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

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

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

(Jitter, Rj)

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

+1 973-386-9696.

e Wireless HD Testing

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

u’”" Wireless Telecom Group Noisecom

Boonton Microlab Noisecom
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BETTER BUILDINGS.

BETTER CARE.

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

lt'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 60dB and 500W
Terminations Up to 500W

Couplers Up to 40dB 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.

Microwave Electronic Components of America
The Professional’s Choice for RF/Microwave Passive Components
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POWER
SPLITTERS/
COMBINERS

noW 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

- 4 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.

- Y+ 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.

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

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

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

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

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

U.S. Patents

IF/RF MICROWAVE COMPONENTS
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RFHIC US Corporation is rapidly growing
and looking for N@W team members...

e Quality Assurance Engineer e RF Power Device Designer
e Application Engineer e RF Test Engineer
¢. Assembly Technicians

Some of our team members’ previous experiences.

//
// //
/?7///

-
o P/ o
Alcatel-Lucent @ = 4 ITT GovefnmentRF Institutes

ERICSSON

Agilent Technologies @ HARRIS Top AcademiclResearch Institutes

We work as a team according to a few core principles:

1. We believe that power lies in the reasoning, not in the position, of the individual.
2. We do not wait for the resources to show up to solve the problem; when required, we become the resources we need.
3. We believe in autonomy. We hate micromanagement, and love stewardship-based delegation and empowerment.
4. We have flexible work hours. Because we only hire the best, we trust our employees to structure their schedules
to meet their professional goals and personal needs.

If you share our principles, please get to know our story: visit www.rfhicusa.com to learn more about us.
Want to be a part of our future? Send your resume and inquiry to careers@rfhicusa.com

e Parkway, Morrisville, NC- 27560, USA

RF & MW is our business & passion R F H I c
US Facilities

Tel: 919-655-1121 / E-mail - sales@rfhicusa.com -
www.I'fhicusa.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

GPS-3

GPS-R
\-Sensor

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

mmtc&mmuwmnmm BSCFLTERS * DOW-SEY MICROWANE * NOVACAR
. -nm it QIELECTAIC LABOAATORES * KAL MICROWAVE * P

------------
1501 1400
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Ph. (973) 386-1119 * Fax (973) 386-1131 e 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 ; 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
the answers. Call us.

STRACO

; 4 .. .. * e W W MM D e

F ﬂ ﬂ ‘i’ 8] | 800-638-2048 / 301-846-9222
g = 2= T ; www.aeroflex.com/weinschel
@ o P WWW.aerotiex.

ST - A ! i weinschel-sales@aeroflex.com

(\EROFLEX

A passion for performance.



http://www.aeroflex.com/weinschel
mailto:weinschel-sales@aeroflex.com
http://www.aeroflex.com/weinschel-SCRE

o _

g

JANUARY 2013 VOL. 56 * NO. 1

NOTE FROM THE PUBLISHER

20 Going Mobile

Carl Sheffres, Microwave Journal Publisher
A reflection on 2012 and a look ahead to 2013 and what is in store for Microwave Journal

COVER FEATURE

22 MIMO Radar: Demystified

Eli Brookner, Raytheon Co.
MIMO radar has been built up as a technique that provides better accuracy and resolution, but is that really the case? This
article provides a detailed comparison versus conventional arrays.

MVP: MOST VALUABLE PRODUCT

46 Next Generation Radar Altimeter Testing

Eastern OptX
Introduction to the EA-6061 and EA-6071 altimeter test sets that are targeted at radar altimeter calibration and verification

TECHNICAL FEATURES

72 AULOS: A Passive Covert Radar System

R. Fulcoli, M. Sedehi, E. Tilli and L. Timmoneri, SELEX Sistemi Integrati; and B. Eged, R. Fiengo, F. Persia and S. Thompson,
National Instruments

Reviews the development of a passive covert radar system using COTS devices for signal reception and digital processing

a4 Spiral Antenna Design Considerations
Tom Lam, Rich Bidwell and Scott Blee, Lockheed Martin

In-depth look at a planar spiral antenna structure and its electrical characteristics

96 Full Transmitter Linearization Using a Wideband DPD Measurement Platform

Jinbiao Xu, Agilent Technologies
Examines how to enable full RF transmitter linearization using a wideband DPD measurement platform that eliminates the
shortcomings of more traditional methods

106 A Miniaturized Impedance Transformer Employing PGS on GaAs

Young Yun and Jang-Hyeon Jeong, Korea Maritime University

Design of a highly miniaturized meander line impedance transformer that employs a periodic ground structure
on GaAs substrate
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EM speec

cur

your design
creativity.

that wil

oocharge

Stop waiting and start designing™

A National
Instruments
Company™

Stop waiting and wishing for an
EM tool that keeps pace with

your own creative ideas. AXIEM

is capable of solving big problems
fast — typically 10x faster than
current alternatives for designs of
10K unknowns or more. And now
that it handles antennas, too, your
creativity will know no bounds. For
the most accurate EM results in
minutes rather than hours, go with
AXIEM. Grab a test copy today at
awrcorp.com/AXIEM.
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STAFF

APPLICATION NOTE

112 conformal Antenna Array Design on a Missile Platform
Kyle Labowski, Christopher Penney and James. F. Stack, Jr, Remcom Inc.

Details the procedure of adding an electrically steerable, conformal antenna
array on the surface of a missile

PRODUCT FEATURES

120 Deeper Insight Into Antenna Radiation Fundamentals:
FEKO Suite 6.2

EM Software & Systems-SA (Pty) Lid.

Introduction to 6.2, the latest version of the product, which offers new tools
that provide more flexibility and deeper insights

124 Affordable Mixed Domain Debug and Analysis

Tektronix

Introduction to two oscilloscopes that provide time and frequency domain
analysis at affordable price levels

130 Carrier Grade, FDD Radio Using E-Band
SIAE MICROELETTRONICA S.p.A.

Introduction to a full outdoor, full IP, next generation microwave radio

TECH BRIEFS
134 300 to 400 W GaN S-Band SSPA

Aethercomm

136 Compact 0.9 to 40 GHz USB Controlled Tuner
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Lok Down your Microwave Push-On connector with

SECURE-LOK"

CARLISLE

INTERCONNECT TECHNOLOGIES

SMP-L Connectors

Carlisle Interconnect Technologies advances the design of traditional push-
on connectors with the addition of a unique locking mechanism referred
to as Secure-Lok™. Our new line of SMP-L connectors adds this patent
pending locking mechanism to our standard SMP push-on interface.

The SMP-L connectors provide a secure connection similar to threaded
connectors while retaining the advantages of a push-on blindmate
interface. Consequently, they are ideal for use in RF & Microwave
systems designed for rugged military and commercial applications.

Secure-Lok™ unique Patent
Pending locking mechanism

866.282.4708 / sales@CarlislelT.com / www.CarlislelT.com
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Free Webinars

Innovations in EDA Series
by: Agilent Technologies

by: Agilent Technologies
Techniques for Precise Time Domain

Agilent in Wireless Communications Series
Moving Forward to LTE-Advanced

RF and Microwave Education Series
by: Agilent Technologies
Signal Generator Fundamentals

with Heterogeneous Networks 1/24, 1:00 PM ET

and New Applications 1/30, 1:00 PM ET

Freescale’s Power Amplifier Design (0)
Methodology Innovations On Demand after 1/10 1 Ch&rt"?
ice

Agilent in Aerospace/Defense Series ‘ 5  TulbiP e:\?nal.com ‘
RF/uW Measurement Uncertainty: Look 10 online
Calculate, Characterize, Minimize 1/17, 1:00 PM ET survey -- - -

-
FieldFox Handheld Analyzers Series --

November Survey

Measurement in the Field 1/23, 1:00 PM ET “...Who Designed the

World’s First Cavity
Resonant Magnetron?”

Russell and Sigurd Varian [53 votes] (41%)

Sir Henry Tizard [17 votes] (13%)

Executive Interviews

White Papers

Fundamentals of Arbitrary Waveform Generation,

A High Performance AWG Primer
White Paper, Agilent Techologies

Optimizing Your Millimeter-Wave Test Capability
White Paper, Anritsu

Understanding VCO Concepts
Application Note, Mini-Circuits

Selecting the Right RF Cable Assembly
White Paper, RF Industries
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Randall and Boot [37 votes] (28%)

CORRECT ANSWER

Albert Hall [13 votes] (10%)

Margaret Tron [10 votes] (8%)

Join Us

(direct links at www.mwjournal.com)

LinkedIn Group
“RF and Microwave
Community”

Facebook
Microwave Journal
Fan Page

2 Follow us on Twitter

| @mwjournal

I‘ l @pathindle

e @KAatMwi
@mphallman
@mwjournalnews
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[Part number ___[Mounting Other 4in)__(Ohms) li8) _i3) ___|(MHz) _lmm) __j(mm) |
0302CS4NT SM 470 0.0740 083 12070 086 053
L2003 8N1 Cid &8 [ R &8 WAL e 453

Highest Impedance Finder

= Use this tool to find the RF inductor with the highest impedance at a specific frequency.
= Enter your operating frequency and any other requirements, then press GO.

@ 1.000

INPUTS Operating Frequency 900 MHz 3,000 MHz max. Use . for decimal

Optronal Minimum Impedance 2000 Ohms

Optiona! Desired Inductance Any

Measurements at 900 MHz

080SHTRAT 112052 310 470 610 020 B B
0805CS-331  398%3 140 a3 ) [5i] (4] 8
0805CS 271 g 1 m m em
1206cS271 -
PRINT
e 12 RE INductor Comparison Tool PN
1206cS-391  1H
0805HT-R39  1& Operating frequency 1000 MHz (2000 bz mex)  Data shown are messured ot ths frequency
1008HT-R27 i 0603CS 10 - 0402C5 v 10 v 03025~ 10 - 1005CS < 10 - QUGEEG)
(L]
Part number 0603CS-10N i 0402¢s 10N T 0302€S-10N T 1008€s-100 T
T inductance  9.67 nH 9.98 nH 9.9 nH 9.78nH
Qfactor 72 56 57 7
Impedance 63 Ohms 63 Ohms 63 Ohms 62 Ohms
ESR 0.86 Ohms 1.14 Ohms 1.09 Ohms 0.86 Ohms
SRF > 3000 MHz > 3000 MHz > 3000 MHz > 3000 MHz
Models Spaam SPICE  Spaam SPICE  Spam SPICE  Sparam SPICE

GEID  [Free sample [IFree sample [[] Free sample [TIFree sample

Inductance
& &
s ®
" ©
& o
.8 R
s fo
H o é »
o
® »

The best inductor
selection tools.

Inductance at Current Finder
= Find power inductors that have the actual inductance value you need at a specific current
= Enter your desired inductance value and current, then press GO.
INPUTS  Desired Inductance (uH} 7 Current (Amps) 1 (Use . for decimal)  (QEED
ctual E
nductance DC Lengt Price|
Part number it 1A Ohm: max max 00
XAL7030822 7.309 0.04873 8.0 8.0 $0.80
LPS5030-682  6.920 0.099 50 50 30 $0.55
XAL7030682  6.815 0.04257 8.0 8.0 31 $0.80
LPS4012682  6.752 034 41 41 12 50.35
XAL5050682 A W B (] &1 - k

RF Inductor Finder Results

= These results do not imply an exact match to your requirements.
= We recommend that you request a free sample before an order is placed

Home | Design Tisi
< Sortresults by: Footprint ~ DCR v - -

Yourinputs:  Any ~

30 ED
w H Price.
Part number m) |(mm) _|(mm) @ 1,000

0302CS-ANT SM 470 00740 083 12070 086 053 045 $0.44

e Bt . i nnwm o L -~ Y LEs) $0.44

- - $0.35

Inductor Core & Winding Loss Calculator 5
$0.35

Step 3 Enter the operating conditions (i fieis required) 5035
500 itz 350 Amps 0.20 Amps -

$0.36

$0.35

EPL3015472 DO3316P-A72 XPLT030472 LPS4414.472
B

08 ek i 1000 e R ]

nasuces Highest Q Finder

DoEN Use this tool to find the RF inductor with the highest Q factor at a specific frequency.
.| = Enter your inductance value and operating frequency, then press GO.

AC

Temperaty" | |NPUTS  Inductance nH 47 Frequency MHz 1900 (Use . for decimal) (=G0~

Measurements at 1900 MHz Gmpno,  Reques
Lzess

0805HS-390 126 19.66 39 2000 B B
0805HS-470 104 2255 47 1650 =] =]
0805HS-560 92 24.95 56 1850 B B
T -0 £l M o na

Your List of Samples

Part number Description Quantity Delete
XAL7070.222ME8 SMT power inductor 22uH 1 - @D o
XALTO070.682EB SMIT power inducior 68LH s - @D o
XALTO070-122MEB SMIT power inductor 1214 5 - GED o

Your reference number or PO (Opfional) D13-356] (e more pares ]

Need a larger quantity? Any ofher comments or questions? [Fre ]

Now in a handy
pocket size.

WWW.COILCRAFT.COM
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High Linearity

ST49

NF as low as 0.5 dB - IP3 up to 43dBm - DC current 20 mA and up from il ca. (. 20)

Pick your parameters, and meet your needs at Mini-Circuits!
With over 20 low noise/high linearity amplifier models to
choose from, you’ll likely find the output power, gain, DC
current, and broad bandwidths required to upgrade almost any
3-t0-5V circuit—from cellular, ISM, and PMR to wireless LANSs,
military communications, instrumentation, satellite links, and
P2P—and all at prices that preserve your bottom line!

Model Freq. Gain NF IP3 Py, Current Price $

(MHz)  (dB) (dB) (dBm) (dBm) (mA) (qty. 20)

PMA2-162LN+ 700-1600 22.7 05 30 20 55 2.87

PMA-5452+ 50-6000 14.0 0.7 34 18 40 1.49

PSA4-5043+  50-4000 184 075 34 19 33(@Y) o250
58 (5V)

PMA-5455+ 50-6000 14.0 0.8 33 19 40 1.49

PMA-5451+ 50-6000 13.7 0.8 31 17 30 1.49
25-55 (3V)

PMA2-252LN+ 1500-2500 15-19 08 30 18 3735 ) 287

PMA-545G3+ 700-1000 31.3 0.9 33 22 158 4.95

PMA-5454+ 50-6000 13.5 0.9 28 15 20 1.49

PSA PMA PGA

Our catalog models are in stock and ready to ship, so why
wait? Go to minicircuits.com for all the details, from data sheets,
performance curves, and S-parameters to material declarations,
technical notes, and small-quantity reels—as few as 20 pieces,
with full leaders and trailers. Place an order today, and see what
these tiny, high-performance amplifiers can do for your
application, as soon as tomorrow! ) RoHS compliant

Model Freq. Gain NF IP3 P, Current Price $
(MHz) (dB) (dB) (dBm) (dBm) (mA) (qty. 20)
60 (3V)
PGA-103 50-4000 11.0 0.9 43 22 1.99
i 97 (5V)
PMA-5453+ 50-6000 143 0.7 37 20 60 1.49
PSA-5453+ 50-4000 14.7 1.0 37 19 60 1.49
PMA-5456+ 50-6000 144 0.8 36 22 60 1.49
PMA-545+ 50-6000 14.2 0.8 36 20 80 1.49
PSA-545+ 50-4000 149 1.0 36 20 80 1.49
PMA-545G1+ 400-2200 31.3 1.0 34 22 1568 4.95
PMA-545G2+ 1100-1600 30.4 1.0 34 22 158 4.95
PSA-5455+ 50-4000 14.4 1.0 32 19 40 1.49

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

[JMini-Circuits’

1SO 9001

ISO 14001 AS9100

o 10 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
(!J.-'a’lz The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minicircj uits.com_

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONENTS
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Mark Your Calendar

‘FEBRUARY2013_ _

R, ] .
U™ "=y W

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
3 4 o) 6 7 8 9
Webinar: Webinar:
GPS Interference: | Antenna Design
Jamming Effects Automation
Sponsored by Sponsored by
ROHDE & SCHWARZ :'-'f'{: Agilent Technologies
10 11 12 13 14 15 16
Webinar:
Radar Systems @
Sponsored by
Call for Papers
ROHDE & SCHWARZ Deadline
17 18 19 20 21 22 23
. CISTTITERER 2013 IEEE International Solid-State dreveeonee TR 4
Circuits Conference
San Francisco, CA
;\_IF_'_":.:J:F_.-'I“; 4_ XXX oonoo'o.-o-oa-oo}
Webinar:
S2/Jl NCC NUREMBERE, GERMANY Webinar: SEW TeStzlng
(#7498 WWW.eumweek.com MlMO Radar: ) Ponsore y
Call for Papers DemYSt'ﬁed Agilent Technologies
Deadline ROHDE & SCHWARZ
24 25 26 27 28 1 2
4 WORLDCONGH ’
Barcelona | 25 - 28 February 2013
Webinar:
RF/uW Cable Test
Sponsored by
Agilent Technologies

Go to: mwjournal.com/events
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Efficient
Solid State
RF Amplifiers
1MHz - 6 GHz

764 S. Clearwater Loop
Post Falls, ID 83854 USA

Ph 208.777.0555
Fax 480.393.5947

Coming Events

CALL FOR PAPERS
ARFTG 2013
February 15, 2013

EuMW 2013
February 17, 2013

COMCAS 2013
April 1, 2013

mwjournal.com

JANUARY

DEsiGNCON 2013
January 28-31, 2013 * Santa Clara, CA

Www.desig ncon.com

m MOBILE.
FEBRUARY Barcelona | 25 - 28 Febru;ry }0;3

ISSCC 2013

IEEE INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE

February 17-21, 2013 * San Francisco, CA

http://isscc.org
NATE 2013
18™ ANNUAL CONFERENCE AND EXPOSITION FOR

THE NATIONAL AsSOCIATION OF TOWER ERECTORS
February 18-21, 2013  Fort Worth, TX

http:/natehome.com/annual-conference

MWC 2013
MosiLE WORLD CONGRESS
February 25-28, 2013 * Barcelona, Spain

www.mobileworldcongress.com
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Note from the Publisher

Going Mobile

pears that the Mayan prediction

of the end of the world was not
realized. The Maya civilization may
not have predicted the apocalypse,
but we can credit them with develop-
ing the only known fully developed
written language of the pre-Colum-
bian Americas. While their choice of
substrates on which they delivered
those writings was limited to an early
form of crude paper and monuments,
the options for information delivery
today are vast and varied.

You may be reading this article in
the print magazine. Or you may be
reading it in the digital edition. Per-
haps you're reading it online. You may
even be reading it from your tablet or
phone on our new mobile app. The
platforms for delivering content are di-
verse in this modern era of journalism,
and Microwave Journal strives to stay
on the cutting edge of these technolo-
gies in order to provide our content
in the most convenient and efficient
methods possible for our readers.

I'm proud to be able to say that our
print publication has served the in-
dustry for 55 years, and it’s still going
strong. In fact, it’s the platform most
preferred by our subscribers. For those
subscribers who prefer to read the is-
sue online, our digital edition offers all
of the bells and whistles that you would
expect from that format. The print
format lends itself to the longer, in-
depth technical material found within
its pages, and we are fortunate to be
able to provide more content than any
other publication serving our industry,
thanks to our loyal readers, advertisers
and authors. Within the pages of this
issue you'll find lots of unique content,

Since you're reading this, it ap-
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including a cover feature written by
industry icon Eli Brookner. The edito-
rial statf has compiled a great lineup of
articles for 2013, so stay tuned.

We launched our new website last
year and I hope that it has been a useful
resource for you. One of the popular
new features on the site is the presence
of Channels, which aggregate content
on specific market sectors and tech-
nologies. If you haven't checked out
the Channels, I encourage you to do
so._Mwjournal.com is also the place to
find a treasure trove of archived mate-
rial, including white papers, webinars
and back issue articles. In addition, it
hosts the Buyers Guide directory of
more than 1000 companies. The site
also integrates the social media plat-
forms LinkedIn, Twitter, Facebook
and Pinterest.

Our RF and Microwave Commu-
nity on LinkedIn is an active, informa-
tive resource boasting nearly 15,000
members. It acts as a discussion forum
and job posting board and is a great
place to interact with colleagues. Sev-
eral members of the MW] team post
frequently on Twitter as well, spread-
ing the word about articles of particu-
lar interest and timely industry events.
They welcome all followers.

I hope that you're taking advantage
of our newsletters. We broadcast two
each week: the Flash and the Advisor.
The Microwave Flash provides the lat-
est news, events, industry analysis and
resources. The Microwave Advisor de-
livers the latest product offerings from
leading manufacturers. We also pro-
duce the monthly Military Microwaves
newsletter, Whicﬁ] features insight from
industry experts that you won't find
anywhere else, along with the latest

news, products and events. You can
update your newsletter choices and
profile at any time on our website to
ensure that you receive only the infor-
mation that interests you.

I mentioned the launch of our mo-
bile app earlier. It's now available on
iTunes for iPhones and iPads, Google
Play for Android-based phones and
tablets, and Amazon for the Kindle.
The app is free and provides the cur-
rent issue, archived issues, an industry
news feed, blog postings and execu-
tive interview feeds.

We launched Microwave Journal
China last year to extend our reach to
that growing market. This year, I'm ex-
cited to announce the debut of the Elec-
tronic Design Innovation Conference
(EDI CON), to take place on March
12-14 in Beijing. This event combines
a technical conference with an exhibi-
tion that includes many of the leading
companies in our industry. The confer-
ence will be a combination of technical
papers, workshops and panel sessions
intended to deliver practical information
on RF, microwave and high speed design
to the working engineer. If your work
takes you to China, I hope you'll join us.

Regardless of how you've found
your way to our pages and regard-
less of which substrate you're utiliz-
ing, I'm glad that Microwave Journal
brings value to your work and I appre-
ciate your continued support.

On behalf of all of us at Microwave
Journal, T wish all of our readers a
happy, healthy and prosperous new
year.

Regards,

Carl Sheffres
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MIMO Radar:

Demystified

MIMO radar is best for search not for track. When an array is used to search

a large scan angle, it is best for maximum search energy efficiency to use
subarrays of the array as the elements of the MIMO array to form what we
call a subarray-MIMO or SA-MIMO. When searching out a small scan angle,
the subarrays should be sized so that the volume of space illuminated by the

subarrays of the subarray-MIMO array matches, or is smaller than, the volume

of space to be searched. Using subarray-MIMO reduces the computation
throughput. Monostatic MIMO does not provide an order of magnitude better
rms angle resolution and accuracy, it is only at best a factor of 172 better (29

percent) for a monostatic MIMO system. Thinned conventional arrays can

resolve about the same number of targets and provide approximately the same

resolution and angle accuracy as thinned MIMO arrays.

he Multiple Input and Multiple Out-
I put (MIMO) radar has been built up as
a technique that provides one or more
orders of magnitude with better resolution and
accuracy than conventional arrays. This is only
because they have been doing an apples and
oranges comparison. When doing an apples
and apples comparison, the angle accuracy ad-
vantage is typically only a small amount better,
approximately 29 percent. A 29 percent reduc-
tion in the angle accuracy can be realized, for
example, when a linear array of N elements, or
subarrays, is used as a monostatic MIMO array
rather than a monostatic conventional array.
Alternately, a monostatic MIMO array radar
can offer the advantage of the same accuracy
as a conventional array radar with a small ap-
erture size, one that is 1A/2 = 0.707 smaller, or
equivalently 29 percent smaller.

The advantage of a possibly smaller antenna
would be important where the antenna size is
a driving factor. This advantage of better angle
accuracy or smaller antenna size for a monos-
tatic array of N elements comes at the need for

=N times as much pulse compression match
filtering and beamforming as needed for a
conventional array. This large number of pulse
compression comes about for two reasons.
First, N orthogonal waveforms are transmitted
simultaneously for the MIMO system requiring
N matched filters per receive array element.
Second, orthogonal or diverse!? waveforms are
usually Doppler intolerant and hence require
a bank of matched filters, let us assume a fac-
tor F more, to cover the Doppler band of the
received signals of one orthogonal or diverse
waveform. When the matched filters are Dop-
pler variant then we will need FN times more
beamforming as well as pulse compression.
In contrast, for conventional radar, only one
matched filter is needed at the output of each
receiver beamformer output. Furthermore, if a
chirp waveform were used, as is often done, we
have Doppler tolerance for the matched filters

ELI BROOKNER
Raytheon Co., Sudbury, MA
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and only one matched filter is needed
for the whole band of Doppler shifted
chirp waveforms instead of a bank of
F of them.

MIMO is not generally efficient
for track, only for search. It is not ef-
ficient for track because, typically, it
illuminates a large volume of space,
when one only wants to illuminate the
target. Even with search, care must
be taken not to illuminate a volume
larger than the volume to be searched.
For a given array, ideally, it should be
used as a MIMO array when doing
search and as a conventional array
when doing track. Consider a mono-
static non-thinned array used for
transmit and receive. As a MIMO ar-
ray doing search, it will provide ap-
proximately 29 percent better rms ac-
curacy of the detected targets location
than a conventional array. For track, to
get maximum SNR and minimize the
energy used for track, the array should
be used as a conventional array, with
its beam focused using the whole ar-
ray, unless doing track-while-scan.

Generally it would not be efficient
to use the individual elements of an
array as the MIMO elements, even
if we wanted to search out nearly the
whole volume illuminated by a single
element. This is because typically a
single element has a power gain pat-
tern versus scan angle 6 given by
cos"® where the ideality factor n=1.0
to 1.5. Thus to search targets at the
0 = 60° for n = 1.5 we would be at the
same time radiating 1/(cos!60°)2= 8
times the energy needed to search out
the target at boresite or 8 = 0°. This
is not efficient. We would have to ra-
diate the energy needed to detect the
target at 60° and radiate excess energy
at angles for which 6 = 60°. What we
would like to do is vary the energy
used with scan angle. This can be done
by not using the individual elements
of the array to form the MIMO ele-
ments. Instead, we should use groups
of elements of the array to form what
we call subarrays. These subarrays
can be made equal in size and they
would all point in the same direction.
By using subarrays as elements of the
MIMO array, we are covering a more
limited angle for a given coherent
dwell. A number of dwells are used to
search out the whole volume of space.
As a result, we can adjust the energy
radiated according to the amount
needed for each dwell and be efficient
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A Fig. 1 Bistatic MIMO (after Frazer et al., Radarcon 2007, Boston, MA).2

for search. If the volume of space to
be searched is small, so that only one
dwell is needed, then for maximum
search efficiency, the subarray volume
of space illuminated by the subarrays
should be matched to the size of the
region to be searched.

By way of example, if we wanted to
generate a 120° wide horizon search
fence that was only one beamwidth
high in height, then the subarrays
would have a vertical height that pro-
duces an elevation beamwidth equal
to the horizon fence elevation beam-
width. The width of the subarrays
would be a few element columns wide
so as to cover only a small part of the
120°, like approximately 10° wide on
boresight, so that the energy radiated
for each subarray scan angle could be
efficiently matched to the subarray
scan angle. We will call a MIMO array
formed using subarrays of the array ele-
ments a subarray-MIMO (SA-MIMO)
array and one that uses the individual
elements an element-MIMO (E-
MIMO) array. For the above horizon
fence, SA-MIMO array to search out a
120° horizon fence, the energy utilized
is lower than if an E-MIMO was used.
Not only is SA-MIMO search more ef-
ficient than an E-MIMO, it requires
much less computation. With Q subar-
rays, the number of matched filters and
beams to be processed is (Q/N)2 lower.
For N = 100 versus Q = 10, we have a
factor of 100 fewer matched filters and
beams. Hence the bottom line is that
for an array:

1. For search, SA-MIMO processing
should be used.

2. For track, conventional array pro-
cessing should be used for maximum

energy efficiency and to reduce the

signal processing requirements.

If one could develop an element
whose gain versus angle was constant
over the search coverage angle and
zero outside of this angle, then one
could efficiently do search by use of
the individual elements of the array
for the MIMO array instead of sub-
arrays. (This assumes the range is in-
dependent of scan angle). One way
to possibly obtain such an element is
to use a dome antenna3 Besides the
question of realizability of such an el-
ement using the dome antenna, the
dome antenna has its issues: it is bulky,
has a polarization that varies with scan
angle and has losses if implemented
with a passive dome lens.

A very useful near term applica-
tion for MIMO is the cohering of array
faces of a multifaced array system (like
the AEGIS or SPY-3 systems), or for
cohering two identical radars in close
proximity.*6 For the latter application,
we get the increased sensitivity using
existing radars without the need to de-
velop a new radar. These two applica-
tions provide a 9 dB Power-Aperture-
Gain (PAG) sensitivity advantage and 6
dB Power-Aperture (PA) search advan-
tage, if coherent combining on trans-
mit and receive is used. It is the one ap-
plication for which MIMO can provide
an order of magnitude improvement in
angle accuracy. This results when the
antennas for the two radars are slightly
separated so that the phase centers for
the two apertures result in an inter-
ferometric antenna pattern. Coherent
combining can be applied to more than
two radars. The combining can also be
incoherent, thus not requiring coher-
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ence on transmit.” Incoherent combin-
ing provides an 8.7 dB improvement
for a Swerling 2 target.

MIMO has already been practi-
cally used for wireless communication
systems, to provide increased data
rate for a given bandwidth.59 As the
cost of signal processing gets lower,
MIMO should find applications for
radar systems in the future.

FIRST, WHAT IS A MIMO RADAR
SYSTEM?

Consider a system consisting of lin-
ear transmit and receive antenna ar-
rays of respectively M and N elements
as shown in Figure 1 for a bistatic
system.2 For a conventional radar

system, all the radiating elements of

the transmit antenna radiate the same
waveform. Also, the antenna beams
are typically focused on transmit and
receive to form narrow beams at given
scan angles. In contrast, for a MIMO

system, generally each element of

the transmit array radiates a different
waveform with these waveforms often
being orthogonal or diverse.l2 As a
result, on transmit, the beam energy
is not focused but 1nstead illuminates
the volume of space covered by one
element of the MIMO array. The M
orthogonal signals go out to the tar-
get and the M echoes are received
by each of the N receiver antenna
elements. Hence the name Multiple
Input and Multiple Output (MIMO)
system. Each receive element uses M
matched filters to pulse compress each
of the M echoes it receives from the
target. For each receive element, the
matched filter outputs are provided a
phase shift that focuses the transmit
beam on the target. Thus for a MIMO

system, the transmit beamforming is
done in the receiver. These M focused
transmit beam outputs of each receive
element that are focused on the target
are now combined to form a receive
beam pointing and focused on the
target. The volume of space covered
and to be searched by one MIMO
element is covered by forming mul-
tiple such transmitted and received
focused beams that cover the volume
of space illuminated by each MIMO
element. As discussed, the MIMO el-
ements could be individual elements
of the array or subarrays. It is impor-
tant to point out that although the
MIMO transmit beams are focused
in the receiver, the power density on
the target is 1/M times smaller for the
MIMO array of M elements than for
the conventional array of M elements.
This is because although we focus the
transmit beam on receive, on transmit
the MIMO array energy is spread out
over the MIMO element field-of-view
which is M times that of the conven-
tional array. Figure 2 gives the de-
tailed block diagram of a monostatic
MIMO radar system.

The purpose here is to provide a
better understanding of MIMO ra-
dars and give an indication of where
it is deemed useful. We will indicate
where apples and oranges compari-
sons have been made. We will point
out the issues with MIMO. Some of
these issues have been pointed out
before.10-14 But one still sees a wrong
comparison being made.1?

RE BETTER ANGLE RESOLUTION
AND ACCURACY

The claim is made that MIMO
provides a resolution and angle accu-
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racy, orders of magnitude better than
with conventional array radars.! This
is because MIMO arrays which are
thinned arrays can be used, with these
being equivalent to full conventional
arrays. Because the MIMO array is
thinned, it can be longer and thus give
better angle resolution and accuracy
than a conventional array having the
same number of elements, which they
show to be a full array to avoid grat-
ing lobe. When this claim is made they
are doing an apples to oranges com-
parison. For example, for the MIMO
system, they would assume a receiver
linear array (R) having 10 elements,
with these elements 5\ apart, so that
the array is 50\ long (see Figure 3).
The transmitter linear array (T) is as-
sumed to be a linear array of 10 ele-
ments aligned along the same axis as
the receive array, R, but with its ele-
ments N2 apart for a total length of
5\ (Figure 3a). The transmitting array
could be located at the center of the
receiving array as shown. This MIMO
T/R array is equivalent to an array,
called MIMO Virtual Array, obtained
as the convolution

of the transmit and  (a) ONE-WAY ANTENNA PATTERNS

receive antenna
weightings.! Hence,
for the assump-
tion of a uniform
weighting, for the

= 1/50 radians and an angle accuracy
that is a fraction of that, depending on
the SNR. For the conventional array,
to avoid grating lobes, they assume a
non-thinned 10 element array having
a M2 spacing, so its length is 5. This
array is used for transmit and receive
(see Figure 3b). Its beamwidth is N/
(5\) or approximately 1/5 radians, ten
times wider than for the MIMO ar-
ray, so its beamwidth and accuracy
are ten times worse. They also point
out that to get the same resolution
with a conventional array having no
grating lobes, you would need an an-
tenna consisting of 50 elements (see
Figure 3c,) which would be approxi-
mately 50 times more expensive than
the MIMO thinned array of Figure 3a.
This is true, but they are making the
wrong comparison. They should be
using the same two T and R arrays for
the conventional system as used for
the MIMO system. The receive array
will then have a main lobe and several
grating lobes, but these grating lobes
occur at the nulls of the transmitting
array, if uniform illumination is being

TRANSMIT
ANTENNA
e RECEIVE
i N ANTENNA
50
sin 0 = %
/ sin 0

T and R arrays the
equivalent array is a
full linear array hav-
ing uniform weight-
ing that is 50\ long
(see Figure 3c).! As
a result, we have a

(b) TWO-WAY ANTENNA PATTERN

———A

10987 654321012345 678910 504np

o= L
sm(')—Io

—>

sin 0 =

=

sin 0

beamwidth of ap-
proximately N/(50\) A

10 9876543210123 45 678910 50sin6

Fig. 4 Conventional monostatic thinned array antenna patterns.
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assumed as we are
assuming here (see
Figure 4a). We are
then left with a two-
way pattern with
just the main lobe,
whose width is ap-
proximately — 1/50
radians, which will
give us an angle res-
olution and accu-
racy for the thinned RADAR
conventional  sys-
tem that is about
the same as for the
MIMO array and it
will not have grat-
ing lobes (see Fig-
ure 4b). So, in con-
clusion, we can get
the same resolution
and accuracy with
an antenna system
consisting of a con-
ventional thinned
receive array and

BISTATIC MIMO

ARg

Vs
ARc = RO3

MONOSTATIC
CONVENTIONAL RADAR

A Fig. 5 Bistatic MIMO vs. conventional monostatic system: Apples
and oranges comparison.

