A Fig. 2 IC passive elements and IC cross-section of RFIPD.

maintain high directivity. Clearly,
performance is not something that

dARA

Antenna Research
www.ara-inc.com

:

Antenna Research is a leader in the development, and
manufacturing of life-saving warfighter technology.
For more information and sales inquiries please visit

www.ara-inc.com or email sales@ara-inc.co

can be sacrificed for the sake of size
and cost.

At Valpey Fisher, we recently estab-
lished a Microwave Products Group
to focus on developing and bringing
these high performance passives and
integrated modules to market. The
approach chosen is a semiconductor-
based monolithic design.

At the core of these microwave
devices is a state-of-the-art foundry,
capable of producing highly repeat-
able structures on high resistivity sili-
con wafers. This technology is known
as our RF Integrated Passive Device
(RFIPD) platform (see Figure 2). It
offers a significant advantage com-
pared with alternative-technologies —
miniaturization, performance and re-
duced cost. The processes have been
optimized to achieve high quality fac-
tors inductors with Qs of greater than
30 at 1 GHz and capacitors with ESD
ratings greater than 250 V human
body model. In addition, the power
handling of these devices is quite ad-
equate for a majority of applications
as, depending on the specific product
type, handling 4 W CW has been dem-
onstrated. In addition, lower thermal
resistance packaging containing an ex-
posed lead frame paddle could poten-
tially allow for higher powers.

The combination of the material sets
chosen, innovative modeling software
as well as utilizing a standard MMIC
process provide a higher performance
device with excellent repeatability at a
lower cost. Some additional advantages
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are the ability to realize a series of devic-
es across a broad frequency range while
maintaining a small package form factor.
This is a challenge for LTCC or strip-
line as the sizes of these devices change
more drastically with frequency. Also,
being a semiconductor die allows for
higher levels of integration utilizing ex-
isting multi-chip module (MCM) man-
ufacturing capability. Some examples of
these functions can include components
such as voltage variable attenuators,
phase shifters and vector modulators.
This process has been implemented
to realize a series of products that fall
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-Vector math comparison such as phase difference meas U3872: 9 kHz to 43 GHz
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into two main categories, namely single to as high as 8 GHz depending on the VSWR while also maintaining low loss
function discrete monolithic passives specific device type. Taking a look at and very good isolation. These perfor-
and higher functionality multi-chip  just a few typical examples of RF per- mances demonstrate some significant
module components. The first category formance, the 90 degree hybrids con- improvements over other types of so-
includes devices such as 90 degree hy- sistently provide 1.1:1 VSWR, isolation lutions. Some other key advantages to
brids, two-way power dividers, direc- between 28 and 33 dB and a phase the monolithic approach is the small
tional couplers and fixed attenuators. balance of 1 degree. Fixed attenua- form factor and the ability for these
These devices can all fit in a miniature tors have been shown to operate from devices to have the same inputs and
1.5 X 2.0 mm plastic leadless package. ~ DC to 8 GHz with an extremely flatat-  outputs within a specific product type
Also a four-way power divider hasbeen  tenuation response and low reflection.  across a broad frequency range. With
demonstrated in a 3 X 3 mm package Two-way power dividers have ampli- today’s multi-band requirements, this
form factor. The frequency of opera- tude and phase balances of * 0.1 dB provides the designer with flexibility
tion ranges from as low as 500 MHz and *1.0 degrees, respectively, a 1.1:1 during implementation.

Another category of solutions uti-
lizes a Multichip Module or MCM
process. Here, the monolithic passive
devices can be integrated with various
other semiconductors to create higher-
level multi-function devices. In this
case, one can leverage the high perfor-
mance of the monolithic passive with
a controlled manufacturing approach
to realize components with increased
performance and reduced variability.
A good example is a highly repeatable,
low distortion voltage variable attenu-
ator where the 90 degree hybrid is
combined with PIN diodes and all the
additional bias and decoupling com-
ponents to provide a fully integrated
solution. This provides the designer
with an easy drop in solution, which re-
quires just a single 0 to 5 V control line
to fully operate the device. In addition,
the manufacturing approach enables

AlIR Heads the ability to apply tight controls on all
_ _ _ . of the elements that cause the great-

At State of the Art, keeping things up in the air is part of est variability. This results in at least
our business, and mission-critical resistors our specialty. a 2X improvement in the attenuation
profile repeatability. At the nominal 20

If you're in a fog about dependable manufacturers, don't dB point the maximum variation in the
be. We assure the quality and reliability you need —in attenuation is =1 dB. Other RF per-
every resistor, with superior design and manufacturing, formance characteristics of note due to

this approach are the IIP3 of +45 dBm
due to the PIN diode implementation

Down to earth solutions for mission-critical and the low VSWR and insertion loss,

.. which can be directly attributed to the
applications... Only from State of the Art. monolithic 90 degree hybrid.

The monolithic approach  of
RFIPDs, whether discrete functions

with every delivery.

Made in the USA. or integrated into higher level MCM

State of the Art, Inc. components, are a very good choice

RESISTIVE PRODUCTS for many applications. They are a cost-
- effective alternative that offers smaller

www.resistor.com : size and extreme repeatability while

maintaining high RF performance.

2470 Fox Hill Road, State College, PA 16803-1797 JVENDORVIEW
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E-mail: sales@resistor.com ® Source code: 56235 Valpey Fisher Corp.,

Hopkinton, MA (800) 982-5737,

QUALIFICATIONS www.valpeyfisher.com.
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Rugged, tiny ceramic SIM mixers from T ea. gty. 1000
offer unprecedented wide band, high frequency
performance while maintaining low conversion
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

0.2"x 018"

environments, including high ESD levels, the SIM
mixers are competitively priced for military,
industrial, and commercial applications. Visit our
website to view comprehensive performance
data, performance curves, data sheets, pcb layouts,
and environmental specifications. And, you can
even order direct from our web store and have it in
your hands as early as tomorrow!

Mini-Circuits...we’re redefining what VALUE is all about!
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* Various Options: Temperature Compensation,
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and AS91068
CERTIFIED

OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. reg GHz  Gain (@) MIN  Noise Figure (dB)  Power-out @P1B VSWR
CA01-2110 28 K , 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
CA24-2111 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 27-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
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
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dm  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 +41dm  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 TYP +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40 dBm  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
(LA24-4001 20-40  -281t0+10 dBm +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  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1 =
(LA6181201  6.0-18.0  -50 to +20 dBm +14 10 +19 dBm +/-1.5MAX  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. +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

CIAO Wireless can easily modify any of its standard models to meet your “exact” requirements at the Catalog Pricing.
Visit our web site at www.ciaowireless.com for our complete product offering.

Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@cinowireless.com
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Lockheed Martin On Pace to Deliver the
First GPS Il Satellite for Launch in 2014

he Lockheed Martin team developing the US Air
TForce’s next generation Global Positioning System

has turned on initial power to the program’s pathfind-
er spacecraft, known as the GPS III Non Flight Satellite
Testbed (GNST). The milestone gives the team high con-
fidence in meeting the scheduled launch of the first GPS
111 satellite in 2014.

The GPS III program is the lowest risk solution to con-
stellation sustainment and the most affordable path to
meet the needs of military, commercial and civilian users
worldwide. GPS III will improve position, navigation and
timing services and provide advanced anti-jam capabilities
yvielding superior system security, accuracy and reliability.
With a focus on affordability, the GPS III team is first de-
veloping the GNST, a full-sized prototype of the GPS III
spacecraft used to identify and solve issues prior to the first
space vehicle. This approach significantly reduces risk, im-
proves production predictability, increases mission assur-
ance and lowers overall program costs. The GNST, popu-
lated with fully functional non-flight boxes, provides space
vehicle design level validation, early verification of ground,
support, and test equipment and early confirmation and
rehearsal of transportation operations.

“Turning initial power on for the GNST is a major mile-
stone for the GPS III team demonstrating we are well on
track to deliver the first satellite for launch in 2014, said Lt.
Col. Don Frew, the US Air Force’s GPS III Program Man-
ager. “Our joint government and industry team is committed
to delivering GPS III on schedule to sustain and modernize
the GPS constellation for
users worldwide.”

The GPS III team
has installed power sub-

“Turning initial
power on for the

GNST is a major system components,

ilest th harnesses and tracking,
mites Onef or the telemetry and control
GPS III team...” hardware on the GNST

structure to  support
phased checkout of the integrated design. Flight software
versions have also been delivered for all of the spacecraft
and payload computer processors. In parallel, GPS III
teammate ITT is integrating the GNST Navigation Payload
at its facility in Clifton, NJ. Successfully powering on the
GNST demonstrates initial mechanical integration, vali-
dates the GNST's interfaces and leads the way for electri-
cal and integrated hardware-software testing. The GNST
will be shipped to Lockheed Martin’s GPS III Processing
Facility in Denver late this year to demonstrate assembly,
integration and test procedures. It will then be delivered to
Cape Canaveral Air Force Station in the summer for 2012
for pathfinding activities at the launch site.

“Together with the Air Force, we continue to meet ma-
jor program milestones on or ahead of schedule and we are

DEFENSE NEWS

Dan Massé, Associate Technical Editor

committed to delivering GPS III spacecraft affordably and
efficiently,” said Keoki Jackson, Lockheed Martin’s GPS III
Program Director. “Our progress on the GNST is already
saving the program money, eliminating risk early and pro-
viding highly reliable mission assurance for GPS constella-
tion sustainment.”

Building on lessons learned from previous GPS space
programs, the US Air Force’s GPS III acquisition approach
is considered by many to be the model for future space
acquisition. The program has reinstated rigorous technical
specifications and standards, and placed a strong empha-
sis on systems engineering with a robust mission assurance
process. These actions provide the basis for verifying the
quality of the technical work and ensuring issues are sur-
faced and corrected earlier in the program. For GPS III,
Lockheed Martin is building on its proven record of de-
livering highly reliable GPS spacecraft. The fleet of Lock-
heed Martin-built GPS IIR and IIR-M satellites makes up
the majority of the operational GPS constellation. The sat-
ellites have exceeded 140 cumulative operational years on-
orbit with a reliability record of better than 99.9 percent.
Lockheed Martin heritage also dates back to the produc-
tion of the Oscar and Nova satellites, the programs that
paved the way to the current GPS system.

Northrop Grumman Demonstrates HAMMR
‘On-the-Move’ Radar at Yuma
orthrop  Grumman Corp. successfully demon-
strated the Highly Adaptable Multi-Mission Radar
(HAMMR), which is a derivative of the Defense De-

partments Ground Based Fighter Radar (GBFR), a multi-
mission ground tactical radar designed to provide the US

Army with counter-rock-

et, artillery and mor- “HAMMRBR’s on-

tar (C-RAM) as well as th it

air defense capabilities e-move capacuy...

while  “on-the-move”  will provide the US

The GBFR contract was .

awarded to Northrop groundf OTCQS.t'l)l.th
critical capabilities
that ensure mission

success in today’s

Grumman in 2009 by the
US Army Aviation and
irregular warfare
environment.”

Missile Research, Devel-
opment and Engineer-
ing Center at Redstone
Arsenal, AL. HAMMR
features a  compact,
lightweight ground con-
figuration that employs active electronically scanned array
(AESA) antenna technology from airborne fighter aircraft.
In this configuration, the radar provides 360-degree cover-
age while mounted and moving on a vehicle and is easily de-
ployable from a variety of expeditionary platforms, providing
the rapid transport capability required by today’s warfighter.
The testing took place at the Army’s Yuma Proving Grounds.

o
Go to www.mwjournal.com for more defense news items _ ’
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“HAMMR’s on-the-move capacity, as demonstrated at
Yuma, will provide the US ground forces with critical ca-
pabilities that ensure mission success in today’s irregular
warfare environment,” said John Jadik, Vice President of
Weapons and Sensors for Northrop Grumman’s Land and
Self Protection Systems Division. “This demonstration fur-
ther positions Northrop Grumman as a leader in AESA
technologies.”

The heart of the HAMMR system, the AESA, is com-
posed of more than a thousand programmable transmit/re-
ceive modules that enable HAMMR to successfully detect,
track and engage numerous target types, at multiple posi-
tions and in varying paths and trajectories. The flexibility of
HAMMR’s AESA architecture enables growth to address
new threats without redesigning the system, a major ben-
efit compared to existing radar systems.

US Army to Procure 56 Sentinel Battlefield

Radars from Thales-Raytheon Systems

hales-Raytheon Systems announced that the US Army
Twﬂl procure 56 Improved Sentinel Battlefield Air De-
fense AN/MPQ-64 Radars. Thales-Raytheon Systems
has already delivered more than 220 radars to customers
worldwide. The company is working with several allied na-
tions to leverage the current production to meet their sens-

All Roads Lead to Adapter City
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“...the Sentinel
radar is one of the
most cost-effective
and reliable radar

systems available to
our armed forces.”

ing requirements. The
AN/MPQ-64  Sentinel
radar is a three-dimen-
sional, phased-array ra-
dar system that operates
in the X-Band frequency
range. The primary mis-
sion is to automatically
detect, track, identify
and report airborne
threats, including aircraft, cruise missiles and unmanned
aerial vehicles. The Sentinel radar capabilities are suited
for a wide range of missions, including air defense and mis-
sile systems coordination, and homeland defense, as well as
infrastructure, asset and special event protection.

“The Sentinel battlefield radar not only meets the needs
of today’s soldier, but will grow and evolve as requirements,
threats and the mission changes,” said Kim Kerry, Chief
Executive Officer, Thales-Raytheon Systems, US Opera-
tions. “With a low-risk modernization roadmap, the Sen-
tinel radar is one of the most cost-effective and reliable
radar systems available to our armed forces.”

Thales-Raytheon Systems’ radar capabilities span short-,
medium- and long-range systems. The ground-based ra-
dars are capable of detecting both conventional and un-
conventional threats for homeland and tactical air defense,
counter-battery and weapons system coordination.
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When communications are critical and complex applications require
engineering expertise, trust Lorch Microwave to deliver the highest
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DISCRETE COMPONENT FILTERS

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

Our versatility is reflected in the variety of units we are providing for systems
requiring small, lightweight, high-performance filters and multiplexers.

Small (profiles as low as 0.12"), lightweight and rugged enough to withstand the
most demanding environments, these units are the perfect fit where small size
and low weight are paramount.

Let our Engineers show you what we can do in tight spaces!

Download a copy of our full line catalog today!
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£50 M UK Hub to Commercialise Graphene

he UK Department for Business, Innovation and
TSkills has announced the formation of £50 M Global

Research and Technology Hub that will connect UK
researchers and businesses working to commercialise the
Nobel Prize winning super strong material graphene.

The UK’s Universities and Science Minister, David Wil-
letts said, “One year ago, scientists working in Manches-
ter won the Nobel Prize for their discovery of graphene
— the Global Hub will ensure we win the race to develop
commercial uses for it as well. The Hub will keep world-
beating research into graphene in this country. It brings
researchers and the companies seeking to exploit its in-
credible commercial potential together. This is an excellent
example of leading-edge British science being harnessed to
drive economic growth and the creation of high tech jobs.”

Graphene, discovered by Manchester University scien-
tists Professor Andre Geim and Dr. Konstantin Novoselov,
is an exceptionally good conductor and the strongest and
thinnest material ever measured. The UK government,
through the Engineering and Physical Sciences Research
Council (EPSRC), supported the early research that led to
the discovery of graphene.

The UK has particular strength in graphene research
with centres of excellence at leading universities. There
are graphene centres of research excellence at Manchester,
Cambridge, Lancaster, Exeter, Bath, Oxford and Durham
universities and Imperial College London. UK research-
ers are in a worldwide race to develop commercial uses
for graphene. The Hub will ensure leading researchers stay
in Britain, leverage private-sector investment and help de-
velop a home-grown, high tech industry.

Nobel Laureate Addressed EuUMW
Those who attended the Opening Session at Euro-

ean Microwave Week 2011 in October witnessed
first-hand Professor Konstantin S. Novoselov FRS,
Nobel Laureate 2010, deliver a presentation titled, Gra-
phene: Materials in the Flatland. He outlined the mate-
rial’s discovery and the properties that make it a promis-
ing candidate for future electronic applications.

Satellite Industry Addresses Signal
Interference in Asia-Pacific

nterference prevention and mitigation are to be ad-
Idressed in the Asia-Pacific region through closer col-

laboration between national, regional and global satel-
lite industry groups. The quality-assurance plans were
announced during an Interference-Prevention Summit
co-organised by the Interference Reduction Group (IRG),
Global VSAT Forum (GVF) and Indonesian Satellite Indus-

Richard Mumford, International Editor

try Association (ASSI)
in conjunction with
the Asia Pacific Satel-
lite Communications
Council (APSCC).

The plans, which
have already begun
to be implemented in
several Asian nations,
arise from a broader global collaboration of the satellite in-
dustry with the World Broadcasting Unions — International
Satellite Operations Group (WBU-ISOG) and the Radio
Frequency Interference — End User Initiative.

Through the plans, four parallel initiatives are under
way: training, product quality assurance, spectrum man-
agement and carrier ID. The first three facets of the plan
are designed to help prevent interference, while the fourth
aims to help industry more effectively respond when inter-
ference incidents occur.

“Asian demand for satellite communications services is
escalating exponentially, and it is time for the industry to
provide even higher assurances of quality of service,” said a
joint statement of APSCC, ASSI, GVF and IRG. “Strength-
ening skills, product performance, spectrum management,
and satellite operator’s ability to react to interference inci-
dents will enable the industry to continue to provide the
high level of service that users have come to expect.”

“..it is time for

the industry to
provide even higher
assurances of quality
of service...”

PPP Between ESA and Astrium Advances
Plans for European Data Relay System

Apublic—private partnership (PPP) contract signed

with Astrium means that the European Space Agen-
cy (ESA) is moving ahead with an independent, Eu-
ropean satellite system that will speed up the transmission
of large quantities of data beginning in 2014. The PPP for
the European Data Relay System (EDRS) demonstrates
ESA’s capability to pull together resources and knowhow

from several partners
The PPP approach

under an efficient and
operational scheme. allows industry
to take on a

The PPP approach
greater risk...

allows industry to
take on a greater risk
in order for Europe
to reap the benefits
of advanced satellite technology. Under the terms of the
agreement, the partners will jointly finance the EDRS with
ESA’ contract with Astrium amounting to €275 M.
Astrium has the overall responsibility for designing and
developing the complete space and ground infrastructure.
The company will then acquire ownership of EDRS and
is committed to its operation for the next 15 years. Initial
users for EDRS will be the Sentinel 1 and Sentinel 2 sat-
ellites of the GMES Global Monitoring for Environment
and Security programme, the EU’s ambitious Earth obser-
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vation programme, headed by the European Commission
in partnership with ESA and the European Environment
Agency.

The EDRS system will consist of two payloads carried
by satellites in geostationary orbit. User data will be trans-
mitted via dedicated terminals from satellites in lower or-
bits to either of the EDRS nodes and then relayed to the
ground. The first of the two EDRS nodes will be launched
in late 2014. The second will be launched in late 2015 on
a dedicated satellite built by OHB (DE) that will use the
Small GEO platform.

“The EDRS programme is another prime example of
a public—private partnership,” said Magali Vaissiere, ESA
Director of Telecommunications and Integrated Applica-
tions. “EDRS is a big step forward in how low-orbit satel-
lites and future unmanned aerial vehicles can be used, to
the benefit of Europe’s citizens and economy.”

ZigBee® Alliance and Energy@home
Collaborate on European Platform
The ZigBee® Alliance and Energy@home will coop-

erate on the creation of an integrated residential en-
ergy services platform for Europe by leveraging four
ZigBee standards. Under a liaison agreement, the groups
will focus on blending the strengths of ZigBee Home Au-
tomation™, ZigBee Smart Energy™, ZigBee Telecom

Services™ and ZigBee
Gateway™ to create the
platform.

The platform will of-
fer control of consumer
smart appliances, com-
munication with broadband networks, and communication
with Automatic Meter Management systems. The platform
will create value-added services designed to help Europe-
an consumers better manage energy use in their homes.
These energy services will also give Europeans the ability
to lead the way in the global energy efficiency challenge.

“Energy@home is focused on increasing consumers’
awareness of their energy consumption, while also provid-
ing them with new tools to better control their energy use
wherever they might be and at any time at all times,” said
Fabio Bellifemine, a member of the Steering Committee
of Energy@home. “The ZigBee Alliance has done ground-
breaking work by developing a variety of standards that will
play an integral role in our proposed platform.”

“The collaboration with Energy@home will increase the
scope and value of ZigBee Home Automation,” said Bob
Heile, Chairman of the ZigBee Alliance. “Energy@home
recognizes the tremendous value of the growing family of
standards developed by the ZigBee Alliance and we look
forward to helping Energy@home seize the numerous
time-to-market advantages our standards offer because
improving the use of energy is a global issue.”

“...improving the
use of energy is a
global issue.”

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

Keep the noise down!

e-mail mjenquiries@pascall.co.uk

N T I " S N I F T

OCXOF Series Phase nolse for 100MHz unit
M praarinsd
S 10Hz 100Hz 1kHe 10kHE  $DOkHE offssts

level1 -100 -135 -162 -176 -182 dBa/Hz
level E -102 -137 -164 -178 -182 dBc/Hz
Samples Sviible upon fagues

thinking inside the box www.pascall.co.uk

L 1 [ —

60

MICROWAVE JOURNAL m NOVEMBER 2011


http://www.pascall.co.uk
mailto:mjenquiries@pascall.co.uk

MMIC
AMPLIFIERS

DC ’O 20 GHZ from 73¢ qty.1000

NFiom 0.5dB, IP3©+48dBm, Gain8:©31dB, Poutw+30dBm

145
Think of all you stand to gain. With more than 124 catalog models, Mini-Circuits offers one of the industry’s broadest
selection of low-cost MMIC ampilifiers. Our ultra-broadband InGaP HBT and PHEMT ampilifiers offer low noise figure,
high IP3, and a wide selection of gain to enable optimization in your commercial, industrial or military application.

Our tight process control guarantees consistent performance across multiple production runs, so you can have
confidence in every unit. In fact, cascading our amplifiers often results in less than 1dB total gain variation at any given
frequency. These MMIC amplifiers can even meet your most critical size and power consumption requirements with
supply voltages as low as 2.8 V, and current consumption down to 20 mA, and packages as small as SOT-363.

Visit our website to select the amplifier that meets your specific needs. Each model includes pricing, full electrical,
mechanical, and environmental specifications, and a full set of characterization data including S-Parameters. So why
wait, place your order today and have units in your hands as early as tomorrow. (ORoHS compliant
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For rugged, reliable, and repeatable attenuation when accuracy
is key, our customers have come to rely on Mini-Circuits Fixed
Precision Attenuators, rated at 2W or 5W for DC-18 GHz
signals. And now we’ve gone even further, with a new series of
2 W models up to 26 GHz, and a new series of 20 W models
from DC-18 GHz! They feature stainless steel construction,
precision attenuation from 1 to 50 dB, and SMA or N-type
connectors for 50 Q systems.

Inherent accuracy, and finely-graded attenuation levels, make our
“BW?” family invaluable on the bench or in the field. They're a
ready solution for extending the range of test instrumentation or
meeting circuit- and system-level requirements, such as better
matching for high-VSWR components, reducing power to
maximize sensitive applications, or protecting valuable circuitry.
Just go to_minicircuits.com—they’re on the shelf and ready to
ship today, at the low prices you’ve come to expect!

See minicircuits.com for specifications, performance data, and surprisingly low prices!
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A I
M2M Module Market Declines 16 Percent

from 2009 to 2010 Due to Price Erosion
The cellular M2M embedded module market experi-

enced a more difficult than expected year in 2010, ac-

cording to ABI Research. Although total unit volumes
continued to rise, reaching nearly 34 million units shipped
in 2010, total industry revenue fell from roughly $996 M in
2009 to about $841 M in 2010, reversing the upward mo-
mentum in revenue seen in 2009 as the market rebounded
from its 2008 lows.

“Although total unit volume continued to grow in 2010,
average selling pricings (ASP) fell at a faster rate, leading to
an overall decline in revenue,” says Sam Lucero, Practice
Director, M2M connectivity. “The sharp decline in ASPs is
continuing in 2011 and is indicative of the fierce compe-
tition in the market, competition that has led to industry
consolidation, such as Gemalto’s acquisition of Cinterion
and Novatel Wireless™ acquisition of Enfora, both in 2010.”

While module makers are challenged by both competi-
tion and an overall trend toward commoditization, the re-
sulting declines in ASPs are broadening the addressable
market for cellular M2M connectivity. As module prices
decline, it becomes more feasible to embed cellular mod-
ules into a growing array of applications ranging from smart
utility meters, to automobiles, to remote healthcare related
devices, such as cardiac monitors.

“Ultimately, lower prices, combined with other factors
that facilitate M2M application development, will lead to
overall unit shipment volumes growing faster than prices
are declining, and we will see overall module industry
revenue grow significantly by 2016,” says Lucero. “Con-
sequently, falling ASPs are, in essence, benefiting module
vendors as a whole, although individual vendors may not
be able to survive the fiercely challenging market environ-
ment.”

Total Cellular M2M Module Shipments by Application

I inDUSTRIALPDA [ RIMAC
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I OTHER AMI
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H riD I AFTERMARKET TELEMATICS
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- ATM/POS

2010 20M 2012 2013 2014 2015 2016
Source: ABI Research

COMMERCIAL MARKET

Dan Massé, Associate Technical Editor

Current Market for RF Components in BTS
Strategy Analytics has just published a new report

examining the state of the base station component

market, Radio Access Network RF Power Device
Trends & Forecast: 2011 — 2015. This latest Strategy
Analytics report provides an in-depth view of the current
market for RF components in BTS, the most important
recent developments in this field, and a global forecast
for how the market will come to develop in the medium-
term, out to 2015. The key message from the report is
that the BTS market is currently in the process of chang-
ing more than it has done at any other point in its history.
The report finds that conditions are favourable for con-
tinuing growth, particularly in emerging markets, with
the market for BTS components set to top $5.4 B world-
wide by 2015. Resonating strongly through the report is
a warning that advances in technology are opening up
the market for a host of new players, posing a substantial
threat to the more established semi firms and subsystem
equipment vendors who have dominated this space for
so long. New materials and signalling technologies could
potentially be the Trojan Horses that allow new players to
enter the BTS market and undermine the current market
leaders. For more information about this report, go to
www.mwjournal.com/SAreportBTS.

2011 Base Station Shipments Up;

Prognosis Is Good for 2012 and Beyond
The world economy may be teetering on the brink

of a double-dip recession, but business is boom-

ing for wireless infrastructure vendors. According
to Jake Saunders, Vice President of Forecasting for ABI
Research, “Base station installations in 2011 will total at
least 10 percent more than anyone expected just one year
ago and we also see increases in planned orders for 2012
and beyond.”

There are a number of factors contributing to the in-
crease in base station shipments, but two countries in par-
ticular are significant to growth. Operators in China will
more than double their number of 3G subscribers by the
end of 2011, with low cost smartphones becoming popu-
lar there. Meanwhile, US operators are investing large
amounts of CAPEX in 4G. Reports indicate that Verizon
has installed or upgraded 20,000 to 30,000 base stations
over the past 16 months, AT&T is starting to launch LTE
services in major cities around the country, and Sprint’s
Network Vision will see most of its existing infrastructure
replaced by multi-mode base stations that can support 2G,
3G and 4G simultaneously.

=
Go to www.mwjournal.com for more commercial market news items :’
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The major motivation for mobile
operators to expand their networks
comes from the continuing growth in
mobile broadband data traffic, driven
by increasing penetration of smart-
phones (and, to a lesser extent, tab-
lets). “Existing networks are struggling
to cope with the surge in data traffic, so
operators are forced to increase capac-

wireless infrastructure. “However, op-
erators are finding new revenue oppor-
tunities with mobile data, which more
than compensate for decreasing voice
revenues, so they are expecting good
returns on this investment.”

Moving 2G subscribers to 3G, and
3G to 4G, results in more efficiencies

COMMERCIAL MARKET

Go Long Wireless Baltimore
Pilot Introduces Hyper
Broadband with MVDDS
pioneering new broadband
wireless technology is now on
display in Baltimore, providing
50+ Mbps downstream capability.

for operators and allows operators to

offer more data services. Go Long Wireless has launched the

Baltimore MVDDS pilot to demon-
strate how this new “wireless FTTH”
broadband option can bring both a
next generation triple play bundle
to consumers and robust mission-
critical broadband connectivity to the
small, medium, and enterprise busi-
ness communities.

“MVDDS is about broadband op-
tions. With this new wireless approach
to broadband, we are demonstrating
how communities all over the country
can introduce broadband competi-

ity,” says Jim Eller, Principal Analyst for

the accuracy of Rubidium...

PRS 10 Rubidium Oscillator (10 mHz)

e Less than 5 x 10-1! aging per month
o Ultra low phase noise
(-130 dBc/Hz @ 10 Hz)
e 20 year lamp life
e 1 pps input and output
¢ RS-232 computer interface

$1495 (us. list)

“We’re bringing an
unrivaled wireless
broadband pipe, Hyper
Broadband, into the
home or business.”

FS725 Benchtop Rubidium
Frequency Standard

¢ 5 MHz and 10 MHz outputs

* 0.005 ppm aging over 20 yrs.

e Built-in distribution amplifier
(up to 22 outputs)

e 1 pps input and output

¢ RS-232 computer interface

$2695 (u.s. list)

tion, bring broadband to the unserved
and underserved and significantly re-
duce the cost of broadband facilities
construction,” said Bruce Fox, CEO
of Go Long Wireless. “We're bringing
an unrivaled wireless broadband pipe,
Hyper Broadband, into the home or
business, on par with what any wire-
line broadband technology can do, at a
fraction of the typical wireline deploy-
ment cost.”

MVDDS is a fixed wireless broad-
band technology, which uses 500
MHz of protected licensed spectrum
in the 12.2 to 12.7 GHz band, capable
of delivering high speed broadband,
HD video and voice services. The Go
Long Wireless Baltimore pilot uses
a transmission antenna at the World
Trade Center in downtown Baltimore
and a receive antenna at the Emerg—
ing Technology Center in the Canton
area. The pilot is currently delivering
up to 50 Mbps in downstream broad-
band (3+ Mbps in upstream broad-
band), multichannel 1080p HD video,
and voice services. The pilot is avail-
able for demonstration.

E || i e e

SRS rubidium frequency standards have excellent aging
characteristics, extremely low phase noise and outstanding
reliability.

The PRS10 component rubidium oscillator is designed for easy
system integration. It has a 1 pps input for phase-locking to an
external reference (like GPS) and provides 72 hour Stratum 1
level holdover.

The FS725 benchtop instrument is ideal for the metrology
laboratory as well as the R&D facility — anywhere precision
frequency is required. It generates 5 MHz and 10 MHz signals
and has a built-in distribution amplifier with up to 22 outputs.

S R S Stanford Research Systems
1290-D Reamwood Ave. Sunnyvale, CA 94089 - email:_info@thinkSRS.com

Phone (408) 744-9040 - Fax (408) 744-9049 - www.thinkSRS.com
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The New Low in Frequency Synthesis

REF LTC6946 Outstanding Performance:
0SC Veo —~226dBc/Hz Normalized In-Band

& n_ Output Phase Noise Floor
Dividggy —~157dBc/Hz Output Noise Floor

<-100dBc¢ Spurious Products

Low Noise and Spurious Levels, 375MHz to 6GHz Frequency Synthesizers

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

Closed-Loop Phase Noise V Info & Free Samples

o Low —226dBc/Hz Normalized In-Band -80 www.linear.com/product/LTC6946
Phase Noise Floor 90 1-800-4-LINEAR

¢ Industry’s Lowest In-Band 1/f Noise -100
Corner 10

e Spurious Levels <-100dBc
e High Current 11mA Output Charge

-120
-130

Phase Noise (dBc/Hz)

Pump Minimizes Loop Compensation 140 | s e oo
Thermal Noise fgf = 5.7GHz
=150 | fppp = 10MHz
* Programmable Output Divider for —15p Lo = Bk www.linear.com/PLL
Wide Operating Frequency Range 100 1k 10k 100k i 10M 40M

Offset Frequency (Hz)
AT, LT, LTC LTM, Linear Technology and the Linear logo are
registered trademarks and PLLWizard is a trademark of Linear
Technology Corporation. All other trademarks are the property of
their respective owners.
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INDUSTRY NEWS

Atmel® Corp. announced that it has signed a definitive
agreement to acquire Advanced Digital Design S.A.
(ADD Semiconductor), a privately held company based in
Zaragoza, Spain, that develops power line communication
solutions. ADD Semiconductor, a founding member of the
PRIME Alliance, specializes in the design of system-on-
chip solutions that allow for narrow-band data commu-
nication across existing electric power lines. With ADD
Semiconductor, Atmel will acquire a portfolio of innovative
products and a team of technical experts focused on signal
processing and power line communications.

Cobham plc announced that it has agreed to acquire
US-based Trivec-Avant Corp., a supplier of UHF satel-
lite communication (SATCOM) antenna systems. Trivec’s
SATCOM technology, product range and customer base
are complementary to Cobham’s Antenna Systems’ strate-
gic business unit. The acquisition is in line with Cobham’s
strategy to build scale in its target markets and deepen its
investment in highly differentiated technology. Cobham
will acquire the entire share capital of privately owned
Trivec for a cash consideration of $126 M, payable on com-
pletion, on a debt and cash free basis. An additional cash
consideration of up to $18 M is payable between 2013 and
2014, contingent on future performance.

Spreadtrum Communications Inc., a fabless semicon-
ductor provider in China with advanced technology in
both 2G and 3G wireless communications standards, an-
nounced that it has completed a majority acquisition of
W-CDMA solutions provider MobilePeak Holdings Ltd.
The acquisition of MobilePeak allows Spreadtrum to enter
the global 3G and LTE markets with W-CDMA/HSPA +
technology. MobilePeak’s 3G technology combined with
Spreadtrum’s advanced 40 nm baseband platform will en-
able Spreadtrum to deliver low cost, high performance
W-CDMA solutions for the global market and serve as a
foundation for the company’s next-generation multi-mode
3G/4G solutions. Spreadtrum increased its equity owner-
ship in MobilePeak to approximately 85 percent as a result
of the acquisition. Spreadtrum expects to purchase the re-
maining outstanding shares by year end. Spreadtrum ex-
pects the total cash consideration for the ordinary shares,
including shares purchased on September 30, 2011, and
shares that remain to be purchased, to be approximately
US $5 M.

Aviat Networks Inc. has sold its WiMAX business to
EION Networks Inc., a privately owned Canadian com-
pany headquartered in Ottawa, Ontario. As a result of
the sale, the WiMAX business will be consolidated into a
division of the company, EION Wireless, which plans to
extend its broadband wireless solutions portfolio through
the purchase. Aviat Networks acquired the WiMAX busi-

For up-to-date news briefs, visit www.mwjournal.com ;\#
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Kerri Germani, Staff Editor

ness in 2009 to expand its technology portfolio and capa-
bilities to address opportunities in the wireless broadband
and mobility markets. In May 2011, as part of a company
restructuring aimed at reducing costs, streamlining opera-
tions, and optimizing the company’s business model, Aviat
Networks announced its intentions to sell the WiMAX
business for an undisclosed amount.

