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RUGGED & RELIABLE

2-way through

-

16-way in N,
‘_:‘:; ’ i SMA, BNC, TNC
-y';a‘ -;.]I and 7/16 DIN

™, connector styles
from 0.4 to 18.0 GHz.

Available in N,
BNC, TNC, SMA &
L] 7/16 DIN

2 s = E) configurations.
Y n! -4 Power ratings to

- - 500 watts (2.5
kW peak).
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Most available in
1 dB increments
from 0 - 40dB.
Power ratings
from 2 to 150
Watts.

L
4

Let MECA

create an

ﬂ-” integrated
assembly with

any of our

standard RF/Microwave
products on 19” panels, shelves
or enclosures.

459 East Main Street

Power ratings
from 1 to 500
watts and
frequency
ranges up to
18 GHz.

_._.":-'_'- : Covering
= F e bands from 0.5

-
_:! j -2.5GHz and

0.7 to 2.7 GHz

in 7/16 DIN,

SMA, N, BNC & TNC configurations
with RF power ratings to

300 watts (3 kW peak).

e
o
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MECA ELECTRONICS, INC.

Denville, NJ 07834

0 13 Average power
ey handling from
Fe 4 50Wto ThW.
. Standard
g

coupling values
of 3,6, 10, 20, 30 and 40 dB.

. In both N &
- : SMA-Female
d7 /"/ connectors with

A average power

ratings from 2 to
250 watts. “Popular” frequency
bands between 0.7 - 18.0 GHz.

To learn more, please call 866-444-6322 or visit our website at www.e-MECA.com F 4 gﬁ 1 201 A
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Picoprobe elevates pro

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.

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 design

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 -

i‘-ﬁ W

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.0. BOX 10958 -
Fax (239) 643-4403 «

®

200
' cards to a higher level...
(-

E-mail email@ggb.com -

"

W77 z /

110 GHz to be exact.)

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

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

listed on our website.

®

I1SO 9001 ISO 14001 AS 9100 CERTIFIED
—® 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 miniciEuils-GOQ
U.S. patent 7739260
IF/RF MICROWAVE COMPONENT: 448 rev E
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Newly Designed!

Waveguide Isolators

Surface Mount Circulators

Drop-in Isolators !

Broad Selection of Frequency and
Bandwidth

Wide Variety of Packages

High Power Handling Available
Hight Typical Isolation Above 25dB

Coaxial Circulators Cavity Filters

Ceramic Filters
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INNOVATION-

We provide the innovation to help your ideas grow.

Technical expertise and manufacturing savvy
have made K&L a pioneer in the filter industry.

Technical Expertise
K&L maintains a large staff of design and application engineers with access to an extensive design library

and a variety of software tools for approximation, synthesis, realization, analysis, and simulation. Two applied
R&D groups focus on developing advanced passive and active solutions for customer requirements.
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- Stepper based 0.25pm gate length v

- 8V operation / 70 GHz Ft

-1 W/mm saturated power density

- BCB encapsulation for repeatable packaged performance

-

| PP25-21 Power Performance
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The TactiCal™ Advantage
Gives You:

« Designed to Exceed 500 Matings

+ Lower Cost AND Better
Performance Specs Than
Brand “R" or Brand “P"

« Maury Quality

Instrument-grade Precision VNA

Calibration Kits and Adapters

« Rugged and Durable

- Ideal for High-Volume, Field Service &
Repetitive Measurement Applications.

« Priced to Provide You with Significant
Cost Savings

P
& @#

Superior Electrical Performance in a Right-Priced Package Doesn’t Just Happen.
It results from the disciplined application of the BEST DESIGN practices, PRECISION CONSTRUCTION
techniques, SKILLFUL ASSEMBLY work, and STRINGENT QUALITY CONTROL backed up by RIGOROUS
TESTING. These elements combine to give you what we call ...

The TactiCal™ Advantage.

Mating Surface Flatness/Finish

Compensated Female Contacts
are Designed to Maintain

Function for >500 Matings
Coupling Nuts with

The Right Performance At the Right Price

Brand "R"
Brand"P”

TactiGal™

Cg

Price ($)
Lower <«—Higher

Lower «——————» Higher
Performance (Specifications)

. E E

Need Adapters? TactiCal™ = ESE 2
Coaxial Adapters Are - i : AR
Available For: N olele

- 1.85mm « 3.5mm 35mm |@|®@

« 2.4mm - 7mm 2.92mm

«2.92mm - Type N 24mm

(Configurations at right) 1.85mm o

TactiCal™ Coax-To-Waveguide Adapters

« 7mm or Type N, Male or Female, From WR284 to WR62
in Right-Angle Launch Configuration

TactiCal™ Adapter Performance

Minimizes Signal Loss
Standard Hex Wrench — Typical 2.4mm Adapter Performance—y =
Flats Facilitate Proper { —1— g
; g
Torquing for Best g g T ° 2
e t——— e J 2
Repeatability 3 [Fa=1=] 1os
nc|.Z
Compensated Beads gt +—1 o
Maintain an Accurate % '“'”""o“'_'FEE'“ - };""Jr B
P requency (GHz)
59 Ohm Transmission Critical Pin Depth/Position Tolerance el 3.5 Adanter Per —
Llne For Best VSWR . ypicai 3.omm apter Ferrormance 3
Prevents Performance Degradation ! ! g
(Due to “Gap-Fit") or Component e 4o §
Damage (Due to “Interference-Fit”) ~ A ——_————y 0. &
. . e Q
Orbital Consistency & 028
- . 120 ! ! ! | 1 -4
Concentricity Ensure Inner & Outer Conductors Finish & Materials Ensure <
Proper Alignment & High Conductivity with Reduced Signal Loss O T e e T
.. 0 5 10 15 20 25
Best Repeatability m Frequency (GHz)
1% (~ [eRE (=il
4 /
e 1B gel [Fem
OPENS | SHORTS LOADS VNA CALIBRATION KITS IN-SERIES ADAPTERS (sold separately) _
©
= TC-CK-185 including: A4
§ TC-0-185-F | TC-S-185-F TC-L-185-F « 2 1.85mm Shorts (1 M /1 F) TC-A-185-FF  1.85mm Female to 1.85mm Female 12:3222:;\: 2222 :22:: ;g 2222 ’\Fﬂearlr;ale
+ 2 1.85mm Opens (1 M/1F) TC-A-185-MM  1.85mm Male to 1.85mm Male TC-A-2435-MF 2‘4mm Male to 3 Srﬁm Female
@ * 2 1.85mm Loads (1 M/1F) TC-A-185-MF  1.85mm Male to 1.85mm Female ' !
< | TC-0-185-M | TC-S-185-M TC-L-185-M « 1 TC-TW-8 Torque Wrench TC-A-2435-MM  2.4mm Male to 3.5mm Male
= TC-CK-24 Including:
s
5| TCO2F | TCS24F TC-L-24-F + 2 2.4mm Shorts (1 M/1 F) TC-A24-FF  2.4mm Female to 2.4mm Female 182333233 Zamn Ezmz:z o Samm :AeaT:'e
© 2 2.4mm Opens (1M/1F) TC-A-24-MM  2.4mm Male to 2.4mm Male TC-A-2435-MF 2.4mm Male to 3 5rﬁm Female
o © 2 2.4mm Loads (1 M/1F) TC-A-24-MF  2.4mm Male to 2.4mm Female TC-A-2435-MM 2'4 Mal . Mal
s | TC024M | TCS-24M TC-L-24-M + 1 TC-TW-8 Torque Wrench -A-2435- -4mm Male to 3.5mm Male
2 TC-CK-29 Including:
3
5| TC-029F | TC-S29-F TC-L-185-F * 2 2.92mm Shorts (1 M /1 F) TC-A29-FF  2.92mm Female to 2.92mm Female TC-A2429FF  2:4mm Female to 292mm Female
i TC-A-2429-FM  2.4mm Female to 2.92mm Male
* 2 2.92mm Opens (1 M/1F) TC-A-29-MM  2.92mm Male to 2.92mm Male TC-A-2429-MF 2 4mm Male to 2.92mm Female
o * 2 2.92mm Loads (1 M/1F) TC-A-29-MF  2.92mm Male to 2.92mm Female . §
= | TC-0-29M | TC-S-29M TC-L-29-M + 1 TC-TW-8 Torque Wrench TC-A-2429-MM  2.4mm Male to 2.92mm Male
k= : TC-A-357-F 3.5mm Female to 7mm
g | 1C-085F | TC-S35F TC-L-35-F TC-CK-35 Including: TC-A-357-M 3.5mm Male to 7mm
fid * 2 3.5mm Shorts (1 M/1F) TC-A-35-FF  3.5mm Female to 3.5mm Female TC-A-35N-FF Féma\e toTyoe N Female
+ 2 3.5mm Opens (1M/1F) TC-A35-MM  3.5mm Male to 3.5mm Male TOABINMM 5 A Ml T N Male
+ 2 3.5mm Loads (1 M/1F) TC-A-35-MF  3.5mm Male to 3.5mm Female - P
2 1C-0-35-M TC-5-35-M TC-L-35:M + 1 TC-TW-8 Torque Wrench TC-A-35N-FM 3.5mm Female to Type N Male
= e i oo TC-A-35N-MF  3.5mm Male to Type N Female
° N )
2| Tc-oNF TC-S-N-F TC-L:N-F18 (High Band) TC-CK-N Including: TC-A-7N-F Type N Female to 7mm
fid TC-L-N-F2 (LowBand) | « 2 Type N Shorts (1 M &1F) TC-A-7N-M Type N Male to 7mm
TC-A-N-FF Type N Female to Type N Female
* 2 Type N Opens (1M &1 F) TC-A-35N-FF 3.5mm Female to Type N Female
! + 2 Type N High Band Loads (1 M /1 F) %Zﬁ:my ?": m mg:: :g ?fpz m L":r':ale TC-A-35N-MM  3.5mm Male to Type N Male
2| TCONM TC-S-N-M TC-L-N-M18 (High Band) (Low Band Loads sold separately) WP WP TC-A-35N-FM  3.5mm Female to Type N Male
= TC-L-N-M2 (Low Band) | « 1 TC-TW-12 Torque Wrench TC-A-35N-MF  3.5mm Male to Type N Female
2900 Inland Empire Blvd., Ontario, California 91764 « USA
MAURY Tel: 909-987-4715 « Fax: 909-987-1112 « Email: maury@maurymw.com
MICROWAVE .
ICROWAVE On The Web At: MAURYMW.COM
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22 On the Right Wavelength: Microwave and RF Technology for Defence
Michael Sieber and Attila Simon, European Defense Agency (EDA)

In-depth overview of current European research and technology activities for radio frequency and microwave applications

40 SSPA Drives Ka-band Links from 26 to 31 GHz
MITEQ Inc.
Introduction to a solid-state power amplifier providing better than 15 W (+43 dBm) saturated output power from 26 to 31 GHz

ﬂ Effects of Single-tone Spurious Responses on Signals in ESM Receivers
S.J. Caprio

Presentation of the effects of spurious responses in ESM receivers used to geo-locate threat emitters

72 side Lobe Suppression of Printed Antenna Arrays for Integration with Microwave Circuits
A. Nesic, 1. Radnovic, Z. Micic and S. Jovanovic, IMTEL Institute

Presentation of a linear printed array with pentagonal dipoles as radiating elements operating on second resonance enabling
high side lobe suppression

ﬂ Direct Plated Copper Metallized Substrate and Its Application on Microwave Circuits

Chien-Cheng Wei, Chin-Ta Fan, Ta-Hsiang Chiang, Ming-Kuen Chiu and Shao-Pin Ru, Tong Hsing Electronic Industries Ltd.
Introduction to a direct plated copper metallized substrate suitable for radio frequency and microwave package design

96 Analysis and Modeling of the Pads for RF CMOS Based on EM Simulation

J. Cheng, S. Li, B. Han and J. Gao, East China Normal University; X. Yao, Semiconductor Manufacturing International Corp.
Presentation of the modeling of the test structure of a radio frequency metal oxide semiconductor field effect transistor up to 40 GHz

110 Miniaturized Semi-lumped UWB Bandpass Filter with Improved Out-of-band Performances

D. Kaddour, |.D. Arnould and P. Ferrari, ESISAR

Proposed topology of a semi-lumped ultra-wideband bandpass filter with improved out-of-band performance based on the
combination of low-pass and high-pass filters
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COBHAM SENSOR SYSTEMS

WHERE THE POWER OF INTEGRATION IS WORKING FOR YOU

Cobham Sensor Systems is
comprised of the following groups: -‘ ;&\ = %&

Sensor Electronics, Microwave
Electronics, and Microwave
Components. For added assurance,
all our products, from the smallest
MMIC components to the largest
antenna subsystems, are designed,
manufactured, tested and inspected
to meet the most stringent
customer specifications.

Count on Cobham for all your
product needs -- Electronic Warfare,
Homeland Security, Radar,

Ground & Mobile Communications,
Smart Munitions, Search &
Surveillance, Force Protection,
Missiles, Space, Satellite
Communication, SIGINT,

and Overhaul & Repair.

\&

e

COBHAM
www.cobham.com

ATLANTIC POSITIONING SYSTEMS www.atlanticpositioners.com 727.299.0150 ATLANTIC MICROWAVE www.atlanticmicrowave.com 978.779.6963
CONTINENTAL MICROWAVE www.contmicro.com 603.775.5200 KEVLIN www.kevlin.com 978.557.2400 LANSDALE www.cobhamdes.com 215.996.2000
M/A-COM www.macom.com North America 800.366.2266 Europe +44 0 1908.574200 Asia / Pacific +81.44.844.8296 NURAD www.nurad.com 410.542.1700
REMEC DEFENSE & SPACE www.remecrds.com 858.560.1301 SIVERS LAB AB www.siverslab.se +46 8 477 6811
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125 A 1.7 to 2.7 GHz Transmission-line GaN HEMT Power Amplifier
for Wireless Applications

136

142

Andrei Grebennikov, Alcatel-Lucent

Design and measurement of a broadband transmission-line GaN HEMT
power amplifier covering the 1.7 to 2.7 operating frequency range

Power Sub-miniature Connectors for Space Applications
HUBER+SUHNER AG

Development of a power sub-miniature space connector optimized for corona,
multi-paction and overheating effects

Integral Planar Resistors Save Circuit Board Space
Rogers Corp.

Introduction to printed-circuit-board laminates with thin-film resistive foils for
integral planar resistors

146 T/R Module Solution for X-band Phased-array Radar

152

12

United Monolithic Semiconductors SAS

Development of a complete solution for high performance T/R modules based
on internal fully qualified and space evaluated processes

1000 W Amplifier for S-band Linear Accelerator Applications
Integra Technologies Inc.

Introduction to an amplifier designed for RF pulsed power for S-band linear
accelerator or linac applications
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Carlisle’s high performance connectors, cables and assemblies encompass a wide selection
of sizes, materials and operating frequencies. Contact us for a comprehensive list of
product offerings or custom solutions to meet YOUR unique application needs.

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

MWJ]/Besser Associates Webinar Series: John Titizian, President and

MIMO and Other Multiple Antenna Founder of Integra Technologies

Techniques Inc., talks about how new

This webinar presents the technical requirements in both commercial

considerations behind multiple antennas and defense markets are driving

and adaptive beam forming techniques that are ~ development in high power RF

transforming today’s communication systems transistors and how Integra’s

such as LTE. products are meeting these
challenges.

Live Webcast: 10/19/2010, 11:00 am (ET)
and on demand

MWJ]/Strategy Analytics Webinar Series:

MilSatcom Electronic Market Trends Randall Rhea, founder of
through 2020 Eagleware Software, was

This session will examine the impact that recently the featured speaker at
future satellite launches and the insertion of the Microwave Journal/Agilent
increasingly sophisticated capabilities will have ~ Technologies: Innovations in EDA
on the annual market for electronics. Webcast Series. Rhea presented
Live Webcast: 10/26/2010, 11:00 am (ET) discrete oscillator design tools and

techniques. Some of his responses
to audience questions are featured

MW3J/Agilent Innovations in EDA Series: in this month’s expert advice.
A Practical Approach to Verifying RFICs
with Fast Mismatch Analysis

This webinar introduces a new Fast Mismatch (direct links at www.mwjournal.com)

analysis that delivers the same level of accuracy m -

and on demand

with the benefit of significantly reducing overall
cost, verification time, and increasing compute
resource availability.

Live Webcast: 10/28/2010, 1:00 pm (ET) RF/Microwave Microwave Journal @mwjournal
and on demand Community Fan Page @pathindle
@KAatMW]

Analysis and Design of the Rectangular
Microstrip Patch Antennas for TMOnO
Operating Mode

Pasquale Dottorato, Consultant

Problem of Physical Non-realizable
Equivalent Current Amplitude
Distributions in Waveguide Antenna
Feeding Slots

Michal Grabowski, Cobham Antenna Systems

EMC Pre-compliance Testing: Making
Conducted and Radiated Emissions
Measurements Application Note

White Paper, Agilent Technologies Inc.

Application Guide to RF Coaxial
Copﬁnlect:)rs arl:cll Cables X Simulation of Multipath Fading Effects in

Michael J. Hannon and Pat Malloy, AR Worldwide Mobile Radio Systems
Firas Mohammed Ali Al-Raie,
Polytechnic Higher Institute of Yefren, Libya
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LTC5541

3.3V Optimized Passive Mixers with +8dB Gain—No Compromise

The pin-compatible LTC®5540 mixer family delivers outstanding linearity and noise figure, even in the presence of blocking
signals. These new 3.3V low power mixers provide the most robust receiver performance for all 4G, 3G and 2.5G cellular and
broadband wireless basestation standards, including LTE, WiMAX and other high performance infrastructure radios.

WV 3.3V Passive Mixer Family

V Info & Free Samples

www.linear.com/554X

Parameters LTC5540 LTC5541 LTC5542 LTC5543
Input IP3 26dBm 26.4dBm 26.4dBm 24.5dBm
Conversion Gain 8dB 8dB 8dB 8dB
Noise Figure (NF) 9.9dB 9.6dB 9.9dB 10.2dB
NF @ 5dBm Blocking 16.2dB 16.0dB 17.3dB 17.5dB
Power Consumption 0.66W 0.63W 0.65W 0.66W

1-800-4-LINEAR

Fres Wireless
Solutions
Brochure

e

www. linear.com/wireless

A7, LTC LT, LTM, Linear Technology and the Linear logo are
registered trad ks of Linear Technology Corporation. All other
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Want a miniature surface mount, shielded plug-in, or rugged
coaxial voltage controlled oscillator with the right stuff
for your project? Contact Mini-Circuits! From custom
designs to standard catalog models always in stock,
we’ll supply extra robust, 100% tested VCO solutions
you need at a price you can afford. Choose from narrow to
broad to octave band widths. Select linear tuning, low
phase noise, and 5V models optimized for PLLs and
synthesizers. And pick from an innovative array of
miniature SM packages as small as 0.370” square
for a variety of designs and applications. You can
quickly find the model you need using “The YONI2
Search Engine” at the Mini-Circuits web site. Justenter
yourspecifications into YONI2...click...and immediately

start evaluating suggested VCO solutions using the
actual measured performance data displayed. But
perhaps you need a custom design. Not a problem!
Contact us for our lightning fast response, low prices, and
quick turnaround. Give the competition real competition...
specify Mini-Circuits VCOs!

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

Agilent Technologies |

For high reliability, all Mini-Circuits
VCOs are tested with the

Agilent E5052B Signal Source Analyzer.
www.agilent.com/find/ssa

®

1SO 9001 ISO 14001 AS 9100 CERTIFIED
~5® P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@.’1”2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see, miniciﬁuiis.co@

IF/RF MICROWAVE COMPONENTS
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AMTA 2010

ANTENNA MEASUREMENT TECHNIQUES
ASSOCIATION

October 10-15, 2010 ® Atlanta, GA

www.amta2010.com

IEEE INTERNATIONAL SYMPOSIUM ON PHASED
ARRAY SYSTEMS & TECHNOLOGY
October 12—-15, 2010 ® Waltham, MA

www.array2010.org

AWR's 2010 Users GROUP MEETING
October 14, 2010 ® Munich, Germany

http://web.awrcorp.com/UGM-2010-Germany

JANUARY !

RWS 2011

RADIO AND WIRELESS SYMPOSIUM

January 16-20, 2011 * Phoenix, AZ
http://rawcon.org

MEMS 2011

IEEE INTERNATIONAL CONFERENCE ON MiCcrO
ELECTROMECHANICAL SYSTEMS

January 23-27, 2011 » Cancun, Mexico
www.ieee-mems2011.org

FEBRUARY

MWC 2011
MogiLE WORLD CONGRESS
February 14-17, 2011 ® Barcelona, Spain

www.mobileworldcongress.com

ISSCC 2011

INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE

Febmm‘y 20-24, 2011 * San Francisco, CA

http://isscc.org
Nate 2011

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

www.natehome.com

MARCH

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

www.satellite2011.com

Outernational

4G WORLD
October 18-21, 2010 ® Chicago, IL

www.4gworld.com

Microwave Uppate (MUD)
October 21-24, 2010 o Cerritos, CA

www.microwaveupdate.org

MiICROWAVE ANTENNA DESIGN, TESTING AND
WIRELESs PROPAGATION
October 26-29, 2010 * Ottawa, Canada

www.nearfield.com/shortcourses.htm

MILCOM 2010
October 31-November 3, 2010 ® San Jose, CA

www.milcom.org I

NOVEMBER

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

WWW.armims.org

76™ ARFTG Symposium

MILLIMETER-WAVE AND SUBMILLIMETER-WAVE
MEASUREMENTS AND MODELING

November 30—December 3, 2010
Clearwater Beach, FL

www.arftg.org 3]

)
DECEMBER A
APMC 2010

AsiA PAciFic MICROWAVE CONFERENCE
December 7-10, 2010 ® Yokohama, Japan

www.apmc2010.org

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

www.ctiawireless.com

ACES 2011

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

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

APRIL

WAMICON 2011

IEEE WIRELESs AND MICROWAVE TECHNOLOGY
CONFERENCE

April 1819, 2011 e Clearwater, FL

WWW.Wamicon.org ] e @

JUNE
RFIC 2011

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM

June 5-7, 2011 © Baltimore, MD
www.rfic2011.org

IMS 2011

IEEE MTT-S INTERNATIONAL MICROWAVE

SYMPOSIUM
June 5-10, 2011  Baltimore, MD

www.ims2011.or:

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

www.arftg.org
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Current Package

Part Number (GHz) (dB) (dBm)  (dBm) (dBc/Hz) (mA) (mm)
XP1043-QH 12.0-16.0 215 300 410 700 4x4
XP1042-QT 12.0-16.0 210 250 380 500 3x3
XB1008-QT 10.0-21.0 17.0 19.0 320 100 3x3
XU1014-QH 8.0-180  -10.0 20 120 80 4x4
XR1007-QD 10.0-180 135 4.0 (I/P) 150 7x7
XR1015-QH 10.0-16.0 120 2.0 (I/P) 170 4x4
MAOC-009265 9.0-10.3 6.0 -110 175 5x5
MAOC-009266 10.2-11.3 9.0 -114 185 5x5
MAOC-009267 11.2-12.6 515 -110 165 5x5
MAOC-009268 12.7-14.2 70 -105 175 5x5
MAOC-009269 11.4-12.8 3.0 -0 165 5x5
MAOC-009270 12.2-13.8 6.5 -105 155 5x5
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M/A-COM Technology Solutions
engineers developed many of the
most innovative products in our
industry's history. With the merger
of M/A-COM Tech and Mimix—
creating the m2 advantage—
together we're looking to the
future and the next generation of
technological advancements.

Call on M/A-COM Tech for our
visionary range of PtP solutions
covering the 6-42 GHz bands, and
for your most challenging RE,
microwave and millimeter-wave

requirements. &
For more information on

M/A-COM Tech products, visit:

macomtech.com
mimixbroadband.com
m2advantage.com
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Third generation. Four times smaller.
One powerful option.

Y/ _.. size ot our still-popular Xinger®-I1
brand components, revolutionary Xinger®-III .
hybrid couplers offer the same power handling.

Introducing the Xinger®-III brand family of category-leading, Xinger-II family.
surface-mount hybrid and directional couplers, > Xinger-III hybrids offer up to 5.35 times
our latest, innovation-driven reinvention the power-handling ability; 52-66% lower
of the SMT RF coupler - and designed insertion loss (down to 0.12dB); 25-28%
especially for today’s higher-power, more higher isolation; and 63-71% better
compact, and hotter-running equipment. amplitude balance.

