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Missing a Pulse Can Be Deadly.

The Smartest, Fastest and Only
USB Peak Power Sensor.

Don't fall victim to conventional power measurement ¢ Real-Time Power Processing™ for gap-free analysis
techniques that will leave you missing valuable data * 100 MSa/sec SUSTAINED sample rate is world's fastest
- we capture every pulse with no missed glitches. * 10 GSa/sec effective rate for superb waveform fidelity

The new 55 Series delivers unsurpassed speed and
accuracy for the most demanding RF power mea-
surements thanks to Boonton’s Real-Time Power
Processing™ technology. With this revolutionary

e <5 ns risetime and 70+ MHz video bandwidth
¢ 100 ps time resolution for enhanced trigger stability
* Triggered acquisition speeds over 40,000 sweeps/sec

technique, all processing steps take place in parallel, ¢ Capture and analyze data more than 100x faster
guaranteeing gap-free signal acquisition and reliable than conventional power sensors
capture of all transients, dropouts or interference. For more information visit us at boonton.com or call

. . +1 973-386-9696.
The new Boonton 55 Series delivers real results no — =
one else can see. ﬂ,iu)_jt_ﬁ,.
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Taking Performance to a New Peak.

Watch measurements come alive
with Real-Time Power Processing™

q’”) Wireless Telecom Group Boonton

Boonton Microlab Noisecom
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BETTER BUILDINGS

BETTER CARE

For next-generation DAS,
there’s only one name for passives.

It's simple. Better signals equal better care. Today's hospitals personify

the need for next-level Distributed Antenna Systems (DAS). And the

engineers that are building them turn to MECA for passive components.
American ingenuity and 52 years of experience have resulted in the deepest,
most reliable product line of ready-to-ship and quick-turn solutions, such as:

Power Dividers Up to 16 way and 18 GHz
Attenuators Up to 60 dB and 500W
Terminations Up to 500W

Couplers Up to 40 dB and TkW

Integrated Rack Units Delivered in 3-6 weeks

They come with an industry leading 3 year guarantee and true MECA pride.
Ready to build a better DAS? Start with a visit to www.e-MECA.com.

. iBwave Microwave Electronic Components of America

Look for the expanding The Professional’s Choice for RF/Microwave Passive Components
lineup of MECA products

in your iBwave library.
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POWER
SPLITTERS/
COMBINERS

NV 2 kHz 1018 GHZ 1 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, surface-mount, and rack-mount housings for 50 and 75 Q systems.
From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits power splitters/combiners offer

outstanding performance for insertion loss, isolation, and VSWR.

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

core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters,

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

. B - 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.

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

0 RoHS Compliant
Product availability is listed on our website.

[ JMini-Circuits

www.minicircuits.com P.O. Box 35166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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All these pain relievers
shown actual size.

High frequency requirement?

Custom designed solutions to 67 GHz.

No space, no problem.

Our high-K materials shrink size and weight.

Temperature requirement?

Filters are frequency stable from -55°C to +125°C.

Matching requirement?
Thin Film Technology offers best in class

repeatability without tuning.

High volume?

Our Surface Mount designs offer lower cost assembly.

Select DLI pain relievers

Additional pain relievers shown below.

- - \ llr - E ‘V
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Heat Sink Build to Print Single Layer Capacitors Substrates Multilayer Capacitors Filters

DIELECTRIC
I l I LABDRATORIES

CERAMIC & MICROWAVE PRODUCTS  BSC FILTERS © DOW-KEY MICROWAVE ® NOVACAP @ SYFERTECHNOLOGY
Flectmestic Comiprtenss & Mismsne S8 1y ) £CTRIC LABORATORIES @ K&L MICROWAVE ® POLE/ZERO @ VOLTRONICS

www.dilabs.com
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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

“h“_ 5 GPS-3

GPS-R

V-Sensor
Thuraya
MSV
OCEANSAT 2

Voltronics, the Trimmer Capacitor Company, is now located
at the K&L Microwave facility in Maryland. An experienced
manufacturing and engineering staff is available to offer the
same well-respected and extensive line of products.

-

CERAMIC & MICROWAYE PRODUCTS  BSGFRTERS * DOWKEY MIGROWAVE * W
[ p—— i >_.g__|-=ué:-jmm<nm DIELECTAIC LABORATORIES: * KAL MICROWAVE * POLE
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Ph. (973) 386-1119 ¢ Fax (973) 386-1131 ¢ info@noisewave.com ® www.noisewave.com
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Routing. Conditioning. One perfectly integrated,
Streamlined. dependable signal routing

and conditioning box.

That's your goal. That's
Aeroflex / Weinschel's
{\ promise. And that's why
v EROFLEX 3 defense programs such
WEINSCHEL ' ¥ as JSF, SSEE, JTRS, GMR,
and EPLARS have put their
faith in us. Our
subsystems are easy to
control and configure and
perform various duties as:

Antenna Interface
and Control Units

RF Distribution
and Interface Units

Fading Simulators

Attenuators and
Switch Matrices

Features include high
port-to-port isolation,

low phase noise, dynamic
ranges up to 95 dB, and
high power capability
through 40 GHz.

From ATE to EW, we have

[ m iy . - the answers. Call us.
L Ay ll‘ll\‘::\r wmr"m v'.'!._llhl:f.l TR ALG EYBACT 8Y8ACO
QD0 DD S & & e
( A A @ @ @ @ @& 800-638-2048 / 301-846-9222

W olon

7T Y o www.aeroflex.com/weinschel
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A passion for performance.
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Stop waiting and start clessighihg"“L‘xH

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
ickly— and nail the performance,
too! Fewer mouse clicks and novel
MRHB technology mean shorter
process times, right-the-firsttime
designs, and less stress for you.
Don’t you deserve that? Grab a test
copy at awrcorp.com/MWO.

|

MICROWAVE
OFFICE™
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Introducing two new connector lines to our Push-On family — the TMP® and WMP® series.

TMP®/ Providing higher power handling capacity for radar applications.

Scale Comparison

In addition to our SMP and SSMP® series, both TMP® and WMP® provide
the benefits of a push-on interface i.e. simple connection and ease of use
in dense package configurations; and include PCB mount, Field Replaceable,
Microwave Cable, and Custom connectors.

sales@CarlislelT.com / 866.282.4708

www.CarlislelT.com
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Free Webinars

Technical Education Training
RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction
Sponsored by: AWR Corp. and Cree Inc. On Demand

Technical Education Training

Silicon on Sapphire: Leveraging CMOS Integration to Maximize

RF Performance

Sponsored by: Peregrine Semiconductor 11/12

RF/Microwave Training
Passive Components: Dividers, Couplers, Combiners

Sponsored by: Mini-Circuits 11/19
CST Webinars

Wireless Power Transfer and Microwave Energy Harvesting On Demand
EMC Simulation in the Design Flow of Modern Electronics 11/14
Traveling Wave Tube Design with Simulation 11/21

Simulating Dielectric and Conductor Loss Components
Including the Influence of Trace Edge and Surface
Roughness Topography 11/26

Executive Interview

White Papers

Master the Basics and Learn Modern
Measurement Fundamentals DVD
Agilent Technologies

Noise Figure Measurements
Anritsu

Check Out
This Channel

Best-in-Class WLAN Measurements
National Instruments

Resonant Approach to Designing a Bandpass Filter for
High IF, 16-Bit, 250 MSPS Receiver Front End
Richardson RFPD
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September Survey
What technology will have

the biggest impact on next
generation mobile devices?

Power amplifier envelope tracking [30 votes] (32%)

Antenna tuning [16 votes] (17%)

Carrier aggregation [14 votes] (15%)

MIMO antennas [33 votes] (35%)
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selection tools.
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Now in a handy
pocket size.

coilcraft.com/mobile

WWW.COILCRAFT.COM
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SPEED UP

YOUR DESIGN CYCLE

with Free Surface Mount Models On-Demand
/.

SM

SAMPLES

“Speed is a competitive advantage for our customers.”
-Harvey Kaylie, Founder and President, Mini-Circuits

Fast, Free, and EZ as ABC!

Introducing EZ to Get Samples sV,

Mini-Circuits’ online FREE sample request system for
surface mount parts. Using our EZ to Get SamplesSM
process, you can choose the right part for your design
from well over 1000 available surface mount models
guaranteed in stock, and we’ll ship your FREE samples
directly to you within 24 hours. We’re even paying

for shipping charges to make sure you get what you
need, when you need it, at no cost.

It’s an offer you can’t refuse!

Why are we doing it?

Our job is to provide support that gives you an edge
to make better decisions and quicken your design
cycle. Don’t get bogged down in purchasing
processes and paperwork. Mini-Circuits is committed
to supporting the success of your design with a full
dashboard of real data for all of our models, and a
fast, hassle-free way to get parts for your prototypes
in your hands. Visit minicircuits.com now and use

EZ Samples to speed up your project with FREE
sample parts as fast as the click of your mouse!

Here’s how to do it:

to place your free sample order!

your samples will arrive within a few days!

A Click on the EZ to Get SamplesSM link on the technical dashboard
page of all available models in our catalog on minicircuits.com

B Log in or register with minicircuits.com, complete the short order
request form with your shipping information. Click "SUBMIT ORDER”

C Receive an order confirmation by email within a few minutes, and

Find FREE samples Now!

Www.minicircuits.com/products/ez_samples.shtml

[ JMini-Circuits’

www.minicircuits.com P.O. Box 35166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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Coming Events

CALL FOR PAPERS
IMS 2014
December 9, 2013

RFIC 2014
December 9, 2013

NEMO 2014
December 31, 2013

WAMICON 2014
February 14, 2014

mwjournal.com

NOVEMBER miLCOM 15 B

MILCOM 2013
MiLITARY COMMUNICATIONS CONFERENCE
November 18-20, 2013 ® San Diego, CA

WWW. milcom .()l‘g

ARFTG 2013
82N MICROWAVE MEASUREMENT CONFERENCE
November 18-22, 2013 o Columbus, OH

www.arftg org
DECEMBER

IMARC 2013

IEEE INTERNATIONAL MICROWAVE AND

RF CONFERENCE

December 14—16, 2013 ® New Delhi, India

www.imarc-ieee.org

AEMC 2013
4™ AppLIED ELECTROMAGNETICS CONFERENCE
December 18-20, 2013 ® Bhubaneswar, India

WWW. ieee—aemc.org
JANUARY

MARCH

ISQED 2014

INTERNATIONAL SYMPOSIUM ON QUALITY
ELECTRONIC DESIGN

March 10-12, 2014 ® Santa Clara, CA

www.isqed.org

SATELLITE 2014
March 10-13, 2014 ® Washington D.C.
www.satellite2014.com

TAEECE 2014

2NP INTERNATIONAL CONFERENCE ON
TECHNOLOGICAL ADVANCES IN ELECTRICAL,
ELECTRONICS AND COMPUTER ENGINEERING
March 18-20, 2014 » Kuala Lumpur, Malaysia
www.sdiwe.net/conferences/2014/tacece2014

ACES 2014

30™ INTERNATIONAL REVIEW OF PROGRESS IN
ApPLIED COMPUTATIONAL ELECTROMAGNETICS
March 23-27, 2014 © Jacksonville, FL
www.aces-society.org/conference/2014

IWCE 2014

INTERNATIONAL WIRELESS COMMUNICATIONS
Expo

March 24-28, 2014 ® Las Vegas, NV

WWW.iwceexpo.com

APRIL

INMMIC 2014

INTERNATIONAL WORKSHOP ON INTEGRATED
NONLINEAR MICROWAVE AND MILLIMETRE-WAVE
CIRCUITS

April 24, 2014 * Leuven, Belgium
Www.inmmic.org

EDI CON 2014

ELECTRONIC DESIGN INNOVATION CONFERENCE
April 8-10, 2014  Beijing, China
www.ediconchina.com

MAY

iE 2014
, {? 20 s
LCONSTEnsess

IEEE RWW 2014
RADIO WIRELESs WEEK
January 19-22, 2014 ® Newport Beach, CA

www.radiowirelessweek.org
FEBRUARY

L
ISSCC 2014

INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE
Fehmary 9-13, 2014 * San Francisco, CA

WWW.iSSCC.OTg

SPACOMM 2014

6™ INTERNATIONAL CONFERENCE ON ADVANCES
IN SATELLITE AND SPACE COMMUNICATIONS
Fehmary 23-27,2014 * Nice, France

www.iaria.org

MWC 2014
MogiLE WORLD CONGRESS
February 24-27, 2014 * Barcelona, Spain

www.mobileworldcongress.com

NATE UNITE 2014

ANNUAL CONFERENCE FOR THE NATIONAL
AssOCIATION OF TOWER ERECTORS
February 24-27, 2014 * San Diego, CA

www.natehome.com/annual-conference

NEMO 2014

INTERNATIONAL CONFERENCE ON NUMERICAL
ELECTROMAGNETIC MODELING AND OPTIMIZATION
FOR RF, MICROWAVE AND TERAHERTZ
APPLICATIONS

May 14-16, 2014 * Pavia, Italy

www.nemo-ieee. Ol"g
JUNE

STy
=Y
RFIC 2014

IEEE RADIO FREQUENCY CIRCUITS SYMPOSIUM
June 1-3, 2014  Tampa, FL

www.rfic-ieee.org
IMS 2014

IEEE INTERNATIONAL MICROWAVE SYMPOSIUM
June 1-6, 2014 * Tampa, FL

www.ims2014.org

83”0 ARFTG MICROWAVE MEASUREMENT
SYMPOSIUM

June 6, 2014 o Tampa, FL

www.arftg.org

WAMICON 2014

IEEE WIRELESs AND MICROWAVE TECHNOLOGY

CONFERENCE
June 6, 2014 o Tampa, FL

WWW.Wamicon.org
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Note from the Editor

2014

E D I Electronic Design

CON

Innovation Conference

A FIZiTelRT S

Building Relationships

DI CON 2014 is about six

E months away and commit-
ments to participate in the
conference and exhibition are well
over half way toward our goal. Dou-
bling the size of the exhibition, next
year’s EDI CON has already attracted
more exhibitors than it did in its suc-
cessful first year and is on track to be
another sold-out exhibition next April.
The same holds true for the reserved
workshops and other speaking op-
portunities in the expanded three-
day event. The long term goal for
EDI CON is to grow organically into
a leading, world-class event in terms
of size, focus of participants and qual-
ity of content. The expected growth
of next years show is on track with
the development of EDI CON into
a major gathering of microwave pro-
fessionals including the component/
test instrument/software supply chain
and the designers/system integrators
that work in this space. A vibrant and
sizable trade show is a healthy reflec-
tion of an industry’s support of a giv-
en market. The existence of such an
event should be welcome news to ev-
eryone conducting business in China.
Establishing EDI CON’s leader-
ship status now is critical to connect-
ing technologists just as the number of
RF/microwave companies operating
in China reaches critical mass and the
local customer base, technical com-
munities and new marketing channels
are becoming increasingly influential.
In just under two years, Microwave
Journal China has established itself as
the leading microwave-focused print
magazine with over 10,000 qualified
subscribers. The magazine, closely
linked to the editorial in our English

20

edition, is providing Chinese engi-
neers with access to the same content
consumed by our North American
and European readers. In addition,
our China edition allows editors and
contributors to update readers on the
technology presented at EDI CON
throughout the year. Together, EDI
CON and MW] China will educate
working engineers, making for better
end-users (customers) and spreading
the demand for more technology.

A study by the management con-
sulting firm Bain & Company found
that companies that set up operations
in countries offering lower cost manu-
facturing are also better equipped to
build new markets in that host coun-
try. One case study of an electronics
company doing $900 million worth of
manufacturing and sourcing in China
is now realizing more than $1 billion
in annual sales of products there. Its
increased presence in China deep-
ened the company’s knowledge of the
market and helped it build the connec-
tions necessary to thrive in the country.
China is evolving from a manufactur-
ing center to a region capable of in-
digenous design and system integra-
tion. The Beijing government’s efforts
to promote education in science and
engineering on a massive scale have
produced a highly skilled labor force,
creating a sizable and growing market
for microwave electronics.

Engineering achievement is fueled
by information as much as inspiration.
To provide the China market with up-
to-date content, we are looking to all
industry-related organizations to con-
tribute to EDI CON and Microwave
Journal China. Our outreach efforts
include local and multi-national com-

panies, academia, Chinese engineer-
ing societies, government research
centers, telecommunication OEM:s,
carriers and even other media outlets.
Multi-national companies such as our
premium EDI CON 2014 sponsors,
Agilent (Host), Rohde & Schwarz
(Diamond) and National Instruments/
AWR (Corporate), will provide sup-
port and emphasis on the tools and
techniques necessary for successful
design of RF/microwave and high-
speed digital-based systems. Similar-
ly, integrated device manufacturers,
semiconductor foundries and compo-
nent vendors are also assuming lead-
ing roles in defining the EDI CON
technical program. Together, we will
create an event with an unprecedent-
ed level of integration between the
technical conference and exhibition
and maximize the educational oppor-
tunities offered by both.

Over the next few months, we will
be announcing the keynote speakers
for next year’s plenary sessions. These
speakers will be selected based on
their high-level perspective of tech-
nology and business trends in China.
We are building EDI CON around a
supply chain ecosystem most of us rec-
ognize in North America and Europe.
From our vantage point as publisher
and event organizer, we take great
pleasure in watching this network
evolve as connections are made and
relationships are formed. After all,
one cannot overstate the importance
of relationships in doing business.

DAvID VYE
Microwave Journal Editor
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@1990

Ron Reedy, Mark Burgener
and Graham Garcia
publish their advanced
SOl (silicon on insulator)

High-Cuality CMOS in Thim (100 nm} Silicon eo
Sappivire
FRT N Sy ———

research findings in IEEE
Electron Device Letters

in a paper titled, “High
Quality CMOS in Thin (100
nm) Silicon on Sapphire.”
These findings served as
the “aha moment”in the
development of what is
known today as Peregrine’s
UltraCMOS® technology —
a patented, advanced form
of SOI.

19901

Peregrine sign a

to commercialize

200
92203

With a high-performance Peregrine PLL, the
European Space Agency (ESA) launches the

Mars Express Orbiter.

2004

Peregrine enters the
handset market with

an SP6T switch and then
introduces the world’s
first flip-chip SP4T switch
for dual-band GSM handset applications.
Through advanced packaging technology,

the fully integrated RF UltraCMOS handset
switch reduced the printed circuit board (PCB)
area by a factor of nine when compared to

conventional wire bonding. The company

also announces an RF switch for broadband

applications that exceeded the strict FCC
15.115 regulations. Peregrine continues to
innovate and introduces the world’s first
single chip digital step attenuator (DSA),

the best chip of its kind for nearly a decade.
Peregrine expands its extensive IP portfolio
with the issuance of the first patent in the

RF switch family.

®

Peregrine announces a major
breakthrough for 3G cellphones, the
patented HaRP™ design technology.
Peregrine’s revolutionary HaRP
technology enhancements enabled
dramatic improvements in harmonic
results, linearity and overall RF
performance.

2006

Peregrine is selected by the
European Space Agency (ESA) to
develop the first PLL device for
integration into European space
applications. NASA's New Horizons
heads to Pluto; it is scheduled to
arrive July 201s.

Naval Ocean Systems
Center (NOSC) and

Cooperative Research
and Development
Agreement (CRADA)
allowing Peregrine

UltraCMOS technology.

®

®

Peregrine Semiconductor officially opens its doors
for business and continues to perfect the UltraCMOS
technology. The company obtains fundamental
UltraCMOS patent from HP and Caltech.

NOSE

PN DCRAK SYRTEME CEWTER iy (S50, G M, BASCH i, 4

NOSC agrees to share te

2008

Peregrine announces the UltraCMOS
DTC technology for mobile antenna
tuning.This breakthrough solved one
of the biggest challenges in RF design
—antenna impedance matching. With
two critical Peregrine chips inside,
Motorola announces multi-band two
way radios for first responders.

2010

Japan Aerospace
Exploration Agency’s
Hayabusa (literally
“Peregrine Falcon”
in Japanese) returns in June 2010
with a sample of material collected
from an asteroid. The unmanned
spacecraft, Hayabusa, relied on
Peregrine’s technology to complete
the mission. Peregrine partners
with Soitec to develop a new,
bonded silicon-on-sapphire (SOS)
substrate that was qualified for
use in manufacturing Peregrine’s
next-generation STeP5 UltraCMOS
RF IC semiconductors.




Driving the RF SOI Revolution

6
@1993 ® 199 ® 2001

Peregrine ships its first RF
SOl fully integrated switches.

Jim Cable, now
CEOQ, joins the
company as VP
of Technology
and Operations.

1999

The first Peregrine product is literally
launched into space by NT Space. 2002

®

2000 The semiconductor company
introduces the industry’s
highest performance PLL
synthesizers with embedded
EEPROM memory. Peregrine
Electronics, a 2.5GHz : and Oki Electric sign an
fractional-N frequency Australian fab. UltraCMOS partnership

synthesizer chip. . agreement.

Peregrine files its first
UltraCMOS patent and
begins building its IP
portfolio.

1
® 994

Peregrine selects Asahi
Kasei Microsystems
(AKM) as its new fab.

1
® 995

Peregrine hand
delivers its first
100 chips to Sciteq

Peregrine launches the world’s
most linear MOSFET quad mixer
and ships its first million piece
order. The company purchases an

2011 2012

On August 8, 2012, Peregrine
stock begins trading on the
NASDAQ under the ticker
L i symbol “PSMI,” raising $77
; ?E:E‘ i F. 25 "Wl million for the company.

Semiconductor

Peregrine ships its one billionth chip and scores 201 3
design wins from the top 10 smartphone @
manufacturers worldwide. With a Peregrine PLL

serving as a key component, NASA’s Juno launches

on a one-way mission to Jupiter. Peregrine

founders, Mark Burgener and Ron Reedy, receive

the IEEE Daniel E. Noble Medal for Emerging _

Technology. For test T NEW fFoRr 2013 - ULTRACMOS 10
and measurement b,
applications, Peregrine
announces an SPDT
device that operates
from 9 kHz to 6.0 GHz.
The RF switch was used
by Rohde & Schwarz

in the R&S SMA100A
signal generator.

Peregrine signs a collaborative sourcing and license agreement with
Murata Manufacturing Company, the leading supplier of RF front-end
modules for the global mobile wireless marketplace.

Peregrine, the founder of commercialized RF SO,
announces UltraCMOS 10, once again setting the
worldwide performance standard for RF CMOS.

WWW.psemi.com / Pere rine
4 Semico%ductor
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COVER FEATURE

INVITED PAPER

Printed Resonators:
obius Strip Theory
and Applications

he geometrical phenomenon of anholo-

I nomy depends on failure of a quantity to
recover its original value, when the pa-
rameters on which it depends are varied round
a closed circuit. A Mébius strip provides one of
the simplest examples of anholonomy, as the
normal to the surface of the strip does not re-
turn to its original direction even though the
radius vector does.!? The strip therefore de-
forms in such a way that its metrical properties
are barely changed, some nanostructures have
the same elastic properties. A necessary and
sufficient condition for a Mébius surface to be
developable is that its Gaussian curvature must
vanish everywhere. Given a curve with non-van-
ishing curvature, there exists a unique flat ruled
surface (the so-called rectifying developable) on
which this curve is a geodesic curve (see Figure

1) is described by!

%(5,) = F(s)+ [ b(s)+n(s) (s)] 1)

(s)=mn(s)k(s), 2)
s=[0,L],t=[-w,w]

where T is a parameterization of a strip with
r as centerline and of length L and width 2w,
where t is the unit tangent vector, b the unit
binormal, k the curvature and T the torsion of
the centerline, the parameterized lines s = con-

stant are the generators, which make an angle
B = arc[tan(1/n)] with the positive tangent di-
rection.

The unique properties of Mébius strips, the
shape minimizes the deformation energy which
is entirely due to bending, can be described by

1 Lorw .
V= EDJO J7 K (s.6) deds .

where D = 2h3E/[3(1-v2)], with 2h the thick-
ness of the strip, and E and v Young’s modulus
and Poisson’s ratio of the material.

In this section, a planar Mobius-coupled
resonator is described, and the method for
miniaturization can be applied to tunable os-
cillator circuits and memory devices used for
receivers, filters, antenna and matching net-
works.

MOBIUS STRIP RESONATOR: THEORY
A typical Mbius is a surface with only one
side and only one boundary component, the

ULrIiCH L. ROHDE2, AJAY K.
PODDAR'2 AND D. SUNDARARAJAN3
Brandenburgische Technische Universitat,
Cottbus, Germany

Synergy Microwave Corp.2, Paterson, NJ
SJCETS, Palghar, India
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RLC Power Dividers...

Known for high performance, innovative solutions,
and cost-effective pricing.

Model DSM-0520-2
“  shown here
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RLC Electronics’ Power Dividers offer superior B Ourfamily of Power Dividers are available in a choice
performance in compact microstrip units with wide of 2, 3, 4, 6, 8,9, 12, and 16-way configurations

bandwidth and multiple outputs. These units provide low B Available in frequencies from DC to 40 GHz

VSWR, high isolation and excellent phase characteristics

between all the output ports. B A wide choice of connector styles or surface mount

configurations to suit any specific need
Since 1959, RLC has been recognized as a leading
B Proven applications for instrumentation, TelCom,

and SatCom

designer and manufacturer of high quality, state-of-the-
art components for the microwave & RF industry.

For more detailed information, or to access RLC’s exclusive Filter Selection Software, visit our web site.
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RLC ELECTRONICS, INC.
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E-mail: sales@ricelectronics.com ¢ www.rlcelectronics.com
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RLC is your complete microwave & RF component resource for
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.



http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=25&exitLink=mailto%3Asales%40rlcelectronics.com
http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.rlcelectronics.com
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{b)

A Fig. 1 A typical representation of a Mobius strip (a) and computed Mébius strips for differ-

ent values of width! (D).

L L

RN
B

A Fig. 3 Typical lowpass ladder network consisting of a series of
inductances L and capacitances C along the line.

mathematical property of being non-
orientable (as shown in Figure 1). A
unified system of differential-algebra-
ic equations that describes models of
this type was first published in 2007
together with its numerical solution
and many technical applications.!-15
The concept of Mébius strips is based
on the fact that a signal coupled to a
strip shall not encounter any obstruc-
tion when travelling around the loop,
the loop shall behave like an infinite

transmission line, enabling compact

26

high Q-factor reso-

nators. This char-
acteristic  enables
many radio and

microwave applica-
tions, including (i) a
compact resonator
with the resonance
frequency which is
half that of identi-
cally constructed linear coils,? (ii) a
Tesla Coil for global transmission of
electricity without wires3, and (i)
high temperature superconductors.*
For a typical Mébius strip, one can
move along the length of the strip
and return to its starting point hav-
ing traversed the entire length of the
strip without ever crossing an edge as
shown in Figure la. Figure 1b shows
computed Mobius  strips  (coloring
changes according to the local bend-
ing energy density, from violet for re-

A Fig. 2 Photograph of the non planar 3D
Mobius dual mode wire resonator (a) and
quad-mode (b).

ions of low bending to red for regions
of high bending). The left panel shows
their 3D shapes forw = 0.1 (a), 0.2 (b),
0.5 (¢), 0.8 (d), 1.0 (e) and 1.5 (), and
the right panel the corresponding de-
velopments on the plane.!

Recent publications describe the
Mgbius strip resonator®> but the sur-
face is a non planar 3D structure (see
Figure 2), not suitable for MMIC
integration and surface mounted de-
vice (SMD) technology applications.
Printed resonators are a special class of
transmission lines of finite extent with
well-defined boundary conditions. The
particular interest here is a 1-dimen-
sional printed ring resonator that can
be equivalently represented by the
simple lumped L-C network shown
in Figure 3 (printed resonators are a
special class of transmission lines of fi-
nite extent with well-defined boundary
conditions, the 1-dimensional printed
ring resonator can be equivalently rep-
resented by the simple lumped L-C
network).!* In solving, the electric cur-
rents on the resonator can be formu-
lated by a periodic boundary condition
of the form described by
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where Iy represents the electric cur-
rent around the nt closed loop on
the periodic ladder structure of k-
elements. The boundary condition of [(D ——)Ik -
the general form shown in Equation
4 governs that I, is a conserved quan-
tity that gives invariance of solutions
under a 21 rotation with a definite
handedness.

The 1-dimensional non-dissipative 9
wave equation of LC network shown in
Figure 3 for the kth element is given by

: 1
(sz _ﬁj(lkﬂ +1)=0  (6)

2.2P75)
sm(k

o (7)
LC(I—Z'Y cosi)
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(a)

(b)

A Fig. 4 Typical closed loop ring resona-
tor (a) and the Mébius strip resonator (b) a
topological transformation of ring resonator
into a Mobius strip resonator.

where p is an integer specifying the nor-
mal mode, 7 is mutual coupling coeffi-
cient (mutual inductance ‘M’=2yL,) and
k is the number of element structure.

From Equations 5 to 7, for even
value of k, there are k-1 eigenvalues,
including (k-2)/2 degenerate doublets
and one singlet. A typical ring reso-
nator, whose Eigen function satisfies
Equation 4, defines a distinct inner
and outer surface of the ring, shown
in Figure 4a. Figure 4b shows a to-
pological transformation resulting in a
Mobius strip resonator, whose current
dynamics can be formulated by apply-
ing twisted boundary condition as

(8)

From Equation 8, a simple topologi-
cal transformation on the resonator ring
(4) results in a sign reversal of current
<Ii> upon a 27 rotation of the solutions,
and a 4x rotation is now required for
invariance of the Eigen functions.6-16
Note that the eigenfunctions satisfying
the condition for twisted boundary are
of the same form as Equation 5 pro-
vided that the mode indices are given
half-integral values (p = 1/2, 3/2, 5/2,...
(k-1)/2) relative to a ring consisting of
identical components. The dispersion
relation for the Mébius ring is the same
as Equation 7; however, the wave-vec-
tors are shifted by

(g

The two distinct topologies shown
in Figures 4a and 4b can be considered

Ij+k :_Ij

9)
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RF DESIGN: Simulation results show the electric field distribution on top of
the microstrip lines of a Wilkinson power divider. The S-parameters show
input matching at 3 GHz and evenly divided power at the two output ports.
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as a complementary pair related by a
single transformation. From Equations
4 and 8, it is evident that there is no
additional structure associated with the
Mobius ring resonator, since a second
topological half-twist transformation
on the Mébius resonator leads back to
the boundary condition of Equation 4.
Their description divides into half-in-
tegral and integral normal mode indi-
ces. The Eigen functions of the Mobius
resonator form an orthogonal basis set,
presenting an interesting possibility for
the design of metamaterial for the ap-
plication in tunable oscillators, anten-
na and filter circuits®. The oscillator’s

loaded Q factor Qy is given by'>

PRINTED RESONATOR BASED
SIGNAL SOURCES

It is important to achieve a signal
source with low phase noise in vari-
ous applications. The phase noise in-
creases the bit error rate in telecom-
munication links, degrades stability of
the beam in particle accelerators and
decreases sensitivity of radars. When
high data-rates have to be transferred,
as with M-QAM modulation in LTE,
LMDS, and fixed frequency point-to-
point digital radio and satellite-links,
these systems need low phase noise
signal sources either free running or
phase-locked.

The printed coupled resonator
based oscillator offers cost-effective

_ oy do () B solutions except the poor phase noise
Q= = performance due to inherent low Q-
2| do | _ ) ! :
0=0, factor associated with a printed trans-
o do(m) mission line resonator.l730 The Q-
7Td 3Tq = “do (10)  factor of the coupled planar resonator
0=0, network can be enhanced by introduc-
do(w) ing an.optimum.couplir.lg r.necha.nism
Tq = d = (electric/magnetic/hybrid) in conjunc-
O Jp=n, tion with slow wave propagation, how-
0 (“)0 " A(x)) _ (p( ®) - Aco) ever, 'the large' physical SiZ.(—Z‘ al}d mode-
(11)  jumping restricts the application espe-
2A0 cially at lower frequencies.?’ Figure 5
. ELECTRICAL COUPLING MAGNETIC COUPLING
where @(w) is the w | oo
phase of the oscil- ot | [ 7] [ aoomears2 g =N
lator’s open loop e GECE 5 L ,_WP< B >°Pm toop B
transfer function at Be=Cme < e st ol I [REE R T
a St ea dy St at e an d ,.cd Couplin; Coupling Coupling Coupling
is the group delay of () )
the resonator. L(Qq,w0) L(Qo, o) c
From Equations — e '_|,_ Al ’_JI_
10 and 11, Qy is pro- b ! 33 g
portional to the group VilTee T “13gs¢ |
delay; therefore, for BeCme T T Cre e | | Bmtom AT
low oscillator phase o (@)
noise application, the - I

design goal is to maxi- pwolie
mize the group de- Open Loop.
lay of a Mdbius strip

resonator by incor-

Open Loop
Resonator #2

porating phase-injec-

tion techniques. The
unique characteristic -2viz -2v12
of a Mébius strip is
self-phase-injection
properties along the
mutually coupled
surface of the strips,
which enables high-
er quality factor for

Y11 = Y22= joC
Y12 = Y21= joCmk
Z11 = Z22= joL
Z12 = 221= jolmk

(g

A Fig. 5 Typical simplified structure of open loop microstrip line
coupled resonator networks: (a) electrical coupling, (b) equivalent

a given size of the lumped model of electrical coupling, (c) magnetic coupling, (d)
printed transmission equivalent lumped model of magnetic coupling, (e) hybrid coupling,

line resonator.

(f) equivalent lumped model of hybrid coupling and (g) layout of VCO

using electric and magnetic coupling.
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shows the typical coupling mechanism
(electric/magnetic/hybrid) of printed
coupled transmission line resonators
for tunable oscillator applications.

As described in Figure 5, the cou-
pling dynamics can be characterized
by proximity effect through the fring-
ing fields, which exponentially decays
outside the region; electric and mag-
netic field intensity tends to concen-
trate near the side having maximum
field distribution.

The coupling coefficient ‘B, de-
pends upon the geometry of the per-
turbation, and it can be given by

JeE, By, dv
Tta for2 1. *
A EE]va-SEEd dv
h electrical-coupling

(12)
J“’HEIHI) dV

B,
[1 J.}LH;% va.;LHiz) dv]
magnetic—coupling

where E, and H, are the electric and
magnetic fields, respectively, pro-
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duced by the square loop ring reso-
nator, and E, and Hy are the corre-
sponding fields due to the perturba-
tion (d#0) or nearby adjacent resona-
tor (second square loop resonator).

From Equation 12, the first term
represents the coupling due to the
interaction between the electric fields
of the resonators and the second term
represents the magnetic coupling
between the resonators. Depending
on the strength of interaction, multi-
mode dynamics exist related to elec-
trical, magnetic and hybrid coupling.

The configuration shown in Fig-
ure 5a produces an electric coupling,
resulting in the electric field being
strongest near the open ends, maxi-
mizing the numerator of the first term
of Equation 12. As depicted in Figure
5b, when the resonators are operating
near their first resonant frequency,
the pair of resonators interacts mainly
through their magnetic field, this is
because the magnetic fields are maxi-
mum near the center of the resonator
opposite to its open ends, maximizing
the numerator of the second term of
Equation 13. The coupling produced
by the two configurations (open loop
resonator #1 and open loop resona-
tor #2) as shown in Figure 5c are re-
ferred to as mixed coupling or hybrid
coupling because neither the electric
fields nor the magnetic fields domi-
nate the interaction between the reso-
nators.

The definition of [3 given in
Equation 12 involves complex math-
ematical analysis and is not suited
for practical calculation since it re-
quires the knowledge of the electro-
magnetic fields cvcrywhere A useful
alternative expression for [3 can be
obtained from a well known fact in
physics: when multiple resonators are
coupled to each other they resonate
together at different distinct frequen-
cies (.o, foy fop fr) Which are in
general different from their original
resonant frequency f,. Furthermore,
these frequencies are associated with
corresponding to their normal modes
of oscillation of the coupled system
(c]ectric/magnctic/hybrid) and their
difference increases as the coupling
Bl (B,: electric, B,,: magnetic and [3y:
hybrld) between the resonators in-
creases.30 The main interaction mech-
anism between resonators is proximity
coupling and can be characterized by
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a coupling coefficient BJ that depends upon the ratio of coupled energy to stored
energy, described by

N coupled — electrical energy 212 Cpe
Be= =5 5 = (13)
stored —energy of uncoupled —resonator {7 +f;,  C
coupled — magnetic energy N £2 -2 _Lim 14
™7 stored — energy of led — T2 o2 T L 14)
gy of uncoupled —resonator {7 +{
_ coupled - electro — magnetic energy 3 —f2,  CL,;, +LC,, 15)
"= Stored — energy of uncoupled —resonator ~ {3 +f2, ~ LC+L,,C,, )
where
,Cne:Mutual Capacitance  (16)

1 1
f,= f
“ omfL(c+C,.) T 2nfL(C-Cy)

fon = ! Lom 1 , L, Mutual Inductance  (17)
2myC(L-Ly,,) 21\ C(L+Ly,)
fy, = ! f L
h — >tmh >
- 2TC\/(L_Lmh)(C_th) 1 2“\/(L+Lmh)(c+cmh)
L,: Hybrid Inductance (18)

1
fy = ———1,: fundamental resonance frequency of uncoupled resonator (19)
0 QRJE 0 q Y p

The time average loaded Q-factor of coupled resonantor: Q. (®)

described by

s, CAN be

®

j II““‘“ Qu (@,1)di (20)

ch ((’))(o—>m0 - Imin) min

2L —
max O—0,

where I, and I are the minimum and maximum resonator currents associ-
ated with the fundamental modes of the coupled resonator networks, the Q .(®.1)
is the instantaneous quality factor at frequency ® and current i provides an ef-
fective means to quantify the Q-multiplier effect when operated in a evanescent-
mode coupling conditions, especially in printed coupled resonator based oscil-
lator circuits.

From Equation 20, the loaded quality factor Qy of the coupled resonator net-
work is given in terms of unloaded quality factor Q, as

0
QM@oF%{%} (21)
_ol Qo _

I:QL ((,00 ):Ielectn‘cal—coupling = 2‘:(1 + Be ) :|ﬁ » = 2Qy (22)
I:QL ((DO ):Imagnctical—coupling = Z[QO (1 + Bm ):IB,“—H = 2Q0 <23>
~< (1 + Bmh ) _

I:QL (0)0 ):Ihybrid—coupling = ZI:QO (1+ Beh ) B.<<1B, -1 - 4Q0 <24>

where s—i is the rate of change of the phase, and Q is the unloaded Q-factor of
the uncoupled single open loop microstrip line resonator. From Equations 22 to
24, there is trade-off between improving the Q factor and the permissible attenu-
ation required (which is compensated by active device for oscillation build up).
The coupling mechanism described in Figure 5 shows improvement in quality
factor in comparison to single uncoupled planar resonator but drawback is limit-
ed tuning range (less than 1 percent). By introducing tunable capacitor across the
open end of uncoupled planar open loop resonator, dynamic unloaded Q-factor
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A Fig. 6 A typical capacitive loaded mag-
netic coupled square loop resonator layout

(a) and plot of magnetic coupling ; (b).

can be improved but limited in tun-
ing range (< 25 percent). This is due
to minimization of the radiation losses
from the open ends of the resonator
because of capacitor loading, causing
dielectric polarization in the capacitor
since most of the electric field resides
inside it.31-3> Therefore, a high Q ca-
pacitor could actually increase the un-
loaded quality factor of the whole res-
onator. This is analogous to the case of
dielectric resonators where the fields
are constrained to a small volume di-
electric with high permittivity and low
loss tangent resulting in a high overall
Q3742

For wideband tunability (> 100
percent tuning), adjacent coupled
open loop resonator network is pre-
ferred but at the cost of large real es-
tate area. In general, the miniaturiza-
tion of the open loop resonator reduc-
es its capacity to couple to adjacent
structures. This is due to the fact that
smaller resonator size represents a
smaller volume of electromagnetic in-
teractions between its coupled arms;
reason being a smaller size represents
a smaller volume of electromagnetic
interaction between coupled resona-
tors. The fact that the majority of the
electric field that existed in the volume
surrounding the open ends of a reso-
nator is now confined to the interior
of a capacitor limits its possibility to
interact with a neighboring resonator.

