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RUGGED & R AE

4G/ LTE /WIiMAX Antenna Accessories
Aerospace Cell Site Components
Base Station Infrastructure Test & Measurement
DAS / In-Building Networks Military

) Most available in Power ratings
1 dBincrements from 1 to 500
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from 2 to
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™, connector styles
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& b, 16 DIN integrated d - 2.5GHzand ; / connectors with
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' W = B configurations . . assembly with | = “J° 0.710 2.7 GHz v) average powear
in 716 DiM, ratings from 2 to
‘Fopular” frequency

Y :1 = Power ratings to any of our
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MECA ELECTRONICS, INC.

459 East Main Strest Denville, NJ 07834
To learn more, please call B66-444-6322 or visit our website at www.e-MECA.com

I1SO 9001:2008
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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional

testing instruments.

design

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

Through unique

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 -

Picoprobe elevatef's-pl'fo

cards to a higher level...

L - N

(-..110 GHz to be exact.)

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

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

P.O. BOX 10958 -
Fax (239) 643-4403 «

E-mail email@ggb.com

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

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18 dB 15dB

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

NAPLES, FL 34101

www.picoprobe.com
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POWER
SPLITTERS/
COMBINERS

noW 2 kHz 1018 GHZ 10 79°

The Industry’s Largest Selection includes THOUSANDS

of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in
coaxial, flat-pack, and surface-mount housings for 50 and 75 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.

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

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

outline drawings, PCB layouts, and everything else you need to make a decision

@ ; quickly, at minicircuits.com. Just enter your requirements, and our patented search

engine, Yoni2, searches actual test data to find the models that meet your needs.
All Mini-Circuits catalog models are in stock,

continuously replenished, and backed by our 1-year guarantee. We even list
ﬁ - = — current stock quantities and real-time availability, as well as pricing, to
help our customers plan ahead and make quick decisions.
- — So why wait? Take a look at minicircuits.com today!
~ - O RoHS Compliant

Product availability is listed on our website.

! | I H . Mini-Circuits...we’re redefining what VALUE is all about!
Q il - - - - ®
[JMini-Circuits

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

—6
@1”2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see mlnm%um.gm

U.S. Patents

IF/RF MICROWAVE COMPONENTS 248 rev J


http://minicircuits.com
http://minicircuits.com
http://minicircuits.com
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Cavity Filters Surface Mount Circulators

Waveguide Isolators Power Combiners Coaxial Circulators
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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,

8 - —

www. volironicscorp.com

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

------------
1501 1400
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Electronic Desi

EDI -

CON Innovation Conference
I it 1T S 2013

CALL FOR PAPERS

In March 2013, the same leading technology and design techniques found in Microwave Journal
will be on stage in Beijing, China. Share your expertise with fellow engineers and technologists
as a speaker in the EDI CON technical program.

Technical papers accepted for EDI CON will adhere to Microwave Journal standards of excellence
through a similar peer review process, providing conference delegates with high-quality,
unbiased, practical technical content. Presentations must address one of the three conference
tracks — Design, Measurement & Modeling, or Systems Engineering. If accepted to the
technical program, speakers will be automatically registered and will receive complimentary
admission to all workshops, panels and plenary sessions.

Submit your paper online now!

For details go to: www.ediconchina.com/CallForPapers.asp

March 12-14, 2013
Beijing, China

www.EDICONCHINA.com

Sponsors

,-_ Agilent Technologies
C Platinum

Media Partners

ROHDE&SCHWARZ

GWR /inritsu PREEd e ierfm

| Organized by

RS hw ACH

Frequency Matters.
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Control the comb. The sensitivity and the

Control the clarity.

(QAEROFLEX

METELICS

Power (dBm) Output Harmonics (dBm)*

216 500 Wi

* Contact the factory for additional information or for products not covered in the table.

distance you've been
striving for from your radar
or surveillance receiver

is now within reach. New
GaAs comb generators from
Aeroflex / Metelics are a
best-in-class, non-linear-
transmission-line (NLTL)
innovation that provides 10
to 18 dB lower phase noise
for better sensitivity than Si
step recovery diode (SRD)
comb generators. Offering
phase noise as low as

-135 dBc/Hz at 100 Hz
offset from the 12 GHz
harmonic, the MLPNC
series creates clean, low
conversion loss harmonics
to 30 GHz over variable input
frequencies from 400 to
1300 MHz. Their variable
input power from 21 to

23 dBm make them easy
to drive and operate. They
provide ultimate system
design flexibility and the
opportunity to simplify your
system architecture.

Visit our website or call
888-641-7364.

www.aeroflex.com/metelicscomb

(J\EROFLEX

A passion for performance.
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COVER FEATURE

22 Wireless Sensor Network Challenges and Solutions

Lance Doherty, Jonathan Simon and Thomas Watteyne, Dust Networks Product Group, Linear Technology Corp.
Discusses wireless sensor network technology and markets focusing on multi-channel time-synchronized mesh networks based
on 802.15.4 radios

MVP: MOST VALUABLE PRODUCT

36 Redefining Instrumentation with the Vector Signal Transceiver

National Instruments
Introduction to the vector signal transceiver that combines a vector signal analyzer, a vector signal generator and a high speed
digital I/O in one three slot PXI module

SPECIAL REPORTS

58 Tackling Satellite Interference

Martin Coleman, The Satellite Interference Reduction Group (sIRG)
Discusses the sources of satellite interference and proposes solutions to the problem

76 1Ms 2012 By the Numbers

David Vye, Microwave Journal Editor
A recap of this year's IEEE MTT-S International Microwave Symposium and Exhibition held June 18-22 in Montréal, Canada

TECHNICAL FEATURE

S

Antennas, the mmWave Advantage

Christer Stoij, Sivers IMA AB
Explores and examines concepts that relate to antennas focusing on the advantages of mmWave applications

Microwave Journal (USPS 396-250) (ISSN 0192-6225) is published monthly by Horizon House Publications Inc., 685 Canton St., Norwood, MA 02062. Periodicals postage
paid at Norwood, MA 02062 and additional mailing offices.
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Drive, Danvers, MA 01923 USA (978) 750-8400. For government and/or educational classroom use, the Copyright Clearance Center should be contacted. The rate for this use
is 0.03 cents per page. Please specify ISSN 0192-6225 Microwave Journal International. Microwave Journal can also be purchased on 35 mm film from University Microfilms,
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NOW AVAILABLE
FOR PURCHASE ONLINE

[ macomtech.com

‘h ACTIVE

POWER PALLETS COMPONENTS
& TRANSISTOR INTEGRATED
i CIRCUITS

o )

SAMPLES ( ) SWITCH LIMITERS,
SWITCHES, DIODES
PURCHASE
PASSIVE

COMPONENTS MULTI-CHIP

MODULES

#

You can shop our broad portfolio of products at
www.macomtech.com w

Technology Solutions
THE FIRST NAME IN MICROWAVE®
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PRODUCT FEATURES

98 L-Band Switch Matrix

Crane Aerospace & Electronics
Introduction to a high performance switch matrix covering L-Band aimed at
satellite communications ground station applications

102 Thermal Vacuum Assemblies for Space Applications

HUBER+SUHNER AG

Introduction to the SUCOFLEX thermal vacuum assemblies for vacuum
chamber applications that ensure that the test data arrives perfectly at the
measuring instruments

106 Multi-User, Multi-Mission Remote Real-Time Spectrum

12

Monitoring
CRES Inc.

Introduction to a spectrum intelligence system that combines features of bench
top spectrum analyzers and high performance SIGINT in a small, ruggedized
package

TECH BRIEF

26 to 34 GHz Low Noise Amplifier MMIC
Custom MMIC
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Vorst-case scenario: You've got minutes
to troubleshoot RF interference that
has shut down communications on the
ground, at dusk, in the desert.

Key Specs  N9344C N9343C N9342C

Best-case scenario: You've got— Frequency 1MHz—  1MHz-— 100 khiz-

. . 20 GHz 136GHz  7GHz
the only spectrum analyzer with
benchtop performance in a lightweight DANL -155 dBm/Hz -155dBm/Hz -164 dBm/Hz
MIL-PRF 28800F Class 2 compliant
Sweeptime <09s <07s <04s

handheld—with secure erase to keep
classified data classified. Weight with 3.6 kg 3.6 kg 3.6 kg

- o b (791bs)  (7.91bs)  (7.91bs)
That's thinking ahead. That's Agilent. — S s s

Agilent and our

Scan the QR code or visit Distributor Network T@STEQUITY View online HSA video demos

http://goo.gl/Rfbde Right Instrument. Download demonstration guides

to see a HSA N9344C Right Expertise. 800-732-3457 : :
demo guide vide Delivered Right Now o testoauity.com/agilent www.testequity.com/Agilent HSA

© 2011 Agilent Technologies, Inc. (U.S. Army photo by Spc. Patrick Tharpe) (Released)
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Optimize Wireless Device Battery Run-Time
by: Agilent Technologies
Innovative Measurements for
Greater Insights

Agilent in LTE
LTE-Advanced Design and
Test Challenges - Carrier Aggregation

8/22/12 at 1:00 PM ET

8/23/12 at 1:00 PM ET

Free Webinars - gurvey

Innovations in EDA 1 Web 1 ip

by: Agilent Technologies 1 at helpf\l 1

IC, Laminate, Package Multi-Technology The mo e

PA Module Design Methodology 8/2/12 at 1:00 PM ET 1. tne J ly isS 1

Agilent in Wireless Communications n g ..

Addressing Measurement Challenges 1 MWJ wWa i

of 160 MHz 802.11ac MIMO 8/9/12 at 1:00 PM ET tiple choice -
m cO

Agilent in Aerospace/Defense 1,00k fOr 0‘31;9 o rnal¢

Measurement Challenges and Techniques B survey on - -

for SATCOM 8/16/12 at 1:00 PM ET m wm =

June Survey

“My Semiconductor
Technology of
Choice is...”

Executive Interview

White Papers

Multicarrier TD-SCMA Feasibility
Brad Brannon, Bill Schofield, and Yang Ming,
Analog Devices

Presented by Richardson RFPD

Application Guide to RF Coaxial Connectors

and Cables
Michael J. Hannon and Pat Malloy,
AR RF/Microwave Instrumentation

Small-Signal Intermodulation Distortion

in OFDM Transmission Systems
Application Note, RFMD

Making Successful, Confident Noise Figure

Measurements on Amplifiers
Application Note, Anritsu

Bringing Rapid Prototyping In-House
White Paper, LPKF

14

GaAs pHEMT [69 votes] (7%)

GaAs HBT [9 votes] (1%)

GaN [46 votes] (5%)

LDMOS [18 votes] (2%)

RF CMOS [803 votes] (85%)

IEEE EMC
Wrap-up

Microwave Journal
covers the IEEE
International

Symposium on EMC
in Pittsburgh, PA.
Go online for our
exhibition report,
videos and photo
gallery.

e

PITTSBURGH, PA
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Why Settle for <80dBm IIP2?

ALY LTC5585

LTC2158-12
310Msps ADC

LO P2 OFFSET
ADJ ADJ

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.

[IP2 Optimization vs Trim Voltage WV Info & Free Samples

Features LTC5584 LTC5585 120723 20°C ——0, 40°C fgr = 700MHz www.linear.com/I0demod
Frequency Range | 30MHz10 14GHz | 700MHz to 36Hz 110 AT S 1-800-4-LINEAR
: —1,105°C =-Q, 105°C
g&vDemO”“'a""" >530MHz >530MHz 100 =
D) L1}
IIP: 1dBm@450MHz | 25.7dBm@1.9GH: — g | ES
3 31dBm@450MHz | 25.7dBm@1.9GHz = % .ﬂuwﬂgqﬂ”li'
Adjustable 11P2 >80dBm >80dBm =] ‘ - I
~ 80 W'ﬂw"“’
DC Offset Yes Yes s P
Cancellation = 70 -
60
50 BEE
www.linear.com/dn1027
0 01020304050.60.708091.0 AT, LT, LTC, LTM, Linear Technology and the Linear logo are
P21, IP2Q (V) 2 de ks of Linear Technology Corporation. All other

trademarks are the property of their respective owners.

LY HNER
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0.15"x0.15"

0.08"x0.05"

0.15-6200MHz 1005 99%1 100 S

Rugged, repeatable performance.

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

Continued innovation: Top Hat.

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

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

More models, to meet more needs

Mini-Circuits has over 200 different SMT models in
stock. So for RF or microwave baluns and transformers,
with or without center taps or DC isolation, you can
probably find what you need at minicircuits.com. Enter
your requirements, and Yoni2, our patented search
engine, can identify a match in seconds. And new custom
designs are just a phone call away, with surprisingly
quick turnaround times gained from over 40 years of
manufacturing and design experience!

See minicircuits.com for technical specifications, performance data, pricing, and real-time, in-stock availability!
Mini-Circuits...we’re redefining what Value is all about!

[ Mini-Circuits’

1SO 9001

1SO 14001 AS9100

-6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@4”2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicircuits.com

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONEN

377 revY


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

MONDAY

WEDNESDAY

THURSDAY

Mark Your Calendar

Call for Papers

SATURDAY

Agilent Technologies

Deadline
2 3 4 5 6 7 8
Webinar:
PA Design w/
{"'l"'t"'t MMszo‘IzItanbuLTurkey ----c-----ooocooo.oon} x_Parameters
Power Transistor
Sponsored by
: Agilent Technologies
9 10 11 12 13 14 15
4"""""‘ MWP 2012 NOOTd\Vijk, The Netherlands| c--------------}
Webinar:
PLTS
Sponsored by
Agilent Technologies
16 17 18 19 20 21 22
ULTRA-WIDEBAND| Sy acuse’ NY
4................ 5 A}'?FL%%EEEEEG;#&N}%?} Beijihg, China 30 ................}
4................ vsssese... ION GINSS 2012 Nashville, TN ...........................}
Webinar: Webinar: Webinar:
Design Challenges | Optimize Wireless Essentials
in Integrated Device Battery | of OFDM & MIMO
Power Manag t Run-Time 5
Sponsored by Sponsored by L, VSponsored by
3 1% Agilent Technologies
GWR' - Agilent Technologies |
23 24 26 27 28 29
Webinar:
Agilent in LTE
i = Sponsored by
Phoenix, AZ .. Agilent Technologies
30 1 2 3 4 53 6
Webinar:
Innovations in EDA
Sponsored by

Go to: mwjournal.com/events
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NEW

Technologies

Richardson RFPD is
the leader in helping
customers design-in

the most technologically
advanced components
from the world’s

leading suppliers.

Our best-in-class
New Product Introduction
(NPI) program provides

our supplier partners
with maximum exposure
to design engineers
developing the next
generation of RF,
Wireless and Energy
Technology products.

Subscribe to our
New Products E-Newsletter
to keep up with the latest
products, news and events.

=]z ]

RichardsonRFPD

An Arrow Company

Coming Events

CALL FOR PAPERS
EDI CON
Deadline: August 31, 2012

MWC 2012
Deadline: September 7, 2012

80th ARFTG Conference
Deadline: September 10, 2012

mwjournal.com

SEPTEMBER

AUTOTESTCON 2012
September 10-13, 2012 ¢ Anaheim, CA
www.autotestcon.com

MWP 2012

IEEE INTERNATIONAL TOPICAL MEETING
ON MICROWAVE PHOTONICS
September 11-14, 2012

Noordwijk, The Netherlands

www.congrexprojects.com/12A11

ICUWB 2012

IEEE INTERNATIONAL CONFERENCE

ON ULTRA-WIDEBAND

September 17-20, 2012 * Syracuse, NY

WWW. ic11wb2012.0rg

ION GNSS 2012
September 17-21, 2012 ® Nashville, TN

www.ion.org/meetings/?conf=gnss

PT/Exro Comm CHINA 2012
September 18-22, 2012 o Beijing, China
WWW.EXPOCOIMMCN.Com

AOC 2012

49™ ANNUAL AOC INTERNATIONAL
SYMPOSIUM AND CONVENTION
September 23-26, 2012 © Phoenix, AZ

www.crows.org/conventions/conventions.html

MILITARY ANTENNAS SUMMIT
September 24-27, 2012 » Washington, D.C.

Www.militaxyantennasevent.com

—_—

-, AMTA

i i e

OCTOBER MY MILCOM12

COMSOL CoNrEReNCE 2012

8™ ANNUAL MuLTIPHYsICS CONFERENCE
October 3-5, 2012  Boston, MA
www.comsol.com/conference2012/usa

MUD 2012
MicrowavE UPDATE
October 18-21, 2012 o Santa Clara, CA

www.m icrowaveupdate .org

AMTA 2012

34™ ANNUAL SYMPOSIUM OF THE ANTENNA
MEASUREMENT TECHNIQUES ASSOCIATION
October 21-26, 2012 o Bellevue, WA

www.amta.org
RADAR 2012

INTERNATIONAL CONFERENCE ON RADAR
October 22-25, 2012 * Glasgow, UK

www.radar2012.org

EuMW 2012

EUROPEAN MICROWAVE WEEK
October 28-November 2, 2012
Amsterdam, The Netherlands
www.eumweek.com

MILCOM 2012
MILITARY COMMUNICATIONS CONFERENCE
October 29—November 1, 2012 ® Orlando, FL

www.milcom.o l"g

4G WoRrLD 2012

October 29-November 1, 2012 © Chicago, IL
www.4gworld.com

NOVEMBER

IME 2012

7™ INTERNATIONAL CONFERENCE AND

EXHIBITION ON MICROWAVE AND ANTENNA
November 5-7, 2012 ® Shanghai, China

\VWW.ilIlWeXEO.COIIl

ELECTRONICA 2012
November 13-16, 2012 © Munich, Germany

www.electronica.de

80™ ARFTG MICROWAVE MEASUREMENT
CONFERENCE
November 27-30, 2012 * San Diego, CA

DECEMBER
APMC 2012

AsiA PAciFic MICROWAVE CONFERENCE
December 4-7, 2012 o Kaohsiung, Taiwan

V\ww.aEmCQ()lQ,com
JANUARY
IEEE RWS 2013

RADIO AND WIRELESS SYMPOSIUM
January 20-23, 2013 ® Austin, TX

www.radiowirelessweek.org

IEEE MEMS 2013

26™ IEEE INTERNATIONAL CONFERENCE ON
MicrO ELECTRO MECHANICAL SYSTEMS
January 20-24, 2013 o Taipei, Taiwan

WWW. mems2013.org
FEBRUARY

ISSCC 2013

IEEE INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE

Febman_/ 17-21, 2013 ® San Francisco, CA

http://isscc.org

NATE 2013

18™ ANNUAL CONFERENCE & EXPOSITION FOR
THE NATIONAL AssOCIATION OF TOWER ERECTORS
February 18-21, 2013  Fort Worth, TX
http://natehome.com/annual-conference

MWC 2013

MoBiLE WORLD CONGRESS
February 27-March 1, 2013
Barcelona, Spain
www.mobileworldcongress.com

D [[Electronic Design
CON Innovation Conference
BRI EIHEIY 2013

MARCH

EDI CON 2013

ELECTRONIC DESIGN INNOVATION CONFERENCE
March 12-14, 2013 o Beijing, China
www.ediconchina.com

MICROWAVE JOURNAL m AUGUST 2012


http://mwjournal.com
http://www.autotestcon.com
http://www.congrexprojects.com/12A11
http://www.icuwb2012.org
http://www.ion.org/meetings/?conf=gnss
http://www.expocommcn.com
http://www.crows.org/conventions/conventions.html
http://www.militaryantennasevent.com
http://www.comsol.com/conference2012/usa
http://www.microwaveupdate.org
http://www.amta.org
http://www.radar2012.org
http://www.eumweek.com
http://www.milcom.org
http://www.4gworld.com
http://www.imwexpo.com
http://www.electronica.de
http://www.arftg.org
http://www.apmc2012.com
http://www.radiowirelessweek.org
http://www.mems2013.org
http://isscc.org
http://natehome.com/annual-conference
http://www.mobileworldcongress.com
http://www.ediconchina.com
https://www.richardsonrfpd.com/content/english/contactus/Pages/NewsletterSubscription.aspx

2 1 =
W

ReaLize YOUrRY

iy’ ) £ e el B et el

FRoM PRroToTYPE TO PRODUCTION

Our global team of over 150 local technical resources are
ready to work with you one-on-one at every step of your
design journey to accelerate time-to-market, find complete
solutions, save development costs and, ultimately, turn
your vision into reality.

Contact your local Richardson RFPD field sales engineer with
your next RF, Wireless or Energy Technology product design.

www.richardsonrfpd.com

\@ichardsonRFPD

©2012 Richardson RFPD. All rights reserved. All brands and trademarks are property of their respective owners. MK 120003



http://richardsonrfpd.com

’\MITEQ® vour Amplifier Source

The largest and broadest
Standard Amplifier product line available today!

Narrowband to Multi-Octave, ranging from 1 kHz to 65 GHz,
with noise figures and power levels only dreamed about.

GaN
POWER Amplifiers

» Frequencies in
excess of 10 Octaves
» Models from
30 MHz to 4 GHz
+3to10W
+ Single bias, 30V

Broad and Ultra-Broadband

Amplifiers

+ 0.1-40 GHz
+ Standard models covering
all standard Communication,
SATCOM and Military Bands
+ Over 2,500 standard models

Waveguide

Amplifiers

+ Noise Figures as low as 28°K

+ Over 500 standard models available

+ Cooled Ka-Band LNAs down to 80°K

+ Rugged outdoor and airborne applications
+ Waveguides with fiber optic interfaces

+ S-band LNAs

+ C-band LNAs u .
L Tod ! u

. N
—~ 3
- i

Quality RF/Microwave Prducts For Over 40 Years

High Power

Amplifiers

)

+ Widest Bandwidths available
with standard frequencies
from 2 - 40 GHz

« X- and Ka-Band SSPAs

» Over 250 standard models

+ Space and Airborne qualified

. T

SATCOM and Radar

High-Performance Amplifiers

+ SATCOM, Radar and
Satellite Bands n ‘
- Pulsed Power Amplifiers ”

« Compact designs : l}'}’ N\ \
»

Surface Mount
Amplifiers

+ True Surface Mount Amplifiers with
frequencies up to 40 GHz

+ Ultra High Frequencies

+ Wideband L]

- Microwaveband s .

o el -
. -Noi g |
Low-Noise N perd
— 2
_ “_.C\,‘ 5 A‘
| P )




Low Noise . T ”

¢ Amplifiers .001 MHz to 75 GHz @

: - Lowest guaranteed noise figures in the industry,
ie: 0.3 dB in L-band and 2 dB in K-band

- - Over 2,500 standard models available \ o
- Surface Mount, Connectorized, In-line :-'5‘

Amplifiers available to 8 GHz

+ Fastest Rise time in the industry, as low as 1 ns

* -55 to +95°C temperature stability

+ Lowest Sensitivity levels in the industry
as low as -95 dBm

+ Compact Low Profile Housings

+ Space and Airborne qualified

Amplifiers available 1 KHz to 3 GHz

» Lowest noise figures available:
1.1dB @ 10 MHz
1.4 dB @ 500 MHz
1.7dB @ 1 GHz 1’5

Complete Amplifier Assemblies and Sub-Assemblies

With over 40 years of RF/microwave component expertise. MITEQ designs and
manufactures single or multifunction assemblies to customer specifications.

SATCOM

Amplifier Systems and Equipment

. Amplifier Systems + Redundant LNAs « Fiber Optic LNAS "~ S
; Amplifier Plate Assemblies ' '

A\ i TWT Amplifiers + Instrumentation Power Amplifiers
: *5-51 GHz Coverage * Indoor and Outdoor Ruggedized Configurations

MITEQ can customize our standard designs to meet your specific requirements.

For further information, please contact our Sales Department at
(631) 439-9220 or e-mail components @miteq.com

100 Davids Drive, Hauppauge, NY 11788

Other Amplifiers
Available:

- Built-In Test Detector
Coaxial In—Line
Cryogenic

- Desktop

- Detector Log Video

- DropIn

- Dual Output

- Fast Recovery (NMR/MRI)
Gain Control

- IF Gain Control

- IF Auto Gain Control

- Limiting

- Low Current Consumption

- Low Frequency

- Low Phase Noise

- Medium Power

- Power Monitoring

- Pulse

- Pulse Modulated

- SATCOM

- Spaceborne

- Surface Mount

- Temperature Compensated
Waveguide

- Multi-Octave

- 750hm

MITEQ Components

- Mixers

- Multipliers

- Fiber Optic Products

- Frequency Generation Products
- Microwave Control Products

- Passive Power Components

- IF Signal Processing

- Integrated Assemblies

www.miteqg.com

@]‘]{Mb IT=6L]. TEL.: (631) 436-7400 - FAX: (631) 436-7430



mailto:components@miteq.com
http://www.miteq.com

22

CoOVER FEATURE

INVITED PAPER

Wireless Sensor
Network Challenges
and Solutions

e live in a world filled with sensors.
‘ ; s / The buildings that we work in have
sensors monitoring temperature,
occupancy, smoke and fire, and security. Our
cars contain dozens if not hundreds of sensors,
monitoring engine performance, braking, and
passenger safety equipment, to name a few.
Manufacturing environments need sensors be-
cause you cannot control what you cannot mea-
sure. Making products, while meeting safety,
quality and efficiency targets, requires a lot of
Sensors.

Sensors have become much smaller, less
expensive and lower power in the last few de-
cades, driven in part by both Moore’s law and
the MEMS revolution. Unfortunately, the cost
of installing sensors has not kept pace. The cost
of running wires to carry power and data typi-
cally dwarfs the cost of the sensor itself. Take
for example the closest light switch: the wiring
for a $1 switch can cost $50, mostly labor, even
in new construction. If you want to move that
switch to the adjacent wall, the price of retrofit
is much higher. In industrial process automa-
tion, the accepted rule of thumb is $10,000 to
install a sensor — even a simple switch. In this
cost environment, many sensors only report
data to a local controller — there can be little or
no “big picture” when hundreds or thousands

of sensors are installed. What is needed is an
inexpensive, reliable way to network sensors.
Almost since the time of Marconi, people
have used wireless methods to communicate data
from sensors, with mixed results. Traditionally
these links have been line-powered and point-to-
point, often with time-varying reliability due to
environmental conditions. This is fine for some
applications, but too restrictive for most.

MARKETS

Markets for wireless sensor networks
(WSN) include building automation, indus-
trial control, home automation, smart grid and
automated metering infrastructure (AMI), in-
dustrial process automation, environmental
monitoring, parking and transit infrastructure,
energy monitoring, and inventory control. In
most cases, these are bi-directional asymmetric
data collection applications — large numbers of
sense points forward data to a central host that
may respond with a process set point or other
configuration changes.

LANCE DOHERTY, [ONATHAN SIMON

AND THOMAS WATTEYNE
Dust Networks Product Group,
Linear Technology Corp., Milpitas, CA
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TECHNOLOGY CHOICES

Customers ideally want a technolo-
gy that is low cost, allows unrestricted
sensor placement, receives periodic
data reliably with low latency and runs
for the device lifetime with no battery
changes. Recent technological ad-
vances have enabled delivery of those
features in many markets.

There are several technologies
competing to fill this role, including
satellite, cellular, WiFi, and a host of

solutions based on IEEE 802.15.4 ra-
dios. These technologies allow users
to form WSNs for collecting sensor
data.

Satellite and cellular work well for
many applications, but have the high-
est energy cost per packet. Data plan
charges can also be prohibitive, al-
though this is likely to change as carri-
ers develop billing models appropriate
for relatively sparse data flows. Cover-
age can also be an issue. Clearly it can

The Engineer’s Choice
for PIN Switches

Switches offer optimal functionality.
M 0.5t0 18 GHz

B Switching Time to 15 Nanoseconds
B Low Insertion Loss

B Integral TTL Drivers

B Very Small Package Size

B Custom Configurations Available

Narda’s diverse selection of in-stock PIN

M Transfer, SPST, and SP2T to SP6T Models

Engineering, without compromise since 1954.

“ We have Narda
components dating
back to when we just
got started...and they’re
still in use today.”

Smart Phone
or Tablet

to learn
more! E

narda

an ‘B communications company

www.nardamicrowave.com « 631.231.1700
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be difficult for a satellite or cell phone
signal to make its way out of a heavily
obstructed structure, and the sensors
generally do not have the capability of
moving from side to side and asking
“can you hear me now?” For an appli-
cation sending at a very low data rate
(e.g., one data packet per day) with
good connectivity, however, satellite
or cellular can make a lot of sense.

WiFi (IEEE 802.11b, g) sensors
are now widely available. The energy
cost for a WiFi packet is much lower
than cellular, and there are no recur-
ring fees for data. Connectivity and
coverage remain important concerns,
as the density of access points neces-
sary for reliable communication with
a fixed sensor is typically higher than
that necessary for mobile humans
with gadgets.

With reference to the OSI layer
model, the 802.15.4 standard defines
a physical layer (PHY) and medium
access control (MAC) layer for short-
range, low-power operation that is
well suited for wireless sensor net-
works. The radio is relatively low data
rate (up to 250 kbps); the packets are
short (< 128 bytes) and low energy.
For example, sending a few bytes of
sensor data, with routing, cryptogra-
phy, and other headers, takes under
1 ms. This process uses under 30 pC
of charge, including receiving a se-
cure link-layer acknowledgment (see
Figure 1). Sensors can forward radio
packets from peers, extending the
range of the network far beyond the
range of a single radio, and provid-
ing the network with immunity to any
single radio link failure.

PERFORMANCE METRICS
Evaluation of various WSN solu-
tions is based on two questions, “Can
I get all the data fast enough?” and
“How much is it going to cost?” WSNs
must be designed to work in environ-

16.0
__14.0
12.0

Transmit w/ Acknowledgment, 24.9 uC

5
°
T

M|

-1.0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
TIME, (ms)

A Fig. 1 Energy to transmit a short
802.15.4 packet and receive an acknowledg-
ment.
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ments with link-layer packet delivery
ratios (PDR) down to about 50 per-
cent.

When developing a wireless data-
collection system, there are a few per-
formance targets that must be met.
First, the system must meet a mini-
mum reliability goal. For industrial
applications, the target is typically to
receive at least 99.9 percent of the
generated data, as missing data can
trigger expensive alarm conditions.

Second, the system must support a
certain throughput, a number of sen-
sor data packets per second. Third,
these data packets are only useful if
received within a maximum latency
period. Many processes rely on fresh
data updates — for control, stale data
may have no utility. Fourth, many
systems must operate in challenging
environments that include wide tem-
perature ranges and intrinsic safety
restrictions. Only solutions that meet

The difference: apples and

You decide.

MegaPhase Phase3™ -
The Lowest Loss Per Pound

Optimized for consistent and repeatable performance where the demand
is minimum attenuation, high shielding effectiveness and low VSWR.

MEecAPHASE
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all four of these requirements are con-
sidered suitable for further evaluation.

When considering various solu-
tions that meet the requirements, the
key selection criteria become cost of
ownership and flexibility. The cost of
ownership encompasses several areas:
product  development, installation,
hardware and providing power over
the lifetime of the installation. Wire-
less technologies have reduced instal-
lation costs dramatically compared to
wired solutions, but battery-powered
wireless devices may require bat-
tery changes over the lifetime of the
network. There is also a trade-off be-
tween building a network with a small
number of high-power devices to re-
duce the hardware cost versus using a
larger number of low-power devices.
For devices powered by energy har-
vesting cells (e.g., solar, thermoelec-
tric), capacitor size may determine a
significant portion of the cost. Solu-
tions with deterministic scheduling,
such as Time-Division Multiple Ac-
cess (TDMA), can help separate high-
current events as much as possible
to reduce the capacitor size require-
ment.

Because final deployment condi-
tions are unpredictable, networks
must be designed for flexibility. Net-
works must scale from small to large
numbers of sensors and from low to
high density. To be robust across di-
verse wireless environments, resource
provisioning should ensure that devic-
es reliably communicate with moder-
ate interference and that the networks
survive the loss of individual devices.
Additional resources, including more
wireless links, more neighbors for
each device, or more signal amplifica-
tion, improve reliability and latency.
All these additions come at increased
power costs that can be minimized
with dynamic allocation. Solutions
based on standards provide immunity
to the supply chain vagaries of a single
vendor component and the assurance
that the community has agreed on
the governing principles of operation,
e.g., security architecture.

CHALLENGES

The wireless channel is unreliable
in nature, and a number of phenom-
ena can prevent a transmitted packet
from reaching a receiver. One such
phenomenon is interference. If two
independent transmitters transmit on
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PATCH ANTENNA: A radome minimizes
losses and improves radiation characteristics
of a patch antenna through its design.
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the same channel such that their sig-
nals overlap, they may corrupt each
other’s signal at a receiver’s radio. This
requires the transmitter to re-trans-
mit, at the cost of additional time and
energy.

Interference can come from the
same network if the underlying medi-
um access technology does not sched-
ule contention-free communications.
This is particularly problematic if the
two transmitters can hear the receiv-
er, but not hear each other — this is

0
n

— Average over all runs - Individual runs
802.11 802.11 802.11
CH1 CH'6 CH11

0
=]
T

S u
T T

o
T

o N N 0 0
v
T

5 P P L . ) L
10 12 14 16 18 20 22 24 26
IEEE 802.15.4 FREQUENCY CHANNEL

AVERAGE PDR OVERALL LINKS (%)

A Fig. 2 Interference between Wi-Fi and
802.15.4 in the 2.400 to 2.485 GHz frequency
band.

known as the “hidden terminal prob-
lem,” and it requires backoff and ac-
knowledgment mechanisms to resolve
collisions.

Interference can also come from
another network operating in the
same radio space, or from a differ-
ent radio technology using the same
frequency band. The latter, known as
“external” interference, is especially

resent in unlicensed bands such as
the 2.400 to 2.485 GHz Instrumen-
tation, Scientific and Medical (ISM)
band, crowded with WiFi, Bluetooth
and 802.15.4.

Figure 2 was obtained by deploy-
ing forty-five 802.15.4 nodes in an of-
fice environment, and having them
exchange 12 million packets, equally
distributed over sixteen 802.15.4
channels. It plots the average packet
delivery ratio of those packets as a
function of the channel they are trans-
mitted on; on channels overlapping
WiFi channels, this delivery ratio is
lower.

A second phenomenon, multipath
fading, shown in Figure 3, can pre-

vent a transmitted
packet from reach-

9| ing a receiver and
%8| is both more de-
%6 | structive and harder
0.4

to quantify. Often
%21 described as “self-
interference,”  this
occurs when the
recipient  receives
both the signal trav-
eling over the line-
of-sight path from

the transmitter as

A Fig. 3 Multipath fading causes the quality of a link to vary
dramatically, even when moving the receiver by only a couple of

centimeters.

well as “echoes” of
the same signal that
have bounced off

objects in the envi-

ronment (floors, ceil-
ings, doors, people,

etc.). Since those

copies travel differ-
ent distances, they

reach the receiver at
different times, po-

tentially interfering

IEEE 802.15.4 CHANNEL

destructively. Fades
of 20 to 30 dB are

not uncommon.
Figure 3 was ob-

TIME (days)

tained by having a
transmitter transmit

A Fig. 4 The packet delivery ratio of a wireless link evolves over

time.
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1000 packets to a re-
ceiver 5 m away, and

repeating this with the receiver posi-
tioned at each point in a 35 by 20 cm
grid. The z-axis represents the packet
delivery ratio over that link. While the
link is good at most positions, at some
positions no packets are received suc-
cessfully because of multipath fading.
Multipath fading depends on the
position and nature of every object in
the environment and is unpredictable
in any practical setup. One good prop-
erty is that the “topography” depicted
in Figure 3 changes with the frequen-
cy. That is, if a packet is not received
because of the multipath fading, re-
transmitting on a different frequency
has a high probability of succeeding.
Because objects in the environ-
ment are not static, e.g., cars drive by
and doors are opened and closed, the
effect of multipath changes over time.
Figure 4 shows the packet delivery
ratio on a single wireless path between
two industrial sensors over the course
of 26 days, and for each of the sixteen
channels used by the system. There
are weekly cycles where workdays and
weekends are clearly visible. At any
given time, some channels are good
(high delivery), others bad, and still
others vary highly. Channel 17, while
generally good, has at least one peri-
od of zero delivery. Each path in the
network shows qualitatively similar
behavior, but with different channel
performance and there is never any
one channel that is good everywhere
in the network.! Because of interfer-
ence and multipath fading, the key to
building a reliable wireless system is
to exploit channel and path diversity.

SOLUTIONS

As stated previously, one technol-
ogy well suited for solving the WSN
problem is IEEE 802.15.4. Such
802.15.4 radios offer low-power, low-
data rate PHYs in several unlicensed
frequency bands, including the 915
MHz band, available in North Ameri-
ca, and the 2.4 GHz ISM band, avail-
able worldwide. The 2.4 GHz band
spread spectrum PHYs provide im-
munity to noise — a particularly impor-
tant feature for a low-energy device
designed to operate in a potentially
crowded, unlicensed band. The stan-
dard also defines a reliable, acknowl-
edged, packet (or frame) based MAC
layer with optional encryption and
authentication. This flexible solution
forms the basis of several proprietary
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and standards-based protocols includ-
ing the ZigBee protocol, which uses it
to form unsynchronized single-chan-
nel networks, and the WirelessHART
protocol,? which uses it to form time-
synchronized multichannel networks.

The WirelessHART protocol has
an 802.15.4 2.4 GHz PHY and an
802.15.4-based link layer, which adds
synchronization, channel hopping,
priority and time-based authentica-
tion to the standard 802.15.4 MAC.

Signal Generators -

It has a network layer that provides
routing and end-to-end security, and
a thin unreliable/reliable mesh trans-
port layer. The WirelessHART stan-
dard specifies timeslot timing, how
devices maintain  synchronization,
and how devices schedule time/chan-
nel communications opportunities by
dividing time into slotted communi-
cations opportunities (timeslots) on
repeating superframes. The protocol
was designed to allow seamless inte-
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e Easy Interfacing with powerful GUI (LAN, USB, GPIB & SCPI)
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gration of wireless devices to existing
wired HART installations, widely used
in industrial process monitoring and
control applications. WirelessHART
extends the HART application layer
command set, adding commands
for managing wireless resources and
monitoring network health. Wire-
lessHART networks are highly reli-
able meshes — even with devices that
do not have line-of-sight and at tens to
hundreds of meters spacing, each de-
vice has multiple neighbors to which
it can send data — providing the path
diversity needed for reliability. Wire-
lessHART networks are centrally
managed, with most network “intel-
ligence” residing in a Manager. Field
devices (wireless sensors) report sta-
tus information that the Manager uses
to groom and optimize the network,
and sensor data is reported to an ap-
plication proxy called a Gateway.

Earlier this year, a new 802.15.4e
amendment was released, which,
among other things, formalized time-
slotted channel-hopping features like
those found in WirelessHART at the
802.15.4 MAC layer. The standard de-
fines the mechanisms for advertising
synchronization information to allow
devices to synchronize to a network,
provides for time-based security, and
defines slotted communications and
hop sequences. It makes extensive use
of data encapsulation in “information
elements” — this allows for custom ex-
tensions of the MAC without having
to wait for the standard to be updated.
It is intended to ease development of
a multilayer protocol, and was specifi-
cally designed to couple to a 6LoW-
PAN-compressed IPv6 network layer
as defined in IETF RFCs 4944 and
6282.3

APPLICATIONS

Linear’s Dust Networks
SmartMesh™ product line is an exam-
ple solution that contains both Wire-
lessHART and 6LoWPAN-compliant
IPv6 product offerings that lever-
age 802.15.4 to provide reliable, low
power WSN solutions. Dust Eterna™
motes are single chip devices that
couple a Cortex-M3™ microproces-
sor, memory and peripherals to the
lowest power 802.15.4 radio currently
available (see Figure 5). Designers
embed a mote in their sensor pack-
age and can rely on the network to
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A Fig. 5 Block diagram of the LTC5800 Dust Eterna motes.

form, optimize, and carry their sensor
data to their application. Managers al-
low for graceful scaling from tens to
thousands of devices, providing data
and configuration interfaces for the
network. They are suitable for solving
a wide array of WSN problems. Some
examples of applications using motes
and managers include:

Parking: Streetline* is a smart
parking provider that monitors the
real-time availability of urban parking
spaces. Vehicle detectors are installed
underneath parking spaces, inside the
pavement and flush with the roadway.
This brings challenges, as the antenna
for the sensor device is located under-
ground, and then covered by a metal
vehicle when the space is occupied.
Wireless path diversity is essential as
different vehicle positions change the
path quality between device pairs.
Streetline installs elevated repeater
devices on nearby street lamps to
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obtain line-of-sight to the stall sen-
sors. These repeaters form a multi-
hop mesh to collect all the occupancy
data to the local network manager,
where it gets aggregated into a city-
wide database available to customers
and enforcement agencies. Wireless
technology is critical for this applica-
tion because it is intractable to wire
sensors to each space, and low-power
wireless decreases the frequency of
battery changes.

Refinery Process Control:
Chevron uses wireless networks to
monitor oil extraction and refining
facilities. These networks are often
deployed in harsh environments (due
to hazardous temperatures, chemi-
cals or risk of explosion) where it is
impossible to run conduit for wired
sensors. Additionally, wireless en-
ables monitoring of rotating struc-
tures and mobile operators. For one
deployment (see Figure 6), wireless
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networks were installed in various
locations around a large refining fa-
cility. To gather the data to a central-
ized control center, a Cisco IEEE
802.11a wireless mesh was used as
the backhaul connection for each
IEEE 802.15.4 network manager.
This allowed the low-power sensor
devices to report to their local man-
ager where data was aggregated and
reliably shuttled along. This deploy-
ment represents a powerful fusion
between the two standards.

Energy Monitoring: Vigilent®
provides intelligent energy manage-
ment systems for indoor environ-
ments such as data centers where
environmental control is critical. As
increased temperature at any location
in the data center can cause equip-
ment failures, air conditioning is of-
ten run continuously at full power,
wasting energy. Facilities managers
are reluctant to jeopardize their in-
ternal networks, so Vigilent deploys
wireless devices that do not interfere
with regular operation. The facilities
are also sensitive to security, so the
wireless protocol is required to have
end-to-end encryption of all packets
and additional security at the network
manager. Data center sense points are
typically dense, and Vigilent has had
success in deploying multiple overlap-
ping networks to achieve the required
number of sensors.

CONCLUSION
Multichannel  time-synchronized
mesh networks based on 802.15.4 ra-
dios address many of the challenges
involved in building flexible, reliable,
low-power wireless sensor networks.
There are a growing number of new
applications that are utilizing these
types of sensor networks to reduce
costs and provide enhanced services
around the world. l
I
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wo of the most important trends in the
I last 50 years have been Moore’s law
and the proliferation of software. As a
result, we have seen our technology get faster,
smaller and lower cost while becoming much
more flexible and customizable to each user’s
needs. National Instruments has built upon
these trends with significant industry introduc-
tions such as the release of NI LabVIEWV system
design software that empowered engineers and
scientists to extend their fixed functionality in-
strumentation by connecting them to the PC
with productive software that enables data col-
lection, signal processing, automation and also
the introduction of PXI |5 years ago. As a lead-
ing modular instrumentation standard, PXI has
ushered in a new era of instrumentation that
is faster, smaller and lower cost than traditional
instruments without sacrificing performance.
National Instruments has now redefined test-
ing instrumentation with a new class of instru-
ment, the vector signal transceiver. Combining
a vector signal analyzer, a vector signal genera-
tor and high-speed digital I/O in one three-slot
PXI module, the NI PXle-5644R vector signal
transceiver is a fraction of the size and cost of
traditional solutions while offering orders of
magnitude faster speed and maintaining industry-
leading measurement performance. Even more
important, the NI PXle-5644R is a software-
designed instrument. With an open, user-pro-
grammable FPGA at its core, users can modify its
LabVIEW-based software and firmware to create
an instrument specific to their exact needs.