—2 4

full transmit ar-
ray just as we can RADAR
with an equivalent

BISTATIC MIMO

CONVENTIONAL BISTATIC
RADAR

MIMO when an A Fig. 6 Bistatic MIMO vs. bistatic conventional systems: Proper

apples to apples comparison.
comparison is be-

ing made. (Care needs to be used in
forming the MIMO Virtual Array by
the convolution of the thinned and
full array weightings. Specifically the
thinned array needs to have 50 what
are called “dummy elements” at the
M2 spacing between the active re-
ceive elements; see Appendix online at
www.mwjournal.com/MIMOappendix.)

A second example, where they do
an apples to oranges comparison, is
the following. For the MIMO system,
they assume two radars that are very
widely spaced and compare it to the
performance obtained when just one
of these radars is used as a monostatic
radar (see Figure 5). For the widely
spaced MIMO systems, one will get
better detection, because of the an-
gle diversity offered with the bistatic
MIMO system and also much better
target position accuracy than with the
monostatic radar. Again this is the
wrong comparison. They should be
comparing the bistatic MIMO system
with a conventional bistatic radar sys-
tem having the same spacing between
the radars. Then, one would be get-
ting a position accuracy and detection

performance about the same as for
the MIMO system, because we realize
the same angle diversity for the equiv-
alent identical bistatic conventional
system. Figure 6 shows the advantage
offered by the conventional bistatic
radar system. Here, there are nearly
orthogonal range measurements for
the conventional radar. It is also pos-
sible to use the interferometric lobes,
obtained by the coherent combining
of the outputs of the two conven-
tional bistatic radars, just as well as
the MIMO system can. Though the
interferometer lobes are very narrow
for many geometries, there are then
too many in one beam width. This is
the case illustrated in Figure 7. The
interferometric lobes here are only 1
pr wide, which becomes 0.02 m at a
range of 20 km. The number of the
interferometric lobes in the main lobe
beamwidth of 10 mr is approximately
10,000. It will be difficult to deter-
mine which interferometric lobe the
target is located in, to make use of
the fine accuracy offered by the inter-
ferometric lobes. This is true for both
the conventional and MIMO bistatic
radars.
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Let us go back to our example in Fig-
ure 3b. Consider the linear array con-
sisting of 10 elements M/2 apart having a
length of 5N. Assume it is used for trans-
mit and receive. It would be useful to
compare the angle accuracy we can get,
when used as a conventional array with
the accuracy obtained when it is used as a
MIMO array. A simple back-of-envelope
analysis tells us that the MIMO array will
have a better angle accuracy, but it is only
approximately \ 2 better or, equivalently,
the rms angle error is approximately 29

JOW

percent smaller.16 This advantage occurs
because, for the MIMO array, we get
angle error estimates from the transmit
as well as the receive array, whereas, for
the conventional array, we get the angle
estimate only from the receive array (see
Appendlx onhne d’( www.mwjournal.

. The extra signal
processing load to do MIMO process-
ing to get the better angular accuracy
versus that for the conventional array is
large and will not always be warranted at
present.
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SEARCH VS. TRACK

As pointed out previously, MIMO
is efficient for search, not for track.
This is because with the MIMO radar,
one is illuminating the whole volume
that a single MIMO element illumi-
nates. With all the elements assumed
identical, they all illuminate the same
volume of space. If there is only one
target in the volume, most of that
energy is wasted. What is wanted for
track is a beam focused on the target,
with this focused beam formed from
the whole array.

It is important to emphasize that
the 1mpr0vement in angle accuracy of
the factor of \ 2 is realized for a mono-
static full MIMO array system, while
doing search of a volume of space.
For a linear MIMO monostatic array
of N elements, on receive, N focused
beams are simultaneously formed that
cover the volume of space illuminated
by one element. One can think of it
as doing track-while-scan. This is one
application for which MIMO is well
suited. There are situations where this
type of search is desired for a conven-
tional system. One such case is where
one wants to search out a volume of
space, using many receive beams si-
multaneously, with the volume of
space illuminated by one spoiled
transmit beam.

The Multi-function Phased Array
Radar (MPAR) system, being devel-
oped by Lincoln Laboratory as the
prime and M/A-COM as the subcon-
tractor with the funding coming from
the FAA, has one such mode.!” MPAR
is an effort to develop the next gen-
eration air traffic control and national
weather surveillance services. Having

Range R = 20 Km

Carrier Freq. f = 10 GHz

D = Antenna Diam. =3 m
Monostatic BW 0,3 = 10 mr
Bistatic BW 6j3 ~ 1pr

Interf. Lobe Width R 6;3 =~ 0.02 m
Number of Lobes N;j =~10,000

k D = 30 km ‘

BISTATIC
RADAR

A Fig. 7 Bistatic MIMO and bistatic con-
ventional interferometric lobes.

MICROWAVE JOURNAL m JANUARY 2013


http://www.mwjournal.com/MIMOappendix
http://www.comtechpst.com
http://www.mwjournal.com/MIMOappendix

Employing multipurpose payloads including EO/IR, EW,

SAR and others, UAVs can now transmit complex information

directly fo troops in the field while simultaneously sending

the information half-way around the world for analysis.
(TT, Inc. continues its expansion of GaAs- and GaN-

based solid-state amplifier products and subassemblies

designed fo accommodate these ever evolving requirements.

(TT's UAV experience includes participation in data
and video communication links on programs including
Shadow, Hunter, Predator/Reaper, Pioneer, Global Hawk
and others.

Building on this experience, CTT is well positioned to
offer engineering and production technology solutions —
including high-rel manufacturing — in support of your
complete UAV system requirements.

More than twenty-five years ago CTT, Inc. made a
strong commitment to serve the defense electronics
market with a simple goal: quality, performance,
reliability, service and on-time delivery of our products.

Give us a call to find out how our commitment can

support your mission success. It’s that simple.

«% Uplink and Downlink Amplifiers
¢ (, X Ku, and Ka-Band
® Power Amplifiers Up to 100 Watts
® Low-Noise Amplifiers 1-18 GHz
«% Power and Driver Amplifiers for SAR
o X thru Ka-Band
® Up to 100 Watts
% Up Converters and Transceivers
e ( thru Ko-Band
© Compact, Space-Saving Designs
% Surface Terminal Amplifiers
o ( thru Ku-Band
® Up to 100 Watts
«%» (DL and TCDL Subassemblies
® IF and RF
o Digitally Controlled

e

241 East Java Drive * Sunnyvale ¢ California 94089
Phone: 408-541-0596 « Fax: 408-541-0794 « www.cttinc.com ¢ E-mail: sales@cttinc.com



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

Cover Feature

the search mode for the MPAR is de-
sirable in order to search out the vol-
ume of space in a short time to keep
the occupancy for this search down.
Otherwise, one runs out of time.
For the MPAR system on receive,
24 beams are generated, consisting
of two rows of 12 beams, one above
the other to simultaneous search out
quickly the volume of space covered
by these 24 beams. A spoiled transmit
beam is used to illuminate this volume
of space on transmit. The 24 receive
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beams are formed by combining the
outputs of the array subarrays. The
spoiled transmit beam is formed us-
ing the whole array with the spoiling
being achieved with possibly a qua-
dratic phase applied across the array.
The MPAR uses overlapped subarrays
on receive, to avoid generating severe
grating lobes in the process of gener-
ating these multiple beams from the
subarrays.

For a MIMO array system doing
the MPAR type search, the receive
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MIMO array subarray size would be
adjusted such that the subarray ele-
ment size produces a beam that just
covers the volume of space to be
searched. The overlapped subarrays
for the MPAR have approximately
a sin x/x illumination, which in turn
generates approximately a rectangular
subarray beam pattern, which in turn
eliminates the generation of severe
grating lobes as mentioned previously.
For a MIMO system to do the MPAR
type of search, using the array subar-
rays as the elements, it would also be
desirable to use overlapped subar-
rays on transmit, so as to just illumi-
nate the volume to be searched. This
is a little more difficult to achieve on
transmit for MIMO array. Instead one
would use non-overlapped subarrays
on transmit that cover the volume of
space to be searched.

In the future, when digital beam-
forming at the element level is cost
effective, the volume of space that
the subarray MIMO array elements
illuminate could be made adaptable.
The subarrays would be made to illu-
minate the volume of the 24 beams to
be searched out, or any other number
of beams. On receive, 24 or any other
number of beams, could be formed
just like in the conventional MPAR sys-
tem. Using MIMO, we would realize
the \2 improvement in angle accuracy
in search over the conventional MPAR
system. Also, on receive, these subar-
rays would be overlapped to avoid
grating lobes being formed for the 24
or so receive beams. Right now, the
hardware and processing cost required
do not appear to warrant the use of
MIMO to get this V2 improvement.

An alternate conventional system
approach for illuminating the volume
of space to be searched, other than us-
ing a spoiled transmit beam, as done
for the above MPAR type system, is to
use what is called “machine gunning.”
With machine gunning, a focused
beam is formed on transmit that se-
quentially illuminates each of the 24
receive beam positions, using pulses
that immediately follow one another.
This is done before the echoes from
any of the pulses are received. After
the transmission of the 24 pulses,
there is a receive listening period for
the echoes. With this approach it is
possible to use a different carrier fre-
quency for the beams to avoid inter-
ference of the signals between beams.
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ONE-WAY ANTENNA PATTERNS

TRANSMIT

angle of Ap==*1/10
in u space where p

DESIRED TRANSMIT RECEIVE  _ ;
ANTENNA PATTERN ANTENNA  NTenna - Sin 0 (.See Figure
: 4). This is an angle
= of +5.7°. Hence, to
) 1 cover the whole vol-

sin 6 = 5 A

ume with the con-
sng ventional thinned

710‘9876 54321012345 678910 50sinb

TWO-WAY ANTENNA PATTERN

array, we need to
have dwell illumi-

AP
sin =79 nations that cover
the other angles
1 which are needed
sin 0 =— °
5 to cover the 120
ing  Scan volume. This

109876543210 12345678910 50sin0

A Fig. 8 Conventional monostatic thinned array antenna patterns:

Ideal transmit pattern.

The advantage of this approach, over
beam spoiling, is that the coherence
time needed for each of the pulses
is 1/H, which is required with beam
spoiling, where in the MPAR exam-
ple, H = 24. Apparently the longer co-
herence time required by the MPAR
system with the use of beam spoiling
is not a problem. The H times longer
coherence time is needed with the
use of beam spoiling, because with
the beam spoiling the gain of the an-
tenna on transmit is 1/H times lower
than without the spoiling as done with
machine gunning.

As indicated in the introduction,
the use of the array subarrays for an
MPAR MIMO type system, that is SA-
MIMO, is better for the efficient use
of search energy over using the ele-
ments of the array, that is E-MIMO.
As pointed out earlier, the 120° ho-
rizon fence search example requires
more energy to do the search with E-
MIMO than with SA-MIMO.

At this point, it is worth going
back to the thinned array example of
Figure 3a. We showed that the con-
ventional radar, having the thinned
receive array and full transmit array,
can have approximately the same
resolution and accuracy as that of the
equivalent MIMO array. This com-
parison was somewhat unfair, because
the MIMO array would be achieving
the desired performance for all angles
in an element’s coverage which, as in-
dicated previously, would be typically
approximately 120° for an embedded
element gain given by cos"® with n =
1 to 1.5. For the conventional system,
we are illuminating the more limited
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is achieved by scan-
ning the transmitter
to illuminate these
other scan angles
during these other
dwell times. This is
desirable, since we can then adjust the
energy needed for the search, depen-
dant on the off-boresite angle, as done
for the subarray-MIMO discussed
previously. In Figure 4, we show only
one focused receive beam covering the
azimuth angle Au=1/50 at boresite. To
cover the angle illumination by the
transmit beam of Apu==*1/10, we need
to generate simultaneously ten more
focused receive beams. These non-
boresight beams, however, will have
grating lobes, the boresite receive an-
tenna pattern grating lobes at p = +
1/5 in Figure 4 no longer being at the
nulls of the transmit pattern. We can
eliminate these grating lobes by using
a two to three times larger transmit ar-
ray that has approximately a sin x/x il-
lumination across the transmit anten-
na, so as to produce an approximately
rectangular transmit antenna beam
pattern (see Figure 8). Such a rect-
angular beam pattern would eliminate
or nearly eliminate the grating lobes
when the transmit beam is pointed at
boresite and for all other transmitter
scan angles. This solution requires
different power levels for the transmit
elements for this example but that is
not a problem and the power ampli-
fiers can all be operated at saturation
(Class C for maximum efficiency).
The conventional thinned array will
be approximately 3.7 dB more effi-
cient in searching out a 120° horizon
fence, than the E-MIMO thinned
array; for an ideality factor of n = 1,
about 5.2 dB for n = 1.5. We will call
the conventional thinned array given
by Figure 3a with the transmit an-

tenna extended two to three times the
modified-conventional-thinned-array.

Another possible way to achieve a
rectangular element pattern for the
conventional and MIMO arrays is to
use elements that have a nearly rect-
angular antenna pattern. This could
possibly be done with the rod ele-
ment, 519 if one only needed to cover
the angle covered by the 3 dB trans-
mit beamwidth of Figure 4. The rod
element has approximately a rectan-
gular antenna pattern.

Because our conventional thinned
array system of Figure 3a has the
same resolution as its MIMO equiva-
lent system, it will be able to resolve
as many targets occurring simultane-
ously in the coverage region, as does
its MIMO equivalent and the MIMO
equivalent full array of Figure 3c.
Because it has the same resolution,
it will also be able to estimate the pa-
rameters of these targets just as well
as its MIMO equivalent system does.
This is contrary to the results given!,
Sect. 13 for thinned MIMO array sys-
tems. The reason for this difference
is that for the conventional array, a
single element is assumed for the
transmit antenna and a full array of N
elements for the receive antenna. This
is the wrong combination to use for
the comparison. In our comparison
to achieve equivalence, we use a full
transmit array of M elements, equal to
about 20, to achieve the nearly rect-
angular transmit beam pattern shown
in Figure 8. For receive we use a
thinned array identical to the MIMO
thinned array.

If the thinned array example given
only had to cover a horizon fence 2 sin'!
0.1 = 11.5° wide at boresite, the mod-
ified-conventional-thinned-array would
be approximately 10 dB more efficient
than the E-MIMO thinned array when
n = 1, approximately 9 dB forn = 1.5.

ISSUE OF COHERENCE TIME
NEEDED WITH MIMO Vs.
CONVENTIONAL ARRAY

Often, it is indicated that an N
element MIMO array has the disad-
vantage of requiring N times the co-
herence integration time as needed
when using a conventional array. Here
again an apples to oranges compari-
son is being made. This comparison
is only true when comparing a MIMO
system of N antenna elements with a
conventional array system using the
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TABLE |
MIMO MONOSTATIC ARRAY OF N ELEMENTS
NUMBER OF MATCHED FILTERS AND WEIGHTS
Number for N =
Item Amount
10 100 1000
MF =N2 =100 =10,000 =106
=N2 Per Beam =100 =10,000 =106
=N3 For N Beams =1000 =106 =109
=N2 For N Beams =100 =10,000 =106
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same array of N array elements, but
with either: (1) the conventional array
is searching out the whole volume of
space sequentially with one transmit
and receive focused beam; or else, (2)
the conventional array is searching the
volume of space with multiple focused
beams, N, being formed simultane-
ously on receive and machine gunning
being used on transmit. If instead for
the conventional system beam spoil-
ing is used, transmit as done with the
Lincoln Laboratory MPAR, the co-
herent integration time for the con-
ventional MPAR type system is the
same as the equivalent MIMO system.
Searching the volume of space with a
conventional system using one trans-
mit and receive beam is not efficient.
It requires N times the search time
that is needed with machine gunning
on transmit or with beam spoiling on
transmit and using in both cases N si-
multaneous receive beams.

PROCESSING COMPLEXITY
ACCRUED WITH MIMO

Assume a monostatic full (that is
non-thinned) array of N elements.
With MIMO, the whole volume would
be searched out by forming N focused
transmit beams that cover the volume
of space to be searched.? These beams
would be formed in the receiver. Each
of the N receiver elements will have
N matched filters (MF), (see Figure 2
and Table 1). These N matched filters
are needed to process the N orthogo-
nal or diverse waveforms transmit-
ted from the N transmitter elements.
Since there are N such receiver ele-
ments with each having N MFs, N2
matched filters are needed for the
pulse compression in the MIMO sys-
tem of one focused transmit beam. The
N2 MFs used to form the kth beam are
also shared to form the other k = 1 to
N transmit beams. Thus to form the
N transmit beams N2 MFs are need-
ed. Following the N2 MFs for the kth
beam formation are the weights Wy,
that contain the phase shifts needed
to focus the kth transmit beam in the
direction of the kth beam. For the N2
MFs outputs for the kth beam, N2
weights are needed, because i = 1 to
Nand j = 1to N for a given kth beam,
the receiver elements being indexed as
“1” and the transmit waveform from the
“jth” transmit element being indexed
as “j”. To form the kth transmit beam
the receiver weight outputs are com-
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TABLE 1

MIMO MONOSTATIC ARRAY OF N ELEMENTS
NUMBER OF BEAMS

Number for N =

100

Beams

=N2+N =110

=10,100 =106

bined for the ith element to form the
output E;. This is done for the other
elements to form E;, i = 1 to N (see
Figure 2). These outputs are in turn
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combined with the weights Wy, 1 =1
to N, to form the kth receive focused
beam output E; (see Figure 2). A to-
tal of N2 + N weights W and Wy,

Est, in 1969
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are thus used to form the kth focused
receive beam or approximately N2 for
N » 1. Finally for the N receive beams,
a total of N3 + N2 such weights are
thus needed or ~N3 for N » 1. The
transmit and receive beams are identi-
cal (overlapping in space) here for this
monostatic MIMO system, where the
same array is used for both transmit
and receive. Hence the indexing k is
identical for the receive and transmit
beams. Because k = 1 to N there are
a total of N2 transmit beams that are
formed. Finally N receive beams are
formed. Thus for the MIMO system
N2 + N beams are formed to gener-
ate the N receive beams (see Table
2). The above discussion did not take
into account Doppler variance. Recall
that with Doppler variance a bank of
F Doppler MF for each orthogonal or
diverse waveform is required and as a
result F times more MF's and weights
would be needed.

Let us compare the SA-MIMO
with a conventional radar regarding
the computation needed. For both we
shall assume N subarrays of the same
size. We shall assume that the space to
be searched is equal to the volume illu-
minated by one subarray, however, for
the conventional array we shall form
the transmit beam by using the whole
array with beam spoiling. On receive
for both we are covering the whole
volume of space using N simultaneous
receive focused beams as done by the
SA-MIMO array. This would give a
fair comparison. For the conventional
radar, only N MFs are needed, versus
FN2 for the SA-MIMO radar, a factor
of FN more for the SA-MIMO radar.
For the conventional radar only N2+N
weights are needed, N on transmit to
form the one spoiled beam and N2
on receive to form the N focused re-
ceive beams. For the SA-MIMO, we
need FN3+FN2 weights, a factor of
FN more. For N = 100 we are talk-
ing about F times 10,000 MFs for
the SA-MIMO radar versus 100 for
the conventional radar, using a chirp
waveform. There are cases where lin-
ear FM waveforms can be used for
the MIMO system, like for OTH sys-
tems.220 The > in Figures 9 and 10 is
to allow for the possibility of Doppler
intolerance for the MIMO radar.

NULLING OUT INTERFERENCE

The advantage of the MIMO is
that it can adaptively put nulls in the
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transmit beam as well as in the receive
beams where there is clutter. Assume
again a MIMO linear full array of N el-
ements used for both transmit and re-
ceive. It was indicated previously that
N2 + N weights are needed to form
the one beam. Thus an N2 + N by
N2 + N matrix has to be inverted
to form one beam adaptively. For
N = 1000 we need to invert approxi-
mately a million by a million array. For
N = 100 we need to invert a 10,000
by 10,000 element array. In either

1CS
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MITEQ Fiber Optic Application notes
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case, this is a lot of computations and
we have not taken into account Dop-
pler intolerance. For a conventional
array, we can easily achieve the same
result. Specifically, we can put nulls in
the transmit beam in the direction of
clutter if we have a clutter map or if
we know in advance where the clut-
ter is. For example in a ground based
or ship based radar we know the clut-
ter is at the horizon so we put a null
in the antenna transmit pattern as
well as in the receive pattern for the

i1 cxrowawve
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components@miteqg.com
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sidelobes on the horizon. Thus we do
not always need MIMO to put nulls
in the transmit pattern. The extra de-
grees of freedom (DOF) the MIMO
brings come at a high computation
cost. Right now, we are having a prob-
lem in our systems handling the DOF
we have with our conventional arrays.
We cannot do the adaptive nulling at
the element level or even at the subar-
ray level in many applications. It is too
costly in computations. Li and Himed
consider the use of transmit subarrays
for MIMO, TS-MIMO, to reduce the
computation load for putting nulls in
the direction of interference.?4

WHERE MIMO IS USEFUL AT
PRESENT AND THE NEAR TERM

Two radars in close proximity are
useful for cohering on transmit and
receive (see Figure 9)4621 It pro-
vides a 9 dB improvement in PAG
or equivalently SNR for a target be-
ing detected or tracked. For search,
it provides a 6 dB advantage in PA.
This is not without a cost. It requires
that during the time of the combin-
ing, both radars be used for tracking
one target or for searching the same
volume of space. This is the one ap-
plication that can provide an order of
magnitude improvement in angle ac-
curacy. MIT Lincoln Laboratory has
demonstrated the combining in real
time of dish radars using MIMO.21.22

Brookner et al. describes a patented
incoherent MIMO technique for com-
bining two radars.” It uses different
carrier frequencies for the two radars.
This technique has the advantage of
providing an 8.7 dB improvement in
sensitivity for a Swerling 2 target for
a 90 percent detection. This improve-
ment is realized by choosing the carrier
frequencies far enough apart to pro-
vide independence of the echo ampli-
tude returns for the two frequencies.
For a Swirling 1 target, the frequency
diversity then lowers the target fluctua-
tion loss to the point of almost making
up for the video integration loss.

It would be useful for monostatic
radar applications where the size of the
antenna must be small and a 29 per-
cent reduction in antenna size would
be important. No doubt MIMO will
find practical uses in the future as sig-
nal processing continues to get less
expensive. Another near term poten-
tial candidate for MIMO is the OTH
radar. MIT Lincoln Laboratory and the
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Australians have been doing work in application, because there are not too
this area.29-2223 OTH looks like a good many elements and the bandwidth is

ay HERDEE small so the process-

GET TRACK 9DB PAG ADVANTAGE, ing is not excessive.
§ 6DB SEARCH PA ADVANTAGE Figure 1 shows the

architecture for a bi-

RADAR Az/ FOR N = 2 DO NOT NEED static MIMO system
/ ORTHOGONAL WAVEFORMS which applies for an
OTH system where

the transmit and re-
A Fig. 9 Coherently combine N radars: (Bob Enzmann/George ceive antennas are
Thome & Leon Green patents*; see also Coutts & Coumo, IEEE

SAM 2006, Boston?! and Brookner patent?). usually separated B

HJA

Lark Engineering Co.™ #?

sales®larkengineering.com |

THE FILTER SOURCE

NEW FROM LARK
ULTRA-THIN Filters

When size is critical, Lark is offering a full line of "Ultra-Thin" filters for the

Commercial and Military markets. Lark's new “Ultra-Thin" package offers

smm'la: parbrmanue in Imthm mun High package. The Ultra-Thin filter
sjection _hualsa@ﬁndﬁm

= Available in Bandpass, Highpass,
Lowpass & Band Reject

* Frequency Range: 20 MHz to 7.0 GHz

» Passbands: Up to 100%

« VSWR: 1.5:1 typical

« Ultimate Rejection: 60 dB

« Meets Mil-S5td-202 conditions

+ Temperature Range: -55" C to +85° C
Lark i% a keading (OEM) supplier of RF and Microwave Filters, Multiplexers and Multifunction Assemblies
for the Miitary, Aerospace and Commercial markets The company began operations in 1988 with the goal
1o design and manufacture quality products that satisfy the customer’s needs and requirements. Our
products can be found in foday's miltary radar systems, aircraft, shipboard, hand held radios, GPS, 15M,

+PCN, PCS and many other military and commerciad applications. Our commitment fo quality and
- mer service has been a cornerstone of the company since its inception,

Military = Aerospace » Commercial

sales@larkengineering.com = 949.240.12

www.larkengineering.com
IS0 140071 2004 Ce

44

ACKNOWLEDGMENT

The author would like to thank
Mike Sarcione and Jian Wang and
Dr. Jama Mohamed, all at Raytheon
Co., for reading and making sugges-
tions for the paper. Brookner would
also like to thank Professor Jian Li
(University of Florida) and Dr. Daniel
Zwillinger (Raytheon) for their input.

References

1. J. Li and P. Stoica (editors), MIMO Radar Signal

Processing, John Wiley & Sons Inc., Somerset, NJ,

2009.

G. Frazer, Y. Abramovich and B. Johnson, “Spatially

Waveform Diverse Radar: Perspectives for HF

OTHR,” Proceedings of the 2007 IEEE Radar Con-

ference, Boston, MA.

3. E. Brookner, Radar Technology, Artech House,

Norwood, MA, 1977.

G.D. Thome, R.P. Enzman and F. Steudel, “System

and Method for Coherently Combining Plurality of

Radars,” US Patent Application Publication, dated

October 5, 2006, Pub. No. US2006/0220951 Al.

5. G.D. Thome, R.P. Enzmann and F. Steudel, “Sys-
tem and Method For Coherently Combining Plu-
rality of Radars,” US Patent No. US 7,358,892 B2,
dated April 15, 2008.

6. L. Green, “Cooperative Radar System,” US Patent

No. US 6,362, 774 B1, dated March 26, 2002.

E. Brookner, D.V. Manoogian and F. Steudel, “Mul-

tiple Radar Combining for Increased Range, Radar

Sensitivity and Angle Accuracy,” US Patent No. US

2005/0231420 A1, dated October 20, 2005.

8. L.Baiand]. Choi, Low Complexity MIMO Detec-
tion, Springer, New York, NY, 2012.

9. D. Tse and P. Viswanath, Fundamentals of Wire-
less Communications, Cambridge University Press,
New York, NY, 2005.

10.  E. Brookner, “Breakthroughs in Phased Arrays and
Radar,” Nanyang Technological University, Singa-
pore, October 11, 2006.

11.  E. Brookner, “Breakthroughs in Phased Arrays and
Radar,” 2006 CIE International Conference on Ra-
dar, Shanghai, China.

12, E. Brookner, “Breakthroughs in Phased Arrays
and Radar,” Fourth IEEE Workshop on Sensors
Array and Multichannel Processing (SAM-2006),
Waltham, MA, July 12-14, 2006,

13.  E. Brookner, “Latest Developments in Phased Ar-
rays, Radars, Technology and Processing,” 5t Mili-
tary Radar Summit, February 6-8, 2012, Washing-
ton D.C.

14.  F. Daum and ]. Huang, “MIMO Radar: Snake Oil
or Good Idea?,” IEEE AGE Systems Magazine,
2009.

15. MIMO papers at EuMW 2011.

16.  D. Bliss, MIT Lincoln Laboratory, private commu-
nication.

17. ]. Herd et al., MPAR, IEEE Radar-2010, Washing-
ton D.C.

18. S. Skobelev, “Flat Topped Patterns,” 1996 IEEE
International Symposium on Phased Array Systems
and Technology Digest, pp. 438-443.

19. S. Skobelev, Phased Array Antennas with Opti-
mized Element Patterns, Artech House, Norwood,
MA, 2011.

20.  G.J. Frazer, Y.I. Abramovich, and B.A. Johnson,
“MIMO Radar Limitations in Clutter,” Radar-
Con-2009, Pasadena, CA.

21. Coutts and Coumo, “Radar Combining,” IEEE
SAM 2006, Boston, MA.

22.  F. Robey et al., “MIMO Radar Theory and Experi-
mental Results,” Proceedings of the 2004 Asilomar
Conference, pp. 300-304.

23.  G.J. Frazer, Y.I. Abramovich, B.A. Johnson and F.C.
Robey, “Recent Results in MIMO Over-the-Hori-
zon Radar,” IEEE Array-2010.

24. H. Li, and B. Himed, “Transmit Subaperturing for
MIMO Radars with Co-Located Antennas,” IEEE
Journal of Selected Topics in Signal Processing,
February 2010, pp. 55-65.

25.  E. Brookner, Practical Phased Array Antenna Sys-
tems, Artech House, 1991.

26. E. Brookner, Aspects of Modern Radar, Artech
House, 1988.

1o

b

=1

MICROWAVE JOURNAL m JANUARY 2013


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

NEXT-GENERATION
ANTENNA TUNING,
ENABLING SMALLER, HIGH
PERFORMANCE ANTENNAS

COMPLETE RF SOLUTIONS—INCLUDING
POWER AMPLIFIER, SWITCH, FILTER, AND
ANTENNA TUNING CONTENT—FOR NEXT-
GENERATION LTE SMARTPHONES AND TABLETS

I I I LOW INSERTION LOSS
PRIMARY & DIVERSITY

— TX/RX PATHS
SCALABILITY

ULTRA-HIGH
EFFICIENCY

RF PLATFORMS

OPTIMIZED
FOR USE WITH
M ULTIPL
BASEBAND
O P
| N

R RIER
REGATION

aom ) m

RF PLATFORM COVERS ALL FD-LTE,
TD-LTE, HSPA, CDMA EV-DO, AND EDGE
FREQUENCY BANDS IN COMMERCIAL
USE TODAY, FROM BANDS 1-41

RFMD &)



v \¢\\ Most Valuable Product
NS

Testin

adar altimeters (or radio altimeters)
Rhave been used on aircraft since the

mid-1950s. Together with barometric
pressure altimeters and more recently GPS
and radio timing positioning systems, radar al-
timeters are a critical part of modern aircraft
avionics that increase flight safety, reliability and
capability.

Radar altimeters are primarily used dur-
ing flight at altitudes below 5000 feet and are
key tools for critical maneuvers, including take-
off and landing approaches. Low flying aircraft,
like helicopters and Unmanned Aerial Vehicles
(UAV), rely on radar altimeters (RA) for nearly
all operations. UAV and some manned aircraft
may be operated remotely, consequently the
success of the mission and safety of the passen-
gers and crew are dependent on the accuracy
and performance of the RA. Verifying perfor-
mance and calibrating RAs quickly and reliably
take place at RA manufacturing sites, calibration

TRANSMITTED
WAVE —|

AIRCRAFT SKIN
ACTS AS REFLECTOR

OUTPUT TO INDICATER
DIRECT ﬁ
TRANSMITTER RECEIVER

INPUT

REFLECTED WAVE L
OUTPUT VTRANSMITTER 1
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DIPOLE AERIALS

A Fig. 1 The altitude is given by A = ¢ |Af|/(2(df/dt)) (Dick Barrett, Radar Theory,
2000-2002).
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Next Generation
Radar Altimeter

centers and flight line avionics depots. The ca-
pability of the necessary test equipment varies
based on the site. For example, during RA prod-
uct development and qualification, detailed test-
ing over a variety of environmental and perfor-
mance conditions are necessary, whereas flight
line testing may only include verification test
at a few altitudes. Calibration requires NIST-
traceable standards testing to ensure accuracy.
Depending upon the test site and requirements,
a variety of test tools may be selected, based on
cost, capability, ease of use and reliability. East-
ern OptX has produced equipment for use in
each of these applications and has optimized
the performance to meet the testing needs with
rugged and competitive systems.

Historically, RAs have used a Frequency Mod-
ulated Continuous Wave (FMCW) scheme be-
cause it is capable of achieving the low altitude
accuracy required with a simple and reliable
system. Figure | shows the FMCW system. An
RF signal (typically 4.3 GHz) is modulated with
a swept IF signal, typically from 400 to 440 MHz.
The rate of change of the sweep is typically 0.2
MHz per second.That signal is then transmitted
from an antenna mounted on the underside of
the aircraft, typically in the forward section and
radiated toward the earth. The signal reflected
from the earth is then detected using a separate
receive antenna located some distance from
the transmit antenna. Care must be taken to
provide isolation between the two antennae to
avoid stray paths that might be confused with
the aircraft-to-earth path, particularly at low

EASTERN OPTX
Moorestown, NJ
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and the resulting frequency difference
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There are several methods used to
test RAs. One of the most compact,
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A Fig. 3 The EA-6061 altimeter test set.

accurate and reliable is the Fiber Op-
tic Delay Line (FODL) method. The
FODL method exploits the small size,
lightweight, low loss and low drift
properties of optical fiber transmission
lines to create a system that replicates
the channel properties that RAs face
in actual operation. Figure 2 shows a
typical FODL used for RA testing.