Thales has acquired 100 percent of the capital of Omnisys,
a Brazilian company headquartered in Sdo Bernardo do
Campo, near Sdo Paulo. The company has been majority-
owned by Thales since 2005 and already designs, develops
and manufactures long-range L-Band radars under a suc-
cessful industrial cooperation agreement, producing more
than 26 TRAC L-Band radars since 2008. The Brazilian
company serves key market segments, including air traffic
control radars, weather forecasting radars, weapon locating
radars, electronic warfare and naval missile systems, and is
progressively expanding its activities into other sectors. In
March 2011, Thales announced its decision to manufac-
ture the Ground Master 400 (GM 400) air defence radars
in Sdo Bernardo, bringing the Brazilian company access to
the world’s most advanced and complex radar technologies.

Aeroflex Ltd. and Lancaster University, UK, have inau-
gurated the Aeroflex Wireless Broadband Laboratory
in the University’s School of Computing and Communica-
tions at InfoLab21, Lancaster’s world-class center of ex-
cellence for research in information and communication
technologies. The new laboratory is equipped with $1.4
M worth of test equipment donated by Aeroflex, a leading
US-headquartered technology company with a large R&D
and manufacturing facility in Stevenage, UK. The labo-
ratory will enable Lancaster University to play a leading
role in the development of the next generation of wireless
broadband networks and user equipment.

Maxim Integrated Products Inc. is introducing a new
Obsolescence Mitigation (OM) Program to minimize the
impact of integrated circuit (IC) device obsolescence on
long-term military/aerospace programs. The new program
requires a collaborative effort between the customer and
Maxim’s Mil/Aero Group. Maxim will work with the cus-
tomer to set aside wafers to support the obsolescence of
any COTS plastic part. Any customer who needs that part
for along-life program should contact the Maxim Mil/Aero
Group.

Texas Instruments Inc. (TI), a Promoter member of the
ZigBee® Alliance, announced that it achieved ZigBee Cer-
tified status for its ZigBee Smart Energy™ 1.1 standard
implementation, recently introduced by the ZigBee Alli-
ance. TT announced the availability of its new Z-Stack™
2.5.0 with support for ZigBee Smart Energy 1.1, geared
toward home area networks (HAN).
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Scintera Networks Inc., a leading provider of mixed
signal semiconductors for wireless communications, an-
nounced it has received the ISO 9001:2008 certification
for its Quality Management System. This certification ac-
knowledges Scintera’s commitment to meet the globally
recognized management system requirements and regula-
tions for the design and sale of semiconductors.

Florida RF Labs is the recipient of a 2011 Florida Gover-
nor’s Business Innovation Award, one of the categories in
a statewide program that recognizes Florida companies in
emerging and high technology industries for their contri-
butions to Florida’s economic growth. Florida RF Labs was
recognized in the Business Innovation category for both
design and manufacturing technology for its Diamond Rf®
Resistives family of products. The technology was released
in 2010 after four years of development and is used in
products that make our troops overseas significantly safer,
which enhance our domestic security.

Agilent Technologies Inc. announced that its MS190A
arbitrary waveform generator received the Frost & Sul-
livan Global Arbitrary Waveform Generators Enabling
Technology Award. The M8190 AWG was singled out be-
cause it simultaneously provides high bandwidth and high
resolution to allow engineers to perform testing that is as
close as possible to real-world conditions.

Auriga Microwave has moved its headquarters, design
center, labs and assembly operations to a state-of-the-art
facility located at Two Executive Drive, Suite 305, Chelms-
ford, MA 01824. The new telephone number is (978) 452-
7700. The new fax number is (978) 452-7715. Email ad-
dresses and website (Www.aurigamicrowave.com) remain

the same.

Plessey Semiconductors announced the opening of a new
office in Futian, the heart of the Shenzhen Central Busi-
ness District, Shenzhen, China, which is the first stage in
an aggressive expansion plan for the company. The new of-
fices begin with a full-time staff of two — Eden Ho, Plessey
Semiconductors’ Regional Sales Manager for China, and
Mark Chen, Technical Sales & Applications Manager —
and the company plans to increase the headcount rapidly.
Plessey’s operations are also supported by two Chinese dis-
tributors — Chieftech and AMOD.

Linear Technology Corp., Milpitas, CA, is commemorat-
ing three decades of innovation in analog integrated cir-
cuits. Founded in September 1981, at the dawn of the digi-
tal revolution, some questioned the wisdom of founding a
company focused purely on analog technology. Over these
30 years, the worldwide analog market has grown from $2
B to more than $40 B today, and Linear has prospered with
that growth.

CONTRACTS

Dynamics Research Corp., a provider of management
consulting, science, engineering and technology solutions

68

to federal and state governments, announced that it has
established a five-year, blanket purchase agreement with
an estimated value of $1.5 M with the General Services
Administration (GSA) Office of General Supplies and Ser-
vices” Supply Operations through the GSA Mobis contract
vehicle. The first task order, having a one-year period of
performance, has been awarded in the amount of $717,000.

API Technologies Corp., a provider of electronic systems,
subsystems, RF, and secure solutions for the defense, aero-
space, and commercial industries, announced that its RF
Solutions/Spectrum Control division has received a new $1.9
M order from a Fortune 500 aerospace and defense contrac-
tor for a microelectronic solution to be used in the Heads Up
Display (HUD) on a major US military fighter aircraft.

Wireless Telecom Group has been awarded a five-year
supply agreement by Robin Warner Air Force Base for
Boonton 4542 high performance RF power analyzers.
These RF power analyzers are used to service and maintain
radar and control systems for the Global Hawk unmanned
aerial vehicle (UAV). Global Hawk UAVs are equipped with
Synthetic-Aperture Radars (SAR) that can provide details
of target areas with resolutions of less than 10 cm. SAR use
relative motion between the radar antenna and the target.
This radar system repeatedly transmits high power pulses
of various frequencies (“chirps”) to a target and receives
multiple echo waveforms that are stored. Post-processing
of the received information creates images revealing the
most subtle details.

Defense and security company Saab and its American sub-
sidiary Saab Sensis Corp. has been awarded contracts to
supply the Sea Giraffe Agile Multi-Beam (AMB) multi-
role naval surveillance radar as part of the US Navy’s Litto-
ral Combat Ship Program. The Sea Giraffe AMB 3D naval
surveillance radar provides medium-range, multi-mission
capability, including 3D surveillance of simultaneous air
and surface targets and weapons. It also provides the prov-
en, mature capabilities for periscope detection and splash
spotting.

COM DEV USA LLC announced that it has been awarded
a contract to supply equipment for a military communica-
tions satellite. Valued in excess of $5 M, the contract is a
follow-on order for an additional flight set of equipment on
a satellite program for which the company is an incumbent
supplier. COM DEV USA will be providing filters, diplex-
ers, ferrite devices and switches for the satellite. Work on
the contract will be carried out at the company’s facility in
El Segundo, CA, with completion expected by the end of
fiscal 2012.

NEW MARKET ENTRY

RF Micro Devices Inc. (RFMD) announced a strategic ini-
tiative to extend RFMD’s industry leadership in compound
semiconductor technologies into a broad array of adjacent
non-RF growth markets. The strategic initiative includes
the formation of a new business group, the Compound
Semiconductor Group (CSG), which will operate along-
side RFMD’s Cellular Products Group (CPG) and RFMD’s
Multi-Market Products Group (MPG). RFMD’s Compound
Semiconductor Group will create innovative new high pow-
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Our Gallium Nitride [GaN] amplifier products

employ the latest semiconductor technologies and

present the very best performance to our customers.

Ballium Nitride [GaN] technology, coupled with our chip

and wire die level expertise maximize power added efficiency

and high power density characteristics of GalM in amall

convenient packages. Multi-octave amplifiers and application

specific narrow band amplifiers cover frequencies to 18 GHz. GaMN amplifiers operate with voltages between +28VDC to

+50VDC [design dependent). Catalog designs offer power levels up to 100 Watts; custom designs to 200 Watts are available.

GaN Power Amplifiers

Model
Mumber

AMLOSEP4013

AMLOSEP4014
AMLOSEP4511
AMLOSEP4512
AML13P5013
AMLZEP4011
AMLZ2EP4012
AML2EP4013
AMLS58P4512
AMLS58P4513
AMLI10P4213
AMLI10P4214
AMLO10P4215
AMLI10P4216
AMLB11P5011
AMLB11P5012
AMLB11P5013
AML1416P4511
AML1416P4512
AMLB1BP4014
AMLB1BP4015
AMLZ21BP4012
AML218P4011
AMLZ21B8P4013

Frequency Gain Fsat Psat Psat Voltage [V]
[GHz) [dB min] [dBm min) [dBm typ] [Watts typ] Current [A]
05-6.0 40 35 36 4 28V, 0.75A
05-6.0 40 37 38 6 28V, 1.0A
05-8.0 45 39 40 10 28V, 1.3A
05-60 45 43 44 25 40v, 2.7A
10-30 50 46 47 a0 28V, 4.8A
20-6.0 40 40 41 12 28V, 1.5A
20-6.0 45 43 44 25 28V, 3.0A
20-6.0 50 46 a7 50 28V, 6.0A
5.5-9.0 45 45 46 40 28V, 4,0A
55-9.0 45 48 49 B8O 28V, B.0A
9.9-10.7 43 37 38 5] 32V, 0.5A
8.9-10.7 43 39 40 10 32v, 0.BA
89-107 46 41.5 42 15 32V, 1.3A
99-10.7 46 42 43 20 32V, 1.3A
78-110 45 43 44 25 28V, 2.8A
78-110 50 46 a7 50 28V, 5.5A
78-110 50 48 49 BO 28V, 11.5A
140-16.0 45 42 43 20 35V, 3.2A
140-16.0 45 45 46 40 35V, 6.2A
6.0-180 40 38 40 10 32V, 2.8A
B.0-180 40 42 43 =20 32V, 4.9A
2.0-180 35 37 38 B 32V, 1.54A
20-18.0 40 39 40 10 32V, 2.8A
20-18.0 38 42 43 20 32V, 4.9A

Features: Fast TTL On/0ff [Rise/Fall = 100ns];
Wide operating temperature range: -54" ta +85°C [hermetically sealad]

osemi Corp

RFIS, Camarillo, CA

34-2181 | Email; sales@amij,com

[formerly AML Communications)
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PAE

22%
20%
25%
23%
25%
30%
30%
30%
d5%
35%
305%
30%
30%
30%
30%
30%
25%
18%
18%
12%
12%
13%
12%
12%

ECCN

EARSS
EARSS
EARSS
EARSS
EARSS
EARSS
EARBS
EARSH
3A001.b.4.b
JADO1.b.4.b
EARBS
EARSS
EARBS
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er and high performance products utilizing the company’s
industry-leading gallium nitride (GaN) and gallium arsenide
(GaAs) process technologies. Bob Van Buskirk, President of
RFMD’s Multi-Market Products Group, will lead RFMD’s
Compound Semiconductor Group.

PERSONNEL

Peter Staeker has been elected Presi-
dent of IEEE, according to unofficial
election results. Staeker is a Microwave
Journal Contributing Editor and IEEE
fellow. The results will not be con-
firmed until the IEEE Board of Direc-
o tors meets November 20. IEEE is an

| association designed to serve profes-
sionals in the electrical, electronic and
computing fields.

A Peter Staeker

Rogers Corp. announced that its Board
of Directors has elected a new Presi-
dent and Chief Executive Officer,
Bruce D. Hoechner. He also became a
member of the company’s Board of Di-
rectors. Hoechner, 51, succeeds Robert
D. Wachob, 64, who will become Chair-
. man of the Board of Directors. For the
A Bruce D. Hoechner past five years, Hoechner was based in
Shanghai, China, first with Rohm and
Haas Co., for whom he worked for 28 years, and then mov-
ing to Dow Chemical upon its acquisition of Rohm and
Haas in 2009.

Passive Plus, a manufacturer of passive components, has
appointed Sidney Arnow as the new Regional Sales Man-
ager for the Western US. After 25 years developing micro-
wave components and antennas for Wheeler Labs, Dorne
& Margolin, Arnow moved into sales serving as Regional
Sales Manager for Narda Microwave East. He later found-
ed US Technical Marketing (USTM), a NY metropolitan
area microwave rep firm.

Park Electrochemical Corp. an-
nounced the appointment of William L.
Pappani as Vice President of Business
Development and Planning for the
company. Pappani will report to Brian
Shore, Parks President and Chief Ex-
| ecutive Officer. Prior to joining Park
Electrochemical Corp., Pappani was
A William L. Pappani Vice President of Finance and Chief
Financial Officer of Maskless Lithogra-
phy Inc.

REP APPOINTMENTS

Siklu, a pioneer in the wireless backhaul market, has signed
a distribution agreement with Connectronics, a leading
wireless product distributor, for Siklu’s millimeter-wave ra-
dio systems, which deliver unparalleled price-performance
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value. The agreement is the latest for Siklu, which recently
established a presence in North America and has begun
offering in that market its carrier-grade millimeter-wave
Gigabit Ethernet radio solutions. Under the agreement,
Connectronics will offer Siklus EtherHaul millimeter-
wave E-Band system to its network of value added resell-
ers, system integrators and Internet service providers.

L-com Inc., a global leader in the manufacture of wired
and wireless connectivity products, has partnered with
PIDSO from Vienna, Austria. The partnership allows L-
com greater distribution of both wired and wireless prod-
ucts in central Europe.

International Manufacturing Services Inc., a manufac-
turer and supplier of high quality thick and thin film re-
sistors, terminations, attenuators, planar dividers, planar
filters and thermal management devices to the electronics
industry, announces the appointment of Spantech Micro-
wave Technology S.A. as its representative to Spain and
Portugal. Spantech is headquartered in Malaga, Spain, and
has been serving the electronics industry with superior ser-
vice, technical knowledge and efficiency since 1992. More
about Spantech may be found at www.spantech.es.

MITEQ Inc. announced the appointment of Omarim
Technologies Ltd. as the company’s exclusive sales repre-
sentative in Turkey and Sanetronic Co. Ltd. as the com-
pany’s exclusive sales representative in China and Hong
Kong. Omarim and Sanetronic will represent MITEQ’s
Component division of products. Omarim can be contact-
ed at 011-90-216-340-8832. Sanetronic can be contacted at
011-86-755-2518-1122.

WEBSITES

American Technical Ceramics (ATC), a manufacturer of
microwave, millimeter-wave and RF passive components,
has launched a new website, www.atceramics.com. ATC’s
newly redesigned website features many valuable additions
and enhancements in navigation, searching and e-commerce
that afford easy access to all ATC product information.

Empower RF Systems, a leading manufacturer of solid-
state power amplifiers and amplifier-based solutions has
launched a web-linked and inventory backed program with
Richardson RFPD to offer faster availability on a specific
selection of standard, building block products in its most
requested frequency bands and power levels. The teamed
approach between Empower and Richardson RFPD offers
RF designers an attractive array of power amplifier solu-
tions on a “quick turn” basis to support lab test require-
ments, prototype developments, and assurance of supply
on COTS products. Visit Empower’s website, www.em-
powerrf.com, and look for the “Buy Now” tab included
with descriptions of specific products in this program. The
Richardson RFPD website, www.richardsonrfpd.com, also
features an Empower “storefront” and application based,
interactive selection guides with specific listings of Em-
power products in inventory.
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DESIGN AND FABRICATION
OF MoNOLITHIC HIGH
QUALITY FACTOR
RE-SOLENOIDS USING
DIELECTRIC SUBSTRATE

In this article, the design, simulation and fabrication of novel off-chip solenoid
inductors with high quality factor are reported. The minimum feature size of
standard PCB fabrication has been used to make embedded solenoids in Duroid
substrate with a relative permittivity of 2.2. A solenoid turn includes two
imbedded copper via of 125 pm radius and two surface conductors 250 ym wide
to shape a rectangular coil. Different pitch sizes, conductor lengths, solenoid

heights and numbers of turns were simulated and fabricated. The maximum
quality factor obtained was 160.3 for a 500 ym pitch size and 1 mm conductor
length in a substrate 380 wm thick. In addition to the very high Q-factor, the
inductor benefits from a facilitated design and ease of fabrication. The analytical
design has been investigated, using a lumped circuit model and electromagnetic

simulation. The S-parameter measurements are in close agreement with the

circuit design. The micro-solenoids have a higher quality factor, compared to

other counterparts.

adio frequency micro-structured in-
Rductors are currently being developed

to optimize the transmission and filter-
ing features for microwave applications like
RFIDs, radars, satellite communications and
medical sensors. This technology is also of in-
terest for the next generation wireless commu-
nication devices and biomedical instruments.
To fulfill these requirements, different design
techniques have been developed for the minia-
turization of inductors.!3 This article proposes
anew method for the design and fabrication of
high quality factor micro-solenoids.

On-chip inductors such as micro-spirals,*6
micro-solenoids™1? and  micro-toroidals,!!
have been extensively studied. Among the cir-
cuit parameters related to micro-inductors is

the parasitic capacitance between the coil and
the ground, which has a significant effect on
the resonance frequency and the quality fac-
tor of the actual inductor. For example, on-chip
micro-spirals have large parasitic capacitance
between the coil and the substrate. However,
several design techniques, including ground
shielding, suspended micro-coils and isola-
tion layers, have been developed to decrease
this capacitance. Nevertheless, the on-chip
micro-spirals are not able to provide Q-factors
greater than 100.1214 Alternatively, to over-

REZA KAMALI-SARVESTANI AND

JoHN D. WILLIAMS
UAHuntsville, Huntsville, AL
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come the parasitic capacitance, differ-
ent on-chip micro-solenoid structure
schemes have been made but they
require complex fabrication. For ex-
ample, to make a suspended micro-so-
lenoid with low parasitic capacitance,
one needs five layers of photolitho-
graphic patterning. Regardless of the
improvements in their Q, these coils
are currently unreliable as commer-
cial devices.!”

A few approaches have been pro-
posed to enhance quality factor by the
making of off-chip micro-inductors.
New substrates were used for the sake
of lower parasitic capacitance. Soh et
al. used a high resistivity silicon wa-
fer to build the micro-solenoid using
vias through the wafer.!6 Neverthe-
less, this method had an uncommon
process and did not offer Q-factors
higher than 18.5. Yoon et al. and Lu
et al. have used Pyrex glass as the sub-
strate, which decreased the capacitive
coupling and substrate loss in the fab-
rication of micro-solenoids.!7-18 How-
ever, the resulting quality factor was
still less than 100. Other approaches
were the application of alumina as a
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microwave substrate, system on pack-
age (SoP) using LTCC and organic
packaging substrates for making spiral
and helical RF inductors. These tech-
niques can provide Q-factors higher
than 100, but they all suffer from
multi-layer and costly fabrication pro-
cess.19-21

In a recent study, a microwave
substrate material with a low relative
dielectric constant of 2.2 was used
for making micro-toroidals, using mi-
crostrip or stripline.?? This research
showed an improvement of 1.5 times,
when compared to the conventional
micro-spiral inductors. Due to the
microstrip grounding layer in the
middle of the toroidal, the maximum
Q was obtained for frequencies less
than 1.25 GHz and the thickness of
the actual multi-layer dielectric board
became more than 3 mm. They have
shown quality factors higher than on-
chip inductors, but the application of
monolithic commercial microwave
printed circuit boards (PCB) produc-
tion method with common thickness-
es for micro-electronic structures has
not been investigated in the literature.

TECHNICAL FEATURE

Standard PCB techniques decrease
the cost and complexity of the devices,
when compared to the other micro-
inductor counterparts.

The use of microwave PCBs as a
dielectric substrate for micro-induc-
tors is not only an important factor
for the commercialization and ease of
fabrication, but it also benefits from a
variety of different relative dielectric
permittivity and substrate thicknesses
available in PCB materials. The per-
mittivity is a major parameter to de-
crease the loss in the substrate and
optimize the quality factor. The cur-
rent study, which is a preliminary re-
search,23 was done to find a commer-
cial monolithic design and a creation
method for micro-solenoids with low
parasitic capacitance, using common
microwave PCBs.

This article describes the design,
fabrication and test of novel off-chip
solenoid inductors for RF frequency
applications. The inductor consists
of a micro-solenoid embedded in-
side a RT/Duroid 5880 circuit board.
The low relative permeability of 2.2
helps to keep a low stray capacitance
as well as low loss for the fields in-
side it.24% Due to the difficulty of
drilling high aspect ratio vias close to
each other, this effort was limited to a
drilling diameter of 0.250 mm in or-
der to achieve the maximum possible
resonance frequency. Various lengths,
heights and pitch sizes were modeled
to find the best response. A set of the
resulting devices, with different size
parameters based on our modeling,
were used to optimize the experimen-
tal resonant frequency and quality fac-
tor.

A schematic diagram of the solenoid
is shown in Figure 1. Each solenoid
consists of at least % of a turn patterned
through the printed circuit board and
two electrical feed lines of length a/2.
Thus, for this design, the first turn of
the solenoid begins at the start of the
diagonal beam section patterned on

GROUND LOOP

Lb  GROUND SHIELD

A Fig. 1 Diagram of a two-turn solenoid on
a Duroid substrate.
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top of the substrate. Each diagonal sec-
tion represents an additional turn in the
device. This allows the user to quickly
identify the number of turns present in
the structure by counting the number
of diagonal lines patterned on the top
surface of the substrate. Using this de-
sign rule, the solenoid has two diagonal
beam sections and is, therefore, a two-
turn device.

Two modeling techniques were
used to investigate the circuit. The
analytic modeling of the circuit was
done using a single m-circuit model.
An electromagnetic simulation of the
device was also done with Ansoft-
HFSS software. The simulated re-
sults were compared to the measured
S-parameters of the fabricated devic-
es, using a microwave probe station.
Both the inductance and quality fac-
tor were evaluated. The experimental
data shows close agreement between
modeling and simulation. The low
cost standard PCB production tech-
nique decreased the cost and com-
plexity of device commercialization,
when compared to micro-inductors
counterparts.

THEORY

A single m-circuit model was used
to describe the micro-solenoid. It can
be used for solenoids with a consid-
erable distance from the shielding.?6
Using the Greenhouse-Grover meth-
od, the self inductance of each seg-
ment as well as the mutual inductance
between them?27 was determined. The
capacitive behavior of this device in-
cludes the two different capacitances,
which are C,, the stray capacitance
between segments, and C_ between
segments and ground. Based on the
position of the segments, the capaci-
tances are in air or inside the Duroid
substrate with a dielectric constant of
2.2. All segments and the capacitances
between them have been considered
in the following model. The resulting
n-circuit is illustrated in Figure 2 and
the parameters of the circuit are eval-
uated as follows:

Inductances

The fabrication of the coil requires
the use of both rectangular and cylin-
drical components. Each geometric
condition must be solved in order to
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A Fig. 2 m-model schematic for a micro-
solenoid inductor.

find the inductance of the complete
coil. The self inductance of a circular
via inside the substrate is named L,
with the approximate value of:27

L =2h|In Zh |75, 00w
e 05 h

OW

Likewise, the self inductance of
each rectangular segment can be ap-
proximately evaluated by, L, in nano-
Henries:

L =

Is

21 b+w )|,
21[1n(b+wj+0.50049+( 3 H(Z)

where | is the length, h is the
height (and substrate thickness), b
is the thickness and w is the width
of the conductor. It should be not-
ed that the beam rectangular seg-
ment length, 1, has two values in
this design. And, thus, there are
two rectangular inductance val-
ues, one for 1 = a, and another for

1=\/a2+d2‘

The leads connecting the coil to the
RF contact pads have a length of a/2.

The mutual inductance M, be-
tween each couple of segments, can
be evaluated by:27

M =2IG

It is positive if the current in both
segments is in the same direction and
negative if it is in opposite direction.
To find the G, the following relations
can be used:

| 2 1/2
G=In (—]-f- 1+— -
D D2
o 1/2 b
1+ — +[T) (3)
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where D is the geometric mean-distance relating the
width and pitch of the line segments as defined by Green-
house:27

2 4 6
In(D) = In(d) - é(%} " %{%) . é(gj .

8 10
L[EJ . L(i] @
360 w 660\ w
The total inductance is the sum of all self inductances
and mutual inductances in a turn coil. Recalling that each
n turn coil actually consist of n + % turns, then the total
inductance is the sum of the inductance due to n loops plus

a three quarter turn loop with a rectangular beam length,
| = a as follows:

=L, +L }
n turn n loops
7100
4
L, =2L_+L_(I=a)
— loop
4
n loops =

n[2LCS+LrS(l:a)+LrS (1:\/a2+b2)+2MJ (5)

The values of the mutual inductances are reduced by
the distance between segments, so the major mutual in-
ductances occur between top and bottom conductors. This
helps to approximate the mutual and self inductances of
one turn and simplify the formula due to the reoccurrence
of the turns.

Capacitances

As previously stated, the single mt-circuit model uses two
capacitive elements, stray and parallel. The stray capaci-
tances are between the segments from the first terminal to
the second. These depend on the cross-section, distance,
and the dielectric constant between segments.

Despite the fact that the capacitances between via are
much higher than the other segments, the calculation of
stray capacitance, C; for an n turn solenoid of pitch, d, of
individual line segments, relies on the capacitance between
all adjacent segments and is formulated as follows:

{(211 —1)ya? +(0.5d) + ZHa}b

G, =g, (d ~ W) +
ny/a> +(0.5d)2W (2n+l)h
£.€) > €0 N
24 (0.5d)
2nw (2b + h)
N (6)

Each segment also demonstrates a capacitance to the
ground, as stated by the parallel capacitive features, Cp,
of the two-port network. This parasitic term consisted of
the capacitances of lower segments to the ground, C;, and
capacitances of upper segment to ground, Cy;. A few added
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dimensional constraints are required to adequately evalu-
ate these capacitances. First, the distance between the line
metal line segments on the bottom of the substrate and
ground, I, is tailored to reduce these terms in the system.
The width of the gap between the coil and the ground pads
is approximately 25 pm (the thickness, b, of the rectangu-
lar section). Finally, the closest distance between the coil
turns and the ground loop is approximately one half of the
metallic lead width, w.

1
C, =§(CL+CU)

where C; and C; are:

p)
. (n+1)wa+(2n+2)(%] o
L7y 1,

wb+ab  ab bw
C = 4— 7
v =% [n 0.5w i 0.5w i b ) @

Resistances

The series resistance includes the resistances of surface
conductors in series with the resistances of the columns.
The skin effect should also be considered for this calcula-
tion.

cp|(2n+2)h
RpﬂTm))]
cp| (n+1)a+nya? +(0.5d)
{ 8(2w+2b) } (8)

where c represents the resistivity ratio of the bulk metal
to that of the electroplated metal. For simplicity, ¢ was set
to avalue of one in this experiment.” Also p is the resistivity
of copper, & is the skin depth and is given by:25

5= |2 (9)
ol

In which p is the permeability of copper and f is the
frequency of the electromagnetic field.

After developing terms for the individual circuit com-
ponents, the m-model was then solved for in terms of a
one-port measurement to match the experimental require-
ments for testing. Ina one-port measurement, the second
terminal of circuit model is connected to ground and the
equivalent m-model of the circuit results in the following
quality factor:13

Q=

(c, +Cp)
-’ (C,+C, |- 20k, (C, +C, ) [10)

MICROWAVE JOURNAL m NOVEMBER 2011



Rohde & Schwarz is a global leader in test and
measurement, broadcasting, secure communica-
tions, radiomonitoring and radiolocation. We create
the instruments that help you build tomorrow’s
technology today. Our latest innovation: the most
accurate signal and spectrum analyzer ever built.
Meet the R&S®FSW.

Rohde & Schwarz. Create the future.
www.rohde-schwarz.com/ad/fsw/mwj

ROHDE&SCHWARZ



http://www.rohde-schwarz.com/ad/fsw/mwj

DESIGN AND FABRICATION

Based on the equation provided for
the modeling, one can design a spe-
cific coil to match the Q factor desired
in the range between 2 and 6 GHz.
To achieve the highest resolution, this
project is focused on the use of RT/
Duroid 5880, with the very low rela-
tive permittivity of 2.2. This benefits
low loss through the entire thickness of
the board. Three-dimensional struc-
tures in RF substrates have multiple
different applications, including high
quality factor resonators, microstrip
antennas and interconnects.2329 As
such, the key to this design is to pat-
tern the micro-solenoid through the
Duroid to maintain a uniform mag-
netic field through the coil. This is
achieved through the utilization of a
small diameter coil comprised of a low
resistivity metal that does not oxidize
on the surface. While gold is ideal for
such cases, copper is cheaper and,
therefore, easier to demonstrate in a
laboratory experiment.

In order to maintain the compati-
bility of standard printed circuit board
process, the drilling size of 125 um ra-
dius was used. To match this require-
ment, the width of each conductor
would be 250 pm and the minimum
distance between two conductors was
250 um. Copper or silver can be used
as the cladding layers. Here, copper
cladding with silver immersion layer
technology was used for the surfaces.
A thin finishing layer of gold is added
to avoid the oxide growth. Each via
was electroplated simultaneously to
make the columns. In the two-turn
inductor depicted previously, h is the
height of the vias, w is the width of
the surface conductors, a is the bot-
tom layer conductor length, d is the
pitch size and b is the thickness of the
cladding layer. The following variables
were used to maximize the quality fac-
tor:

Substrate thickness (h)

Pitch size (b)

Surface conductor length (a)
Number of turns (n)

Wire width (w)

To realize the effect of columns
height on the design, two Duroid
thicknesses of 3.0 and 0.380 mm were
provided. In order to determine the
maximum value for Q for each sub-
strate thickness, 16 different sizes of
solenoid have been designed, simu-
lated, fabricated and tested. The origi-
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A Fig. 3 Q factor and inductance as a func-
tion of the number of turns.

nal space included four different coil
designs. Each design was studied for
four different numbers of turns.

The one-port quality factor,
Q; (), is considered a measure for
the performance of the coils in most
literatures.? It has been defined as:

lm(Yn_l)
) Re(Y,, "'

The Y;; can be calculated in port
one, while the second port is short cir-
cuited. The inductance L is equal to:

lm(YH_l)
(0]

(11

L= (12)

Figure 3 shows the Q-factor and in-
ductance as a function of the number of
turns, with a=1 mm, d=0.5 mm, h =
0.38 mm and w = 0.25 mm, using the
electromagnetic simulation by Ansoft
HFSS. Figure 4 illustrates the influ-
ence of the top conductor length, a, on
the Q-factor. Figure 5 shows the result
of change in the pitch size, d. Increas-
ing the substrate thickness or height will
increase the inductance, but the quality
factor will decrease. Optimization of
the results using the analytical model-
ing and electromagnetic simulation
showed that a one-turn solenoid, with
0.380 mm columns height and 1 mm of
the surface conductor length also 0.250
mm pitch, can provide the maximum Q
factor of 160.3. A copper conductivity of
4 x 107 S/m was used to match the
simulation with the conductivity of our
electroplated copper. A photograph of
the micro-solenoids is shown in Figure
6.

RESULTS AND DISCUSSION
The S-parameters of the fabri-
cated resonators were measured us-
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A Fig. 5 Q factor and inductance as a func-
tion of d.

A Fig. 6 Top view of the micro-solenoids
in their ground pad for a = 1 mm, w = 0.250
mm and d = 0.500 mm.

ing a HP8363 network analyzer and
GSG Cascade Microtech probes. The
short-open-load-thru (SOLT) calibra-
tion has been done with an imped-
ance standard substrate (ISS). The
frequency span was measured us-
ing 6800 sampling points to increase
the accuracy. Samples were put on a
striped Duroid board of 3.0 mm thick
to decrease the ground capacitance
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during measurement. De-embedding
of the pads was carried out after con-
version of S-parameters to Y-param-
eters. The Y-parameters of an open

A Fig. 8 Comparison between simulated
and measured Q factors of a single turn
micro-solenoid inductor.
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thicknesses of 0.380 and 3.010 mm
are given in Table 1.

The resulting  measurements
showed that the application of low
relative permittivity material like RT/
Duroid 5880 did not degrade the
quality factor due to the low dielectric
permittivity. Furthermore, the Du-
roid was a good supporting substrate
to fabricate a reliable solenoid struc-
ture. Optimization of the quality fac-
tor in the micro-solenoid resulted in
closely spaced conductors to provide
the highest coupling of the magnetic
field. Besides that, the conductors
should be wide enough to reduce the
resistivity of the overall inductor. To
show the compatibility of the mea-
surement with the analytical mod-
eling and EM-simulation all three
results for the one-turn inductor are
compared in Figure 8. In this mod-
el, a quality factor of 160.3 has been
measured for a one-turn solenoid with
0.380 mm column height and 1 mm
of the surface conductor length and a
0.250 mm pitch size.

The major restriction for increas-
ing the quality factor in this inductor
was the resistivity of the electroplated
copper, which was higher than the
bulk copper. The increased resistance
observed in the electroplated mate-
rial lowered the measured Q-factor.
As such, Figure 9 shows that, for an
inductor of 3.01 mm thickness, with
a=1mm, w=0.250 mm, h = 0.380
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mm and d = 0.500 mm, the Q did
not match the modeling results, due
to higher resistivity of the actual fab-
ricated device. Any improvement in
the metal via fill process can result in
a future enhancement of the quality
factor for micro-solenoids.

If a resistivity close to that of the
bulk metal could be achieved in the
electroplated vias, then quality fac-
tors higher than 200 could be ob-
tained. For example, if this research
compared to the micro-spirals on the
alumina substrate and micro-coils us-
ing SoP structures, it not only benefits
from higher quality factor but also
has a commercial production method
that can be realized.20-21 In contrast
to the toroidal inductors reported by
Philips and Settaluri with microstrip
or stripline, the current results show
that the monolithic structures de-
crease the capacitive effects of close
grounding layer and increase the self
resonance frequency of inductors.??
Power management is also higher
due to the increased cross-section for
the conductors.3! Finally, the device
presented in this work benefits from
a commercial thickness for the board,
higher frequency for the maximum
Q, and easier monolithic fabrication.
These advantages make the resulting
micro-solenoid a good candidate for
the miniaturization of the commercial
off-chip inductors.