Redefining
Instrumentation

with the Vector
Signal Transceiver

FLEXIBILITY OF A SOFTWARE DEFINED RADIO
ARCHITECTURE

The fundamental elements that compose a
vector signal transceiver are the combination
of a vector signal generator (VSG) and vector
signal analyzer (VSA) and a shared FPGA for
real-time signal processing and control. This dif-
fers from traditional solutions, which use either
two discrete instruments or wireless test sets
that just combine the instruments in a common
chassis (see Figure I).

By replacing fixed, vendor-defined hardware
with a flexible, software-designed approach, the
vector signal transceiver empowers engineers
to design exactly the instrument functionality
they need. The NI PXle-5644R vector signal
transceiver also features the following:

* 65 MHz to 6 GHz frequency coverage

* Instantaneous bandwidth of up to 80 MHz

* 24 channels of high-speed digital I/O

* A large, user-programmable Xilinx Virtex-6

FPGA with connectivity and control over

baseband clocking circuitry, ADCs, DACs, PXI

triggers, RAM and much more (see Figure 2)
* Support for the latest wireless standards

(802.1lac and LTE) with industry-leading

measurement performance; for example, it

can test standards such as 802.1 lac with an
error vector magnitude (EVM) floor of up to

—46 dB (0.5 percent) at 5.8 GHz

NATIONAL INSTRUMENTS
Austin, TX
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National Instruments supports a broad

vector signal transceiver is a fraction of the size and cost of a traditional range of wireless standards including:

solution. More importantly, the NI PXle-5644R is the first software-designed

. . . . 802.11a/b/g/n/ac LTE
instrument. With NI LabVIEW system design software, you can modify its CDMA2000/EV-DO GSM/EDGE
software and firmware to create an instrument that meets your exact needs. WCDMA/HSPA/HSPA+  Bluetooth
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800 813 5078 ¢ NATIONAL
"INSTRUMENTS“


http://ni.com/vst
http://ni.com

Most Valuable Product

Traditional Approach Software-Designed Approach

Lo RF Receiver
Vector Signal =
4 Generator (VSG) g Fi
Vector Signal " E
Analyzer (VSA) l r R:.::;'I‘;lsl:;ﬁ gS;grl.\;l
OR e Control
i u_n RF Transmitter

Wireless Test Set
(VSA + VSG)

PXI Vector Signal Transceiver

A Fig. 1 Comparison of vector signal transceiver to traditional
instrumentation.

BASEBAND
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[pok—=—=

A Fig. 2 Block diagram of the NI PXIe-5644R FPGA basecard.

One way the potential of these features is immediately
realized is by the significant reduction in test time. With
most of the processing offloaded to the onboard FPGA, and
data transfers occurring over the high-throughput PCI Ex-
press bus, measurement times are 10 to 100 times faster
than traditional instruments.

Also, due to its small size and modular nature, the vector
signal transceiver can be used in a multitude of configura-
tions. For example, one vector signal transceiver can be
used in a four-slot PXI chassis as a small bench-top instru-
ment, or up to five vector signal transceivers can be com-
bined in one |8-slot chassis to address parallel testing needs
and multiple input, multiple output (MIMO) applications
5 x 5 in that specific example, see Figure 3).

SOFTWARE-DESIGNED INSTRUMENT

Out of the box, the vector signal transceiver provides
a software experience similar to other instruments with a
quick time to first measurement/generation and a program-
ming interface for the most common functions. However,
the true power comes from the fact that all LabVIEWV soft-
ware and firmware source code is provided to enable us-
ers to modify their instruments to their specific needs (see
Figure 4).

LabVIEW s suited to this new class of RF instrumen-
tation because it empowers any engineer or scientist with
basic RF knowledge to successfully design new features or
modify existing ones deep within the instrument. As system
design software, LabVIEWV is capable of abstracting the pro-
cessing implemented on an FPGA and the microprocessor
(in the PC environment) in a way that does not require ex-
tensive knowledge of computing architectures and data ma-
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Ar ig. 4 All LabVIEW software and firmware source code is provid-
ed to enable the user to modify the instrument to their specific needs.

nipulation. This frees the user to focus on the functionality
of algorithms and instrument control to meet their specific
application needs.

A NEW WAY TO THINK ABOUT INSTRUMENTATION

After years of learning to program vendor-defined instru-
ments and decades of manual work, engineers can now use
the NI PXle-5644R vector signal transceiver and LabVIEW
to define their instrumentation.

Early access users of the NI PXle-5644R are customizing
the device in many different applications:

* Embedded protocols inside the instrument to build pro-
tocol-aware testers

* Integrated, real-time channel models to emulate wireless
device testing in the field

* Hardware-in-the-loop techniques to servo the nonlin-
earity of RF power amplifiers

» Software defined radios to prototype future communica-
tion standards

With a software-designed approach, engineers no longer
have to ask, “How do | make this box do what the vendor
intended?” Instead, they can start asking, “What do | need
this instrument to do?” and easily make it happen. This is a
significant change in the way testing instrumentation can be
used in the future.

National Instruments,
Austin, TX

(512) 683-0100,
WWW.hi.com/vst.
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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 ,0.7T +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 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CA01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA0T-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA56-3110 5.4-5.9 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 1.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A1315-3110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 SIS 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(AB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41dBm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +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 (@8) MIN  Noise Flgu e @)  Power-out@pid 3rd Order [P VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.52.0 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 +/-15MAX  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 =
(LA618-1201  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. Freg{ (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
CA00T-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX 2.8 TYP +15 MIN +25 dBm 2.0:1

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

Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com
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High Resolution X-Band Radar Provides
Photo-links Imagery in Any Weather

Lockheed Martin airborne reconnaissance radar that
Aprovides high resolution, photographic-like imagery,

even in inclement weather or darkness, is now avail-
able to customers worldwide. Lockheed Martin’s AN/APY-
12, a dual mode, X-Band synthetic aperture radar (SAR)
with moving target indication capability, has been cleared
for export to certain countries, including Taiwan, Italy,
Sweden and Korea.

“Intelligence operations depend heavily on the ability
to quickly locate and track targets in every weather condi-
tion,” said James Quinn, vice president of C4ISR Systems
with Lockheed Martin IS&GS-Defense. “Our AN/APY-12
radar is tailor-made for customers who need real-time situ-
ational awareness 24 hours a day, seven days a week.”

Developed for surveillance and reconnaissance mis-
sions, the AN/APY-12 can transmit airborne processed
images and moving target detections to ground-based ex-
ploitation stations in real-time via secure data links. This
high resolution SAR delivers photographic quality images
of areas of interest as
well as ground moving
target indicator (GMTI)
detections of moving
surface vehicles, taxiing
aircraft, and hovering
helicopters. A new mode
incorporated into the ra-
dar produces GMTI de-
tections with increased
sensitivity and improved
geo-location  accuracy.
The radar also incorpo-
rates a wide area moving
target indicator (WAMTI) mode that can scan thousands of
square-kilometers, detect ground movement, then overlay
that moving target data onto a map in less than one minute.

Since inventing SAR in the early 1950s, (Lockheed
Martin owns the original SAR patent titled “Simultaneous
Doppler Build Up’), Lockheed Martin has continued to
refine this imaging technology. Resolution that had been
measured in feet can now be measured in inches in cer-
tain applications. More than 500 SAR systems have been
developed for 30 different types of aircraft, including the
development of all SAR systems for the SR-71 Blackbird.

Today, Lockheed Martin continues its pursuit toward
the development of next generation SAR technologies. Re-
cent Lockheed Martin SAR innovations include dual-band
VHF/UHF synthetic aperture radar for imaging concealed
targets, foliage penetrating radar, reconnaissance sensors
encased in pods to enable fighter aircraft to collect imag-
ery, and an all weather, passive detection and tracking sys-
tem suitable for real-time 3D air surveillance.

“Intelligence
operations depend
heavily on the ability
to quickly locate

and track targets

in every weather
condition.”

Dan Massé, Associate Technical Editor

Defense News

Northrop Grumman’s F-35 DAS and Radar
Demonstrate Ability to Detect, Track and
Target

Northrop Grumman Corp. demonstrated the ballistic

missile detection, tracking and targeting capabili-

ties of the company’s AN/AAQ-37 distributed aper-
ture system (DAS) and AN/APG-81 active electronically
scanned array (AESA) radar, both of which are featured on
the F-35 Joint Strike Fighter (JSF) aircraft.

Leveraging NASAs Science Mission Directorate-spon-
sored Anomalous Transport Rocket Experiment launch op-
eration, the demonstration was coordinated with NASA and
the U.S. Air Force to ensure that it did not impact NASAs
primary science mission goals. The systems were demonstrat-
ed in flight onboard the company’s BAC1-11 test bed aircraft.
Northrop Grumman’s DAS and APG-81 autonomously de-
tected, tracked and targeted multiple, simultaneous ballistic
rockets. The DAS autonomously detected all five rockets,
launched in rapid succession, and tracked them from initial
launch well past the sec-

ond stage burnout.
“Northrop Grum- The DAS
man demonstrated these autonomously

ballistic missile tracking
modes with only minor
modifications to the base-
line F-35 JSF radar and
DAS software,” said Jeff
Leavitt, vice president
of Northrop Grumman’s
combat avionic systems
business  unit.  “Since
DAS is always staring
simultaneously in every
direction, an operator does not have to point the sensor in
the direction of a target to gain a track. The F-35 pilot could
continue the primary mission, while the sensors automatically
observe ballistic missile threats.”

The APG-81 AESA radar demonstrated the ability to
provide acquisition and weapons quality tracks indepen-
dently, and also via pointing cues from DAS for expedited
and extended range target acquisition. The radar main-
tained each track from initial acquisition until the rocket
exited the radar’s field of view. Leavitt added that Northrop
Grumman is currently exploring how the existing DAS
technology could assist in several additional mission areas,
including irregular warfare operations.

The multifunction AN/APG-81 AESA radar is capable
of the full range of air-to-air and air-to-surface capabilities
complemented by significant electronic warfare and intelli-
gence, surveillance and reconnaissance functions. The AN/
AAQ-37 DAS provides passive spherical awareness for the
F-35, simultaneously detecting and tracking aircraft and
missiles in every direction, and providing visual imagery
for day/might navigation and targeting purposes.

detected all five
rockets, launched
in rapid succession,
and tracked them
from initial launch
well past the second
stage burnout.

Go to mwjournal.com for more defense news items :‘
!
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Raytheon Awarded $636 M for EKV
Raytheon Co. was awarded a $636 million development

and sustainment contract to provide the Exoatmospher-

ic Kill Vehicle (EKV) to The Boeing Co., which is the
prime contractor for the Ground-based Midcourse Defense pro-
gram. Raytheon booked the award during its second quarter.

EKV represents the centerpiece for the Missile Defense
Agency’s GMD as the intercept component of the Ground
Based Interceptor, also known as GBI, which is designed
to engage high-speed ballistic missile warheads in space.

“When it comes to developing, testing and deploying
technologies that enable the intercept of threats in space,
Raytheon is a world leader,” said Dr. Taylor W. Lawrence,
Raytheon Missile Systems president. “We are proud to
contribute to our nation’s first line of defense against the
threat of ballistic missiles.”

Under conditions of the contract, which extends
through November 2018, Raytheon will provide EKV
development, fielding, testing, system engineering, in-
tegration, conﬁguration management, equipment manu-
facturing and refurbishment, and operation and sustain-
ment.

Leveraging more than two decades of kill vehicle tech-
nology expertise, the EKV is designed to destroy incoming
ballistic missile threats by colliding with them, a concept
often described as “hit to kill.”

Harris Corp. Awarded U.S. Army Order

arris Corp. has received an initial order to provide the
H U.S. Army with Harris Side Falcon (SRW-SF) Soldier

Radio Waveform appliqué systems. The order, via
the GSA, FAS Assisted Acquisition Services, is in support
of the Army’s Network Integration Evaluations (NIE) at
White Sands Missile Range.

The Harris Side Falcon integrates the Falcon ITI® AN/
PRC-152A handheld radio with a small-form factor wide-
band power amplifier for increased range and reliability.
Side Falcon systems will be installed in vehicles to address
Army requirements for a vehicular single-channel radio
that operates the JTRS Soldier Radio Waveform. The ap-
pliqués will be deployed to move voice and data seamlessly
between dismounted soldiers, their command centers and
higher headquarters.

The Harris Side Falcon supports SRW as well as the Har-
ris Adaptive Networking Wideband Waveform (ANW2).
In addition, Side Falcon also operates SINCGARS, VHF/
UHF Line-of-Sight, HaveQuick, IW for tactical satellite
communications and other combat net radio waveforms,
making it fully interoperable with existing DoD radios
providing the Army with maximum flexibility in combat.
The Army has indicated it intends to acquire as many as
5000 SRW Appliqué systems through a series of competi-

tive procurements over the next several years.

COST-EFFECTIVE
HERMETIC MICRO D CONNECTORS

Standard 9 to 51 pin configurations available
or let us design to your custom requirements

SPECIAL HERMETIC PRODUCTS, INC.

Hi-Rel By Design

CONTACT US TODAY
(P) 603-654-2002 (F) 603-654-2533
www.shp-seals.com email: sales@shp-seals.com
CERTIFIED ISO 9001:2008
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Reactel, Incorporated

Reacting Firstte All Your Filter Needs.
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DISCRETE COMPONENT FILTERS

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

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

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

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

Download a copy of our full line catalog today!
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The 2012 Defence, Security
and Space Forum

At European Microwave Week EuMA

Frequency Matters.

Wednesday, 31 October 2012 ¢ Auditorium 8:30 to 19:00

A full-day Forum, focusing on Space and Defence issues, incorporating the EuRAD Opening
Session and featuring the EuUMW Defence and Security Forum.

Schedule:
iy Bevem

Early Morning Session: 8:30 — 10:10

Industrial Perspectives — Newly developed microwave

technology for pivotal defence, security and space

applications.

Late Morning Session: 10:40 — 12:20

EuRAD Opening Session — Overview of prevalent issues
and synergies between industrial defence and space
sectors.

Lunch and Learn: 12:30 — 13:30
Data and analysis of global defence market,
presented by Strategy Analytics.

Afternoon Session: 13:50 — 15:30
Industry and agency expert panels share insights on
defence and space trends and developments.

Executive Forum: 16:00 — 18:00

Executives from space and defence agencies and lead-
ing defence contractors consider the issues faced by
their organizations and the role of technology. l? I{EE

A Q&A session will conclude the forum.
ATTENDANCE
3 REGISTER AT
S\ EUMWEEK.COM

Cocktail Reception: 18:00 — 19:00
Opportunity to network and discuss issues raised
throughout the forum in an informal setting.

Sponsored by:

* TriQuint @ NATIONAL
RFMD m SEMICONDUCTOR y‘NSTRUMENTS
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NEC Participates in DRIVE C2X
Demonstration
NEC Laboratories Europe announced that its ve-

hicular communication system has become part of

the European Commission sponsored DRIVE C2X
research project to make traffic and transportation safer,
more efficient and more environmentally friendly.

NEC’s vehicular communication system, including
the LinkBird-MX communication platform and the com-
pany’s C2X-Software Development Kit, which is part of
the DRIVE C2X vehicle
reference system, were
recently part of a dem-
onstration to a global
audience at the Dutch
Integrated Testsite for
Cooperative Mobility in
Helmond, the Nether-
lands.

The trial event dem-
onstrated nine applica-
tions for safety and traf-
fic efficiency. It also pro-
vided insights into the
test management centre
and procedures for Car-
to-Car and Car-to-Infra-
structure (Car-2-X) com-
munications. Addition-
ally, the event validated
the functionality of the
reference system.

The NEC system has become a leading platform in
European vehicular communications activities thanks to
its small form factor, high reliability, communication stack
performance and compliance with standards.

“NEC’s participation in large-scale European trials
is the result of more than a decade of innovation in ve-
hicular communications, developing research ideas and
successfully bringing them onto reliable pre-commercial
platforms,” said Dr. Heinrich Stuettgen, vice president of
NEC Laboratories Europe.

“NEC's participation
in large-scale
European trials is the
result of more than a
decade of innovation
in vehicular
communications,
developing

research ideas and
successfully bringing
them onto reliable
pre-commercial
platforms.”

DRIVE C2X Project Update

DRIVE C2X is a European Commission sponsored re-
search project that brings together car manufacturers,
research institutes, authorities and information tech-
nology providers to provide a pan-European reference
platform for communication among cars, and between
cars and the infrastructure. Following the Dutch dem-
onstration, the DRIVE C2X reference system has been
made available to seven European test sites where fur-
ther tests will be conducted.

Go to mwjournal.com for more international news items
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Richard Mumford, International Editor

ITU and ETSI Renew MoU

he International Telecommunication Union (ITU)
Tand the European Telecommunications Standardiza-
tion Institute (ETSI) have agreed on a new Memo-
randum of Understanding that will smooth the way for
regional standards, developed by ETSI, to be recognised
internationally. The two organisations possess comple-
mentary roles as Standards Development Organizations
(SDO), with ITU recognized as an international standard-
ization body in the ICT field and ETSI as the European
standardization organization for telecommunications.
Mutual cooperation between SDOs is key to ensur-
ing a coordinated approach to standards development.
International standardization re-engineers regional stan-
dards to allow them
international  reach,
or reconciles regional

standards to form co- cooper: ation... is
hesive international

key to ensuring a

standards. , Y g
Clear, coordinated coordinated approach
action from standards to standards

bodies will provide d I .
the business commu- eve opment.

nity with greater clar-
ity regarding standards under development. This increased
certainty will promote a faster, more efficient adoption of
standards in products manufactured, leading to greater
economies of scale and lower costs to consumers.

Hamadoun Touré, secretary-general, ITU, stated, “ITU
standards allow international access to the innovations pro-
gressing our Information Society. This is achieved through
cooperation with national and regional standards bodies to
uncover the most valuable innovations and standards, no
matter where they originate. It is thus very encouraging to
see an extension of ITU’s MoU with ETSI, an action which
will ensure ITU standards reflect the current ‘state of the
art’ in European ICT standardization at the international
level.”

“Mutual

NGMN and GTI Cooperate to Support LTE

he Next Generation Mobile Networks (NGMN) Al-
Tliance and Global TD LTE Initiative (GTI) have fi-
nalised a cooperation agreement to jointly collaborate

on progressing LTE. Both organisations share the view
that LTE is one single technology and together will work
to support the convergence of both FDD and TDD. The
cooperation will lead to the exchange of information and
commonly identified projects avoiding duplication of work.
In order to achieve these objectives, the two organisa-
tions have agreed to align technical requirements, share
experiences, and identify and carry out joint technical
co-operation projects, which will lead to aligned public
messages, actions and requirements, including commu-

~
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nications to Standards
Development Organisa-
tions (SDO).

Peter Meissner, op-
erating officer of the
NGMN Alliance under-
lined: “The cooperation will aim to enable and support
timely delivery to market of next generation mobile broad-
band technology, both of LTE TDD and LTE FDD. It will
also enable synergies between LTE TDD and LTE FDD
and convergence of LTE TDD/ LTE FDD solutions, while
avoiding fragmentation of the market.”

Craig Ehrlich, chairman of the steering committee of
GTI added: “GTT is committed to deliver one global LTE
standard. GTI will work with the NGMN Alliance and the
mobile industry to achieve this goal.”

“GTI is committed

to deliver one global
LTE standard.”

UK Government Invests to Stimulate
Innovation

ixteen major new research and development projects that
will help to stimulate innovation in the UK’s manufactur-
ing sector are to share government funding of over £6.5
million. The Technology Strategy Board (TSB) and the Engi-
neering and Physical Sciences Research Council (EPSRC) are
to provide grant funding to support the development of new
technologies that have the potential to underpin new produc-

tion processes in a wide “Investment

range of industrial applica- . ,

tions and market sectors. m cuttmg edge
The focus of the R&D manufacturing

will be on production
technologies that can cre-
ate high value through
novel processes, advanced
product manufacture,
and/or resource efficiency
improvements. The projects will also encourage the develop-
ment of technologies that will facilitate greater environmental
sustainability through efficient disposal, recycling or remanu-
facture of assets at the end of their useful life.

Tain Gray, chief executive of the Technology Strategy
Board, said: “The Technology Strategy Board has an im-
portant role to play, through funding for such collabora-
tive research and development, helping UK businesses to
accelerate the development of new equipment, processes
and expertise brought about by technology innovation.
Manufacturing capability is often built on, and strength-
ened by such new-found technology and this can be a sig-
nificant driver of economic growth.”

Professor Dave Delpy, EPSRC chief executive said: “Invest-
ment in cutting edge manufacturing research and the transla-
tion of that into commercial applications is the key to economic
success. EPSRC has a portfolio of 350 live projects and an in-
vestment of £380 million in the manufacturing sector.”

research... is the
key to economic
success.”
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+20 dBm Power AmBIifiers with a choice of gain

GV AMPLIFIERS

ew
el
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

DC to7 GHz

$159

from I “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!

Mini-Circuits...we’re redefining what VALUE is all about!
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Rugged, tiny ceramic SIM mixers from T ea. gty. 1000
offer unprecedented wide band, high frequency
performance while maintaining low conversion
loss, high isolation, and high IP3.

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

0.2"x 018"

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

Mini-Circuits...we’re redefining what VALUE is all about!
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Carrier Wi-Fi Equipment Market to Grow
8x Its Current Size to $2.2 B by 2017

G lobal revenue for carrier Wi-Fi access points and con-
trollers will reach $2.2 billion in 2017, a level equiva-
lent to almost one-half of the traditional enterprise
or consumer/SoHo Wi-Fi segments in the same period.
The majority of the total market in 2011 was accounted
for by Cisco, Ruckus Wireless, and Ericsson/BelAir, and
as traditional mobile infrastructure vendors add Wi-Fi to
their portfolios, these early market share rankings will fluc-
tuate. Carrier Wi-Fi is defined as Wi-Fi that is provided
as a service to mobile carrier customers, owned and oper-
ated directly or indirectly by the carrier, e.g., a third-party
hotspot provider.

Nick Marshall, principal analyst, mobile networks, com-
ments, “While carrier Wi-Fi is still in relative infancy today,
the drive by mobile operators to off-load data traffic is pro-
viding a significant boost to this segment of the market.”

The rollout of carrier Wi-Fi has been hampered up
until now by the lack of standards which make the pro-
cess seamless and transparent for the subscriber. “We
believe that with standardization initiatives well under
way, like Hotspot 2.0 and the almost universal inclu-
sion of Wi-Fi in every smartphone, PC, and tablet be-
ing built today, carrier controlled Wi-Fi is expected to
see wide-scale adoption, especially in markets like North
America, Japan and South Korea,” continues Marshall.
Additionally, the use of increasingly sophisticated connec-
tion managers, which aggressively seek out validated Wi-Fi
access in accordance with the service provider’s policies,
will accelerate this trend. Thanks to this trend, carrier Wi-
Fi data traffic offloaded is expected to grow to around 30
percent by 2017.

Carrier Wi-Fi Access Point Shipment Forecast, by Region
World Market, Forecast: 2012 — 2017

[l Rest of World
[ Asia-Pacific
i D Europe
i North America

2012 2013 2014 2015 2016 2017
Source: ABI Research

Commercial Market
Dan Massé, Associate Technical Editor

b

High Inventory and Low Burn Rate Stalls

Femtocell Market in 2012
ABI Research’s latest forecasts for Enterprise and

Consumer Femtocells, also referred to as Indoor
Small Cells, estimate largely flat volume ship-
ments in 2012 relative to 2011. The shipments in 2012
are expected to contain 2.44 million units, similar to
the 2.47 million units shipped in 2011. In total, ABI
Research estimates 5.3 million units will be deployed
by the end of 2012.
“We believe there is a large inventory of femtocells
sitting with operators right now with operators having a
slow burn rate, which has led to limited fresh orders in

the first half of 2012,”
says Aditya Kaul, prac- Some of the slack
in volumes can

tice director at ABI

Research. “Silicon
component  suppliers be attributed to
have suggested that 1Q

attention shifting
from indoor
femtocells to outdoor
metrocells.

2012 shipments were
down 30 to 40 percent
compared to 1Q 2011.”

Some of the slack
in volumes can be at-
tributed to attention
shifting from indoor femtocells to outdoor metrocells.
Also, the recent consolidation in the market including
Mindspeed’s acquisition of picoChip and Huawei’s exit
from the femtocell market suggest that the indoor small
cell market has been under some strain. In spite of
lackluster volume shipments of residential and enter-
prise femtocells plaguing the indoor small cell market
in 2011 and 2012, ABI Research forecasts that growth
is likely to pick up from 2013 onwards. Some of this
growth stems from a refresh of inventory levels, with
operators like AT&T, Vodafone, Telefonica, Softbank
and Sprint being at the forefront of driving shipments
in both enterprise and residential settings.

The recently concluded Small Cell World Summit
in London also provided some encouraging signs.
Vodafone’s Femtoplug announcement, which is sourced
directly from French ODM, SagemCom, and is ex-
pected to be driven by Vodafone’s Connected Home
division, suggests some level of maturity in value chain
dynamics and operator go to market strategies.

The Enterprise and Consumer femtocell market will
grow at a CAGR of 63 percent to reach almost 28 mil-
lion units in 2017 for revenue of $3.4 billion. Consumer
femtocells are the largest class of femtocells represent-
ing a 68 percent share of units in 2012 and 70 percent in
2017.

Go to mwjournal.com for more commercial market news items ;\’
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Unstoppable Rise of the Smartphone Will

Drive Analog IC Market

echnologies essential to the latest smartphones and
Ttablets mean that the analog integrated circuit (IC)

industry can look forward to guaranteed expansion
over the next few years, states a new report by business
intelligence providers GBI Research. Analog ICs are used
in a wide range of applications including third and fourth
generation (3G/4G) radio base stations and portable device
batteries, as well as medical imaging scanners and electric
cars.

GBI Research predicts that the sales revenue from the
general purpose analog IC industry, responsible for the
production of amplifiers and voltage regulators, will grow
from a 2012 value of $20.41 billion at a Compound Annual
Growth Rate of approximately 9 percent to reach $31.35
billion by the end of 2016. The application-specific analog
IC industry, which makes power management and com-
munications chips, is expected to increase its sales reve-
nue from $27.47 billion in 2012 to $38.15 billion in 2016,
climbing at a CAGR of 6.8 percent.

GBI Research anticipates smartphone sales to play
a major role in the expansion of the overall analog IC
market. Last year, the number of smartphones in exis-
tence was over 417 million — a staggering figure that is
expected to grow further to just under 1 billion by 2016,

as the customer appe-
tite for new and more
advanced features and
applications contin-
ues to swell. The Asia
Pacific region will play
a big part in this growth
due to increases in both
consumption and manu-
facturing. Over the next

Last year, the
number of
smartphones in
existence was over

417 million — a

staggering figure
that is expected to

four years, large wafer .
manufacturing plants will grow f urther ?O ]u8t
be developed by semi- under 1 billion by
conductor companies

such as Intel Corp. and 2016...
Taiwan  Semiconductor

Manufacturing Co., reducing costs and therefore increas-
ing consumption for analog ICs.

The industry, however, is not without its concerns. The
huge demand for the latest features and applications, com-
bined with the ceaseless march of technological innova-
tion, has resulted in short product life cycles. Regular shifts
in customer interests make demand difficult to predict, so
by the time ICs are developed and ready to be shipped,
their application areas are already at risk of being replaced.
Such a scenario is a potential nightmare for businesses in
the analog IC market.

Stratum-I1ll Series TCXOs

Low jitter and low current, Pletronics Stratum-
Il TCXOs provide CMOS output in voltages

from 2.8v to 5.0v in 5x7mm and 3.2x5mm
ceramic packages. A number of frequencies
are available from 10.0 MHz to 26.0 MHz and
feature stability of <0.28 ppm over temperature
range, 24-hour holdover <0.37ppm.

SmallCell TCVCXO
Economical reference signals for
SmallCells (femtocell, macrocell,
metrocell), with stability as tight
as +0.1 ppm over 0 to +70*C in
3.2x5.0mm ceramic packages.

l PLETRONICS

0eXO™ Series

New TCXO technology to equal the

precision and accuracy of traditional
OCXOs with lower power, instant on,
smaller packages (3.2 x 5.0 mm) and
lower prices! Ideal for battery power.

Visit the Pletronics website for more
information about these products or the
complete line of low jitter CMOS, HCSL,
LVDS and PECL output oscillators.

INNOVATIONS IN FREQUENCY CONTROL

www.pletronics.com
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in the Performance.

Boonton's 4540 Peak Power Meter delivers the outstanding e Frequency range: 9.9kHz to 40 GHz

performance needed for today's demanding radar and ¢ Time resolution: 200 ps

communication applications. By incorporating advanced tech- ¢ Video bandwidth: 70MHz

nology from our flagship 4500B peak power analyzer, the * Rise time: <7ns

smaller, economically priced 4540 outperforms higher priced « Effective sampling rate (RSS): 5GSamples/second
competitors in many areas. It's fast update rate enables tun- e Statistical analysis including CCDF

ing high power amplifiers and processing large amounts of ¢ GPIB, USB (device) and LAN standard
statistical data for CCDF measurements. Advanced trigger
technology provides a rock solid view of fast rise time
signals and the wide dynamic range allows measuring low
duty cycle pulses. The 4540 power meter provides auto-
matic settings for a large number of technologies including
WCDMA, WiMAX, WLAN, Wi-Fi, LTE, and Radar.

For more information visit us at boonton.com or call
+1 973-386-9696.

Boonton: Redefining How You Use Power Meters.

Scan QR Code

4530 RF Power Meter Series 4500B RF Peak Power Analyzer 4240 RF Power Meter

@ Wireless Telecom Group Boonton
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Around the Circuit

. Laura Glazer, Staff Editor

INDUSTRY NEWS

Mercury Computer Systems Inc. announced that it has
signed a definitive agreement to acquire Micronetics
Inc., a designer and manufacturer of microwave and radio
frequency (RF) subsystems and components for defense
and commercial customers. Pursuant to the terms of the
agreement, Mercury will acquire Micronetics via merger
for $14.80 per share. This represents a fully diluted equity
value of approximately $71.7 million and an enterprise val-
ue of approximately $75.4 million, including $3.7 million
of net debt as of March 31, 2012. The acquisition will be
funded with available cash and is expected to be immedi-
ately accretive to EBITDA.

Murata Electronics North America Inc. and its parent
company Murata Manufacturing Co. Ltd. announced
that it has closed the deal to acquire RF Monolithics
Inc. (RFM). The cash transaction paid the holders of RFM
common shares $1.78 per share. RFM, headquartered in
Dallas, TX, will continue to market its broad range of so-
lutions-driven, technology-enabled wireless connectivity for
wireless applications — including individual standardized
and custom components, modules for comprehensive in-
dustrial wireless sensor networks and machine-to-machine
(M2M) technology — under the RFM brand as a wholly-
owned subsidiary of Murata Electronics North America Inc.

Gowanda Electronics, a U.S.-based designer and man-
ufacturer of precision electronic components and induc-
tors for power, RF, and high frequency (HF) applications,
teamed up with its newly acquired sister company, Instec
Filters, to provide a range of passive electronic compo-
nents to the global marketplace. Instec Filters is a global
supplier of EMI/RFT filters, feedthroughs and filter assem-
blies. The company was located in CA but recently moved
its operations to Arcade, NY, near Gowanda.

Diamond Antenna Europe BVBA has been formed as
a joint venture between AML Microtechnique Lorraine
S.A. and Diamond Antenna and Microwave Corp. to
manufacture rotary joints in Metz, France. The venture
will provide production, customer service, and sales to des-
ignated European markets.

Pole/Zero Corp. and Delcross Technologies announced
a partnership to offer a “turnkey” source for solutions to the
challenges of antenna placement optimization and RF cosite
interference mitigation in shipboard, airborne and vehicular
applications. Delcross Technologies is a recognized indus-
try leader in simulating installed antenna patterns and an-
tenna-to-antenna coupling characteristics on complex mili-
tary platforms. In conjunction with Pole/Zeros RF cosite
interference analysis software and mitigation equipment,
the Pole/Zero and Delcross Technologies team will provide
developers of new or modified radio communications plat-
forms first-time success in fielding these systems.

Agilent Technologies Inc. announced that its ongoing col-
laboration with Thales, a global technology leader for the
defense and security and aerospace and transport markets,
has expanded the reach of X-parameters technology to wide-
band super-heterodyne receiver applications. Agilent’s col-
laboration with Thales on nonlinear behavioral models be-
gan in 2005. The primary goal of the effort was for Thales
to validate the use of the technology for RF system design.
As a result of this collaboration, Thales successfully devel-
oped a high-accuracy spurious analysis methodology based
on X-parameter models. The Thales technique supports ar-
bitrary topology and has been tested for RF systems with
single-frequency conversion. Subsequent spurious analysis
of such systems has yielded excellent results.

Researchers at MIT have found a new way of making com-
plex three-dimensional structures using self-assembling
polymer materials that form tiny wires and junctions. The
work has the potential to usher in a new generation of mi-
crochips and other devices made up of submicroscopic
features. Although similar self-assembling structures with
very fine wires have been produced before, this is the first
time the structures have been extended into three dimen-
sions with different, independent configurations on differ-
ent layers, the researchers say.

Versatile Power Inc., a technology leader in the design and
manufacture of custom electronic subsystems, announced
it has been awarded U.S. Patent Number US 8,115,366
B2, entitled “System and Method of Driving Ultrasonic
Transducers” by the USPTO. This patent covers a unique
method for electronically driving an ultrasonic transducer
used in a variety of applications including medical, dental
and many other applications requiring ultrasonic energy.

NEC Corp. announced that Mobile TeleSystems OJSC,
the leading telecommunications provider in Russia and the
CIS, together with NEC Neva Communications Systems,
a subsidiary of NEC Europe, is providing a new femtocell
service in Siberia. The service aims to establish or improve
the 3G coverage of corporate customers in facilities where
thick walls and steel beams may otherwise obstruct the sig-
nal coming from the base stations. NEC Neva is providing
MTS with a multi-function femto-solution and ensures the
technical support of the femto-network.

Cobham Sensor Systems celebrated a production milestone
June 14th when it produced its 200" Low Band Transmitter
Antenna Group (LBT-AG), part of the AN/ALQ-99 Tactical
Jamming System used on U.S. Navy and Marine Corps
EA-6B Prowler and EA-18G Growler aircraft. Naval Air
Systems Command exercised the second option of the third
full-rate production lot of the LBT-AG this past February for
nearly $39 million. This award brings the total number of pro-
duction transmitters ordered to 281 of the 315 required trans-

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

mitters. The LBT-AG has been in production since 2005 and
is designed to protect strike aircraft, ships, and ground troops
by disrupting enemy radar and communications.

CONTRACTS

Astrium continues to drive the implementation of the
European Data Relay System (EDRS). As prime con-
tractor, Astrium Services has contracted the German
Aerospace Centre (DLR) to implement and operate
major parts of the ground network. The agreement covers
the design, implementation, delivery and operation of four
ground stations: two receiving stations for the EDRS-A sat-
ellite in Weilheim, Germany and one in Harwell, United
Kingdom, as well as a transmitting and receiving station
for EDRS-C in Weilheim, Germany, and a back-up sta-
tion in Redu, Belgium. As part of the agreement, DLR will
also implement and operate the payload control center for
EDRS-A and the satellite control center for EDRS-C in
Oberpfaffenhofen, Germany. The contract covers the en-
tire nominal lifetime of the EDRS-A and EDRS-C mis-
sions until 2030 and has a value of around €65 million.

Harris Corp. has been awarded a two-year, $19 million con-
tract by the U.S. Department of Veterans Affairs Office
of Information and Technology to create a wireless net-
work infrastructure for medical centers nationwide. Harris
will design, install, validate and provide training for a secure
wireless infrastructure to accommodate the voice, video,
and real-time-location-services necessary for mobility. With
all options exercised, Harris will deploy this infrastructure
to 26 customer sites as part of one of the largest healthcare
mobility infrastructure deployments — which will be among
the largest wireless deployments in the world.

The French Defense Procurement Agency (DGA) has
awarded Thales the development contract for the CONTACT
programme, which is designed to equip the majority of the
French forces™ platforms with next-generation tactical radios
incorporating innovative software-defined radio technology.
Future CONTACT radio products will be fielded with the
French Army, Air Force and Navy, providing faster transmis-
sion speeds, better security and heightened interoperability.
They will be interoperable with the communication systems
of other nations to support coalition operations.

PERSONNEL

CAE announced the appointment of Gene Colabatistto as
its new group president, military simulation products,
training and services. Colabatistto has held leadership po-
sitions within the industry and the military. Prior to joining
CAE, he was a senior vice president in the intelligence,
surveillance and reconnaissance (ISR) group at Science
Applications International Corp. (SAIC). He will be re-
placing Martin Gagné who, after 16 years at CAE, has
decided to retire. Gagné has agreed to stay on as a consul-
tant in order to ensure a smooth transition and support a
number of key strategic initiatives.

ATW Companies Inc. announced that it has appoint-
ed Matthew Underhay as sales manager for A.T. Wall, its
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Around the Circuit

precision stamping and tube drawing subsidiary. Underhay,
a successful industry veteran, is responsible for supporting
the development of A.T. Walls sales and marketing processes
by leveraging his technical background and market knowl-
edge. He will be leading a team of account executives and sales
representatives, and working with his colleagues in ATW's oth-
er subsidiaries to implement a growth plan for A.T. Wall.

Analog Devices Inc. named four strategic advocates
to the Analog Devices University Program. Strategic
Advocates provide insight and guidance to the company’s
ongoing mission to promote and support hands-on, ac-
tive learning at engineering universities. The new advo-
cates are Robert Bowman, professor of electrical and
microelectronic engineering at the Kate Gleason College
of Engineering at Rochester Institute of Technology;
Kenneth Connor, professor, Department of Electrical,
Computer, and Systems Engineering, education direc-
tor of the Smart Lighting Engineering Research Center
and director of the Mobile Studio Project at Rensselaer
Polytechnic Institute; Kathleen Meehan, associate pro-
fessor, Bradley Department of Electrical and Computer
Engineering, Virginia Tech; and John Robertson, profes-
sor, Department of Engineering, College of Technology
and Innovation, Arizona State University.

REP APPOINTMENTS

CREFS is building a rep network across North America and
announced the appointment of Testforce Systems Inc.
as the Canadian distributor of its RFeye® products. The
RFeye is a cost effective solution for continuous radio
spectrum monitoring.

Global electronic components distributor Digi-Key Corp.
announced it has entered into a global distribution agree-
ment with Anaren and will distribute Anaren’s Integrated
Radio (AIR) modules.

IF Engineering (IFE) has joined forces with East Coast
Microwave Distributors Inc. (ECM). ECM will stock and
distribute IFE’s line of VHF, L-Band and broadband power
dividers, couplers, transformers and a new line of switches.

LadyBug Technologies, manufacturers of USB RF
power sensors, announced VigVen Tech Mark Pvt. Ltd.
Bangalore as authorized distributors in India for LadyBug’s
entire range of USB power sensors covering average pow-
er measurement, pulse power measurement, pulse profile
measurement and a unique data logger.

Richardson RFPD Inc. announced it has completed an agree-
ment to distribute product from Sapa Group, a global man-
ufacturer of aluminum solutions. Through this agreement,
Richardson RFPD is able to support its customers in China
with thermal management solutions from the Sapa Profiles
(Jiangyin) Co. Ltd. plant that opened in February 2012.

RFMW Ltd. and Aeroflex/Metelics, a wholly owned sub-
sidiary of Aeroflex Holding Corp., announced a distri-
bution agreement covering Europe, the Middle East and
Africa (EMEA) along with the Americas.
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Satellite

Interference

he satellite industry loses millions of
I dollars per year due to cases of interfer-
ence and a great deal of manpower has
to be given over to discovering its causes. Ra-
dio frequency interference (RFI) is caused by
human error, bad installation, lack of training,
poor equipment or system design and a lack
of adherence to industry standards and guide-
lines. Occasionally, interference may be mali-
cious, but this is rare and the main issues of
interference lie largely within the heart of the
satellite industry itself. The orbital spacing of
satellites is being reduced and the fill rate is
getting higher. It is getting crowded up there,
leading to increased interference. The Satellite
Interference Reduction Group (sIRG) is aim-
ing to turn this around.
The effects of satellite interference are felt
throughout the industry, yet it is

ATT304B e, the industry, that is causing

the problem. Everything, from

components and subsystem de-

sign, right through to the end

|

o

user, affects satellite interfer-
ence, so we need to work to-

gether for the resolution.

CENTER = 12.5226608 GHz DRAIN 20.269 MHz
RBW 34.7 kHz SWP 1.3 ms

A Fig. 1 Masks can be used to detect
unauthorized carriers occupying spectrum
reserved for another user.
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TYPES OF INTERFERENCE
There are several causes of

interference and, as mentioned

most of these are caused by

the industry and can be avoided. There are of
course some malicious attacks, but they only
account for a very small percentage of the in-
terference cases. By far the most significant
cause of interference is human error. Accord-
ing to Ron Busch, VP Network Operations, In-
telsat, as much as 90 percent can be attributed
to human error. To follow is a quick rundown of
the main types of interference. Satellite radio
interference events may be generally catego-
rized into eight main groups. These are:

Human Error

This is usually accidental, due to user error
(transmitting at the wrong time, wrong fre-
quency or transmitting through the antenna
instead of into a dummy load), equipment mal-
function or due to poor cable shielding, causing
retransmit of terrestrial signals (see Figure 1).
Intelsat’s measurements show that 47 percent
of satellite interference is due to unauthorized
carriers, which is often caused by human error.

Adjacent Satellite Interference

This type of interference is also generally ac-
cidental, due to operator error or poor system
design or installation practices. This type of

MARTIN COLEMAN
The Satellite Interference Reduction Group
(sIRG), Douglas, Isle of Man, UK
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Special Report

interference is becoming more preva-
lent as a 2° spacing between satel-
lites in the geostationary arc becomes
more common. Smaller antennas
mean larger beamwidths, so pointing
the antenna correctly becomes more
critical. Typical 3 dB beamwidths ap-
proach + 0.75° or greater, so it does
not take much to miss pointing the an-
tenna such that it starts to illuminate
an adjacent satellite at 2° spacing.

Terrestrial Interference

The use of RF spectrum is in-
creasing and now traditional satellite
frequency bands, such as the satel-
lite downlink frequencies of 3.4 to
4.2 GHz, are being used terrestrially
for the last mile broadband data net-
works. Tests carried out by sIRG, in
conjunction with other groups, have
demonstrated this to be a major issue.
These frequencies are of paramount
importance in the tropical regions
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as they are less prone to attenuation
from weather effects. So the expan-
sion of WIMAX and other BWA sys-
tems has limited the use of spectrum
for satellite users.

Many satellite ground stations use
intermediate frequency of either 70
MHz or L-Band (950 to 2150 MHz).
These IF signals are upconverted to
the satellite frequency bands, using
block upconverters (BUC). Often,
such IF frequencies are used for ter-
restrial services, such as FM broad-
cast radio or cell phone networks
(GSM 3G and 4G). Badly planned or
maintained ground stations retransmit
these terrestrial signals to the satellite.
Certainly, the increase in 3G and 4G
services has seen a greater number of
cell towers, which allied with an in-
creasing number of small low cost sat-
ellite terminals, has led to increased
retransmission of terrestrial signals.