The RF signal transmitted from
the altimeter is used to modulate a
broadband optical laser and the output
of the laser passes through a variable
delay line. The delay line distance may
be adjusted to match a desired altitude
and the delay output is converted back
into an electrical signal using an optical
detector. The RF output is then used
as the input to the altimeter receiver.
The optical delay provides a precise
altitude with accuracy better than 0.
percent and offers steady, repeatable
performance.

EA-6061 ALTIMETER TEST SET

Eastern OptX has introduced the
EA-6061 altimeter test set that is tar-
geted at RA calibration and system de-
sign. The EA-6061 is an automated sys-
tem with variable delay and calibrated
propagation loss. Operating with any
altimeter transmission protocol, it is
easy to use from either the front panel
touch screen or via remote commands.
The GUI provides access to built-in
self-test and both manual and coupled
operation with user-selectable aircraft
cable compensation. Figure 3 shows
the EA-6061 altimeter test set.
EA-6061 system details:
¢ Altitude: Variable, 0 to 6350 ft in 50
ft steps
* Propagation loss: Locked to altitude
setting or user controlled

* Aircraft cable compensation: Four
user-defined settings

» Calibration: Built-in self calibration
with short and open I/O options

» Sample ports: 10 and 20 dB taps

* LCD front panel touch screen and

Ethernet remote control
* Programmable ascent and descent

scenario generator
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A Fig. 4 The EA-6071 altimeter test set.

EA-6071 ALTIMETER TEST SET

For depot level or production testing,
Eastern OptX introduces the EA-6071.
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the RAs well. Annual system verification
is recommended, however calibration is
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not required. Figure 4 shows the EA-

6071 altimeter test set.

EA 6071 system details:

Altitude: Fixed, 0,250, 500 and 1000
ft

* Propagation loss: Locked to altitude
setting

* Aircraft cable compensation: Three
user-defined settings

* Front panel rotary switch control

» External delay option
In addition to operation with CWFM

systems, FODL devices will operate
with any in-band signal regardless of the
modulation type, encryption, frequency
agile, or spread spectrum modes. This
advantage also allows the system to be
used for altimeter development, since
it accepts any and all signal variations
as long as they are in-band. The typical
bandwidth of fiber optic systems varies
between 0.1 to 18 GHz. This feature
is especially useful with modern Low
Probability of Intercept (LPI) radar al-
timeters. LPl systems are designed to
minimize signal detection and subse-
quent source and target location. Pri-
marily used on military aircraft, LPI RAs
reduce source detection using the fol-
lowing methods:

* Frequency-hopping (spread spec-
trum) RF signal to reduce RF en-
ergy at a particular frequency and
lower the signal power to near
background noise levels

* Pseudo-random hopping algorithms

* Encrypted transmission data

* Transmission power management
to minimize signal level to the mini-
mum required for altimeter detec-
tion
Both the EA-6061 and EA-6071

provide testing for FMCW and LPI
RAs, without any special modification.
As the use of LPI RAs increases, partic-
ularly on UAVs, there will be additional
need for fast calibration and verification
of performance using FODL devices.
FODLs may also be incorporated into
aircraft for onboard RA self-test and
alignment. Additional FODL features,
including multipath and Doppler shift
replication, help designers test existing
hardware as well as next generation al-
timeter designs without the need for
costly and untried test systems.

Eastern OptX,
Moorestown, NJ

(877) 870-6789,
www.eastern-optx.com.
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Patent Pending

The perfect PIM cable assembly. For the not-so-perfect world.

Achieving flat PIM performance in the lab is hard enough. But in the real world, keeping PIM at bay is nearly

impossible. Until now. SRX™ jumper cables from San-tron are the first and only flat PIM cable assemblies that

stand up under tough conditions. They deliver impressive PIM performance of -158 dBc standing still and degrade

just 2 dB under heavy vibration. Offering a bend radius 100

of 2.5 inches, power handling of 160 W, and attenuation of — 120
g

13 dB per 100 feet, you can snake them around anywhere. 35 e
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CERTIFIED

OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. re% (GHz)  Gain (d8) MIN  Noise Figure dB)  Power-out@pide 3rd Order [P VSWR
CA01-2110 28 K , 0. +10 MIN +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
CA24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
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
CA12184111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CA01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA0T-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 5.4-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 1.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A1315-3110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41dm  2.0:1
(A34-6116 SIS 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 59-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(AB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41dm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Freti (6Hz  Gain @) MIN  Noise Figure @)  Power-out@p1d8  3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.52.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
CA26-3110 2.0-6.0 26 2.0 MAX, 1.5TYP +10 MIN +20dBm  2.0:1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1 =
(A618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5TYP +24 MIN +34dBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (6Hz)  Input Dynamic Range OutpuT Power Ru e Psat  Power Flatness dB  VSWR
(LA24-4001 20-40  -281t0+10 dBm +7 to +1 +/-1.5MAX  2.0:1
CLA26-8001 2.0-6.0  -50to+20 dBm +14 10 +1 8 dBm +/-1.5MAX  2.0:1
(lA712-5001  7.0-12.4  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1 =
(LA6181201  6.0-18.0  -50 to +20 dBm +14 10 +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN _ Noise Figure @)  Power-out@pid8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.5-5.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, 1.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
(A1315-4110A 13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CAT518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20 dB MIN 1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fregl (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA00T-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX 2.8 TYP +15 MIN +25 dBm 2.0:1

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

Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
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CHAMP - Lights Out
A recent weapons flight test in the Utah desert may

change future warfare after the missile successfully
defeated electronic targets with little to no collateral

damage. Boeing and the U.S. Air Force Research Laborato-
ry (AFRL) Directed Energy Directorate, Kirtland Air Force
Base, NM, successfully tested the Counter-electronics High-
powered Microwave Advanced Missile Project (CHAMP)
during a flight over the Utah Test and Training Range.

CHAMP, which renders electronic targets useless, is a
non-kinetic alternative to traditional explosive weapons that
use the energy of motion to defeat a target. During the test,
the CHAMP missile navigated a pre-programmed flight
plan and emitted bursts of high-powered energy, effectively
knocking out the targets data and electronic subsystems.
CHAMP allows for selective high-frequency radio wave
strikes against numerous targets during a single mission.

“This technology marks a new era in modern-day war-
fare,” said Keith Coleman, CHAMP program manager for
Boeing Phantom Works. “In the near future, this technology
may be used to render an enemy’s electronic and data sys-
tems useless even before the first troops or aircraft arrive.”

MEADS Successfully Intercepts
Air-Breathing Target

he Medium Extended Air Defense System (MEADS)
T detected, tracked, intercepted and destroyed an air-
breathing target in its first-ever intercept flight test
at White Sands Missile Range, NM. The test achieved all

criteria for success.

MEADS is a next-gen-

“...demonstrates eration, ground-mobile air
MEADS’ Clblllty and missile defense system
, , that incorporates 360° ra-

to ld@ntlfy; tmck, dars, netted and distributed
engage and battle management, eas-
ily transportable launchers

defeat targets and the hit-to-kill PAC-3
attacking from any  Missile Segment Enhance-
direction” ment (MSE) Missile. The

...system combines supe-
rior battlefield protection
with new flexibility to protect forces and critical assets
against tactical ballistic missiles, cruise missiles, unmanned
aerial vehicles and aircraft.

The MEADS test configuration included a networked
MEADS battle manager, lightweight launcher firing a
PAC-3 MSE Certified Missile Round and a 360° MEADS
Multifunction Fire Control Radar (MFCR), which tracked
the MQM-107 target and guided the missile to a successful
intercept.

“This successful flight test further demonstrates
MEADS’ ability to identify, track, engage and defeat tar-

Defense News
Dan Massé, Associate Technical Editor

gets attacking from any direction using a single mobile
launcher,” said NATO MEADS Management Agency gen-
eral manager Gregory Kee. “MEADS is proving its capa-
bility to defend our warfighters and key assets against a
growing 215t century threat.”

The test exploited the MEADS capability for full-pe-
rimeter, 360° defense, with the PAC-3 MSE Missile per-
forming a unique over-the-shoulder maneuver to defeat
the target attacking from behind the MEADS emplace-
ment.

“MEADS provides advanced capabilities that detect,
track and intercept evolving threats from farther away and
without blind spots,” said MEADS International president
Dave Berganini. “This successful intercept proves MEADS’
advertised capabilities are real. Its digital designs and mod-
ern hardware and software ensure high reliability rates and
dramatically reduced operational and support costs.”

The MFCR is an X-Band, solid-state, active electroni-
cally scanned array radar that provides precision track-
ing and wideband discrimination and classification capa-
bilities. For extremely rapid deployments, the MEADS
MFCR can provide both surveillance and fire control ca-
pabilities until a surveillance radar joins the network. An
advanced identify friend-or-foe subsystem supports im-
proved passive threat identification and typing. Using its
360° defensive capability, the advanced MEADS radars
and the PAC-3 MSE Missile, MEADS defends up to eight
times the coverage area with far fewer system assets and
significantly reduces demand for deployed personnel and
equipment, which reduces demand for airlift. MEADS
successfully completed its first flight test on November 17,
2011, against a simulated target attacking from behind. A
PAC-3 MSE Certified Missile Round was employed dur-
ing the test along with the MEADS lightweight launcher
and battle manager.

Patriot Air and Missile Defense Systems
Get Smarter, Faster and Tougher

eep inside the factory where Patriot defense sys-
Dtems are made, Ken Arruda stopped beside a roll-

ing cart and pointed to a white card sprinkled with
what looked like grains of sand. They were computer chips
for the Patriot’s radar system — parts that since 2006 have
shrunk to one-eighth their previous size.

“Now they're as small as a speck of pepper,” said Arruda,
operations director for Raytheon’s air defense programs.
“That’s how far Patriot has come in the last few years.”

And tiny chips are just the start. From the tip of its nose
cone to the base of its radar, designers have invested more
than $400 million in the last four years as part of a pro-
gram aimed at making the legendary air and missile de-
fense system faster, smarter and tougher. Miniature com-
ponents have replaced racks of equipment. Touchscreens
have replaced control panels. New machines in Raytheon’s

~
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Andover, MA factory are making parts lighter, stronger and
longer-lasting.

The U.S. government and other partners in the program
have helped fund the modernization, but it was an order for
new Patriot systems for the United Arab Emirates that gave
designers the chance to reengineer Patriot from the ground
up in late 2008. The system had already gone through several
upgrades since its debut in the first Gulf War. But design-
ers gave the Patriot missile a faster, more accurate guidance
system known as Guidance-Enhanced Missile — Tactical, or
GEM-T. They rewired circuits in the radar and command
stations, shrinking and speeding up components. The mis-
sile’s mobile control room got a major makeover, with huge
touch screens, faster computers and sleek black keyboards
replacing banks of controls.

“How we have prepared it for success in the future is real-
ly remarkable,” said Glenn Walker, a business development
manager for Raytheon’s Integrated Air and Missile Defense.

Denmark Selects U.S. Navy’s MH-60R
SEAHAWK Helicopter

he U.S. Navy announced that the Danish govern-
ment signed an official letter of offer and accep-
tance formalizing its intent to buy nine MH-60R

CUSTOMIZED DESIGN QUOTES IN 24 HOURS
wWww. pulsarmicrowave,. corn
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SEAHAWK® helicopters and comprehensive logistics sup-
port for its Maritime Helicopter Replacement Program.

Valued at U.S. $686 million (Kr 4 billion), the aircraft
will be procured via the U.S. governments Foreign Mili-
tary Sales program.

“It’s great news that the Danish government has selected
the U.S. Navy’s MH-60R, an aircraft we believe is the world’s
most capable multi-mission maritime helicopter,” said Rear
Adm. Paul Grosklags, Program Executive Officer, Air, ASW,
Assault and Special Mission Programs. “Danish pilots and
crew will be able to fly with the confidence that these air-
craft have been proven operationally capable at sea and have
the full logistics support already in place to ensure they are
ready and able to fly anytime, anywhere in the world.”

Denmark is the second country to buy MH-60R he-
licopters following Australia’s purchase of 24 aircraft in
2011. All nine aircraft will be delivered to the Danish gov-
ernment by 2018.

The Danish aircraft are configured for anti-surface war-
fare operations, including defending Danish interests in the
North Atlantic, executing anti-piracy operations, and con-
ducting other missions during international deployments.

The U.S. Navy was supported in its winning proposal by
Team Seahawk, consisting of MH-60R airframe manufac-
turer Sikorsky Aircraft, mission systems integrator Lock-
heed Martin, engine manufacturer GE, sensor supplier
Raytheon Corp., and training supplier CAE.
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UK MoD Electronic Surveillance R&D
Programme Launched

he Communications and Cross-Cutting Electronic
T Surveillance (CCCES) research programme will in-

vestigate novel technologies and techniques in support
of future UK MoD electronic surveillance procurements.
The programme will be delivered by the Collaborative
Research in Electronic Surveillance Technology (CREST)
consortium, in close collaboration with the Defence Science
and Technology Laboratory (Dstl). CREST is led jointly by
QinetiQ and Roke Manor Research with QinetiQ also pro-
viding the overall programme management.

The programme has a primary focus on communica-
tions electronic surveillance but with elements encompass-
ing radar transmissions. A key feature of the research will
be to undertake field demonstrations to assist in the de-
risking of advanced signal processing techniques.

Dr. Giles Bond,
“.. future UK CREST consortium
electronic

co-lead and manager
of QinetiQ’s electronic
surveillance warfare and radar busi-
. b ness, said, “CREST will
requzrements can be deliver outputs across
met more rapidly
with reduced risk and
at lower cost...”

a range of technology
readiness levels, span-
ning innovative  re-
search and technology
demonstrator systems.
The focus will be on using advanced signal processing
hosted on software-reconfigurable hardware architectures
to prove how future UK electronic surveillance require-
ments can be met more rapidly with reduced risk and at
lower cost than is currently possible.”

Chris Tarran, the co-lead for Roke, added, “We are
delighted to be at the hub of this important research and
demonstration programme which will help to underpin the
future of UK ES technology. In particular, we are focussing
on the future challenges faced with urban operations, and
the need for low size, weight and power electronic surveil-
lance solutions with a capability against the complex urban
signal and propagation environments.”

The CREST consortium will also bring together the
wider electronic surveillance community in the UK to gain
access to a wide supplier base, which will include small and
medium sized enterprises and a selection of universities.

METIS Paves Way for Future
Communications Systems

he Mobile and wireless communications Enablers
T for the Twenty-twenty (2020) Information Society
(METIS), research project started in November 2012.
It is co-funded by the European Commission as an Inte-

International Report

Richard Mumford, International Editor

grated Project under the Seventh Framework Programme
(FP7), which will receive €16 million of its €27 million
budget from the EU.

METIS is a consortium of 29 partners spanning tele-
communications manufacturers, network operators, the
automotive industry and academia. The project’s objective
is to respond to societal challenges for the year 2020 and
beyond by laying the foundation for next generation mo-
bile and wireless communications systems.

METIS will lay the foundation for the future ‘5G” mo-
bile and wireless communications system, consisting of the
evolution of currently-existing wireless technology and any
new wireless technology needed to fully enable the net-
worked society. It will develop a system concept that deliv-
ers the necessary efficiency, versatility and scalability. The
project will investigate key technology components sup-
porting the system, and will also evaluate and demonstrate
key functionalities.

METIS will provide
a proof-of-concept by
means of simulations
and test beds. In partic-
ular, it will demonstrate

...laying the
foundation for
next generation

through  hardware mobile and wireless
test beds key technol- communications
ogy components de-

veloped in the project. systems.

METIS intends to en-
able European lead on
the development of the future mobile and wireless com-
munications system, and ensure an early global consensus
on these systems. The project will play an important role in
building consensus among other external major stakehold-
ers prior to global standardization activities. This will be
done by initiating and addressing work in relevant global
forums (e.g., ITU-R), as well as in national and regional
regulatory bodies.

ETSI and IEEE-SA Renew MoU

he European Telecommunications Standards In-
T stitute (ETSI) and the IEEE Standards Associa-
tion (IEEE-SA) have renewed their memorandum
of understanding (MoU). This agreement continues the
long-standing cooperation between the two organizations,
fosters collaboration between them, and further promotes
mutual interests through global standards coordination.
To formally acknowledge the alliance, Luis Jorge Rome-
ro, director-general of ETSI, and Konstantinos Karachalios,
managing director for IEEE-SA, gathered with members
of the Institute for a signing ceremony during the 60t
ETSI General Assembly in Mandelieu, France. During the
ceremony, the two organizations acknowledged the need
for IEEE-SA and ETSI to work closely together on coordi-
nated standards to avoid duplicated work and align under a
mutually beneficial framework.

Go to mwjournal.com for more international news items P ’
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“ETSI is the ideal part-
ner for IEEE-SAs contin-
ued progress on expand-
ing cooperation between
technical committees with
a global reach,” said Kara-
chalios. “Sharing information is the key factor here. Collabo-
ration between governing bodies is top of mind. It all part
of our vision for widespread adoption of globally relevant
standards and our commitment to work cohesively with
standards organizations around the world.”

“The framework for coordination between technical
groups will greatly benefit industry as it increasingly re-
lies on standards for interoperability,” said Romero. “This
agreement will allow ETSI representatives to become
more knowledgeable about IEEE activities and vice versa,
of course.”

“Sharing
information is the
key factor...”

EDRS Space Network Gets Go-Ahead

he design of Europe’s data relay satellite system —
T EDRS - has been completed and approved, which

marks the moment when it moves ahead with a green
light from its first customer, the Global Monitoring for En-
vironment and Security (GMES) initiative from the Euro-
pean Union.

EDRS will be the first commercially operated data relay
system to deliver services to the Earth observation commu-
nity. It is being built through a Public-Private Partnership
(PPP) between ESA and Astrium Services, using payloads
carried by two satellites in geostationary orbit above the

Equator.

Data transmitted P .
from satellites in lower EDRS is
orbits to either of these afantastic
EDRS payloads can
then be relayed to the breakthroughf 03:
ground. The payload in- Eur ope...

cludes a laser terminal
developed by TESAT of
Germany to transmit up to 1.8 Gb per second over dis-
tances in excess of 40,000 km, between the lower satel-
lites and EDRS in geostationary orbit.

“EDRS is a fantastic breakthrough for Europe, from
the innovative laser communication terminal technology,
which is the heart of EDRS, to the provision of operational
services by 2014, through a PPP that combines the best
from European space companies with the national and Eu-
ropean space institutions,” said Magali Vaissiere, director
of ESA’s Telecommunications and Integrated Applications
Directorate.
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models down to 1 MHz, and highly evolved LTCC

designs as small as 0.12 x 0.06", with minimal insertion

loss and high directivity. Other SMT models are designed

for up to 100W RF power, and selected core-and-wire

models feature our exclusive Top Hat™, for faster
pick-and-place throughput.

Directional/Bi-Directional
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$
up to 250 W  rom I ca (gt 1000

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

See minicircuits.com for specifications, performance data, and surprisingly low prices!
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The GVA-62+ and -63+ add ultra-flat gain to our GVA lineup,
as low as +0.7 dB across the entire 100 MHz-6 GHz band!
All of our GVA models are extremely broadband, with a wide
dynamic range and the right gain to fit your application.
Based on high-performance InGaP HBT technology, these
patented amplifiers cover DC* to 7 GHz, with a gain
selection of 10, 15, 20 or 24 dB (at 1 GHz). They all provide
better than +20 dBm typical output power, with typical IP3

*Low frequency cut-off determined by coupling cap,
except for GVA-62+ and GVA-63+ low cutoff at 10 MHz.

US patent 6,943,629

D C to 7 GHZ from 94¢ea (qty.1000)

performance as high as +41 dBm at 1 GHz. Supplied in
RoHS-compliant, SOT-89 housings, low-cost GVA amplifiers
feature excellent input/output return loss and high reverse
isolation. With built-in ESD protection, GVA amplifiers are
unconditionally stable and designed for a single 5V supply.
Just go to minicircuits.com for technical specifications,
performance data, export info, pricing, and everything you
need to choose your GVA today!
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GPS/GNSS IC Market on Course to Break

$2 B in 2012

he GNSS IC market is showing steady revenue
T growth in 2012, with the industry now setting its

sights on the next major milestone: $3 billion. The
smartphone market remains over 70 percent of revenue in
2012, but is an increasingly difficult market for standalone
GPS IC vendors. For those that remain, indoor location
will be the next major make-or-break technology, while
also presenting the potential to generate additional reve-
nue, as illustrated by Qualcomm’s IZat platform. However,
in the latest edition of its GPS & GNSS Market Data, ABI
Research is forecasting that, as the overall GNSS market
continues to grow, cellular will become less important, de-
clining to approximately 55 percent of revenues in 2017.
The reason is the changing landscape of the GNSS market,
as new opportunities emerge across a range of portable de-
vice markets.

As illustrated, ABI Research is forecasting a major
shift in the market mix for GPS ICs, as new markets
emerge around tablets, cameras, femtocells, M2M, fit-
ness, and personal tracking and IC vendors become
less reliant on the more traditional PND and the in-car
markets. This should create opportunities for combo-
ICs modules, indoor and software-based implementa-
tions. Senior analyst Patrick Connolly commented, “All
major vendors are reassessing their design approaches
for emerging markets, by U-Blox’s acquisition of Fastrax
and the recent CSR-Samsung deal.” Practice director
Dominique Bonte added, “Breaking $2 billion illustrates
how valuable the consumer GNSS IC market has be-
come. The year 2013 will bring significant change and
opportunities to the market, with new indoor technolo-
gies, emerging vertical markets, and competitors.”

Non-cellular GPS/GNSS IC Markets
100

« \ D Emerging Markets

80 [ Femtocell
70 [ Personal Tracking

60 [I Digital Camera
50 B In-Car

40 I PND

30 [ Fitness

20 [ Tablet
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10 [ Portable Computing
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Commercial Market

Dan Massé, Associate Technical Editor

RF PA Sales for Wireless Infrastructure

Should Top $2.4 B
A Ithough 2012 turned out to be an off year for RF

power amplifiers and devices for wireless infrastruc-

ture, the market still held its own. The current year
should be viewed as a breathing space before both seg-
ments resume stable and moderate growth after an explo-
sive 2011.

The Asia-Pacific region, including Japan, continues to
account for over 75 percent of the RF power semiconduc-
tor devices that are sold into the mobile wireless infrastruc-
ture segment. According to research director Lance Wil-
son, “For the foreseeable future the Asia-Pacific region,
particularly China, will remain the most important region
and focus for RF power amplifiers and high-power RF de-
vices for wireless infrastructure.”

Despite the off year, RF power amplifier sales for wire-
less infrastructure will top $2.4 billion and RF power de-
vice sales will be over $600 million. LTE will become an
increasingly important factor in both of these businesses
even though the rollout has not been as rapid as the in-
dustry would like. Nevertheless, it is already worldwide in
scope.

“Although LTE has not significantly impacted RF pow-
er amplifier and device sales as of yet,” says Wilson, “it is
going to bolster RF power sales in the wireless infrastruc-
ture space from 2012 on.”

The continuing overall need for wireless data remains
an important driver for the overall market for both RF
power amplifiers and RF power devices.

60 GHz Enabled Device Shipments to
Exceed 1 Billion Units per Annum

looks set to emerge from a niche technology to

a mass market solution. The main enabler has
been the linking of the WiGig Alliance with the Wi-
Fi Alliance and the forthcoming ratification of the
802.11ad standard which will encourage more Wi-Fi IC
vendors to add 1lad to future tri-band solutions (i.e.,
11n/1lac/11ad).

The partnership between Wi-Gig vendor Wilocity and
Wi-Fi vendor Qualcomm Atheros to produce tri-band so-
lutions is starting to bear fruit as Dell was the first to an-
nounce an ultrabook product with WiGig/802.11ad.

“Market growth is expected to be slow for the next two
years with ultrabooks and peripherals being the initial pri-
mary market, driven by the need for ultra-fast data transfer
for docking and display applications,” commented Peter
Cooney, wireless connectivity practice director. “Media
tablets are expected to be the next market to embrace the
technology, primarily for media streaming.” These find-

A fter many years of waiting, 60 GHz technology

Go to mwjournal.com for more commercial market news items ;\‘
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ings come from the new study “60 GHz Technology, 11ad
Dn\ma Market Growth,” which is part of ABI Research’s
Wi-Fi 1esemch service.

802.11n/802.11ac/802.11ad (tri-band) 802.11ad (WIGIG)
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Mobile Data Roamers to Generate Over
$35 B in Revenue by 2017
A new report from Juniper Research forecasts that

mobile data roaming revenues will grow by 21 per-
cent per year l)et\\ een 2012 and 7011 1ed(hlnﬂ

B Hsmsuuu

| Iqu_ Lo Fh.v\i:

over $35 billion in 2017, driven by an increasing number
of active data roamers using data services Whlle abroad.
However, the report notes l’]]dt the number of silent data
roamers, not actively using any data services, still fear bill
shock, as this continues to be mall\edl\ higher when com-
pared to silent voice roamers. Silent roamers exercise cau-
tion or do not use voice and data services while roaming
and represent a non-user segment.

Powered by the p]ohfuatlon in smar tphon(s and
a dramatic growth in data usage, data roaming is being
seen as a key growth driver for operators, albeit with cost-
effective packages coupled with subscriber control over
usage.

The report found that the majority of mobile custom-
ers were using voice services when roaming abroad, but
this offered network operators little oppoltlmit\ to add

value or enhance services. Data roaming, on the other

hand, provided operators with the opportunity to con-
vert ‘non data’ roamers to become active data roamers
by the introduction of data bundles and roaming plans.
The new report, “Mobile Roaming: Challenges, ()ppm—
tunities & Market Forecasts 7()12 2017,” obsel\ ed that
as data ro: nnnor revenues grow and instant nleqsacrmc
apps pmhfeldte, SMS roaming ddOPtIOH and revenue
growth will remain modest, relative to data and voice
revenues.

LOCAL ®SCILLATORS

IN-PLL SYNTHESIZERS
1log architecture
LO generation, providing

HSM SERIES: NC

The unique digital to
is ideal for

|n-:ius.tr3,|r leading stability. These rugged,
| sources are avallable in 6 broadband
madels cauermg a range of 250kHz to 18GHz.

Ultra low phase nc spectral pl.lfltjf and fast
smtchmg are just a fr—:-w of many )

18GHz Phase Noise Data
1 108 dBo/Hr at 10kHz Offsel

{ B6GHz Phase Noise Data
I\ -118 dBe/Hz al 10kHz Offset

i0 100 1k 10k

holzworth

instrumentation

|( 1GHz Phase Moise Data
|\_ -134 dBoHz at 10kHz Offset

100k 1M

phone: +1.303.325.3473


http://www.holzworth.com
http://www.holzworth.com/HSM.htm

Why Settle for <80dBm IIP2?

RFy

e 4

LOwy

LTC5585

A

P2
ADJ

OFFSET
ADJ

LTC2158-12
310Msps ADC

True Zero-IF with >530MHz I/Q Demodulation Bandwidth,

IIP2 and Offset Tuning

Achieve a high performance true ZIF receiver using the LTC®5585 1/Q demodulator with integrated adjustable IIP2 to
>80dBm and DC offset nulling. With tuning, its 530MHz demodulation bandwidth can be extended to over 600MHz at
gain flatness of +0.5dB.

Features LTC5584 LTC5585
Frequency Range | 30MHz to 1.4GHz | 700MHz to 3GHz
v Demodulation | gao; >530MHz
1IP3 31dBm@450MHz | 25.7dBm @1.9GHz
Adjustable 11P2 >80dBm >80dBm

Do Offsetl Yes Yes
Cancellation

11P2 (dBm)

LY HNER

120
110
100
90
80
70
60

4
0 0.10.20.3040.50.6 0.7 0.8 0.9 1.0

IIP2 Optimization vs Trim Voltage

-=0,-40°C fgr = 700MHz
--0,25°C

--0Q, 85°C

--0,105°C

WV Info & Free Samples

www.linear.com/IQdemod

IP21, 1P20 (V)

1-800-4-LINEAR

www.linear.com/dn1027

AT, LT, LTC, LTM, Linear Technology and the Linear logo are
2 de ks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.



http://www.linear.com/IQdemod
http://www.linear.com/dn1027

Around the Circuit

Laura Glazer, Staff Editor

INDUSTRY NEWS

National Instruments has acquired Signalion GmbH
based in Dresden, Germany. The acquisition delivers
strong wireless communications talent and technologies
to the NI platform, which are critical to NI's goal to con-
tinue to drive long term growth in the communications
test industry. Signalion founders, Dr. Tim Hentschel
and Dr. Thorsten Driger, will remain with the compa-
ny as co-managing directors, and work closely with NI
R&D to evolve the capabilities of NI LabVIEW system
design software and modular PXI hardware for wireless
test applications. Signalion will continue to operate as
a wholly owned NI subsidiary and to sell and support
its products through its direct, distributor and OEM
channels.

Carlisle Companies Inc. announced the signing of a
definitive agreement to acquire the Thermax-Raydex
business. The Thermax-Raydex business is a unit of
Belden Inc. of St. Louis, MO. The transaction is struc-
tured as a purchase of the assets of Thermax and the
stock of Raydex/CDT Ltd. both for a combined enter-
prise value of $265 million. The transaction is subject
to customary closing conditions, including regulatory
clearance, and is expected to close by December 31,
2012. The acquisition is expected to be accretive to Car-
lisle in the first year.

NXP Semiconductors and Audi have signed a strategic
partnership for innovation. The partnership focuses on in-
novation speed and time to market in eight selected au-
tomotive electronics application segments ranging from
long-established core leadership positions of NXP’s auto-
motive business, such as in-vehicle networking and car en-
tertainment, to emerging technologies for the connected
car. This includes Car-to-X communications, telematics,
Near Field Communications (NFC), and high-voltage con-
trols for electrical vehicles.

Agilent Technologies Inc. and the Wireless Institute at
the University of Notre Dame announced that they will
establish a collaborative research initiative aimed at devel-
oping the next generation of multiple-input, multiple-out-
put wireless technologies. Agilent and researchers at the
Wireless Institute have established a core test facility with
real-time, broadband signal generation and channel emu-
lation for MIMO wireless systems with up to four transmit-
ter antennas and four receiver antennas.

Rakon and Symmetricom Inc. announced that Rakon has
joined Symmetricom’s SyncWorld Ecosystem Program.
Symmetricom has established the SyncWorld Ecosystem
Program to enable interoperability and cooperation among
vendors who will deliver on service providers” advanced
networking requirements.

For up-to-date news briefs, visit mwjournal.com ;\#

64

RFMW Ltd. announced the relocation of its worldwide
headquarters in San Jose, CA. “Beyond the additional
warehouse space, we'll have more office space for the prod-
uct management, sales marketing, operations and logistics
teams necessary to serve our suppliers and customers for
the long term,” said Joel Levine, president of REMW Litd.

TT electronics expanded its North American operations
in Mexicali, Mexico with a new state-of-the-art produc-
tion facility for the company’s portfolio of variable and
passive components. The addition of the approximately
68,000 square foot facility, along with a 33 percent ex-
pansion of the existing factory, will bring new produc-
tion lines to the campus, and will allow the company to
significantly increase its local employee base during the
next year.

Thales Canada announced that its R&D facility in Parc
du Technologique is now an official Thales Research and
Technology center — the fifth in the world and first in North
America. The inauguration of the new facility will strength-
en Thales Canada’s role beyond development to research,
maintaining a leading position with the creation and trans-
fer of technologies. The company hopes the center will
bolster the region’s innovation network. There will be a
strong push to increase research partnerships and work in
established research consortia or networks like CRIAQ,
PROMPT and GARDN.

Focus Microwaves’ first European subsidiary opened in
Ottobrunn, Germany, near Munich. The new sales and
support office is serving customers throughout Europe,
Turkey, Israel and Russia and is headed by Matthias Beer, a
former product manager for vector network analyzers from
Rohde & Schwarz. Focus Microwaves is now present in
three major regions of the world: Europe, Asia and North
America.

eesy-ic has opened a new design center in Nuremberg,
Germany. The new location should increase the coopera-
tion with the University of Erlangen-Nuremberg to ensure
dynamic growth.

Skyworks Solutions Inc. announced that it is power-
ing several smartphone platforms that are leveraging
Microsoft’s new Windows 8 operating system. With the
addition of this latest OS, Skyworks’ products are now en-
abling all major smartphone and tablet operating systems.

TLayers announced that it is the first independent test lab
to measure Envelope Correlation Coefficient (ECC). ECC
and its measurement is an important parameter to con-
sider when developing an LTE device supporting MIMO
antenna systems. 7Layers ability to test and measure the
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Around the Circuit

ECC represent a major step forward in helping LTE de-
vices reach higher spectral efficiency and achieve faster
data rates.

ATW Companies announced that its East Providence,
RI-based Parmatech Corp. subsidiary has received ISO
9001:2008 certification for its quality management system.
The three-year certificate covers the manufacture of pow-
der-injection-molded products for a wide range of industri-
al applications. Parmatech’s Rhode Island facility received
the 1SO 9001:2008 certification following a rigorous audit
conducted by TUV Rheinland of North America Inc., an
accredited third-party registrar.

The Next Generation Mobile Networks (NGMN) Board
has welcomed the launch of the second LTE Patent Pool
managed by SISVEL and combining the patent portfolios
of another seven companies. The second LTE patent pool
launched by SISVEL underlines the importance of patent
pools in the mobile industry and stresses the willingness
of companies to participate actively in them. With Orange
- France Telecom and KPN, two more members of the
NGMN Alliance have now joined patent pool activities.

Delta Microwave is proud to have supported the launch
of NASA’s radiation belt storm probes (RBSP). Delta
Microwave GPS filter/amplifiers are used in the United
Launch Alliance Atlas V rocket for range safety during
launch.