Matter of fact, inch for inch, watt for > Xinger-III directionals offer 37-64%
watt, the Xinger-III family offers the high- lower insertion loss (down to 0.05dB); same
make tiny XingerI1I couplers st performance of any softboard coupler directivity; and 50% higher power handling
an excellent alternative to

ceramics in today’s more on the market... even when compared at % the size.

Z;Z}ande’g? f,;’;;;fgf,’;’;’ to similarly sized members of our own Best of all, Xinger-III technology now

Lower-loss, higher isolation,
and superior CTE properties
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Ask Anaren about:

All-new, ‘lowest cost’ resistive line family

Our new resistive components line offers an optimal
balance of high performance in commercial bands,
higher-power handling, and low cost. Constructed of
RoHS-compliant Alumina or AN ceramic, this family
of SMT, chip, flanged, and flangeless terminations
and attenuators covers DC to 6.0GHz. Email
resistives@anaren.com

to learn more or obtain

a sample kit. Anaren®

What'll we think of next?

All-new Anaren Integrated Radio
(AIR) modules

Say hello to the industry's easiest and most cost-effective
RF implementation! AIR modules are developed using
Texas Instruments” industry-leading chip technology.
Choose from 433MHz, 900MHz, and 2.4GHz models.
There’s virtually no RF engineering experience required.

A tiny footprint saves precious board space. And much
more! To learn more and acquire an eval kit, email
AIR@anaren.com

Tl Developer ®
naren

Low Power RF What'Ll we think of next?

Balun for analog-to-digital conversion

makes softboard a viable alterna- Interested in the latest

tive to ceramics in higher-power generation of Xinger-brand

applications. And because our SMT softbhoard couplers from the

CTE characteristics match those company who invented them in

of your board, you don't risk the first place? Email, call, or

solder joint cracking that can visit our website today for your Designing an A-to-D converter? Our low-profile, sub-
: oo . . . miniature transformer (part no. BD0205F5050A00) is

result with ceramic implementa- free Xinger-IIT intro kit. ideal for the job! Offering an easy-to-use 4.1 x 2.1mm

SMT package. Covering 200MHz to 500MHz. And with
CMRR performances over 2x that of traditional wire
wound components. Email ccg@anaren.com or
visit www.anaren.com

to download our latest

AVE oteE Anaren’

What'll we think of next?

tions. That means you can lose

your costly, high-performance Anaren@
PCB and use Xinger-III parts on

What'll we think of next?®
www.anaren.com > 800-411-6596

low cost PCB instead!
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ON THE RIGHT
WAVELENGTH:

CoVER FEATURE

INVITED PAPER

MICROWAVE

AND RF TECHNOLOGY FOR

DEFENCE

icrowave (MW) and radio frequency
M (RF) applications such as advanced

radars, missiles, communication,
electronic warfare and Electronic Support
Measures (ESM) act as battlefield force mul-
tipliers and are thus the focus of research and
technology (R&T) activities of many ministries
of defence throughout the world. With the de-
mand for new MW and RF applications in mili-
tary operations increasing, stakeholders should
be aware of the changing defence environment
and the necessity for addressing new capabili-
ties. This article gives an overview of the chal-
lenges of defence R&T activities for MW and
RF applications, presents the main drivers and
current technology trends and, finally, touches
upon how Europe addresses them by means
of international cooperation under the aegis of
the European Defence Agency (EDA). Illus-
trative EDA projects and programmes set good
examples of how the international defence
R&T collaboration contributes to the improve-
ment of joint European defence capabilities.

THE CHANGING DEFENCE
ENVIRONMENT

The nature of military threats is changing,
from encounters in large scale open terrain to
disparate, small scale pin-prick tactics in less
explored and/or rough desert, urban or moun-

tainous operational environments. Such threats
call for new capabilities in the principal military
domains—command, inform, engage, protect,
manoeuvre and deploy—operating within an
international network centric environment. In
order to realise fully networked military opera-
tions, ‘owning the spectrum’ has become one
of the prerequisites of successful information
warfare, a trend that came along with the digi-
tisation of the battlefield and the optimisation
of the functional chain from the sensor to the
shooter.

The technological response to these threats
requires new MW and RF solutions, in gen-
eral terms, to become smaller, more mobile,
remotely engageable, consume less energy, be
more accurate, highly integrated, versatile and
robust. These broad common requirements
drive R&T investments in MW and RF tech-
nologies on both the component and system-
levels.

While new capability needs will continue
to emerge due to the changing nature of mili-
tary operations, it is expected that as a result of
the global economic downturn, most national
defence budgets will be severely reduced in

MICHAEL SIEBER AND ATTILA SIMON
European Defence Agency (EDA)
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RLC has the customized filter
solutions vou need.

RLC manufactures a complete line of RF and In addition, our large engineering staff and high
Microwave filters covering nearly every application volume production facility give RLC the ability to
in the DC to 50 GHz frequency range. We offer develop and deliver both standard and custom
different filter types, each covering a specific designed filters at competitive costs, within days or
engineering need. a few weeks of order placement.

B Band Pass, Low Pass, B Wave Guide Bandpass and B Spurious Free, DC to 50 GHz,

High Pass & Band Reject Band Reject Low Loss, High Rejection

B Connectorized, Surface Mount, B 4th Order Bessel Filters B Custom Designs

PCB Mount or Cable Filters

For more detailed information, or to access RLC’s exclusive Filter Selection Software, visit our web site.

RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549 e Tel: 914.241.1334 ¢ Fax: 914.241.1753
E-mail: sales@ricelectronics.com e www.rlcelectronics.com —
visa N &

RLC is your complete microwave component source...
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.
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2010 and beyond. Severe restrictions
in public spending have meant that
defence budgets in several countries
have been reduced, from a few per-
cent in some to more than 10 percent
in others. As a result of budgetary re-
strictions, industrial defence capaci-
ties are shrinking, and the emphasis is
moving from innovation to lobbying.

To meet these challenges, R&T ef-
forts and budgets need to be more fo-
cussed, invested more efficiently and
be more transparent, while military
assets have to become cheaper, both
in terms of operational and life cycle
costs. International co-operation can
be an effective tool for eliminating the
adverse effects of budgetary restric-
tions and countering budget short-
ages.

Technological advances and eco-
nomic liberalisation over recent years
have dramatically increased the elec-
tromagnetic spectrum consumption
in both the military and civilian do-
main. While military operations have
become more complex and sophisti-
cated in their use and need of spec-
trum, civilian stakeholders are placing
great pressure on regulators to trans-
fer more spectrum from governmen-
tal to commercial use. This requires
the protection of current frequency
bands and the allocation of new fre-
quency bands for new MW and RF
applications, alongside the need to ex-
plore new technology solutions able to
tackle the scarcity of electromagnetic
spectrum. Figure 1 shows the current
allocation of frequency bands.

Lessons learned from military
operations in the last two decades
show that forces and assets are usu-
ally dislocated in the homeland and
intermediate logistical bases, as well

as being scattered in the operational

area. Typically, multinational units act

in complex operational environments,
which are diverse and unpredictable
in most cases.

Operational environments for RF
sensors are getting more and more
difficult, offering up challenges that
include dense electromagnetic spec-
trum (increased level of unintentional
RF interference and increased pres-
sure for commercial use of the spec-
trum), efficient Electronic Counter
Measures (ECM), inhomogeneous
natural environments, urban terrain,
operations in brown water and poor
weather conditions.

Targets to be detected, identified
and tracked by RF sensors have be-
come more difficult than ever:
¢ Small boats and sea skimming mis-

siles in littoral scenarios

e Vehicles and personnel in the ur-
ban environment, people inside
buildings and/or ground targets
employing camouflage, conceal-
ment and deception techniques in-
cluding concealment under foliage

e Mobile and fleeting targets

e Mines, Improvised Explosive De-
vices (IED) and mortars

e Low radar cross section and/or low
altitude and/or low speed air tar-
gets (missiles, cruise missiles, UAS,
etc.)

e High velocity and/or high altitude
targets (satellites, ballistic missiles,
supersonic missiles, reconnais-
sance aircraft, etc.)

The need for RF sensors with im-
proved detection, identification and
tracking capabilities is increasing,
especially on board small unmanned
platforms and long endurance air ve-
hicles, as well as unattended ground
and man-portable sensors. Large sen-
sor networks, integrating thousands
of nodes geographically distributed in

BROADCAST,
' GPs IMT
NEROLAR lcLoNass | T cances| V54T
" | GALILEO (LOC(AC) FIX FXT CSA|
PMR, | com-mMT | FIX FIX ETS RES
SECURITY
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Fig. 1 The current allocation of frequency bands.
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large areas, also require significant im-
provements of RF sensors.

In addition, ‘friendly fire” incidents
highlight the need for a technological
breakthrough in reliable non-coop-
erative target recognition, especially
in adverse weather conditions when
the recognition potential of RF sen-
sors is strongly affected by meteoro-
logical phenomena. Also significant
is the fact that modern military com-
munication networks are expected to
have the capability to be structured
as smart subnets, regardless of which
part of the electromagnetic spectrum
their subsystems and devices oper-
ate. In addition, these networks must
usually work in co-existence (or even
interoperate) with civilian or commer-
cial networks without interfering with
them. At the same time they are ex-
posed to local electrical and electronic
systems, which may not comply with
EMC regulations, thus creating elec-
tronic hazards.

In the homeland and intermedi-
ate bases, sustainable communication
networks are required, with hubs and
backbones being able to handle high
traffic loads. Since stationary links and
assets are highly vulnerable to attack,
defence communication networks will
continue to mainly rely on military sat-
ellite communications (Satcom) and
radio relay systems. However, there is
an immense broadband requirement
due to high transmission data rate ser-
vices and the data intensive applica-
tions that have to be provided in the
operational area. However, transpon-
der capacities on satellite payloads
will remain a bottleneck.

In most areas in which forces have
been engaged recently there has been
little local communication infrastruc-
ture, either because it has never ex-
isted or because it was destroyed.
Therefore, there is a great demand for
highly mobile, flexible, reactive and
adaptive networks and miniaturized,
low energy consumption devices. Al-
though today’s state-of-the-art RF and
information technology makes it pos-
sible to utilise such equipment, they
need to be interoperable with the vital
backbone of tactical information sup-
ply—Tactical Data Links.

For military systems ‘in orbit’, UAS
RF, radio communication payloads
and the like need to be small, light-
weight, exhibit low energy consump-
tion, etc., so that they can be accom-
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Use the power of CST STUDIO SUITE,

the No 1technology for electromagnetic simulation.

—> Get equipped with leading edge
EM technology. CST’s tools enable you
to characterize, design and optimize
electromagnetic devices all before going into
the lab or measurement chamber. This can
help save substantial costs especially for new
or cutting edge products, and also reduce
design risk and improve overall performance

and profitability.

Involved in mobile phone development? You
can read about how CST technology was
used to simulate this handset’s antenna
performance at www.cst.com/handset. If
you're more interested in filters, couplers,
planar and multi-layer structures, we've a
wide variety of worked application examples
live on our website at www.cst.com/apps

The extensive range of tools integrated
in CST STUDIO SUITE enables numerous
applications to be analyzed without leaving
the familiar CST design environment. This
complete technology approach enables
unprecedented simulation reliability and

additional security through cross verification.
—> Grab the latest in simulation technology.

Choose the accuracy and speed offered by
CST STUDIO SUITE.

CST
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TABLE |

ILLUSTRATIVE EXAMPLES OF US AND EDA INITIATIVES WHICH ADDRESS THE SAME OR
SIMILAR TECHNOLOGIES

US initiatives

EDA initiatives

Wide Bandgap Semiconductor Technology
Initiative (WBGS-RF) for reliable GaN-
based devices employed in RF power
amplifiers

Key organisation for research on integrated
circuits in GaN technology (KORRIGAN 1 and 2)
Manufacturable GaN: SiC substrates and GaN epi
wafers supply chain (MANGA)

Scalable Millimeter-wave Architectures for
Reconfigurable Transceivers (SMART)

Scalable multifunction RF systems and
implementation (SMRF & SIMPLE)

Terahertz Electronics program

Terahertz technologies for detection of hidden
weapons and IEDs

Next Generation (XG) program
(development of enabling technologies and
system concepts to dynamically redistribute
allocated spectrum and novel waveforms to
improve military communications)

Enabling Technology for Advanced Radio in
Europe (ETARE) to study advanced waveform
technologies

Cognitive Radio for dynamic Spectrum
Management (CORASMA)

Software defined and Cogpnitive Radio (SCORED)
and study spectrum management for European
defence

Frequency Allocation for RADArs in the coming
YearS (FARADAYS)

Remote Detection of Activities (RDA)
program to create an extremely
inexpensive, unattended ground sensor
network with long RF communication
ranges and specialized algorithms

Study on miniature RF sensors, including
scatterable unattended RF sensors

Wireless Network after Next (WNaN)

to develop wireless nodes and adaptive
network technologies enabling the nodes to
form autonomously adhoc networks

Wireless rObust Link for urban Force operations
(WOLF)

Wireless Interoperability for Security (WINTSEC)

WolfPack to enable the military to deny the

enemy use of communications and radars

Intelligent Control of Adversary Radio-
communications (ICAR), addressing the
capability shortfall related to the reliable selective
prevention, control, capture and blocking of
adversary mobile communications, with reduced
collateral effects

System on Chip (SoC)

System on Chip (SoC)

modated on board. Radio links and
networks also have to be extremely re-
liable and sustainable, with intelligent
network management, not only to
guarantee seamless operation (hand-
overs), but also to provide autonomy
in case of a temporary command and
control blackout.

Communication technology also
needs to evolve in the areas of Engage
and Protect. It is evident that Infor-
mation Warfare/Electronic Warfare
has become a key instrument for mili-
tary commanders. Although most at-
tention is given to the sensor domain
(SIGINT/ELINT, ESM and ECCM),
there is also the vital need to protect
communication links and assets, or
to engage against such assets (e.g.
C-RCIED).

Last but not least, it is worth men-
tioning a specific type of non-lethal
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weapon: namely, high power micro-
wave (HPM) weapons, which can dis-
able adversary information systems
and power supplies and stop moving
vehicles, etc., without collateral dam-
age and human losses.

As has been mentioned, new ca-

pabilities require the introduction of

specific R&T programmes and proj-
ects to fill the technological gaps that
have been identified. Because of the
lessons learned from joint military op-
erations and certain limitations of ex-
isting MW and RF defence technolo-
gies, the typical trends and targeted
solutions do not differ significantly
among countries and regions where
R&T is most advanced (US, Europe,
Russia, China and Israel). Table 1

gives illustrative examples of US and
EDA initiatives that address the same
or similar technology objectives. The
US and Europe hold very strong po-
sitions with regards to MW and RF
technologies and their world-leading
roles seem unquestionable.

In Europe, the EDA, together
with the experts from its Member
States, has played a significant role in
establishing the European Defence
Research and Technology (EDRT)
Strategy, which identifies what de-
fence technologies should be de-
veloped (‘Ends’) and what actions
(‘Means’) need to be taken to achieve
those ‘Ends’. Governmental experts in
the relevant technical groups, called
CapTechs, which are under the overall
management of the Agency, have es-
tablished a list of key technologies and
skills within the 22 priorities (‘Ends’).

Focusing on the EDRT Strategy,
all CapTechs were instructed by the
EDA Steering Board to develop the
corresponding ~ Strategic  Research
Agendas (SRA), which will reflect the
shared vision of both governmental
and industrial experts on the most ur-
gent technical challenges. The SRAs
will not only respond to the actions
defined by the EDRT Strategy and
encourage the necessary push in tech-
nology, but will also take into account
the required capabilities. The “Ends’
of the EDRT Strategy and SRAs un-
der development in the CapTechs
reflect the viewpoints of a wide range
of European technology experts, and
consequently can be considered as
main technology trends.

For instance, in the area of RF
sensors, efforts for the detection, lo-
calisation and identification of difficult
targets in complex environments are
focussed on increased sensitivity, im-
proved clutter rejection and enhanced
jamming suppression. These efforts
include both the comprehensive de-
velopment of generic technologies
(system concepts and architectures,
signal and data processing, platforms
and integration, control and opera-
tion, and design and production) and
main hardware components (trans-
mitters, receivers, antennas, amplifi-
ers, filters, converters, etc.)

Adaptive, self-learning and antici-
pative technologies for dynamically
changing operational situations and
various environmental conditions will
enable defence forces to operate such
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RF sensors as radars without the di-
rect involvement of human operators.
To achieve this objective, more invest-
ment needs to be directed towards
wideband antennas, waveform gener-
ators, power amplifiers and wideband
high dynamic range receivers, and
most importantly, new signal process-
ing techniques.

Developments cannot stop at the
component level, however. It is also
vital to acquire greater knowledge re-
garding adaptive sensor management,

the prediction of target behaviour and
intent, software controlled sensors,
dynamic frequency management, co-
existence and effective interference
suppression of RF systems and adap-
tive beam forming. More intelligent
and efficient multisensory and net-
working technologies are needed in
order to provide a more accurate com-
mon operational picture, improve re-
connaissance, surveillance and target
acquisition capabilities, and enhance
the survivability of RF sensors.

X ‘ ,_,\;': = ; !' ,i; ;_ *" -
Broadband Power Amplifiers

Teledyne Cougar's new line of medium-power broadband amplifiers are a unique family of performance-based
solutions designed for demanding applications. This family covers 20 MHz to 2600 MHZ and uses Gallium
Nitride (GaN) technology. Each amplifier is hermetically sealed, and includes multiple RF performance options
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The amplifiers include an internal sequencer, assuring application of the proper gate voltage applied to the FET
prior to voltage applied to the drain. Higher gain versions include pre-amps, providing excellent noise figure and
IP performance. The small package footprint is designed for high performance applications and operates from

-40 to +85°C.
Noise 1P3/1P2 Driver Driver
Frequency | Gain Figure | P1dB P3dB P3dB Pout D.C. D.C. D.C. Amps
Model Rarﬁge dB gB dBm dBm Watts dBm Volts mA Volt Q/@F%dB
MHz Typ. Typ. Typ. Typ. Typ. Typ. Nom. Max. Nom. Typ.
AVP598 20400 | 165 | 25 38 432 209 | 50/64/40| NA N/A 28 | 08515
AVP514 20-400 | 40 35 38 432 209 | 50/62/40| 12 185 28 | 1.251.95
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Improvements must include the
comprehensive development of bi-
multistatic, active-passive RF sensors,
generic technologies (system concepts
and architectures, waveform genera-
tion, signal and data processing, plat-
forms and integration, control and op-
eration, design and production) and
all the main hardware components
(transmitters, receivers, antennas,
amplifiers, filters, converters, etc.).

In the RF domain it is worth men-
tioning technology trends such as:

e Multifunction, scalable, modular,
open systems and networks

e Active Electronically Scanned Ar-
ray (AESA) antenna design and
manufacture

e Low cost, mass, volume, power
consumption and maintenance
technologies

e Technologies for high confidence
and all weather non-cooperative
target recognition

 Simulation and modelling (highly
accurate) for design, specification
and performance assessment

e ESM techniques in dense signal
environments, in particular emit-
ter identification and high accuracy
geolocation

e HPM weapons

In the communication domain
the use of commercial off-the-shelf
(COTS) products is beneficial both to
saving time and reducing the spend-
ing budget. Civilian radio communi-
cations and IT services continue to be
developed over short innovation cy-
cles. However, due to the constraints
prevalent in crisis operations, many
COTS technologies and products still
require a military add-on to be suit-
able for defence purposes.

With regards to Satcom technol-
ogy, satellite payloads will operate in
the EHF frequency range in order
to achieve broader bandwidth and
higher capacity. They will have more
sophisticated features such as broad-
band switching techniques. Their an-
tennas will be electronically controlled
(beam forming) and thus adaptive and
agile. A smart ground segment with
automatic (re-)configuration capabili-
ties will take care of networking func-
tionality, which cannot be accommo-
dated by the satellite payload. To keep
military forces connected regardless
of the constraints of the electronic en-
vironment (poor footprint, jamming,
etc.) it is most important to imple-
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Fig. 2 Various examples of software-defined radios.

ment a robust waveform.
As for the new tactical radio tech-
nologies, up to now, even digital ra-

dios have had to
be developed in-
dividually for each
category of use and
assigned part of the
spectrum (e.g. HF,
VHF and UHF). In
an international en-
gagement scenario
a command cell may
require a dozen different radios to
be set up and collocated. Software-
defined radios (SDR) should have a
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robust software generated waveform
and broadband antenna technology,
enabling them to integrate the func-
tionality of a series of different single
radios. Various examples of SDRs are
shown in Figure 2.

Web services, service oriented ar-
chitectures and sophisticated IT secu-
rity features should be implemented
down to the tactical level. To cope
with the resources needed in terms
of bandwidth, studies are being con-
ducted into high data rates (HDR) for
tactical radio and cognitive radio for
optimal exploitation of the spectrum,
especially with regards to stressful
electronic environments (dynamic
spectrum management).

The demand for services even
under highly mobile and electroni-
cally hostile conditions is defining new
benchmarks for networking perfor-
mance with commercially available
standards like WiFi being adapted
to mﬂitary requirements. A Tacti-
cal Wireless LAN will have extended
ranges and a robust waveform. In or-
der to maximise individual network
access, Body Area Networks aim to
integrate any electronic device carried
by the soldier (e.g. sensors, command
and control).

The network layer has to be inter-
faced with service architectures like
Service-Oriented Architecture (SOA),
for tactical infrastructures such as ra-
dio networks and Tactical Data Links,
and to a secure, intelligent network
management system, which is disrup-
tion tolerant, fast (re-)configurable
and can manage Quality of Service as
dictated by the specific applications.
The use of common standards for ar-
chitectures and interfaces (in the RF,
network and application domains) can
significantly reduce lifecycle costs.

On the RF and MW components
level it is first worth mentioning that
AESA architectures use thousands of
modules and few receivers. The main
objective then is to decrease the num-
ber of modules and increase the reli-
ability of AESA architectures. In the
long term it is expected that AESA
will be wideband, multifunctional and
use a large number of receivers. Also,
new ESM equipment requires higher
sensitivity and probability of intercept
of AESA, operating on new frequency
bands in dense electromagnetic envi-
ronments.
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With regards to materials and
technologies, Gallium Nitride (GaN)
High Electron Mobility Transistors
(HEMT) are the next generation of
RF power transistor technology that
offers the combination of higher
power, higher efficiency and wider
bandwidth than GaAs and silicon (Si)-
based technologies. However, many
long-term issues still have to be con-
sidered: high thermal conductivity
materials and related packaging and
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and manufacturing of ultra-broadband
microwave components and test
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military applications.
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These principles
form the basis for
the steady growth that has earned
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Cover your bases. Contact
KRYTAR today for more information.

assembly technology for adequate
management of very high power solid-
state components.

GaN-based receiver chain capa-
bilities in S-band for radar applica-
tions and devices on free-standing or
large GaN substrates will have to be
developed as well as new composite
substrates such as GaN on poly sili-
con carbide (SiC), where the surface
material constitutes the best base for
low cost epitaxies. The goal is to get

MIL-Qualified RF, Microwave & mmW Components
(1 Directional Couplers to 67 GHz

(1 3 dB 90° Hybrid Couplers to 40 GHz

(1 3 dB 180° Hybrid Couplers to 26.5 GHz

(d Beamforming Networks to 18 GHz
[ Power Dividers to 45 GHz
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reproducible structures with fewer
defects and to demonstrate high qual-
ity devices with the high yield associ-
ated with high reliability.

Future wireless applications will
require high performance and ultra
low power consuming electronics. For
that very reason materials and device
architectures other than conventional
silicon CMOS must also be investi-
gated. As more and wider frequency
bands are used in the future, the di-
mensions of all RF and MW modules
will have to be very small, requiring
the development of new 3D packag-
ing and miniaturization technologies.

One of the four main functions of
EDA is to promote the defence R&T
by the establishment of international
collaborative programmes and proj-
ects. The cumulative budget of the
EDA R&T programmes and projects,
in respect of the current portfolio, is
between €50 and €130 M a year; ap-
proximately 40 to 50 percent of that
amount is invested in RF and MW
technologies.