Deliberate Interference

This type of interference is usually
caused by a state or large commercial
user that objects to some content in the
transmission that they are intentionally
jamming. Itis, generally, relatively easy
to locate, but almost impossible to re-
move without political intervention,
and even then this may prove difficult.

Cross Polarization Interference

Satellites increase the available spec-
trum by using polarity diversity. The RF
signals are transmitted to the satellite in
two polarities at the same frequency. A
well aligned antenna should have great-
er than 30 dB of rejection of the oppo-
site polarity (both transmit and receive),
which is more than enough to ensure
interference free communication. Ac-
cording to Intelsat, as much as 33 per-
cent of interference is due to cross po-
larization leakage of signals from one
pole into the other.

There are two main causes of cross
polarization interference, the obvious
one being that the antenna becomes
misaligned. This may be due to sever-
al factors, ranging from being pushed
around by high winds or other weath-
er effects, to poor installation in the
first place. Another is perhaps not so
obvious and comes down to planning
practices; that is incompatible modu-
lation types (such as FM TV) being
transmitted in the opposite polariza-
tion, analogue services such as FM or
analogue video that generally, at some
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Part Number Frequency Gain  Pout Eff. Pulse Droop Duty Pulse Width VDD Dimension
(MHz) (dB) W) (%) (dB) (%) (us) [\ (mm) RRP10350-10
RRP03250-10 135~ 460 31 300 | 45 0.5 20 500 50 |114.3x25.4x28
RRP10350-10 1030 ~ 1090 28 350 50 0.5 5 200 50 53.2x28x8
RRP13330-10 1200 ~ 1400 14 330 65 0.5 20 500 50 85x40x 10
RRP29280-10 2700 ~ 3100 9 280 50 0.5 20 500 50 86x39x10
kW SSPA
Part Number Frequency i 2 Duty Pulse Width VDD Dimension
() (dB) (%) (ks) V) (
RRP131K0-10 1200 ~ 1400 53 1000 | 45 0.5 20 500 50 250 x 150 x 28
RRP291K0-10 2700~3100 | 60 | 1000 | 32 05 20 500 50 | 220x145x27 § ’ REUERy "M
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package : CP-16A package : CP-16B
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instance in time, collapse back to be-

ing un-modulated or a CW carrier.
The power, which normally spreads

across the bandwidth by the modula-

REF -50.00 (dBm) ATT 40 dB
% LA T

CENTER 12.5271870 GHz VBW 520.3 Hz Span 8.070 MHz
RBW 10.0 kHz SWP 2.0 ms

A Fig. 2 Modern digital signal analysis
can now separate multiple signals occupying
the same frequency space and measure the
interference.

tion, is now concentrated in the CW
carrier. Even with 30 dB of cross pole
signal rejection, there can still be suf-
ficient power in the cross pole to dis-
rupt digitally modulated (*PSK) sig-
nals (see Figure 2).

Intermodulation
Intermodulation occurs when two
or more RF signals meet and merge,
the sums and the differences of their
harmonic frequencies cause inter-
modulation products. Most common is
the third order harmonic for different
products. This form of interference in
generally caused by users “creeping”
up their power for a perceived link
budget advantage. The reality is that,
when all users resort to power creep,
it becomes self de-
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T i !
e e toward a nonlinear
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e equipment becom-
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A Fig. 3 Detecting and analyzing interference is the first step in

reducing the effects.

carrier interference
(ACI) as the car-

LN CSAC

rier now expands beyond its allocated
bandwidth (see Figure 3).

Sun Interference

Sun Interference is due to the sat-
ellite, the Sun and the Earth station
(E/S) antenna being aligned. Solar
heavy noise will be received with the
satellite signal, due to the satellite,
the sun and the E/S being aligned,
as shown in Figure 4, which occurs
twice a year.

Scintillation (Level Variation)
Scintillation occurs due to the
turbulent mixing of air masses in the
ionosphere, as shown in Figure 5.
The satellite signal fluctuates in level
(by up to 12 dB) at affected Earth Sta-
tions, while neighboring Earth Sta-
tions may not experience the same
effects. It often occurs between 19:00
and 23:00 Earth Station local time

A Fig. 4 Sun interference due to the satel-
lite, the sun and the earth station antenna
being aligned (courtesy of Arabsat).
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and mainly affects lower frequencies,
such as C-Band. It is unpredictable,
so affected E/Ss are recommended
to disable normal auto tracking once
noticed and engage in manual track-
ing using received traffic levels as the
basis of keeping on track.

WHAT IS CAUSING THESE CASES
OF INTERFERENCE?

There is a whole range of different
causes of interference. A number of
years ago, it was believed that the big-
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gest cause was deliberate signal jam-
ming. However, now it is known that
it is not the case and in fact, the delib-
erate sabotage of satellite signals is a
very small percentage of the problem
and that is not currently the highest
priority.

Indeed, our industry is the main
cause. One factor is that crowded geo-
stationary satellites are leading to clos-
er spacing of satellite. The biggest rea-
son right now is sub-standard equip-
ment, lack of trained technicians,

Microwave Frequency Bands
LSCXKyK KaQ UV
Frequencies up to 67 GHz

108 Bonaventura Drive
San Jose CAS5134

Tel: 408-228-1000
Fax: 4(18-428-1500

Inc.

A Fig. 5 Scintillation occurs due to turbu-
lent mixing of air masses in the ionosphere
(courtesy of Arabsat).

poor installations and consequently
equipment failure, as well as human
error. There is still a lot of unidenti-
fied carriers and insufficient incident
coordination.

The Global VSAT Forum (GVF)
comments that with VSAT terminal
costs dropping well below $1000, the
margin available for installation ser-
vices is falling. Add to that the fact
that installers are no longer necessar-
ily experienced engineers spending
days on site, but instead often junior
technicians paid as little as $50 for a
complete VSAT installation. There are
a vast number of VSAT terminals be-
ing installed, over 100,000 per year,
any of which can cause serious inter-
ference. GVF also comments that spot
beams make satellites more sensitive
to uplink signals and although this
helps reduce VSAT size and cost, it
makes transponders more sensitive to
interference.

SO WHAT IS THE INDUSTRY
CURRENTLY DOING?

sIRG is working together with other
industry organizations and major play-
ers in the satellite industry to resolve
interference and is supported by the
key satellite operators. Indeed, Intel-
sat’s Ron Busch commented: “At Intel-
sat, we are very much aware that Ra-
dio Frequency Interference continues
to be a problem. Indeed, our metrics
continue to show a steady rate of inter-
ference events on our fleet.” Intelsat,
like others, has its own Intelsat Inter-
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ference Management Initiative, which
concentrates on training, technology
and processes, both internally and with
the entire satellite community.

There are a number of ways to re-
duce interference and eventually it
would be nice to eradicate it altogeth-
er. The only way this can be achieved
is by working together. A lot of work
has already been done with satellite
operators, broadcasters and equip-
ment manufacturers across the globe,

establishing a number of initiatives
and good working practices to tackle
this growing problem.

Carrier Identification

Carrier ID has been the major ini-
tiative for sIRG thus far in the world
of broadcasting. It is an industry-wide
initiative and it is the most effective
tool for tracking the source of inter-
ference quickly and efficiently. In
fact, (at the time of this writing) we
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are working closely with satellite op-
erators, broadcasters and equipment
manufacturers to have the NIT Car-
rier ID in place in time for the 2012
Olympics.

The purpose of Carrier ID is to tag
an RF carrier with a unique identity,
in the form of an alphanumeric string.
This unique identifier is tracked by
the satellite operator after the carrier
is commissioned. That way if that car-
rier were to be the cause of interfer-
ence, the unique identifier could be
read and the satellite operator con-
tacted to rectify the problem.

There are currently two technolo-
gies available for Carrier ID. The first
makes use of the Network Informa-
tion Table (NIT) within DVB streams
of satellite digital TV transmissions.
A standard DVB stream analyzer can
be used to extract the NIT from the
DVB stream. The other method uses
a Meta Carrier or sub-carrier devel-
oped by Comtech and is transmitted
at the same frequency as the carrier.
The Meta Carrier is transmitted at low
power, approximately 22 dB below the
actual carrier, so as not to impact the
link budget. The Meta Carrier uses a
spectrum spreading technique, such
that a receiver can correlate and pull
the Meta Carrier out of the noise and
read the unique identifier. The indus-
try has come together and suppliers
of communication system monitoring
(CSM) equipment now supply systems
capable of extracting and displaying the
unique identifier from both systems.

At the time of this writing, Intelsat
plans to use Carrier ID for DVB and
SCPC carriers during the 2012 Olympic
Games. “We are prepared for the NIT
version and are hopeful we can also
include Comtech’s Meta Carrier 1D
technology. The idea is to get the com-
munity used to using Carrier ID and for
satellite operators to test databases and
processes to communicate with each
other, when identifying an offending
carrier” commented Ron Busch.

Bob Potter of SAT Corp. says, “Our
goal is to support our customer base in
meeting their target of using Carrier
ID for the Olympics in 2012. To that
end, we have CSM systems deployed
in Europe and North America detect-
ing and displaying Carrier ID infor-
mation.”

Another piece of the puzzle for
Carrier ID is the equipment manu-
facturer. A large number of the equip-
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ment manufacturers have integrated
NIT Carrier ID capabilities into their
products and we are now working with
them to test those products in time for
the Olympics and, of course, beyond.
While at NAB, sIRG focused on mak-
ing that happen and, as a result of our
efforts, we now have encoders to test
from Ericsson, Fujitsu, Harmonic,
IDC, NTT and Vislink and, recently, a
new modulator from Newtec that was
launched at that show. SiS Live are as-

Microwave components from

sisting with test transmissions using
the Vislink encoder, along with test
carriers provided by Eutelsat, Intelsat
and SES. In addition, Comtech is sup-
plying various sub-sets of equipment
and decoders for the new Meta Car-
rier ID technology. This testing is ab-
solutely crucial for ensuring not only
that there are encoders and modula-
tors on the market able to handle NIT
Carrier ID, but also to ensure interop-
erability between equipment. The
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tests we are currently carrying out will
mean that carrier monitoring special-
ists and manufacturers alike can iron
out any issues, as well as allowing time
to develop the interfaces and decod-
ing techniques for both NIT and the
new ID technology. Once we have
gathered the results from these tests,
and after any necessary modifications,
we will convey this information to
all those involved with the Olympic
transmissions. At that point, we can
begin applying ID to all applicable
carriers ready for the Olympics this
summer.

The next stage will be to encour-
age those manufacturers to upgrade
to the new Meta Carrier ID technol-
ogy, which is currently with the DVB.
In addition, users need to ensure
they are purchasing only equipment
with Carrier ID capability and re-
placing any existing equipment which
does not allow Carrier ID. This is our
single biggest challenge. Through
open debate and educating our au-
diences, broadcasters and uplinkers
are gradually getting on-board with
Carrier ID. After all, they are argu-
ably the biggest sufferers of satellite
interference.

A major effort is coming from
satellite operators. The various an-
nouncements and active support
from key operators Eutelsat, Inmar-
sat, Intelsat and SES have ensured
that Carrier ID continues to progress
and the initial Carrier ID will be used
for the Olympics. sIRG actively en-
courage all operators to commit to
this program as they have the power
and influence to ensure users can
employ Carrier ID within their trans-
mission systems.

Carrier ID essentially means that
any carrier can be quickly identified,
so when interference occurs, a satel-
lite operator can identify instantly
who is causing the problem. Figure 6
shows a synopsis of the Carrier ID and
QA process.

Detecting and Locating Interference

For those instances, which still ex-
ist when there is no Carrier 1D, op-
erators can call upon geolocation to
find the source of the problem. Inte-
gral Systems Europe (ISE) is one of
the companies providing geolocation
tools. The company uses a monitoring
tool to spot when interference occurs
on a satellite. In this case, two signals
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The interference
detected by the
Monics CSM system
is shown in Figure
9. The CSM system
was used to measure
cross  polarization
and found no match-
ing carrier. Monics
continued to moni-
tor and character-

1
J

A Fig. 6 Carrier ID and QA process.
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A Fig. 7 A retransmit signal causing inter-
ference.

N,

with the same characteristics can be
separated and characterized (see Fig-
ure 7).

These signals can then be geolocat-
ed by satID, the companies integrated
geolocation product, to identify where
the offending carrier is located. This
can be further backed up by more
accurate geolocation using its plane
based system, Moscito. Before take-
off, the mission is prepared from a lap-
top. Once in the air, the pilot engages
autopilot and records GPS, video and
spectrum power. If communication is
possible, the pilot will also receive live
data, which is then downloaded to the
laptop after landing and processed us-
ing ISE’s software (see Figure 8).

ize the interference.

The signal that was

causing ACI inter-
ference put the transponder close to
a nonlinear mode and blocked a fee
paying service from accessing the sat-
ellite. The carrier was not employing
Carrier ID technology.

While the CSM continued to
monitor the signal, it was decided the
quickest form of action was to use a
geolocation tool to locate the source
of the transmission and then further
determine the reason for interference
(see Figure 10). Generally, ground
based satellite signal geolocation sys-
tems need to monitor the target sig-
nal (interferer) through two satellites.
The primary satellite being the satel-
lite that is experiencing interference
and the secondary satellite is close by
and has a similar frequency plan.

The signal is monitored through
the two satellites and analyzed to pro-
duce two lines of position, TDOA, a
Time Difference of Arrival, which
is generally a north south line and
FDOA, Frequency Difference of Ar-

7
2 —
(step3 | M=

[j’Accunu_Geolocation ]
! by moscito

4

Interference Detection
by Monics

Interference Geolocation

by satiD

A Fig. 8 Unauthorized source identification.
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the two satellites based upon their relative motion to each
other. Through geolocation, the offending ground station
is found relatively easily (see Figure 11) and, after a few
phones calls, found that the reason for the interference was
simply human error. The problem was quickly rectified and
the carrier was removed from the satellite.

TX SPECTRUM MONITORING

As discussed, Carrier ID is by far the most effective so-
lution for monitoring and resolving interference quickly
and efficiently. However, this is not yet common practice
and in those instances where it is not in place, operators are
therefore forced to use other methods to combat this costly
and challenging problem. Geolocation is one solution and
Satellite Operator Arabsat urges that regularly monitoring
the uplink can be a crucial “tool” for spotting interference.
Arabsat has observed that any undesired signal above the
noise threshold but low enough (typically more than 26

7@ dBc below the de-
| sired carrier level)
will affect adjacent
users.

Talal Mah-
fouz, Arabsat
Operations  Cen-

ter (AOC) ex-
pert, commented,
“More  crucially,
it can be hard

A Fig. 11 Interfering antenna found.
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to determine the source by a satel-
lite operator, even if it is clearly vis-
ible on the downlink spectrum.” He
added, “HPA re-growth, HPA inter-
modulation, retransmission MRN and
converter harmonics are part of the
undesired signals RFI types. However
these could easily be detected in the
early stages by the Uplinker, once the
output spectrum has been checked.
Indeed, L-Band analyzers, which are
the most commonly available, can
monitor MRN and converter harmon-
ics if connected to the upconverter in-
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A Fig. 13 TX spectrum monitoring.

put test point.” Arabsat would like to
see every Earth Station uplink opera-
tors apply transmit spectrum monitor-
ing. The graphs shown in Figures 12
to 14, supplied by Arabsat, show TX
spectrum monitoring at work.

CONCLUSION

The RF environment is becom-
ing ever more crowded with ever in-
creasing competition for bandwidth,
and satellite communication is very
much a part of that conundrum. Sat-
ellites in the geostationary arc are
moving closer together (2°); more
people are accessing satellites than
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A Fig. 14 TX spectrum monitoring.

ever before and thus interference
is very much a fact of life. However
the industry, through innovation,
technology and a willingness to co-
operate, is fighting back against in-
terference. Carrier ID is a proven
technology and another tool to use

in reducing interference. B
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A Fig. 1 IMS attendance numbers and exhibitor
information from 2000 to 2012.
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IMS 2012

By the Numbers

he IEEE MTT-S International Micro-
I wave Symposium (IMS) 2012 is a fading
memory for approximately 7600 attend-
ing exhibitors and delegates, but is sure to be
remembered for the celebration of the soci-
ety’s 60th anniversary and the Montréal venue.
While concern among some exhibitors over
export restrictions and ITAR regulations may
have resulted in a 12 percent lower turnout
than 2011, the efforts by IMS 2012 chair Ke
Wu and this year’s steering committee made
sure the event ran smoothly.

The symposium reported 841 paper submis-
sions from 49 different countries and a total of
569 exhibitors from 21 countries. Among the
non-exhibitors, 2635 delegates were registered
for the technical program and 1464 registered
for the exhibition only. In all, 57 countries were
represented, with the United States and Cana-
da leading in participation with 46 percent and

—— EXHIBITORS

—— EXHIBITING COMPANIES

17 percent, respectively.
Along with reported

—— SYMPOSIUM ATTENDEES increases in attendees
—— EXHIBIT ONLY from Europe — notably
TOTAL

Germany, France, UK

and the Netherlands —

the MTT-S also reported
a 200 percent increase in

attendees from China.

A look at the IMS at-

P
b
)

tendance numbers over

%
the past dozen years (see
— . .
N~ Figure 1) shows a direct
ZxXxu<IrosS<zsu2 correlation between the
CZETEYR320E338 &  number of exhibitors,
wgﬁﬁoﬁcdsniﬂzﬁ
g2uEsaz OS2 Q3§ 2z exhibitvisitors and total
P -~ 23506 ¢ e <2 g attendees, which since
e =9 =0 &I ®x T g a =
8 e ST KNz 288« =& Hawaii (2007) has hov-
NSNQ.‘-:,,<'SSNO_— . >
438v8 N 8 g ered between this years
§ N R § 7600 and a 9165 high set
X in Boston (2009). Ac-

cording to the data, ex-
hibiting companies have

demonstrated a good sense of knowing which
markets will attract more local (exhibitor only)
visitors and responded with higher staffing lev-
els. Contrary to these fluctuations, the number
of symposium attendees and exhibiting com-
panies has held steady year-to-year, averaging
2500 delegates and 550 exhibiting companies
over the past five years. The ratio of delegates
(symposium and exhibit only) to exhibitors is
also relatively flat (approximately 1 to 1), vary-
ing from a low of 0.78 (Long Beach, total atten-
dance 11,405) to a high of 1.26 (Seattle, total
attendance 7598).

Apart from macro-economic factors such
as the recent recession, the location of IMS
strongly influences show attendance. Many ex-
hibitors often ask how a host city gets selected.
Every year, the MTT-S chooses the site for the
symposium eight years ahead based on propos-
als from local chapters vying for hosting rights.
The society takes into consideration the ade-
quacy of the proposed site with regard to the
proximity of a regional microwave industry and
research community, adequate housing and
convention hall facilities, available local steer-
ing committee leadership/management and
exhibitor survey data (if available). The society
is solely responsible for weighing these factors
and deciding the location from among its chap-
ters. Back in 2004, the winning proposal for
2012 went to Ke Wu and his team in Montréal.

While the notion of crossing the border may
have discouraged certain U.S. companies from
participating, Montréal did have a positive ef-
fect on the international make-up of new exhibi-
tors, which accounted for 10 percent of this year’s
550 individual vendors. New exhibitors mostly
hailed from one of four regions (see Figure 2).
Not surprisingly, Canadian-based companies

DAvID VYE
Microwave Journal Editor
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PROFILE OF NEW EXHIBITORS

24%

N us.

B EUROPE
B CANADA
B CHINA

A Fig. 2 Profile of new exhibitors at IMS
2012.

took advantage of their local status re-
sulting in a larger presence this year.
Vendors from the U.S., Europe and
China represented most of the re-
maining new exhibitors.

Chinese companies have definitely
been increasing in numbers at both
IMS and European Microwave Week
(EuMW) for several years now. With
subsidies from the Chinese govern-
ment to exhibit at international trade
shows, these vendors are financially
supported (up to 40 percent of their
costs) to market a wide range of micro-
wave products outside of China. Offer-
ing all types of components from SAW
filters, power amplifiers, crystal oscilla-
tors, passives components and cables,
their presence provided visitors with
a unique opportunity to compare and
contrast products from a sizable por-
tion of the global supply chain, from
North America and abroad.

Being new to IMS, many of these
exhibitors were situated toward the
far right, left and rear of the long, L-
shaped exhibition hall of the Palais de
Congrés de Montréal. Visitors seeking
out new exhibitors could find them
in these quieter regions where many
start-ups, foreign companies and some
noteworthy  technology ~companies
relatively new to exhibiting at a micro-
wave show shared neighboring real es-
tate. Notable companies off the beaten
path included Teseq, Mathworks (al-
though not their first year), Texas In-
struments and Chinese test equipment
manufacturer, CETC 41.

Scattered throughout the exhibi-
tion were many lesser known compa-
nies that provide critical manufactur-
ing services to the industry. When it
comes to physical design and manu-
facturing, microwave components are
finicky and so many attendees were
on the look-out for helpful suppliers.
Dozens of vendors offered a range of
specialized parts, services and materi-
als, from custom RF/EMI shielding
enclosures to epoxy pre-forms and

advanced ceramics. Small and nimble
manufacturing specialists play a very
important role supporting the high-
mix, low-volume products developed
by many businesses in the microwave
industry. Having these companies
present at this event provides engi-
neers with an excellent opportunity
to talk face-to-face with a very broad
range of experts.

Of course, mainstay companies
dominated the show floor with large,
well-staffed booths, multiple demo
stations, in-booth workshops and/or
organized press conferences. These
familiar companies supply the in-
dustry with test and measurement
equipment (Agilent, Anritsu, Aero-
flex, National Instruments, Rohde
& Schwarz, and Maury Microwave),
software (ANSYS, AWR, CST, Son-
net), semiconductors/RFICs/MMICs
(M/A-COM, ADI, REFMD, TriQuint,
Skyworks, NXP, Hittite, Freescale,
Mitsubishi), cable/connectors/com-
ponents (Carlisle, Emerson Connec-
tivity, Teledyne, Anaren, K&L, Trak,
RFMW) and subsysten/subassem-
blies (Cobham, MITEQ). The show
floor also hosted the 2012 MicroApps,
which was sponsored by Agilent and
has become an excellent forum for
application based presentations given
to exhibition attendees. On Wednes-
day, Microwave Journal hosted the
MicroApps Device Characterization
and Advanced RF/Microwave Design
Forum featuring talks from Agilent,
Anritsu, AWR and Maury Microwave.

With approximately 550 exhibiting
companies, it has become an impos-
sible task for one individual to visit
them all. Microwave Journal’s com-
prehensive IMS coverage is posted
on the MW] website and in the Mi-
crowave Flash Online Show Daily
newsletters. The combined coverage
features all the show-related prod-
uct releases and editor reports from
press conferences and vendor visits
that took place in Montréal. The Mi-
crowave Journal IMS wrap-up article
features news from nearly 100 differ-
ent companies compiled by our edi-
tors and is available on the Microwave
Journal website  (www.microwave-
journal.com/IMS2012WrapUp). In

addition to product news, the IMS
online show daily features reports on
special events such as a recap of the
business opportunity for GaN panel,
the MicroApps Device Characteriza-
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tion panel, summary of Richardson
RFPD  expert presentations/Q&A,
video interviews/demos and our IMS
2012 photo gallery.

TEST AND MEASUREMENT
HIGHLIGHTS

The larger exhibitors, mainly rep-
resenting test and measurement sup-
pliers, simulation/design software and
semiconductor manufacturers, were
located toward the center exhibition
entrance. Among them, Agilent was
surrounded by its technology partners
at “Agilent Avenue” demoing a wide
variety of new products including ADS
2012, EMPro 2012, GoldenGate for
RFIC simulation (v 2012.07) and Sys-
temVue 2012.06. New test and mea-
surement equipment was also on dis-
play and included a USB peak power
sensor and the latest PNA-L network
analyzer. Anritsu focused attention
on solutions for accurate, broadband
Vector Network Analyzer (VNA) mea-
surements with multiple demo sta-
tions highlighting their state-of-the-art
equipment. The company unveiled
their unique broadband VNA system
capable of conducting single sweeps
from 70 kHz to 140 GHz.

Rohde & Schwarz demonstrated
the R&S FSW-K6 pulse measure-
ment option for the R&S FSW series
of high-performance signal and spec-
trum analyzers, which is particularly
suited to evaluating the performance
of radar systems and all other appli-
cations that employ pulsed signals.
Available in three models for fre-
quency ranges up to 26.5 GHz, the
FSW has an analysis bandwidth of 160
MHz, making it well suited for mea-
suring very narrow pulses and broad-
band systems such as emerging IEEE
802.11ac networks. National Instru-
ments announced early access support
for testing next-generation 802.1lac
wireless local area network (WLAN)
chipsets and devices. NI's 802.11ac
WLAN test solution provides flexibil-
ity in testing 802.11ac devices in addi-
tion to testing 802.11a/b/g/n devices.

Aeroflex added IEEE 802.11ac ca-
pability to its S-Series RF signal genera-
tor and analyzer product line. The S-Se-
ries was designed for use by engineers
in WLAN research, design, and manu-
facturing, specifically targeting top-of-
the-range performance at a mid-range
price. At 200 MHz, the S-Series offers
the industry’s widest bandwidth, along

with other standard features such as
level and frequency settling times that
are 5X faster than competitors at 100 ps
and very low phase noise performance
(—135 dB/Hz at 1 GHz, 20 kHz offset).

EDA HIGHLIGHTS

CST announced enhancements to
the Microwave Studio transient solver
addressing memory efficiency and the
robustness of explicit time domain
methods and the accuracy of the Per-
fect Boundary Approximation. The up-
coming 2013 release will allow users to
solve more than 20 billion unknowns,
using cluster computing and a message
passing interface. Remcom was featur-
ing the new capabilities in its XFdtd
release 7 (FDTD-based modeling
and simulation software), which now
supports twisting structures such as a
waveguide during a missile flight.

Other software vendors such as
AWR, ANSYS, Agilent and Sonnet
were touting new integration capa-
bilities in their software, allowing cir-
cuit designers easier access to 3D and
planar EM simulation from within
their circuit design products such as
ADS, Microwave Office (MWO) and
ANSYS Designer or through third-par-
ty tools from Cadence and Mathworks.

Closing the gap between test
verification and simulation software,
Agilent and AWR were demonstrat-
ing tighter integration between their
simulation and measurement software
platforms. AWR was featuring demos
of data exchanges between MWO and
its parent company NT’s flagship prod-
uct, LabView. AWR was also dem-
onstrating its latest version of a 3D
FEM simulator called Analyst, which
will support EM simulation of param-
eterized 3D structures such as wire-
bonds and ball grid arrays from within
MWO. ANSYS was also addressing
the need for 3D EM simulation at
the circuit designer’s fingertips with
HFSS Solver-on-Demand available
in ANSYS Designer and Cadence Al-
legro and Virtuoso products. Agilent
also surprised many attendees by an-
nouncing the pending support for X-
parameters by ANSYS Designer.

SEMICONDUCTOR AND

INTEGRATED DEVICE

MANUFACTURERS (MMICS/RFICS)
No less than a dozen companies

were featuring new products based
on Gallium Nitride (GaN). RFMD
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announced a highly-efficient 280 W
pulsed GaN RF matched power tran-
sistor. The company also announced
multiple new products including four
high-performance front end modules
integrating the power amplifier, LNA,
and switch functionality into a single
plastic QFN package for next genera-
tion WiFi applications.

TriQuint  showcased newly-re-
leased GaN products including a
packaged 20 W Ku-Band GaN power
amplifier fabricated on TriQuints
production-released, 0.25 pm GaN
on SiC process that operates from 14
to 16 GHz and typically provides 43
dBm of saturated output power, 30
percent power-added efficiency and
23 dB of small signal gain.

Just prior to IMS, Freescale Semi-
conductor announced that it was in-
troducing its first GaN devices, initial-
ly targeting the cellular infrastructure
market, with potential future applica-
tions including avionics, radar, ISM
and software-defined radio. Freescale
was also highlighting their Airfast RF
power product line, which now in-
cludes at least one solution for each
cellular band and supports both small
and large cell base station deploy-
ments. These products range from
900 MHz to 2.2 GHz with various
powers and configurations.

Skyworks Solutions unveiled two
new series of high performance and
low power LNAs for multiple indus-
trial, scientific, medical (ISM) bands
and next generation cellular infra-
structure applications. The company
also introduced a line of high power
RF switches — up to 100 W — support-
ing diverse market applications in-
cluding TD-LTE infrastructure base
stations, repeaters and low frequency
military/microwave UHF and UVF
radios.

Hittite Microwave featured 24 new
products at the show including a low
noise, wideband, fractional-N phase-
locked-loop (PLL) with integrated
VCO capable of generating continuous
frequencies from 25 to 8400 MHz and
featuring a synthesizer Figure of Merit
of =230 and —227 dB¢/Hz in integer and
fractional modes, respectively. Double
sideband RMS jitter is less than 180 fs
and the noise floor is —170 dBc¢/Hz in
fundamental mode at 2 GHz.

M/A-COM  Technology Solutions
showcased new products for wireless
backhaul, CATV, optical communica-

tions, and aerospace and defense appli-
cations, including a 42 GHz SmartSet
chipset for point-to-point wireless
backhaul with a 1 W power amplifier
with 22 dB gain and 38 dBm OIP3,
350 W GaN Smart Pallet designed for
S-Band air traffic control radar with
over 60 percent drain efficiency, and
a highly linear Edge QAM VGA de-
signed for CATV head-end modules.

NXP Semiconductors demonstrat-
ed its full portfolio of first-generation
GaN products and discussed its vision
and roadmap related to GaN. Cur-
rently the company offers engineering
samples of its first-generation GaN
products including amplifiers for 50
and 100 W broadband applications.
Live demonstrations included a multi-
stage GaN line-up covering a 200
to 2700 MHz frequency band with
best-in-class linearity. With the high-
impedance 50 V GaN process, broad-
band amplifiers can be designed on a
single transistor.

Peregrine Semiconductor Corp.
introduced the companys SP3T RF
switch, featuring low insertion loss of
0.45 dB at 1 GHz and 0.55 dB at 2.5
GHz, and high isolation of 40 dB at 1
GHz and 30 dB at 2.5 GHz. Addition-
ally, it provides excellent ESD tolerance
of 4500 V HBM and 250 V MM on all
ports, and is available in a miniature,
8-lead 1.5 x 1.5 mm DFN package.

IN THE BEGINNING

Since 1972, when 19 vendors with
table-top displays were allowed to
co-locate with the symposium, the
exhibition has provided an invaluable
opportunity to discover the latest and
greatest in microwave components,
semiconductors, materials, test and
simulation technology and related
manufacturing services. MW] Editor-
in-Chief, Ted Saad noted the occa-
sion in his editorial, The 1972 IEEE-
GMTT International Microwave Sym-
posium: “Despite the largest atten-
dance since 1957, the IEEE-GMTT
International Microwave Symposium
in Arlington Heights, IL was a live-
ly, well-run affair. The meeting was
highlighted by a number of provoca-
tive items, stimulated by a competent
Steering Committee. It was the first
MTT Symposium to have paid exhib-
its by microwave companies. Despite
misgiving on the part of at least one
diehard, it appears the experiment
was a success.” Il
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Antennas, the
mmWave Advantage

perators of backhaul networks are fac-
Oing more and more problems when

it comes to new installations. In con-
gested areas, the site acquisition is a substantial
part of the cost and house owners and planners
are often hesitant to allow access to rooftops,
etc. Also, for aesthetic reasons, antennas can
be disguised to blend in with the environ-
ment and take shape as part of the chimney,
brick walls and the like. Furthermore, from a
practical point of view, a minimized wind load
and weight is advantageous, especially during
installation. Figure I offers a comparison be-
tween standard and mmWave antennas.

SIZE

Antenna size is always something that must
be related to the wavelength and thus the fre-
quency. Higher frequencies can utilize smaller

A Fig. 1 Parabolic reflector for a point to point microwave link,
compared to small flat array for mm-wave.

antennas but antennas cannot be made arbi-
trarily small and still perform without detri-
ment to performance. There are two main
constraints when it comes to antennas and size.
One is the radiation resistance and the antenna
feeding impedance and the other is radiation
pattern. The first issue, impedance and match-
ing for electrical small antennas has been suc-
cessfully addressed by antenna and circuit
designers, with virtually all antennas used in
handsets being small from an electrical point
of view, yet they perform well for their applica-
tion.

The other constraint, antenna radiation pat-
tern, is not so easy to compensate for as the
fundamental laws of physics apply. In order to
direct the electromagnetic energy from an an-
tenna, it must have a certain shape and size. To
be able to gain some insight into this, let us take
a look at the most fundamental antenna, the
isotropic radiator. A point source that serves
as the basic antenna element for theoretical
analysis will radiate equally in all directions. A
hypothetical point source in (free) space will
thus radiate in all directions in a spherical fash-
ion — an isotropic antenna.

CHRISTER STOIJ
Sivers IMA AB, Kista, Sweden
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A Fig. 2 Spherical coordinates of the isotro-
g = Sp
pic radiator and pencil beam antenna.

Sr (", 0, ‘b)

A Fig. 3 Definition of coordinates,
Poyntings vector.

Of course, even the remote pres-
ence of a ground surface or conduc-
tors to this antenna element will cause
a disturbance in its radiation pattern,
and it will no longer radiate equally in
all directions. However, as an analysis
tool the isotropic point source is very
useful and most, if not all, antenna
structures can be treated as a combi-
nation of isotropic radiators.
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DIRECTIVITY

When dealing with antennas, there
are a number of parameters to con-
sider. This article will focus on an-
tennas that have an appreciable size
compared to wavelength, and where
matching and radiation efficiency is
generally not a big concern. Most of
the energy supplied to the antenna
from the transmitter is transformed
to radiated energy, in one direction or
another.

If we consider the directive gain
first, the term implies that we seek
a measure of the antenna’s ability to
concentrate its energy in a certain di-
rection. This is compared to the iso-
tropic radiator as shown in Figure 2.

The isotropic radiator sends all its
energy equally distributed in all direc-
tions, but any other physical reliable
antenna will concentrate its energy in
specific directions. For a point to point
link, the preferred pattern is to direct
all the energy in a small cone towards
the receiving antenna. Other radiation
patterns can also be desirable, such
as broadcast antennas radiating their
energy in a doughnut shaped pattern
with the antenna in the center. Anoth-
er example is a radar antenna that has
a narrow horizontal beam and a broad
beam in azimuth.

For a given antenna with a spatial
dependency of the power density,
Poyntings vector S, has only a radial
component in the far field. S, [W/m?]
is a function of 6, ¢ and r as shown in
Figure 3.

Total radiated power from the
source is:

B = [[8,(6.0)r%sin(0)0000 (1)

For the isotropic radiator, the
power density S; is equally distributed
over the area of the sphere, and thus

Prad

S; =% (2)
Y 4m?

For the general case when there is
a spatial dependence, S, is given as a
product of its maximum value S, and
a function of the spherical coordinates
F(0,0).

The two dimensional function
F(6,¢) is the antenna pattern and can
be illustrated in several ways. Quite
often the antenna pattern is presented
as a projection in either 6 or ¢ plane
and the E and H vector is aligned with
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radiated by the an-

F(6, $) 1

tenna, to signify this
the suffix rad is used.
The input signal
power to the antenna

L is generally differ-

A Fig. 4 Antenna diagram as two dimensional contour plot showing
E and H field components, and projection of the E-field pattern on 0
plane in rectangular and polar plot. All scales are normalized to the

maximum value of each parameter.

Sm

Q = 2004

A Fig. 5 Equivalent cone shaped antenna
diagram, useful for pencil antennas.

either coordinate, see Figure 4. Note
that for the isotropic radiator F(6,¢)
= 1, and the maximum value S, = S;
everywhere on the sphere as shown in
the polar plot in Figure 4.

The directivity is defined as the ra-
tio of the maximum value of S, (=S,,)
to the average value of the power den-
sity, or

_S_ 4m

S [[F(0.0)sin6 090

m

In words, the directive gain (D)
is defined as the ratio of maximum
power density to the average power
density from the antenna. The aver-
age power density can be found by
carrying out the integration of power
at each infinitesimal area element
on the imaginary sphere with radius
R, or much easier, by calculating the
equivalent power from an isotropic
antenna,

S,=P, y/4mR2.

So far, the power P,  used in the
equations is the power that is actually

88

9 ent (higher). At this
point, it may be con-
venient to discuss an-
tenna gain, G,. Any
electrical  structure
is exposed to losses,
even if very small
there are some ohmic
losses and also losses
from reflection (mis-
match) in most cases.
If P, 4 is all the power
actually emitted from
the antenna in all
directions, then the
antenna  efficiency
can be written as m=P,, /P; . Then the
antenna gain is defined as G,= mD. In
most cases, the antenna gain is almost
the same as directive gain. From a sys-
tem point of view the antenna gain is, of
course, the interesting quantity since it
goes directly into the link budget.

Another useful concept is the
beamwidth. For the moment, the
discussion is confined to pencil beam
shaped patterns, the antenna pattern
is basically symmetrical around the
main axis of the beam as shown in
Figure 2.

If the antenna radiation angle ),
[sR] is defined as the imaginary solid
angle through which all power would
be concentrated if the power density
was constant over that solid angle and
equal to the maximum power den-
sity at boresight (the axis of the main
lobe), we would find that: }, = 4m/D,
and since Q, = ¢1-81 for very small
angles (see Figure 5), there is a sim-
ple and useful expression to approxi-
mately determine the beamwidth in
either E or H plane,

Beamwidth = /% radians

The approximation is good for small
angles as found in highly directive an-
tennas for point to point radios. For
example, for a 36 dB antenna, the ap-
proximation will yield a beamwidth of

}10?;% = 0.056 radians or 3.2°

As an analogy, the antenna can be

viewed as the spatial equivalent to the
time-frequency concept for signals.
The radiation pattern is the equivalent
to the frequency plane and the physical
distribution or separation of antenna
elements is the time equivalence.
Hence, like a short pulse gives rise to a
broad frequency spectrum, a small an-
tenna will have a broad spatial distribu-
tion of its energy (a broad beam). The
underlying mathematics correspond
and main lobe and side lobes can be
calculated in a similar fashion.

RECEIVING SIGNALS

So far the discussion has revolved
around the antenna as a radiator in the
transmitting case. It would be a pity
if we could not pick up the hopefully
intelligent transmission in a comple-
mentary receiving antenna. To do this,
two concepts are introduced: the ef-
fective antenna area and reciprocity.

The effective area of an antenna is
defined as the power delivered on the
antenna’s terminals divided by the pow-
er density that the receiving antenna is
exposed to. In mathematical terms,

P, =A.S, (4)

where P. = Received signal power
[W] on antenna terminals and A = ef-
fective antenna area [m?2].

As mentioned earlier, we know that
the power density from a transmitting
antenna is

P .G
S, =——-[W/m2 Jor,
4R
— PtrnD — PtrGtr <5>
" 4R 4nR?

where P, = input power to transmit-
ting antenna and G, = transmitting
antenna gain.

The power delivered from the receiv-
ing antenna can now be calculated as:

Ptr Gtr
41R?

It is obvious that the amount of re-
ceived power is directly proportional
to the effective area of the receiving
antenna and this equation is valid re-
gardless of frequency or wavelength.

We can now also appreciate the
meaning of effective antenna area. As
usual, whatever is introduced to measure
or collects energy from a system will af-
fect that system. This is also true for an

P.=A,

(6)
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antenna. The field in the vicinity of the
antenna must deviate from the planar
wave condition to fulfil the boundary
conditions on the antenna surface. The
concept of effective area takes this into
consideration and this is why the effec-
tive area differs from the physical area.
This constraint can take some odd
turns. A wire antenna, like a dipole or
a Yagi antenna, will present a much
larger effective area than its projected
area would suggest. A parabolic re-
flector on the other hand will show a

yalvy

very obvious physical area but in this
case, the effective area is smaller than
the projected area.

It is now time to introduce the con-
cept of reciprocity. A transmitting an-
tenna that produces a certain field pat-
tern will have an identical ‘sensitivity’
pattern when used as a receiving an-
tenna. If we have a particular antenna
with G = 10 dBi (iin dBi means 10 dB
over a comparative isotropic antenna)
we will in boresight have 10 dB higher
power density when transmitting and
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a 10 dB higher output signal from the
antenna when receiving a signal com-
pared to the isotropic antenna.

So now, how is the antenna gain
calculated? We can start to work with
Maxwell’s equations and realize why
we pay a disproportionate amount
of money for a bent wire, a piece of
shaped metal plate or a PCB with some
seemingly haphazardly placed patches.
Of course, computers and software will
come to our aid, but to make a better
design, a good theoretical understand-
ing is necessary. The subject of antenna
design is far beyond the basics covered
in this article. However, a very simple
equation can help us to understand an-
tennas and particularly the relationship
between effective antenna area, A
and antenna gain:

4mA,
a = }\’2
If you know either the gain or effec-
tive area then the other can be calculat-
ed and for some structures, the effec-
tive area can be closely approximated
by just observing physical dimensions.
The equation for G, and A, assumes an
idealized situation where the antenna
is situated in free space and is exposed
to a field produced by a distant point
dipole. Any perturbation of that field in
the environment where the antenna is
situated will affect the result.

Some directive gain values for
common antennas are listed in Table
1 and the effective antenna area can
be calculated from those values. Note
that losses are not included; hence D
instead of G,. Note also that area, AP
in Table 1 is the physical area.

e

G

(7)

FRIIS EQUATION, TRUTH AND
CONSEQUENCE

One of the most useful equations
for a telecommunication engineer can
be found by combining the expression
for effective area of a receiving an-
tenna with the power density from a
transmitting antenna, and calculating

PCS (1900) 1930 ~ 1990 MHz | 1850 ~ 1910 MHz
TD-SCDMA (2000) 2010 ~ 2025 MHz | 1900 ~ 1920 MHz the apparent path loss P,/P,,,
TETRA 390 ~ 400 MHz | 380 ~ 390 MHz
UMTS / WCDMA (2100) | 2110 ~ 2170 MHz | 1920 ~ 2060 MHz
WCDMA-JP 2150 ~ 2170 MHz | 2110 ~ 2140 MHz P = AS,

, 2110 ~ 2170 MHz
WiBro-KR SR00 /= 2500 LIS (8101850 S = PG )
* Any combination of band can be provided on request r (47513\)2

R E———E———m———m——————————— 2

#313 IDTVC. 7-50 Songdo Dong. Yeonsu-Gu. Incheon. Korea. 406-840 — G (9)

Tel : +82-32-831-0401~2 / Fax : +82-32-831-0298 ¢ 4n
Homepage : http://www.acewavetech.com/

E-mail : sales@acewavetech.com G,=receiver antenna gain

90 MICROWAVE JOURNAL m AUGUST 2012


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

WIiDEBAND ATTENUATORS

Ideal for Microwave & VSAT Radios, Test & Military Communications!

Analog, Digital & Mixed-Signal v ALl
ICs, Modules, Subsystems & Instrumentation W "

Vi

CACCIICTIU carity. ros
/Viae Attenuation nange.

O EXternal Matching

SMT &ChipYAvailable!