CONTRACTS

ITT Exelis has been awarded an indefinite delivery, in-
definite quantity contract from the U.S. Army to provide
Generation 3 aviation night vision systems, spare parts and
accessories. The contract allows Exelis to compete for de-
liveries of the AN/AVS-6 aviator night vision goggle and
spare aviation image intensifiers during a five year period.
The contract is valued at up to $217.5 million.

e2v has signed a new multi-year contract with Accuray
Inc., based in Sunnyvale, CA, for the supply of compact
modulators and magnetrons for its TomoTherapy®Hi-Art®
System, used for the treatment of cancer. Worth a mini-
mum of £20 million, the contract covers a five year period
for the exclusive supply of magnetrons and a three year
period for the supply of compact modulators, both from
e2v’s RF power division based in Chelmsford, UK.

Ceragon Networks Ltd. announced follow-on orders of
more than $6.5 million with Mozambique Cellular (mcel)
to expand the carrier’s microwave network, first established
in 2010. Ceragon is extending mcel’s backbone network
from Beira in central Mozambique to Nampula in the
north of the country, as well as upgrading access links na-
tionwide, providing the only broadband connection avail-
able for millions of Mozambicans.

AR Modular RF has received a large order from the U.S.

Navy for its KMWI1031KT 20 W, 30 to 512 MHz booster
amplifier kit. The portable, lightweight, fully-automatic
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Around the Circuit

band-switching RF booster amplifier kit is fully compat-
ible with legacy and newly emerging signal waveforms.
Designed for use with nearly all modern single and multi-
band VHF/UHF tactical radio equipment, the kit includes
the KMW1031 booster amplifier, the amplifier pouch, a 30
to 512 MHz LOS antenna and antenna holder, along with
aradio, battery and antenna cables.

Cassidian has won a contract to expand the metro cover-
age of Beijing Government Shared Radio Network. The
expansion of the TETRA network will improve the net-
work coverage and provide communication and service for
Beijing metro police to ensure the security of metro opera-
tion. Cassidian will provide 24 TB3 base stations and four
TTRX transmitter-receiver units to expand the coverage of
the new metro lines. The delivery and implementation will
take place in 2013 and 2014.

Cambridge Consultants has been selected by Iridium
Communications Inc. to play a key role in the deploy-
ment of Iridium NEXT, the company’s second-generation
satellite constellation a significant commercial space pro-
gram, which is expected to begin launching in early 2015.
Cambridge Consultants will spearhead subscriber equip-
ment technology development for the constellation, which
will cover the entire globe. It will also provide input into
the broader satellite and ground infrastructure system de-
sign upon which Iridium NEXT is being built.

PERSONNEL

| CTS Corp. announced the appointment
| of Kieran O’Sullivan to the position of
president and chief executive officer.
O’Sullivan brings over twenty-five years
of executive leadership experience in
high-growth, technology companies.
Previously, O’Sullivan was executive
vice president of Continental AG’s
Global Infotainment and Connectivity Business and lead
of the NAFTA Interior Division, having joined Continental
AG in 2006 as part of the acquisition of Motorola’s
Automotive Electronics Business.

A Kieran O'Sullivan

Mercury Systems Inc. announced the appointment of
Paul Monticciolo as chief technology officer. Most re-
cently, he served as president and general manager of the
company’s former Mercury Federal Systems division.
Monticciolo joined Mercury Systems in
July 2010, when he immediately be-
came involved in critical ISR systems
and solutions. Prior to his appointment
as CTO, he served as president and gen-
eral manager of Mercury Federal
Systems. Prior to Mercury Systems,
Monticciolo held several key positions
during his 20-year tenure at MIT’s
Lincoln Laboratory.

A Paul Monticciolo

Crane Aerospace & Electronics announced the appoint-
ment of Greg Gomez-Cornejo as vice president of op-
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Around the Circuit

erations of the Electronics Group of Crane Aerospace &
Electronics. In his role, Gomez-Cornejo is responsible for
operations and supply chain for all of Electronics Group
locations, including Beverly, MA, Chandler, AZ, Ft. Walton
Beach, FL, Redmond, WA, West Caldwell, NJ, Kaohsiung,
Taiwan and San Jose, Costa Rica. He will be located in
Redmond, WA. Gomez-Cornejo has over 15 years of expe-
rience in operations and supply chain.

Michael ). Sisto has joined Lemko
Corp. as vice president of sales. Sisto
has nearly three decades of technology
and  telecommunications  expertise
working for IBM, AT&T, Lucent
Technologies and Hewlett-Packard. He
will spearhead Lemko’s sales efforts in
the rapidly growing mobile enterprise
space. Prior to joining Lemko, Sisto spent 10 years with
IBM. Sisto is a senior faculty member at the Keller
Graduate School of Management, having taught more than
35 networking and technology courses since 1999.

A Michael ). Sisto

Ulrich Jakobus, FEKO product man-
ager and director of EM Software &
Systems-S.A. (Pty) Ltd. has been
named an IEEE Fellow. He is being
recognized for leadership in hybrid
computational tool development and
commercialization. Jakobus™ leadership
over the past two decades has had a
lasting impact on the productivity of
electromagnetic applications engineers all over the world.
His contributions brought hybrid computational electro-
magnetic tools to practice and transformed these into
FEKO, a successful commercial package.

A Ulrich Jakobus

REP APPOINTMENTS

Laird Technologies Inc. has signed a distribution
agreement with Avnet Abacus for its Electromagnetic
Interference (EMI) and Thermal Management product
lines. With this agreement, Avnet Abacus customers in
Austria, Germany and Switzerland will have access to Laird
Technologies” EMI and Thermal Management solutions.

NuWaves Engineering has added E.G. Holmes &
Associates Inc. as an authorized representative of its com-
mercial off-the-shelf products and design services for the
Southeast region of the U.S.

PEl-Genesis Inc. has been named by Amphenol
Aerospace as value-added assembler for its micro-minia-
ture 2M connectors.

TotalTemp Technologies Inc. has appointed a sales rep-
resentative group in the Northern California area, Semi
Test Solutions Inc. They will be handling product sales
for Total Temp’s next generation thermal platform systems
(hot/cold plates), temperature controllers and custom en-
gineered solutions.
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Rugged, tiny ceramic SIM mixers from T ea. gty. 1000
offer unprecedented wide band, high frequency
performance while maintaining low conversion
loss, high isolation, and high IP3.

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

0.2"x 018"

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

INVITED PAPER

AULOS, A Passive
Covert Radar System

assive sensors do not emit electromag-
Pnetic waves, but exploit those produced

by sources of opportunity (FM radio sig-
nals, telecommunications equipment, other ra-
dars, etc.). They are therefore compatible with
the environment (do not generate additional
electromagnetic pollution) and can also oper-
ate in close proximity to residential areas and,
more specifically, in an urban environment. In
addition, passive sensors face the erosion of
the electromagnetic spectrum due to the wide-
spread of telecommunications equipment and
carry out effectively the surveillance function,
not only for the purposes of military defense,
but also for homeland security. Furthermore,
passive sensors operate in a covert manner and
are not subject to electromagnetic interference
or intentional threat, surviving where an active
sensor may fail its mission.

AULOS, SELEX Sistemi Integratis new
green system, is the result of many years of
R&D, some undertaken in concert with the
Terrestrial Armaments Department of the Ital-
ian Ministry of Defense (MoD). AULOS is a
technologically advanced sensor developed en-
tirely on the basis of a “soft radar” approach,
involving signal sampling directly at carrier
frequency using commercial-off-the-shelf

(COTS) devices for signal reception and digital
processing. There are plans in the immediate
future to develop, in the mobile version, the
digital terrestrial television as a ready-made
source for use alongside the frequency modu-
lation (FM) radio signal. The resulting bi-band
system will offer great flexibility for potential
use in a variety of operating conditions and will
increase the estimation of the target position.
A passive radar, usually referred to as pas-
sive covert radar (PCR) or passive coherent lo-
cation (PCL), is considered “passive” because
it does not have its own transmitter but exploits
one or more transmitters of opportunity locat-
ed somewhere in the countryside. This means
that a passive radar does not add a single mil-
lijoule to the RF energy already present in the
environment. It is a receiving equipment de-
signed to detect and track targets illuminated
by one or more broadcast stations, for exam-

R. FuLcoL1, M. SEDEHI, E. TILLI

AND L. TIMMONERI
SELEX Sistemi Integrati, Rome, Italy

B. EGED, R. FIENGO, F. PERSIA AND

S. THOMPSON
National Instruments, Austin, TX
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Extend Network Analyzers to the mm-Wave Frontier:
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antenna, balanced/differential, multiport and material measurements
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e | owest overall system cost by leveraging 20 GHz VNA models

¢ Industry-leading directivity & match delivers ultra-stable calibrations

e Unmatched 25 dB manual power control with optional attenuator

e Industry’s first RoHS compliant models: WR-10, WR-05, WR-03 & WR-02.2

e Premium accessories: waveguide calibration kits, sections and S-bends

e Industry’s best warranty (2-years) and best delivery for popular models

Visit www.omlinc.com for more information.

Innovation in Millimeter Wave Measurements
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Technical Feature

A Fig. 1 Passive radar working principle.

ple, FM radio, digital audio broadcast
(DAB), and digital video broadcasting
television (DVB-T). Figure 1 depicts
the passive radar working principle.
Though the principle of passive ra-
dar has been known for decades, it has
only recently been of growing interest
to research laboratories, universities
and industries interested in passive
locations. The reason is related to the
technology achievements of the last

_:"IE'.L’.‘.EH'Q_F.j:l.'lr =
< e f A Fig. 2 Mobile passive radar developed in SELEX Sistemi Integrati.

few years, mainly in the field of digital
electronics. Today, powerful comput-
ers and fast, high-dynamic, digitizers
are available on the market for rela-
tively low prices.

Passive sensors may be adopted in
a number of applications, most nota-
bly for surveillance and environmen-
tal protection. Passive sensors may be
used to monitor airports, ports, criti-
cal infrastructure (for example, power

Apsm- |

LOOK TO NORDEN FOR-
RADAR COMPONENT'

stations and water plants) and infor-
mation media stations. When it comes
to coastal surveillance, passive radars
are still expected to offer a number of
advantages in terms of eco-compati-
bility and sustainability. In fact, they
can be installed even in protected and
previously restricted areas reasonably,
without giving either environmental
groups or the residential population
reason for concern. Moreover, passive
radars may be employed as a gap-filler
for traditional surveillance systems
(for example, coverage beyond 20° el-
evation) or as an adjunct to air traffic
control, particularly for small aircraft
without sophisticated ~instrumenta-
tion. It can also be used to monitor
commercial and military air traffic up
to a distance of several hundred kilo-
metres, and follow targets with very
small radar cross-section values com-
pared to normal radar frequencies,
when enhanced through the use of
FM bandwidth.

SELEX Sistemi Integrati has com-
pleted the testing of two prototypes of
fixed passive radars operating in the
FM band!-3 and has started the inte-
gration activities of a mobile passive
radar hosted in a motor home using
FM source of opportunity (see Fig-
ure 2). The mobile system has been
designed to do the following:

* Allow the reception and processing
of FM signals (under integration).

¢ Allow the reception and processing
of DVB-T signals* for future devel-
opment.

* Move and deploy an antenna array
on a telescopic pole.

* Host comfortably more than one
operator.

¢ Control power supply.

e THost the human machine interface
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Technical Feature

l GOOD ACCURACY AND
SITE ESTIMATION

Il GOOD ACCURACY

O LIMITED ACCURACY

RECEIVER

SHORT RANGE

3D

DVB

SYNTHESIS

M

MEDIUM RANGE

A Fio. 3 Accuracy and detection range of the analyzed frequenc
g Yy g Yy q Y

between the opera-
tor and the passive
radar.

RATIONALE OF
MULTI-BAND
DEVELOPMENT
The goal of a
radar sensor is to
obtain a long de-
tection range, large
volumetric coverage
(in elevation) and
excellent range and
angle resolution (re-
lated to the instan-
taneous bandwidth
of the signal). To

bands? maximize the per-
TABLE |
EXPECTED PERFORMANCE IN DIFFERENT BANDS
Source  Detection Elevation Range Angular Doppler  Ambiquity
Range Coverage  Resolution Resolution Resolution Function

FM ++ ++ - - ++ -
DVB-T - - 4 ++ - ++
DAB + + ++ + - ++

Excellanca is not gained in one day!
Cudon‘rfzh‘ng RF and Microwave Filters with excellence is what

Many filter types can be designed

Anatech Electronics is all about
With over 40 years of experience

Such as switched filter banks, multiplexers, multi-band combiners, and many more

For more information...

CALL OR E-MAIL US TODAY! ANATECHELECTRONICS.COM A Mcrf

LR WER SPORE

973.772.4242 - sales@anatechelectronics.com amcrecom
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formance of the passive radar, the fol-
lowing sources have been taken into
consideration:

1. FM band

2. DVB-T band

3. DAB band

DAB (190 to 230 MHz) is an in-
ternational standard for digital broad-
casting for mobile reception. DAB al-
lows a channel to distribute multiple
radio networks and provides the re-
ceived signal absolutely free of noise
and interference.

Figure 3 shows a simplified volu-
metric coverage that can be obtained
using DVB-T, DAB and FM as a source
of opportunity for passive sensors. Ta-
ble 1 qualitatively synthesizes the ex-
pected performance of the passive sen-
sors operating on the different bands.

From the analysis of Figure 3 and
Table 1, it is easy to understand the
choice to develop a system that com-
bines dual-band characteristics of FM
and DVB-T in the future. The result-
ing sensor will combine the best fea-
tures of the analyzed frequency bands,
thus achieving long-range detection
and fine range and angular resolu-
tion. Future research items will then
be related to a dual band (FM and
DVB-T) mobile radar equipped with
two circular arrays (uniform circular
array [UCA]) having half wavelength
dipoles as radiating elements. One of
the arrays will be devoted to the FM
band and the other to the DVB-T
band. The system will be based on a
digital beamforming (DBF) technique
and it will employ the contemporane-
ous reception of multiple sources of

opportunity.

SYSTEM DESIGN DRIVERS
High Level System Requirements
Passive radar deals with weak ech-
oes for detecting small targets, mak-
ing it necessary to acquire several
RF channels using a MIMO receiver
with a good trade-off between sen-
sitivity and dynamic range. Direct
sampling of the FM band helps to
reduce the complexity and the cost of
the receiver, but requires a hardware
platform able to manage and process
the associated high data throughput.
In-line (real-time) pre-processing of
the signals for implementing multiple
digital down conversions (DDC) and
fractional resampling helps to select
and forward the data associated to
the frequency bands of interest to the
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HIGH POWER BROAD BAND

LIMITERS
0.5 - 12 GHz

R 40 WATT CW

Technical Feature
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A Fig. 4 Simplified V-model of AULOS.
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units (see Figure

4). Tt also accelerated the transition
between system life cycle phases be-
cause of heavy hardware and software
reuse, thereby reducing the total cost
and shortening time-to-market.

Hardware Solution

Not only did the National Instru-
ments (NI) PXI platform meet the
adaptability needs of the design, but it
delivered the high quality timing and
synchronization capabilities required to
simultaneously sample the FM stations.
Moreover, NI offers a wide selection of
PXI RF front ends to cover multiple RF
bands and the ability to move the data
between all the instrumentation hosted
in a chassis at a real-time rate for cov-
ering multi-channel acquisition and in-
line signal processing by FPGA.

The sampling of the signals com-
ing from the antenna was performed
using the high-dynamic range and
wideband NI PXIe-5622 high-speed
digitizer. Then, thanks to the high data
throughput of the PXI Express chas-
sis (more than 800 MB/s per slot), the
data was moved to an FPGA for per-
forming the DDC. In this manner, the
seamless integration of the digitizer
and FPGA provides the software de-
fined receiver (SDR) implementation
for AULOSY10 (see Figure 5). Final-
ly, the data is transferred to the pow-
erful additional signal processing unit,
based on CPU or GPU elements, for
implementing the radar processing al-
gorithms to detect very weak echoes
from the target that are deeply buried
in the noise.

A Fig. 5 Architecture of the software defined receiver.
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Low Noise AMPLIFIERS

New Low Noise, High Linearity Solutions for Backhaul & SATCOM

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

HMC1049LP5E Low Noise Amplifier Covers 0.3 to 20 GHz

Noise Figure vs. Temperature

¢ Low Noise Figure: 1.8 dB
4 High Gain: 15 dB

4 P1dB Output Power:
¢ Output IP3: +29 dBm
¢ Supply Voltage: Vdd = +7V @ 70mA

NOISE FIGURE (dB)

+14.5 dBm

FREQUENCY (GHz)

A SELECTION OF OUR LOW NOISE AMPLIFIERS
Part Frequency Function Gain OIP3 NF P1dB Bias Package
Number (GHz) (dB) (dBm) (dB) (dBm) Supply

NEW! HMC1049LP5E 0.3-20 Wideband LNA 15 29 1.8 15 +7V @ 70mA LP5
HMC902LP3E 5-10 Low Noise 19 28 1.8 16 +3.5V @ 80mA LP3
HMC903LP3E 6-17 Low Noise 18 25 1.7 14 +3.5V @ 80mA LP3
HMC963LC4 6-26.5 Low Noise 22 18 2.5 10 +3.5V @ 45mA LC4
HMC564LC4 7-14 Low Noise 17 25 1.8 13 +3V @ 51mA LC4
HMC962LC4 7.5-26.5 Low Noise 13 23 2.5 13 +3.5V @ 70mA LC4
HMC751LC4 17 -27 Low Noise 25 25 2.2 13 +4V @ 73mA LC4
HMC519LC4 18 - 31 Low Noise 15 23 35 11 +3V @ 75mA LC4
HMC752LC4 [1] 24 -28 Low Noise 25 26 2.5 13 +3V @ 70mA LC4

NEW! HMC1040LP3CE 24 -435 Low Noise 22 22 27 12 +2.5V @ 70mA LP3C
HMC566LP4E 28 - 36 Low Noise 21 24 2.8 12 +3V @ 82mA LP4
HMC-ALH376 35-45 Low Noise 16 - 2 6 +4V @ 87mA Chip
HMC-ALH382 [1] 57 - 65 Low Noise 21 - 4 12 +2.5V @ 64mA Chip
HMC-ALH509 71 -86 Low Noise 14 - 5 7 +2V @ 50mA Chip

[1] Amplifiers that benefit from Hittite Active Bias Controllers

Ideal for Driving the LO Port of Hittite's
Balanced, 1/Q & Image Reject Mixers

v v ._v' g
@ I t t I t€ Visit Us: www.hittite.com
Contact Us: sales@hittite.com

2 Elizabeth Drive « Chelmsford, MA 01824
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RF,MICROWAVE & MILLIMETER-WAVE

COMPOMENTS AND SUB-SYSTEMS

FILTERS/DIPLEXERS
SOURCES UP TO 160GHE

TERMINATIONS/LOADS UP TO 180GH
MIXERS(UP TO 110GHz)

ATTENUATORS(UP TO 1E-DGHI:|
DETECTORS(UP TO 160GHzZ)

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

POWER COMBINERS/DIVIDERS EQUALIZERS
CABLES

ASSEMBLIES/CONNECTORS (UP TO 100GHz)
SUB-SYSTEMS (UP T
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Technical Feature

Software Solution
The AULOS

project faced a pro-

gramming challenge
for:

1. Implementing an
SDR, which deals
with multiple ac-
quisition  chan-
nels and multiple
DDCs.

2. Having benefited
from  heteroge-
neous comput-
ing (GPP, GPU,
FPGA) for the
complex algo-
rithm implementation.

3. Pursuing an integrated product and
process development.

Graphical system design method-
ology, such as the one offered by NI
LabVIEW system design software,
was one approach for handling this
programming challenge. NI's ap-
proach to graphical system design
helped the project team reuse soft-
ware and hardware from design to
prototyping to deployment of the pas-

sive radar system (see Figure 6).

Use of Graphics Processing Unit for
Signal and Data Processing

In this section, the work done for
mapping the passive radar signal and
data processing on GPU-based de-
vices is briefly reported. M. Bernaschi
et al. provides many more details on
the subject.” The total amount of
data received by a typical processor of

A Fig. 6 Hardware platform integration on PXI platform.

a passive radar can vary between 0.5
and 1 Gbit/s, depending on the num-
ber of sources and the desired time
for processing. This huge amount of
data must be handled in real time,
possibly using the most compact and
least energy consuming hardware sys-
tem available. It has been demonstrat-
ed that the combined use of GPU and

CPU is the best suitable solution for

combining performance and power

consumption.® In fact the following
observations were made:

e The use of CPU cores allows the ef-
ficient management of flow control
and the implementation of mainly
serial pieces of code.

e The use of GPU cores allows the
execution of intrinsic parallel code
as fast as possible with low power
consumption and frees CPU cores
to be used in other tasks.

* The integration of the entire sys-

PCL-PROCESSING

76 B CPU+GPU (Multi-Thread)

H Intel Xeon (16-Threads)
O Intel Core 2 Duo

@ GPU nVidia GeForceGTX480 (Multi Thread)

E IBM CELL
[ Intel Xeon (Mono Thread)
B GPU nVidia C2050 (Multi Thread)

6410
6420
| [l | | | 1
()} 1000 2000 3000 4000 5000 6000 7000
EXECUTION TIME (ms)

A Fig. 7 Comparison among execution time for different implementations of the entire PCL

processing.
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60 GHz TRANSCEIVERS

New Antenna-in-Package Transceiver Products for 60 GHz

Analog, Digital & Mixed-Signal H Ij;l
ICs, Modules, Subsystems & Instrumentation \ ‘ 2
'SupportsiWiGig/IEEE{802%11adiMultizGbps
¢ High Output Power Silicon Germanium

#® Covers 57 - 64 GHz Frequency Band
# Complete Analog Baseband to RF Solution

¢ Integrated Frequency Synthesizer
$ Universal Analog I/Q Baseband Interface
"% Upito'1.8/.GHz RF Bandwidth

HMCG6001 Receiver

60 GHz Transceiver Solutions - Available in Die Form & Antenna-in-Package Solutions

Frequency Function Ar]tenna. P1dB NF l\_/lax. .Gain Phase Noise @ ) .Pom{er Part
(GHz) Gain (dBi) (dBm) (dB) Gain (dB) Adjust(dB) 1 MHz (dBc/Hz) Dissipation (W) Number
57 to 64 60 GHz Integrated Tx - 12 - 38 17 -86 0.8 HMC6000
NEW! 57t064 60 GHz Tx w/ Integrated Antenna 7.5 11 - 38 17 -86 0.8 HMC6000LP711E
57 to 64 60 GHz Integrated Rx - - 6 67 65 -86 0.6 HMC6001
NEW! 57t064 60 GHz Rx w/ Integrated Antenna 7.5 - 7 67 65 -86 0.6 HMC6001LP711E
NEW! 57to 64 60 GHz Tx / Rx Evaluation Kit 7.5 1 7 - - -86 - HMC6450
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tem becomes [ —E—_—— -
easier. A 16 Core [ t= d—
Intel Xeon pro- [#= === ot
cessor and one | TEoTT ==
or two nVidia it s
GeForce GTX o
580 are able to | ==
solve the compu-
tational problem I
for the combined
use of FM radio
and DAB-DVB-T
signals.
¢ Power consump-
tion decreases to
the minimum.
Figure 7 com- | | = === ™ somny |
pares the Perfor‘ AFig.S Spectrum of multiple DVB-T transmitters in the receiver.

mance of different

computational devices as an example
of the achieved results. The execution
time of typical PCL processing chains
(adaptive interference cancellation,
formation of range-Doppler maps and
CFAR) has been selected for compar-
ison purpose.

The most convenient approach in
the implementation of signal process-
ing for modern PCL systems turns out
to coincide with the most common
way used nowadays in developing cal-
culus intensive software: the hybrid
approach. This kind of approach uses
the GPU cores only for the algorithms
that can exploit the high parallel com-
putational power of the GPU devices.
The CPU, on the other hand, is used
for the intrinsically serial algorithms
and for all the code that requires a

high level of complexity.

CONCLUSION

The current RF signal reception
and acquisition technology makes it
possible to implement SDR for pas-
sive radar detection. Thanks to the
wideband and high dynamic range of
high speed digitizers, the sampled FM
signals are processed using an FPGA
that performs the in-line signal chan-
nelization. The whole platform was
integrated in an NI PXI chassis, deliv-
ering a compact form factor for design
and deployment in mobile stations. All
the critical, real-time software compo-
nents are implemented in LabVIEW.
Also, the technology makes it possible
to receive and process multiple chan-
nels of DVB-T transmitters providing
more accurate target detection and lo-
calization (see Figure 8).
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A Fig. 1 Typical spiral radiation pattern.
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-180

Spiral Antenna

Design

Considerations

This article describes a planar spiral antenna structure and its electrical

characteristics. To avoid complex mathematical discussions that may be

unnecessary for general readers, planar spiral design techniques are described

in qualitative rather than quantitative terms. The design discussions appear in

progressively important order, so that readers can develop insights into critical
reasoning for using or designing spiral antennas. In addition, this article presents

limitations of spiral antennas to provide system designers performance tradeoffs

when they consider using spiral antennas in their system designs.

is the two-armed planar spiral with metal

cavity housing. Other spiral types are usu-
ally more complex, uneconomical and unpopu-
lar and therefore are not discussed here. For
example, a four-armed spiral antenna is much
more challenging to build than the two-armed
spiral design. Yet, the four-armed spiral’s perfor-
mance may only be slightly better than the two-
armed one. Thus the benefits of the four-armed
spiral may not warrant the added cost, size and
weight of the four-armed spiral.

The two-armed planar spiral antenna, or
spiral, has two conductor arms that wind from
the center of the spiral to gradu-
ally a larger radius in multiple
turns. The number of winding
turns has the effect of tight or
loose spiral structures. The tight
spiral tends to have more fre-
quency independent radiation
pattern behaviors. The expected
effect of the numbers of wind-
ing turns has the least impact
to overall spiral performance,
so long as the spiral is not too
loose. Winding turns equal to
or greater than three are typi-
cally sufficient. Conductor arm

The most widely used spiral antenna type

shapes are designed such that one arm, when
rotated 180° is the same as the other arm. This
guarantees that the spiral structure is rotation-
ally symmetrical, at least across 0° and 180° on
a given plane cut.

There are two possible radiation modes for a
two-armed spiral. Mode 1 is defined as a broad
amplitude pattern beam with its peak normal
to the spiral plane, shown in Figure 1. Mode 1
phase has a one-cycle phase (hence “Mode 17)
from 0° to 360° around the spiral winding. This
is the desired radiation mode for most applica-
tions. On the other hand, Mode 2 has a split am-
plitude pattern beam, with a null normal to the
spiral plane. Mode 2 phase has a 2:1 phase cycle
from 0° to 720° phase around the spiral winding.
Mode 2 is rarely used, except in special applica-
tions requiring sophisticated beamforming.

It is important to note that the spiral is typi-
cally fed by an RF coaxial connector, which has
its center conductor unbalanced with its outer
conductor. Unbalanced current feeding the spiral
can simultaneously excite both Mode 1 and Mode
2 radiation patterns, which is highly undesirable.

Tom LLAM, RicH BIDWELL AND

ScorT BLEE
Lockheed Martin, Owego, NY
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balun design is one

EXTENDED A
SHIELD  _f |—

COAXIAL
LINE SURGE
IMPEDANCE

of the most critical
elements for a high-

performance  spiral
in an Electronic
Warfare (EW) or

Electronic  Support
Measure (ESM)
systems. Some com-
monly used balun
designs in the anten-
na industry are the
10:1 band March-
and balun, shown in
Figure 2, and the
40:1 band microstrip

taper balun, shown
in Figure 3. The
Marchand balun is

A Fig. 2 Typical Marchand balun (N. Marchand, “Transmission Line based on RF circuit

Conversion Transfowners,” Electronics, Vol. 17, Dec. 1944, pp. 142-145).

PARALLEL LINE AT THE
SPIRAL END

MICROSTRIP LINE AT THE
CONNECTOR END

A Fig. 3 Typical taper balun.

BALUN DESIGN FOR SPIRAL
ANTENNA

To overcome this, a balun circuit
is needed as part of the overall spiral
antenna design to convert the unbal-
anced coaxial mode current to the bal-
anced mode current that connects to
the spiral arms in the center.

Since the spiral antenna’s radiation
properties are identical to its reception
properties (by reciprocity principles),
only spiral radiation is described with-
out loss of generality. If the balun is
properly designed, then the spiral ra-
diates the desirable Mode 1 symmet-
ric pattern characteristics in a given
azimuth or elevation plane. This is
an extremely important performance
factor because spiral amplitude pat-
terns are critically used for providing
system Angle of Arrival (AoA) perfor-
mance. However, if the balun is poorly
designed, the spiral experiences un-
desirable performance, such as beam
squinting, high axial ratio and pattern
nulls. These culprits severely degrade
system performance. Therefore, the
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symmetry, which is
consistent with the
spiral  structure’s
rotational ~ symme-
try. As a result, the
Marchand balun
is usually the best
choice for high-per-
formance spirals, at
the expense of some
design complexities
that lead to high-
er cost and more
weight.

On the other
hand, the microstrip taper balun is
based on the smooth and gradual
transition of an unbalanced mode mi-
crostrip line at the connector end to
a balanced, equal width parallel strip
mode at the spiral center. If the tran-
sition length is reasonably sufficient —
for instance at least a 3/8 waveguide
length — then the taper balun can
yield reasonable spiral performance
at a much lower cost. The benefit of
the taper balun is that low-cost, mass
producible printed circuit designs can
be realized for high-volume manufac-
turing.

EQUI-ANGULAR OR
ARCHIMEDEAN SPIRALS

The spiral antenna has two com-
mon designs; one is the equi-angular
spiral and the other is the Archime-
dean spiral. The equi-angular spiral
design, shown in Figure 4, has both
the radius and the line-width increas-
ing exponentially with the angles. In
this way, the spiral structure is truly
self-scalable and self-complementa-

A Fig. 4 Typical two-armed equi-angular
spiral.

FEED

AT CENTER TERMINATION

A Fig. 5 Typical two-armed Archimedean
spiral.
ry. Self-scalable means that after the
structure dimensions are scaled, the
scaled dimensions look exactly like
a portion of the original dimension.
Self-complementary means that after
the two-arm conductors are inter-
changed with the air space between
the arms, the interchanged structure
looks exactly like the original structure
rotated 90°. This allows near frequen-
cy-independent performance. When
the frequency changes, the geometry
dimensions per wavelength remain
nearly the same, thereby preserving
the spiral’s electrical characteristics.
On the other hand, the Archime-
dean spiral, shown in Figure 5, has its
radius increasing linearly with angles.
Such a radius restricts the line width
to be constant with the angles, which
avoids short circuiting other parts of
the spiral arms. Although the Archi-
medean spiral geometry is not exactly
self-scalable and self-complementary,
due to its constant line width, its arm
radius is still partially self-scalable and
self-complementary. Thus, for all prac-
tical purposes, the Archimedean spiral
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is considered near frequency indepen-
dent, if the spiral arm line width is suf-
ficiently small. Although the Archime-
dean spiral performance over fine fre-
quency increments is not as uniform as
the equi-angular spiral, this is usually
not a serious problem. This is because
modern EW or ESM systems typically
allow antenna calibration at fine fre-
quency increments to overcome such
frequency variations.

ACTIVE REGION

Any practical antenna must have a
finite size to meet certain system size
requirements. As mentioned, the spi-
ral arm radius increases with angles.
At some radius, this spiral arm must
be truncated. This truncation sets the
low-frequency limit for the spiral per-
formance. As a result, this truncation
becomes a very important design pa-
rameter.

NCCINN
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As mentioned, the balun feeding
the two spiral arms at the spiral center
is a balanced current pair — one arm is
180° out of phase with the other arm.
According to Burdine’s radiation band
theory, little or no radiation takes
place for this pair of balanced currents
at or near the spiral center. However,
as the spiral arm increases, the dif-
ferential phase between two adja-
cent arms progressively deviates from
180°. At some point along the spiral
arm, significant radiation takes place,
where the phase deviation approaches
0°. In other words, the adjacent cur-
rents at this location are in phase. This
is the so-called “Active Region” where
the spiral currents are free to radi-
ate without counter-restricting each
other. Conversely, where the current
is balanced along the arms before ap-
proaching the active region, such as at
or near the spiral center, little radia-
tion takes place. This is the so-called
“Inactive Region.” From simple ge-
ometry calculations, the active region
is where the spiral circumference is
one wavelength (one \ long).

TRUNCATION EFFECTS

The truncation of the spiral arm
inherently excites reflection cur-
rents at the truncation end of the
arm. These reflection currents travel
in the opposite direction toward the
spiral center and thereby radiate with
the opposite sense of circular polar-
ization (CP). When this opposite
sense CP radiation combines with
the normal sense CP radiation, the
spiral’s axial ratio performance will
be severely degraded.

To compensate for such truncation
effects, designers use a larger spiral
diameter, typically 20 percent more,
to move the active region away from
the truncation ends. The current loses
most of its amplitude (that is RF pow-
er) to the far field after the active re-
gion and only little RF power remains
at the truncation. As a result, little re-
flection takes place at the truncation,
as if the truncation is not there. The
following formula shows the mini-
mum diameter size for designing a
spiral antenna:

Diameter = (12)( Flc j (lj
ow T

¢ = speed of light

Flow = lowest operating frequency
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The second most important de-
sign parameter is to ensure the spiral
circumference is at least one \ at the
lowest frequency.

ABSORPTIVE TERMINATION

When size is a constraint — such
as tight array spacing in a broadband
interferometer system for ambiguity
rejection at the highest frequency —
designers may not have the luxury to
choose the spiral diameter using the

given equation for lowest frequency.
In this case, some termination tech-
niques are needed to reduce the re-
flection current for the undersized
spirals.