The number of ongoing projects in
the three most concerned CapTechs
(Components IAP1, RF Sensor Sys-
tems IAP2, and Communication and
Information Systems IAP4) is also con-
siderable, with usually 20 to 25 projects
running in parallel. Obviously, this arti-
cle cannot give a complete overview of
all EDA RF and MW programmes and
projects, but the following illustrative
examples may give readers some idea
of how the EDA is addressing current
technological needs.

Since the mid-nineties, defence
has been interested in GaN technol-
ogy because of its high power density,
robustness and linearity, in particular
for such microwave applications as
radars, EW equipment and multi-
function systems. For that very rea-
son the EDA launched two projects
in recent years. The KORRIGAN
project, which has been completed,
developed a stand-alone European
supply chain and capability for GaN
technology, providing all major Euro-
pean defence industries with reliable
state-of-the-art GaN foundry services
for micro-electronic components and
devices. The integration of KORRI-
GAN MMIC:s is shown in Figure 3.

As a result of KORRIGAN the sec-
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ond project, MANGA, was launched
to further develop GaN technology.
The main objective of the three and
a half year programme is to build an
independent European supply chain
for the cost-effective processing of
100 mm SiC substrates and GaN
HEMT epitaxial wafers. MANGA will
mitigate the risk of export restrictions
from the US on SiC substrates/GaN
HEMT epitaxial wafers, demonstrate
the European industrial capability for
the supply of competitive and state-

Narda’s Extensive
Family of In-Stock
Directional Couplers

directional, calibrated, broad ‘&

equipment manufacturers, and lab users.
M Broadband Frequency Coverage

B High Directivity

B Low VSWR

B High Power Capability

B Flat Frequency Response

W Compact Size

band, and high directivity models. .
Narda’s family of in-stock directional couplers
offer an extensive combination of physical
and electrical performance characteristics to
meet the needs of system designers, original

Engineering, without compromise.
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Fig. 3 The integration of KORRIGAN
MMICs.

Also concerned with materials
technology is the Technology for HIgh
speed Mixed Signal circuits (THIMS)
project, which is at a stage where the
contributing member states are close
to finalizing the Technical Arrange-
ment. THIMS will demonstrate the
accessibility of the European defence
industry to state-of-the-art SiGe tech-
nology in a secure, cost-effective way,
and ensure that all design tools for
mixed-signal designs are in place. The
project will assess the limits of the
currently available technologies, and
quantify the benefits of implementing
the next generation of technology in
order to encourage availability within
Europe.

Software-defined radio has been
on the EDA’s agenda since 2006, with
the focus on the standardization and
certification of SDR products. The
results of the studies on ‘Software de-
fined and Cognitive Radio as well as
spectrum management for European
Defence’ (SCORED) and on ‘Wire-
less Interoperability for Security’
(WINTSEC) are forming the back-
ground for the future development of
SDR technology for military and civil-
ian security users and providing the
basis for interoperability.

The SCORED project was carried
out by a consortium of 20 European
companies and research organisa-
tions. Its objective was to provide a
vision of current SDR issues from a
military perspective, analyse the add-
ed value of the technology and pro-
vide an industrial view on its possible
evolution at a European level. Follow-
on programmes will implement SDR
technology reference systems and
demonstrators.

As part of the Joint Investment
Programme on Force Protection (]IP—
FP), the Wireless rObust Link for ur-
ban Force operations (WOLF) proj-
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ect will provide innovative solutions in
order to increase “Wireless & robust
communication” and “Information
processing & situation awareness”
capabilities, with a view to the surviv-
ability of such systems in operation.
Another JIP-FP initiative is the
Intelligent Control of Adversary Ra-
dio-communications (ICAR) project,
another JIP-FP offspring, which re-
lates to the reliable selective preven-
tion, control, capture and blocking
of adversary mobile communications

in multi-path environments such as
urban or mountain areas. It aims to
define an affordable, complete and
integrated response for intercepting,
localizing monitoring, and selectively
blocking the threats at the radio inter-
face that current and new mobile ra-
dio-communication technologies face.

Demonstrating European coop-
eration, experts from Italy, Belgium,
Finland and France involved with En-
abling Technology for Advanced Ra-
dio in Europe (ETARE), are studying

Excellence in Frequency Control

40MHz to 6.9GHz

VCO25,VCO33, VC055

PLL/Synthesizers

1GHz to 5GHz in bands

CPLL58B, CPLLG6

SAW Oscillators
300MHz to 1030MHz
Ultra-Low Noise

AF Cables
Assemblies to 40GHz

RF Accessories
Attenuators, Flters,

Frequency Doublers, Amplifiers / 1

VCOs PLlj RF Cables Accessories

N CRYSTEK
@m

www.crystek.com

Tal: BO0237, 2069 * 239, 561.3311
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advanced waveform technologies (ad
hoc networkability, high throughput)
that could be used for future opera-
tional waveform definition, at national
or multinational level in Europe. These
technologies will enable the develop-
ment of future operational High Data
Rate Networking (HDRN) waveforms.

The High Data Rate Technology
for HF Communications (HDR-HF)
project was contracted in 2009 and is
jointly funded by Germany, Belgium
and France. The project will develop
and validate the concept of a Very
High Data Rate (VHDR) communi-
cation in the HF band, providing a
cheaper alternative to Satellite Com-
munications solutions for long-range
data communication.

Cognitive Radio has the potential
to provide more flexible use of spec-
trum, enabling systems to adapt to
their context while maintaining per-
formance (e.g. robustness, availability,
QoS). The Cognitive Radio for dy-
namic Spectrum Management (COR-
ASMA) project, involving France, Ita-
ly, Poland, Portugal, Sweden, Belgium
and Germany, aims to study the appli-
cation of Cognitive Radio for military
applications and assess its benefits.

Launched last year, the Signal Pro-
cessing for Radar and EW Systems
(SPREWS) project will identify and
develop new solutions to increase the
effectiveness of radar target detection,
positioning, imaging, classification
and identification in severe clutter,
EW and propagation environments.

This year the Technology Enablers
for Light & Low cost Urban RF Systems
(TELLUS) project to investigate light,
affordable and energy efficient radar
and ESM systems has been launched.

The Scalable Multifunction RF
(SMRF) programme and SMRF Imple-
mentation (SIMPLE) project will look
into the development of technical ar-
chitectures for multifunction, scalable,
modular, open systems and networks.

Finally, the International Technol-
ogy Partnership (ITP) on Studies for
Integrated Multifunction Compact
Lightweight Airborne Radars and Sys-
tems (SIMCLAIRS) was launched in
2009. At €25 M it is one of the high-
est value RF projects in the history of
the EDA, aimed at developing a new
generation of UAS and missile pay-
loads based on synthetic aperture ra-
dar, while fulfilling the extreme mass,
volume power consumption require-
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Massachusetts Bay Technologies, Inc. (MBT)
specializes in the design, manufacture and
distribution of RF/Microwave semiconductor diodes.

MBT is committed to the continuance of innovations

in service to its customers, improvement of design,

product performance and quality control. B A
MBT’s product frequencies range from 100Hz up to

and including millimeter wave; our quality devices

are used in various industry applications such as T
university and laboratory research, consumer

products, telecommunications, aerospace and military.

MBT’s consistent objective is to provide a superior
product with unsurpassed customer service to our
clients. Our engineers are available to discuss your
specific design and application requirements that
are both cost and time effective. We look forward
to providing you component expertise and a
quality product.

MBT’s product line includes but is not limited to
the following RF/Microwave devices: ',r'
Abrupt Tuning Varactors Diodes
Hyperabrupt Tuning Varactors Diodes
Step Recovery/Multiplier Diodes
PIN/Beam Lead PIN/Limiter Diodes
Point Contact Diodes

Schottky Diodes :
MIS Chip Capacitors -
Custom Designed Components

Are you looking for a discontinued Alpha Industries,

Frequency Sources, Hewlett Packard, M/A-Com,

Microwave Associates, MEDL, Motorola, NEC,

Philips, Parametric Industries, Siemens,

Thomson CSF, Toshiba or Varian part? MBT will

cross reference and manufacture your discrete, K
obsolete or custom RF/Microwave application.

YA (H: WAVE SEMICONDUCTORS

Motivated By Performance, Focused on R
Massachusetts Bay Technologies, Inc. 378 Page Street, Stoughton, MA 020"
* Website: www.massbaytech.com ® ?ail: sales

© 2010 Massachusetts Bay Technologies, Inc. All trademarks o
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ments posed by such platforms as
UAS and missiles.

The military/defence sector is con-
stantly evolving. Over recent years the
very nature of the threats being faced,
the arenas they are being fought in, etc.,
have changed considerably. Also, the
economic downturn has forced bud-
getary constraints on governments and
made it necessary for individual compa-
nies, universities and research establish-

ments to seriously consider the cost and
payback of ongoing or planned projects.

Budgets may be tight, but home-
land security and defence issues still
have to be addressed and the RF and
microwave industry/community has a
significant role to play in developing
efficient and cost-effective technology
to combat threats, secure borders and
safeguard citizens.

Technological development is ongo-
ing across the military/defence spec-
trum at both the component and sys-

KABUC-Lite Series

Small, light-weight, low power
consumption Ka-band Block Up
Converters Designed especially for
man-pack and UAV applications

JERSEY’S KABUC “LITE” SERIES

These Frequency Block Converters were specifically developed for applications
that require high efficiency/low power consumption (12 Watts) and the lightest
weight possible without sacrificing performance. These units meet the needs of
the Wideband Gapfiller System’s (WGS) hardware. Extending battery life and a
more portable overall volume have been achieved. Weighing just under 20 ounces
and a overall package size of 4.2" x 3.0" x 1.4".

The field proven qualified design (over 1,100 units shipped) has been re-packaged
to address this mission critical goal. Jersey is the #1 provider of Ka-band BUCs to
the WGS effort since the first launching of WGS 1. Our military band (30 - 31 GHz)
block up converters are available with many standard options and features.
Options include high output power, outdoor packaging, custom frequency bands

in X and Ka-bands.

JERSEY MICROWAVE DESIGNS, DEVELOPS AND
MANUFACTURES QUICK TURN MICROWAVE AND MILLIMETER
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Contact us to discuss your custom
specifications or to select from one
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: .
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Fax: 908.684.2391 e email: sales@jerseymicrowave.com ® wWww.jerseymicrowave.com
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tem level. There is significant activity
in the field or RF sensors, the develop-
ment of modern military communica-
tions networks, both in orbit and on the
ground, the evolution and implemen-
tation of semiconductor materials and
packaging, just to name a few.

More general common objectives
are miniaturisation, greater efficiency,
reduced power consumption, and the
reduction of development and life-
cycle costs. It is widely recognised
that collaboration, on every level, is
becoming increasingly important to
provide the necessary structure, sup-
port and incentive for projects to be
successful and achieve their goals.

This article has used the EDA as
an example of the importance of es-
tablishing international =~ collaborative
programmes and projects and demon-
strated the scope, level of international
cooperation, and scale of technology
being addressed by current projects.
They are just examples of the extent of
current activity, not only in Europe but
across the globe, and reflect that, de-
spite changing threats and financial con-
straints, RF and microwave R&T devel-
opment is on the right wavelength. ll
After studying Engineering
in Electrical Sciences at the
Armed Forces University,
Munich, Germany,
Michael Sieber gained a
Tactical and Technical
Leadership Training
qualification from the
German Army Schools. His
employment has included:
Combat Data Systems
Engineer, Directorate for
Maritime Combat Systems, Department of Defence,
Ottawa, Canada, Deputy Director, International
Armaments Affairs, Ministry of Defence, Bonn,
Germany, and Chief, Information Acquisition Division,
Technical Centre for Information Technology and
Electronics, Greding, Germany. Sieber took up his
current post as Assistant Director Research &

Technology, European Defence Agency, Brussels/R&T
Directorate, in 2010.

Attila Simon studied at
Zalka Mdté Military
Technology College,
Budapest, Hungary, and
gained qualifications in Air
Surveillance Radar
Technology and Air Force
and Air Defence
Operations at Zrinyi
Miklés National Defence

i ﬁ University, Budapest. He

gained his MBA degree in

2004. Starting as a Lieutenant and reaching the
military rank of Colonel in 2007, Simon began his
career as Platoon Commander of Air Defence C2
System/2nd Air Defence Radar Battalion, Air Force
Base, Taszdr, and held various military posts before
becoming taking up his current role as Technical
Project Officer for Radiofrequency Sensor Systems &
Signal Processing, European D(fencc Agency,
Brussels/R&T Directorate, in 2007.
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mplification in the 26 to 31 GHz band
is vital to a number of different ter-
restrial and satellite communication

links, especially where the available bandwidth
is needed for high data rates. For example, the
spectrum is used in Ka-band satellite systems
as the Tracking and Data Relay Satellite System
(TDRSS). Closer to earth, the frequency band
is home to terrestrial 28 GHz point-to-point and
point-to-multipoint (PMP) systems, and in land-
and sea-based terminals for common data link
(CDL) and tactical common data link (TCDL)
wireless and communications control links be-
tween manned and unmanned aircraft and land-
and sea-based terminals.

To power transmitters for links in the 26 to 31
GHz frequency range, the engineers at MITEQ
have developed the model AMF-5B-26003100-
100-42P solid-state power amplifier (SSPA) as
an alternative to the traveling-wave-tube am-
plifiers (TWTA) commonly used for transmitters

at these frequencies. Based on

GaAs pseudomorphic high elec-

tron mobility transistor (PHEMT)

device technology, the AMF-5B-

[—
i

Psat Piin

26003100-100-42P provides better

than 15 W (+43 dBm) saturated

OUTPUT POWER (dBm)
NINWWAMALE2WO
ouowuouo

bandwidth.
40

26 27 28 29 30 31
FREQUENCY (GHz)

A Fig. 1 Measured data of saturated
and linear output power for the AMF-
5B-26003100-100-42P SSPA show usable The
output power across an additional 1 GHz of

output power from 26 to 31 GHz
with high gain and low distortion,
in a package that is a fraction of
the size and weight of a TWTA.

AMEF-5B-26003100-100-
42P SSPA is suitable for terres-

MosTt VALUABLE PropuUCT

SSPA Drives
[KA-BAND LINKS FROM
26 10 31 GHz

trial and satellite communication links using
complex modulation formats, either backed off
from its saturated output level or operated under
linear conditions. As measurements of saturated
and linear output power show (see Figure 1), the
amplifier is actually usable from 25.5 to 31.5 GHz.
The plot of linear output power is the total output
power based on a two-tone input and maintain-
ing intermodulation distortion (IMD) of -25 dBc
or better.

The compact SSPA provides generous gain
of at least 40 dB, with peak-to-peak gain flatness
that remains within a #3 dB window, as shown
in Figure 2. Over any 40 MHz segment of the to-
tal frequency range, the maximum gain slope is
+0.5 dB. The model AMF-5B-26003100-100-42P
provides a 20 dB analog gain adjustment range
for adapting to different input signal levels. With
a gain control setting of 0 dB (0 dB attenuation),
the SSPA's noise figure is 10 dB.

This solid-state power amplifier exhibits max-
imum input VSWR of 1.3:1 and maximum output
VSWR of 1.5:1, indicating that it should deliver its
rated output power level with minimal reflections
in systems with characteristic impedance of 50
ohms. It minimizes IMD levels to better than -20
dBc for most of the operating frequency range
even under saturated output power conditions,
and to -25 dBc or better under linear operating
conditions, making it suitable for single- and

MITEQ INC.
Hauppauge, NY
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A Fig. 2 Broadband gain of the AMF-5B-
26003100-100-42P SSPA remains within a
*+3 dB window, with a gain slope of =0.5 dB
for any 40 MHz band segment.

multiple-carrier applications. It also
features tightly controlled group de-
lay, with delay that is flat within +40 ps
across any 2 GHz band and within 0.2
ns across the full 26 to 31 GHz band,
as shown in Figure 3. Harmonics are
a maximum of -40 dBc at both 1 and 3
dB output power levels, while spurious
content is a maximum of -60 dBc when
operating at 1 dB compression or under
linear conditions.

The model AMEF-5B-26003100-
100-42P typically consumes 150 W of
power. It is designed to operate over

Wh

A |

Products

e Coaxial Switches

Pin Diode Switches o
Switch Matrices o
Couplers o

W/G Ferrite Products

Applications
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Defense

Industrial

Medical
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A Fig. 3 Group delay of the model AMF-
5B-26003100-100-42P SSPA is flat within

+40 ps across any 2 GHz band and within
*+0.2 ns across the full 26 to 31 GHz band.

a wide range of standard supply volt-
ages, from +12 to +28 VDC, with options
for supplies of +36 to +48 VDC. The
SSPA can handle ambient tempera-
tures from -40° to +60°C and baseplate
temperatures from -40° to +85°C. It has
a non-operating or storage tempera-
ture range of -50° to +70°C. It is built
to operate at altitudes (atmospheric
pressure) to 10,000 ft and 100 percent
non-condensing relative humidity. This
rugged power amplifier can withstand
altitudes to 40,000 ft under non-operat-
ing conditions.

The amplifier is EMI and environ-

Request a Free copy of our NEW Coaxial Switch Catalog at
www.ducommun.com/mwj or phone: 310-513-7214.
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Visit http://mwj.hotims.com/28495-35
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mentally shielded, with integral voltage
regulation and over temperature pro-
tection, as well as cooling, monitoring
and control systems. For example, an
alarm signal alerts an operator to over
current or over temperature conditions.
In addition, a high VSWR detector will
determine when reflected power, such
as caused by a bad load, exceeds a
safe threshold level and shuts down
the amplifier to prevent damage.

The SSPA is supplied in a rugged alu-
minum housing measuring 5" x 7" x 1.75"
(127 x 177.8 x 44.45 mm) and typically
weighing 2.5 Ibs. (1.2 kg). The RFinput and
output ports use female K connectors,
with an option for a WR-28 rectangular
waveguide at the output port for Satcom
systems equipped with waveguide flang-
es. The amplifier also includes a 20 dB
coupled output sample port with a female
K connector for power measurements.

MITEQ Inc.,
Hauppauge, NY
(631) 436-7400,

RS No. 303

-

8

Ducommun Technologies
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AMPLIFIERS

5 MHz 10 18 GHz

LZY-2+

ZHL-10W-2G

ZHL-5W-2G ZHL-16W-43+

ZHL-5W-1 ZHL-30W-252+
ZHL-50W-52
ZHL-100W-52

ZHL-100W-GAN+
ZHL-30W-262+

ZHL-20W-13

| S — 4 F _.
$ \'.P‘ il = F Freq. Gain  Pout (dBm) Dynamic Range DC Pwr. Price  Price
&3 (MHz)  (dB) @Comp NF IP3  Volt Current §$ ea. X
. 1dB  3dB  (dB) (dBm) (V) (A) Qty.1-9 suffix
/' Model f-fu Typ. Typ.  Typ. Typ.  Typ. Nom. Max
. o
— ea.qty.(1-9) With Heat Sink/Fan
; ; LZY-1+ 20-512 43 4457 +47.0 86  +54 26 7.3 1995 1895
Heavy duty, ruggedness and reliable operation to meet Y2+ 500-1000 46 +450 +458 80 54 28 80 1995 1895
your demanding communication applications describe ZHL-5W-1 5500 44 +39.5 +40.5 4.0 +49 25 33 995 970
ini-Circui i ZHL-5W-2G+  800-2000 45 +37.0 +380 80 +44 24 20 995 945
M’Z’ 1%’50#tft%91126t’°n of 3, 5’,?;.)’16’,2(? ’ 30’. 32, 5,\%_' ZHL-10W-2G+  800-2000 43 +40.0 +41.0 7.0 +50 24 50 1295 1220
an att high power amplifiers! Covering 56 MHz ZHL-16W-43+ 1800-4000 45 +41.0 +42.0 6.0 +47 28 4.3 1595 1545
up to 18.0 GHz, these broadband solutions are available -%ntggw;gz 720%1205%% gg +ﬂ'8 +ig.8 gg +g(2) gg g.g ;882 ;ggg
: : ; i - - -252+ - +44.0 +46. . + .

with or without mtegrateq heat sink/fan .to fit your system 5 Sowss 50-500° B0 4460 1480 B0 185 54 93 1398 1320
requirements. Each amplifier operates with low current eZHL-100W-52  50-500 50 +47.0 +485 6.5 +57 24 105 1995 1920

consumption and is designed to work off a single DC NEW
| P luding the f lgP| h model 9 thstand ZVE-3W-183+ 6000-18000 35 +34.0 +35.0 55 +44 15 22 1295 1220
Supply, Including the 1an: Flus, each model can withstan ZVE-3W-83+ 2000-8000 36 +33.0 +350 58 +42 15 1.5 1295 1220
open or short output load without damage under full CW ®ZHL-100W-GAN+ 20-500 42 +49.0 +500 7.0 +60 30 95 2395 2320
ZHL-30W-262+ 2300-2550 50 +43.0 +45.0 7.0 +50 28 43 1995 1920

output power. They also offer built-in protection against

. e Protected under U.S. Patent 7,348,854
over-voltage, thermal overloads, and an internal regulated

For models without heat sink, add X suffix to model No.

power supply to handle fluctuations from the supply source Example: (L2Y-1+  LZY-1X+)
and still deliver high performance. Need a robust power
amplifier solution? Then come to Mini-Circuits where quality ‘
& reliability is built into every unit. P oy = = l—‘
IN STOCK! FAST DELIVERY! - . )
ZHL-16W-43X ZHL-5W-2GX  LZY-1X+ ZHL-20W-13X  ZVE-3W-83+

Mini-Circuits...we’re redefining what VALUE is all about! ZHL-30W-262X LR ow-20x aVEeNTEs:

S Taow 2ox

ZHL-100W-GAN+

®

ISO 9001 ISO 14001 AS9100 CERTIFIED
o o P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@472 The Design Engineers Search Engine finds the model you need, Instantly + For detailed performance specs & shopping online see minicircuits.com

U.S. patent 7739260 IF/RF MICROWAVE COMPONENT. 416rev T
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= Military Reliobility & Qualificotion

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

# Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPI.IFIERS

and AS91008
CERTIFIED

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

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

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

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

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

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

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.

Tel (805) 389-3224

4000 Via Pescador, Camarillo, CA 93012
Fax (805) 389-3629 sales@cinowireless.com
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Upgraded Aegis Weapon Systems Proven
Operational on Two US Navy Cruisers

e US Navy, supported by Lockheed Martin, success-
fully completed Combat System Ship Qualification

Trials for upgraded Aegis Combat Systems installed
aboard two Navy ships. The Navy determined that the Ae-
gis Combat Systems aboard the cruisers USS Mobile Bay
and USS Philippine Sea are fully operational. As part of
the cruiser modernization program, the computer suites
on these ships were upgraded with enhanced technical
data collection capability and radar data display systems, as
well as a new digital fire control interface between the anti-
submarine warfare control system and the vertical launch
system.

During the trials, the ships” Aegis Combat Systems were
evaluated for combat-readiness through comprehensive
surface, subsurface and anti-air warfare exercises. These
included manned raids and electronic attack scenarios, as
well as thorough testing of the systems’ tactical data link
and air defense capabilities. “Lockheed Martin continues
its legacy of working with the Navy to evolve the Aegis sys-
tem,” said Jeff Bantle, Lockheed Martins Vice President
of Surface-Sea Based Missile Defense Systems. “We take
great pride in our partnership as the Aegis Platform System
Engineering Agent and look forward to using our experi-
ence to increase program affordability.”

The Aegis Weapon System includes the SPY-1 radar, the
Navy’s most advanced radar system. When paired with the
MK 41 Vertical Launching System, it is capable of deliv-
ering missiles for every
mission and threat en-
vironment in naval war-
fare. The Aegis Weapon
System is deployed on 93
ships around the globe.
Aegis is the weapon sys-
tem of choice for Austra-
lia, Japan, Norway, the
Republic of Korea and
Spain.  Aegis-equipped
ships have more than 1,200 years of at-sea operational ex-
perience and have launched more than 3,800 missiles in
tests and actual operations. The USS Mobile Bay and the
USS Philippine Sea are both Ticonderoga-class guided-

missile cruisers.

The Aegis Weapon
System includes
the SPY-1 radar,
the Navy’s most
advanced radar
system.

US Air Force Awards Harris $18 M Contract
for AMRAAM Missile Telemetry Modules

arris Corp., an international communications and
Hinformation technology company, has been awarded
a 2-1/2 year, $18 M contract to produce telemetry
modules supporting the US Air Force Advanced Medium-
Range Air-to-Air Missile (AMRAAM). This follow-on con-

DEFENSE NEWS

Dan Massé, Associate Technical Editor

tract brings the overall value of the program for Harris to
$154 M since 1991.