It can be seen in Figure 6 that
the effect on the magnetic and mixed
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coupling is less severe than for the
electric coupling, where the mag-
netic coupling coefficient is plot-
ted against the separation between
resonators for different loading ca-
pacitors.3742 Figure 6b is a plot of
magnetic coupling Bjasa function of
the distance between resonators for
a given capacitive ( j) loading with
resonator physical dimension ® = 2
mm and a = 26 mm, fabricated using
Roger RO4003c¢ substrate with a di-

electric constant of 3.55 and a thick-
ness of 60 mil.37

The microstrip square open loop
resonator is one of the most used
structures for multi-mode oscilla-
tor resonator applications due to its
compact size (a=A/8). For low phase
noise multi-octave band tunability,
the loaded quality factor (Q;) as de-
scribed in Equations 21-24 can be
maximized by either lowering the
value of mutual capacitance (C,,) and

h™
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RF SWITCHES AND SYSTEM INTEGRATION

Enabling Communication and Sigral Control

36

inductance (L) or maximizing the
self-capacitance (C) and inductance
(L), therefore, the upper limit of the
loaded Q- factor is dependent on the
coupling B. (B,: electric, B,,: magnetic
and By;: hyi)rld that can be optimized
by controlling the width of the trans-
mission line (w), gap of the open line
resonator (p), and spacing between
the two open line resonators (d).#3-48
For low phase noise tunable oscilla-
tors, the coupling coefficient [3 should
be dynamlcally tuned over the operat-

¥

A
G

S

() | : |

(b)

(<)

(d)

A Fig. 7 Typical layout of a tunable square
open loop resonator: conventional square
open loop hairpin resonator (a), folded arms
square open loop resonator (b), meander line
square open loop resonator (c), dual mode
square open loop resonator (d).3
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A Fig. 8 A typical setup for carrying out the measurement of the
transmission coefficient Sy; (w) for analyzing the coupling characteris-
tics of the varactor loaded tunable open loop resonator.
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A Fig. 9 A CAD simulated (Ansoft Designer) plot of S5; (0) of a
varactor loaded open loop resonator for different capacitance values.

ing frequency band. However, dynamic controlling and
tuning of the parameters (w, p, a and d) as shown in Figure
5 at high frequency is a challenging task. The alternative
tuning mechanism is capacitive loading by incorporating
tuning diodes.31-37

Figure 7 shows a typical tunable square open loop reso-
nator in compact size (A/8 by A/8) for applications in oscilla-
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A Fig. 10 A typical block diagram of an X-Band Mébius-coupled
evanescent mode resonator (MCEMR) oscillator.

tor circuits. As shown in Figure 7c, the goal is to minimize
the real estate area by using a meander line into inner part
of the resonator. To optimize the geometry of the coupled
resonator, they are excited with a pair of loosely coupled
feed lines to obtain a transmission parameter Sy (®) from
which the two resonant frequencies f; and f; can be ob-
tained for a given geometry and values of d between reso-
nators. The resonator shown in Figure 7d offers compact
size and exhibits two independent modes (dual-modes),
the coupling between them can be optimized by the geom-
etry of the inner structure. This tunable dual-mode resona-
tor can then function as two independent tunable resona-
tors providing an immediate size reduction of 50 percent.
Figure 8 shows the typical setup used for measurement
of the Sy;(w) for deriving the coupling characteristics of
the tunable open loop resonator loaded with the varactor
diode. The parameter of interest is the transmission coef-
ficient Sy;(®), where the resonant frequencies are mani-
fested as peaks of maximum transmission between ports.
Figure 9 shows CAD simulated (Ansoft Designer) plot
of the varactor loaded open square loop printed resonator
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A Fig. 11 Layout of 10.2 GHz MCEMR
VCO (0.9" x 0.9" x 0.2").

with ®= 2 mm and a = 26 mm, fabri-
cated using Roger RO4003c substrate
with a dielectric constant of 3.55 and
a thickness of 60 mil (1.524 mm).37-43
As shown in Figure 9, the first resonant
frequency is shifted down with differ-
ent values of C, whereas the second
resonance frequency remains at the
same location. Nevertheless, as varac-
tor diode capacitance increases beyond
a certain value (for example, 1.4 pF), a
couple of frequencies where the trans-
mission coefficient Sy, is zero appear
between the first and second resonant
frequencies, which is observed in Fig-
ure 9 for C = 2 pF. As shown in Fig-
ure 9, the physical size of the resonator
(0= 2mm and a = 26 mm) is kept con-
stant while C is varied causing a shift
in the first resonant frequency. This
frequency shift can be capitalized into
miniaturization if we let the size of the
resonator vary but at the cost of in-
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A Fig. 12 Measured phase noise plot of 10.2 GHz MCEMR VCO.

crease in insertion loss. A novel Mobi-
us strip resonator can overcome these
problems and offers promising and
cost-effective solutions. The concept of
the Mabius strips is based on the fact
that a signal coupled to a strip shall not
encounter any obstruction when trav-
elling around the loop; enabling com-
pact high Q-factor resonators.
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(a) BLOCK DIAGRAM

A Fig. 13 Shows the typical block diagram 10 GHz Mébius coupled
resonator VCOs using a SiGe HBT active device, built on 20 mil

substrate material.
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respectively, of the
10.2 GHz oscillator
using a SiGe HBT
active device fab-
ricated on Rogers
substrate  material

(b) LAYOUT

with a dielectric constant of 2.2 and
thickness of 20 mils (microstripline/
stripline) for the validation of the ap-
proach. The prototype oscillator cir-
cuit shown in Figure 11 works at DC
bias of 10 V and 30 mA, measured
output power exceeds +5 dBm. The
phase noise plot shown in Figure 12
exhibits hump and dip between 100
kHz and 10 MHz offset from the
carrier, possibly due to the resonator
mode-jumping and mode-degener-
ation phenomena. By incorporating
mode-injection-locking, mode-jump-
ing can be suppressed and stable os-
cillation can be achieved.

] Mokl Sags |
Bevteiret

A Fig. 14 Layout of 10 GHz oscillator
(depicts the phase-injection-mode-locked)
Mobius strips resonator (22 mil substrate
thickness with 2.22 dielectric constant, 0.7" x
0.75" x 0.18").
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Figure 13 shows the typical block diagram of mode-injection-locked M&bius
strip resonator VCO topology that can offer integration and low cost solutions.
Figure 14 shows the typical layout of 10 GHz M&bius resonator based oscillator
for building low phase noise signal source for radar applications.

Figure 15 shows the measured phase noise plot (110 dBc¢/Hz at 10 kHz
offset) from the carrier frequency of 10 GHz offers significant improvement in
figure of merit (FOM) for a given phase noise, tuning range and power consump-
tion. A spot phase noise number is difficult to compare, unless it is compared at
the same frequency offset from the carrier and the same carrier frequency for
a given tuning range and output power. Comparing oscillators operating at dif-
ferent frequencies, tuning range and output power levels, a FOM with a single
number has long been desired.

In order to make a fair comparlson of the performances of VCOs at different
operating frequencies, aléﬁj FOM is used. The FOM in and power-frequency
tuning-normalized (PFTN) in dB are defined as*’

s fO PDC dBC
FOM|; = {£ (fofter ) — 201og g ( e J +10log,, ( W ﬂ (E) (25)

PFTN:—|:£(f0ffset)—2010gm[fAf ] 101o gm(PkT j}(dB) (26)
offset

where {;) is the oscillation frequency, £(f 4..,) is the phase-noise at the offset {re-

quency f, offset> k is the Boltzmann constant, Af ={ -1 . is tuning range, T is

temperature in Kelvm and Ppy; is the total consumed DC power in milli-watts.
Larger |FOM|( o j and PFTN(dB) values relate to superior oscillators. From

Equations 25 and 26, the FOM for integrated phase noise in dBc from 1 kHz to

1 MHz can be given by

FOM|Integrated(lkHz—lMHz) =

) Py 2AF
101og (P (@))+1010g10(PDC] 2010g[m 27)
where Af = f_ —f .:f. = maximum oscillation frequency; f,;, = minimum

oscillation frequency; P%(¢) = integrated phase noise from 1 kHz to 1 MHz; Pyp
= signal output power averaged over frequency; P, = DC power consumption
of the oscillator.
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A Fig. 15 Measured phase noise plot of the 10 GHz oscillator using: hybrid coupled resonator,
Mébius coupled resonator, mode-locked Mébius coupled resonator network.

MICROWAVE JOURNAL m NOVEMBER 2013


http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=42&exitLink=http%3A%2F%2FWWW.NORDENGROUP.COM

s :
¥ 3
”‘W’]ﬂ Leading Global Communications @

SEMICONDUCTORS

e

1eration E/D PHEMT Technology o
formance 0.25ym E-mode combined with latest generation
D-mode switch
~ » E-mode device: Ultra low noise and high gain :

* D-mode device: Compact layout and low Ron-Coff product

5 POS0-01 Asenc, Bain
PO25-00 Assoc. Bain

im 30
e T /

_ FO25-00 Fimish 2 -

&

E - //

TR e g

a ol - ,/ =

4 i4 = = = 15w

2 o 1o

8 12 15 18 2 M 7
Freq iGHz)

DS [miimai]
g E
Y

E:mode, Transfer;Curve,

i

0 H 4 6 B
VBTV 15 LY. Sampel 35 VS (V) 1000 I—n'g'_.l 1]
VALY -
D:mode, SwitchingSpeed) L
. |
T 400 . .
100% (= % |
!:. Wg=-4¥ V=1V - A
% v - = = W= BY VeIV § o
sox 4 o !
g "N [T|T Switching time is 300s at -4V Vg o as B 15 z
£ 0% T and 130ns at -BY Vg and still malntain — Ve W
50% ——— [ow leakage current of 20nA'mm =

£ o [ty (BN Vg, Vilms=O).

L1
0% g
o [, 73 _ D:mode)DevicePerformance)
R
g 100 00 300 400 500

Tirest (ns Single | Triple | Single | Triple
Ron (ohm.mm) 1.9 3.7 1.3 2.2
Coff (fF/mm) 168 83 163 92
RonxCoff{ohm.fF) | 316 310 | 209 | 198
DUT: NOF x UGW= 5x 12um

WIN SEMICONDUCTORS I.‘-[IEP
Tel:+886-3-397-5999 Fax:+B86-3-397-5

69 https//www.winfoundry.com



http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=43&exitLink=http%3A%2F%2Fwww.winfoundry.com

Cover Feature

As shown in Figure 14, the fre-
quency is set at the fundamental reso-
nance of Mébius-coupled evanescent
mode resonator (MCEMR) and can
be electrically tuned by using varac-
tor network (tuning voltages of 1 to
24 VDC enable variations in the cen-
ter frequency by +400 MHz to com-
pensate for frequency drift in phase-
locked systems).

Figure 15 shows the measured
phase noise plot of 10 GHz MCEMR

VCO. The measured phase noise at
10 kHz offset is better than —110
dBc/Hz, validates the tuning capa-
bility without degrading the phase
noise performance in SMD pack-
aged version. From Equation 25, the
measured FOM at 1 MHz is —195.9
dBc/Hz for hybrid coupled resonator,
-202.9 dBc/Hz for Mébius coupled
resonator, and —-204.9 dBc/Hz for
Mode-locked Mébius coupled reso-
nator network; with power consump-
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tion of 160 mW (V_.=5V, 1.=32 mA).
The DC-RF conversion efficiency is
1.2 percent for hybrid coupled reso-
nator, 1.3 percent for Mdbius cou-
pled resonator, 1.7 percent for mode-
locked Mébius coupled resonator
network; with DC power consump-
tion of 160 mW (V_.=5V, I.=32 mA).

SYNTHESIZED FREQUENCY
SOURCES USING MOBIUS
COUPLED RESONATOR (MCPR)
VCOS

Figure 16 shows a 2 to 8§ GHz
broadband synthesizer using wide-
band (2 to 8 GHz) tunable MCPR
VCO (layout of VCO is shown in Fig-
ure 16b, built on 22 mil substrate with
a dielectric constant of 2.2). It offers
a viable cost-effective solution for ex-
pensive YIG resonator oscillator with
less susceptibility to thermal drift, vi-
brations and microphonics.

As shown in Figure 16a, the
synthesizer circuit draws typically
200 mA current from a 5 V sup-
ply, uses multi-band/multi-mode
MCPR VCO (operating at 5 V, 32
mA) resulting in a low-cost power-
efficient configurable synthesizer.
The typical measured phase and
the mode stabilized synthesizer cir-
cuit as illustrated is typically better

A Fig. 16 Typical PCB layout of 2 to 8 GHz
configurable synthesizer module (a) and lay-
out of a 2 to 8 GHz Mobius coupled planar
resonator VCO (b).
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than —112 dBc¢/Hz at 10 kHz offset
for 2 to 8 GHz operations. The re-
ported synthesizer module shown
in Figure 16a offers wide band-
widths with excellent performance
in terms of phase noise, harmon-
ics (> =20 dBc), settling time (< 1
millisecond), and sideband spuri-
ous content (> —60 dBc), with low
power consumption in compact size
(1 x 1 x 0.2 inches) built on 22 mil

substrate material with a dielectric
constant of 2.2 for the validation of
the new approach. The synthesizer
using tunable oscillators with Mo-
bius strip resonators yields compact
VCOs with excellent phase-noise
performance and in configurations
that can be readily adapted to mod-
ern RF integrated circuit (RFIC)
and MMIC semiconductor manu-
facturing processes.
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REAL TIME SIGNAL RETENTION
DEVICE

The signal retention characteristics
of Mobius coupled strip resonators
are useful in RF and microwave ap-
plications, including radio astronomy,
medical fields and software driven
radios. Conventionally, high Q cav-
ity echo box is used in radar testing
to retain the input signals but this
technique has bandwidth limitation.*
The frequency memory loop (FML)
technique is used in military electron-
ics for retention of signals; this is an
expensive solution with considerable
digital signal processing and invari-
ably noisy and bandwidth limited.!!
The Mobius strip configuration (back
to back coplanar waveguide) reported
here shows how the characteristic is
non-resonant unlike open or shorted
transmission lines, which have the
ability to store broadband frequencies
in a compact size.

A typical back to back coplanar
waveguide (CPW) in the form of a M6-
bius strip was constructed which result-
ed in an infinite transmission line ca-
pable of retaining a large bandwidth of
frequencies that can be useful for real
time signal retention device (RTRD).14
By providing a Mobius twist to CPW, a
continuous phase change was reported
instead of abrupt phase change by us-
ing shorting pins between two parallel
transmission lines. It is observed that
the device retains the injected signal
in time domain over a broadband of
frequencies. The signal can also be
a pulsed signal as in ultrawideband
(UWB) or a modulated microwave sig-
nal to retain transient signals encoun-
tered in radio astronomy, medical ap-
plications and many others. Figure 17
shows a photograph of the prototype
Mobius strips for the application as sig-
nal retention device.

As shown in Figure 17, the central
partition plane acts more as a separa-

A Fig. 17 A prototype Mobius strip with
SMA connectors.!*
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tion between the top and bottom lay-
ers to prevent coupling. The spacing
between the central conductor and
ground plane on the coplanar side is
much smaller than the thickness of the
substrate leading to maximum field
confinement on the surface. There
exists a discontinuity in the partition
ground planes. This characteristic is
taken into account for futuristic study
while developing the mathematical
model for the infinite strip. Ground

looping was avoided to realize the in-
finite transmission line at the cost of
generation of higher order modes.
Agilent FieldFox RF Analyzer
N9912 was used to test the proof of
concept.]”19 This instrument has a
single port S-parameter testing capa-
bility (VNA) along with cable testing
facility; in addition it contains a spec-
trum analyzer up to 6 GHz. The test
setup is as shown in Figure 18. First,
the return loss was tested from 2 to 6
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GHz with one of the ports terminated
with 50 ohms. It was observed that the
device has a return loss between 8 and
20 dB over the frequency range. This
indicates that the device is exhibiting
broadband behavior and the signal is
getting coupled to it. In other words,
the continuous central conductor is
getting excited over a broadband of
frequencies. The Smith Chart display
shows the excitation of the signal to
the continuous center conductor of
the device over a bandwidth of 4 GHz.
In this way, the device exhibits an infi-
nite transmission line. The return loss
response of more than 10 dB indicates
that the energy is efficiently coupled
to the device over a bandwidth of 4
GHz.

The VNA shown in Figure 18 was
switched to cable and antenna testing
mode to check the delay response in
real time (see Figure 19). In this way
the retention of the signal can be test-
ed. The instrument converts the mea-
sured frequency response into time
domain response by performing in-
verse fast Fourier Transform (IFFT).
The measured results as expected are
a gradual decay of the signal after ev-
ery transit around the loop. Thus test-

=

A Fig. 18 Agilent FieldFox RF analyzer
N9912 with the device connected — the

Smith Chart indicates the broadband cou-
pling of signal into the device.™*

A Fig. 19 The VNA was switched to cable
and antenna testing mode to check the delay
response in real time of the Mobius strips
shown in Figure 16.1
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ing of the device has confirmed the re-
tention of the signal in real time over
broadband of microwave frequencies.
The total span time is around 200 mil-
liseconds. The physical length of the
loop is 30 cm. The markers as indi-
cated are at 0.72, 0.89, 0.98, 1.05, 1.13
and 1.46 m. This indicates multiple
transit of the signal around the loop.
It also shows the broadband retention
characteristics since it is derived from
the frequency response of the device.

To verify the effect of signal retention
device (SRD) performance, different
loop lengths (45, 60 and 75 cm) was
made and the testing is reported in
Big Loop. The performance was simi-
lar to 30 cm SRD with edge coupled
input.

The signal travels twice around
the loop before arriving at the feed-
ing point, the first signal is at twice the
length of the loop which is at 72 cm.
The decay of the signal over the time
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indicates the coupling of the power at
the output port along with the losses,
considering the radiation losses are
minimal. This behavior calls for ex-
tensive mathematical modeling of the
device. The unusual behavior could
be due to the magnetic field coupling
between the top and bottom layers.
This will result in a distributed mutual
inductance between the layers. This
characteristic is similar to non-induc-
tive resistor design.” The interesting
frequency response of the device calls
for rigorous three dimensional math-
ematical modeling and analysis using
Maxwell’s equations and shall lead to
considerable research in the field of
signal retention.

The Mgbius co-planar structure
proposed in Figure 17 for signal re-
tention is analog by nature and is an
economical solution for signal reten-
tion.14 It is observed that the device
retains the injected signal in time do-
main over a broadband of frequencies.
The signal can also be a pulsed signal
as in UWB or a modulated microwave
signal. It can retain transient signals
encountered in radio astronomy,
medical applications and many others.
The device is truly analog and can im-
prove the performance of an analog to
digital converter (ADC). One can use
a lower speed digital signal processing
(DSP) since one has the same signal
available for a considerable duration
of time in a repetitive manner. It is
also feasible to fabricate the device
using rapid prototyping MEMS appli-
cations. This will open up many more
exciting millimeter wave applications
such as microwave sensors for remote
sensing and detection of hidden ob-
jects, to find concealed explosives and
hazardous chemicals.

MOBIUS COUPLED RESONATOR
STRIPS: DISCUSSION

Abnormal Behavior: Unlike any
resonant structure, the return loss was
observed to be around the center of
the Smith Chart, which is non-reso-
nant behavior from 2 MHz to 6 GHz.
Based on our observation, any loop
was exhibiting resonant nature and
the response was touching the outer
edge of the Smith Chart, in other
words the input impedance moved
from short to open.

Testing of Loop: A CPW guide
with quadrature coupler was made

MICROWAVE JOURNAL m NOVEMBER 2013


http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=50&exitLink=mailto%3Asales%40larkengineering.com
http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=50&exitLink=mailto%3Asales%40larkengineering.com
http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=50&exitLink=http%3A%2F%2Fwww.larkengineering.com
http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=50&exitLink=http%3A%2F%2Fwww.larkengineering.com%2Fmobileapp

Under powered and over budget? ifyoure in need of driving
Problem solved.

up the power handling and
driving out cost in your next

switch design, Aeroflex /
Metelics’ MSW series surface
mount PIN diode switches
and supercharged 125V,
-200 V) 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

Eval Boards ; :
Available input power) switches—even

From Stock
Buy Online at

Aeroflex.com/MSW

& visale=

symmetrical and asymmetrical
T-R switches at the same
time—saving you precious real

PIN Diode Switch and Driver Combinations

Part Number

Configuration

Drive
Voltage*

Recommended
Switch Driver

Frequency Band
(MH2)

MSW2000-200

T-R Switch, TX Left

+V Only

MPD2T28125-700

10 to 1,000

MSW2001-200

T-R Switch, TX Left

+V Only

MPD2T28125-700

400 to 4,000

MSW2002-200

T-R Switch, TX Left

+V Only

MPD2T28125-700

2,000 to 6,000

MSW2022-200

T-R Switch, TX Right

+V&-V

MPD2T5N200-702

2,000 to 6,000

MSW2050-205

T-R Switch, TX Left

+V Only

MPD2T28125-700

20 t01,000

MSW2051-205

T-R Switch, TX Left

+V Only

MPD2T28125-700

400 to 4,000

MSW2030-203

Symmetrical SP2T

+V Only

MPD2T28125-700

10 to 1,000

MSW2031-203

Symmetrical SP2T

+V Only

MPD2T28125-700

400 to 4,000

MSW2032-203

Symmetrical SP2T

+V Only

MPD2T28125-700

2,000 to 6,000

MSW2040-204

Symmetrical SP2T

+V Only

MPD2T28125-700

50 to 1,000

MSW2041-204

Symmetrical SP2T

+V Only

MPD2T28125-700

400 to 4,000

MSW2060-206

Symmetrical SP2T

+V&-V

MPD2T5N200-702

10 to 1,000

MSW2061-206

Symmetrical SP2T

+V&-V

MPD2T5N200-702

400 to 4,000

MSW2062-206

Symmetrical SP2T

+V&-V

MPD2T5N200-702

2,000 to 6,000

MSW3100-310

Symmetrical SP3T

+V Only

MPD3T28125-701

10 to 1,000

MSW3101-310

Symmetrical SP3T

+V Only

MPD3T28125-701

400 to 4,000

MSW3200-320

Symmetrical SP3T

+V & -V

MPD3T5N200-703

10 to 1,000

MSW3201-320

Symmetrical SP3T

+V & -V

MPD3T5N200-703

400 to 4,000

MSW4102-410

Symmetrical SP4T

+V Only

MPD2T28125-700 (2 each)

4,000 to 6,000

MSW5000-500

Symmetrical SP5T

+V Only

MPD2T28125-700 &

MPD3T28125-702 (1 each)

30 to 512

MSW6000-600

Symmetrical SP6T

+V Only

MPD3T28125-702 (2 each)

30 to 512

MSWLM2420-242

Asymmetric T-R with

Rx limiter

+125V
200V

+V Only

MPD2T28125-700

2,000 to 4,000

estate and overhead. MPD
drivers are TTL input compati-
ble (single or double control
and offer a typical switching

speed of 2 ps. Covered
with a high performance RF
shield they're also worry free.
Get your hands on an evalua-
tion board today and put the
perfect switch in your
control.

Visit our website or call
888-641-7364.

www.aeroflex.com/metelics

(\EROFLEX

A passion for performance.



http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=51&exitLink=http%3A%2F%2Fwww.aeroflex.com%2Fmetelics
http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=51&exitLink=http%3A%2F%2FAeroflex.com%2FMSW

Cover Feature

into a simple loop and tested for per-
formance. The purpose of this was to
isolate the effect of the twist. It was
found that the loop behaves like a res-
onant circuit with multiple frequen-
cies and S11 touched the 0 dBm axis.

Video Recording: The Yagi an-
tenna was connected to the spectrum
analyzer with and without the sig-
nal retention device. This is to check
whether the device retains pulsed RF
waveforms. A cell phone was kept

nearby and the filming was done using
a digital camera. The uplink from the
cell phone is a burst signal. There is
a repetitive appearance of the signal
on activating the cell phone when the
device was connected indicating the
retention of burst signal.

CONCLUSION

The signal retention device devel-
oped here has the ability to store a
very broad band of frequencies. It also
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has the ability to store a transient sig-
nal for delayed analysis. This property
of the device is extremely useful in
many applications including radio as-
tronomy, medical fields and software
driven radios, real-time retention of
signals for signal processing, and fre-
quency memory loop in electronic
warfare. This device will be less ‘noisy’
compared to digital storage devices,
can be very useful in software driven
radios and help in soft handover from
one system to another and other ap-
plications. l
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A Shortcut to
3D-MID Prototypes

Dr. Ingo Bretthauer, CEO of LPKF Laser & Electronics AG

L Visit www.mwijournal.com to read this in-depth interview.

Executivelpterview

|

come well established, especially in the
field of antennas. However, through
development work at LPKF, new procedures

I aser Direct Structuring (LDS) has be-

r4
>
g HIGH TEMPERATURE PPA
| THERMOPLASTS PAMXD6
‘2’ PA 4T
PA 6.6 Cross-linkable
g Poly? PA 6/6T-PA 6T/X
ENGINEERING .7 PA 10T-PA 1010
THERMOPLASTS Op
g
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&
v
AMORPHOUS SEMI CRISTALLINE

A Fig. 1 The material range of deliverable LDS plastics.

and a simplified prototyping process are now
expanding the possibilities for its application.
Three-dimensional molded interconnect de-
vices are particularly suitable when mechanical
and electronic functions need to be combined
with one another or if the space requirement
and weight of the component is a major factor.

Laser direct structuring has established a
good name for itself with molded interconnect
devices (MID). In the process, a plastic contain-
ing an additive is structured by a laser, whereby
the laser process exposes the additive and cre-
ates a micro-rough surface. The surface has fine
cavities that ensure good adhesion with the ma-
terial of the conductor layers.

In the subsequent currentless metalliza-
tion bath, which is the next sequence in the

LPKF LASER & ELECTRONICS AG

Garbsen, Germany
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process, a conductor layer is built
up on the structures. In this process,
strip conductor thicknesses of circa
10 pm are possible; a finish with
nickel and gold can follow. In the
standard version, the laser systems
in the LPKF Fusion3D line can se-
curely create conductor structures
with a pitch of 200 ym (100 pm/100
pum line/gap); optional fine pitch sys-
tems with modified fine focus op-

tics can reach a pitch of 150 ym (75
pum/75 pm line/gap).

For the RF sector, the broad range
of materials is interesting. Nearly all
well-known manufacturers have LDS-
capable variants of their plastics on
offer, including polyamides that can
be cross-linked by irradiation and
are thus solderable. Figure I shows
the material range of deliverable LDS
plastics.

commercially available.

Parameter

Frequency
Gain

P1dB

DC Voltage

Power Consumption

sales.rf@erzia.com

New Q-Band Amplifi

The ERZ-HPA-4300-4600-32-E is a Q@ Band Power Amplifier providing a
gain greater than 28 dB and an output power above 30 dBm. |ts low
power consumption makes it one of the most effident amplifiers of its class

Measured Value

[43,45] GHz
=28 dB (typ)

=29 dBm {typ) @5VDC
=30 dBm {typ) @EVDC

[5-&] VDC

10W 5W/2A @small signal
12W 5V/2 3A @Pout=30dBm

43 - 46 GHz
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This state of LDS technology is well
known and proven. A range of well-
known OEMs utilize LDS technology
in order to attach antennas for smart-
phones or tablet computers on exist-
ing structural components. A radar
system also uses an LDS component
for an adaptive speed control system.

COMPREHENSIVE PROTOTYPING

The basic idea of the new LDS pro-
totyping process is in coating a compo-
nent with an activatable surface. Any
additively produced plastic compo-
nents can be used as base bodies. The
resolution is what matters: the pro-
cesses — selective laser sintering (SLS)
and stereolithography (SLA) — have
roughness values that allow reliable
further processing.

The base body thus produced is
coated with paint. This paint includes
the LDS additives. In contrast to the
process previously offered, usually a
single thorough coating of paint suf-
fices. The new LPKF ProtoPaint LDS
paint comes in a spray can (see Fig-
ure 2) and is activated before the first
painting.

For RF applications, MID materi-
als replace the substrate material. RF
substrate materials have well known
electric properties over the entire
frequency range. The same can be
achieved for LDS-MID materials or by
using general purpose materials and
painting them with LPKF ProtoPaint
LDS.

For the second step, LPKF presents
a completely new laser system, which
structures the coated prototypes. The
laser optics used correspond to those

, i
L e LI LR

i —
]

A Fig. 2 Circuits from a spray can: LPKF
ProtoPaint LDS.
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of production systems but are placed
in a compact enclosure. The proven
LPKF Protolasers serve as the basis
for PCB prototyping.

Their working range is decoupled
from the carrier structure by means
of damping elements and they can be
moved on rollers through any labora-
tory door. The Protolaser 3D (shown
in Figure 3) requires only a socket
outlet and an exhaust. It has a height-

Microwave components from

adjustable work platform so as to
structure components of different di-
mensions. The working range is 300 X
300 X 50 mm and the scanning field is
100 X 100 X 25 mm.

The third step to a functional pro-
totype is metallization and a ready-to-
use solution is also available for this.
With LPKF ProtoPlate LDS, a process
can now be delivered for currentless
metallization of structured LDS com-

Your time-trusted

source
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I-Q Vector Modulators
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* High Resolution & Accuracy
= Guarantzed Monotonic

Phase Shifters/
Frequency Translators

= 500 MHz to 18 GHz

» Full 360 Degrees Phase Control

* Translation Rates—Up to 500 kHz
= Digital & Analog Control

* Guaranteed Monaotonic

Attenuators

= 200 MHz to 40 GHz

= Up to 80 dB Attenuation

= Digital and Analog Control
= Guaranteed Manotonic

To learn more or get a catalog
please visit www.herley.com and
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= 5PST to SP16T
= Mon-Reflective & Reflective
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ponents. It consists of a protective
enclosure for process guidance and an
already prepared combination of bath
chemicals as the consumable compo-
nent. The metallization process (see
Figure 4) is as easy as making coffee.
The base metallization is poured
into the beaker from the canister that
is supplied and brought to the work-
ing temperature of around 44°C in the
beaker. A pre-proportioned activator
solution starts the process and the
components are then simply immersed
in the bath. The thickness of the cop-
per layer — generally in the range of

A Fig. 3 The LPKF ProtoLaser 3D can
structure LDS parts in different angles.

A Fig. 4 The LPKF ProtoPlate LDS systems
make metallization of LDS parts easy.
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THE LDS PROCESS
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A Fig. 5 LDS antennas offer full 3D shap-
ing for maximum design freedom (Image:
Leibnitz University Hannover, C.Orlob).

3 to 10 pm — depends on the bath tem-
perature and the dwell time. This can
be easily seen on a graph. After metal-
lization, the consumed bath chemicals
are put back into the canister, marked
with a label that is supplied and then
can be easily disposed of.

With the new prototyping process,
the gap between design and serial
production is closed. With respect to
three-dimensional antennas (see Fig-
ure 5) or circuits, various layouts can
be quickly and inexpensively created
on components and checked for their
suitability. The costs of the prototyp-
ing process is also considerably lower
than with previous processes, since
neither tools nor component fittings
have to be built and the prototyping
laser is considerably less expensive
than the more complex systems for
industrial production.

Finally, RF developers don’t have
to do without their trusted materials:
with ProtoPaint LDS, each component
becomes LDS-capable and can be pro-
tected from environmental influences
by protective paint, Metal Organic
Fragmentation (MOF) or Electroless
Nickel Electroless Palladium Immer-
sion Gold (ENEPIG) coatings.

LPKF Laser & Electronics AG,
Garbsen, Germany,

www.lpkf.com.

Executive Interview

Dr. Ingo Bretthauer, CEO of LPKF
Laser & Electronics AG, explains how
the PCB prototyping and micromachining
company has developed from its early days
in Germany in the 1970s to become a 21"
century operation with a global reach.
Visit www.mwjournal.com to read this in-
depth interview.
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Another Industry First:
20 MHz -18 GHz Frequency Coverage in 2 small modules!

;j;‘;]g:% by Aethercomm

Aethercomm has developed another industry first!

We offer 20 MHz to 18 GHz of frequency coverage,
with typical power levels of 40 watts CW in two small
RF power amplifiers. This is 2+ decades of coverage
SSPA 0.020-6.000-35 | SSPA 6.0-18.0-50 in these modular and robust RF power amplifiers. This
gives system designers flexibility in their designs and
also reduces costs. The band breaks on these SSPA’s
Nominal Pout 30 to 50 Watts 30 to 50 Watts are 20 MHz to 6 GHz and 6 GHz to 18 GHz. Power
rolls to 20-25 watts at 20 MHz and 18 GHz. These

Frequency 20 MHz to 6 GHz 6 - 18 GHz

Applied Voltage 28 Vdc 26 Vdc
state of the art, GaN SSPA’s are in production now.
Maximum DC Current 8 Amps 16 Amps
. Please contact the factory with any further information
Volume (inches) 2.5W x 7.7L x 1.4H 3.5W x 8.5L x 1.4H o .
- J or visit our website at www.aethercomm.com for

more product and company capabilities.
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OCTAVE BAND LOW NOISE AMPI.IFIEIiS

Model No. re% 6H2  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR
CA01-2110 28 MAX, +10 MIN +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +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 +20 dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 A7 =7LS) 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 ahl 9615 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA12137110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA14157110  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 +31 dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i (6Hz)  Gain (d8) MIN  Noise Flgu @)  Power-out@pid 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TY + +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
(A618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1
(A2184116 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 Bm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (GHz)  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB VSWR
(CLA24-4001 2.0-4.0 -28 to +10 dBm +7 10 +1 2.0:1
(CLA26-8001 2.0-6.0 -50 to +20 dBm +14 to +1 8 dBm +/ T5MAX 2.0
(LA712-5001  7.0-12.4  -21to+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (d8) MIN  Noise Figure (@)  Power-out@pid8 Gain Attenuation Range VSWR
CA00T-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, T.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX, T.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Freq 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
(A001-2211 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:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
(A002-3114 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 +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.
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EW Technology to Detect and Counter
Emerging Radar Threats
OH the modern battlefield, the use of electronic warfare

(EW) is essential to deceiving and jamming enemy

radar. As part of a program known as Adaptive Radar
Countermeasures (ARC), BAE Systems will develop tech-
nology for a next-generation EW algorithm suite that will
enable existing EW systems to operate against emerging
radar threats, providing an essential capability to achieve
air dominance. The company was awarded phases 1A and
1B of a three-phase, $34.9 million five-year effort.

“This technology will provide a revolutionary capabil-
ity to EW systems on U.S. military airborne platforms to
counter adaptive radar threats and significantly improve
survivability,” said Josh-
ua Niedzwiecki, direc-
tor of strategic develop-
ment at BAE Systems.
“To rapidly detect and
characterize a never-be-
fore-seen radar threat,
synthesize an electronic
countermeasure, and then assess effectiveness in a tacti-
cally relevant timeframe is a major battlefield advantage.”

Funded by the Defense Advanced Research Projects
Agency (DARPA), the ARC program will leverage advances
in signal processing and machine learning to develop intel-
ligent algorithms that detect and counter emerging adap-
tive radar threats. Particular emphasis will be on countering
never-before-seen threats with waveform characteristics and
behaviors that are unknown. By focusing on algorithms, the
ARC program will develop technology that can be imple-
mented as a software upgrade to a wide range of existing
and emerging EW systems, providing a major capability en-
hancement without the need for costly hardware upgrades.

Particular emphasis
will be on countering
never-before-seen
threats...

Raytheon’s SM-3, AN/TPY-2 Successful in
Operational Ballistic Missile Defense Test

aytheon Co.s Standard Missile-3 Block IA guided
Rmissﬂe and AN/TPY-2 ballistic missile defense radar

played integral roles in the success of Flight Test Op-
erational-01, the Missile Defense Agency’s operational test
of the U.S. Ballistic Missile Defense System.

During the test, a SM-3 Block IA guided missile fired
from the USS Decatur (DDG 73) intercepted a medium-
range ballistic missile target. An AN/TPY-2 radar, operat-
ing in forward-based mode, detected, discriminated and
tracked the target throughout the target’s trajectory.

“The SM-3 and AN/TPY-2 are two indispensable ele-
ments of the Ballistic Missile Defense System,” said Dr.

Defense News
Cliff Drubin, Associate Technical Editor

Taylor W. Lawrence, president of Raytheon Missile Sys-
tems. “This operational test proves our nation has capa-
ble, reliable systems deployed today defending the U.S.
and its allies against the growing ballistic missile threat.”

Adding to the complexity of the test, a terminal-mode
AN/TPY-2 radar also detected, tracked and discriminated
the threat. This capability enables additional engagement
opportunities, allowing for a “shoot-access-shoot” layered
missile defense if necessary.

“As ballistic missiles continue to proliferate and the
weapons become more sophisticated, it’s imperative the
U.S. and our allies have proven, reliable defensive systems
like SM-3 and AN/TPY-2,” said Dan Crowley, president of
Raytheon’s Integrated Defense Systems business. “SM-3
and both modes of the AN/TPY-2 are deployed around the
world today, protecting warfighters, civilians and critical in-

frastructure.” p»

AN/TPY-2 is a high The SM-3 and
resolution, mobile, rap- AN/TPY-2 are
idly deployable X-Band indi bl
radar capable of provid- two indispensable
ing long-range acquisi- elements ofthe

Ballistic Missile
Defense System...”

tion, precision track, and
discrimination of short-,
medium- and interme-
diate-range ballistic mis-
siles. The AN/TPY-2 may be deployed globally in either
terminal or forward-based mode.

AN/TPY-2 has performed flawlessly in both terminal
and forward-based mode in all major tests.

On October 25, 2012, two AN/TPY-2 radars — one ter-
minal and one forward-based — participated in FTI-01, the
MDA’ largest and most complex exercise. In a complex
raid scenario involving multiple targets, both radars met or
exceeded all test objectives.

On April 15, 2011, a forward-based AN/TPY-2 extended
the battlespace by providing fire control-quality track data to
an Aegis BMD ship, which fired a Standard Missile-3 using
launch on remote capability, which resulted in a successful
intercept of a separating intermediate range ballistic missile.

Raytheon has delivered eight AN/TPY-2s to the Missile
Defense Agency. Some of those radars are currently help-
ing defend the U.S. and its allies in the European, Pacific
and Central Command areas of responsibilities.

The SM-3 destroys incoming ballistic missile threats
by colliding with them, a concept sometimes described as
“hitting a bullet with a bullet.” The impact is the equivalent
of a 10-ton truck traveling at 600 mph.

Aegis BMD has demonstrated 26 successful intercepts in 32
at-sea events, including the successful intercept of a non-func-
tioning satellite during Operation Burnt Frost in February 2008.

Aegis BMD 3.6 Weapon System and the SM-3 Block IA
were assessed as operationally suitable and effective by an
independent operational test agency in 2008.

More than 160 SM-3s have been delivered to U.S. and
Japanese navies.

=
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Defense News

LONGBOW LLC Receives $51M for RoK
Apache Radar Systems

he LONGBOW Limited Liability Co., a joint venture
T of Lockheed Martin and Northrop Grumman, received

a $51 million foreign military sales contract to provide
the Republic of Korea with LONGBOW Fire Control Ra-
dars (FCR) for the AH-64E Apache attack helicopter.

The contract includes six LONGBOW FCR systems
spares and in- country support. -
Production is scheduled
through 2016, with assembly of
the LONGBOW FCR per-
formed at Lockheed Martin’s
Ocala and Orlando, FL, facili-
ties, and Northrop Grumman’s
Baltimore, MD, facility.

“The Repubhc of Korea is
the 10th international customer
for LONGBOW systems,” said
Tom Eldredge, LONGBOW LLC president and director
of LONGBOW programs at Lockheed Martin Missiles and
Fire Control. “The LONGBOW FCR is a battle-proven
radar system that will provide Republic of Korea Apache
pilots with increased situational awareness, survivability

and lethality.”

Source: U.S. Army
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U.S. Army Issues GD New Order

he U.S. Department of Defense has authorized the

Army to proceed with a follow-on order of Warfighter

Information Network-Tactical (WIN-T) Increment 2
(Inc 2). The Army awarded General Dynamics C4 Systems a
delivery order valued at approximately $111 million to procure
the next lot of WIN-T Inc 2 network nodes for additional bri-
gade combat teams and division headquarters units. WIN-T Inc
21is a central component of current and future capability sets.

Continued fielding of the WIN-T Inc 2 network builds
on the system’s success achieved over the summer when
WIN-T Inc 2 was deployed in its first combat patrol in Af-
ghanistan, using its on-the-move capability between sev-
eral network nodes. The first brigade-level deployment of
the WIN-T Inc 2 system is currently supporting soldiers
with the 4th Brigade, 10th Mountain Division (4/10) in Af-
ghanistan. Their mission to support Afghan security forces
involves communications across dispersed forces in some
of the most rugged, remote locations in Afghanistan.

In response to the system’s first combat deployment over
the summer, Maj. Gary Pickens, communications officer for
the 4/10, said in a previously published Army article, “The
enhanced situational awareness given to us by this suite of
technology has allowed us to maintain a ‘digital guardian
angel” as we conduct our advising duties and missions...
The various platforms of (Capability Set 13) give us a digital
reach like we’ve never had before.”
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GPS FILTERS

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

Our versatility and expertise is reflected in the variety
of units we are providing for GPS systems,
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European Electronics Companies Set to
Invest €100B

newly formed group of electronics CEOs met to be-
A gin a new push to put Europe on the leading edge in

the design and manufacturing of micro-electronics
and nano-electronics. The recently adopted European
Electronics Strategy aims to achieve a number of mile-
stones by 2020: to facilitate industry investment of €100
billion; to double the value of EU micro-chip production;
and, in the process, to create 250,000 new direct jobs in
Europe.

The Electronics Leaders Group (ELG) brings togeth-
er the leaders of Europe’s 10 largest semiconductor and
design companies and equipment and materials suppliers
and of the three largest research technology organisations.
These include STMicroelectronics, Infineon, NXP, ASML
and imec. The ELG will establish, by the end of 2013, a
strategic roadmap showing how they can reverse the down-
ward trend of chip production in Europe.

Speaking ahead of
the meeting, European
Commission vice presi-
dent Neelie Kroes said:
“The October European
Council will discuss the
digital revolution that
is changing the way we
live. Europe’s industry,
from cars to healthcare increasingly depends on electron-
ics. They are part of people’s lives in a way we could not
have predicted 10 years ago. The role that European com-
panies play in that digital revolution depends on your ideas
and on your products”.

In preparing their roadmap, the core ELG will work
closely with an open Stakeholder Engagement Forum
which will bring together representatives of the industries
which depend on the electronics, which the ELG’s members
produce, equipment and materials suppliers, foundries and
integrating companies, all of whom have operations in Eu-
rope and who, together, make up the European Electronics
sector which employs 2.46 million people in Europe today.

“European
Electronics Strategy
aims to...double the
value of EU micro-
chip production...”

ITU Reveals Growth in ICT
Mobile broadband over smartphones and tablets has

become the fastest growing segment of the global
information and communication technology (ICT)
market, according to the International Telecommunication
Union (ITU) annual report, “Measuring the Information
Society 2013.” The report reveals buoyant global demand
for ICT products and services, steadily declining prices for
both cellular and broadband services and unprecedented
growth in 3G uptake.
By the end of 2013, there will be 6.8 billion total mobile-
cellular subscriptions — almost as many as there are people

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

Richard Mumford, International Editor

on the planet. An estimated 2.7 billion people will also be
connected to the Internet — though speeds and prices vary
widely, both across and within regions.