CONCLUSION

Design, simulation and fabrication
of novel off-chip micro-solenoids with
high quality factor are reported. Low
cost standard PCB fabrication was
used. The S-parameters of the fabri-
cated models were measured using a
microwave probe station and the qual-
ity factor has been extracted. A maxi-
mum quality factor of 160 was record-
ed for a one-turn solenoid. It shows
close agreement with modeling. The
results have a potential application in
microwave circuits to enhance their
performance with keeping a very high
quality factor. It would also decrease
the cost, and complexity of fabrication
compared to on-chip resonators, and
MEMS structures. Il
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IMPROVED THERMAL
MANAGEMENT OF
MICROWAVE PCBs
USING ADVANCED
CIRCUIT MATERIALS

hermal management in microwave print-
I ed-circuit boards (PCB) is more impor-
tant than ever, with the growing demand
for higher levels of circuit integration and PCB
power densities. Understanding proper ther-
mal management of a microwave PCB requires
some basic theory regarding heat flow in a PCB,
as well as the thermal properties of the mate-
rials used in PCBs. To illustrate PCB thermal
management in practical terms, an experiment
will be detailed to show the heat flow in a PCB
at various power levels and using materials with
a variety of different thermal properties. As an
example, a simple microstrip circuit will help to
illustrate heat flow through a PCB, including the
effects of plated-through-hole (PTH) via holes
(vias) used for signal-ground connections in iso-
lated areas of the PCB.

A basic thermal model can be described by
hot and cold areas or reservoirs connected by a
thermally conductive material, such as copper
(see Figure 1). Copper has a thermal conduc-
tivity (TC) of approximately 400 W/m/K, which
is considered to be very good. For a model that
more closely resembles the thermal flow in a
microstrip PCB with PTH via hole, the basic
model is modified by having thermal insula-
tors now surrounding the thermal conductor,
with the PCB substrate serving as the thermal
insulator (Figure 1b); a PCB substrate gener-
ally has a TC of approximately 0.25 W/n/K. In
creating a model for a microstrip PCB (Figure
1c), the top copper layer is assumed to be the
signal layer (or the hot reservoir) while the bot-

tom copper layer is assumed to be the ground
plane (or the cold reservoir).

In this basic thermal model, the relationship
for the transfer of heat between the hot and
cold reservoirs is:

H=_1a 2T
L

TH _Tc)

N
H=-kA 0 (1)

where H is the heat flow, k is the thermal
conductivity, A is the area at the reservoir-
thermal conductor interface, AT is the heat
difference and L is the length of the thermal
conductor joining the reservoirs. In this model,
it is assumed that the temperature in the ther-
mal conductor has reached equilibrium. The
simple model and the equations indicate that
less heat transfer will occur between reservoirs
for a thermal conductor with low thermal con-
ductivity. The distance between the reservoirs
will also impact the amount of heat transferred,
while a thinner thermal conductor will increase
heat flow.

Fitting this simple model to a microstrip
PCB, the PCBs signal layer is assumed as the
hot reservoir and the PCB’s ground plane is
the cold reservoir (see Figure 2). It is also as-
sumed that the ground plane is thermally at-
tached to an efficient heat sink to maintain a

JoHN COONROD
Rogers Corp., Rogers, CT
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A Fig. 1 Basic heat flow models.
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A Fig. 2 Cross-sectional views of a microstrip
PCB: (a) without via farm and (b) with via
farm.

constant temperature, which is signifi-
cantly lower than the signal plane.
The areas of a microstrip PCB may
be with or without PTH via holes. A
model corresponding to a microstrip
PCB in an area with no PTH via holes
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TABLE |
COMPARISON OF MICROSTRIP LINES OF DIFFERENT THICKNESSES AND TC VALUES

Thickness TC Dk Df Freq. RF Power Temperature
(mils) (W/m/K) (MHz) (w) Rise Above
Ambient (C)
Material A 20 0.25 3.50 | 0.0023 3000 30 45
Material A 10 0.25 3.50 | 0.0023 3000 30 36
Material B 20 0.50 3.50 | 0.0023 3000 30 23
TABLE II higher temperature rise above am-

THERMAL CONDUCTIVITIES FOR
COMMON HIGH FREQUENCY

CIRCUIT MATERIALS
High Tg FR-4 0.24
Nearly Pure PTFE 0.20
Ceramic Filled PTFE 0.50
RO4350B™ Laminate 0.62
RT/duroid® 1.44
6035HTC Laminate

is shown in Figure 2a, while a model
representing a microstrip PCB in a
grounded area, where numerous PTH
via holes are used to join two copper
layers, is shown in Figure 2b. The
model of Figure 2(b) is common for
microstrip PCBs on which an active
device, such as a power transistor, is
mounted and is generating heat. The
numerous PTH holes under the heat
generating device is called a via farm.

When several materials with dif-
ferent thicknesses and TC values are
compared, as in Table 1, and other
key parameters are kept the same,
such as input test power and frequen-
cy, the impact on the thermal rises of
those different materials is easily seen.
For example, the three materials in
Table 1 are treated with similar values
of relative dielectric constant (Dk) and
dissipation factor (Df), and the same
frequency (3000 MHz) and power lev-
el (30 W). There are no grounding via
holes in any of the materials, but the
temperature rise above ambient is dif-
ferent for all three materials, depend-
ing upon material thickness and TC
value. The highest temperature rise
above ambient occurs for the thickest
PCB material with the lowest TC val-
ue. In this model, which is known to
be very conservative but valid for the
sake of this simple comparison, there
is no grounding via hole.

As Table 1 shows, PCB materi-
als with a lower value of TC suffer a

bient for a given amount of applied
power, while higher values of TC re-
sult in lower temperature rises above
ambient. Some of the TC values for
materials commonly used in high fre-
quency PCBs are shown in Table 2.
Unfortunately, most of the PCB ma-
terials used in the microwave industry
exhibit relatively low TC values.

In terms of thermal conductivity,
laminates, such as RO4350B™ and
RT/duroid® 6035HTC from Rogers
Corp., offer high values, compared
to FR-4 substrates often used in high
frequency circuits. Still, the TC of
conductive copper metal is about 400
W/m/K, some orders of magnitude
higher than the TC values for any of
the substrates in Table 2. This shows
that copper PTH vias can have a ma-
jor impact on the heat flow within a
microwave PCB.

To understand the effects of TC
for different PCB materials, a thermal
imaging study was performed using
microstrip constructions and different
substrate materials with significantly
different TC values. Heat flow effects
for these materials were also studied
with and without via farms. DC heat-
ing was used to eliminate several mi-
crowave thermal variables and focus on
the effects of TC on different PCB ma-
terials. All substrates in the study were
20 mils thick with a 100 ) termination
resistor and the same copper features,
although different substrate materi-
als were used. Once DC power was
applied, each circuit and termination
resistor was allowed to reach thermal
equilibrium. Figure 3 shows the dif-
ference in heating above ambient tem-
perature (25°C) for circuits without a
via hole farm, using different materials.
As seen in Figure 3, and referenced in
Table 2, materials with the highest TC
values exhibit the lowest temperature
rises. When these curves are compared
to circuits using via farms, which can
channel some of the heat, the heat rise
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A Fig. 3 Comparison of heat rise above
ambient with substrates having different TC
values.

is less for each circuit, although the
general trends are the same.

Figure 4 shows cross-section views
of the microstrip example (a) without
via holes, (b) with a via farm, and (c)
with a via fence. The microstrip with-
out via holes is typically of an RF signal,
where the active signal trace cannot be
connected to the ground plane. In this
case, the TC property of the material
is critical for minimizing the heat rise.
Of course, a thinner substrate will also
shorten the heat flow path and reduce
the heat rise of the circuit.

For microstrip circuits with active
devices that generate heat, the con-
figuration in Figure 4b, with via holes,
is commonly used to improve thermal
dissipation. An active device may re-
quire ground connections anyway, so
the use of copper PTH via holes as

(a)

(b)

(<)

Ar ig. 4 Cross-sectional views of microstrips:
(a) without via farm, (b) with via farm and (c)
with a via fence.
thermal connections from the active
device to ground can greatly aid the
thermal management of the PCB.
The microstrip PCB configuration
shown in Figure 4c is somewhat more
uncommon than the other circuits.
According to the area of the cross-sec-
tional view, the circuit configuration
of Figure 4c is more like a grounded
coplanar waveguide than microstrip,
with the benefit of allowing active cir-
cuit traces that cannot be grounded by
means of via hole connections to dis-
sipate heat by means of PTH via holes
through x-y plane thermal conduction.
In such a case, the substrate material’s
TC value is critical for optimum heat
dispersion. In this circuit configura-

TECHNICAL FEATURE

tion, the spacing on the signal plane
between the active trace and the co-
planar ground with the via hole fence
should be small compared to the sub-
strate thickness. The spacing can be in
the range of 125 wm (5 mils). By mini-
mizing the heat flow path, the transfer
of heat from an RF signal trace to the
ground plane is made more efficient.
In this configuration, some electrical
concerns must be addressed regard-
ing the close proximity of the coplanar
ground to the signal trace.

One part of proper thermal man-
agement in microwave PCBs involves
understanding the relationship be-
tween circuit losses, applied power
and heating effects. High frequency
circuit heating is essentially associated
with losses in the circuit. And in mi-
crostrip circuits, such as the example,
there are several types of losses, in-
cluding conductor losses, dielectric
losses and radiation losses. Conductor
losses are related to the circuit de-
sign as well as the choice of substrate.
Most substrates are available with dif-
ferent types of copper cladding and
the choice of copper can impact the
loss performance. For example, cop-
per conductors with rough surfaces
will suffer higher losses than copper
conductors with smooth surfaces. The
quality of the copper-substrate inter-
face can also impact the loss perfor-
mance of a microstrip PCB.

Another material parameter that
can affect loss is a PCB material’s Df.
A lower value for Df results in less di-
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electric loss and less heat generated in
the PCB. In addition, a PCB with low
Dk will also yield less loss and less gen-
erated heat than materials with higher
Dk values. This is assuming that a
controlled-impedance circuit design is
necessary and a material with a lower
Dk allows the use of wide conductors.
Wider conductors yield lower conduc-
tor losses than narrower conductors.
In brief, a short list of ideal mate-
rial properties for improved thermal
management includes high TC, low
Df, smooth copper surface, thin lami-
nate and low Dk. Of course, in practi-
cal designs, there are always tradeoffs
involved. An example can help to
demonstrate this. This example em-
ploys a 20 mil microstrip transmission
line on a substrate with Dk of 3.5 and
handling 30 W RF power at 3 GHz.
The circuit is required to achieve good
low loss performance. It is based on
a ceramic-filled PTFE substrate with
Df of approximately 0.0023. Because
of the high cost of PTFE material and
its associated fabrication processing,
a lower cost alternative substrate was
considered for the example, a hydro-
carbon laminate with Df of 0.0037.
Using a simple model to compare
the substrates, the predicted tempera-
ture rise above ambient temperature is
approximately 45°C for the PTFE sub-
strate and approximately 21°C for the
hydrocarbon laminate. Although the
PTFE substrate has a lower Df than
the hydrocarbon laminate, the latter
has a lower heat rise due to its TC value

Waveguide Components

of 0.62 W/m/K compared to only 0.25
W/m/K for the PTFE laminate.

The maximum operating tempera-
ture (MOT) of a microwave PCB is
an important parameter to consider as
part of thermal management planning
for a circuit design. Determined by a
certification process from Underwrit-
ers Laboratory (UL), the MOT cannot
be exceeded for any length of time to
ensure the integrity of the PCB. Short-
term elevated temperatures associated
with soldering and assembly are not re-
lated to the MOT. Rather, it is long-term
issues, at higher temperatures, that are a
concern for achieving thermal manage-
ment with a microwave PCB. In fact,
MOT can be used in a simple circuit
model to illustrate some differences in
materials when considering a 20 mil mi-
crostrip transmission line.

The MOT in this example circuit is
assumed to be +105°C, and the ambient
(room) temperature is +25°C. The goal
in this example is to avoid a temperature
rise of more than 80°C, in order not to
violate the MOT for this material. As
Figure 5 shows, the choice of PCB ma-
terial can greatly impact the amount of
power that can be carried by a micro-
wave circuit, with materials having high-
er TC values and lower Df. The exam-
ple is based on a frequency of S00 MHz;
at higher frequencies, more heating
will occur for the same RF power level.
While the conductor copper roughness
mentioned earlier may have minimal ef-
fects at lower frequencies, it can impact
losses more at higher frequencies, trans-
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A Fig. 5 Example of a 20 mil microstrip line
using two different substrate materials.
lating into additional heat generated in
a PCB with copper conductors having a
rough copper surface.

In summary, it is possible to en-
vision heat flow through a high fre-
quency PCB by means of a simple
model. Using such a simple model
helps illustrate the benefits of circuit
materials with high thermal conduc-
tivity and can help when developing
strategies for effective PCB thermal
management. Via farms can be an ef-
fective method of improving heat flow
through a PCB, although it may not
always be possible to employ this tech-
nique with active RF signal traces. In
general, attention to selecting circuit
material with favorable attributes,
such as improved TC, low dissipation
factor, smooth copper conductor sur-
face and low dielectric constant, can-
not only help in the design of a high
performance PCB, but also lead to
improved thermal management. ll
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A CoMPACT DUAL-
WIDEBAND BANDPASS
FILTER USING SPIRAL-
SHAPED MULTI-MODE AND
COMPLEMENTARY SPLIT
RING RESONATORS

In this article, a novel miniaturized dual-wideband bandpass filter is introduced,

using spiral-shaped multi-mode resonators. The proposed structure consists of a
pair of M4 transmission lines and a loaded transmission line with two balanced
spiral-shaped high impedance transmission lines, instead of the conventional M2.
This replacement leads to a high level of miniaturization for these components.

Then, a complementary split ring resonator is utilized to realize a dual-wideband
BPF. A compact dual-wideband BPF is designed, analyzed and tested, where
two transmission zeros, at both the lower and upper stopbands of each band,
guarantee a high level of suppression in the rejection bands with sharp skirts.

urrent advances in modern wireless
Ccommunication systems have created
the demand for smaller, more reliable
and low cost microwave components. Mean-
while, many communication systems operate
in dual-bands, which necessitate complicated
technologies to realize such components.
Dual-wideband bandpass filters (BPF) are
one of the most popular components increas-
ingly investigated in most recent studies. On
one hand, these should be designed to realize
a wide passband and, on the other hand, they
should provide dual-band behavior. This dual-
ity makes the design of these elements so com-
plicated that designers have to use a complex
technology or a multi-layered one.!-3
Several investigations have introduced many
dual-band BPFs using different topologies.
However, they show a narrow bandpass and

still occupy a relatively large area.*> Addition-
ally, several techniques have been proposed to
design such components, which can provide
dual-band behavior but with complicated tech-
nologies, including short-circuited stubs.57
One of the recent classes of wideband
components, using a multi-mode resonator, is
the best candidate to realize wideband struc-
tures.89 However, it is not able to demonstrate
a dual-band. While complementary split ring
resonators (CSRR) are the best ones to realize
dual-band components that may provide dual-
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wideband BPF's in combination with multi-mode ones, in
the structures of these wideband components, there is no
capacitive coupling to combine with CSRRs. However, it
should be noted that there is a coupling structure between
the feed and the quarter-wavelength transmission lines in
the layout of these multi-mode ones. Simulation shows that
this combination with CSRRs not only does not provide
dual-band behavior, but also reduce their performance by
reducing their zeros near the center frequencies.

In this article, a novel combination of a multi-mode res-
onator with CSRR is proposed, in which an extra coupling
structure is used to combine with the second resonator.
The developed structure consists of a pair of A/4 transmis-
sion lines similar to the basic topology of these resonators,
as well as a loaded transmission line with two balanced spi-
ral-shaped, high impedance, transmission lines instead of
the conventional A/2. In addition to providing a dual-band
performance, the overall size of these multi-mode resona-
tors is significantly reduced, accompanied with wider pass-
bands, using this proposed topology. A novel compact dual-
wideband BPF was designed and fabricated, based on this
technique, on a 0.755 mm thick substrate with €, = 2.56.
The measured frequency response of the proposed filter
agrees closely with the simulated one.

DESIGN PROCEDURE
Capacitive Gap Structure (CGS) of the Multi-Mode
Resonator

As stated, to utilize CSRRs for the realization of a du-
al-wideband BPF, it is necessary to have a capacitive gap
structure in the layout of multi-mode resonators. Here, the
layout of these resonators is initially developed in order to
provide a CGS and afterward, a CSRR is used to ascertain
the idea. To get an analytical view of the design of the pro-
posed dual-band BPF, the structure of the recent multi-
mode resonator is initially followed as shown in Figure 1.
Observing the structure of the conventional multi-mode
resonator, including two pairs of quarter wavelength and a
loaded A/2 transmission lines, the only coupling structure

RF-35TC
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of this topology is between the feed and the quarter wave-
length transmission line, for which EM simulation shows
that it does not provide dual-band passband in combina-
tion with CSRRs. As indicated in the figure, this conven-
tional layout is modified to realize a capacitive coupling
structure. As demonstrated, two balanced high impedance
transmission lines are added to the A/2 transmission line
of the structure as the main resonator to realize capacitive
gaps between their ends and the main resonator.

By considering the reactance X for the coupling structure, it
can be shown by calculating the ABCD matrix of the layout that
the C component of this matrix can be expressed as follows:

C =
A
§Zy 2y [ 0.5Z(Z tan 0, — X) +Z; tan ), (Zs + X tan6,) |

@

where A is a coefficient in terms of the structure’s pa-
rameters and the denominator values are provided in the
diagram schematic given in Figure 1.

According to Equation 1, to determine the zeros of the
structure near the center frequency f;), the denominator is
equated to zero, which implies the following equation:

05Z (X -7, tan6,) =7, tan6, (Z + Xtan6, 2)

To simplify the analysis, if Zg is chosen to be equal to
27y, the following equation is derived:

X =7 tan(0, +6,) (3)

where X is the reactance created by the coupling struc-
ture. Similarly and according to Equation 1, by choosing 6,
+ 0, = 260, and simplifying the equation, it can be demon-
strated that the zeros near the resonant frequency can be
specified as £} = f/2 and, {5 = 3f/2, which are exactly lo-
cated at the lower and upper sides of the center frequency.

By replacing the layout of the recent conventional
multi-mode resonator with the proposed one, it can be
shown that this structure realizes a wider BPF in pass-
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A Fig. 1 (a) Schematic of the conventional
multi-mode resonator and (b) proposed
layout for the N2 transmission line of the
conventional one.

band, with a notable size reduction in
comparison with a conventional one.”
It is demonstrated that this compact
multi-mode resonator realizes a dual-
wideband BPF in combination with a
simple CSRR.

DUAL-WIDEBAND BANDPASS
FILTER

As indicated in the previous sec-
tion, the capacitive gap structures
can be created in the structure of the
conventional multi-mode resonator
to utilize complementary split ring
resonators and subsequently realize
a dual-wideband bandpass filter. As
indicated in the schematic diagram
provided in Figure 2, the CSRR is
placed exactly at the bottom of the
CGS in the proposed multi-mode
resonator. Its dimensions are: L =
6.8 mm, L, = 2.6 mm, W = 0.2 mm,
S=5,=02mm.

The equivalent circuit of the pro-
posed model can be derived as indi-
cated in Figure 2, where the L and C
represent the inductor and capacitor
created by the high impedance spiral-
shaped TL with a characteristic im-
pedance Zg and the CGS, respectively,
and other elements represent the LC
equivalent circuit of the CSRR. Need-
less to say, the bandwidth of two bands
of the filter is directly proportional to
these parameters. It is shown that the
proposed compact multi-mode reso-
nator realizes a dual-wideband BPF
with better performance than that of
the conventional ones.

TECHNICAL FEATURE
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A Fig. 2 (a) Combination of the proposed
multi-mode and complementary split ring
resonators and (b) equivalent circuit model.

i

A Fig. 3 Layout of the dual wideband BPF.

Based on the schematic diagrams
provided, the final layout of the pro-
posed dual-wideband BPF is prepared
as shown in Figure 3 without the
CSRR. The dimensions are: L. = 3.1
mm, L, =Ly, =42 mm, L; =54 mm,
L,=11.37 mm, Ly = 0.5 mm, W= 02
mm, W; =0.4 mm, W, =0.85 mm, W,
=01mm, Wy=15mm,S=5,=5,
= 0.05 mm. Observing the layout, the
quarter wavelength lines coupled with
the feed lines are bent to distance the
two ports from each other, in order to
avoid isolation problems and affect the
performance of the filter.
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SIMULATION AND MEASUREMENTS

According to the specifications giv-
en in the previous sections, a compact
dual-wideband BPF was designed and
simulated. The design process of the
filter is obvious, where the electrical
length of the input lines (8) coupled
with the feed ones is initially chosen to
be M4 for the given center frequency.
Then, to make a simple analysis and
have two zeros near the center fre-
quency, the condition of 8, + 6, = 20 is
introduced, where the electrical length
of 8, and 6, are chosen to be 50° and
110°C for size reduction and wideband
properties, respectively.

It can be shown, by simulation and
according to Equation 2, that the char-
acteristic impedance Zj plays a crucial
role in the increase or decrease of the
bandwidth of this filter, where the
bandwidth is directly enhanced by in-
creasing or decreasing this parameter.
In the conventional investigations,5?
this parameter has usually been cho-
sen with a low value as indicated in
Figure 1. However, here it is chosen
to be greater than the conventional
ones and be approximately 84 (), for
wideband properties. Additionally and
based on the foregone approximation,
Zg is chosen to be equal to 2Z; and
subsequently as Equation 3 enforces,
the reactance X is a high value, which
can be practically realized by closing
the ends of spiral-shaped TLs to the
main resonator.

After the implementation of the
proposed layout with initial values, a
fine tuning process is carried out with
an EM simulation tool (ADS soft-
ware) to optimize the dimensions of
the proposed BPF given previously
for the CSRR and the multi-mode
resonators, respectively.

The scattering parameters of the
proposed dual-wideband BPF, mea-
sured with an Agilent 8722ES net-
work analyzer over the frequency
range from 1 to 25 GHz, are given in
Figure 4. The measured central {re-
quencies are 6 and 18.1 GHz with 3
dB bandwidths of 75.83 percent (from
3.62 to 8.17 GHz) and 15.47 percent
(from 16.6 to 19.4 GHz), respectively.
Notably, the bandwidth of the first
band of the proposed BPF is much
wider than that of the conventional
ones designed using multi-mode res-
onators,%Y presented as wide single
band BPFs as well as the dual-band
ones proposed by Chin and Zhu.67
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Ar ig. 4 Performance of the proposed dual-
wideband BPF (a) scattering parameters, (b)
and (c) group delay at the first and second
bands.

Additionally, the proposed dual-wide-
band BPF occupies an active circuit
area approximately 176 x 11.5 mm
on its substrate in comparison with
the conventional ones,” whose sizes
have been reported as 32.8 x 15.8 mm
and 24 x 24 mm. In addition, the mea-
sured group delay is linear and flat in
the passband for both two bands.

DUAL-WIDEBAND BPF WITH
DIFFERENT BANDWIDTH

According to the equations ob-
tained in the previous section, the
performance of the dual-wideband
BPF directly depends on the speci-
fied parameters of the structure. The
frequency response of the dual-wide-
band bandpass filter can be examined
for different values of some param-
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A Fig. 5 Frequency response of the
proposed dual-wideband BPF for different
values of Z;.

eters. The performance of this filter
was evaluated for different values of
the characteristic impedance Z; of the
main resonator. Based on Equation 1,
the zeros of the structure are derived
by equating the denominator to zero.
Since the impedance Z;, plays a cru-
cial role in determining the zeros and
subsequently the bandwidth of the fil-
ter, the performance of the filter was
simulated for different values of this
parameter. By keeping fixed the opti-
mized values of the other parameters
except S;, Zp, is varied from 41 to 95
Q and the frequency response of the
proposed filter is simulated. Figure 5
provides the performance of this filter
for these different values.

Observing the performance of the
proposed structure, it is obvious that
the more Z; is reduced, the more the
bandwidth of the first band is reduced
and the center frequency of the sec-
ond band is also shifted toward the
higher frequencies. According to this,
it can be concluded that the zeros of
this structure can be tuned and con-
trolled by varying the impedance Z; .

CONCLUSION

A compact dual-wideband bandpass
filter (BPF) has been designed and
proposed using spiral-shaped multi-
mode and complementary split ring
resonators. The diagram schematic
of the proposed dual-band BPF has
been reported to consist of a pair of A/4
transmission and a loaded transmission
line with two balanced spiral-shaped
high impedance transmission lines in-
stead of the conventional A/2, which
leads to a high level of size reduction
in such components. Following, a

TECHNICAL FEATURE

complementary split ring resonator has
been utilized to realize a dual-wide-
band BPF. A compact dual-wideband
BPF has been designed, analyzed and
tested, where two transmission zeros
at both the lower and upper stopbands
of each band guarantee a high level of
suppression in the rejection bands with
sharp skirts. The size of this filter has
been reported to be decreased by ap-
proximately 64.86 percent and 60.94
percent in comparison with that of the
conventional dual-band” and single
wideband,? respectively, with a wider

bandwidth. B
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TECHNICAL FEATURE

A COMPACT MICROSTRIP
DIPLEXER USING
COMPOSITE RIGHT-/LEFT-
HANDED TRANSMISSION
LINE WITH ENHANCED
HARMONIC SUPPRESSION

In this article, a novel microstrip diplexer operating at 1.8 GHz (GSM band)

and 2.2 GHz, based on composite right-/left-handed transmission line
(CRLH TL), is presented. The CRLH TL, using only one cell, is initially proposed
based on Koch-shaped extended complementary single split ring resonator pair

(K-ECSSRRP) etched in the ground plane and a series capacitive gap etched in

the conductor strip. The extended Koch ring has been demonstrated, resulting in

a wideband harmonic suppression, enhanced frequency selectivity and a lower

operating frequency of the diplexer. The high performance of the new structure

enables the single cell to be well qualified for diplexer design and thus facilitates
the compactness. The design concept has been verified by both numerical and

experimental results of a fabricated prototype whose effective occupied area is

only 15.6 x 28 mm.

he diplexer, commonly used to make
I receiving and transmitting share a com-
mon antenna, is an essential three-port
device and typically consists of several band-
pass (BPF) and bandstop (BSF) filters. Con-
sequently, the performance of the BPF de-
termines the comprehensive performance of
the diplexer to a great extent. However, with
recent advances and development in micro-
wave and millimeter-wave receiver technology,
a great demand for compact, low cost and high
performance diplexers has been created. Sev-
eral authors have focused on these issues and
extensive research has been performed!- us-
ing microstrip technology.

Although open-circuited stubs? can be ad-
justed for bandwidth and out-of-band rejection
requirement, they increase the insertion loss
and circuit size. Stepped impedance coupled-
line resonators have been used to realize a high
isolation hairpin line diplexer; but it also brings
other issues of large size and design complex-
ity. The miniaturization issue was considered,*
but the suppression of spurious response is still

HE-X1U XU, GUANG-MING WANG,

JTIAN-GANG LIANG AND TIAN-PENG L1
Missile Institute of Air Force Engineering
University, Sanyuan, China
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A Fig. 1 Topology of the proposed diplexer.

dependent on a tapped open-circuited
stub. The frequency selectivity and
isolation is fulfilled by cascading multi-
complementary split ring resonators
(CSRR),? but the occupied area is still
a little large. Lumped-element loaded
composite right-/left-handed transmis-
sion lines (CRLH TL)5.7 is a good strat-
egy for size reduction, but the operat-
ing frequency is limited due to self res-
onance. The integration of a diplexer
and balun by adopting half-wavelength
open-loop resonators® is implemented
for low cost but the circuit area is a
problem. In this article, the compact
and high performance issues are ad-
dressed by introducing the fractal ge-
ometry into the design of new concept
CRLH TL. The wideband harmonic
suppression and frequency selectivity
are realized by only one CRLH cell,
which distinguish the current design
from previous ones.

DIPLEXER DESIGN

Figure 1 shows the topology of the
fabricated microstrip diplexer, with an
occupied area is only 15.6 x 28 mm
(namely 0. l5k x 0.275\, A bemg the
signal Wavelength at l§ Note
that the K-ECSSRRP, the ground plane
and the conductor line are depicted in
white, light grey and dark grey, respec-
tively. The width of the K-ECSSRRP Tx
filter is 0.3 mm and 0.2 mm for the Rx
filter. The inner ring of the Tx filter is
constructed by three Koch curves of the

TECHNICAL FEATURE

Li2 2cg 2Ce L2
c,_l_ c,_l_

Lp1 Lp2
CP‘I = p— sz

A Fig. 2 Circuit model of the K-ECSSRRP-
loaded CRLH TL.

second order and a Koch curve of the
first order. The ring for the Rx filter is
almost the same, but a stub is added at
the end of the first order curve. As can
be seen, the diplexer consists of three
ports, a receiver (Rx) and a transmit-
ter (Tx) filter cascaded at the output
lines. The Rx and Tx filters, engineered
to provide passbands centered at 1.8
and 2.2 GHz, respectively, are imple-
mented by only one CRLH TL cell,
which is the key factor of super com-
pact performance. The CRLH TL cell
is composed of a Koch-shaped extended
complementary single split ring resona-
tor pair (K-ECSSRRP), etched in the
ground plane and a series capacitive gap
etched in the conductor strip. The K-
ECSSRRP can be constructed by
inserting four identical Koch-curve-
shaped rings in the complementary sin-
gle split ring resonator pair (CSSRRP).
The resultant four rings extend the cur-
rent paths, thus allowing a more com-
pact unit cell, and introduce additional
attenuation poles at the frequency of
spurious responses, which enables bet-
ter frequency selectivity and wideband
harmonic suppression.

The circuit model (losses have
been excluded) of K-ECSSRRP-
loaded CRLH TL is shown in Fig-
ure 2. An additional shunt branch
is added to model the influence of
four inserted Koch-shaped rings on
the overall performance of the filter.
Consequently, the current structure
enhances the design flexibility to a
great extent. In this model, L, repre-
sents the line inductance, C models
the series gap capacitance, %SSRRP
is described by means of a parallel
resonant tank formed by L), Cpr»
and C, C, represents in part the line
capacitance and in part the electrical
coupling through the series gap to the
CSSRRP. In like manner, the other
shunt branch formed by Cy, L5, Cp,
and Cyy, models the correspondmg ef-
fect of the Koch-shaped small ring.
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Two transmission zeros are ob-
tained and calculated as follows, when
the two shunt branches resonate ac-
cording to the circuit model.

C.+C,,+C
£, = 1 pl Tk T 1)
2n (L, Cq(Cp +Cy)

C,+C,+C
fro = QL R R (2)
T (Lpzckz(cpz +Gy)

The lower limit of the RH band
faycan be inferred when the series
branch resonates.

fh =t =1/2n[LC . (3)

The admittance of the shunt
branch consisting of two shunt admit-
tances is formulated as

Y=Y, +Y), = (4)
joC, [c 1+ Gy~ C plel]
2
G,y +Cyy +Cy — 0L, Gy (Cp1 + Cl)

joc, [cp2 10y -0 Lpgcpzckz]

Cp2+Ck2+C2—m

Therefore, the upper limit of LH
band f;1} is achieved by forcing Y to
be null. When fgl = f; 1}, the balanced
condition is fulfilled and there is
continuous transition between a left-
handed (LH) band and right-handed
(RH) band. Moreover, the Bloch im-
pedance, which is associated with se-
ries impedance Z; and shunt imped-
ance 7 as follows, is forced to be null
to obtain the lower limit of LH band
£y and the upper limit RH band fgl}

B \/Z Jw ]w)+2Z (Jw)i|<5>

The deductions of fi}}, f5f; and £}
involve tedious calculation, thus are
not reproduced here, but can be eas-
ily illustrated by their representations
with a computer.

Equations 1 to 5 have been engi-
neered as design guidelines to control
the center frequency, bandwidth and
selectivity (transmission zeros) of the
Tx and Rx filters. As a demonstration,
the frequency response (see Figure
3) of a K-ECSSRRP-loaded CRLH
TL whose geometrical parameters are
kept the same as Tx filter but with a
narrower conductor line and series

L2Cro (sz + Cz)

TECHNICAL FEATURE

EM SIMULATION (K-ECSSRRP
CIRCUIT MODEL (K-ECSSRRP,

EM SIMULATION (CSSRRP)

| 51118521 (dB)

0 1 2 3 4
FREQUENCY (GHz)
A Fig. 3 Comparison of S-parameters

obtained by EM simulation and electrical
simulation.

gaps whose widths are 2 and 0.2 mm,
respectively, is obtained from a full-
wave electromagnetic (EM) simula-
tion using Ansoft Designer and an
electrical simulation (circuit model)
through Ansoft Serenade. The fre-

+ quency response of CSSRRP-loaded

CRLH TL with identical geometrical
parameters is also provided for com-
parison. The analysis and current di-
plexer design are implemented on
RT/duroid 4300C substrate with a
dielectric constant of 3.38 and a thick-
ness of 0.5 mm. The extracted lumped
elements are: L, = 31.2 nHl, G, = 0.26
pF. C, = 6.74 pF, Gy, = 351.4 pF, C

L 059 pF, L,  4.26 nH, Cy - 1.33
DE, Cpo = 2.16 pF, C 0.1 pF, Ly
=4.84 nH.

Consistent results between EM
and electrical simulations can be ob-
served. The slight discrepancy is due
to the wideband considered, because
any circuit model would deteriorate
when the scope exceeds an appro-
priate frequency range. It is worth
mention that the third attenuation
pole in the EM simulation is due to
the inherent periodicity of the physi-
cal structure and is, hence, impossible
and does not need to be considered in
the circuit model. A further inspec-
tion reveals that the Koch-shaped ring
in CSSRRP, not only produces an ad-
ditional transmission zero and shifts
the inherent attenuation pole toward
the lower band above the edge of the
passband, but also results in a signifi-
cant lower operating frequency, which
is reduced from 2.7 to 1.8 GHz (a fre-
quency downscale of 33 percent). The
retrieved constitutive EM parameters
shown in Figure 4, based on an im-
proved NRW method.,” give strong
support to the balanced composite

P2‘
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LH and RH passband behavior. Very Given the determined Tx and Rx
obvious negative refractive index and filters, the optimization of the final - ﬁ;&ARY“
backward wave propagation are ob- geometry of the diplexer is indeed = |- B

tained in the frequency range of 1.53 very crucial. The conductor line is
to 1.79 GHz (namely LH band). The set to be 1.2 mm, corresponding to
RH band occurs around 1.79 to 2.05 characteristic impedance of a stan-
GHz when these values are positive. dard 50 Q SMA connector, while the
Moreover, the K-ECSSRRP is still re- width of the upper conductor lines of
sponsible for the negative permittiv- the Tx and Rx filters is adjusted for
ity. The negative permeability in the the comprehensive impedance match
vicinity of the magnetic resonance is performance, which accordingly dis-
the key factor of the transmission zero  tinguishes them from ones in sepa- FREQUENCY (GHz)
located above the passband. rate Tx or Rx filters.
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A Fig. 4 Retrieved constitutive EM param-
eters of K-ECSSRRP-loaded CRLH TL based
on S-parameters.
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A Fig. 5 Photograph of the fabricated

__Oobu__ diplexer in an enclosure.
ANTENNA 0 - 10 Gtz I L NUMERICAL AND
RAD o € MEASUREMENT RESULTS
RASERAND | DATA The performance of the proposed
ggg\ﬁs IN/OUT diplexer has been assessed with Ansoft

Designer. For verification, the diplexer
was fabricated and measured with An-
ritsu ME7808A vector network ana-
lyzer. Figure 5 shows a photograph of
the fabricated prototype in an enclosure
for practical military multi-service and
multi-band  communication  systems
application, while Figure 6 compares
the simulated and measured S-param-
eters. Reasonable agreement can be
observed. The measured bandwidth of
the Tx filter is 220 MHz for the 1.61 to
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of Rx filter is 330 MHz for the 2.08 to
2.41 GHz range, in which |S ;| is better
than 10 dB, |Sy;| and |S;,| are less than
1.3 dB. Moreover, at the two target fre-
quencies, [S ;1= 13.3 dB, [Sy,| =0.95 dB,
1Say1 = 14.8 dB and [S ;| = 28.5 B, |y, =
23.9 dB, |S5;| = 0.58 dB. The wide out-
of-band suppression, better than 20 dB
up to 3.66 GHz, should be highlighted.