The AIM-120 AMRAAM takes maximum advantage of
the highly accurate target detection capabilities offered
by the advanced radar systems of modern-day warplanes.
During test and training firings at Tyndall Air Force Base,
FL, the Harris Warhead Replacement Tactical Telemetry
Module provided weapon system evaluators with critical
flight and performance information about the AMRAAM.
The module also has command destruct capability for the
missile from the time it is launched from F-15, F-16 and
F/A-22 aircraft until final impact.

“The proven performance, reliability and availability of
our telemetry modules are key contributors to the long-
standing success of the Air Force’s Weapon System Evalu-
ation program,” said Pat Seamon, Vice President, Avionics
and Electronics Programs, Harris Government Communi-
cations Systems.

Raytheon’s SLAMRAAM Completes First
FMTV Launcher Test Firing

aytheon Co.’s Surface Launched Advanced Medium
RBange Air-to-Air Missile (SLAMRAAM) system suc-
cessfully participated in a ballistic test vehicle (BTV)
firing at Eglin Air Force Base, FL. The test included the
firing of multiple AMRAAM missiles from the new Family
of Medium Tactical Vehicle (FMTV) platform. The FMTV
was chosen as the new platform for the SLAMRAAM sys-
tem to increase survivability. The new platform provides
additional armored capability and is more ruggedized to
support the SLAMRAAM mission.
“We continue to partner with the US Army to develop
a SLAMRAAM system that is affordable, adaptable and
responsive  to today’s

evolving threats,” said The pr imar Y
Karen Kalil-Brown, Vice , ,

President, National & Ob] ec.twe Of the
Theater Security Pro- BTV firing was to

grams for Raytheon
Integrated Defense
Systems. “The firing of
an AMRAAM missile
from the new FMTV
platform culminates the
successful efforts of our
government-industry team to transition this critical air and
missile defense capability to a more survivable platform for
our warfighters.”

The primary objective of the BTV firing was to charac-
terize missile dynamic launch effects on the new platform.
Raytheon Missile Systems, developer and producer of the
AMRAAM missile, successfully collected initial launch
condition data, which will reduce risk on future potential
FMTV missile integration efforts, such as the AIM-9X. Ad-

characterize missile
dynamic launch
effects on the new
platform.

~
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ditional BTV missile firings are planned later this month to
support Army safety assessments required for manning by
soldiers.

SLAMRAAM is a tailorable, state-of-the-art air defense
system that can defeat current and emerging cruise mis-
sile threats and a wide range of air br E‘dthlll(T thl eats. This
affordable adaptation of the AMRAAM to meet emerg-
ing needs provides the warfighter with a system of highly
mobile battlefield elements networked and geographically
distributed to provide integrated fire control capability
against airborne threats.

Lockheed Martin Completes Second Live
Tracking Exercise for Ballistic Missile
Defense

ockheed Martin successfully identified and tracked
Lfour live targets during a test of its Multi-Mission Sig-

nal Processor (MMSP) being fielded as part of the
Aegis next-generation Ballistic Mlsmle Defense (BMD)
capablht\ The MMSP is part of the Navy’s Advanced Ca-
pability Build 12 system, intended to help combine next-
generation Aegis BMD and anti-air warfare (AAW) capa-
bilities in an open combat system architecture.

A Clean Sweep | .

has the solutions. We deliver premium RF and digital subsystems by integrating our

DEFENSE NEWS

“This is our second
demonstration  of  the
MMSP  capability, and
both have successfully
shown its abilities to de-
tect and track targets,”
said Allan Croly, Director,
Naval Radar Programs,
for Lockheed Martin’s
Mission Systems and Sen-
sors business unit. “MMSP allows our customers to track threats
that would have gone undetected with lesser capabilities.”

The first demonstration conducted earlier this year
showcased the radar’s AAW capability while this test fo-
cused on the radar’s BMD capability. Both were conducted
using an augmented Aegis system at the Navy’s land-based
test facility, the Vice Admiral James H. Doyle Combat Sys-
tems Englneeung Development Site in New Jersey. Ad-
ditional testing will occur through 2011.

As part of the Aegis Modernization Pr ogram, MMSP is
scheduled for installation on guided missile destroyers cur-
rently equipped with the Aegm Weapon System, starting in
2012. The Aegis BMD element of the nation’s ballistic mis-
sile defense S\«stem provides the capability to use hit-to-kill
technology to intercept and destroy short- and medium-
range ballistic missiles.

“MMSP allows

our customers to
track threats that
would have gone
undetected with
lesser capabilities.”

If your RADAR, EW, or SIGINT system requires the cleanest signals, ITT Microwave Systems & I T T

proprietary technologies within densely populated custom and standard packages. Our
expertise is in frequencies through 20 GHz and includes FPGA-based Direct Digital
Synthesis (DDS) LO synthesizers and waveform generators, as well as software
controlled, wideband RF/digital tuners and upconverters.

Visit our website for more information.
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Since 1979, Reactel has been a global leader in the design
and manufacture of filters for military and commercial
applications.
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A—/NTERNAT/ONAL REPORT

TTA and ETSI Renew Memorandum of
Understanding

The Telecommunications  Technology — Association
(TTA) of South Korea and the European Telecom-
munications Standards Institute (ETSI) have renewed
their Memorandum of Understanding (MoU). This re-
newal confirms the willingness of two major standards de-
velopment organizations to continue to share their work
and expertise in order to contribute to the development
of globally-applicable standards for Information and Com-
munications Technologies (ICT). The original MoU was
established in 1992 and was last renewed in 2005.

TTA and ETSI have many common areas where the
work of the two organizations intersects at the point where
specifications and standards development come together.
The agreement ensures

“...this collaboration a high level of alignment

i1 lead t between the two organiza-

wul tead to many tions and their respective

beneﬁts fOT the regions. In the foreseen

life span of the new MoU,

development of _ TTA and ETST and their
ICT standards with
worldwide impact.”

respective secretariats will
work together to further
stimulate collaboration on
identified technical areas
with a global impact. These include Intelligent Transport Sys-
tems, the fast growing sector of Machine-to-Machine (M2M)
communications, and Digital Multimedia Broadcasting.

“While reviewing the text of the MoU, TTA recognized
that ETSI and TTA are covering more areas where there
is scope for cooperation, including mobile communication
aspects such as IMT-Advanced and 3GPP, and next genera-
tion networks such as M2M, Intelligent Transport Systems,
Cloud Computing and TETRA. I believe these areas are
essential for both organizations and certainly ones where
we can be the international standardization leaders,” said
Keun Hyeob Lee, TTA President.

ETSIs Director-General, Walter Weigel, remarked,
“ETSI is committed to ensuring global collaboration with
all the important standardization organizations of the world.
TTA is unquestionably one of our long-standing partners
with whom we have collaborated very effectively in the past,
especially in the big success story of 3GPP. I am therefore
delighted by the renewal of the MoU with TTA and I am
confident that this collaboration will lead to many benefits for
the development of ICT standards with worldwide impact.”

Astrium and Avanti Launch Military and
Government Ka-band Test-bed

strium Services is launching its military and govern-
ment advanced Ka-band test-bed in cooperation with
vanti Communications, who will be providing the

Richard Mumford, International Editor

satellite bandwidth. Astrium Services has entered into a
pioneering agreement with Avanti Communications to use
transponder capacity for Ka-band tests on the soon to be
launched Hylas 1 satellite.

The technology test-bed comprises a dedicated secure
laboratory facility equipped with RF, modem and encryp-
tion and routing equipment, which will enable government
and military customers to work in close collaboration with

Astrium Services’ en- <A xede

gineers in testing and M’Llltd?"y Ka-band

refining  future mili- capability will play

tary Ka-band system ,
a very strong role in
future Con Ops...”

requirements.  System
tests on the satellite will
cover military use of Ka-
band, including tactical and comms on the move (CoTM)
terminals in field locations. It will be based in Stevenage,
UK, and use proven in-house system and terminal capabili-
ties supplied by Astrium Secure Satcom Systems.

Astrium Services CEO Eric Beranger said: “As the
world’s first provider of military grade secure satellite com-
munications to government customers we are continually
looking at how to improve our services and solutions. Our
goal with the technology test-bed and the capacity lease
on Hylas 1 is to test and validate potential future service
opportunities to give our existing and future customers an
edge over the competition.

“Military Ka-band capability will play a very strong role
in future Con Ops, particularly for very high data rate ser-
vices to and from disadvantaged terminals in theatre. One
area we are looking at is multiple Unmanned Aerial Sys-
tems (UAS) streaming real time surveillance data to sup-
port military or governmental operations across areas of
military or political interest. Current satellite systems sim-
ply do not have the available bandwidth to support such
operations.”

GSA Reports Growing Momentum for LTE

e Global mobile Suppliers Association (GSA) has
published an update to its Evolution to LTE report,

which confirms that 101 firm LTE network deploy-
ments are in progress or planned in 41 countries. The

GSA Evolution to LTE
Report covers both LTE ... 101 ﬁrm LTE
FDD and LTE TDD
modes and divulges that network deployments
the number of network are in progress
commitments is 71 per- l d in 41
cent higher than GSA or ptannea n
reported in a similar sur- countries.
vey six months earlier.
This figure includes three LTE systems that have
launched commercial service in Sweden, Norway and Uz-
bekistan, and the GSA anticipates up to 22 LTE networks
will be in commercial service by the end of 2010. Another

~
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31 operators are engaged in various LTE pilot trials and
technology tests, which means that 132 operators are now
investing in LTE in 56 countries. Significantly, the recently
concluded BWA spectrum auction in India has paved the
way for early and large scale introduction of TDD LTE
into the world’s fastest developing market.

Governments around the world are preparing the way
to ensure the availability of spectrum to support delivery
of next generation mobile broadband services for the mass
market, by allocating or preparing for the release of new
spectrum such as 2.6 GHz, and in the digital dividend (700
MHz, 800 MHz) bands, or re-farming existing spectrum,
e.g. 900 MHz, 1800 MHz, etc., or facilitating a combina-
tion of new and re-farmed bands. The report notes that
several trial licenses have been granted in many countries
to allow operators to familiarize with the technology, capa-
bilities and performance aspects.

Turkey’s Goktiirk Satellite System Enters
Design and Construction Phase

elespazio and Thales Alenia Space announced the offi-
Tcial start of the Goktiirk observation satellite system for
the Turkish Ministry of Defence. The original contract
was signed by Telespazio and the Turkish Defence Ministry in
2009, and the programme now officially enters the design and

construction phase, with the satellite launch planned for 2013.

Telespazio, a Finmeccanica/Thales company, is the prime
contractor for the Sys-
tem, which comprises an
Earth observation satel-
lite equipped with a high-
resolution optical sensor,
a satellite integration and
test centre to be built in
Turkey, and the complete
ground segment, in charge
of mission control, in-orbit
operation, data acquisition
and processing. Local industrial partners include Tai A.S.,
Aselsan A.S., Tubitak Uekae, Roketsan A.S. and TR Tec-
noloji. Telespazio will also create a joint venture with a local
partner to develop and market application services.

Thales Alenia Space will build the satellite and develop
an integration and test centre in Turkey. Telespazio, in ad-
dition to the ground segment, is responsible for services
during the satellite launch, early orbit and test phase.
Turkish industry will be involved in the system design and
development, as well as supplying some Goktiirk system
components. In particular, local partners will assist in the
construction of the data acquisition station, the satellite
integration centre, mission planning systems and remote
sensing data processors.

Thales Alenia

Space will build the
satellite and develop
an integration and
test centre in
Turkey.
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technology delivering both minimal insertion loss and high
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Strong Growth Continues for GaAs Industry
The GaAs market staged a strong recovery toward the
e

nd of a tumultuous 2009 as a result of positive trends
in wireless markets. The Strategy Analytics GaAs and
Compound Semiconductor Technologies (GaAs) service
report, “GaAs Industry Forecast 2009-2014,” calculates
that despite a recession, GaAs industry revenues managed
to escape a drop in 2009, with a strong performance in the
second half of the year translating to year-on-year revenues
remaining flat at $3.7 B.
GaAs technology will maintain its position as the en-
abling technology for next generation cellular handsets.

The smartphone catego-
“..GaAs device ry of the handset market,
. in particular, provided
demand will a vital lifeline in 2009,
continue to see boasting stronger than
continued growth
through 2014.”

average annual growth
in terminal volumes.
With an increasing av-
erage number of GaAs
power amplifiers per terminal as well as increasing switch
complexity in this sector, GaAs device demand from next
generation handsets will grow faster than overall industry
revenue growth.

“Our analysis incorporates individual wireless, consum-
er, infrastructure and defense market forecasts—taking
into account technology trends,” noted Asif Anwar at Strat-
egy Analytics. “There is no question that the improving ca-
pabilities of silicon and silicon germanium technologies, as
well as emerging technologies such as gallium nitride, will
provide increasing competition for GaAs technologies.”

“Despite this competition, GaAs device demand will
continue to see continued growth through 2014. The mar-
ket will grow at a compound annual growth rate of 5 per-
cent to be worth over $4.7 B,” concluded Anwar.

Digital Radio Installed Base Will Approach

200 Million by 2015

igital radio has just begun to see consumer adoption
Din the US and Western Europe. By the end of 2010,
about four million digital radios using iBiquity’s pro-
prietary HD Radio technology will have shipped in the US.
In Europe (led by Britain) governments have chosen the
DAB standard and consumers have purchased nearly 13.5
million radio receivers. By 2015, the worldwide installed
base of digital radio receivers, excluding handsets, is ex-
pected to reach nearly 200 million units. Smartphones are
expected to include digital radio receivers starting in mid-
2011, driven by carriers’ desire to offer users premium au-
dio content while limiting the use of scarce radio spectrum.
Listeners will have access to niche programming tar-
geted to narrower demographic segments and will respond
to a more interactive user experience enabled by program

COMMERCIAL MARKET

Dan Massé, Associate Technical Editor

Digital Radio Shipments by Region World Markets,
Forecast: 2010 to 2015

Asia

Western Europe

Latin America

North America

2010 2011 2012 2013 2014 2015

Source: ABI Research
guides and other enhancements. Broadcasters, in turn, will
have a larger reach and the ability to provide better tar-
geted and more interactive ads.

To learn more about the digital radio market, please visit
ABI Research’s “Digital Radio” study, which covers digital
radio receivers and subscriptions within the home and on
the go (portable media players and automotive), and digital
radio receiver shipments into cellphones.

$1 B Microwave Tube Market Holding Off
GaN Threat
hile microwave and millimeter-wave high-power
vacuum electron devices (VED) remain “below the
radar” of many industry observers, the total avail-

able market (TAM) for this segment is over $1 B. The size of
this market continues to surprise everyone and its longev-

ity and firm resistance

to RF power semicon- The size Of thiS

ductor encroachment is ,
market continues to

surpm’se everyone...

just as surprising. Essen-
tially, this is now a stable
industry after several
rounds of consolidation
in recent years. There is potential for some further consoli-
dation, but there are no signs of that happening yet.

One new RF semiconductor technology—gallium ni-
tride (GaN)—may change the landscape, but has not yet
done so to any meaningful degree. While it is not yet mo-
nopolizing the microwave RF power industry, GaN is ad-
vancing steadily and is a technology that should be closely
watched.

To learn more about the microwave tube (valve) market

~

Go to www.mwjournal.com for more commercial market news items — ol
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and how it may affect business models now and in the future,
please visit ABI Research’s new study “Microwave and Mil-
limeter-Wave High—power Vacuum Electron Devices: Suc-
cessfully Holding Off the Gallium Nitride Threat,” which
examines the microwave and millimeter-wave high power
vacuum electron device market and assesses how gallium
nitride (GaN) devices could affect that business. It will be
of interest to organizations involved in defense electronic,
energy and scientific research, and spacecraft electronics, as
well as VED manufacturers, RF power semiconductor users
and manufacturers, and government.

TiaLinx Announces Launch of Wearable,

Hands-free Sense-Through-The-Wall Imager

iaLinx Inc., a developer of miniaturized mm-wave ra-
Tdars with integrated radio and antenna arrays, recently

announced the launch of the Eagle45-W, a hands-free
precision Sense-Through-The-Wall Imager.

The lightweight, ultra-wideband (UWB), multi-Giga-
hertz RF imager requires only limited use of hands and
is operated through a miniaturized display. Through the
software controlled interface, which is integrated into the
wearable imager, the hands are free for performing mission
critical tasks. The user is not distracted by searching for the
control functions. The display unit can be mounted on a
pair of glasses or goggles for ease-of-use.

CoMMERCIAL MARKET

The lightweight arm mounted scanner unit transmits
wideband pulses (nano-sec) that are directional and can
penetrate concrete walls greater than 16" of thickness.
In the receiver, a pulse detector circuit is employed to
capture the reflections from potential targets. Ampli-
tude and delay informa- -
tion are then extracted and The... unit

transmits

processed in an integrated
wideband

signal processor. Advanced
signal and image process-
ing algorithms are em- yylses that... can
ployed to detect movin
penetrate concrete
walls greater than
16" of thickness.

targets or the breathing
pattern of a person.

“Reduced weight, in-
creased battery life, en-
hanced user-friendly in-
terface, and providing improved visual perception were
the key factors in the design of the Eagle45-W,” said
Fred Mohamadi, Founder and CEO of TiaLinx. “The
disruptive Sense-Through-The-Wall imaging technolo-
gy from TiaLinx assists the user by enhanced situational
awareness and minimizes the Sense-To-Reaction time
significantly. The combination of the two functions is
essential for successful fielding in the near future. Fur-
ther modifications are ongoing to put the user out of
harm’s way completely by extending the range through
remote sensing.”
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INDUSTRY NEWS

Roger W. Sudbury, alongtime MIT Lincoln
Laboratory staff member and dedicated IEEE
volunteer, passed away on August 22, 2010.
Joining Lincoln Labs in 1969 as a technical staff
member researching solid-state devices for
modern radars, he went on to become the Labo-
ratory’s executive officer, serving within the Di-
rector’s Office. He was a dedicated volunteer for
the MTT-Society and IEEE for 30 years, and his wisdom, hon-
esty and energy were widely respected by all who worked with
him. Sudbury was nationally recognized as a visionary leader in
the development of gallium-arsenide monolithic circuits for ap-
plications in electronically scanned radars. The work that he led
at the Laboratory encouraged and influenced efforts at a number
of major electronic firms, leading to the United States” world
leadership in military solid-state radars for missile and air de-
fense. Sudbury was valedictorian of his high school class in 1956
and was one of the initial National Merit Scholars. In 1960, he
graduated from the Georgia Institute of Technology with a de-
gree in electrical engineering with highest honors and did his
graduate work at MIT. Through his 41-year career at Lincoln
Laboratory, he served as a knowledgeable adviser and mentor,
receiving the MIT Lincoln Laboratory Career Achievement
Award “in recognition of his lifetime commitment and technical
contributions for the Massachusetts Institute of Technology and
MIT Lincoln Laboratory and for his exceptional service to the
nation.” He was active in a leadership role in the IEEE, most
recently serving on the IEEE Board of Directors as Director of
Division IV: Electromagnetism and Radiation, and chaired its
Employee Benefits and Compensation Committee, and was to
be the 2011 Chair of the IEEE Strategic Planning Committee.
He was President of the IEEE Microwave Theory and Tech-
niques Society in 2000, and in 2010 was the recipient of the Soci-
ety’s Distinguished Service Award “for outstanding and dedicat-
ed service to the Society.” He was elevated to the member grade
of IEEE Fellow in 2004 for “contributions to leadership in galli-
um-arsenide integrated circuits.”

Infineon Technologies AG and Intel Corp. have entered
into a definitive agreement to transfer Infineon’s Wireless
Solutions (WLS) business to Intel in a cash transaction val-
ued at approximately $1.4 B. WLS, a provider of cellular
platforms to top tier global phone makers, will operate as
a standalone business serving its existing customers. WLS
will also contribute to Intel’s strategy to make connected
computing ubiquitous from smartphones to laptops to em-

bedded computing.

As part of the recent merger that added Mimix Broad-
band Inc. and its subsidiaries to the M/A-COM Tech
family of companies, Mimix Asia has changed its operating
name to M[/A-COM Tech Asia. M/A-COM Tech Asia is
focused on the design and manufacture of innovative prod-
ucts aimed at addressing the microwave and millimeter-
wave applications requirements of its customers across the
globe. Located in Hsinchu Science-Based Industrial Park,

AROUND THE CIRCUIT

Jennifer DiMarco, Staff Editor

the M/A-COM Tech Asia facility is ISO 9001-registered
and includes a Class 10,000 clean room for die picking and
visual inspection and 8,000 square feet of production floor
space. M/A-COM Tech Asia also has an ISO 9001-regis-
tered design center in Belfast, Northern Ireland, for prod-
uct development and qualification with comprehensive
assembly and test facilities for designing industry-leading
devices.

RF Monolithics Inc. (RFM) announced that Murata
Electronics North America Inc. has purchased 533,000
shares of REM Common Stock at $1.31/share, represent-
ing a small premium over RFM’s recent 30-day volume
weighted average price, in a private transaction. The pur-
chase represents less than five percent of RFM’s outstand-
ing stock. Additionally, RFM and Murata Manufacturing
Co. Ltd., Murata Electronics North America’s parent, have
entered into a collaboration agreement.

MtronPTI announced it is collaborating with Jackson
Labs Technologies Inc. for development and market-
ing of Global Positioning Satellite — Disciplined Oscilla-
tors (GPSDO) modules. The partnership takes advantage
of Jackson Labs Technologies Inc.’s extensive technology
portfolio and combines this with MtronPTTs oscillator
product and manufacturing expertise to provide state-of-
the-art timing and frequency solutions to customers.

WiSpry Inc. announced that the company has signed an
agreement with NTT DOCOMO Inc. to jointly develop
tunable filters for mobile phone applications based on
WiSpry’'s RE-MEMS technology. Under the terms of the
agreement, both companies will work together and draw
on each other’s expertise to design and develop new and
enhanced tunable filters. WiSpry will supply tunable
RF-MEMS technology, and DOCOMO will provide sys-
tem and application technology. This project is expected
to provide tunable filters for use in mobile phone plat-
forms.

Analog Devices Inc. (ADI) introduced a high perfor-
mance development platform for wireless infrastructure
equipment designers who need to quickly evaluate systems
using digital pre-distortion (DPD) techniques in multi-car-
rier cellular base stations. ADI’s mixed-signal digital pre-
distortion development (MS-DPD) platform seamlessly
integrates a complete high performance RF and mixed-sig-
nal transmit chain from ADI with any field-programmable
gate array (FPGA) development kit with a high-speed mez-
zanine card (HSMC) connector from programmable-logic
vendor Altera Corp.

WIN Semiconductors Corp., a pure-play Gallium Arse-
nide (GaAs) foundry, and Presto Engineering, a semicon-
ductor product engineering company, announced a stra-
tegic collaboration to deliver characterization and testing

services for companies develoiing products utilizing GaAs

For up-to-date news briefs, visit www.mwjournal.com :\/ I
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technology from WIN. The agreement covers wafer-level
and packaged part development activities, including de-
sign characterization and production testing. Customers of
WIN Semiconductors can now gain access to these highly
specialized GaAs testing services from the Presto Engi-
neering Hubs in Silicon Valley and in Grenoble, France.

Linwave Electronic Manufacturing Services, a division of
Linwave Technology, announced the opening of a new UK-
based high technology microwave manufacturing centre. The
facility will support key activities of diode manufacturing,
MMIC packaging and high frequency/precision manufactur-
ing solutions. The facility, which is a technology partnership
between e2v and Linwave Technology, has been enabled by
the transfer of equipment, processes and 15 highly skilled
personnel into the new facility. Focused around a 2000 sq ft
class 10,000 clean room, the facility offers a background dust
count of below 10,000 parts per milion localised to class 100
under laminar flow for critical operations.

Skyworks Solutions Inc., an innovator of high reliability
analog and mixed signal semiconductors enabling a broad
range of end markets, announced that Samsung is lever-
aging several of its solutions for its newest femtocell of-
fering, including Verizon’s Wireless Network Extender.
Samsung’s latest offering, the new code division multiple
access (CDMA) plug-and-play personal base station, or
femtocell, for homes or small offices, provides custom-
ers with enhanced cellular coverage, helping to eliminate
“dead spots”. It also reduces the need for a landline given
its ability to manage up to three calls simultaneously with a
fourth channel reserved for emergency 911 calls.