One simple way to terminate the
spiral is to put absorptive RF mate-
rials on the spirals outer few rings.
As current passes through the added
absorptive materials, some of the cur-
rent’s RF power is absorbed and most
of the RF power still radiates into
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the far field. This is a very effective
technique for maintaining the spiral’s
axial ratio and input impedance per-
formance, at the expense of slightly
lower gain efficiency. The typical gain
efficiency loss is on the order of one
to two dB, which may be a reasonable
compromise between size and perfor-
mance. Some designers use RF chip
resistors as absorptive termination.
Resistance values from 120 to 200 Q)
are typical, depending on the actual
spiral line width to line spacing ratio.

REACTIVE TERMINATION

Another technique is to use less-
absorptive dielectric loading materials
to slow the current’s traveling speed,
which is called reactive termination.
Some less-absorptive dielectric ma-
terials can be added on the outer few
rings of the spiral. As current passes
through these dielectric materials,
the spiral effectively appears electri-
cally larger. As a result, this mitigates
truncation effects. This technique is
less effective because too much di-
electric loading can introduce adverse
side effects such as higher order spiral
radiation modes, which significantly
degrade spiral performance. Some
designers use a zigzag spiral as a slow
wave structure to avoid added materi-
al weight. The effect of this technique
may be limited in real-world applica-
tions due to self-resonance of such a
slow wave structure.

CAVITY HOUSING

A spiral antenna without a cavity
housing will radiate in a bi-direction-
al pattern on both sides of the spiral
plane. A bi-directional pattern an-
tenna is more sensitive to installation
effects such as scattering from the
mounting surface. Because of this,
uni-directional patterns are more de-
sirable.

One technique to convert a bi-di-
rectional to a uni-directional pattern
is to use a cavity. Basically, the spiral
becomes a probe that excites the cav-
ity. This is similar to how a probe ex-
cites a circular waveguide. Typically,
the cavity diameter is slightly larger
than the spiral diameter. The cavity
depth should be at least one quarter
wavelength at the lowest frequency if
no cavity absorber is used. Due to a
constructive reflection from the cavity
bottom wall with a quarterwave spac-
ing, this unloaded cavity-backed spiral
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should nominally yield an additional
3 dB more gain than spirals backed
by an absorber-loaded cavity. This
gain benefit is at the expense of los-
ing frequency independence from the
quarterwave spacing. In other words,
the unloaded cavity-backed spiral fre-
quency performance is reduced to ap-
proximately a 2:1 bandwidth.

In some occasions, designers may
need to trade off gain and bandwidth
to meet system requirements. Design-

= l:E'
QuickSyn
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Frequency Synthesizer in a Handy Package

ing absorber loading inside a cavity is
considered an engineering art that
requires many years of spiral design
experience, computer simulations and
laboratory testing. This would require
a separate article devoted to that topic
alone and is not discussed here.
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can be used as a radio frequency (RF)
phase interferometer for ESM applica-
tions. These spirals typically have phase
tracking performance that assures cer-
tain system AoA performance. Phase
tracking is normally defined as a sta-
tistical measure of uniformity of phase
over a specified frequency, polariza-
tion, azimuth and elevation, compared
to a golden standard spiral antenna. A
typical measure of statistical unifor-
mity is the root mean square (RMS)
of the phase difference between the
spiral antenna under test and a golden
standard spiral. This is an important
performance parameter because the
system AoA error is directly correlated
with such phase tracking errors, some
of which may not be corrected as part
of the antenna calibration plan, due to
certain system architectures. In other
words, high-performance spirals are
expected to have superior phase and/
or amplitude tracking performance.
Typical phase tracking performance
is on the order of 6° RMS and ampli-
tude tracking values are on the order
0f 0.7 dB RMS. To meet such stringent
tracking performance, the spiral design
needs to be fully optimized, including
the spiral structure, balun, cavity, ter-
minations and absorber loading. Any
higher-order spiral modes, if excited,
could cause serious pattern asymmetry
or axial ratio degradation, which could
lead to poor tracking performance.

SPIRAL LIMITATIONS

Although spiral antennas have many
properties suitable for EW/ESM appli-
cations, they have some inherent limi-
tations. One well-known limitation is
lower aperture efficiency, hence lower
gain for the given aperture size. This
is due to the inherent frequency-inde-
pendent nature of a spiral antenna. As
frequency increases, the aperture elec-
trical size proportionally increases. But,
because the spiral is a frequency-inde-
pendent antenna, its gain is unchanged
as frequency increases. In other words,
unlike a resonant antenna, some of the
spiral aperture is wasted when oper-
ated in the higher frequency portion of
its band.

One limitation of a spiral antenna
is its susceptibility to high RF power
handling. A good spiral design may be
able to handle a few watts average RF
power in the Ku frequency band, but
is limited due to thermal issues of the
currents on the small line width spiral
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arms. In addition, because of the spi-
ral line-to-line spacing along the spiral
arms, high field strength arcing can oc-
cur if the electric field strength exceeds
the air breakdown limit. One mitiga-
tion design technique is to use an Ar-
chimedean spiral of constant line width
near the spiral center. However, this
becomes a tradeoff between the line-
to-line spacing and high field strength
handling. The line-to-line spacing is
related to the self-complementary

“~)'Frontlynk _
Connectors and Cables up to Q

110cx:

property of the spiral, especially in the
higher frequency band. As a result,
designers may need to compromise
performance at higher frequency with
high field strength handling.

Another limitation is off-axis eleva-
tion performance. The two-armed spi-
ral, if designed properly, should have
good pattern symmetry at 0° eleva-
tion. For higher or lower elevations
in a conical cut, symmetry starts to
deviate due to depolarization effects.
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This is caused by electric currents on
the spiral arms and magnetic currents
on the cavity aperture interacting de-
structively off the principal plane. De-
sign options to mitigate dep()larizati()n
include: a) Use of as much comple-
mentary design as possible to increase
rotational symmetry; b) Optimized
cavity diameter size to avoid higher
order mode excitations; ¢) Use of four-
armed spirals to effectively double the
rotational symmetry.

CONCLUSION

The basic spiral antenna design
techniques have been reviewed. It has
been shown that by use of some under-
standable engineering principles with-
out complicated mathematics, a spiral
antenna can be designed to have rea-
sonable performance. However, spiral
antenna design is becoming more chal-
lenging due to even smaller size and
lighter weight requirements in today’s
more advanced EW systems. Although
spiral antennas have existed over four
decades, their design maturity for new
requirement challenges, in the authors’
opinion, is still evolving. H
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A Fig. 1 Pre-distortion system.

926

Full Transmitter
Linearization

Using a Wideband
DPD Measurement

Platform

esigners transitioning 3G systems to
D 3.9G and 4G to keep pace with emerg-
ing devices like smartphones, face a
number of critical obstacles. As an example,
consider that signals in advanced wireless com-
munication systems (such as LTE-Advanced
and 802.11ac signals) are wideband and have a
high peak-to-average power ratio (PAPR), that
is, large fluctuations in their signal envelopes.
Because of this, the power amplifier (PA)
must be backed off well below its maximum
(“saturated”) output power, in order to handle
infrequent peaks, which results in very low ef-
ficiencies, typically less than 10 percent. Luckily,
power amplifier linearization techniques offer
designers one means of increasing power effi-
ciency. One such method, digital pre-distortion
(DPD), linearizes the nonlinear response of
a PA over an operating region.

_____________ B It uses digital signal processing
techniques to condition a base-
Sin): e % EY(“) band signal prior to modulation,
’ . up-conversion and amplification

PRE-DISTORTER PA 2 by the PA. Using DPD, design-

ers can achieve high efficiency
and avoid the severe distortion
caused by PA nonlinearities.

, While DPD offers an ex-
tremely cost-effective way to
accomplish linearization, its use

often requires a highly specialized skill set for
modeling and implementation. Moreover, the
traditional means of extracting a DPD model
requires the PA to be turned ON and OFF,
when switching to accurately capture PA input
and output. Additionally, it supports PA DPD
verification only. For linearization of the full
RF transmitter, including ADC, filter, ampli-
fier, up-converter and PA, a more novel DPD
measurement method is required.

UNDERSTANDING DPD

The principle of a digital pre-distorter,
shown in Figure 1, is intrinsically simple. A
nonlinear distortion function is built up within
anumerical or digital domain that is the inverse
of the distortion function exhibited by the am-
plifier. The predistorter (PD) is designed for
some linearization criteria — typically, the sup-
pression of adjacent channel power while
also working to minimize power consumption.
Because the PD must be as good an inverse
of the PA response function as necessary and
compensate for PA deficiencies like nonlinear-
ity, memory effects and gain drift, its design
requires good knowledge of the PAs behavior.
The PD-PA cascade attempts to combine two

JINBIAO XU
Agilent Technologies, Santa Clara, CA
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nonlinear systems into one linear re-
sult, which allows the PA to operate
closer to saturation.

MEMORY POLYNOMIAL DPD

One popular DPD solution com-
monly employed by the industry is the
memory polynomial DPD. To better
understand this algorithm, consider
Figure 2, which shows the indirect
learning architecture for the digital
pre-distorter. The feedback path la-
beled “Predistorter Training” (block
A) has y(n)/G as its input, where G is
the intended PA small signal gain and
Z(n) as its output. The actual pre-dis-
torter is an exact copy of the feedback
path (copy of A) with x(n) as its input
and z(n) as its output. Ideally, y(n) =
Gx(n), which renders z(n) = 2(n) and
the error term e(n) = 0. Given y(n)
and z(n), this structure enables the
parameters of block A to be directly
found, yielding the pre-distorter. The
algorithm converges when the error
energy |le(n)||? is minimized.

The DPD architecture in the figure
illustrates the case where x(n) is the in-
put signal to a pre-distortion unit whose
output z(n) feeds the PA to produce
output y(n). The most general form of
nonlinearity with Q+1-tap memory is
described by the Volterra series, which
consists of a sum of multidimensional
convolutions. In the training branch of
the figure, the Volterra series pre-dis-
torter can be described by:

K
z(n)= Y Z(n)
k=1

Where
Q Q

z, (n) = 2 2 hk(m1>"'>mk)'
M,=0 M,=0

k

HY(n_ml)

1=1

is the k-dimensional convolution of
the input with Volterra kernel. This
is a generalization of a power series
representation with a finite memory
of length Q+1. The z(n) also can be
written as follows:

Q
z(n)=h, + Z h; (my)-

m, =0

Q n
y(n—ml)+ 2 2 hz(m1,1n2)~

m,=0m,=0

y(n—my)y(n—my)+-

(3)

98

A memory poly-
nomial pre-distorter

/

uses the diagonal x(n) | ppe-pistorter | ™ | PA y(n)
kernels of the Volt- (copY OF A) |
erra series and can ]
be viewed as a gen-
e(n)

eralization of the
Hammerstein  pre-
distorter. It is used
to linearize PAs with
memory effects. The
memory polynomial
pre-distorter is con-

(]

z(n)

PRE-DISTORTER
(TRAINING A)

/

structed using the
indirect learning ar-
chitecture, thereby
eliminating the need
for model assumption and parameter
estimation of the PA. Compared to
the Hammerstein pre-distorter, the
memory polynomial pre-distorter
has slightly more terms; however, it
is much more robust and its param-
eters can be easily estimated by way of
least-squares.

The memory polynomial pre-dis-

torter can be described as:
z(n)=
K k-1
2 Y aggy(n—q)ly(n—q) (4)

k=1¢q=0

where y(n) and z(n) are the input and
output of the pre-distorter in the train-
ing branch, respectively, and ay, denotes
the coefficients of the pre-distorter.
Because the model in Equation 4 is
linear with respect to its coefficients,
the pre-distorter coefficients can be
directly obtained using a least-squares
approach by defining a new sequence:

y(n-q)|y(n—q)”" (

ukq (n) = G G 5>
At convergence:

z=Ua (6)
Where

2=[2(0).2(1). .2 (N- D],

U= |:u10>'"’uK0>"'u1Q>"'uKQ:|>

T
ll](qz [ukq,(o),ukq (1))-.-,ukq (N —1):| N

T
a:I:alo’...’aK()’.“alQ’.“7aKQ:|

The least-squares solution for
Equation 6 is given by:

a= (UHU)_l Uty (7)

A Fig. 2 Indirect learning pre-distortion scheme.

where (-)1 denotes the complex con-
jugate transpose. Once the memory
polynomial coefficients are obtained,

A ra - ~ T
a =[a10,---,aKo,-~~,a1Q, ---aKQ]

they can be loaded into the nonlinear
filter in the memory polynomial to
create a working memory polynomial
pre-distorter.

PA DPD VERIFICATION

The behavior of the pre-distorter
or device-under-test (DUT) can be
experimentally measured using the in-
stantaneous complex baseband wave-
form approach. This traditional means
of extracting a DPD model relies on
both PA input and output and needs
to switch to capture the necessary PA
input and output. Sometimes, the PA
must be tumed ON and OFF when
switching.

A typical setup for this traditional
approach is shown in Figure 3. Here,
the digital baseband waveform is
downloaded to a vector signal gen-
erator (VSG) that feeds the PA (that
is the DUT) with the corresponding
RF modulated signal. The output of
the DUT is then down-converted and
sampled by a vector signal analyzer
(VSA). Finally, the sampled input and
output data is captured and used to
extract behavioral models (both DPD
and PA) for the PA. To accurately ob-
serve the behavior of the DUT, the
instruments in the setup must have
an appropriately large dynamic range
and bandwidth.

As shown in Figure 4, the typical
design flow for extracting DPD and
PA models using both the PA input
and output is as follows:

Step 1. The DPD stimulus wave-
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DIGITAL PRE-DISTORTION
PROCESSING SOFTWARE
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A Fig. 3 Experimental instrument platform for PA and DPD modeling.

form (that is 802.11ac, LTE/LTE-A,
WCDMA, or user defined) is created
and downloaded via LAN or GPIB
into the VSG.

Step 2. The PA’ response, both in-
put and output (point B and A in Fig-
ure 3), is captured from the VSA run-
ning vector signal analysis software.
The PA output signal is captured by
inserting the PA between the VSG
and VSA with appropriate signal cali-
bration, including any signal padding
with attenuators.

Step 3. DPD models are extracted
based on PA input and output. This
includes time delay estimation and ad-

delay through the DUT introduces a
mismatch between the data samples
used to calculate the instantaneous
AM/AM and AM/PM characteristics
of the DUT. This mismatch translates
into dispersion in the AM/AM and
AM/PM characteristics, which can
be misinterpreted and considered as
memory effects.

Step 4. The DPD+PA response is
captured by applying stimulus to the
extracted DPD model and download-
ing the DPD output waveform into
the VSG. The PA output waveform is
then captured from the VSA.

Step 5. The DPD+PA response

handheld convenience! justment. Note that the propagation  is verified, and the performance im-

provements possible

e = q with DPD can be
= CREATE DPD STIMULUS shown.

This  traditional

RF INPUT RF OUTPUT

method is effective

7 i _> ‘ in providing DPD

- _— with a specific PA;

== B however, it does have

: GET BASEBAND COMPLEX some drawbacks.

PA mﬁ‘l’ﬁ'ﬁmﬁipw Bef:au§e it requires

Visit us at www.diminusys.com for v SWltChmg’ for ex-

detailed features, specifications and ample, the method

e eal ¢ ) EXTRACT DPD MODEL ) leated. 1
application information. Inquire for a (INCLUDES DELAY ESTIMATION 1S comp lca’Fe It
demonstration at your facility. AND ADJUSTMENT) can also be tiresome

7 and dangerous to

APPLY DPD MODEL, AND continually turn the

M GET DPD+PA RESPONSE high power amplifier
IMINUoUS T ON and OFF. The
VERIFY DPD PERFORMANCE distortion character-

istic will be different
after each turn OFF
and ON, impacting

14271 Jeffrey Road Suite 306 Irvine, CA 92620
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A Fig. 4 Behavior model extraction procedure with both PA input
and output.
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A Fig. 5 Sample time-domain waveform of baseband input, PA input

and PA output.

both DPD model extraction and DPD
performance. Additionally, the meth-
od fails to provide a DPD for the full
analog circuit board, something that is
recommended given that in actual ap-
plication, the DAC, up-converter, pre-
amplifier and PA are all designed on

one analog circuit board.

2120 2140
FREQUENCY (MHz)

2160 2180

THE FULL RF TRANSMITTER
LINEARIZATION METHOD

In contrast to the traditional ap-
proach to PA DPD verification pre-
viously detailed, DPD models can
also be extracted using simulated
baseband input and real PA output.
In this case, a baseband input wave-
form replaces the PA input waveform
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A Fig. 6 Spectrums of the system with and without DPD.

in Figure 3 (that is Point C replaces
Point B). Rather than just support-
ing PA DPD verification, this method
provides a DPD verification solution
for the full RF transmitter, including
ADC, filter, amplifier, up-converter
and PA.

The full RF transmitter lineariza-
tion method follows the steps previ-
ously detailed for PA DPD verification
with one exception. Additional coarse
time-delay estimation performed at
the sample level is required in Step
2 to synchronize between the real PA
output waveform and the simulated
baseband waveform. This is done be-
cause a trigger signal is used to capture
the arbitrary waveform from the VSA
and the baseband waveform, which
is the ideal waveform and, therefore,
does not have any time-delay. The
coarse time delay is estimated accord-
ing to the cross-covariance between
the input and output sequence of the
PA as follows:

N
corr(n) =Y Xgg (k)y" (k=n) (8
k=1

where N is the number of captured
samples.

Following the coarse time-delay
estimation, a fine time-delay estima-
tion is carried out by placing a higher
interpolation rate between the PA
output and baseband waveform. This
fine time-delay estimation is the same
as the algorithm used between the PA
output and input waveforms.

This method for full RF transmit-
ter linearization can correctly extract
a DPD model for the VSA, pre-am-
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TABLE |

ACLR OF THE SYSTEM WITH DPD OF MODEL EXTRACTION USING BOTH PA INPUT
AND OUTPUT AND WITH DPD OF MODEL EXTRACTION USING BASEBAND INPUT
AND PA OUTPUT WITHOUT DPD

ACLR -2 BW Lower -1 BW Lower +1 BW Upper +2 BW Upper
PA Output 54.064 35.33 35.682 53.582
DPD-PA 55.051 50.15 52.281 54.594
w/BB Input
DPD-PA 55.799 51.23 54.315 55.411
w/PA Input

plifier and PA when the VSA works
without nonlinear distortion. Figure
5 shows the normalized magnitudes
of the time-domain waveform of the
baseband waveform, PA input (or
VSG RF output) and PA output after
coarse synchronization (sample-level
synchronization). Note that for this
measurement, the VSGs RF power
should be small enough to allow the
PA to work on a linear area. If not, the
DPD model extraction will fail.

In contrast to the PA DPD verifi-
cation method, this method provides
DPD for the full RF system and does
not need to switch to capture PA in-
put and output or turn the PA ON and

SAW
Modules

OFF. The high-power amplifier can
always be turned ON during DPD
verification. Moreover, the pre-ampli-
fier and the high-power amplifier are
designed in an analog circuit board.

COMPARING DPD VERIFICATION
METHODS

To compare the DPD performance
associated with using the two DPD
verification methods presented (that
is with PA input or with baseband in-
put), consider Figure 6, which shows
LTE DL 20-MHz DPD performances
with a Mini-Circuit 1-W PA. The blue
line is the spectrum of the PA output,
while both the red and green lines are
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spectrums of the PA with DPD. The
red line is spectrum with PA input and
PA output extraction. The green line
is spectrum with baseband input and
PA output extraction. Table 1 shows
ACLR results of the PA output, DPD-
PA with PA input and DPD-PA with
baseband input.

From Figure 6 and Table 1, it is
possible to see that the performance
of the DPD-PA with PA input (red) is
better than that of the DPD-PA with
baseband input (green). The green
spectrum is the DPD result with a
full RF transmitter system. The DPD
needs to remove the nonlinear distor-
tion of the ADC and preamplifier, as
well as the PA. The red spectrum is
the DPD result with the measured
PA.

CONCLUSION

Power amplifier linearization re-
mains an important technique for
current and emerging advanced com-
munication systems. DPD verification
can be accomplished using one of two
methods. The more traditional ap-
proach uses an instantaneous complex
baseband waveform and both PA input
and output to extract a DPD model for
a specific PA. A more novel approach
extracts the DPD model by using a
simulated baseband input and real PA
output. This method eliminates the
shortcomings of the more traditional
method, allows designers to obtain
high efficiency and avoid distortion
caused by PA nonlinearities and also
enables full RF linearization. H
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Degree in Mathematics, Master’s and
Ph.D. degrees in information engineering
from Xidian University at Xi'an, China

in 1991, 1994 and 1997, respectively.
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researcher on low speech codec
investigation at the Institute of Acoustics,
Chinese Academy of Science. Since
Jjoining Agilent EEsof EDA in 1999, he
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DVB-T, ISDB-T, IEEES802.11a, WiMedia,
mobile WiMAX and 3GPP LTE). His
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digital pre-distortion, MIMO channel
model, custom OFDM, etc. His research
interests include MIMO, OFDM, pre-
distortion and satellite communications.
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A Miniaturized

Impedance

Transtormer
Employing PGS

on GaAs

Using a meander line employing a periodic ground structure (PGS) on GaAs

substrate, a highly miniaturized impedance transformer was developed for

application to low impedance matching. Its size is 0.151 mm2, which is 3.5

percent of the size of a conventional microstrip line impedance transformer on

GaAs substrate. The meander line impedance transformer showed a good RF

performance in the S/C band.

n wireless communication systems, low im-

pedance transformation is required for im-

pedance matching between active devices,
because the input and output impedances of
the active devices are much lower than 50 Q)
in the microwave band.! Therefore, for an ef-
ficient impedance matching of microwave de-
vices employed in wireless communication sys-
tems, an impedance transformer performing
low impedance transformation between active
devices is indispensable and should be highly
miniaturized for integration in monolithic mi-
crowave integrated circuits (MMIC).

In this work, a highly miniaturized meander
line impedance transformer, employing a peri-
odic ground structure on GaAs substrate, was
developed for application to low impedance
matching components on MMICs.

In order to develop a highly miniaturized
impedance transformer, a meander line em-
ploying PGS with a high capacitive element is
used. Figure 1 shows the structure of the me-
ander line employing PGS. As shown, the PGS
was inserted at the interface between a SiN
film and the GaAs substrate and was electri-
cally connected to the backside ground metal
through the via-holes. As is well known, a con-
ventional microstrip line without PGS has only
a periodical capacitance C, per unit length, but
the meander line employing PGS has an addi-
tional capacitance Cy, as well as C,, due to PGS.

YOUNG YUN AND JANG-HYEON JEONG
Korea Maritime University, Busan, Korea
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A cross-sectional view according to X-X direction
Meander Line

———
Cb_ SiN Film

L PGS

GaAs
Substrate

4
Backside Metal

A cross-sectional view according to Y-Y direction
Meander Line

L o e e e
b b b b b b SiN Film

C. G -G -G _C_C_GC GaAs

I

)
Backside Metal

Fig. 1 Meander line employing a PGS.

C,, is an additional capacitance between the meander line
and PGS, which is caused by the SiN film between mean-
der line and PGS. Therefore, using the meander line with
PGS, a short wavelength and low impedance transformer
can be realized, due to an increase of capacitance, because
Z, and N, are inversely proportional to the periodic capaci-
tance. Ingother words, Z, = VL/C and )\g =1/ f><\/i%].2

TABLE |

MEASURED CHARACTERISTIC IMPEDANCE (Z,) AND
WAVELENGTH (\_,) OF THE MEANDER LINE EMPLOYING PGS
AND A CONVENTIONAL MICROSTRIP LINE ON A

GaAs SUBSTRATE
Meander Line Employing PGS 10 Q) 1.72 mm
Microstrip Line Without PGS 80 Q 20.3 mm

1‘.-

~

Fig. 2 Photograph of the meander line impedance transformer
employing PGS on a GaAs substrate.

Table 1 shows the measured Z, and N, of a meander line
employing PGS and a conventional microstrip line with-
out PGS, which were fabricated on a GaAs substrate with
a height of 100 pm. As shown in Table 1, the meander line
employing PGS exhibits a much lower Z, and a shorter A

than the conventional microstrip line. The width of the PG§
pattern (T) and line width (W) were set to 20 wm, and the
line width of the conventional microstrip line is 20 wm. The
wavelength was measured at 4.5 GHz. The results indicate
that highly miniaturized and low impedance passive circuits
can be realized by using the meander line employing PGS.
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TABLE 1I

SIZE COMPARISON BETWEEN A MEANDER LINE IMPEDANCE TRANSFORMER USING
PGS AND A CONVENTIONAL MICROSTRIP LINE IMPEDANCE TRANSFORMER ON A
GaAs SUBSTRATE

Conventional Microstrip Line
Impedance Transformer (Without PGS)

0.85 5.07 4.31

Meander Line Impedance Transformer
Employing PGS

0.351 0.43 0.151

0 0
e | \
T 0N T2
I -10 -6
=-15 -9
2 20 J 128
22! 5

5 -1
012345678910
FREQUENCY (GHz)

Fig. 3 Measured return and insertion loss
of the meander line transformer employing
PGS.

Figure 2 shows a photograph
of the meander line impedance
transformer ~ employing PGS on
a GaAs substrate. The character-
istic impedance Z; of the imped-
ance transformer is given by Z, =

(Z, x Zy),2 where Z; and Z, are the
source and load impedance, respec-
tively. In this work, Z; and Z, are 5
and 20 Q, respectively. Therefore,
the Z;, of the meander line impedance
transformer is 10 . For an operat-
ing frequency of 4.5 GHz, the circuit
length of the meander line impedance
transformer employing PGS is 0.43
mm and the width of the impedance
transformer including via holes is
0.351 mm. Therefore, the size of the
meander line impedance transformer
is 0.151 mm?, which is 3.5 percent of
the size of a conventional impedance
transformer.? The size comparison of
the impedance transformer is summa-
rized in Table 2. Figure 3 shows the
measured return loss S;; and insertion
loss Sy; of the meander line imped-
ance transformer employing PGS on a
GaAs MMIC. As shown, good RF per-
formance can be observed from the
meander line impedance transformer
employing PGS. Concretely, the re-
turn and insertion losses are 20.7 and
1.5 dB, respectively, at the operating

frequency of 4.5 GHz. From 3 to 5
GHz, the impedance transformer
shows return loss values better than

9.5 dB and insertion loss values better
than 2.5 dB.

A highly miniaturized meander
line impedance transformer employ-
ing PGS on GaAs MMIC was devel-
oped for application to low impedance
transformation. Its size was 0.151
mm?, which was 3.5 percent of the
size of the conventional microstrip
line impedance transformer. Accord-
ing to the measured results, it was
found that the impedance transformer
showed good RF performances in S/C
band. H

This research was financially sup-
ported by the Ministry of Education,
Science Technology (MEST) and Na-
tional Research Foundation of Korea
(NRF) through the Human Resource
Training Project for Regional Innova-
tion. This research was also supported
by Basic Science Research Program
through the National Research Foun-
dation of Korea (NRF) funded by the
Ministry of Education, Science and

Technology (2010-0007452).
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Conformal Antenna
Array Design on a
Missile Platform

pplications, ranging from communica-
Ations to radar and even medical devices,

depend on antenna arrays. Hand calcu-
lations successfully facilitate the construction
of stand-alone arrays; however, what happens
when the mounting platform becomes a part of
the radiating system? Basic analytic techniques
cannot easily account for obstructions created
by aircraft engines, re-radiation from wings, ir-
regular ground planes of cars or the curvature
of a missile.

Antennas and antenna arrays targeted to-
ward vehicular applications, often further
complicate the design process with additional
restrictions. Aircraft, in particular, require
consideration of aerodynamic effects and the
impact on radar scattering caused by the in-
tegration of external systems. As a result, de-
signers tend to incorporate conformal antenna
elements that cannot be realized through basic
antenna theory.

These applications require 3D simulations
to ensure that the final design meets all re-
quirements, before physical prototyping or
manufacturing can begin. This application note
demonstrates the process of adding an electri-
cally steerable, conformal antenna array to the
body of a high speed missile. A specified sur-
face area on a generic missile body and a set of
design goals has been provided to illustrate the

challenges of designing the array; however, this
example does not represent any actual missile
or antenna system in production.

PROJECT GOALS

The design goals of the conformal missile ar-
ray include an operating frequency of 2.4 GHz,
with a main beam gain greater than 10 dBi and
sidelobe levels at least 20 dB down from the
peak gain. The array must scan from broadside
of the missile up to a 45° forward tilt toward
the nose of the projectile. The missile is 2.3 m
long and 24 cm in diameter. The array will be
located on the cylindrical body of the vehicle,
cannot interfere with the control surfaces and
must fit within a 1 m by 10 cm footprint. For
this application note, the commercial software
package XF7 will be used to generate the simu-
lated results.

ARRAY ELEMENT DESIGN

The first step of the process is to choose and
design a single array element. The aerodynam-
ics of the missile will be extremely sensitive
to any perturbation to the surface, so a planar

KyLE LABOWSKI, CHRISTOPHER

PENNEY AND JAMES F. STACK, |R.
Remcom Inc., State College, PA
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Application Note

Antenna

TABLE |

Feed Offset (mm)

PATCH PARAMETER EVOLUTION

Patch Diameter (mm)

Patch Antenna 4.982 44
(Initial)

Patch Antenna 75 445
(Final)

Bent Patch 7.5 4525
Antenna

yalvy

ACEWAVETECH

AWT Co., Ltd.

conformal antenna
is required. A cir-
cular patch antenna
is chosen for this

example. Several
books, Balanis! for
example,  provide

detailed design pro-
cesses for the patch.
Following the ana-
Iytic design, a brief

tuning process en-
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sues. A parametric investigation of
the feed location produces an antenna
with an excellent return loss of 20 dB
and a peak gain of 7.5 dBi at 2.4 GHz.

Having achieved acceptable per-
formance with the flat patch, the next
level of complication is introduced.
XF7’s CAD modeling tools bend the
patch, substrate and ground plane to
match the curvature of the missile
body. XF7’s conformal meshing tool
allows the software to precisely cap-
ture the effects of this bend during
simulation. The bend causes the oper-
ating frequency to shift slightly higher
than desired to about 2.45 GHz; how-
ever, a quick parameter sweep finds
an increased patch diameter that re-
turns the operating frequency to the
desired point. Table 1 demonstrates
the evolution of the patch parameters
from the initial analytic design to the
curved implementation.

ARRAY DESIGN

For the next step, a script from
Remcom’s XTend Script Library syn-
thesizes an array design, based on the
specified performance criteria. The
script employs a Fourier transform
technique to determine the appro-
priate amplitude and phasing of each
array element and applies a modi-
fied Taylor distribution to the ampli-
tudes to better control the sidelobes.
As shown in Figure 1, the inputs to
the tool are the center frequency of
2.4 GHz, the horizontal beamwidth
of 65°, the vertical beamwidth of 12°
and the desired sidelobe suppression
of 20 dB down from the peak. A maxi-
mum electrical downtilt of 45° is also
entered. The script-based GUI rec-
ommends the minimum number of
elements required in each dimension
to meet the specifications and pro-
vides an estimated directivity of the
proposed array.

The script suggests a2 x 11 element
array; however, the limited space on
the missile body only accommodates
a single column of antenna elements.
The user opts for an initial design, us-
ing a 1 x 12 array of the circular patch
elements and the script prepares the
project using the calculated spacing,
phases and amplitudes. The modified
project uses parameterized spacing
and amplitudes to expedite possible
future parametric investigations or
optimization. The element phasing
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Application Note

is defined as a function of electrical
downtilt to provide control over beam
steering.

As with any simple analytic pro-
cess, the Fourier transform technique
includes certain assumptions. This
approach assumes the radiation ema-
nates from a uniformly illuminated
aperture, which fails to account for the

non-uniform field produced by the ac-
tual antenna elements. It also neglects
fringe effects from the ground plane,
substrate and edge of the antenna. As
a result, it is expected that the initial
array design may fail to meet some re-
quirements and the initial flat design
simulation results, shown in Figure

2, indeed demonstrate a slightly high

sidelobe level.

[ L XF7  provides
e — multiple approaches
e Leon to address this issue.
e o A parameter sweep
ziahor=t LR e : or optimization
SR el e Som could be used to re-
fine the array param-

Comm gz ax K K
e o eters in order to im-
= prove performance;
- however, a simpler
option is to repeat

- - L“- h . d 1

s TR SRR e AR T T the array design pro-
B B, U AR, BLF S, BRI, WA LS, LS, 3L, (L, (e cess Wlth stricter cri-
e teria. The. de51.gner
is run again with a

A Fig. 1 Inputs to the array designer tool.

0 f dL
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]
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A Fig. 2 Simulated antenna gain vs. angle.

tighter restriction of
—34 dB sidelobe sup-
pression. Following this process, the
flat array greatly exceeds the target
performance criteria as evidenced by
comparing the blue and green plots
shown in the revised radiation pattern
of Figure 3.

Having verified the array perfor-
mance with the simple planar element,
the user now applies the array defini-
tion to the previously tuned curved
elements. The red plot in Figure 3
indicates that the curvature negligibly
affects overall array performance, so
no further tuning

Initial Flat Array Design (Free Space)
Flat Array with Stricter Sidelobe Requi

is required at this
ts (Free Space)

q

Curved Array (Free Space)

Integrated System - Curved Array Mounted on Missile

stage. The array
is found to have a

peak gain of nearly

o [\ [

14 dBi with sidelobe
levels that exceed

the original specifi-
cations.