CONCLUSION
or the first time, a compact di-
plexer has been presented by means

) Frontlynk: _
Connectors and Cables up to Q

110cx:

of an initially proposed K-ECSSRRP.
The proposed K-ECSSRRP with a
dimension of 0.107A, is electrically
very compact. The induced addition of
transmission zero and frequency-shift
transmission zero can be engineered
at the frequency of spurious responses
and thus enhance the harmonic sup-
pression and selectivity to great extent.
The resultant diplexer, which exhibits a
low profile and a highly integrated cir-
cuit in conjunction with the enhanced
selectivity and harmonic suppression,

-.—.-.—
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A Fig. 6 Measured and simulated
S-parameters of the diplexer.

can find wide applications in transceiv-
er front-ends of mobile and wireless
local area network (WLAN) systems,
phased-array transceiver systems and
even military multi-service and multi-
band communication systems where
miniaturization is a concern. Il
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HiGH PERFORMANCE
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PROGRAMMABLE
DIrRecT CONVERSION

RECEIVER PLATFORM

or many years, the wireless industry has
Fbeen seeking a generic RF receiver that

could adapt its frequency of operation
and bandwidth to the desired signal, digitize
the signal at high resolution and then demodu-
late the signal in software. The coexistence of
various cellular (2G, 3G and 4G) and micro-

TYPICAL PERFORMANCE OF HITTITE’'S DCR PLATFORM

Parameter Typical Performance

Operating Frequency Range 700 to 3000 MHz

TABLE |

Analog-to-Digital Converters | 14-bit @ 105 MSPS

12-bit @ 320 MSPS

Programmable Bandwidth 3.5 to 50 MHz Baseband

7 to 100 MHz at the Antenna
Receiver Bandwidth Accuracy | +2.5% of the Programmed
Bandwidth
Gain Control Range 0to 90 dB
>+60 dBm
Receiver Image Rejection >90 dB

wave point-to-point standards and bands of
operation around the globe have created a real
and pressing need for a flexible, multi-carrier,
multi-standard, modular radio design that can
be configured on the fly. To date, the so-called
Software Defined Radio has been an elusive
target due to the practical performance limita-
tions of RF hardware.

Hittite Microwave has integrated a num-
ber of its discrete components onto a single
direct conversion receiver (DCR) demonstra-
tion evaluation board. Hittite'’s DCR platform
design features unparalleled receiver flexibility
with no sacrifice in the high performance of its
discrete parts (see Table 1). The DCR can be
configured to operate with input frequencies
from 700 to 3000 MHz, with fully field pro-
grammable I and Q baseband bandwidths any-
where from 3.5 to 50 MHz, or equivalently 7

HITTITE MICROWAVE CORP.
Chelmsford, MA
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HMC830LP6GE
WIDEBAND

PLL + VCO

- 25 to 3000 MHz

HMC830LP6GE
WIDEBAND PLL + VCO

REF . 25 to 3000 MHz
143 Bt © 2 it LO REF CLOCK ADC CLOCK . LOW JITTER
(-141 dBc/Hz @ 2 GHz
& 10 kHz OFFSET) S_ (112 fs RMS JITTER)
= HMC900LP5E

DUAL BASEBAND LPF
- 3.5 to 50 MHz, 3 dB BW
- +30 dBm OIP3

X

dsa/vodd
5

AD #

()
90°)
HMC597LP4E HMC960LP4E HMC960LP4E  HMCAD1520
WIDEBAND DIRECT  pyAL CHANNEL VGA MULTI-CHANNEL
DEMODULATOR - DC to 100 MHz A/D CONVERTER
. 100 to 4000 MHz

- HIGH LINEARITY: +25 dBm IIP3 SEDCLICILY

& +60 dBm lIP2
- 55 dB SIDEBAND SUPPRESSION

A Fig. 1 Hittite DCR block diagram.

to 100 MHz receiver RF bandwidths
that are captured and digitized by Hit-
tite’s high resolution data converters.

The DCR features programmable
analog filtering bandwidth accurate to
+2.5 percent, and up to 90 dB of base-
band gain. Distributed adaptable gain
prov1des optimal application-specific
noise figure, blocker, and linearity
performance — all software configu-
rable.

Field configurable frequency of
operation, bandwidth and gain make
Hittites DCR  evaluation platform
design an ideal subsystem receiver
module for multi-carrier, multi-stan-
dard cellular base stations, micro-
wave point-to-point radio, adaptive IF
strips, wireless LAN, test equipment
and software-defined radio applica-
tions. Programmable bandwidth and
complete cellular frequency band
coverage enable the DCR to be paired
with a low noise amplifier, such as the
HMC374E and an RF bandpass filter,
to form a complete cellular receive
chain with a low noise figure. All of
this is available with bandwidth, gain
distribution and frequency of opera-
tion software configurable to comply
with the cellular standards of today,
and hardware ready to adapt to the
standards of tomorrow.

The Hittite DCR platform presents
an ideal IF receiver subsystem in a mi-
crowave radio. Wideband frequency of
operation enables configurable micro-
wave IF frequencies. Field program-
mable bandwidth enables operators to

- 12/14-Bit @ 320/105 MSPS

deploy the same p]atform while only
adjusting the receiver bandwidth de-
pending on the particular microwave
standard and data rate requirements.
The microwave radio bandwidth, IF
frequency and gain distribution can
be dynamically adjusted with software
to optimize radio performance in the
presence of new or existing blocker
signals, thereby eliminating the need
for a site visit and drastically reducing
the cost of ownership.

Being fully software field program-
mable, Hittite’s DCR enables suppli-
ers to offer a single hardware receiver
platform across various standards,
jurisdictions, and bands of operation
and either pre-configuring or field
configuring the receiver to suit each
individual deployment. This capabil-
ity significantly reduces cost and com-
plexity of manufacturing, deploying
and supporting standard and region-
specific equipment. OEMs no longer
need to source, design and manufac-
ture multiple parts for each region
or standard. Hittites DCR enables
the user to focus on one design that
is configurable for all standards and
jurisdictions that can be software field
configured optimally for each applica-
tion.

Hittite’s DCR achieves flexibil-
ity by utilizing a homodyne receiver
architecture with exceptionally high
IP2 performance (> +60 dBm), which
results in minimum baseband DC off-
set. Hittite’s DCR block diagram is
shown in Figure 1. It includes a built-
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FILTER GAIN (dB)

o -
FREQUENCY (MHz)

A Fig. 2 DCR field programmable filter
banduwidth.

in receiver calibration algorithm that
is capable of over 90 dB if receiver im-
age rejection is after digital filtering.
The calibration algorithm operates on
the incoming data signal and does not
require any receiver down time. Ex-
cellent IP2 performance and digitally
calibrated receiver amplitude and
gain mismatch enable Hittite's DCR
to overcome the traditional challenges
of direct conversion receiver architec-
tures while reaping all of the benefits.
The benefits include lower sampling
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A Fig. 3 Hittite’s DCR receiving a multi-carrier W-CDMA signal.
rate requirement of the analogto- ~ HMCADI1520 dual-channel ADC.

digital converters (ADC), therefore,
increasing ADC SNR, and, most im-
portantly, removing the need for ap-
plication and band-specific image re-
jection filtering.

The HMCS30LP6GE wideband
PLL with integrated VCO is used
as the local oscillator (LO) for the
wideband RF demodulator (I and
Q mixer) HMC597LP4E. A second
HMCS30LP6GE also  provides
an ultra-low jitter clock for the
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The wide bandwidth PLL and de-
modulator enable operation over a
wide range of input frequencies (700
to 3000 MHz) while maintaining the
industry-leading phase noise perfor-
mance, resulting in minimal receiver
contribution to received signal EVM
and ACPR. Exceptionally low jitter
specification of the HMCS830LP6GE
(112 fs rms in integer mode) ensures
minimum ADC aperture error and
maximum SNR performance. The
very low noise floor (<=170 dBc/Hz)
further maximizes ADC SNR perfor-
mance.

The integrated HMC900LP5E
programmable sixth order Butter-
worth lowpass filter (LPF) allows the
bandwidth of the DCR to be pro-
grammed anywhere from 3.5 to 50
MHz baseband (7 to 100 MHz RF)
with +2.5 MHz accuracy (see Figure
2). The filter includes programmable
0 or 10 dB gain settings and has an
output IP2 greater than +60 dBm
throughout the passband, ensuring
little contribution to ADC DC offsets.
The high performance HMCAD1520
data converters minimize the need for
gain in the receiver and also reduce
the effects of DC offsets.

Two integrated HMC960LP4E
dual-programmable variable gain am-
plifiers (VGA) provide the DCR with a
total of 80 dB (40 dB each) of precisely
distributed programmable gain. Excep-
tional VGA Output IP2 of > +75 dBm
throughout the band also ensures mini-
mal VGA contribution to DC offset at
the ADC. The VGA’s low noise figure
(NF) of 6 dBm, combined with large
available gain, ensures little contribu-
tion from follow-on components to the
overall noise figure of the receiver.
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The integrated HMCAD1520
12/14 bit ADC with 70 dB SNR rela-
tive to full scale and 77 dBc SFDR
excluding interleaving spurs (60 dBc
including interleaving spurs) en-
sure excellent received signal SNR.
Integrated  programmable  digital
gain of the HMCADI1520 allows
calibration of internal ADC gain er-
rors. Often overlooked, ultra-low
noise power supply regulation and

isolation are critical to the success
of a high performance DCR. The
DCR includes three ultra low noise
regulators: two HMCS60LP3Es,
one HMC976LP3E, and one
HMCG604SLP5E. These regulators
supply full current while maintaining
low noise densities, typically at the
3 nVAHz level.

An integrated HMC1031MSSE
jitter cleaner PLL improves the qual-

IMAgine
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ity of the reference signal, and pro-
vides reference clock flexibility and
cost savings. The jitter cleaner allows
the radio to lock to a standard low
cost, low frequency crystal, while gen-
erating a locked internal reference at
1x, 3x or 5x frequency multiplica-
tion. The higher frequency reference
generated by the HMCI1031MSSE
contributes to market-leading phase
noise performance of the integrated
HMCS30LP6GE PLLs and, there-
fore, better SNR performance of the
entire DCR, while saving the cost of
a higher frequency crystal oscillator.

The DCR evaluation development
kit includes a full software suite that
enables complete control and con-
figuration of all parts of the DCR (see
Figure 3). This flexibility enables sys-
tem designers to observe and under-
stand the effects and implications of
any parameter on their overall system
performance. In fact, the DCR can be
connected via coaxial cable to a wide
variety of Hittite evaluation boards,
including high performance LNAs, or
microwave demodulators such as the
HMC977LP4E, to form a complete
cellular or microwave radio receiver
evaluation board. This capability al-
lows designers to test and fine tune
their system design under real-world
conditions.

Hittites DCR has addressed the
classical challenges of direct conver-
sion architectures. First, the DCR is
composed of individual components
with exceptionally high output IP2
performance, resulting in minimal
second order distortion products and
DC offsets. Second, the DCR utilizes
a digital receiver calibration algorithm
that does not require any receiver
down time, and achieves over 90 dB of
image rejection after digital filtering.
The combination of market-leading
components and a robust fully config-
urable design, makes the Hittite DCR
evaluation platform an ideal starting
point from which to design a modular,
highly configurable, multi-standard
multi-carrier receiver module.

\JVENDORVIEW

Hittite Microwave Corp.,
Chelmsford, MA

(978) 250-3343,

www.hittite.com,

DCR@Ahittite.com.
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Propuct FEATURE

GaN MMIC

SwiTcH HANDLES
40 W rroM

DC 10 6 GHZ

F and microwave switches based on
RPIN diodes or GaAs FETs have been

key microwave design components
for decades, with each type establishing itself
in specific applications based on its inherent
characteristics. In short, GaAs FETs offer fast
switching speed and can operate down to DC,
but can handle typically only a few watts of
RF power, while PIN diodes can handle much
greater power levels, but consume more DC
power. Truly high power levels remain the do-
main of electromechanical switches, which can
handle hundreds of watts but are also orders
of magnitude greater in size and weight than
solid-state switches.

Gallium nitride changes the equation. Hav-
ing firmly established itself in RF power ampli-
fiers for its ability to deliver higher RF output
power than GaAs or silicon (above ~3 GHz)
over broader bandwidths, gallium nitride now
offers another switching option that provides
performance not achievable with other semi-
conductor technologies. The TGS2351-SM
GaN MMIC SPDT switch from TriQuint Semi-
conductor exemplifies what can be achieved
with FET-based GaN MMICs. The reflective
switch operates from DC to 6 GHz, can handle
up to 40 W CW, switches in less than 35 ns,
has insertion loss of less than 1 dB and isolation
greater than 40 dB. The product offers a new
realm of possibilities for designers addressing

defense, aerospace or high performance com-
mercial RF design needs.

The high breakdown voltage that is a fun-
damental characteristic of GaN lends itself
well for use in high power RF switches. The
high power-handling ability and wide 0/-40 V
DC control voltage range of the TGS2351-SM
are directly attributable to GaN’s high power
density, which is also the key to its appeal in
RF power amplifiers. The TGS2351-SM is fab-
ricated using the company’s 0.25 pm HEMT
GaN-on-SiC process. When compared to a
FET switch fabricated in a typical 0.25 pm
GaAs process, the TGS2351-SM can handle
two and a half times the on-state power, eight
times the off-state power and is highly stable
with little or no performance degradation over
temperature. RF power handling ability is
shown in Figure 1.

For switch applications, TriQuints GaN
process yields a breakdown voltage of 70 V DC
compared to 13 V DC for GaAs and can handle
current of more than 1 A/mm of device area
versus 650 mA/mm for GaAs. In addition, the
high thermal conductivity of the insulating SiC
substrate reduces leakage caused by high RF
voltage swing while also improving heat trans-

TRIQUINT SEMICONDUCTOR
Richardson, TX
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A Fig. 1 Insertion loss change as a function
of input power at four different frequencies.

Propuct FEATURE

package. The air-cavity approach is a
proprietary TriQuint process devel-
opment that utilizes industry-stan-
dard ceramic packages to provide
enhanced protection for GaN die as
well as a means for mitigating high
temperatures commonly found in
high power GaN devices. The air cav-
ity QFN helps mitigate heat in a way
not possible with fully encapsulated
plastic packaging alternatives. Tri-
Quint offers full packaging services
for its die-level de-

TABLE |

KEY TGS2351-SM PERFORMANCE SPECIFICATIONS

Operating Frequency (GHz)

Power Handling (W, cw)

Insertion Loss (dB)

Isolation, Off-state (dB)

Switching Speed (ns)

Control Voltage Range v DC)
(for operation at 40 W)

Control Current (mA)

Input/Output Return Loss (dB)

Maximum CW Input Power
(dBm)

Package Type

fer to the back of the device. These
are compelling metrics when con-
sidered in the context of applications
such as electronic warfare, radar and
high power communications systems.
A FET’s main control parameters
are its on-state resistance and off-state
capacitance that together determine
a switches’ RF impedance in the two
switching states; insertion loss and iso-
lation performance are strongly de-
pendent on them. The TGS2351-SM’s
on-state resistance is 2.4 Q-mm and its
off-state capacitance is 0.17 pF/mm,
which are similar to such specifications
achieved by GaAs FET switches. The
insertion loss of the switch is less than 1
dB over its frequency range and varies
minimally with increases in input power
(see Figure 1). Isolation is typically 40
dB and switching speed compares favor-
ably with that of all other types of solid-
state switches. Typical performance for
the TGS2351-SM is shown in Table 1.
The TGS2351-SM is housed in a
4 X 4 mm, 24-lead, air-cavity QFN

vices through a wide

selection of indus-

try-standard ~ form

DCto6 factors. The com-
I pany also provides
custom solutions for

Leesr fhan L unique customer re-
>40 quirements through

its Advanced Micro-

31 wave Module As-

18 sembly (AMMA) in-

0/-40 house facilities that
deliver secure, one-

<1 stop convenience.

2 TriQuint  offers

its new GaN switch

47 in die form as the
TGS2351, which

4Xx4 mm, 24-lead, differs in perfor-
air-cavity QFN mance only in its in-

sertion loss, which
is less than 0.8 dB. Both devices are
members of TriQuint’s growing fam-
ily of SPDT GaN switches that in-
cludes the TGS2352 and TGS2353
die-level devices. The TGS2352 op-
erates from DC to 12 GHz, handles
up to 20 W CW, has insertion loss
of less than 1 dB, switches in less
than 25 ns and has isolation greater
than 35 dB. The TGS2353 operates
from DC to 18 GHz, handles 10 W
CW, has insertion loss of less than
1.5 dB, isolation greater than 30 dB
and switching speed of less than 25
ns. In the TGS2351-SM as well as
the other devices, control voltages
are available from either side of the
MMIC. Packaged versions of the 12
and 18 GHz die-level devices will be
offered in the future.

TriQuint Semiconductor,
Richardson, TX

(972) 994-8200,
www.triquint.com/defense.
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As one of the leading suppliers of ferrite
components in the industry, UTE Microwave
has pioneered innovative designs, quality
craftsmanship and exceptionally high quality

products. Custom designs, standards...many

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

Fﬂr M i I ita rv / Ra d ar 35 years of experience in the industry. UTE
AI] I] I i cati ons Microwave continues this tradition with new
| |

products for ever changing applications.

-
Iso I atorS/c I rcu I alors Our broad line of HIGH POWER, low loss

circulators and isolators spans the spectrum

from below 100 MHz in coax/stripline units

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

to waveguide devices at 18 GHz for both

peak and average powers.

HIGH POWER
Drop-in Series

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

A few of these are shown here.
A) 2.7-3.1 GHZ 1 kKW pk, 100 W av
B) 1.2-1.4 GHZ 3 kW pk, 300 W av B.

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

1] - 1]
A new HIGH POWER Circulator suitable for FM Broadcast, Our “POWER-LINE

Scientific and Medical applications is now available. The unit (s:?)rl\‘lll‘le\lfutl\tliﬁi ATIONS
provides 10 MHz bandwidth in the 85-110 MHz spectrum. ’
TELECOM,

Specifications are 20 dB min. isolation, 0.3 dB max. loss and MEDICAL, SCIENTIFIC,
1.25 max. VSWR. Operating power is 1 kW average and 25 kW TV, PCS and : _
peak. The 8-1/2" hex x 2" thick unit operates over a 15°-50° C INDUSTRIAL . -
temperature range. DIN 7/16 connectors are standard. Other markets. c. -
units are available at higher frequencies.
The following models are examples of our High Power units FEATURES:

Model No. Power Connectors Freq. Range

¢ Power levels to 5 KW CW, 75 KW Pk.

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

CT-2608-S 3KwPk 300 WAV  “Drop-in® 1.2-1.4 GHz * Low Intermod Units

CT-3877-S 2.5 Kw Pk 250 W Av  “Drop-in” 2.7-3.1 GHz ¢ Low Loss Options

CT-3838-N 5 Kw Pk 500 W Av N Conn. 2.7-3.1 GHz ¢ Extended Octave Bandwidths

CT-1645-N 250 W Satcom N Conn. 240-320 MHz « Power Monitors and DC Blocks

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

¢ |so Filter-Monitor Assemblies
Broadband Units ¢ Common Band Devices e High Isolation

Units e Multiport Devices ® Drop-In Devices e Wireless/PCN
Devices e High-Power Industrial/Medical Iso Adaptors WE
Waveguide Junctions e High-Power TV Units ¢ VHF and UHF 3500 Sunset Ave., Asbury Park, NJ 07712

. . Tel: 732-922-1009 Fax: 732-922-1848
Devices sales@utemicrowave.com M“:mMWE INE E?mailz inf0@utemicrow:\i(e.com

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


mailto:sales@utemicrowave.com
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AR

“Take a Besser Course...”

For over 25 years our name has been
practically synonymous with RF and Wireless training.
With over 100 courses on topics covering the spectrum

of radio and communications system design, we are
a single source solution for all of your training needs.
Whether you are just entering the RF/Wireless field
or need fo learn the latest advanced techniques, rely
on Besser Associates — the most trusted brand for
your essential skills development.

Public courses are coming to San Jose, CA:
RF Transceiver Architecture,
Design & Evaluation

— December 5-9, 2011
Applied RF I1: Advanced Microwave
and Wireless Techniques

— December 5-9, 2011
Practical Digital Wireless Signals -
Measurements and Characteristics

— December 5-9, 2011

Visit our website for more information:
www.besserassociates.com
All courses are also available for delivery on-site.
info@besserassociates.com

+1-650-949-3300
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WERLATONE's NEw LINE
oF 20 o 1000 MH:z
HicH POWER
COMBINERS AND
DIrRecTiONAL COUPLERS

erlatone recently expanded its offering of high
wPower combiners and directional couplers to in-
clude a new product line supporting a full 20 to
1000 MHz bandwidth. These broadband units are a per-
fect fit for military and commercial applications alike, as
they are all designed for extreme operating conditions.
The new low loss 20 to 1000 MHz combiners address
power requirements ranging from 10 to 500 W CW and
tolerate severe power unbalances, while maintaining ex-
cellent port-to-port isolation. In addition, the patented
circuits significantly reduce the heat generated during
operation, allowing smaller package sizes to be utilized.
Werlatone’s line of two-way and four-way combiners will
tolerate full input failures at rated power and operate over
a temperature range of -55° to +85°C. Their tolerance to
input failures insures that the remaining inputs, and thus
the amplifier system may continue to operate in a degrad-
ed mode until the system can be properly shut down for
maintenance. Units may be supplied RoHS compliant and
in non-connectorized packages on a case-by-case basis.
The new 20 to 1000 MHz high power dual-directional
couplers provide a low loss solution for broadband amplifier
manufacturers seeking non-connectorized couplers at the
module level or connectorized components at the amplifier
output. The new couplers address the same power levels as
the company’s combiner products, while the patented struc-
ture of these small form factor circuits provides the low loss
and extremely flat coupling required of a protection circuit
or in test and measurement applications. These new dual-
directional couplers join the company’s other products sup-
porting multi-octave bandwidths (up to 6 GHz) with low-
loss and excellent flatness.

JVENDORVIEW

Werlatone Inc.,
Patterson, NY (845) 278-2220,

www.werlatone.com.
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@Huszmsuuum

Excellence in Connectivity Solutions

HUBER+SUHNER supplies the medical
market with connection solutions for
different applications:

* Minimal invasive solutions
* Diagnostic equipment

* Radiation therapy

* Patient monitoring

COMPAMED

S Booth E27
Hall 08b

HUBER+SUHNER AG 9100 Herisau  Switzerland
info@hubersuhner.com

hubersuhner.com
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technology leaders you trust.
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Check out these new online Technical Papers featured
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Up10 250 W,
1 10 6 GHz Power
AMPLIFIER FAMILY

nstruments for Industry (IFI), S61 Series solid-state
lGaN—based amplifiers operate over the frequency

range from 1 to 6 GHz and can be supplied at power
levels from 5 to 250 W, offering all the control and com-
munication features needed for today’s automated test sys-
tems. Spurious outputs are less than -60 dBc nominal and
harmonics are -20 dBc minimum at linear power levels.
From the ground up, the S61 series amplifiers are built to
withstand rugged handling, whether it is being shipped or
hauled around from site to site. These amplifiers feature
heavy-duty aluminum chassis construction with a modular
approach for easy access and service.

Operation safety and ease of use are paramount in IFI
product designs. The IFI S61 series includes a full com-
plement of RF and hardware protection circuits, includ-
ing high VSWR (the unit operates without damage or os-
cillation into any magnitude of phase or load impedance,
open and short circuit protection), over-current, voltage
protection, redundant thermal and airflow sensors for the
module and the system level. In addition, the S61 series
includes a state-of-the-art interface that is sophisticated,
comprehensive and yet simple to use.

The backlit LCD screen shows forward/reverse power
indication, system status and self-diagnostic information.
All the amplifier’s operating parameters are simultane-
ously available in the amplifier front panel display as well
as over the remote bus. Selection switches allow you to
switch the amplifier to the desired mode of operation for
local control if the unit is not being operated remotely.

For computer automation, both an RS-232 and IEEE
interface are provided as standard. To meet individual
application needs, the S61 series amplifiers can be easily
customized with other options. With this capability and its
reliable elegant design, the S61 series amplifiers are the
perfect system for your applications.

Instruments For Industry, Ronkonkoma, NY
(631) 467-8400, www.ifi.com.
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EMC TEST SOFTWARE
YVENDORVIEW

AR’s SW1007 EMC test software combines radiated susceptibility and
conducted immunity testing into one package to offer more control and
a more intuitive interface. Built-in standards include IEC, MIL-STD,
DO160, automotive standards and the ability to create your own test
standards. The software 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.arworld.us.

ACOUSTICS MODULE UPGRADE
JVENDORVIEW

COMSOL Inc. released a major upgrade of its add-on Acoustics Mod-
ule for its flagship product COMSOL Multiphysics. This latest version
of the Acoustics Module offers new capabilities and expanded multi-
physics user interfaces for simulating thermoacoustic effects, poroelas-
tic waves, acoustic-shell interactions, and piezo-acoustic devices. Ad-
ditional application areas for the Acoustics Module include speakers,
microphones, and sonar devices as well as noise control in areas such
as muffler design, sound barriers and building acoustics. The module’s
physics interfaces provide easy-to-use tools to model acoustic pressure
wave propagation in air, water and other fluids.
COMSOL Inc.,
Burlington, MA (781) 273-3322, www.comsol.com.

140

SOFTWARE UPDATE

LIBRARY FOR GaAs, GaN RF DEVICES
Y)VENDORVIEW

AWR Corp., an innovation leader in high frequency EDA, announced
the availability of a Microwave Office™ model library for Mitsubishi
Electric’s nonlinear GaAs and GaN RF devices. The model library in-
cludes high power and low noise HEMT devices, which are commonly
used in base station and DBS receivers and other radio communications
equipment, given their high power, high efficiency, broadband and low
noise advantages. This new model library helps designers better ex-
plore design alternatives while meeting demanding performance specs
with a cost-effective solution.
AWR Corp.,
El Segundo, CA (310) 726-3000,

www.awrcorp.com.

Warvm: TE-Dln
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CAVITY™ SOFTWARE

Damaskos Inc. (DI) Cavity™ Software has been expanded to include
TE-01p mode cavities. This complements other types, such as Open
Resonator, Courtney, Thin Sheet Tester, Harmonic Stripline, and Cir-
cular Cavities, which have been part of the software for many years.
The TE-0lp modes are valuable, as sample contact with the cavity
walls is not important in order to obtain accurate results. The circular
disc-like samples are easy to prepare and to load into the cavity. Cavity
software works with automated network analyzers from the three major
analyzer manufacturers.
Damaskos Inc.,
Concordville, PA (610) 358-0200, www.damaskosinc.com.
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QUALITY, PERFORMANCE AND RELIABILITY
IN PRECISION COAXIAL CONNECTORS

EDGE LAUNCH BETWEEN SERIES ___ BULKHEAD, & PANEL
CONNECTORS _ ADAPTERS {0 ADAPTERS

ADAPTERS . CABLE CONNECTORS - RECEPTACLES . CUSTOM DESIGNS

Including These Connector Series

1.85mm DC-65 GHz 2.92mm DC-40 GHz 7mm DC-18 GHz
2.4mm DC-50 GHz | 3.5mm DC-34 GHz | SSMA DC-40 GHz

ISO 9001:2008

SGMC Microwave — The name to count on for Quality, Performance
and Reliability! Please contact us today by Phone, Fax or Email.

SGWMC L\

"MICROWAVE

Manufacturer of Precision Coaxial Connectors
620 Atlantis Road, Melbourne, FL 32904
Phone: 321-409-0509 Fax: 321-409-0510

sales@sgmcmicrowave.com
WWW.sgmcmicrowave.com
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Modelithics’ E

COMPLETE Library V&
Lo

MODELITHICS LIBRARY VERSION 8.0
Modelithics Inc. has released an enhanced version of its linear and non-
linear device and system level component model Libraries. The Mod-
elithics Library version 8.0 encompasses all four of Modelithics popular
CLR, NLT, NLD and SLC Sub-Libraries™ and is now compatible with
Agilent ADS 2011. This upgrade introduces 46 new Global Models
for passive RLCs, and nonlinear models for diode, switch, amplifier
and transistors. Version 8.0 also includes performance upgrades for
more than 90 of library models — ensuring designers have the most ac-
curate models available in the RF/microwave industry. Designers can
download the free model library, Modelithics SELECT™ from www.
modelithics.com.

Modelithics Inc.,
Tampa, FL (888) 359-6359,
www.modelithics.com.

WIRELESS INSITE EM PROPAGATION SOFTWARE
Y)VENDORVIEW

Remcom announces a new version of Wireless InSite®, its suite of ray-
tracing models and 2D field solvers for the analysis of site-specific ra-
dio propagation and wireless communication systems. This major point
release, which updates the product to Release 2.6, includes important
performance enhancements and new modeling capabilities. Most no-
table are the introduction of the X3D Ray Model with multi-threading
and XStream® GPU acceleration, as well as the extension of XStream
technology to the Moving Window FDTD (MWFDTD) model. As with
Remcom’s XFdtd® software, XStream will be bundled at no additional
cost with the new release of Wireless InSite.
Remcom,
State College, PA (814) 861-1299,

www.remcom.com.
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SOFTWARE UPDATE

DFM Now!

Powwind by FAR 3030

PCB SOFTWARE
Numerical Innovations (NT) announced the release of its new product:
“DFM Now!™” DFM Now! allows PCB designers and engineers to
verify that their Gerber and Drill files are ready for PCB manufactur-
ing. It also facilitates PCB quotation and has many other high end CAM
features only found in software costing thousands of dollars. DFM
Now! is being offered free, supported by advertising sponsorships (a
new concept for the PCB software industry), and may be downloaded
from www.dfmnow.com.

Numerical Innovations,
San Diego, CA (800) 269-5054,
www.dfmnow.com.

3D PLANAR EM SOFTWARE
Sonnet Software introduces the latest in its 3D planar EM software, the
Sonnet Suites Release 13, featuring up to 3X faster analysis for large
circuits, efficient micro-via array meshing, enhanced integration to its
high frequency EDA design framework partners and introducing diago-
nal ports and components. In Release 13, Sonnet’s entry-level EM soft-
ware suites have been revamped to double the allowed memory from
previous releases and offer more features than ever before.

Sonnet Software,
North Syracuse, NY (877) 776-6638,
www.sonnetsoftware.com.
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Rotary Joint ——— Slip Ring —

Multichannel Coax Rotary Joint / Slip Ring Assembly

Up to 30 channels.

Use MDL's rotary joint to transfer 3 RF signals and a 30-channel slip ring for flawless DC transmission. We make and
assemble both components, so you'll save labor and testing costs. And you're assured of the highest quality and reliability
from the leader in high quality cast components and waveguide packages.

You’ve never been in better hands.
Quality from CAD to crate, quick turnaround, and tight economy is what we're all about. Call an MDL specialist today at
800-383-8057 or do a little surfing of your own and visit us at mdllab.com.

WAVEGUIDE CAST BENDS & TWISTS
WAVEGUIDE FEED ASSEMBLIES

MONOPULSE COMPARATORS
RF Rotary joint SIIP ng Assembly ROTARY JOINTS

Two Channels: 4.4 — 154 Ghz Isolated Contacts: 30 MICROWAVE FILTERS
One Channel: 9.7 — 154 Ghz Voltage:  20-300 Volts ROTARY SWITCHES
VSWR <2.0: Current: .| - 5 Amps WAVEGUIDE TO COAX ADAPTERS
1L <2.0dR WAVEGUIDE PRESSURE WINDOWS

) COMMERCIAL WAVEGUIDE ASSEMBLIES
[solation:  >60 dB

Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494
V:781-292-6680/6684 F. 781-453-8629 E-mail: mdlsales@mdllab.com www.mdllab.com
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TOWER ERECTORS AND CLIMBERS
TOWER OWNERS AND OPERATORS
MANUFACTURERS AND DISTRIBUTORS

CONSTRUCTION MANAGEMENT FIRMS
AND GENERAL CONTRACTORS

ENGINEERS, SAFETY TRAINERS, CONSULTANTS,
LEGAL COUNSEL, AND INSURANCE CARRIERS

.,
.. NATESTARInitiative
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Training

Safetylg Education Networking

Legal counsel
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European Microwave Week 2012
Amsterdam RAI, The Netherlands
October 28t - November 2™ 2012

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

The EuUMW2012 Exhibition will see:
7,500 sgm of gross exhibition space
5,000 key visitors from around the globe
e 1,700 - 2,000 conference delegates
e |n excess of 250 exhibitors

Running alongside the exhibition are 3 separate,

but complementary Conferences:

e European Microwave Integrated Circuits
Conference (EuMIC)

e European Microwave Conference (EuMCQ)

e European Radar Conference (EURAD)

Plus a one day Defence and Security Conference

Official Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by:
EUM A ' horizon  (IET $A"2 IEEE
European Microwave Association QD@@]EE@@ house 3 f' ey / O\ A\ R °
I = MTT-S
//\\
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E(RAD %0 EUMIC

=t cororean |\ CONFERENCE /3 % 2012
2012 G 202

The 7th European Microwave
The 9th European Radar Conference The 42nd European Microwave Conference Integrated Circuits Conference

Co-sponsored by:

W a T L
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FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING W VENDORVIEW STOREFRONTS

Components

X-Band Hybrid Coupler
Y)VENDORVIEW
new X-Band hy-

il s
brid  coupler,

HPX2F. With operating frequency of 8 to 12
GHz, HPX2F is the worlds first multi-layered
PTFE coupler designed for X-Band applica-
tions. HPX2F offers low insertion loss, excellent
amplitude balance, and high isolation in a sur-
face-mountable package measuring only 0.250"
x 0.200." The multi-layered PTFE construction
is thermally stable and compatible with com-
mon PWB materials. HPX2F is available in
both RoHS-compliant and tin-lead plating.
HPX2F can be ordered with a space-level qual-
ification test package that includes a true multi-
paction test performed at atmospheric pressure
of 105 torr or lower. HPX2F is delivered in tape
and reel packaging.

Florida RF Labs,

Stuart, FL (772) 600-1632,
www.emc-rflabs.com.