Tektronix Inc., a manufacturer of oscilloscopes, an-
nounced that its next-generation, scalable performance os-
cilloscope platform will make broad use of IBM SHP silicon
germanium (SiGe) technology. Tektronix demonstrates its
commitment to help engineers around the world speed de-
bug and test tomorrow’s designs. The 130 nanometer (nm)
SiGe bipolar complementary metal oxide semiconductor
(BiCMOS) foundry technology offers 2x performance
over the previous generation, and targets delivery of oscil-
loscopes with real-time bandwidth beyond 30 GHz.

AT4 wireless Inc. (Taiwan) announced new testing servic-
es to cover Release 8 (LTE) and Release 7 (HSPA+) under
ISO 17025 accreditation. AT4 wireless started operations
in Taiwan last October 2009, and during 2010 this testing
laboratory obtained ISO 17025 accreditation and became
GCF and PTCRB accredited laboratory for GSM, GPRS,
EDGE, W-CDMA and HSPA conformance testing, in-
cluding Protocol and RF. With this new accreditation, the
scope of services is one of the most complete in Asia.

Cobham SATCOM, a manufacturer of Inmarsat satellite
communications equipment, announced that its HGA-
7001 High Gain Antenna system has been certified on the
Airbus Long Range family of aircraft. This complements
an ever growing range of airframes on which the system is
deployed, including Boeing B737, B747, B767, B777 and
B787 and Airbus A320, A350 and A400M, and confirms
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the general appeal and acceptance that this product enjoys
in the aeronautical market.

Agilent Technologies Inc. announced it is the recipient
of Frost & Sullivan’s 2010 Global Award for Product Line
Strategy in the Microwave Test Equipment Market. The
award is conferred on the company that has developed a
comprehensive product line that addresses the breadth of
the market it serves. The award recognizes the extent to
which the product line meets customer demands and adds
value for customers.

PERSONNEL

Flann Microwave announced the ap-
pointment of James Watts as Chief Ex-
ecutive Officer (CEO), with effect from
15t September 2010. lan Crane is now
stepping into the position of Chief Tech-
nical Officer (CTO). This interchange of
roles provides a sound basis for the fu-
ture growth of Flann and continues the
tradition of technical leadership. In the five years that
Watts has been with Flann, he has led the Design and
Development group and has presented lectures and pa-
pers on millimeter and terahertz technology and appli-
cations. He has previous experience working for Plessey
Radar, DERA and QinetiQ on antenna systems and mil-
limeter-wave radar.

International Manufacturing Services Inc. (IMS) , a manu-
facturer and supplier of high quality thick film resistors, ter-
minations, attenuators, couplers, thermal management de-
vices, planar dividers and planar filters to the electronics in-
dustry, announced the appointment of John J.B. Silvia Jr. as
President. Silvia has served IMS for more than 27 years and
has been a member of IMS’s Board of Directors since 1990.
He has served as Vice President of Manufacturing from
1990 to 1998, and Vice President of Operations up to the
present. In his role as President, Silvia will work closely with
all departments to ensure the continued success of IMS.

REP APPOINTMENTS

Channel Microwave, a supplier of ferrite and waveguide
components, announced the appointment of Spartech-
South as its company’s representative. Spartech-South will
cover Florida and the Dixie land states. Spartech-South
brings 40 years of sales experience and expertise to the RF
and microwave industry.

MITEQ Inc. announced the appointment of Lionheart
Northwest Inc. as the company’s exclusive sales represen-
tative in Washington State, Oregon, Idaho and British Co-
lumbia. Lionheart Northwest Inc. will represent MITEQ’s
Component division of products, which includes amplifiers,
mixers, frequency multipliers, passive power components,
switches, attenuators, limiters, phase shifters, IF signal pro-
cessing components, oscillators, synthesizers, integrated
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multifunction assemblies and fiber optic products. Lionheart
Northwest Inc. can be contacted at sales@lionheartnw.com.

AtlanTecRF, a UK-based manufacturer of microwave
and RF components and equipment, has announced the
appointment of Giza Technologies as the company’s ex-
clusive representative for France. The broad AtlanTec-
RF range will complement Giza Technologies™ existing
product lines and the operation will be overseen by the
French distributor’s Managing Director, Fabrice Hery,
who offers a wealth of knowledge and experience of mi-
crowave and RF.

Star Microwave Inc., a provider of technology solutions for
the growing requirements for catalog and specialized designs
of high-power drop-in and connectorized isolators and circu-
lators, for the US and international markets, has announced
the expansion of regional sales representatives with the ap-
pointment of Matrix Sales Inc., Chelmsford, MA, phone:
(978) 459-4000, web site www.matrixsalesinc.com.

Paciwave Inc., a supplier of microwave solid-state switches,
attenuators, DIVAs and custom integrated microwave as-
semblies, announced the expansion of its network of regional
sales representatives with the following new representative
appointments: DURA Sales of Southern California (909-
612-1044), located in Diamond Bar, CA, will be represent-
ing the company in the SoCal territory; Microcom Sales of
Midland Park, NJ (201-669-7599), will be representing the
company in Upstate New York; Potomac Technical Sales
of Salisbury, MD (410-860-1985), will be representing the
company in the mid-Atlantic states including southern New
Jersey, eastern and central Pennsylvania, Delaware, Mary-
land, Virginia, West Virginia and the Washington, DC area;
Hi-Peak Technical Sales of Hudson, NH (508-878-8711),
will be representing the company in Maine, Vermont, New
Hampshire, Rhode Island, Massachusetts and northern
Connecticut; GIGACOMP GmbH (+49-89-32208783) and
sister company GIGACOMP AG (+41-31-868-4455) will be
representing the company in Germany, Switzerland, Aus-
tria, Czech Republic, Holland, Belgium and Luxemburg;
Syratron Marketing Pvt. Ltd. (+91-80-2559-1031) will be
representing the company in India.

Lorch Microwave announced the appointment of GLOBES
Elektronik as the company’s exclusive sales representative
in Germany, Austria and Switzerland. GLOBES will rep-
resent Lorch’s complete range of RF and microwave prod-
ucts, which include discrete, cavity, ceramic and tubular
filters, digitally- and manually-controlled tunable filters,
RF components and multi-function assemblies.

Spanawave Corp., a supplier of RF, IF, and microwave
components, assemblies, transceivers and test fixtures cover-
ing from DC to 26 GHz, announced new regional sales rep-
resentative appointments: Val Jackson & Associates Inc.
of Port Angeles, WA (360) 452-7308 will be representing the
company in northern California, northwestern Nevada, Or-
egon and Washington; Grant Technical Sales LLC of Phoe-
nix, AZ (602) 625-3196 will be representing the company in
Arizona, New Mexico and Texas (El Paso County only).
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TECHNICAL FEATURE

EFFECTS OF SINGLE-TONE
SPURIOUS RESPONSES ON
SIGNALS IN ESM RECEIVERS

This article presents the effects of spurious responses in ESM receivers used to
geo-locate threat emitters. These spurs contaminate the measured values of phase
and frequency of detected signals in the receivers, beyond the effect of receiver
noise, causing errors in geo—location of emitters. In some cases the spurious
responses change in frequency as the detected signals change in frequency; the
spur frequency sometimes will cross the true detected signal frequency generating

a crossing Spur.

locate threat emitters by measurement of angle of
arrival (AOA), time difference of arrival (TDOA)
or frequency difference of arrival (FDOA). Errors in the
measurement of phase and frequency may be contaminat-
ed, due to spurious responses that yield irresolvable errors.

E lectronic Support Measures (ESM) receivers geo-

PHASE CONTAMINATION

Radar signals in a receiver generate single-tone spurious
response due to frequency conversion in mixers. Consider
a unit amplitude signal and a single-tone generated spuri-
ous response as given below:

s(t) = cos(2mft) — r cos [2n(f - Af)t+ 9] (1)

where { is the IF frequency of the signal, r is the ratio
of spur level with respect to the true signal level that is less
than unity, Af is the spur frequency off-set from the signal
frequency and © is an arbitrary phase angle. Using trigo-
nometric identities, Equation 1 may be reduced as shown
below:

s(t) = \/1 —2rcos [ZTEAf + 9] +12 cos(2mtft — v(t) (2)
where
rsin(2wAft + 0)

1-rcos(2mAft + 0)

v(t) = arctan (3)

Equation 3 can be expanded as an infinite sine series for
the case where r2 is less than 1.1
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(4)

()= i X sin(2mkAft + kO)
k=1 k

Note that the spur signal contaminates the signal by ap-
pearing to cause amplitude modulation and frequency mod-
ulation on the signal.

For k=1 and (2wAf+6)=m/2, Equation 4 becomes:

(t) —r—£+£—i+r9
ToMa =17

For k=1 and (2wAf+6)=3m/2, Equation 5 becomes:
(t) ——r+£—£+i—£+
T Min 3 5 7 9

The peak to peak angle variation in degrees is:

(Opp_py = 114.5 IS Y
Tpk-pic = 215 375 79

(5)

(6)

(7)

For the case where r is less than or equal to 0.1, Equation
7 reduces to:

YOpp_p = 11451 (8)

Figure 1 shows the peak phase error due to spurs of
various levels. Spur levels greater than -29 dB may cause
phase errors of 4° or greater.

S.]. CAPRIO
Laurel, MD
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A Fig. 1 Peak phase error due to spurious
response.

FREQUENCY CONTAMINATION
The instantaneous frequency is the
time derivative of the instantaneous

phase.
f(t)=
M = Afz " cos(2mkAft + k)  (9)
2ndt =
For k=1 and (2wAft+0)=27wN,

where N is an integer, Equation 1 be-
comes:

f\<t)Max:
Affr+12 +1°% + 1t 415 4] (10)

_ A

by = (11)

For k=1 and (2wAft+0)=mN, where
N is an integer, Equation 9 becomes:
(O =
“AMffr—r2+1° —rt +—rR 1 12)

—Afr

FOvin = Tt

(13)
The peak to peak frequecy devia-

tion is given below:

_ 2Af
1-12

() (14)

SPURIOUS RESPONSES

The two parameters that determine
the degree of frequency contamina-
tion are the frequency difference be-
tween the true IF signal and the spur
frequency. The order of the spurious
response is defined by the notation
MRF x NLO, where M and N repre-
sent the harmonic of the RF and LO
signals, respectively. The frequency
difference is considered for the case
where the LO signal is greater than

66

TECHNICAL FEATURE

TABLE |

TRUE IF FREQUENCIES AND DIFFERENCE BETWEEN TRUE IF AND SPUR FREQUENCIES
LO=4750 MHz; RF Spur Order M=2; LO Spur Order N=1

True IF Spur Freq. Spur Level AIF Freq.
(MHz) (MHz) (dBc) (MHz)
2490 1810 1130 -95 680
2950 1800 1150 -85 650
2960 1790 1170 -75 620
2970 1780 1190 -65 590
2980 1770 1210 -52 560
2990 1760 1230 -49 530
3000 1750 1250 -49 500
3010 1740 1270 -49 470
3020 1730 1290 -49 440
3030 1720 1310 -49 410
3040 1710 1330 -49 380
3050 1700 1350 -49 350
3060 1690 1370 -49 320
3070 1680 1390 -49 290
3080 1670 1410 -49 260
3090 1660 1430 -49 230
3100 1650 1450 -49 200
3110 1640 1470 -49 170
3120 1630 1490 -49 140
3130 1620 1510 -49 110
3140 1610 1530 -49 80
3150 1600 1550 -49 50
3160 1590 1570 -49 20
3170 1580 1590 -49 -10
3180 1570 1610 -49 -40
3190 1560 1630 -49 B0
3200 1550 1650 -49 -100
3210 1540 1670 -49 -130
3220 1530 1690 -49 -160
3230 1520 1710 -49 -190
3240 1510 1730 -49 -220
3250 1500 1750 -49 -250
3260 1490 1770 -49 -280
3270 1480 1790 -52 -310
3280 1470 1810 -60 -340
3290 1460 1830 -67 -370
3300 1450 1850 -75 -400
3310 1440 1870 -80 -430
3320 1430 1890 -85 -460
3330 1420 1910 -90 -490
3340 1410 1930 -95 -520
3350 1400 1950 -99 -550
the RF signal. quency contamination for the 2RF
Af = (LO — RF) — (MRF — NLO) = x 1LO spurs for various spur am'pl.i-
tudes. The predicted spur analysis is
(N+1DLO-(M+1)RF (15) shown in Appendix A. This shows

For the case where M equals two
and N equals one:

Af =210 -3RF =
2(LO-RF)-RF (16)

Table 1 lists the true IF frequen-
cies, the difference between the true
IF and the spurs frequencies for the
case of a 2RF x 1LO spur frequency
conversion. Figure 2 shows the fre-

that the frequency error due to a -20
dBc spur may vary from approximate-
ly 5to-11 MHz.

CROSSING SPURS

Spurious responses of a received
signal may create spurious signals that
cross the true IF signal. These are
called “crossing spurs” and may cause
phase measurement errors, depend-
ing on the spur level. The following
equations allow a determination if a
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A Fig. 3 Spurious response due to input RF
signals.
spur of an RF signal will generate a
crossing spur for a selected LO signal
frequency. At some point in an RF
band, the crossing spur frequency will
equal the true IF signal frequency.
Case I: The LO signal frequency
is above the RF signal frequency and
the IF is the difference frequency.
The true IF signal is:

IF, =LO-RF 17)

The MRF x NLO spur frequency,
for positive frequencies, is:

IF, = MRF - NLO (18)

The difference frequency between
the spur signal and the true IF signal
is:

AIF = MRF -NLO-LO+RF =
M+1DRF-(N+1)LO=0 (19)
For a given LO signal, the RF sig-

nal at which the spur frequency equals
the true frequency:

WIDEBAND DRFM CHANNEL 1 WITH
LO = 4750 MHz @ +13 dBm & RF @ -10 dBm
0

__-10
@ _20
°
Z -30 / \
Q 40177 2RFX1LO \
E 50
< / \
S -60
H \
w -70 I \
E _s0
< ] \
Badir N
-100
1200 1400 1600 1800 2000
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A Fig. 4 Spurious response appearing in
the IF output.

RE=| Mo MeN (20)
M+1

It can be shown that the same re-
sult is obtained for the case where the
RF signal frequency is above the LO
signal frequency and the IF is the dif-
ference frequency. Appendix A lists
the predicted spurious responses for
a special purpose receiver. Figures
3 and 4 show the predicted spurious
response due to input RF signals and
the spurs that appear in the IF output.
The maximum predicted IF level spur
is -49 dBc and causes a phase error of
0.06°. The frequency due to the -49
dBc for the data in Table 1 varies from
3.73 to -1.99 MHz.

CONCLUSION

Spuri()us responses generated in
ESM receivers greater than -25 dBc
may cause significant frequency and
phase measurement errors, affecting
the geo-location accuracy of threat
emitters. H
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APPENDIX A

PREDICTED SPUR ANALYSIS FOR 2RFx 1LO SPURS

Wideband DRFM Channel 1

The RF band is 2965 to 3535 MHz; the IF band is 1215 to 1785 MHz.

Preselector Ripple Bandwidth = 570 MHz; Preselector Center Frequency = 3250 MHz
Number of RF Filter Poles = 6; Band Pass ripple = 0.1000 dB

Start, Stop RF frequencies = 2595 to 4038 MHz

IF Ripple Bandwidth = 570 MHz; IF Center Frequency = 1500 MHz
Number of IF Filter Poles = 9; Band Pass ripple = 0.1000 dB

Start, Stop IF frequencies = 1084 to 2000 Mz

Maximum spur MxN calculated = 4x4

Conversion Loss of Mixer in dB for higher orders of LO referred to 1x1 = 20 dB
Mixer Type - Double Balanced; Mixer Intercept Point = 19 dBm

Mixer 1x1 conversion loss = 8 dB

Mixer conversion loss above 1x1 due to balance techniques of mixer type = 20 dB
Maximum Preselector input signal level = -10 dBm

Required spurious level below 1x1 response = 100 dB

Mixer & Preselector LO to RF leakage level = 100 dB

Mixer Response - Fif=MxFrf-NxFlo

LO is above signal; LO frequency range is 4750 to 4750 MHz

* Metric ruler
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Spur Freq Signal Freq Atten Level Sig Har LO Har  Mixer Level True IF Freq
(MHz) (MHz) (dBm) MRF NLO (dBc) (MHz)
1132.6 2941.3 95.0 2.0 1.0 49.0 1808.7
1161.5 2955.8 80.1 2.0 1.0 49.0 1794.3
1190.4 2970.2 62.8 2.0 1.0 49.0 1779.8
1219.2 2984.6 49.0 2.0 1.0 49.0 1765.4
1248.1 2999.0 49.0 2.0 1.0 49.0 1751.0
1276.9 3013.5 49.1 2.0 1.0 49.0 1736.5
1305.8 3027.9 48.9 2.0 1.0 49.0 1722.1
1334.7 3042.3 49.0 2.0 1.0 49.0 1707.7
1363.5 3056.8 48.9 2.0 1.0 49.0 1693.2
1392.4 3071.2 49.0 2.0 1.0 49.0 1678.8
1421.2 3085.6 49.1 2.0 1.0 49.0 1664.4
1450.1 3100.1 49.0 2.0 1.0 49.0 1649.9
1479.0 3114.5 49.0 2.0 1.0 49.0 1635.5
1507.8 3128.9 49.0 2.0 1.0 49.0 1621.1
1536.7 3143.3 49.0 2.0 1.0 49.0 1606.7
1565.5 3157.8 48.9 2.0 1.0 49.0 1592.2
1594.4 3172.2 48.9 2.0 1.0 49.0 1577.8
1623.3 3186.6 49.0 2.0 1.0 49.0 1563.4
1652.1 3201.1 49.0 2.0 1.0 49.0 1548.9
1681.0 3215.5 49.0 2.0 1.0 49.0 1534.5
1709.8 3229.9 49.1 2.0 1.0 49.0 1520.1
1738.7 3244.3 49.0 2.0 1.0 49.0 1505.7
1767.6 3258.8 49.1 2.0 1.0 49.0 1491.2
1796.4 3273.2 51.1 2.0 1.0 49.0 1476.8
1825.3 3287.6 64.3 2.0 1.0 49.0 1462.4
1854.1 3302.1 75.3 2.0 1.0 49.0 1447.9
1883.0 3316.5 84.0 2.0 1.0 49.0 1433.5
1911.9 3330.9 91.4 2.0 1.0 49.0 1419.1

I
Reference the EA-6B ADVACP system, the ESM

1. L.B.W. Jolley, Summation of Series,
Dover Publications Inc., New York,
NY, p. 100, Equation 536; p. 102,
Equation 540.

Samuel ). Caprio is a consultant with
over 30 years experience in ESM receiver
systems design and six years experience
in the design of transmitter systems. He
was the receiver system engineer for

receiver system for the A-12 Navy Stealth
aircraft, the AIEWS shipboard system
and the ICAP-111 ESM receiver system
while employed at Litton. He designed
the receiver and transmitter systems for
two DRFM-based decoy systems for NRL
while employed by CACL
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SIDE LOBE SUPPRESSION OF
PRINTED ANTENNA ARRAYS
FOR INTEGRATION WITH
MICROWAVE CIRCUITS

Various factors that limit high side lobe suppression (SLS) in printed antenna
arrays (PAA) have been analyzed in this article. A new type of linear printed
antenna array, with pentagonal dipoles as radiating elements operating at

a second resonance enabling high SLSs, is presented. When operated at the

second resonant frequency, the variation of the real and imaginary parts of their

impedances with frequency is much slower than in the case with conventional
printed patches, which contributes to obtaining high SLSs. The in-phase feed
network for the PAA is realized with symmetrical (balanced) microstrip lines with
impedance transformers, enabling tapered feeding of the radiating elements. A
second order Dolph-Chebyshev distribution has been used. The SLS obtained

in the E-plane of the realized antenna array is better than 34 dB in the range

of approximately 26 GHz. In order to achieve a higher gain, that is a narrower
beamwidth in the H-plane, the PAA is placed in a corner reflector. The antenna is
especially suitable for integration with other passive or active microwave circuits;

it is low cost and easy to fabricate.

icrowave printed antenna arrays
M (PAA) have various advantages over

conventional antenna systems, due
to their low cost, great reproducibility and the
possibility of integration with other microwave
circuits. Because of this, they are often used
in telecommunication systems, such as indoor
and outdoor wireless LANSs, point-to-point and
point-to-multipoint, and also in radar micro-
wave and millimeter-wave systems. One of the
main antenna characteristics is SLS in radia-
tion patterns, which is defined for telecommu-

nication systems (usually for microwave links)
by international standards and recommenda-
tions.! Also, in conventional radar systems, the
SLS requirements are much more severe since
responses from side lobes are practically false
targets. Depending on the antenna class, the
desired SLS in telecommunication systems is

A. NESIG, I. RADNOVIC,

Z. MICIC AND S. [OVANOVIC
IMTEL Institute, Belgrade, Serbia
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approximately 20 to 40 dB; in radar
systems the required suppression is
even higher. Such SLSs are hardly
achievable with conventional mi-
crostrip antenna arrays (with patch-
es). In conventional microstrip PAAs
presented in the literature, side lobe
levels are at best suppressed by 25 dB
(related to the main lobe). A relatively
small number of publications dealing
with this issue are available.2-4

The main characteristics of con-
ventional PAAs with patches, which
prevent obtaining high SLSs, are
the following: great influence of the
patches dimensions tolerances on the
real and imaginary part of their im-
pedances; mutual coupling between
radiating elements; limitations in the
feasibility of feed network realization;
and surface wave effects as well as
parasitic radiation from the feed net-
work. This article introduces solutions
that overcome or considerably dimin-
ish practically all these limiting fac-
tors. The proposed antenna structure
is suitable for integration with other
passive or active microwave circuits
on a common dielectric substrate.

RELEVANT LIMITING FACTORS IN
THE REALIZATION OF PAAS WITH
HIGH SLS

The great influence of patches di-
mensional tolerances on the possibili-
ty of realizing antenna arrays with high
SLS is the consequence of their rapid
impedance variation with dimensional
changes that may occur during fabri-
cation or with temperature change.
A similar conclusion relates also to a
feed network—phase and amplitude
deviations appear due to tolerances of
feeding lines dimensions (lengths and
widths) as well as of impedance trans-
formers, which enable tapered distri-
bution—resulting in high SLS.

PENTAGONAL DIPOLE FED BY A
SYMMETRICAL MICROSTRIP LINE
Besides conventional printed anten-
na arrays with patches fed by a conven-
tional nonsymmetrical microstrip line,
there are printed antenna arrays with
printed dipoles usually of pentagonal
shape (one half of them on one side
and another half on the opposite side
of the substrate). These dipoles oper-
ate at their second resonance and are
fed by a symmetrical (balanced) mi-
crostrip line,>7 as shown in Figure 1.

74

By using the proposed radiating
elements, a phase change of approxi-
mately 12.5° for a frequency variation
of 30 percent was obtained, which is
approximately 30 times greater than
in the case with patch antennas.? The
magnitude variation in the same fre-
quency range is only 2 dB. Also, due
to the fact that the feed network is
symmetrical and consists of symmet-
rical (balanced) microstrip lines, the
parasitic radiation from it, as well as
the surface wave effect, are practically
eliminated. The majority of the factors
that make difficult the realization of
printed antenna arrays with high SLS
has been eliminated by using the pro-
posed radiating elements.

TAPERED DISTRIBUTION

In order to decrease the side lobe
levels, various tapered distributions
are used in antenna arrays: cosine,
cosine-squared, ~ Gaussian, Taylor,
Dolph-Chebyshev, etc. These distri-
butions are chosen depending on the
required side lobe attenuation, possi-
ble pedestal in distribution (I,,,/Tin
ratio), desired position of the radiat-
ing elements, desired position, that
is distribution of side lobes, distance
between radiating elements, number
of radiating elements and expected
tolerances in fabrication.

An axial array of eight printed pen-
tagonal dipoles, operating at their
second resonance and with mutual
distance of 0.85), are investigated
and shown in Figure 2. The dipoles
are fed by a feed network enabling
Dolph-Chebyshev distribution of the
second order with pedestal (I,,,,/T i)
of 17 dB.8 Under these conditions,
the distribution coefficients shown in
Table 1 have been obtained, which
enable the highest side lobe level of
-40.72 dB in the ide-

al case.