Mobile broadband connections over 3G and 3G+ net-
works are growing at an average annual rate of 40 percent,
equating to 2.1 billion mobile-broadband subscriptions
and a global penetration rate of almost 30 percent. Almost
50 percent of all people worldwide are now covered by a
3G network.

New data reveals
that the Republic of
Korea leads the world
in terms of overall ICT
development for the
third consecutive year,
followed closely by Sweden, Iceland, Denmark, Finland
and Norway. The Netherlands, the United Kingdom, Lux-
embourg and Hong Kong (China) also rank in the top 10.

“This year’s ICT Development Index (IDI) figures show
much reason for optimism, with governments clearly pri-
oritizing ICTs as a major lever of socio-economic growth,
resulting in better access and lower prices,” said ITU sec-
retary-general Dr. Hamadoun I. Touré. “Our most press-
ing challenge is to identify ways to enable those countries
which are still struggling to connect their populations to
deploy the networks and services that will help lift them
out of poverty.”

The report reveals
...unprecedented
growth in 3G uptake.

New European Research Database
Launched

new public database of Europe’s finest scientific re-
Asearch facilities has been launched to better inform

policy makers about the deployment of science fund-
ing and to help scientists locate and access the most appro-
priate equipment and services to support their research.
This new tool is likely to contribute significantly to the suc-
cess of Horizon 2020 — the European Commission’s €70
billion programme for research and innovation for the pe-
riod 2014 to 2020.

The Mapping of the European Research Infrastructure
Landscape (MERIL) database aims to provide a compre-
hensive inventory of high quality research infrastructures
in Europe across all scientific domains, accessible through
an interactive online portal. It will provide a better picture
of Europe’s existing scientific capacities and foster col-
laboration amongst the European scientific community by
compiling information on high quality facilities of any size
and profile, from specialised university laboratories and
historical archives to biobanks and experiments at large
establishments.

Research infrastructures indexed in the MERIL portal
have been identified as being of high quality and of greater
than national relevance by responsible national and inter-
national ‘Data Intermediaries;” they are also required to

i
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offer access to external scientific users, nationally and in-
ternationally, through a transparent selection and admis-
sion process. The data-

base will be contlm}ously “Research
open to the addition of i
research infrastructures excellence requires
fchat meet the criteria for hlgh qu ality
inclusion. g s

Martin Hynes, chief faCllltieS ces
executive, European

Science Foundation, commented, “Research excellence
requires high quality facilities which not only support re-
search but also create an attractive environment for re-
searchers. MERIL is a unique resource for the scientific
community and we hope it will foster greater interaction,
mobility and a sense of partnership across the region.”

MIPI Alliance Pushes the Envelope

he MIPI® Alliance, an international organization that
T develops interface specifications for mobile and mo-

bile-influenced industries, announced the availability
of its Analogue Reference Interface for Envelope Tracking
(eTrak) specification. eTrak is a multi-source vendor, inde-
pendent interface that provides interoperability between
multiple 3G/4G modem chipsets and envelope tracking
power supplies (ETPS), enabling wide deployment of en-
velope tracking technology.

By integrating eTrak into RF modem chipsets and
ETPS, the specification allows modem ICs to control the
supply voltage of RF power amplifiers, which improves the
efficiency of the transmitter, one of the three large power
consuming elements in a mobile device. Previous fixed
proprietary alternatives did not allow manufacturers the
benefits of an industry

standard solution in- ...enabline wide
cluding improved effi- 5

ciency and lower costs. deployment Of
eTrak is said to be envelope tracking
unique in that unlike hnol
other MIPI specifica- technology.

tions, it provides a full
analogue interface, not just a PHY.

“MIPT’s eTrak specification benefits any 3G or 4G mo-
bile device — cell phones, tablets, data cards, to name a few.
We do expect the greatest benefit of envelope tracking to
be in lowering power consumption and improving battery
life for high data rates communications like LTE and LTE-
Advanced,” said Joel Huloux, board chairman of the MIPI
Alliance. “We are already seeing modem vendors and ETPS
vendors incorporating the specification into their products
to ensure compatibility. OEMS have also expressed excite-
ment for eTrak as well because it gives them flexibility in
selecting components for their products and platforms.”
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Rugged, repeatable performance.

At Mini-Circuits, we’re passionate about transformers. We even
make own transmission line wire under tight manufacturing
control, and utilize all-welded connections to maximize
performance, reliability, and repeatability. And for signals up
to 8 GHz, our rugged LTCC ceramic models feature wrap-
around terminations for your visual solder inspection, and
they are even offered in packages as small as 0805!

Continued innovation: Top Hat.

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

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

More models, to meet more needs

Mini-Circuits has over 250 different SMT models in
stock. So for RF or microwave baluns and transformers,
with or without center taps or DC isolation, you can
probably find what you need at minicircuits.com. Enter
your requirements, and Yoni2, our patented search
engine, can identify a match in seconds. And new custom
designs are just a phone call away, with surprisingly
quick turnaround times gained from over 40 years of
manufacturing and design experience!
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www.minicircuits.com P.O. Box 35166, Brooklyn, NY 11235-0003
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FLATGAIN WIDEBAND arpiifiers

‘ flatness from £0.7dB across 0.1-6 GHz

NEFree X-Parameters are now included with our GVA-62+
and GVA 63+ MMIC amplifiers. These MMICs are right-on
for high performance base stations, portable wireless, LTE
and cellular, CATV/DBS systems, MMDS, and wireless LANs.
They make excellent gain blocks for aimost any 50Q circuit.
DC power as low as 5V/69 mA delivers a typical output
power of 18 dBm, unconditional stability, and built-in ESD
protection, all with no external matching components required.

IP3 up to 38 dBm

Visit minicircuits.com for detailed technical specifications
and performance data, free X-Parameters models, export
info, additional pricing, real-time availability, and everything
else you need to make your selection today — for delivery as
soon as tomorrow!

Model Freq. Range Gain Poyr  Price $ ea.
(MHz) (dB) (dBm) (Qty. 20)

GVA-62+  10-6000 15 18 0.99

GVA-63+  10-6000 20 18 0.99

FREE X-Parameters-Based iy o
Non-Linear Simulation Models for ADS e

http://www.modelithics.com/mvp/Mini-Circuits.asp
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More Than 50% of Remote Controls

Shipped in 2018 will be RF Enabled

n 2013, 10 percent of the remote controls shipped with
Imajor home consumer equipment will be RF-enabled.

Over the next five years there will be a major surge in
RF technology adoption for remote controls as vendors
look to differentiate their products, and/or drive growth in
smart home services. While at the same time RF solutions
continue to fall in price, implementations become more
simplified and lower powers are achieved.

“RF technology has been considered for use in remote
controls for many years but its adoption has been limited
by a lack of perceived need among device vendors and pro-
hibitive increases in associated costs when compared to
IR solutions,” according to Peter Cooney, ABI Research
practice director. “However, over the last five years there
has been an upswing in
technology development
and a rise in the need to
make home consumer
devices smart that has

“The remote control
market represents
a massive growth

opportunity for led fo resurgence in us-
wireless connectivity mglnit{any proprietary
technology, L RF technology was used

but equipment vendors
have been quick to understand the benefits of using a stan-
dardized RF technology in remote control design. Three
main interoperable standards are seeing adoption: Bluetooth,
Wi-Fi and ZigBee RF4CE. Each technology is seeing use in
certain sections of the market with vendors choosing to imple-
ment a particular technology due to its individual strengths,
be it ultra-low power, high bandwidth, or another important
feature.

Bluetooth and ZigBee have been the most widely used
technologies to date and are expected to see significant
growth, with increasing competition from Wi-Fi as lower
power solutions continue to be developed.

“The remote control market represents a massive growth
opportunity for wireless connectivity technology vendors,”
added Cooney. “Over 3.2 billion remote controls will be
shipped from 2013 to 2018 with flat panel TVs, set-top box-
es, DVD/Blu-ray devices and games consoles alone.”

9.7 Million Carrier Wi-Fi Access Point

Shipments in 2018

arrier Wi-Fi started to gain momentum in 2013
Cdriven by increasing data demands and new Wi-Fi

advancements. Cable operators are enthusiastically
adopting the technology as an entrance into the wireless
market. ABI Research forecasts Carrier Wi-Fi access point
shipments in 2018 to reach 9.7 million with the Asia-Pacific
region accounting for 70 percent of that number.

Commercial Market
Cliff Drubin, Associate Technical Editor

In the U.S., a very successful model was deployed by
Cable WiFi: an alliance formed of five of the biggest cable
operators in the country including Bright House Networks,
Comcast, Cablevision, Cox and Time Warner Cable. Cus-
tomers of any of the alliance members can roam seamlessly
in the biggest Wi-Fi network in the U.S. with more than
150,000 hotspots. “While it is a great marketing strategy
allowing cable operators to retain their customers and en-
hance the service, Cable WiFi also shows that monetiza-
tion is a possibility for

roaming,”  commented “The sigm'ﬁcant

Ahmed Ali, research improvements in

analyst at ABI Research. . ,
Deploying  carrier ~ Wi-Fi capacity and

Wi-Fi can be more chal-
lenging for mobile opera-
tors due to the complexi-
ties of integrating Wi-Fi
with wireless networks.
Nevertheless, mobile
operators in  markets
like the U.S., Japan and
South Korea, such as AT&T, KDDI and SK Telecom, are
driving forward with plans, having already built extensive
Wi-Fi networks in their markets and also feeling the most
pressure from the data tsunami.

Both carrier Wi-Fi and Wi-Fi technology experienced
significant technical developments in 2013. The standard-
ization process sponsored by the Wireless Broadband
Alliance is gaining more recognition as it finishes its 2nd
phase and enters the 3'd phase. The Wi-Fi Alliance has
also been very active preparing for Release 2 of Passpoint
and announcing new Wi-Fi certification programs, Wi-Fi
CERTIFIED™ g¢ and WiGig CERTIFIED™, Both pro-
grams focus on the provisioning of high data rates — 1.3 and
7 Gbps respectively. “The significant improvements in Wi-
Fi capacity and data rates make adopting Wi-Fi solutions,
in general, more appealing to operators. Seamless access
to high data rate Wi-Fi is helping to shape user expecta-
tions and behavior in the cellular network creating a traffic
onload effect counter to offload benefits,” continued Ali.

data rates make
adopting Wi-Fi
solutions, in general,
more appealing to
operators...”

Worldwide Total Semiconductor Market to

Grow 3% in 2013 to Reach $298 Billion

he worldwide semiconductor market is expected to
Tgrow 3 percent from 2012 to 2013. There has been

sequential market growth from 1Q13 to 2Q13 and the
vast majority of the top 20 vendors are expecting 3Q13 to
grow revenues again.

“It has been a tough few years for the semiconductor
industry. While we haven't seen a dramatic decline in over-
all revenues since the 2008/2009 period, the market has
been pretty stagnant since 2010,” comments Peter Cooney,
practice director. “We will see some growth in 2013 as the
wider economic environment improves but major market

~
Go to mwjournal.com for more commercial market news items 3
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Commercial Market

growth is not expected until later in 2014/early 2015.”

Consolidation continues to be rife in the industry: a
number of major mergers and acquisitions are expected to
take place in the second half of 2013; these include the
merger of Fujitsu and Panasonic semiconductor divisions
and the acquisition of Elpida by Micron. There have also
been many smaller M&A transactions such as Intel’s acqui-
sition of ST-Ericsson GPS business and Broadcom’s acqui-
sition of Renesas Mobile’s LTE assets as major vendors exit
the mobile device semiconductor market.

“As the semiconductor market has been squeezed we
have seen an increase in consolidation amongst the major
players,” adds Cooney. “Margins are falling and the com-
petitive environment is t()u&h — especially in the mobile
device market — this is driving vendors to re-evaluate their
overall strategy and pull out of some of their once major
markets. We have seen a number of major vendors exit the
mobile device market — Freescale, TI, STMicroelectronics
and Renesas and we expect there are more to come.”

140 Million Unit Shipments of FCWS and

LDWS by 2020
A BI Research forecasts that the global market for front

collision warning systems (FCWS) and lane departure

warning systems (LDWS) will increase from 6.6 million
units at the end of 2012 to 140.1 million units by the end of
2020.

Although a number of OEMs already offer speed as-
sist and driver monitoring systems as standard in their ve-
hicles, the main focus of OEMs currently is on FCWS and
LDWS, both of which are key ADAS systems specified in
the EuroNCAP specifications.

The present EuroNCAP specifications for ADAS sys-
tems are mainly focused on low-speed or urban-type driv-
ing environments which means that optical cameras, (de-
spite their limitations in poor visibility conditions) will be
the most popular sensor used for obstacle detection, lane
departure warning and blind spot detection.

However, advancements in technology coupled with an
expected drop in prices, means that radar sensors will in-
creasingly be deployed in mass-market vehicles over the
next three years. “Radar sensors work in all weather condi-
tions, but until now have been confined to front-facing ap-
plications in luxury car brands,” comments Gareth Owen,
principal analyst at ABI Research. “As volumes increase
and costs decrease, multiple radar sensors will be fitted all
around a vehicle which will be used for other applications.”

The increasing adoption of ADAS systems is an essen-
tial part of the drive toward autonomous vehicles. In fact,
semi-autonomous vehicles are already a reality today with
a number of OEMs deploying or announcing plans to in-
clude innovations such as traffic jam assistants (which can
control the steering and keep a car ‘in-lane” at low speeds)
and parking assistants (which can park a car automatically
without any intervention from the driver).
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Around the Circuit

Laura Glazer, Staff Editor

MERGERS & ACQUISITIONS

Agilent Technologies announced plans to separate into
two publicly traded companies: one in life sciences, diagnos-
tics and applied markets (LDA) that will retain the Agilent
name, and the other that will be comprised of Agilent’s cur-
rent portfolio of electronic measurement (EM) products.
The separation is expected to occur through a tax-free pro
rata spinoff of the EM company to Agilent shareholders. Bill
Sullivan is president and CEO of Agilent, and Didier Hirsch
continues as CFO. Ron Nersesian, who has been Agilent’s
president and COO, is executive VP of Agilent and presi-
dent and CEO-designate of the new EM company. Neil
Dougherty, who has been Agilent’s VP and treasurer, is VP
of Agilent and CFO-designate of the new EM company.

i i

Bird Technologies announced that is has acquired
DeltaNode from Scandinavian Health Ltd. (SHL Group)
for an undisclosed amount of cash. The transaction was
completed on September 1. Founded in 2005 by a group of
engineers with decades of wireless experience, DeltaNode
is a supplier of RF-over-fiber distributed antenna systems
and repeaters designed to enhance the coverage of com-
mercial wireless and public safety communication systems.
DeltaNode will continue to operate from its facilities in
Stockholm, Sweden.

Molex Inc. announced that it has completed the acquisition
of FCT Electronics Group, based in Munich, Germany.
FCT Electronics Group specializes in designing and manu-
facturing custom mixed-layout connectors and cable assem-
blies. This strategic acquisition is expected to expand the
presence of Molex solutions in the global medical electron-
ics, industrial, telecom and aerospace industries.

COLLABORATIONS

L-3 TRL Technology (-3 TRL) announced that it is work-
ing with Avanti Communications to provide secure Ka-
Band satellite services to government and military agen-
cies that use L-3 TRLs CATAPAN® encryption devices for
direct high-speed connectivity. Coverage includes parts of
Europe, the Middle East, the Caucasus region and Africa.

Alcatel-Lucent and Corporacion Nacional de
Telecomunicaciones (CNT) deployed the first 4G LTE
high-speed mobile broadband network in Ecuador, covering
the cities of Guayaquil, Cuenca, Machala and Loja, as well
as most of the major cities in the country’s Pacific Coast and
Southern area. The new network will provide the increased
capacity of high-speed mobile broadband at download
speeds of up to 100 Mbps and upload speeds of 40 Mbps.

NASA and the U.S. Department of Homeland Security
are collaborating on a first-of-its-kind portable radar device
to detect the heartbeats and breathing patterns of victims
trapped in large piles of rubble resulting from a disaster.
The prototype technology, called Finding Individuals for

Disaster and Emergency Response (FINDER) can locate
individuals buried as deep as 30 feet (about 9 meters) in
crushed materials, hidden behind 20 feet (about 6 meters)
of solid concrete, and from a distance of 100 feet (about 30
meters) in open spaces.

ACHIEVEMENTS

NuWaves Engineering announces it has achieved both
ISO 9001:2008 and AS9100:2009 Rev C certifications for
its Quality Management System by EAGLE Registrations
Inc. With an effective date of August 15, 2013, the registra-
tion is valid for three years and its scope includes research
and development as well as design and production of RF
systems and subsystems.

East Coast Microwave (ECM) announced its certification
to AS9100 Rev. C Quality Management System (QMS) for
Aviation Space and Defense organizations. Certification to
this standard places ECM in a select group of world-class
microwave industry suppliers that are registered to this rig-
orous aerospace and defense standard. The AS9100 quality
standard is based on ISO 9001, adding stringent require-
ments specific to the aviation, space and defense industry.
Among other changes, revision C brings the standard in line
with ISO9001:2008 and expands the scope of coverage to
include land and sea based systems for defense applications.

The ARTISAN 3D radar capable of cutting through in-
terference equal to 10,000 mobile phone signals has suc-
cessfully commenced integration trials at BAE Systems’
electromagnetic radar testing facility on the Isle of Wight,
UK. The testing is in advance of installation on the new
Queen Elizabeth Class Aircraft Carriers (QEC) which are
being assembled in Rosyth, Scotland. The aircraft carri-
ers HMS Queen Elizabeth and HMS Prince of Wales are
being delivered by the Aircraft Carrier Alliance, a unique
partnering relationship between BAE Systems, Thales UK,
Babcock and the UK Ministry of Defence. The first ship
will begin sea trials in 2017.

AEM Inc. announced that it is a recipient of a 2012 Boeing
Gold Performance Excellence Award. AEM maintained
a Gold composite performance rating for quality and de-
livery for the twelve month period from October 1, 2011
to September 30, 2012. This year, Boeing recognized 594
suppliers who achieved either a Gold or Silver level Boeing
Performance Excellence Award. AEM is one of only 153
suppliers to receive the Gold level of recognition achieving
this status for four consecutive years.

CONTRACTS

Exelis has been awarded a foreign military sale contract
valued at $115 million to provide an existing interna-
tional customer with additional communications equip-

For up-to-date news briefs, visit mwjournal.com :’
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Around the Circuit

ment, spare parts, ancillary devices and operator training.
Communications equipment acquired under the contract
includes the SpearNet radio system with accessories, the RT-
1702 SINCGARS (Single Channel Ground and Airborne
Radio System) in the VRC-90 System, and the VRC-92 Dual
Long Range Radio System configurations with installation
kits and spares to support both systems. Also included in the
purchase are PRC-119 Manpack Radio Systems with GPS
and Spearhead handheld radios systems with accessories.

Rockwell Collins has received a $2 million contract from
the Air Force Research Laboratory (AFRL) to develop
and demonstrate a secure software defined radio (SDR)
Global Navigation Satellite System (GNSS) receiver ca-
pability. Hosted in a software defined radio, this AFRL
program will develop the security architecture required
for the receiver equipment certifications. The arrival of
modernized GPS signals and other constellations is chang-
ing the way the U.S. military accomplishes GNSS-based
positioning, navigation and timing.

Raytheon UK has taken its first order for a pre-production
MiniGAS, the latest in GPS Anti-Jam technology, designed
and manufactured by the company in the U K. This contract,
awarded by an undisclosed customer, requires Raytheon UK
to produce demonstrator units for customer evaluation. As
well as developing new products, Raytheon has also received
an order for a further 100 of its Advanced Digital Antenna
Production (ADAP) systems with the U.S. government.

Rohde & Schwarz UK Ltd. has been down selected after
a 12 month competition process run by BAE Systems to
be the preferred partner for the design phase of the inte-
grated communications system for the future Royal Navy’s
Type 26 Global Combat Ship. The Rohde & Schwarz pro-
posal for the Type 26 is at the forefront of technology and
includes innovative systems to truly deliver a state of the
art communications system.

Selex ES has been selected by CELAB Communications
AB, which was contracted by the Swedish Defence Materiel
Administration, FMV, to supply further communication
systems to meet the battlefield needs of the Swedish Home
Guard. Following a competitive tender, CELAB selected
Selex ES to supply an extra 4,425 man-worn Enhanced
Encrypted Personal Role Radio (EZPRR) systems, togeth-
er with ancillaries and spares to meet FMV’s requirements.
These are additional to the 8,700 Selex ES EZPRR man-
worn systems and around 50 vehicle systems supplied by
CELAB to FMV in a recent phased programme.

PEOPLE

TRAK Microwave announced the ap-
pointment of David Moorehouse as
president and general manager. In his
new role, Moorehouse will be leading
the TRAK Microwave business, inclu-
sive of the Lorch site in Salisbury, MD,
and TRAK Microwave Ltd. in Dundee,
Scotland, as well as his home facility in

A David Moorehouse
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Tampa, FL. Moorehouse holds a Bachelor of Science in
mechanical engineering from the Milwaukee School of
Engineering, a Master of Science in mechanical engineer-
ing from Michigan State University, and an MBA from
Saint Joseph’s University in Philadelphia.

Lark Engineering announces that
Purna C. Subedi has joined the com-
pany as the new chief technology officer.
Subedi comes to Lark with a wealth of
experience in RF designs, product de-
velopment and management. He was
previously with Powerwave and Filtronic
s Purna C. Subed Comtek where he was instrumental in
’ developing, implementing and launch-
ing many products including high power microwave cavity
filters, diplexers and multiplexers. Subedi has over 18 years
of business leadership experience as well as technical ex-
pertise.

Tronser Inc. has appointed Mike
Beckett as vice president and general
manager of its U.S. Operations in
Cazenovia, NY. He will be leading the
company’s strategic growth initiatives in
North America including introducing
A Mike Beckert L€ extensive Tronser product offerings
into new markets and expanding the
company’s production and engineering capabilities.
Beckett joins Tronser Inc. with over 30 years of broad fi-
nancial, operational and executive leadership in electron-
ics, plastics and service industries both domestically and
internationally.

% Dali Wireless Inc. announced the ap-
“ pointment of Lance Craft as vice presi-
dent of sales, Americas, with the respon-
sibility of leading and managing all sales
activities at Dali Wireless throughout
North and South America. Craft was
employed by Powerwave Technologies
- Inc., from 2006 to 2013 where he most
A Lance crafit Tecently served as vice president of sales

where he was responsible for activities
related to strategic sales planning and forecasting, revenue
attainment, customer satisfaction and business develop-
ment.

Frank Haneman, the original
founder and president of MITEQ
Inc., has passed away. Haneman’s ca-
reer included engineering manage-
ment positions at IBM, AIL and
Fairchild after graduating from

.i Columbia  University. All  who

k\ i '1\‘ d worked with Frank were impressed
. with the dedication and respect he
showed to his engineering staff. Frank served in the
Army Medical Corps. during World War II and the
Korea conflict. His personal interests included reading
books on Einstein, the American Legion, Knights of
Columbus and church choir. He will be sorely missed

by those who knew him.
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’ REP APPOINTMENTS
Aeroflex/Inmet announced a new distribution agreement

[ ]
I C r OW q v e with Microwave Components Inc., headquartered in

Stuart, FL. Microwave Components Inc. is a global RF and
microwave distributor with a strong emphasis on coaxial
and surface mount resistive components.
(((( & Coaxial Components Corp. has recently acquired new
representation in three international markets. In Brazil,
Boreal Communications will promote and sell the
Coaxicom product line. Globaltek International Ltd.,
headquartered in Hong Kong, will serve as Coaxicom’s rep-

resentative in People’s Republic of China, Hong Kong and
Macau SAR. In France, Elhyte will represent Coaxicom’s

The h"ode ShOW ded|cci’ed inventory of high-performance connectors.
to rqdiofreq Uenciesl Custom MMIC announced the appointment of Ultram
Technologies Ltd. as their technical sales representative
mi crowaves W| reles S in Israel. Ultram Technologies specializes in the sales de-
/

sign and support of electronics, RF, microwave devices and
assemblies, and test equipment.

and fibre optics

NuWaves Engineering announced that the company
has added Castle Microwave as an authorized repre-
sentative of its commercial off-the-shelf (COTS) prod-
ucts and design services for the United Kingdom and
Ireland.

San-tron Inc. announced the hiring of a new sales repre-
sentative, Chesapeake Advanced Technologies, to han-
dle sales relationships in DE, MD, Southern NJ, Eastern
PA, Washington, D.C., VA and WV.

e = — ST TR . = 3 XMA Corp. welcomes G2 Sales as its manufacturing rep-
e = WSO R h o resentative for FL, GA, AL, NC, SC, TN and MS. G2 Sales
: ' has a vast amount of experience selling technical products
in the RF, microwave, and millimeter-wave related indus-
tries.

PLACES

RFMD announced it has successfully completed a re-
cently announced expansion of its test, tape and reel,
and assembly facility, located in Beijing, China. In ad-
dition to newly qualified internal assembly capacity for
power amplifiers, switch-based products, and antenna
control solutions, REMD is also qualifying advanced flip
chip capabilities for its 2G, 3G and 4G LTE and TD-
LTE products.

1 9 & 20 P Ma rch 20] 4 Tech-Inter recently opened an office in Kleve, Germany
o . to be able to serve its growing German customer base more
CNIT = Pa ris |CI Defense efficiently. Bas Klaver will be responsible for the German
subsidiary. The German office will serve the German mar-

ket, as well as the Swiss and Benelux markets.

Organization B’RP
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A Low Noise
Oscillator Based

on a Conventional
Dielectric Resonator

This article describes a 4 GHz ultra low noise oscillator with a frequency-locked

loop (FLL) that incorporates a frequency detector (FD) employing a conventional
dielectric resonator having an unloaded quality factor (Q) of 8000. Its single
sideband (SSB) phase noise spectral density of =153 dBc/Hz at 10 kHz frequency

offset from the carrier is superior to the best traditional crystal oscillators

scaled to the same output frequency. The oscillator was built using low-cost,

commercially available off-the-shelf parts.

odern high frequency synthesizers
M typically employ phase-lock-loop

(PLL) architectures that rely on
the phase noise characteristics of a lower fre-
quency reference oscillator. A good example
is the FSW-0010 synthesizer (a.k.a. QuickSyn)
manufactured by Phase Matrix! that produces
a signal with phase noise nearly equal to its
multiplied internal reference with minimal
added noise degradation. It is common to use
a crystal oscillator as a reference, which pro-
vides the benefits of low phase noise and high
frequency stability. Although performance var-
ies from vendor to vendor, the single-side band
(SSB) phase noise of the best state-of-the-art
crystal oscillators is generally between —170
and —180 dBc¢/Hz at 10 kHz offset from a 100

MHz carrier. This scales to —130 to —140 dBc¢/
Hz at 10 GHz.23 Reference oscillators with
lower phase noise can be built by employing
higher frequency, higher Q, sapphire or metal
cavity resonators.* Although they provide out-
standing noise performance, these oscillators
are limited in their application due to size and
cost constraints. Alternatively, oscillator phase
noise can be reduced using frequency-lock-
loop (FLL) stabilization, which suppresses the
phase noise generated by the oscillator com-

ponents such as the loop amplifier and phase
shifters.3-6

ANDREW GOREVOY
Micran, Tomsk, Russia
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OSCILLATOR PHASE NOISE

Oscillator phase noise at the output
of the loop amplifier (see Figures 1
and 2) is defined by Leeson’s equa-
tion.™

2
_ fo
Sposc () = smmp&){l{z%f) ] (1)

where f; is the oscillation frequency,
Qq, is the resonator loaded quality

factor and S, (f) is the phase noise
spectral density of the loop amplifier,
which in most cases can be approxi-
mated by the following expression:

by
Spunp (F) =7+ Do

(2)
where b, is the flicker constant (ap-
proximately 10-12...10-19) defining the
flicker phase noise component® and
b, is the relative level of the thermal

U
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OUTPUT
Sgosc (f)

RESONATOR

A Fig. 1 Oscillator general block diagram.

Soff)

Sposc (f)
20 dB/dec
Seamp (f)

bi/f
bo = N;kTIZPi.. foIZQL

f

A Fig. 2 Graphical representation of Lee-
son’s equation.

noise component at the output of the
loop amplifier:5.10
N.kT
bo = —F
2Pin

Ny, is the noise figure of the satu-
rated loop amplifier and P;, is the sat-
urated power at the amplifier output
divided by the feedback losses.

Equations 1 to 3 indicate simple
methods for reducing phase noise:

1. Increase the power at resonator in-
put.

2. Optimize the feedback losses.

3. Reduce the amplifier noise — ther-
mal and flicker.

4. Increase the quality factor of reso-
nator.

Unfortunately, these methods can
work in opposition to each other. For
example, increasing output power
may (and normally will) result in its
noise figure and flicker noise increase.
Amplifier-induced noise can be re-
duced by keeping the amplifier out
of compression, e.g., by inserting a
limiter at the input;*19 however, this
leads to a higher equivalent noise fig-
ure for the amplifier chain that limits
overall noise improvement. A well-
known practice is to simply use a low
flicker-noise amplifier such as a B]T or
HBT.!2

Feedback losses are at least 6 dB
due to resonator coupling factors,
which are commonly set to 0.5 in
order to fulfill the minimum phase
noise condition.!3 In reality, however,
feedback losses can easily exceed 9 to
10 dB due to additional losses in the
coupling and phase balancing com-
ponents. Effective methods for phase

(3)
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provement and opti-
mization of the main

oscillator and the

SUST. discriminator  cir-

/_\( AMP. e E I AVE cu1try.. A drawback
¢ > | EXTRACTOR of this technique
R is the possibility of

vcps FLL lock failure
SZTQSEER RESONATOR due to a frequency

offset between the

LFA [> |na main oscillator and

the external FD.

<] X

PHASE
DETECTOR

A Fig. 3 Oscillator with FLL.

noise reduction are normally limited
to the use of high-Q resonators, low
noise amplifiers and optimum resona-
tor coupling.513

PHASE NOISE OF AN FLL
STABILIZED OSCILLATOR

The advantage of an FLL (see Fig-
ure 3) is that it minimizes both the
noise figure and flicker-noise while
maintaining high power in front of
the resonator.>® The specific coupling
with the resonator is important. The
coupling coefficient at the resonator
input must be set to Bin=1 in order to
achieve minimum reflection and to as-
sure a low signal level at the LNA in-
put. The reflected signal is commonly
extracted by the means of a direction-
al coupler or a ferrite circulator. It is
amplified and compared with the sig-
nal extracted directly from the oscil-
lator loop using a conventional phase
detector (PD). The low frequency PD
output is used to reduce the phase
noise arising in the oscillator loop.>6.8

The minimum achievable phase
noise level at frequency offsets smaller
than the resonator’s half-bandwidth is
given by the following expression:14.15

2
NepkT ([ f
Spefs (F) = 2| 0 4
(PCfS< ) 2Pout (Qofj ( >

where Npp is the FD noise figure
equal to the LNA noise figure for
high-gain  amplifiers.!4 Comparing
Equations 1 and 4, note that the last
one is free of the limitations imposed
by the resonator losses as well as by
the loop amplifier phase noise.

A modification of the FLL ap-
proach employs a voltage controlled
oscillator (VCO) stabilized by means
of an external FD using a high-Q
resonator. This enables further im-

88

This can be avoided
with a narrowband
(essentially  fixed-
frequency) main
oscillator that is pre-
tuned to the discriminator frequency.

THEORETICAL MODEL

The structure of the discriminator
stabilized oscillator is shown in Figure
4. Phase noise at the buffer output is
defined by the following expression:

Seefs () =
2

K,
K, " K
Sveo (F) ?omf T
5+Sia (f) R
1+Ky (f) 14Ky (f)
5 NppkTT, L
|T(f)7 + ~EB L (5)

2P,

out

where S, (f) is the VCO phase noise,
SinalD) is the LNA phase noise, Ky, is
the VCO tuning sensitivity, K is the
PD gain, K|, is the low frequency
amplifier (LFA) gain, Ny is the out-
put buffer noise figure, T} is the reso-
nator transmission loss, L is the trans-
mission loss from the loop amplifier
output to the resonator input (4,5 dB)

CRO 3,99 GHz Kv = 4 MHz/V
-138 dBc/Hz @ 100 kHz
Flicker corner = 10 kHz

and K; (f) is the FLL transfer function
given by:

Ky, ()= (1-B, (1)) Ky o

I F;f Kira (6)

where B,(f) and T(f) are the resonator
phase noise transfer coefficients given

by:5.14
1+ cs( jf?LJ

B, ()= ——27 ™)
1+(jf?L}
0

Here CS is the magnitude of carrier
suppression at the LNA input equal to
the resonator’s reflection loss,

_ Qo
QL = 1+B. (8)

where Qy is the resonator unloaded
quality factor and fin is the input cou-
pling coefficient.

T(f)=———— ©)

)

In the case of a high-gain LNA, the
SinalD) is defined by Equation 2 with
2P

out

by (10)
where L is the additional loss intro-
duced by the reflected wave extractor.

Unfortunately, flicker-noise param-
eters of the LNA and mixer are not
necessarily specified by their manu-
facturers. Therefore, an accurate
phase noise calculation is impossible
without a preliminary characterization
of the FD noise floor. This defines the
overall noise introduced by the phase
shifter, LNA and the mixer and en-

L=1dB
Noise floor = -170 dBc/Hz CPL=-10 dB DQR°3;989°G0:;|1
Bin = 0,989 Bout = 510~
’\y > S Cs =44 dB ouTPuT
L=3,5dB T.=-33dB 3,99 GHz
PA 3dB 7 dBm
Pout = 28 dBm Hyb. Cpl > O D ~
¢ )L=35dB G =16 GHz
Nz = 4 dB
LNA -
[> G=17dB
N: = 3,5 dB
by = 4-10-12
<] X f—

LFA PD

G=30dB K¢ =0,1rad/V

A Fig. 4 Oscillator stabilized by a frequency discriminator.
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ables calculation of phase noise for the
entire oscillator. The noise spectral
density measured at the PD output is
shown in Figure 5.

Assuming the PD gain is 0.1 V/rad,
the measured FD noise floor is =151
dBc/Hz at 10 kHz offset. On the other
hand, considering that the LNA input
power is —22 dBm and its NF is -3 to
-3.5 dB,16 then according to Equation
3, the calculated LNA phase noise
is —=151.5 to =152 dBc¢/Hz. This is in
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good agreement with the above mea-
surements. Based on these results, the
main source of FD phase noise is the
LNA. The flicker constant (b1) is de-
termined to be 4x10-12.

Equation 5 shows that system
phase noise is proportional to the
LNA-induced phase noise divided by
the offset frequency at offsets within
the resonator half-bandwidth; there-
fore, the flicker corner of the system
phase noise will be the same as that at

Microwave S ontrol Products
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components@miteg.com

www.miteq.com

Est. in 1969
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the flicker corner at the LNA output.
As the CS value increases, the phase
noise floor at the LNA output increas-
es and the flicker corner decreases.
Theoretically, the flicker corner of sys-
tem phase noise can be infinitely small
but it requires an infinitely high CS,
which is difficult to achieve and hold.
A CS of about 40 to 50 dB is a practi-
cally achievable number.

The total phase noise at different
CS values and phase noise of some el-
ements are shown in Figure 6. This
figure also includes the phase noise of
the best crystal oscillators!” multiplied
to 4 GHz.

MEASUREMENT RESULTS

The oscillator is assembled on a
round PCB placed on top of the di-
electric resonator chamber as pic-
tured in Figure 7. It uses low cost,
commercial off-the-shelf parts. Its di-
ameter is 50 mm and is 40 mm high.
For reliable frequency lock after pow-
er-on, a narrowband CRO is utilized.
The CRO frequency is set with a DC-
voltage offset applied to the feedback
low-frequency amplifier to ensure fre-
quency lock.

Two identical oscillators with a
frequency difference of about 10
MHz were constructed to measure
phase noise. The oscillator signals
were mixed down in an external

wN

=
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@ -140

0 -150 |

Z 160 ..WM

4 _170 Yoy
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3 100 10000 1000000
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A Fig. 5 Voltage noise at the phase detector
output.

Multiplied 100 MHz ONYX IV Wenzel [17]
Calculated (Closed Loop LNA; Cs =44 dB
Calculated (Closed Loop LNA) CS = 60 dB
Closed Loop CRO CS = 44 dB
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A Fig. 6 Calculated phase noise.
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mixer and phase noise at the mixer
IF output was measured. Assuming
that both oscillators exhibit similar
noise performance, phase noise at
the IF output was corrected by 3
dB and is shown in Figure 8. For
comparison, calculated  perfor-

mance is also shown for a sapphire
loaded cavity oscillator (SLCO)!4
and a dielectric resonator oscilla-
tor (DRO)!8 scaled to a carrier fre-
quency of 4 GHz.

o

TTA
SERIES

Applications

One can see that use of the dis-
criminator with a dielectric resonator
enables phase noise performance that
is 15 to 18 dB lower than the simple
DRO. The designed oscillator never-
theless has phase noise 10 dB higher
than the SLCO because it is limited by
the unloaded Q (Q,=8000) of the DR.

CONCLUSION
A low noise oscillator based on a
dielectric resonator frequency dis-
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A Fig. 7 Oscillator assembly.

Measured
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sLco [14]

PSI DRO 1.3 GHz [18]
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A Fig. 8 Measured and calculated phase
noise compared with a DRO and SLCO.

criminator has been designed using
low cost, commercial off-the-shelf
components. Phase noise perfor-
mance of the oscillator exceeds that
of a multiplied crystal oscillator and
is comparable to performance of
more expensive and bulky sapphire
and metal-cavity resonator oscilla-
tors. Further improvements are pos-
sible using dielectric resonators with
higher Q-factors and by replacing the
hybrid coupler with a ferrite circula-
tor. Furthermore, frequency tuning
can be implemented to compensate
for thermal instability by applying an
external reference signal as needed.
The oscillator can be used as a low
noise reference source in modern
frequency synthesizers and other ap-
plications where low phase noise is a
key specification. H
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Special Report

Selecting Filters
for Challenging
Mobile Applications

Worldwide

he global transition to 4G networks is

I driving a dramatic increase in the need
for advanced filtering technologies in
smartphones and other mobile devices. As a
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A Fig. 1 LTE-WiFi coexistence issues worldwide.
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result, filter selection has become a key con-
sideration for designers of these devices. As
4G LTE networks proliferate and WiFi be-
comes ubiquitous, smartphones must support
an increasing number of RF bands. These
bands must be isolated within each device to
avoid interference, using filters.

While 3G networks used only about five
bands, there are already over 20 4G LTE
bands and this number could rise to more
than 40 in the future. Though it’s not practi-
cal to support all worldwide bands in a single
smartphone, a feature-rich model for inter-
national use might need to filter transmit and
receive paths for 2G, 3G and 4G in up to 15
bands, as well as WiFi, Bluetooth and GPS.
Such a phone might require as many as 30 to
40 filters. The situation is likely to become
even more complex in the future: next-gener-
ation high-end smartphones could include 50
or more filters.

PHIL WARDER AND NICcOLAS LAYUS
TriQuint Semiconductor, Hillsboro, OR
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The filtering requirements differ
in each region or country, due to lo-
cal differences in spectrum alloca-
tion that are creating a worldwide
patchwork of LTE bands. Adding to
the challenges, many of these bands
are very close together and there-
fore require highly selective filters.
One reason is that the global demand
for spectrum is leading governments
around the world to re-farm existing
spectrum; this often results in the
allocation of new bandwidth that is
adjacent to existing bands, often with
minimal or even non-existent guard
bands.

Some LTE bands are located next
to the unlicensed international, in-
dustrial, scientific and medical (ISM)
bands between 2.4 and 2.5 GHz,
which are used to support existing
standards including WiFi, Bluetooth
and ZigBee, as shown in Figure 1.
These bands are crowded with sig-
nals from many devices, including
PCs and cordless phones. Smart-
phones may therefore require ad-
vanced filters that support LTE-WiFi
coexistence.

The complexity of filtering require-
ments will further increase due to car-
rier aggregation, a new 4G LTE-Ad-
vanced capability that enables carri-
ers to aggregate multiple fragmented
slivers of spectrum into a single wider
channel to enable higher data rates.

The combined effect of these
trends is that mobile devices must
isolate signals with bandpass filters
that provide extremely high rejection
of adjacent bands combined with low
insertion loss. Advanced acoustic fil-
ters have these attributes, and are
essential for addressing these chal-
lenges.

In this article, we’ll discuss 4G fil-
tering challenges with a focus on the
regional differences that are unfold-
ing in North America, Europe and
Asia. We'll identify which filter tech-
nologies designers should consider as
they seek to build devices for each
market. Acoustic filter technologies
continue to evolve to meet the grow-
ing challenges: advanced bulk-acous-
tic-wave (BAW) and temperature-
compensated surface acoustic wave
(TC-SAW) filters can solve some of
the toughest mobile device filtering
problems and are key enablers of the
global 4G transition.

98

OVERVIEW OF FILTER
TECHNOLOGIES

Several acoustic filter technologies
exist, differing in their capabilities, cost
and packaging technology. Today, the

primary choices are surface acoustic

wave (SAW) and BAW technologies.
TC-SAW filters, which are much less
sensitive to temperature changes,
have also recently been developed.
Each of these technologies can offer
low insertion loss with good rejection

BAW Benefits: The Relationship between Low Insertion Loss,
High Q and Sharper Corners

BAW filters offer lower loss and higher Q

o 58 [ ] than SAW filters. These characteristics
. -1.00 -_— Q=2500/ mean that for challenging applications,
8 -1.50 7 Ta 000> '<\ BAW filters are often a better choice —
— ~2:001—/7 even for some frequency bands that are
A2 § within the range of either filter technology.

350/ The diagram here compares the effective-

4,00 ness of a higher-Q BAW filter (0=2500) and

1.840 1.860 1.880 1.900 1.920

FREQUENCY (GHz) a lower-Q SAW filter (Q=1000) for the same

frequency band (Band 25 TX).