A Selection O Our Wideband Attenuators

Part Frequency Function Insertion Attenuation 1IP3 Control
Number (GHz2) Loss (dB) Range (dB) (dBm) Input (Vdc)
HMC424LP3 DC-13 6-Bit Digital 4 0.5t0 31.5 32 0to -5V
HMC941 0.1-30 5-Bit Digital 2.5 0.5t015.5 45 0/+3to +5V
NEw! HMC1018LP4E 0.1-30 5-Bit Digital, Serial Control 5 1to 31 43 0/+3to +5V
NEw! HMC1019LP4E 0.1-30 5-Bit Digital, Serial Control 4 0.5t0 15.5 45 0/+3to +5V
NEW! HMC939LP4E 0.1-33 5-Bit Digital 5 110 31 43 0/+3to +5V
NEW! HMC941LP4E 0.1-33 5-Bit Digital 4 0.5t0 15.5 45 0/+3to +5V
HMC939 0.1-40 5-Bit Digital 85 1to 31 43 0/+3to +5V
HMC973LP3E 0.5-6.0 Analog VVA 2.5 Oto26 35 0to +5V
HMC346 DC - 20 Analog VVA 2.2 0to25 10 0to -3V
HMC712LP3CE 5-26.5 Analog VVA 3.5 0to28 32 0to -3V
HMC712 5-30 Analog VVA 2.5 0to 30 32 0to-3V
HMC812LC4 5-30 Analog VVA 2 0to 28 28 0to -3V
NEW! HMC985LP4KE 10 - 40 Analog VVA 3 0to 35 33 -3to OV
HMC-VVD102 17 -27 Analog VVA 1.5 Oto 22 17 -4 to +4V
NEW! HMC985 20-50 Analog VVA 3 0to 35 33 0to +3V
HMC-VVD104 70 - 86 Analog VVA 2 Oto 14 - -5 to +5V

Broadband Performance for Fiber Optics, Microwave Radios,
Military & Space, ECM, Sensors, Radar and Test Equipment!

I I 2 Elizabeth Drive « Chelmsford, MA 01824 Visit Us: www.hittite.com

MICROWAVE CORPORATION 978-250-3343 tel + 978-250-3373 fax - sales@hittite.com Receive the latest product releases - click on “My Subscription”



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

Technical Feature

TABLE I
SOME ANTENNA STRUCTURES, DIRECTIVE GAIN AND EFFECTIVE AREA
Antenna Dimensions Directive Gain Effet_:tive Area (Ae) Compared to
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Combining the three equations
above leads to Friis equation,

p

r

P, GG\

10
Ptr (47CR)2 ( >

Friis equation is very useful for
link budget calculations; however it
has sometimes been interpreted to
suggest that the spatial attenuation
increases with shorter wavelengths.
This is not true and probably is a con-
sequence of the embedded expression
for the effective area. Friis equation
assumes that the power density pro-
duced by the transmitter is constant
and since P, = A_-S , the received
power must vary as A, is proportional
to A2,

The spatial dependence on wave-
length is only true if the antenna gain
is held constant when comparing dif-
ferent systems but is there any reason
to keep the antenna gain constant? A
constant antenna gain requires the ef-
fective antenna area to vary with the
wavelength as

G\

A
¢ Agm

(1)

Consequently the effective area,
A, must be decreased for a constant
gain as the frequency is increased (see
Figure 6). This is actually a benefit
with higher frequencies since the aim
is to have as small and yet as efficient
antennas as possible.

In Friis equations, the antenna gain
is kept constant but it is particularly im-
portant to keep the ratio between trans-
mitter power and received signal con-
stant and let the antenna size vary. As
an example and for convenience let us
consider a symmetrical link setup, with
the same antenna used for transmitting
and receiving. By using the relationship
between effective area and gain and
modifying Friis equation, we get

P, A 4mA_4m\”
P22
Py A°A%(47mR)
P
Ao = [ (12)
Ptr

P,

and since we want P, " a constant
r . .

and equal for all frequencies, A, is kept

proportional to the wavelength, \.
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Technical Feature

This is actually what we are looking
for: The antenna area can be allowed
to decrease linearly with the inverse
of the used frequency and provide the
same system link budget regardless of
frequency used (This assertion over-
looks the actual path loss that is pres-
ent from absorption, foliage blockage,
etc. All effects must be included and
the atmospheric absorption can be
quite high at certain frequency bands
such as 24 and 60 GHz).

PARABOLIC REFLECTORS

Parabolic reflectors are popular
for radio links and a typical parabolic
reflector antenna with a diameter, d,
may have an aperture efficiency of 60
percent and thus the effective area
can be expressed as

A, =kd? (13)

where k is a factor depending on an-
tenna physical constraints in compari-
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LOW FREQUENCY, \ IS LARGE AND
ANTENNA MUST BE LARGE

HIGHER FREQUENCY, THE SAME
BEAMWIDTH IS OBTAINED WITH A
SMALLER ANTENNA

A Fig. 6 Antenna size for different wave-
lengths. Antenna area scales in principle with
wavelength for circular symmetric antenna
diagrams.

son to wavelength, but to a good ap-
proximation can be set to 0.4.

Now, if we compare two systems
working at different frequencies but
let the antenna size (diameter, d) be
proportional to the square root of the
wavelength, d o< JA . then the effec-
tive area will be proportional to the
wavelength and as mentioned above,
we will find that the ratio between re-
ceived power and transmitted power
will always be equal regardless of fre-
quency used.

Example: Compare a link at 15
GHz to a link at 80 GHz with equal
transmitter power. The space loss will
be equal in both cases. To get the total
loss between transmitter and receiver,
atmospheric attenuation and other
contributions must be added or com-
pensated for.

Assume that the antenna gain for
the 15 GHz link is 36 dBi, and is the
same for transmitter and receiver. The
equations above yield

92
d= ,/% (14)

The antenna diameter for the 15
GHz link is thus

d15 =0.56 m

If the antennas for the 80 GHz sys-
tem are scaled proportionally to the
square root of the wavelengths, the
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antenna diameter will be

A
d80 = d15 —0
Mis
dgo = 024 m

Less than half the diameter com-
pared to the 15 GHz antenna, and yet
the same link budget is attained. Also
note that the antenna gain will be pro-
portional to the inverse of the wave-
length, or in this case,

80 GHz

60 = 15 GHz

15

and consequently the antenna gain at
80 GHz will be 43.3 dBi.

However, the atmospheric attenu-
ation must be added at roughly 2 dB/
km higher for 80 GHz compared to 15
GHz. If we assume a distance of 3 km
between transmitter and receiver, the
80 GHz transmit and receive anten-
nas must each have an additional 3 dB

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

WE'VE GOT YOU COVERED!

High dynamic range
front-end assembly
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A Fig. 7 Relative size between 15 and 80
GHz antennas for equal link budget levels.

gain to compensate for attenuation,
i.e., a total antenna gain of 46.3 dBi.
The antenna diameter will then be

d80 =0.34m

Comparing the beamwidth for the
two cases, 15 GHz and 80 GHz using
the approximate formula given earlier
(see Figure 7),

bwiscn, = 3;20
WeoGHz = 1

CONCLUSION

This article has very briefly de-
scribed some concepts that are well
known, but are well worth further
examination. One example is Friis
equation that sometimes leads to the
misinterpretation that radiation loss
is higher for higher frequencies. This
is due to the ‘free space loss’ term
A?/(4mR?) — a strange designation, es-
pecially in a lossless medium.

With the aid of a few simple equa-
tions, it is shown that millimeter-wave
frequencies can offer significantly
smaller antennas without any sacrifice
in link budget performance. And if the
benefits of superior bandwidth and
lower cost for licensing are added, mil-
limeter-wave radio is a very attractive
alternative for fixed access service. B

Christer Stoij received his BSEE in 1975
and MSEE 1981 from Chalmers University
of Technology. He has been active in the
microwave field throughout his career,

since starting with Ericsson AB, and he has
cofounded and founded several microwave
companies including Microsystemgruppen AB
and Gigatec AB. Stoij has been with Sivers
IMA AB since 2000 in leading positions, and
is currently acting as CTO. He remains active
in engineering and is involved in design and
research work in many product areas with
special interest in electromagnetics, filters and
structures.
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rane Aerospace & Electronics, Micro-
C wave Solutions, has recently introduced
a new high-performance switch ma-
trix covering L-Band aimed at satellite com-
munications ground station applications. This
system provides new breakthroughs in signal
fidelity preservation and built-in-test features
allowing for critical communications to be pre-
served. It offers a flexible architecture, which
can be configured from 12 antenna ports and
48 modem ports to as large as 24 antenna ports
to 192 modem ports, and can be upgraded in
the field. There are separate transmit and re-
ceive units that pass the signals to and from the
modems and frequency converters.
The receive switch matrix is built around
a classic architecture with power dividers be-
ing fed from each input, feeding multi-throw
switches to select the feed to the appropri-
ate output. This technique results in what is
called a Full-Fan-Out architecture. Full-Fan-
Out refers to the fact that one input signal can
drive any, some or all outputs simultaneously
without loss of signal fidelity. Losses from the
power division are overcome through the use
of custom-designed amplifiers. To ensure that
proper performance is achieved, the amplifiers
selected for this application have critical band
flatness, noise figure, intercept point and com-
pression performance specifications. A simple
functional block diagram of the configuration
is shown in Figure 1.

L-Band
Switch Matrix

Components used in this system design, due
to the critical performance required for the
unit, were created within Crane Aerospace &
Electronics. Power dividers in two-, four- and
24-way configurations are utilized. These are
built using a traditional Wilkinson structure
with stripline technology as the basis. Excellent
frequency flatness and VSWR performance
is achieved. Frequency slope compensating
equalizers are included to insure that the en-
tire design meets the overall flatness perfor-
mance window.

RF switch cards were designed and also
manufactured internally by Crane Aerospace &
Electronics. These are based on GaAs PHEMT
technology for the switch elements. Utiliza-
tion of a well-matched, terminated switch
design ensures that the prescribed isolation,
power handling and intercept performance is
achieved. Control to the switch assemblies is
achieved using a parallel data bus, which is ad-
dressable for each card in the switch assembly.

To achieve the ultimate configuration of the
system required, the components have been inte-
grated into 12x24 matrix building blocks. These
are rack-mount, fully integrated assemblies con-
taining the amplifiers, power dividers and switch
cards along with digital control and DC power
supply regulation. To achieve a 12x48 switch ma-

CRANE AEROSPACE & ELECTRONICS
Beverly, MA
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A Fig. 1 L-Band switch matrix block diagram.
trix, two of these 12x24 matrix blocks blies. Their outputs directly drive the

are used along with an input power di- user’s system.
vider (two-way) assembly, splitting the An advanced built-in-test system is
12 inputs to the two switch block assem- included in the system. Under com-

-
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mand of the system controller are sig-
nal generators and receivers, available
on each of the signal paths, which pass
through the system and test for RF
continuity from input to output. If sig-
nals are not detected at certain points
in the prescribed path, the internal
controller can provide trouble-shoot-
ing information to service personnel
indicating which assemblies are the
most likely failure points. This process
helps with the ability to rapidly service
the system and get it back to full op-
eration following a failure.

Another feature to enhance sys-
tem reliability is the incorporated re-
dundant power supply system. Each
rack of equipment contains duplicate
power supplies with a sophisticated
summing and monitoring system. The
system can operate on one of these
power supplies. Should one power
supply fail, the system will continue
operating on the single supply. The
internal diagnostics provide an alarm
indication through the command
controller. The system operator can
remove the failed power supply and
replace it with a new one without tak-
ing the system off-line.

Unit control is achieved using a sin-
gle-board PC architecture. The con-
troller receives commands through
the TCP/IP Ethernet. These com-
mands are then executed by selecting
the appropriate switches to connect
the signals from the desired input to
prescribed output. Additional support
commands, such as status polling,
configuration information, etc., are
available in response to a command.
A front panel character display and
keypad also allow local control and
configuration.

A companion to the receive ma-
trix, a transmit path matrix, is also
provided. This system operates in an
opposite manner of the receive system
described above. In this case, multiple
modems are connected to the desired
number of upconverters. This matrix
combines these signals so that they are
available within the IF bandwidth to
drive the upconverter. Individual con-
trol of the modem signal level is pro-
vided so that no overdrive condition is
experienced.

Crane Aerospace & Electronics,
Beverly, MA (978) 524-7200,

www.craneae.comlmw,

mw@crane-eg.com.
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Model # Switches IL  VSWR Isolation RF Py  Price $
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USB-1SPDT-A18 1 0.25 1.2 80 10 385.00
USB-2SPDT-A18 2 0.25 1.2 80 10 685.00
USB-3SPDT-A18 3 0.25 1.2 80 10 980.00
USB-4SPDT-A18 4 0.25 1.2 80 10 1180.00
NEW USB-8SPDT-A18 8 0.25 1.2 80 10 2495.00
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discuss any custom programming needs—and think how
much time and effort you can save!

For details, see minicircuits.com/MCLStore/terms.jsp

*See data sheet for an extensive list of compatible software.

TThe mechanical switches internal to each model are offered with an optional 10 year
extended warranty. Agreement required, see data sheets on our website for terms and
conditions. Switches protected by patents 5,272,458 6,650,210 6,414,577 7,633,361
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Thermal Vacuum

have to meet strict requirements regarding

qualification and measuring/testing. Whole
satellites or space components are tested in
thermal vacuum chambers to simulate condi-
tions found in space. They are exposed to vacu-
um and temperature variations from extremely
cold to extremely hot. The devices under test are
connected to the measuring instruments outside

l n general, space engineered components

A Fig. 1 Thermal vacuum chamber.

102

Assemblies
for Space
Applications

the chamber using special RF assemblies. Fig-
ure 1 shows a thermal vacuum chamber.

Simulating the conditions found in space
places extreme demands on all components,
from the test subject inside the thermal vac-
uum chamber through to the measuring in-
stallations outside. To address these issues,
HUBER+SUHNER has developed SUCO-
FLEX® TVAC (thermal vacuum) assemblies
for vacuum chamber applications, which en-
sure that the test data arrives perfectly at the
measuring instruments.

A specific requirement is that the assem-
blies used within the vacuum chamber must
meet the outgassing standard set out, e.g.
by the European Space Agency (ESA) within
ECSS-Q-ST-70-02 C, to prevent contamina-
tion of the chamber or equipment with sol-
vents evaporating from certain materials.

HUBER+SUHNER AG

Herisau, Switzerland
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Frequency Range DC to 33 GHz

TABLE |
TECHNICAL DATA FOR SF 103F/EA

Assembly: SUCOFLEX 103E/103EA with straight male SK (2.92 mm) connectors

Connectors Vented

11_SK-312_TVAC

Cable SUCOFLEX 103E (jacket material: polyurethane)
VSWR/Return Loss 1.25/19 dB (DC to 18 GHz)
(Assembly) 1.34/16 dB (18 to 33 GHz)

Insertion Loss (Assembly)

nom./max. 2.1/2.3 dB
(incl. connectors, 1000 mm assembly length @ 33 GHz)

Temperature Range -30° to +80°C

Outgassing

Acc. (European Space Agency) ECSS-Q-ST-70-02 C

Note Available with or without steel spring armouring

Features

TABLE 2
FEATURES AND BENEFITS OF SUCOFLEX TVAC ASSEMBLIES AND ADAPTORS

Assemblies and adaptors for thermal vacuum applications

¢ Extended temperature range
 Low outgassing according to ECSS-Q-ST-70-02 C

Assemblies

* Superior mechanical and electrical stability

e Vented connectors for fast evacuation and venting

® Not vented connectors also available

¢ Different connectors, frequency range, electrical features
e Other configurations according to customer requirements

Adaptors

* Hermetically sealed
e Superior return loss performance

Benefits

e Longer lifetime, lower costs

* Excellent performance to price ratio

e Perfect matched cables and connectors from one manufacturer
e Assistance and support everywhere

To protect the assemblies from
stress and to provide extended life,
the TVAC connector contains vent-
ing holes for easy air flow into and
out of the components during the
pressurization/depressurization  cy-
cles. The venting holes are shown in
Figure 2.

MATCHED COMPONENTS
Especially in such demanding en-
vironments, it is important that the
complete run of cables and connectors
be perfectly matched, which makes
SUCOFLEX cables, with their excel-
lent mechanical properties, a good
solution for TVAC applications. Also,
the SUCOFLEX TVAC venting holes
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offer the right compromise between
smooth air flow and good shielding,
while defined evacuation paths in the
components allow the pressure chang-
es to be balanced quickly, resulting in
less stress.

Thanks to the robust design, the
electrical performance is very good.
All materials used comply with ESA’s
ECSS-Q-ST-70-02 C standard and
have been approved by an inde-
pendent test lab. The TVAC port-
folio comprises assemblies using
SUCOFLEX 103, 104, 404 and 106
cables, covering all kinds of applica-
tions, including low and high power/
frequencies, and with or without ar-
mour.

A Fig. 2 Connector with venting hole.

INCREASING REQUIREMENTS

Especially developed to address
the market trend towards higher
frequencies and greater bandwidth,
HUBER+SUHNER has developed
and qualified the new SUCOFLEX
TVAC SK connector (2.92 mm) that
operates up to 33 GHz. Together with
the SUCOFLEX 103E cable (avail-
able with or without armour), the
company guarantees the best-in-class
performance with this configuration
and excellent long-term behaviour.
The technical data for these assem-
blies is provided in Table 1.

The SUCOFLEX TVAC assem-
blies and adaptors have been devel-
oped to enable customers to perform
measurements to the highest industry
and space standards and a summary
of the products’ key features and ben-
efits are shown in Table 2.

For applications outside the thermal
vacuumchamber, HUBER+SUHNER
also offers awide variety of high-quality
SUCOFLEX assemblies for space
applications that are not subject to
outgassing restrictions. Also, as a re-
sult of its longstanding collaboration
with leading satellite manufacturers
and test institutions, the company has
gajned extensive experience in this
field and can design customer-specific
solutions and cable assemblies on re-
quest and under clean room condi-
tions (DIN ISO 14644-1 class ISO 5).

The new HUBER+SUHNER
TVAC product portfolio provides op-
timal coverage for the commonly used
frequency bands L, S, C, X and K (up
to 33 GHz) relevant in the space sec-
tor, and are characterised by their extra
high level of robustness and reliability.
All assemblies have been designed and
tested for use in the temperature range
from -30° to +80°C but higher temper-
ature requirements can be met.
HUBER+SUHNER AG,

Herisau, Switzerland
+41 71 353 4111,

info@hubersuhner.com,

www.hubersuhner.com.
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Multi-User,

7 Multi- MlSSlOIl
Remote Real-
Time Spectrum

Monitoring

RFS saw a gap in the market and set
C out to create a new type of spectrum

intelligence system, combining the best
features of benchtop spectrum analyzers and
high performance SIGINT systems in a neat
ruggedized package that is very fast, simple to
deploy and infinitely scalable — so the RFeye®
was born. The philosophy of CRF'S was to cre-
ate a single “little white box” with built-in intel-
ligence that is capable of performing a whole
series of tasks usually reserved for multiple
different specialist systems — multi-user, multi-
mission. At the outset, all the potential applica-
tions for the RFeye were not fully known, so
CRFS designed it to be as flexible and versatile
as possible with an architecture that allows easy
overlay of new functionality.

The RF eye is a radio receiver, spectrum
sensor, interference detector, direction find-
ing system, signal demodulator and security
system, all rolled into one. The unit runs fast
with 10 MHz to 6 GHz spectrum sweeps in less

2 SPECTROGRAM (MEAN POWER PER At PERIOD)
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A Fig. 1 Example spectrogram from RFeye system.

than 100 ms — allowing it to capture and ana-
lyze even short-burst transmissions or the most
transient spectrum events (see Figure 1). The
high performance radio is coupled with a Linux
baseband so the unit can operate fully autono-
mously without the need for a computer server.
One of the unique benefits is how very large
networks of RFeye nodes can be deployed (see
Figure 2), each with its own remote distrib-
uted computing power. The fact that each node
is intelligent means that it is able to act inde-
pendently, process and analyze data, make de-
cisions based on its programming, and commu-
nicate with and assign tasks to any other nodes
in the network, all without the need to refer
back to the center. This allows the whole sys-
tem to run superfast — no data backhaul prob-
lems, no routing via a central server — making
it ideal for dynamic real-time applications. The
RFeye can simply be connected to an IP ad-
dress and directly queried from any location.
The RFeye can be programmed remotely
to perform a series of multi-layered missions
with relative priorities assigned to each. These
include general background monitoring and
spectrum occupancy measurements, interfer-
ence detection, transmitter geo-location, signal
demodulation and classification. The idea is that
anetwork of nodes is deployed — fixed or tempo-

CRFS INc.
Yucaipa, CA
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DIRECTION can be acted upon
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. ——] multiple users  to
access the network

REAL TIME ACCESS simultaneously ~and

A Fig. 2 RFeye system diagram.

rary — around a particular geographic
area of interest. That could be a sensi-
tive building like an embassy or state
department, a city center, a sports sta-
dium, a military proving ground, a criti-
cal installation like a power plant, a har-
bor, coastline or land border — whatev-
er needs to be monitored. The RFeye
makes measurements of the spectrum
to provide information about both au-
thorized and unauthorized activity in
the area — real-time intelligence that

RF
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request multiple dif-
ferent missions and
operations.

The RFeye nodes are all synchro-
nized to a reference clock — either GPS
for outdoors or CRFS’s proprietary
SyncLinc system for in-building — so
that each node in the network sweeps
at exactly the same time. Background
masks are created for authorized or
expected RF activity at the node — any
detected signal that breaks the mask
can trigger the RFeye to perform a
closer investigation, sound an alarm, as
appropriate, and send commands to the

& MICROWAVE FILTERS

nearest nodes in the network to locate
the source using various techniques like
time difference of arrival (TDOA), pow-
er on arrival (POA) or angle of arrival
(AOA). The fact that it has such good
RF performance and exceptionally low
internal spurious elements means that
the RFeye can reliably detect and locate
even low power signals.

The RFeye is packaged in a rug-
gedized aluminium housing rated to
IP67, fits in the palm of a hand and
weighs less than 5 Ibs. It is a low-pow-
er unit and can be powered from mul-
tiple sources including battery-backed
solar cells. There is also a lightweight,
extra low-power rack-mountable Vita
format version of the RFeye, suitable
for integration with other sensors.

CRFS supplies not only the white
boxes, but also a whole range of
RFeye systems including backpacks,
storm cases and roof boxes for porta-
ble and mobile use, as well as radome
systems with built-in DF arrays for
fixed mounting and vehicle mount-
ing. The company also has a first-class
application software team that works
with customers, partners and integra-
tors, to provide full turnkey solutions.

CRFS has recently launched a fre-
quency extender for the RFeye — the
BDC-18. The BDC-18 extends the
range of the RFeye to 18 GHz which
opens up a range of interesting new
applications for customers who wish
to monitor higher as well as lower fre-
quencies, particularly in the military
and non-civilian sectors. The BDC
provides a simple and seamless exten-
sion of the RFeye making it suitable
both for new installations and retrofit.
A key advantage is the ability to mount
the unit right next to the 18 GHz an-
tennas, thus alleviating the problem of
high cable losses at these {requencies.

The architecture of the BDC has
been designed to ensure that the ex-
ceptional RF performance and speed
of the RFeye is maintained up to the
higher frequencies. Several of CRFS’s
customers would like to monitor and
manage all frequencies “from DC to
light” CRFS’s latest development
program is a BDC-50 based on the
same technology which will further
extend the range up to 50 GHz and is
planned for launch by the end of 2012.

CRFS Inc.,
Yucaipa, CA
(949) 413-1024, www.crfs.com.
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VERY LOW BISTORTION

MIXERS

+36dBmIP3 2 to 3100 MHz /. 9.:

Mini-Circuits shielded LAVI frequency mixers deliver the breakthrough combination of very high

IP3 and IP2, ultra-wideband operation, and outstanding electrical performance. By combining our
advanced ceramic, core & wire, and semi-conductor technologies, we’ve created these evolutionary
patented broadband mixers that are specially designed to help improve overall dynamic range.

With a wide selection of models, you'll find a LAVI mixer optimized for your down converter and

up converter requirements. Visit the Mini-Circuits website at www.minicircuits.com for comprehensive

performance data, circuit layouts, and environmental specifications. Price & availability for on-line
ordering is provided for your convenience.

Check these LAVI Mixer outstanding features!

e Very wide band, 2 to 3100 MHz e Super high isolation, up to 52 dB
e Ultra high IP2 (+60 dBm) and IP3 (+36 dBm) ¢ High1dB compression, up to +23 dBm
e -73 dBc harmonic rejection 2LO-2RF, 2RF-LO e Extremely low conversion loss, from 6.3 dB

O RoHS compliant  U.S. Patent Number 6,807,407

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

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

—0
@.‘1”2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicircuits.com_
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Tech Brief

ustom MMIC has released a
‘ new amplifier into its grow-

ing MMIC design library of
standard products. The CMD162
is a GaAs MMIC low-noise ampli-
fier (LNA) chip for applications
from 26 to 34 GHz. Optimized for
30 GHz satellite communications,
the CMD162 boasts a typical noise
figure of 1.7 dB with a small-signal
gain of 22 dB and an output 1 dB
compression point of +7 dBm. This
amﬁ ifier delivers high dperformance
with high efficiency, reducing typical
industry DC power dissipation for a
device in this frequency band from
approximately 340 mW down to
50 mW.

26 to 34 GHz Low Noise
Amplifier MMIC

The CMD162 also offers subsys-
tem and device designers a key cost
reduction attribute. Implementa-
tion is simplified since the device
only requires positive drain and
gate voltages of +2 V, thereby elim-
inating the negative voltages and
sequencer circuits commonly asso-
ciated with LNAs in this frequency
range. The CMD162 can beqbiased
with a drain voltage ranging from
+1 to +4 V and a gate voltage rang-
ing from 0 to +3 V.

The amplifier die measures 2.3 x
1.3 mm, includes gold backside met-
allization, and has full nitride pas-
sivation for increased reliability and
moisture protection. It can handle

input signal levels to +20 dBm. The
GaAs MMIC amplifier has t{f}ical in-
put return loss of 18 dB and typical
output return loss of 20 dB, both at
30 GHz. It is a much smaller, lower-
cost alternative to hybrid LNAs for
this frequency range, and is unique-
ly suited for both narrowband and
broadband applications requiring
small size and low current consump-
tion, including phased-array radar
and point-to-point microwave radio
systems.

JVENDORVIEW
Custom MMIC,
Westford, MA

(978) 467-4290,
www.custommmic.com

34™ Annual Meeting & Symposium of the Antenna Measurement Techniques Association

JOIN US FOR AMTA 2012!

THE HYATT REGENCY BELLEVUE, WA

Visit WWW.AMTA.ORG for

> Complete Technical Session

Information
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W ocT 21-26

AMTA

BELLEVUE, WA e Seattle’s Sast Side

2012 SUNDAY SHORT COURSE

Modern Topics in Antenna Measurements,
Diagnostics and Optimizations: From
Fundamentals to Recent Advances
Professor Yahya Rahmat-Samii
University of California, Los Angeles
(UCLA)

> Registration Details

> Exhibit and Sponsorship Information

> Social Event and Tour Details

> Host Hotel Information: Hyatt Regency Bellevue

THURSDAY LUNCH AND LEARN
Electro-Magnetic Interference Measurements
on the Shuttle Orbiter “Discovery” in
Preparation for Return to Flight—A Case
Study, by Dr. Brian Kent, Chief Scientist, Sensors
Directorate, Air Force Research Laboratory,
Wright Patterson AFB, Dayton, Ohio

FRIDAY TECHNICAL TOUR will be at the Future
of Flight Aviation Center and Boeing Everett
Production Line Tour. Visit www.futureofflight.org.

Photographer: Matthew Rutledge
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A focus on enhancing physical design, emerging technologies and practical
engineering solutions, brings together designers at the
forefront of Chinese innovation and the world’s
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Software and Mobile Apps

Introducing...

As smartphones have penetrated the mobile
market, mobile apps are exploding in popularity.
It is only natural that mobile apps are starting to
grow in use for the RF and microwave industry.

In response to this trend, Microwave Journal will
now be including mobile apps in our Software
Update. As our editors covered IMS 2012, they
found several new mobile apps that were recently
released and those help kick off our first ever

“Software and Mobile Apps” department.

Cable & Connector App

Essential utility for test and mea-
surement and systems engineers
when specifying RF coaxial cables
and connectors. The app includes
a cable builder, cable browser, RL/
VSWR converter, dB per pound
converter, cable specification as-
sistance, product descriptions,
complete product datasheets and a
dBm to watts converter.

Call MegaPhase ]

MegaPhase,
Stroudsburg, PA (570) 424-8400, www.megaphase.com.

GoldenGate 2012
JVENDORVIEW

Agilent introduced the latest
release of its RFIC simulation,
verification and analysis software,
GoldenGate 2012. The 2012 re-
lease offers RFIC designers a host
of technology enhancements for
accelerated design verification, extended design-for-manufacturing solu-
tions and improved links to system design. The new GoldenGate 2012
X-parameters feature allows designers to capture the nonlinear behavior
of active components such as amplifiers and save the data for quick use
in simulation models in RF system or circuit designs, while also hiding all
intellectual property.

Agilent Technologies Inc.,

Santa Clara, CA (800) 829-4444, www.agilent.com.
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RF Tools App

Huber+Suhner is proud to pres-
ent its first iPhone App, which
shows the relation between RF-
specific values like impedance,
wavelength, return loss (VSWR)
and signal delay including their
conversion. The RF Tools app is
downloadable free of charge from

the Apple store at http:/itunes.
apple.com/app/id525678686.

HUBER+SUHNER AG,

Herisau, Switzerland +41 71 353-4111, www.hubersuhner.com.

RFQ Filter
Quotation Tool

\JVENDORVIEW

Reactel’s RFQ app will allow in-
stant communication with its team
of engineers for your filter needs.
Specify filters of any type, multi-
plexers, or multifunction assem-
blies and Reactel RFQ will send a
message instantly to its engineers
who will reply with a full spec,
simulated plot and pricing rap-
idly. This application also contains
datasheets for a variety of existing
designs and the most current full
line catalog.

Reactel,

Carriar T

i
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Gaithersburg, MD (301) 519-3660, www.reactel.com.

EMC Test Software
JVENDORVIEW

AR’s EMC test software combines
radiated susceptibility, conducted
immunity and emissions testing
into one package allowing more
control and a more intuitive in-

terface. Built-in standards include

st s iy

IEC, MIL-STD, DOI160, auto-

motive standards and the ability to create your own test standards. The
software has the ability to control more equipment and the report gener-
ating feature has been enhanced to offer more control and customization.

AR Modular RF,

Bothell, WA (425) 485-9000, www.arworld.us.
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Software and Mobile Apps

Antenna Magus 4.0
JVENDORVIEW

MAGUS (Pty) Ltd.,, CST, and
EMSS - EM Software & Systems- A
S.A. (Pty) Ltd. have released the
fourth major version of Antenna

Magus. The 4.0 release includes

over 200 antennas. Antennas can e s o
be designed for a wide range of &= i‘j
objectives and validated simula-

tion models of user-designed antennas can be exported to FEKO® and
CST MICROWAVE STUDIO®. Antenna Magus 4.0 offers application-
specific designs optimized for WLAN, GPS and other broadband applica-
tions.

Computer Simulation Technology AG,

Darmstadt, Germany +49 6151 7303 0, www.cst.com.

Cable
Configurator

With the new Tru | =
online Cable Con- | -
figurator, you can | ..
build the right cable
assembly for your
specific require-
ments. The Cable Configurator takes you through a series of filtered fields
where you specify your primary application, frequency, length, specs and
connector and cable types. It is an easy-to-follow, prompted process that
results in a completed review from which you can request assistance from
an applications engineer or a quote.

TRU Corp.,

Peabody, MA (800) 262-9878, www.trucorporation.com.

Spectro-X 3.0

X-COM  Systems in-
troduces version 3.0 of
its Spectro-X software,
designed to search
for signals of interest
within  long-duration
recordings of signal
activity in the RF and [5G

microwave spectrum.

The new features in Spectro-X Version 3.0 include a “zoom” function that
lets users more easily focus on a specific point in time and frequency,
and integrated pulse search and analysis capability that allows long pulse
trains to be identified based on key signal characteristics. X-COM has
also made enhancements to the software’s user interface and has added
automated key functions.

X-COM Systems LLC,

Reston, VA (703) 390-1087, www.xcomsystems.com.
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EUROPEAN
MICROWAVEE

WEEK

RAI Amsterdam
28 October - 2 November 2012
www.eumweek.com

EUROPEAN MICROWAVE WEEK 2012

THE ONLY EUROPEAN EVENT DEDICATED TO THE MICROWAVE AND RF INDUSTRY
European Microwave Week continues its series of successful events, with its 15th at the RAI, Amsterdam, The Netherlands. The EUMW 2012
team are excited to return to this superb city that offers the culture, entertainment and history of a big city, while also affording the charm
and warmth of one much smaller. Bringing industry, academia and commerce together, European Microwave Week 2012 will see an
estimated 1700 conference delegates, over 5000 visitors and 250 plus exhibitors.

THE EXHIBITION

Concentrating on the needs of engineers, the event showcases the latest trends and developments that are widening the field of the application

of microwaves. Pivotal to the week is the European Microwave Exhibition, which offers YOU the opportunity to see, first hand, the latest

technological developments from global leaders in microwave technology, complemented by demonstrations and industrial workshops.

Registration to the Exhibition is FREE!

e International Companies - meet the industry's biggest names and network on a global scale

e Cutting-edge Technology - exhibitors showcase the latest product innovations, offer hands-on demonstrations and provide the opportunity
to talk technical with the experts

o Technical Workshops - get first hand technical advice and guidance from some of the industry's leading innovators

BE THERE
Exhibition Dates Opening Times
Monday 29th October 12:00 - 18:00
Tuesday 30th October 9:30 - 18:00
Wednesday 31st October 9:30 - 18:00

Fast Track

Badge Retrieval

Entrance to the Exhibition is FREE and attending couldn’t be easier.

VISITORS
Registering for the Exhibition
e Register as an Exhibition Visitor online at www.eumweek.com
® Receive a confirmation email with barcode
e Bring your barcode with you to the Exhibition
® Qo to the Fast Track Check In Desk and print out your visitors badge
e Alternatively, you can register Onsite at the self service terminals during the Exhibition opening times.

Please note NO visitor badges will be mailed out prior to the Exhibition.

www.eumweek.com
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RAI Amsterdam
28 October - 2 November 2012
www.eumweek.com

EUROPEAN MICROWAVE WEEK 2012
THE CONFERENCES

Don't miss Europe's premier microwave conference event. The 2012 week consists of three conferences and associated
workshops:

o European Microwave Integrated Circuits Conference (EuMIC) — 29th — 30th October 2012

o European Microwave Conference (EuMC) — 29th October - 1st November 2012

e European Radar Conference (EuRAD) — 31st October - 2nd November 2012

o Workshops — 28th - 29th October and 1st - 2nd November 2012

The three conferences specifically target ground breaking innovation in microwave research through a call for papers explicitly
inviting the submission of presentations on the latest trends in the field, driven by industry roadmaps. The result is three superb
conferences created from the very best papers, carefully selected from close to 1,000 submissions from all over the world.
Special rates are available for EUMW delegates. For a detailed description of the conferences, workshops and short courses
please visit www.eumweek.com. The full conference programme can be downloaded from there.

Fast Track

Badge Retrieval

Register online and print out your badge in seconds onsite at the Fast Track Check In Desk

Conference Prices
There are TWO different rates available for the EuMW conferences:
e ADVANCE DISCOUNTED RATE - for all registrations made online before 27th September
e STANDARD RATE - for all registrations made online after 27th September and onsite

Please see the Conference Registration Rates table on the back page for complete pricing information.
All payments must be in € euro — cards will be debited in € euro.

Online registration is open now, up to and during the event until 2nd November 2012

DELEGATES

Registering for the Conference
e Register online at www.eumweek.com
e  Receive a confirmation email receipt with barcode
e Bring your email, barcode and photo ID with you to the Event
e  Go to the Fast Track Check In Desk and print out your delegates badge
e Alternatively, you can register Onsite at the self service terminals during the registration opening times

below:
- Saturday 27th October (16.00 — 19.00) - Wednesday 31st October (07.30 — 17.00)
- Sunday 28th October (07.30 — 17.00) - Thursday 1st November (07.30 — 17.00)
- Monday 29th October (07.30 — 17.00) - Friday 2nd November (07.30 - 10.00)

- Tuesday 30th October (07.30 — 17.00)

Once you have collected your badge, you can collect the conference proceedings on USB stick and
delegate bag for the conferences from the specified delegate bag area by scanning your badge.
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CONFERENCE PRICING AND INFORMATION
EUROPEAN MICROWAVE WEEK 2012, 28th October - 2nd November, Amsterdam, The Netherlands

Register Online at www.eumweek.com
ONLINE registration is open from 12th June 2012 up to and during the event until 2nd November 2012.

ONSITE registration is open from 4pm on 27th October 2012.
ADVANCE DISCOUNTED RATE (before 27 Sept), STANDARD RATE (after 27 Sept & Onsite)

Reduced rates are offered if you have society membership to any of the following: EuMA, gaas, iet or ieee

EuMA membership costs: Professional: € 20/year Student € 10/year

Reduced Rates for the conferences are also offered if you are a Student/Senior (Full-time students less than 30 yrs of age and Seniors 65 or older as
of 2nd November 2012)

ADVANCE REGISTRATION CONFERENCE FEES (BEFORE 27 SEPT)

CONFERENCE FEES
Society Member (*any of above) Non-member

1 Conference Standard Student/Sr. Standard Student/Sr.

EuMC €420 €100 €550 €130

EuMIC € 325 €90 €430 €120

EuRAD € 255 €80 € 340 €110

2 Conferences

EuMC + EuMIC € 600 €190 €790 € 250

EuMC + EuRAD € 550 €180 €720 € 240

EuMIC + EuRAD €470 €170 €630 €230

3 Conferences

EuMC + EuMIC + EuRAD €710 \ €270 \ €940 \ € 360

STANDARD REGISTRATION CONFERENCE FEES (AFTER 27 SEPT AND ONSITE)

CONFERENCE FEES ADVANCE DISCOUNTED RATE

Society Member (*any of above) Non-member
1 Conference Standard Student/Sr. Standard Student/Sr.
EuMC € 550 €130 €720 €170
EuMIC €430 €120 € 560 €160
EuRAD € 340 €110 € 450 €150
2 Conferences
EuMC + EuMIC €790 € 250 € 1030 €330
EuMC + EuRAD €720 € 240 € 940 € 320
EuMIC + EuRAD €630 €230 €810 €310
3 Conferences
EuMC + EuMIC + EuRAD €940 \ €360 \ €1230 \ €480

WORKSHOP AND SHORT COURSE FEES (ONE STANDARD RATE THROUGHOUT)
For full details & titles of Workshops & Short Courses, visit www.eumweek.com

FEES ADVANCE DISCOUNTED RATE

Society Member (*any of above) Non-member

Standard Student/Sr. Standard Student/Sr.
1/2 day WITH Conference registration €80 €60 €110 €80
1/2 day WITHOUT Conference registration €110 €380 €150 €110
Full day WITH Conference registration €120 €90 €160 €110
Full day WITHOUT Conference registration €160 €120 €210 €150
Proceedings on USB stick Hotel & Travel Service DVD Archive EuMC
All papers published for presentation at each Amsterdam RAI Hotel & Travel Service has DVD Archive EUMC 1969-2003 €10
conference will be on a USB stick, given out enormous experience and can offer you
FREE with the delegate bags to those attending  considerable savings in money, time and hassle. ~ DVD Archive EUMC 2004-2008 €35
conferences. For additional USB sticks the costis  Visit www.rai.nl/hotelservice
€50

FREE SPECIAL FORUMS & SESSIONS

Date Time Title Location No. of Days Cost
Weds 31st Oct 08:30 - 19:00 The 2012 Defence, Security and Space Forum Auditorium 1 FREE
Thurs 1st & Fri 2nd Nov | 08:30 - 17:00 Doctoral School of Microwaves Room G001 2 €80
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\ WEEK

RAI Amsterdam

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

EuMW 2012

www.eumweek.com

A six day event featuring three
cutting edge conferences and
one impressive trade exhibition

European Microwave Week continues its series of successful
events, with its 15th at The RAIl, Amsterdam, The Netherlands.
EuMW2012 returns to this wonderful city for what promises to
be an important and unforgettable event.

THE CONFERENCES
¢ European Microwave Integrated Circuits Conference (EuMIC)
- 29th - 30th October 2012

e European Microwave Conference (EuMC)
- 29th October - 1st November 2012

e European Radar Conference (EURAD)
- 29th October - 2nd November 2012

Plus, Workshops and Short Courses (From 29th October 2012)
In addition, Exhibitor Workshops and Seminars will be provided

by several top organisations with superior expertise in
Microwave, RF, Wireless or Radar.

REGISTER NOW!
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New Waves

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

Components

Connector Line

CarlisleIT added a new connector line to its
push-on family — the TMP® series. The TMP
family is designed to provide higher power han-
dling capacity, similar to an SMA connector, for
use in radar and other high power RF and mi-
crowave systems. The TMP interface enables
mode-free operation to 23 GHz, and is rated to
handle above 200 W of power in the S-Band. Tt
features a PCB mount, field replaceable, micro-
wave cable and custom connector configurations.
Carlisle Interconnect Technologies,

St. Augustine, FL (800) 458-9960,
www.carlisleit.com.

Quantizer ADC
Y)VENDORVIEW

The HMC9000 is a high speed, multi-GHz
quantizer analog-to-digital converter (ADC)
that provides up to 12-bit resolution to 500
MSPS. The HMC9000 provides excellent per-
formance for microwave frequencies, including
ultra high frequency wideband performance
utilizing Hittite’s track and hold amplifiers and
ADCs. The HMC9000 also offers a robust and
optimized PCB design and layout which in-
cludes a path to improve performance through
integration, either MCM or monolithic. Hittite’s
data converters offer the lowest power con-
sumption for best signal-to-noise ratio (SNR).
Hittite Microwave Corp.,

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

Power Sensors

LadyBug Tech-
nologies, manu-
facturer of the
only  No-Zero,
No-Cal™ USB
RF/uW  power
sensors, now of-
fers new, op-
tional 3.5 mm
precision RF
connectors
(male and fe-
male) for all La-
dybug USB PowerSensor+™ units. Customers
will be able to select their RF connector (male or
female) from Type N, Super SMA, or 3.5 mm.
Datasheets and ordering guides with the new 3.5
mm connector option are available for download
at www.ladybug-tech.com/saleslit.html.
LadyBug Technologies,

Santa Rosa, CA (866) 789-7111,
www.ladybug-tech.com.

Directional Coupler

With the new CA-18, Marki Microwave is in-
creasing the power handling of its high direc-
tivity air-line couplers to 200 W. CA-18 is a
high power type N-connectorized bidirectional
coupler capable of operation to 18 GHz. This
coupler features a unique air-line construction
that simultaneously enables extremely low loss
and high directivity. This coupler can be used
for low loss and high power applications. The
useable operating frequencies extend below 1

116

GHz for applications where calibration of the
frequency response is available.

Marki Microwave,

Morgan Hill, CA

(408) 778-4200,
www.markimicrowave.com.

I;zbrid Couplers

JVENDORVIEW

These high-
power, 3 dB hy-
brid  couplers
are useful in
BTS  applica-
tions for com-
bining two
transmitters  to
share one antenna or for use to distribute sig-
nals for in-building/DAS applications. Available
in eight bands: 400 to 520 MHz, 698 to 1000
MHz, 800 to 1000 MHz, 969 to 1215 MHz,
1020 to 1040 MHz, 1070 to 1230 MHz, 1700 to
2200 MHz, and 1850 to 1990 MHz. Unique air-
line construction provides lowest possible inser-
tion loss while delivering high isolation (30 dB
typical), exceptional VSWR (1.10:1 typical) and
superior phase balance (3 degrees max.).
MECA Electronics Inc.,

Denville, NJ (866) 444-6322,
www.e-meca.com.