ERROR
INFLUENCE ON
DEGRADATION
OF sLs
Due to toler- Lo e
ances in the pho- = MICROSTRIP
LINES

tolithographic  pro-
cess, as well as to
dimensional chang-
es caused by tem-
perature  variation,
deviations
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reflector.

TECHNICAL FEATURE
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SYMMETRICAL
(BALANCED)
MICROSTRIP

Zc =~ 100 Q)

Ar ig. 1 Pentagonal dipole as a basic element
of the antenna array printed on a dielectric
substrate.

projected values of position, ampli-

tude and phase of radiating elements

in the array occur. The influence of
these tolerances has been investigated
in the case of a printed antenna array
with eight axially placed broadband
pentagonal dipoles operating at their
second resonance. Expected toleranc-
es in standard photolithographic pro-
cess have been assumed with moder-
ate precision, in order to estimate the

SLS degradation, due to amplitude

and phase deviations as well as radi-

ating elements positioning deviations
from optimized values.

Realizable values of relative toler-
ances have been assumed at the oper-
ating frequency of 26 GHz:

e deviations in distances between ra-
diating elements in the array: 1 or
2 percent of A, (corresponding to
approximately 115 or 230 pum)

e phase deviations: 2° or 4° (corre-
sponding to approximately 40 or 80
um tolerances in the length of the
feeding line)

e amplitude deviations along tapered
feeding lines: 1 or 2 dB (occurring as
a consequence of tolerances in trans-
former lines widths and lengths)
Using a previously published meth-

od,8 the SLS has been calculated for

BALUN
(or MICROSTRIP-
WAVEGUIDE
TRANSITION)

TOP SIDE
of the ARRAY

BOTTOM SIDE
of the ARRAY

from A Fig. 2 Sketch of the axial pentagonal dipole array in the corner
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TECHNICAL FEATURE

TABLE |

CALCULATED DOLPH-CHEBYSHEYV DISTRIBUTION COEFFICIENTS ENABLING THE
HIGHEST SIDE LOBE LEVEL OF -40.72 dB

*I - excitation intensity

TABLE Il
SIDE LOBE SUPPRESSION OF THE HIGHEST LOBE

Radiating elements

positioning error

error

Amplitude

Phase
error

Side lobe suppression
of the highest lobe (dB)

0 0 0 40.72
0.01\ 1dB 2° 35.04
0.02X 2.dB 4° 32.15
a) ideal case
b) real case with minor errors
¢) real case when all existing errors are of greater value
the Dolph-Chebyshev distribution of 5
the second order with pedestal (I,,,,/ "
I,.in) of 17 dB for the array with eight TN
axially placed dipoles (the distance S -20
between dipoles was 0.85X,,). The re- T 30 v
sults are presented in Table 2. The Z; a0l 14 ] n
errors were randomly distributed in e A \
the simulation process (Monte-Carlo z %0 iR X
method). -60lLL

Figure 3 shows the simulated E-
plane radiation patterns for the cases
given in Table 2. The blue trace is the
ideal case, while the red and green
traces are for the two real cases (with
minor and greater amplitude, phase
and radiating elements positioning
deviations, respectively). The results
of tolerance simulation (performed at
26 GHz) of particular factors that de-
grade SLS of the proposed PAA show
that the expected SLS is 35.04 dB (in
the case of minor errors) and 32.15
dB (in the case of greater errors in the
standard photolithographic process).

CONCEPT AND DESIGN OF THE
LINEAR PAA WITH A CORNER
REFLECTOR

The proposed antenna array con-
sists of three parts: (1) an axial array of
eight printed pentagonal dipoles; (2) a
feeding network and a balun printed
on the same dielectric substrate as the
pentagonal dipoles; (3) and a corner
reflector consisting of two metal plates
with the aperture angle o = 45°. The
distance between the dipoles (at the
center frequency) is chosen in such a
way as to obtain a relatively high array
gain with sufficient SLS in the tapered

90 10 60 30 40 A0 20 ¢0 10 0
0(°)
A Fig. 3 Simulated E-plane radiation
patterns.

array. In the present case, the distance
between the axial dipoles is 0.85A,,.
Also, with such a distance between
axial dipoles, the mutual coupling is
very low, which makes the design and
optimization of the antenna array rela-
tively easy.

The dipoles and the feed network
are fabricated on the same dielectric
substrate with €. = 2.1, thickness h =
0.254 mm and dissipation factor tan &
= 4 10*. The dimensions of a single
radiating element (printed pentagonal
dipole) placed in a corner reflector are
optimized as to obtain an impedance
7.~ 100 Q. The corner reflector plate’s
length is L = 4A), while the dipole dis-
tance from the apex (S) is 0.7A. The
optimized impedance obtained at 26
GHz is (98.6 - j6.5) Q.The simulated
real and imaginary parts of the single
dipole’s impedance versus frequency
are shown in Figure 4.

The simulated VSWR is less than
2 in the frequency range from 24 to
33 GHz. Then the array, consisting of
four identical axially placed pentago-
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nal dipoles with dimensions obtained
in the optimization of a single dipole,
was modeled. The distance between
dipoles was 0.85A,. Due to mutual
impedances, deviated impedances
values: Z1 = 74 = (84.4 - j24.3) Q and
72 =73 = (70.3 - j26.5) Q. Since the
values obtained differed slightly from
the ideal ones, as well as the optimi-
zation process with a greater number
of dipoles (together with a reflector)
would require great computational ca-
pacity, in the next step, an array con-
sisting of eight dipoles with the same
dimensions as in the case with four di-
poles was analyzed; impedances: Z1 =
78 = (82.6 —j18.0) Q72 =77=(70.7
“i18.0) Q, 73 = 76 = (70.6 - 19.8) Q,
74 =75 = (71 -j16.6) Q were obtained.
The software package WIPL-D® has
been used in these analyses.

FEED NETWORK AND ITS
COMPONENT PARTS WITH
IMPEDANCE TRANSFORMERS

In order to attain the desired dis-
tribution (see Table 1), the feed net-
work was designed using a symmetri-
cal (balanced) microstrip technique
with A/4 transformers, assuming 100
Q impedances at its ends. The cor-
responding layout is shown in Figure
5. Characteristics and dimensions of
the A/4 transformers with symmetrical
microstrip lines have been calculated
using TEM analysis.

The feed network was loaded with
the impedances obtained in the pre-
vious step of the analysis (Z1,..., Z8).
Since certain deviations from the ideal
required network were observed, cor-
rections of phase deviations were ac-
complished by changing the lengths
of particular branches in the feed
network using the program package
IE3D!0 in order to achieve an in-
phase network.

REALIZATION OF PRINTED
TAPERED ANTENNA ARRAY WITH
A CORNER REFLECTOR

The corner reflector is designed us-
ing results from an A.C. Wilson pub-
lished article,!! which contains very
detailed experimental results obtained
by variation of length (L), width (W),
aperture angle between corner reflec-
tor plates (o) and distance of radiat-
ing element from apex (S). A suitable
radiation pattern with relatively high
SLS in the H-plane is obtained with
L=W =4k, o = 45°and S = 0.7h,.

TECHNICAL FEATURE

@ 200
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N 100
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E 50 4
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= / LA \
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N -s0 7
& _100—L4

6 10 14 18 22 26 30 34 38 42 46

FREQUENCY (GHz)

A Fig. 4 Simulated real and imaginary
parts of the dipole’s impedance vs. frequency
(o = 45°).

® @ ® @

T T2 T3 T4
Ta Tb \
Zc=70.7Q /vl Zc=70.7Q
Zc=170.7Q

Zc.=100Q

A Fig. 5 Layout of one half of the tapered
feed network of the 26 GHz array.

The axial array with feed network
and balun!? is placed between two
metallic plates forming a corner re-
flector with oo = 45°. The beamwidth
in the H-plane (azimuth) depends
mainly on the angle between the
metallic plates and the length of the
reflector plates (L), while the SLS in
the E-plane depends only on the PAA.
The feeding lines for the dipoles pen-
etrate the junction of the two reflector
plates. At the junction there are holes
through which symmetrical microstrip
lines of the feeding network pass. The
influence of the metallic plate on the
microstrip lines is minimized by se-
lecting a sufficient diameter (2 mm)
for the holes.

RESULTS AND COMMENTS

The simulated and measured re-
sults are shown in Figures 6 to 8.
The discrepancy between simulated
and measured SLS is due to toler-
ances in photolithography and mount-
ing process because relatively small
inaccuracies can significantly influ-
ence the precise distribution, which
corresponds to simulations given in
Table 2. The measured highest SLS in
the E-plane is 34.7 dB (see Table 3)
showing excellent agreement with the
result of tolerances influence simula-
tion (35.4 dB; see Table 3).

The return loss measured at the
SMA connector is shown in Figure
8. The measured gain of the antenna
is approximately 1 dB lower than the
simulated one because the feed net-
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A Fig. 6 Normalized simulated E-plane pat-
tern at 24, 26 and 28 GHz.

SIM. E-PLANE  SIM. H-PLANE
MEAS. E-PLANE

21.4
s A
5.4 -

-2.6 N

-10.6 '

-18.6 ——‘h‘ ™
Vi

:::-‘% PHTTTTTIVY

';0 /10 },0 ;50 /\0 A0 20 ¢0 40 0
8 (°)

G (dBi)

A Fig. 7 Simulated and measured radiation
patterns in the E- and H-planes at 26 GHz.
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A Fig. 8 Measured return loss of the an-
tenna array.

work, balun and transition from mi-
crostrip to SMA connector were not
taken into account. A photograph
of the fabricated PAA with tapered
distribution and a 45° corner reflec-
tor operating in the 26 GHz range is
shown in Figure 9, compared to a US
quarter. The most significant achieve-
ment is the high SLS in the E-plane,
since it depends only on the PAA.

TECHNICAL FEATURE

A Fig. 9 Photograph of the fabricated

antenna array with corner reflector.

CONCLUSION

Conventional antenna arrays, with
patches used as radiating elements,
have relatively low suppression of
side lobes, and thus do not satisfy the
standards and recommendations for
most telecommunication and radar
systems. The several limiting factors
in the realization of printed antenna
arrays with relatively high SLS are
investigated and simulated: phase de-
viations, amplitude deviations, radiat-
ing elements positioning deviations,
mutual coupling between elements
and parasitic radiation from the feed
network.

The characteristics of the linear an-
tenna array, consisting of axially placed
pentagonal dipoles operating on the
second resonance and fed by a sym-
metrical (balanced) microstrip line,
are analyzed. The analysis has shown
that tolerance sensitivity of the investi-
gated array (real and imaginary part of
dipoles’ impedances variation, which is
one of the main limiting factors in the
realization of printed arrays with high
SLS) is about 30 times less in compari-
son with conventional antenna arrays

21.4 38.4 35

TABLE 1l

SIMULATED AND MEASURED RESULTS FOR THE EIGHT DIPOLE PAA AT 28 GHz
G (dBi) HSLSE (dB) HSLSH (dB)

F/B (dB) HPBWE(°) HPBWH (°)
32 10.5 23.8

20.8 34.7

32.6

35.4 10.7 23.8

G: Gain

F/B=front to back ratio

HSLSE, HSLSH = highest side lobe suppression (E-plane, H-plane)

HPBWE, HPBWH= 3 dB beamwidth (E-plane, H-plane)
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with patches. An antenna structure,
with printed pentagonal dipoles form-
ing the array, is proposed. The dipoles
operate at their second resonance and
are fed by symmetrical (balanced)
microstrip lines. An array, consisting
of eight axially placed dipoles, is fed
through the feed network with imped-
ance transformers, enabling Dolph-
Chebyshev distribution of the second
order with pedestal I, /I,;, = 17 dB.
The corner reflector, in which the lin-
ear antenna array is placed, achieves a
relatively high SLS and narrow beam-
width even in the H-plane. The effects
of particular parameters, with assumed
tolerances on which SLS depends,
have been analyzed.

The measured beamwidth in the
E-plane at 26 GHz is 10.7°. The ex-
perimentally obtained E-plane SLS
at 26 GHz, which depends only on
the antenna array, is better than 34
dB and is, to the authors’ knowledge,
the best result published to date. The
measured [Sy;| is better than 10 dB
(VSWR<2) in the range from 22 to
nearly 30 GHz. The array is realized
using a standard photolithographic
process, with a moderate precision
of +10 um. The simulated and mea-
sured results are in very good accor-
dance. The antenna structure shown
is suitable for integration with other
passive and active microwave circuits
on a common dielectric substrate and
can also be used in higher millimeter-
wave ranges up to 110 GHz. ll
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DIRECT PLATED COPPER
METALLIZED SUBSTRATE
AND ITS APPLICATION ON
MICROWAVE CIRCUITS

A direct plated copper (DPC) metallized substrate technique is introduced and

characterized in this article. The proposed DPC metallized substrate provides

the main advantages of excellent thermal management and high-frequency

characteristics, due to the use of ceramic substrates and metallized copper

conductors. Therefore, in order to characterize the electrical properties of a DPC

substrate for high-frequency applications, a simple experimental method was

adopted to carry out the correlated values of dielectric constant and dielectric loss
at Ku-band. In addition, a 10 GHz parallel-coupled line bandpass filter (BPF)
was designed and fabricated by using the DPC substrate for verification. This
BPF has a measured insertion loss of 0.5 dB and a return loss greater than 10 dB

in the pass band, which indicates that the proposed DPC metallized substrate is

very suitable for RF module packages and microwave components.

on metallized ceramic substrate was

originally created to replace the direct
bonded copper (DBC) process because of its
better electrical, thermal and mechanical per-
formance.! Compared to DBC, DPC provides
avery strong bond strength between the AI203/
AIN substrate and the copper metal, due to the
use of a thin film bonding layer.2 DPC also has
a good ability in thickness control for the cop-
per layer, from very thin to very thick. For fine
pitch design, a minimum conductor line width/
spacing of 3 mils can be easily obtained, and via
holes are filled with copper for good electrical
and thermal characteristics. By using the pro-
posed DPC substrate, superior performance
can be obtained compared to other technolo-
gies in terms of its features and applications,
which includes high circuit density, outstand-

The direct plated copper (DPC) process

ing high-frequency characteristics, excellent
thermal management and heat-transfer per-
formance, outstanding solderability, and wire-
bonding assembly characteristics. These DPC
substrates can therefore be widely used for
high frequency components that require high
power and high heat.3

In this article, the DPC fabrication is briefly
described with a process flow chart, to introduce
several key attributes of this process. A simple
electrical characterization for DPC substrate is
then utilized to extract the high-frequency di-
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SPUTTERING
Metallize the
Substrate
with Adhesion Layer

DEVELOPMENT
The Unexposed Area to
be Washed Out

Cu PLATING
Plated with Cu on
Selected Area

STRIPPING
Strip the Dry Film off

A Fig. 1 DPC process flow chart.

CERAMIC SUBSTRATE LASER MACHINING

DRY FILMING
Laminate the Sputtered

Substrate with UV Dry Film

EXPOSURE

Au PLATING
Plated with Au

ETCHING
Remove the Non-plated Area by Etching

electric constant and
dissipation  factor.
Finally, a 10 GHz,
parallel-coupled line
bandpass filter s
designed to validate
the extracted di-
electric parameters
and the excellent
high-frequency per-
formance of a DPC
metallized substrate.

Expose the Dry Film
Under WV DIRECT PLATED
COPPER
PROCESS
The entire DPC
Ni PLATING :
Plated with Ni process  basically

comprises the steps
displayed in Figure
1, which include de-
fining holes in the
ceramic  substrate,
sputtering a copper
film onto the ceram-
ic substrate, forming
a dry film onto the
copper film, form-
ing a circuit diagram
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with exposure and development, plat-
ing copper leads, removing the dry film
and etching the seed metal copper.3
The detailed processes have been de-
scribed by S.P. Ru,* with more theo-
retical explanations and drawings.

With the flow chart shown, the
DPC process is started by defining
holes on the bare ceramic substrate
with a laser. These holes can be used
as via holes to communicate between
both sides of the ceramic substrate if
it is necessary for some specific de-
signed layout. Then a copper film,
used as a seed metal layer, is sputtered
on the opposite sides of the ceramic
substrate so that it is covered with a
copper layer. From the artwork de-
scribing the circuit diagram, a photo-
mask is made using conventional pho-
tomask technology. The photomask is
flatly positioned and adheres to the dry
film on the ceramic substrate, which is
sent into an exposing chamber.

After creating a vacuum in the
exposing chamber, ultraviolet rays ir-
radiate the dry film through the pho-
tomask, which is polymerized by the
ultraviolet radiation. The dry film,
which is not irradiated by the ultravio-
let rays, does not react and keeps its
chemical composition. The develop-
ment process etches the polymerized
part of the dry film by chemical clean-
ing or physical cleaning. In this way,
some parts of the copper film are ex-
posed from the dry film; those parts of
the copper film will form the required
circuit diagram as per the artwork of
the circuit, in order to produce the re-
quired copper areas of a circuit on the
ceramic substrate. Thus, the circuit
layout can be printed on the dry film.

Copper is then deposited to fill
the exposed parts of the dry film on
the ceramic substrate, with suitable
conductor thickness and width, by a
plating technology to form the copper
circuit. By the above processes, the
metallized circuit area has slender, flat
and smooth characteristics, and the
heat dissipation is good. Then nickel
and gold are deposited on the up-
per surface of the copper. The nickel
film prevents the atoms of the copper
leads diffusing into the gold film. The
gold film avoids the oxidization of the
conductor surface and improves the
adhesion for the gold bonding wires.
An optical resistance is formed on
the upper surface of the copper. The
remaining dry film on the ceramic
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substrate is then removed. After strip-
ping the dry film, the copper circuit is
protected by the nickel and gold films.
The detaching copper film process
etches the copper film not protected
by the optical resist.

Due to the processes described
and the materials used, several key
attributes of the DPC process can be
summarized as below:

* Superior thermal performance
e Low electrical resistance conduc-
tor lines

e Stable up to temperature > 340°C

* Accurate feature location, compat-
ible with automated, large format
assembly

¢ Fine line resolution allowing high
density of devices and circuitry

* Proven reliability

* Mechanically rugged ceramic con-
struction

e Low cost, high performance ce-
ramic solution
The applications of DPC metal-

lized substrate can be selected on
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high-brightness LED (HBLED),
substrates for solar concentrator cells,
power semiconductor packaging and
automotive motor control. In addi-
tion, DPC substrates with excellent
electrical performance can be consid-
ered for RF/microwave components,
which require very low loss.

ELECTRICAL PROPERTIES
EXTRACTION

In order to utilize DPC substrates
for RF/microwave applications, the
dielectric properties must be ex-
tracted. Dielectric characterization is
a very important issue for electronic
packaging designs since electrical be-
havior is greatly influenced by the di-
electric constant and dielectric loss at
high frequencies.

There are numerous reported
methods in the published literature.>-
Many of these methods have one or
several limitations, such as expensive
and complicated instrumentation,
difficult-to-fabricate fixtures, mea-
sured dielectric properties only valid
for one particular frequency, poor re-
peatability, and inability to obtain both
dielectric constant and dielectric loss.
However, in this article, a simple ap-
proach is used to obtain the accurate
dielectric factors for further substrate
design and simulation.

Holzman used a computer model
of the resonator to extract the dielec-
tric data.? Once the circuit is modeled
accurately with a computer-aided de-
sign (CAD) simulator, the substrate’s
dielectric properties can be deter-
mined by comparing the predictions
from the simulator with the measured
characteristics. This empirical/analyti-
cal approach has been demonstrated
by a number of researchers in the mi-
crowave field.

Therefore, to extract high-frequency
dielectric data for DPC substrate, two
modified microstrip parallel-coupled
resonators with distinct zeros over a
broad bandwidth were fabricated. Fig-
ure 2 shows the photos of parallel-cou-
pled microstrip resonators (PCMR).
The PCMRI1 shown affects transmis-
sion zeros with more depth at lower fre-
quencies; PCMR4 generates transmis-
sion zeros with deeper depth at higher
frequencies. The two resonators have
the same coupled-line structure with a
line distance of 570 mils and a spacing
of 12 mils, but opposite output connec-
tions. From the measurements of the
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two PCMRs, these zeros are sufficient
to interpolate correct dielectric values
with good accuracy under a broad-
band frequency response. However,
the first transmission zero for PCMR1
and PCMR4 are at 5.2 and 4.2 GHz, re-
spectively, and repeating approximately
at every resonant frequency over the
band. To make a preliminary simulation
of the resonators, a dielectric constant
of 9.5 and a dielectric loss of 0.004 were
assumed for DPC substrate in ADS
Momentum simulation.

Hermetically-sealed per MIL-STD-883
Fast switching available (<250 pSec)

Hybridized, surface-mount designs to 12 GHz

Hi-Rel crystal oscillators to 500 MHz

The testing setup consisted of an
Agilent E8364A network analyzer, an
Anritsu Universal Test Fixture with two
K-connector coaxial input ports, and a
ground-plane backed DPC metallized
substrate with the microstrip resona-
tors. In addition, a TRL calibration
is adopted by using DPC fabricated
calibration kits to calibrate at the same
reference plane of the PCMRs. The
comparisons between simulated and
measured insertion losses for PCMR1
and PCMR4 are shown in Figure 3.

Extended temperature range: -40°C to -
High vibration tolerance: 14 G5 y operating, 20 G's RMS functional

Miniature

EM Research
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From the measurements, it is obvi-
ous that the assumed dielectric values
are in error, with the error increasing
at higher frequencies. To extract the
correct dielectric constant and dielec-
tric loss, these values are adjusted in
ADS Momentum to match the fre-
quency response until the predicted
zero matches the measured zero. Fig-
ure 4 shows the fitted results for two
PCMRs up to 14 GHz, after adjust-
ing the dielectric parameters. In this
case, the rise in these two parameters
of DPC substrate is from 9.5 to 9.75
for the dielectric constant and 0.0004
to 0.002 for the dielectric loss, respec-

A Fig. 2 DPC microstrip parallel-coupled
resonators with distinct output connections:
(a) PCMRI and (b) PCMRA4.

| SIMULATION MEASUREMENT
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A Fig. 3 Measured and simulated results for
the microstrip parallel-coupled resonators: (a)
PCMRI and (b) PCMR4.
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tively. These values are more accurate
than the assumed data at higher fre-
quencies and can be widely used for
substrate design and simulation.

MICROWAVE CIRCUIT DESIGN

To validate the accuracy of extracted
dielectric data, a microwave filter fab-
ricated on a DPC substrate was dem-
onstrated. This BPF, using a parallel-
coupled line structure, has a center fre-
quency of 10 GHz, a bandwidth of 15
percent, 0.1 dB equal-ripple response

and third-order topology, and is shown
in Figure 5. The BPF was designed
and optimized with ADS Momentum
using the extracted dielectric constant
and dielectric loss. The TRL calibra-
tion kits were also fabricated on DPC
substrates to cover the frequency range
from 4 to 14 GHz.

With these test standards, the Anrit-
su test fixture’s coax-to-microstrip tran-
sitions and the microstrip lines up to
the input and output ports of the filter
can be de-embedded. The measured
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insertion loss and return loss are shown
in Figure 6. Based on these experi-
mental results, a good prediction of the
filter response is achieved by using the
extracted dielectric values in the EM
simulator. The measured insertion loss
of the BPF is only 0.5 dB at 10 GHz.
It clearly demonstrated that the DPC
process, fabricated with a ceramic sub-

PCMR1 SIM. PCMR1 MEAS.
PCMR4 SIM. PCMR4 MEAS.

| 521 | (dB)
4 5
@ o
N
I

-30 4

0 2 4 6 8 10 12 14
FREQUENCY (GHz)

A Fig. 4 Measured and simulated results
for the microstrip parallel-coupled resonator.

A Fig. 5 Photograph of the 10 GHz paral-
lel-coupled line filter using DPC technology.
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A Fig. 6 Measured and simulated charac-
teristics of the 10 GHz DPC parallel-coupled
line filter.
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strate and copper conductor, provides
excellent low-loss performance at high
frequencies and offers the excellent
ability to be used in RF packaging and
microwave devices.