Clearly, the BAW filter offers lower insertion loss. But there is another important
difference: the BAW filter's response curve has sharper corners, while the lower-Q SAW
filter's curve has more rounded corners. Because of this, the difference in loss between
the two filters increases at the corners. At 1.88 GHz, the center of the band, the differ-
ence in loss is about 0.5 dB. But at 1.85 GHz, the lower edge of the band, the difference
is 0.8 dB, while at 1.915 GHz the difference increases to 1 dB. The rounder corners of
the SAW filter's response curve impose the greatest penalty on the channels at the edge
of the frequency band. Effectively, the passband of the lower-Q filter becomes narrower.

Narrow modulations such as GSM (200 kHz) and CDMA (1.25 MHz) will suffer the most
sensitivity loss at the band edge due to this effect, while WCDMA will suffer less. LTE
results depend on the system bandwidth, with narrower bandwidths more affected.

Drift due to temperature variation will make the problem worse, unless temperature-
compensated processes are used. At higher temperatures, the SAW response drifts down-
ward by as much as 4 MHz — nearly twice as much as BAW — resulting at an additional 1
dB difference in loss at the high end of the frequency band.

[t might seem tempting to widen the lower-Q filter's response curve to improve the in-
sertion loss problem. However, this will result in reduced selectivity to nearby interference.
This selectivity degradation is not acceptable for many demanding filter applications.

RF Frequency

A Fig. 2 Matching filter technologies to applications.
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The Importance of Temperature-Compensated Filters

TX ANT (+90°C; -20°C; 25°C)

-50 /]

745 785 825 865 905
FREQUENCY (MHz)

nal in the transmit path at the Band 20 receive frequencies. As shown in the diagram,
the specification requires attenuation of at least —45 dB for the 791 to 821 MHz Band 20

RX frequencies.

At +25°C, the filter easily meets this requirement, achieving —45 dB attenuation
across a frequency range that includes the RX frequencies and extends to an upper limit
of 822.3 MHz. At +90°C, this attenuation point shifts down by 1.07 MHz, but the filter
still achieves —45 dB attenuation at 821.23 MHz and below, including the entire Band 20
RX range, and therefore remains compliant with the specification. However, a SAW filter
that is not temperature-compensated would drift by approximately twice as much — by
—2.14 MHz at +90°C. With this drift, the —45 dB attenuation point would shift to 820.36
MHz and the filter would therefore violate the specification.

Temperature drift has become an important
issue as spectrum becomes more crowded
and high selectivity is required to minimize
insertion loss and ensure rejection of adja-
cent bands.

The diagram illustrates a difficult Band
20 duplexer filtering problem that is solved
by using a TC-SAW TX filter. The TC-SAW
filter used in this design has a temperature
drift that is roughly half that of a typical
SAW filter. This duplexer must meet a criti-
cal specification for attenuation of the sig-

when used for suitable applications.
Each technology is a good match for
a specific range of applications, as
shown in Figure 2 and described in
this article.

SAW

SAW is a mature technology wide-
ly used in 2G and 3G receiver front
ends, duplexers and filters. SAW fil-
ters are well suited for frequencies
up to about 1.9 GHz, including sev-
eral standard GSM, CDMA and 3G
bands.

A key advantage of a SAW filter is
its low cost. In addition, techniques
such as wafer-level packaging are
being used to shrink SAW filters, al-
lowing the integration of filters and
duplexers for multiple bands onto a
single chip. This is becoming increas-
ingly important as smartphones in-
corporate more functions.

Limitations of SAW filters include
frequency range and temperature
sensitivity. Above about 1 GHz, selec-
tivity declines; at about 2.5 GHz, the
use of SAW is limited to applications
with modest performance require-
ments. SAW is also very temperature-
sensitive; a SAW filter’s response may
shift downward by as much as 4 MHz
as temperature increases. This limi-
tation has become more significant

as guard bands become narrower
and consumer devices are specified
to operate across a wide temperature
range (-35° to +85°C).

BAW

Compared to SAW, BAW filters
generally offer superior performance
(higher Q) with lower insertion loss.
With BAW technology, it is possible
to create narrowband filters with ex-
ceptionally steep filter skirts and ex-
cellent rejection. This makes BAW
the technology of choice for many
challenging interference problems.

BAW delivers these benefits at fre-
quencies above 1.5 GHz, making it a
complementary technology to SAW
(which is most effective at lower
frequencies). BAW can address fre-
quencies up to 6 GHz and is used for
many of the new LTE bands above
1.9 GHz. BAW is also highly effective
for LTE-WiFi coexistence filters.

Because BAW filters offer low in-
sertion loss, they help compensate
for the higher losses associated with
the need to support many bands in a
single smartphone. Besides improv-
ing signal reception, lower loss also
contributes to longer battery life.
BAW excels in applications where
the uplink and downlink separation
is minimal and when attenuation is
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required in tightly packed adjacent
bands.

TC-SAW

For some challenging applications,
reducing sensitivity to temperature
changes is critical. This includes situ-
ations in which bands are located
extremely close to one another. New
TC-SAW  technology enables the
manufacture of highly selective filters
that address these challenges. These
filters have minimal or zero drift with
changing temperatures, which is es-
sential to ensure good rejection of
adjacent bands and minimize inser-
tion loss.

TC-SAW filters are effective with-
in the same frequency range as SAW
— up to about 1.9 GHz. The reduced
sensitivity to temperature change
makes TC-SAW a good choice for
challenging  specifications includ-
ing some new 3G and 4G WCDMA
duplexers and filters. For example,
TriQuint uses TC-SAW to support
Band 13, which is close to the U.S.
public safety band, as well as Band
20 and Band 26 duplexers. The en-
hanced SAW process adds slightly to
filter cost.

REGIONAL CONSIDERATIONS

Local differences in spectrum al-
location, particularly the bands used
for LTE, are creating a complex
worldwide patchwork of frequency
band assignments. Not too long ago,
the picture was relatively simple. The
primary four 3G bands were 1, 2, 5
and 8. Within the U.S., Bands 2 and 5
were the most commonly used; add-
ing support for 1 and 8 allowed roam-
ing in other countries.

With 4G networks, the situation
is much more complicated; there
are already significant differences
in band allocations between regions
and even between countries, and the
situation will become more challeng-
ing as more LTE bands are allocated.
Smartphones must of course also
continue to support the primary 2G
and 3G bands, as well as WiFi and
Bluetooth. In some regions these
bands are being refarmed for LTE,
which may also change the filtering
requirements; narrow 5 and 10 MHz
4G LTE bands require filters with
sharper corners than 3G WCDMA,
for example.

Adding to the filtering require-
ments, smartphones need multiple
filters for each FDD-LTE and TDD-
LTE band. For each FDD-LTE band,
most smartphones require three fil-
ters: a duplexer for the primary TX
and RX paths plus an additional filter
for the secondary RX path. For each
TDD-LTE band, smartphones will
typically require at least two filters.

Because it is impractical to build
a single phone that will work with
all bands, manufacturers typically
design smartphones for regional or
country-specific use, or for a specific
regional carrier’s network. Phones
also may include additional filters
and other components to support
roaming in other regions. Manufac-
turers may choose to include support
for additional bands, where it is prac-
tical to do so, in order to be able to
certify a single device for use in mul-
tiple countries. Because of the differ-
ences in local spectrum allocations,
the challenges facing designers vary
from region to region.

North America

The United States, along with Ja-
pan and Korea, is leading the world-
wide transition to 4G networks; it
is estimated that about half of the
world’s LTE devices have been sold
in the U.S. The filters required in
any specific model destined for the
U.S. market will vary depending on
factors such as whether the phone is
designed for use with a specific car-
rier’s network or for use on multiple
networks.

In addition to Bands 2 and 5, major
carriers are using a number of FDD-
LTE bands across a broad range of
frequencies, including Bands 4, 13,
17, 25 and 26. Of these, Bands 2 and
25 will require BAW filters.

WiFi coexistence will likely re-
main less challenging in the Ameri-
cas than in other parts of the world.
Most LTE bands used within the
region are not immediately adjacent
to the 2.4 GHz WiFi spectrum, and
therefore most devices will not re-
quire high-performance filters to
separate LTE and WiFi signals. An
exception is the TDD-LTE Band
41, which will require a high-per-
formance BAW filter. Other bands
requiring highly selective filtering
include Band 13, which is close to
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HIGH BAND
2.3 GHz
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CHINA
BAND E

TD-LTE
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BAND 38
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CHINA (OUTDOOR)/EU

LTE-FDD
HK/EU

A Fig. 3 Challenging WiFi coexistence issues in China.

the U.S. public safety band and will
require a TC-SAW filter.

Europe

There are significant differences
between the European market and
North America. LTE adoption is
proceeding more slowly, and there
are differences in band alloca-
tion. Band 3 was originally used for
GSM, the dominant 2G technology
used in Europe, but is now being
refarmed for LTE. In addition, two
new “greenfield” frequency bands, 7
and 20, are being assigned for LTE
use. It is likely that manufacturers
building LTE phones designed for
Europe will support all three bands
to allow roaming.

The use of Band 7 introduces a
challenging requirement for a high-
performance BAW WiFi coexistence
filter, since the Band 7 transmit path
is only about 15 MHz from the 2.4
GHz WiFi band. Band 3 also re-
quires BAW, while Band 20 may be
best supported with TC-SAW.

Looking to the future, Europe is also
auctioning Band 38 spectrum, which
lies in the gap between the Band 7
transmit and receive bands. If a device
needs to support both Band 7 and Band
38, a high-performance BAW filter may
be required to allow coexistence.

Asia

The LTE picture in Asia is a com-
plex map of regional band assign-
ments with several distinct local mar-
kets. China is a huge potential mar-
ket with unique requirements; other
countries also have distinct needs,
notably Japan and Korea, which, like
the U.S., are the two nations that are
most rapidly moving to LTE.

China

In China, the predominant LTE
technology is TDD-LTE, as opposed
to the FDD-LTE used in North
America. Many of the LTE bands
are at higher frequencies, including
several that are adjacent to the WiFi
band. This situation creates a strong
requirement for BAW WiFi coexis-
tence filters. For example, two of the
TDD-LTE bands allocated are Bands
40 and 41. The WiFi frequencies
are sandwiched between these two
bands. As shown in Figure 3, there
is no gap between Band 40 and the
lower end of the WiFi band, and only
a minimal gap between Band 41 and
the upper end of the WiFi band.

High-performance BAW coexis-
tence filters will be needed; in ad-
dition, tradeoffs may be necessary
depending on customer priorities.
Supporting the full width of Band 40
may require giving up some of the
lower WiFi channels. Alternatively,
manufacturers may choose to give up
part of Band 40 if supporting the full
WiFi bandwidth is their top priority.
The coexistence situation with Band
41 is slightly less challenging because
of the minimal guard band between
Band 41 and the WiFi spectrum.
Within China, there is some local
variation; for example Bands 7 and 38
replace Band 41 in Hong Kong.

Korea

Korea is particularly interesting
because of its high smartphone use
and rapid LTE adoption. About 26
million people — more than half the
population — already have smart-
phones, and about 15 million of those
are expected to be using LTE by the
end of 2013.
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Korea is refarming Bands 3 and 5
for LTE, and starting this year, every
phone is expected to support Band 7.
Band 26 has also been allocated and
will require TC-SAW; though it over-
laps with Band 5, Band 26 includes
some frequencies that a Band 5 fil-
ter cannot cover. Bands 3 and 7 will
require BAW filters; there is also a
substantial need for WiFi coexistence
filters.

Japan

The situation in Japan further
adds to the regional complexity. Ja-
pan is unusual in its use of Bands
26, 11 and 21; Band 41 is also used,

requiring a BAW WiFi coexistence
filter.

Other Asia-Pacific Regional
Challenges

Another interesting filtering chal-
lenge throughout the region is being
created by the so-called digital divi-
dend — the reallocation of 700 MHz
spectrum freed up by the switch
from analog to digital TV. Band 28,
within this range, is uniquely de-
signed so that it will require a pair
of duplexers with overlapping fre-
quency ranges.

Strategies for Asia

The question for manufacturers is
whether to build phones for individu-
al Asian countries or attempt to make
phones that can be used throughout
the entire region. China clearly is a
large enough market to drive its own
requirements; Korea, with its high
percentage of LTE users, is another
example of a market with its own
identity. India is another huge poten-
tial market, although the high cost of
smartphones relative to average per-
sonal income tends to restrict adop-
tion; today most sales are of relatively
low-end phones.

CARRIER AGGREGATION

Within each local market, frag-
mented spectrum presents a chal-
lenge for service providers trying to
address the insatiable appetite for
high-speed wireless data networks.
Carrier Aggregation (CA) is a fea-
ture of 4G LTE-Advanced designed
to allow service providers to offer
higher data rates by bonding non-

contiguous fragments of spectrum
into a single wider channel of up to
100 MHz. CA is expected to become
a major trend beginning in 2014; not
surprisingly, markets leading in LTE
deployment, such as the U.S., are ex-
pected to be the first to utilize CA.
Initially, service providers are likely
to focus on bonding widely separated
bands, which may require only a di-
plexer; however, later implementa-
tions may present more challenging
filtering problems that require high-

performance filters.

PACKAGING AND INTEGRATION

As smartphones support an in-
creasing number of RF bands, com-
bining multiple filters into a single
package can free up valuable real es-
tate. Some manufacturers organize
filters in various combinations, from
duplexer banks that consolidate sev-
eral filters into a single module to
two-in-one duplexers that permit
the use of two-receiver operation
simultaneously and independently.
Wafer-level packaging (WLP) is a
valuable technique for reducing
size; it will increasingly be applied
to BAW as well as SAW. Ditferent
filter technologies may be combined
for specific applications. For some
newer LTE bands, filters are more
likely to be discrete simply because
the bands are relatively new. This
enables designers to simply add dis-
crete LTE “satellite” components to
existing layouts in order to offer re-
gional 4G variants.

CONCLUSION

The worldwide transition to 4G
networks is creating complex new
challenges for designers of smart-
phones and other mobile devices.
Fortunately, advanced acoustic filter
technologies are becoming available
to address these challenges. Each fil-
ter technology — SAW, BAW and TC-
SAW — is suited to specific applica-
tions. With techniques such as WLP,
it’s also possible to combine multiple
technologies into duplexers target-
ing specific applications. By careful
selection of duplexers and individual
filters, designers can meet the ex-
acting requirements of each region
worldwide. l
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High Performance
3D Micro-Coax
Technology

he PolyStrata® fabrication process has
been outlined in literature, including a

2008 article in Microwave Journal.! This

A Fig. 1 Coaxial time delay unit miniatur-
ization.

108

process is exclusive to Nuvo-
tronics but it is offered as a plat-
form for commercial and mili-
tary customers to design into
next-generation systems. While

i the PolyStrata process defines
| a general 3D hardware micro-

manufacturing platform, the re-
sulting air-dielectric micro-coax
transmission line technology is

o in itself a significant new wave

guiding medium worth under-
standing and exploring for many
applications.

This article compares attenu-
ation performance and other
parameters of PolyStrata air-
coax to other popular media.
Linear behavioral models based
on round coax are provided for
two sizes. Attenuations of com-
peting transmission line media
are compared to PolyStrata coax
with all relevant model param-
eters provided. While it is not
possible to provide a compari-
son of every type of transmission

line, this article provides a practical reference
for engineers to analyze specific situations,
weigh potential benefits that PolyStrata coax
might hold for a given problem, and determine
why and when it should matter to a particular
design.

It goes without saying that attenuation of a
transmission line is important, however, it takes
on extreme importance in situations where
long lines are required, as in feed networks and
time delay networks. Figure 1 compares a time
delay unit from 1962 to what is possible today
using Nuvotronics PolyStrata coax technology.
The 2013 solution is no larger than the coax
connectors that were used in the 1962 network.

TWO “"STANDARD” COAX GEOMETRIES
Principally, there are two geometries for
PolyStrata coax, which are shown in Figure 2.
The 700 and 500 pm pitch between adjacent
conductors assumes shared vertical walls of 100
pm thickness, which are possible in most cases.
Other dimensions and geometries are possible,
but these two sizes have become the typical
“standard dimensions” upon which a passive

STEVE HUETTNER
Nuvotronics LLC, Radford, VA
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device library has been constructed.
In creating long delay lines, it is de-
sirable to meander a delay line into
a compact layout. Long meandered
microstrip lines can cause problems
due to coupling between adjacent seg-
ments. Grounded coplanar waveguide
can solve the coupling issue when iso-
lation vias are properly used but pitch
between lines is several millimeters
at best. The ability to share a 100 pm
wide wall is an important consider-
ation for this process, which can me-
ander lines in three dimensions and
maintain impedance control even in
vertical transitions. When expressed
in the time delay packing density fig-

ure of merit of nanoseconds/cubic

centimeter, currently no other trans-

mission line technology obtains the

performance of PolyStrata coax:

e Full height with shared walls: 5.2
ns/cubic centimeter (1.5 meters
coax/cc)

e Half height with shared walls: 14.3
ns/cubic centimeter (4.2 meters
coax/cc)

In practice, these figures of merit
can be approached, but layout consid-
erations such as input and output RF
launches reduce what can be practi-
cally achieved.

CUTOFF FREQUENCIES

Two slightly different undesirable
TE11 modes are possible in rectan-
gular coax,® but a

500 um pitch

very simple model
of TE1l can esti-

700 um pitch T
>

mate cutoff. TE11
for round coax
cuts off when the

E

b

midpoint between

50 1B BERE
0 D

—
—_—

the conductors is
approximately — a
wavelength in the

]

«—— 950 um

chosen dielectric.

FULL HEIGHT COAX

HALF HEMGHT COAX

TELl can be ap-
proximated in rec-

A Fig. 2 Cross-sections of full and half height PolyStrata coax.

tax by the same
calculation, as illus-

trated in Figure 3.

Perimeter of midpoint=A+B+a+b

A widely ac-

1

cepted engineering

|\ A

practice  restricts
operation to below

1
T

Blue arrows represent E-field

85 percent of cal-
culated TE11l cut-
off frequency. For
full height and half
B height ~ PolyStrata
coax, critical ge-
ometries and esti-
mated TE11 cutoff
¥ frequencies for

fifty ohm lines are
provided in Table

A Fig. 3 TE1I mode for rectangular coax.

1. Applying the
85 percent rule,
PolyStrata half

TABLE |
GEOMETRIES OF HALF AND FULL HEIGHT POLYSTRATA COAX

A B a Mid-point  TE11
Type perimeter FC
Full height coax 0.7 0.7 0.255 0.3 1.955 153.4 130
Half height coax 0.4 0.3 0.176 0.1 0.976 307.4 260
110

height fifty ohm lines can be used to
260 GHz, and full height to 130 GHz.
Note that 1 mm air coax, which has
become a standard in test and mea-
surement systems, has a TE11 cutoff
of ~129.5 GHz and is used to 110
GHz, following the 85 percent rule.
The platform can also provide preci-
sion waveguide for millimeter and
sub-millimeter-wave frequencies.

PRACTICAL IMPEDANCE RANGES

Impedance ranges of PolyStrata
coax are generally greater than what is
available in other media. The follow-
ing practical limits should be consid-
ered:

e 15 to 110 ohms (full height coax)
e 35 to 105 ohms (half height coax)

Impedance as low as 8 ohms has

been demonstrated.

TRANSMISSION LINE
ATTENUATION MECHANISMS

Attenuation in transmission lines
includes losses due to metal conduc-
tivity, dielectric loss and radiation. In
this article we consider losses due to
metal and dielectric. We can ignore
surface roughness (a component of
metal loss) in the PolyStrata process
as it has excellent surface finish inside
and out. In ideal coax, attenuation due
to radiation is zero; in this process,
very small radiation occurs from “re-
lease holes” used to remove sacrificial
photoresist. However, attenuation
due to radiation is low enough so that
it can be ignored compared to metal
and dielectric losses, and it is an or-
der of magnitude lower than radiation
losses in CPW or microstrip transmis-
sion lines. In very large PolyStrata
delay lines that are not packaged in
shielded enclosures, release holes can
be a minor source of electromagnetic
interference that can be essentially
eliminated using a coating system Nu-
votronics has developed.

ATTENUATION DUE TO
DIELECTRIC LOSS TANGENT (o)

Although PolyStrata structures are
often referred to as “air coax,” users
should be aware that there is a non-zero
dissipation factor (DF, a.k.a. loss tangent
or tan(8)) which would not be the case
if the center-conductors were somehow
magically suspended in air. Dielectric
dissipation results from dielectric straps,
which are used to position the center
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conductor. Although they occupy just
a few percent of the overall volume be-

Semi-rigid coax GaAs microstrip
PolyStrata coax NELCO CPW
Comparison of dielectric
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A Fig. 4 Loss tangent attenuation for vari-
ous transmission lines.

tween center and outer conductors, the
dielectric support material presents ap-
preciable bulk loss. Overall a good com-
posite number for the dissipation factor
is 0.001. Efforts are underway to reduce
dielectric attenuation while maintaining
a robust transmission line.

In all transmission lines, dielec-
tric attenuation (oy) is known to be
proportional to frequency, whereas
attenuation due to metal conductiv-
ity (a,) is proportional to Virequency.
At increasing frequency, loss tangent
eventually dominates attenuation of a
transmission line compared to metal
loss. Loss tangent attenuation is geom-
etry dependent in that it only occurs
where electric field is contained in the
lossy material (i.e., dielectric loss of mi-
crostrip will be lower than stripline if
they use the same dielectric material).
In coax, 100 percent of the E-fields are
in dielectric. In CPW, ~50 percent of
E-fields can be considered within di-
electric, while in microstrip, perhaps
70 percent are in dielectric. There is
no size-scaling advantage for dielectric
loss, fat coax will have the same dielec-
tric loss as thinner coax provided they
use the same dielectric fill.
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The equation for dielectric attenu-
ation in TEM media is:

27.3/eg tand
oy = NI B m) (1)
x

Note that lambda refers to {ree-space
wavelength in the equation. Rearranging
the equation, loss tangent attenuation is
revealed to be directly proportional to
frequency, SQRT(eR) and tan(d):

27.3/ep.ftan b
og = M(dB /mm)  (2)
c

For quasi-TEM media such as
CPW or microstrip, the “eg” term can
be substituted with Keff (effective di-
electric constant) with approximate
results. Microstrip on 100 pm thick
GaAs (eg=12.9, Keff~9), dielectric loss
increases by a factor of three compared
to media with e close to unity (like
PolyStrata), if they have the same loss
tangent. Thus, higher e leads to high-
er dielectric attenuation per length.

When expressed in dB/ns (as would be
important in time delay), it is interesting to
note that dielectric attenuation is no lon-
ger a function of e but is still very much
proportional to tan(8) and frequency:

og' =273, Xtand(dB/ms)  (3)

Thus, there is no dielectric attenu-
ation disadvantage to having high ey
in time delay systems, at least not di-
rectly. However, higher € results in
increased conductor losses, as con-
ductor size shrinks to maintain re-
quired characteristic impedance.

Figure 4 shows modeled dielectric
attenuation expressed both in dB/cm
and dB/ns, for four transmission line
media. Semi-rigid coax with PTFE di-
electric has the most favorable dielec-
tric loss, but PolyStrata coax is a close
second. The “NELCO” CPW board
has a tan(8) of 0.007 so it is not a good
choice for long networks. Microstrip
on GaAs has almost 5x higher dielec-
tric loss per unit length than PolyStra-
ta coax, but when expressed in dB/ns,
it is only 60 percent higher. Looking
at dielectric loss alone is important in
understanding relative performance
of media, but metal conductivity loss
must always be considered, and at
lower frequencies metal conductivity
is the dominant attenuation effect.

ATTENUATION DUE TO METAL
CONDUCTIVITY (o)

Structures that use pure copper
metallization are typically passivated
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using electroless nickel/immersion
gold (ENIG). One micron of gold pro-

ENIG OVER COPPER |
W PURE COPPER

& 0.06 =

wl 0

I

& 0O 20 40 60 80 100
FREQUENCY (GHz)

A Fig. 5 Comparison of surface resistivity
for ENIG over copper (1 um gold over 1 ym
nickel) and pure copper.

vides a single skin depth at 6 GHz, at
lower frequencies, much of the con-
duction that would have been possible
in gold or copper is prevented by the
nickel underplate. Figure 5 compares
surface resistivity of ENIG over cop-
per to that of pure copper across fre-
quency. To a first order, when ENIG
is used to passivate copper, surface
resistivity doubles at 5 GHz, and is 25
percent higher at 100 GHz (see RF
sheet resistance spreadsheet of multi-
metal systems for calculating values?).
Attenuation due to metal conductiv-

ity is not necessarily

COAX COAX controlled by one
=150 um Di = 300 um . a0 Cehvi
Do = 352.5 um Do = 705 um surface  resistivity
L= 1e4 um L=1e4 um value, because con-
€ =1.05 € =1.05 ductor surfaces are
Tand_= 0.001 Tand = 0.001 not always uniform-
Rho = 1 Rho = 1 .
ly plated (in PWBs
1 2 2 just the top surface
3 4 3 4 of copper might
L L L L be ENIG). Often,
B B B B when a soldered
Half height PolyStrata Full height PolyStrata joint is sought, the

coax model

coax model

A Fig. 6 Linear behavioral models for 50 Q) PolyStrata coax in

AWR’s Microwave Office.

top gold is just a
“flash”  (<0.1 mi-
cron) which can
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increase loss substantially as more
E-field penetrates to the lossy nickel
layer. A coating system has been de-
veloped for PolyStrata coax that pas-
sivates copper with thin organic ma-
terials. This system preserves the
conductivity of copper and offers a
significant advantage over ENIG in
the process.

COAX BEHAVIORAL MODELS

Behavioral models for 50 ohm
PolyStrata coax lines in AWR’s Mi-
crowave Office (MWO) are shown in
Figure 6. “Rho=1" in MWO implies
resistivity of copper, or 1.68E-¥ ohm-
m. Similar models can be employed in
other EDA software using the values
provided for ey and tan(8). Note that
different characteristic impedances
can be modeled by changing center
conductor diameter (leaving outer
conductor diameter fixed), subject to
the impedance limitations previously
defined.

Figure 7 provides a plot of at-
tenuation from DC to 110 GHz, of
full and half height PolyStrata coax,
predicted by Nuvotronics” behavioral
model, for 50 ohm transmission lines.
Here is where metal conductivity and
dielectric loss tangent can be seen to
have different effects depending on
frequency band. At low frequency (10
GHz for example), half height coax
has almost exactly double the loss of
full height coax, which might be ex-
pected as its center conductor has ex-
actly % the same cross-section perim-
eter and « is doubled. At increasing
frequency, loss tangent attenuation
0,y comes appreciably into play and is
equal for both styles; thus at 110 GHz,
half height coax’s disadvantage is only

PolyStrata full height
PolyStrata half height

Full and half height PolyStrata coax
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A Fig. 7 Modeled attenuation of full and
half height PolyStrata coax.
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Special Report

~60 percent compared to full height.

COAX ATTENUATION
COMPARISON

Here we have chosen several rel-
evant transmission line media and
plotted their attenuations compared
to PolyStrata. Note that there is some
controversy in the values of tan(8) for

PolyStrata full height
Alumina microstrip_25 mil
Alumina microstrip_20 mil

PolyStrata half height
Alumina microstrip_10 mil
Alumina microstrip_5 mil

Loss comparison to microstrip
on 99.5% alumina
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A Fig. 8 Attenuation of PolyStrata vs.
microstrip on Alumina.

- DC to 40GHz

many of the materials, reported values
vary widely; the reader must be fur-
ther warned that all material proper-
ties are functions of temperature, fre-
quency, and manufacturing quality or
purity.

The attenuation plots provided
have different frequency stop points
for different media. Generally ac-
cepted frequency limits of each media
could be due to higher order modes,
rules of thumb, or even MIL-stan-
dards, and are debatable. Although
the plots all stop at 110 GHz, full
height PolyStrata coax can operate to
130 GHz, while half height coax can
operate to 260 GHz. In all cases, the
potential effects of surface roughness
were ignored. A complete list of mate-
rial properties and geometries used to
model all of the data in this report is
available in the online version.

VERSUS ALUMINA MICROSTRIP

Alumina has been the go-to media
of hermetic modules for forty years.
Properties of alumina are dependent
on purity and polishing; the compari-
son in Figure 8 assumes 99.5 percent

ttenuators
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purity. Below X-Band, PolyStrata of-
fers no loss advantage to alumina, pro-
vided the tallest alumina is used (20 or
25 mils). The frequency region where
PolyStrata makes a big difference
starts at 20 GHz, where the height of
alumina must be reduced to 15 mils.
Upper frequency bounds were deter-
mined to be where alumina microstrip
height is 10 percent of a wavelength.

VERSUS CPW ON ORGANIC
BOARDS

Organic boards are used success-
fully in many RF applications. One
popular media is grounded CPW.
Nelco N40004 and MEGTRON 63 are
improved versions of the ubiquitous
fire-retardant FR-4. FR-4 is almost
never used for microwave networks
as the loss tangent is as high as 0.01.
Nelco N4000 material is a popular
choice up to 12 GHz, MEGTRON 6
is a newer and more expensive mate-
rial from Panasonic that can be used
to 40 GHz. Figure 9 compares each
material to PolyStrata coax. In each
case, the CPW media is sized at ~7 mil
dielectric thickness, with line widths
on the order of ~11 mils and gaps at
~4 mils which will perform without
spurious mode problems beyond 20
GHz. Given the chosen geometries,
PolyStrata has a substantial attenu-
ation advantage over both technolo-
gies, at all frequencies.

If the organic boards must support
wirebonding, ENIG is used. We used
conductivity of gold in the models that
generated the loss plots, which may
underestimate loss at low frequency.
Dielectric loss due to solder stop can
be considerable, and is ignored in the
models, the reader is warned never to
place solder stop over critical CPW
runs on organic boards.

PolyStrata full height
PolyStrata half height
MEGTRON CPW_7 mil
Nelco CPW_7 mil

Loss comparison to organic board CPW
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Ar ig. 9 Attenuation of PolyStrata coax vs.
CPW-G on advanced organic materials.
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PolyStrata full height
PolyStrata half height GaN two mil
GaN four mil GaAs two mil

Semi-rigid 020
PolyStrata full height PolyStrata half height

Loss comparison to microstrip
GaAs and GaN MMICs
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A Fig. 10 Attenuation of PolyStrata coax
vs. microstrip on GaAs and GaN.

VERSUS MICROSTRIP ON GaAs/
GaN

One of the original claims for the
DARPA 3D-MERFS prograll]6 was
that PolyStrata coax is one-tenth the
loss of MMIC transmission lines, but
the exact ratio depends on the geom-
etries of both media and the frequen-
cy that is being compared. In Figure
10, four and two-mil GaAs and GaN
MMIC microstrip are compared to
PolyStrata coax. It is assumed that the
GaN MMIC uses SiC substrate at eg
=10, versus GaAs at eg =12.9. Many
values of loss tangent have been re-
ported for both materials. Frequency
sweeps stop where four-mil microstrip
media become 1/10 wavelength tall.
As if GaN did not need another ad-
vantage over GaAs, attenuation is less
because silicon carbide’s lower ey re-
sults in wider microstrip traces.

Work on MMIC time delay net-
works has been reported, but printing
delay lines greater than 50 ps on GaAs
or GaN could be regarded as a misuse
of expensive media.

VERSUS SEMI-RIGID COAX
Semi-rigid coax is often used for

delay lines. It comes in many diame-

ters, the closest diameters to PolyStra-

Loss comparison to Semi-rigid coax
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A Fig. 11 Attenuation of PolyStrata coax
vs. semi-rigid coax.

ta coax are 020 (mils) and 034 which
correspond to half and full height
PolyStrata coax in terms of cross-sec-
tion. However, the minimum bend ra-
dii of semi-rigid coax cannot compete
with a system where a U-turn is pos-
sible on a 250 pm radius.

MIL-DTL-17 specifies semi-rigid
cable, in diameters as low as 0.034
inches. Impedance tolerance is given
at +2 ohms, and max recommended
frequency is 20 GHz, although these
cables should support higher frequen-
cies before TE11 occurs (see Table
2). Delay accuracy of custom semi-
rigid cables has been quoted at +20
ps’ and may change after temperature
cycling due to dielectric expansion or
relaxation. This is the equivalent of
cutting cables with 4 mm accuracy in
length. PolyStrata coax is formed with
micron tolerances and will provide
better time delay accuracy in all appli-
cations compared to semi-rigid delay
lines.

Figure 11 compares attenuation
of three sizes of semi-rigid coax to
PolyStrata coax. The MIL-spec cables
have been plotted to twice their speci-
fied frequency range (to 40 GHz) and
the 020 semi-rigid is plotted over the
full 110 GHz band. Semi-rigid 047

TABLE Il
SEMI-RIGID COAX CUTOFF FREQUENCY CALCULATION AND MIL-SPECIFIED
FREQUENCY RANGES
Cut-off o
Semi-rigid type ﬁ;z:;af?z' :;r 8%,;:‘)‘2 MIL Spec ”:L’-n ::?Z:";;y
020 269.4 229 N/A NA
034 154.8 132 MIL-DTL-17/154A 20
047 108.9 93 MIL-DTL-17/151A 20
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PolyStrata full height
PolyStrata half height
9K7 Stripline_24 mil

9K7 Stripline_16 mil
9K7 Stripline_8 mil

vs. 9K7 LTCC Stripline
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A Fig. 12 PolyStrata coax vs. stripline in
LTCC.

has a loss advantage but is significantly
taller than full height PolyStrata coax;
it can be seen that 020 semi-rigid has
similar loss properties to half height
PolyStrata coax, while 034 semi-rigid
is similar to full height PolyStrata coax.
In the comparison, the conductivity of
copper for semi-rigid coax was used,
although the center-conductor is cop-
per-clad steel; at low frequencies, the
full loss of semi-rigid cable may not
be captured by the model. MIL-spec
semi-rigid coax is specified to operate
from -40° to 100°C. PolyStrata coax
can operate over a much higher range
of temperatures with less delay varia-
tion.

For geostationary space applica-
tions, every ounce of mass sent into
orbit is worth its weight in gold. Each
meter of semi-rigid 034 is specified
at 4.17 grams. PolyStrata half height
delay lines have been fabricated that
weigh just 0.81 grams per meter, a
5x advantage. When expressed in
grams/nanosecond delay (important
in TDU applications), the advantage
narrows but is still significant: semi-
rigid 034 is 0.87 gr/ns, while half
height PolyStrata coax has been dem-
onstrated at just 0.24 gr/ns, an almost
4x advantage.

VERSUS STRIPLINE IN LTCC

LTCC has become a popular choice
for products up to W-Band, owing
to the evolution of materials such
as Duponts 9K7.8 However, dielec-
tric and metal losses are higher than
PolyStrata (see Figure 12). For delay
lines or feed networks, LTCC is at a
sizable disadvantage. The resistivity

of metal that is printed as a thick film
will never be as low as pure copper; in
the case of 9K7, it is 3x higher. The
loss tangent of 9K7 system is excellent
at 0.001. Note that surface roughness
was not considered in any of the me-
dia and reference data for the material
properties and geometries of various
interconnect systems used in this ar-
ticle are available online at www.mw-
journal.com/polystratareference.

CONCLUSION

PolyStrata coax matters as a trans-
mission line medium to applications
where low RF loss is of paramount
importance. Critical examples include
power amplifier combiners and ap-
plications where long runs of low-loss
transmission lines are needed (time
delay units and feed networks). The
attenuation advantage of the process
depends on frequency and what other
media are considered. Below X-Band,
other solutions may hold advantages.
PolyStrata coax also matters when vol-
ume and mass are design drivers, such
as in time delay units or feed networks
aboard satellites. Other trade ad-
vantages such as direct transitions to
MMICs, thermal dissipation and 3D
integration may be covered in future
articles.
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ver the last few years, the needs of de-
Osign engineers have undergone a sig-

nificant shift. Designers now use newer
high-power technologies like GaN in addition
to LDMOS; are broadly adopting SiGe and
CMOS for RF design and designing for more
challenging 4G device specifications; and re-
quire more compact physical designs at the
IC, module and PCB level. In addition, they
are moving to concurrent team design and de-
manding interoperability between enterprise
EDA platforms, as well as easier access to fast-
er, more robust simulation technologies.

Anticipating these design challenges, for the
last several years Agilent EEsof EDA has been
investing in the ADS platform and its simulation
technologies. As a result, ADS was re-architected
for multi-technology design and was the first to
offer integrated Finite Element Method (FEM)
3D Electromagnetic (EM) simulation and mod-
els for Amkor and Stats ChipPac QFN packages;
a natively integrated electro-thermal simulator;
a complete layout to manufacturing flow that
includes GaAs, GaN, SiGe, and CMOS process
development kits, as well as toolbars to improve
designer productivity with native DRC/LVS as
well as integrated support for Calibre and Assura;
and support for design management and revision
control tools like Cliosoft SOS.

ADS 2014 is the next major step in deliver-
ing more improvements, new capabilities and
new technologies to further realize a long-term
vision to improving design productivity and ef-

ADS 2014

ficiency through design flow integration. Here
is a closer look at some of the new capabilities
available in ADS 2014.

LAYOUT INTERCONNECT DESIGN AND
EDITING

Look at any of the teardowns for the lat-
est consumer wireless products (e.g., iPhone
or Galaxy, Droid or Kindle) and you will see
RF components and modules designed by in-
dustry-leading companies using ADS not just
for circuit simulation, but for EM analysis and
MMIC and laminate layout as well.

With ADS 2014, Agilent has created new In-
telligent RF Interconnect to dramatically improve
RF layout physical design and editing. New, sin-
gle and multilayer smart interconnect structures
like traces, vias and ground/signal planes make
pin-to-pin routing and modifying RF layout in-
terconnect efficient, intuitive and easy.

Vias can now be used as layout interconnect
objects, not components. This means they can be
used more efficiently in routing, and automatical-
ly resized during trace width insertion. Addition-
ally, support for pinless vias eliminates schematic
clutter.

And new planes allow designers to create a lay-
er of copper to carry a particular signal on a print-
ed circuit board (PCB). A plane can be generated

AGILENT TECHNOLOGIES INC.
Santa Clara, CA
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either an existing shape or by inserting

or drawing a new polygon. The created

planes support the following options:
Clearance — Creates an appro-
priate clearance from shapes on
different nets while connecting to
shapes on the same net.

e Thermal Relief — Creates a thermal
relief tie that helps take preventive ac-
tion against overheating components.

~ Frontlynk:

e Smoothing Options — Enables
you to smooth acute angles and re-
move notches.

¢ Plane Regeneration — Enables
you to edit and regenerate the
plane. For example, if you move
the plane from one location to an-
other, the shapes on the plane are
automatically updated when the
plane is regenerated.
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AUTOMATED EM/CIRCUIT
DESIGN PARTITIONING

One of the most well liked capa-
bilities in todays ADS is the Layout
Lookalike component. With this capabil-
ity, the designer is able to set up a circuit/
EM co-simulation where the schematic
models (e.g., SMT parts or active IC de-
vices) are connected to a “lookalike” rep-
resentation of the layout—an especially
great feature for smaller designs.

However, for cases where the device-
count grows to dozens or even hun-
dreds—a common occurrence for larger
ICs and PCB or laminate multi-technolo-
gy designs—ADS 2014 now offers a new
automated EM/Circuit Simulation Setup
capability. The capability takes final, or
interim, layout designs and automates
all of the manual steps to set up an EM/
Circuit co-simulation by removing SMD
and active devices from the layout, insert-
ing ports and replacing the parts in the
schematic. The result is substantial time
savings and elimination of manual errors,
while including all of the EM effects of
traces, vias and grounds for unmatched
EM/circuit simulation result accuracy.

WIRELESS VERIFICATION TEST
BENCHES

Since ADS was first released, inte-
grating standards-based modulated sig-
nal analysis has been a fundamental part
of its architecture. Agilent Ptolemy with
Wireless Libraries for Mobile Wireless
(GSM, CDMA, 3GPP, LTE) and Wire-
less Networking (802.11, WiMAX) are
the gold standard for verification of cir-
cuit designs to industry specifications.

The Wireless Verification Test Bench-
es (VIB) in ADS 2014 provide circuit
design verification solutions for the new-
est and most challenging multi-band,
wide-bandwidth standards (LTE, LTE-A
and 802.11ac) with a dramatically simpli-
fied user interface. These new VITBs and
the underlying simulation technology are
based on the Agilent EEsof SystemVue
dataflow simulation technology and also
allow system architects to develop custom
VTBs for use by circuit designers in ADS.

The new simplified VIBs will be
offered at a significantly lower cost
than Agilent’s Ptolemy-based Wireless
Libraries. And current Agilent Ptol-
emy customers will get the VIB En-
gine as part of the upgrades and sup-
port for their Agilent Ptolemy license.
The VTB Engine will also be available
separately and offered in a new low-
cost ADS Verification bundle.
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ADS BOARD LINK

RF and microwave designs are of-
ten combined with non-RF circuitry
on larger PCB boards. ADS offers inte-
grated PCB flow solutions for flows with
Cadence, Intercept, Mentor Graphics,
Zuken and other PCB tools, based on
the Agilent Intermediate File Format
(IFF), ADS DFI and Dynamic Access
for Mentor products, as well as a variety
of artwork translators. The new ADS
Board Link (ABL) in ADS 2014 is the

next-generation solution for ADS inte-
gration with Enterprise PCB tools.

The ABL is a bi-directional interface
for layouts, schematics and libraries be-
tween ADS and enterprise PCB tools to
be imported into ADS. ABL also sup-
ports the import and export of libraries
and technology information (e.g., units,
resolution, layers, purposes, and sub-
strates), as well as design data.

ABL enables RF schematic and layout
designs started in ADS to be easily trans-

DON'T LET THE SAME OLD
SUPPLIER SOLUTION RAIN ON YOUR
DEVELOPMENT PARADE.