Florida RF Labs
has  expanded
the  HybriX®

coupler product
line with the in-
troduction of a

1-Bit Digital Attenuator
JVENDORVIEW

M/A-COM  Technology Solutions Inc. intro-
duced a 1-bit digital attenuator for CATV and
set-top box (STB) front-end applications. The
MAAD-010305 is a 15 dB step GaAs MMIC
digital attenuator. It is designed to condition
cable input sig-
nals to the STB.
The device is
ideally  suited
for use where
high  accuracy,
very low power
consumption,
and low intermodulation products are required.
The MAAD-010305 is fabricated as a mono-
lithic GaAs integrated circuit using a mature
PHEMT process. The process features full chip
passivation for performance and reliability. The
attenuator is designed for operation from DC to
1.1 GHz. It is packaged in a RoHS-compliant
lead free SOT-25, five-lead surface-mount plas-
tic package. The MAAD-010305 is character-
ized by low insertion loss and allows for positive
and negative voltage control, complemented by
75 ) impedance.

M/A-COM Technology Solutions Inc.,
Lowell, MA (800) 366-2266,
www.macomtech.com.

WiFi 5.8 GHz Cavity Filter
Y)VENDORVIEW

NIC recently developed a narrowband cavity
filter at 5745 MHz, perfectly suitable for use in
WiFi 5.8 GHz applications. This filter offers a
narrow passband of 40 MHz with low passband
insertion loss of less than 1.5 dB and adjacent
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channel rejec-
tion of greater
than 20 dB,
built in a com-
pact  package
size of 3.5" x
3.5" x 1.50" plus
connectors.
Networks International Corp.,

Overland Park, KS (913) 685-3400,

www.nickc.com.

Power Divider

Pulsar  model
PS2-56-450-15S
covers the fre-
quency range of

8 to 60 GHz
with 3 dB typi-
cal insertion

loss, 10 dB typi-
cal isolation, and VSWR 2.00:1 typical. Ampli-
tude and phase balance are 1 dB and +15 de-
grees, respectively. Maximum input power is 10
W. 1.85 female connectors are utilized in a
housing with dimensions of 1.04" x 0.6" x 0.38."
Pulsar Microwave Corp.,

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

Wideband Circulators

RADITEK’s newest coaxial circulator model,
RADC-225-400-N23-200WR covers the full-
band 225 to 400 MHz with guaranteed specifi-
cations of 0.7 dB insertion loss, 17 dB isolation,
and 1.40:1 VSWR over the full operating
. temperature
range of 0° to
50°C. The 225
to 400 MHz
wideband  cov-
erage of these
circulators and
isolators  give
outstanding
performance. This frequency band is used
mainly for military, aviation and government
communication. Standard power options range
from 1 to 400 W. These units are proven in the
field and are fully RoHS compliant.
RADITEK,
San Jose, CA (408) 266-7404,

www.raditek.com.

Phase Shifter
RLC Electron-

ics’  manually
o = adjustable de-
lay line (phase
shifter) offers
continuous adjustment of electrical delay over the
frequency range of DC to 40 GHz. Adjustment is
through a multi-turn, locking shaft. Low insertion
loss (2.5 dB maximum) and VSWR (2.0:1 maxi-
mum) are maintained throughout the adjustment
range. The unit comes with a choice of male or fe-
male 2.92 mm connectors. The PSM40 has an im-
pedence of 50 Q and a power rating of 5 W average.
Tt operates in a temperature range of -55° to +85°C.
RLC Electronics Inc.,
Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

Monoblock Filters
Sangshin ~ Ele-
com announces
a suite of mono-
block filters for
. ADS-B/UAT/
TCAS  applica-
tions. These fil-
. ters are de-
signed  with a
common footprint allowing for increased design
flexibility. ~ The  MBP44RC978S05C,
MBP44RC1030S15C and MBP44RC1090S15C
all offer excellent performance and stability in a
small, cost-effective package. Sangshin filters
can be quickly and easily modified to a variety of
specification configurations based on specific
customer requirements.
Sangshin Stocking Distributor,
RFMW Ltd.,
San Jose, CA
(408) 414-1450,

www.r tmw.com.

Cable Assemblies
)VENDORVIEW

San-tron Inc. has
announced  a
new series of
PIM cable as-
semblies. They
feature  inter-
modulation per-
formance as low
as -181 dBc with an eSeries 7/16 connector ter-
minated on TFlex-402 cable. Typical perfor-
mance across the lineup of assemblies termi-
nated with eSMA and eSeries Type Ns is -162
dBe. The eSMA cable assemblies perform DC
to 20 GHz and the eSeries Type N cable assem-
blies perform DC to18 GHz. These assemblies
are phase and attenuation stable, provide excel-
lent shielding, support UL/NEC Plenum class
CMP, are corrosion resistant, and are low in
weight and highly flexible.

San-tron Inc.,

Ipswich, MA

(978) 356-1585,

www.santron.com.

RV-13 Full-Band Receiver

Spacek  Labs

model RV-13

is a full-band

receiver that

downconverts

all of V-Band

. - (50 to 75 GHz)

=——————————— t0 an IF band

from 1 to 26 GHz. The LO is derived from a

free-running Gunn oscillator at 49 GHz. The

RF port is WR-15 and the IF port is K“F.” The

LO bias is +7 V at 1A typical. This receiver can

be used to extend the frequency range of a

spectrum analyzer.

Spacek Labs Inc.,

Santa Barbara, CA

(805) 564-4404,

www.spaceklabs.com.
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PRECISION TEST

CABILES.........

TMini-Clircuits

L.

$ 95 WS

from ea.(qty.1-9)

High-quality data requires high-quality cables — and
different models to meet different needs. Mini-Circuits Precision
Test Cables have been designed with our 40 years of industry
experience in mind, and tested beyond any others on the
market. It's why we can back them with an unprecedented
6-month guarantee,” and customers can save time and
money with fewer false rejects and less retesting.

Flex Test™ Our standard, triple-shielded CBL cables are so
tough, we had to invent a new way to test them:
Flex Test™. Even after more than 20,000 flex cycles,
these cables deliver unimpaired performance from
DC-18 GHz. Ideal for design labs or test benches,
they’re available in lengths up to 25 feet with SMA or
N-type connectors.

Quick Lock For high-speed production efficiency and superior
electrical & mechanical performance, our QBL cables are
the answer. Just push them onto a standard female
SMA connector and slide the collar forward to lock.
You'll get proven high-integrity DC-18GHz connections,
even after 20,000 flex and 20,000 mating cycles!

‘Q(.\\

Armored For harsh, abusive, outdoor environments, our APC
cables can’'t be beat. Even 1,000 crush cycles with a
440-Ib nitrogen tank had minimal effect: attenuation

f increased only 0.15 dB, while return loss in/out
remained =20 dB from DC-18 GHz. N-type

connectors are standard, with lengths from 6
to 15 feet in stock.

Our new 40 GHz cables are proven through 20,000 flex
cycles, and are fitted with high-performance connectors that
mate with K®- and SMA-equipped DUTs. Standard lengths
range from 1.5 feet to 2 meters.

Low Loss For design work requiring long cable runs or whenever
Ka-band signal strength is key, our KBL-LOW
cables are ideal. Insertion loss is only 2.46 dB/m

at 40 GHz, with a velocity ratio of 84%.

Phase Stable When phase stability is a concern, as in many
high-frequency production tests, try our KBL-PHS
cables. They offer a phase change <0.1°/GHz
when wrapped a full turn around a 3” diameter
mandrel, and a shielding effectiveness of 110 dB!

0 RoHS compliant

See minicircuits.com for cable lengths, specifications, performance data, and surprisingly low prices!

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

K-Connector is a registered trademark of Anritsu Company.

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

[JMini-Circuits’

1SO 9001

ISO 14001 AS9100

- 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 minicircE uits.com-

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONENTS
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New ProbuCTS

Bandpass Filters
| These miniature
1 surface-mount
bandpass filters
can be specified
for  passbands
from 8 to 20
GHz with band-
widths from 5 to
10 percent of the center frequency. The inser-
tion loss of these custom filters is dependent on
frequency and bandwidth, but ranges from as
low as 1 dB at lower frequencies and narrower
passbands to as high as 3.5 dB at the highest
frequencies and widest passbands with a VSWR
of better than 2:1 and power handling of 1 W.
The ripple performance of these filters is out-
standing, at +0.5 dB. The center-frequency drift
is also impressive at only 0.6 percent across an
operating frequency range of -35° to +85°C.
Synergy Microwave Corp.,
Paterson, NJ
(973) 881-8800,

www.synergymwave.com.

0.5 W BTS RFIC

The skyrocket-
ing popularity of
smartphones
and other MIDs
makes products
like  TriQuint’s
new TQP7M9102
essential for
3G/4G base station, repeater, femtocell and
similar applications. This innovative new prod-
uct integrates ESD, RF over-drive and DC
over-voltage protection while delivering its
highly linear signal with very low power con-
sumption. Only TriQuint offers all these bene-
fits, plus industry-standard packaging.
TriQuint Semiconductor,

Hillsboro, OR

(503) 615-9000,

www.triquint.com.

Four-way Combiner/Divider

Y)VENDORVIEW

This  four-way
combiner oper-
ates from 20 to
1000 MHz at
100 W CW,
measured at the
sum port. This
small  package
enables custom-
ers to combine four 25 W modules in a harsh
military environment, often operating into oth-
er than 50 Q. Designed for military and com-
mercial applications, this unit will tolerate a full
input failure, at rated power. The unit provides
exceptionally low loss (0.75 dB maximum). Tt
measures 5" x 2" x 1" and weighs 0.75 pounds.
It operates from -55° to +85°C. It can be sup-
plied with several connector options, including
N Female and SMA Connectors.

Werlatone Inc.,

Patterson, NY

(845) 278-2220,

www.werlatone.com.

Amplifiers
4 to 18 GHz Solid-state Amplifiers
Y)VENDORVIEW

E AR RF/Micro-

——— R
— - mentation  has
redesigned sev-
P eral of its “S”
Series solid-
state amplifiers
i ] . to extend the
bandwidth from 18 GHz down to 4 GHz. The
models previously went down to 6 GHz. These
redesigned amplifiers are available in 5, 10, 20
and 40 W.
AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181,
www.ar-worldwide.com.

High Linearity VGAs
YJVENDORVIEW

The HMC996LP4E and the HMC997LC4 are
GaAs PHEMT MMIC analog variable gain am-
plifiers that operate from 5 to 12 GHz and from
17 to 27 GHz, respectively. These amplifiers de-
liver up to 20.5 dB of gain, +24 dBm, of output
P1dB, and +34 dBm of output IP3 in their
maximum ~ gain
state. Each of
these amplifiers
is controlled by
a single analog
control  voltage
between 0 and
-4.5'V, and provides up to 22 dB of gain control
range. The high linearity performance of the
HMC996LP4E and the HMC997LC4 allows
them to be used as either buffer amplifiers, or
as power ampliﬁer pre—drivers in microwave
transmitter applications. The HMC996LP4E
consumes 120 mA from a +5 V supply, and is
housed in a RoHS-compliant 4 X 4 mm QFN
leadless package. The HMC997LC4 consumes
only 170 mA from a +5 V supply, is housed in a
RoHS-compliant 4 X 4 mm ceramic QFN lead-
less package.

Hittite Microwave Corp.,

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

X-Band Amplifier

Microsemi  spe-
cializes in the
design and sup-
ply of ultra low
phase noise am-
plifiers. This low
phase noise X-
Band high power
amplifier, model
AMISI2PNDI501,
operates in the frequency range of 8 to 12 GHz
and provides output P1dB of +34 dBm minimum
(2.5 W). This amplifier delivers 1/f phase noise
-155 dBc/Hz at 1 KHz and -165 dBc/Hz at 100
KHz offset. Dimensions are 2.24" x 2.45" x (0.58."
Microsemi,

Camarillo, CA (805) 388-1345,

www.amlj.com.
Wideband Amplifier
)VENDORVIEW

The ZHL-22LM-75+ is a high performance,
push-pull amplifier featuring very low second-
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ADAPTERS

¢

NG " :
*%* Fairview Microwave Inc.

SM5250 $58.16
SMA SWEPT 27 GHZ

SM3358 $226.17
7mm-3.5 18 GHZ

ATTENUATORS

SM4979 $38.77
SMA 27 GHZ

SM3397 $51.76
7/16 90° 6 GHZ

SM4923 $97.25
SMA FLANGE 27 GHZ

SM4531 $172.00
N 90° 18 GHzZ

SM3224 $226.17
2.92 BULKHEAD 40 GHZ

*

SM3547 $38.77
TNC-BNC 8 GHZ

SM3221 $148.48
3.5-3.5 34 GHZ

SM3935 $440.50
1.85-1.85 65 GHZ

SM5514 $145.40
ZMA-SMA 18 GHZ

SMW?75ACN $297.95
WR75-N 10-15 GHZ

SM8867 $195.00
SMP-2.4 40 GHZ

e

28AC206 $363.60
'WR28-2.92 26-40 GHZ

SM2927 $138.94
GMS-SMA 23 GHZ

&

SM4835 $172.53
SSMA-2.92 40 GHz

SA18N5WA $60.17
N 5W 18 GHZ

SA18N25WA $232.24
N 25 W 18 GHZ

¥

SA18N507 $343.09
N 50 W 18 GHZ

SA3015 $13.55
SMA 2 W 3 GHZ

»

SA18S50W $337.81
SMA 50 W 18 GHZ

SA3N511 $162.41
N 50 W 3 GHZ

SA4020 $738.96
2.92 10 W 40 GHz

SA5074 $274.47
2.4 1 W50 GHZ

COUPLERS,

POWER DIVIDERS

MC0626 $1,045.15
2.92 COUPLER 6-26 GHZ

MCO618 $341.38
SMA COUPLER 6-18 GHZ

=~

MC4061 $757.50
N-SMA COUPLER 1-12 GHZ

SMC4037 $52.52
N COUPLER 700-2700 MHZ

MP0218-4 $600.95

SMA 4-WAY 2-18 GHZ

&

MP1540-2 $1,045.15
2.92 2-WAY 15-40 GHZ

MP8769 $472.68
N 2-WAY 2-8 GHZ

MP8758-4 $82.98
N 4-WAY 800-2500 MHZ

TERMINATIONS

ST27N301 $434.98
N 700-700 MHZ LOW PIM

ST3N501 $129.56
N 50 W 3 GHZ

b

ST3D-50 $206.96
7/16 50 W 3 GHzZ

ST1831 $19.57
SMA PUSH ON 1 W 18 GHZ

ST2671 $51.11
SMA 2 W 27 GHZ

ST6T-5W $53.29
TNC 5 W 6 GHZ

5T4021 $521.98
2.92 5 W 40 GHzZ

STS5038 $299.05
2.4 1 W50 GHZ

INTRODUCING NEW PRODUCTS: GAIN HORNS ANDY LOW PIM 5

ERIES

=

FasST DELIVERY!

CHECK OUT QUR INVENTORY LEVELS, PRICING, DATA SHEETS, & PLACE ORDERS ONLINE AT

WWW.FAIRVIEWMICROWAVE.COM

1-800-715-4396

1130 JUNCTION DR. 5TE 100 ALLEN, TX 75013 1-800-T15-4396 FAX: 972-649-6609 EMAIL:BALES@FAIRVIEWMICROWAVE.COM
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Since 1985 we have offered our custom
design filters and sub-assemblies in
combline, interdigital and
suspended-substrate technologies.

Broardband

Suspanded-Substraiy

rlltzrs, Dplzezrs, Triplsesrs, Quadruplassrs,
Qulntuplatsrs, Sastuplasars.,

ES Microwave, LLC

B031 Cessna Avenue, Gaithersburg, MD 20879
P: 301-519-8407 F: 301-515-5418
WWW.BSMICroOWave.com

l" » | l‘ A |

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

5 Wz ] )
~ R&K Company Limited
721-1 MAEDA, FUJI-City, SHIZUOKA-Pref. 416-8577 JAPAN
Tel : +81-545-31-2600 _http://rk-mi

Fax : +81-545-31-1600 E-mail: info@rkco.jp
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and third-order
distortion prod-
ucts across its 5
to 200 MHz
bandwidth. De-
signed for a 6
V/300 mA typi-
cal power sup-
ply, with F connectors in/out, it is a high value,
low cost solution providing a 15 dB gain for
CATV return path applications under DOCSIS 2
and 3. The rugged, aluminum alloy case mea-
sures 3.75" x 2" x 0.8."

Mini-Circuits,

Brooklyn, NY (718) 934-4500,

www.minicircuits.com.

26 to 40 GHz Amplifier
Y)VENDORVIEW

MITEQs new
model JS4-
26004000-27-10P
is a low noise
medium power
amplifier  with
only 27 dB
maximum noise
figure and +10 dBm P1dB. This model has a
gain of 28 dB minimum in a small hermetically
sealed package with field replaceable K-con-
nectors. MIL-883 screening is also available.
Different options, such as gain, noise figure and
power output, are also available.

MITEQ Inc.,

Hauppauge, NY (631) 439-9469,
www.miteq.com.

Video Amplifier
Y/VENDORVIEW

PMI model
ERDLVA-218-
CW-LPD is a
CW  Immune,
Extended Range
Detector Loga-
rithmic ~ Video
Amplifier (ERDLVA) designed for ultralow DC
power consumption. This model operates over
the 2 to 18 GHz frequency range and has the
ability to interface with an output cable measur-
ing over 100 feet in length. This model provides
very high speed, excellent flatness and accuracy
in an ultra small hermetically sealed housing
measuring only 2.04" x 1.67" x 0.472." It has an
ultra low DC power consumption of less than
3.9 W total.

Planar Monolithics Industries Inc.,
Frederick, MD (301) 662-5019,

www.pmi-rf.com.
Low Noise Amplifiers

Y/VENDORVIEW

Skyworks intro-
duced a series of
high gain, two-
stage LNAs em-
ploying  both
GaAs PHEMT
and GaAs HBT technology that offer very low
noise figure, high linearity and excellent return
loss in a small, quad flat, 4 mm squared leadless
package. On-die, active-bias design ensures

consistent performance and enables uncondi-
tional stability. The PHEMT front-end enables
ultra low noise figure, while the HBT-based
output stage provides customers a compelling
solution with both high linearity and efficiency.
The SKY67105-306LF (0.6 to 1.1 GHz) and the
SKY67106-306LF (1.5 to 3 GHz) high gain, low
noise amplifiers are well suited for cellular in-
frastructure applications.

Skyworks Solutions Inc.,

Woburn, MA (781) 376-3000,

www.skyworks.com.

Low Noise Amplifier

The ASLA40-
B2010L is a 18
to 40 GHz fre-
quency  band-
width LNA con-
sisting of gain
blocks with 20,
30, 40 dB and output P-1 dB of +10 and +15
dBm. These products are battle-tested and
backed with a four-year warranty program.
Wright Technologies,

Roseville, CA (916) 773-4424,

www.wrighttec.com.

Software

WLAN Software
)VENDORVIEW

[§ =

Anritsu Co. in-
troduces  soft-
ware for its
MS269xA  and
MS2830A series
signal analyzers,
as well as its
MG3700A Vec-
tor Signal Generator to create single-instru-
ment solutions that support the IEEES02.11n/
p/a/b/g/j wireless LAN (WLAN) standards.
With the software installed, the instruments
provide developers of WLAN devices, modules
and boards used in home entertainment and au-
tomobile onboard wireless systems with accu-
rate, cost-effective solutions to verify design
performance. The WLAN measurement soft-
ware allows the MS269xA and MS2830A to sup-
port EVM modulation analysis, which is re-
quired for evaluating the Tx characteristics of
TEEES02.11n/p/a/b/g/j WLAN signals. The an-
alyzers can also measure key characteristics,
such as spectrum mask, spurious, and adjacent
channel leakage power.

Anritsu Co.,

Morgan Hill, CA

(800) 267-4878,

www.anritsu.com.

Sources

3200 MHz DRO Replacement

The ESP-3200 phase-locked oscillator oper-
ates at 3200 MHz and features exceptionally-
low phase noise (less than -120 dBc¢/Hz at 10
KHz) and high stability (+0.25 ppm). The unit is
supplied with an internal reference and offers
+15 dBm output power and low spurs (less than
-80 dBc). The internal reference can be option-
ally phase-locked for phase coherence to a cus-
tomer’s external frequency reference used for
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SQ-, 1Q-, 1Q-, BQ-, CQ- =

connecting 4, 7, 8, 10 or lzm:hlnl-'-[.iluaiﬂu

RQ23-DC26 =
connecting 23 coax RF-

Hermetically

Sealed Adapters

2.92mm, TNC, N, Feedthroughs
with veuting holes for Vacumm Test Chambers

L =mg alld Siia,

Almost any Wavegunide to almost any Coax Comneclor
WG Maierials : Aluminum, Copper, Brass
Connectors : 1.92mm . .EMAL...
TNC....N...TI6 .

230° @@ 12 Gl
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2% 26 Gl >
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New ProbuCTS

other circuits in
the system. De-
signed for rug-
gedized ground
mobile or air-
borne

opera-
tion, the ESP-
3200 also

features an extended operating temperature
range (-40° to +85°C), high vibration tolerance
and low power consumption. The ESP units are
designed as DRO replacements in Hi-Rel, rug-
gedized applications. Custom units are avail-
able.

EM Research Inc.,

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

Temperature Compensated Crystal
Oscillator

Y)VENDORVIEW

The VFTX250 is
the  industrys
smallest size
Temperature
Compensated
Crystal Oscilla-
tor (TCXO). It
offers outstand-

ing performance for wireless communication
systems. The device delivers frequency stability
of +0.5 ppm and is also available across the in-
dustrial temperature range of -40° to +85°C in
a miniaturized 2.5 x 2.0 mm SMD ceramic

‘ Micr® Swave _ |

Journal
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package. The VFTX250 TCXO offers output
frequencies up to 52 MHz in the low power
clipped sine wave output with supply voltages
ranging from 2.8 to 2.5 V. Typical current con-
sumption is as low as 1.1 mA and to minimize
battery drain the device also has an output en-
able/disable option. Its ultra miniature size, 2.5
x 2 mm, allows for efficient use of board space
and product designs expansion.

Valpey Fisher Corp.,

Hopkinton, MA (508) 435-6831,
www.valpeyfisher.com.

Holdover Oscillators

Vectron Inter-
national re-
leased another
high perfor-
mance OCXO
for its growing
family of Hold-
over Oscillators.
The OX-203 Holdover Oscillator allows the cus-
tomer to specify a level of holdover in a small
footprint, cost effective, quartz-based solution.
Specific features of Vectron’s 0X-203 include a
package size of 25.4 x 25.4 x 13.4 mm, holdover
specifications of 8 psec over 24 hours, tempera-
ture stability of 0.8 ppb over -40° to 85°C, aging
of 0.15 ppb/day, low phase noise 10 MHz out-
puts, and internal digital correction algorithms.
Vectron International,

Hudson, NH (603) 578-3052,

www.vectron.com.

VCO with Low Phase Noise

Z-Communications announces a new RoHS-
compliant VCO model CRO3500C-LF in S-
Band. The CRO3500C-LF operates at 3500

MHz with a tuning voltage range of 0.5 to 4.5 V
DC. This VCO features a typical phase noise of
-111 dBe/Hz at 10 KHz offset and a typical tun-
ing sensitivity of 5 MHz/V. The CRO3500C-LF
is designed to deliver a typical output power
of 2dBm at 5V
DC supply
while  drawing
20 mA (typical)
over the tem-
perature range
of -40° to 85°C.
This VCO fea-
tures 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." It is
available in tape-and-reel packaging for produc-
tion requirements. The CRO3500C-LF is also
ideal for automated surface-mount assembly and
reflow. CRO3500C-LF is well suited for digital
radio and satellite communication applications
that require ultra low phase noise performance.
Z-Communications Inc.,

Poway, CA (858) 621-2700,

www.zcomm.com.

Test Equipment

Tunable Laser Module

YJVENDORVIEW

Agilent Technologies Inc. introduced a new
compact tunable laser module for its 816x Series
lightwave measurement platform. In addition,
the company introduced a fast spectral loss en-
gine, a new software package for the N7700A
photonic application suite. The new module and

MNew and archived content for the well-informed

Webinars on demand

8
White Papers/Technical Library
L]

Expert Advice Blogs

Executive Interviews

@ www.mwjournal.com/resources
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Value Added and #=
Cable Assemblies

Now you can rely on Delta, a source of high-quality RF connectors for over fifty years, for
all of your cable assembly needs, as well as other connector-related value-added products:

¢ Flexible and semi-rigid cable assemblies from high-volume, low-cost to sophisticated
high-frequency types, using our fully automated cutting and stripping equipment
for consistent and repetitive quality results. Short order quantities as well as volume
production globally, from our manufacturing sites in the USA, Taiwan and China.

* One-piece body designs to support attenuator housing needs. s
e Transmission line and antenna assemblies; other RF related subassemblies. i

* Our new state-of-the-art, fully automated electroplating facility (NADCAP
certification in process) is designed to serve all your plating requirements for RF
components—not just connectors. Advanced plating software and in-house X-ray
capabilities assures your plating specifications are consistently achieved.
(Complementary processes such as vapor degreasing and contact crimping /
pretinning are also available.) More information, including plating types and

]

specifications, at www.deltaelectroplating.com ___ .o - O .
Let us be your “one-stop-shop” for adding value to o \
your supply chain. :

Scan this QR code to go to our
Value-Added Products page

%\

DELTA

5
oI : : % LLECTRONICS MFG. CORP. &'
LEstingRandimarkersrequireme N S N .
g sl ~Connect Here,
Delta Electronics Mfg. Corp.
Tel: (978) 927-1060 ¢ Fax: (978) 922-6430

P.O. Box 53 « 416 Cabot St.

Beverly, MA 01915 USA

¢ T Smunus ReHS Eomwex

CERTIFIED HaNNENWNFYERE C ERTIFIED
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Value......

What gives our switches value?
We provide more features as a standard.
More than any other switch provider out
there. While the other guys are charging you
extra for so called "options™, we include them
in all our switches. Things like 4 indicating
contacts, 100% sealed & flanges are all
standard on our units. Come see why AST is
the most reliable and affordable switch on
e Advanced

Swilch

Technology

www.astswitch.com

~vew! FREQUENCY

® Qutput Frequency to 25 GHz
(Up to Octave Bands)

® Frequency Steps 1 kHz

® Low Phase Noise and Spurious
-95 dBc/Hz at 10 kHz at 6 GHz

® Frequency Control via RS-485 Interface
(Non-Volatile Memory)

® 10 MHz External or Integl Reference
® 45, ion.-Eow
5.0 Vdc Operatjgly,tﬁw ower
® Small Rugged.Enclosure (z.lls " x 2.50” x 0.63")
® Low Cost and Fast,Delivery II
® Model SLSM —
Custom des our specialty
luff rReseArch

20 N. Tyson Ave, Floral Parkj.\
Tel: (516) 358-2880 ‘_g‘ f 6)

BOTH
SIDES
of your

PC board

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

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

REVOLUTIONARY
HERMETIC SMP CONNECTORS

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

For use with Aluminum, Kovar
and other package materials

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

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

Low Frequency Soil Tester
Fine and Coarse Soils

MU-EPSLN™ sfwr
www.damaskosinc.com

(610)358-0200 fax(610)558-1019
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WE ARE GOING TO THE EDGE
AND BEYOND
Our next stop is

CASSINI-
HUYGENS
MER
Go with confidence use
Sector Switches
SESIGR MicRowAVE IND, e
WWW. SECTORMICROWAVE COM

software help boost test throughput in

optical component manufacturing by
achieving a mea-

’I surement repe-

_—— If! tition rate that is

= ‘|ﬂ 'f unparalleled for

. 1# .,,.I solutions in this

@ class. The Agi-

A’ lent 81960A

compact tunable
laser has 200 nm/s sweep speed and increased
acceleration, combined with the dynamic accu-
racy specifications needed for measuring dense-
wavelength  division multiplexing (DWDM)
components, all packaged in a compact module.
The new and unique capability of dynamically
specified sweeps in both directions enhances the
repetition rate to 2 Hz for real-time use in adjust-
ment and calibration procedures.
Agilent Technologies Inc.,
Santa Clara, CA (800) 829-4444,

www.agilent.com.

Electromagnetic Field Meters
Y)VENDORVIEW

!+ Narda Safety Test Systems,
an [-3 Communications
company, introduced two

A portable instruments de-
F signed exclusively for mea-
surement of electromagnet-
ic fields found in industrial
environments. The battery-
powered meters allow users to accurately en-
sure compliance with the TEEE C95.1-2005
standard and recommendations from ICNIRP
that dictate Maximum Permissible Exposure
(MPE) to electromagnetic fields. The NIM-511
and NIM-513 industrial field meters measure
1.5" x 2" x 8.1" and weigh 1.3 pounds. The NIM-
513 operates from 10 to 42 MHz and its calibra-
tion reference frequencies include 27.12 MHz
and 13.56 MHz. The NIM-511 operates over a
frequency range of 300 kHz to 100 MHz with a
calibration reference frequency of 13.56 MHz.
Narda Microwave-East,

Hauppauge, NY (631) 231-1700,
www.nardamicrowave.com/east.

MODCO
FL1B45VE
RE 0974
-
p—

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

www.modcoinc.com
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Under powered and over budget? ifyoure in need of driving
Problem solved. upthe power handiing

[DERO

METELICS

Eval Boards
Available
From Stock

Buy Online at
Aeroflex.com/MSW

and driving out cost in
your next switch design,
Aeroflex / Metelics’” MSW
series surface mount PIN
diode switches and super-
charged (+125V, -200V)
MPD drivers are the
perfect combination. It
only takes a single driver
to drive several of our
high power (100 W CW.
or 500 W peak input
power) switches—even
symmetrical and asymmet-
rical T-R switches at the

same time—saving you
precious real estate and
overhead. MPD drivers
are TTL input compatible

(single or double logic)

and offer a typical
switching speed of 2 pS.
Covered with a high per-
formance RF shield they're
also worry free. Get your
hands on an evaluation
board today and put the
perfect switch in your
control.

JPIN Diode Switch and Driver Combinations

Drive Recommended Frequency Band
Voltage* Switch Driver (MH2)

T-R Switch, TX Left +V Only MPD2T28125-700 10 to 1,000
T-R Switch, TX Left +V Only MPD2T28125-700 400 to 4,000
T-R Switch, TX Left +V Only MPD2T28125-700 2,000 to 6,000
T-R Switch, TX Right +V &V MPD2T5N200-702 2,000 to 6,000
T-R Switch, TX Left +V Only MPD2T28125-700 20 to1,000
T-R Switch, TX Left +V Only MPD2T28125-700 400 to 4,000
Symmetrical SP2T +V Only MPD2T28125-700 10 to 1,000
Symmetrical SP2T +V Only MPD2T28125-700 400 to 4,000
Symmetrical SP2T +V Only MPD2T28125-700 2,000 to 6,000
Symmetrical SP2T +V Only MPD2T28125-700 50 to 1,000
Symmetrical SP2T +V Only MPD2T28125-700 400 to 4,000
Symmetrical SP2T +V &V MPD2T5N200-702 10 to 1,000
Symmetrical SP2T +V &V MPD2T5N200-702 400 to 4,000
Symmetrical SP2T +V &V MPD2T5N200-702 2,000 to 6,000
Symmetrical SP3T +V Only MPD3T28125-701 10 to 1,000
Symmetrical SP3T +V Only MPD3T28125-701 400 to 4,000
Symmetrical SP3T +V &V MPD2T5N200-703 10 to 1,000
Symmetrical SP3T +V &V MPD2T5N200-703 400 to 4,000

d +125V |
200V |

Part Number Configuration Visit our website or call

888-641-7364.

MSW2000-200
MSW2001-200
MSW2002-200
MSW2022-200
MSW2050-205
MSW2051-205
MSW2030-203
MSW2031-203
MSW2032-203
MSW2040-204
MSW2041-204
MSW2060-206
MSW2061-206
MSW2062-206
MSW3100-310
MSW3101-310
MSW3200-320
MSW3201-320

www.aeroflex.com/metelics

(\EROFLEX

A passion for performance.
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2012 InternationallConferenceloniMicrowave
r 2012 Microwave W|reless Industry Exhibitioniin'China (MWIE2042).

MWIE2012 . B
i, s
Sponsor:

Chinese Institute of Electronics (CIE)

Co-sponsors:

Microwave Society of CIE

Harbin Institute of Technology Shenzhen Graduate School, China
South China University of Technology, China

Kingradio Technology [Shenzhen] Co., Ltd., China

Collaborating Journals:

Journal of Microwaves(Chinese), Mobile Communications(Chinese).
Microwave Journal, IEEE Microwave Magazine, Rfeda, Wbsp and Kilomega

Date: May 5—~8,2012

Microwave Wireless Industry Exhibition (MWIE) has already been held for over 10 years. Itis one of most important events of the
International Conference on Microwave and Millimeter Wave Technology held every even year, and the National Conference on
Microwave and Millimeter Wave in China held every odd year.

MWIE2012 will be another grand exhibition after MIE2011 in Qingdao, MIE2010 in Chengdu, MIE2009 inXi'an, MIE2008 in Nanjing China!

Scope of Call For Paper (Relevant topics of interest include, but not limited to the following):

1. Solid State Device and Circuits 2. Low-Noise Devices and Techniques 3. High-Power Devices and Techniques

4. Monolithic Integrated Circuits 5. Passive Devices and Circuits 6. Packaging, Interconnects, and MCMs

7. Ferrite and SAW Components 8. Superconducting Components and Technology 9. Microwave-Optical Design

10. Computer Aided Design 11. Instrumentation and Measurement Techniques 12. Electromagnetic Field Theory

13. Computational Electromagnetics 14. Microwave Antennas 15. Smart Antennas, Phased and Active

16. Scattering and Propagation 17. Microwave Remote Sensing and Sensors 18. Microwave and Millimeter Wave Systems

19. Communication Systems 20. High Speed Digital Circuits and S| 21. Biological Effects and Medical applications
22. Submillimeter Wave Techniques 23. EMl and EMC 24. Photonics and Optics

25. Wireless RF Components and Systems 26. Wide Band Gap Semiconductor Devices 27.Radar & Broadband Communication Systems
28. MEMS 29. PBG and Metamaterials 30. Other relevant topics

Paper Submission Deadline: January 10, Acceptance Notificat March 10, 2012

Student Paper Contest

Student paper contest is limited to full time student who must be the first author of the paper, and the student is required to present their papers at the
conference. The candidates are required to show their full time student identification cards on the registration desk. Each of the three final winners
will be awarded the ICMMT2012 Best Student Paper Prize with a certificate and 300USD. AII the students are encouraged to participate the contest.

I
r-—'—|T'

ICMMT, is an international conference on microwave and millimeter wave. ICMMT, held every two years in China. is intended to provide an
international platform and opportunities for the scientists and engineers to present their new ideas and exchange information on research.
All the speech papers and posted papers of ICMMT 2012 will be transferred to IEEE Xplore®, the IEEE digital library, and indexed by El after
about one year. We welcome you to join us and share your contributions in the conference.