(I L W
I\

N\ aappll FINAL

(T DY
Wl IN

VALIDATION
The user inte-

GAIN (dBi)

vl

grates the curved

array with the mis-
’ I sile body in order to

validate the overall
design. As expected,

() 50 100 150 200
ANGLE (°)

250 300 350

the presence of the
missile body does
change the per-

A Fig. 3 Optimized simulated antenna gain vs. angle.
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formance of the array and the final
shape of the gain pattern; however,
the resulting pattern still meets the
design criteria. The final system ex-
hibits greater than 14 dBi gain. Side-
lobe suppression exceeds 32 dB as
seen in the magenta plot of Figure 3.
Altogether, the design requires no fur-
ther adjustments. Figure 4 displays
multiple views of the completed sys-
tem including a close-up view of the
completed array on the missile body
and two gain patterns. For these plots,
the electrical downtilt parameter has
been set for the full 45° forward tilt.

HARDWARE AND SIMULATION
TIMES

The iterative nature of the design
process often threatens to consume
an unacceptable amount of time. This
application note required numer-

s a a5

fra] 17

A Fig. 4 Completed array on the missile
body and two gain patterns.
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Application Note

TABLE I
SIMULATION TIME FOR DIFFERENT GPU

Hardware Run Time (H:MM:SS)
Intel Core i7 CPU (2.8 GHz); 8 threads 3:13:00
Nvidia Tesla C2070 GPU; 1 GPU 0:29:40
Nvidia Tesla C2070 GPU; 2 GPUs 0:14:10
Nvidia Tesla C2070 GPU; 4 GPUs 0:08:50
Nvidia Tesla C2070 GPU; 6 GPUs 0:07:20

IMAgine.
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Time to packitin.

Demand for ever-higher performance probably has you wondering howto get more
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We join one board containing RF and microwave devices to another with bias,
control and DSP components. That gives you unmatched integration levels, plus

the benefits of high-volume, low-cost production.

The Compact Microwave Subsystem is 5.75 x 2.66 x 0.515 inches, it holds over 60
microwave components — couplers, switches, filters, limiters, amplifiers and more.

Scan using your
SmartPhone or Tablet
to learn more!

It time to started packing in more performance, with Narda
MMC technology. Contact us today to learn how.

narda

ous simulations to
progress from the
analytically designed
patch through the
initial array design
to the final integrat-
ed system. In a real
production environ-
ment, the number of
simulations can easi-
ly increase by orders
of magnitude. An-

Engineering, without compromise since 1954.

an ‘B communications company

www.nardamicrowave.com « 631.231.1700
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tenna designs are often treated almost
as an afterthought and antennas are
expected to fit within ever decreas-
ing volumes in order to make room
for other system components. The
evolution of the overall system gener-
ally translates to significantly modified
requirements for the antenna subsys-
tem.

The entire design and workflow of
XF7 helps address the challenges of
working within an iterative process;
however, XF7’s GPU acceleration of-
fers the most easily measured time
savings. It tremendously improves
EM simulation performance by le-
veraging the power of CUDA capable
GPUs from NVIDIA. For example,
the fully-integrated system in this
example requires approximately 1.5
GB of RAM for simulation. An eight
core Intel core i7 CPU needs over
three hours to complete this work.
However, the same simulation can be
completed in just over seven minutes,
using multiple GPUs. See Table 2 for

more detailed timing information.

CONCLUSION

This application note focused on
the design of a conformal array on the
surface of a missile. The initial circular
patch design chosen provided a good
start for developing the curved array,
due to the minimal impact that bend-
ing had on the return loss and gain
of the antenna. The array synthesis
tool rapidly provided a good design,
with only slight adjustment needed
to reach the required sidelobe levels.
The final design was easily integrated
into the full missile platform and sim-
ulated with good results, completing
the final step in the process. It was
also shown that a complex 3D simula-
tion including multiple array elements
with curved surfaces that could take
several hours was completed within
a few minutes. Applying these tech-
niques together can help increase pro-
ductivity, while increasing the fidelity
of the design, all before physical pro-
totyping has begun. l

Reference

1. C.A. Balanis, Antenna Theory, 3rd edition,
John Wiley & Sons Inc., Hoboken, NT,
2005.
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FEKO .

Comprehensive Electromagnetic Solutions
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Deeper Insight
Into Antenna

s 111l 4

Radiation

Fundamentals:
FEKO Suite 6.2

EKO is a product that is known for its
Fanalysis of complex electromagnetic ra-

diation and scattering problems, such
as antenna design, antenna placement, elec-
tromagnetic compatibility studies, bio-electro-
magnetics or component design. It provides a
wide range of computational electromagnetics
(CEM) solution methods with all license ver-
sions, making it well suited to the analysis of
a wide range of CEM problems. All CEM so-
lution methods have application strengths and
weaknesses, which are overcome in FEKO by
providing different solver technologies and by
hybridization of these solution methods. In ef-
fect, a user may apply different solution meth-
ods simultaneously to solve different areas of a
single complex problem, applying each method
in its particular area of strength and avoiding
its weaknesses. FEKO Suite 6.2 is the latest
version of the product and builds on this leg-
acy with the release of various new tools that
provide more modeling flexibility and deeper
insight into EM radiation problems.

CHARACTERISTIC MODE ANALYSIS

Characteristic modes describe the current
distributions and radiation characteristics of
an object like an antenna, in a similar way that
waveguide modes describe which propagating
modes are supported for a particular guiding
geometry. FEKO Suite 6.2 characteristic mode
analysis (CMA) thus provides antenna design-
ers with information on what type of radiation
can be supported by an arbitrary geometry.
This information extends to representations
of the current distribution for each radiating
mode, as well as near field and far field radia-
tion that this mode contributes to the total per-
formance of the antenna (see Figure 1). An-
tenna designers are thus empowered to design
new antennas based on in-depth knowledge of
the structure’s radiating properties, rather than
on educated guessing or brute force optimiza-
tion-based design methods.

EM SOFTWARE & SYSTEMS-SA (PTY) LTD.
Stellenbosch, South Africa
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One Product. Multiple Solvers.

FEKO includes several computational methods, each optimised for different problem types. Due to a long
history of hybridising different techniques, FEKO has been at the forefront of the efficient analysis of
complex, low and high frequency problems. The Method of Moments, Finite Element Method, Multilevel
Fast Multipole Method, Uniform Theory of Diffraction, Physical Optics and Ray-Launching Geometrical
Optics are all available in the standard package.

Additional Applications: Antenna Design, Antenna Placement, Waveguide, RF Components, Microstrip
Circuits, EMC, Cable Coupling, Radomes, RCS, Bio-EM.
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Comprehensive Electromagnetic Solutions
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A Fig. 2 Schematic layout of cables in a vehicle in CADFEKO.

FAST ARRAY SOLVER

The Domain Green’s Function
Method (DGFM) forms the math-
ematical basis of the new solver for
large, finite sized arrays that was intro-
duced in FEKO Suite 6.2. The fast ar-
ray solver provides an optimal way of
modeling very large finite arrays, with
computational complexity (memory
and run-time) that scales relative to
the size of a single element of the ar-
ray, rather than relative to the size of
the entire array. A powerful feature
of the solver is that it does not require
any particular structure or pattern in
the placement of array elements and
all array elements can be placed ar-

122

bitrarilyy. CADFEKO also presents
tools that enable the simple setup of
such large arrays, including placement
of elements and feeding of each ele-
ment.

HIGHER ORDER BASIS
FUNCTIONS

The heart of FEKO is still integral
based formulations to Maxwell’s equa-
tions, in the form of the Method of
Moments (MoM) and Multilevel Fast
Multipole Method (MLFMM). The
MoM formulation was strengthened
in FEKO Suite 6.2 with the introduc-
tion of higher order basis functions
(HOBF). HOBF bring a wealth of

possible uses, which is much coarser
surface meshing for solutions of equal
accuracy to the finer meshed solutions
of previous versions of FEKO. Al-
ternatively, solution accuracy may be
improved without remeshing a coarse
mesh by simply increasing the order
of the solution.

CABLES IN AN EM
ENVIRONMENT

Modern antenna designers cannot
merely design antennas in isolation —
they have to be aware of the impact
that their antennas will have on the
environments where they will oper-
ate and vice versa. One such aspect
that FEKO is well suited to investi-
gate is the interaction between an-
tennas or unwanted radiating devices
and cables. This can be either where
radiation couples into cables (a cable
irradiation problem), or where cables
radiate energy that couple into exter-
nal structures (a cable radiation prob-
lem) or, of course, the combination of
the two. FEKO's technology supports
the investigation of such problems
via a wide range of technologies, in-
cluding a unique implementation
of a formulation that combines the
MoM with Multiconductor Transmis-
sion Line (MoM/MTL) theory. The
CADFEKO interface also supports
the setup of various cable types and
combinations of these to form cable
bundles that may be distributed in
various environments. In addition to
the existing cable types (such as rib-
bon, coaxial, etc.) the FEKO Suite
6.2 solver now also supports twisted
pair cables and the GUI helps users
bundle cables with an “auto-bundle”
feature and a new schematic view to
connect cables in complex configura-
tions (see Figure 2).

FEKO Suite 6.2 introduces new
features to the product’s existing suite
of solutions and also builds on exist-
ing methods to improve them even
further. The product has a wide range
of applications and will continue to
improve on solver methods and the
range of applicability of the product in
the future.

JVENDORVIEW

EM Software & Systems-SA (Pty) Ltd.,
Stellenbosch, South Africa

+27 21 831-1500,
feko@emss.co.za.
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ast year, Tektronix launched a new cat-

I egory of oscilloscope with the intro-

duction of the MDO4000 Series, the

first, and currently the only, oscilloscope on

the market with a built-in spectrum analyzer.

Now the company is introducing two new entry

level models that put breakthrough time and

frequency domain analysis in the hands of en-
gineers at more affordable price levels.

Inexpensive or “cheap” RF technologies
are being integrated into everyday applications
from apparel tags, to livestock monitoring clips,
price displays on store shelves and short-range
wireless remote control of household objects.
While many of these are lower-performance ap-
plications, the addition of RF makes debug chal-
lenges greater than ever. The new MDO4000
models address this trend by providing a lower
cost entry point solution that allows engineers to
capture time-correlated analog, digital and RF
signals for a complete system view, saving days
or even weeks of debug time.

Like other MDO4000 models, the new
MDO04014-3 and MDO4034-3 models offer four
analog channels, 16 digital channels and one RF
channel. To achieve prices starting at $12,200, the

—— Affordable
* Mixed Domain

Debug
- Analysis

and

new models offer lower analog bandwidth of 100
and 350 MHz respectively, sufficient for many in-
expensive RF applications. RF {requency range
for all models extends from 50 kHz to 3 GHz.

The MDO4000 packs a wide array of func-
tionality into a compact form factor that helps
to conserve limited bench space. Just 5.8"
deep, it combines the functionality of an oscil-
loscope, logic analyzer, spectrum analyzer and
protocol analyzer at the price of an entry level
spectrum analyzer.

“CHEAP” RF APPLICATIONS GROWING
In today’s world, it seems like wireless is
showing up almost everywhere, an observation
supported by industry watchers. For instance,
iSuppli estimates that 1 billion wireless LAN
devices will ship in 2012 with 2 billion expect-
ed by 2014. Similarly, ABI Research says that
wireless sensor networks will grow from 10.2
million chipsets in 2009 to 645 million in 2015,
a99.6 percent annual growth rate. In the RFID

TEKTRONIX
Beaverton, OR
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Model Number

Frequency Pout

(MHz) (Watts)
RSW002050H50F 20-500 100
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segment, forecasts
call for shipments
of 3.98 billion tags
in 2012, up more
than 1 billion over
2011 shipments.
Engineers tasked
with integrating RF
face a number of
design  challenges,
including the need
to not only charac-
terize, debug and
test the RF inter-
face, but also to
ensure that the RF
systems interact

nicely with the rest A Fig. 1 The MDO4000 displays time correlated view of both the

of the electronics in

time and frequency domain.

the device. Interfer-
ence and interaction
from RF sources in
the environment, as
well as other electri-
cal signals in the sys-
tem, also need to be
characterized  and
understood in order
to successfully inte-
grate RF technology
into a product.

Based on the Tek-
tronix MS0O4000B
mixed signal os-
cilloscope  series,
the MDO4000 Rasdar ums iniialtag  Tegresponds  Readerack.  Tag replies
Series offers intui- on and Intarrogation  with its RN1E t5g with data
:hal'ms tag by reader sirng Siring

RF Tx Enable

RF Ampiiude vs. Time

Read Clock

tive operation and

information-rich A Fig. 2 The MDO4000 makes RFID system analysis fast

displays. When both and efficient.
the RF channel and
any analog or digital channels are on,
the oscilloscope display is split into
two views, as shown in Figure 1. The
upper half of the display is a traditional
oscilloscope view of the time domain.
The lower half of the display is a fre-
quency domain view of the RF input.
These two views are tied together by a
feature called Spectrum Time, which
is indicated by the small orange bar at
the bottom of the time domain view.
Spectrum Time indicates where in
time the spectrum shown in the lower
half of the display came from. Spec-
trum Time can be moved anywhere in
the acquisition, enabling the user to
see time correlated analog, digital and
RF signals.

In addition, the time domain win-
dow can also provide support for RF
time domain traces which show the

user instantaneous amplitude, fre-
quency or phase over time as shown
in Figure 2.

INTEGRATING RFID

Given its rapid growth, RFID is
likely to be a segment that many en-
gineers will need to address in the
next few years. However, integration
of RFID into a system raises a num-
ber of questions that require multi-
domain analysis. Does the RF signal
from the reader interfere with prop-
er operation of other parts of the
system? Do the system clocks, or
switching power supplies, or high-
speed data interfaces, affect the per-
formance of the RFID system? Are
the RF signals being properly gated,
controlled and demodulated in sync
with the command and control sig-
nals from the rest of the system?
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DCO400800-5 +5 @ 20 mA, <78
DCOA00800.3 4000 - 000 05-18 3@ 20mA pis 03x03x008
DCO432403-5 +5@ 22 mA, &8
DCO0432493-1 4325 - 4950 a5-1 3@ 22 mA e 03xD0.3x0.08
DCO450900-5 *5 1@ 20 mA -6
DC0450800.3 4500 - 9000 05-14 3 @20 mA = 03x03 %008
DCO4TIS2-5 +5 @ 20 mA, -8B
4730 - 05- DAx03%0
DCO473642-3 E-I i +3 @ 20 mA 88 bbb
DCO490517-5 +5 @ 22 mA, 88
= T 2.
DCO490517-3 4900 - 5178 0.5-5 +3 @ 23 mA 86 O3xD3x008
DCO495550-5 +5 i 22 mA, 83
DCO435550-3 4950 - 5500 05-12 *3 @ 22 mA a5 D3x03x0.08
DCOS001000-6 #5 @ 20 mA 75
DOOS001000-3 5000 - 10000 05-1a \3@20mA T DAx03%008
DCOSTI582-5 G780 - 58D 0.5-10 +5 @ 20 ma -an 03x03x008
DCOB0EE34-5 +5 @ 20 mA -85
DCOE08E34.3 B080 - B340 05-5 3@ 2% mA i DAx0D3x0.08
DCOE15T12-5 #5. 3 22 mA -85
6150 - 7120 05-1a 0.3 x0.3%0.08
DCO15712-3 +3 @22 mA 23 vy
| DXO Series
DX0810800-5 [ [ [ +5 @ 32 mA [ a2
..Dmim | 81-B5 | 05-15 | 3@ 32 mA | 80 D3x03x008
DXO200865-5 +5 @ 27 mA, A0
DXOS00%E5-3 | 4.0-965 | 0%5-12 . 3@ 27 mA . 18 . 03x03x008
 DXO107010895-5 10,70 - 10.95 0:5-15 5 @ 25 mA Az 03 % 003 % 0,08
DXO11441200-5 11,44 - 120 0%5-15 +5 @ 30 ma a2 D3xD3x008
 DXO11751220-5 11.75-12.2 05-15 5 (@ 30 mA, -80 03 x0.3%0.08
DXO14851515-5 14.85-15.15 0%5-15 +5 i 30 mA, -74 03x03x0.08
M?bchnofog}r
FaA VI VY Y L YL S Y I Phone: (973) 881-8800 | Fax: (973) 881-8361
. % B 1 1 .37 | E-mail: sales@synergymwave.com
Wil tTiminean Web: WWW.5YNERGYMWAVE.COM

WICROMWENE CORPORETIOM Mail: 201 McLean Boulevard, Paterson, NJ 07504
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ES MICROWAVE LLC.

Since 1985 we have offered our custom
design filters and sub-assemblies in
combline, interdigital and
suspended-substrate technologies.

Broardband

Suspandud-Substris

rlltzrs, Dplzezrs, Triplsesrs, Quadruplassrs,
Culntuplatsrs, Sasuplasars..
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ES Microwave, LLC

BO31 Cessna Avenue, Gatthersburg, MD 20879
P: 301-5189-8407 F: 301-515-5418
WWW.BSMicrowave.com
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= All Solid State Amplifier
= Frequency Range : 10kHz ~ 220MHz
= Qutput Power : 10kW

http://rk-microwave.com

] .
R&K Company Limited
721-1 MAEDA, FUJI-City, Tel : +81-545-31-2600
SHIZUOKA-Pref.  Fax: +81-545-31-1600
416-8577 JAPAN E-mail : info@rkco.jp
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Product Feature

As shown in the
RFID  application
example in Figure 2,
the MDO4000 cor-
relates RF  activity
with the rest of the
system under test for
easy device debug
and verification. In
a single acquisition,
it is able to capture
the RF communica-
tions from both the

Chick e o
e aga
Pirawr wcpehy
vollape in el

ABE [Mnpilida
Shift Keying
g Bk st
iy remele

reader and the tag

while allowing the A Fig. 3 The MDO4000 provides a triggered acquisition system that
designer to visualize i fully integrated with the RE, analog and digital channels.

other critical system
signals.

COORDINATED TRIGGER SYSTEM
CAPTURES ANALOG, DIGITAL
AND RF

In Figure 3, the MDO4000 is used to
see time correlated events across a wire-
less power switch. In this case, a single
trigger event coordinates an acquisition
across all channels, allowing the user to
capture a spectrum at the precise point
in time where an interesting time domain
event is occurring. A comprehensive set
of time domain triggers are available, in-
cluding Edge, Sequence, Pulse Width,
Timeout, Runt, Logic, Setup/Hold Viola-
tion, Rise/Fall Time, Video and a variety
of parallel and serial bus packet triggers.

FEATURES

The MDO4000 Series addresses the
needs of the more than 60 percent of en-
gineers facing the need to debug systems
in both the time and frequency domains.
It incorporates a notable number of fea-
tures including the following (many of
which are reported to be industry firsts):
e Mixed domain oscilloscope with

the functionality of an oscilloscope

and spectrum analyzer in a single
instrument.

e Capability to capture time-corre-
lated analog, digital and RF signals
for complete system visibility.

¢ RF Spectrum Time that makes it pos-
sible to see how the spectrum chang-
es over time or with device state.

e Support for up to 3 GHz of capture
bandwidth in a single acquisition.
By comparison, most modern spec-
trum analyzers have just 10 MHz
capture bandwidth.

e RF Time Domain traces to show
how the amplitude, frequency or
phase of the RF input signal chang-

es relative to time.

e RF Trigger Qualification offers in-
dustry triggers on RF signals to fur-
ther isolate the RF event of interest.

NEW PRE-AMPLIFIER,
SIGNALVU-PC

In addition to the new MDO4000
models, Tektronix also announced the
TPA-N-PRE pre-amplifier for use on all
MDO4000 oscilloscopes. This new pre-
amplifier further lowers the already low
noise floor of the RF channel, enabling
engineers to pull very low level signals
out of the noise.

Also adding to the versatility of the
MDO4000 is the availability of Signal-
Vu-PC software that provides deep,
offline analysis of complex signals.
SignalVu-PC  simplifies validation of
wideband designs and characterization
of wideband spectral events and speeds
up time-to-insight by showing the time-
variant behavior of wideband signals.

SignalVu-PC  offers extensive vec-
tor signal analysis functionality spanning
spectrum, spectrogram and RF mea-
surements, including analog modulation
analysis, adjacent channel power, CCDF,
occupied bandwidth plus amplitude, fre-
quency and phase vs. time. Options for
more advanced analysis functions are also
available including modulation, pulse,
settling time, audio and flexible OFDM
measurements. Acquisitions from all
current Tektronix performance and val-
ue real-time oscilloscopes, including the
spectrum analyzer in the MDO4000, can
be analyzed with SignalVu-PC, adding
deep analysis capabilities to these broad-
band acquisition systems.

Tektronix,
Beaverton, OR

(800) 833-9200,
www.tektronix.com.
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“Quietly The Best”

ULTRA LOW NOISE OSCILLATORS

Solutions for the Most Demanding Applications

ONYX IV - LOW G - LOW NOISE - LOW COST

Less than $200 in quantities
Low Phase Noise Floor to -176 dBc/Hz

2E-10, 3E-10, 5E-10/g Standard

5 MHz to 130 MHz (fixed frequency)
1x1x0.5" 26x26 x13mm

ULTRA-LOW NOISE CITRINE - VIBE ISOLATED

Vibration Isolated and Low-G options
Low Phase Noise Floor to -190 dBc/Hz

Phase Lock Option

5 MHz to 650 MHz (fixed frequency)
2x2x0.7",51 x51 x 18mm

ULTRA-LOW NOISE MXO - MULTIPLIED

Multiple Frequency Outputs
20 LOG N Phase Noise, plus very few dB

Custom Frequency Plans

200 MHz to 12 GHz (fixed frequency)
2.5 x4 x 1" and extended, 64 x 102 x 26mm

CROVEN :
(=] E89¢FR s W Wenzel Associates, Inc.
500 Beech Street - Whitby, Ontario, Canada e e R, e

905-668-3324 - crovensales@crovencrystals.com

www.wenzel.com
www.crovencrystals.com
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. Carrier Grade,
. FDD Radio
~ Using E-Band

Paolo Galbiati,

PLM Director of SIAE MICROELETTRONICA, EXECUVEIIEViEws
outlines how the company developed

from humble beginnings in Milan in the 1950s to become
a global player in the 215t century. Find this interview

online at www.mwjournal.com/Galbiati.

IP, fully featured next generation micro-

wave radio. It is a zero footprint solution,
fully integrable with 3G, 4G and LTE nodes,
making the series ideal for fast and flexible evo-
lution toward full IP networks with high radio
capacity and performance. With its advanced
Ethernet features and complete synchroniza-
tion management (SyncE and 1588v2), ALFO-
plus is a state-of-the-art IP radio, providing the
foundation for leading edge networks.

The latest in the ALFOplus Series is the
ALFOplus80, which is a carrier grade, FDD
radio for E-Band applications. This next gen-
eration solution is an alternative to expensive
fiber deployment, while retaining the same ca-
pacities and performance.

ALFOplus80 is state-of-the-art, not only
from a technological point of view but also
from an engineering perspective, being totally
produced using pick and place and SiP tech-
nologies, even at such high frequencies when
E-Band solutions are generally based on dis-
crete/mounted components.

The radio provides up to 2.5 Gbps radio
net throughput with down to 5 ps latency, rep-

The ALFOplus Series is a full outdoor, full

resenting an ideal solution for LTE (even in
CPRI architecture) and for high capacity net-
works deployment, either as an alternative or
in conjunction with fiber. With 64 QAM and
ACM + Adaptive Symbol Rate (ASR) from 4
QAM up to 64 QAM, ALFOplus80 achieves
high reliability for in-field applications.

ULTRA HIGH CAPACITY

With 2.5 Gbps net throughput and its zero-
footprint characteristic, ALFOplusS80 is suit-
able for ultra high capacity wireless links in ur-
ban environments for all carrier-class applica-
tions (mobile backhaul, enterprise, ISP). Lat-
est synchronization techniques and advanced
Ethernet/IP functionalities make it a state-of-
the-art IP radio.

ALFOplus80 supports the latest STAE MI-
CROELETTRONICA modem techniques, in-
cluding the Hitless ACM engine from 4 to 64
QAM and the company’s advanced Multi-layer
Header Compression algorithm. Split mount

SIAE MICROELETTRONICA S.p.A.
Milan, Italy
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Generating complex
signals without a PC

Where other mid-range signal generators make you buy PC soft-
ware extensions to perform common tasks, the R&S®SMBV 100A is
ready for action right out of the box. It supports all important digital
standards such as LTE, 3GPP FDD/TDD, WLAN, Bluetooth® and many
more. The R&S®SMBV 100A is also a fully-fledged GNSS simulator
for GPS, Glonass and Galileo scenarios — no need for an external PC.
A graphical user interface with flow diagram lets you configure the
instrument quickly and easily — no matter how complex the signal.

To find out more about efficient and stressless signal generation,
visit www.rohde-schwarz.com/ad/smbv/mwj

Al ) MOMDRASCHY

ROHDE&SCHWARZ
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Need ultra-fine features for High Frequencies?

Chemical Undercutting hurting performance?

Experience the Precision and Repeatability
of Anistropic Dry Etching

The Difference
is Clear

(magnification 500x)

The Original Thin Film Dry Etch Experts

I=m

ION BEAM MILLING, INC.
http://www.ionbeammilling.com

(603) 644-2326

1983 Celebrating 30 Years 2013

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

<
www.artechhouse.com

CALL FOR BOOK AUTHORS

Product Feature

o — T

A Fig. 1 Split mount architecture is also available by connecting
ALFOplus80 with the AGS-H indoor unit, shown here.

architecture is also available connecting ALFOplus80 with
the AGS-H indoor unit (AGS-Hybrid), which is shown in
Figure 1.

This architecture provides additional High Capacity Na-
tive TDM traffic transport up to 2xSTM-1 + 16xE1, which
are transported through this single NE System. Moreover,
additional interfaces (4xGE) and all reliability schemes
(1+1 HSB, G.8032 Ring Protection) specific to traditional
split mount systems are also available.

Interconnection between ALFOplus80 and AGS-H can
be chosen to be either electrical or optical; in the case of
electrical connectivity ALFOplus80 can be powered by
AGS-H or by a switch/router with Power over Ethernet
(PoE) directly through LAN data cable.

Other key features include 71 to 76 GHz/81 to 86 GHz
frequency ranges and 250 MHz, 500 MHz, 750 MHz and
1.000 MHz channel bandwidths, a Packet Header Com-
pressor, supporting multi-protocol and Enhanced Tun-
neling protocol stacks, together with Linux or Unix based
NMS, HTML based local access (no Flash needed).

‘FIBER LIKE’

In addition, ALFOplusS80 can be configured as fixed
throughput equipment, in order to provide ‘fiber-like be-
havior” with down to 5 ps latency. The ALFOplus80 is
therefore ideal for high capacity and reactive network de-
ployment. Being ‘fiber like’ in terms of performance and
capacity, and demonstrating installation agility and deploy-
ment cost saving, it is suitable for next generation 4G/LTE
architecture.

It is also a good choice for dedicated ‘high value” and
strategic connections such as: An alternative to or to com-
plement multiGigabit high capacity fiber deployment; fi-
ber backup and disaster recovery; CPRI transport for the
distributed deployment of small cells; mobile and 4G/LTE
network backhaul; micro and macro cellular network in-
frastructure; high capacity multiGigabit leased lines; car-
rier grade connection to service providers (ISP); munici-
pal and private network backbones; Gigabit LAN/WAN
backbone connection; and high capacity TDM transport
(PDH+SDH) in E-Band (with AGS-H).

LTE architecture requires the radio link to have total
flexibility of installation in different and changing network
topologies and complete traffic management for provid-
ing a complete multi-services solution. With the forerun-
ning ALS and ALFOplus Series, complemented by the
ALFOplus80 Series, SIAE MICROELETTRONICA of-
fers a complete set of solutions to address these require-
ments with carrier grade performance.

SIAE MICROELETTRONICA S.p.A., Milan, Italy
+39 0227 3251,

www.siaemic.com.
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Tech Brief

he Aethercomm model
I number SSPA 2.9-3.1-300
is a high power, pulsed or
CW GaN RF amplifier that can
be employed in radar or other ap-
plications throughout the S-Band
frequency range. This amplifier
is optimized for operation from
2.9 to 3.1 GHz. The devices in
the amplifier are not matched and
therefore can operate from 2.7 to
2.9 GHz or 2.7 to 3.5 GHz with
similar performance.

This power amplifier is ideal
for radar platforms as it is robust
and offers high power and excel-
lent power added efficiency while
maintaining compliant pulse fidel-

The trade show dedicated

iIcrowave

300 to 400 W
GaN $S-Band SSPA

ity. It operates with a base plate
temperature of —40° to +85°C. It
is packaged in a modular housing
that is approximately 5.00" (width)
by 8.00" (long) by 1.94" (height).
The weight of this unit is 2.5
pounds typical. This amplifier has
a typical peak output power of 300
to 400 watts at room temperature.
Noise ﬁgure at room temperature
is 10 dB typical, and the power
flatness across the band is typi-
cally £0.25 dB. Input and output
VSWR is 2.0:1 typical.

This PA operates from a
+50 V DC input voltage. The SSPA
includes an external DC blanking
command that enables and dis-

RF

to radiofrequencies,
microwaves, wireless

and fibre optics

Organization

ables the module in 5.0 psec typi-
cal. A logic low or open circuit dis-
ables the amplifier and logic high
will enable the amplifier. Standard
features include over/under volt-
age protection and reverse polarity
protection. The output port is fully
protected from an open or short
circuit presented to this port with
no damage. Input/output RF con-
nectors are SMA female. DC and
command voltages are accessible
via a DSUB connector.

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

sales@aethercomm.com.
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Tech Brief

iminuSys has expanded its line
d of wideband USB controlled

tuners with the DWT-P940 for
continuous 0.9 to 40 GHz coverage.
The DWT-P940 offers wide instanta-
neous bandwidth and dynamic range,
along with portability, affordability
and ease of operation. With seamless
high-speed tuning over the 0.9 to 40
GHz band, the DWT-P940 offers si-
multaneous non-inverting IF outputs
at 900, 120 and 21.4 MHz with instan-
taneous bandwidth of 200 MHz (the
500 MHz option drives a 750 to 1250
MHz IF output).

The DWT-P940 employs sub-
octave preselection with the ability
to bypass all input filtering. Overall
gain is adjustable from —40 to +20

Microwave Flash, delivered every
Wednesday, contains the latest

news, upcoming events, webinars,
technical articles from the current
issue and web exclusive features.

Microwave Advisor, delivered
every Tuesday, features the
“Editor's Choice” product
announcements.

Military Microwaves, a monthly newsletter,

includes guest commentaries from

industry analysts, news, products and
listings of upcoming aerospace and

defense related events
and webinars.

Compact 0.9 to 40 GH:
USB Controlled Tuner

dB and tracks between the three IF
outputs. Broadband noise methods
are employed for preservation of level
measurement accuracy. Control of
the tuner is via USB 2.0 or 3.0 with
included applications for Windows
and Linux. A simple native command
set allows execution and proprietary
application development for desktop
and smartphone platforms.

The DWT-P940 is an ideal pre-
tuning solution for those in need of
extended frequency coverage for vin-
tage EMIL, TEMPEST or surveillance
receivers with upper limits of 1 or 2
GHz. As the perfect alternative to
budgeting for an unfamiliar path to
40 GHz, the DWT-P940 performs mi-
crowave tuning and preselection for

established systems with only minimal
impacts on level measurement accu-
racy, sensitivity and intermodulation.
Available options include 500 MHz
instantaneous bandwidth, low phase
noise, enhanced tuning speed and in-
creased internal reference stability.
The DWT-P940 employs a field
replaceable 2.92mm input connec-
tor, and BNC or SMA outputs for the
three IFs, reference in and reference
out. The unit operates on 12 VDC
and includes a 120/240 VAC universal
power supply.
diminuSys, Irvine, CA
(800) 809-4230, (949) 207-3923,
info@diminusys.com,

www.diminusys.com.
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Catalog Update

Modular Catalog
Y/VENDORVIEW

Agilent’s updated modular catalog
now includes all of the 16 recently
introduced products, as well as
enhanced sections on setup, op-
eration and maintenance. Product
categories include PXI vector sig-
nal generators and analyzers, PXI
optical extenders, PXI chassis and
controllers, PXI switches, AXlIe
digitizers and AXIe logic and pro-
tocol analyzers. The catalog pro-
vides a comprehensive overview
of the modular products, order-
ing, support and warranty infor-

mation. The modular catalog can be downloaded at http://cp.literature.
agilent.com/litweb/pdf/5990-7367EN .pdf.

Agilent Technologies Inc.,

www.agilent.com.

EMC & RF Testing

Product Catalog

Y)VENDORVIEW

AR’s new product catalog is now
available from your local AR
sales associate. The catalog is
easy to use, with “find-it-fast”
charts and color coding to help
get right to whatever you need
for RF and EMC testing. It is
available for free download, ei-
ther in full or by section at www.

AR RF/Microwave
Instrumentation,

www.arworld.us.

2013 Filters Catalog
Y/VENDORVIEW

Anatech Electronics has released
its latest 2013 short-form catalog,
which provides detailed descrip-
tions of the company’s broad line
of RF and microwave filters, du-
plexers, LNA-filters, multi-band
combiners, power dividers and
many other products for com-
mercial and military applications.
The catalog describes Anatech’s
expertise in the design and man-
ufacture of  high-performance
custom products as well as prod-
ucts available from its Web store,
www.AMCrf.com. To download

Coatalew
Testing

the catalog, go to_www.anatechelectronics.com/catalogs.aspx.

Anatech Electronics,
www.anatechelectronics.com.