CONCLUSION

This article presents a DPC metal-
lized substrate including the process
flow, electrical properties extraction
and a microwave circuit design. Ow-
ing to the use of the ceramic substrate
and metallized copper conductor, the

DPC substrate achieves good high-
frequency electrical characteristics.
Meanwhile, a simple extraction meth-
od to obtain the dielectric constant
and dielectric loss for the DPC sub-
strate was proposed, and a 10 GHz
parallel-coupled line BPF with 0.5
dB insertion loss was built for further
verification. This article clearly dem-
onstrates that the DPC metallized
substrate is quite suitable for RF and
microwave package design, with its
excellent low-loss performance. ll
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ANALYSIS AND MODELING
OF THE PADS FOR

RF CMOS BASED ON
EM SIMULATION

The modeling of the test structure of an RF MOSFET, up to 40 GHz, is
presented. The size of the pads and the width of the interconnection lines of the
test structures are analyzed and optimized based on accurate electromagnetic

(EM) simulation in order to reduce the impact of the parasitics of the pad
and interconnection lines. A 0.13 pm RF CMOS technology with eight levels

of metallic layer is used to implement the test structures, which are designed

according to the optimization results. Good agreement between the measured and

simulated results has been demonstrated.

curate characterization of RF MOSFETs
has emerged. The rapid advancement of
low-cost CMOS silicon process has made pos-
sible the application of CMOS technology at
radio and microwave frequencies. When con-
ducting S-parameter measurements of micro-
wave devices directly on a wafer, the low silicon
substrate resistivity and the characterization of
the metal lines are of primary concern.! More-
over, a characteristic of the low-cost silicon pro-
cesses is that device performance per unit area
is usually low. The test structure must be very
large in order to fit the large devices.? Conse-
quently, the parasitics of the test structure are
significant. To reduce the impact of the parasit-
ics of the test structure, several new techniques
have recently been adopted, including com-
pensated de-embedding® and a shield-based
test structure.?
In this article, a microwave model of the test
structure is proposed and its equivalent circuit

l n the past ten years, an interest in more ac-

parameters are determined. In order to reduce
the impact of the parasitics on the DUT char-
acteristics, the size of the pads and the width of
the interconnection lines of the test structures
are analyzed and optimized, based on accurate
electromagnetic (EM) simulation. A 0.13 pm
RF CMOS process, with eight levels of metal-
lic layer, is used to fabricate the test structures,
which are designed according to the optimiza-
tion result.

TEST STRUCTURE

Because the MOSFET is too small to be
contacted directly, measuring its RF behav-

J. CHENG, S. L1, B. HAN AND J. GAO
East China Normal University
Shanghai, PR China

X. YAO
Semiconductor Manufacturing International
Corp., Shanghai, PR China
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ior with coplanar
probes requires a
test structure that
consists of probe
pads and inter-
connecting  lines
and the device
under test (DUT).
The probe pads
connect the mea-
surement  probe
and silicon wafer;
the interconnect- M1 M1

ing lines connect |-¢|G=#=' J,:DHL G =
d d

s (M8) |

M1

s(M8) |

the pads and the
DUT. The MOS
model parameters |
are extracted from
S-parameter mea- (<)
surements on the s
test structure.*
The parasitic com-
ponents, which
mainly
from the probe
pads and the me-
tallic interconnect-
ing lines, influence
the  S-parameter
measurements of the DUT. Here, the size of the pads and
the width of the lines are analyzed in order to minimize the
influence of the parasitics.

A 0.13 pm RF CMOS technology with eight levels of
metal interconnects is used to fabricate the test structure.
The layout of the MOS test structure and the de-embed-
ding structures are shown in Figure 1. The layout of the
pads and the interconnecting lines is identical for the test
structure and the de-embedding structures. The length
of the test structure is 235 pm and the width is 230 pm.
Starting on the left hand side, there are input pads in GSG
arrangement with 100 pm pitch and output pads with the
same configuration as input pads.

Si SUBSTRATE
originate (e)

A Fig. 1 (a) RF test structure containing
the DUT; (b) pad test structure; (c) open test
structure; (d) short test structure; and (e)
cross-section of the test structure.

EXTRACTION METHODOLOGY FOR THE PARASITIC
PARAMETERS

The equivalent circuits of the open structure and of the
short structure are shown in Figure 2.7 C_, and C pd Tepre-
sent the pad capacitance of the gate and dl;am between the
signal pad and the ground pad, respectively. C pad Tepre-
sents the coupling capacitance between the gate dnd drain

pad. R, and R4 represent the substrate loss resistance
of the gate pad and the drain pad, respectively. Lg, L, and
Cred
Cped i}
Go i oD

Cpd

L Cpg ©
ﬁ"n Rpd

1

SO

0SS

1

(a)

A Fig. 2 Equivalent circuits: (a) open structure and (b) short structure.
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L, represent the inductance of the gate, source and drain
interconnecting line, respectively. Ry, R; and R represent
the resistance of the gate, source and dram interconnect-
ing line, respectively. L is the length of the signal pads and
d is the width of the metallic interconnecting lines.8 All
the parameters can be determined by using several steps
as follows:

(1) Parameter Extraction of the open test structure:

open ben _

yopen _ Yllp YIOZI _ Y +Y ped ngd (1)

open open —Y Y, +Y
Yo Yy pgd pd " pgd

where Yoper is the matix obtained from conversion of
the measured S-parameters of the open test structure. Pro-

vided that (prngg)%l%l, then
) 1
Y, =Y, 7" + Y7 =~
o (@C, )2 + ij GG P 4 100 o
=R, (o +j
pPg pg Pg
<°)szsz)

Y , = yo°pen , yopen _ 1 _

pd = Xog g = T -

P ]O)de

R (0C,)* + joC

~ 2.
pd —p

open .
Vot =~ Vi3 = j0Cpg @

From Equations 2 and 4, one can get

~ Im(YPg) Im(yopm + Yopen)

1S o
Im(YPd) Im(yc’Pf‘n 4 Y0P8H>
C d = (6>
p ® )
R, = Re(—)=Re(R , +joC,,) = Re(——
pg~ Ty T g pg’/ ~ n -
Vg Y5
R = Re(——) = Re(R__; + j0C.) = Re(———
pd ~ od - pd J pd’ Y.Open +Y~0pen
pgd ® ®

(2) Parameter Extraction of the short test structure:

Ysllortl _ Yshort _ yopen (10)
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where Yshort is the matrix obtained from conversion of
the measured S-parameters of the open test structure and
yshortl jg the Y-parameter of the dashed box part of the
equivalent circuit.

Zshor‘cl _
Rg + ijg + R, + joL R, + joL, a1
R, + joL, Ry +joLg + R, + jol
where Zshortl js the Z-parameter matrix obtained from
the conversion of Yshortl Then one can get the expressions
of R, Ry, Ry, L, L, and Ly as follows:

R, = Re(zji™" -7 (12)
Ry = Re(zgwrt! — zghotl) (13)
R, = Re(ZjX™!) (14)
I Zsh(nﬂ _ Zsl‘lortl
L, = m(Zy; 12 ) (15)
()
- In](Z;thﬂ _ Zzhlort] ) 16)
- ®
I Zsl\lorﬂ
I, = e a7
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EM ANALYSIS

At RF and microwave frequencies, the geometrical size
of the test structure is close to the wavelength of the elec-
tromagnetic waves. The influence of electromagnetic in-
teraction and radiation on the characteristics of the DUT
increases. Electromagnetic interaction and radiation can
be included in the equivalent circuit model of the test
structure by an analysis technique based on EM simula-
tion. The conventional approach, which adopts the lumped
elements modeling technique, is unable to predict the
characteristic of the different size structures. The relation-
ship between the size of the test structure and the extrinsic
elements of the equivalent circuit model can be analyzed
and predicted by an EM simulation analysis technique be-
fore the test structure is fabricated, so that the parasitics
can be alleviated as much as possible.6

Here, the commercial software HFSS is used to char-
acterize the test structures and their S-matrix parameters
are obtained. The test structure is characterized through
its scattering matrix Sgy;, which is computed by means
of EM simulation on the basis of device geometry and
material parameters. Thus, EM propagation and coupling
effects are considered for the test structure. Once the
scattering matrix Spy; of the test structure has been ob-
tained, the Y parameters can be deduced from the Spy;.
The value of all the components of the test structure can
then be extracted.
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THE PAD CAPACITANCE

It is theoretically obvious that the
pad capacitance is dependent on the
size of the signal pads. Figure 3 shows
the relationship between the size of the
signal pads and the capacitance Cpg. It
is clearly seen that C_, is directly pro-
portional to L, the length of the signal
pads, which are extracted from Spy,
the EM simulation result of the test
structure. The characteristic of C,; is
identical with that of C_ . The reason
that the capacitance value of the open
structure is bigger than that of the pad
structure is that there is a coupling ca-
pacitance between the metallic inter-
connecting lines and the Si substrate in
the open structure. In order to reduce
parasitic capacitance, the size of the
signal pads must be decreased, where-

60
50|
T 40|
‘;‘,30-
U 20
10f

PAD OPEN

o 1 1
20 30 40 50 60 70 80 90 100
L (pm)

A Fio. 3 C,, vs. the length of the pads.
g Pg 4 p

as the size of the pads should be bigger
than that of the probe pinpoint.

THE PARASITIC RESISTANCE
AND INDUCTANCE OF THE
INTERCONNECTING LINES

Figure 4 shows the relationship
between the parasitic inductance and
resistance of the interconnecting lines
versus d, the width of the lines, which
are extracted from the EM simulation

60 2.5
50
T 40
=30
420
10

1
4 8 12 16 20 24

(b) d (pm)

A Fig. 4 (a) Lg, Rgvs. d and (b) Cpgd vs. d.
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result’ and the coupling capacitance
between the two signal pads. It is clear-
ly seen that the parasitic resistance and
inductance is inversely proportional to
the width of the lines, whereas the cou-
pling capacitance between two signal
pads is directly proportional to d.

THE COUPLING CAPACITANCE
BETWEEN THE INPUT AND
OUTPUT

The coupling capacitance C_ 4 re-
lates to the location and width of the
interconnecting lines of the input and
output signal pads. Figure 5 shows

Lo

d] |[d

(a)

(b)

A Fig. 5 Layout of the input and output
interconnecting lines of the pads: (a) bilateral
symmetry and (b) central symmetry.

When They're Counting on You, You Can Count on Us.

Products

* Amplifiers
* Mixers
e Oscillators

Applications

¢ Law Enforcement Radar

-

J(T‘--.

Ducommun Technologies

e Design & manufacture of Millimeter Wave Products
¢ Surveillance Radars * Heritage includes WiseWave, acquired in 2006
¢ Missile Guidance ¢ Lean Manufacturing Implemented

* Passive Waveguide Components ¢ Level Sensing Radars * AS9100 Registered

Integrated Assemblies

102

e Communications Systems

L Email mwj@ducommun.com to request a
FREE copy of our Sensor Brochure.

Visit http://mwj.hotims.com/28495-36

Customer Focused - Engineered Solutions

Ducommun
Technologies

MICROWAVE JOURNAL m OCTOBER 2010


mailto:mwj@ducommun.com
http://mwj.hotims.com/28495-36

@n"

Harness the Results...

«+.of more than 30 years of
microwave cable design and
manufacturing expertise. That's
what goes into every Teledyne
Storm Products multi-channel
harness assembly.

Add to that an unwavering
focus on customer service, and
you have harness solutions that
consistently exceed customer
expectations.

Teledyne Storm’s multi-channel
harnesses are found in a wide
range of systems, from active
electronically scanned arrays
to digital radios, mixed signal
applications to test labs and
diagnostic units.

Connect with
Teledyne Storm.

Contact us today for a harness solution

TELEDYNE

STORM PRODUCTS

A Teledyne Technologies Company

designed to meet your needs.

Microwave Business Unit
Woodridge, Illinois 60517

Tel 630.754.3300
Toll Free 888.347.8676

Download our

Multi-Channel Microwave Solutions
brochure at
www.teledynestorm.com/mj1010

Visit http://mwj.hotims.com/28495-139 or use RS# 139 at www.mwjournal.com/info



http://www.teledynestorm.com/mj1010
http://mwj.hotims.com/28495-139
http://www.mwjournal.com/info

the bilateral and the central symmetry
of the gate and drain interconnect-
ing lines. Figure 6 shows the value of
Cpgd extracted from EM simulation
results. The conclusion can be drawn
that the layout with central symmetry
is better than the lateral symmetry,
because the value of C,q is smaller.

PARAMETER EXTRACTION AND
DISCUSSION

After the above analysis, some im-
portant conclusions can be drawn re-

garding the relationship between the
size of the test structure and the value
of the parasitic elements:

1) The length L of the signal pads
should be shortened in order to re-
duce the value of C g and de. Be-
cause the size of the pads should be
larger than that of the probe point, L
was set C,q equal to 35 pm.

2) In order to reduce the effect of
the parasitics of the interconnecting
lines between the input and output
pads, the width of the gate, drain and

Digital Attenuators
& Phase Shifters

Freq. Range Insertion Loss VSWR Least Operating Model
(GHz) (dB) max. (dB) max. Significant Bit Power (max) Number
Digitally Controlled Analog Attenuators, 64 dB, 8 Bits
4.00-8.00 6.0 2.00:1 0.25 + 20 dBm DAT-19
8.0-12.40 6.0 2.00:1 0.25 +20 dBm DAT-21
6.0-16.00 6.0 2.00:1 0.25 + 20 dBm DAT-23
6.0-18.00 6.5 2.00:1 0.25 +20 dBm DAT-25
Linear Voltage Controlled Analog Attenuators, 64 dB
4.0-8.0 5.0 1.9 - +20 dBm AAT-25
8.0-12.4 5.0 2.0 - +20 dBm AAT-27
6.0-16.0 5.0 2.0 - +20 dBm AAT-29
Switched Bit Digital Attenuators, 64 dB, 8 Bits
0.50-1.00 3.7 2.00:1 0.25 +20 dBm DAT-16
1.00-2.00 4.0 2.00:1 0.25 +20dBm DAT-17
2.00-4.00 6.5 2.00:1 0.25 +20 dBm DAT-18
Switched Bit Digital Phase Shifters, 360°, 8 bits
0.50-1.00 4.5 1.80:1 1.40 +20 dBm DST-11
1.00-2.00 4.5 1.80:1 1.40 +20 dBm DST-12
2.00-4.00 6.0 1.80:1 1.40 +20dBm DST-13

Power Handling = + 27 dBm max., Typical Switching Speed = 200 nsec.
See website for complete list of 32 dB and 64 dB attenuators and phase shifters.
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source lines were set to 10, 16 and 30
pm, respectively.

3) In order to reduce the coupling
capacitance Cpuq, the layout with a
central symmetry of the gate and drain
interconnecting lines was chosen.

The test structures have been fab-
ricated and measured in accordance
with the dimensions determined
above. The parameters of the test
structures have been extracted based
on Equations 5 to 9 and 13 to 17.10
Figure 7 shows the frequency char-

1.6
1.2

(a) (b)

0.8
041

Cped (fF)

4 6 8 10 12 14 16
d (pm)
A Fig. 6 Coupling capacitance between

input and output pads: (a) lateral symmetry
and (b) central symmetry.
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A Fig. 7 Frequency characteristics of: (a)
Cpg Cpd, Cpgds (b) Ryg and Rpa; (c) Ly, Lq
and Lg; and (d) Rg, Rs and Rq.
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acteristics of all the parameters. All
the parameters are optimized with
Agilent ADS. Table 1 shows the ex-
tracted and optimized values of the
parameters of the test structure.
Figure 8 compares the simulated
and measured reflection and trans-
mission coefficients, up to 40 GHz for
the short test structure. From these
figures, it is observed that relatively
good agreement between measured
and simulated data can be achieved.
However, it is noted that the differ-

ences between simulated and mea-
sured values of S;5 and Sy at the high-
er frequency range are larger than
those at the lower frequency range
due to the increasing parasitic effects
such as EM coupling and unintended
radiation.

The possible cause of the differenc-
es between the values of the structure
parameters extracted from EM simu-
lations and those from measurements
are discussed as follows. First, in the
EM simulation, it is assumed that a
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layer of dielectric is between the pads
and the ground metallic layer. In real-
ity, the structures are fabricated with
multilayer of different dielectrics.

TABLE |
OPTIMIZED PARAMETER VALUES
Elements Extracted Optimized Unit
jalis Value
Cpg 20.3 19.9 o
ot 215 211 =
Cr’gd 1.18 116 e
At 36.0 341 o
P\Pd 32.1 309 5
= 48 539 | pH
= L4 3.7 | pH
= pLY 512 | pH
Ry 0.59 5 -
- 0.14 0.12 o
& 0-69 0.62 0
o o o MEASURED
— — SIMULATED
2 0.8
. -0.2
& 04 0.6 _
by 704 &
é’ “08F e . E’
-1.0 ......... -
i N
FREQUENCY (GHz)
(a)
023 == 0-20
X 0.25
4 0.20 e
010 0.10 &
- 0.10 Et
0.05| g
% %0 20 30 a0 °
FREQUENCY (GHz)
(b)
o+ 10.20
I 0.25F a—
< 015 015 2
010 0.10
< 010 g
0.05 o
FREQUENCY (GHz)
(c)
2 0.8
-0.2 -
308 06
3 o R g, 0.4 &
=081 P e g
1.0 [z i
g2l . . i
0 10 20 30 40
EREQUENCY (GHz)
(d)

A Fig. 8 Measured and simulated S-
parameters of the short test structure: (a) Szs,
(b) S12, (c) S21 and (d) S22.
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Second, the metallic holes between
metallic layers are combined into one
hole to simplify the analysis and speed

up the computation.

CONCLUSION

A microwave model of an RF MOS-
FET test structure is proposed and the
test structures are analyzed and opti-
mized based on accurate EM simula-
tion. A 0.13 pm RF CMOS technol-
ogy with eight levels of metallic layer

is used to fabricate the test structures.
The equivalent circuit parameters of
the test structures are then extracted
and optimized based on Agilent ADS.
Good agreement between the mea-
sured and ADS simulated results is ob-
tained up to 40 GHz. l
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SEMI-LUMPED UWB
BANDPASS FILTER WITH
IMPROVED OUT-OF-BAND
PERFORMANCES

In this article, a miniaturized ultra-wideband (UWB) bandpass filter with
improved out-of-band performance is presented, based on the combination
of low-pass and high-pass filters. The UWB filter is realized in a semi-lumped

technology, using microstrip transmission lines and surface-mounted capacitors.

The filter design rules have been carried out and filters having a 3 dB fractional
bandwidth of 142 percent, centered at 0.77 GHz, have been realized. The

measured and simulated characteristics show a good a

greement, with attractive

return loss (better than 18 dB) and insertion loss (<0.3 dB). In addition, a
technique using capacitively loaded stubs was used to extend the stopband to

eight times the center frequency.

mission’s (FCC) release of the frequency

band from 3.1 to 10.6 GHz for commer-
cial purposes,! the UWB radio system has been
receiving great attention from both academy
and industry. As an essential component, UWB
bandpass filters, with good performance, com-
pact size and easily-implemented structures,
are in high demand. So far, several prototypes
of UWB filters have been reported.

Ishida and Araki have reported a microstrip
ring filter with dual stopbands, below 3.1 GHz
and above 10.6 GHz, which was the first UWB
filter.? However, this filter has many problem-
atic issues, such as unexpected passbands be-
low 3.1 GHz, narrow stopbands, large size and
complex configuration.

S ince the Federal Communications Com-

Due to their geometric simplicity, parallel
coupled microstrip lines were commonly used
to design bandpass filters. Generally, this pro-
cedure is used for bandwidths less than approx-
imately 20 percent.? To overcome this limita-
tion, a three-coupled-line microstrip structure
was proposed? to design a bandpass filter with
a fractional bandwidth of 50 percent. How-
ever, the greater the fractional bandwidth, the
smaller the gap size is required to enhance the
coupling. For UWB filter design, the neces-
sary gap size is still too narrow to be fabricated.

D. KADDOUR, J.D. ARNOULD

AND P. FERRARI
ESISAR, Valence, France
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Furthermore, ground plane aperture
compensation techniques were suc-
cessfully used for significant increas-
ing of coupling coefficient between
parallel coupled lines, thus leading to
wider bandwidths.>-6

Stepped-impedance resonators (SIR)
have demonstrated their advanta-
geous efficiency for UWB bandpass
filters. A UWB bandpass filter with
five transmission poles has been pro-
posed,” using a multiple-mode reso-
nator (MMR). By properly allocat-
ing the first three resonance peaks
quasi-equally within the UWB band,
a short-circuited coplanar waveguide
(CPW) MMR bandpass filter was re-
alized.8

A two-stage UWB bandpass filter,
using a capacitive-ended interdigital
coupled-line topology, was adopted
to achieve improved out-of-band per-
formance.? Note that some of these
filters™? lack design method and syn-
thesis procedure. Later, a modified
stub-loaded multiple-mode resonator
was proposed,!9-13 aiming to allocate
the first resonant frequencies within
the 3.1 to 10.6 GHz band while sup-

Broadband RFIMicrowave Solutions

pressing spurious harmonics at the
upper-stopband. A quasi-Chebyshev
bandpass filter with nine transmission
poles was synthesized using three tri-
ple-mode SIRs (two-layer broadside-
coupled structure).'* Ground plane
aperture techniques, increasing cou-
pling between pairs MMR resonators,
were also widely investigated to im-
prove the out-band rejection in UWB
filters.14.15

Stub bandpass filters with several
configurations could also be used to
meet UWB mask requirements.16-19
Connecting lines between short-cir-
cuited stubs were meandered in order
to reduce the filter size.16:17 These
UWSB filters have sharp rejection, but
their spurious response would de-
grade the out-of-band response and
an increase in the number of sections
may lead to large insertion loss, as
well as poor group delay. In addition,
stepped impedance open stubs were
implemented on this kind of struc-
ture to realize transmission zeros and
get sharper attenuations.!®19 Tight
coupling in a microstrip to CPW or
slotline transition has also been inves-
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tigated.20-24 The use of microstrip-to-
CPW transition has received great at-
tention providing a wide bandpass op-
eration with a good trade-off in terms
of insertion loss and group delay flat-
ness.20 A UWB filter with a multiple-
mode resonator was proposed using
the microstrip-to-CPW transitions as
inverter circuits.?! Composite transi-
tion lines exhibiting cross-coupling
and slow-wave behavior were later
proposed,?? leading to more compact
devices. Recently, back-to-back mi-
crostrip-slotline cross-junction transi-
tion was rearranged to make up a nov-
el class of UWB bandpass filter with
lenient tolerance in fabrication.23.24

Basically, a wide bandwidth filter
may be implemented by a direct cas-
cade of the low-pass and high-pass
filters. Wideband coplanar-waveguide
bandpass filters based on the cascade
of CPW low- and high-pass 5periodic
structures were constructed.2® To save
circuit area, a high-pass filter, realized
by shunt quarter-wave short-circuited
stubs, was embedded with a stepped-
impedance low-pass filter.26 As a re-
sult of the use of a low degree high-
pass filter, the filter lacked selectivity
or sharpness at the lower frequency.
Note that a suspended stripline tech-
nology combining low loss with re-
duced size was also used to fabricate
this composite filter27 Analytical
techniques to synthesize an isolated
cascade of high- and low-pass sec-
tions based on an iterative algorithm
for both Butterworth and Chebychev
cases were also reported.?” In a previ-
ous work,28 several UWB filters were
realized in a semi-lumped approach,
using both surface-mounted (SMT)
capacitors and microstrip transmis-
sion lines. Thanks to the slow-wave
behavior introduced by capacitively
loaded transmission lines, a high de-
gree of miniaturization was demon-
strated.? In this article, a technique
of spurious suppression is studied.

PRINCIPLE
Configuration and Synthesis
Technique

Figure 1 shows the equivalent
electrical circuit of the proposed
semi-lumped UWB bandpass filter.
Following the same principle as Hsu,
et al.,26 low-pass and high-pass filters
are combined. The high-pass filter is
realized by shunt quarter-wave short-
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low-pass and high-

pass sections.
The low-pass sec-
tions are realized by

Ar ig. 1 Equivalent circuit of the proposed semi-lumped UWB filter.

0
% 0 A
i\
<o I A
a0

0 05 10 15 20 25
FREQUENCY (GHz)

A Fig. 2 Simulated response of the UWB
bandpass filter.

circuited stubs. The stepped imped-
ance low-pass filter that was used is
replaced in this work by a low-pass
filter based on capacitively loaded
transmission lines as published previ-
ously.?Y Compared to the distributed
filter,?® a size reduction reaching 85
percent was demonstrated, thanks to
the use of the semi-lumped technolo-
gy.28 In addition, two series capacitors
are added at the near- and far-ends of
the filter in order to give a sharper re-
jection around the lower stopband.