WE'VE GOT YOU COVERED!

High dynamic range
front-end assembly

With today’s emphasis on superior performance in a smaller, lighter, more cost-
effective package, why settle for yesterday’s chip and wire solutions?

Narda Defense Technology Solutions has pioneered the development of high-
performance, densely packaged integrated microwave assemblies and subsystems
in footprints previously unachievable. By leveraging commonly available multi-layer
board materials with unique interconnection techniques, and incorporating DSP
and sophisticated monitor and control functions, our solutions are currently
redefining “State of the Art.” For more information, please visit our website at
www.nardamicrowave.com/defense, or call us at (631) 231-1700.

B Module and Subsystem Solutions to 40 GHz
B Frequency Converters, LNAs, BUCs & SSPAs
B EW, Radar, Radio and SATCOM Applications

M Pin Diode Switch Products
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Defense

narda =

ferred to the enterprise PCB environ-
ment for integration into a larger design
for floor planning; modified to accommo-
date physical design constraints; and then
returned to ADS for verification—all
while maintaining complete design integ-
rity. Additionally, to debug a design that
failed on the bench or for high-speed dig-
ital applications, an enterprise PCB lay-
out design can be imported into ADS via
ABL to perform post-layout EM analysis
in ADS with little to no need for layout
pre-processing before EM simulation.

The ABL design transfer between
tools is high-fidelity and preserves all
data and original objects. ABL is also ar-
chitected to have significantly improved
speed and capacity. As a result, major
enterprise PCB tool vendors are now
working with Agilent EEsof to offer sup-
port for ABL as soon as early 2014 with
support for most major enterprise PCB
tools by the end of 2014.

And there’s even more to look for-
ward to in ADS 2014, including simula-
tion support for the Agilent DynaFET
Model, an advanced compact model of
II-V FETs (GaAs and GaN) including
electro-thermal and trapping effects;
and simulation support for Agilents
Nonlinear Vector Network Analyzer-
measured X-parameter® models with
memory effects, electro-thermal simu-
lator enhancements, new DRC and
LVS capabilities and technologies, and
Silicon RFIC schematic interoperability
with Cadence Virtuoso designs. And, for
the growing number of high-speed digi-
tal designers using ADS, there are new
high-speed digital capabilities in ADS
2014 as well.

ADS 2014 is currently in Beta test-
ing and is expected to ship in the first
quarter of 2014. Agilent EEsof invites
customers to join its Early Access Pro-
gram and to download and provide
feedback on the Beta release. If inter-
ested, please contact your local appli-
cation or technical support engineer.
*X-parameters is a trademark of Agilent
Technologies Inc. The X-parameters for-
mat and underlying equations are open
and documented. For more information
on the use of this trademark, refer to X-pa-
rameters Open Documentation, Trade-
mark Usage & Partnerships.

YJVENDORVIEW

Agilent Technologies Inc.,
Santa Clara, CA,
www.agilent.com.
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GaN Transistors
for L-Band
Commercial
and Military

Applications

he initial GaN high electron mobility
I transistors (HEMT) adoption started
with ultra broadband applications and
S-, C- and X-Band radar applications. In re-
cent years, telecom applications have ramped
up GaN HEMT production volumes. Cree
recently reported that it has shipped more
than 2 million transistors to the telecom mar-
ket, which is accelerating the adoption of GaN
HEMT technology. These increased volumes
have enabled the GaN cost platform to be
competitive with Si or GaAs solid-state FETS,
independent of frequency.

PRODUCT DESCRIPTION

At L-Band frequencies, Cree has devel-
oped two new GaN HEMTs optimized for use
in 1.2 to 1.4 GHz radar amplifier systems: the
250 W CGHVI14250 and the 500 W
CGHV14500. These L-Band high power tran-
sistors feature ultra-high efficiency performance
(Class A/B operation in the 65 to 70 percent
range), high power gain performance (20 dB
range) and wide bandwidth capabilities. The
new transistors are also input matched and un-
matched on the output, allowing for utilization
in HPA applications ranging from UHF to 1800
MHz, including tactical air navigation systems
(TACAN), identification friend or foe (IFF) sys-
tems and other military telemetry systems.

Manufactured using Cree’s latest genera-
tion 0.4 um, 50 V process, the CGHV14250
and CGHV14500 offer superior GaN HEMT
performance, efficiency and bandwidth at an
affordable price. Cree’s GaN HEMT technolo-
gy also delivers proven reliability of 2.5 million
hours of MTTF life (285 years) at peak junction
temperature of 225°C. Cree GaN processes
are reliable, stable and proven, with a fielded
FIT rate of less than 10. As one of the pioneers
in commercializing GaN technology, Cree has
demonstrated volume production and the reli-
ability experiences to support pulsed, CW and
modulated waveform applications.

UNIQUE BENEFITS

GaN’s high efficiency and gain characteris-
tics provide system designers with a number of
advantages, including economies in heat sinks
and thermal management. GaN high power
density packages provide the potential benefits
of smaller amplifier size/footprint and reduced
drive power, resulting in lighter system weight,
which can be important for mobile, outdoor
and airborne applications. Further, GaN’s ef-
ficiency advantage helps reduce load require-

CREE INC.
Research Triangle Park, NC

MICROWAVE JOURNAL m NOVEMBER 2013



Protecting your radar system

METELICS

High Power Surface Mount Limiters

Part Number

LM200802-M-A-300
LM501202--C-300
LM501202-M-C-300
LM202602-H-A-300
LM202602-H-C-300
LM202802-1-C-300
LM202802-M-C-300
LM401102-Q-B-301
LM401102-Q-C-301
LM102202-H-C-301
LM102202-Q-C-301
LM202402-Q-C-301
LM202402-Q-E-301
LM202402-Q-F-301
LM202802-Q-C-301
LM2933-Q-B-301

(DNEROFLEX

just got a whole lot easier

[

g - _——
Evaluation Boards Available

SRR
Frequency  Loss CW.
Type (MH2) dB)  Power (W)

Medium Power Broadband 20-8000
Octave Band, Low Power 500-2000
Octave Band, Medium Power 500-2000 E

High Power 2000-6000

Octave Band, Low Power 2000-8000
Octave Band, Medium Power 2000-8000

Octave Band, High Power “Quasi-Active” 400-100!
Octave Band, High Power “Quasi-Active’ 1000-2000

Octave Band, High Power “Quasi-Active” 2000-4000 15)
Octave Band, High Power “Quasi-Active” 2000-4000 0.

125
0

Octave Band, High Power “Quasi-Active’ 2000-8000

High Power, Passive Two-stage Power Limiter 2900-3300

05 |
>

10
|
(06 |

o0
100

100

New high power surface
mount limiters from
Aeroflex / Metelics are
making your receiver/
protector sections a whole
lot easier to design. These
drop-in devices include

11 completely integrated
components that have
been optimized for S

and C band radar systems.
In comparison to silicon
and GaAs MMICs, which
lack thermal capacity and
thermal conductivity, these
devices offer stable peak
power handling through

8 GHz.

* Frequency bands from
20 to 8000 MHz

* 100 WCW. and 1 KW
Peak Power Handling

* Flat Leakage Power
of 20 dBm

* 8 x5x2.5 mmSMT
Packaging
We've put our semicon-
ductor experience to work
in developing a variety of
broadband and octave
band models. Call or visit
our website for details.

603-641-3800

www.aeroflex.com/metelics

(\EROFLEX

A passion for performance.
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A Fig. 1 CGHV14250 typical RF results
(Vaa = 50 V, Ty = 500 mA, Py, = 37 dBm, Togs,
= 25°C, Pulse Width = 500 us, Duty Cycle =
10%).

ments for the power distribution sys-
tem and the wider bandwidth poten-
tial offers system designers the option
to employ a single antenna approach
based on a multi-band high power
amplifier (HPA) capability.

FULL SPECIFICATIONS AND
FEATURES

Under typical operation at
25°C case temperature, the 250 W
CGHV14250s output power reach-
es 330 W, 18 dB power gain with 77
percent typical drain efficiency (see
Figure 1). The 500 W CGHV14500
is rated for 500 W typical output pow-

— [~
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FREQUENCY (GHz)

A Fig. 2 CGHV14250 typical RF results
(Via = 50V, 14, = 500 mA, Py, = 37 dBm, Ty,
= 85°C, Pulse Width = 500 us, Duty Cycle =
10%).

er, 17 dB power gain, and 70 percent
typical drain efficiency at 25°C. These
specifications are measured at 500
psec, 10 percent duty cycle operating
conditions. For both the 250 and 500
W GaN HEMTs, the pulsed ampli-
tude droop is < 0.3 dB.

Although the device part numbers
indicate 250 and 500 W, a closer look
at the data sheet reveals they are rated
at a case temperature of 85°C (see
Figure 2). In examining Figures 1
and 2 to compare the devices’ perfor-
mance at 25° versus 85°C, note that
the efficiency of the transistors re-
mains above 70 percent from 25° up

www.SignalAntenna.com

DC-20 GHz!
CUSTOM DESIGNS
HI POWER

HELIX

B’BAND ANTENNAS &

LOG PERIODIC
OMNI
EMC TEST orotecting our forces
MAN-WORN P & '
OTH HF RADAR
Signal Antenna Systems, Inc.
8-B Hangar Way
Watsonville, CA 95076
Phone: (831) 722-9842

Email: info@signalantenna.com

Signal Antenna Systems, Inc.

130

_ =]

E 300 "~ 60 260
£ 250[ — 50 m >
o 200 4012
& 150 30 %E
5 100 2022
E 50 100®
o ? R

110 1.20 1.30 140 1.50 &
FREQUENCY (GHz)

A Fig. 3 CGHVI4250F CW RF results (Vy,
= 50 V, 1, = 500 mA, P,, = 37 dBm, T, =
65°C.)
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A Fig. 4 CGHV14500F in applications
circuit (Vgg = 50V, 1z, = 500 mA, P;, = 41
dBm, T, = 25°C, pulise width = 500 ps,
duty cycle = 10%).

to 85°C. In demonstration of the ro-
bustness of the device, the power dis-
sipation is also shown for running the
parts in continuous wave (CW) mode
(see Figure 3).

TARGETED APPLICATIONS

Targeted applications for the
new L-Band GaN HEMTs include
TACAN, IFF systems and other mili-
tary telemetry systems. Cree provides
RF design engineers with Cree’s
industry-leading large signal models,
now available for Agilents ADS and
AWR’s Microwave Office simulators.
S-parameter files are also available.
The demonstrator circuits for the
CGHV14250 and CGHV14500 were
designed with their respective propri-
etary large signal models and achieved
first-pass success for both the 1.2 to
1.4 GHz circuits and the 960 to 1250
MH?z circuits (see Figure 4).

Demonstration test fixtures for 1.2
to 1.4 GHz radar are available from
Digi-Key, as well as directly from
Cree. Additionally, an application cir-
cuit for IFF and TACAN performance
will be available shortly.

Cree Inc.,
Research Triangle Park, NC
(919) 407-5302,
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Synergy Microwave Corporation - The Frequency Source Noise Control & Signal Processing Experts.
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FREQUENCY SYNTHESIZERS

HIGH PERFORMANCE SYNTHESIZER HIGH PERFORMANCE SYNTHESIZER PRODUCTS
Synergy’s low phase noise synthesizer Low close-in phase noise L-Band High Power Products
model LFSW170225-1M offers wide : synthesizer model LFSFN100200-100 : VCO's

band coverage from +5 Volt supplies. provides typical phase noise of :
The close-in phase noise is -102 dBc -102 dBc/Hz @ 1 kHz, -103 dBc/Hz @ Utra-Low Noise Phase

@ 1 KHz through 10 KHz offset and : 2 10 kHz, and -110 dBc/Hz @ 100 kHz : 2 Locked Oscillators
-123 dBc @ 100 KHz offset. It also A offset. It also provides output power of % Oven Controlled
provides buffered output power of +5 +5 dBm (min.), spurious suppression of Crystal Oscillators

dBm (Min.), spurious suppression of 70 dB (Min.), and harmonics of 10 dB High Performance
75 dB (Typ.), and harmonics of 25 dB (Typ.). The frequency  (typ.). Operating with +5 volt supplies and is packaged in a Crystal Oscillators
is varied in 10 MHz steps. This great performance is small 1.25” X 1.00” X 0.230” housing (RoHS compliant). : .
packaged in a small 1.25” X 1.00” X 0.230” housing (RoHS Uilzes esenzios
compliant). Oscillators

SAW Oscillators
WIDEBAND LOW PHASE NOISE SYNTHESIZER PARALLEL ADDRESSABLE SYNTHESIZER Frequency Synthesizers
The LFSFN150320-50 is a new, The LFCPH181254-10 synthesizer Couplers
wideband, low phase noise synthesizer i is ideal for designs that require Filters

covering 1500 MHz to 3200 MHz in spot frequencies across a particular :
500 kHz step size when using a 10 frequency band. This device requires Hybrids

MHz reference. Applications include y ; : no external programming and y ; : Mixers
microwave radio, radar, PCS and ISM A can generate up to 16 selectable A . .
communication links requiring low frequencies (pre-programmed at the Splitters/Combiners

noise frequency generation. Phase factory) via a 4 bit binary address Transformers
noise at 1 kHz offset is -95 dBc/Hz and at 100 kHz offset as specified in a supplied frequency look-up table in the .
is -108 dBc/Hz. Spurious products are suppressed by 65 frequency range of 1800 to 2540 MHz. The features include | abeakat SUATIES
dB and output power is +5 dBm, minimum. This surface a minimum output power of +5 dBm, a typical harmonic Demodulators
mount package is 1.25 x 1.0 x 0.23 inches (L x W x H) and suppression of 25 dB and a typical phase noise of -96 .
is powered by a single +5 volt supply drawing less than 200 & -110 dBc/Hz at 10 KHz and 100 KHz offsets with an FIXCEAISAUAION
mA of current. Other step sizes and reference frequency external 10 MHz reference. The operating temperature Frequency Doublers
options are available by contacting Synergy directly. range is -40 to +85°C and is housed in a 1.0” x 1.25” RoHS M
. L . . odulators
surface mount package. This device is also available in a
connectorized version as well as other frequency ranges. Monolithic Amplifiers
Phase Comparators

PARALLEL ADDRESSABLE SYNTHESIZER PARALLEL ADDRESSABLE SYNTHESIZER

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Phase Detectors
The FCPL65120-10 synthesizer The MTS-200400-10 is a high

requires no external programming resolution synthesizer that combines

and can generate up to 16 selectable the latest in DDS and muilti-loop f DC Block

frequencies (pre-programmed at the synthesizer technologies with a

. M - ) Test Fixtures And
factory) via a 4 bit binary address as - - high performance VCO to generate
specified in a supplied frequency look- \ / frequency signals from 2-4 GHz Eval Boards
up table in the frequency range of 650 with as low as 1 Hz step size. It also SYNFLEX Cables

Phase Shifters

to 1200 MHz. This device features a provides ultra low phase noise, wide
minimum output power of +6 dBm with a typical harmonic bandwidth performance and low spurious, while permitting
suppression of 15 dB and a typical phase noise of -98 & for increased loop bandwidth, faster settling time and higher
-113 dBc/Hz at 10 kHz and 100 kHz offsets with an external stability under vibration. Power consumption is less than
10 MHz reference. The operating temperature range is 2.0 watts. This product is ideal for applications in imaging
-40 to +85 deg. C and is housed in a 0.94” x 0.94” RoHS equipment such as RADAR and magnetic resonance,
surface mount package. This device is also available in a DVB transmitters, satellite ground station equipment, test
connectorized version and is ideal for designs that require equipment and control links for Unmanned Aerial Vehicles
spot frequencies across a particular band. Other models (UAV). This product is housed in a surface-mount package
with different selectable frequency ranges are available off measuring 1.22 x 1.950 x 0.47 inches. Connectorized
the shelf. version is also available.
Copyright © Synergy Microwave Corporation MLUIRLT TR
e % B 11 4R
201 McLean Boulevard ¢ Paterson, New Jersey 07504 USA WY =LLwA R
Tel: (973) 881-8800 » Fax: (973) 881-8361 WMICROWME CORPORAKTION

E-Mail:_sales@synergymwave.com ¢ Website:_http://www.synergymwave.com
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i Microwave

, Radio Chipsets
Cover 6 to 42
GHz Bands

TR AT M

ittite Microwave has developed a se-
Hries of microwave radio IC chipsets
that cover the 6 to 42 GHz frequency

bands while dramatically reducing the size,
complexity, production cost and power con-
sumption of microwave radios. The chipsets
offer complete upconversion and downcon-
version solutions that are designed to address
the need for higher bandwidth and faster time-
to-market in microwave split-mount outdoor
units, and are equally applicable for direct
modulation of full outdoor units (FODU). The
chipsets simplify system manufacturing, de-
ployment and inventory management, as the
chipsets are highly integrated such that fewer
individual ICs are required. Hittite’s new chip-
sets also support high order modulation, up to
4096-QAM to meet the current and future re-
quirements of high capacity microwave radios.
The functional diagram in Figure I is an
example of how Hittite’s microwave chip-
sets can be used to realize a microwave radio
transceiver solution for the licensed 18 GHz
point-to-point radio band (17.7 to 19.7 GHz).
The 18 GHz transmit chipset reference design
converts the 350 MHz IF frequency from the

indoor unit (IDU) to an 18 GHz transmit signal
at the antenna.

At the heart of the transmit chipset is
a highly integrated IF transmitter chip,
HMCT7436LP5ME. It is designed for high lin-
earity operation, supports modulations up to
4096-QAM and is housed in a compact, 32-
pin 5 x 5 mm standard QFN package. The
HMCT7436LP5ME IF transmitter chip, shown
in Figure 2, takes the industry standard 300
to 400 MHz IF input signal and converts it to
a 0.85 to 4 GHz single-ended RF signal at its
output. The IF input power range is from —28
dBm to +3 dBm. To equalize for input signal
cable losses, HMC7436LP5ME provides 32
dB of digital gain control in 1 dB steps, while
an analog VGA controls the transmit output
power continuously from —20 dBm to 0 dBm.

The HMC7436L.LP5SME also features three
integrated power detectors. A square law de-
tector after the DVGA is used to set the power
level into the mixer, the envelope detector af-

HITTITE MICROWAVE CORP.
Chelmsford, MA
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IF TRANSMITTER CHIP

are also provided . REF

to support FODU
direct modula-
tion configurations.
In this baseband

HMC830LP6GE
Fractional-N PLL+VCO

configuration,  the A Fig. 2 HMCT7436LP5ME IF transmitter chip block diagram.

HMC7436L.P5SME

includes four integrated and configu-
rable lowpass reconstruction filters
covering channel bandwidths of 14,
28, 56 and 112 MHz with bandwidth
calibration. The IF transmitter chip is
configured via a three-wire SPI inter-
face.

The LO for the IF transmitter chip
can be taken from the HMCS30LP6GE
wideband  fractional  synthesizer,
which covers 25 to 3000 MHz, or the
HMCS33LP6GE, which covers up to
6000 MHz.

The HMCS819LC5 in the transmit
chain is a sub-harmonically pumped
I/Q transmitter that incorporates a fre-
quency doubler in the LO path, a pair
of double balanced mixer cells, and
a single-ended driver output ampli-
fier. This high linearity I/Q transmit-
ter is rated for microwave frequencies
from 17.7 to 23.6 GHz, and provides
15 dB conversion gain and 35 dB of
sideband rejection. The HMC819LC5

I/Q transmitter is followed by the
HMCS812LC4 voltage variable attenu-
ator (VVA), which is used to set the
output power level of the transmit
chain. The HMC812L.C4 is rated from
5 to 30 GHz and provides a continu-
ously variable attenuation range from 0
to 30 dB. Implementing a VVA in this
section enables the radio to dynami-
cally adjust its output power depending
upon the environmental conditions.
Following the VVA, the HMC6981L.S6
power amplifier delivers 2 W of output
power, representing one of Hittite's best-
in-class microwave radio linear power
amplifiers. The HMC69S1LS6 covers
the 15 to 20 GHz frequency band and
delivers 26 dB of gain, +33.5 dBm out-
put P1dB and +43.5 dBm output IP3.
The amplifier also features an integrat-
ed, temperature-compensated power
detector, which may be used in a closed
loop circuit to maintain constant output
power over temperature variations.
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EUROPEAN
MICROWAVE

WEEK

ROME, ITALY
EuMW 5-10 OCTOBER 2014

www.eumweek.com

EUROPE’S PREMIER MICROWAVE,
RF, WIRELESS AND RADAR EVENT

EuMW 2014 will be held in the extraordinary and beautiful ‘Eternal City’ of Rome. Bringing
industry, academia and commerce together, European Microwave Week 2014 is a SIX day
event, including THREE cutting edge conferences and ONE exciting trade and technology
exhibition featuring leading players from across the globe. EUMW 2014 will offer you the
unique opportunity to be connected to the future of microwave technology.

The Exhibition (7th - 9th October 2014)

- 8000 sqm of gross exhibition space
’ ’ ® 5,000 key visitors from around the globe

e 1,700 - 2,000 conference delegates
In excess of 250 international exhibitors

including Asia and US as well as Europe)
The Co
icrowave Integr

6th —7
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b ln-addition FLiMVWV 72014 will incliide the Detence
Official Publication: Organised by: Supported by: Co-sponsored by: Cosponsored by:
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house Ergnarrg 18 Teziokogy MTT-S°

4.4.EUROPEAN CONFERENCE mm“] 0
MICROWAVE

Integrated Circuits Conference The 44th European Microwave Conference The 11th European Radar Conference

The 9th European Microwave

Cosponsored by: Cosponsored by: Cosponsored by:

Interested in exhibiting?

Call +44(0) 20 7596 8742 or visit www.eumweek.com
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PIN DIODE

CONTROL DEVICES
PIN DIODE

ATTENUATORS

« 0.1-20GHz

« Broad & narrow band
models

+ Wide dynamic range
+ Custom designs

Attenuator types offered are: Current Controlled,

lalge Controlled, Linearized Voltage Control-

igitally Controlled and Digital Diode At-
tanuamrs

PIN DIODE

SWITCHES

« Broad & narrow

band models ;

* 0.1-20GHz
+ Custom designs

,g%

SPST thru SPAT and Transfer type
models are offered and all switches are 10w l0ss
with isolation up to 100dB. Reflective and non-
reflective models are available along with TTL
c.umpatlhla logic inputs, Switching speeds are
sec.—30nsec. and SMA conneclors are stan-
dpl'd Custom designs including special logic in-
puts, voltages, connectors and package styles
are available. All switches meet MIL-E-5400
PIII IIIDDE

PHASE SHIFTERS

« 0.5-20GHz
» Switched Line
* Varactor Controlled
* Vector Modulators
* Bi-Phase Modulators
« QPSK Modulators
« Custom Designs

SUBASSEMBLIES

Passive Components and Control Devices can
be integrated into subassemblies to fit your spe-
cial requirements. Call for more information and
technical assistance.

« Small size

Custom Designs
CALL OR WRITE

waveline

SOLID STATE o
PO, Box 718, West Caldwell, NI 07006
(973) 226-91 00 Fux: 973-226-1565
E-mail: wavelineine com
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HMC830LP6GE
Fractional-N PLL+VCO

HMC7362LP6JE

140 MHz

A Fig. 3 HMC7362LP6JE IF receiver chip block diagram.
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A Fig. 4 18 GHz microwave link demonstration setup (a) and constellation view (1024-QAM).

The LO for the HMCS19LC5
I/Q transmitter is provided by the
HMC765LP6CE  fractional PLL/
VCO, which covers 7.8 to 8.8 GHz
with closed loop phase noise of —101
dBc/Hz at 10 kHz offset. Hittite Mi-
crowave offers the widest portfolio
of fully integrated PLL-based mi-
crowave frequency synthesizers and
VCOs with best-in-class phase noise
and spurious performance.

In the receiver section, the
HMC966LP4E shown in Figure 3
is a sub-harmonically-pumped low
noise downconverter (LNC) that is
rated for input frequencies from 17
to 20 GHz, and incorporates a low

noise amplifier and frequency dou-
bler in the LO path and an image
reject mixer. The HMC966LP4E ac-
cepts a sub-harmonic LO input be-
tween 7.5 and 11.75 GHz, supports
an IF of DC to 3.5 GHz, and achieves
40 dBc image rejection and a low 2.5
dB noise figure. Following the LNC
is the highly integrated IF receiver
chip HMC7362LP6JE, which con-
verts the downconverted receive sig-
nal to a 140 MHz IF that is fed back
to the IDU. As shown in Figure 3, it
includes three VGAs to achieve 80
dB of analog gain control, three pow-
er detectors, a programmable AGC
block, as well as selectable integrated
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19 - 22 JANUARY 2014, NEWPORT BEACH, CA, USA

<IEEE ®

http.//www.radiowirelessweek.orq/

ﬂ 'Radio Wireless Week

Join Us for a Week Long Wireless Event
“Next Wireless Innovation”
At the Newport Beach Marriott Hotel & Spa

Join us for the 9th annual IEEE Radio Wireless Week (RWW) in Newport
Beach, California from 19- 22 January 2014. This exciting week includes
the IEEE Radio and Wireless Symposium (RWS) and the IEEE Topical
Meeting on Silicon Monolithic Integrated Circuits in RF Systems (SiRF). Join
us to learn about the latest in the wireless technologies and networks with
colleagues while enjoying the beautiful ocean view of southern California.

RWW: IEEE Radio Wireless Week

RWS: IEEE Radio and Wireless Symposium

PAWR: IEEE Topical Meeting on Power
Amplifiers for Wireless and Radio
Applications

SiRF: IEEE Topical Meeting on Silicon
Monolithic Integrated Circuits on RF
Systems

BioWireleSS: IEEE Topical Conference on
Biomedical Wireless Technologies,
Networks, and Sensing Systems

WiSNet: IEEE Topical Meeting on Wireless ra?ﬁ
Sensors and Sensor Networks IRELESS
4 . N [ i .
Highlights Exhibits and Sponsorship
Technical Oral Sessions - Mon/Wed, 20-22 Jan., 2014 Opportunity
;gtliractlve Poster Sessions - Mon/Wed, 20-22 Jan., This year's Exhibit will offer tabletops

and full 10x10 exhibits. The exhibition

will operate on Monday and Tuseday,

with a special offer for Sunday Set-ups.
WirelessApps talks and Demo Sessions will
also be held in the Exhibition area. Rental
fees for 2014 are $1200 per tabletop booth
space and $1500 per 10x10 booth space.
Sponsors at the $3000 level and above will
be offered one free 10x10 booth space. In
2011, 2012 and 2013 the exhibition was
SOLD OUT so please book early in order

to insure premium exhibit space. For more
about exhibits and sponsorship, visit
http://www.radiowirelessweek.org/exhibits/

Student Paper Competition Finals - Mon, 20 Jan., 2014
Demo Session - Tue, 21 Jan., 2014
Plenary Talk - "THz imaging for Biomedical Applications”
Workshops
Power Amplifier, Radar Systems/Biomedical Radar, RF
Energy Harvesting, etc.
Panel Sessions
Future of Wireless Communications, Emerging PA
Breakthrough, THz Wireless Communications, etc.
Distinguished Lecturer Talks
Monday morning Distinguished Lecturer session
featuring four prominent speakers. For more
information, Advance Program will be available at
http://www.radiowirelessweek.org/

& J J
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bandpass filters (14, 28 or 56 MHz
bandwidth). The filters can also be
bypassed to allow for off-chip filter-
ing of other user-defined bandwidths.

The HMCT7362LP6]E IF receiver
chip is designed for high linearity op-
eration, supporting modulations of
up to 4096-QAM and bandwidths
up to 112 MHz. It supports an RF
input range from 0.8 to 4 GHz and
is housed in a compact, 40-pin 6 x
6 mm standard QFN package. The
HMCT7362LP6]JE also supports base-
band IQ interfaces after the mixer so
that the chips can be used for direct
modulation in the FODU configura-
tion.

For all other microwave radio
bands, designers can select chipsets to
realize all of the licensed microwave
radio bands from 6 to 42 GHz. Hit-
tite has a large selection of compo-
nents available for microwave radio
applications. The IF transmitter and
receiver chips HMC7436LP5ME and
HMCT7362LP6JE support all of the
standard microwave frequency bands
from 6 to 42 GHz.

18 GHz PtP MICROWAVE 1024-
QAM LINK DEMO

To validate the performance of the
Tx and Rx chipsets, an 18 GHz point-
to-point (PtP) microwave radio dem-
onstration link was set up. Hittite Mi-
crowave and Xilinx worked together
to develop the demonstration setup
shown in Figure 4. The demonstra-
tion setup combines the Xilinx XPIC_
R1 modem with 18 GHz microwave
Tx and Rx sections configured on
PCBs using Hittite’s chipsets. The
connections between the Xilinx and
Hittite boards are the conventional
140 MHz Rx IF and 350 MHz Tx
IF. The Xilinx XPIC_R1 is running
the complete PtP modem IP, named
MWRI1024RS, on a Kintex-7 FPGA.
This full-featured, high-performance
modem IP from Xilinx is capable of
up to 1.0 Gbps raw data throughput
with 1024-QAM modulation. The
user data payload is streamed over a
Gigabit Ethernet link in the end sys-
tem. The demonstration platform re-
lied on the Xilinx MWR1024RS PtP
Modem GUI to control the boards
and display the received signal con-
stellation and key link statistics (see
Figure 4b). More information on the
MWR1024RS PtP modem IP is avail-
able from Xilinx.

The Hittite synthesizer and IF
chips were programmed using a
three-wire SPI port. The synthesiz-
ers were programmed for an IF fre-
quency of 1740 MHz for Tx and 1840
MHz for Rx, while the IF chips were
programmed for channel bandwidth,
gain and interface type (IF). The Tx
modem was configured to transmit a
1024-QAM modulated signal in a 30
MHz channel, and the transmitter
chip gains were set to achieve +20
dBm RF signal output power. A vari-
able RF attenuator was connected
between the transmit and receive RF
ports to simulate the link path loss
that would be realized in a deployed
microwave radio link. As the RF at-
tenuator was varied, the AGC in the
Rx IF chip maintained the appropri-
ate IF output power to the modem to
maintain optimal link performance.
The modem was able to measure a
Bit Error Rate (BER) of better than
10" over a wide range of attenuation
settings. The digital modem can de-
modulate even lower signal levels as
it supports modulation orders down
to QPSK — which may be changed on-
the-fly.

Hittite Microwave continues to
provide innovative, high performance,
Antenna-to-Bits microwave radio so-
lutions covering all bands from 6 to
42 GHz, while supporting both split-
mount and full ODU style microwave
radios. The IF transmitter and IF re-
ceiver chips HMCT7436LP5ME and
HMCT7362LP6]JE provide a very high
level of integration, support all of the
standard microwave frequency bands
from 6 to 42 GHz, and form the core
of these compact, high performance
microwave radio chipsets.

Hittite Microwave and Xilinx have
successfully demonstrated a com-
plete modem with 1024-QAM modu-
lation in a 30 MHz channel over an
18 GHz microwave link. The BER
of the complete modem was better
than 10" over a wide range of attenu-
ation settings. The IF transmitter and
IF receiver chips are also capable of
supporting modulations of 2048 and
4096-QAM.

)VENDORVIEW

Hittite Microwave Corp.,
Chelmsford, MA,
txrx@hittite.com,

www.hittite.com.
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For more information please visit:

IMS IS HEADED
TO FLORIDAI

SUBMIT YOUR PAPER

HTTP://IMS2014.MTT.ORG

The IEEE Microwave Theory and Techniques Society’s 2014
International Microwave Symposium (IMS2014) will be held
1 - 6 June 2014 in Tampa, Florida as the centerpiece of
Microwave Week 2014. IMS2014 offers technical sessions,
interactive forums, plenary and panel sessions, workshops,
short courses, industrial exhibits, application seminars, historical
exhibits, and a wide variety of other technical and social
activities, including a guest program. As usual, the Microwave
Week technical program also comprises the RFIC Symposium

CONFERENCE DATES: 1- 6 JUNE 2014!

(www.rfic2014.org) and the ARFTG conference (www.arftg.org).
Unique to Microwave Week 2014, Florida’s own WAMICON

will be held jointly with ARFTG for this
year. With over 9,000 participants and 600 industrial exhibits
of state-of-the-art microwave products, Microwave Week is the
world’s largest gathering of Radio Frequency (RF) and microwave
professionals and the most important forum for the latest research
advances in the field.

PAPER SUBMISSION: Authors are invited to submit technical
papers describing original work on radio-frequency, microwave,
millimeter-wave, and terahertz (THz) theory and techniques. The
deadline for submission is 9 December 2013. Paper submissions
should be three pages in length (PDF format), and should not
exceed one megabyte in file size. Hardcopy and email submissions
will not be accepted. Please refer to the IMS2014 website (www.
ims2014.mtt.org) for detailed instructions concerning paper
submission. Authors must adhere to the format provided in the
conference paper template available on the symposium’s website.
It is the authors’ responsibility to obtain all required company and
government clearances prior to submission. Please don’t wait until
the last day to start using the paper submission process. Those
unfamiliar with the process may encounter paper formatting or
clearance issues that may take time to resolve.

A double blind review process will be used. Papers will be
evaluated on the basis of originality, content, clarity, and relevance
to the symposium. For accepted papers, the electronic submission
of a final manuscript along with a copyright assignment to the
IEEE will be required no later than 3 March 2014. Symposium
proceedings will be recorded on electronic media and archived
in IEEE-Xplore. Authors of accepted papers should consider
submitting an extended version of their symposium paper for
possible publication in the IEEE Transactions on Microwave Theory
and Techniques.

Come join us in Tampaq, Florida and enjoy the
flagship Microwave Theory and Techniques
Society (MTT-S) Conference on the beautiful
Gulf Coast of Florida.

EMERGING TECHNICAL AREAS:

IMS2014 enthusiastically invites submission
of papers that report state-of-the-art
progress in technical areas that are outside
the scope of those specifically listed in
this Call for Papers, or that may be new
to the symposium, but are of interest to
our attendees.

STUDENT PAPER AND
STUDENT DESIGN COMPETITIONS:

Eligible students are encouraged to submit
papers for the student paper competition.
The papers will be evaluated using the
same standards as all contributed papers. In
addition, eligible students or student teams
are invited to consider taking part in student
design competitions during the IMS2014,
which are organized and sponsored by
various Technical Committees (TC) of the
MTT-S Technical Coordination Committee
(TCC). Please visit the IMS2014 website for

full details.

MICROAPPS:

The Microwave Application Seminars
serve as a forum for exhibitors at the IMS
to present the technology behind their
commercial products and their special
capabilities. The presentations are open to
all conference and exhibit attendees.

Electronic Submission Deadline:
9 December 2013

All submissions must be made
through email:

tpc_microapps@ims2014.or
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Tech Briefs

inear Technology has developed
L an ultra-high dynamic range RF

down-converting mixer for ap-
plications that demand the very best in
performance. The LTC5551 offers very
high linearity of +36 dBm IIP3 and low
9.7 dB noise figure comparable to the
highest IIP3 passive mixers available.
Unlike passive mixers which typically
have 7 to 9 dB of conversion loss, the
LTC5551 actually has 2.4 dB of conver-
sion gain, substantially improving re-
ceiver dynamic range. The device also
has broad RF frequency range capabili-
ty, operating from 300 MHz to 3.5 GHz.
Additionally, passive mixers require
high LO drive to reach their claimed
IIP3. The LTC5551 has an integrated
LO buffer requiring only 0 dBm drive
level, hence external circuitry and costs

Broadband High Dynamic

Range Active

are minimized. And with the elimina-
tion of a high power LO signal in the
users’ receiver, it substantially reduces
a potential source of undesirable radia-
tion, thus simplifying filtering and RF
shielding requirements.

The LTC5551 ensures robust radio
performance with its high 1 dB com-
pression point of +18 dBm. Both the
RF and LO inputs have integrated
balun transformers, further reducing
cost and external components while
simplifying the design task. The mixer
is powered from a single 3.3 V supply
with current consumption of 204 mA,
delivering its high performance with
exceptionally low power. If needed,
the mixer also has a low power mode
controlled via the ISEL pin. In this
mode, current consumption drops by
30 percent to 142 mA, trading off the

ixer

IIP3 to +29.3 dBm. The mixers mini-
mum external circuits and its 16-lead, 4
x 4 mm QFN package provide a highly
compact solution footprint.

The superior performance of this
mixer is ideally suited for a wide range
of mission-critical, high performance
applications that are exposed to strong
interference sources such as multi-
carrier GSM, 4G LTE and LTE-Ad-
vanced multimode base stations, point-
to-point backhauls, military commu-
nications, wireless repeaters, public
safety radios, VHF/UHF/white-space

broadcast receivers, radar and avionics.

JVENDORVIEW

Linear Technology,
Milpitas, CA,

www.linear.com.

mpower RF Systems continues
Eto leverage next generation hard-
ware and software architecture
and is proud to introduce the next se-
ries in the “size matters” portfolio — 500
W in a 3U chassis. This new PA family
operates in the frequency ranges of 20
to 500 Mz (Model 2173), 500 to 1000
MHz (Model 2174) and 20 to 1000
MHz (Model 2175) with the output
power guaranteed over full bandwidth
and temperature. These products offer
a unique combination of size, weight,
RF power delivery and control fea-
tures embedded into 500 W units.
All of the features of the 1 kW next
generation platforms are designed into
the 500 W family and size is reduced

140

500 W, Broadband HPAs
in a 3U Chassis

further to a 3U chassis. Also similar to
Empower’s 1 kW units, the 500 W solid
state amplifiers utilize high power LD-
MOS devices that provide wide fre-
quency response, high gain, high peak
power capability and low intermodula-
tion distortion. Advanced broadband
RF matching networks and low-loss
combining techniques are critical to
performance as well.

Empower’s control and user inter-
face software, now standard on the “size
matters” platforms, has an embedded
web server and feature rich menu which
includes not only the software update
process, but also real-time monitoring,
protection and control, sensor driven
dynamic adjustments to the amplifier
while in operation, remote user access
and a selection of communications pro-

tocols that can be enabled by the end
user during system set up.

Consider the possibilities — the
smaller size, easier system integration
and higher efficiency of the “size mat-
ters” HPAs significantly broadens the
application capabilities within the test
and measurement, electronic warfare,
radar and digital communications mar-
kets. Additionally, GaN-based 1 kW in
a 5U chassis with 1 to 3 GHz coverage
will be available later in Q1 2014 (Em-
power model 2170).

YVENDORVIEW

Empower RF Systems,
Inglewood, CA

(310) 412-8100,
www.empowerrf.com.
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center

November Short Course Webinars

Technical Education Webinar

RF and Microwave Amplifier Power Added Efficiency,
Fact and Fiction

Sponsored by: Cree and AWR Corp.

Live webcast: 11/6/13, 11:00 AM ET

Technical Education Training
Silicon-on-Sapphire: Leveraging CMOS Integration to
Maximize RF Performance

Sponsored by: Peregrine Semiconductor

Live webcast: 11/12/13, 11:00 AM ET

RF/Microwave Training

Passive Components: Dividers, Couplers, Combiners
Sponsored by: Mini-Circuits

Live webcast: 11/19/13, 11:00 AM ET

CST Webinars

Wireless Power Transfer and Microwave Energy
Harvesting

Live webcast: 11/7/13, 11:00 AM ET

EMC Simulation in the Design Flow of Modern
Electronics
Live webcast: 11/14/13, 11:00 AM ET

Traveling Wave Tube Design with Simulation
Live webcast: 11/21/13, 11:00 AM ET

Simulating Dielectric and Conductor Loss Components
Including the Influence of Trace Edge and Surface
Roughness Topography

Live webcast: 11/26/13, 11:00 AM ET

Past Webinars On Demand

RF/Microwave Training Series
Presented by: Besser Associates

¢ RF and Microwave Filters

 Mixers and Frequency Conversion

Market Research Webinar Series
e Technology Trends for Land-Based Electronic Warfare Systems

Technical Education Webinar Series

e Novel Very-Near-Field Measurement Technique to Test Large
Directional Antennas in Minutes

 \/CO Fundamentals

¢ Fundamentals of Envelope Tracking and Test

 INSIGHT- Analysis and Diagnostic Software for Antenna
Measurement Post Processing

e MMIC Amplifier Design

e Filtering Solutions Improve Dynamic Range of IMD

e An Introduction to Continuous Mode RF Power Amplifier Design

 RF PCB Design

e Fundamental Tradeoffs for Space, Air and UAV SAR

¢ Maximize the Performance of Your RF Signal Analyzer

CST Webinar Series

e Electromagnetic Simulation of Composite Materials and Cable
Harnesses in Aircraft

* MIMO Antenna Systems for Advanced Communication

u Register to attend at
mwjournal.com/webinars
[E#5R%:

e Simulation and Measurement: Complementary Design Tools

e High-Speed Serial Link: Full-Wave EM Modeling Methodology
and Measurement Correlation

e Modeling and Simulation of Metamaterial-based Devices for
Industrial Applications

e High Speed and High Power Connector Design

Innovations in EDA/Signal Generation & Analysis Series

Presented by: Agilent EEsof EDA/Agilent Technologies

e Designing with 4G Modulated Signals for Optimized Multi-
Standard Transceiver ICs

e Advanced Passive Intermodulation (PIM) Measurement System

* Designing Custom RF and Analog Filters Through Direct Synthesis

Agilent in Aerospace/Defense Series

e \ector Modulation and Frequency Conversion Fundamentals

e [ TE Design and Test Challenges for Public Safety Radio and SDR
Applications

Agilent in LTE/Wireless Communications Series
¢ \/alidating Performance of Satellite Navigation Systems and Receivers
e MIMO Over the Air (OTA) Handset Performance and Testing

FieldFox Handheld Analyzers Series

Presented by: Agilent Technologies

e Correlating Microwave Measurements Between Handheld and
Benchtop Analyzers

Frequency Matters.
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Software and Mobile Apps

FieldFox Mobile App

Y)VENDORVIEW

The FieldFox handheld analyzer handles
everything from routine maintenance and
in-depth troubleshooting wherever you
go, but at times it would be more con-
venient to operate it remotely. Now you
can monitor and control your FieldFox
using any iOS device, including iPhones
and iPads, with the new FieldFox re-
mote control capability, Option 030 and
the new FieldFox Remote Viewer iOS
app. The app is available on iTunes. For
a limited time, get the FieldFox remote
control option for free.