Standard booth (3 m x 3 m): Consist of one headboard with company name (limited in 30 characters), one table, two chairs and so on.
Customized booth (From 36 m*): Empty area, you can customize the booth to highlight your company / products.

Exhibitors to be attended:

Manufacturers / distributors for RF / microwave / millimeter wave devices / components: solid state device and circuits (including mmic):
amplifiers, mixers, oscillators, etc. and passive components: filters, duplexers, couplers, attenuators, and antennas etc.

Manufacturers / distributors for RF / microwave / millimeter wave equments/ PCB/ Connectors / Absorber / Inductor / Capacitor
Designer / distributor for RF / microwave / millimeter wave software

Shenzhen is one of the largest hubs for research, development and mass production of microwave, millimeter wave and RF related components
and equipment in China. Headquarters of many manufacturers of mobile communication base station and wireless transmission equipment
are located in Shenzhen, such as: “Huawei Technologies Co Ltd.” , “ZTE Corporation” , “Shenzhen Tongchuang Communication Co., Ltd.”
“Shenzhen Synertone Communication Corporation” Guangzhou Halge Communications Group Incorporated Company and
“The 7"Research Institute of China Electronics Technology Group Corporation” etc. The population of engineers engaged in microwave,
millimeter wave and RF field in Shenzhen is up to 50 thousands. Shenzhen, famous for high-tech development, window of reform and open to
the outside world, has geographic advantages: at the root of mountains, on the sea coast, and have beautiful hills and waters.

Shenzhen Conversion & Exhibition Center, where
ICMMT 2012 and MWIE 2012 will be held, is located at
the Central Business District of Shenzhen, just next to
Hong Kong with excellent convenience in traffic. It can
be expected that the exhibition will attract a large number
of professional experts, engineers and scholars in microwave,
millimeter wave and RF field from both China and overseas.
The attendees will exceed 2000. Itis the best opportunity
blicize your company and products.

For-detail mformatlon please visitg8  www.cnmw:.olrg www:mws-cie.ora/icmmt2012
Contact: Prof.:\Wang Yang, Mr.WejitZilun, Ms Xu, Mr.\Wang:sGuangqgi-and Gu Kaihua
S Email: mwrf@ "f63""'om kmgradlo@188 com, icmmt2012@emfield.org
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RadioWeireless Wee_lz

15 - 18 JANUARY 2012, SANTA CLARA, CA, USA

IE
< IEEE - s

COMMUNICATIONS
http://www.radiowirelessweek.org/

MTT-S°

~ Register Now!

http://www.radiowirelessweek.org/
Wireless in the Heart of Silicon Valley

15-18 January 2012 in Santa Clara, CA
at the Santa Clara Marriott Hotel

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

applications related to BioWireleSS, consumer, commercial, and military sensor markets.

RWW 2012 Highlights

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

“Wireless Sensor Network Technologies for the Internet of Things”

Panel Session

“Spectrum Sharing and Frequency Reuse”
Rump Session

“Emerging PA Architectures & Technologies”
Exhibits — Mon-Tue, 16-17,]Jan., 201 |

Keynote Plenary Session

On Scaling Wireless Capacity
Prof. Arogyaswami Paulraj, Stanford University

Distinguished Lecturer Talks

Advanced Doherty Power Amplifiers

Prof. Fadhel M. Ghannouchi, University of Calgary

Microwave Near-Field Imaging of Human Tissue: Hopes,
Challenges, Outlook

Prof. Natalia K. Nikolova, McMaster University

A Look at Some of the Principles of Wireless
Communication from a Maxwellian Viewpoint
Prof.Tapan Sarkar, Syracuse University

Autonomous Aero-Visual and Sensor Based Inspection
Network for Power Grid and Asset Monitoring
Prof.Arun Somani, lowa State University

oral presentations - posters - workshops - panels - exhibitions

HTTP://WWW.RADIOWIRELESSWEEK.ORG
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THE Book END

Radio Wave

Propagation

Fundamentals
Artem Saakian

adio Wave Propagation Fundamentals attempts

to satisfy the growing demand in radio wave

propagation study materials for students and
specialists. The core materials were developed from
lecture notes that have been offered by the author for
graduate students at Patuxent Graduate Center of Flor-
ida Institute of Technology. The materials included in
the text have been extended beyond the needs of the
single-semester course and may be used for continuous
self-study.

The objective is to support senior-level undergradu-
ate and graduate electrical engineering students with an
introduction of the basic principles of electromagnetic
waves propagation of radio frequencies in real condi-
tions relevant, but not limited, to communications and
radar systems. It is also to emphasize the primary role
of the antenna-to-antenna propagation path in the over-
all performance of those systems. Practicing engineers
who need a quick reference to the basics of propagation
mechanisms and principles of engineering estimates
and designs may use this text in their everyday routine.
It would also be useful to engineers and scientists in re-
lated areas for learning about the fundamentals of RF.

The book covers electromagnetic wave theory, anten-
nas for radio links, impact of the environment on wave
propagation and receiver basics. While this is a good
book to learn about the basic of radio waves, it primar-
ily covers the theory and equations related to the topic,
but it does not go into many practical applications or
real world examples. It is a good text for students cover-
ing the theory and for engineers to review the theory
or have it handy for reference. However, it would not
extend to practical design and applications information
for the engineer or scientist in the field.

To order this book, contact:

Artech House
685 Canton St., Norwood, MA 02062
(800) 225-9977;
or
16 Sussex St., London SW1V 4RW, UK
+44 (0) 20 7596-8750

350 pages; $135, £85
ISBN: 978-1-60807-137-1
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For additional information, contact Synergy's sales and application team.
Phone: (973) 881-8800 Fax: (973) 881-8361 E-mail: sales@synergymwave.com
Visit Our Web Sﬂu At WWW.SYNERGYMWAVE.COM
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Central Time Zones

Chuck Boyd

AdTech Ceramics

Advanced Switch Technology

Advantest Corporation

Aeroflex / Control Components

Aeroflex / Metelics, Inc.
Aeroflex / Weinschel, Inc.

Agilent Technologies, Inc.

American Microwave Corporation

American Technical Ceramics
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DC to18 GHz from$385 00

Unmatched ease of use. Unmatched reliability. Unmatched immediate savings.

Smart, for faster setup. A plug-n-play Smart RF Switch
Matrix really speeds things along, whether you’re creating a
new matrix from scratch or adding to an existing one. Our
Smart Switch Matrix lineup includes models with 1, 2, 3, or
4 SPDT switches—just connect to a USB port on any HID-
compliant host, and you’re ready to go. Or, you can control
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or Linux® computer, using a quick software download fully
compliant with LabVIEW®, Delphi®, C++, C#, Visual
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Mechanical, for more accurate data.
Very low insertion loss (0.3 dB typ.), excellent
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*Linux is a registered trademark of Linus Torvalds. LabVIEW is
a registered trademark of National Instruments Corporation.
Delphi is a registered trademark of Codegear LLC. Visual Basic and
Windows are registered trademarks of Microsoft Corporation. Neither
Mini-Circuits nor the Mini-Circuits Smart RF Switch Matrix are affiliated
with or endorsed by the owners of the above referenced trademarks.
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USB-1SPDT-A18 $385.00 USB-3SPDT-A18 $980.00
USB-2SPDT-A18 $685.00 USB-4SPDT-A18 $1180.00

TThe internal mechanical switches in each model are offered with an optional
10 year extended warranty. Agreement required, see data sheets on our

website for terms and conditions. Switches protected by patents 5,272,458
6,650,210 6,414,577 7,633,361 7,843,289 and additional patents pending.
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HIGH POWER, MULTI-OCTAVE PERFORMANCE
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IN-PHASE COMBINERS & DIRECTIONAL COUPLERS

-
- Tolerate Severe Power Unbalances In-Phase Combiners/Dividers
( Model Type Frequency Powwer Slize Insertion Loss VEWH lscdation B

» Lowest Loss _ MHz) | wew) | onchess | g (d)
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« Excellent Port-to-Port Isolation D8s32 | 2Way | 2041000 50 |22xz02N0S| 07 1401 0
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For 3G/4G Wireless Broadband and Mobile Handset Applications

Typ. IL
Linear TRX/Tx
TRx Rx Rx @2.0GHz
Part Number / Description Ports Ports SAW (dB)

SP8T-SP10T Antenna Switch Modules—With GSM Harmonic Filter

SKY18106-455LF SP8T, SPI DigRF interface 6 0 No -0.6/-0.9 -30 -106 -50/-45 QFN 26L3.0x 3.8
SKY18110 SP8T, GPIO logic 6 0 No -0.8/-0.9 >35 <-102 -45/-42 MCM 20L 3.2 x3.2
SKY18116 SP8T, small form factor 6 0 No -0.8/-0.9 >35 <-102 -45/-42 MCM 18L3.2x 2.5
SKY18108 SP9T, WCDMA, and TD-SCDMA 3 4 No -0.8/-0.9 >35 <-102 -45/-42 MCM 20L 3.2x2.5
SKY18120 SP9T, WCDMA, and TD-SCDMA 3 4 No -0.8/-0.9 >35 <-102 -45/-42 MCM 16L 2.5x2.5
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
SKY13402-466LF SP10T 6 2 No -0.7/-1.1 >35 <-105 -48/-42 QFN 26L 2.6 x 3.4

GSM  Typ.IL

Linear GSM GSM Rx TRx/Tx @ Ty
TRx Rx Harmonic Band SAW 2.0 GHz Isol
Part Number / Description Ports Ports Filter Filter (dB) (

SP2T-SP6T Rx Diversity, Band, Mode Switch, and Differential Rx Switch

SKY13374-397LF SP2T 2 - - No 0.5 >28 - -50/-50 - QFN 16L 2.0x 2.0
SKY13373-460LF SP3T 3 - - No 0.5 >23 - -50/-50 - QFN 12L2.0x 2.0
SKY13388-465LF SP4T 4 - No No 0.5 >25 - -45/-45 Yes QFN 12L2.0x 2.0
SKY13380-350LF SPAT 4 - - No 0.4 >23 <-115 -45/-45 - QFN 16L 3.0x 3.0
SKY13358-388LF SP5T 5 - - No 0.7 >27 <-102 -50/-45 - QFN 16L2.3x2.3
SKY13360-388LF SP6T 6 - No No 0.5 >23 <100 -40/-40 Yes QFN 16L2.3x2.3
SKY13354-368LF DPAT 0 2 No No 0.5 >23 - - No QFN 12L2.0x 2.0
SKY13397-388LF DPST, 5 - - No 0.4 >32 - -50/-50 - QFN 16L2.3.x2.3

3G band switch

@ 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

-376-3000 * Asia: 886-2-2735 0399 * E - 43548540 * Email: sales@skyworksinc.com
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NOTE FROM THE EDITOR
i Attending Mobile World Congress

David Vye, Microwave Journal Editor

TECHNICAL FEATURES

20 LTE-Advanced Physical Layer Design and
Test Challenges: Carrier Aggregation
Discusses the upcoming Mobile World Congress show Martha Zemede, Agilent Technologies

and how it has inspired this month’s supplement

COVER FEATURE

O Wireless Data Connectivity with LTE Power
Amplifiers
Fred Schindler, Virender Sadhir, Brian Robbins,
David Guo and Jerry Paradis, RF Micro Devices
In-depth look at how power amplifier design is
impacted by the higher data rates and linearity
requirements called for by LTE

Presents an overview of carrier aggregation along with
some of the associated design and test challenges from
the physical layer perspective for both the base station
and the user equipment

26 A Compact MIMO Antenna using ZOR Split
Ring Resonator Radiators with a Decoupling
Structure

Seongryong Yoo and Sungtek Kahng, University of
Incheon, and Jong-Guk Kim, LG Innotek Co. Ltd.

Presents a novel compact MIMO antenna for mobile
communication devices that has miniaturized antennas
with increased isolation and operating in the WiMAX

)

PERSPECTIVE

SPECIAL REPORTS

Coexistence of Terrestrial Microwave Point-

and LTE high bands
12 The Future of RFIC Test Strate
=& gy
Aeroflex Test Solutions PRODUCT FEATURES
Ron Williamson, Product Manager at Aeroflex Test 32 LTE PAs Offer Fast, Powerful Wireless Data
Solutions, provides insight into the future of RFIC test Options
strategies RF Micro Devices

Introduction to LTE power amplifiers that offer fast,

powerful wireless data options

36 GPs RFIC Preventing LightSquared and

Other LTE Interference
Tahoe RF Semiconductor

to-Point Links and Wind Turbines

Harvey Lel ; HL Telecom Consulting
vy menpamer - Development of a single chip integrated dual-channel

Outlines some of the concerns engineers face when GPS RFIC that provides 60 dB of dynamic range in

des1gmng a microwave 11nk and how to ensure high level interfering environments
coexistence of microwave links and wind turbines

18 Addressing Traffic and Channel Power TECH BRIEF
Distributions in 3G Networks 38 Intermod Squad: Low PIM Cable Assemblies
Sean Cordone, ISCO International
Discusses the statistical distributions of traffic and
interference from a network perspective, and how
poor correlation between measured traffic and uplink 40
channel power can be used to assess interference
severity

San-tron Inc.

COMPANY SHOWCASE

Company profiles highlighting mobile communications
infrastructure, new products and upcoming conference
show promotions
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ATTENDING MoOBILE
WoRrtp CoNGRESS

or the cover of this month’s

Mobile Communications sup-

plement, we found artistic in-
spiration from one-time Barcelona
resident Pablo Picasso in our tribute
to the city’s other famous resident
— GSMA Mobile World Congress
(MWC). This annual event combines
the world’s largest exhibition for the
mobile industry and gathering of
Chief Executives and other dignitaries
from up and down the global mobile
supply chain. And in 2012, Barcelona
has even more reason to celebrate the
return of MWC.

MWC, initially called 3GSM
when it started in 1987, was hosted
in Cannes until 2006 after which it
moved to Barcelona. Over the past
few years, rumors of a new location
have been spreading throughout the
exhibition halls as the organizers put
the show out to bid. In considering
a possible new venue, GSMA under-
took a thorough and complex evalu-
ation process, starting with 30 cities,

4

DAVID VYE, Microwave Journal Editor

narrowing it down to six before reduc-
ing the number of candidates down
to a short list of four finalists. Cities
such as Munich, Milan and Paris ag-
gressively vied for the opportunity to
host the event. But then in July, after
an 18-month search, the GSMA an-
nounced that Barcelona had been se-
lected as the “Mobile World Capital”
from 2012 to 2018.

As the Mobile World Capital, Bar-
celona will remain as the host of the
industry’s largest yearly event. The cor-
nerstone of the Mobile World Capital
is the four-day MWC, which attracted
more than 60,000 attendees from 200
countries in 2011. Attendees included
3000 CEOs, government delegations
from 131 countries and more than
2900 media representatives. Starting
in 2013, the MWC will be relocated
within the city to the cutting-edge ven-
ue Fira de Barcelona Gran Via.

In addition to MWC, the Mobile
World Capital features two additional
elements: the Mobile World Centre

and the Mobile World Festival. The
Mobile World Centre will be com-
posed of permanent and temporary
exhibitions that meld culture and tech-
nological innovation, facilities for the
development and incubation of mobile
solutions, and retail and hospitality
venues. The Mobile World Festival,
which is targeted to the general public,
will incorporate a range of activities,
including sporting events, music and
art festivals, film awards, applications
and technology fairs and more.
According to estimates from the
Barcelona Candidacy, the Mobile
World Capital would bring, in the
first year alone, more than 300 million
euro, along with thousands of part-
time jobs. As some of the initiatives
have a mid-term reach and will grow
steadily during their implementation,
the economic impact is expected to
increase progressively and, based on
Barcelona’s assessments, could reach
3.5 billion euro over the seven years.

(Continued on page 5)
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As for MWC 2012, the keynote speakers are once again
C-level telecommunication executives representing the
top of the food chain. Network CEOs from AT&T, Alcatel-
Lucent, Deutsche Telekom, NTT DOCOMO, Vodafone,
Ericsson and Telecom Italia will join CEOs from major
handset OEMSs, such as Nokia and HTC, to discuss the
future direction and immediate concerns of the industry.
Some of the focus sessions will examine mobile innova-
tions, strategies, addressing network capacity, regional fo-
cus and network technology evolution.

From the RF/microwave component sector, companies
participating at MWC are particularly active in the com-
mercial communications side of test and measurement
equipment, semiconductor and chipsets, cables/connector
and high power passive components, antennas, femto-cells
and backhaul equipment manufacturing. On the test and
measurement side, we are anticipating major product an-
nouncements from companies such as Aeroflex, Agilent,
Anritsu, Rohde & Schwarz and Spirent. RFIC manufactur-
ers, such as TriQuint Semiconductor, RFMD, Skyworks,
ANADIGICS and Avago, will most likely show up with a
hail of new products as well.

In this month’s special mobile communications supple-
ment, we are pleased to have Fred Schindler, Director of
RFMD’s Boston Design Center, and his colleagues discuss
how power amplifier design is impacted by the higher data
rates and linearity requirements called for by LTE. This is
no small challenge for the RFIC designer and should be
of considerable interest to anyone working with a mobile
device front-end.

Complementing this cover story, we are also featur-
ing a perspective piece from Ron Williamson of Aero-
flex Test Solutions on the future of RFIC test strategies.
Williamson talks about the growing cost and equipment
investment for RFIC ATE systems and how PXI/AXIe
instrumentation and infrastructure offer an alternative
production test environment with the benefit of high
MTBF, fast test times and system coherency. Also dis-
cussing test issues for mobile communications, Agilent
Technologies writes about the design and test challenges
for the physical layer of base station and user equipment
brought on by the carrier aggregation called for by ITU’s
IMT-Advanced 4G.

Along with articles on the co-existence of point-to-point
microwave links, the design of a compact MIMO antenna
using metamaterials, addressing traffic and channel power
distribution, low PIM connectors and GPS ICs, Microwave
Journal covers alot of ground in this month’s supplement, not
unlike the new Mobile World Capital. So here is to Barcelona
and MWC. I am glad mobile decided to be stationary. l

moBsiL

L]
WORLDCOMGRESS

Mobile World Congress

February 27-March 1, 2012
Barcelona, Spain
For more information, visit
www.mobileworldcongress.com
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Wireless Data Connectivity
with LTE Power Amplifiers

onsumers are demanding more from

their mobile devices — including in-
creased bandwidth. They have become
accustomed to the near unmiversal data con-
nectivity of smartphones, and are voracious
for the applications that continually demand
higher and higher data rates. Tablet comput-
ers also are becoming more popular, and their
demands for constant connectivity and data us-
age are reportedly five times higher than those
of smartphones.! Laptops have not disappeared
either. Consumers expect their laptops to have
the same universal connectivity as their phones,
running applications that demand higher data
rates. Most laptops have wireless network con-
nectivity built-in, and there is a growing market
for USB dongles to provide connectivity with
the latest high data rate standards. There is also
an emerging market for new categories of con-
nected devices, ranging from Internet Protocol
TV (IPTV) to connected vehicles with wireless
diagnostic, safety and infotainment capabilities.
What is driving these increased data rates?
In the US, for example, the introduction of ad-
vanced smartphones is pushing some networks
to their limits and frustrating consumers. We
have all seen the growth of streaming audio
and video, and this is just the tip of the iceberg.
The exponential growth of social networking-
related traffic is another key driver, as is online
gaming. Perhaps the most compelling trend
is the growth of cloud computing. With cloud
computing, data is stored remotely, not on the

device. As we have all seen, the amount of data
that we want to store continues to increase.
More data can be stored in the cloud than can
be practically stored on a mobile device. Re-
ducing the permanent memory demands in
the mobile device reduces cost and size and in-
creases speed and battery life. Thus, we have a
hardware trade-off between permanent mem-
ory and network connectivity. The balance is
tipping in the direction of data connectivity.

Mobile data traffic increased by a factor of
2.6 in 2010, and is expected to increase 26 fold
from 2010 to 2015.1 By the end of this year,
it is expected that video will be more than 50
percent of all mobile traffic. In fact, in the US
we have already seen streaming video services
like Netflix dominating Internet traffic at peak
times.? Consumers are migrating to mobile de-
vices and that is driving mobile traffic.

In order to support this growing demand,
connection speeds are expected to increase by
a factor of ten by 2015. Today, the average mo-
bile network connection worldwide is only 215
kbps. By 2015, it will be more than 10 times
that, 2.2 Mbps. With 7.1 billion mobile con-
nected devices, that is a lot of data.! Network
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infrastructure is already responding to
meet the challenge. Long Term Evo-
lution (LTE) and LTE-Advanced have
been developed specifically to provide
high mobile data capacity.

LTE CONNECTIVITY

Connections to LTE networks are
already available from various cellu-
lar service providers in limited service
areas. These deployments continue to
grow. But there are other LTE deploy-
ment options. For example, in-home
range extenders can be used to provide
enhanced connectivity, especially in
rural or remote areas. Personal gate-
ways will also find use, primarily by
businesses, to provide higher data rates
either in office facilities or in public
service areas to provide an enhanced
experience for customers, much as
many cafés offer free WiFi today.

There are of course alternatives to
LTE. WiFi s aleading alternative, and
currently can offer connection speeds
of 300 Mbps. Future variants on the
802.11 standard will offer even higher
data rates. WiFi is pervasive and offers
an attractive option to connect to a lo-
cal access point, typically with a range
of tens of meters. WiFi uses either the
2.4 to 2.5 GHz ISM band or the 4.9
to 5.85 GHz band (4.9 to 5.15 GHz in
Japan). The ISM band is crowded — it
is used for a variety of other data con-
nections, including Bluetooth® and
microwave ovens. This ultimately
limits the practical achievable data
rate. The 5 GHz band is an attractive
alternative, but many devices lack 5
GHz capability and the band remains
lightly used.

WiMAX is another alternative. It
was designed with many of the same
applications in mind as LTE, and is
approximately equivalent in capabil-
ity. WiIMAX has been deployed in the
2.3t02.4 GHz, 2.5t0 2.7 GHz and 3.3
to 3.8 GHz bands, but it has seen lim-
ited acceptance in the marketplace.
LTE can also use these frequency
bands and many WiMAX compatible
uplink products (such as datacards)
can be redesigned to operate in high
data rate LTE systems. Future migra-
tion trends point to growing adoption
of the LTE standard.

LTE operates in a variety of bands
between 728 MHz and 3.8 GHz, de-
pending on the service provider and
the location. Bandwidths, data rates,
and TDD/FDD implementation vary,

but the overall standard is universal.
Data rates of up to 300 Mbps are possi-
ble for LTE and 3.3 Gbps for LTE Ad-
vanced (though this is only under ideal
conditions with 8 X 8§ MIMO). One of
the main advantages of LTE is that it
has been selected as the 4G standard
by a large number of cellular service
providers throughout the world.

UPLINK VS. DOWNLINK

Every wireless system has an up-
link and a downlink. Typically, we car-
ry a terminal device (smartphone, tab-
let, laptop or other connected device).
The devices connect to an access
point or a base station, see Figure 1.
The downlink is from the access point
to the networked device. Conversely,
the uplink is from the network device
to the access point. Typically, the de-
vices we carry download more data
than they upload. In this article, we
are highlighting power amplifiers be-
cause they are a critical component
in the system. The requirements for
uplink and downlink power amplifiers
are very different.

Downlink power amplifiers are
found in access points and base stations
and are used to transfer data to various
mobile devices. An access point must
connect to multiple network devices si-
multaneously, multiplying the total data
rate, so power and linearity require-
ments for the downlink are tougher
than for an uplink. For LTE, linearity is
measured as Adjacent Channel Leak-
age Ratio (ACLR),3# which is similar
to the ACPR measurement used for
CDMA and W-CDMA. LTE linear-
ity is typically required to be -44 dBc
for the downlink, usually targeting an
OFDMA waveform for the greatest
data rate, with bandwidths of 10 to 20
MHz (up to 100 MHz for LTE Ad-
vanced).

Uplink power amplifiers are found
in smartphones, USB dongles, lap-
tops, tablets, IPTVs, connected au-
tomobiles, etc. Each device provides
its own uplink so the requirements on
power and linearity are less stringent.
System ACLR is typically -35 dBc
with a 10 MHz standard bandwidth.

In LTE, modulation also differs
from uplink to downlink. In the up-
link, a single carrier frequency divi-
sion multiple access (SC-FDMA)
modulation is used. The downlink, in
contrast, uses orthogonal frequency
division multiple access (OFDMA).

A Fig. 1 A networked device uses an uplink
and a downlink.

Whereas SC-FDMA uses a single car-
rier, OFDMA uses multiple orthogo-
nal carriers. This provides greater
spectral efficiency for the downlink,
but challenges PA linearity even more.

ACLR is not the only linearity re-
quirement for an LTE PA. There is also
a requirement for error vector magni-
tude (EVM). For the LTE downlink,
depending on the specifics of the
modulation, the EVM limits are 12.5
to 17.5 percent.* As a practical matter,
the ACLR limit of -44 dBc is always
reached long before EVM approaches
10 percent, so EVM is not a signiﬁcant
PA design concern. Other systems,
such as WiMAX and WiFi tend to be
EVM limited, with EVM specifications
in the 3 to 4 percent range.

LINEARITY AND MODULATION
BANDWIDTH

As systems are designed to provide
even higher data rates, the linearity
requirements inevitably continue to
increase. And, as air standards evolve
to handle greater bandwidths and
modulation techniques become more
advanced, the general trend is for
greater linearity burden on the power
amplifier.

LTE supports a range of modula-
tion bandwidths. For an uplink, the
modulation bandwidth may be 1.4, 3,
5, 10, 15 or 20 MHz. For the down-
link, the standard modulation band-
widths are 10 and 20 MHz. The stan-
dard WiMAX downlink modulation
bandwidth is 10 MHz, optionally 20
MHz (LTE-Advanced supports up to
a 100 MIHz modulation bandwidth).
In addition to linearity challenges, the
modulation bandwidths themselves
create design challenges for a PA.
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DESIGNING PAS FOR NETWORK
ACCESS POINTS

As already noted, system linear-
ity is stated in terms of ACLR. The
downlink power amplifier must be
capable of -44 dBc ACLR or better,
up to its rated power. Rated power for
the PA is dependent on a number of
factors. First, consider the type of ac-
cess point. See Table 1 for a listing of
access point types. A macrocell is what
we typically think of as a base station —
a tower servicing a large geographic
area. A microcell is a base station that
services a more limited area, often in
an urban area, with denser cell spacing
allowing for increased network capac-
ity. A picocell covers an even smaller
area, often a specific office facility,
mall, or sporting complex. A femtocell
is smaller yet, and is typically intended
to service a home or small business.
Picocells and femtocells will be de-
ployed to offload high data traffic onto
local fixed network connections.!

We need to work back from the
output power at the antenna to deter-
mine the requirements for our power
amplifiers. In a Time Division Duplex
(TDD) system, we typically see 1.5 to
2 dB of loss from switching and filter-
ing between the PA and the antenna.
A Frequency Division Duplex (FDD)
system requires additional filtering,
so the loss between the PA and the
antenna is higher, 2.5 to 3 dB. There
is a range of power requirements for
every access point type, but there is a
typical requirement that satisfies most
implementations. We have found that
power outputs in the 23 to 26 dBm
range satisfy most femtocell and some
picocell requirements.

KEY PA DESIGN
CONSIDERATIONS

One of the first steps in designing
a PA is process selection. The best de-
sign philosophy is always to pick the
process that best fits the full set of
requirements. Forcing a non-optimal
process on an application will almost
always yield an inferior product in
terms of performance and/or cost. A
fundamental choice is between Si and
GaAs. For an access point downlink,
performance is very important. There
has been considerable progress in
CMOS and SiGe power amplifiers,
but up to now performance has typi-
cally lagged GaAs. In addition to a
performance advantage, GaAs typi-

cally offers much
shorter  develop-
ment times, thereby
quickening time to
market.

Access Point

CHARACTERISTICS OF ACCESS POINT TYPES

TABLE |

Typical Range Output Power at

Type the Antenna
. Within the fam- Femtocell 10 to 50 meters 10 to 25 dBm
ily of GaAs process- -
es, there are many Picocell Up to 200 meters 22 to 30 dBm
options. HBTs and Microcell Up to 2 km 1s to 10s of watts
PHEMTs can both Macrocell Up to 30 km 10s to 100s of watts

provide  excellent
PA performance. HBTs have an ad-
vantage in size, ease of matching and
bias, so are a logical choice. There are
anumber of HBT processes available,
and of those, InGaP shows a modest
advantage for linear PAs. So an InGaP
HBT is a good process to choose for
an LTE downlink PA. GaAs BiFET
can also be attractive — BiFET offers
HBTs and PHEMTs on the same die.
This makes it easy to integrate con-
trol functions, switches and receive
circuitry. We are interested in a PA
without switching or a receive path,
and only modest control functionality
is required. So the added complexity
of a BiFET process is not necessary.
Once the transistor and process
have been selected, it is time to ar-

chitect the PA. The first priority is to
determine how many stages of ampli-
fication are needed. We know that 30
dB gain is adequate for the vast major-
ity of applications. While this can be
achieved with two stages, three stages
are preferable. It is generally necessary
to sacrifice some gain to meet the wide
range of other requirements — linearity,
input and output match, bandwidth,
passband flatness, temperature, pro-
cess variation, stability, and harmonic
output levels are just some of the ad-
ditional specifications that need to be
met. The extra gain of an added stage
avoids over constraining the design.
Current consumption is also a key re-
quirement and an added stage does in-
crease the total current draw. But the
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increased transistor area from the add-
ed stage can be modest, so with careful
bias design the impact on total power
consumption is minimal.

Sizing transistors is also critical. We
start with the output, which must be
large enough to provide the necessary
combination of power and linearity. It
must also be large enough to ensure
that power density and temperature
do not exceed reliable limits. We can
rely on load-pull characterization of
the transistors, as well as past experi-
ence of what is necessary for a certain
level of output power.

While uplink PAs are typically pow-
ered by a battery (2.7 to 4.8 V), down-
link PAs are typically powered by a
fixed supply (4.5 to 5.0 V). It has been
determined that 1900 um?2 of emitter
area is about right for the output stage
of picocell to femtocell downlink PA
delivering 22 dBm of linear power.
Having determined the size of the
output stage, we can determine the
area of the other stages. The output
stage will deliver about 8 dB gain, so
the first and second stages will deliver
about 11 dB each. We need to ensure
that the earlier stages do not limit lin-
earity. To do this with adequate mar-
gin over all conditions, we choose a
4:1 transistor size ratio between stag-
es. Our final transistor configuration is
120, 480 and 1920 }Lmz.

Now that we have selected the
transistors, we have to determine how
to best bias them. The simplest and
physically smallest is to have a com-
mon bias path for all three stages,
as Figure 2a shows. In such an ap-
proach, transistors in all three stages
are biased at the same operating point,
running at the same current density.
An alternative is shown in Figure 2b.
This allows us to adjust the operat-
ing point, or current density for each
stage. There are significant benefits to
using this method. The output transis-
tors should be the only ones limiting
linearity, so their bias points should be
set with that in mind. Similarly, the in-
put stage is primarily providing gain,
which can best be done at a different
operating point. Finally, current con-
sumption at each stage can be set to
the minimum necessary for each, min-
imizing total current draw.

Also related to bias is thermal man-
agement. The duty cycle of an LTE
downlink signal is high and with a long

duration, so from a thermal manage-
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A Fig. 2 Two approaches to biasing a
multi-stage PA (a) common bias for all
stages and (b) individual bias for each stage.

ment perspective, we can consider it
to be CW. Once the power dissipation
has been determined, the PA needs to
be laid out for reliable operation, with
particular emphasis on the transistor
layouts. A PA in a picocell or a fem-
tocell needs to operate in an ambient
temperature of up to 80°C.

The next critical step is matching.
For many PA applications, it is impor-
tant to determine the optimal match
for linearity for the output transistor.
For an LTE downlink PA, it is best to
use an optimal power match. Because
the LTE downlink uses OFDMA, it
has a peak to average power ratio of
about 10 dB.5 The result is seen in
Figure 3. ACLR starts to increase
significantly above an output power
of about 21 dBm. This is about 10 dB
below the level where output power
starts to compress heavily. Peaks in
power 10 dB above the average cause
the limiting nonlinearities. A similar
effect can be found in an LTE uplink
PA, but because it uses SC-FDMA, it
is 2 to 3 dB less severe.b To first order,
maximizing output power is the key
objective to achieve LTE downlink PA
linearity, SO an optimum power match
is used for the output stage.

Modulation bandwidth also impos-
es requirements on matching and bias
circuitry. The modulation bandwidth
is up to 20 MHz. The key concern is
baseband products at 20 MHz. The
HBTSs have very high gain at these low
frequencies. Matching circuits and bias
circuits need to incorporate filtering to
minimize these low frequency prod-
ucts. Otherwise, the low frequency
products will limit power amplifier
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A Fig. 3 Output performance of a typical
LTE downlink power amplifier; ACLR (black
traces) starts to increase significantly ~10 dB
before gain (blue trace) compresses.

linearity. The high gain of the HBTs at
low frequencies can also cause instabil-
ities. Care must be taken in designing
low frequency filtering in the matching
and bias circuits to avoid possible oscil-
lations and spurious outputs.

SUMMARY

We have provided some background
on LTE, specifically the downlink, and
what it means to the PA designer. The
LTE downlink signal has a high modu-
lation bandwidth with many orthogo-
nal carriers. This results in very high
PAPR, and drives the entire PA design.
We have gone through many of the
choices a PA designer must make in ad-
dressing LTE downlink requirements
and provided a roadmap to complete a
successful design. This illustrates how
the next generation of LTE PA for ac-
cess points is being developed. There
are more complex design approaches
that have been taken for the uplink,
where DC power is critically limited.”
These too may find their way into ac-
cess points in the future. l
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THe Future oF RFIC
TeST STRATEGY

he future of Radio Frequency

Integrated Circuit (RFIC) test

strategy is a provocative topic
these days. This is especially true for
the consumer RF and connectivity in-
tegrated circuit (IC) markets, where
ramping volumes and surging compe-
tition are shifting the market’s mind-
set. Driven by cell phones, tablets,
and other mobility devices, most RF
devices are approaching commodity
status, including the discrete power
amplifier, front-end module, Blue-
tooth, WiFi and tuner segments. Price
pressure is so extreme that a once-
manageable test strategy is now over-
kill for low-end to mid-range devices.
IC vendors are pulling all the punches
to procure “just enough” production
test capability.

For the past 20 years, standard au-
tomated test equipment (ATE) served
this segment well. Competent RF
technology led the way, augmented by
reliable production worthiness. The
general-purpose nature of production
test was also suitable for the few sili-
con vendors whose product portfolio
spanned the entire RF offering. But
as we have seen in recent years, the
technology has branched out. Multi-
ple protocol standards, varying found-
ry processes and distinct Served Avail-
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able Markets have created a more
specialized supplier base.