Cavity Filter
YJVENDORVIEW

G
- Tamffﬁ
‘ vehicle-mount
applications  in

harsh military environments. This filter offers
low insertion loss of < 1 dB and high selectivity
in a small package size of approximately 1.4" x
0.5" x 0.35". These filters can be custom de-
signed for center frequencies up to 20 GHz and
3 dB bandwidth from 1 to 50 percent. Custom
designs are available up to K-Band.

Networks International Corp.,

Overland Park, KS (913) 685-3400,

http:/mickc.com.

Absorptive Switch
YJVENDORVIEW

# %
¢

NIC introduces
a Ku-Band cavi-
ty bandpass fil-
ter designed for
use in airborne,
ship-mount and

A\

PMI model
P2T-500M40G-
USB is a state-
of-the-art SPDT,

o ol absorptive switch
- that  operates
- from 500 MHz

to 40 GHz. This

switch is pow-

ered and con-
trolled via USB 2.0 and is supplied with a
Graphic User Interface (GUI) that gives you
control of the switch via your PC. This model
offers low insertion loss of 6 dB maximum and a
minimum isolation of 60 dB. The package size is
2.25" x 1.0" x 0.33".
Planar Monolithics Industries Inc.,
Frederick, MD (301) 662-5019,
http://pmi-rf.com.

Connector Series

Part  of the
COMPEL  se-
ries of connec-
tivity products,
the design of the
SMP  compati-
ble  connector
series  provides
push-on mating
characteristics
and  facilitates
tight packaging
density due to its small diameter and low pro-
file. All jacks incorporate an anti-rock ring to
preclude radial movement and plugs are avail-
able in full detent, limited detent and smooth
bore barrel configurations. Frequency coverage
is from DC to 40 GHz in standard 50 ohm im-
pedance. Custom variants are available upon
request. Standard housings are manufactured
in stainless steel with gold plating.

Response Microwave Inc.,

Devens, MA (978) 772-3767,
www.responsemicrowave.com.

I;xbrid Coupler
JVENDORVIEW
> One of Werla-
. tone’s  newest
surface mount

couplers, model
QHB8922, covers
a full 150 to
2000 MHz
band. Rated at
100 W CW, this
bonded  design
is utilized in applications requiring very small
form factors and high repeatability. Measuring
only 1.47" x 1.13" x 0.16", this unit is specifi-
cally designed for military and commercial envi-
ronments. The unit provides exceptionally low
loss (0.7 dB max.) and has an operating tem-
perature of -55° to +85°C.

Werlatone Inc.,

Patterson, NY (845) 278-2220,
www.werlatone.com.

Amplifiers

Low-Noise Amplifiers

)VENDORVIEW

Custom MMIC
is offering two
new  devices:
The CMDI157
(die) and
CMDI157P3
(packaged) are
GaAs MMIC
low-noise  am-
plifiers (LNA) for applications from 6 to 18
GHz. These broadband devices boast an im-
pressively low noise figure of 1.5 dB, deliver
greater than 25 dB of flat gain, and have a cor-
responding output 1 dB compression point of
+10 dBm. The CMD157 is suitable for chip-
and-wire applications, whereas the CMD157P3
is housed in a leadless RoHS compliant 3 x 3

MICROWAVE JOURNAL m AUGUST 2012
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USB SYNTHESIZED SIGNAL GENERAT

ESG-4000LH  250-4000 MHz
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Com/aOday

9 SYNTHESIZED

SIGNAL GENERATORS 250-1000 mt: .., 199

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
laptop case and take it on the road! Our easy-to-use GUI will  help you get the data you need from complex, high-speed
have you up and running in minutes. Compatible with most  testing plans. Just go to minicircuits.com for specifications,
test software,” they add capabilities and increase efficiency, performance data, and everything you need to make your
all without busting your budget! choice — and get it in your hands as soon as tomorrow!

*See data shests for an extensive list of compatible software.

;: ; Model Frequency Power Harmonics Price
(MHz)  (dBm) (dBctyp.) ($ea.)

]| n H | ||| %ﬁlfw tjﬂml‘ zg J S$SG-4000HP 250-4000 -50to +20  -40 . 1995.(.)0
l"

-65 J'ﬁ\ : SSG-4000LH 250-4000 -60to +10  -66  2395.00

Frequency and power hopping. Low spurious.

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

[—JMini-Circuits’

ISO 9001 1SO 14001 AS9100
6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@4”2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minicircuits.com-
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New Products

mm plastic surface mount package.
Custom MMIC,

Westford, MA (978) 467-4290,
www.custommmic.com.

Amplifier
Y)VENDORVIEW

=

Empower model BBM2E3KLP is a 20 to 520
MHz amplifier that is gnaranteed to deliver 125
W output power and related RF performance
under all specified temperature and environ-
mental conditions. The amplifier module is 7" x
4" x 1.5". This amplifier is suitable for broadband
jamming and high power linear applications in
the UHF/VHF bands. This module utilizes high
power LDMOS transistors and also features
built in control and monitoring, with protection
functions.

Empower RF Systems Inc.,

Inglewood, CA

(310) 412-8100,

www.empowerrf.com.

SAW
Modules

RF Power Amplifier

Freescale Semiconductor revealed its first
RF power amplifier product built using GaN
technology. The AFG25HW355S is a 350 W,
high-performance-in-package (HiP), 2:1 asym-
metric 2.3 to 2.7 GHz device with 56 dBm peak
power, 50 percent efficiency, 16 dB gain and
NI-780 packaging. The company’s RF power
GaN products will initially target the cellular
infrastructure market, with potential future ap-
plications including avionics, radar, ISM and
software-defined radio.

Freescale Semiconductor,

Austin, TX (800) 521-6274,

www. ! reescale.com.
Broadband Amplifier

Microsemi announced the immediate availabil-
ity of a high power broadband amplifier, model
AMLG618P4202.  This amplifier operates
over 6 to 18
GHz with in-
dustry-best DC
to RF efficiency.
Output P1dB is
+35 dBm (3 W)
minimum. Gain
is 42 dB min.
with flatness
within + 2.5 dB max. DC current at +12 VDC
is under 2.5 A. Dimensions are 2.85" x 1.5" x
0.5". Operating temperature range of -54° to
+85°C is available as an option.

Microsemi Corp.,

Santa Clara, CA

(408) 727-6666,

www.microsemi.com/rfis.

SAW for
Defense & Space

Integrated Microwave Assemblies for
IF signal processing with SAW's

exceptional performance:
» state-of-the-art design
* high freq selectivity

» high dynamic range
+ MIL & space qual
* minimal SWaP

90 Wolcott Rd. Simsbury, CT 06070 (860) 651-0211
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Radar

Space
Communications
Electronic Warfare

r1010n

CORPORATION

www,phonon.com/med

Instrument Amplifier

Y)VENDORVIEW

The TVA-82-213
is an instrument
amplifier  that
covers an excep-
tionally  wide
range of frequen-
cies (0.8 to 21
GHz) while af-
fording  conve-
nience, portabili-
ty, and ease of use. It features isolation of 75 dB
typical and a self contained power supply with se-
lectable 110 or 220 V AC supply and is thermally
self protected.

Mini-Circuits,

Brooklyn, NY

(718) 934-4500,

www.minicircuits.com.

MESFET MMIC Amplifier
Y)VENDORVIEW

RFMD’s RFCA8818 is a low-noise, linear high
performance GaAs MESFET MMIC amplifier.
The RFCA8818 contains two amplifiers

L for use in wide-
band push-pull
CATV  amplifi-
ers requiring
excellent second
order  perfor-
mance. The sec-
ond and third
order  nonlin-
earities are greatly improved in the push-pull
configuration. Features include 75 Q push-pull
amplifier, 40 to 1008 MHz operation, internally
matched input and output, 17 dB small signal
gain, 2 dB noise figure, and single 5 to 8 V posi-
tive power supply.

RFMD &0
RFCA8818

>

Greensboro, NC
(336) 664-1233,

www.rfmd.com.

Low-Noise Amplifier
Y)VENDORVIEW

Richardson RFPD introduced an 80 to 105
GHz balanced LNA from United Monolithic
Semiconductors S.A.S. (UMS). The CHA1008-
99F is a broadband, four-stage monolithic
LNA designed
for millimeter-
wave imaging
applications.
The 3.40 x 1.60
x 0.07 mm de-
vice is manu-
factured on a

Ayaiable Trom 0.10 pm  gate
+ length PHEMT
ﬂ_ﬂlcharﬂsanRFFD proiess, offor

ing via holes
through  the
substrate, air bridges and electron beam gate
lithography. Key features of the CHA1008-99F
include 16 dB linear gain, 5 dB noise figure
from 80 to 90 GHz, and a DC bias of VD =
2.5VatID =115 mA.

Richardson RFPD Inc.,

LaFox, IL

(630) 208-2700,

www.richardsonrfpd.com.

MICROWAVE JOURNAL m AUGUST 2012
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European Microwave Week 2012
Amsterdam RAI, The Netherlands
October 28t - November 2™ 2012

€ MICROWAVE
WEEK

RAI Amsterdam

A & EUROPEAN

EuMW 2012

www.eumweek.com

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

The EuMW2012 Exhibition will see:

e 7,500 sgm of gross exhibition space
5,000 key visitors from around the globe

e 1,700 - 2,000 conference delegates

e In excess of 250 exhibitors

Running alongside the exhibition are 3 separate,
but complementary Conferences:
e European Microwave Integrated Circuits
Conference (EuMIC)
European Microwave Conference (EuMCQ)
e European Radar Conference (EURAD)

Plus a one day Defence and Security Conference
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New Products

Variable Gain Receiver

TriQuint’s new TAT6281 variable gain receiv-
er for single family units employs proven
PIN diode variable attenuation to provide a
consistent, low-distortion method of adjust-
ing gain. TriQuint’s integrated module deliv-
ers reliable, low-noise RF performance while
simplifying FTTH amplifier designs and re-
ducing bills of materials. The TAT6281 builds
on the success of TriQuint’s TAT6254 prod-
uct line, millions of which have been
deployed in  CATV/FTTH  networks

world-wide. TriQuint’s new devices are eco-
nomical and built with market-tested GaAs
technology, offering greater functional inte-
gration and higher efficiency.

TriQuint Semiconductor,

Hillsboro, OR

(503) 615-9000,

www.triquint.com.

Simple Design
Cost Saving
Time to Market
High Quality

DPD GaN Pallet Amplifier

Frequency 10W 25W
(MHz)

728 ~ 842.5

Still worry about LTE ?

"Not anymore, you now have RFHIC's Affordable GaN!"

= RFHIC Doherty GaN

RTP21050-10
140 x 170 x 20mm

3
=

80W ‘

746~ 780

860 ~ 894

925 ~ 960

*

1525~ 1559

1805 ~ 1880

1930 ~ 1980

2110~ 2170

b gb 2b 2b 2b 2B 2 2P 2

2300 ~ 2400

2469 ~ 2690

b ab P 2b dD 2P o

*| %%

2570~ 2690

* %

GaN Hybrid PICO PAM

Part Number Frequency

(MHz) (dBm)

Pout ACLRwithout DPD  Efficiency Power Gain
(dB)

CP-8C
28X 19X 6mm

Package

(dBc) (%) (Type)

RTHO07007-10 728 ~ 768 385 -50 40 18 CP-8C
RTH08007-10 860 ~ 894 385 -50 40 17 CP-8C
RTH09007-10 925 ~ 960 385 -50 40 17 CP-8C
RTH15007-10 1475.9~1510.9 | 38.5 -50 40 16 CP-8C
RTH18007-10 1805~1880 | 38.5 -50 40 16 cP-8C
RTH20007-10 1930~1995 | 38.5 -50 40 16 CP-8C
RTH21007-10 2110~ 2170 38.5 -50 40 15 CP-8C
RTH26007-20 2620~2690 | 385 -50 40 14 CP-8C

v Please contact us for your customized solution.

Korea Facilities

USA Facilities

RF & MW is our business & passion
Tel: 82-31-250-5078 / E-mail : rfsales@rfhic.com

Tel:919-677-8780 / E-mail : sales@rfhicusa.com

BFHIC

www.rfhic.com
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Antennae

Mobile Antenna

ASC Signal unveiled a new 2.4 meter nomadic
antenna that incorporates the company’s ad-
vanced mobile features in the lightest, most
agile package it has ever offered to defense and
commercial customers. The antenna’s one-,
three- or nine-piece reflector panels allow for
flexible configuration. The low-cost antenna en-
ables cost-effective communications in L-, S-,
X-, C-, K-, Ku-, Ka-, Q- and V-Bands as well as
low PIM. The system’s flexibility also ensures
low on-going costs of operation and upgrades,
and expandability for a variety of applications.
ASC Signal,

Plano, TX

(214) 291-7654,

www.ascsignal.com.

SMT Antenna

PREMO launched a new family of its TPO702
standard, universally adopted by industry. This
format provides up to 50 mV/Apk-pk/m (for 7.2
mH) sensitivity which gives it the best sensitiv-
ity in this transponder size. The new TPO702U
and TPO702UCAP is an SMD antenna for low
frequency 20 to 150 kHz receiver applications.
TPO702UCAP provide an upper and lateral
side protection with co-polyamide polyhexa-
methylene polymer walls, gamma radiated with
high thermal stability (supports up to 290°C)
and mechanical resistance (exceeds 150 Mpa of
mechanical strength).

PREMO,

Malaga, Spain

+34 951 231 320,

WWW.grupopremo.com.

Sources
Stick Synthesizers

Applied Radar Inc. announced the addition of
the AR2010-5-10 and the AR2010-10-20 wide-
band models to its USB stick synthesizer prod-
uct line. The AR2010-5-10 operates over the 5
to 10 GHz frequency band while the AR2010-
10-20 operates over the 10 to 20 GHz frequen-
cy band. Both USB stick synthesizers offer ad-
justable output power and an onboard 20 MHz
reference with a 10 to 200 MHz external refer-
ence input. Applied Radar’s AR2010 USB stick
synthesizer products are USB powered, USBT-
MC compliant, and come with a control GUI.
Applied Radar Inc.,

N. Kingstown, RI (401) 295-0062,
www.appliedradar.com.

HCMOS Clock Oscillator

Crystek Corp.’s ultra-low phase noise CCHD-
950 Series HCMOS clock oscillator has a -168
dBc/Hz noise floor (100 MHz model). The
CCHD-950 generates frequencies between 45
and 130 MHz, with 50, 80, 100 and 130 MHz
offered as standard. A high-Q crystal and third
overtone technology provide the ultra-low
phase noise and low-jitter performance, making
the CCHD-950 very useful in synthetic
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August Short Course Webinars

Agilent in Wireless Communications
Addressing Measurement Challenges of 160 MHz
802.11ac MIMO

Live webcast: 8/9/12, 1:00 PM ET

Agilent in Aerospace/Defense
Measurement Challenges and Techniques for SATCOM
Live webcast: 8/16/12, 1:00 PM ET

Optimize Wireless Device Battery Run-Time
Innovative Measurements for Greater Insights
Live webcast: 8/22/12, 1:00 PM ET

Agilent in LTE

LTE-Advanced Design and Test Challenges -
Carrier Aggregation

Live webcast: 8/23/12, 1:00 PM ET

Past Webinars On Demand

Masters of MIMO Series
e Qver-the-Air (OTA) Signal Challenges and Implications —

Recommendation for LTE RAN
meMASTERS
orMIMO
L SFRIES
MicroApps Expert Forum

* MIMO OTA Measurements — The Next
Generation Platform for Wireless Testing

e Device Characterization Methods & Advanced

RF/Microwave Design

RF/Microwave Training Series
Presented by: Besser Associates

e Mixers and Frequency Conversion

® [TE Broadband Wireless Access

Market Research Series
Presented by: Strategy Analytics
e AESA Radar Market Trends: Fast-Jets and Beyond

Technical Education Series

e |mproving GaN HEMT PA Design with Cree’s Large Signal Mod-

els and AWR's Microwave Office™

e Understanding Radio Channel - Part 2: Reaching a Data Rate of
100 Mbit/s with LTE

 RF and Microwave Heating with COMSOL Multiphysics

e Radar Fundamentals

e Using Highly Integrated RF ICs to Optimize Your Infrastructure
and PTP Designs

Register to attend at
mwijournal.com/webinars

Innovations in EDA/Signal Generation

& Analysis Series

Presented by: Agilent EEsof EDA/Agilent Technologies

e |C, Laminate, Package Multi-Technology PA Module
Design Methodology

o Wireless Site Survey Using a Handheld Spectrum Analyzer

o System-level Design and Verification for Advanced
Satellite Comms

© Hybrid-Active Load Pull with PNA-X and Maury Microwave

e Comprehensive mmWave Design Solutions for TSMC's 60 GHz
CMOS RDK

e Fast Characterization of Power Amplifier Performance with
Modulated Signals

Agilent in Aerospace/Defense Series

Presented by: Agilent Technologies

® Phase Noise Measurement Methods and Techniques

e Simulating Power Transients and Noise

e Mixed Signal Testing Challenges in FPGA-based Radar Systems
e Fast and Accurate Frequency Converter Characterization

Agilent in LTE/Wireless Communications Series

Presented by: Agilent Technologies

¢ \Wideband Digital Pre-Distortion Modeling for LTE-Advanced

e MSR Base Station Introduction and Measurement Challenges

o Next Generation 802.11ac WLAN MIMO Design and Test
Challenges

e [TE Channel State Testing: An Overview of CQI, PMI, and Rl for LTE

o Optimize UE Design for Greater Battery Run-Time

icr@wave
Journal

Frequency Matters.


http://mwjournal.com/webinars
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BOND

WIRE BOND

WEST BOND,
Ll

——
AVESTBONG NG~ ,~ 7 ~ WEST.BONDINC.

www.westbond.com

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

Broardband
Suspanded-Substraiy

riltsrs, Diplsasrs, Trigleesrs, Ouatdruplassrs,
Qulntuplyters, Suunlasers..,

DE-3Y Srkz Fllisrs

FTIETETENET =)

ES Microwave, LLC

BO31 Cessna Avenue, Gatthersburg, MD 20879
P: 301-5189-8407 F: 301-515-5418
WWW.asmicrowave.com
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New Products

instrumentation such as VXI/PXI. Generating
no sub-harmonics, the CCHD-950 requires an
input supply voltage of 3.3 VDC consuming 15
mA of current.

Crystek Corp.,

Fort Myers, FL (800) 237-3061,

www.crystek.com.

Voltage-Controlled Crystal
Oscillator

Rakon introduced a high performance
VCXO in a5 x 3.2 mm surface mount package.
The RVX5032R VCXO combines high perfor-

A010K221-7070R

=
T
(=]
<]
=

= 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

mance with short lead times to accelerate devel-
opment and minimize inventory. 2000+ fre-
quency configurations are available for immedi-
ate sampling and short lead-times enable re-
duced inventory levels. It features fast sample
turnaround, a wide frequency range, low power
differential outputs and LVCMOS, LVPECL or
LVDS output options.

Rakon Ltd.,

Auckland, New Zealand +64 (9) 573 5554,

www.rakon.com.

Voltage-Controlled Oscillator

The SMV5550B-LF, a high performance VCO,
generates frequencies between 5000 and 6000
MHz, covering the 1000 MHz bandwidth with-
in 0 to 10 V of control. Though the device cov-
ers a broad spectrum of bandwidth, the
SMV5550B-LF comes in a compact package
covering an area less than .10 sq. inches while
exhibiting phase noise performance of -80 dBc/
Hz, typically, at 10 kHz from the carrier. It deliv-
ers 3 + 3 dBm into a 50 Q load with a nominal
5V supply and drawing typically 24 mA.
Z-Communications Inc.,

Poway, CA

(858) 621-2700,

www.zcomm.com.

Test Equipment

Signal Generator/Receiver

The TTG-7000 TCAS/transponder test set is a
RF signal generator/receiver designed for
testing TCAS and transponders. The TTG-7000
supplies a 10.4" touch screen LCD display. It
can be remotely controlled via GPIB, LAN or
USB. Some of the features include simulation
of 32 dynamic and 400 static intruders; ADS-B
squitters; 978, 1030 and 1090 MHz (in/out); top/
bottom four port antenna simulation (TCAS);
hybrid surveillance, DO-181, 185, 260, and 300
testing; six independent transmitters; TX/RX
data logging capability; data parsing for analysis;
pulse and frequency measurement; and multilat-
eration systems testing.

Advanced Technical Group Inc.,

Miami Lakes, FL

(305) 556-1957,

www.da-tg.com.
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MS International Microwave Symposium
5013 |EEE 2-7 June 2013, Seattle, WA MTT-S

SAVE THE DATE
2-7 JUNE 2013

The 2013 IEEE MTT-S International Microwave Symposium (IMS2013)

is the premier microwave conference in the industry!

With over 12,000 attendees and over 800 industrial exhibits of the latest state-of-the-art microwave products,
Microwave Week is the world’s largest gathering of Radio Frequency (RF) and microwave professionals and
the most important forum for the latest and most advanced research in the area.

Submit your Technical Paper, Panel Session or Proposals for Special Sessions,

Workshop Proposal to IMS2013 today! Workshops, Panel and Rump Sessions,
Technical Paper Submissions: Authors are invited ~ and Short Courses:

to submit technical papers describing original work Please consult the IMS2013 website for

on radio-frequency, microwave, millimeter-wave, and instructions on how to prepare a proposal.

terahertz (THz) theory and techniques. The deadline Proposals must be received by
for submission is 10 December 2012.Please refer to 14 September 2012.
the IMS2013 website (http://ims2013.mtt.org) for

detailed instructions concerning paper submission, IMS2013 Exhibit space is available
as well as a complete list of technical areas. for reservation.
For questions or further information contact:
Richard D. Knight, Sales Manager
tel 303-530-4562 ext. 130
Email: Rich@mpassociates.com

Photo Credit: Tim Thompson

FOR FULL CONFERENCE DETAILS VIST
HTTP://IMS2013.MTT.ORG OIEEE ™
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New Products

Cable and Antenna Analyzer
JVENDORVIEW

The Site Master S331L is an all inclusive 1-port
cable and antenna analyzer covering the 2 MHz
to 4 GHz range, with a built-in InstaCal™ mod-
ule and a built-in power meter. The S331L has
been optimized for field conditions, is easy to
use, and has efficient sweep management capa-
bilities. It has an outdoor viewable 7° TFT
touch screen display, new intuitive GUT, and
classic mode that mimic the S331D basic mea-
surement flow, and entire workday of battery
operating time.

Anritsu Co.,

Richardson, TX (800) 267-4878,
www.anritsu.com.

PIM Tester

The CCI PIMPro 900 is a full band unit, for use
across the whole 900 band, which includes E-
GSM, UMTS900 and LTE band 8. The PIMPro

124

1800 is a full band unit for the 1800 band, ap-
plicable for GSM1800, LTE Band 3 and LTE
Band 9. PIMPro is a ruggedized field tool, with
a flexible touch screen and icon-driven user in-
terface, which enables PIM testing to be done
swiftly, efficiently and with confidence by the
field technician.

Communications Components Inc.,

S. Hackensack, NJ

(201) 342-3338,

www.cciproducts.com.

Phase Noise Analyzers

The HA7000 Series phase noise analyzers cover
a DUT range of 5 MHz to 6.7 GHz. It currently
consists of fundamental designs that respond to
the demands from the marketplace: low noise
floors, fast measurement speeds, reliability,
ease of use and price. The HA7T402A is a cross-
correlation engine (dual core) with automated
calibration of the DUT and the two external
(user supplied) LO sources. It is capable of

measuring noise floors of below -190 dBc/Hz at
acquisition speeds of less than a few minutes.
Holzworth Instrumentation,

Boulder, CO

(303) 325-3473,

www.holzworth.com.

Optical Modulation Analyzer

Tektronix Inc. announced that its OM4000 Se-
ries optical modulation analyzer can now drive
the DSAS300 Digital Sampling Oscilloscope to
perform analysis on PM-QPSK, QAM, and other
complex-modulation signals with higher vertical
resolution than real-time based solutions at lower
total system cost. Key capabilities provided by
the DSAS300 in this application include 16-bit
vertical resolution and 450 pV RMS noise floor at
60 GHz for added dynamic range and accuracy.
It also features up to 60 GHz bandwidth on four
channels to help future-proof the system for next
generation baud rates.

Tektronix Inc.,

Beaverton, OR

(800) 833-9200,

www.tek.com.

mwjournal.com
Resources section

MNew and archived content for the well-informed

Webinars on demand

White Papers/Technical Library

Expert Advice Blogs

Executive Interviews

@ www.mwjournal.com/resources
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MICRO-ADS

Reliable....

What makes our switches so reliable?
All AST switches come 100% sealed. That means
all internal contacts stay dry, increasing the life
and reliability of our switches. At AST we also
automatically burn-in all our switches 4000 times
o ensure that everything that leaves oor plant ls
working according to our strict standards. Come
and sea why most major talecom companies nsa
AST as their main switch provider.

Advanced

Switch

Technaology

www.astswitch.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.

e \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

perform. ce
verification of the
SMS modules.
ol
om-aesigns;

lutl reseanrch

We are currently seeking potential
authors among engineers and manag-
ers who believe that they can make a
contribution to the literature in their
areas of expertise. If you have published
technical papers, conducted profes-
sional seminars or solved important
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

www.artechhouse.com

CALL FOR BOOK AUTHORS

Access
BOTH _\
SIDES
of your

PC hoard

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

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

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

CASSINI-
HUWGENS

MER
. HRD I-IDRHIEZEPE
& @ -

Go with confidence use
Sector Switches

SEEIOR HcRONALE I, e
WWW.SECTORMICROWAVE COM

]\

SignalCore

PRESERVING SIGNAL INTEGRITY

0y
AT ::'
LS
o s
® "" :'-// '_‘,! "

Ll 4 e
L »
RF Up/Downconverter
PXI/PXIe/USB/SPI/RS-232
) DC to 3.9 GHz
Low phase noise DCto 1.3 GH
High dynamic range T

Best price-to-performance ratio

Software-defined radio/LTE wireless communication
Signal intelligence

Instrumentation

Commercial/Military

www.signalcore.com

Wrighiiledinologies

Military Grade g%nmermal Pricing

Newly‘ReIeased!

Low |'I}p"lﬂ RF Dr.i’Ve

frequency doubler products.

Avtech offers over 500 standard models
of high-speed pulse generators, drivers,
amplifiers and accessories ideal for both
R&D and automated factory-floor testing.
Some of our standard models include:

AVR-EBA4-B: for reverse-recovery time tests
AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests
AV-151J-B: for piezoelectric tests

AVOZ-D2-B: for production testing attenuators
AVR-DV1-B: for phototriac dV/dt tests

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/
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The Book End

Integrated
Microwave
Front-Ends
with Avionics
Applications

Leo G. Maloratsky

Ends with Avionics Applica-

tions focuses on integrated
microwave front-ends that use dif-
ferent passive and active devices,
various receiver architectures, and
modern technology processes and
materials. It covers both circuit
and system integration. The cir-
cuit integration discusses compo-
nent miniaturization, hybrid and
monolithic integrated circuits and
3D design. The system integration
discusses multifunctional receiv-
ers, multimode antennas and ac-
tive antenna-cable assemblies.

lntegmted Microwave Front-

ARTECH HOUSE

After an introduction, the first
half of the book covers various pas-
sive and active devices including
chapters on planar transmission
lines, distributed and lumped ele-
ments, passive devices, control de-
vices, duplexers and diplexers, low-
noise amplifiers and mixers. The
second half concentrates on sys-
tems for various applications cover-
ing different types of configurations
including a chapter on design and
fabrication. The book covers mi-
crowave front-ends of the following
avionics systems: microwave land-
ing system, radio altimeter, global
positioning system, traffic collision
avoidance system, transponder, dis-
tance measuring equipment, uni-
versal access transceiver, automatic
dependent  surveillance-broadcast
and weather radar.

This book was primarily in-
tended for RF and microwave

engineers just entering the field
of integrated front-ends, but is a
very good book for students in ad-
vanced electronics or aviation and
is very useful for experienced engi-
neers as a reference text. It is high-
ly recommended for these uses as
it thoroughly covers the important
topics related to microwave front-
ends and many practical examples
and references.

To order this book, contact:

Artech House
685 Canton Street

Norwood, MA 02062

(800) 225-9977

or
16 Sussex Street
London, SW1V 4RW, UK

+44 (0) 20 7596 8750

366 pages, $159
ISBN: 978-1-60807-205-7

The Newest, Practical Resources

Handbook of Dielectric
and Thermal Properties
of Materials at
Microwave Frequencies
Vlyacheslav V. Komarov
Hardcover. 184 pp. 2012

ISBN: 978-1-60807-529-4

$99/£75 $119/£89

RF Linear Accelerators
for Medical and
Industrial Applications
Samy Hanna

Hardcover. 210 pp. 2012
ISBN: 978-1-60807-090-9

Applications

Leo G. Maloratsky
Hardcover. 366 pp. 2012
ISBN: 978-1-60807-205-7
$159/£119

us:
or 1-781-769-9750, ext. 4030
Fax to: 1-781-769-6334

E-mail to: artech@ArtechHouse.com

Call 1-800-225-9977 (in the U.S. or Canada),

UK: call +44 (0)20 7596 8750

Fax to: +44 (0)20 7630-0166

E-mail to: artech-uk@ArtechHouse.com

Integrated Microwave
Front-Ends with Avionics

for RF & Microwave Engineers

APAN AT

4

RFID Design Principles,
Second Edition

Harvey Lehpamer

Hardcover. 360 pp. 2012

ISBN: 978-1-60807-470-9
$129/£99

For complete descriptions and to order, visit

ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

ARTECH HOUSE

BOSTON | LONDON
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685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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National Physical Lab
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ARFTG 80™ Microwave Measurement Conference

Advances in Wireless Communication Test & Measurements
San Diego, November 27" — 30", 2012

www.arftg.org

FIRST CALL FOR PAPERS

The theme for the 80th ARFTG Conference is in the test and measurements for the rapidly
expanding fields of the diverse Wireless Communication applications. We encourage
submission of original papers demonstrating your approach to measurements of wireless
and broadband communications on topics including:

® Performance of deployed technologies such as W-CDMA, HSPA, cdma2000®, 1XEV-
DO, Bluetooth Enhanced Data Rate (EDR), ZigBee ™, Wireless LAN (WLAN),
802.11a/b/g, 802.11n MIMO, WiMAX™, Mobile WiMAX™ and LTE.

® Performance of new technologies such as Ultra-Wideband communication systems and
High- Rate Wireless LAN Standards

® Adjacent & co-channel interference and their effects on power amplifier design, linearity
and receiver sensitivity

® Measurement of bit error rate, including eye diagrams and constellation diagrams

® Applications of Digital Signal Processing to communications signal measurements

® Signal-to-noise ratio of microwave and broadband signals

® Vector Signal Measurements and Complex Waveform Analysis

® Nonlinear Measurement Techniques in Time Domain and Envelope Domain

® Time-domain measurement, characterization, and models of communication systems
® Relationships between baseband and RF systems performance and measurements

® Experimentally-based behavioral modeling

® Measurement techniques for RF Nanotechnologies

September 10, 2012 Electronic Abstract/Summary due in Adobe PDF format, to:
http://www.mtt-tpms.org/symposia v6/ARFTG Fall/start.html

October 19, 2012 Publication-ready paper due in PDF format.
Paper acceptance and classification will be communicated by September 28, 2012

Instructions for authors are outlined briefly below. More details can be found on the ARFTG
web-site at: http://www.arftg.org/instructions for authors.html.

Instructions for Authors

Contributed papers will be presented as 20-minute talks or in an interactive poster session,
and published as part of the ARFTG proceedings. You can express a preference for an
interactive poster session.

We request that authors submit a 1000 word summary with supporting figures of both
experimental setups and measurement results to enable evaluation with regard to the interests
of the participants and novelty of the work.

Exhibit

The 80" ARFTG Conference also offers an outstanding exhibition opportunity. Please
contact our Exhibits Chair directly for further information (exhibits@arftg.org).

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

Directional/Bi-Directional

COUPLERS

$469
up to 250W  iom I ea. (g 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!
Mini-Circuits...we’re redefining what VALUE is all about!

[JMini-Circuits’

1SO 9001

1SO 14001 AS9100

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
&4’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see mlnlglﬁlw

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONENTS
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Across Down
5 can provide a cost-effective strategy for replacing obsolete test 1 Another name for |EEE 802.15.4
nstruments 2 Future AESA radar should benefit from new high power semiconductor
8 Short for Digital RF Memory materials suchas ___
10 AESAs did not become feasible until technology became mature enough to package 3 Short for Commercial Off The Shelf
the necessary volume of circuitry into compact T/R modules 4 SIGINT (2 words)
11 Short for Automated Test Equipment 6 First volume production radar designs to employ the idea of transmitting and
12 90 percent of satellite interference issues can be attributed to (2 words) receiving through an array of individual phase or delay controlled elements
14 PHY (2 words) 7 RCS (3 words)
17 Short for Wireless Sensor Network 9 Could be described as self-interference (2 words)
18 AoA (3 words) 13 Short for Standard Commands for Programmable Instruments
19 33 percent of interference is due to leakage of signals 15 Progressively displacing legacy Mechanically Steered Arrays and Passive
(2 words) Electronically Steered Arrays Industry driven solution for tracking and solving

20 Short for Arbitrary Waveform Generator satellite interference (2 words)

130 MICROWAVE JOURNAL m AUGUST 2012


http://MWJOURNAL.COM
http://CPII.COM

e .
"~
j/Win Leading Global Communications

SEMICONDUCTORS

New 0.1um pHEMT Technology

i WIN is the world’s largest and leading 6" GaAs foundry

< 0.1pm gate length pHEMT technology

© 9V off-state breakdown voltage for power
application

< Wafer thickness options of 50um (PP10-10)
and 100um (PP10-11) available

< 860 mW/mm P.,, at 20GHz with Vd=4V

© 400 mF/mm? capacitor for design flexibility

PP.10-10; 1i1jTranconductance, Curve,

Pl 1

RR10:10; 111} 1:V/Curyes;

4 2x50pm Tﬂl:;t::ﬂim"“ Curve h r”" 2x50pm Ids-Vids Curve e
OO = Sl o] ma |
- 2N H =
B | - B, ;
. an ) TR
Comparison, ofWIN's; mil limeter,wave, EHEMT}MGhnnIng_igg
£ | PP25 21 EE s
Gate length 0.25pm 0.15pm 0.1pm
Operating Frequency Up to 20GHz Up to 30 GHz Up to 90GHz
Max Drain Bias By BY 4y
Max Id (Vg=0.5V) 480 mA/mm 630 mA/mm T80 mA/mm
. IDSS (Vg=0V) 340 mA/mm 470 mA/mm 520 mA/mm
i \ Max Gm 410 mS/mm 460 mS/mm 725 mS/mm
' - Vio 1,15V -1.35V -0.95V
e Van (Diode turn on) 0.8V 0.8V 0.9V
4 2 BVGD 20V (18V min) 16V (14V min) gV (8V min)
m f 65 GHz 90 GHz 130 GHz
' K 190 GHz 185 GHz 180 GHz
? g Power Density 1100 mW/mm 870 mW/mm :qum:;g:::
= (2x75pim) @ BV, 10GHz @ BV, 29GHz !
XL {2x50pm) v

WIN SEMICONDUCTORS CORP.

Tel:+886-3-397-5999 Fax:+886-3-397-5069 http:Awww.winfoundry.com
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@ WERLATONE®

HIGH POWER COUPLERS & COMBINERS
NON-MAGNETIC DESIGNS

Electrical performance unaffected by magnetic field

Dual Directional Couplers Y

{Model | Coupling | Frequency | Power | Peak Power | Insertion Loss | VSWR | Directivity | Size (Lx W x H:ﬁ

| (MHz) | (WOW)| (Watts) (dB) (dB) {Inches)

CA405 | 60 62-65 | 3,000!| 16000 | 0.15 |i1.358 25 fx3x1.50
7632 | 50 63-65 400 20,000 0.15 1.15 25 6x3x1.59
C7286 | 40 7218 | 400 | 4000 | 0.5 1.15 20 | Bx3xlo9
C8429 | 50 100-500 | 200 5,000 0.1 1.20 20 3x 3100
te212| &0 100-500 | 1,000 | 10,000 | 0.2 | 110 20 3x 3% 100
8553 | &0 121-125 | 1,000 | 10,000 0.15 1.20 25 3x3x1.09
Cagos | 50 123-133 | 200 | 45000 | 0.15 1.20 27 | Bx3ix1.00
L6504 | 50 123-133 2,250 20,000 0.15 1.20 25 6x3x1.09
7134 | 60 125-130 | 2,000 | 35000 | 0.15 | 1.20 25 3x3x1.09
C7560 | 40 126-128 | 400 4,000 0.15 1.15 25 3x3x1.00
7633 | =0 126-128 | 400 | 4000 | 015 | 1.15 25 333 x1.50
CB406 | 60 126-129 | 3,000 | 35,000 0.15 1.20 25 3x3x1.59
crogo | 60 127-129 | 2,000 | 35000 | 0.15 | 1.20 25 | 3x3x1py
6374 | 50 280-320 | 600 8,000 0.1 1,15 20 3x3x1.00
6918 | 50 207-302 | 1000 | S5.000 | 0.15 | 1.15 20 | 3x3xisse

\C7288 | 40 297-303 | 400 | 4,000 0.15 1.15 20 Ix3x1.09

» Electrical performance unaffected in presence of Magnetic Field
* High Power, Low Loss designs may operate into High Load VSWR, at rated power
* Combiners / Dividers available with (Input-Input) Phase Spacing

* Custom designs available

/- High Power Combiners / Dividers N
(" Model Input-Input | Frequency | Power | Peak Power | Insertion Loss | VSWR | Phase |Isolation | Size (LxWx H?‘
| {Phase-5pacing) | {MHz) | (WOW)| (Watts) (dB) Balance (%) (dB) (Inches)
* DIRECTIONAL COUPLERS OH3B23| 2-Way (90°) | 63.5-64.5| 200 4,004 0.4 1.30 3 30 [45%35x22
OHB180| 2-Way (90° 119-123 | 500 4,000 0.3 1.20 5 20 Ix3Ix1.88
O EERE U [ | 2-Way Ln"}} | 121-124 | so0 | 8,000 0.25 1.20 3 20 | 4x2x15
= 90® HYBRID COUPLERS D7801 | 8-Way (90°) | 121-124 | 75 | 7,500 0.75 1.25 5 20 | 10xBx2.25
« 180° HYBRID COMBINERS D7743 | 16-Way (22.5%) | 125-128 | 400 8,000 0.85 140 5 20 | I2xlZxa
OHA589] 2-Way (90°) | 126-130 | soo0 | 5,000 0.3 1.20 | 5 20 3% 3x 1,88
Werlatoae, Ine. DE861 | B-Way (45°) | 2o0-300 | 200 | 4,000 0.5 1.25 | 5 20 | 10x8x2.25
17 Jon Barrett Road D767 | 16-Way (22.5%) | 200-300 | 400 8,000 01.65 1.30 5 20 12x12 x4
Patterson, New York 12563 DEDGE | 4-Way [0%) 398-402 | 1,000 2,000 0.4 1.30 5 20 | BuAx 2.25__
T 845.278.2220 OH3065| 4-Way (907} | 398-402 | 1,000 2,000 0.4 1.30 5 20 6xb5x2.25
F 845.278.3440 D7169 | 8-Way(45°) | 390400 | 200 | 2500 0.5 1.25 2 20 | 10xBx2.325
sales@werlatone.com D7976 | B-Way(0°) | 398402 | 400 8,000 0.5 1.25 | 5 20 10 % 8 x 2.25
www.werlatone com \ 07977 | 16-Way {0°) | 398-402 | 400 | 2000 0.5 1.30 | 5 20 | sxizws )

Our Patented, Low Loss designs tolerate high unbalanced input powers, while operating into severe Load Mismatch conditions.
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Precision
Speed
Execution

Integrated Assemblies

RF & Microwave Filters

High Performance
RF and Microwave Filters

For mission-critical applications

When communications are critical and complex applications require
engineering expertise, trust Lorch Microwave to deliver the highest
quality products quickly and affordably while optimizing performance
and value. We incorporate over four decades of innovative design and
manufacturing technology with the flexibility to meet each customer’s
unique requirements, whether standard or custom, for military,

industrial, and commercial markets globally.

Low Profile

- e
= High Power

LO RCH Salisbury, MD 21802 - USA - 800.780.2169 - 410.860.5100

MICROWAVE

Brackenholme Y08 6EL, UK - Tel/Fax +44 (0) 1757 633 755
www.lorch.com
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bringing technology to life
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The confluence of advances in supporting
technologies, such as processors and memories — as well
as developments in UAVs — coupled with geopolitical
demands for increased homeland security and greater
intelligence gathering has pushed SAR (synthetic aperture
radar) into the ISR (intelligence, surveillance and
reconnaissance) spotlight.

SAR’s unique combination of capabilities including
all-weather, wide-area and high-resolution imaging is
unmaiched by other technologies.

This broad application spectrum is reflected in the
wide variety of new SAR systems being developed
and produced for a number of platforms to meet these
unique requirements.

(TT is well positioned to offer engineering and
production technology solutions — including high-rel
manufacturing — in support of your SAR requirements.

More than twenty 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 SAR success. It’s that simple.

Power gour SAR mifh -‘Ihﬁ‘&ﬁ"éﬁf x_C"fT

S

=

" CTT Power and Driver Amplifiers for SAR

Power Levels
Band Frequency Up to Bandwidth

X-Band  7.5-10.5GHz 40 Watts 10%
X-Band  7.5-10.5GHz 80 Waits 500 MHz

Ku-Band ~ 14-17GHz 20 Watts 10%
Ka-Band ~ 32-37GHz 10 Watts 10%

+ Lightweight /Compact De5|gns

% Hermetically Sealed

% Stability & Reliability

«%+ Configurational Input & Output Connectors
+ High Efficiency Subassemblies

«%» Made in the USA

USA-based

thin-film

" & microwave
VS production

facility

C77 .

241 East Java Drive ¢ Sunnyvale ¢ California 94089
Phone: 408-541-0596 ¢ Fax: 408-541-0794 ¢ www.cttinc.com ¢ E-mail: sales @cttinc.com
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Evolution of AESA
Radar Technology

H ctive Electronically Steered Array
(AESA) X-Band radars are now the
baseline in state of the art combat air-
craft, progressively displacing legacy Mechani-
cally Steered Arrays (MSA) and Passive Elec-
tronically Steered Arrays (PESA) in most new
designs and some block upgrades of existing
designs. The technology is now penetrating
into other areas historically dominated by MSA
and PESA technology, including Airborne
Early Warning radars, Surface to Air Missile
engagement radars, and volume search radars.
This trend will continue for a number of very
compelling reasons, which will be further ex-
plored.

The AESA is not a panacea for all radar ap-
plications and imposes a number of unique
requirements on supporting hardware, which
are lesser or indeed absent, in many legacy ra-
dar technologies. These requirements amount
to costs in systems integration, which matter
to varying degrees across applications. What
is abundantly clear is that AESAs will become
the dominant technology in many high volume
radar applications over the coming years, as
the technology matures and manufacturing
costs progressively decline. To best appreci-
ate why the AESA has been so successtul, it is
worth first exploring the evolution of ESAs or

“phased arrays.”