Agilent Technologies Inc.,

www.agilent.com.

Analysis Software

COMSOL  Multiphysics ~ pro-
vides analysis tools for engineers
working in RF and microwave
engineering, in addition to ap-
plication-specific modules in the
electrical, mechanical, fluid and
chemical disciplines. With six spe-
cially designed modules for simu-
lating such diverse applications as
the propagation of waves in and
around structures, to analyzing microwave devices and antennas, COM-
SOL provides an interface for modeling any physics. Paramount among
its strengths is COMSOLS ability to combine all physics effects, such as
RF heating, mechanical stress and deformation effects — all crucial to
electrical applications.

COMSOL Inc.,

www.comsol.com.

¥l Field Precision LLC

X-Ray Simulation and
Source Design

Field Precision released GDE, an
enhancement to the Xenos suite
for Windows. Xenos models X-ray
and electron interactions. Cou-
pled components address electric/
magnetic fields, electron beams,
Monte Carlo radiation transport
and thermal transport. Applications include X-ray imaging, dose distri-
butions and the design of X-ray equipment. GDE is an extension for re-
searchers who run massive Monte Carlo simulations. The program makes
it possible to split calculations between any number of worker computers.
Simulations may be apportioned over local networks or the Internet.
Field Precision LLC,

www.fieldp.com.

e
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CISPR Test
Configurations

JVENDORVIEW

AR RF/Microwave Instrumen-
tation emcware’s latest release
expands on an already great plat-
form with the addition of CISPR
custom test conﬁgurations. En-
hancements include predefined
receiver setups and report genera-
tion to standards such as: CISPR
11, 13, 22, 15 and 32. emcware
also retains a user friendly envi-
ronment with all of its previous functionality allowing users maximum
flexibility to create their own test configurations or modify existing ones.
Download the free software at www.arworld.us/html/IRC_software_de-
tails.aspPswid=23.

AR RF/Microwave Instrumentation,

www.arworld.us.

CST STUDIO SUITE 2014 |©

VENDORVIEW I' |
CST STUDIO SUITE®, a pack- [I- q
age of simulation tools, is used |"=

by researchers and engineers to

design, model and optimize elec- b i

tromagnetic (EM) systems. CST
STUDIO SUITE 2014 further im-
proves usability and performance
with new modeling features and CAD tools to streamline workflows. Par-
ticular attention has been paid to model setup, meshing and System As-
sembly and Modeling (SAM) as well as multiphysics and PCB simulation.
Official release is scheduled for March 2014.

CST of America Inc.,

www.cst.com.

Hittite Mobile App
VENDORVIEW

Download Hittite’s new mobile app and
view the latest products on your iPad or
iPhone from the App Store. Hittite’s se-
lection guide, Off-the-Shelf newsletter
and product solution brochures are avail-
able in e-Book and pdf formats for your
mobile device or request your copy of
the new selection guide at the company’s
website by selecting “Submit Inquiry” in the left hand navigation. New
product data sheets can also be found online.

Hittite Microwave Corp.,
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Software and Mobile Apps

Filter Synthesis and |——|—"'=.| mﬂﬂ

Analysis

Nuhertz Technologies has estab-
lished leadership in filter syn-
thesis and analysis with its flag-
ship program, FilterSolutions®.
Nubhertz has developed numerous
synthesis  algorithms, unparal-
leled in industry and academia,
delivering a superior level of filter
design automation and productiv-
ity improvements. As a leader in the synthesis of electronic filter design,
FilterSolutions provides direct integration with the tools of its partners:
AWR, CST, Modelithics and Sonnet Software. These partnerships allow
the achievement of improved modeling accuracies.

Nuhertz Technologies,

www.nuhertz.com.

Transmission-Line
Modeling Tool
)VENDORVIEW

Free software can be invaluable,
especially a tool such as the Mi-
crowave Impedance Calculator
from Rogers Corp. This simple- alt
to-use, transmission-line modeling tool calculates key parameters for
most RF/microwave transmission lines, including microstrip, stripline
and even coplanar-waveguide (CPW) transmission lines. The calculator
can be used to predict such parameters as impedance and insertion loss
based on different circuit materials and their dielectric properties. The
Microwave Impedance Calculator runs on personal computers (PC) and
portable electronic devices.

Rogers Corp.,

WWW.rogerscorp.com.

SkyOne Semiconductor
Solution

JVENDORVIEW

SkyOne™ is the world’s first semi-
conductor solution to integrate
all the RF and analog content be-
tween the transceiver and anten-
na, combining multiband power
amplifiers, high throw switches,
filtering, duplexing and control
functionality into a package that
is less than half the area of the in-
dustry’s most advanced approach. This groundbreaking solution delivers
the best linearity and power added efficiency, providing smartphone, tab-
let and ultrabook manufacturers with a device that is easy to implement
and scalable as bands increasingly proliferate worldwide.

Skyworks Solutions Inc.,

www.skyworksinc.com.
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New Waves: Passive & Control Components

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

Bandpass Filter

The AB897B599 cavity bandpass filter has a
passband of 890 to 905 MHz, low insertion loss
of 0.75 dB, and
high rejection of
70 dB from 935
to 955 MHz.
Passband ripple
is less than 0.2
dB and return
loss is at least 18
dB. The filter measures 88 x 167.4 x 46 mm
and uses SMA female connectors.

YVENDORVIEW

Anatech Electronics,
www.anatechelectronics.com.

Reflective Switch

The HMCI084L.C4 is a broadband reflective
GaAs MESFET SP4T switch that provides
frequency coverage from
23 to 30 GHz, and is con-
trolled with 0/-3V logic.
The HMC10841.C4 SPAT
switch  exhibits  fast
switching speed of 15 ns
(rise and fall times) and
consumes much less DC current than PIN diode
based solutions. With an input signal of 30 GHz, the
HMC10841.C4 exhibits 11 dB return loss, 26 dB
isolation and only 2.8 dB insertion loss.

Y)VENDORVIEW

Hittite Microwave Corp.,
www.hittite.com.

Directional Coupler

KRYTAR an-
nounced a new
directional  cou-
pler operating in
the  frequency
range of 4 to 20
GHz  offering
nominal coupling
of 30 dB in an extremely compact package. Model
104020030 delivers frequency sensitivity of +0.7
dB. Directivity is >15 dB. The coupler exhibits in-
sertion loss of < 0.60 dB across the full frequency
range including coupled power. Maximum VSWR
at any port is 1.35, input power rating is 20 W aver-
age and 3 KW peak. Operating temperature is -54°
to +85°C.

KRYTAR Inc.,

www.krytar.com.

Broadband Capacitor

The PPI 0201BB104KW160 is a 100 nF capaci-
tor and offers resonance-free, low loss opera-

tion from 16 KHz (-3 dB point) to > 50 GHz at
16 V with an insertion
le loss of <1 dB. The ap-
plications  for which

lﬁ these parts are intend-

. ed require small, sur-
face-mountable (SMT)

devices with low insertion losses and reflections
across RF frequencies extending from the tens
of KHz to the tens of GHz, and temperatures

typically ranging from —55° to +125°C.
Passive Plus Inc.,
www.passiveplus.com.

SPDT RF Switch

Peregrine Semi-
conductor intro-
duced the indus-

trys first SPDT
RF switch to
offer  Gigabit
Wi-Fi access-
point  design-
ers 50 times
more isolation

(41 dB at 6 GHz) and 10 times better linearity
(65 dBm IIP3) than other solutions. Based on
UltraCMOS® technology, the new PE42423 ex-
ceeds stringent 802.11ac standards and delivers
equally high performance at either 3.3 or 5 V.
The switch helps networking vendors meet car-
rier-grade Wi-Fi data-rate and capacity de-
mands while improving the signal quality and
performance of access points.

Peregrine Semiconductor,

www.psemi.com

Isolators and Circulators

Raditeks  Oc-
tave Band isola-
tors and circula-
tors are a cost
effective  solu-
tion for wide-
band frequency
applications.
This model covers 4 to 8 GHz with 150 W of
reverse power and 150 W of forward power.
Power options available are: 110, 150, 200 and
250 W. Typical specifications: 0.4 dB insertion
loss, 18 dB isolation and VSWR 1.3:1. Operat-
ing temp. range from —-30° to +70°C. Dimen-
sions: 83 (W) x 55.2 (L) x 21.5 (H) mm. These
units are proven in the field and are fully RoHS
compliant.

Raditek Inc.,

www.raditek.com.

Waveguide Mount Relay

Relcomm is of-
fering a new 18
GHz microstrip/
co-planer wave-
guide mount re-
lay in a 1P2T con-
figuration. This “pin out” device provides greater
layout and packaging density measuring just 0.900"
Sq. x 0.550" high. The relay provides exceptional
RF performance to 18 GHz (1.50:1 VSWR max,
0.50 IL. max & 60 dB min ISOL). Typical uses in-
clude standby applications, input/output swapping
and developing switch matrices. It can be config-
ured with a failsafe or latching actuator and is avail-
able in 12 and 28 V DC operation.

Relcomm Technologies,
www.relcommtech.com.

Directional Couplers

RLC Electronics” high power directional cou-
plers offer accurate coupling, low insertion

loss and high directivity in a compact package.
The standard units are optimized for 2 octave
bandwidths and are available with a choice of
coupling values. These units are ideal for sam-
pling forward and reflected power with a neg-
ligible effect on the transmission line and very
low intermodulation products. The couplers
offer 2 to 40 GHz, single and dual directional;
up to and beyond 500 W average; and various
connector options.

RLC Electronics,

www.rlcelectronics.com.

Attenuators
SV Microwave has of-
l&' ¢ . ficially been approved
by DLA as the only
o QPL source for quali-
| — -

fied M3933/30 (DC-32
GHz) attenuators. SV’s line has the precision,
quality and performance using 2.92mm con-
nectors for the frequency range DC through
32 GHz. The company’s dB values range from
0.5 to 30 dB with low VSWR and flat attenua-
tion. SV also offers screened and non-screened
versions, so please visit its website or email mar-
keting@svmicro.com for more information.

SV Microwave,

wWww.svmicro.com.

180 Degree Hybrid
range of 20 to

A : s
N ; 1200 MHz (BW
' 4 60:1) with excel-
%' , lent perfor-

The 3 port 180
degree hybrid,
model DJK-
2120, covers a
wide frequency

mance. It is

built in a rugged
coaxial SMA RoHS package, with excellent in-
sertion loss of 1.8 dB (max.) and isolation of 20
dB minimum. Outputs are matched for ampli-
tude unbalance (0.4 dB max.) and phase unbal-
ance (4 degree max.). Maximum RF power is 1
W. It measures 1.25" x 1.25" x 0.75".
Synergy Microwave Corp.,
wWww.synergymwave.com.

SPDT Switch

The TriQuint TQP4MO000S is a packaged GaAs
FET single-pole, double-throw (SPDT) switch.
It is a low loss
reflective switch
that  provides
0.1 to 6 GHz
broadband per-
formance. The
TQP4MO008 is
operated using a
DC supply for
control signals operating from 1.8 to 5 V. It is
packaged in a RoHS-compliant, compact 2 x 2
mm  surface-mount leadless package. This
SPDT switch can be used in wireless infrastruc-
ture, test and measurement, or can be used for
any general purpose wireless application.
TriQuint Semiconductor,

www.triquint.com.
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wn 100 Watt

AMPLIFIERS

w100 kHz 1018 GHz

$

from a.qty. (1-9)
High-powered performance, across W|de frequency ranges.
These class A linear amplifiers have set a standard throughout
the RF & microwave industry. Rugged and reliable, they
feature over-voltage and over-temperature protection,
including the ability to withstand opens and shorts! And
they’re all in stock, whether with a heat sink/fan (for design
labs and test benches), or without (for quick integration
into customer assemblies). Go to minicircuits.com, and it's
easy to select the models that meet your needs, including
new features like TTL-controlled RF output. Place an order
today, and you can have them in your hands as soon as
tomorrow—or if you need a custom model, just give us a call
for an engineer-to-engineer discussion of your requirements!

El
Pout @ Comp.

Model Frequency Gain $ Price (Qty. 1-9)
(with heat sink/fan*) 1dB 3dB with  without*
(MHz) (dB) (W) (W) heat sink  heat sink
LZY-22+ 0.1-200 43 16 32 1495 1470
ZHL-5W-1 5-500 44 8 11 995 970
® ZHL-100W-GAN+ 20-500 42 79 100 2395 2320
® ZHL-50W-52 50-500 50 40 63 1395 1320
® ZHL-100W-52 50-500 50 63 79 1995 1920
LZY-1+ 20-512 43 37 50 1995 1895
® ZHL-20W-13+ 20-1000 50 13 20 1395 1320
® ZHL-20W-13SW+ 20-1000 50 13 20 1445 1370
LZY-2+ 500-1000 46 32 38 1995 1895
NeW ZHL-100W-13+ 800-1000 50 79 100 2195 2095
ZHL-5W-2G+ 800-2000 45 5 6 995 945
ZHL-10W-2G 800-2000 43 10 13 1295 1220
ZHL-30W-252+ 700-2500 50 25 40 2995 2920
ZHL-30W-262+  2300-2550 50 20 32 1995 1920
ZHL-16W-43+ 1800-4000 45 13 16 1695 1645
ZVE-3W-83+ 2000-8000 36 2 3 1295 1220
ZVE-3W-183+ 5900-18000 35 2 3 1295 1220

Listed performance data typical, see minicircuits.com for more details.

*To order without heat sink, add X suffix to model number (example: L2Y-22X+).

® Protected under U.S. Patent 7,348,854

[ JMini-Circuits’

www.minicircuits.com P.O. Box 35166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com

416 rev AA
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New Products

Components
HCMOS Crystal Clock Oscillator

Model 680 offers many key features for applications
requiring the performance and long term reliability
e of a crystal clock oscillator. The hermetically sealed
5 x 7 mm surface mount package protects the com-
ponent from rugged environmental conditions. Tt
— operates at a frequency range between 20 kHz to
100 MHz. It features excellent stability (<50 ppm
over —55° to +180°C temperature range), low phase
noise (-170 dB¢/Hz at noise floor) and ultra-low jitter (<80fsec).
CTS Electronic Components Inc.,
www.ctsvalpey.com.

X-Band Core Chip
MACOM announced the industry’s first in-
D H tegrated core chip for the 8 to 11 GHz fre-
quency range. Containing 6 bits of phase
control, 6 bits of attenuation control and 26
dB of gain, MACOM’s core chip is an easy to
use serial/parallel interface in a surface
mount QFN package. Ideal for commercial radar applications, this integrated
MMIC enables radar systems in early detection and warning for severe im-
pending weather.

\VENDORVIEW

MACOM,
www.macomtech.com.

Frequency Mixer

Mini-Circuits’ ceramic surface mount wideband frequency mixer features
wide bandwidth, 7.3 to 19 GHz; low conversion loss, 6.2 dB typ.; high L-R

isolation, 33 dB typ.; excellent IF BW, DC to 7.5

GHz; LTCC double balanced mixer; tiny size, low
’ profile, 0.08"; useable as up and down converter;
aqueous washable; and it is protected under US

Patent 7,027,795. Applications include fixed sat-
ellite, mobile and radio location.

YVENDORVIEW

Mini-Circuits,

www.minicircuits.com.

Miniature TCXO

Rakon pioneered the worlds first
0.5 ppm TCXO for GPS applications
and announced the extension of its
product offering to include the
RIT2016C model TCXO. The
RIT2016C minimizes power consump-
tion in portable devices to extend the
battery life. Operating at a 1.2 V supply voltage, the RIT2016C re-
duces power consumption even further with the additional benefit of
the enable-disable mode to deliver better power management. The
RIT2016C is available in the small form factor 2.0 x 1.6 mm.
Rakon Ltd.,

www.rakon.com.

Iso-Adapter

Renaissance has developed a new X-Band
iso-adapter that is designed for High Rel
applications requiring waveguide to coaxi-
al transition. Operating between 8.2 and
12.4 GHz, the iso-adapter provides 0.5 dB
of loss and 18 dB of reverse isolation. The
output is WR90 for the waveguide inter-
face with UG135/U flange. Input is a type
N-Female connector.

Y/)VENDORVIEW
Renaissance Electronics & Communications LLC/HXI LLC,
www.rec-usa.com.

You can enhance your professional prestige and
earn substantial royalties by writing a book. With
over 1,500 titles published, Artech House is a leading
publisher of professional-level books in microwave,
radar, communications and related subjects. We

are seeking to publish new microwave engineering
books and software in areas such as microwave
and RF device design, wireless communications, ad-
vanced radar and antenna design, electromagnetic
analysis, RF MEMS, sensors, and more.

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

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

Mark Walsh, Senior Editor
1-800-225-9977
mwalsh@artechhouse.com

Artech House, Inc.
685 Canton St.
Norwood, MA 02062

'\}\ARTECH HOUSE

4
‘ y www.artechhouse.com
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No-Solder Connectors

Times Microwave Systems has recently announced
the availability of the EZ-400-BM-X BNC no-solder
2 male (plug) straight connector and EZ-400-BM-
Y ] RA-X BNC no-solder, male (plug) right angle con-
nector for LMR-400 low loss coaxial cable. The new
crimp-style connectors do not require soldering of
the center conductor into the contact making these connectors perfect for
field installations and do not require braid trimming. They are also compati-
ble with the CST-400 cable prep tool and either the CT-400/300 or HX-4
(with Y1719 dies) crimp tools.
Times Microwave Systems,
www.timesmicro.com.
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Fixed Frequency Synthesizer

Z-Communications announced a new
RoHS compliant fixed frequency synthe-
sizer model SFS10000C-LF in X-Band.
The SFS10000C-LF is a single frequency
synthesizer that operates at 10 GHz. This
synthesizer features a typical phase noise
of -100 dBe/Hz @ 10 KHz offset and typical
sideband spurs of -70 dBc. This fixed frequency synthesizer features typical
2nd harmonic suppression of -30 dBc and comes in Z-Comm’s standard SFS-
L1 package measuring 1" x 1" x 0.22".

Z-Communications Inc.,

www.zcomm.com.

Amplifiers

High Power SSPA

Aethercomm has recently completed a high power X-Band SSPA using a
GaN with a frequency range covering 8,600 to 10,200 MHz, Aethercomm
part number SSPA 8.6-10.2-100. This amplifier offers high power with ex-
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cellent  power
added efficien-
cy. This high
power SSPA
produces 100 W
across the band.
The  amplifier
design includes an external DC blanking com-
mand that enables and disables the module in
less than 10 uSec and is housed in an 7.0"(w) x
8.7"(1) x 1.1"(h) module.

Aethercomm Inc.,

www.aethercomm.com.

Millimeter-Wave Amplifier

API  Technolo-
gies introduced
a standard 44
GHz millimeter-
wave (MMW)
amplifier to its
family of prod-
ucts. It features
an ultra-high frequency, two-stage design for
high gain and medium power, and is enclosed in
a rugged laser welded SMA-connectorized
housing. BXHF1075 offers both high efficiency
and extreme stability with 13 dB of return loss,
all while generating 30 dB of gain and +17 dBm
of output power off a +15 V supply. It also in-
corporates an internal voltage regulator to ac-
commodate either +12 or +15 V.

API Technologies Corp.,

www.apitech.com.

Hybrid Amplifier Module
st ARS new hybrid
; power  module
(HPM) is a
broadband Class
A power amplifi-
er, which oper-
ates from a single DC voltage with 42 dB small
signal gain and excellent gain flatness, load toler-
ance and harmonics. The HPM has a built-in over
voltage protection and is also available in Class AB
when efficiency and higher power is required.

Y)VENDORVIEW

AR RF/Microwave Instrumentation,
www.arworld.us.

Driver Amplifier

Custom MMIC
introduced  the
CMDI91C4 to
its growing
MMIC library of
standard ~ prod-
ucts. The
CMDI191C4 is a
GaAs MMIC
driver amplifier housed in a leadless, RoHs com-
pliant, 4 x 4 mm surface mount package. It offers
high output power and low current consumption.
Ideally suited for complex communications sys-
tems where small size and high linearity are need-
ed, the device operates from 4 to 10 GHz and de-
livers 20 dB of gain with a corresponding output 1
dB compression point of greater than +21 dBm.

Y/VENDORVIEW
Custom MMIC,
www.custommmic.com.

Low Noise Amplifier

Eclipse Microdevicess EMDI1715 is a GaAs
MMIC PHEMPT distributed general purpose
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LNA. It has a
small signal gain
of 14 dB with
noise figure less
than 1.8 dB at 6
GHz. This de-
vice is ideal for
applications that require a typical P1dB output
power of +20 dBm up to 12 GHz, while requiring
only 103 mA from a +5 V supply. The EMD1715
comes in a small RoHS compliant 4 mm QFN
leadless package and this package has excellent
RF and thermal properties.

Eclipse Microdevices,
www.eclipsemicrowave.com.

Wideband PA

Electro-Photon-
ics LLC an-
nounced the
availability of a
wideband power
amplifier operat-
ing from 0.7 to
4.2 GHz. Its new
EPA-0742P1-SF
uses the latest GaN technology to achieve a gain of
46 dB and an exceptional gain flatness of +1 dB.
This amplifier provides 30 dBm output power in a
very small package (6.49" x 2.87" x 1.89").
Electro-Photonics LLC,
www.electro-photonics.com.

L-Band HPA

This recent and unique
SATCOM solution de-
livers 2 kW P1dB (CW,
u digital modulated signal)
in L-Band and a com-
panion product delivers
800 W P1dB (CW, digi-
tal modulated signal) in
S-Band.The 2 kW L-Band HPA is a GaN based
design and housed in an amazingly small 5U chas-
sis. The amplifier control and power supply unit is
based separately in a 3U chassis. The 800 W S-
Band unit is also a GaN based design and self-
contained (with power supply) in a 5U chassis.

JVENDORVIEW

Empower RF Systems Inc.,
www.empowerrf.com.

Low Noise Amplifier

PMI Model No. POB-15-818-13-LCA Rev.B is
an 8 to 18 GHz, low noise amplifier that pro-
vides 15 dB of gain while maintaining a gain
flatness of +1.5
dB typically
over the operat-
ing frequency.
The noise figure
is 3 dB typical
and offers a typ-
ical OP1dB of
+13 dBm. The amplifier requires +12 V DC
and has a typical current draw of 75 mA. The
unit is supplied with removable SMA(F) con-
nectors in PMT’s standard PE2 housing.

VENDORVIEW

Planar Monolithics Industries Inc.,
www.pmi-rf.com.

Wideband Amplifier

QuinStar Technologies Inc. introduced the
QPW-71803014-S1 E-Band power amplifiers.
The QPW model of E-Band amplifiers come

with some of the widest
industry frequency rang-
es, such as 71 to 86 GHz,
a gain of 30 dB and out-
put power available up to
+30 dBm depending on
the frequency range and bandwidth. The wide
bandwidth of these amplifiers makes them ide-
ally suited for broadband MMW communica-
tions systems and other broad spectrum systems
applications.

QuinStar Technologies Inc.,
www.quinstar.com.

Low Noise Amplifiers
from WanTcom. The WHMO0913R LNA oper-
ates from 900 to 1250 MHz, is fully-matched
to 50 ohms and
m "‘_ meet  rugged
e MIL-STD-883
standards. The
MHz, offers high linearity and exceptional gain
flatness, is fully-matched to 50 ohms, has stan-
dard SMA-connectorized, WP-11 gold plated
STD-202. The WMA32C 32.19 MHz low noise
pre-amplifier features 3.0 ohm input imped-
ance and built-in ESD protection.
WanTcom, distributed by
Richardson RFPD Inc.,
www.wantcominc.com.
Model SBL-7438433060-1212-S1 is an E-Band
low noise amplifier with center frequency at 79
GHz with + 5 GHz operation bandwidth. The
signed and fab-
ricated for
emerging auto-
dar industry ap-
plications. The
amplifier exhib-
dB small signal
gain with +2 dB gain flatness and around 6 dB noise
figure. The output P1dB of the amplifier is +5 dBm
DC power supply in the range of +8 to +15 V.
)VENDORVIEW
SAGE Millimeter Inc.,

Richardson RFPD introduced three new LNAs
is designed to
WBAO010A LNA operates from 10 to 1000
housing, and is designed to meet MIL-
VENDORVIEW
E-Band LNA
amplifier is de-
motive ACC ra-
its more than 30
typical and it draws 200 mA current from a single
www.sagemillimeter.com.

Antenna
Log Periodic

Signal Antenna
Systems’ (SAS)
SA LP700-1 log
periodic can be
used for trans-
mit/rev and cov-
ers 0.7 to 2.7
GHz. It comes
with a positioning handle, which allows the
user to manually aim the antenna and vary the
polarization. It is designed for field use/sur-
veillance and covers all cellular bands.
Signal Antenna Systems” (SAS),
www.signalantenna.com.
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The Book End

Integration of Passive RF
Front End Components
in SoCs

Hooman Darabi and Ahmad Mirzaei

Designing less expensive RF
wireless transceivers that can
operate effectively and effi-
ciently in the crowded wireless spec-
trum is a major challenge that must
be met by today’s designers. External
components such as filters and their
matching components, which are

typically bulky and expensive, must be
integrated on the chip to the greatest
extent possible. This book describes
and evaluates both active and passive
solutions for on-chip high-Q ﬁﬁering,
and explores M-phase filters in depth.
A step-by-step approach is used to
introduce everything an RF designer
needs to know about these filters,
including their various forms, prin-
ciples ofg operation and performance
against implementation-related im-
perfections. Real-world examples are
described and mathematical analyses
demonstrate the practical quantifica-
tion of relevant circuit parameters.
For future software defined radio
applications, designers need to find
highly linear and low-noise filtering
solutions with center frequencies that
can be controlled. This book discusses
techniques that can be used to design
and implement SAW-less broadband
receivers with sharp on-chip filters,
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Allen Taflove, Editor

latest developments in:

lithography;

Hardcover ¢ 670 pp. ® 2013

Advances in FDTD Computational
Electrodynamics: Photonics and Nanotechnology

Ardavan Oskooi and Steven G. Johnson, Coeditors

Edited by an outstanding team of authorities in computational electrodynamics,
including the pioneer of the FDTD method, this book helps you understand the

e Computational modeling of nanoscale optical microscopy and microchip
® Modeling plasmonics, including nonlocal dielectric functions, molecular inter-
actions, and multi-level semiconductor gain;

e Nanoscale biophotonics, especially for detecting early-stage cancers;

e Quantum vacuum, including the Casimir effect and blackbody radiation.

ISBN: 978-1-60807-170-8 ¢ $139 / £92

the center frequencies of which are
precisely controlled by a clock fre-
quency.

This book is highly focused on inte-
grated and tunable RF receiver front
ends so it is very appropriate for engi-
neers and academics interested in this
topic. However, it would not be very
relevant for those outside of this area
of focus.

To order this book, contact:

Cambridge University Press
32 Avenue of the Americas
New York, NY 10013-2473
(212) 924-3900
www.cambridge.org

190 pages, $115
ISBN: 978-0-52111-126-3

For complete description and to order, visit

ArtechHouse.com

Plus shipping/handling and applicable taxes.

ARTECH HOUSE 685 Canton Street, Norwood, MA 02062 USA
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16 Sussex Street, London SW1V 4RW UK
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PAssIVE AND CONTROL COMPONENTS

ANSWERS AVAILABLE ONLINE AT
WWW.MWJOURNAL.COM

PuzzLe

By twisting a thin ribbon of paper once and forming a ring with it, you can
make a ring with one continuous surface. If you started to draw a line on one
side, it would eventually cover both sides and join back up with itself. This is
the famous Mobius strip. It is now possible to go from one side of the paper
to the opposite side of the paper without crossing the edge simply by follow-
ing the circuit of the loop. One circuit around the loop will end you exactly

@ opposite your starting point, and another circuit around will land you back
where you began.

Now, if you cut along this line with a pair of scissors, which shape would the
paper make — A, B or C?

THE JOKE SHOP VERSION OF THE MOBIUS STRIP

IS AN INDEX CARD THAT HAS A RIDDLE PRINTED ON IT:

“How do you keep a fool oceupied all day? (Over)*

The same text is p[_i.n'ted on the reverse of the card so as to complete the

effect. That's the dasic structure of a Mobius puzzle: self-referencing, self-
reversing. y

A

A New SoruTion T0 AN OLD PROBLEM
by Eleanor Ninestein

The Topologist's child was quite hyper

‘Til she wore a Mdbius diaper.

The mess on the inside

Was thus on the outside

And it was easy for someone to wipe her.

Maosius TRivius

e (iant Mdhius strips have been used as conveyor belts (to make them last
longer, since each “side” gets the same amount of wear) and as continu-
ous-loop recording tapes (to double the playing time).

¢ |n the 1960s, Sandia Laboratories used Mdhius strips in the design of ver-
satile electronic resistors.

Sponsored by:
5'@:“—.-&" b
:“I TR Y
WICREMRE TEFRPORRTER
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Today's aerospace and defense technologies demand ever more / 5

sophisticated test and measurement solutions to stretch the limits
of what is feasible. As a full-range supplier, Rohde & Schwarz
offers a broad portfolio that proves its capabilities in even the most
demanding applications. Our leading-edge expertise in microwave, S5 %
RF and EMC helps customers assess performance, optimize platforms 5 \Q“’“{“\ s x\#"
and get the most out of systems. Convince yourself. ; /\’

www.rohde-schwarz.com/ad/sat/fsw ¥

R&S®FSW signal and spectrum analyzer

1 Models up to 67 GHz

1 Up to 320 MHz analysis bandwidth

1 Realtime analysis up to 160 MHz bandwidth

1 Pulse parameters at a fingertip

1 Unmatched low phase noise of —137 dBc (1 Hz)
at 10 kHz offset (1 GHz carrier)
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Radial Gombiners

 Multi-kW Power Levels
- Lowest Loss
« Custom Designs Available

Combiners f Dividers

'

Model Type Frequency Power  Insertion Loss  VSWR Connectors
(MHz) (W CW) (dB) (Sum Port, Inputs/Outputs)
Da182 5-Way 11751375 1,500 0.4 1.35:1 1 5/8" EIA, N Female
D8454 8-Way 370-450 10,000 0.25 1.30:1 3 1/8" EIA, N Female
D9710 B-Way  1000-2500 2,000 0.3 1.40:1 15/8" EIA, N Female
Das529 8-Way 2305-2360 1,000 0.2 2.15:1 7/16 Female, N Female
& Dos528 8-Way 2305-2360 2,000 0.2 1.15:3 7/8" EIA, N Female
Werlatone®, Inc,
17 Jon Barett Boad D5320  12-Way 470-860 500 0.3 1.30:1 All N Female
Patterson. NY 12563 D9194  16-Way  2305-2360 1,000 0.2 1.15:1 7/16 Female, SMA
T -845.278.2720 Dg527 16-Way 2305-2360 2,000 0.2 151 7/8" EIA, N Female
F B45.278.3440 09706 16-Way  2700-3500 6,000 0.35 1.35:1 Waveguide, N Female
www.werlatone.com \ D6357 32-Way  1200-1400 4,000 0.5 1.35:1 1 5/8" EIA. TNC y

Directional Couplers 0° Combiners/Dividers 90° Hybrid Couplers 180° Hybrid Combiners Absorptive Filters
Semiconductors « First Response « Medical » In-Building - Military Comm and EW
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Broad portfolio of discrete semiconductors and highly integrated modules for smartphones, tablets, GPS
systems, and embedded WLAN devices that incorporate all major wireless standards and carrier aggregation.
Skyworks” mobile communications portfolio addresses all of the RF functionality required to manufacture and
enable sophisticated RF front ends including PA, linear switch, LNA, antenna tuning, and filtering functions.

Broadband Communication

Semiconductor, ferrite, and ceramic solutions for wireless communications infrastructure systems, including
cellular base stations, LTE access points, land-mobile radio systems, point-to-point radio links, and more.
Also, highly integrated LNAs, switches, PA, and FEM solutions for smartphones, tablets, and wearable devices
with embedded mobile connectivity for GPS, GNSS, BDS, GSM, GPRS, EDGE and WCDMA, CDMA, and LTE
air interfaces.

Wireless Connectivity

High-performance RF switching, amplification, and power management solutions that enable design flexibility
for all 802.11a,b,g,n,ac WLAN applications.

Wireless Energy Management

Unique front-end solutions for automated metering infrastructure (AMI), security, medical, and home/
industrial automation. Products address all major ISM bands and ZigBee® / IEEE 802.15.4 standards.

Automotive

Product portfolio offers key components to the design of wireless automotive systems and transportation
infrastructure. Broad offering includes integrated cellular FEMs; WiFi FEMs, PAs, LNAs, and switches; GPS
LNAs, LCD panel power supplies, attenuators, and RF diodes. The portfolio covers automotive telematics,
infotainment, SDARS, DSRC, antenna, GPS, power management, LCD backlighting, and display applications.

Join our customer email program instantly by scanning the QR code with
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Asia: 886-2-2735 0399 ¢ Europe: 33 (0)1 43548540 ¢ Email: sales@skyworksinc.com
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The Economics of GaAs and
CMOS PAs: Crunch Time

he Qualcomm RF360 envelope track-

ing power supply hit production dur-

ing the past couple of months, in the
Samsung Galaxy Note 3. The funny part was
that it is not attached to the Qualcomm CMOS
power amplifier. Instead, the Qualcomm Pow-
er Management IC drives a GaAs PA supplied
by Avago.

To old radio guys like me, the rise of CMOS
power amplifiers brings back memories of the
first integrated CMOS transceivers for mobile
handsets. Back in the 1980s, with AMPS cel-
lular systems, the handset used discrete com-
ponents in the transceiver. By the 1990s, when
2G systems were starting to ramp up, base-
band modem suppliers suggested a migration
to CMOS transceivers.

In 1993, many RF engineers laughed at the
idea of an integrated CMOS transceiver. Com-
ments like “You're going to sacrifice sensitivity”
or “You won't get enough linearity in your front
end” were common. But here we are. Twenty
years later, it is impossible to find a discrete
handset transceiver anywhere in the world.

It is true that the systems engineers sacri-
ficed noise figure and linearity and a few other
metrics to achieve the flexibility and low cost

of CMOS transceivers. But the benefits of 2G
standards (coding gain for CDMA, or wider
FM bandwidth for GSM) made up for these
sacrifices and it worked out okay.

We will see the sequel to this movie with
CMOS power amplifiers. We have seen CMOS
PAs take over the constant-envelope GSM
market, at price levels that GaAs products will
not match. A few 3G handsets now include
CMOS PAs, and the battle has begun.

TECHNICAL COMPARISON

There’s no doubt that GaAs performs bet-
ter. As Peter Gammel illustrated in the Au-
gust issue of Microwave Journal, GaAs has a
performance advantage in both efficiency and
linearity, resulting in roughly 10 percentage
points better efficiency with other factors held
constant. Especially for waveforms with a high
peak-to-average ratio, the combination of pow-
er, linearity and efficiency is inherently better
due to physical attributes of the semiconductor
material.

JOE MADDEN
Mobile Experts, Campbell, CA
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m Apps Processor
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# Flash Memory
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= WiFi

= Bluetooth

= GPS

= FM Radio Rx
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= NFC
Phone Audio
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O Display/Touchscreen

™ Secondary Display

O High Power LED

I Camera

A Fig. 1 Breakdown of power consumption in a typical LTE smart-
phone, urban case, business user.

Recently, mobile terminals have started to use multi-
mode, multi-band power amplifiers (MMPA) which cover
a much wider operating bandwidth than single-band PAs.
This is just one more design constraint that limits efficien-
cy/linearity improvement for both CMOS and GaAs.

To continue the improvement, almost all PA suppli-
ers and handset OEMs are investigating envelope track-
ing (ET). Put simply, ET involves a fast power supply that
ramps the voltage rail for the amplifier along with the
modulated waveform. As peak power requirements spike
up, the supply voltage ramps up. The idea here is to only
provide the power that is necessary at any instant in time.
CMOS amplifiers are now emerging that use ET to achieve
performance roughly on par with non-ET GaAs amplifiers.
At the same time, GaAs amplifiers with ET provide excel-
lent efficiency performance. The Samsung Galaxy Note 3,
launched during September, uses a Qualcomm ET power
supply, with a GaAs PA from Avago in order to achieve a
longer battery life.

PERFORMANCE THAT IS "GOOD ENOUGH"”

Better performance is always desirable. But at some
point, performance for a PA can be “good enough” for a
segment of the market. We have seen that already for the
GSM market, where CMOS has taken over despite per-
formance tradeoffs. With the arrival of ET, several modem
suppliers are betting that CMOS is now “good enough” for
some 3G and LTE applications.

From a cost point of view, CMOS PAs are generally
perceived as lower cost. Are they? This question has been
largely theoretical for several years, but during the past six
months, the idea has been subjected to a real-world test.
RFMD acquired Amalfi Semiconductor in November
2012 and found that initially the manufacturing cost was
too high. However, with a redesign of the CMOS PA to uti-
lize RFMD’s streamlined assembly and test facilities, the
RFMD CMOS PA will achieve a cost far lower than previ-
ous GaAs products. Extending this to 3G and 4G products
will take more work, but one initial proof-of-concept is now

established.
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A Fig. 2 Qualcomm RF360 CMOS RF front end module.
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A Fig. 3 Skyworks SkyOne™ system in package.

HOW IMPORTANT IS A 10 PERCENT ADVANTAGE
IN PA EFFICIENCY?

Battery life is important to mobile operators, but as
multi-core apps processors and large displays have taken
over the smartphone market, the RF section of the handset
consumes less of the total power. In the Mobile Experts
Battery Life Model, the RF front end represents between
14 and 20 percent of the power consumed in a smartphone,
accounting for the typical distribution of LTE transmit
power levels in an urban network and the losses of a com-
plex multi-band RF front end (see Figure 1). That means
that 10 percentage points in PA efficiency results in about
four percent longer battery lifetime for a heavy smartphone
user, or about half an hour.

In the high-end smartphone market, half an hour is still
a worthwhile level of differentiation, so Mobile Experts
forecasts that these markets will use GaAs for quite some
time. With simpler 3G handsets in cost-sensitive markets,
the cost/benefit decision is not yet clear.

RF INTEGRATION

A Complete Front End (CFE) — like Qualcomm’s
RF360 (see Figure 2) or the Skyworks SkyOne product
line (see Figure 3) — represents a single module which
addresses all of the RF devices between the transceiver
and the antenna. The power amplifiers, filters and du-
plexers, switches, and antenna mismatch tuning can all
be included in the module. This makes life easy for the
customer, and in some cases the CFE can save space in
the handset. As a result, the CFE is likely to capture a
significant portion of the handset market.

On the other hand, the high end of the market is un-
likely to benefit much from the CFE. The latest iPhone 5s
and the Galaxy S4 are very complex, customized products.
Integrating everything into a single module (and concen-
trating production with a single vendor) increases risk and
time to market for the major smartphone vendors.
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A Fig. 4 Average dollar content for RF per
smartphone.

From an RF vendor’s point of view,
the investment of R&D resources into
any RF project is a bet that the result-
ing product will be useful. A multidis-
ciplinary CFE project can cost $10M
or more in R&D expense. No single
handset product achieves enough vol-
ume to make the R&D cost worth-
while. Because of the straightforward
economics of return on investment,
any semiconductor vendor will focus
CFE development on the most com-
mon mainstream applications. The
ROI decision can be illustrated with
two case studies:

Economics of an Entry Level 3G
Smartphone

A CMOS-based CFE with inte-
grated duplexers and filters, covering
quad-band GSM and a single 3G band
would be useful in at least 40 different
handset models. This kind of simple
CFE could reach a volume of 100 mil-
lion units per year, with a long prod-
uct life cycle. The R&D investment of
about $10M would be amortized over
300 million units, reducing the cost
burden to three cents per unit.

Of the 2.2 billion handsets pro-
duced this year, 1.7 billion are feature
phones, simple smartphones with
three data bands or fewer, PC don-
gles, tablets or M2M modems. Most
of the industry focus falls on the high-
end smartphones, because smart-
phones with four or more data bands
(worldphones) are the most complex
and challenging applications. Today,
84 percent of handsets have three or
fewer data bands. CMOS-based CFEs
are targeted at this market (don't lis-
ten to all the hype to the contrary).
Mobile Experts predicts that the RF
dollar content in an entry-level smart-
phone will decline over the next few
years (see Figure 4).
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A Fig. 5 An example of the level of customization in a multi-band “worldphone.”

Economics of a Single-SKU
“Worldphone”

A CFE covering 12 different data
bands (plus quad-band GSM) repre-
sents a much higher level of R&D in-
vestment, with a complex filter bank
and a multi-mode multi-band ampli-
fier in addition to switching and pos-
sible antenna tuning (see Figure 5).
Creating this kind of CFE module
could cost $40M or more in R&D
expense. Then, the production run
would last for about 12 to 18 months
before the product would be replaced
by something else. Even with a suc-
cessful run of 100 million units, the
R&D cost represents 40 cents per
unit, not three cents.

Another issue comes from time-
to-market. Our hypothetical single-
SKU super-module would be difficult
to develop in the right bands, power
levels and form factor within the
R&D cycle. Samsung and Apple do
not know exactly what they need two
years from now.

In general, handset OEMs do not
pay premium prices for integration. A
PA/duplexer module does not sell for a
higher price than the discrete PA and du-
plexer separately. While the CFE saves
R&D cost for the OEM, our estimated
40 cents in R&D cost cannot be passed
along to the OEM as a higher price.