High Power RF

Amplifiers Catalog

Ophir RF has a new high power
RF amplifiers catalog available.
The catalog is split into sections,
including EMC/Test & Measure-
ment, Communications, Medical
MRI/NMR, Radar, Electronic
Warfare, Custom Solutions, and
Frankonia EMC Products. It in-
cludes an amplifier selection guide
and a module selection guide. The
catalog describes product applica-
tion, system features, electronic
characteristics, circuit protection
and environmental characteristics,
among other product information.
Ophir RF,

www.ophirrf.com.
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Microwave Capabilities
Catalog
g)\/EN DORVIEW

rane Aerospace & Electronics
Microwave Solutions launches
the new microwave capabilities
catalog that features a wide range
of product solutions from com-
ponent level devices to complex,
advanced integrated microwave
assemblies. Products are illustrat-
ed from major product areas and
represent the breadth of techni-
cal capability of Crane. The com-
pany’s microwave brands include
Merrimac, Signal Technology and
Polyflon. For more information on

Crane Microwave Solutions, p]ease visit www.craneae.com/mw.
Crane Aerospace & Electronics Microwave Solutions,

www.Ccraneae.com.

Electrical Measurements
Guide

Keithleys  new  e-handbook,
Keithley’s Guide to Understand-
ing Electrical Test and Measure-
ment, offers you online access
to application notes, webinars,
selector guides for choosing the
optimal instrument, and overview

s e nding
al Ie%nm

and configuration of instrument options. From the most basic to very
complex applications, there is one common element — the best possible
measurements need to be made. This e-handbook has been compiled to
help you analyze your applications and the various types of instruments
that solve your test and measurement needs.

Keithley Instruments Inc.,
www.keithley.com.
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The Ohio State University, Columbus, Ohio;
Star Dynamics Corporation, Hilliard, Ohio;

and Air Force Institute of Technology, Wright
Patterson AFB, Ohio are proud to host the 35th
Annual Meeting and Symposium of AMTA

at the Hilton Easton in Columbus, Ohio from
October 6-11, 2013. The host committee,
lead by Professor Inder “Jiti” Gupta, cordially
invites you to attend and participate in this
annual event.

Columbus, Ohio
October 6 - 11, 2013

For more information about AMTA 2013, please visit

www.AMTA2013.0org

or contact

Jiti Gupta

AMTA 2013 Chair

The Ohio State University
2013host@amta.org

OHIO

The Antenna Measurement Techniques Association (AMTA)
is a non-profit, international organization dedicated to the
development and dissemination of theory, best practices
and applications of antenna, radar signature and other
electromagnetic measurement technologies.

Visit www.amta.org for more detail.

AMTA 2013 will offer unparalleled:

® High-quality technical papers presented on a continuous basis
over four days

® A practical, full day short course related to EM measurements

® Exhibits showcasing antenna and measurement related
products and services

® Technical tours and spectacular social events

® Daytime companion programs to area highlights

® Networking opportunities with experts

Authors addressing advancements and innovations related to
antennas, EM scattering and material measurements are invited
to submit a 200-word abstract for possible presentation at the
Symposium. The abstract submission deadline is May 1, 2013.

Student participation is encouraged. There will be a Student Day,
and AMTA 2013 will award at least three (3) Best Student Paper
Awards (a $500 (USD) cash award and complimentary registration
to AMTA 2014).

Iﬂ:d.»‘_‘ : 1 ,
,'-*:.‘:.Illl ildﬁ' I:.: & - -

Franklin Park Conservatory Gateway - Ohio-State District

e @ emomaes  SCAFT
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IEEE Wireless and Microwave Technolouy Conference
WAMICON 2013

Garibe Royale Hotel & Convention Genter

Orlando, FL

April 7-9,2013

JOIN US!

The 14th annual IEEE Wireless and Microwave
Technology Conference (WAMICON 2013) will be
held in sunny Orlando, Florida on April 7-9, 2013.
The conference will address up-to-date multi-
disciplinary research needs and interdisciplinary
aspects of wireless communication systems and
RF technologies. The program includes an
outstanding combination of keynote speakers, oral
presentations, poster presentations, tutorials and
an exhibit area. The WAMICON technical program
and conference structure promotes networking
opportunities and focused technical discussions
with peers on an international level. Past WAMI
events have included attendees from the US,
Canada, Europe and Asia with expertise in the
fields of wireless and microwave technology from
system level design to device and circuit
implementation. Backgrounds included commercial
as well as military wireless and microwave systems
such as 3G/4G, WLAN, SDR, 802.xx, and UWB,
SATCOM, Radar, etc., and from RF up to mm-wave
frequencies.

A wide range of Exhibit and Sponsorship options
are available. See more details at:

www.wamicon.org

Exhibits and Sponsorships Available!
Email: rvan bakerQcree.com
jassurian@reactel.com
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Catalog Update

Supplier Line Card
YJVENDORVIEW

RFMW has released its latest sup-
plier line card which highlights
value added capabilities and in-
cludes a product matrix for easy
identification of supplier product
focus. RFMW'’s  expanded line
card includes three new suppliers
plus additional divisions of exist-
ing suppliers. These additions
enhance an already impressive
offering of RF and microwave
devices. The new line card is a
comprehensive overview of the
products supplied by this RF and
microwave focused distributor. It
is available in softcopy at www.rfmw.com/RFMWLinecard.pdf.
RFMW Ltd.,

w.“ [ 31 T e

Small Cell New Product

Selector Guide o p et 2012
Y)VENDORVIEW '
Richardson RFPD announced '-:-F_'_:n-‘:"..

the availability of its Small Cell
(Femto, Micro, Pico) New Product
Selector Guide. The October 2012
small cell selector guide includes | m=mma
the latest semiconductors, passive
devices and frequency control devices for this dynamic application. Fea-
turing more than 30 new products, the small cell selector guide is orga-
nized by product type, including amplifiers, detectors/controllers, anten-
nas, dividers/combiners, RF couplers, modulators/demodulators and up/
down converters. The guide is available on Richardson RFPD’s website
and is updated monthly.

Richardson RFPD Inc.,

www.richardsonrfpd.com.

 Mickarduashf P
-_—

Coax Switch Matrix

Selection Guide

Teledyne Coax Switches has
released its new Coax Switch
Matrix Selection Guide. The
guide features Teledyne’s switch
matrix capabilities with com-
prehensive descriptions of each
matrix and additional options for
users to tailor a matrix to their
exact requirements. The guide
features examples of matrix
systems for markets including:
military and defense, aircraft,
industrial, SATCOM, advanced
telecom, ATE, 4G, LTE and
more. To find out how to specify
your matrix, order or download the Coax Switch Matrix Selection Guide
online at www.teledynerelays.com/lit-request.asp.

Teledyne Coax Switches,

www.teledyne-europe.com.

Coax Switch Matrix
Selection Guide

-

'5:.
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January Short Course Webinars

Innovations in EDA

Presented by: Agilent Technologies

Freescale’s Power Amplifier Design Methodology
Innovations

Available On Demand after 1/10/13

Agilent in Aerospace/Defense

RF/uW Measurement Uncertainty: Calculate,
Characterize, Minimize

Live webcast: 1/17/13, 1:00 PM ET

FieldFox Handheld Analyzers

Presented by: Agilent Technologies

Techniques for Precise Time Domain Measurement
in the Field

Live webcast: 1/23/13, 1:00 PM ET

Agilent in Wireless Communications Series
Moving Forward to LTE-Advanced with Heterogeneous
Networks

Live webcast: 1/24/13, 1:00 PM ET

RF and Microwave Education Series

Presented by: Agilent Technologies

Signal Generator Fundamentals and New Applications
Live webcast: 1/30/13, 1:00 PM ET

Register to attend at
mwjournal.com/webinars

Past Webinars On Demand

RF/Microwave Training S eries

Presented by: Besser Associates

e Passive Components: Couplers, Dividers and Combiners

e Spur-Free Switching Power Converters for Analog and RF Loads
e Mixers and Frequency Conversion

Technical Education Training Series

¢ \/CO Fundamentals

e RF PCB Design

e ntroduction to Antenna Simulation with COMSOL Multiphysics
e Radar Fundamentals Il - Pulse Doppler Radar

CST Webinar S eries

e Simulation of EMI in Hybrid Cabling for Combining Power
and Control Signaling

e Chip/Package/Board: Constraint Driven Co—Design

e Simulation of Wearable Antennas for Body Centric Wireless
Communication

e Multiphysics Approach for a Magnetron and Microwave Oven
Design

e EMC Simulation of Consumer Electronic Devices

Innovations in EDA/Signal Generation &
Analysis Series

Presented by: Agilent EEsof EDA/Agilent Technologies
e Envelope Tracking Simulation and Analysis

¢ RF Module Design Using Amalfi CMOS PA

EA
Eil"‘i’h =

Register to attend at
mwjournal.com/webinars

e Integrated Electro-Thermal Solution Delivers Thermally Aware
Circuit Simulation
e Power Amplifier Design with X-Parameter Power Transistor Models

Agilent in Aerospace/Defense Series

e Using RF Recording Techniques to Resolve Interference Problems
e Essentials of OFDM and MIMO

e Measurement Challenges and Techniques for SATCOM

Agilent in LTE/Wireless Communications Series

© 3GPP LTE Standards Update: Release 11, 12 and Beyond

* 10-Steps to Determine 3G/4G IP Data Throughput

e Addressing Measurement Challenges of 160 MHz 802.11ac MIMO
o [TE-Advanced Design and Test Challenges - Carrier Aggregation

Optimize Wireless Device Battery Run-Time Series
Presented by: Agilent Technologies

e |mpact of the Battery, Its Management, and Its Use

e |nnovative Measurements for Greater Insights

FieldFox Handheld Analyzers Series
Presented by: Agilent Technologies
e Calibration and Alignment Techniques for Precise
Field Measurements
e Techniques for Precise Cable and Antenna Measurements
in the Field
e Techniques for Precise Interference Measurements in the Field

Micr@wave
Journal

Frequency Matters.
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New Waves: Radar and Antennas

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

Notch Filter

)VENDORVIEW

Model AS816N335 is an extremely high Q

notch filter designed for 800 MHz GSM appli-

cations that has extremely sharp transition char-
acteristics from

\ the stopband to
the  passbands
and  extremely
high rejection of

-70 dB. It has a
notch center frequency of 816.5 MHz, notch of
816 to 817 MHz, low-side passband beginning
at 809 MHz and high side passband beginning
at 821 MHz. Passband return loss is at least 18
dB. The filter measures 17.2" x 3.1" X 2.2" and
uses female Type-N connectors.

Anatech Electronics,
www.anatechelectronics.com.

Antenna Synthesis Software
Y)VENDORVIEW

AWR, developer
of the antenna
synthesis prod-
uct Antenna
Magus, intro-
duced Antenna
%‘ Magus Version

4.1, which adds

four new anten-

na types: axial
choke horn with dielectric lens, offset-fed Gre-
gorian reflector, Cassegrain reflector and egg-
beater antenna. The new version also adds new
tools, including a radar cross section tool, pas-
sive remote sensing tool and two-port network
conversion tool. With this latest release, the pla-
nar portfolio of designs that connect to AWR’s
Microwave Office™ software and AXIEM® 3D
planar EM simulator now supports more than

50 topologies.

AWR Corp.,

WWW.awrcorp.com.

Radar Synthesizer
The Bench-
Forge Colt 5 to
6 GHz UNII/

DFS radar syn-
thesizer  pro-
vides an inex-
pensive solution
for the testing
and development of DFS-enabled wireless
products. It provides engineers with desktop
capability to prepare for DFS product certifica-
tion. Colt generates FCC Type 1-6, ETSI and
Japanese radar types, as well as custom types. Tt
connects to either Linux or Windows-based sys-
tems via RS-232. Base price is $1495.00 (price
includes Colt, antenna and USB-to-RS-232
adapter.)

BenchForge,

www.benchforge.com.

Antenna System Module

Ethertronics unveiled EtherModule 1.0, a
turnkey, plug-and-play, active antenna system
module combining Ethertronics™ advanced an-
tenna architecture and EtherChip 1.0 tunable

capacitor on a printed circuit board for easy
integration. EtherModule 1.0 has a typical dy-
namic range of 20 dB to deliver maximum per-
formance across a wide range of frequencies
and use cases. Given the combination of closed
loop functionality with a proprietary algorithm
integrated in conjunction with a microproces-
sor, the module is capable of dynamically sens-
ing and optimizing the antenna system, without
external control signals from the device.
Ethertronics,

www.ethertronics.com.

Power Amplifier

JVENDORVIEW

Hittite  Micro-
wave launched a
new PA that is
ideal for micro-
wave radio, EW,
ECM and radar
applications  to
28 GHz. The
HMC994LP5E is a GaAs MMIC PHEMT dis-
tributed power amplifier that operates between
DC and 28 GHz. The amplifier provides 13 dB
of gain, +29 dBm of saturated output power,
and 23 percent PAE from a +10 V supply. With
up to +38 dBm output IP3, the HMC994LP5E
is ideal for high linearity applications in military
and space as well as point-to-point and point-to-
multi-point radios.

Hittite Microwave Corp.,

www.hittite.com.

GaN HEMT

IGN2729M500
is an internally
pre-matched,
GaN high elec-
tron  mobility
transistor
(HEMT). This
part is designed for S-Band radar applications
operating over the 2.7 to 2.9 GHz instantaneous
frequency band. Under 300 ps/10 percent pulse
conditions, it supplies a minimum of 500 W of
peak output power with typical performance of
560 W, typically 12 dB gain and over 60 percent
efficiency. Specified operation is with Class AB
bias. When appropriately rated, it is operable un-
der a wide range of pulse widths and duty factors.
Integra Technologies Inc.,
www.integratech.com.

Panel Antenna

L-com an-
nounced its new
HyperLink 2.4
GHz 14 dBi
three element,

dual  polarized

panel an-
tenna. The
HG2414DP-3NF
provides  com-

bined vertical and horizontal polarization with
high gain in a single enclosure. Compatible with
IEEE 802.11 b/g/n standards, it combines three
separate antennas (two vertically and one hori-
zontally polarized multi-patch) in a single hous-
ing. Itis a professional quality antenna designed

primarily for MIMO point-to-multipoint and
point-to-point applications. The triple feed sys-
tem makes it ideal for use with APs and routers
with 1, 2 or 3 antenna ports.

L-com Inc.,

www.l-com.com.

Cassegrain Antenna

mWAVE Indus-
tries introduced
model number
RPCS2.3-250420,
a  K/Ka-Band
Cassegrain  an-
tenna. The main
reflector is a
precision 28" diameter lightweight composite
with integral mounting hub. The primary radia-
tor is a corrugated conical horn providing ex-
ceptional polarization discrimination perfor-
mance, sidelobe suppression and beam symme-
try. Rx operating frequency range is 22.55 to
23.55 GHz. Tx operating frequency range is
25.25 to 27.50 GHz. Input is a WR-42 flat flange
with o-ring. The polarization is single CP,
switchable. Polarization is electronically switch-
able between LHCP and RHCP via remote
control using a 24 V DC waveguide switch.

mWAVE Industries LLC,
www.mwavellc.com.
NFC Antenna
Pulse Electron-
ics introduced a
near field com-
r munications an-
tenna that en-
/ ables mobile

phones to read

data from a dis-
tance of up to 40 mm. The planar ferrite sheet-
based antenna has dimensions of 35 x 50 mm
with a minimum thickness of 0.30 mm, includ-
ing the ferrite/adhesive/antenna flex layers. The
magnetic field strength can be optimized by the
type and thickness of the ferrite material and
the design of the radiator pattern. The antenna
meets EMVco specifications ensuring global in-
teroperability and compatibility of chip-based
payment cards and acceptance devices.
Pulse Electronics Corp.,
www.pulseelectronics.com.

Microwave Antenna

Featuring a wind-tun-
nel tested design suited
for both tight urban lo-
cations and rugged out-
posts, the SB6-W60B
microwave antenna of-
fers a superior radiation
pattern for consistent
performance with less
interference. It has a
compact design and offers reliable frequency
coordination and high frequency re-use. The
SB6-W60B covers the full 6 GHz frequency
band of 5.925 to 7.125 GHz and is available in
single and dual-polarized models with the op-
tion to upgrade from single to dual polarization
and change frequencies in the field.

Radio Frequency Systems (RFS),

www.rfsworld.com.
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$ 69 \“5\0(.\\
ea. (qty-1-9)/DC fo18 GHz

Get the performance of semi-rigid cable, and the versatility
of a flexible assembly. Mini-Circuits Hand Flex cables offer the
mechanical and electrical stability of semi-rigid cables, but they’re
easily shaped by hand to quickly form any configuration needed
for your assembly, system, or test rack. Wherever they're used, the
savings in time and materials really add up!

from

Excellent return loss, low insertion loss, DC-18 GHz. Across
their entire bandwidth, Hand Flex cables deliver excellent
return loss (>26 dB typ for up to 50" runs) and low insertion
loss (0.2 dB typ at 9 GHz for a 3-inch cable). So why
waste time measuring and bending semi-rigid cables,
when you can easily install a Hand Flex interconnect?

Hand Flex Cables conform to
any shape required.

Two popular diameters tofit your needs.
Hand Flex cables are available in 0.086" or 0.141" diameters,
witha turn radius of 6 or 8 mm, respectively. Straight SMA
connectors are standard, and now we’ve added right-angle
connectors to our Hand Flex lineup, for applications with
tightly-packed components.

Standard lengths in stock, custom models available.
Standard lengths from 3 to 50" are in stock for same-day shipping.
You can even get a Designer’s Kit, so you always have a few on
hand. Custom lengths, or two-right-angle models, are also available
by preorder. Check out our website for details, and simplify your
high-frequency connections with Hand Flex! (ORoHS compliant

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

[JMini-Circuits’

ISO 9001

ISO 14001 AS9100

—5® P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
(?J.'ﬁ'lz The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicirt:E uits.com

753000, 7161842 IF/RF MICROWAVE COMPONENTS

482 Rev. E


http://minicircuits.com

New Products

Components

Cable Assemblies
Y)VENDORVIEW

Florida RF Labs
| has expanded its

'-",r Lab-Flex® fam-
ily of cable as-

semblies to in-

clude two new
50 GHz designs.

They are ideal for high frequency test applica-
tions and high-density interconnects where in-
sertion loss and stability over temperature are
concerns. As with all Lab-Flex products, these
assemblies offer > 90 dB of shielding effective-
ness and both offer a wide range of connectors
including SMA, 2.4mm and 2.92mm interfaces
in various configurations. The Lab-Flex product
family currently consists of five cable diameters:
0.100", 0.125", 0.200", 0.290" and 0.335".
Florida RF Labs,

www.emc-rflabs.com.

Phase Shifter

Herley General Microwave’s digitally program-
mable model 7929 phase shifter is an ideal so-
lution for today’s military airborne systems. It
operates over the 18 to 40 GHz frequency
range, provides 360° phase shift with accuracy
of < £15° and switching time of < 500 nanosec-
onds. Phase control via 10 Bit TTL providing high
resolution of 0.35° and guaranteed monotonic.
Herley General Microwave,

www.herley.com.
Highpass Filter

Integrated Microwave

- offers a high-frequency

M true elliptic function

highpass ~ filter. ~ This

small-profile filter offers
a nominal passband insertion loss of 0.7 dB at
5.2 to 13 GHz. This superior rejection provides
20 dB at 4.9 GHz, and —40 dB nominal DC to
4.8 GHz, with a 3 dB cutoff at 5.15 GHz. Per-
formance is comparable to a suspended sub-
strate, but at one-quarter the size and cost.
Integrated Microwave Corp.,
www.imcesd.com.

Digital Isolator
JVENDORVIEW

Linear Technol-
ogy introduced
the LTM2883, a
six-channel SPI/
Digital or I2C
digital pModule®
isolator with tri-
ple rail regulated
power for 3.3 and 5 V systems. The LTM2883
breaks ground loops by electrically separating
communications signals, isolating the logic level in-
terface on each side of an internal inductive isola-
tion barrier that withstands a very large common-
mode voltage range up to 2500 V. RMS. The
LTM28835s low EMI isolated DC-DC converter
powers the communications interface and provides
adjustable 5, +12.5 and -12.5 V supply outputs.
Linear Technology Corp.,

www.linear.com.
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In-Series Adapter

Mesa Microwave intro-
duced P/N MMCNPPA
plug-to-plug adapter in
stainless finish at 50 Q.
Mesa Microwave “In-
Series” adapters are
available in 50 and 75 Q. The company’s adapt-
ers feature stainless steel construction for a
more precise interface, and it also manufactures
precision adapters with higher frequency rang-
es. Visit its website to learn more about its full
line RF components such as precision coaxial
connectors, cable assemblies and electronic
components.

Mesa Microwave Corp.,
www.mesamicrowave.com.

Jumper Cables
- Microlab has extended
its line of JP/JR/]S se-
ries  jumper cables.
With  an  operating
range of DC to 3 GHz,
these cables are ideal
for all telecommunication applications in the
frequency bands between 380 and 2700 MHz.
They are attractively priced and “Microlab Cer-
tified™.” Microlab’s jumper cables are available
with N and DIN 7/16 connectors, both as
straight and rectangular types. Available con-
nector combinations are: JP straight (m)/
straight (m), JR straight (m)/rectangular (m), JS
rectangular (m)/rectangular (m).
Microlab,

hitp://fxr.com.

Extra Flexible Waveguide

Extra  flexible
waveguide is
available in both
standard  and
custom de-
signed configu-
rations,  span-
ning  frequen-
cies from 10 to 50 GHz. This product is ideal for
applications that require repetitive or wide-an-
gle flexure. The interior is silver plated for min-
imal insertion loss. Microtech manufactures
flexible waveguide from WR10 (110 GHz)
down to WR650 (1.12 GHz). The company has
been serving customers for 58 years, developing
different sizes and types of flex to meet custom-
ers” specifications.

Microtech Inc.,

www.microtech-inc.com.

Low PIM Connectors

Pasternack’s high performance low PIM con-
nectors are designed to fit most commercially
available 14" corrugated copper and aluminum
cables. They are
available in 7/16
DIN and Type N
series with male
and female in-
terfaces. Paster-
nack’s  custom
length assemblies using these new low PIM
connectors are made to order and ship the same
day. Each PIM connector body is plated with a
tri-metal Abaloy coating that produces a very
durable surface with good corrosion protection
while providing superior electrical conductivity
and exceptional PIM performance.
Pasternack Enterprises Inc.,
www.pasternack.com.

Dual Balun

Response  Mi-

crowave an-
nounced the
availability of its

new dual balun
family for use in
converting E1/T1
channels  from
75 Q coax to two
120 Q twisted
pair signals. Part of the Compel series of con-
nectivity products, the new units operate be-
tween DC and 3 MHz and offer return loss per
CCITT G703, signal balance according to
ETS300166 and support E1 data rates to 2.048
Mpbs and E2 rates to 8.448 Mbps. Configura-
tions are available with 1.0/2.3 coax to RJ45 and
BNC coax to RJ45.

Response Microwave Inc.,
www.responsemicrowdave.com.

Digital Step Attenuators
YJVENDORVIEW

RFMD’s new RFSA2644/2654 6-bit digital step
attenuators (DSA) feature high linearity over
their entire 31.5 dB
gain control range with
excellent step accuracy
in 0.5 dB steps. They
are programmed via a
serial mode control in-
terface that is both 3
and 5 V compatible.
They also offer a rugged Class 1C HBM ESD
rating via on-chip ESD circuitry. The MCM
package is footprint-compatible with most 24-
pin, 4 x 4 mm, QFN packages.

RF Micro Devices,

www.rfmd.com.

Wireless Transceivers

RFMD &I

RF5AZ2654

Specialized wireless transceivers from Ritron
provide OEMs and integrators with wireless
connectivity and COTS convenience in a
compact, cost-effective package. Available in
various configu-
rations — includ-
ing RF trans-
ceivers and ra-
dio modems —
they permit in-
tegration  into
systems de-

& .
manding utmost

Fe
performance in

congested frequency environments. A small
footprint minimizes space requirements, while
all components are placed on the top side of a
single PCB for mechanical rigidity and in-
creased protection against damage. Narrow
band (12.5 kHz) and very narrow band (6.25
kHz) models are available.

Ritron Inc.,

www.ritron.com.

Adjustable Delay Line
RLC Electronics” man-
n line (phase shifter) of-
fers continuous adjust-

ment of electrical delay

justment is through a multiturn, locking shaft
with approximately 5 picoseconds per turn.
Low insertion loss and VSWR are maintained

ually adjustable delay
over the frequency range of DC to 40 GHz. Ad-
throughout the adjustment range. The unit
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New Products

comes with a choice of male or female 2.92 mm
connectors. It has a 50 Q impedance, 5 W aver-
age power rating and a -55° to +85°C tempera-
ture range.

RLC Electronics Inc.,
www.rlcelectronics.com.

Connectors

Times Microwave Systems announced its new
non-solder two-piece EZ 7/8 EIA flange, 7/16
DIN and Type N connectors for LMR-1200-
DB and LMR-1200-FR flexible low loss 7/8"
50 Q coaxial cables. These high quality con-
nectors utilize a non-solder spring finger cen-
ter conductor contact and clamp-style outer
contact attachments. The total number of con-
nector parts has been reduced from six pieces
to only two pieces making them ideal for field
installations. Non-solder EZ style connectors
are also available for most LMR® cable types
and sizes.

Times Microwave Systems,
www.timesmicro.com.

Amplifiers

SSPA Module

Comtech PST introduced model BME69189-20,
a GaN-based, 6 to 18 GHz, 20 W RF solid state
power amplifier. Tt features high efficiency

(125  percent
typical), full
power  across

the entire band-
width, low har-
monic  distor-
tion, and is com-
pact and light-
weight (6.56" x 3.50" x 0.84", 5 Ibs.). It has a
noise power output of =105 dBm/Hz typical and
an operating temperature of —40° to +55°C
Baseplate (external heatsink required).
Comtech PST,

www.comtechpst.com.

Traveling Wave Tube Amplifiers

Comtech Xicom announced an expanded 12.75
to 14.5 GHz frequency coverage option for its
Ku-Band TWTAs. Its new line of high-efficien-
cy, antenna-mount TWTAs, including models
XTD-400KHE and XTD-750KHE, are capable
of operating across this entire band. Xicom’s
model XTD-1250KL antenna-mount amplifier,
as well as the new XTRT-1250KL. rack-mount
amplifier with touch screen control interface,
are also available with the extended wideband
coverage. In support of this new bandwidth,
Comtech Xicom is now offering 400, 750 and
1250 W TWTAs that provide full spec-compli-
ant performance over the expanded band.
Comtech Xicom Technology Inc.,
www.xicomtech.com.

Amplifier Die
Y)VENDORVIEW

Sustom MMIC is offering a new device from its
growing MMIC library of standard products.
The CMDI73 is a wideband GaAs MMIC dis-
tributed amplifier die for applications from DC
to 20 GHz. This device delivers greater than 15
dB of gain with a corresponding output 1 dB
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compression  point of
+18 dBm, and a noise
figure of 1.5 dB at 8
GHz. The CMDI173 is
an all-positive bias de-
sign, thus eliminating
complicated and costly sequencing circuits
while also simplifying board layout.

Custom MMIC,

www.custommmic.com.

Amplifier Module
VENDORVIEW

Richardson RFPD announced immediate avail-
ability of a new high power amplifier module
from Empower. The
T 1163/BBM2E3KLO is
= = a 20 to 520 MHz, 7" x
4" x 1.5" amplifier that
is guaranteed to deliver
125 W output power
and related RF performance under all specified
temperature and environmental conditions. Tt
uses high power LDMOS transistors and offers
built-in control and monitoring, with protection
functions that include non-volatile memory for
event recording and factory setup recovery fea-
tures.
Empower RF Systems Inc.,
distributed by Richardson RFPD Inc.,
www.empowerrf.com.

Waveguide LNAs
\YVENDORVIEW

Model AMFW-6S-12601520-90-WR62 is a very
low noise, high dynamic range, weatherproof
Ku-Band waveguide front end, operating from
12.65 to 15.2
GHz. Includes a
pressure sealed
. WR62 wave-
guide input and
SMA (F) out-
put. The LNA is
lightweight (approximately 270 g) with a small
profile (2.1" x 1.31" x 1.31") footprint. The alumi-
num alloy housing is sealed against most severe
environmental conditions. This LNA includes re-
verse voltage, over current and over temperature
protection in addition to full internal regulation.
MITEQ Inc.,

www.miteq.com.

GaN Power Amplifier

RADITEKS high efficiency broadband GaN pow-
er amplifier delivers a minimum saturated
output power
(Psat) of 50 W
over the fre-
quency range 20
to 1000 MHz.
operating  voltage

Standard
28V DG, supply current at Pout = 50 W is 6 amps.
Dimensions (excluding heatsink): 188 x 91.5 x
21.3 mm, weight = 800 g. RF connectors in/out:
SMA female, interface connector: 9 way D type.
RADITEK,

www.raditek.com.

specifications:

LNA
Y)VENDORVIEW

RFMW an-
nounced design
and sales sup-
port for TriQuint
Semiconductor’s
TQP3M9037,

aninternally

matched, low noise amplifier combining a 0.4 dB
noise figure with 20 dB gain and 35 dBm OIP3 in
a2 x 2mm DFN package. This LNA provides an
instantaneous bandwidth of 1500 to 2700 MHz
and requires only bypass/blocking capacitors and
a bias inductor for operation, no matching com-
ponents are required. In addition, TriQuint engj-
neering has integrated shut-down biasing capa-
bility to allow for TDD applications.

TriQuint Semiconductor,

distributed by REMW Inc.,

www.triquint.com.

Sources

Miniature Frequency Synthesizers
YJVENDORVIEW

AtlanTecRF’s miniature single phase-locked
loop frequency synthesizers exhibit fundamen-
tal output frequencies up to 12.5 GHz and mul-
tiplied output frequencies to 25 GHz. With

control via a

= . choice of either

T RS485 or Ether-

Tt net, each unit

i Rl can be taken

M through its fre-

quency range in

1 kHz steps with 5 ms switching speed. In addi-

tion to output frequency range, these synthesiz-

ers include the choice of internal or external

reference and input power is taken from a +5V
DC supply.

AtlanTecRF,
www.atlantecrf.com

=

4

Voltage Controlled Oscillator

Crystek's CVCO55CC-2610-2625 VCO oper-
ates from 2610 to 2625 MHz with a control volt-
age range of 0.5 to 4.5 V. This VCO features a
typical phase noise of -120 dBc¢/Hz at

. ™ 10 KHz offset
and has excel-
lent  linearity.
Output power is
typically +7

dBm. Engi-
neered and
manufactured

in the USA, the model CVCO55CC-2610-2625
is packaged in the industry-standard 0.5" x 0.5"
SMD package. Input voltage is 8 V, with a maxi-
mum current consumption of 30 mA. Pulling
and pushing are minimized to 2 MHz and 0.2
MHZz/V, respectively.

Crystek Corp.,

www.crystek.com.

Frequency and Timing Reference

Jackson  Labs
Technologies
announced the
availability of its
breakthrough
LC_XO 10 MHz
frequency and timing reference which inte-
grates a GPS receiver, power supplies, and an
ovenized, disciplined crystal oscillator into a sub
1" x 1" footprint. The LC_XO time and fre-
quency reference is a highly integrated global
positioning  system  disciplined  oscillator
(GPSDO) using a 50 channel GPS receiver with
WAAS to discipline an OCXO or TCXO to typi-
cally better than 0.5 ppb frequency accuracy.
Jackson Labs Technologies Inc.,
www.jackson-labs.com.
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What makes our switches rugged?
All AST switches come 100% sealed, but when
outdeor weather is a factor, AST switches are
unbeatable. Dur unigue “Weather” option provides
protection against the most severe weather that
mother nature can dish out. Our “Weather Cap®
protects the manual override and can be removed
without the use of tools. Come and see why AST
switches are used in a majority of outdoor

applications Advanced
Switch
.Tuldﬂrlnhg'r
www.astswitch.com

LOGLSE

Waveguide & Coaxial Switches
WR10 thru WR975

" i WR137

f “
DELIVERY

(OEUSGOD # 561802219
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New Products
Bench Test Frequency Synthesizers

Micro Lambda Wireless announced the pro-
duction release of bench test frequency synthe-
sizers covering the frequency range of 2 to 20
GHz in customers specified frequency bands.
Utilizing the MLSP-Series of frequency syn-
thesizers, units provide +10 to +13 dBm output
power levels and are specified over the standard
lab environment of +15° to +55°C temperature
range. All units consist of a frequency synthe-
sizer, AC power supply, heat sink with fan, key
pad, tuning knob, frequency display and driver
circuitry.

Micro Lambda Wireless Inc.,
www.microlambdawireless.com.

Modco VCO's for P25 and TETRA hand-
held, mobile and base station radios.
When optimum performance is required
for critical applications Modco offers
proven designs.

¢ \VHF BAND e 7/800MHZ

e UHF BAND e TETRAVCO'S.
Typical Phase noise -123/-125 dBc @
10kHz. Models are available with modu-

lation port and low profile packages and
priced from $9.95

WWW.MODCOINC.COM

Amplified Noise Source

NoiseWave announced
the immediate avail-
ability of the new
NoiseWave NW6G-B/
SM surface mount am-
plified noise source.
The NW6G-B/SM is an
ideal choice for surface
mount PCB applications. Offering broadband
frequency coverage from 200 kHz to 6 GHz, it
features at least 30 dB ENR with typical flatness
of + 2.5 dB or better. All bias circuitry is includ-
ed so operation is simple and repeatable. The
unit draws only 10 mA current from +12 V DC.
NoiseWave,

www.noisewave.com.

DRO
JVENDORVIEW

PMI model no. PIA-10G-CD-1 is a 10 GHz
integrated, dielectric resonator (DRO) module
with three outputs, each having a 0° to 360°
analog controlled, variable phase shifter and
0 to 10 dB analog controlled, variable output
control capability on each of the outputs. This
model provides a low harmonic output of -50
dBc typical and an output power level of +19
dBm typical. This DRO operates on +15 V DC
and is supplied in a compact package measuring
6.25" x 2.5" x 1.0". Other frequency ranges are
available.