EVOLUTION OF ELECTRONICALLY
STEERED ARRAY RADAR TECHNOLOGY
The first “modern” operational production
phased array radars were the German VHF-
Band GEMA FuGM41 Mammut or “Hoard-
ing” series of air and sea surveillance radars,
deployed during the latter part of the Second
World War.! These revolutionary radars intro-
duced the idea of electronic or “agile” beam
steering, whereby the direction of the anten-
na main lobe was controlled not by physically
pointing the antenna boresight, but by alter-
ing the relative phase or delay of the signals

passing through elements in an antenna array.
Earlier British “Chain Home” radars, decisive
during the Battle of Britain, exploited phase re-
lationships between pairs of antenna elements
for direction finding, but the Mammuts were
the first volume production designs to employ
the idea of transmitting and receiving through
an array of individual phase or delay controlled
elements.2

This presented a major advantage, in that
the physically large and heavy antenna, neces-
sary for high gain at such long wavelengths, did
not have to be mechanically pointed to sweep
across a volume of space. Agile beam steering
via electronic control of beam direction remains
the principal advantage of ESAs over MSAs, as
it permits flexible control of beams for track-
ing individual targets or groups of targets, as
well as scan rates over volumes of space. The
penalties for designers and maintainers were
complexity, volume and weight, compared to
MSAs. Until recently, complexity, volume and
weight have remained the principal obstacles
to wider use of ESA technology. The need for
complex feed networks, individual phase or de-
lay control components, and supporting con-
trol hardware, is reflected accordingly.

The 1970s saw important advances in ESA
technology, with the development of a number
of important systems in the United States and
the Soviet Union. In all instances, the motiva-
tion was the ability to track large numbers of
fast targets concurrently, to support missile
guidance applications, whether defending
against tactical or strategic ballistic missiles, or
cruise missiles at low or high altitudes.

In the critical strategic ballistic missile ac-
quisition and tracking role, the 450 MHz Ray-
theon FPS-115 Pave PAWS3 and Soviet 150
MHz NIRI 5N15 series Dnestr/Hen House
ESA radars were developed and deployed.*

CARLO Korp
Monash University, Victoria, Australia

MILITARY MICROWAVES SUPPLEMENT m AUGUST 2012



A National
Instruments
Company™

"-—h.'.- -:F —--—_'—-’-‘I_.'é-.—-__ = -
-

When you're racing toward important

& targets, design performance is
e | paramount. Don't let yourself be
duped. Nobody does more for

m mVVave mmWave MMIC design than AWR.
You can do circuit, system, and
C es i C r—] -F | OW EM simulations faster, easier, and.
-J =  more accurately. What's more, with
schematic and layout in the same
) Ul, you're more efficient and avoid
-Fbe r] IVI IVI I - ) C s the manual mistakes associated with
running multiple tools. Tackle today's
high-end, mission-critical mm\Wave

Neaver dupnlicatec]. e e swaes

copy at www.awrcorp.com,/mwo.

Stop waiting and start designing™



http://www.awrcorp.com/mwo

ML TARY IMICAOWAYES

The later Pave PAWS variants deliv-
ered an average power of 145.6 kW,
and peak power of 582.4 kW, using no
less than 1,792 array elements, each
rated at 325 W.

The U.S. Army/Raytheon C-Band
MPQ-53 Patriot engagement radar
and the Soviet X-Band 5N63/30N6
Flap Lid S-300PT/SA-10 Grumble
and 9S32 Grill Pan S-300V/SA-12
Giant/Gladiator engagement radars
were also PESAs, all developed to en-
gage aircraft, cruise missiles, standoff
missiles and tactical ballistic missiles.
All three also shared the same de-
sign approach, using a passive optical
space feed and transmissive primary
antenna array of phase shift elements.
The Soviet designs used an elaborate
monopulse feed horn arrangement,
placed behind a lens assembly.?

A similar space feed arrangement
was adopted in the Soviet X-Band
9S19 Imbir/High Screen ABM ac-
quisition radar, developed for the
S-300 V/SA-12 Giant/Gladiator sys-
tem, and the Janus-faced S-Band
NIIIP 5N64/64N6 Big Bird battle

management radar developed for the

RF/Microwave
Products

¢ Fixed and Variable Attenuators
¢ Terminations

* Dividers

* RF Tuners

*» DC - 40 GHz

* 1 Watt to 1,000 Watts

* Form, Fit and Function Designs
* Military & Space Qualified

later S-300PM/SA-20A Gargoyle.6

Similar operational requirements
drove the development of the U.S.
Navy’s S-Band RCA SPY-1 Aegis
PESA radar, with each antenna face
comprising 4096 elements, divided
into 140 modules, each with 32 ele-
ments, and complex feed network of
waveguides to distribute transmit and
receive signals. The SPY-1A qualified
as a hybrid array, with 4352 solid state
receivers embedded in each antenna
face, and employed eight transmitters
for a total of 132 kW peak power per
face.”

Features shared by this generation
of ESA radars were the use of passive
transmissive ferrite technology phase
shift elements and Travelling Wave
Tube (TWT) transmitter stages, often
ganged to increase total peak power.
Optical space feeds were preferred
in weight sensitive applications such
as land based missile batteries, un-
like the Aegis system and lower band
BMD radars, which used feed net-
works. Variants or derivatives of all
these radars remain in operational use
and production today.

Do you need a supplier or a
second source for your Military
Qualified part requirements? If
your current supplier cannot
deliver and leaves your parts in
Question, Weinschel Associates
is your ANSWER.

Recently Qualified .
Flange Attenuators for F-16

A Tradition of Quality / A Commitment to Customer Service
www.WeinschelAssociates.com

19212 Orbit Drive
Gaithersburg, MD 20879
Voice: 877.948.8342

Broadband REIMicrowave Sslutions

Fax: 301.963.8640
RF@WeinschelAssociates.com

The 1980s saw a second genera-
tion of ESA radars emerge, for air-
borne applications, leveraging experi-
ence gained by designers during the
early 1970s. In the United States,
Westinghouse developed the X-Band
APQ-164 radar for the B-1B Lancer
bomber, a PESA design derived from
the EAR demonstrator, which shared
a single 1,526 element aperture for
ground mapping, weapon targeting
and automatic terrain following wave-
forms, with some Low Probability
of Intercept (LPI) capabilities. The
APQ-64 employed a redundant pair of
TWTs, and redundant receiver chains,
to match the reliability of the ESA an-
tenna.S

It was soon followed in devel-
opment by the Hughes Ku-Band
APQ-181 LPI PESA “covert strike
radar,” developed for the B-2A Spirit
stealth bomber. While the APQ-181
used similar antenna technology to
the APQ-164 and provided similar
navigation, targeting and automatic
terrain following capabilities, an ad-
ditional and challenging requirement
was that the structural mode Radar
Cross Section of the antenna face had
to be compatible with the “small bird
sized” signature of the host aircraft.”?
The APQ-181 demonstrated a critical
advantage of ESAs over MSAs, which
was compatibility with low observable
applications, a key long term driver of
demand for AESAs, especially in air-
borne applications.

While early U.S. effort in airborne
ESA radar focused on bomber radars,
the first Soviet airborne X-Band PESA
was the 1,700 element Tikhomirov
NIIP BRLS-8B Zaslon or Flash
Dance pulse Doppler air intercept ra-
dar, developed for the large MiG-31
Foxhound interceptor. This aircraft
had the challenging role of inter-
cepting low flying Boeing AGM-S6B
cruise missiles, GD BGM-109G Gry-
phon ground launched and RGM-109
naval cruise missiles. The Zaslon was
built to concurrently guide four long
range R-33 Amos missiles against low
signature targets in ground clutter,
and was the first volume production
ESA fitted to a fighter aircraft. An in-
teresting feature was that an L-Band
IFF interrogator PESA was embed-
ded in the X-Band array.!0

Like the first generation of sur-
face-based ESAs, features shared by
this generation of ESA radars were
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the use of passive
transmissive ferrite
technology  phase
shift elements, and
Travelling ~ Wave
Tube transmitter
stages, but antenna
feed networks were
employed, typi-
cally in stacked row
structures. Many
ideas first employed
in these radars have
since been em-
ployed in AESAs.
PESA  technol-
ogy continues to be
used in a number
of new production
Russian designs, in-
cluding the hybrid
ESA Tikhomirov
NIIP NO11M
BARS radar in the
Su-30MKI/MKM
Flanker H fight-
er, the derivative
NO035 Irbis E ra-
dar in the Su-35S

DNe SITE

Flanker fighter, the Phazotron Zhuk-
MFS/MFSE PESA for the Su-33
Flanker D naval fighter, the Leninets
B004 multimode attack radar for the
Su-34 Fullback bomber, modelled on
the APQ-164, and the NIIP Ryazan
GRPZ Pero PESA upgrade package
for the NOOIVE Flanker radars. The
Pero is curious insofar as it is a reflec-
tive space feed design, with an X-Band
horn on a boom placed in front of the
array. The technology is also used in
the X-Band 9S36 engagement radar
developed for the new 9K317 Buk
M2/SA-17 Grizzly battlefield air de-
fence missile system.!!

The 1990s saw a progressive tran-
sition in the United States and EU to
AESA designs in key applications, with
Russia and China now following. While
the new AESAs exploited much of the
technology previously developed for
PESA radars, they introduced funda-
mentally different transmitter technol-
ogy. The critical enabler was the matu-
ration of GaAs planar monolithic pro-
cesses, which permitted the production
of power transistors and monolithic
phase shifters. GaAs MESFETs with
low noise figures (NF) for low power
receiver applications were widely avail-
able 25 years ago, but AESAs did not
become feasible until MMIC technol-
ogy became mature enough to package
the necessary volume of circuitry into
Transmit-Receive Module (T/R mod-
ule) volumes of sizes compatible with
critical applications. That point was
reached 15 years ago for L-Band and
S-Band applications, and a decade ago
for more challenging X-Band applica-
tions. Figure 1 shows a comparison
of PESA and AESA designs, based
on ical X-Band airborne radars.
Whereas the PESA employs passive
phase shift elements, the AESA T/R
modules combine multiple MMICs
to produce independently controlled
receivers, transmitters and beamsteer-
ing controls, usually by phase. Figure
2 shows a Phazotron Zhuk AE X-Band
Quad Module and MMIC dies, devel-
oped in 2006-2007. The Russian indus-
try lags the United States in T/R mod-
ule design, but can be expected to close
the gap rapidly. Figure 3 shows an
early United States quad module tech-
nology versus current single channel
T/R module technology. Single chan-
nel modules permit better production
yields in comparison with quad mod-
ules or multichannel “stick” designs.
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A Fig. 2 Phazotron Zhuk AE X-Band quad
module and MMIC chips.

At this time, AESA technology has
penetrated into a number of key ap-
plication areas, encompassing X-Band
airborne and fire control radars, early
warning and search radars between the
VHF-Band and S-Band, and special-
ised S-Band and X-Band BMD radars.
AESAs are appearing both as technol-
ogy insertion upgrades into established
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A Fig. 3 Early U.S. developed quad T/R
module technology.

operational radars, but also as entirely
new designs displacing legacy radars.

In airborne applications for fighter
and bomber aircraft, dominated by
X-Band designs, the first volume pro-
duction AESA was the 1,500 element
Westinghouse, now Northrop-Grum-
man, APG-77 for F-22A Raptor. This
radar was the trend setter in technology
and is now in its second configuration,
the APG-77(V)1 which uses common
modules to the smaller 1,200 element
APG-81 developed for the F-35.12

A parallel development was the
1,100 element Raytheon APG-79, de-
veloped initially as a block upgrade to
the extant APG-73 in F/A-18E/F Su-
per Homet, but eventually evolving
into a unique design. The T/R module
technology developed for the APG-
79 was exploited for the subsequent
APG-63(V)3 AESA upgrade to the
F-15C and APG-82(V)1 AESA radar
upgrade for the F-15E. Figure 4
shows the evolution of F-15 X-Band
AESA radars. Early F-15 radars em-
ployed TWT driven MSA technology,
exemplified by the APG (a). Some F-
15Cs were later retrofitted with the
early APG-63(V)2 AESA, which em-
ployed “stick” technology T/R mod-
ules (b). The most recent upgrade
involves the APG-63(V)3/APG-82
configuration using single element
T/R modules, based on the APG-79
design (c). The T/R module technol-
ogy also migrated into a deep upgrade
of the APQ-181 which, in its AESA in-
carnation, uses a pair of 2,000 X-Band
element arrays. Northrop-Grumman
concurrently developed the 1,000

A Flg 4 Evolution ofthe F-15 X-Band
AESA radars.

element APG-80 as a block upgrade
or new build design for the compet-
ing F-16 fighter, the APG-80 evolving
into the Scalable Agile Beam Radar
(SABR) design.13

While combat aircraft dominate
the U.S. airborne X-Band AESA ef-
fort, the AN/ZPY-2 Multi-Platform
Radar Technology Insertion Program
(MP-RTIP) was launched, specifi-
cally to provide a dedicated surveil-
lance imaging and Ground Moving
Target Indicator capability, intended
for the E-8 JSTARS, E-10 MC2A
and RQ/MQ-4 Global Hawk. The
MP-RTIP X-Band radar was intended
for ISR. Figure 54 shows a produc-
tion RQ-4B Block 40 Global Hawk
Remotely Piloted Vehicle, which will
carry the MP-RTIP AESA under a
ventral radome (a), and a prototype
carried by the Scaled Composites Pro-
teus demonstrator (b). AESA technol-
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ogy will also be central in the design of
the Next Generation Jammer (NGJ)
support jamming podset for the EA-
18G Growler, intended to use GaN
components. !>

European manufacturers lagged
behind the U.S., but now offer several
X-Band AESA products, including the
Thales AESA RBE2 for the Dassault
Rafale fighter, replacing the initial
PESA design, the Euroradar Captor-E
(ECR-90) for the Typhoon fighter,

and the smaller Selex Vixen 500E
and 1000E AESA radars, the latter
intended for Gripen NG. All designs
leveraged experience gain in the col-
laborative Airborne Multirole Solid
State Active Array Radar (AMSAR)
program. 16

Phazotron was the first Russian
manufacturer to offer an X-Band
AESA with the Zhuk AE for the MiG-
35 Fulcrum fighter in 2007, soon fol-
lowed by the competing Tikhomirov

Soar with the‘highest power density
solid state RFamplifiers available.

Model BME2969-200
2-6GHz, 200 Watts*
Solid State Power Amplifier Module

« Highest Power Density to
Footprint Ratio

« Ultra Wideband Operation

« High Efficiency Over the Entire
Bandwidth

« Rugged and Reliable, Field Proven
« Extreme Temperature Range

« RF Input/Output Sample Ports

« Internal DC to DC Converters

« Optional T/R Switch Available

+ Maintains Output Power with
Real-World Load Conditions

« Available in Rack Mounted
Configurations

* 300 Watts coming soon!

&l 5
'2;‘, &5
s

00C: 2009

Comtech’s latest development expands on its
proven innovative integrated GaN RF Power
Amplifier designs by further increasing the

RF power density, while improving overall
operating efficiency. These highly integrated
designs are ideal for use in communication,
electronic warfare, and radar transmitter
systems where space, cooling, and power are

limited. Applications include ground, surface,

Contact us today with your requirements

and specs...we’ll meet your needs and

G

105 Baylis Road, Melville, NY 11747 « Tel: (631) 777-8900
Fax: (631) 777-8877 « www.comiechpst.com

and airborne platforms.

exceed your expectations.

Comtech...Simply More.

™

14

(b)

A Fig. 5 The MP-RTIP X-Band radar is a
scalable design intended for ISR applications.

NIIP with a larger AESA for the
SU-27/30 Flanker fighter, and the low
observable Sukhoi T-50 PAK-FA.17

An interesting parallel develop-
ment is a Tikhomirov-NIIP L-Band
AESA intended for embedding in the
leading edges of fighter wings and
strakes, providing a dual role IFF and
Counter Low Observable capability.!8

There have been no disclosures of
substance on China’s X-Band AESA
technology, but it is known that the
J-10B fighter has a radar bay shape
and is sized for an APG-82 class
AESA. While fighter applications are
predominantly in the X-Band, the
Northrop-Grumman  AN/ASQ-236
AESA Radar Pod is a Ku-Band design
developed specifically for precision
ground mapping.!9 While X-Band
AESAs for combat aircraft remain
numerically dominant, AESAs pen-
etrated into the Airborne Early Warn-
ing radar market during the 1990s. Is-
rael’s IAI/Elta developed the L-Band
EL/M-2075 Phalcon on a Boeing 707-
320, later selling the demonstrator to
Chile. The technology evolved into
the EL/W-2085 radar carried by the
G550 airframe and is currently flown
by Israel and Singapore.?”

The same technology was offered
unsuccessfully to Australia in 1998 for
the Wedgetail requirement, then sold
to China, the order later cancelled
under pressure from the Clinton Ad-
ministration. Eventually India pro-
cured the system, with a three sided
EL/W-2090 L-Band AESA installed
inside a fixed radome, carried on a
Beriev modified Ilyushin Candid
airframe designated the A-50EIL.2!
Sweden has been highly successful
in exporting its S-Band Erieye family
of AEW&C radars, supplied to Swe-
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A Fig. 7 AN/TPY-2 THAAD-GBR/FBX-T
radar.

den, Brazil, Greece, Mexico, Pakistan,
Thailand and the United Arab Emir-
ates and carried on commuter sized
airframes, jet or turboprop.

The only new U.S. AEW&C AESA
design is the Northrop-Grumman
L-Band Multi-Role Electronically
Scanned Array (MESA) system, de-
veloped commercially and sold to
Australia, Turkey and South Korea
on the Boeing 737-600 airframe. Fig-
ure 6 shows the Northrop-Grum-
man MESA radar. Operating in the
L-Band, the design combines a pair of
side looking arrays, with a cavity end-
fire array to provide coverage over the
nose and tail, in a surfboard shaped
“tophat” radome.??

The cancellation of the Israeli
order led China to initiate the de-
velopment of the KJ-2000 system,
which is modelled on the three sided
EL/W-2090 L-Band AESA, and has
been supplied to the PLA Air Force,
on the Ilyushin Il-76 Candid airframe.
The PLA Navy has been procuring the
KJ-200, itself modelled on the Swed-
ish Erieye design.?

While airborne applications have
been the primary target for AESA
developers, niche surface based ap-
plications are seeing increasing use.
One of these is acquisition and fire
control radars for missile defense
applications. The first of these was
the Israeli L-Band Elta EL/M-2080
Green Pine, developed to support the
Arrow ABM. It was soon followed by

e —

A Fig. 8 The 22-meter diameter, 45,056
element SBX radar.

R |

A Fig. 9 A 3,000 element four-sided
THALES APAR.
the 25,344 element X-Band Raytheon
AN/TPY-2 Theater High-Altitude
Air Defense Ground-Based Radar/
Forward-Based X-Band - Transport-
able (THAAD-GBR/FBX-T) wideband
AESA, (see Figure 7) developed as
an acquisition and engagement radar
for the THAAD anti-ballistic missile
system. The largest and most power-
ful AESA in this domain is the 45,056
element Sea Based X-Band (SBX) ra-
dar, developed for the Ground-Based
Interceptor (GBI) three stage exo-at-
mospheric ABM — the AESA antenna
face is 22 meters in diameter (see Fig-
ure 8).24

X-Band acquisition and fire control
radars for defending warships against
sea skimming cruise missiles are an-
other domain where AESAs have be-
come prominent and will be central to
the intended Air and Missile Defense
Radar (AMDR) competition. Known
examples include the Raytheon AN/
SPY-3 Multi-Function Radar (MFR)
developed for the Zumwalt class de-
stroyer and Ford class carriers, the
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A Fig. 10 Australian CEA technologies
1,024 element CEAFAR/CEAMOUNT system
developed for the ANZAC (Meko) class FFGs.

3,000 element four-sided Thales Ac-
tive Phased Array multifunction Ra-
dar (APAR) deployed on the Dutch
De Zeven Provincién class FFG and
German Sachsen class FFGs, (see
Figure 9), and the Australian CEA
Technologies 1,024 element CEA-
FAR/CEAMOUNT system developed
for the ANZAC (Meko) class FFGs,
(see Figure 10) — all are intended to
guide the RIM-162 Evolved Sea Spar-
row Missile.25

Search and acquisition radars are
also seeing increasing use of AESA
technology. The Thales/Raytheon
Groundmaster series S-Band GM200
and GM400 are good examples, as
was the developmental S-Band com-
ponent of the Zumwalt's Dual Band
Radar (DBR) system. The Chinese
S-Band Type 305A/K/LLQ305A ap-
pears to be fundamentally influenced
by the Thales designs.?6 No less inter-
esting are the Russian Almaz-Antey/
NNIIRT 1L119 Nebo SVU and
55Zh6ME RLM-M Nebo M VHF-
Band three-dimensional Counter Low
Observable search and acquisition
radars, (see Figure 11). The former
employs 84 elements, each with 1.4 to
1.7 KW power ratings, the latter em-
ploys 168 elements, possibly of higher
rating. 27 At this time, it is abundantly
clear that AESA technology has invad-
ed all traditional mainstream niches in
military radar.

THE ADVANTAGES AND
LIMITATIONS OF ACTIVE
ELECTRONICALLY STEERED
ARRAYS

There are some compelling reasons
why AESAs are displacing PESA and
MSA designs and will eventually rele-
gate the latter to specialised niches.?
The first and foremost is beam form-
ing and beam steering agility which, in
contemporary designs, permits chang-

1] G A MR i 5, PN

A Fig. 11 Russian Almaz-Antey/NNIIRT
55Zh6ME RLM-M Nebo M VHF-Band three-
dimensional counter low observable search
and acquisition radar.

ing beam parameters at rates of up to
kilohertz. This was the initial impera-
tive in early ESA applications, as the
antenna could track multiple targets
with very high update rates, critical
when intercepting fast targets like su-
personic cruise missiles and aircraft,
or re-entering warheads.

A byproduct of this agility is the
ability to “timeshare,” “multiplex”
or “interleave” the antenna between
different tasks. In fire control ap-
plications, this permits concurrent
tracking of widely separated targets,
or concurrent search and missile mid-
course guidance or terminal guidance.
In search applications, it permits the
ability to concurrently perform vol-
ume searches while tracking and, in
surveillance applications, the abil-
ity to interleave surface mapping and
moving target detection. In combat
aircraft, it offers the ability to inter-
leave mapping, terrain following or
avoidance, air target and surface tar-
get searches and data linking. A single
AESA equipped multimode radar can
thus replace two or more legacy single
function radars.

The second critical driver is that
AESAs are much more reliable than
traditional radars, primarily due to the
use of hundreds to thousands of inde-
pendent T/R modules — the failure of
even large numbers of T/R modules
only degrades antenna performance.
Catastrophic AESA failure only arises
when a shared subsystem like a power
supply or beam steering controller
(BSC) fails. MSAs on the other hand
are exposed to mechanical component
wear out failures, and single point
failures in highly electrically stressed
components like TWTs, waveguides,
feeds and high voltage supplies.

An important advantage of AESAs
over PESASs is the ability to indepen-
dently control per-element gain as
well as phase. This has important im-
pacts in several areas:
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The first is that beam forming can be more precise
and different taper functions can be applied for different
beams. This is most commonly used in side lobe suppres-
sion, which is a long running issue in clutter and jammer
rejection, but more recently in achieving stealth, as very
low side lobes reduce the probability of detection by hos-
tile intercept or surveillance receivers. Other byproducts
of this capability include the ability to make design trades
between wavefront planarity in the main lobe, versus side
lobe magnitude, or generate nulls within the main lobe to
reject jammers.

AESAs can potentially be built with much greater band-
width than PESAs or MSAs, facilitating Low Probability
of Intercept (LPI) modes and enabhng functions such as
Electronic Attack (jamming) against in-band emitters. This
capability is also exploited in some designs to permit the
use of a radar AESA as an additional high gain antenna for
a threat warning subsystem, or a data link with bandwidth
potential of Gigabits/second, or LPI/covert capabilities, or
both.

AESA receivers typically enjoy a 6 dB or better noise
figure advantage over PESA/MSA receivers, as the loss
between the antenna radiating element and first receiver
stage contributes to the net noise figure or system level
noise temperature. Higher power aperture AESAs also
have significant potential as Directed Energy Weapons, to
produce disruptive or electrical damage effects in electron-
ically dense target systems.?Y Fixed AESAs are inherently
better than gimballed MSAs in terms of structural radar
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cross section, which makes them inherently compatible
with stealth vehicles, airborne or other.

These advantages do not come for free. Complex-
ity and development costs are higher for AESAs versus
MSAs. Weight and volume can be significantly higher than
MSAs. Power consumption and cooling are major issues
for AESAs and have often presented “brick wall” barriers
to integration in smaller platforms. Power density limita-
tions in the semiconductor devices and T/R module level
cooling architectures can set hard limits on AESA perfor-
mance growth in many designs. AESAs are software inten-
sive with rigid real-time processing demands, presenting
many unique engineering challenges well outside the RF
domain, with much potential for software gremlins and
outright functional failures.

From a raw gain performance perspective, AESAs
must confront the problem of aperture foreshortening for
targets well off the antenna boresight, and hard limits on
beam steering angles between 45° and 70°. Phase steered
AESAs also suffer intrinsic bandwidth limitations arising
from aperture fill and side lobe steering effects, which im-
pact all high bandwidth demand applications, with varying
severity.3 In many applications, the only solution compat-
ible with low structural RCS is the use of multiple AESA
installations, incurring concomitant penalties in cost, com-
plexity, welght volume and cooling. Examples mCIude the
planned for but never fitted F-22A cheek arrays, or planned
T-50 PAK-FA cheek arrays. AESAs are not a panacea for
all microwave antenna applications, but present significant
advantages in most applications, advantages which justify
additional penalties incurred in using the technology.

ACTIVE ELECTRONICALLY STEERED ARRAY
TECHNOLOGY TRENDS

The technology driving advances in AESA design is
without doubt monolithic device technology, which deter-
mines bounds on power-aperture performance of AESAs,
directly via power transistor performance and indirectly via
cooling performance. The latter is also heavily impacted by
packaging technology, which imposes limits on density and
cooling systems.

The GaAs MMIC was the enabling technology for
AESAs in the S-Band and above, and also the reason why
L-Band AESAs were early entries in airborne applications
as these were the least dependent on transistor {; perfor-
mance. The poor thermal performance of GaAs substrates,
despite the excellent carrier mobility in the material, has
been a persistent problem through much of the history of
the AESA, and has been a strong imperative for the use of
materials with better thermal properties, such as SiGe, or
especially GaN.3! Packaging techniques have also evolved
dramatically since the first X-Band AESA demonstrators
were built. Array design theory dictates element spacing of
a half wavelength or less, which presents increasing density
challenges with increasing frequency. The contemporary
power density benchmark is exceeding 4 W/cm? at the ar-
ray face.

Early U.S. X-Band AESA designs and current Russian
designs used a “stick” or “quad element” packaging design
for T/R modules, with a single module containing a row
or column of elements or channel in a “stick” or four in
a quad. This approach presented persistent problems in
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production repeatability, as a defect in
any channel required a rework of the
whole stick or quad module, if that
was feasible. Contemporary U.S. and
EU AESAs employ a “single chan-
nel” approach where each element
employs a stack of components (tile
approach) normal to the antenna face.
Backplane feed networks also present
design challenges, especially in loss
performance and bandwidth, despite
the advantage versus the PESA in not

having to handle high power levels.
In X-Band designs, the feed network
may incur further complexity due to
the need to segment the array to cre-
ate multiple phase centers to accom-
modate dual plane monopulse track-
ing or GMTI displaced phase centres
(DPCA).

A single channel or element in an
AESA must contain an LNA for the re-
ceive path, a power amplifier, a phase
shifter, impedance matched low inser-

The difference: apples and
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tion loss interconnections, gain control
blocks, RF buffer amplifiers if required,
as well as the digital circuits and con-
trol logic required to latch downloaded
gain and phase parameters into the T/R
module phase shifter and gain control
components. Modern AESA T/R mod-
ules will also include circuits for health
monitoring and Built-In-Test (BIT),
and calibration.

Heat from semiconductor compo-
nents in the T/R module must be con-
ducted out of the module and carried
out of the antenna using a cooling sys-
tem. X-Band AESAs typically employ
a Poly-Alpha-Olefin coolant, dumping
heat into aircraft fuel, or via a heat ex-
changer into surrounding air.

In assessing futures for AESA tech-
nology, advanced RF device materials
and processes will comprise one part
of the equation and exponentially
growing density in photolithographi-
cally fabricated digital components is
the other part. Brookner has recently
identified the following benchmarks
and trends in device and materials
technology:32
° Arrays using micro-electrome-

chanical systems (MEMS) phase

shifters

* Low cost 24 GHz phased-array car
radars driving down T/R module
costs through volume

¢ Extreme MMIC circuitry for 8 to

32 element arrays on single SiGe/

BiCMOS chips
* GaN technology offering tenfold

higher power and higher efficiency,

permitting >1000 W peak power
with single transistor packages

e Low cost Silicon based SiGe single
chip

* Purdue University low-cost S-Band
two panel GaN Digital Array Radar

having 700 MHz bandwidth, 25 W

per element peak; gets wide angle

scan through use of electromagnetic
band gap (EBG) material for in-
creased isolation between antenna el-
ements (lower mutual coupling); has
potential of eliminating circulator

e Arrays with instantaneous band-

widths of 10:1 up to 33:1
e 20 dB increased receiver dynamic

range through improved A/D lin-

earity and reduced intermodula-
tion

e Exploitation of meta-materials in
passive antenna components

* 3D micromachining technology for
interconnections
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Exponential density growth is a
well documented feature of the digi-
tal landscape, but is less prominent
in RF components, due to the en-
cumbrances of impedance matching
and need for analogue components.?>
Growth, especially in parallel pro-
cessing computer hardware, will
impact radar across all categories,
by providing abundant capability to
perform floating point arithmetic.
Current General Purpose Graph-

ics Processing Unit (GPGPU) chips
have internal memory bandwidths
in excess of 100 Gigabytes/sec and
often in excess of 500 pipelined float-
ing point optimized processing cores
in a single chip. Density growth in
this technology will yield larger num-
bers of cores and higher memory
bandwidths, enabling signal and data
processing algorithms which are cur-
rently computationally infeasible in
realtime applications.
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In conclusion, continuing advances
in MMIC materials and fabrication
technologies, advancing packaging
technology and exponential growth in
digital circuits open many possibilities
for future AESA designs. l
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Reducing the Cost of
SIGINT ISR Test

he development and upgrade of

SIGINT ISR platforms is a time con-

suming and costly endeavor that must
balance two somewhat conflicting require-
ments. On one end, the mission critical nature
of a deployed system maximizes the impor-
tance of fielding a proven system, often creat-
ing a preference for existing systems that have
been successful in the past. On the other end,
the need to address rapidly evolving threats,
many of which are based on quickly chang-
ing commercial technology, requires that a
SIGINT ISR system must incorporate en()ugh
state-of-the-art functionality to adjust to new
requirements. Exacerbating this challenge is
the difficulty of testing ISR systems during de-
velopment and integration. The final success of
a SIGINT ISR solution is completely depen-
dent on how it performs when deployed under
real world conditions where the RF spectrum
is increasingly crowded. As a result, the de-
veloper and/or buyer are often forced to rely
on fully testing systems only once they are in-
stalled on the target platform.

While Field Tests have the benefit of rep-
licating in-service conditions, complete con-
trol of the RF spectrum during flight is not
possible. SIGINT ISR systems are tasked to
operate against many environments includ-
ing terrestrial point-to-point communication,
SATCOM, wireless networks and a wide vari-
ety of commercial and military systems. Fre-
quency reuse results in a densely overlapped
spectrum when viewed from an ISR platform.
Spectrum efficiency and interference mitiga-

tion have led to complexity of waveforms that
are difficult to collect and decipher even when
they are clearly received by ISR systems. The
variety of transmitters and power levels as well
as density leads to very high dynamic range re-
quirements. A further complication is that most
ISR platforms operate transmitters that are
in-band with desired collection. With the va-
riety of possible end-use environments and the
expense and time required for testing on the
target platform, Field Testing is best reserved
for systems that have already been thoroughly
tested against realistic collection environments
representing multiple potential scenarios.

A-T Solutions, in collaboration with National
Instruments (NI), has demonstrated the ability
of a modular commercial-off-the-shelf (COTS)
platform to generate realistic, Complex test sce-
narios with signals that reflect relative motion,
spectral overlap, frequency and time offset. This
system can be used in a laboratory environment,
in-lieu of field test installed on a platform. This
article will briefly discuss the forces in the com-
mercial sector that are driving applicable capa-
bility in COTS test equipment, the architecture
of the COTS instrumentation selected and the
results of the collaboration to produce a realistic
SIGINT ISR collection environment code-
named LoBSTER (Low-Band System Test and
Evaluation in Real-time).

DAVE GILES
A-T Solutions, Larkspur, CO

SEAN THOMPSON
National Instruments, Austin, TX
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A TEST ENVIRONMENT THAT
BENEFITS FROM ADVANCES IN
COMMERCIAL TECHNOLOGY

At the end of 2011, the number of
wireless mobile subscriptions in the
world had exceeded 5.9 billion. Ap-
proximately 1.2 billion of these con-
nections are capable of accessing third
generation (3G) networks and the in-
creased data rates and functionality
they provide.!' The constant evolu-
tion of the use of wireless spectrum as
methods of communication, whether
it be voice, video, data, emergency
information or command and control,
is driving tremendous investment by
commercial industry to create an in-
frastructure capable of supporting de-
velopment of new wireless devices.

In test, this has translated to the
need to provide new test method-
ologies and system architectures that
enable faster product development
cycles from concept to reliable prod-
uct — meeting the requirements that
are driven by current wireless stan-
dards but with the capability to quick-
ly adapt to new technology. Over the
last few years, this has resulted in vari-
ous trends driving modern wireless
test systems. Two of the most relevant
trends in reducing the cost of testing
SIGINT ISR systems are the devel-
opment of modular instrumentation
platforms based on COTS technology
and software-defined instrumenta-
tion.

Modular Instrumentation Based on

COTS Technology
By modularizing the key functional

blocks of traditional instrumentation,
modular instrumentation platforms
are built to take advantage of the rapid
advancement of COTS technology in
various functional areas.

* Processing elements — integra-
tion of different computational
elements (heterogeneous comput-
ing) allows for the tasks compris-
ing wireless test applications to be

executed on the element offering

best performance. General Pur-

pose Processors (GPP), field-pro-
grammable gate arrays (FPGA),

Graphical Processing Units (GPU)

and digital signal processors (DSP)

continue to be driven by Moore’s
law, offering increasing computa-
tional horsepower.

e Bus technologies — high speed
point-to-point  interconnects of-
fering guaranteed bandwidth and
deterministic latency. Modern in-
strumentation buses, such as PXI
Express, enable individual modules
to transfer data at rates of GBs/sec.

e Baseband elements — A/D and D/A
components continue to evolve,
enabling wider bandwidths and in-
creasing dynamic range.

e RF front ends — multiple imple-
mentations from super-heterodyne
to wideband homodyne architec-
tures provide options for maximiz-
ing RF performance in different
areas. Separate local oscillators
(LO) ease frequency/tuning con-
straints and enable phase synchro-
nous, multi-channel systems.

One such modular instrumentation
standard is PXI. Figure 1 shows an
example of a high level block diagram
of a modular RF vector signal genera-
tor in a PXI chassis with an embedded
host computer, programmable FPGA
module and external RAID storage in-
terface. The RF signal generator itself
is broken into three separate modules:
an IQ modulator that translates an RF
signal from baseband to RF, an arbi-
trary waveform generator that drives
the 1Q modulator with a user-defined
waveform and an LO module. The
other modules in the system provide
shared resources for the RF genera-
tor to use, such as the display con-
nected to the embedded controller
or the massive storage available in the
external RAID system, or additional
resources to expand the functionality
of the generator, such as the FPGA

PXI CHASSIS

¥

NI PXle-5652

0
-

NI PXle-8133

HDD-8265

NI PXle-7965R

¥
RF SIGNAL GENERATOR

module adding real-
time processing to
create waveforms on
the fly. The modular
nature of the plat-
form allows for test
systems to be eas-
ily reconfigured for

additional channels

A Fig. 1 Example of a modular RF instrumentation system.
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of RF generation,
greater computa-

tional power for embedded process-
ing and larger data storage while
maintaining the original investment.

Software-Defined Instrumentation

Test environments are moving
from closed, fixed capability to open,
software-defined functionality. This
has been driven by the need to test
increasingly complex devices that are
themselves defined more and more
by software. Software-defined instru-
mentation allows a test environment
to become a dynamic system that
adopts functionality defined by the
user.

In the context of wireless test, the
ability to embed user-created software
into the instrumentation platform
provides the capability to reuse work
done in the design stage of a wireless
product or standard. During the de-
velopment phase of new wireless stan-
dards, comprehensive simulation is
done to determine how a receiver will
perform under deployed conditions.
Models are created for the protocol,
the physical layer and the actual en-
vironment. Software-defined instru-
mentation provides a methodology to
move these models from the simula-
tion domain to hardware to generate
and receive physical signals. Final
functionality could include custom
measurements, generation of RF sig-
nals previously recorded or generated
from off-line modeling, and/or imple-
mentation of a full software defined
radio or complex channel model to
simulate a deployment environment
in real time.

An important consideration with
software-defined instrumentation is
the potential complexity of program-
ming the different elements within
the system. A software environment/
tool chain that simplifies the integra-
tion of hardware with abstraction,
supports heterogeneous computing
with a common programming para-
digm for the different computational
elements and is compatible with mod-
els generated from other languages
and tools, is critical.

An ideal way to address this chal-
lenge is by using the graphical system
design approach, which provides an
integrated software and hardware
platform that scales across design,
simulation, deployment and test, from
desktop to embedded systems. An ex-
ample is NI LabVIEW system design
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software, which is the heart of the
graphical system design approach, as
it uses a graphical dataflow language to
abstract hardware control functions.
This unified abstraction combines
user interfaces, models of computa-
tion, math and analysis, input/output
signals, technology abstractions, and
various deployment targets to greatly
simplify any system.

ARCHITECTURE OF SIGINT ISR
TEST PLATFORM ( I.OBSTER)

A-T Solutions” LoBSTER is de-
signed for test and integration of com-
plex ISR systems, providing multiple
channels of RF stimulus conditioned
to replicate the signal normally re-
ceived at the antennas of the system(s)
under test (SUT). Input to more than
one collection platform can also be
provided. The RF stimulus to the SUT
is based on a scenario that describes
the movement of collection platforms
and the location and activity of emit-
ters. Scenario time and navigation
data are provided to the SUT as well as
the ability to monitor and record their
RF processing. Emitter signals can be
defined strictly from simulation or can
incorporate previously recorded sig-
nals. Output signals are individually
adjusted for collection platform mo-
tion, propagation conditions, collec-
tion antenna patterns, angle of arrival
at collection platform, and collection
platform separation. LoBSTER pro-
vides up to eight coherent channels
of RF stimulus with precise control of
scenario signals. The overall architec-
ture is given in Figure 2.

In order to generate an accurate
representation of a realistic SIGINT
ISR collection environment, mul-
tiple channels of phase-synchronous

TIME AND NAVIGATION DATA AS REQUIRED

DFAT
UPGRADE

—
N CHANNEL RF

RF PROCESSING
SYSTEM REST OF SYSTEM

STIMULUS
E cots
<« > [ MODIFIED CODE
SCENARIO [ DATA SET
DESCRIPTION SIGNAL Il SYSTEM UNDER TEST
AND ANTENNA DATA
RESPONSE
A Fig. 2 LoBSTER system architecture.
RF generation with
tight specifications
on relative channel-
to-channel  phase _ o B
5 /A
amplitude and fre- | |->- W
quency accuracy are ->| D/A —::liﬂml-»
required. Using the
modular nature of ->| P—m
the RF signal gen-
erator in Figure 1, _)| F’—M"
LoBSTER consists | ] |
of up to eight chan- _)| |-> W
nels of RF upcon- L
DA m
verters and ARBs | |_>- W
driven by a shared N paA B
LO. Each channel | |_>- W
provides up to 100 ->| |->—_:m->
MHz of generated
bandwidth. The
RF/antenna sig-
nal processing and AD
hardware  control | _| {' |<_- m
necessary to align ap Pha
the channels and | |<_- w
maintain  precise A i
phase, amplitude Fig. 3 COTS RF subsystem.

and frequency lev-

els is done in on-board FPGAs in the
instrument modules. With a shared
LO driving all upconverter stages and
the PXI backplane driving the sample
clocks for the digital-to-analog con-

TABLE |
SUT PLATFORM EXAMPLES

Collection Nominal Nominal Maximum AT Ad Ao (Hz) @
Platform |4 Target Observation (second) (degrees) 50 MHz
Example (Km/ Range Angle Rate (Hz)

second) (Km) (degrees/
second)
Low Altitude 0.051 10 0.29 1.7X1012 0.011 1.30X10°

UAV @ 100
NM/hour

Med Altitude|  0.077 12 0.37 2.56 X102 0.015 1.66X 10°

Turbo Prop

at 150
NM/hour
Business Jet 0.154 05 0.35 5.13x1012 0.014 1.57X10°
at 300
NM/hour
30

verters, normal contributors to inac-
curacy, such as phase noise from the
reference clock, affect each channel
equally and therefore cancel out when
examining relative channel-to-chan-
nel values. Along with the RF signal
generation, LoOBSTER adds two chan-
nels of coherent RF signal acquisition
to monitor and record the RF pro-
cessing done by the SUT. Figure 3 il-
lustrates the high-level diagram of the
RF generation and signal processing
elements.

Performance values are derived
from analysis of the phenomena to be
modeled. The fundamental goal is to
create a stimulus environment that will
be good enough so that simulated sig-
nals will evaluate the performance of
the SUT without simulation artifacts
becoming a controlling factor in SUT
performance assessment. Table 1
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TABLE Il
COTS TEST SYSTEM REQUIREMENTS
Parameter  Adjustment Precision Accuracy
Range
Channel to 0 to 360 0.01 degree 0.1 RMS
Channel Phase Degrees
Offset
Received Signal | Noise floor to 0.1dB 0.5 dB RMS
Waveform +5 dBM
Strength
Channel to
Channel
Collector to 0 to 100's of 2 ps 5 ps RMS
Collector pseconds
Time Delay
(Narrowband)
Collector Determined | Interpolation | 0.1 PPM RMS of
Frequency by Radial Limit ~.001 | Settling Frequency
Offset (Narrow Velocity PPM
Band) Difference

TABLE 1lI
TARGET EMITTER DESCRIPTIONS

[T Ty Bl T at=34.639 deg

Lon=118.088 deg

Alt = 2401 ft.

Signal amplitude = 0.35

Baseband RF = -383000 kHz

Stepped frequency modulated signal

Az =153.3 deg and El = 93.4 deg during time of interest

[ TV Al T at=37.266 deg

Lon=117.010 deg

Alt = 1200 ft.

Signal amplitude = 0.25

Baseband RF = -225000 kHz

Stepped frequency modulated signal

Az = 175.6 deg and El = 93.2 deg during time of interest

[0 Crac Il T at=34.736 deg

Lon=114.390 deg

Alt = 500 ft.

Signal amplitude = 0.3

Baseband RF = -800000 kHz

Stepped frequency modulated signal

Az = 221.7 deg and El = 93.05 deg during time of interest

shows incremental changes for select-
ed conditions that are comparable to
peak value of real collection scenarios,
with the delta change assessed at 10
millisecond intervals.