Looking at the worldphone market,
the growth is clear. The iPhone’s entry
into China will result in big growth for
worldphones. By 2018, 42 percent of

the handsets produced worldwide will
include four or more data bands. With
far higher dollar content than entry-
level smartphones for RF devices,
there is still major growth in the high
end of the RF front end market.

MARKET SEGMENTATION

When Henry Ford built cars and
trucks in the 1910s, he put the same
transmission into both vehicles. The
early automotive market fit this model
of commonality, and mass-producing
a single transmission drove improve-
ments in quality and cost that made
vehicles affordable for everyone.
Eventually, the market grew large
enough that investment in differ-
ent transmissions for lighter cars and
heavy trucks made economic sense.

The mobile terminal market has
finished that early phase of market de-
velopment, where the same modular
strategy was used for every applica-
tion. At $5B in market size, the mobile
RF front end ecosystem can support
different product strategies for differ-
ent tiers of the market. The CFE ap-
proach is most viable for the RF sup-
pliers at the low end of the market,
where R&D investment is lower and
volumes are higher. A modem sup-
plier like Intel or Qualcomm can offer
a CFE for low end smartphones and
capture a sizable chunk of market rev-
enue. At the high end of the market,
separate modules used in more flexi-
ble combinations are a better solution.
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IT'S ABOUT THE PROCESSORS

While the PA engineers arm wres-
tle over which wafer to use, another
fight is taking place in the modem.
Qualcomm has lost significant market
share to MediaTek and Spreadtrum in
China, and it wants it back. One way
to do that is to offer a simpler prod-
uct line, with a chipset that takes care
of everything: applications processor,
modem, transceiver and RF all the way
to the antenna. A handset OEM does
not need deep RF expertise with this
approach. Enter Qualcomm’s RF360
product, which includes the ET power
supply, PA, filters and antenna tuning.
For entry-level smartphones, this ad-
dition to the Qualcomm product line
could make it easier to sell modems.

Intel, MediaTek, Broadcom, Nvid-
ia, Spreadtrum and Marvell are all
working on ET programs, indicating
that there is some merit to this strat-
egy for processors. At this moment,
there is only one modem supplier
with an ET/PA product — but as time
passes, multiple competitors will take
part and the modem/transceiver/ET/
PA relationships will become very im-
portant in the market. Some of these
vendors plan to use CMOS PAs, and
others have GaAs partners.

By themselves, Qualcomm will not
compete aggressively for PA business.
(A great example is the Galaxy Note
3, where Qualcomm is happy to sup-
port a GaAs PA). Things will change
when Qualcomm, Intel and MediaTek
begin to compete head-to-head with
solutions that include RF. Fighting for
the bigger modem business, the price
erosion in PAs may be severe. These
companies may need to defend their
modem business with low prices for
PAs. It is never healthy to add a few
new competitors into a market which
is below about 10 percent growth.

MARKET IMPACT

For GaAs vendors, the main ques-
tion comes down to this: How much
market share will CMOS take? Will
the GaAs fabs be fully utilized? Will
price erosion become a problem?

The market for GaAs power am-
plifiers was already slowing, as multi-
mode, multi-band PAs take hold and
limit market growth by reducing the
need for additional PAs in new bands.
In the Mobile Experts forecast “RF
Front Ends for Mobile Terminals

M
~
=3
(=]

<
=3
(=]

S8 3
S © ©

CMOS PA REVENUE ($M)

100

0
2012 2013 2014 2015 2016 2017 2018
YEAR

A Fig. 6 CMOS PA revenue projection.

2013,” overall RF front end market
revenue will grow by 15 percent annu-
ally for the next five years, but the PA
segment growth will be much weaker,
at six percent or possibly lower due to
a combination of MMPA adoption and
price erosion.

In the 1990s, the battle between
discretes and CMOS transceivers
was short and decisive. The sequel
will not end the same way. In the
PA world, changing peak-to-average
requirements play directly into the
strengths of GaAs. Fragmented fre-
quency bands mean that most world-
phones will need to be highly cus-
tomized for years to come. There is
no clear path for CMOS to enter the
high end of the market, where per-
formance matters.

Emerging CMOS products will
gobble up the low end of the market,
growing to more than $700M by 2018,
or roughly 25 percent of the total PA
market value (see Figure 6). GaAs
PAs will continue to dominate the
high end. In the end, the CMOS PA
growth will rob the GaAs PA suppliers
of the opportunity for market growth,
and the “cash cow” business at com-
panies such as RFMD and Skyworks
will be impaired. A few GaAs suppli-
ers will continue to succeed, but they
will compete for a flat GaAs market in
a highly fragmented LTE landscape.
Nobody ever promised that life would
be easy. B

Joe Madden founded
Mobile Experts in 2002,
and serves as the
company’s primary
expert in semiconductors
for handsets and
infrastructure. A Silicon
Valley veteran, Madden
has 24 years of
experience in wireless
hardware, supplying amplifiers and filters into
both base station and handset applications. He
survived two startups, including successful IPOs
and LBOs along the way. He holds a degree, cum
laude, in Physics from UCLA.
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Design and Test Challenges
for Next-Generation

802.11ac, ad WLAN

Standards

quipment based on the 802.11 wireless

LAN standards (first IEEE 802.11a and

b, 802.11gin 2003 and 802.11n in 2009)
has moved firmly into the home and home of-
fice environment. Now, whether at work or
play, we have multiple devices that need to be
connected together: computers, smartphones,
tablets, printers, game consoles, media servers,
scanners and more. Beyond what we do now,
proposed usage models requiring even higher
data throughput to support tomorrow’s home
and office applications are driving the most re-
cent versions of wireless LAN standards.

In addition to the 2.4 and 5 GHz wireless
LAN standards currently used, there are ac-
tive proposals within the standards organiza-
tion for vehicular applications (802.11p), TV
white space frequencies (802.11af) and sub-1
GHz to support extended range applications
(802.11ah), though there is no commercial ac-
tivity yet in these areas.

802.11ac

IEEE Working Group TGac has specified
802.11ac as an extension of 802.11n, provid-
ing a minimum of 500 Mbit/s single link and
1 Gbps overall throughput, running in the 5
GHz band. The physical layer is an extension
of the existing 802.11n standard, and bearing
in mind the huge number of existing client
devices, backward compatibility with existing

standards using the same frequency range is a
must. Table 1 shows the physical layer features
of 802.11ac and highlights the mandatory ex-
tensions from 802.11n. Companies are already
shipping commercial products based on the
current draft of the standard.

The new wider channel bandwidths are
shown in Figure 1. While 160 MHz and 80+80
MHz modes are both included as optional fea-
tures in the 802.11ac standard, it is likely that
first devices will have a maximum of 80 MHz
bandwidth, and no more than the maximum
four spatial streams specified in 802.11n.

Even though the first 802.11ac consumer
devices might be limited to an 80 MHz channel
with four spatial streams, 160 MHz and 80+80
MHz modes are both included as optional fea-
tures and will be a focus for chip and device
development. New simulation, signal genera-
tion and analysis tools must include scenarios
of non-contiguous frequency blocks, as well as
being able to cope with the need for 160 MHz
modulation bandwidth at 5 GHz. Previous RF
wireless communications standards have re-
quired much narrower channel bandwidths,
and test equipment development has followed
those needs. For transmitter design and devel-
opment, today’s vector signal analyzer (VSA)

JoHN HARMON
Agilent Technologies Inc., Santa Clara, CA
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TABLE |
IEEE 802.11ac KEY SPECIFICATIONS
Feature Mandatory Optional
Channel bandwidth | 20, 40 and 80 Mz 160 MHz, 80+80 MHz
FFT size 64, 128, 256 DI
Data subcarriers/ 52/4, 108/6, 234/8 468/16
pilots
Modulation types BPSK, QPSK, 256QAM
16QAM, 64QAM
MCS supported Oto7 8and 9
Spatial streams and | 1 2to 8
MIMO Tx beamforming, STBC
Multi-user MIMO
(MU-MIMO)
Operating mode/ Very high
PPDU format throughput/VHT
5170 MHz 5330 MHz 5490 MHz 5710 MHz
IEEE CHANNEL # 1 36 40 44 48 52 56 60 64 i1oo 104 108 112 116 120 124128,
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A Fig. 1 IEEE 802.11ac frequency allocation for Europe/Japan/
global regions.
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A Fig. 2 Example of 8x8 MIMO demodulation with Agilent VSA.

must be able to cope with the correct demodulation, analy-
sis and display of a wireless signal that uses two frequency
blocks, OFDM modulation and may comprise up to the
eight MIMO data streams allowed in the standard. Figure
2 is an example display, showing each of the eight MIMO
transmit streams and a summary table of the results.

The receiver must recover multiple simultaneous sig-
nals and adequately demodulate and decode them. The
signal generation equipment needed for receiver design
and development has the same overall frequency, band-
width and multiple data stream requirements as the trans-
mitter. In addition, it must provide a wide range of stress-
test conditions — including repeatable and deterministic
dynamic fading of each MIMO path as well as interference
scenarios to ensure the receiver is designed to cope with
the worst real world conditions. Up to eight separate signal
generators may be needed to produce the required MIMO
channel, along with additional generators to provide inter-

MOBILE COMMUNICATIONS SUPPLEMENT m NOVEMBER 2013

A Fig. 3 Signal generator configuration for MIMO receiver test.

ference. Both modular and desktop product configurations
are available, each having its own benefits and providing
choices depending on specific test requirements. Figure 3
shows one example.

802.11ad

While 802.11ac is an extension of the existing 802.11n
specification, 802.11ad represents a completely new para-
digm. Extreme data capacity requires a large spectrum
allocation. Data capacity is ultimately tied to modulation
order and bandwidth. Simplicity of design demands such
bandwidth be a smaller percentage of the transmission
frequency (Q) and the practical reality is such bandwidth
is only available at higher frequencies. 802.11ad has been
specified by Working Group TGad, in partnership with
the Wireless Gigabit Alliance, and operates over a short
range in an established global unlicensed 60 GHz band. It
is designed to provide the multi-gigabit data rates required
for uncompressed high-definition multimedia transmis-
sions, including known futures such as 2048x1080 and
4096x2160 digital cinema and 3D video streaming.

The unlicensed frequency allocations at around 60 GHz
in each region do not match exactly, but there is substantial
overlap; at least 3.5 GHz of contiguous spectrum is avail-
able in all regions that have allocated spectrum. The ITU-
R recommended channelization comprises four channels,
each 2.16 GHz wide, centered on 58.32, 60.48, 62.64 and
64.80 GHz respectively. As Figure 4 illustrates, not all
channels are available in all countries. Channel 2, which
is globally available, is therefore the default channel for
equipment operating in this frequency band. In November
2011, this channelization and the corresponding spectrum
mask for the occupying signal were approved by ITU-R
WP 5A for global standardization.

The 802.11ad specification defines a backward-compat-
ible extension to the IEEE 802.11-2007 specification that
extends the MAC and physical layer (PHY) definitions as
necessary to support short-range (1 to 10m) wireless inter-
change of data between devices over an ad-hoc network at
data rates up to approximately 6.75 Gbps in the 60 GHz
unlicensed band. It also supports session switching be-
tween the 2.4, 5 and 60 GHz bands.

11
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receiver. The three
packet types share

an essentially com-

____________
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mon preamble struc-
ture comprising a
Short Training Field
(STF) followed by a
Channel Estimation
Field (CEF). These
fields are construct-
ed from w2-BPSK
modulated repeating
Golay sequences.
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A Fig. 4 60 GHz band channel plan and frequency allocations by

region.
802.11ad uses RF burst transmis-

sions that start with a synchronization

preamble (common to all modes) fol-
lowed by header and payload data.

The preamble is always single-carrier

modulation, the header and data may

use single-carrier (SC) or OFDM
modulation depending on the target
bit rate.

The 802.11ad PHY supports three
distinct modulation methods:

e Control Modulation; the Control
PHY.

e Single Carrier (SC) Modulation;
the Single Carrier PHY and the
Low Power Single Carrier PHY.

* Orthogonal Frequency Division
Multiplex (OFDM) Modulation;
the OFDM PHY.

Each PHY type has a distinct pur-
pose and packet structure, but care has
been taken to align the packet struc-
tures, and in particular the preambles,
to simplify signal acquisition, process-
ing and PHY type identification in the

Golay  comple-
mentary sequences
are sequences of
bipolar symbols (+1) that have been
mathematically constructed to have
very speciﬁc autocorrelation proper-
ties. The ‘a” and ‘b’ indicate that the
“G,128” and “G,; 128” sequences form
a complementary pair and the suffix
indicates the sequence length.

The mathematics behind the se-
quence constructions is beyond the
scope of this article, but important at-
tributes of these sequences are:

1. The autocorrelation of each se-
quence has low side lobes and low
DC content under /2 rotation.

2. The sum of the very good but im-
perfect autocorrelation functions of
the G, and Gy, sequences is perfect
(the side lobes cancel exactly).
Multiple-antenna  configurations

using beam steering are an optional

feature of the specifications. Beam
steering can be employed to circum-
navigate minor obstacles, such as peo-
ple moving around a room or a piece
of furniture blocking line-of-sight

CONTROLLING PC
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o i
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A Fig. 5 802.11ad physical layer signal generation and analysis solution.
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transmission.

Component and system design and
test at 60 GHz is a well-understood
and established science, but its ap-
plication to high-volume, low-cost
devices for the consumer market is
new. Two major differences are the
much wider modulation bandwidth
than other wireless communications
systems, and the physical construction
of the devices which may not allow di-
rect connection.

The system shown in Figure 5
combines all the equipment needed
for transmitter and receiver design
and development in one software-
controlled package, providing signal
generation and analysis capability tai-
lored to high-bandwidth applications
running in the 60 GHz band. It allows
the use of calibrated horn antennae,
since in many complete devices, the
antenna is bonded directly to the RF
components and a direct metallic con-
nection is not possible. The system
can also be used in conjunction with
software (Agilents SystemVue design
libraries) to analyze and compare real-
world measurements with those pre-
dicted by design simulations.

CONCLUSION

802.11ac and 802.11ad both aim
to provide significantly higher data
throughput than previous wireless
LAN systems and are complemen-
tary. 802.11ac is an evolution of the
802.11 WLAN capability. It gives
the “unwired office” the ability to
compete directly with gigabit wired
systems, while offering much better
office layout and connection flexibil-
ity. 802.11ad is an extension of the
802.11 family providing ad-hoc con-
nectivity to deliver extreme data rates
between devices over short distances.
Both standards pose new challeng-
es in design, development and test:
802.11ac due to the somewhat wider
bandwidths used and 802.11ad due to
even wider bandwidth and to the new
application of 60 GHz technology to
consumer devices. In each case, prov-
ing design integrity during product
development is critical. Manufactur-
ing test must be minimal enough to
preserve cost, while being sufficient
enough to ensure product and process
control.

MOBILE COMMUNICATIONS SUPPLEMENT m NOVEMBER 2013



U rdes'gn
advisor

REACH OUT TO US

Wish you had your own
design advisor for Small Cell,
including Femto, Pico and Micro?

From prototype to production

Richardson RFPD’s design advisors are with you at
every step of your design journey. Leverage our decades
of experience and rely on our localized global design
support for the latest new products from the world’s
leading suppliers of components and solutions for small
cell applications.

e RF Active

* RF Passive & Interconnect
e Data Converters

Small Cell (Femto/Pico/Micro) e Antennas

e Transceivers

e Baseband

VISION REALIZED.

Baseband

[=]&%[=] See our complete
s Small Cell lineup

Baseband

Q2LNA  Q1LNA

Transceiver

Your Global Source for RichardsonRFPD
RF, Wireless & Energy Technologies %—/ An Arrow Company

www.richardsonrfpd.com | 800.737.6937 | 630.208.2700

©2013 Richardson RFPD. All rights reserved. All brands and trademarks are property of their respective owners. Specifications subject to change without notice. MK130283. Printed in the USA.



http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=S13&exitLink=http%3A%2F%2Fwww.richardsonrfpd.com
http://www.mwjournal-digital.com/mwjournal/201311/TrackLink.action?pageName=S13&exitLink=http%3A%2F%2Fqrs.ly%2F8x3lxfl

14

m'u tiband.

» .:nh IETAAS

Moblle Communications

CoMP: The Most
Challenging Technology
Component in LTE-

Advanced 3GPP Release 11

TE has become a global phenomenon:

By August 2013, a total of 204 LTE

networks in 77 countries were commer-
cially operated. With only four years of real-life
deployment, however, the technology is still in
its infancy compared with 2G/3G technologies.
But time in mobile communications moves
quickly, and significant improvements were
added to the initial LTE technology as speci-
fied in 3GPP Release 8.

In LTE 3GPP Release 9, the main improve-
ments are support for multimedia broadcast
multicast services (eMBMS), positioning and,
last but certainly not least, optimizations such
as semi-persistent scheduling (SPS) and trans-
mission time interval (TTI) bundling in or-
der to more efficiently support voice services.
3GPP Release 10 — the start of LTE-Advanced
— added technology components that are even
more significant. The one that is most in de-
mand is carrier aggregation, which is already in
commercial use and allows more efficient utili-
zation of the fragmented spectrum available to
an individual operator.

The next set of improvements was added
in 3GPP Release 11. For this release, the core
network and radio access protocols were final-
ized in December 2012 and June 2013, respec-
tively. Defining test specifications, of course,
takes additional time. This article introduces
coordinated multipoint operation (CoMP), an
enhancement that was initially discussed in the
3GPP Release 10 time frame. CoMP is widely
talked about and applicable to the cellular in-
dustry. This article also examines the impact on
testing both base station and end-user devices
that support CoMP.

CoMP AND LTE-ADVANCED

CoMP for LTE is one of the most impor-
tant technical improvements with respect to
heterogeneous network (HetNet) deployment
strategies, but also for the traditional homoge-
neous network topology. In brief, HetNets aim

ANDREAS ROSSLER AND

MEIK KOTTKAMP
Rohde & Schwarz, Munich, Germany

MOBILE COMMUNICATIONS SUPPLEMENT m NOVEMBER 2013



'." » l-|.|-'rni_-nultrb.and

| propmg g P

AMMOE

Nl'oblle Communications

to improve spectral efﬁciency per unit area using a mixture
of macrocell, picocell and femtocell base stations and/or re-
mote radio heads (RRH).

In contrast, homogeneous network topologies comprise
cells of about equal size, usually the macro layer. Never-
theless, with both network deployment strategies, cell edge
users can experience intercell interference. This type of
interference is caused by the downlink transmissions from
two (or more) different base stations (cells). In a frequency
reuse 1 system like LTE, when the same frequency is used
in all cells, this affects in particular user devices at the cell
edge. The goal of CoMP is to further minimize intercell in-
terference for cells that are operating on the same frequen-
cy. With HetNets, this intercell interference becomes even
more significant due to unbalanced output powers used in
the macrocell and picocell/femtocell layer.

As the name implies, CoMP will make it possible to co-
ordinate the optimization of transmission and reception
from multiple distribution points, which could be either
multiple cells or RRHs. CoMP will enable joint transmis-
sion and/or reception to mobile devices. It will also have
a positive effect on power consumption as well as overall
throughput and thus system capacity. Plus, it will allow load
balancing between cells that are coordinated.

3GPP standardization is based on four different CoMP
scenarios (see Figure 1). The first two scenarios focus
on homogeneous network deployments, one with a single
eNodeB serving multiple sectors (scenario 1) and the other
with multiple high-transmit-power RRHs (scenario 2). The
remaining two scenarios target HetNets, where macrocells
and small(er) cells are jointly deployed using different cell
identities (ID), as shown in scenario 3, or the same cell ID,
as shown in scenario 4.

Due to its complexity, CoMP has been separated dur-
ing the standardization process into two independent work
items for downlink and uplink. Both link directions ben-
efit from the two major schemes being used in CoMP:
joint processing (JP), which includes joint transmission (JT,
downlink) and joint reception (JR, uplink) as well as coordi-
nated scheduling/beamforming.

WHAT’'S IMPORTANT TO KNOW ABOUT CoMP?
Performance gains from CoMP result from managing
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A Fig. 1 Coordinated multipoint operation (CoMP) scenarios.

the interference at cell boundaries, specifically in the Het-
Net scenario. To understand the details behind downlink
and uplink CoMP, it is essential to know the terminology
used: CoMP cooperating set, CoMP measurement set and
CoMP resource management.

CoMP cooperating set: The CoMP cooperating set is de-
termined by higher layers. It is a set of geographically sepa-
rated distribution points that are directly or indirectly in-
volved in data transmission to a device in a time-frequency
resource. Within a cooperating set, there are CoMP points.
With regard to the CoMP schemes, the set could contain
multiple points at each subframe (e.g., joint transmission)
or a single point at each subframe (e.g., coordinated sched-
uling/beamforming).

CoMP measurement set: The CoMP measurement set is
a set of points about which channel state information (CSI)
or statistical data related to their link to the mobile device is
measured and/or reported. This set is determined by higher
layers. A mobile device is enabled to down-select the points
for which the actual feedback is reported.

CoMP resource management: The CoMP resource
management is a set of CSI reference signal (CSI-RS) re-
sources for which CSI-RS-based reference signal received
power (RSRP) measurements can be made and reported.
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MOBILE COMMUNICATIONS SUPPLEMENT m NOVEMBER 2013

15



S

o’

Mobile Communications

!

[COORDINATED SCHEDULING/]

BEAMFORMING

!

COORDINATED SCHEDULING/
BEAMFORMING

A Fig. 3 Overview of downlink (DL) and uplink (UL) CoMP schemes.

Figure 2 shows the CoMP cooper-
ating set and the CoMP measurement
set for the two cases defined: Either
all cells use different physical cell
identities, or multiple cells have the
same cell identity. In the latter case,
the concept of virtual cell identities
(VCID) can be applied. VCIDs are as-
signed by higher layers.

CoMP SCHEMES

Figure 3 provides an overview
of the CoMP schemes used in the
downlink and uplink. In the downlink,
joint transmission enables simultane-
ous data transmission from multiple
points to a single UE or even multiple
UEs. This implies that the UE data is
available at multiple points, belong-
ing to the CoMP cooperating  set,
throughout the network. The goal is to
increase signal quality at the receiver
and thus the average throughput. The
coherency of JT refers to the ability to
form precoders that exploit the phase
and possibly amplitude relations be-
tween channels associated with differ-
ent transmission points.

In other words, in coherent JT
the signal from multiple transmission
points is jointly precoded. In nonco-
herent JT, the UE would receive mul-
tiple signals individually precoded by
each transmission point. In general,
JT requires a low latency between the
transmission points, high-bandwidth
backhaul and low mobility UEs. Also
for dynamic point selection (DPS),
the physical downlink shared channel
(PDSCH) data has to be available at
multiple points. However, in contrast
to JT, data is only transmitted from
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one point at any given time. For coor-
dinated scheduling/beamforming, the
data is only present at one transmis-
sion point.

Furthermore, with the coordina-
tion of frequency allocations and used
precoding schemes (beamforming)
at the various transmission points,
performance can be increased and
interference mitigated. The CoMP
schemes implemented for the up-
link are similar. For joint reception,
the physical uplink shared channel
(PUSCH) data transmitted by the UE
is received jointly at multiple points
(part of or entire CoMP cooperating
set) simultaneously to improve the re-
ceived signal quality.

With regard to coordinated sched-
uling and beamforming in the uplink,
the scheduling and precoding selec-
tion decisions are made with coordi-
nation among points corresponding
to the CoMP cooperating set. But
the PUSCH data is intended for one
point only. A fundamental change
due to CoMP in the LTE uplink is
the introduction of virtual cell IDs.
As of 3GPP Release 8, the generation
of the demodulation reference signal
(DMRS) embedded in two defined
single carrier frequency division mul-
tiple access (SC-FDMA) symbols in
an uplink subframe is dependent on
the physical cell identity (PCI). The
PCI is derived from the downlink.

For future HetNet deployment
scenarios, where a macro cell provides
the coverage and several small cells
are used for capacity, there is higher
uplink interference at the cell bound-
aries. This is especially true for when

macrocells and small cells are using
the same cell identities. The VCID
concept makes it possible to signal a
dedicated cell ID via radio resource
control (RRC) signaling to be used by
the UE for uplink transmission, which
allows the UE signal to be received by
different reception points.

TESTING CoMP

LTE-Advanced CoMP is a complex
and powerful technology enhance-
ment. The various downlink and uplink
CoMP schemes permitted increase
both base station and mobile device
complexity. With respect to uplink
CoMP, the burden appears on the base
station receiver end. More precisely,
UE data needs to be transferred be-
tween multiple reception points and
jointly processed. For intra-eNodeB
(intrasector) CoMP, this becomes
purely implementation-dependent
without impact on testing, since the
combining takes place in a single entity.

Simulating multiple UEs for testing
the base station receiver is a standard
test case used since the beginning of
LTE (as well as other cellular technol-
ogies). Transferring user data between
multiple reception points places laten-
cy requirements on the inter-eNodeB
interface, which in the best case can
be satisfied with fiber connections.
Therefore, today’s method for testing a
single eNodeB will evolve into testing
a distributed base station architecture
comprising multiple baseband units
(BBU), sometimes also called digital
units (DU), in combination with high-
power or low-power RRHs (as shown
in Figure 1, scenarios 2 to 4).

However, this will not change the
testing principle, because the input
signal from multiple UEs needs to be
provided in the same way as it is today.
There also remains the need to verify
the signaling information exchange
between UE(s) and BBUs combined
with RRHs. A new test scenario will
likely be added in order to verify
the VCID concept. In the downlink,
i.e., testing the UE implementation,
CoMP requires redesign in the re-
ceiver chain because multiple signals
from multiple transmission points —
potentially on multiple frequencies —
need to be successfully combined. In
order to allow any CoMP algorithm to
schedule the best possible resource
from the best possible transmission
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point, it is essential to have good
knowledge of the channel conditions
of a particular UE toward the cooper-
ating transmission points.

Consequently, UE measurements
on the various reference symbols (cell
and channel state information refer-
ence symbols [CSI-RS] and interfer-
ence measurement resources [IMR])
need to be verified. This requires a
mobile communications tester to es-
tablish multiple scenarios in an easy
and efficient way. In contrast to tra-
ditional LTE operation, signals from
multiple transmission points may ex-
pose frequency and time shifts.

Since reporting channel quality
information (CQI) is so important,
frequency and timing correction mea-
sures at the UE end need to be tested
extensively as well. The responsible
working group (RAN5) in 3GPP has
just started drafting the test case de-
tails based on initial agreements made
in 3GPP RAN4, the group that de-
fines the performance requirements.

Finally, any efficient CoMP algo-
rithm in the network may be applicable
to a large number of cells in a certain
network area, if not in the complete
network. This means that it may be pos-
sible to verify whether the implemen-
tation-dependent CoMP algorithm is
delivering its capacity gain promise by
monitoring KPIs in the core network
(e.g., overall data throughput per cell).
In case of errors, it will be necessary to
conduct dedicated drive testing in or-
der to identify the root of a problem.

CoMP is a key technology compo-
nent in LTE-Advanced 3GPP Release
11 for further increasing system ca-
pacity. The advent of continuously in-
creased data consumption specifically
on smartphones, along with the an-
ticipated, exponentially growing num-
ber of machine-type communications
devices such as sensors, makes CoMP
the technology of choice for network
operators for satisfying capacity needs.

The major design challenge is on
the network end, since if coordination
is done across multiple cells, high ca-
pacity and low latency interfaces be-
tween BBUs are required. Addition-
ally, precise knowledge of propagation
conditions at the end user position is
essential. This requires comprehen-
sive verification of UE reporting be-
havior under various conditions.
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The Road to 5G FAQs

JaMEs KIMERY, Director of Marketing, National Instruments

20

mu Itiband

“Mobile Communications

WHAT IS 5G AND WHY IS IT NEEDED?

Since the cell phone was first introduced many
years ago, cellular infrastructure has undergone
many transformations. The first generation cel-
lular networks were based on “analog” technol-
ogy such as Advanced Mobile Phone Service
(AMPS). The second generation (2G) systems
featured digital technology utilizing standards
such as Global System Mobile (GSM). In terms
of capability, 2G added basic SMS (texting) to
voice with limited wireless data capability. Web
browsing on a 2G mobile device was limited.
Wireless data was driven by texting, email and
static photo transfers.

TABLE |
DATA SPEEDS
Network Down Link Up Link
Generation ( Mbp:) (Mbps)
4G 300 150
3G 14.4 <<14.4

3G, or third generation networks, added a
higher speed data capability where limited video
could be transferred using Wideband Code Di-
vision Multiple Access (W-CDMA). Later evo-
lutions of 3G included HSPA and HSPA+ (the
equivalent of 3.5G) and delivered an enhanced
user experience. However, big data applications
such as streaming video were slow compared to
WiFi or Wireless LAN speeds, which most con-
sumers used as a comparison benchmark.

Today, network service providers are rolling
out fourth generation (4G) networks based on
Long Term Evolution (LTE). LTE offers signifi-
cant upgrades over 3G in terms of data through-
put with up to five to six times faster peak rates
(see Table 1). Most service providers plan to
transition to LTE-Advanced, or 4.5G, which
is expected to double the available bandwidth
from LTE. With LTE and LTE-Advanced, wire-
less data consumers now have a communication
technology that rivals current WiFi in terms of
user experience.
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A Fig. 1 Industry forecasts of mobile data traffic (From Mobile Broadband: The Benefits of

Additional Spectrum, FCC Report 10/2010).

On the surface, future wireless data
capabilities along the LTE trajectory
appear to approach parity with WiFi
from a user experience perspective,
ostensibly reducing or mitigating the
need for quantum leaps in increased
bandwidth. However, with the rapid
adoption of smart devices such as
smartphones, tablets and even fab-
lets, network capacity and bandwidth
are being consumed at accelerated
rates. In fact, industry analysts pre-
dict that wireless data demand will ex-
ceed 2009 levels by over 35x in 2014
(see Figure 1), and this growth rate
is not expected to subside any time
soon. Capacity is, in effect, a function
of bandwidth. More bits transmitted
faster free up spectrum for other us-
ers and their data demands. Doubling
the data rate effectively increases the
capacity by 2x. Therefore, the pri-
mary motivation for investments in
5G research is to increase network ca-
pacity via increased bandwidth and to
avoid a capacity shortage.

ARE LTE AND LTE-ADVANCED
NOT SUFFICIENT TO ADDRESS
CONSUMER DEMAND?

Considering the rate at which wire-
less users are consuming data, there is
genuine concern across the industry
that network capacity may become
constrained in the not too distant fu-
ture without significant technology up-
grades. Let’s take, for example, current
LTE quoted rates, 300 Mbps in the
downlink and 150 Mbps in the uplink.
These rates are about four to five times
faster than 3G and 3.5G technologies.
LTE-Advanced may essentially further
double to quadruple data rates. So, in a
span of 10 to 15 years, the world’s cellu-
lar operators increased capacity by 20x.

In that same time frame, “demand” in-
creased by more than 100x. Its clear
that LTE-Advanced is necessary and
that a new fifth generation network is
critical. Wireless infrastructure compa-
nies and other members of the 3GPP
standardization body, in fact, have set
out a challenge to increase capacity by
“1000x by 2020” (www.cvt-dallas.org/

MBB-Novl1.pdf).

HOW WILL 5G ADDRESS THE
“BANDWIDTH/CAPACITY”
CRUNCH?

First of all there is much discus-
sion regarding 5G — what it will be or
what it will not be. We do know that
5G will have to be much faster than
today’s 4G networks and the eventual
LTE-Advanced (sometimes referred
to as 4.5G). The real question is how
we achieve faster performance and
high capacity with the current infra-
structure including existing equip-
ment, available spectrum and so on.
The 3GPP standardization body is
establishing an investigative group
to explore the next generation wire-
less question, which will hopefully be
kicked off early next year. The consen-
sus is that there is no “silver bullet” or
one technology that will lead to the
necessary bandwidth expansion, but a
combination of advancements such as
heterogeneous networks encompass-
ing small cells and coordinated mul-
tipoint, reallocation of spectrum, and
other advanced techniques such as
self-organizing networks (SON).

WHAT TECHNOLOGIES ARE
BEING INVESTIGATED TO
SUPPORT A POTENTIAL 5G
STANDARD?

Several technologies are being re-

MOBILE COMMUNICATIONS SUPPLEMENT m NOVEMBER 2013

searched today to increase spectrum
efficiency and lower the intercell in-
terference such as heterogeneous net-
works, small cells, relays and coordi-
nated multi-point. Essentially the mo-
tivation behind these research vectors
is to lower the load per base station by
increasing the density, which in turn
increases spectrum efficiency to us-
ers in a smaller geographic area. All
of these options focus on deploying
more infrastructure equipment and
further increasing utilization by em-
ploying “smart” techniques (i.e., co-
ordinated multi-point, beamforming
and so on). Fundamentally, by sharing
network information at the base sta-
tion level, load and coverage per user
can be optimized to more effectively
use the existing spectrum.

A more difficult challenge is the
availability of spectrum. The tran-
sition from 3G to 4G introduced
new technologies for increased data
throughput and reliability, but what is
often overlooked is that new spectrum
was introduced in conjunction with
the LTE rollouts. For example, in the
United States, the 700 MHz spectrum
was auctioned specifically as a vehicle
to deploy LTE.

This scenario also played out simi-
larly with W-CDMA and the 3G roll-
out as 2G networks were pervasive
and successful. 3GPP offered new
coding and modulation techniques
but these new technologies were
largely (if not exclusively) deployed
on new spectrum earmarked for those
deployments.

With 5G, the answer is not so sim-
ple. Unless industry, government and
associated spectrum regulating enti-
ties can agree on how and when to re-
allocate spectrum, there is essentially
no spectrum available below 6 GHz.
Reallocating spectrum is not an easy
task since many service operators paid
billions of dollars to acquire the spec-
trum already in use, and transitions
are not easy or cheap.

Of particular note is the research
that Dr. Ted Rappaport is doing at
NYU Wireless. Dr. Rappaport has
been characterizing the spectrum
at 28, 38 and 60 GHz plus E-Band
that covers frequencies from 71 to
76 GHz in New York City — which
is a very challenging environment.
These measurements show that
wireless outdoor communication
is possible at those frequencies al-
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though significant investment is re-
quired to make communication at
these frequencies feasible.

IS 28 GHz TO mmWAVE E-BAND
A CHALLENGING DESIGN TASK?

None of the options proposed to
address the wireless data crunch will
be simple or easy. The industry has
to challenge conventional thought,
which includes the design process.
mmWave frequencies in particular
were widely considered not suitable
for cellular data and a network based
on this spectrum unfeasible. Dr. Rap-
paport’s work has essentially chal-
lenged this thinking. He has proven
that reliable transmission and recep-
tion at these frequencies is possible
but there is much work to do. Es-
sentially, all the paradigms associated
with communication below 6 GHz
must change, creating research op-
portunities in RF front end design
and antennas, beamforming, physical
layer design and even new protocols.

What’s encouraging is that while
many of these technologies are new
and have yet to be developed, there
is history of rolling out new data ca-
pabilities overlaying the existing in-
frastructure. Even if you consider all
of the research below 6 GHz in terms
of physical layer, small cells, and RF
front ends (MIMO), the network is
still limited by the Shannon theory —a
communication channel is limited by
the bandwidth and noise. Heteroge-
neous networks will improve capacity
but it is not clear that this alone will
achieve 1000x capacity in 2020. If
there is no available bandwidth, then
new spectrum must be found some-
where.

YOU MENTIONED A NEW
DESIGN APPROACH. CAN YOU
ELABORATE ON THIS POINT?

A typical “design” approach has
been to come up with an idea, simu-
late it and then prototype. Usually
there are several iterations in the de-
sign and simulation stage before pro-
totyping because of the large expense
required to develop a working proto-
type. If there is a fundamental prob-
lem in the theory, then it is back to the
beginning to start over again. There-
fore heavy simulations are typically
required before a prototype is even
planned. With conventional methods,
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transitioning from concept to simu-
lation to prototype takes a very long
time and consumes many resources.
In other words, it is very expensive.
The most important goal of the design
process is to deliver a working proto-
type sooner rather than later so that
the real world conditions and system
issues can be accounted for early in
the design.

Most of today’s simulations mostly
use additive white Gaussian noise or
AWGN to model the channel. As net-
work operators will tell you, this is
simply not a realistic scenario — per-
haps a good start but far from realistic.
With the new technologies being in-
vestigated for 5G, conventional chan-
nel models are not good proxies for
the real world. System engineers and
network designers must also consider
the processing requirements and the
feasibility of actually deploying a new
algorithm/protocol on a platform that
is both cost effective and low power
(to conserve battery life). Getting to a
prototype sooner rather than later is
very important.

WHERE DOES NATIONAL
INSTRUMENTS FIT INTO THIS 5G
REVOLUTION?

National Instruments has been
working with wireless researchers for
a number of years through the RF/
Communications Lead User program.
Through this program, NI has been
working directly with top research-
ers, such as Dr. Rappaport at NYU
Wireless and also Dr. Gerhard Fett-
weis at TU Dresden, to explore a new
approach to communications system
design.

We already discussed Dr. Rappa-
port’s work on mmWave, but also of
significance is Dr. Fettweis” work on
new physical layers for 5G. He is al-
ready prototyping a new physical layer
called GFDM or General Frequency
Division Multiplexing that addresses
some of the shortcomings of OFDM
— the standard in today’s 4G com-
munications. Through this work, Dr.
Fettweis has gone from simulation to
prototype in a matter months.

The Lead User program was the
idea of National Instrumentss CEO
and founder, Dr. James Truchard. Dr.
Truchard believes that a new design
paradigm is needed for research not
just in wireless but across many differ-

ent areas. The tools used in research
to transition from design to simulation
to prototype have not really evolved
over the last 20 years like so many
technologies that have improved our
everyday life. In particular, National
Instruments focuses on a graphical
system design approach to accelerate
the process from design to simula-
tion to prototype. The combination of
this approach with tight hardware and
software integration enables research-
ers to focus on their area of expertise
rather than having to struggle with
disparate tools and technologies that
can take months and years to integrate
into a working prototype.

Through the RF/Communications
Lead User program, we are also work-
ing with leading researchers at com-
mercial companies but I am not at
liberty to disclose these relationships as
they are confidential. However, I can
say that you should stay tuned for some
exciting demonstrations using NI tools
and technologies on the 5G front. B

James Kimery is the director of
marketing for RE, communications, and
software defined radio (SDR) initiatives
at National Instruments. In this role,
Kimery is responsible for the company’s
communication system design and

SDR strategies. He also manages NI's
advanced research RF/Communications
Lead User program. Prior to joining NI,
Kimery was the director of marketing for
Silicon Laboratories” wireless division,
which later became a subsidiary of ST-
Ericsson. With Kimery as director, the
wireless division grew revenues from

$5 million to over $250 million. The
division also produced several industry
innovations including the first integrated
CMOS RF synthesizer and transceiver
for cellular communications, the first
digitally controlled crystal oscillator,

and the first integrated single-chip

phone (AeroFONE). The IEEE voted
AeroFONE one of the top 40 innovative
ICs ever developed. He also worked at
NI before transitioning to Silicon Labs
and led many successful programs,
including the concept and launch of the
PXI platform. Kimery was a founding
member of the VXIplugiplay Systems
Alliance, the Virtual Instrument Software
Architecture (VISA) working group,

and the PXI Systems Alliance. He has
authored over 26 technical papers and
articles covering a variety of wireless and
test and measurement topics. He earned a
master’s degree in business administration
from the University of Texas at Austin
and a bachelor’s degree in electrical
engineering from Texas A&M University.
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Smarter Antenna
Front End Modules

nce in a while, a technology has the

numbers to back up the buzz it’s

generating, and that’s the case with

LTE. By the end of this year, ABI Research

predicts that LTE subscriptions will hit 183

million worldwide. In the first two years it

was commercially available — Q4 2010 to Q3

2012 — LTE racked up far more customers than

W-CDMA did in that technology’s first two

years.

For OEMs of smartphones, tablets, lap-
tops and other devices, the message is clear:
an LTE strategy including innovative devices
is critical to stay ahead of the competition and
remain relevant. But less obvious are the chal-
lenges, costs and competitive risks of choosing
the wrong LTE RF solution. Mistakes are easy
to make because LTE has fundamentally dif-
ferent requirements and considerations than
those of 3G and 2G:

* Highly fragmented spectrum. LTE is
designed for use in more than 40 bands be-
tween 450 MHz and 2.7 GHz. Roughly half
of those are already in commercial use. To
enable regional or global roaming on par with
what 3G provides, or single-SKU products,
OEMs currently must build support for a
dozen bands into their devices. That increas-
es cost, complexity and development time, all
of which increases further when those bands
are widely spaced. LTE-Advanced intro-

duces carrier aggregation, which makes frag-
mentation even more challenging when the
aggregated frequencies are far apart.
Operators prefer lower bands. Many mobile
operators prefer to use low frequency bands,
700 MHz, for LTE because lower frequencies
require fewer base stations, thus reducing their
CapEx and OpEx. But lower frequencies re-
quire electrically larger antennas, which are lit-
erally a bad fit for the trend toward thinner de-
vices. In smartphones, for example, the amount
of space available for antennas and other RF
components is shrinking 25 percent annually to
make room for bigger batteries while enabling
increasingly thin, sleek form factors. Although
M2M devices such as vending machines, smart
meters, and telemedicine monitors appear to
have ample room for large antennas, they are
actually often as space-constrained as smart-
phones and tablets.

MIMO (Multiple Input, Multiple Output)
is required. MIMO increases the number
of cellular antennas. The two antennas must
have enough separation between them to
benefit from the differences in signal condi-
tions. That amount and spacing increase the
challenge of finding enough room as devices
become thinner.