This specialization has unearthed
fertile soil for many new fabless com-
panies. For example, in the Asia Pa-
cific (APAC) region, accessible IC
design technology and a maturing
regional supply chain has fostered as-
pirations of dominating local markets.
These players are especially sensitive
to cost and are keen to “blaze a new
trail” by adopting new test strategies.
If these strategies are proven out, they
will offer time-to-market advantages.
These advantages may allow APAC
suppliers to challenge the “blue chip”
suppliers in the US and Europe in the
years to come. However, the APAC
suppliers have one primary dilemma
— RF test is still an enigma in most
Asian technology centers. Their lo-
cal subcontracted manufacturers, al-
though owners of many indigenous or
legacy testers, possess limited RF test
options. They see RF test capability
as their final puzzle piece. They need
to find a solution, either through low
cost means and/or augmenting their
current installed base with RF func-
tionality.

These APAC “upstarts” are not the
only IC vendors seeking alternative
RF test solutions. IC manufacturers

whose core competencies are digital
or mixed signal are now integrating
antennas into their devices. This cre-
ates significant test challenges. The
IC manufacturing supply chain also
possesses a large installed base of pro-
duction test equipment with limited
RF functionality. They want to view
the RF pin as “just another device
pin.” But the question remains: How
do they validate RF quality without
overhauling their production strat-
egy and/or excessively increasing their
cost of test?

As we have seen in digital test over
the past 20 years, the $8,000/digital
pin in 1993 has become less than $500/
pin in many current testers. Can the
same economies be realized in RF?
Commercial off-the-shelf (COTS) RF
instrumentation is capable, proven,
relatively inexpensive, and readily
plays within industry standard form
factors. Using these tools, can some-
one develop a cost-sensitive, focused
solution for commoditized RF semi-
conductors? The ideal solution would:
e Meet the RF functionality require-

ments with seamless integration
¢ Be modular in nature, and offer a

multitude of capability options
* Be production worthy with high re-
liability and throughput
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e Stand alone, or assume a slave role
for integration into a current tester
environment
At Aeroflex, we believe the answer

is yes — a solution can be developed.

A precedent has already been set in

semiconductor validation and char-

acterization labs. These labs have
successfully employed standard in-
struments to validate and debug their
initial devices. VME, VXI and stand-
alone instruments have all found

a place in semiconductor test lore.

However, the integration was usu-

ally custom, slow, cable-awkward and

manual by nature.

Today’s COTS instrumentation is a
different beast. The PXI form factor
has revolutionized the lab environ-
ment and is universally accepted. In
the RF space, powerful instruments
like 13 GHz sources and analyzers,
vector network analyzers, single slot
bi-directional port modules, local os-
cillators, intermediate frequency ar-
bitrary waveform generators (AWG)
and digitizers are one click away. Other
non-proprietary standard technologies
are building momentum as well. AXIe,
PXT’s big brother, has a quickly grow-
ing instrument portfolio, including RF
AWGs, 48-channel digital pin electron-
ics, 12-channel device power supplies,
relay and load board controls, plus log-
ic and protocol analyzers.

But the tipping point in RFIC
ATE goes well beyond instrument
functionality. Integration of the com-
ponents by a team that understands
semiconductor test is paramount.
Moreover, PXI/AXIe instrumenta-
tion and infrastructure are proving to
have exceptional reliability, fast data/
signal busses and valuable multi-stage
triggering. All of these benefits trans-
late to key elements of a production
test environment — high MTBF, fast
test times and system coherency. The
proof manifests itself in the cell phone
manufacturing lines where 30 to 40
percent of all phones are tested with
PXI solutions. Leveraging our cell
phone success, coupled with the ever-
increasing adoption of the PXI and
AXIe form factors, Aeroflex recently
introduced two industry standard,
instrument-based test solutions that
uniquely meet the four requirements
above, including the AXRF RF Sub-
system and AX-Series RF Character-
ization and Production Test System
(PXI and AXIe).
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In summary, competition and mar-
ket dynamics in the consumer RFIC
space has changed the industry mind-
set about RF product testing. Special-
ization and end-user product diversity
opened doors for new and current IC
vendors willing and eager to take risks
for a market advantage. They see pro-
duction test as a means to an end. They
have pushed the test and measurement
industry to accommodate their needs.
This solution would not have come to

Mobie Quwvmufutim}

fruition two years ago. Functionality
alone did not create the tipping point.
It took many intangibles to breach the
precipice — customer adoption of PXI/
AXTe instruments, proof of production
worthiness in real world manufactur-
ing, architectural improvements for
fast test times with high accuracy, and
most importantly, semiconductor-savvy
teams to integrate the entire solution
into a sophisticated, competent and
user-friendly tool. Il
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Coexistence of Terrestrial
Microwave Point-to-Point

Links and Wind Turbines

s one of the potential sources of alter-

native energy, wind turbines are con-

sidered an emerging industry and have
been erected in many locations in the US, as
well as around the world. Wind turbines work
on the principle of conversion of the kinetic en-
ergy from wind into mechanical energy, which
is then used to generate electricity. Wind tur-
bines in large numbers are called wind farms
and could potentially impact radio communica-
tions systems, including broadcasting stations,
weather radars, airport radars and terrestrial
microwave point-to-point systems.

Any time engineers are designing anew mi-
crowave link in a desolate area, they should in-
vestigate existence and proximity of wind tur-
bines. This brief article will discuss and sum-
marize some of the concerns engineers have to
address during the microwave network design,
in order to ensure a peaceful coexistence of
microwave links and wind turbines. The same
conclusions are also applicable to projects that
might be considering a construction of a new
wind farm in an area with existing microwave

links.

WIND TURBINES AND WIND FARMS

1.5 MW turbines can be very large struc-
tures, with blades exceeding 67 m (220 feet)
in diameter and tower heights exceeding 55 m
(180 feet).! The wind farm concerns include

the fact that they are composed of highly re-
flective materials, they can be up to 400 feet
tall and have a large radar cross section (RCS),
with blade tips spinning up to 200 mph; wind
farms could have hundreds of these high pro-
file structures in a relatively small area.?

Simply speaking, RCS is the measure of a
target’s ability to reflect radar signals in the
direction of the radar receiver (which may or
may not be collocated with the radar transmit-
ter). Although it is difficult to actually calculate
the RCS of a wind turbine, some measure-
ments show that its value could be close to the
RCS of a jumbo-jet. It is easy to conclude that
a large wind farm could cause false alarms (or
holes in the coverage in case they are ignored
by the radar) on the screens of nearby airport
radars, so planes flying over the wind farm may
or may not be detected.

Wind farms are usually located in elevated
and exposed regions, where they can experi-
ence an unobstructed exposure to the wind.
This type of exposure is also preferred in fixed
telecommunication installations, like micro-
wave sites. There has been very little research
done on this topic, which is becoming increas-
ingly interesting as more and more wind farms
are being constructed. Generally speaking, mi-
crowave engineers should carefully consider

HARVEY LEHPAMER
HL Telecom Consulting, San Diego, CA
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CONCEPT OF THE FRESNEL
ZONE

The concept of the Fresnel zone is
an integral part of the terrestrial mi-
crowave point-to-point link design.
The most common use of Fresnel
zone information on a profile plot is to
check for obstructions that penetrate
the zone and calculate a possible dif-
fraction. Fresnel zones are specified
employing an ordinal number that
corresponds to the
number of half-
wavelength ~ multi-
ples that represents

EARTH SURFACE

A Fig. 2 Fresnel zones.

three criteria that potentially could
cause degradation of an RF commu-
nications system, such as near-field,
diffraction and reflection/scattering.

NEAR- AND FAR-FIELD

The terms far-field and near-field
describe the fields around an antenna
or, more generally, around any electro-
magnetic radiation source. The names
imply that two regions, with a boundary
between them, exist around an anten-
na. Actually, as many as three regions
and two boundaries exist, and it is im-
portant to notice that these boundaries
are not fixed in space (see Figure 1).

Usually, two- and three-region
models are used. In the near-field,
the field strength does not necessar-
ily decrease steadily with distance
away from the antenna, but it may
exhibit an oscillatory character and,
therefore, it is difficult to predict the
antenna gain and radiation pattern in
that region.?

Engineers perform microwave
link engineering, including Fresnel’s
clearances and path profiles, based
on the assumption that microwave
antennas are in the far-field region,
that is the distance between them is
sufficiently large. Any large object
(reflective or not), including wind
turbines, in the near-field of the an-
tenna may distort the radiation pat-
tern of the antenna and, therefore,

should be avoided.

_@ the difference in

radio wave propa-
gation path from
the direct path. The
first Fresnel zone
is, therefore, an el-
lipsoid whose sur-
face corresponds to
one half-wavelength
path difference and
represents the smallest volume of all
the other Fresnel zones (see Figure
2).

In microwave engineering, the ra-
dius of the first Fresnel zone is the
parameter currently employed to es-
tablish appropriate clearance of the
link from different types of obstacles.
The general formula (assuming that
R, << d; and R, << d,) to calculate
the radius of n® Fresnel zone is ap-
proximated by:

nAd,d
R = [—L12 1
n */d1+d2 @

In this formula, A is a wavelength,
R is a radius of the Fresnel zone, and
d; and d, are distances from the an-
tennas to the point of interest, and d is
a microwave link length.

A more practical formula to calcu-
late the radius of the first Fresnel zone
in feet, which uses distances in miles,
frequency in gigahertz, is given by:

Diffraction theory indicates that
the direct path between the transmit-
ter and the receiver needs a clearance
of at least 60 percent of the radius of
the first Fresnel zone to achieve free-
space propagation conditions.

If the geometry of the path is such
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that an even-numbered Fresnel zone
happens to be tangential to a good re-
flecting surface (such as a lake, high-
way, or smooth desert area, or wind
turbines in this case), signal cancella-
tion will occur as a result of interfer-
ence between the direct and indirect
(reflected) signal paths.

What is not included in this discus-
sion is that the refractive properties of
the atmosphere are not constant and
the variations of the index of refrac-
tion in the atmosphere (expressed by
the Earth-radius factor k) may force
terrain irregularities to totally or par-
tially intercept the Fresnel zone. A
much more detailed discussion of the
effects of climate on clearance re-
quirements is given in reference 3.

MICROWAVE LINK ENGINEERING
IN THE PROXIMITY OF WIND
TURBINES

Perhaps the most dangerous situa-
tion is if the wind turbine is blocking
or impinging the first Fresnel zone.
Diffraction (obstruction) or reflec-
tion of radio waves by a wind turbine
can degrade the performance of a
point-to-point microwave link due
to the effect of large blades rotating
at approximately 32 rpm (typically
there are two or three blades). Thus
any significant interfering signal,
such as a delayed multipath compo-
nent, will fluctuate in signal level ap-
proximately 1.0 to 1.5 Hz.#

Based on some measurements, a
single turbine can cause fades of 2 to 3
dB on microwave links with frequencies
up to 18 GHz. A wind farm with only 17
turbines can produce up to 20 dB of fad-
ing if it is inside the Fresnel zone. Con-
sidering that the microwave link fade
margin is typically 30 to 35 dB, this is a
very significant loss of signal.>

It is important to remember that
the horizontal axis of blade rotation
varies in azimuth according to the
wind direction, so this is not a static
obstacle, like a tree or a building. Al-
though typically 60 percent clearance
of the first Fresnel zone is sufficient to
guarantee undisturbed performance
of the microwave link, in this situa-
tion the recommendation is to keep
the first Fresnel zone completely, 100
percent clear. In addition, even a clear
first Fresnel zone may not be suffi-
cient, so a more stringent requirement
of also keeping the second Fresnel
zone clear should be implemented.

-Q, QW&H\}

Signal reflection from the physical
structure of a turbine propagating into
the microwave receiver can potential-
ly result in receiver’s threshold degra-
dation, resulting in a critical increase
in the carrier-to-interference (C/I) ra-
tio, usually expressed in decibels, de-
pending on the modulation and cod-
ing schemes) requirement for the link.
Care should be taken with respect to a
possible multiple reflections from the
individual turbines of a wind farm. A
long string of wind turbines running
in parallel with the microwave link
could be especially detrimental.

CONCLUSION

The process of designing a micro-
wave link in the vicinity of wind turbines
follows the usual good practices of mi-
crowave engineering — avoid obstacles
in the near-field of the antennas, keep
first (and second, in this case) Fresnel
zone clear of obstacles, and pay special
attention to reflections when running
microwave link in parallel to the long
string of wind turbines. In some spe-
cial cases, space diversity or some other
method of reducing effects of multipath
and improving reliability of the micro-
wave link may be required. l

References

1. M. Ragheb, “Radar Signatures of Wind
Turbines,” 2009.

2. S. Baron, “Wind Turbines in the National
Airspace System,” FAA, Presented to BLM
Renewable Energy Summit, 2009.

3. H. Lehpamer, “Microwave Transmission
Networks — Planning, Design, and Deploy-

ment,” ond Edition, McGraw-Hill, New
York, NY, 2010.

4., D.F. Bacon, “Fixed-Link Wind-Turbine
Exclusion Zone Method,” 2002 www.
ofcom.org uk.

5. B.S. Randhawa and R. Rudd, “RF Mea-
surement Assessment of Potential Wind
Farm Interference to Fived Links and
Scanning  Telemetry — Devices,” ERA
Technology Ltd., Surrey, UK, 2008,

www.ofcom.org uk.

Harvey Lehpamer, PhD,
is a licensed Professional
Engineer in the Province
of Ontario, Canada. He is
an owner and the
Principal Engineer of the
HL Telecom Consulting,
company in San Diego,
CA. Lehpamer is an
author of a number of
technical articles and
books: “Transmission
Systems Design Handbook for Wireless Networks,”
Artech House, 2002, and “Microwave Transmission
Networks - Planning, Design and Deployment,”
McGraw-Hill, 2004, and a Second Edition in 2010.
The third book, “RFID Design Principles,” was
published by Artech House in 2008.

MOBILE COMMUNICATIONS m NOVEMBER 2011

When
failure
is not an
option...

GORE. Wire and Cable

When reliability,
durability, and
performance can be
compromised by

harsh environments,
GORE® Wire and Cables
offer the best solution.

gore.com/electronics

17


http://www.ofcom.org.uk
http://www.ofcom.org.uk
http://gore.com/electronics
http://www.ofcom.org.uk

18

NETWORK TRAFFIC CARRIED (%)

Addressing Traffic
and Channel
Power Distributions
in 3G Networks

roviding capacity to keep pace with

the explosive growth in wireless data

services is a highly complex task due to
the time variant and geographically inhomo-
geneous nature of offered traffic. To ensure
a consistent, high quality user experience,
both site and carrier density must be tailored
to match the offered traffic density, with suf-
ficient margin to accommodate large fluctua-
tions in traffic loading.

A white paper from ISCO International dis-
cusses the statistical distributions of traffic and
interference from a network perspective, and
how poor correlation between measured traffic
and uplink channel power can be used to assess
interference severity. Interference is a perva-
sive problem, and as networks strain to handle

100

0

70

60

I_/ 50

40

30

20

(%) 9144Y41 @IIHYVI IALLYININND

TP i
INRARA N

0
WP DD D015 ® H od oH
SITE PERCENTILE

. 1 Total percentage of network traffic carried vs. site percentile.

growth in wireless data traffic, the impor-
tance of identifying and resolving performance
degradation due to interference is growing
more acute.

Traditional approaches address severely
impaired sites on a case-by-case basis, and
are often identified by customer complaints of
poor service quality. Applying a more network-
centric approach, by jointly analyzing RTWP
and traffic loading distributions to identify po-
tential trouble sites, represents a more proac-
tive approach to interference management that
allows operators to identify RF impairments
before they turn into customer complaints.

Figure 1 illustrates the distribution of traf-
fic, ranked vs. site percentile from highest to
lowest in five percent bins, for a typical urban
3G wireless network. If site coverage perfectly
matched the geographical distribution of of-
fered traffic, each bin would carry the same
fraction of the total network traffic and the
histogram would appear uniform. The actual
distribution, however, is highly skewed: Sites in
the first bin (the busiest five percent of sites)
carry 19 percent of the total network traffic,
and the busiest 25 percent carry half of the to-
tal traffic.

Read the complete white paper online at
www.mwijournal.com/ISCOtraffic.

SEAN CORDONE
ISCO International, Elk Grove Village, IL
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LTE-Advanced Physical
Layer Design and

Test Challenges:
Carrier Aggregation

chieving the ITU’s IMT-Advanced 4G

target peak data rates of 1 Gbps in the

downlink and 500 Mbps in the up-
link requires bandwidths that are wider than
the maximum 20 MHz bandwidth specified
in 3GPP Release 8/9 LTE. To achieve those
targets, 3GPP Release 10 LTE-Advanced sup-
ports carrier aggregation, allowing two or more
component carriers (CC) to be aggregated to
create wider transmission bandwidths of up to
100 MHz. Most operators are unlikely to find
100 MHz of contiguous bandwidth in the avail-
able spectrum resources, so the ITU has al-
lowed the use of both contiguous and non-con-
tiguous carrier aggregation. In the latter case,
the component carriers can be non-contiguous
in the same spectrum band (intra-band) or
non-contiguous in different spectrum bands
(inter-band). This article presents an overview
of carrier aggregation along with some of the
associated design and test challenges from the
physical layer perspective for both the base sta-
tion and the user equipment (UE). The type of
test equipment that will be required to tackle
these challenges is also considered.

To meet different spectrum and deploy-
ment plans, 3GPP Release 8/9 LTE introduced
six carrier bandwidths of 1.4, 3, 5, 10, 15 and
20 MHz. However, to achieve the ITU’s IMT-
Advanced 4G target downlink peak data rate of
1 Gbps, even wider bandwidths are required.
IMT-Advanced sets the upper limit at 100

MHz, with 40 MHz the expectation for mini-
mum performance. Because most spectrums
today are occupied and 100 MHz of contigu-
ous spectrum is not available to most opera-
tors, the ITU has allowed the creation of wider
bandwidths through the aggregation of mul-
tiple component carriers. Carrier aggregation
has been adopted in 3GPP Release 10, better
known as LTE-Advanced.

Three aggregation scenarios are defined in
Release 10: single-band (or intra-band) con-
tiguous carrier aggregation, single-band non-
contiguous carrier aggregation and multi-band
(inter-band) non-contiguous carrier aggrega-
tion. Component carriers of the same or dif-
ferent bandwidths (1.4 to 20 MHz) may be ag-
gregated.

Release 10 component carriers are es-
sentially the same as the carrier bandwidths
defined in Release 8/9. In this way, LTE-Ad-
vanced maintains backward-compatibility with
LTE. A Release 10 UE, with carrier-aggrega-
tion reception or transmission capability, can
simultaneously receive or transmit on multiple
component carriers corresponding to multiple
serving cells. However, a Release 8/9 UE can
receive or transmit on a single component car-
rier corresponding to one serving cell only.

MARTHA ZEMEDE
Agilent Technologies, Santa Clara, CA
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A Fig. 3 Inter- or multi-band non-contiguous allocation of compo-
nent carriers.

Figure 1 shows an example of inter-band carrier ag-
gregation, in which five adjacent component carriers, each
20 MHz wide, covering the maximum 100 MHz LTE-Ad-
vanced bandwidth. For most operators today, this scenario
is not realistic, since most operators do not have more than
20 MHz in a given frequency band. However, such con-
tiguous allocation of component carriers may be realistic
when new spectrum bands, such as 3.5 GHz, become avail-
able to operators in some countries.

Figure 2 shows an example of intra-band non-contigu-
ous aggregation, in which the component carriers are sepa-
rated within a single frequency band. This scenario can be
applied if multiple operators share a network or if the fre-
quency band allocated to an operator is fragmented.

Figure 3 shows an example of inter-band non-contig-
uous aggregation, in which component carriers belonging

DATA
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|
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A Fig. 4 Data aggregation from the PHY up to the MAC interface.

to different frequency bands (such as 1.8 and 2.6 GHz
bands in some parts of Europe) are aggregated. Carriers
aggregated in each frequency band can be contiguous or
non-contiguous. The inter-band scenario for the downlink
(base station to UE) is more realistic today because spec-
trum allocation for operators is often scattered across mul-
tiple frequency bands. However, for the uplink (UE to base
station), this scenario would be very challenging because it
would require multiple transceivers in the UE.

Mapping of the component carriers, from the physi-
cal layer (PHY) up to the medium access control (MAC)
layer interface, is shown in Figure 4. There is one trans-
port block (in the absence of spatial multiplexing) and one
Hybrid Automatic Repeat Query (HARQ) entity for each
scheduled component carrier (HARQ is the control mech-
anism for retransmission). Each transport block is mapped
to a single component carrier only. A UE may be scheduled
over multiple component carriers simultaneously. The de-
tails of how the control signaling will be handled across the
multiple component carriers are still being developed by
3GPP.

OPERATING BANDS FOR CARRIER AGGREGATION
The operating bands currently specified in Release

10 for LTE-Advanced carrier aggregation are defined in
Tables 1 and 2. These bands are defined for intra-band

TABLE |
INTRA-BAND CA OPERATING BANDS [3GPP TS 36.101 V 10.3.0 (2011-06)]
E-UTRA Band Uplink (UL) Operating Band  Downlink (DL) Operating Band
BS Receive/UE Transmit

FUL_low-FUL_high

E-UTRA
CA-Band

Duplex Mode

BS Transmit/UE Receive
FDL_low-FDL_high

CA_L 1 1920 MHz | to [1980MHz | 2110MHz | to | 2170 MHz FDD
CA_40 40 2300 MHz | to | 2400 MHz | 2300 MHz | to | 2400 MHz TDD
TABLE I
INTER-BAND CA OPERATING BANDS [3GPP TS 36.101 V 10.3.0 (2011-06)]

E-UTRA Band Uplink (UL) Operating Band  Downlink (DL) Operating Band

BS Transmit/UE Receive
FDL_low-FDL_high

1 1920 MHz | to | 1980 MHz 2110 MHz to | 2170 MHz

CA_1-5 FDD
5) 824 MHz | to | 849 MHz 869 MHz to | 894 MHz

Duplex Mode

BS Receive/UE Transmit
FUL_low-FUL_high
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contiguous and inter-band non-con-
tiguous cases. As more deployment
scenarios are agreed upon based on
operator input, more band definitions
will be added to the specification in-
dependent of the Release version.

DESIGN CHALLENGES

Carrier aggregation brings new
technical challenges, especially for
the LTE-Advanced UE. The complex-
ity of the UE’s radio frequency (RF)
front-end implementation can vary
greatly, depending on which type(s)
of carrier aggregation are supported,
with contiguous carrier aggregation
being the least complex. In Release
10 devices, contiguous carrier aggre-
gation will not exceed two component
carriers or 40 MHz maximum. It may
be possible to support this configura-
tion with a single wideband transceiv-
er in the UE.

For non—contiguous component
carrier allocations, the UE will have to
use multiple transceivers or a single,
very wide wideband transceiver. Using
multiple transceivers may be realistic
in the sense that such configuration
requires only the addition of parallel
paths to process each spectrum band,
as in current multi-band devices.
However, using multiple transceivers
also increases the size and cost of the
mobile device and shortens the bat-
tery life.

In the case of the wideband trans-
ceiver, a single transceiver must pro-
cess the multi-band non-contiguous
aggregation using wideband RF com-
ponents. There are two main issues
with this approach. First, as the band-
width increases, the effective noise in-
creases as well. Second, with a wider
bandwidth, more undesired signals
are likely to be received from other
services. Thus for non-contiguous ag-
gregation, most proposals today are
trending toward the use of multiple
transceivers instead of a single wide-
band approach.

In addition to increasing the RF
front-end complexity, using simulta-
neous non-contiguous transmitters
creates a highly challenging radio en-
vironment in terms of spur manage-
ment and self-blocking. Because these
challenges particularly impact UE
design, more work needs to be done
before inter-band carrier aggregation
can be successfully introduced in the
uplink. This is expected in 3GPP Re-

22

I'/\«OMQ. Qmmwhieaﬁ.&h}

Tx SINGLE ANTENNA
TRANSMISSION (TYPE A)

Tx SHARED ANTENNA
TRANSMISSION (TYPE 01)

Tx DUAL ANTENNA

TRANSMISSION (TYPE 02) N/
o ] |
D4

\/
] — |
D

| PlPD®

5

A Fig. 5 Release 10 transmission architecture options [3GPP TR36.807 VO.1.0 (2010-08)].

lease 11. However, for the LTE-Ad-
vanced base station, intra- and inter-
band cases are defined in Release 10.

DEFINING THE TEST
REQUIREMENTS

Some of the test complexity in de-
signing and testing LTE-Advanced
equipment arises from the existence
of simultaneous transceiver chains
that require simultaneous tests of
multiple transmitters. Figure 5
shows three different transmission
architectures defined in Release 10.
Type A supports two scenarios: intra-
band contiguous carrier aggregation
with a maximum of two Release 8
component carriers and a maximum
uplink bandwidth of 40 MHz; and
inter-band non-contiguous carrier
aggregation with a maximum of two
Release 8 component carriers. In
this case, simultaneous transmission
on both bands is not supported. In-
tra-band non-contiguous is not sup-
ported.

Type D1 currently supports two
scenarios. One is intra-band contigu-
ous carrier aggregation with a maxi-
mum of two Release 8/9 component
carriers and a maximum uplink band-
width of 40 MHz. The other is inter-
band non-contiguous carrier aggrega-
tion with a maximum of two Release
8 component carriers, a maximum
uplink bandwidth of 20 MHz, and
support of simultaneous transmission
on both bands. Type D1 has the capa-
bility to support intra-band non-con-
tiguous carrier aggregation in future
releases of the specification.

Type D2 currently supports two
scenarios. One is intra-band con-
tiguous carrier aggregation with a
maximum of two Release 8/9 com-
ponent carriers, a maximum uplink
bandwidth of 40 MHz, and uplink
MIMO support to address uplink
peak data rate requirements. The
other is inter-band non-contiguous
carrier aggregation with a maximum

of two Release 8 component carri-
ers, a maximum uplink bandwidth
of 20 MHz, and support of simulta-
neous transmission on both bands.
Type D2 also has the capability to
support intra-band non-contiguous
carrier aggregation in future releas-
es of the specification.

The different transmission con-
figurations introduce a number of test
challenges. For example, if a trans-
mission configuration uses multiple
transmitter antenna connectors, most
of the evolved Node B (eNB) RF per-
formance requirements will need to
be applied at each antenna connector.
Current LTE specifications for the
eNB will be reused for LTE-Advanced
as much as possible. For example, Re-
lease 8/9 requirements for transmitted
signal quality tests (frequency error,
EVM and downlink reference signal
power) will be applied for each com-
ponent carrier in a carrier aggregation
scenario. The requirement for time
alignment error between component
carriers is being considered and the
operating band unwanted emissions
requirements for carrier aggregation
transmissions have been aligned with
those defined for the Release 8 multi-
ple-carrier base station.

However, translating test require-
ments from Release 8/9 to Release
10 presents a number of difficulties.
In the case of inter-band aggregation,
synchronization must be maintained
between the multiple transceivers,
to allow simultaneous error vector
magnitude (EVM) measurements on
multiple component carriers. It has
therefore been proposed for uplink to
specify EVM only for those cases in
which the power density is the same
for both carrier allocations.

With intra-band non-contiguous
carrier aggregation, there is a gap
between the component carriers in
which other technologies (for ex-
ample, GSM or W-CDMA) could be
transmitted. Physical layer transmit
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A Fig. 6 Agilent 89600 VSA Software for LTE-Advance controls
two signal analyzers and measures up to five components simultane-
ously displaying results of each in a separate trace.

and receive measurements will need to be extended
across the gap, to assess the interference caused by the
co-existing, uncoordinated systems. This scenario in-
creases the difficulty of defining limits to out-of-band
emission tests, such as adjacent channel power and
spectrum emission mask, and the details are still being
worked out.

Multicarrier in-band emissions for the uplink pose an-
other problem. The Release 8/9 requirement, based on a
single wanted contiguous physical resource block (PRB), is
too complex to scale up to a generalized multi-carrier re-
quirement. Alternative ways of specifying carrier aggrega-
tion in-band emissions are being studied. The intention is
to specify a general requirement that would apply, regard-
less of whether a single or dual transmitter architecture is
used.

Characterizing the LTE-Advanced UE or eNB power
amplifier presents still another RF challenge. The different
carrier aggregation configurations will stress the amplifier
in different ways, because each will have different peak-to-
average ratios. In the case of the UE, a single transceiver
may be used for contiguous carrier aggregation. Although
the design is similar to that of a Release 8/9 UE, the power
amplifier in the LTE-Advanced UE has to be capable of
covering the wider bandwidth created by carrier aggrega-
tion.

TEST TOOLS FOR LTE-ADVANCED CARRIER
AGGREGATION

Testing carrier aggregated signals requires instruments
that can generate and analyze multiple-component carri-
ers simultaneously. The key word here is “simultaneously.”
One of the biggest challenges facing engineers working on
LTE-Advanced is how to analyze the multiple-component
carriers at the same time, especially in the case of inter-
band carrier aggregation, as no signal analyzer on the mar-
ket has a bandwidth wide enough to cover multiple fre-
quency bands. Existing LTE measurement instruments are
capable of analyzing component carrier in one frequency
band at a time, but to capture and analyze multiple compo-
nent carriers, in different frequency bands simultaneously,
requires advanced tools.

This problem has been solved by using two signal ana-
lyzers, each tuned to a relevant frequency band and syn-
chronized. The analyzers are controlled with software de-
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A Fig. 7 Agilent Signal Studio Software generates an aggregated
signal consisting of five contiguous component carriers.

veloped specifically for LTE-Advanced testing that has the
ability to acquire all the component carriers simultaneously
from the two synchronized instruments, demodulate the
captured signals and analyze them all simultaneously. An
example of the results is shown in Figure 6. The software
displays each component carrier measurement in a sepa-
rate trace.

LTE-Advanced downlink and uplink signals compli-
ant to the Release 10 standard are required to test pow-
er and modulation characteristics of components and
transmitters. In Figure 7, signal generation software is
used to create an aggregated signal with five component
carriers. The software’s built-in tools, such as CCDF,
can be used to analyze compression and evaluate the
required amplifier power back-off for different signal
configurations.

CONCLUSION

Although the concept of carrier aggregation is simple,
the changes it introduces at the physical layer are com-
plex. With the introduction of carrier aggregation, asym-
metric uplink and downlink allocations will become com-
monplace, driven by different numbers of component
carriers in the uplink and downlink signals, the differ-
ent bandwidths of component carriers that can be ag-
gregated and the resulting combinations of component
carrier number and bandwidth in an aggregated signal.
The number of test cases for carrier aggregation would
quickly become unmanageable if all contiguous and non-
contiguous intra-band and inter-band combinations were
considered. How to limit the allowed allocations in order
to minimize the number of test scenarios is a major topic
of discussion within the 3GPP. B
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A Compact MIMO Antenna
using ZOR Split Ring
Resonator Radiators with a
Decoupling Structure

This article presents a novel compact MIMO antenna for mobile communication
devices, which has miniaturized antennas with increased isolation and operates
in the WiMAX and LTE high bands. Each of the proposed element antennas

is designed to have the in-phase electric field distributions of the zeroth order
resonance (ZOR) in the form of a CRLH type split ring resonator (SRR), which
is much smaller than the conventional SRRs and other antennas for MIMO
communications. These antennas can be placed in close vicinity, using a small
planar mushroom decoupling structure between them, in order to meet the
required isolation level. The design is carried out by full-wave electromagnetic
simulations, which prove the ZOR characteristic of the antennas and the
suppressed interference from one antenna to the other. This proposed MIMO
antenna was fabricated and measured to show a return loss better than 10 dB,
an isolation greater than 12 dB and a radiation efficiency over 50 percent in the
WiMAX and LTE high bands for both antennas. The total size is 26 x 5.5 x 2 mm,
which fits within half of the top-edge of the ground of handset phones.

s people are taking advantage of the

convenience of mobile and wireless

communications, the demands are in-
creasing on technological evolution in the field
of telecommunications. From communication
methodologies to portable device fabrication,
developers are facing challenges and striving to
tackle the problems. In the meantime, smart-
phones have provided numerous application
programs and mobile Internet services, started
through WiMAX and LTE technologies. The
handset phones for the aforementioned func-
tion should be robust, in a complicated and
tough environment, to guarantee the quality

of communication and be small for commer-
cial success. This is heavily determined by the
hardware of the phones, including the anten-
nas.

The multi-input multi-output (MIMO) an-
tenna was proposed to handle the harsh wire-
less communication environment, by providing

SEONGRYONG YOO AND

SUNGTEK KAHNG
University of Incheon, Incheon, Korea

JONG-GUK KM
LG Innotek Co. Ltd., Ansan, Korea

MOBILE COMMUNICATIONS m NOVEMBER 2011



diversity in RF signal transmission
and reception and has motivated the
antenna community, where size re-
duction is a hot issue, along with high
isolation between multi antennas. A.
Mak et al.! introduced a set of an-
tennas with a structure that traps the
near-field coming from one antenna
to the other, based upon a local cur-
rent loop disconnecting a fictitious en-
larged loop of current in order to se-
cure the isolation. The antennas have
acceptable radiation pattern and isola-
tion, but in terms of size, the radiators
and the trap take the top edge and two
sides of the handset ground. K. Payan-
dehjoo et al.2 adopted an EBG geom-
etry to increase the diversity gain by
preventing coupling between two an-
tennas. However, the size exceeds the
industrial standard and the working
frequency is away from the WiMAX
band. X. Wang et al.3 described two
microstrip-fed antennas. Their verti-
cal and layered radiating parts stand
perpendicular to the handset strati-
fied ground by folding and periodical-
ly meandering a decoupling structure
for improving the isolation. Although
it has an isolation greater than 12
dB, this structure is a microstrip-fed,
monopole-type, decoupling geometry,
with three dimensionally folded radia-
tors, the volume of which takes most
of the ground.