This assessment is made at the point
of maximum rate of change for the indi-

cated range and velocity. Using simple
stimulus signals, the ability of the COTS
RF signal generation hardware to meet
the listed accuracies was validated. De-
rived COTS test system requirements
for simulating these real world effects
are shown in Table 2.

_ES MICROWAVE LLC.

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

suspended-substrate technologies.
paveg
< 49 j::_e" ed-Slbstrate "

S ItOTENDI PIBXEYS | Triplexers Quadruplexers,

2

DOy Sirks

ES Microwave, LLC

8031 Cessna Avenue, Gaithersburg, MD 20879
P:301-519-9407 F: 301-519-9418
WWW.esmicrowave.com
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A Fig. 4 Test scenario geometry.

RECREATING THE
ENVIRONMENT

To validate the ability of the final
test system to accurately reproduce
flight scenarios, a scenario with three
airborne ISR systems collecting mul-
tiple emitters is created. The scenario
is illustrated in Figure 4, with the tar-
get emitter characteristics defined in
Table 3.

The COTS test system, shown in
Figure 3, was used to generate the
RF signals from the defined scenario
and the output was recorded with a
multi-channel, phase-aligned RF mea-
surement system. The results were
compared with the original models.
Figure 5 displays the spectrum of the
simulated data versus the baseband re-
covered from the actual RF generated
from the test system. The blue signals
are the original baseband spectra, and
the red spectra are the recovered base-
band. As will be noted, the spectra are
essentially indistinguishable.
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FFT COMPARISON BETWEEN A-T SOLUTIONS
w INPUT AND NATIONAL INSTRUMENT'S OUTPUT
g 0.20

E o.10]
&8 L . W\ l
: % -1 ) 1

BASEBAND FREQUENCY (MHz)

2

A Fig. 5 Spectrum comparison: simulated
versus generated RF.

To validate that the phase relation-
ships remained consistent between
the original models and the gener-
ated RF, the MUSIC algorithm? was
applied to the four input channels
for platform 1 defined in the scenario
shown. Figure 6 depicts the pseudo
spectrum which results from cova-
riance and eigenvector analysis of
the four channels of baseband data
collected by platform 1. This shows
three peaks of amplitude when plot-
ted against the 360° range of angles
of arrival around the collection plat-
form. In Figure 6, the vertical blues
represent the azimuth angle of arrival
at platform 1 with pseudo spectrum
plotted in red.

Figure 7 depicts the results of ap-
plying the same analysis to the recov-
ered spectrum after RF conversion.

Experts

JINE

0 100 200 300
AZIMUTH AOA (°)

PSEUDO SPECTRUM
[=1]
=]

e

L) 100 200 300

PSEUDO SPECTRUM
(-2
=]

AZIMUTH AOA (°)

A Fig. 6 Angle of arrival simulated data.

As can be observed, the recovered
angle of arrival and pseudo spectrum
are essentially identical to that derived
from the original simulated baseband.
Further analyses included placing a
beam former on the signal at 176° and
recovering the spectrum. The desired
spectrum was isolated and validated to
be as simulated.

The key functionality of LoBSTER
is based on the software Direction
Finding Analysis Toolset (DFAT)
which provides the key software com-
ponents to compute incident angles
and antenna responses to received
signals, so that the SUT receives RF
stimulus as though it were from sys-
tem antennas. LOBSTER also uses the
extensive library of geo location mod-
eling codes and scenario simulation to
address time offset, frequency shift

A Fig. 7 Angle of arrival generated RF.

and channel-to-channel phase offset.
Table 4 gives some examples of these.
The signal generator is aligned to
the first channel of the suite. This uses
the embedded firmware to control the
output waveforms, which achieves the
necessary adjustment range accuracy
and precision as shown. Because the
scenario explicitly controls the wave-
forms, LoBSTER can provide signal
environments that are difficult if not
impossible to replicate during flight
test. These signal environments can be
merged with RF signals recorded off
air or modeled on platform transmitter
output, as desired, to provide a repre-
sentative RF environment to SUT.

CONCLUSION
This ability to recreate a realistic
SIGINT ISR collection environment

In the Field...
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in the laboratory can be used throughout system develop-
TABLE IV ment, integration and verification. With more complete test
EXAMPLE LoBSTER MODELING EFFECTS coverage of real world conditions before Field Test, ISR
Emission Effeces | For Each Emitter Method developn'len't 'schedules are not tied to deploym(?nt plat-
form availability and, when ready, the SUT can be installed
* Y emitter . .
Dopplegll:.rffquency Sgg,}%dlon.emh d fyrQ- /C) on the target platform and proceed to operational verifica-
1 velocity an . . . . .
direction relZive " tion with high confidence against real world environments.
each emitter The ability of a COTS test environment to evolve efficient-
S — Based on SUT | o7, + (Emitter, ___ ly wglth new tecilﬂmology drlyen by the dcomm'eécml sector
position relative to | SUT Antenna,_,. )/C enables testing tuture requirements and provides support
each emitter for ISR system updates, problem resolution, and similar
activities over its lifecycle. ll
Signal Amphtude Contro]led by A= AU = 1010g(4’1TD/)\)2 —
scenario, adjusted | + Antenna Pattern at References
for propagation loss | (az, el, and frequency)3 1. International Telecommunications Union (ITU) 2011 Year End Report.
and receive antenna 2. R.O Schmidt, “Multiple Emitter Location and Signal Parameter Estimation,”
pattern IEEE Transactions on Antennas and Propagation, Vol. 34 March 1986, pp.
276-280.
Signal Phase for each Determined by Reflects PitCh, roll, 3. H.T. Friis, “A Note on a Simple Transmission Formula,” Proceedings of IRE,
Coherent Channel distance from yaw of SUT platform, Vol. 34, No. 5, May 1946, pp. 254-256.
io emitter to d offset from SUT
:Zi?la;UTe r;iterfna loiléliti(())n :0 e;((;)}lln receive Dave Giles holds a bachelor’s degree from Stanford University, advanced studies
N h and ? 1 ) and a Juris Doctorate from Santa Clara University. Giles has lead the development
aZ_lmUt g antenna location of several systems and provided engineering to multiple system developments
elevation of 1n01.dent during his career of more than 40 years in ISR, including software, system design,
wave front modified analysis, and field support. As the lead SIGINT System Engineer for A-T Solutions
by receive antenna Colorado office, he leads the development of ISR tools for A-T Solutions.
response Sean Thompson holds a bachelor’s and a master’s degree in computer science from
Signa_l On/Off Time Speciﬁed in scenario Rice University. As the Platform Manager for Aerospace and quctzse at National
Duration and Content Instruments, he manages the National Instruments (NI) Platform in key application
areas within Aerospace and Defense and the business development initiatives for
Channel Effects — Available models these applications. During his 20-year career at NI, he has served as the Segment
Fading, ete. Manager for RF and Communications, business development manager for ATE,
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Emulation Provides a
Cost-Effective Strategy
for Replacing Obsolete
Instruments in ATEs

Typically, test systems used in aerospace
and defense applications have a lifespan
of 25 years or more — far longer than the
lifespans of the individual measurement in-
struments that comprise the system. Replacing
obsolete instruments can have major negative
consequences for the deployed test program
set (TPS) and for the maintenance, calibration
and repair costs of Automated Test Equipment
(ATE). However, by employing instrumenta-
tion with a sophisticated emulation strategy,
the new test instruments can be successfully in-
tegrated, using a less expensive, more efficient
migration path. For example, modern T&M

instruments can be controlled by commands
other than the built-in native SCPI commands.
As shown in Figure 1, users can replace legacy
signal generators in a test system without hav-
ing to change the remote control code.

BILLIONS AT STAKE

Between 1980 and 1992, the U.S. Depart-
ment of Defense spent over $50 billion on ATS
procurement. During this period, the standard
practice was to develop a unique ATS or ATE to
support a single military system, which resulted
in a proliferation of hard-to-maintain test sys-
tems.! Solving the problem of test equipment
obsolescence is both difficult and necessary,
because the cost of system ownership is greatly
influenced by ATE calibration and repair costs
and by the current maintenance procedure for
TPSs. There is also an increasing risk of re-
placement parts becoming unavailable and of
calibration and repair capabilities eroding dur-
ing the system’s lifetime once the instrument is
no longer supported by the vendor.

A Fig. 1 Instruments such as the R&S SMA100A
can be controlled by commands other than the built-in
SCPI commands.

JOCHEN WOLLE AND RAINER LENZ
Rohde & Schwarz, Munich, Germany

MILITARY MICROWAVES SUPPLEMENT m AUGUST 2012



For Precision, Performance

& Excellence. /,\

& ;
ROHS Compliant

Vertical Integration
Global Manufacturing %

Asg 1 00 Certified “Woman Owned”

1ISO 9001-2008
LEAN'Manufacturing

‘Manufacturing, these aren’t trendy buzz words
ises, this'is our core, our culture, it’s who and what we are. These concepts
ey Wﬂﬁfrom product inception thruugh final inspection.

ake @ Md fD‘I" lt ‘give us a call, and experience

_'mz-j&_flﬁ’__

| 4
“>Connect Here. ; /
TIEI ik -h¥ » s BF ELECTRONICS MFG CORP

r.p-r-li-*‘:- Delta -/ & > Connect Here.
E]___ » Electronics ' -

Delta Electronics Mfg. Corp.
Tel: (978) 927-1060 » Fax: (978) 922-6430

deltarf.com \ V& P.O. Box 53 » 416 Cabot St.

Beverly, MA 01915 USA


http://deltarf.com

ML TARY IMICAOWAYES

EMULATING OBSOLETE DEVICES

Test program sets used in ATE
systems are generally certified, which
makes it very time-consuming and
costly to modify and reapprove them
when an obsolete instrument is re-
placed. Replacement also triggers
software modifications — and the cost
of a TPS rewrite almost always ex-
ceeds the cost of instrument replace-
ment. Itis therefore very cost effective
to manage instrument replacements
without changing the existing TPSs.
An attractive migration strategy is to
deploy new measuring instruments
that emulate the discontinued instru-
ments. This approach saves time and
is cost-effective but not trivial. The
requirements for the new instruments
are determined by the test programs
themselves and by the electrical and
functional features of the instruments
to be emulated.

DIFFERENT STRATEGIES

There are three basic approaches
to solving the obsolescence problem:
ATEs can be maintained, modernized,
or upgraded. The appropriate choice

SAW
Modules

depends on remaining ATE system
life and on cost. Maintaining an exist-
ing ATE by repairing its instrumenta-
tion has lower costs and is relatively
simple, but is limited to the number of
years the legacy instruments are avail-
able. Benefits are zero or few changes
to hardware and software and minimal
capital expense. Problems are the lim-
ited time span, higher downtime and
the increased risk when the product is
no longer supported.

Modernizing or replacing the en-
tire ATE solves the code compatibility
issue, but also has much higher costs
and usually can be done only during
major program updates or extensions.
Advantages include greater reliability,
faster tests and extended life. On the
other hand, this approach requires
major changes to hardware and TPS,
which lead to higher complexity, com-
patibility issues, higher risk and high
costs.

Upgrading the ATE with mod-
ern instruments is a middle way that
has the potential to create modern
systems at a reasonable cost. How-
ever, it requires that the line replace-
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o state-of-the-art design
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able units (LRU), or units under test
(UUT), give the same response when
stimulated with the replacement in-
strument as they did with the legacy
instrument. In other words, the re-
placement has to be done with code-
compatible instruments.

ACHIEVING CODE
COMPATIBILITY

Usually, replacing legacy instru-
ments with new instruments that
emulate them exactly requires the
same hardware interface (GPIB) used
by the existing test system. It also re-
quires adopting the existing command
language (such as for frequency and
measurement range setting, dynamic
range setting and noise level setting
for the replacement instruments).
Fortunately, the Standard Commands
for Programmable Instruments Stan-
dard (SCPI) has significantly reduced
the problem of interchangeability.
Footprint in most cases is not a prob-
lem because modern instruments
tend to be smaller in size and have
lower power consumption.

Faster testing (increased through-
put, higher yield) may also be possible
because the replacement instruments
deliver higher accuracy and speed and
this can lead to higher margins for the
DUTs. Other benefits include mini-
mal hardware and software changes,
greater reliability and reduced cost of
ownership.

Since the late 1990s, remote con-
trol of instrumentation has been
based on the common SCPI standard.
Before that, legacy instruments used
vendor-specific command sets that
had their own syntax and semantics.
To make these instruments com-
patible with earlier generations at a
minimum requires switching from the
SCPI parser to a parser for the legacy
commands that understands the old
syntax. But just translating the legacy
commands into SCPI is not enough.
The right emulation mode has to be
activated first, as well as the selection
of the emulated instrument model.
(Although most of the legacy instru-
ments share a common set of remote
commands, each model may respond
to the commands quite differently.)

GETTING INTO EMULATION
MODE

Activating emulation mode includes
selecting the particular model of in-
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A Fig. 2 Emulatzon mode: Selection of
legacy signal analyzers to be emulated by the
R&S FSV.

strument to be emulated. Instruments
from an earlier family might have a
common set of legacy commands but
they can show considerable differences
in many areas. Activating emulation
mode includes selecting the particu-
lar model of instrument to be emu-
lated. Figure 2 shows the selection of
legacy signal analyzers to be emulated

* Smallest Cesium Atomic reference
oscillator with GPS Disciplining and
exceptional phase noise, ADEV, holdover
performance and extremely low power
consumption and very small size (SWAP)

Low Noise OCXO option:
ADEV: 1E-012 at 1s, 2E-012 at 10s
Phase Noise: -105dBc/Hz at 1Hz

« Extended temperature, ruggedized options

*Various filter oscillator options: low-g
sensitivity (<0.3ppb/g/axis), ultra high
phase noise/ADEV performance, low-cost

e Very cost effective, available from stock

* Designed to run in stationary applications
with Position Hold features, as well as in
high-dynamic (e.g. jet-fighter)
environments with crystal options for
optimal performance in either environment
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A Fig. 3 Emulation mode: Sample selection
of a legacy signal generator to be emulated —
example shown here is the R&S SMA100A.

by the R&S FSV as an example. Fig-
ure 3 shows the sample selection of a
legacy signal generator to be emulated
by the R&S SMA100A and Figure 4
shows that power meters like the R&S
NRP2 are often used in automated test
applications. The remote emulation
feature allows the user to control the
R&S NPR2 by using the exact same
commands that were implemented in
the original instrument.

It is also very important for the
emulation to function in both direc-
tions. Besides being able to under-
stand and be capable of processing
incoming commands, the new in-
struments must also deliver respons-
es such as measurement or query
results to the control program that
are compatible with the emulated
instrument.

In addition, activation of the emu-
lation mode enables proper adapta-
tion to the different preset settings of
the instruments to be emulated (That
is, for a spectrum analyzer: span, start
and stop frequency, number of trace

* Shock:

«Vibration: Maintains lock under
MIL-STD-8106, Method 514.6, Fig.
514.6E-1, General Minimum Integrity,
77 grms

o Vibration compliance:

MIL-STD-202, Method 201-204,
Condition C, 10g’s from 55-2000 Hz

MIL-STD-202, Method 213, Condition C.

Sensor Windows Measurement File [System

[0 Remote Interfaces

Off GPIB USE VX1 Eth
A User-Defined IDN
HP 437B ‘
'|User-Defined HP 4384

'] Agilent N1911A ‘
Agilent N1912A

RESNRP2 ~|{

Command Set:

Ar ig. 4 Power meters like the R&S NRP2
are often used in automated test applications.

points, reference level and bandwidth
coupling).

Activation of emulation mode (or
native mode) can also be handled
automatically by means of a control
command. This makes it possible for
new control programs to take advan-
tage of the features provided by state-
of-the-art instruments, in addition to
their emulation capabilities.

ID STRING EMULATION AND
RESPONSE FORMATS

To address different members of the
same instrument family, simply editing
the ID string is often sufficient. For a
valid ID string emulation, the response
to a query for an instrument ID must
match the original. ID strings should
also be editable manually. In addition,
preset settings need to be adjusted to
match the legacy instrument.

Properly formatted instrument
responses to queries by the control
program are essential for proper emu-

* Humidity:
Option for conformal coating

* Temperature:
-40C to +85C

Jackson Labs Technologies, Inc. Tel: +1 (408) 354-7888 ® www.jackson-labs.com ® Email: sales@jackson-labs.com
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lation of previous instruments, along
with identical formatting of all param-
eters (integer, float, ASCII strings)
and an identical number of charac-
ters. When querying trace data from
a spectrum analyzer, it is particularly
important for the different query for-
mats of previous instruments to be
implemented to result in correct emu-
lation. For example, legacy analyzers
provide different formats for reading
out trace data.

SERVICE REQUESTS AND STATUS
REPORTING

Service requests are messages the
instrument sends to the controller
when specific conditions or events
occur that require a response by the
controller. An example would be a
message indicating that the analyzer
has completed a sweep. The control-
ler analyzes the different events and
status messages using status byte
queries.
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Service requests and status report-
ing present a tricky emulation prob-
lem. Although they are defined in the
IEEE488.2 standard, legacy instru-
ments implemented this functionality
only partially and with different be-
haviors. Since the requirement is an
identical response to service request,
not only the status bits of the legacy
instrument must be emulated, the be-
havior of the status bit combinations
generated by the legacy instrument
has to be emulated also. The respons-
es of the status reporting (service re-
quests) must be simulated as precisely
as possible, including the response
times and the related assignment of
the status registers.

MODIFICATIONS MAY BE
NEEDED

Sometimes a problem arises due
to the different functional feature
sets of the legacy instrument and the
new instrument. The challenge is to
replace a legacy instrument such as
HP8340B by a new instrument, when
the feature set of the legacy instru-
ment is not a true subset of the new
instrument. Normally, an emulation
would implement the overlapping
functions, but not those functions
available in the newer instrument.
This can lead to faults. The reason
is that very often, during the initial-
ization of the application, the legacy
instrument calls for a function, which
is not available in the new instrument
and which is never needed during the
rest of the application.

The following example illustrates
this problem: The HP8340B, for in-
stance, sends the command “PDO0” to
disable the pulse modulation in an ap-
plication where no pulse modulation
is needed. If the legacy instrument is
replaced by an R&S SMB100A, for
example, without a pulse modula-
tion option, this command leads to
an error message and possibly to a
malfunction of the application. One
solution is to implement the unavail-
able functions as “dummies” for the
emulation. This means that set-up
commands will be absorbed and poll-
ing commands will be answered with
default values.

HARDWARE AND TIMING ISSUES

In today’s instruments, signal pro-
cessing is fully digital. This means that
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the analog design of legacy instruments must be carefully
taken into account, particularly with respect to timing,
filters and level aspect. For example, reference level dif-
ferences between modern and legacy spectrum analyzers
can be adjusted with internal mixer levels. Emulation with
digital filters must fit the shape factor of the analog filters
in legacy instruments.

Modern instruments, such as analyzers, signal genera-
tors or power meters, are much faster than legacy instru-
ments. In most cases, this is not an issue and even leads
to better throughput. On the other hand, calibration and
self-alignment may take much longer in modern instru-
ments because it takes a larger number of correction steps
to achieve higher accuracy. In this case, the solution is to
reduce alignment to only a part of the procedure in emula-
tion mode. Another problem on command execution may
occur if test programs are not properly synchronized.

CONCLUSION

Many ATEs in use today are facing obsolescence prob-
lems in the short or mid-range term. Since modern instru-
ments can now emulate legacy instruments and achieve
code compatibility in many cases without modifications to
the TPSs, migrating to the new generation of instrumenta-
tion makes it a strategy worth considering to keep system
readiness at the highest level.

Backward compatibility requires both command com-
patibility and true functional/behavioral compatibility. The
advanced spectrum analyzers, network analyzers, signal
generators, power meters and audio analyzers from test
and measurement companies like Rohde & Schwarz and
others offer built-in emulation to ensure the highest pos-
sible code compatibility. For example, the R&S Legacy Pro
concept makes it feasible to use the migration approach in test
systems, if desired, and replace obsolete measuring instru-
ments. In many applications, it is possible to continue using
existing control programs without any modifications. ll
I
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The Ins and Outs of
Microwave Signal
Capture and Playback

he capture and playback of microwave

signals has a multitude of applications

in the evaluation of communications,
radar and electronic warfare systems. The
stimulus and analysis requirements of system
level testing differs from the functional testing
of the various sub-systems, boards and compo-
nents that make up the system for a number
of reasons. For instance, these types of sys-
tems are becoming increasingly multi-role and
multi-mode in nature, perhaps even perform-

: ““-?‘é:! .

ing multiple functions at the same time. The
systems will need to automatically reconfigure
themselves depending on the stimulus at one
or more of their sensor ports. So, a benign or
static test stimulus that may be sufficient to
verify a lower level subsystem will not be suf-
ficient to fully exercise the dynamic operation
of the full system under all or even a few of its
operating conditions.

To provide an environment adequate for
functional evaluation of the system, the test
stimulus must be long and unique — in other
words, a complete, non-repetitive scenario.
The issue is that these systems may internally
operate in the realm of microwave frequencies
and nanoseconds of time, but the environment
in which the system lives is governed by real
world events that can take seconds, minutes
or even hours to unfold. In order to analyze or
generate the scenario, the signal must be cap-
tured and/or played back at a sample rate that
can recreate the highest frequency element

A Fig. 1 The reflected waveform is unique and changing at the
receiver antenna during the entire flight.

JoHN HANSEN
Agilent Technologies, Santa Clara, CA
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RESULTING SEGMENTED MEMORY TO OPTIMIZE THE NUMBER OF RADAR PULSES CAPTURED

T, T T TR

\ IGNORE THE “OFF” PART OF THE RADAR PULSE
CAPTURE ONLY THE “ON" PART OF THE RADAR PULSE

A Fig. 2 Segmented capture of a long pulse train.

(usually the carrier) and the slowest
changing or rarest event the system
encounters.

For example, consider the flight of
a radar guided missile as illustrated in
Figure 1. The signal at the receiver
of the missile will be constantly chang-
ing from the time it is launched to the
time it reaches its target. It may begin
in a bi-static mode, where the radar
signal is transmitted at a certain fre-
quency from the launching platform,
like a fighter jet. During the flight,
the missile and target will be acceler-
ating or decelerating, putting a Dop-
pler frequency shift on the carrier at
a relatively low rate of change. The
Radar Cross Section (RCS) changes
constantly as the relative position of
the missile and target changes. As
the missile approaches the target, the
pulses become more closely spaced.
The mode of the radar may change to
maintain optimal tracking of the tar-
get through changes in the pulse rep-
etition frequency (PRF) and pattern.
There will probably be an attempt
to jam the signal. Finally, the radar
seeker in the missile may take over at
a different carrier frequency and PRF.

This requires a very deep memory
in order to store all the samples need-

ed to capture or playback this type of
scenario. For instance, if the radar op-
erates in X-Band at 10 GHz, a sample
rate of approximately 25 GS/s (GigaS-
amples per second) will be required
(Nyquist frequency plus some mar-
gin) to accurately capture the signal.
For the discussion here, a sample con-
sists of a 32-bit I and Q sample pair. So
a memory depth of 2 GS will only hold
80 ms of data at this rate. Fortunately,
there are methods for optimizing the
use of memory during capture and

playback.

SEGMENTING AND SEQUENCING
FOR CAPTURE AND PLAYBACK

When performing measurements
on pulsed radar signals, capture and
analysis of a large number of pulses
is often required. For example, the
Agilent 90000X oscilloscope has a
deep capture depth of 2 GS. This is
the same depth that was used in the
example above. The amount of data in
terms of time, of course, depends on
the sample rate selected.

Segmented memory can further
optimize the number of radar pulses
that can be captured and analyzed
with the available oscilloscope mem-
ory. Essentially, it enables the user to

zoom in on a pulse
and capture only the
# “ON” portion of the

pulse, while ignor-
ing the “OFF” por-

SEQUENCE MEMORY

1/Q WAVEFORM MEMORY
WAVEFORM SEGMENT
# #3
BEREY o L 120§ m20| -.43sz ; 'Jsazu
LOCATION —> |1 121 ',14121 ['-.5321- |

SEQUENCE
’; SEGMENT LOOP X 1000 —|
SEGMENT#1 SEGMENT #3 ' SEGMENT #2 SEGMENT#4 SEGMENT #3 SEGMENT #2

o | LENGTH =120 | LENGTH = 200 [LENGTH = 4000]LENGTH = 5000| LENGTH = 200 |LENGTH = 4000

tion of the pulse as
illustrated in Figure
2. This helps to opti-
mize memory usage
and maximizes the
number of pulses

I X 1000 I X5 I

#0OF SEGMENT ' x
REPEATS

X 65536

X 256 X 10000 T

that can be captured
with the 2 GS of

A Fig. 3 Example arrangement of segments in a loop and sequence.
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physical memory.

Many arbitrary waveform genera-
tors (AWG) feature a similar sample
memory optimization capability. This
is termed segmenting and sequenc-
ing. Playback of stored waveforms
can be defined in a way which effec-
tively “multiplies” the use of existing
memory. This multiplication effect
is especially apparent for waveforms
with significant “OFF” time and rep-
etitions. For example, pulse wave-
forms with low duty factors need only
to define the unique “ON” time plus
some small portion of the “OFF” time
as separate segments in memory. The
single “OFF” segment is looped and
replayed as needed.

Many different waveform seg-
ments can be stored in the AWG
waveform memory. Sequences are
formed, using a contiguous series of
segments. Because each segment has
a specified start and stop address, se-
quence play is continuous and with-
out gaps, when played from one seg-
ment to the next. Multiple segments
can be grouped and looped for even
greater memory compression. This
waveform scenario construction is il-
lustrated in Figure 3.

APPLICATIONS FOR CAPTURE
AND PLAYBACK

In addition to the radar guided
missile example, there are broad re-
quirements in the aerospace and
defense community for capture and
playback of long, unique, non-repeat-
ing signals. One application example
is interference testing. Interference
is an undesired emitter, which could
reduce or block the sensitivity of a re-
ceiver. Interfering emitters are often
unpredictable: one does not know
when they will occur, where in the
spectrum they will appear or how long
they will last. In order to fully under-
stand the true nature of these inter-
fering signals, many seconds, minutes
or even hours of capture time may be
required to guarantee that an event is
captured.

What may be the most challenging
application of signal capture and play-
back is radar target simulation. Here,
the target return is coherent with
the transmit pulse radar because the
transmit pulse is captured and “im-
mediately” played back to the radar
receiver, with some fixed and perhaps
added latency while maintaining a
constant phase. Systems dedicated to
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this function are termed Digital RF Memories (DRFM).
Due to the relatively narrow use cases (radar target simula-
tion and deceptive radar jamming) and custom nature of
these DRFM systems, they are generally quite expensive.
No solution using general purpose, off the shelf instru-
ments currently exists. The requirements for such a capa-
bility include: a known, fixed signal latency through the sys-
tem and the ability to act on the signal as it passes through
the system (e.g., adding simulated Doppler).

For applications such as these, an extremely large
amount of memory is needed. The ability to capture and
perhaps playback without gaps at a very high data rate is
also needed. So let’s now discuss the concept of waveform
streaming.

WAVEFORM STREAMING
Streaming is a flow of data that can be I and Q sample

data, symbols, bits, waveform description, etc. The stream

can last for an indeterminate, although generally finite, pe-
riod of time, so there is not necessarily information about
when the stream will end. The average data rate at the des-
tination of the data is the same as at the source.

There are three basic use cases for streaming capture
and playback of RF and microwave signals:

e Capture or playback of long waveforms to or from an
extremely deep memory, which could be disk array of
many Terabytes set up in a RAID configuration for fast-
er write speeds.

CONTINUOUS STREAM OF 10 SAMPLES
o 10 SAMPLES |

BLOCKS OF 10 SAMPLES WITH META DATA

TIMESTAMP, PHASE, TIMESTAMP, PHASE,
CARRIER FREQUENCY |'® SAMPLES CARRIER FREQUENCY |'® SAMPLES

BLOCKS OF 10 SAMPLES TRANSMITTED
FOLLOWING A HARDWARE TRIGGER SIGNAL

WAIT FOR WAIT FOR
. | 10sampLes | YAIT FOF | 10 sampLes | WA FOF

BLOCKS OF META DATA THAT ARE CONVERTED INTO A WAVEFORM

PULSEWIDTH, | waiT FoR PULSE WIDTH, | waT FOR
FREQUENCY | rpeern FREQUENCY | TRiGGER

A Fig. 4 Possible transmission over the streaming interface.

* Waveform to be defined dynamically during playback,
based on the system’s reaction to the current waveform.
The next waveform segment to play is selected just prior
to the current segment completing or it is created math-
ematically at run-time.

e Streaming allows a digitizer to capture a signal, option-
ally process it in a DSP and re-transmit it from an AWG
in real time, as described in the DRFM application ex-
ample above.

There are many different ways and types of data that

can be utilized to stream a waveform in addition to just a

continuous stream of T and Q samples. Figure 4 shows the
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possible data transmissions over the streaming interface,
which define a waveform. Meta data can be empl()\ ed with
waveform description data. Triggering enables control over
the timing of the waveform.

THE STREAMING INTERFACE

The link or interface between the source of the data and
its destination in a streaming C(:)nﬁguration is, of course,
critical for the rate that samples can be captured and the
bandwidth of the signal that can be streamed. There are a
few possibilities here, but one most promising is PCI Ex-
press (PCle).

PClIe is a serial high speed interconnect, which replaced
legacy bus-based PCI and PCI-X technologies, and is now
migrating from desktop to embedded applications. PCI-
E\PI ess ()pemtes more like a network than a bus. It utilizes
a point-to-point topology, with separate serial links con-
necting peupheldls to the processor. Data rates for PCIe

es from 250 MB/s per lane to 4 GB/s using up to
16 lanes in each direction. The latest release version of the
standard (3.0) can support 1 GB/s per lane to 16 GB/s for
16 lanes.

What kind of signal bandwidths can be accommodated
in streaming over PCIe? th a data rate of 1 GB/s, this
equates to 250 MS/s (32 bit I and Q pairs) and a capture/
playback modulation bandwidth of 200 MHz. As can be
seen from the evolution of PCle, much wider bandwidths

AG

L TRA L

e
CE mows

are possible. One difficulty might lie in the development
of an interface driver to unlod\ the potential of the PCle
architecture and handle the flood of data over multiple
lanes.

CONCLUSION

Streaming capture and playback of microwave signals
is necessary f(n the dev el()pment of advanced systems that
operate in multiple modes, in a constantly chandmc en-
vironment. Solutions using off-the-shelf eqlupment hd\e
been lagging for this need making it necessary for some
to develop expensive custom solutlons It appears now that
general purpose instrument manufacturers are beginning
to implement the needed architectural features to stream
waveforms at a high enough sample rate to address today’s
wide bandwidth applications. This is good news for our
equipment budgets. l
John Hansen is currently a senior application engineer for Agilent
Technologies’ E](’(:fnmz'(: Measurements Group. He has more than
20 years of e gineering and new product
dev icr ronics and defen
nulusm(s A —\' 1 responsible for the launch of
new high frequency microwave signal generator products and is
curre )11[1/ involved in market analysis and generation of technical
content for the aerospace & defense market: ~to joining
Agilent, Hansen worked at Hugh g oms, where he
participated in the development of llular and satellite
communication pm(hu,'fs as an engineering test manager.
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(TWT) amplifiers have long addressed

high power X-Band applications from
10 W to multi-kW. GaAs MESFET solid state
amplifiers deployed range from 10 to 100 W
while TWT deployment range extends power to
multi-kW; these amplifiers have served applica-
tions such as satellite communications, marine
radar, medical imaging and military.

0.4 micron GaN HEMT transistors were
first released into the market during the 2005
to 2006 time frame. The initial GaN HEMT
offering focused on UHF through C-Band,
primarily on CW broadband power and L- and
S-Band pulsed power applications. Since the
initial release, GaN HEMT suppliers have suc-
cessfully fielded several million transistors. At
Cree, the reported field FIT rates are less than
10 parts per billion hours of device operation.
This FIT value rivals or is superior to any GaAs
or Si power FET technology demonstrating
GaN HEMT has established itself as a reliable
and accepted technology.

Recently, a 0.25 micron GaN HEMT pro-
cess technology has been released and to date
includes product in die form, foundry service
and X-Band fully matched packaged transis-
tors. The X-Band matched device product fam-
ily consists of four products:

| i aAs MESFET and Traveling Wave Tube

ML TARY IMICAOWAYES

50 and 100 W,
X-Band Fully

Matched Transistors

e CGHV96050F1: 50 W, 50 Q) matched tran-
sistor tested under OQPSK at 25 W Pave
from 7.9 to 8.4 GHz

e CGHV96100F1: 100 W, 50 ) matched tran-
sistor tested under OQPSK at 50 W Pave
from 7.9 to 8.4 GHz

e CGHV96050F2: 50 W, 50 Q) matched tran-
sistor tested from 7.9 to 9.6 GHz under 100
usec, 10 percent duty cycle

e CGHV96100F2: 100 W, 50 ) matched tran-
sistors tested from 7.9 to 9.6 GHz under 100
usec, 10 percent duty cycle
The CGHV96050F1 and CGHV96100F1

are characterized for satellite communication

linear power requirements under OQPSK.

Figures 1 and 2 show the linear features over

frequency based on -30 dBc offset mask. Both

the 50 and 100 W, X-Band GaN HEMT tran-
sistors show excellent linearity in the 30 per-
cent power added efficiency (PAE) range while
providing linear gain exceeding 12 dB. The
spectral compliance is achieved while operat-
ing at 3 dB backed-off from Psat.

The CGHV96050F1 and CGHV96100F1
can be deployed in 25 to 100 W linear power
solid state amplifiers (SSPA) which have ear-

CREE INC.
Durham, NC
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A Fig. 1 CGHV96050F1 typical perfor-
mance spectral mask under OQPSK modula-
tion, 1.6 Msps Vp,p, = 40 V, output power =
44 dBm/25 W (a) and linear output power,
gain and PAE, Vi, =40V, I, = 500 mA, 1.6
Msps, OQPSK modulation at —-30 dBc (b).

lier typically utilized GaAs MESFET
technology. Devices are easily com-
bined. For example, a high power
SSPA could be developed with multi-
ple combined 100 W transistors. Typi-
cal performance for a four-way com-
bined 100 W transistor could realize a
200 W average power linear amplifier.
TWTs typically operate at 6 dB back-
off from their saturated power and in
many cases require external lineariza-
tion to be able to meet the linearity
requirements for satellite communi-
cations. A 200 W GaN HEMT linear
performance (400 W peak power)
would be equivalent to a correspond-
ing 800 W TWTA in terms of linear
power performance capability.

The CGHV96050F1 and
CGHV96100F1 offer the wide video
bandwidth capabilities important for
multi-carrier satellite communication
applications. Figure 3 shows tone
spacing through 80 MHz separation
while maintaining spectral stability in
terms of IM3, IM5 and IM7.

The CGHV96050F2 and
CGHV96100F2 GaN HEMT transis-
tors have also been characterized for
saturated power, pulsed applications
such as weather and marine radar as
shown in Figure 4. The transistors
offer a minimum power gain of 10

58

A Fig. 2 CGHV96100F1 typical perfor-
mance spectral mask under OQPSK modula-
tion, 1.6 Msps Vi, = 40 V, output power = 47
dBm/50 W (a) and linear output power, gain
and PAE, Vyy, = 40 V, I, = 1000 mA, 1.6
Msps, OQPSK modulation at —30 dBc (b).
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A Fig. 4 CGHV96100F2: 100 W X-Band
internally matched transistor (a) and
CGHV96050F2: 50 W X-Band internally
matched transistor (b) performance.

dB while offering 80 or 140 W out-
put power over the 7.9 to 9.6 GHz
frequency band and PAE offered is
45 to 50 percent. These features cor-
resp()nd to an average of two times
improvement over comparable GaAs
MESFET transistors at this frequency
and power level.

The pulse droop demonstrated by
the 50 and 100 W GaN HEMT tran-
sistors is excellent as shown in Figure

IM3_NEGATIVE IM3_POSITIVE
IM5_NEGATIVE IM5_POSITIVE

2 IM7_NEGATIVE
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A Fig. 3 Intermodulation distortion
performance vs. tone spacing, V,, =40V,
frequency = 8.2 GHz, output power = 43
dBm/20 W.
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A Fig. 5 Output power vs. time, Vpp, =40V,
Py =41 dBm, duty cycle = 10%.

5. Short pulse width droop is extreme-
ly low and even a relatively long (for
this application) 300 psec pulse droop
is a very good 0.5 dB as shown in the
figure. The minimal pulse droop is
due to the superior thermal properties
of the Silicon Carbide (SiC) substrate
used as a substrate material for the
GaN-on-SiC HEMT structure.

These high power X-Band tran-
sistors offer excellent features for 50
thru 100 W requirements and can
be combined into high power SSPAs
exceeding 1 kW by deploying 100 W
transistors into a multiple device com-
bination scheme. The advantages of
GaN HEMT transistors for X-Band
will offer significant systems benefits
in terms of power management, ther-
mal management, power supply load,
package size shrink of the SSPA unit
size or offering significant reliability
and cost advantages when compared
with TWTA. GaN HEMT SSPA sys-
tem advantages are overwhelming
when compared with GaAs MESFET-
based SSPA and TWTA.

Cree Inc.,
Durham, NC
(919) 407-7816,

www.cree.com/rf.
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ilitary missions and natural disaster
response share the need for rapid de-
ployment of SATCOM infrastructure
under very challenging conditions. Speed, per-
formance and agility are critical, and until now,
those capabilities largely have been viewed as
incompatible. Greater bandwidth was avail-
able, but not in a form factor that could be
fielded quickly or easily. Newer VSAT termi-
nals offered more complex capabilities, but re-
quired lengthy set-up and adjustments.
Harris Corp.’s 1.3-meter Seeker™ terminal
provides support for X-, Ku-, and Ka-Bands

A Fig. 1 Transit case for 1.3-meter Seeker terminal.

ML TARY IMICAOWAYES

' Tri-Band VSAT
Single Case
Antenna

in a single transit case that can be checked as
airline baggage. Supporting throughput of 8
Mbps, Seeker offers the highest gain possible
in a single-case (see Figure 1) antenna that is
as small as many 0.9-meter systems.

What makes this possible? Seeker was de-
signed to operate without an antenna control-
ler unit or fans, drastically reducing weight,
bulk and noise — as well as cost and power
consumption. One battery can provide 80
minutes of airtime in the event of a power in-
terruption.

An integrated RF receiver/transmitter is
slice mounted directly to the back of Seeker’s
reflector hub, significantly reducing the num-
ber of cables required to just five: one input
power, one output power, one input GPS, and
two transmit/receive cables.

Seeker is self-contained, with a GPS receiv-
er, inclinometer, flux gate compass and simpli-

HARR1S CORP.
Melbourne, FL
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fied keyboard with a built-in display.
Its large aperture size reduces the
need for ESD spreading, thereby con-
serving up to 50 percent of satellite
transponder bandwidth power com-
pared with 0.6-meter solutions.

Ease of deployment and use are
paramount in Seeker’s design. The
system can be set up by one person
and operating in just 10 minutes.
This is due not just to its innovative
packaging and agility, but also to its
user-friendly Acquisition Wizard. This
embedded tool “coaches” the user
through three simple steps to signal
acquisition using elevation, azimuth
and skew angle adjustments.

Even the novice user can acquire
and join the satellite network in less
than five minutes — something not
possible with other VSAT systems,
which still require the operator to
pre-plan the mission, peak the termi-
nal after acquiring, and fine-adjust the
polarization skew angle to align to the
target satellite.

Seeker excels in outdoor tactical
environments. Its ruggedized elec-

A Fig. 2 Seeker 1.3-meter terminal with
transit case.

tronics can withstand challenging
thermal, wind and water conditions
with minimal degradation in through-
put capability.

Seeker was designed in conjunc-
tion with other Harris terminals
ranging in size from 0.45 to 3.8 me-
ters. This “family” approach ensures
efficient use of common, swappable
components such as the modem,
power supply, cabling and hardware.
Each reflector panel also is inter-
changeable, simplifying field repairs

and lowering sparing costs com-

pared with traditional, matched-set
reflector panel configurations. Use
of common elements has the added
benefit of reduced training time. The
product can be bundled with Har-
ris CapRock satellite bandwidth and
services to provide a complete end-
to-end SATCOM solution anywhere
in the world.

Seeker has been demonstrated
to several government organizations
and companies that have recognized
its unique benefits. During a recent
demonstration, military attendees
commented, “A 1.3-meter terminal
in one case (see Figure 2). Seeker’s
terminal throughput is impressive
for its class. It is so easy to use and
the common receive/transmit unit
across apertures ranging from 0.45
meters to 1.3 meters allows me to
tailor my equipment for my specific
mission needs.”

Onsite demos are available.

Harris Corp.,
Melbourne, FL
(321) 729-7863,

www.govcomm.harris.com.
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application ready and multi-INT subsystems for the 1SR market
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Millimeter Wave Products UE to 40GHz
R

Amplifiers, Attenuators, Filters, Limiters,
Switches & Threshold Detectors

Amplifiers
Attenuators - Variable

DLVA & ERDLVA &
SDLVA’s

DTO’s
Filters

Form, Fit & Function
Products

Hybrids, Dividers &
Couplers

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
Modules

I/Q Vector Modulators
Limiters & Detectors
Log Amplifiers

Pulse & Bi-Phase
Modulators

Phase Shifters

Rack & Chassis Mount
Products

Receiver Front Ends

Single Sideband
Modulators

SMT & QFN Products

Solid-State Switches

Switch Matrices

Switch Filter Banks

ase Shifters,

AMPLIFIERS

0.03 to 40GHz and 20 to 40GHz, Low to High
Gain, Wideband, Octave Band, Narrow Band,
Low Moise & Medium Power.

ATTENUATORS

0.1 to 40GHz, 18 to 40GHz & 26.5 to 40GHz
with 15, 30 or 60dB Ranges, Linearized
Voltage or Diigitally Programmable or Non-
Linearized Voltage Controlled models.

FILTERS
26.5 to 40GHz, High Pass Filter, -54dBc Rejection
@ 20GHz, 2.0:1 VSWR, 2dB Insertion Loss,
0.65"x 0.65" x 0.5",

LIMITERS

24.5 -38GHz, 26.5-40GHz, 20W Peak 670nS
PW, 40% Duty Cycle, 14dBm Leakage, 250nS
Recovery, 0.5" x 0,5" x 0.22"

PHASE SHIFTERS

28 to 32GHz and 32 to 37GHz, 360 degree
digital and analog phase shifters and 90, 180
& 380 Bi-Phase Modulators.

SWITCHES

0.5 to 40GHz and 18 to 40GHz Broadband,
Reflective or Absorptive, Low Loss, High lso-
lation, SPST to SP16T or SPNT.

THRESHOLD DETECTORS

16 to 40GHz, -20 to 0dBm, analog or digi-
tally adjustable or fixed threshold levels
with TTL output.