Planar Monolithics Industries Inc.,
www.pmi-rf.com.

Fixed Frequency Synthesizer
P
the new RoHS

L ¥ compliant fixed

?ﬁﬂ frequency  syn-
thesizer model
SFS4000C-LF
for satellite
communications and test equipment. The
SFS4000C-LF is a single frequency synthesizer
that is phase locked at 4000 MHz while using a
10 MHz reference. This coaxial resonator PLL
features remarkable phase noise of —102 dBc/
Hz at 10 kHz offset and typical sideband spurs
of =65 dBc. The low phase noise device is de-
signed to operate over the extended commer-
cial temperature range of -25° to 90°C.
Z-Communications Inc.,

Z-Communica-
tions announced

www.zcomm.com.
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International Microwave Symposium
|IEEE 2-7 June 2013, Seattle, WA MTT-S

THE MUST ATTEND EVENT
IN THE RF & MICROWAVE INDUSTRY!

WHY IMS?

T IMS IS WHERE...state-of-the-art materials, devices, components, subsystems,
design and test equipment are unveiled.

T researchers choose to present their work. The future of RF & Microwave debuts here first!

T new products are unveiled and new partnerships begin.
T your current and future customers go for product evaluation.

e

T your competitors know they need to be.

OVER 550 COMPANIES
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The Book End

- Antenna Theory
!| i eon and Applications

his book covers fundamental an-

I tenna theory and shows how to
apply this in practice. It is derived

from an elective course on antenna
theory given at Eindhoven University of
Technology. The author discusses elec-
tromagnetic radiation and antenna char-
acteristics such as impedance, radiation
pattern, polarization, gain and efficien-
cy. The book provides readers with the
necessary tools for analyzing complex

L [§}

Hubregt ). Visser

antennas and for designing new ones.
A refresher chapter on vector algebra,
including gradient, divergence and curl
operation is included. Throughout the
book there are examples of employ-
ing the derived theory and all chapters
are concluded with problems, giving
readers the opportunity to test their ac-
quired knowledge.

The book is accompanied by a web-
site containing solutions to the problems
and CST Microwave Studio® modeling
files. However, the examples and design
case studies are described in such a way
that any other full-wave analysis soft-
ware suite could be used if the reader
has another preference. In the exam-
ples, the theory derived is used to assess
the dimensions of an initial, realistic an-
tenna that is fine-tuned to the desired
characteristics using the full-wave analy-
sis software suite.

This book is a good reference for
advanced students in antenna and RF

engineering, wireless communications,
electrical engineering, radio engineers
and other professionals needing a refer-
ence on antenna theory. It will also be
of interest to advanced or senior radio
engineers, designers and developers as
a practical guide and reference. It as-
sumes knowledge of electromagnetic
theory and vector analysis.

To order this book, contact:

Wiley Customer Care Center -
Consumer Accounts
10475 Crosspoint Blvd.
Indianapolis, IN 46256
(877) 762-2974

280 pages, $79.95
ISBN: 978-1-1199-9025-3

ln_tfod_ucing_.- eBook Collections for your

. # company or Library...

FARTECH
ACCESS

INSIGHTS AND ANSWERS...
when you need them

—

L Now build a custom collection of Artech House e-books
Jiperfectly suited to your library’s or company’s needs!
- _Enjoy access to over 400 e-book titles in a wide range
of high-tech areas, from microwave, radar, and electronic
defense...to GPS, communications, and more!

Select the titles or categories you want, or the entire collection! Includes
classic titles and recent releases from one of the most highly regarded
publishers in high technology.

For no-obligation information visit
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Organizing Committee

Conference Chair:
Shmuel Auster

Elta Systems Ltd, Israel.
IEEE AP/MTT Chapter Chair

Technical Program Chair and
Co-chairs:

Stephen B. Weinstein
Communication Theory &
Technology Consulting, USA
Richard V. Snyder

RS Microwave, USA

Peter de Maagt

European Space Agency,

The Netherlands

Lance M. Kaplan
US Army ARL, USA

Publications Chair:
Benjamin Epstein
OpCoast LLC, USA

Electronic Submissions
Chair:

Matthias Rudolph

BTU Coftbus, Germany

Global Administration:
James Rautio
Sonnet Software, USA

Exhibition Chair:
Oren Hagai
Interlligent, Israel

Members at large:

Barry S. Perlman

US Army CERDEC, USA (ret.)
Richard Sparks

IEEE MTT Society

Douglas N. Zuckerman
IEEE Communications Society
Elya Joffe

IEEE PSES & EMCS Societies

Treasurer:
Ruth Rotman
Elta Systems Ltd., Israel

Local Arrangements Chair:

Itai Voller
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Secretariat:

®  ORTRA

Ortra Ltd.

1 Nirim Street, P. O. Box 9352
Tel-Aviv 61092, Israel

Tel: +972-3-6384444

Fax: +972-3-6384455

Email: comcas@ortra.com

IEEE COMCAS 2013

The International IEEE Conference on Microwaves,
Communications, Antennas and Electronic Systems

David Intercontinental Hotel, Tel Aviv, Israel, October 21-23, 2013

Call for Papers

IEEE COMCAS 2013 continues the tradition of providing a multidisciplinary forum for the
exchange of ideas, research results, and industry experience in the areas of microwaves,
communications, antennas, solid state circuits, electromagnetic compatibility, electron devices,
radar and electronic systems engineering. It includes a technical program, industry exhibits, and
invited talks by international experts in key topical areas.

The conference will take place on October 21-23, 2013 in Tel Aviv, Israel. The David
Intercontinental Hotel on the Mediterranean sea offers an excellent venue for networking and the
candid exchange of ideas.

Papers are solicited in a wide range of topics including:

Aeronautical and space applications and challenges Microwave and millimeter wave circuits and
technologies

Analog/digital RF circuits and systems Microwave imaging and tomography

Antennas (components, modeling, micro & macro MIMO (multiple antenna systems for

scale) communications and radar)

Automotive and transportation radar and Modulation and signal processing technologies

communications

Biomedical applications (body area systems, scanning | Nanotechnologies and applications
devices, telemedicine)

CAD techniques for microwave and communications Optical/wireless convergence and integration;

devices radio over fiber

Circuit theory, modeling and applications Radar signal processing

Cognitive radio and spectral sharing technologies Radar techniques, systems and applications

Electromagnetic compatibility RFID devices, technologies, systems and
applications

Fifth generation mobile communication RF power amplifiers and devices

Filters and Multiplexers Sensor networks and technologies

First responder and military communication, sensing Software-defined radio and multiple air interface

and information retrieval systems devices

Environmentally sensitive design ("green" Solid-state devices, RFICs

communications, electromagnetic, and antenna

systems)

MEMS modeling, devices and applications Spatial coding

Microcell, picocell and femtocell devices, systems and | Terahertz technologies and systems
applications

Regular oral presentations will be 20 min. in length; there will also be Poster sessions.

All submitted papers will be peer reviewed and assessed on key accomplishments, technical
contribution, and advancement of the state-of-the-art, originality and interest to the attendees.
Accepted papers will be published in the COMCAS2013 Proceedings which will be available
through IEEE Xplore® after the conference.

Submission of papers:

English-language manuscripts, no longer than five pages including figures and references, must
be submitted using the IEEE MS Word template available at
http://www.ieee.org/conferences_events/conferences/publishing/templates.html

See author instructions at www.comcas.orq

Important deadlines:

Submission of manuscript: April 1, 2013
Notification of acceptance/rejection: June 1, 2013
Submission of final camera-ready paper:  August 1, 2013
Early bird (lower cost) registration: August 15, 2013

Technical Exhibition:

The technical program will be complemented with a technical exhibition, which will be held on
October 21-22, 2013 offering companies and agencies a unique opportunity to visit Israel and
present related products and services in display and printed advertisement.

For further details please contact the Conference Secretariat.
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Rugged, portable, production test workhorses Accurate, reliable results at high speed

Sweep or hop across wide frequency and power bands, use  Signals within 1 ppm for frequency and 0.25 dBm for power, low
a pair for third-order intercept tests, or slip one into your harmonics, a resolution of 5 kHz, and 5-msec settling times
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]| |" |[|| rﬁﬁﬁﬂm ot SSG-4000HP 250-4000 5010 +20 -40  1995.00
|||“! i o ,,_.J/J"\ SSG-4000LH 250-4000 -6010 +10 66  2395.00
-75 : \

o5 [l i) “L.._L,__L“

Frequency and power hopping. Low spurious.

dB

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

[—JMini-Circuits’

ISO 9001 1SO 14001 AS9100
- P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@;’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minicircE uits.com

IF/RF MICROWAVE COMPONENTS
499 rev C


http://minicircuits.com
http://minicircuits.com/30day
http://minicircuits.com

MWJ Puzzler

RADAR AND ANTENNAS

ANSWERS AVAILABLE ONLINE AT
WWW.MWJOURNAL.COM

SPONSORED BY:

/Zinritsu

WWW.ANRITSU.COM

AcRross
3 An antenna in which all elements, both active and parasitic, are in one plane (2 words)

8 Generally it would not be efficient to use the individual elements of an array as the
elements

9 Type of radar that does not have its own transmitter but exploits one or more transmitters of
opportunity located in the area

12 The main advantage of employing passive radars for military or defense uses is that they
are

13 The point along in a spiral antenna where significant radiation takes place (2 words)
14 Advances in electronics have recently enabled practical passive radar systems

15 The most widely used spiral antenna type is the planar spiral with metal
cavity housing (2 words)

154

Down

1 A form of radar whose defining characteristic is its use of relative motion, between
an antenna and its target region (2 words)

2 A highly directional and selective shortwave antenna consisting of a horizontal
conductor of one or more dipoles

4 For search, -MIMO processing should be used

5 SELEX has developed a dual-band passive radar using signals from the

and DVB-T bands
6 The spiral is typically fed by an RF connector

7The design is one of the most critical elements for a high-performance
spiral in an EW or ESM systems

10 MIMQ is not generally efficient for track, only for
11 Using subarray-MIMO

the computation throughput
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A oA This tiny peak power sensor will make
%// a giant impact on your productivity.

software included

4 Agilent

U2020 X-Series Peak Power Sensors

created Agilent U2020 X-Series USB peak power 3,500 readings/sec measurement speed

sensors. They're the world’s fastest USB power ,
. S . 2 models: up to 40 GHz

sensors, so you'll spend less time in testing.

Plus you'll save cost and complexity with built-in —30 to +20 dBm peak power range

trigger in/out. Now you'll always be ready to -

achieve your peak performance. Internal zero and calibration

Agilent and our
S Distributor Network Buy from an Make faster and more accurate pulse

code or visit Right Instrument. Authorized Distributor measurements. Download our app note at

goo.gl/AcGQv to Right Expertise. www.agilent.com/find/distributors i i
Ll et Delivered Right Now. www.agilent.com/find/distributors www.agilent.com/find/USBpowersensor

© Agilent Technologies 2012

Anticipate __Accelerate __Achieve ':::'. Agllent TﬂCh“OIOgies
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@ WERLATONE

Mismatch Tolerant®

HIGH POWER COMBINERS  ° Power Levels to 20 kW CW

e | ow Insertion Loss

' e Isolated and Non-Isolated Designs
B I I U F F e Rack Mount, Drawer Mount, Radial Type
[

e Coherent and Non-Coherent Combining

A few of our Customer driven designs.
Product Search —_

; Model Type Frequency Power Insertion Loss VSWR Isolation Size
For current designs (MH2) (W CW) (dB) (dB) (Inches)
D8265 2-Way 1-50 5,000 0.3 1.25 20 15.5x 15 x 5.25
D2075 2-Way 1.5-30 6,000 0.2 1.25 20 15.5x 11.75 x 5.25
For custom specs D8969 2-Way 1.5-30 12,500 0.2 1.25 20 17x17x8
D6139 4-Way 1.5-32 5,000 0.25 1.25 20 13x11x5
D6774 4-Way 1.5-32 20,000 0.3 1.20 20 21x17.25x 11
Werlatone, Inc. D6846 6-Way 1.5-30 4,000 0.35 1.35 20 3 U, 19" Rack
17 Jon Barrett Road D8421 8-Way 1.5-30 12,000 0.3 1.30 20 22.5%19.5 x 8.75
Patterson, New York 12563 D7685 4-Way 2-100 2,500 0.5 1.30 20 14.75x 13 x 7
T 845.278.2220 D2786 |  4-Way 20-150 4,000 0.5 1.35 20 18x17 x5
F 845.278.3440 D6078 |  2-Way 100-500 2,000 0.25 1.20 20 13x7x2.25
sales@werlatone.com H7521 | 2-Way (180°) 200-400 2,500 0.3 1.30 20 15x10x 2
www.werlatone.com | D7502 2-Way 400-1000 2,500 0.25 1.20 NI* 9.38x3.5x1.25 |

*NI = No Isolating Terminations

Our Patented, Low Loss Combiner designs tolerate high unbalanced input powers, while operating into severe Load Mismatch conditions.

A—
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Lark Engineering Co."
THE FILTER SOURGE

+ Multiplexers
» Switch Filter Banks
+ Digital Control Filters
* Multi-Function Assemblies

Juan Capistrano, CA g
me= P; 949,240,12: : 949 240,7910

arkengineering.com I1SO ¢ 18
ISO 14001:2004


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

LARK ENGINEERING CO.

A Division of Baier and Baier, Inc.

Lark Engineering is a leading supplier of RF and Microwave filters with ISO 9001 and ISO 14001 certifications.
The company was established in 1986 with the goal to design and manufacture quality products to meet or exceed the
customer’s individual needs and requirements. Currently Lark Engineering’s products are being utilized in major
digital and analog wireless devices ranging in use from communications systems to test equipment and military
systems. Lark Engineering also produces filters for GPS, Cellular, ISM, PCN, PCS and many other wireless
applications. For each customer, Lark Engineering is committed to providing the very best quality of filters and is
dedicated to meeting our customer’s Microwave and Radio Frequency filter needs. Our commitment to quality and
customer service has been a cornerstone of the company since its inception.

Today, with an ever-changing industry, Lark Engineering continues to be the leader in RF and Microwave filters by
focusing on design, quality and customer service. We offer an extensive product mix with filters and Multiplexers that
satisfy requirements from 1 MHz to 40 GHz. Our web based filter design tool allows you to design Band Reject,
Surface Mount Combline, High Power Ceramics and many other filters. Many of our filters can be sampled in as little
as 10 days.

Lark Engineering Standard Filter Capabilities include the following:

BANDPASS CENTER FREQUENCY RANGE  3db BW (% OF Fc) CONFIGURATION

MC 1 -6000 MHz 2-75 Miniature PCB Mount / SMA
SMC 5000 — 15000 MHz 3-30 SMT Combline

MS 1 -6500 MHz 2-75 SMT Leadless

SD 200 — 6000 MHz 1-10 SMT Leadless Ceramic

SDP 350 — 2250 MHz 3-10 High Power Ceramic

3B 1000 — 32000 MHz 1-50 Combline Coaxial Connecters
4B 1000 — 32000 MHz 1-50 Combline Coaxial Connecters
2C 50 — 500 MHz 1-25 Cavity

3C 400 — 2500 MHz 0.2-5 Cavity

4C 800 — 2500 MHz 02-5 Cavity

5C 800 — 4000 MHz 0.2-5 Cavity

6C 2000 — 9000 MHz 0.2-5 Cavity

BAND REJECT

CENTER FREQUENCY RANGE

3db BW (% OF Fc)

CONFIGURATION

SDN 250 — 3500 MHz 1-10 SMT Leadless Ceramic
HIGHPASS CUT OFF FREQUENCY RANGE CONFIGURATION
HMS 1-2500 MHz SMT Leadless

HMC 10 — 3000 MHz Miniature PCB / SMA
LOWPASS CUT OFF FREQUENCY RANGE CONFIGURATION
LMS 0.5-5000 MHz SMT Leadless

LMC 0.5-6000 MHz Miniature PCB / SMA

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

2 www.larkengineering.com
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Multi-Function Assemblies

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

performance.

Switch Filter Amplifier- SFA series

SPECIFICATION

Frequency

3dB Bandwidth
Nominal Impedance
Gain

Return Loss

Noise Figure
Number of channels
Switching Speed
Bias

Shock

Gross Leak

Fine Leak 10" -7

Vibration
Humidity
Altitude

Package

STANDARD

100 to 8000 MHz

1to 40%

50 Q

10 to 40 dB

18 dB typical

14 dB min.

1.5-5.0 dB typical
2,3,4,5 and 6

300 yS max.

+5,+10, +15V DC
5G’s

Mil STD 202 Method 112
Condition D

Mil STD 202 Method 112
Test Condition C

5G’s

95%

+/- 50,000 ft

SMA, feed thru pins, or SMT

Switch Filter Bank- SFB series

SPECIFICATION

Frequency

3dB Bandwidth
Nominal Impedance
Max Insertion Loss
Return Loss

Number of channels
Input Power
Switching Speed
Bias

Control

Shock

Gross Leak

Fine Leak 10 -7
Vibration

Humidity
Altitude

. Package

STANDARD

DC to 18 GHz

1to 40%

50 Q

2-10 dB

18 dB typical

14 dB min.

2to 10

+27 dBm

50 nsto 1S

+5, -5, -12, -15, +10, +15V DC
TTL

5G’s

Mil STD 202 Method 112
Condition D

Mil STD 202 Method 112
Test Condition C

5G’s

95%

+/- 50,000 ft

SMA, feed thru pins, or SMT

949-240-1233 « LARK ENGINEERING 3



New Products

Switch Filter Systems

PRODUCT SPECIFICATIONS:

Frequency Range DC to 18 GHz

Number of channels 21010

Insertion Loss 2 to 10 typical

Isolation 40 to 75 dB typical

VSWR 1.5:1 to 2.0:1 typical

Switching Speed 50 ns typical to 1 s

Input Power +27 dBm CW

Control TTL, BCD

Power Supply +5,-5,-12,-15V DC
Connectors Connectorized, Pin or Leadless SMT

* Low Profile Models Available
iy
L&q;cgé’*??n&,

LOW PROFILE, LEADLESS CAVITY FILTERS

0.22” Height PRODUCT SPECIFICATIONS:

* Frequency Range: Up to 20 GHz

» Bandwidths: Up to 30%

* Low Insertion Loss

* Meets Mil-Std-202

* Leadless SMT Package

* Available on Tape & Reel

» Custom Designed to your Specifications

ULTRA-THIN FILTERS

When size is critical, Lark is offering a full line of Ultra-Thin filters
Less than 0.09” High  for the Commercial and Military markets. Lark’s new Ultra-Thin
package offers superior performance in less than 0.09” high
package. The Ultra-Thin filter series offers low insertion loss and
ultimate rejection levels of 60 dB while maintaining better than 1.5:1
VSWR. These units are lightweight and ruggedized for today’s
military applications.

PRODUCT SPECIFICATIONS:

» Available in Bandpass, Highpass,
Lowpass & Band Reject

» Frequency Range: 20 MHz to 5.0 GHz

* Passbands: Up to 60%

Il + VSWR: 1.5:1 typical

#

. » Ultimate Rejection: 60 dB

A * Meets Mil-Std-202 conditions

( « Temperature Range: -55° C to +85° C
4 www.larkengineering.com
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Digitally Tunable Filters

MINIATURE VOLTAGE CONTROLLED FILTERS

PRODUCT SPECIFICATIONS:

Frequency Coverage:
Percent Bandwidth:

3 dB/30 dB Shape Factor:
Input/Output Impedance:
Inband RF Power Handling:
Inband Third Order Intercept:
Tuning Control:

Tuning Speed:

DC Power:

Operating Temperature Range:
Size (L x W x H inches):

COMPACT DIGITAL CONTROL FILTERS

PRODUCT SPECIFICATIONS:

Frequency Coverage:
Percent Bandwidth:

3 dB/30 dB Shape Factor:
Input/Output Impedance:
Inband RF Power Handling:
Inband Third Order Intercept:
Tuning Control:

Tuning Speed:

DC Power:

Operating Temperature Range:
Size (L x W x H inches):

STANDARD DIGITAL CONTROL FILTERS

PRODUCT SPECIFICATIONS:

Frequency Coverage:
Percent Bandwidth:

3 dB/30 dB Shape Factor:
Input/Output Impedance:
Inband RF Power Handling:
Inband Third Order Intercept:
Tuning Control:

Tuning Speed:

DC Power:

Operating Temperature Range:
Size (L x W x H inches):

10 MHz to 1 GHz
5to0 20%

4.5:1

50 Ohms

Up to 1 Watt

10 dBm

Voltage Controlled
450 pS

Oto15v @ TmA
-40 to +85 °C
1.00 x .75 x 0.35 max.

10 MHz to 1 GHz
5to0 20%

4.5:1

50 Ohms

Up to 1 Watt

10 dBm

8 bit parallel TTL
450 uS

15VDC @ 50 mA
-40 to +85 °C
1.25 x 1.5 x .35 max.

1.5 MHz to 1 GHz
4 t0 20%

6.8:1

50 Ohms

Up to 1 Watt

30 dBm

8 bit parallel

10 uS to 50 uS

(+5) VDC @ 10 to 250 mA
(+)50 VDC @ 1mA
-40 to +85 °C

2.5 x 2 x .75 max.

949-240-1233 - LARK ENGINEERING 5



/’ ~ ELECTRICAL SPECIFICATIONS
f }{ 1 MHz to 32 GHz

Number Max.input  Max. Input
Center of Nominal Max.  Power Power
Series Configuration  Freguency (Fc) sections Impedance VSWR (avg.) {peak)
BANDPASS FILTERS
Ms Surface Mount 1 to 5000 MHz iwm7? 500 151 2w 20W
1 to 6500 MHz 2to10 50to3000 131 10W S0W
mc Miniature 1 to 5000 MHz 37 500 151 2W 0W
0.1 to 5000MHz 2010 50t03000 137 20W 100W
5D _id Ceramic 250 to 5000 MHz 2t 7 5002 n Tw 2w
@ =" 200 to 6000 MHz 2to10 507502 151 10W SOW
SDP High Power 400 to 2000 MHz 2tod 5000 151 S0W 250W
8= Surface Mount 350 to 2250 MHz 2to5 50 to 75 12 13h S0W 250W
Band Beject 300 1o 2500 MHz 3tob 500 2N W 2w
Surface Mount 250 to 3500 MHz 2to8 S0to 750 1.51 2w 10w
Combline 1000to 26000 MHz 31010 500 1501 Upto20W  Upto200W
1000to 32000 MHz - 2t0l4 504 13N Call Lark Call Lark
Miniature 1000to 26000 MHz 3108 506 151 Upto10W  Upto 100W
Combline 1000 to 32000 MHz 2t014 500 131 Call Lark Call Lark
Surface Mount  5000to 15000 MHz 2106 506 151 Call Lark Call Lark
Combline
Hi-Q 50 to 400 MHz o6 500 15/1 Uptoaw Upto 37.5W
Cavity 50 to 500 MHz 2tod 5010 100£2 131 Call Lark Call Lark
Hi-Q 400 to 2000 MHz itob 500 1.51 Upto30W Upto30W
Cavity 400 to 2500 MHz ite? 509 131 Call Lark Call Lark
Hi-Q 00 to 2500 MHz Itob 500 1.5/1 Upto50W  Upto 200W
Cawity 750 to 2500 MHz 2to7 500 13N Call Lark Call Lark
H-O 1000 to 3000 MHz Itob 5002 151 Upto75W  Upto3ow
Cavity B00 to 4000 MHz 207 500 131 Call Lark Call Lark
Hi-Q 2000 to 7500 MHz Itob 00 1.51 Upto75W  Upto3ow
Cavity 2000t0 9000 MHz  2to7 5002 131 Call Lark Call Lark
LOWPASS FILTERS CUT OFF FREQUENCY
LM5 "“'] Surface Mount 1103500 MHz 3to? 5060 151 2w 20W
o
e 0.5 t0 5000 MHz 2t010  50t0300@ 131 10W S0W
LMC ﬁﬁ? . Miniature 1 to 3500 MHz Ito6 500 1501 2w 0w
0.5 to 6000 MHz 2to10  50to3000 134 20w 100w
HIGHPASS FILTERS CUT OFF FREQUENCY
HMS ‘G] Surface Mount 1010 1500 MHz itob 500 1501 aw 0W
ey
Ll 1 to 2500 MHz 2wi10 503000 131 10w S0W
HMC T Miniature 10 to 2000 MHz Itob 506 151 2w 20w
HMC 1 10 3000 MHz 21010 50te100@ 131 20W 100W

6 www.larkengineering.com
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Shock

Humi
Vibration [%Eeﬁgwj

Temp. Range
{Operating)

Temp. Range

{Non- Operating)

ENVIRONMENTAL SPECIFICATIONS |
ISO 9001 AND ISO 14001 Certified /ﬁ )

Series

All packages can be designed to meat full Military environmental requirements.

BANDPASS FILTERS

206G%s 10G% 95% -40°Co+85°C 65°Cto+ 125°C Standard I e Ms
75 G I0GE 95% -557Cto+125°C “657C to+ 150°C Special Y

20Gs 10Gs 95% -40°C to+ B5'C 65°Cto +125°C Standard . L B MC
75G% 30Gs 100% -55"Cto+125°C 65 Cto+150°C Special @ MC

206G 106G 95% -40"Cro+85°C -65°Cro+ 125°C Standard L sD
75G% 30Gs 100% -55°Cto+ 125°C 65°Cto + 150°C Special ﬂ kS

15G% 56G% 90 -30°Cto+85°C =54"Cto + 100°C Standard SDP
75G%s 30G% 100% -54°Co+ 100°C S2°Co+ 150°C Special

15Gs 5GQ% 90% -30"Cto +85°C -54"Cto + 100°C Standard SDN
75G5 30Gs 100% -54"C to+ 100°C 62°Cto+ 150°C Special

25G% 106G 95% -40°Cro+85°C 65°Cro+125°C Standard 3B
50Gs 20G% 100%: -55°C to + 125°C 65°Cto+ 150°C Speci.ﬂ

25G% 10G%s 95% -40°Cto+B5°C B5"Cto+125°C Standard 4B
50 G 20G%s 100% -55°Cto+125°C 65°Cro+150°C Special

Call Lark Call Lark 95% -0 Cro+85°C -54°Co+ 100°C Standard @ Lok Enginsaring SMC
20Gs 10G's 95% -25"Co+85°C -54°Cro+ 125°C Standard 2c
20G6% 15G% 100% -54°Cto+85°C -54"Cto 4+ 125°C Special

200G 10Gs 95% -25°Cto+85°C <54°Cro+ 125°C Standard 3c
20G's 156G 100% -54"Co +85°C 62"Cro+ 125°C Special

206G 106G 95% -25°Cro+85°C -54"Co + 125°C Standard 4C
25G% 20Gs 100% -54°Cto+85°C -54"Cto+ 125°C Special

206G 10Gs 95% -25°Co+85°C -54°Cto+125°C Standard 5C
25Gs 20G%s 100%: -54°Cto+85°C 54°Cto+ 125°C Special

20G%s 10Gs 5% -25°Cto+85'C 54°Cto 4 125°C Standard 6C
25Gs 20Gs 100% -25°Cto+85°C -54°Cro+ 125°C Special

All packages can be designed to meet full Military environmental requirements. LOWPASS FILTERS
20G% 106G 05% -55°Cto+85°C 65°Cto+125°C Standard I @ LMS
50G's 15G% 100% -55"C o+ 100°C -65°Cto+ 125°C Special iy

20G's 10Gs 95% -55"Cto+85"C 55" Cto+ 125°C Standard b Lark Eng Lmc
500G 15G%s 100% -55°Cto+100°C £5°Cto+125°C Special LMmc

All packages can be designed fo meet full Military environmental requirements. HIGHPASS FILTERS
206% 10Gs 9550 -55°Cto+85°C £57Cto+ 125°C Standard @ HMS
50 G 15G% 100% -55"Cio+100°C 65 Co+125°C Special e

206 106G 95% -55"Cio+85°C 65°Cto+125°C Standard

50G% 156G% 100%: -55°Cto+ 100°C £5°Cto+125°C 5pecia1

949-240-1233 « LARK ENGINEERING 7
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LARK ENGINEERING CAPABILITES /{ |

e _,..-lﬂ"" _,.:__'__\_,___
Satcom Diplexer .fr
In response to the current market demand for a lighter filter with a reduced form
factor while maintaining competitive electrical performance, Lark offers its
compact satcom diplexers. Our new design saves both space and weight for all
systems working in the Satcom bands.
« Standard Diplexer Dimensions: 21.00” L x 6.50” W x 5.00” H
» Compact Diplexer Dimensions: 6.25” L x 3.00” W x 2.00” H

Ceramic Diplexers

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

Triplexers and Multiplexers

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

Ultra Compact Ceramic Filters

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

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

Cross Coupled Cavities

To improve rejection in your filter without increasing the size, Lark offers a cross
coupled cavity filter design. Using a semi-elliptical arrangement, resonators are
cross-coupled to approach zeros in transmission. The zeros in transmission can be
placed in the upper or lower side of the rejection skirt depending on your needs.

True Tune™ Test Fixtures

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

Legacy Filters

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

8 www.larkengineering.com
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LARK ENGINEERING FILTER DESIGN TOOL

Visit our website FILTER DESIGN TOOL at www.larkengineering.com.

CLICK ON THE FILTER DESIGN TOOL ICON.
FILTER DESIGN
Just follow the simple steps to determine the optimal filter , TOOL

Lark Engineering can offer for your requirements. At any time

you can click on the HELP button and use the FILTER DESIGN

DEMO for directions and examples.

Select a FILTER SERIES in the left hand 2 amE =
column. If you are not sure which series - s wim oy
to use, check out our Filter Index page. e o
emsr SMC (Surbace Maws Cinsibine| .__ |
Y S —"

i sl
Pk T — L] P M el e W T % T o U P

|_-|"-

il Py Fomamt bwrae Low opum——
B by 1 b b s Lot s 00

2 Enter your filter requirements... ;e e

Your desired frequency, bandwidth, = i . i
insertion loss, etc. o O S S

|11 }
I 41 .
Click the “Design Now” button. A
If your filter design is outside of Lark’s standard EEEVEEE i
range, forward your captured requirements to Lark L_L 4 1 s = P e——
via e-mail: Sales@larkengineering.com, or
fan to: 949-240-7910.

At Beimm

Ter Mt e o bl g o

REQUEST FOR QUOTE . L ;'F‘Lr.‘

N e T e v Ee

(S Nddmas v skl -
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Dt i f i B A

For your convenience aRequest for |

P Narzhaa — e P

Quote form is available on our website, i G e

Adanarsd iemrer Hir ososd Eerrcsd Exvcweees S0 fosonn
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Recommended Solder Conditions for

Non RoHS compliant (Leaded) Surface Mount Ceramic Filters:
SD, MXD & SMC Series

SOLDER PROFILE Peak Temperature
Max. 225°C

20 f/ﬂ‘ R
0 | N\
a =0 ".-".'.H
EJ [(REle / ',""".‘

Sy f
_.--"""f

Time (minutes)

Recommended Solder Conditions for
Non RoHS compliant (Leaded) Surface Mount Filters:

MS Series
SOLDER PROFILE Peak Temperature
Max. 225°C
e #f_'_,/f-"""\
g—) — _-#‘_#_—F.-———._——-l-——# \
. e
o
e /_,_/
ﬁ) 14MH /
S0 /
"

Time (minutes)

If acqueous cleaning is used for flux removal, bake parts at least 1 minute at 80°C maximum after water rinse.

» Reflow must be done with alloys SN62 or SN63

* Registration of solder paste should cover a minimum of 90% of in/out pads, and the thickness should be .006”
minimum to .010” maximum.

* Pre-tinned with an SN90/10 alloy.
* No solderability problems should occur if prior recommendations are followed.

NOTE: Must apply solder paste in conformance with layout printed circuit design (registration) as shown in the Lark catalog.
The complete Lark Engineering catalog can be downloaded by visiting our website at www.larkengineering.com

10 _www.larkengineering.com
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Recommended Solder Conditions for

RoHS compliant (Lead Free) Surface Mount Ceramic Filters:
SD, MXD & SMC Series

SOLDER PROFILE Peak Temperature
Max. 240°C
.--"'"'"-____-h
e tate) H____f -\
0()_ 150 _,u-ﬂ"'f/ \
o e
5
|_ Kein]
) f//
[
Lo N ] i M 1.3 2.0 Tlmez(tr-r]ante;)J 3.9 =i 5.2
Recommended Solder Conditions for
RoHS compliant (Lead Free) Surface Mount Filters:
MS Series
SOLDER PROFILE Peak Temperature
Max. 240°C
e ]
e —____..--"""""'-_'H \
g-) f____..-—-"""ﬁ \
Q_- =] /_-""'
5 14k f/
:‘U“_,/

Time (minutes)

If acqueous cleaning is used for flux removal, bake parts at least 1 minute at 80°C maximum after water rinse.
* Lark recomends using SAC305 (Tin / Silver / Copper) or Sn96/Ag4 (Tin / Silver) solder paste.
« Alternative alloys may be used provided the liquidous temperature does not exceed 221°C

* Registration of solder paste should cover a minimum of 90% of in/out pads and the thickness should be .006”
minimum to .010” maximum.

* No solderability problems should occur if prior recommendations are followed.

NOTE: Must apply solder paste in conformance with layout printed circuit design (registration) as shown in the Lark catalog.
The complete Lark Engineering catalog can be downloaded by visiting our website at www.larkengineering.com
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Rest at Ease with our Customer Friendly Website and Ordering Process.
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