Itis pointed out that these antennas
and the decoupling structure should
be size-reduced while having antenna
performances meeting the industrial
requirements. Recently, metamateri-
als (MTM) technologies were intro-
duced and have suggested alternative
ways to overcome the limitations in
improving electrical performances
and reducing the sizes of components
and resonators.*® Lumped elements
of series capacitance and shunt induc-

tance are loaded in a transmission line
to generate nonlinear dispersion char-
acteristics due to the composite right-
and left-handedness (CRLH), includ-
ing the ZOR due to the in-phase field
over a corresponding MTM resona-
tor. While the CRLH and ZOR are
mentioned with the electromagnetic
bandgap (EBG) of an array of the
mushroom (a patch connected to the
ground through a pin),* the SRRs
are adopted to fit a resonator into
a confined area, on account of the
end-gap and inter-ring capacitances.6
The SRRs create a resonance, so they
can be applied to not only to filters,
but also to antennas.” The SRR is de-
signed to make one antenna, but its
size is approximately 30 x 40 mm and
not appropriate for the mobile MIMO
antenna, considering that two anten-
nas of its kind and the decoupling
structure between them, will result
in an overall horizontal length over 90
mm. This shortcoming results from
the fact that their SRRs do not have
the ZOR or metamaterial properties.
In this article, a miniaturized
MIMO antenna that has novel anten-
na elements and a decoupling geome-
try is described. It aims to satisfy size,
antenna performance and isolation
required by WiMAX and LTE high
band communications. The antenna
elements look similar to SRRs, but
they are much smaller than ordinary
SRR antennas, since the proposed
structure has a CRLH configura-
tion and a ZOR field distribution. To
suppress the coupling between the
novel antennas, a planar mushroom
is placed between them. Because
this mushroom is planar, it is conve-
niently and inexpensively formed in
the bottom grounding surface of the
substrate of the MIMO antenna ge-
ometry. The design goes through full-
wave simulations for monitoring and

TABLE |

f,, Bandwidth

MIMO ANTENNA DESIGN SPECIFICATIONS

Item Specification proposed
It is then fabricated

2.4 GHz, = 100 MHz

tuning S;;, radiation
pattern, ZOR field
and isolation of the

antenna.

on an FR4 substrate

Application

WiMAX, LTE high band

and experimentally

Return loss (S, )

=10dB

tested on the board

Radiation efficiency

= 50%

of a real mobile

Isolation (S,)

=12dB

phone. As a result,
it is revealed that

Overall antenna length

< 30 mm

the return loss, iso-

Condition for test

Coaxial feeding, On the real board

lation and radiation

efficiency are better
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(c)

A Fig. 1 Structure of the proposed MIMO
antenna (a) top surface, (b) bottom surface
and (c) antenna at top edge of handset
ground.

than 10 dB, over 12 dB, and over 50
percent, respectively, in the WiMAX
and LTE high bands, for both the an-
tennas, whose overall size is 26 x 5.5
x 2 mm. This is less than half of the
top-edge of the handset ground, even
when the proposed MIMO antenna is
mounted in a mobile phone platform.

DESIGN OF THE PROPOSED
MIMO ANTENNA

Prior to the design, the specifica-
tions shown in Table 1 are addressed.
The element antennas have similarity
to SRRs in that the inner open-gap
ring is surrounded by the outer ring.
Different from the ordinary SRRs,
one corner of the outer ring is con-
nected to a transmission line (upper
transmission line or UTL), that is
coupled through the electric field and
current to another transmission line
(lower transmission line or LTL), at-
tached to the ground. The element an-
tennas’ SRRs and the UTL are placed
on the top surface of the 2 mm-thick
FR4 substrate, whose bottom surface
has the feeding points with the hand-
set ground, the planar mushroom and
the LTL as shown in Figure 1. The
handset ground has an area (W x L) of
50 x 80 mm. The aim of the proposed
design is to reduce the size of the re-
sultant antenna to less than 70 percent
of W. Since the conventional SRR
has a right-handed resonance, at first
sight, it seems improper for effective
size-reduction. So each of the anten-
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A Fig. 3 Return loss of the proposed anten-
nas as a function of A_p.

nas, 1 and 2, has the SRR play the role
of the series capacitance (Cy) and part
of the series inductance (Lg) in imple-
menting the CRLH characteristics.
Simultaneously, the electric field cou-
pling and current flowing between the
upper and bottom transmission lines
are equivalent to part of the shunt
capacitance (Cg) and the shunt in-
ductance (L), respectively. Besides,
the bottom transmission line provides
inductance and capacitance factors of
the right-handed transmission line as
Ly and Cy. In principle, the approach
of the CRLH equivalent circuit is very
similar to that of Jang et al.5> The fac-
tors are adjusted to have the CRLH
ZOR, which enables the proposed
SRR to be much smaller than the con-
ventional SRRs. The ZOR field will
be given later in the article. Pursu-
ing the realization of the metamate-
rial ZOR properties for this structure,
the following parametric studies are
conducted. Along with G_w, G_d ac-
counts for the impedance matching
and manipulating the main part of
CR. In Figure 2, the return loss (S;;)
is plotted for different values of G_d,
with P_1, P_h, P_d, P_w and G_w set
to 10, 5,1, 0.8 and 2.0 mm, respective-
ly. G_d ranges from 0.5 to 2.0 mm and
four samples are taken. With a 10 dB
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o | 2, the ZOR char-
acteristic is proven
by the electric field
distribution over ei-
ther of the element
antennas. This full-
wave simulation is
erformed with the
CST-MWS.8 While
the conventional
SRRs have an out-
of-phase electric
field distribution, in
a physical structure
that is manipulated
for the same reso-

A Fig. 4 In-phase electric field distribution of the ZOR at the center

frequency.
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A Fig. 5 Return loss and isolation before
and after placing the planar mushroom.
criterion, G_d values of 1.5 mm and
above are acceptable. This implies
that the proposed miniaturization
method requires a certain collective
shunt capacitance of CR, maintain-
ing G_d. Figure 3 shows the return
loss of the antenna as a function of the
feeding positions (A_p), with respect
to the decoupling structure, with the
other parameters P_l, P_h, P_d, P_w,
G_w and G_d fixed as 10, 5, 1, 0.8,
2.0 and 2.0 mm, respectively. A_p is
varied from 9 to 15 mm. It shows that
once A_p is set over 9 mm with the
other parameters chosen as above, the
change of the return loss seems in-
sensitive to the distance between the
planar mushroom and either of the el-
ement antennas. In a similar manner,
all the physical dimensions are found
to achieve the antenna functions re-
quired by the WiMAX and LTE high
bands, through impedance match-
ing and electromagnetic interactions
between the radiators, transmission
lines, feeding points, handset ground,
etc. Before moving to the proposed
planar mushroom to decouple the
interference between antennas 1 and

nance frequency and
larger than the pro-
posed antenna, the
ZOR antenna with a
size 0.2 times that of the top-edge is
resonant at the center frequency. The
ZOR results in the in-phase electric
field vectors (all directed upward)
and contribute the lower interfer-
ence to the neighboring antenna (see
Figure 4).

Next, a planar mushroom is pro-
posed to enhance the isolation. As far
as the MIMO antenna is dealt with, the
isolation between the multiple anten-
nas is one of the most crucial factors
in the design. The less the antennas
are correlated or coupled, the higher
the antenna isolation is, which means
the signal survives multiple reflection
and fading in a wireless environment
with higher probability. As shown in
Figure 5, with the help of the planar
mushroom as the decoupling structure,
the isolation is increased from 8 to 19
dB, which is far better than the speci-
fication. When the MIMO antenna is
designed for increasing the best isola-
tion, the return loss (S;,) is optimized
as 27 dB. These values, S}, and S5, are
preparation for the possible degrada-
tion that can be caused by the physical
placement on the real phone platform.
Besides, the frequency response of
the two antennas with the decoupling
structure of D_t of 6.5 mm and D_I of
3.0 mm, the surface current densities
are plotted in Figure 6 to determine
how the increased isolation is obtained.
Obviously, the planar mushroom, cen-
tered in the entire MIMO antenna
system, decouples the connection
between antennas 1 and 2. In other
words, the decoupling structure draws
the surface current due to the near-
field from one excited antenna and
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with €,
wml = 43 and a thick-
E= ness of 2 mm. The
m M) overall size of the

w 1 || proposed antenna
e is 26 x 5.5 x 2 mm,

: 11| which amounts to
= 8| just within half of
the top-edge of the

AR ground of handset

phones. Figure 7
shows the antenna
: mounted on the
_ J phone platform
with a cover. Af-
ter extra trimming
w | work, the proposed
i antenna was simu-
M| lated to give the
= {1 return loss and iso-
=11 lation as shown in
w i | Figure 8. The best
w1 1| performance (|Sy]
17;?- and [Syy| < —25 dB,
d Sy < —19 dB) is
: achieved, in case
of degradation in
manufacturing and
_ real  environment
‘_I test. The measured
2 return loss and isola-

¥ H1ES degreen tion <|Sll| aHd |SZZ| <
ot -22.5dB, [Sy | <-12
A Fig. 6 Surface currents on isolated antennas (a) from antenna 1 dB) Complies with
to antenna 2 and (b) from antenna 2 to antenna 1. the speciﬁcations.

A Fig. 7 Proposed antenna tested on a real
board.

plays the role of a trap. Consequently,
the isolation between the element an-
tennas is enhanced.

FABRICATION AND
MEASUREMENT

After the design phase, based upon
the theoretical and numerical ap-
proaches, the proposed antenna was
manufactured for experimental veri-
fication. As simulated in a full-wave
analysis frame, a simple microstrip
MIMO antenna is made on an FR4

30

Figure 9 presents
the radiation patterns in the E- and
H-planes, where the two antennas
have similar omni-directional far-field
plots, desirable in MIMO commu-
nications, even with the isolation of
over 12 dB. Lastly, the radiation ef-
ficiency and peak and average gains
are measured as shown in Figure 10.
The plot shows that the efficiency is
over 50 percent. Simultaneously, the
peak gain is 2.25 dBi at the center
frequency, which is acceptable to the
industry, with an average gain of —2.7
dB. In summary, all the electrical per-
formances and the physical size of the
proposed MIMO antenna are compli-
ant to the design specifications.

CONCLUSION

This article has presented a novel
compact MIMO antenna, which has
enhanced isolation between very
small antenna elements. The antennas
are miniaturized for the first time with
the proposed ZOR SRRs, which have
the in-phase field behavior and a size

100
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A Fig. 8 Antenna performance while
mounted on a real board (a) simulation and
(b) measurements.
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A Fig. 9 Radiation patterns of the antenna
(a) E-plane and (b) H-plane.

of 0.2 times the top-edge of the hand-
set ground. A planar mushroom, used

(Continued on page 42)
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RFMD &

RF5607

onsumers are demanding more from

their mobile devices, including in-

creased bandwidth. They have become
accustomed to the near universal data connec-
tivity of smartphones and tablets, including ap-
plications that continually demand higher and
higher data rates. Given the variety of LTE
frequency bands, and the range of preferred
power levels, RFMD has developed a family
of LTE-compatible power amplifiers for data
connectivity applications. They are summa-
rized in Table 1.

LTE PAs Offer Fast,
Powerful Wireless
Data Options

As can be seen, a wide range of LTE bands
can be covered by these PAs. The RF5607,
for example, has a large frequency coverage
capability of 1.9 to 2.7 GHz. This allows the
customer to tune to a desired frequency band
within this range. The RF5602 is similar and
offers higher output power with less frequency
coverage. It can also be efficiently operated
at lower power with a reduced V_. The linear
power listed for each of these amplifiers is for
a nominal linearity requirement, and varies de-
pending on the specific modulation used. The
RF5612 is intended for uplink applications, the

32

TABLE | others are primarily intended for the downlink.
RFMDs FAMILY OF POWER AMPLIFIERS FOR LTE DATA CONNECTIVITY Many of the amplifiers in Table 1 can also be
- used in WiIMAX applications, typically at high-
Part  Freauency . Linear — Supply ¢, o4 er output powers. RFMD continues to add to
Number Range Integration Power  Voltage (mA) its LTE ¢ amplifier famil ith hicher
(GHZ) (dBm) (V) S pOVV.C ar P e amily, wi : g e
power levels in particular, soon to be available.
RF5602 2.3t0 2.7 Unmatched PA 21to23 | 3.3to5 | 350 to 450
RF5603 3.3t03.8 Unmatched PA 23 3.3 425 RF5607
RF5607 | 1.9to2.7 Unmatched PA 29 5 350 The RF5607 is a versatile member of
RF5612 25 t02.7 Matched PA ” 33 470 RFMD’s LTE power amplifier family. It is
RF5623 3.3t03.8 Unmatched PA 24 5 600
RF5652 2.3t0 2.7 Unmatched PA 28 1200 RF MICRO DEVICES
RFFM7600 | 2.3t027 | Matched PA+SPDT | 24 5 650 Greensboro, NC
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A Fig. 1 Block diagram of the RF5607.

designed using
RFMD’s InGaP
HBT process. The
block diagram,
Figure 1, shows
| that this is a three-
stage power ampli-
fier with integrated
power  detection
and active bias
control. All stages

A Fig. 2 The RF5607 LTE downlink PA ap- ~—
plication board for 2.1 to 2.2 GHz operation. 1S€ @ 3 x 20 pm
dual emitter HBT

unit cell. Two cells are used in the first stage. The second
and third stages are scaled up to 8 and 32 cells, respectively.

The PA operates in Class AB mode. The second har-
monic termination at the output is implemented with an
on-chip capacitor and an in-package down bond. The first
and second stages are each biased with a two-diode emitter
follower. RFMD’s proprietary active bias circuit supplies
bias to the final stage while providing low impedance for
linear operation over the operating range.

A unique feature of the RF5607 is that the input and
output matching networks are off chip. Interstage match-
ing is broadband to cover the entire 1.9 to 2.7 GHz fre-
quency range. Actual applications are in much narrower
bands within this range. Ultimate performance is critically
dependent on output match and to a lesser extent on input
match. Therefore, optimized matching for specific LTE
downlink bands has been developed for implementation
off-chip. Figure 2 shows an application board for 2.1 to
2.2 GHz operation. The application boards for other bands
are identical, only the values of the matching components
change.

The schematic, with matching components optimized for
a 2.1 to 2.2 GHz LTE downlink is shown in Figure 3. The
RF5607 uses a 3 x 3 mm QFN package. ESD protection is
included on all pins to both Human Body Model (HBM)
and Charged Device Model (CDM) requirements. The ex-
act band of operation is tunable with external components.

The key performance attributes for an LTE power am-
plifier are power, ACLR and current consumption. Typi-
cal power and linearity for the RF5607 are shown in Fig-
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ure 4. As shown,
ACLR remains 25
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tio (PAPR) of the

modulated Sig- A Fig. 4 Typical linearity performance of the
nal begin to de- RF5607 with a 10 MHz modulated LTE signal
grade ACLR. The at frequencies between 2.11 and 2.17 GHz.

RF5607  actually 7 050
provides -45 dBc 35|;— 4! 045
ACLR. 20 y A pys
. /l

Gain and cur- =5 // 035 -
rent consumption | = 20 7 0.30 ©
: : i _ | @15 — 025 =
are also impor
tant power ampli- 10 0.20
fier characteristics. : g':z
They are shown 5 0 15 20 25
versus output Po (dBm)

power in Figure A i - -

5 Note how gain £ Fig. 5 Typical gain and current consump-
. . tion performance of the RF5607 with a 10
is only lightly com-" yp1;," modulated 1TE signal at frequencies
pressed even at between 2.11 and 2.17 GHz.

the full LTE rated

power of 22 dBm. This highlights the very linear operation
that LTE downlinks demand. The current consumption is
below 330 mA, even at 22 dBm. Current increases gradual-
ly from about 230 mA at quiescence. Since the output stage
operates in deep Class AB, the low impedance active bias

(Continued on page 38)
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Your Front Line of Defense in Microwave.
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Emerson Network Power Connectivity Solutions
delivers innovation in interconnect technology
for maximum signal integrity. Your system’s
performance can be enhanced and assured by
Emerson Connectivity Solutions through:

- Harsh environment optical connectors
- Twinax and microwave cable assemblies
- High performance microwave components

Just another reason why Emerson Network Power
is the global leader in enabling Business-Critical
Continuity™.
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ahoe RF Semiconductor has introduced
the industry’s first single chip integrated
dual-channel (L1 and L2 bands) GPS
RFIC that provides 60 dB of dynamic range

GPS RFIC Preventing

LightSquared
and Other LTE

Interference

in high level interfering environments. The  are costly and bulky.

TRFS15011 was developed to address the
use of position information in a wide variety
of industrial and consumer electronic prod-
ucts where high level interferers may exist.
Specifically, because of the impending FCC
frequency allocation of the Mobile Satellite
System (MSS) frequency band to terrestrial
transmitters, commercial GPS receivers may
need to operate in environments with high
levels of interference. However, commercial

GPS receivers currently do not have sufficient
dynamic range to mitigate interfering signals
from MSS transmitters. One possible solution
is to use highly selective filters, but these filters

The TRFS15011 reaches new levels of func-
tional integration for high dynamic range GPS
receivers. It embodies high levels of integration
and combines Tahoe RF Semiconductor’s pro-
prietary wireless signal integrity implementa-
tion to deliver superior interferer mitigation,
lower system cost and eliminate the use of
highly selective external filter solutions. The
TRFS15011 is currently the only integrated so-
lution that allows GPS receivers to operate in
the presence of a high power interferer from
terrestrial MSS band transmitters.

DYNAMIC RANGE AND POTENTIAL
INTERFERER FROM TERRESTRIAL MSS

The GPS L1 band is from 1560 to 1590 MHz.
The proposed portion of the MSS band that will

L1 Speciram with It Prasa
T T T
= =
i - Lewnl -
; BAND TRANSMITTERS
I
‘ " .'1,M 7 ?;iﬂih:&hw be used by terrestrial transmitters is 1526 to
& b1
e R

= J = L. TAHOE RF SEMICONDUCTOR

A Fig. 1 Interferer and GPS signal.
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1536 MHz. The MSS anticipated pow-
er level at the transmitter is 32 dBW.
With free space path loss, the input of a
GPS receiver antenna could be as high

LTE-LIKE SIGNAL AT 1555 MHz
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A Fig. 2 FFT of the output with CW tone representing LTE inter-

LTE-LIKE SIGNAL AT 1555 MHz
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A Fig. 3 FFT of the output with CW tone representing LTE inter-

ferer and GPS signal.

as -20 dBm. The L1 signal level differ-

ence compared to the interferer can be

as much as 90 dB (see Figure 1).
New GPS receivers need to op-

erate in the pres-
ence of high level
interfering  signals.
Current GPS RF
receivers  typically
do not operate over
more than 18 dB of
dynamic range. The
embedded filtering
in most GPS RF
receivers is not suf-
ficient to suppress
the interferer and
typically  requires
highly selective ex-
ternal filter solutions
to mitigate interfer-
ence as illustrated in
Figure 1.

TRFS15011
PERFORMANCE
The TRFS15011
integrates high dy-
namic range 12-bit
analog-to-digital
converters (ADC)
and full receive
paths for both L1
and L2 bands. The
result is a fully inte-

grated L1/L2 GPS

RF MIXER

HI-BAND INPUT
BUFFER
DIFFERENTIAL

NOTE: ALL ON-CHIP
ANALOG/RF SIGNAL
PATHS ARE
DIFFERENTIAL

H

receiver with 60
dB  instantaneous
L1 ANALOG
ANTI-ALIAS OUTEUT]
LPF BUFFER
IF MIXER >
HI-BAND ADC
AR DATA_OUT
i 12bits >
BUFFER
|— AGe
ADC CLOCK
DIVIDED FROM 2nd
Lo ADC CLOCK
out
BUFFER
LO GENERATOR 4_(“ NOM TCXO
ADC CLOCK SOURCE RErERERCE REFERENCE
BUFFER
Vyef HI-BAND
ADC VREF
INPUT
AGe
BUPER LOW-BAND
12bits > AbC
— DATA_OUT

dynamic range, providing significant
power savings over more discrete Sys-
tems. Commercial GPS receivers are
hampered by low resolution ADCs,
which are used in an effort to conserve
power. The TRFS15011 solves this
problem by including two program-
mable ADC modes — a low power
mode with 3 bits of resolution and a
high dynamic range mode with 12 bits

of resolution.

PERFORMANCE IN LTE
ENVIRONMENTS

A single-tone interferer at 1555
MHz was inserted at the front-end
of the TRFS15011 along with a low
power GPS-like narrowband signal.
The signals were down-converted
and sampled with the high resolution
ADC. The spectral plot of the output
shown in Figure 2 represents the typ-
ical dynamic range of the TRFS15011
that can be further improved, if need-
ed, with external filtering and base-
band processing.

Of more concern is how the receiv-
er processes wider bandwidth signals.
A single-tone interferer at 1555 MHz
was inserted at the front-end of the
receiver along with a low power GPS-
like wideband signal. The signals were
down-converted and sampled with
the high resolution ADC. The spec-
tral plot of the output is shown in Fig-
ure 3. The TRFS GPS receiver has
enough instantaneous dynamic range
to mitigate a high level interferer sig-
nal such as the terrestrial MSS.

DEVICE DESCRIPTION

The GPS receiver block diagram
is shown in Figure 4. The dual frac-
tional-N synthesizers are completely
integrated. The received signal is level
controlled by the internal AGC where
each signal path includes an RF isola-
tion amplifier, RF mixer, variable gain
amplifiers and lowpass filter before
the ADGCs. There is a low resolution
mode with reduced current and low-
er linearity for low power operation.
With minimal external components,
the TRFS15011 provides an integrat-
ed low cost solution for the interfer-
ence that is inevitably to come from
reallocation of FCC frequency use.

- IF MIXER —
Tahoe RF Semiconductor,
] . BUFFER L2 ANALOG ”
O RORER | RE MIXER e w0 Auburn, CA (530) 823-9786,
DIFFERENTIAL
sales@tahoerf.com.
A Fig. 4 Block diagram. www.tahoerf.com.

MOBILE COMMUNICATIONS m NOVEMBER 2011

37


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

Intermod Squad
Low PIM Cable Assemblies

Dubbed the Intermod Squad, San-

tron has developed a new series

of low PIM cable assemblies that
feature intermodulation performance as
low as -181 dBc with an eSeries 7/16 con-
nector terminated on TFlex-402 cable.
Typical performance across the lineup of
assemblies terminated with eSMA and
eSeries Type Ns is -162 dBc. The eSMA
cable assemblies perform from DC to 20
GHz and the eSeries Type N cable as-
semblies perform from DC to 18 GHz.
These assemblies are phase and attenu-
ation stable, provide excellent shielding,
support UL/NEC Plenum class CMP,
are corrosion resistant, and are low in
weight and highly flexible.

The key component in San-tron low
PIM cable assemblies are their latest se-
ries of connectors. eSeries connectors,
which include SMA (trademarked as
eSMA), Type N, TNC and 7/16 styles,
offer evolved cable/connector transi-
tions. The repeatability of these transi-

Military Grade at Commercial Pricing

N

3 apsio-ozoz mi
=/ D009

Temp Compensated/ AGC Control
TTL Controllc-gy_! Bit Detection
Multi-port Switching / Monitoring

Custom Filtef / Amp Design
Enwronm’entally Screened / Testea
Compliant to MIL-STD-883 4

(916) 773-4424 Pl (816) 760-2770 Fx
www . wrighttec.com
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tions from the cable into the connector
is key to the consistent high performance
of these cable assemblies. The center
contact is a solder-free connection so
the transition is controlled to machined
tolerances via an internal stop within
the bodies, which are much tighter than
the variations seen by cable assembly
personnel and solder joints. Another ad-
vantage of the elimination of this center
conductor solder joint is that it precludes
the heat induced damage to the dielec-
tric densities that would affect changes
in the dielectric constant.

Reliability is improved with these
connectors with an extended ferrule
that is crimped onto the body that pro-
vides longitudinal protection out past
the solder wick line, which is a tradi-
tional failure point. For added protec-
tion, dual wall heat shrink is positioned
within the saddle of this crimp ferrule
and further extends the strain relief
from this wick line offering high reli-

ability in applications that involve re-
peated flexure.

The Albaloy plating provides a ro-
bust surface that easily accepts the
braid solder joint and supports corro-
sion resistance per salt fog testing. The
eSMA center contacts are BeCu; they
are plated gold over a copper strike
providing excellent RF performance,
corrosion resistance and control over
porosity. The eSeries N and 7/16 center
contacts are plated silver over a copper
strike, which contains cost versus gold,
and also provides good RF performance
and corrosion resistance.

\)VENDORVIEW

San-tron Inc.,
swich, MA

f 978) 356-1585,

www.santron.com.

(Continued from page 34)
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A Fig. 6 Typical linearity performance of
the RF5607 with a 10 MHz modulated LTE
signal (blue) and a 5 MHz W-CDMA modu-
lated signal (black) at frequencies between
2.11 and 2.17 GHz.

network allows current to increase so
that linearity is maintained as drive
level grows.

Figure 6 shows the power and
linearity performance of the RF5607
with both a LTE downlink signal and
a W-CDMA signal. LTE has a wider
modulated bandwidth and a higher

data rate than W-CDMA. This in-
creases the linearity demands on the
system and on the PA. As Figure 6
shows, this can be directly seen in
power amplifier performance. Lin-
earity is 1.5 to 2.5 dB better with the
W-CDMA signal.

LTE provides users with very high
data rates in mobile devices enabling
streaming multimedia and supporting
the growth of social networking and
the push to cloud computing. LTE
imposes unique system requirements
and presents challenges to the power
amplifier designer, particularly of the
downlink. RFMD has developed a
family of products to address these
needs. They cover the key downlink
frequency bands, provide an ACLR of
better than -44 dBc and provide effi-
cient operation with LTE modulation
bandwidths of up to 20 MHz.

RF Micro Devices,
Greensboro, NC
(336) 664-1233,

www.rfmd.com.
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MILMEGA

The difference\between ordinary
and extraordinary

Best in class for Guaranteed power

Removable sub sections enhance
product utilisation

5 Year fully expensed warranty

Exceptional compactness
(half the size of the competition)

Upgradeable, modular architecture

The new 80 to 1000MHz amplifier range from MILMEGA is everything you would
expect from a Company that delivers exceptional products and service and sets
standards competitors aspire to.

We promise only what we can deliver...
then deliver more than we promise

Desi d Manufact f High
Syl (O) MILMEGA
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WOy TN "HLF_FEIEEE'E TANTFAT DY
: i ===| Wireless Standards
Poster

Y)VENDORVIEW

Gain greater insight into wireless
design and test with the new Agi-
lent Evolving Wireless Standards
poster. Agilent offers one place to
review the latest evolving wireless
technologies any time. This FREE poster is designed to give information
about wireless test for greater understanding of the wireless connectivity
technologies with a full range of design and test solutions. Order your
Agilent Wireless Standards poster at www.agilent.com/find/postermwyj.

o w

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

Product Portfolio
Y)VENDORVIEW

AWR Corp. dramatically reduces
development time and cost for
products employed in wireless, high
speed wired, broadband, aerospace
and defense, and electro-optical ap-
plications. The 2011 version of its
product portfolio — Microwave Of-
fice™, Visual System Simulator™, AXIEM® and Analog Office® — features
electrical-thermal MMIC co-simulation design flow, simulation-state man-
agement technology, yield analysis/optimization via a graphical shape-based
manipulation approach, envelope simulator and asynchronous electromag-
netic (EM) simulation support.

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

EWT: Where
Performance Counts

YJVENDORVIEW

Eastern Wireless TeleComm Inc.
(EWT) specializes in custom de-
sign and manufacture of RF and
microwave filters and filter-based
products for mobile communications applications. The staff encompasses
more than 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 product 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 element, waveguide, or wireless filter
to meet your needs. Visit EWT online to request a quote today.

Eastern Wireless TeleComm Inc.,

Salisbury, MD (410) 749-3800,

www.ewtfilters.com.

Low PIM Power Divider/
Combiners

Y)VENDORVIEW

LOW PIM (-150 dBc typical) two-
way through 16-way power divider/
combiners are optimized for excel-
lent performance across all wireless
bands from 0.698 to 2.700 GHz and
their rugged construction makes
them ideal for both base station and
in-building wireless systems. Weather-proof models are also available. Always
available from STOCK to four weeks ARO in N, SMA, BNC or TNC connec-
tor configurations for your next generation equipment deployments. Made
in the USA — 36 month warranty.

MECA Electronics Inc.,
Denville, N) (866) 444-6322, www.e-meca.com.
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& -
Sy sl B Compact
e MRS Communications
- ——— . ol e
R . T . Amplifier Module
-

o ;
i g ®® . | \HVENDORVIEW
1 The PCM3R3SCO (SKU 7091) is
-ﬂ 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 commercial LTE
networks and public safety wireless communication applications. The am-
plifier 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 distortion 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 ISO:9001 Quality Assurance Pro-
gram assures consistent performance and the highest reliability.

Empower RF Systems Inc.,
Inglewood, CA (310) 412-8100,
www.empowerrf.com.

Component CD Catalog
\YJVENDORVIEW

MITEQ recently released its full-
line CD Components Catalog
(CD-02M), which offers one of the
most comprehensive displays of
standard and custom capabilities
in the industry. The CD includes
thousands of pages of product
specifications, outline drawings,
test data, manufacturing flow dia-
grams, and a wide assortment of
technical application notes.

MITEQ,

Hauppauge, NY (631) 439-9220, www.miteq.com.
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Company

Reactel, Incorporated Filters, Multiplexers

and Multifunction
Assemblies

Y)VENDORVIEW

Reactel offers a variety of filters,
multiplexers and multifunction as-
semblies for the mobile communication industry. Reactel’s experienced
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 ce-
ramic units that are suitable for handheld or portable applications. The
company’s product 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 requirement you may have.

Reactel Inc.,
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

Showease

Power Amplifiers

The RF7241 and RF7313 rep-
RFMD w RFMD m resent an extensive family of
RF7313 Py MW hich cfficiency 3G/4G power

amplifiers addressing the vast

majority of the global fre-

quency bands. Optimized for
use with DC-DC converters, this family of 3G/4G PAs delivers industry-
leading peak efficiency — directly translating into increased data usage time,
increased battery life, and lower thermal dissipation. The 3G/4G handset
OEMs can leverage these unique benefits to influence end user percep-
tions of handset quality, raising the value of the OEM'’s devices.

RFMD,
Greensboro, NC (336) 664-1223, www.rfmd.com.

Wireless Infrastructure
Solutions

Y)VENDORVIEW

Skyworks” broad portfolio of RE/mi-
crowave products includes solutions
Sa for today’s demanding wireless infra-
‘ﬁ structure systems, including cellular
base stations, WiMAX access points,
land-mobile radio systems and point-
to-point radio links. Skyworks offers
components and subsystems from
the antenna connection to the base-
band output, including low noise
amplifiers, power amplifiers, gener-
al-purpose amplifiers, mixers, modu-
lators, demodulators, phase shifters,
switches, attenuators, detectors, directional couplers, hybrid couplers, power
splitters/combiners, ceramic filters and resonators, plus discrete control com-
ponents, including PIN, tuning varactor, Schottky diodes and chip attenuators.

SHYWORME

-
i P

- ®
=

CUR T A R LR "

Wiraless Trartneoiure Solullons

Skyworks Solutions Inc.,
Woburn, MA (781) 376-3000, www.skyworksinc.com.

Mobile Communication
Catalog
This new edition of SPINNER’s

mobile communication catalog
has been extended and adapted

— -
k?‘” l" - to the needs on the wireless com-
L] 3}.. ﬁ ; )J munications market. You can find
- SPINNER’s new MultiFit™ con-

pe nector family and the range of
] L jumper cables with the innovative
- SPINNERFlex™ Hybrid Jumper.

The “MNCS® — Mobile Network
Combining System” — has been
considerably extended — e.g. with
several new multiplexers for all
current systems from LTE700 to
LTE2600. The “Analog Fiber Op-
tic Links” for the supply of remote antennas and repeaters are totally new.

SPINNER GmbH,
Munich, Germany (Europe): +49 89 12601-0, USA: (770) 263-6326,
www.spinner.group.com.

The RF/Microwave Zone

Official Show Partner

Q / g Fo—

Organized by:

Micr@wave
Journal

Frequency Matters.

\\ / " A Division of CTIA-The Wirel

May 8-10, 2012
Ernest N. Morial Convention Center
New Orleans, LA

Microwave €P

Microwave Journal is pleased to announce the 4th Annual RF/Microwave Pavilion at CTIA
Wireless 2012. This pavilion brings together companies in the RF/microwave field in one
location to create a dynamic presence. By working and showcasing in one dedicated area, the
pavilion will make your presence at this premier wireless event a cost-effective and rewarding
investment. For more information, contact Kristen Anderson at kanderson@mwjournal.com.
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A Fig. 10 Gain and efficiency of the
antennd.

as the decoupling structure between
antennas 1 and 2, suppresses the mu-
tual coupling and improves the isolation.
Through full-wave simulations, the ZOR
properties of the antennas and the de-
coupling between them have been prov-
en. The antenna has been fabricated and
tested in a real phone platform, showing
a return loss better than 10 dB, an isola-
tion greater than 12 dB and a radiation
efﬁciency over 50 percent in WiMAX
and LTE high bands, for both antennas,
which have a total size of 26 x 5.5 x 2
mm. Considering these performances,
this proposed antenna can be employed

for developing small MIMO communi-
cation systems. ll

on the MIMO antenna development.
This work is part of a patent being filed.
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RFMD.

Compact, Low Loss Switching for
High Linearity 2G/3G/4G Applications 1991 - 2011

RFMD &)

RFMD offers a family of high-power discrete switch
products, which are available in SPDT, SP3T,

and SPAT type architectures. These switches are
e i . tailored to address coexistence issues in WiFi, BT,
GPS, and LTE bands, which require extremely high
linearity. These switches have very low current
consumption making them ideal for use in battery-
powered cellular devices where talk time and
standby time are critically important. Other possible
applications for these switches include antenna
tuning and cellular band switching.

RFMD & § RFMD 0
RF 1604

RFMD 20
RF1602JRF1G603A

SPECIFICATIONS
Freq Power Control Insertion Switching
Control  Range Handling  Voltage Loss Isolation  Speed P2 1IP3 Package Mass Part
Lines (MHz) (dBm) V) (dB) (dB) (uS) (dBm) (dBm) (mm) Production  Number
SPDT 1 DC to 3500 36 0/+18 0.3 43 2.00 129 74 20x2.0x0.55 NOW RF1602
SP3T 2 DC to 3500 36 0/+18 0.4 40 2.00 120 73 2.5x25x0.55 NOW RF1603A
SPAT 2 DC to 3500 36 0/+1.8 0.4 40 2.00 120 73 25x2.5x0.55 NOW RF1604

Order RFMD products online at www.rfmd.com/MWJS1111.

Cellular RF Front-End FEATURES
Very low insertion loss and high isolation

Excellent linearity performance:
11P2 > 120dBm, TBR > 81dBc

4]
| Antenna
: » 1.8V GPIO compatible
T e Very low current consumption
! * Broadband operation across multiple frequency bands
I and applications
I
i
I
l Band Switch
| - JEPOT. SRIT. SP4T) /1
L~3apa

RFMD?® is a trademark of RFMD, LLC. All other trade names, trademarks

and registered trademarks are the property of their respective owners. ©2011 REMD. Mobility. Connectivity. Energy.
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Equip yourself to meet the challenges
of LTE-Advanced.

Accelerate your drive to the forefront. Be first to
market with up-to-date Agilent LTE-Advanced
resources, expertise and test tools.

Design libraries for LTE-A physical layer

Generate LTE-A signals to today’s standards
and beyond

Analyze multiple LTE-A signals simultaneously

Download an in-depth LTE-A App Note
Visit www.agilent.com/find/LTEAInsight

© 2011 Agilent Tech U.S. 1-800-829-4444 Canada 1-877-894-4414

- Agilent Technologies
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