AT~ T
'.".Il“ | ] .ll'll\

Threshold Detectors 7311-F Grove Road, Frederick, Maryland 21704 USA
Tel: 301-662-5019 | Fax: 301-662-1T731
USB Products Email: sales@pmi-rf.com | www.pmi-rf.com

1509001:2008 Certified


http://www.pmi-rf.com
mailto:sales@pmi-rf.com
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High Performance

A1rborne Router for

Critical Defense ISR

® Direct Government Technologies” (iGT)
i new satellite airborne router, the eS000 AR,
is for government customers who want high
speed communications on a variety of transport
and intelligence, surveillance and reconnais-
sance (ISR) aircraft platforms. The new router
is designed for easy roll-on, roll-off integration
into both low-speed and high-speed military
airframes, supporting multiple missions from
a single satellite router or modem that can
be connected into an existing iGT regional or
global satellite internet protocol (IP) network.
The 8000 AR is a software-defined satellite
modem that comes in a one RU rack-mount en-
closure, 21 inches deep, and fits into the small-
est portable flyaway cases. Weighing less than
16 pounds, the new router will not bust the
operator’s margin for weight. Also included are
locking Ethernet, RF and 38-999 connectors
that provide military-grade interfaces for high
performance and secure connections that will

not loosen
during op-
erations
where high
vibration
is present.
With both
AC (100 to

A Fig. 1 e8000 AR back side inputs and connections.
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240 'V, 50

to 400 Hz) and DC (28 V) inputs (see Figure
1), the router can be easily powered from an
airplane’s native power bus eliminating power
converters that may produce dirty power. The
entire unit is designed and tested to meet
MIL-STD 810G airborne environmental stan-
dards and MIL-STD 461F standards for EMI
and radiated emissions.

iGT routers have flown on multiple military
airframes, from the low-speed King Air C12 sur-
veillance mrcraft to the high-speed C17 trans-
port aircraft, supporting multiple military-spe-
cific applications. The eS8000 AR router’s high-
speed communications-on-the-move (COTM)
features along with the iDirect IP network,
delivers voice, video and data applications to
and from personnel on board the aircraft. The
€8000 AR can be optimized for downstream or
upstream data rates using either Deterministic
Time Division Multiple Access (D-TDMA) or
Single Channel Per Carrier (SCPC) operational
modes. The router can be operated in either
mode and switched by the operator depend-
ing upon the mission. For bandwidth intensive
ISR applications, the eS8000 AR can be oper-
ated in SCPC mode where up to 19 Mbps can

IDIRECT GOVERNMENT

TECHNOLOGIES
Herndon, VA
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Cell phone antenna simulation in XFdtd and subseguent propagation analysis in Wireless InSite

XFdtd® and Wireless InSite":

Remcom’s Multiphysics Toolset

Remcom’s products are designed to XFdtd: Innovative 3D electromagnetic
work together to provide complete simulation software

and accurate results when modeling

propagation with real world devices " Wireless InSite: Ray-based, site-specific
in real world scenarios. radio propagation analysis tool

Visit Remcom to learn more: www.remcom.com

m Sophisticated, highly-refined EM simulation tools
m Superior customer support and customized solutions

m Affordable plans for any budget or level of need

o* 2% o +1.888.7.REMCOM (US/CAN)
REMCIEM | [EEds
o

www.remcom.com
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Xyn

corporation

specialized in Low Phase Noise
quency Sources since 1998.

f our new quieter FRDRO line.

NXOS AND NXFR SERIES FRDRO
PHASE NOISE AT 10 kHz OFFSET

@PmNXFR

@=NX0s

Aar)

| reference phase noise to
dBc/Hz @ 100 Hz @ 100 Mhz
00p output

ncy resolution +/- 0.001 Hz
| reference stability

10 ppb

0 Mhz External reference
ncy: 10 Mhz to 35 Ghz
output: +10 to +24 dBm
perating temperature

s55° to +85°

us: <-90 dBc

ome your custom requirements.

|

ffers the best performance and
liability on the market.

1287 Forgewood Ave.
Sunnyvale, CA 94089
Tel: (408) 962-0895
Fax: (408) 743-5354

sales@nexyn.com

WWW.NEXyn.com
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be transmitted off the aircraft in the
upstream path. These data rates can
support multiple high-definition cam-
eras for surveillance and sensor data
from on-board video and sensor gath-
ering equipment. The eS000 AR can
also be operated in D-TDMA mode
for improved bandwidth efficiency and
achieve transmit data rates as high as
11 Mbps upstream from the aircraft,
depending upon satellite link budget
limitations.

Router data rate performance on
aircraft platforms are antenna and
satellite frequency band dependent.
The 8000 AR is designed to operate
in any combination of antennas and
satellite frequency bands, including
wideband global satellite (WGS) con-
stellation, to provide optimum perfor-
mance to the operator. The e8000 AR
has a built-in open antenna modem
interface protocol (OpenAMIP) to in-
terface with airborne antenna’s anten-
na control unit (ACU), which provides
real-time location and pointing infor-
mation during flight. For antennas
without OpenAMIP, the eS000 AR
includes an on-board CPU with an ap-
plications interface (API) for custom
antenna interface development. The
CPU comes with a thin-Linux operat-
ing environment that can be accessed
through keyboard, video and mouse
(KVM) interface, front-panel USB, or
Ethernet port.

Some frequency bands, such as
Ku-Band, have adjacent satellite in-
terference (ASI) requirements due to
decreased satellite spacing that can
limit the power spectral density (PSD)
transmitted from an airborne antenna
system. The e8000 AR router has in-
herent COTM features that allow the
operator to continue to optimize data
rate performance, select operational
modes and comply with ASI require-
ments. The router does this with
spread spectrum technology that al-
lows waveform spreading to meet PSD
requirements, while maintaining the
same data rate. The e8000 AR supports
spreading factors 2, 4, 8 and 16.

On other satellite frequency bands
such as X-Band and Ka-Band, ASI is
less of an issue due to increased sat-
ellite spacing and allows much higher
transmit power in the airborne an-
tenna system. The e8000 AR takes ad-
vantage of this higher power operat-
ing environment and can be operated
without waveform spreading, and uses

SCPC mode where iDirect routers
have achieved data rates upstream
from the aircraft as much as 14 Mbps
from a 17-inch airborne antenna.

The e8000 AR also supports
COTM features such as automatic sat-
ellite beam switching (ABS) and glob-
al roaming. Airborne networks can be
regional, multi-regional or global as
airplanes typically travel great distanc-
es and it can require more than one
satellite or satellite beam to cover the
traversed area. In order to maintain
constant communications when the
antenna needs to re-point or the mo-
dem needs to select a new beam, the
e8000 AR and iDirect’s Global Net-
work Management System (GNMS)
work together to make this physical
transition nearly seamless. Along with
on-board satellite beam maps, GPS
input and an awareness of a multi-
node network, the e8000 AR provides
the intelligence to transmit when it is
safe, or legal to do so, and switch be-
tween satellites as the airplane moves
from one satellite beam or coverage
area to another satellite beam, rees-
tablishes the connection and provides
the optimum data rates that can be
achieved for that link.

In addition to delivering high
performance, the e8000 AR is certi-
fied to federal information process-
ing standard (FIPS) Level 2 and can
be operated in transmission security
(TRANSEC) mode while operating
in an airborne network. The iDirect
system uses AES 256-bit key encryp-
tion and exchanges X.509 digital cer-
tificate authentication with automatic
key management. The 8000 AR can
be operated with TRANSEC in a re-
gional or global network with the use
of iDirect’s unique global key distribu-
tion management system that allows
roaming between secure networks.

The e8000 AR operates in a star to-
pology and uses standards-based DVB-
S2 with ACM waveform and can oper-
ate in networks with downstream rates
up to 45 Msps and upstream rates up
to 15 Msps in SCPC mode. Input fre-
quency range is 950 to 2000 MHz and
supports WGS frequencies. Modulation
formats on the downstream are QPSK,
8 PSK and 16 APSK, and BPSK, QPSK
and 8 PSK on the upstream.

iDirect Government Technologies,
Herndon, VA (703) 648-8118,
www.idirectgt.com.
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CERAMIC HERMETICALLY-SEALED

RF SWITCHES

HIGH ISOLATION... 0.3 MHZz to 6 GHz from

On land, sea, and in the air, demanding critical applications call for a switch
that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramic
RF/microwave SPDT switch is that switch. From 0.5 to 6 GHz this switch
operates in the absorptive mode (good output VSWR in off state). From
0.3 MHz to 500 MHz in the non absorptive mode (output ports reflective in
off state). The CSWA2-63DR+ at only 4 x 4 x 1.2 mm handles tight spaces,
provides protection against high moisture environments, and offers outstanding
performance. For tough RF/microwave switch requirements in commercial,
industrial, or military applications, think Mini-Circuits’ new ceramic switch. Visit
our website to view comprehensive performance data, performance curves,
data sheets, pcb layout, and environmental specifications. And, you can even
order direct from our web store and have it in your hands as early as tomorrow!

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

ea. (Qf)/ 10-49)

CSWA2-63DR+ In Stock
e VVery High Isolation: 63dB @ 1 GHz
to 44 dB @ 6 GHz
e [ ow Insertion Loss: 1.2dB
e High IP3: +45 dBm
e Integral CMOS Driver
e Supply current of only 18 micro amps
e 23 ns typical rise/fall time
e Operating temperature -55° to +125°C

4 mm Square Package

i = / (:) RoHs
I. v compliant

[JMini-Circuits’

ISO 9001 1SO 14001 AS9100
6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
C?).'ilz The Design Engineers Search Engine finds the model you need, Instantly < For detailed performance specs & shopping online see minil:il":E uits.com

U.S. Patents

IF/RF MICROWAVE COMPONENTS 434 rev H


http://minicircuits.com
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he MRA-42MH+ combines

a double balance mixer with

a highly linear, low noise IF
amplifier to provide a high gain ac-
tive mixer for efficient operation from
1000 to 4200 MHz. The LO power is
+13 dBm, conversion gain is 11.5 dB
typical, L-R isolation of 33 dB is typi-
cal and output IP3 of dBm is typical
with an IF frequency range of 10 to
800 MHz. It is packaged in a small
LTCC substrate that is 0.300" x 0.250"
x 0.060". Maximum operation tem-

, High Gain, 1 to 4.2

GHz Mixer

perature range is from -55° to 125°C.
Typical applications include cellular,
PCN, WCDMA, fixed satellite, de-
fense radar and communications.

The MRA series, due to its ultra
compact size, offers the additional
flexibility to enable the user to in-
stall design specific components (i.e.,
filters, attenuators, switches, etc.)
based upon the design needs. The
Schottky diode and MMIC amplifier
are bonded to a multilayer integrated
LTCC substrate, and then sealed un-

Passive Components for Ku and Ka Band

Data Link and SatCom applications

Folded Ku Band
Waveguide Diplexers

Passive components for SatCom and Datalink applications.
Designs available from bandpass filters up through fully
integrated multifunction assemblies including amplifiers,
switching, test couplers, gain control, and frequency conversion

www. deltamicrowave. com ~ sales@deltamicrowave. com ~ 805-751-1122

Ku Band Waveguide Diplexers

der a controlled nitrogen atmosphere
with gold plated covers and eutectic
Au-Sn solder. These very compact ac-
tive mixers have been tested to MIL
requirements for gross leak, fine leak,
thermal shock, vibration, acceleration,
mechanical shock and HTOL.

JVENDORVIEW
Mini-Circuits,
Brooklyn, NY
(718) 934-4500,

www.minicircuits.com

Delta Microwave

An A55100 Registered Company
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ROTA RY ]OI NTS‘ SPINNER is a global leader in
) developing and manufacturing
state-of-the-art RF components.
Since 1946, the industries lea-
ding companies have trusted
SPINNER to provide them with
e innovative products and out-
a : standing customised solutions.

/ﬁ ¥ Headquartered in Munich, and

; ‘ﬁv,. \? o with production facilities in Ger-

. e many, Hungary, USA, China

; and Brazil the SPINNER Group

% | ) now has over 1,300 employees
worldwide.

Y
‘“/' [ o
o B i y .
L — vij Our subsidiaries and repre-
. A sentatives are present in over

SEHANNEE SR 40 countries and provide our
£ : customers with an international
— ; ] o network of support.
¥ / : N::_

ads@spinner-group.com
2 CHANNEL WAVEGUIDE WWwWw.spinner-group.com

S AN

SPINNER
9 CHANNEL WITH SLIP RING V

L \\ ' SPINNER GmbH || Germany
_ 3 .
B

SPINNER is a global supplier for rotary joints and slip ring assem-
blies. With more than 50 years of experience in RF Design and
Engineering, SPINNER is your ideal partner for customised solutions.
Our product range includes coaxial, waveguide and fibre optic, single
or multi channnel rotary joints, slip ring and media joint assemblies.
Systems are available for all frequency bands.

AT T LA,

SPINNER offers superior rotary joints and slip rings for:

m  Air traffic control radars ® SatCom

= Civil applications ®  Space applications
automotive, satellite tracking
Fibre optic
Defence applications single channel, multi channel
air, sea, land (up to 21 channels)

N

\\\\\\\\\\‘
NN
NN
NN
NN
WA

NN

Hi

gh Frequency Performance Worldwide
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Agilent Technologies Inc.,

LITERATURE SHOWCASE

A/D Sympaosium DVD

)VENDORVIEW

Get a complimentary copy of Agi-
lent’s 2012 A/D Symposium DVD
that includes 20 technical papers
on design tools and robust test so-
lutions to help you build greater
assurance in test system readiness.
Areas covered include radar/EW,
satellite, SDR/MilCom, general
RF and microwave test. Also in-
cluded are product and solution
videos, application notes and ad-
ditional resources. Get a copy at
www.agilent.com/find/ad2012dvd.

Santa Clara, CA (800) 829-4444, www.agilent.com.

S

Resistive Components

JVENDORVIEW

Precision-engineered and proven
again and again in the toughest
applications — Anaren’s family of
terminations, resistors, and at-
tenuators addresses your needs.
They are designed for high-power
applications, from 4 to 800 W and
are suitable for ‘mission critical’
applications from DC to 6 GHz,
including beamforming networks,
military radios, combiners/divid-
ers, T/R modules, high voltage
power supplies and high-power
detectors. They have a range of
packages (SMD, chip, flanged,
and flangeless), accurate charac-

terization of performance and are available in low, 50-piece minimum

order quantities.

Anaren Ceramics,

Salem, NH (603) 898-2883, www.anaren.com.

AWR Corp.,

VSS for Radar

J/)VENDORVIEW

The new AWR Visual System
Simulator Advanced Radar Sys-
tem Design Brochure details the
capabilities of the software for
behavioral modeling of radar RF
and signal processing systems
and 3D antenna patterns derived
from synthesis or measurement.
VSS Radar offers a wide variety of
waveform options, as well as RF
modeling, antenna and phased ar-
ray models, DSP modeling, third-
party connected verification solu-
tions and a complete radar design
library. Read more about VSS Ra-
dar online and download the bro-
chure at www.awrcorp.com/VSS.

El Segundo, CA (310) 726-3000, www.awrcorp.com.
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Amphenol RF,

Ruggedized
Connectors

Amphenol® RFs ARC line of
ruggedized connectors literature
and video training are now ready
for download at arc.amphenolrf.
com_under the resource section.
Download the cutsheet and
watch the video training to learn
more about how these connectors
are fully submersible and are
designed to handle the harshest of
elements. The ARC line comes in
Type N and TNC, as well as with
or without cables.

Danbury, CT (800) 627-7100, www.amphenolrf.com.

APAs

Wireless
TECHNDLOGIRE

HIGH PERFORMAMNCE
BurdE LB Pall ol
Yoo's
CRO'R
PLl'm

APA Wireless,

VCO/CR0O Solutions

Looking for high frequency, low
phase noise, wideband VCO/CRO
solutions to integrate success-
fully into your RF design? APA
Wireless offers total engineering
support and assistance that far ex-
ceeds competitors in helping you
attain your system performance
goals. Custom designs are the
company’s specialty. Tts INSTA-
SOURCE and ACCUSOURCE
online ordering system allows you
to tailor a product to your unique
specifications  while maintaining
reasonable lead-time.

Oakland Park, FL (954) 563-8833, www.apawireless.com.

Connectors

CarlisleIT has added two new con-
nector lines to its push-on family
— the TMP® and WMP® series.
The TMP family was designed to
provide higher power handling ca-
pacity for radar applications, while
the WMP line provides the small-
est form factor for space restricted
applications. Both connector se-
ries provide the benefits of a push-
on interface (simple connection
and ease of use in dense package
configurations) and include PCB
mount, field replaceable, micro-
wave cable, and custom connec-
tors.

Carlisle Interconnect Technologies,
St. Augustine, FL (800) 458-9960, www.carlisleit.com.
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Trying to send and
receive a small signal
among big interferers on

your repeater platform?

- ='—=__,—_=_=‘-=- We should talk.
R 513.870.4087 '.. -

www.polezero.com

.v&
f » :'| ; 'il
- Repeater Dilemma W
that must be resolved. '

Wi
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LITERATURE SHOWCASE

Product Catalog

CPT’s Beverly Microwave Division
(BMD) designs and manufactures a
broad range of RF and microwave
products for radar, communications,
electronic warfare and scientific ap-
plications. CPI/BMD is the worlds
largest manufacturer of receiver
protectors and related products.
Other product lines include mag-
netrons, TWTs, CFAs, transmit-
ter assemblies, scientific systems,
high power solid-state switches
and switch assemblies, pressure
windows and a wide variety of mul-
tifunction components and integrat-
ed microwave assemblies.

Communications & Power Industries (CPI),
Beverly, MA (978) 922-6004,

www.cpii.com/bmd.

SSPA Family

CTT Inc. announces a new family
of compact, GaN-based solid-state
power amplifiers (SSPA) operat-
ing in the 6.4 to 11 GHz frequency
range for a wide variety of RF and
microwave applications includ-
ing commercial, industrial and
military radar applications. CTT’s
latest SSPA designs offer as much
as 160 W of output power in a
compact package. The SSPAs in-
clude models for narrowband (in
both continuous wave and pulsed
mode), wideband and ultra-wide-
band applications.

-y -
fjh?'ﬂ-nq-_.t:wn
T e fan o)

CTT Inc.,
Sunnyvale, CA (408) 541-0596, www.cttinc.com.

Components and
Assemblies

Delta Microwave has been design-
ing, manufacturing, and testing
microwave components and as-
semblies for military, space, and
commercial applications  since
1973. Delta Microwave uses ad-
vanced technologies to provide
custom solutions for challenging
customer  microwave — require-
ments. The result is a broad
product offering that includes
low noise and power amplifiers,
filters, filter-amplifiers, couplers,
combiners and dividers, limiters,
multiplexers, and integrated as-
semblies covering frequencies
from 1 MHz to 40 GHz with power handling up to 25 kW.

Delta Microwave,
Oxnard, CA (805) 751-1100, www.deltamicrowave.com.
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Electromagnetic Fields
Simulation Software

Y)VENDORVIEW

CST develops and markets
software for the simulation of electromagnetic fields. Its products allow
you to characterize, design and optimize electromagnetic devices all before
going into the lab or measurement chamber. The extensive range of tools
integrated in CST STUDIO SUITE® enables numerous applications to
be analyzed without leaving the user-friendly CST design environment and
can offer additional security through cross verification. CST’s customers
operate in industries as diverse as defense, telecommunications, automotive,
electronics, and medical equipment.

Computer Simulation Technology AG (CST),
Darmstadt, Germany +49 6151 7303 0, www.cst.com.

SMK Series Catalog

Delta Electronics Manufactur-
ing’s new 15 page SMK (2.92 mm)
series catalog details over 65 part
numbers that span 31 different
configurations in this range of
products that operate mode-free
to 40 GHz. These products in-
clude: Cable plugs and jacks, field
replaceable flange mount recep-
tacles (jacks and plugs), thread-in
“spark plug” receptacles, adapters
within series, hermetic seals and
accessory pins. In addition, the
catalog features thorough infor-
mation on materials and finishes,
i typical electrical performance,
assembly procedures, detailed mounting information and a competitive
cross reference.

Delta Electronics Manufacturing Corp.,
Beverly, MA (978) 927-1060, www.deltarf.com.

Filter Catalog

This new short form catalog fea-
tures a sampling of the company’s
RF and microwave filter products
to 40 GHz utilized in military,
commercial and wireless applica-
tions. The catalog also highlights
some of the company’s diverse
filter design and manufacturing
capabilities.

Eastern Wireless TeleComm Inc.,
Salisbury, MD (410) 749-3800, www.ewtfilters.com.
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Ruggedized RF Connectors for
Mission-Critical Applications...

alC

By Amphenol®

Amphenol® RF Ruggedized Connector @PC Line is engineered for superior performance in extreme
conditions. These connectors are fully submersible, water and dust protected to IP67 specifications in mated
and unmated conditions. Robust, mechanical single-piece body construction is designed to withstand

extensive shock and vibration. The @rC line comes in Type N and TNC cable jacks and plugs.

TNC connectors are available in standard and reverse polarity. These connectors can be configured
with matte and black chrome finishes. Per specific customer’s requirements the @rC line can be
supplied in waterproof, abrasion and chemical resistant cable assemblies.

To learn more about the ‘arc line of connectors visit or email:

web: arc.AmphenolRF.com email: arc@QAmphenolRF.com

Am p heno |® RF Global RF Solutions

www.AmphenolRF.com
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LITERATURE SHOWCASE

Midwest Micraowave
| sccOncineg Catalog
Zom== | The new Midwest Microwave cat-
alog highlights passive microwave
components for military, space
and testing applications. The cata-
log features current product offer-
ings along with an updated Quali-
fied Parts Listing of attenuators,
terminations and SMA connectors
manufactured to meet or exceed
the performance specifications
set forth in the MIL Specification.
Also contained within this release
is an updated list of approved
Defense Logistics Agency (DLA
— Formerly DESC) specification
products. This list includes SMA, SSMA and BMA connectors and preci-
sion adapters.

Emerson Network Power Connectivity Solutions Inc.,
Bannockburn, IL (347) 739-0300,
www.emersonnetworkpower.com.

Short Form
Product Guide

The Lorch Microwave short form
product guide presents the com-
plete product range in a clear and
concise format. The products fea-
tured are used in a wide range of
military and commercial applica-
tions. Also included are frequency
range of operation, photographs
and specific application informa-
tion, charts and tables.

T

BF 8 Bicramse Riter Frecuciy

Lorch Microwave,
Salisbury, MD (410) 860-5100, www.lorch.com.

Synthesizers
Brochure

YJVENDORVIEW

The Mini-Circuits design team
can create a custom frequency
synthesizer tailored to  your
requirements. They review your
requirements  and,  following
technical ~ discussions between
your engineers and Mini-Circuits
designers, work closely with you
to create final specifications that
meet or exceed your requirelnents.
To ensure high yields, they factor
in component tolerances and
even variations in mamlfacturing
processes. You will have full access
to performance data from sample
units, and can even evaluate sample units in your system to ensure that
final production units fulfill your performance requirements.
Mini-Circuits,

Brooklyn, NY (718) 934-4500, www.minicircuits.com.

Synthesizers
& “ | TR

56 MH=z - TE00 MHz

L Mini-Circuits.
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RF Synthesizers and
Generators

The ITT Exelis Microwave Sys-
tems business has been designing
and manufacturing high perfor-
mance DDS-based RF synthesiz-
ers and RF waveform generators
for more than twenty years. If your
radar, IFF, EW or SIGINT system
requires fast switching and clean
signals, please review ITT Exelis’
technical brief for a sampling of capabilities in low spurious, wideband
solutions, tuning in less than 200 nanoseconds from DC to 26 GHz.

ITT Exelis,
McLean, VA (703) 790-6300, www.exelisinc.com.

Components Catalog

VENDORVIEW

Jelebrating its 51t anniversary,
MECA (Microwave Electronic
Components of America) designs
and manufactures an array of
RF/microwave components with
industry leading performance.
MECA is recognized worldwide as
a primary source of supply for rug-
ged and reliable components to
commercial and military OEMs,
service providers and installers by
only providing products made in
the USA.

MECA Electronics Inc.,
Denville, N) (866) 444-6322, www.e-meca.com.

RF and Microwave
Filters and Assemblies

s 7/VENDORVIEW

NIC celebrates 25 years of
uninterrupted ~ service to  the
military and space markets. This
catalog features NIC’s design and
manufacturing capabilities  from
DC to 40 GHz and showcases a
broad range of filter technologies
including: LC, crystal, ceramic,
cavity, delay equalized and phase
matched filters, as well as NIC’s
integrated assemblies such as:
switch filter banks, filter/amplifiers,
and phase shifters. NIC is ISO
9001:2008 certified and AS-9100C
certified for aerospace applications. To request a copy, email sales@nicke.
com or visit www.nicke.com.

Networks International Corp.,
Overland Park, KS (913) 685-3400, http://nickc.com.
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PERIFECTION

When you need perfection in satellite high frequency communication.

2.9mm Female

/ Connectors

2.9mm Female

Single Channel Cagpectors

Dual Channel

Family of Broadband High Frequency Coaxial Rotary Joints

Single Channel & Dual Channel Rotary Joints — Frequency DC to 40.0 GHZ
MDLUs short low torque, high performance coaxial rotary joints as well as our extensive line

of waveguide rotary joints have set the standards of the industry .

You've never been in better hands.

Quality from CAD to crate, quick turnaround, and tight economy is what we're all about.
Call an MDL specialist today at 800-383-8057 or visit us at mdllab.com.

You'll find that we specialize in perfection.

1.20 o240
——I 26 | 25— ‘«—1.90
- 2 2.9mm
[ /Female
| Connectors,

856 | j_ o 01.65 > | © Four Places
\ | l Rotating I ‘f

-/ \ Stationary/ | 4-52
Rotating .k

f 2

Single Channel Female Dual Channel
odiany Connectar,
i Two Places

SINGLE CHANNEL SPECIFICATIONS: DUAL CHANNEL SPECIFICATIONS:

ELECTRICAL ELECTRICAL Channel 1 Channel 2

FREQUENCY DC- 18 GHz FREQUENCY ......... 7.0-220 GHz 29.0-31.0 GHz

VSWR oo DC-10GHz 1.20: 1 MAX. 1.70:1 MAX
10-26GHz ~ 1.35:1 MAX. o i
26-40GHz  1.75:1 MAX. ~0.15 0.25

WOW .o 1.05 MAX. INSERTION LOSS.......0.5 dB MAX. 1.0 dB MAX.

INSERTION LOSS.. DC-10GHz 02 dB MAX. ISOLATION . Channel to Channel  50.0 dB MIN. . .
10-26 GHz 04 dB MAX. Scan here to visit our website
26-40GHz 0.6 dB MAX. -

PEAK POWER ......oovoerrrrrren Equal to connector rating E hh E

Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494 -
V:781-292-6680/6684 - F: 781-453-8629 - E-mail: mdlsales@mdllab.com - www.mdllab.com E
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With The Widest Range
Of Radio Platforms
Waveform Support,
The Sky’s The Limit

The AR-50 is a JITC-certified* booster amplifier
for military transceivers. It's lightweight and portable,
with automatic tuning that makes it easy to use.

And it provides the most extensive radio platforms
& waveform support available:
SINCGARS, HAVEQUICK,
DAMA, IW, ANW?2 and more.

This battle-tested, 50-watt
RF amplifier covers the 30 - 512 MHz
frequency band supporting the Harris AN/PRC-117E,
Harris AN/PRC-117G*, Harris AN/PRC-152A4,
Thales MBITR AN/ PRC-148 Raytheon AN/PSC-5D%,
Rockwell Collins AN/ARC-210 tactical radios plus others.
With protection against antenna mismatch, over-temperature
and accidental polarity reversal, the AR-50 has proven to be
durable and dependable in the toughest battle conditions.

If losing communications is not an option, then AR-50

E E booster amplifier is your best option.

To learn more, visit us at

?- www.arworld.us/ar50
or call us at
[=] 425.485.9000.

modular rf

Other af divisions: rf/micowave instrumentation © receiver systems © ar europe
The Battle Tested logo is Reg. U.S. Pat. & TM. Off. # 3,821,099.

Copyright© 2012 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.

Planar Monolithics Industries,

Overview and
Capabilities Brochure

YJVENDORVIEW

Planar  Monolithics  Industries
(PMI) has released its latest prod-
uct Overview and Capabilities
Brochure. The brochure contains
a listing of various RF components
and RF module product types up
to 40 GHz, including amplifiers,
attenuators, phase shifters, detec-
tors, DLVA/SDIVAS, filters, limit-
ers, switches and switch matrices.

Frederick, MD (301) 662-5019, www.pmi-rf.com.
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Pole/Zero,

Product Catalog

RF Communications become
more difficult in the presence of
multiple interferers, as is common
in today’s Military ConOps where
many radios are operating in close
proximity. Pole/Zero’s new prod-
uct catalog provides a broad range
of solutions to purify transmitters
and protect receivers so you can
achieve the clarity and range you
need for your mission. Fast tun-
ing, agile products are available
in the tuning range of 1.5 MHz
to 2 GHz. Contact Pole/Zero to
resolve your interference issues.

West Chester, OH (513) 870-9060, www.polezero.com.

Faeartul [ramrpoeahed

Reactel Inc.,

Filters, Multiplexers
and Multi-function
Assemblies

YJVENDORVIEW

This catalog features RF and mi-
crowave filters, multiplexers and
multi-function  assemblies. The
catalog contains RF and microwave
filters, multiplexers and multi-func-
tion assemblies for the military, in-
dustrial and commercial industries.
To request a copy, please e-mail

reactel@reactel.com, or visit www.
reactel.com.

Gaithersburg, MD (301) 519-3660, www.reactel.com.
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IF CABLE INTEGRITY IS CRITICAL AND YOU
NEED PRODUCTS TO WITHSTAND HARSH ENVIRONMENTS...
FAILURE IS NOT AN OPTION.

THAT’S

MISSION CRITICAL CONTINUITY.

Emerson Connectivity Solutions

RF connectors and cable assemblies are designed to offer reliable
connectivity solutions for RF & Microwave, Military and
Security/Defense applications.

re trademarks and service

Network Power logo a
Electric Co.

EmersonConnectivity.com
Toll free: 800-247-8256

4
4

Electric Co. ©2011 Emerson

Network Power and the Emerson

S Phone: 507-833-8822 &
EMERSON
2% Connectivity Solutions Network Power

EMERSON. CONSIDER IT SOLVED.™


http://EmersonConnectivity.com
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HEEE IR EE

Analyzing Antenna
Performance

YJVENDORVIEW

Successful integration of an an-
tenna onto a vehicle platform
poses many challenges, from ve-
hicle features and motion impact-
ing antenna performance to envi-
ronmental factors, and radiation
hazards. This paper provides a
variety of examples on how mod-
eling and simulation can be used
to analyze antenna performance,
identify problems and evaluate
potential solutions. Download at
www.remcom.com/antenna-plat-

form-integration/.

Remcom,

State College, PA (814) 861-1299, www.remcom.com.

A8D Selector Guide

YJVENDORVIEW

The June 2012 A&D Selector
Guide includes the latest RF and
microwave products for electronic
warfare, communications, jam-
mers, and radar (including com-
mercial) applications. Featuring
more than 30 new products, the
Selector Guide is organized by ap-

plication and frequency bands. The Richardson REFPD A&D New Prod-
uct Selector Guide is available on Richardson RFPD’s website, updated
monthly, and features direct hyperlinks for purchasing the latest products
from the world’s leading suppliers, along with links to the data sheet for

each product.

Richardson RFPD Inc.,

LaFox, IL (800) 737-6937, www.richardsonrfpd.com.

Csog 2012 I

Rohde & Schwarz GmbH & Co. KG,
Munich, Germany +49 89 4129-12
www.rohde-schwarz.com.

78

Test &8 Measurement
Catalog

YJVENDORVIEW

This catalog will give you an over-
view of all Rohde & Schwarz’s
T&M products. It contains al-
most 200 pages full of information
about the company’s T&M instru-
ments and systems as well as their
software. Each product has a short
description, photos, the most im-
portant specifications and order-
ing information. On the Rohde &
Schwarz website, you can find this
catalog as a PDF file for download.
Order number: PD 5213.7590.42.

345,

Product Selection
Guide

)VENDORVIEW

RFMD’s 2012-2013 Product Se-
lection Guide provides specifica-
tions for more than 750 products
including more than 90 recently
released products targeting mul-
tiple end-market applications. The
64-page guide allows customers to
cross-reference and search prod-
ucts using end-market application
diagrams. REMD’s Product Selec-
tion Guide lists products servicing
more than 15 end-market segments
including cellular, point-to-point
microwave radio, WiFi, WiMAX,

LTE, CPE, smart energy AMI, Zigbee®, wireless infrastructure, military
and space, broadband transmission, consumer, and others.

RFMD,

Greensboro, NC (336) 664-1233, www.rfmd.com.

RLC Electronics Inc.,

Power Divider
Short-Form Catalog

RLC Electronics introduces the re-
lease of its newest short-form cata-
log featuring power dividers. This
catalog provides a comprehensive
listing of DC to 40 GHz standard
designs as well as the company’s
capabilities to customize in ac-
cordance with your specifications.
RLC has designed and manu-
factured a wide variety of power
dividers for both commercial and
military applications. Please con-
tact them to request a copy of this
catalog, or to obtain information
regarding any of RLC’s products.

Mt. Kisco, NY (914) 241-1334, www.rlcelectronics.com.

San-tron Inc.,
Ipswich, MA (978) 356-1585, www.santron.com.

PIM White Paper

YJVENDORVIEW

San-tron’s latest white paper, “Mini-
mizing PIM Generation From RF
Cables and Connectors,” explores
passive intermodulation (PIM), its
effects on modern communication
systems, and how it can be mini-
mized in high-frequency cables,
connectors, and cable assemblies.
In addition to exploring the differ-
ent causes of PIM, this white paper
also reviews San-tron’s efforts to
create connector interfaces with
low-PIM mechanical structures and
to minimize the use of paramagnet-
ic materials in its connectors.
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Industry pros are talking
about us behind our backs
...and we love it!

a hitch...that’s 8

important!”

“With IW, even
when budgets are
tight, | know I'm
getting the best
bang for the buck.”

Purchasing Agent

IW designs and manufactures high performance microwave cable and cable
assemblies for both military and commercial markets. Applications include
telecommunications, data links, satellite systems, airborne electronic warfare and
counter measures, missile systems, UAV applications, avionics and instrumentation,
fire control systems, medical electronics, and geophysical exploration.

We offer a wide variety of products providing extremely low attenuation at
frequencies up to 67 GHz and ranging from .050 inch to 0.50 inch in diameter.
Our unique PTFE lamination process, combined with our high performance shield
design, has made us one of the leaders in low-loss microwave transmission lines.
IW's broad range of microwave cables and connectors assures every customer the
proper cable assembly for each of their specific application needs.

Our major products include:
e | ow-loss microwave cables optimized for use to 11, 18, 26.5, 40, 50, and 67 GHz

* Microwave cable assemblies with connectors for SMA, TNC, N, SC, 7/16,
1.85mm, 2.4mm, 2.92mm, 3.5mm, 7mm, ZMA, SMP, SMPM & more

e RE-FLEX™ semi flexible assemblies

e TUF-FLEX™ assemblies — improved crush resistance without using armor
¢ Water-blocked cables for submarines

e Composite cables — combination microwave/signal/power/data

e PTFE insulated hook-up wires

e Multi-conductor cables

e Dielectric cores

¢ Twisted pair and triaxial cables

e Low smoke, zero halogen cable jackets

e Cable protection options such as armor, PEEK, NOMEX, Neoprene
weatherproofing, PET monomer braid

ISO 9001:2008 certified with AS9100 pending.

“It's great to know IW can
meet the requirements of
my specs, no matter how

demanding they get.”

System Designer

“With so many people to
answer to these days, I like
that IW knows the issues and
has my back covered.”

Program Manager

INSULATED WIRE, INC.

203.791.1999
WWW.iw-microwave.com

sales@iw-microwave.com

Visit us at
ILCOM 12
ooth #116

Scan code to find
out how you can
get connected

We’'re how the microwave industry gets connected!


http://www.iw-microwave.com
mailto:sales@iw-microwave.com
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FleXtra Application

T . Note
FEMI’G e | SV Microwave is proud to intro-
= - — duce the FleXtra™ line of cable
o : assemblies — a new family of high
e - performance flexible 0.047 style
s - cable assemblies. Available in mul-
s tiple variations, the new FleXtra

cables will surely fit your needs.
Choose from a wide variety of in-
dustry standard connector styles
or custom designs to meet your
- e performance requirements.

SV Microwave,
West Palm Beach, FL (561) 840-1800, www.svmicrowave.com.

RF Interconnect
Solutions for DAS

Times Microwave Systems an-
nounces the availability of its RF
Interconnect Solutions for Dis-
tributed Antenna Systems (DAS)
brochure.  Typical —applications
of DAS technology include large
buildings, stadium venues and
shopping malls where signals are
either attenuated because of the
surrounding building structure or
large groups of people congregate
to overload the otherwise limited
capacity of carrier networks. In-
cluded in the brochure are the
popular LMR® low loss, flexible
coaxial cables, connectors and ca-
ble assemblies, low PIM plenum and non-plenum rated cables and jump-
ers and surge protection devices.

Times Microwave Systems,
Wallingford, CT (203) 949-8400, www.timesmicrowave.com.

Werlatone 2012
Catalog

\T/\/ENDORVIEW

Verlatone, in business since 1965,

suppheg a full range of high power
combiners, dividers, 90° hybrid
couplers, and directional couplers.
" The company’s new catalog high-
'—h"mllﬂnfﬁ lights some of its new products as
r PEWLE CRSSIR0ES © BMERS ~ .
R Hri e well as several of its most popular
LM R designs. Werlatone’s full library
contains over 2000 models. Please
note that 65 percent of the com-
pany’s business revolves around
custom designs.

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

80

Harness Capabilities
Brochure

,F';‘h“mm & Teledyne Storm Products’ new
Multi-Channel Microwave Solu-
tions brochure details the compa-
ny’s capabilities in the design and
manufacture of both standard and
custom multi-channel microwave
harness assemblies. The harness-
es, found in a wide range of air-
' . borne, ground and sea-based mili-
@ tary and commercial applications,
. are backed by Teledyne Storm’s

more than 30 years of microwave
e cable design and manufacturing

- | expertise. It includes a case study.

Teledyne Storm Products,
Woodridge, IL (630) 754-3300, www.teledynestorm.com.

Military Products
Catalog

Vectron International is both a
product manufacturer and a so-
lutions provider, leading with its
unique technology but always pre-
pared to design and engineer cus-
tom solutions where required. Vec-
trons core competency combines
its classic crystal and SAW technol-
ogy with sophisticated integrated
circuits and advanced packaging.
Aside from these capabilities, Vec-
tron strives to be extremely flexible
and focused on service, responding
quickly and professionally helping
customers innovate, improve and
grow their business.

Vectron International,
Hudson, NH (888) 328-7661, www.vectron.com.

2 The 2012 Defence,
Security and Space Forum
At European Microwave Week

Wednesday, 31 October 2012 ¢ Auditorium 8:30 to 19:00

Micr’_wave
Journal

Frequency Matters.

A full-day Forum, focusing on Space and Defence
issues, incorporating the EURAD Opening Session and
featuring the EuMW Defence and
Security Forum.

FREE ATTENDANCE
REGISTER AT EUMWEEK.COM
Sponsored by:

Guveascnwanz. RFMD Bl TiQuint® PN s
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Coaxial Connectors == and Adapters
DC-71 GHz DC-71 GHz

b -._‘ i | I.l” [
Multiport - e/
Assemblies —~——
DC to 40 GHz

1l Spectrum

when quality is needed

Coaxial -
Delay Lines
DC to 40 GHz

(il * : > - 7 " Cable Assemblies
. DC to 71 GHz

ol * Waveguide to
- Coax Adapters

N=EACESCRN HEO D= MmO HF -

~ Phase-Adjusters
DC to 63 GHz

Telephone: +49-89-3548-040
Fax: +49-89-3548-0490
Email: Sales@Spectrum-et.com \ |5

= .. 5;#
www.spectrum-et.com

Hornet-06E
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CERAMIC AMPLIFIERS

10MHz to6GHz  High IP3 upto 38dBm  Low DC current 80mA 4%..,

When failure is not an option. Our new CMA amplifiers deliver
incredible performance, in an incredibly rugged, nitrogen-filled
hermetic LTCC design, just 0.045” high, that can only be found
at Mini-Circuits! These models are so tough, they’ve qualified
for use under every test condition we’ve thrown at them:

MIL Standard Qualifications (see website for complete list and details)
Gross and Fine Leak  HTOL (1700 hours+ @ +105°C)

Mechanical Shock Thermal Shock
Vibration Steam Aging
Acceleration Solder Heat Resistance
PIND Autoclave (and more)

3 x 3x1.14mm CMA-545+ 0.05-6 15 20 37 1

Robust performance across wide bandwidths make them
ideal for instrumentation, or anywhere long-term reliability
adds bottom-line value, in outdoor, industrial & commercial
applications. Go to minicircuits.com for all the details today,
and get them in your hands as soon as tomorrow!

Electrical Specifications (-55 to +105°C)

Model Freq. Gain Pour IP3 NF DC Price $ea.
(GHz) (dB) (dBm) (dBm) (dB) (V) (qty20)

CMA-62+  0.01-6 15 19 38 5 5 4.95

CMA-63+ 0.01-6 20 18 32 4 5 4.95
3 4.95

CMA

O RoHS compliant

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

[JMini-Circuits’

1SO 9001

1SO 14001 AS9100

-6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@4”2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minit:irt:E uits.com
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WERLATONE

Mismatch Tolerant®

HIGH POWER, MULTI-OCTAVE PERFORMANCE

20-1000 MHz

IN-PHASE COMBINERS & DIRECTIONAL COUPLERS

-
- Tolerate Severe Power Unbalances In-Phase Combiners/Dividers
" Mescled Type Freqguency Power Slize Insertion Loss VEWH lscdation 7

» Lowest Loss _ MHz) | wew) | onchess | g (d)
D6233 | 2Way | 101000 5 325x2x 1.1 0.75 1.351 0

« Excellent Port-to-Port Isolation Das32 | 2way | 2041000 50 |22xz02N0S| 07 1401 0
D830 | ZMWay | 20-1000 100 | 245x2%09] 05 1.35:1 0

« Small Package Sizes DASHW* | 2Way | 20-1000 100 | 285x25x1 | 0% 1.35:1 18
D8sEZ | 2Mway | 20-1000 500 | 52x265x18 06 1351 15

« Conservative Power Ratings DassIWe|  2Way | 20-1000 500 | 56x305x18| 06 135 15
D7 365 4-\Way 20-1000 100 Sxix1 0.75 1.35:1 20
D7439 | 44ay | 20-1000 250 s¥sxis | o 1,351 18

* POWER COMBINERS/DIVIDERS DE746 4-Way 20-1000 500 7Ix35%14 07 1,35 15

« DIRECTIONAL COUPLERS | D9048 4-Way | 20-1000 500 Sxdinid | 0.6 1.35:1 17

* "W references a Watertight Design

90° HYBRID COUPLERS
nn}f.laﬂo HYBRID JUNCTIONS Dual Directional Euuplers

Model | Coupling | Frequency | Power | Sie Insertion Loss | VSWR | Directivity
Werlatone, Inc. ) iMHz) wow ilnches) fdB) {dR)
17 Jon Barrett Road CAasE a0 10-1000 750 | 209x1,16%057 0.4 1300 0
Patterson, New York 12563 cas3n" 40 20-1000 150 1.5%0.95% 0.5 035 1251 20
T B45.278.2220 8696 40 20-1000 150 | 1.76x%1.16% 057 035 1.25:1 0
F 845,278.3440 8686 40 20-1000 soo | sanzzxiz 035 1.25:] 20
www.werlatone.com * Non-Connectorized / Tabs

Our Patented, Low Loss designs tolerate high unbalanced input powers, while operating into severe Load Mismatch conditions.

 d



http://www.werlatone.com
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