JEFF SHAMBLIN
Ethertronics, San Diego, CA
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* Multi-technology support is a
must-have. Although 193 LTE net-
works have launched and another
123 will debut over the next two
years (according to ABI Research),
the technology will not have ubig-
uitous coverage in most countries
until late this decade. So in that
interim, many LTE devices still
need the ability to use other wire-
less technologies, such as 2G/3G
fallback in places where LTE is not
yet available, or WiFi when it's more
cost-effective. GPS is another com-
mon requirement. Each additional
technology increases the challenge
of finding enough room for antennas
and other RF components.

Device OEMs must overcome all
of these challenges. If they do not,
their products will not deliver the
high performance and fast speeds that
consumers and business users expect
from 4G. Sub-standard performance
would directly affect their competi-
tive position and ultimately revenue.
OEMs that rely on mobile operators
for distribution also risk losing their
sales channels if customers inundate
operators with complaints about poor
performance, or if those devices cre-
ate problems that sap network capac-
ity. To overcome these challenges,
device OEMs need to focus on two
things: the trend toward active anten-
na systems and where each RF ven-
dor’s products fit into that trend.

ACTIVE ANTENNA SYSTEMS

Active antenna systems are not just
the future of LTE — they are also the
present. An active antenna system
went into production in August of 2011
in a medical device monitoring critical
medication dispensing and inventories.
Several months later, the Galaxy S II
LTE SC-03D phone, using an active
antenna system with active impedance
matching techniques, launched on the
DOCOMO network. Most recently, an
ultrabook from a tier one OEM uti-
lized band aperture techniques to pro-
vide global 3G and 4G coverage. Active
antenna systems are gaining traction in
the marketplace to help OEMs solve
LTE’s toughest challenges.

Unlike passive antennas, active
systems can be dynamically tuned to
cover significantly wider bandwidths,
achieve smaller physical volumes, and
provide more degrees of freedom in
the design process. This flexibility re-

duces the cost, complexity and lead
time of developing antenna systems
capable of meeting unique device or
application requirements, such as an
LTE M2M module mounted inside a
metal box or in an underground vault,
or a smartphone that needs to be ultra-
thin and capable of global roaming on
LTE. This flexibility also increases the
likelihood that a device will pass opera-
tor certification on the first try, which
means faster time-to-market and faster
time-to-revenue for the OEM.

Active antenna systems also en-
able single-SKU products, reducing
the OEM’s development and support
costs while expanding those products’
addressable market to the world rather
than justa single region or country. For
example, a single active antenna system
can support multiple LTE bands, plus
the bands for 3G and 2.5G fallback,
ISM, WiFi, Bluetooth and ZigBee.
Covering all of those bands with mul-
tiple passive antennas is somewhere
between difficult and impossible, de-
pending on both the amount of space
available in the device and the require-
ments for cost and performance.

Unlike passive antennas, active
antenna systems can seamlessly ad-
just the antenna’s characteristics to
compensate — all in real time — for
frequency shifts due to environmen-
tal changes such as the position of the
user’s head and hand, or a large truck
parked over an underground utility
vault. Active antenna systems also can
make those adjustments to overcome
challenging installations, such as when
an M2M module is mounted on a
metal surface that would wreak havoc
with a passive antenna.

The ability to mitigate detuning ef-
fects directly affects an LTE device’s
market potential and support costs, as
well as its OEM’s brand reputation.
Active antenna systems enable those
devices to provide data speeds, video
performance and call quality that are
noticeably superior to what’s available
from LTE products that try to make
do with passive antennas.

Quality of Service (QoS) and reli-
ability also affect mobile operators’
cost of delivering service. For exam-
ple, when M2M modules use active
antenna systems to maintain connec-
tivity even under difficult, changing
environmental conditions, the mo-
bile operator is under less pressure
to increase its cell site density. The

MOBILE COMMUNICATIONS SUPPLEMENT m NOVEMBER 2013

CapEx and OpEx of dozens, hundreds
or thousands of additional cell sites
would make it difficult for the opera-
tor to price its M2M services competi-
tively, yet profitably.

WHAT MAKES AN IDEAL ACTIVE
ANTENNA SYSTEM?

Not all active antennas, or tunable an-
tennas, provide equal performance and
integration benefits. That is a key point
for OEMs, systems designers and others
to keep in mind because many vendors
are now talking about tunable antenna
products. It is important to understand
the key differences between them.

For starters, the ideal active anten-
na system for many applications is an
all-in-one module that device OEMs
can quickly and cost-effectively inte-
grate into their products instead of
spending weeks or months on custom
designs with components from mul-
tiple vendors. The plug-and-play ap-
proach has obvious benefits, such as
reduced development costs and faster
time-to-market. A less obvious ben-
efit is that OEMs now do not need to
hire staff to create an RF engineering
team to handle integration in house.
That benefit is particularly valuable
for M2M and consumer electronics
OEMs, which typically have limited
or no RF experience.

The turnkey plug-and-play module
approach includes being able to dy-
namically sense and optimize the an-
tenna system without external control
signals from the device. That is possible
by using advanced antenna architec-
ture, tunable capacitors and adaptive
algorithms designed and integrated in
conjunction with a MiCroprocessor.

To achieve the highest perfor-
mance and ease integration, an ac-
tive antenna system needs to perform
dynamic impedance matching at the
feedpoint rather than farther back in
the system, such as in the transceiver
chipset. The feedpoint approach max-
imizes performance because the tun-
ing is focused entirely on the antenna.
When tuning is done farther back in
the signal chain, the process can be
undermined by the transmission line’s
electrical delay and losses.

Band switching is another impor-
tant feature to look for. Also known as
active aperture, this technique dynami-
cally changes the electrical length of the
antenna element to shift its frequency
response. An alternative method is ac-
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tive matching, where a tuning circuit at the feedpoint changes
the antenna’s impedance. The main difference between the
two methods is that active aperture/band switching is a coarse
tuning of the antenna element followed by active impedance
matching for a fine tuning of the frequency response at the
feedpoint. This allows the device to quickly tune across the
required frequency bands in the smallest antenna volume.

OEMs used to have to choose between the two tech-
niques because of the cost of implementing multiple com-
ponents. Impedance matching requires tunable capacitors,
while band switching requires a switch. OEMs are always
looking for ways to reduce costs given the competitive na-
ture of the wireless industry.

The latest active antenna solutions minimize the cost
factor by combining a four-port switch and multiple tun-
able capacitors in a single RFIC. These products combine
the active aperture/band switching technique to quickly
tune across frequencies and then use the active impedance
matching function to fine tune the impedance to the de-
sired frequency for the best performance.

Many of LTE’s biggest RF challenges occur below
1 GHz because above that, antennas do not have to get
larger to the point that they're difficult to integrate inside
space-constrained devices. That is why these next-gen ac-
tive antenna system solutions focus on impedance match-
ing at the lower frequencies.

Device OEMs have been asking RF vendors to provide
single-RFIC active antenna systems to maximize perfor—
mance benefits without significant cost increases, so it is a

milestone that they are now commercially available. They
also do not come with many tradeoffs. For example, mul-
tiport switches and tunable capacitors typically have low
current consumption — well under 200 micro amps — so the
performance and reliability that they enable do not come
at the expense of battery life.

Even so, not all RFIC active components are equally
effective. The reason is the heritage of the companies that
produce them. For example, some RFIC vendors know
chips but not antennas, so they are developing products
that are unnecessarily expensive because they conduct tun-
ing at higher frequencies.

By comparison, a chipset vendor with extensive antenna
experience knows that all the tunable components in the
world will not compensate for a poorly designed, inefficient
antenna. An experienced antenna vendor also knows that
a systems approach is a key to performance: the antenna,
chips and algorithms need to be designed together in or-
der to deliver the easiest integration, best performance and
the lowest cost. By comparison, a chip vendor will design
an RFIC that will attempt to work with as many bands,
antenna types and impedances, which inevitably translates
into compromises in performance and higher cost.

Single-RFIC chips and active antenna systems are an
idea whose time has come because they solve a variety of
unique challenges created by the arrival of LTE. They're
also the first in a wave of next-gen active antenna solutions,
which will feature even more complexity to enable higher
performance and lower costs. ll
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Programmable 0-30, 60, or 90 dB

ATTENUATORS

1 MHzto 6 GHz

Mini-Circuits RUDAT-6000 series USB controlled digital
step attenuators support frequencies from 1 MHz to 6
GHz in versions with maximum attenuation of 30, 60,
and 90 dB with 0.25 dB attenuation steps, providing
precise level control for a wide range of test applications.
All models achieve accurate, repeatable performance in
a miniature, shielded metal case (2.0 x 3.0 x 0.6"). Our
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unigue design maintains linear attenuation change per dB,
over the entire range of attenuation settings. Controlled
conveniently via USB or RS232 ports, all versions are
supplied with easy-to-use GUI control software and
everything you need for immediate use out-of-the-box!
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andheld and vehicle-mounted trans-
ceivers used by public safety and oth-
er agencies may look much like their
predecessors, but peering inside reveals a pro-
found difference, thanks to the “digitization” of
functions formerly performed by analog com-
ponents. Nevertheless, although the transmit
section (and some receive components) remain
the last bastion of RF technology within these
increasingly digital products, advancements
are being made in performance and functional
integration as well as size reduction and pow-
er consumption. Two additions to Freescale®
Semiconductor’s Airfast™ RF power solutions
family have been designed to address these
challenges by reducing amplification stages
and covering multiple frequency allocations
with a single device.

The AFTO9MS007 and AFTOSMPO75 are
broadband LDMOS FETs that can be opti-
mized for operation over wide bandwidths be-
tween 136 to 941 MHz and 136 to 520 MHz,
respectively. The AFTO9MS007 operates from
a supply voltage of 7.5 VDC making it compat-
ible with handheld radio power supplies. The
AFT05MPO75 delivers 70 W or more and op-
erates from a 12.5 to 13.6 VDC supply, typi-
cally a vehicle battery.

Both devices can operate into a VSWR
greater than 65:1 without degradation, even
when driven with twice their rated input power
from a supply voltage of 10.5 (AFTO9MSO07N)
and 17 VDC (AFT05MPO075). They have built-
in protection against electrostatic discharge,
are housed in Freescale’s over-molded plastic
packages, and are available in tape and reel.

The ability of both devices to cover more
than one frequency allocation (such as 136 to
174 MHz or 350 to 520 MHz) provides signifi-
cant benefits for manufacturers as they can rely
on a single device to serve all or most of their

Mobile Communications

Broadband
LDMOS FETs for
Land Mobile Radios

entire product line. The manufacturer’s portfo-
lio will typically have a lower bill of materials,
fewer circuit designs, and lower cost than if dif-
ferent devices were used. It also allows manu-
facturers to address the need of agencies that
operate at frequencies other than the standard
public safety bands, whether they require small
or large quantities of radios.

It is obviously advantageous for radio man-
ufacturers to use as few different RF power
transistors as possible throughout their prod-
uct lines. This is often not the case, as trans-
ceiver manufacturers typically use different RF
power transistors over a specific band or split
bands such as 350 to 520 Mz into two or even
three parts to optimize for efficiency or an-
other parameter. The Airfast devices eliminate
this requirement. The devices achieve their
performance without use of internal match-
ing, so rather than being optimized to operate
over a relatively narrow, fixed band they can,
through external matching, be optimized over
any bandwidth within their specified range of
operating frequencies.

Figure 1 shows the performance of the
two devices in typical mobile radio broadband
circuits. The AFT05MS075 shows excel-
lent performance characteristics across VHF
frequencies from 136 to 174 MHz. At 12.5 V
operation, the device has typical gain of 18.8
dB, producing 84 W nominal with 1.1 W of
input drive. Efficiency under these conditions
is typically 76 percent. The AFTO5MS075 is
also characterized for 13.6 V operation. When
operated at the higher voltage, power gain in-
creases approximately 0.5 dB and output pow-
er increases to 94 W nominal when tested with

FREESCALE SEMICONDUCTOR
Tempe, AZ
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A Fig. 1 Only an inexpensive driver and
the AFTO9MSO007 are required to provide

the 7 W required for handheld radios or the
AFTOSMPO7S5 to produce a 55 W+ amplifier
for vehicle-mounted radios.

the same 1.1 W input. Efficiency is
similar at the higher power condition.

The AFTO9MS007 is shown oper-
ating into a single broadband UHF
fixture. The fixture shown is tuned for
350 to 490 MHz. At a power output of
8 W, the device exhibits typical gain of
13 dB and efficiency of greater than
60 percent across the band. For lower
power operation, the device has also
been tested at a power output level of
6 W. Under this condition, the device
shows typical gain of 11.8 dB and typi-

A Fig. 2 Typical circuits for handheld and vehicle-mounted radios

using these new devices.

cal efficiency of 63 percent.

In addition, as the devices have high
gain and efficiency, the rated output
power of the end product can be satis-
fied using fewer amplifier stages, fur-
ther building on the previously men-
tioned advantages of reduced parts
count, board space and cost. Both the
AFTO09MS007 and AFTOSMPO75 em-
ployed as the final amplifier in a hand-
held and vehicle-mounted transceiver
(respectively) can deliver their rated
power when driven by a single, inex-
pensive driver amplifier.

Figure 2 illustrates typical circuits
for handheld and vehicle-mounted ra-
dios using these devices. In the hand-
held circuit, Freescales MMG3014

ruggedness with no
signal degradation,

TABLE |
KEY AIRFAST DEVICE SPECIFICATIONS
AFTO9MS007N AFT9MPO75 MMG3014 (driver)
(Fhrf&‘zlfncy range 136 to 941 136 to 520 40 to 4000
RF output power (W) 7.3 57 0.3
Gain (dB) 14.6 to 15 14.6 to 21 10 to 19.5
Drain efficiency (%) 71 68 19.5
g’(‘;v"g‘“m RE input 200 mW 1L5W 316 mW
Load/mismatch

More than 65:1 input VSWR at all phase angles, 3 dB overdrive,
10.8 VDC (AFTIMS007) or 17 VDC (AFT9MPO75)

CW input signal
Matching External External Internal
Power supply (VDC) 75 12.5to 13.6 3to5
ESD protection, Active bias control
Other features Internal stability
enhancement
. TO-270WB-4 or
Plastic package PLD-1.5 TO-270WB-4 gull SOT-89
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directly drives the

BALUN ",‘L"E|“ |ﬂ| AFTIMSO007 in

@ :DRF INE| El —— the transmit pat)h
TXCVR MMG3014N  AFT0SMS007 and  Freescale’s
A |REW MMLO9211H  low-

- 1 {EI_ noise amplifier is em-

L | ployed in the receive

MML09211H path. In the vehicle-

mounted radio dia-

BALUN  DRIVER PA gram, a broadband

™ :| |_|>|> > eneral-purpose am-
RFIN AFT0P07R5F oL I%liﬁer dgez[t)ly drives

5L RFSW the AFTOSMPO75.
LNA In both cases, rated

RX E {El— output is achieved us-
MMLO9211H ing only two devices

(see Table 1 for key

device parameters).

Both Airfast de-
vices also have in-
tegrated stability enhancement cir-
cuitry, which is particularly desirable
for the AFTOSMPO75 as it draws its
DC power from a vehicle battery.
Although vehicle power supplies are
regulated, their voltage can vary dra-
matically from 12 VDC to as low as
10 VDC and as high as 17 VDC de-
pending on environmental and other
conditions.  Transceivers typically
have power monitoring circuits that
maintain stable RF performance un-
der varying power supply voltages,
but when voltage drops, the circuit
boosts the RF input power to driver
amplifier to compensate. The stabil-
ity enhancement circuits within the
devices compensate for the effects
of these conditions, so they remain
stable in severe under- and over-volt-
age conditions produced by idling, a
faulty regulator or battery, hot under-
hood temperatures, as well as varying
ambient temperatures encountered
throughout the seasons.

The two new devices join a grow-
ing family of Airfast LDMOS and
GaN RF power transistors for land
mobile radio applications as well as
“MRF” series LDMOS FETs that
operate from 7.5 to 12 VDC. The
AFTO9MSO007N and AFTO05MPO75
are available now and are support-
ed by reference designs, evaluation
boards, and other designer resources.

Freescale Semiconductor,
Tempe, AZ

(800) 521-6274,
www.freescale.com/rfpower.
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eginning in 1996, Kaelus, formerly
Summitek Instruments, has focused
on providing test solutions for passive
intermodulation (PIM). The Kaelus PIM test
instruments defined a global standard in manu-
facturing and field test. As technology evolved
toward remote radio heads and installation at
the top of the tower, a new instrument archi-
tecture was required in the interest of person-
nel safety and test convenience.

Kaelus seized this opportunity to start with
a blank sheet of paper and designed a solution
built for purpose and that capitalized on all of
the lessons learned in delivering more than
4000 PIM solutions for field use over the last
five years. The resultant product, named the
iPA, is uniquely suited for top-of-tower test
as well as the more traditional applications of
bottom of tower, rooftop and in-building. The
obvious configuration change needed was to
get smaller and lighter without sacrificing func-
tionality. This meant higher levels of integra-
tion and creative mechanical layout.

MECHANICAL: ROBUST, RUGGED,
WEATHERIZED

To withstand the abusive environment of
field testing and hoisting units to the top of the
tower, Kaelus focused on creating a toughened
design. This is immediately evident upon first
glance. The rubberized enclosure, the solid

J‘
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Battery Powered
PIM Tester

metal enclosure, the shatter resistant display
and the strategically located dual handles as-
sure long term survivability. It is so tough, you
can even drive a vehicle over it.

There are no open portals to allow wa-
ter penetration and no fans, as it is passively
cooled. And, for good measure, the iPA in-
cludes four integrated lifting hooks eliminating
the need for special packaging to get it to the
top of the tower.

SAFETY AND CONVENIENCE

Testing at the top of the tower is danger-
ous; particularly, if the test personnel are si-
multaneously trying to run the test equipment,
observe the results and dynamically stress the
RF path (flexing cables, tapping on connectors,
tapping on the back of the antenna, etc.). To
minimize the demand on personnel at the top
of the tower, Kaelus integrated in a WiFi wire-
less access point and provides a WiFi-enabled
tablet to accommodate remote control of the
test by ground personnel. The remote control
is a great convenience on rooftops where the
PIM tester is connected back at the BTS and
the test operator is remotely located near the
antenna doing dynamic testing.

KAELUS (A SMITHS COMPANY)
Centennial, CO
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state-of-the-art RF components.
Since 1946, the industries lea-
ding companies have trusted
SPINNER to provide them with
innovative products and out-
standing customised solutions.

Headquartered in Munich, and
with production facilities in Ger-
many, Hungary and China the
SPINNER Group now has over
1,100 employees worldwide.

Our subsidiaries and repre-
sentatives are present in over
40 countries and provide our
customers with an international
network of support.

SPINNER GmbH || Germany
ads@spinner-group.com
WWW.Spinner-group.com
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SPINNER

Mobile communication portfolio:

®  Supports all major communications networks worldwide
(such as LTE, WiIMAX, UMTS, GSM, GSM-R, TETRA)

= Provides all passive components between base station & antenna

®  Delivers innovative solutions & systems for multiple use by
outdoor & indoor antennas

B Internationally registered with all major system houses
& network operators ' f
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TEST EFFICIENCY

Test site certification can be a time-consuming and cost-
ly exercise that must be performed with precision and the
results accurately communicated to the customer — most
often the wireless network operator. The iPA requires no
time-consuming calibration process prior to use and the
operator interface is simplified to minimize opportunities
for taking errant data or misinterpreting the results. The
Kaelus industry leading reporting developed for the iQA
has been incorporated and enhanced in the iPA.

LOW COST OF OWNERSHIP

A key aspect of any test instrument is availability. The
iPA builds on the experience of the industry stalwart of
field PIM test equipment, the Kaelus iQA. The iPA’s robust
mechanical design has already been described. Comple-
menting this is the high reliability of the electronics as well
as the focus on serviceability and low cost to repair.

RF PERFORMANCE THAT MATTERS

The IEC specification for PIM test methods guides the
design and the performance capability of nearly all PIM test
solutions. Kaelus/Summitek has been active with the IEC
committee on PIM for more than 15 years and helped de-
fine the test standard. Whereas the IEC recommends the
test methods (two test tones at 20 watts per tone and mea-
surement of IM3), for making a PIM measurement, it does
not recommend what is an acceptable performance stan-
dard. This is left to the customer and the manufacturers.

Typical PIM specifications for manufacturing test are
-107 dBm (~150 dBc) or better. For field testing, this is
typically relaxed to 97 dBm (-140 dBc). This sets the per-
formance requirements of the PIM tester. To keep mea-
surement uncertainty to acceptable levels, the noise floor
of the test instrument must be at least 10 dB better than
the level being verified. It is important to note that the
measurement noise floor is set by the thermal noise floor
of the receiver, or the residual PIM (the PIM generated by
the test setup), whichever is greater.

Implementing a high performance receiver subsystem
with a noise floor better than —107 dBm is relatively straight-
forward. The iPA specification is significantly better than
this at —128 dBm. The challenge is providing low residual
PIM — not just at time of manufacture, but with a design
that maintains this performance despite the abuse the unit
will absorb as a field test tool. This is where the Kaelus PIM
test solution excels. The Site Solutions division of Kaelus
is known for designing, manufacturing and delivering high
performance, low PIM. These same engineers provide the
technology used in the PIM test equipment. The residual
PIM is conservatively specified at—117 dBm (-160 dBc), but
is typically better than —125 dBm (-168 dBc).

The Kaelus iPA family of battery powered PIM test
equipment builds on the legacy and experience of more
than 15 years addressing this measurement application.
The iPA is a superior solution providing the very best in
ruggedness, reliability, performance and utility.

Kaelus (a Smiths Company),
Centennial, CO
(303) 768-8080,

www.kaelus.com.
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Get Connected...

Connector to cable integrity is critical to highly reliable Emerson Connectivity Solutions delivers custom-
interconnect systems. Your system’s performance can engineered products and solutions to satisfy the most
be enhanced and assured by Emerson Connectivity demanding and complex requirements. Our wide
Solutions’ wide variety of connectors, fixed length variety of microwave components, connectors and

and flexible cable assemblies, high performance quick cable assemblies are widely used on many high reliability
connect, test adapters and fiber optic solutions. programs both military and commercial.

Contact us for more information on our products and how they will fit
into your applications!

Q

EmersonConnectivity.com ‘é
Toll free: 800-247-8256 EMERSON.
Phone: 507-833-8822 Network Power
AIM-Cambridge Johnson Midwest Microwave Semflex Stratos Trompeter
Connectivity Solutions Connectivity Solutions Connectivity Solutions Connectivity Solutions Connectivity Solutions Connectivity Solutions

EMERSON. CONSIDER IT SOLVED.™
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he newly developed 4.3-10 connector

system is designed to make the de-

ployment of mobile communications
infrastructure easier, more reliable and more
powerful. The new connector system has been
developed from scratch with the increasing de-
mands of the modern communications market
in mind. In comparison with previous connec-
tor systems that have been developed for other
purposes, this brand-new system has several
advantages.

With the new 4.3-10 connector family, the
industry is responding to the changing de-
mands for modern mobile communications
infrastructure and addressing the fact that as
base stations and antennas become more com-
pact, the large size of existing connectors can
be a restricting factor. In particular, as more
and more frequencies are released for mobile
communication carriers, the problem of pas-
sive intermodulation (PIM) is increasing. And
in the field, the connectors that would normally
be used often resulted in problems if they were
not mated with the correct torque.

] |rnw-naq|_1,-=

Mobile Communications

‘e Connector System
@ for Mobile
= Communications

SMALLER & LIGHTER

When designing the new connector, the
most important requirement was to decrease
size and weight compared to the 7-16 connec-
tors used previously but without losing the pos-
sibility of feeding the signals of several mobile
carriers over a single line. With a maximum 500
W CW transmission power at 2 GHz, the 4.3-10
connector system has more than enough power
capability for today’s and even future demands.
An inner diameter of 4.3 mm combined with
a 10 mm outer conductor are more than ade-
quate for this kind of power. Furthermore, the
footprint of the fixed socket has been reduced
from 1.26 X 1.26 inch in the 7-16 system to 1 x
1 inch, and the weight reduced by 60 percent.

A totally new connector design was required
because of the well-known PIM problems of
existing connectors. The PIM performance of
all currently used systems relies on the torque
applied to the coupling nut. If the nut is acci-

SPINNER GMBH

Munich, Germany
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Wherever you need RF, we’'ve got you covered.

Whether you're interested in a hybrid coupler measuring .04 x .04 inches - or a sophisticated, high-
complexity beamformer bound for space - Anaren is your proven, reliable, and high-integrity provider.
> Our Space & Defense Group offers a fast-growing range of passive and active solutions,
including multichip modules and IMAs. Exciting, new substrates, high-rel PCB, and packaging
choices. And a growing line up of next-gen, space-grade power combiners/dividers.
> Our Wireless Group continues to reinvent the passive components category. From new,
Femto-sized Xinger®-brand components for today’s smaller base stations. To tiny baluns,

couplers, and PDs for consumer devices. To low-cost or high-powered terminations,
attenuators, and resistors. To our new family of Anaren Integrated Radio (AIR) modules
based on Texas Instruments low power RF chips, ideally suited to all kinds of traditionally
non-RF applications that will form

tomorrow’s industrial, commercial,

and residential “internet of things” -.E el Anaren®

To learn more - visit www.anaren.com .@ What'Ll we think of next?®

or email us at sales@anaren.com today! 800-411-6596 > www.anaren.com
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A Fig. 1 The three coupling mechanisms in-
clude the existing screw type and two new ones:
a hand screw version and a push-pull type.

dentally not tightened correctly, poor
intermodulation values are the result
— a nightmare in today’s multi-carrier
and multi-frequency mobile networks.

SPRING LOADED RADIAL
BUSHING

The 4.3-10 connector system sepa-
rates the mechanical and electrical ref-
erence planes, which was not the case
in previous systems. Instead of a direct
contact dependant on the torque of
the coupling nut, a spring loaded radial

bushing is used for the outer conduc-
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tor. This means that no additional cou-
pling force is needed and the connec-
tor is immune to PIM. PIM is excellent
even when mechanical force is applied
to the connection, which is also a re-
quirement of IEC 62037.

The concept of the separated me-
chanical and electrical reference
planes has some other advantages too.
Since mechanical pressure was no
longer an issue, besides the existing
screw type, it was possible to design
two new coupling mechanisms that
do not require any installation tools:
one hand screw and a push-pull type.
All three (shown in Figure 1) have
excellent PIM performance even un-
der mechanical stress, allow for a very
high packaging density of one inch
and use the same universal socket.

With these characteristics, the new
connector system is very versatile and
allows for installation in confined con-
ditions where tools cannot be used. In
effect, the 4.3-10 connector system
opens the door for a new and more
compact generation of mobile com-
munication components.

H-|-.'JE Entries Interviews
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ALL STANDARDS COVERED

The 4.3-10 connector system is de-
signed for frequencies up to 6 GHz,
which covers all the current mobile
communication standards. All con-
tacts and seals are protected against
mechanical damage, which gives the
system excellent mechanical proper-
ties and ensures its role as a modern
alternative to the established connec-
tor systems in mobile communica-
tions.

The new system is currently in the
standardization process at DKE (Ger-
man Commission for Electrical, Elec-
tronic & Information Technologies of
DIN and VDE) and the International
Electrotechnical Commission (IEC).
Connectors, test and measurement
equipment as well as jumpers will be
available by the end of 2013.

SPINNER GmbH,

Munich, Germany
(Europe): +49 89 12601-0,
info@spinner-group.com,
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Frequency Matters.

with the NEW MW]J APP

Get the free Microwave Journal Magazine App that
includes the monthly issue, favorite archives and real-
time industry news, blogs and interviews. Available
on iTunes, Google Play and Amazon.

Download Now

o
http://bit.ly/V0x120

Download your MWJ app now

at www.mwjournal.com/MWdJapp
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Stop waiting and start designing™

See the big picture quickly in one
design environment with VSS.
Zoom in to make circuit tweaks.
Then zoom out to see the system
impact. VSS does system budget
analysis and identifies sources of
IM products, harmaonics, and noise
directly on your Microwave Office
circuits. VSS’s powerful simulator
defines complex systems — radio
and circuit designs, baseband
signal processing, algorithmic
development, and digital fixed-point
implementations too. Grab a test
copy at awrcorp.com/VSS.
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eregrine Semiconductor has
developed one of the highest
performance  carrier-grade
Wi-Fi switches on the market. With
the very high isolation, Peregrine’s
switch also sets a high bar in linear-
ity, which makes it ideally suited for
the fast-growing market of 802.11ac
Wi-Fi access points. Based on Per-
egrine’s UltraCMOS® technology, the
PE42423 is the first in its class to of-
fer 41 dB of port-to-port isolation at
6 GHz. This best-in-class isolation en-
ables multi-radio access points to per-
form at peak levels without interfer-
ence between the radios. Exceeding
the stringent 802.11ac standard, Per-
egrine’s switch also offers 65 dBm of
linearity to achieve higher data rates.

High Isolation, Carrier-
Grade Wi-Fi Switch

In addition, UltraCMOS technology
delivers equally high performance at
either 3.3 or 5V, unlike GaAs switches
that experience performance degra-
dation below 5 V. Peregrine’s switch
gives networking-product  design-
ers the flexibility to operate at lower
power supplies and reduce energy
consumption.

Peregrine’s PE42423 is a single-
pole double throw (SPDT) RF switch
featuring low insertion loss (0.8 dB at
2.4 GHz, 0.95 dB at 5.8 GHz), fast
switching time (500 ns) and high
ESD ratings (3.0 kV HBM on all RF
pins). It operates over a wide fre-
quency range from 100 MHz to 6
GHz and supports 802.11 a/b/g/n/ac.
In addition, it has high power han-

dling of 38.5 dBm at 2.4 GHz and
37.0 dBm at 6.0 GHz. The switch
supports +1.8 V standard logic con-
trol. It provides stable and consistent
RF performance over a power sup-
ply range between 2.3 and 5.5 V. The
packaging is RoHS compliant, 16-
lead QFN and measures 3 x 3 mm.
Peregrine is committed to meeting
the Wi-Fi data-rate and capacity de-
mands of the future, and it is already
helping networking vendors achieve
unprecedented performance using
this switch in their Gigabit Wi-Fi ac-
cess points.

Peregrine Semiconductor,
San Diego, CA,
Wwww.psemi.com.

eroflex / Weinschel is a lead-
ing manufacturer of high
power attenuators and ter-
minations, covering 25 to 1000 W.
Although these are good as free standing
units for a lab environment, they are
not suitable for system integration with
package density constraints. To meet
that demand, Aeroflex / Weinschel has
introduced a new series of slim, low
profile (flat pack) conduction cooled
coaxial fixed attenuators and termina-
tions to be utilized by cellular carriers
and defense integrators who find the

need to deploy broadband high pow-

38

Space Saving
Components

er, high performance RF components
needed at a system level.

Aeroflex / Weinschel’s newer flat
pack design provides the end user
the capability to design smaller form
factor solutions for tightly confined
telephone closets, cable end heads,
DAS cellular repeater stations and
tactical RF transmission systems. Op-
timized for use in the most common
communications bands, these new
designs offer DC to 6 GHz frequency
range coverage in 50, 100, 250, 400
and 550 W average power handling
and 10 kW peak, conduction cooled
configurations with a choice of Type
N or SMK (2.92mm) male or female

connector options. Attenuators are

available in values of 6, 10, 20, 30 and

40 dB.
Other key features include:

e Low IM distortion option

e Precision connectors with high
temperature support beads

e Designed to meet the envi-
ronmental requirements of
MIL-DTIL.-3933

* Rugged construction

* Custom configurations available.

Y)VENDORVIEW

Aeroflex [ Weinschel,
Frederick, MD,
weinschel-sales@aeroflex.com

www.aeroflex.com/weinschel.
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PRECISION
ATTENUATORS

2Wio 100W

50w & 100W
models

NOWUp f02 6 G"Z from$2 9 e%%-zlg) O RoHS complant

Customers trust Mini-Circuits 2W, 5W and 20W “BW-family” attenuators from
DC to 18 GHz for accuracy, reliability, and repeatability. Now we’ve extended your
choices to cover DC to 26 GHz and power handling up to 100 W!

All models are available off the shelf for immediate delivery! Visit minicircuits.com
today for product details, and see how Mini-Circuits is exceeding expectations
with great values and more choices!

[ JMini-Circuits’

www.minicircuits.com P.O. Box 35166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com

518 rev.org.
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Pulse Measurement

Y)VENDORVIEW

Agilent Technologies Inc. in-
troduced a pulse measurement
option for its FieldFox handheld
analyzers that is designed to fur-
ther simplify radar field testing.
Testing radar in the field can
be challenging due to the mul-
titude of instruments engineers
— = and technicians are required
to carry. With the new pulse-
measurement option, Agilent’s
FieldFox analyzers allow users to carry a single instrument into the
field to verify and measure radar pulse characteristics, S-parameters,
spectrum analysis and transmitter power.

Agilent Technologies Inc.,

www.agilent.com.

Visual System Simulator
Software

)VENDORVIEW

The new AWR Visual System
Simulator™ for LTE brochure
provides information for RF/
analog engineers on effortlessly
evaluating and providing the
best performance possible for
today’s demanding LTE com-
munication systems. The ca-
pabilities in VSS for LTE help
designers cut system costs by
ensuring that components are
not over-specified and needless-
ly expensive and reduce time-to-
market by eliminating iterations
and rework. Learn more about VSS for LTE online and download the
brochure at www.awrcorp.com/VSS.

AWR Corp.,

WWW.aWI’COI’E. com.

Cable Assemblies
Catalog

Emerson Network Power Con-
nectivity Solutions has a wide
range of cable assemblies suited
for RF and microwave signal
transmission. Emerson Con-
nectivity Solutions is a vertically
integrated supplier of custom,
fixed length and semi rigid cable
assemblies from DC to 50 GHz.
The company can create custom
cable assemblies to satisfy your
specific  application  require-
ments, also with manufacturing
in the United States, United
Kingdom and China; it has a cable assembly to meet any price re-
quirement.

Emerson Network Power Connectivity Solutions,
www.emersonnetworkpower.com.

40

RF and Microwave Technology

)VENDORVIEW

Anaren Inc. is a Syracuse-based, global leader in RF and microwave
technology used by in wireless infrastructure, satellite, defense and
consumer-electronics applications. The company has approximately
1000 employees and five state-of-the-art facilities worldwide. Prod-
uct lines include: standard passive components (e.g., couplers, power
dividers, baluns, resistors, attenuators, terminations), RF multichip
modules, high-reliability softboard and ceramic PCBs, and complex
assemblies (e.g., switching, beamformers, antenna feed networks,
DRFMs, IMAs).

Anaren Inc.,

- SR ; EM Simulation for
Mobile Communications

Y)VENDORVIEW

As mobile communication de-
vices become thinner, smaller
and more complex with every
generation, designs need to
meet new standards of perfor-
mance. Using electromagnetic
(EM) simulation, engineers can not only design and optimize the
antenna of mobile devices, but also test its performance within the
handset, for example, by evaluating coupling effects and the impact
of dielectric materials, and investigating the influence of the human
body on performance. Find out more about CST STUDIO SUITE®,
an EM simulation tool, at the company’s website.

CST, Computer Simulation Technology AG,

www.cst.com.

4.3-10 Connectors

HUBER+SUHNER 4.3-10
connectors offer very low PIM
performance  together  with
weight and compactness advan-
tages. A key feature of this con-
nector is the separation of the
electrical and mechanical plane,
which results in a lower coupling
torque and the possibility of of-
fering the connector with screw,
hand-screw and quick-lock de-
sign, thus simplifying the instal-
lation effort and offering for all mechanisms a very high electrical
performance. The 4.3-10 connector system is designed to meet the
rising performance needs of mobile network equipment while also
reducing its size.

Huber + Suhner,

www.hubersuhner.com.
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Passive Intermodulation
Testing

The iPA is the first battery pow-
ered PIM test analyzer versatile
enough to support multiple test
scenarios such as testing at the
top of the tower, base of tower,
roof top and in-building for DAS
systems. Designed for purpose,
the iPA features a rugged design
and robust software to assure
the product is available when
you need it, performs as expect-
ed and provides reliable results. And the integrated wireless access
point makes remote control easy to configure and use.

Kaelus,

www.kaelus.com.

Filters, Multiplexers
and Multifunction
Assemblies

VENDORVIEW

Reactel offers a variety of filters,
multiplexers and multifunction
assemblies for the mobile com-
munication 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 ceramic 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 turn-
around, competitive pricing and high quality, Reactel can satisfy most
any requirement you may have.

Reactel Inc.,

www.reactel.com.

Reactel, Incorporated

Switch Matrix

Components Catalog

Y)VENDORVIEW

Celebrating its 52nd anniversary,
MECA (Microwave Electronic
Components of America) de-
signs and manufactures an array
of RF/microwave components
with industry leading perfor-
mance, most recently low PIM
products. MECA is recognized
worldwide as a primary source
of supply for rugged and reliable
components to commercial and
military OEMs, service provid-
ers and installers by only provid-
ing products made in the USA.
Download the companys components catalog at www.e-meca.com/
pdfs/MECA_Short_Catalog2013.pdf.

MECA Electronics Inc.,

Communications, Power Conversion
and Renewable Energy Products

JVENDORVIEW

Richardson RFPD Inc., an Arrow Electronics
company, is a global leader in the RF and wire-
less communications, power conversion and
renewable energy markets. Relationships with
the industry’s top component suppliers enable
Richardson RFPD to meet the total engineering
needs of each customer. Whether it’s designing
components or engineering comp]ete solutions,
Richardson RFPD’s worldwide design centers
and technical sales team provide support for
all aspects of customers’ go-to-market strategy,
from prototype to production. More informa-
tion is available online.

Richardson RFPD Inc.,

www.richardsonrfpd.com

= RichardsonRFPD

JVENDORVIEW

Mini-Circuits has introduced the USB-1SP4T-A18 switch matrix to its growing lineup of switch
matrix test equipment. This new unit covers a wide frequency band from DC to 18 GHz and is
useable for most test lab applications. A durable RF switch promises exceptional longevity of
100 million cycles and typical switching time of 25 milliseconds. Extremely low insertion loss
(0.2 dB typical) and high on/off isolation (85 dB typical) make the USB-1SP4T-A1S a versatile,
high-performing, and economical solution for a wide variety of RF applications.

The USB-1SP4T-A1S is packaged in a rugged metal casing small enough to fit in a brief case
with room to spare. It is configured with five SMA(F) connectors (COM, 1, 2, 3 and 4), a 2.1
mm DC socket and a USB type B control port. Switch position is clearly indicated both on the

control screen with a simple schematic and on the device itself with green light “on-position” indicator located on the front panel adjacent to each
of the output ports. Like all Mini-Circuits portable test tools, the USB-1SP4T-A18 is supplied with easy-to-install, easy-to-use GUI software with
an API DLL com object. USB-1SP4T-A18 switch matrices are available off-the-shelf for immediate delivery at an outstanding value.

Mini-Circuits,
www.minicircuits.com.
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Mobile Communications
COMPANYZSHOWCASE:

Test Solutions

\)VENDORVIEW

Rohde & Schwarz is the only test
equipment vendor to provide so-
lutions for the entire lifecycle of
a mobile network; from planning
and installation to optimization
and operation. This approach
enables operators to ensure the
performance of their network.
At Mobile World Congress 2014
Rohde & Schwarz and its sub-
sidiaries SwissQual and ipoque
will be exhibiting solutions for all
network phases. Visit booth B50 in hall 6 to learn more about this inte-
grated set of test solutions.

Rohde & Schwarz GmbH & Co. KG,

www.rohde-schwarz.com.

Discrete and Integrated
RF Solutions
Y)VENDORVIEW

Skyworks Solutions Inc. is an
innovator of high performance
analog semiconductors. Lever-
aging core technologies, Sky-
works supports automotive,
broadband, cellular infrastruc-
ture, energy management, GPS, industrial, medical, military, wire-
less networking, smartphone and tablet applications. Visit the com-
pany at GSMA Mobile World Congress to learn more about its broad
product portfolio of highly integrated front end solutions as well as
discrete components for mobile platforms including smartphones,
tablets, data cards and GPS systems.

Skyworks Inc.,

www.skyworks.com.

Mobile Communication
Portfolio

SPINNER is a global leader in
developing and manufactur-
ing state-of-the-art RF compo-
nents. The company’s mobile
communication portfolio, which
includes jumper cables, surge
protectors, and diplexers, sup-
ports all major communications
networks worldwide, such as
LTE, WiMAX, UMTS, GSM, GSM-R, TETRA. It provides all pas-
sive components between base station and antenna. The portfolio de-
livers innovative solutions and systems for multiple uses by outdoor
and indoor antennas and is internationally registered with all major
system houses and network operators.

SPINNER GmbH,

www.spinner-group.com.
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Baseband & RF
MIMO & Fading
Rohde & Schwarz SMW 200A

The new vector signal generator for wideband communications systems
Unique generator with baseband, signal calculation, fading, MIMO, AWGN
and RF generation in a single box. Two paths up to 6 GHz. Full modularity. | |
Convenient touch operation for confident control of the most complex signals. ; |

In 3G and 4G scenarios as well as in aerospace & defens by

1 160 MHz I/Q modulation bandwidth
1 All key MIMO modes, includi

1 All key communicati
1 Comprehensi
1 Outs

ROHDE&SCHWARZ
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Scan or visit
http://qrs.ly/y33jdzi
to view RF Power
Amp Test video

© Agilent Technologies, Inc. 2013

Finally speed, certainty and
longevity converge.

No other RF test solution comes close in measurement continuity from
R&D to manufacturing.

The NEW Agilent M9391A PXle Vector Signal Analyzer with X-Series
measurement applications for modular instruments provide full support

of your critical cellular and wireless standards. The PXI hardware provides
industry-recognized Agilent measurement accuracy. It's easily upgradeable
by software for future requirements.

Be ready for RF testing today and tomorrow.

Download Accelerate RF Power Amp Test app note now!
www.agilent.com/find/RF-PXI-VSA

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