In order to investigate the synthe-
sis procedure, a UWB filter centered
at 0.77 GHz with a 142 percent rela-
tive 3 dB bandwidth is considered. In
this article, the center frequency fc of
the bandpass filter is given by:

Je =N u (1

where f; and fy; are the low and
high 3 dB cut-off frequencies, respec-
tively.

The proposed synthesis procedure
concerns the establishment of a rough
initial estimation of the filter’s param-
eters, by setting both low and high cut-
off frequencies. To simplify the study,
an initial design with ideal transmis-
sion lines and capacitors is adopted.
In addition, identical series transmis-
sion lines™ electrical lengths are first
considered, that is 0 = 0, = 0, = 05 =
0. The main advantage of this filter
topology is the independent control of
both low and high cut-off frequencies.
The upper and lower cut-off frequen-
cies are respectively controlled by the

capacitively  loaded
transmission  lines
following the same
principle of the low-
pass filters published
previously.? In this
previous work, the low-pass section
was studied and the design equations
relating the characteristic impedance
Z,, the loading capacitance C_ and the
transmission line electrical length 6 to
the cut-off frequency fy; were derived.
For a characteristic impedance equal
to 120 Q and assuming a 1.5 GHz high
cut-off frequency, the equations estab-
lished lead to C 3.1 pF and 6 = 29°
at 1.5 GHz.

While the high cut-off frequency
f1 is adjusted by the low-pass section,
the low cut-off frequency f, is direct-
ly controlled by the short-circuited
stubs electrical length 6,. A simple
tuning carried out with Agilent ADS30
revealed that the electrical length 6
should be set to 23° at 0.4 GHz.

Currently, rough initial values for
C , 0 and Os are available. The filter
response simulated using the follow-
ing parameters—C 3.1 pF, 8 29° at
1.5 GHz, 0s = 23° at 0.4 GHz—is il-
lustrated in Figure 2. As a result, the
cut-off frequencies obtained are 0.4
and 1.45 GHz, respectively. The sim-
ple design method described above is
sufficient for a rough estimate of the
filter’s parameters. Note that the sim-
ulated filter suffers also from a poor
matching in the passband, with a re-
turn loss reaching only 8 dB at approx-
imately 1.3 GHz. However, the return
loss will be improved in the second
step of the design when the filter will
be optimized.

For the second step consisting of
a whole optimization of the complete
filter, a microstrip technology is con-
sidered. A Rogers™ R0O4003 substrate
with relative permittivity €, = 3.38,
substrate thickness h = 813 wm and di-
electric losses tan = 0.0027 has been
adopted. Also, the T junctions, surface-
mounted capacitors, soldering pads
and via holes models are taken into ac-
count. Complete models taking into ac-
count the parasitic series elements with
an inductance of 0.35 nH and a resis-
tance of 0.25 Q are considered to get
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TABLE |

ELECTRICAL LENGTHS AND CAPACITOR VALUES OF THE PROPOSED UWB
SEMI-LUMPED BANDPASS FILTER
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A Fig. 3 Simulated response of the pro-
posed UWB semi-lumped bandpass filter.
more accurate simulation responses. In
order to maximize the degrees of free-
dom and improve filter performance,
the series transmission lines” electrical
length and the capacitors’ value are not
considered as equal anymore.

The UWSB filter is optimized using
Agilent ADS.3Y The transmission line’s
characteristic impedance has been set
to 120 Q, leading to a strip width W
equal to 250 um. The value for the se-
ries capacitors added in the near- and
far-end of the UWB bandpass filter to
improve the low stop-band rejection is
fixed at 6.8 pF, leading to a small im-
pedance compared to 50 Q, keeping
unchanged the low cut-off frequency.
Table 1 lists the electrical lengths and
capacitor’s values obtained after opti-
mization for the UWB filter. Figure 3
gives the simulation results to 8 GHz,
using the parameters’ values given in
Table 1. As illustrated, the return loss
is better than 20 dB in the whole pass-
band; the insertion loss is limited to
0.2 dB at the center frequency. The
shape factor, defined between -3 and
-20 dB, equals 1.3:1. In the simulated
response, a spurious frequency occurs
at approximately 5 GHz, leading to an
out-of-band rejection level of -40 dB
to only 4.5 GHz, that is 4.5 times the
center frequency. The study of the
spurious origin is carried out in the
next section where a simple original
technique to reject theses spurious
frequencies is suggested.

SPURIOUS ANALYSIS AND
IMPROVEMENT

The basic principle of spurious
suppression is based on the transmis-
sion zeros repartition in the frequency

A Fig. 4 Transmission zeros of the UWB
bandpass filter up to 8 GHz.

response. As illustrated in Figure 4,
three transmission zeros are observed
respectively at 2.2, 3.2 and 6 GHz. A
possible solution to reject the spurious
frequencies and improve the rejec-
tion band width could be to move the
transmission zeros, either to push the
3.2 GHz transmission zero to higher
frequencies, or to pull the 6 GHz
transmission zero to lower frequen-
cies. Therefore, the study of the origin
of these transmission zeros has to be
carried out first.

Transmission zeros located at 2.2
and 3.2 GHz are due to the resonance
of the LC shunt circuit formed by the
SMT capacitor and the parasitic in-
ductances. This parasitic inductance
is the sum of the intrinsic SMT ca-
pacitor, the soldering pads and the via
holes inductances. Considering the
capacitor’s model and the via hole’s
dimensions, its value L, can be esti-
mated to be 1.3 nH. The transmission
zero location is then easily calculated
using the expression of the LC reso-
nant frequency:

"oom LG,

Indeed, the 2.2 GHz transmission
zero is introduced by the resonant cir-
cuit formed by the 3.9 pF capacitor
and the series parasitic inductance L
= 1.3 nH, while the 3.2 GHz transmis-
sion zero is related to the 1.8 pF ca-
pacitor. As the high cut-off frequency
is controlled by the LC circuit, the
lower transmission zeros could not be
moved. A modification of these trans-
mission zeros will affect the passband
response of the UWB filter.
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A Fig. 5 UWB filter equivalent circuit with capacitively loaded
stubs.

The transmission zero appearing
at 6 GHz is due to the short-circuited
stub resonance that presents a 180°

electrical length
near 6 GHz. A so-
lution for spurious
suppression  would
be to pull this trans-
mission zero to
lower frequencies.
This could be easily
achieved by increas-
ing the stub electri-

cal length. However, as the low cut-off
frequency is fixed by the stub’s length,
the low frequency electrical length
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should not be modified. Thus, capaci-
tively loaded stubs could be success-
fully used for spurious suppression,
leading to the whole UWB bandpass
filter equivalent electrical circuit giv-
en in Figure 5. A capacitively loaded
stub will behave as an unloaded stub
at low frequency because the capaci-
tor’s susceptance is high, so that the
stub’s behavior remains unchanged.
When the frequency increases, the
loading capacitor becomes significant
compared to the stub’s transmission
line distributed capacitor, and the
wave velocity in the loaded stub will
decrease, leading to a lower resonant
frequency for the stub.

Using Agilent ADS,? the UWB fil-
ter with capacitively loaded stubs has
been optimized. The electrical lengths
(8, and B ,) and the stub’s loading ca-
pacitor C optimized values have been
set to 5° and 11° and 0.4 pF, respec-
tively. The equivalent electrical length
of both loaded (6°)) and unloaded (6;)
stubs are plotted in Figure 6. While
the unloaded stub electrical length in-
creases proportionally versus frequen-
cy, the loaded stub electrical length
increases quickly with frequency, lead-
ing to a lower resonant frequency of
4.2 GHz. Thus, the transmission zero
will be shifted to lower frequencies. In
the lower band, the electrical length
for both loaded and unloaded stubs
are quite similar. The filter passband
remains quite unchanged with the ca-
pacitively loaded stubs configuration.

Figure 7 compares the UWB fil-
ter insertion loss with both loaded and
unloaded stubs. Whereas the filter
response remains unchanged in the
passband, the loading capacitor effect
appears for higher frequencies. When
the capacitively loaded stubs are used,
the third transmission zero that was lo-
cated at 6 GHz occurs now at 3.8 GHz,
while the first two transmission zeros

LOADED
UNLOADED

G
z
S oA
G

1 2 3 4 5 6
FREQUENCY (GHz)

o2

A Fig. 6 Comparison of the electrical length
of the capacitively loaded and unloaded stubs.
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due to LC resonance remain fixed.
Consequently, the high frequency re-
jection band, defined below an attenu-
ation of -40 dB, is enlarged to about 6.5
GHz, that is more than eight times the
filter’s center frequency of 0.77 GHz.

UWSB FILTERS REALIZATION AND
MEASUREMENTS

In this section, several UWB filters
with 3 dB bandwidth of 142 percent
centered at 0.77 GHz are realized and
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A Fig. 7 Simulated insertion loss of the
UWB filter with loaded and unloaded stubs.

“]

A Fig. 8 Photograph of the fabricated
filters: (a) unloaded stubs, (b) stubs loaded
with SMT capacitors and (c) stubs loaded
with patched capacitors.

— = MEASUREMENTS
.............. SIMULATIONS
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A Fig. 9 Simulated and measured results for
the UWB filter with unloaded stubs.
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agreement is observed in the filter
passband. A wideband of 1.1 GHz is
achieved leading to the expected band-
width of 142 percent. The measured
return and insertion loss are found to
be higher than 18 dB and lower than
0.3 dB over the passband, respectively.
The first spurious response appears
around 4.5 GHz. A slight shift of about
400 MHz is observed between simula-
tions and measurements. This shift is
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probably due to the capacitor’s model
that is not sufficiently accurate at high
frequencies. The measured rejection
band, if a minimum of 40 dB attenua-
tion is considered, extends to approxi-
mately 4.2 GHz, that is 5.4 times the
center frequency.

Measurements of both filters with
unloaded and loaded with SMT ca-
pacitors stubs are compared in Figure
10. While the bandwidth is quite the
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same for the two topologies, the re-
turn loss is improved to 20 dB with the
capacitively loaded stubs. With the in-
troduction of SMT capacitors, the first
spurious peak is shifted from approxi-
mately 4.5 to 6.7 GHz. The measured
rejection band (a minimum 40 dB at-
tenuation is still considered) extends
to approximately 6 GHz when ca-
pacitively stubs are used, that is more
than eight times the center frequency,
showing a significant improvement.

Next, Figure 11 shows the com-
parison between the measurement
results to 8 GHz, for filters with stubs
loaded by SMT and patch capacitors.
With patch capacitors, the return loss
is better than 18 dB in the passband
and the rejection band is slightly en-
larged from 6 to 6.6 GHz. It can be
concluded that capacitively loaded
stubs can be successfully used for spu-
rious suppression.

For miniaturization  purposes,
bended stubs could be used. This
technique could not be easily achieved
with stubs loaded by patch capacitors.
Therefore, a filter with bended stubs
loaded by SMT capacitors was fabri-
cated. Figure 12 shows a photograph
of the miniaturized filter. The minia-
turization improvement with bended

= SMT CAPACITORS
.............. UNLOADED STUBS

0 =

=

| $211, 1511 | (dB)

0 1 2 3 4 5 6 1
FREQUENCY (GHz)

A Fig. 10 Measured frequency responses for
UWB filters with unloaded and loaded with
SMT capacitor stubs.

............ SMT CAPACITORS
== === PATCH CAPACITORS

-10

Al

|S211,|S11 | (dB)

/]

1 2 3 4 5 6 71 8
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A Fig. 11 Measured frequency responses for
UWRB filters with capacitively loaded stubs.
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A Fig. 12 Simulated and measured response for the UWB filter with
bended capacitively loaded stubs.

stubs reaches 55 percent (in terms of surface area) com-
pared to the filter with straight stubs. A good agreement
between measurement and simulation results is observed.
The return loss is better than 22 dB and the rejection band
extends to approximately 6 GHz.

CONCLUSION

In this article, a new topology of semi-lumped UWB
bandpass filter has been proposed. It is based on the com-
bination of low-pass and high-pass filters. The synthesis
method of the bandpass filter has been developed and
validated by simulations. Filters centered at 0.77 GHz
with a relative bandwidth of 142 percent have been de-
signed and fabricated. Simulated and measured results
have shown a good agreement in terms of return loss
(better than 18 dB) and insertion loss (lower than 0.3
dB). A spurious suppression technique, using capacitively
loaded stubs, has been carried out and has demonstrated
its efficiency to eliminate spurious responses up to more
than eight times the center frequency. A miniaturization
better than 55 percent has also been achieved by a simple
stub bending. W
I
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APPLICATION NOTE
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APPLICATIONS

nication systems, it is required that the

power amplifier should be able to handle
multiple frequency bands and multiple oper-
ating standards. In addition, high efficiency,
low cost and compact size are very important
if the power amplifier is employed in active
antenna array systems or mobile handsets. Its
broadband property is also very useful for fu-
ture software-defined radio platforms in mi-
crocell or macrocell applications based on a
single-bit RF pulsed-train signal transmission.
The bandwidth limitation in power amplifiers
usually comes from the devices low transi-
tion frequency and large output capacitance;
therefore, silicon LDMOS FET technology
has been the preferred choice up to 2.2 GHz.
As an alternative, GaN HEMT technology en-
ables high efficiency, high breakdown voltage,
high power density and significantly higher
broadband performance, due to higher transi-
tion frequency and smaller periphery, resulting
in smaller input and output capacitances and
less parasitics.

A very broadband power amplifier design
generally employs an input lossy LCR match-
ing circuit to minimize the input return loss
and output power variations over very wide

l n the next generation wireless commu-

frequency bandwidths, with an LC output net-
work to compensate for the device output reac-
tance.l2 However, it is very difficult to keep ef-
ficiency at a high level over an entire frequency
range. As a result, the drain efficiency usually
ranges from 30 percent (in a frequency range
from 3 to 9 GHz) to 45 percent or less (in a fre-
quency range from 0.5 to 2.5 GHz, for high {re-
quency bandwidths). To increase the efficiency
of a broadband power amplifier, different
Class E techniques can be implemented into
the power amplifier load network. For a con-
ventional Class E load network, with a shunt
capacitance and a series inductance, a power-
added efficiency above 50 percent has been
achieved within the frequency range from 1.9
to 2.4 GHz3 To increase the high-efficiency
frequency bandwidth, the broadband Class
E technique based on a reactance compensa-
tion principle, with a combination of series and
shunt resonant circuits, can be used.4 In this
case, a power-added efficiency over 53 percent
was observed in a 2.1 to 2.7 GHz frequency
bandwidth with output power variations from
9.3 to 12.7 W, at a supply voltage of 40 V.5

ANDREI GREBENNIKOV
Alcatel-Lucent, Dublin, Ireland
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CIRCUIT DESIGN

Figure 1 shows the input match-
ing circuit equivalent representations
intended to provide a complex-conju-
gate matching over a wide frequency
range. The series resistor R, 1is
usually used to make the power am-
plifier unconditionally stable both at
high and low operating frequencies.
However, in conjunction with the op-
timized capacitance C,,., it can pro-
vide a reactance compensation and
impedance matching when the input
circuit of the transistor is equivalent-
ly represented by an RL circuit, as
shown. In this case, the circuit input
impedance Z;, can be written as

R
Lorr +R,, +joL, (1)

7. =——comr
" 1+ joR,,,C

COoIT T Co1T

Setting ImZ;,, = 0, L, is given by:
R.,.C

COIT_— CcoIr

1+(@R,_C. )

corr T corr

L. =

m

(2)

The real part of the input imped-
ance ReZ,, can be rewritten as

Lm
ReZ, =R, + R

corr T corr

(3)

This means that, by proper selec-
tion of the parameters of the correc-
tion circuit elements R, and C,,.
the real part of the input impedance
ReZ;, can be increased to a desired
level For example, for L, = 1.4 nH
and R;, = 5 Q, the resistance ReZ,,
becomes equal to 50 Q when R ..

=10Qand C__ .. =

Rcorr

DEVICE
INPUT

corr
3.1 pF.

According to
the datasheet for
a 5 W Nitronex
GaN HEMT de-
vice NPTB00004,

(a)

its input circuit

Reorr

can be equivalently

DEVICE

INPUT -‘—

represented by a
series RLC circuit,
as shown. Here,
the input imped-
ance becomes real
and equal to 5 Q

Cin

at an operating {re-

quency of approxi-
mately 1.85 GHz.5
The equivalent

APPLICATION NOTE

input series inductance L;, and ca-
pacitance C;, can be determined from
two equations: ImZ;, = -23.8 Q at 900
MHz and ImZ; = 21.0 Q at 3.5 GHz.
The quality factor of the input circuit
at the bandwidth frequency center, f,
- 2.2 GHz, is Q,, = o, /R,, = 3.87,
which means that the achievable fre-
quency bandwidth at the -3 dB power
level can be approximately estimated
as Af = f,/Q,, = 568.5 MIz.

In addition, it is necessary to take
into account that the effect of the
parasitic input resistance will increase
at higher frequencies, resulting in a
lower real part of the device transfer
admittance Yy, = g /(1 + joR;,C,,).
where g is the device transconduc-
tance. Therefore, an additional LC
matching circuit with optimized pa-
rameters can be added to the device
input, which helps to improve the
input broadband matching since the
real part of the device input imped-
ance is sufficiently small. Also, to
compensate for excessive capacitive
input reactance, a lossy shunt RL cir-
cuit with a transmission line having a
quarter wavelength at the high band-

DEVICE
OUTPUT Lout 32°@fp
s = lg
<.l Cout ® °® =)
Rout T °° N
vy M

A Fig. 2 Output matching circuit equiva-
lent representation.
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A Fig. 3 Small-signal frequency response of
the load network.
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A Fig. 4 Optimized small frequency re-
sponse of the load network.

width frequency Fhign is often used in
broadband mlcrowave power amplifi-
ers, which further improves the input
return loss.”8

Figure 2 shows the equivalent
representation of the power amplifier
load network, where the device out-
put contains the parasitic shunt capac-
itance C,,; and series inductance L,
the negative effect of which on the
frequency response shown in Figure
3 must be eliminated over an entire
operating frequency range. The val-
ues of C_,, and L, can be evaluated
similarly using the measured output
device impedances at the same two
boundary frequencies. The load resis-
tance R;, which should terminate the
device output to deliver a fundamen-
tal frequency output power P, = 4
W or 36 dBm to the load, can be es-
timated based on a conventional Class
B mode as:

Rout = <4>

which results in a value of 50 Q
for Vgq = 20 V. As a result, the out-
put load network can represent a
mixed lumped-distributed low pass
T-type circuit with an inductive short
series transmission line and a capaci-
tive open-circuit stub. An additional
short-circuited transmission line is
necessary to supply DC power to the
device. Figure 4 shows the optimized
small-signal frequency response of the

APPLICATION NOTE
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A Fig. 5 Test board of broadband GaN
HEMT power amplifier.
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A Fig. 6 Output power and drain efficiency
of the amplifier.

entire load network over a very wide
frequency range. In this case, an ef-
ficiency improvement can be achieved
by using a Class E load network with
reactance compensation technique
when a short-circuited transmission
line together with the device output
reactance provides the required in-
ductive impedance at the fundamen-
tal frequency and capacitive reac-
tances at the second and high-order
harmonics.4

IMPLEMENTATION AND TEST

The broadband transmission-line
hybrid GaN HEMT power ampli-
fier was fabricated on a 30 mil thick
RO4350 substrate. Figure 5 shows
the test board of this power amplifier
using a 5 W Nitronex GaN HEMT RF
power transistor NPTB00004. The
broadband input matching circuit,
output load network, and gate and
drain bias circuits (having bypass ca-
pacitors at their ends) are fully based
on the 50 Q microstrip lines of differ-
ent optimized electrical lengths ac-
cording to the theoretical predictions
and computer optimization using
ADS simulation.

Figure 6 shows the test results
with an output power of 36 + 0.5
dBm and a drain efficiency of 57 +
3 percent over most part of the op-
erating frequency range from 1.7 to
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A Fig. 7 Power gain and input return loss
of the amplifier.

2.7 GHz (with a gate bias voltage V.
= -1.3 'V, a quiescent current I, = 5(%
mA and a drain supply voltage V4 =
20 V), achieved without any tuning
of the broadband input matching cir-
cuit and load network. In this case,
a power gain of approximately 13 dB
and an input return loss better than
6.5 dB were measured, as shown in
Figure 7. It should be noted that,
according to the load-pull data for
a 5 W Nitronex GaN HEMT device
NPTB00004, its typical drain effi-
ciency of approximately 55 percent
can only be achieved at 2.5 GHz.6

CONCLUSION

A low-cost and efficient solution
for a broadband transmission-line
GaN HEMT power amplifier, based
on a 5 W Nitronex NPTB00004 de-
vice in a plastic package, is analyzed
and described. This power amplifier
can be used in various wireless appli-
cations covering simultaneously dif-
ferent communication standards such
as DCS1800, PCS1900, CDMAZ2000,
W-CDMA or LTE. The theoretical
analysis is based on a simple analyti-
cal estimation of the parameters of
the input lossy matching circuit and
nominal output resistance with fur-
ther computer optimization of the
circuit parameters of the entire power
amplifier schematic. The test board
with the implemented broadband
transmission-line GaN HEMT power
amplifier was measured and a drain
efficiency over 52 percent and a flat
output power of approximately 36
dBm at a low supply voltage of 20 V
have been achieved across the wide
range of operating frequencies from
1.7t0 2.7 GHz.

APPLICATION NOTE
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SPEcIAL REPORT

POWER

CONNECTORS FOR

SPACE APPLICATIONS

is used worldwide in large quantities and

in a variety of applications. For space
applications, however, this type of connector
is severely limited in its microwave CW power
capability. This is because the SMA connector’s
design is not optimized for corona, multi-pac-
tion and simple overheating effects. Hence, for
any application with 10 W or more CW power,
space grade TNC connectors
have to be used that are much
larger, heavier and, in many cas-
es, oversized for the application.

The well-known standard SMA connector

ESA INITIATIVE
Under the auspices of the

A Fig. 1 An SMA and a PSM chassis connector European Space Agency (ESA),

shown from above.

A Fig. 2 Connectors shown from the side ’
mated with a 50 Q) termination (SMA) and a hardware and the power testing
cable connector for the EZ141 cable (PSM).  was two years.

136

a European consortium com-
prising HUBER+SUHNER
(Switzerland),  LEMA/EPFL
(Switzerland), TU Darmstadt
(Germany) and ESTEC/ESA
(Netherlands) was created and
charged with the investigation
and development of small-sized,
high-power coaxial connectors.
The project duration for the
theoretical studies, design and
manufacturing of  prototype

From this research, HUBER+SUHNER
has developed a space connector that has the
dimensions of a standard SMA connector, but
in terms of power capability comes close to the
TNC connector. This new male connector is
called Power Sub-Miniature (PSM) and is fully
optimized with regard to RF-breakdown, coro-
na, multi-paction and passive intermodulation
effects as well as thermal power dissipation
(patents are pending).

Figure 1 shows a SMA and PSM chassis
connector from above, while Figure 2 shows
both connectors from the side mated with a
50 termination (SMA) and a cable connector
(PSM). The chassis connectors shown in Fig-
ure 1 have the same % inch mechanical foot-
print. The interface dimensions, however, are
different: the PSM has an inner conductor
with a diameter of 1.7 and 5.5 mm for the
dielectric, whereas the SMA has a 1.27 mm
diameter inner conductor and the dielectric
is 4.1 mm in diameter. Additionally, the PSM
connector has no air gaps inside, preventing
corona and multi-paction effects. The outside
diameters of the SMA and PSM cable con-
nectors or terminations shown in Figure 2 are
the same.

HUBER+SUHNER AG

Herisau, Switzerland
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HIGH POWER TESTING

The test requirements for the PSM
connector for L-, C- and Ku-band
space applications are listed in Table
1. Roughly 80 percent of these re-
quirements have already been tested
successfully. The first PIM measure-
ments showed less than -173 dBc for
2 x 40 W carrier powers at 1.8 GHz.

Corona, PIM and multi-paction
are normally determined by the con-
nector, whereas the power handling

capability of a cable assembly can be
limited either by the connector or
by the coaxial cable. Figure 3 shows
the maximum power that an EZ141
and EZ250 cable can handle in both
space and Earth environments. The
cables have a coating that has a radia-
tion efficiency € close to 1. The larg-
er cable can handle more power than
the smaller one; however, it is much
heavier. Thus, the requirement is for
an individually (weight) optimized

SPECIAL REPORT

cable assembly for any application.

STRATEGY

To address this requirement,
HUBER+SUHNER’s approach was
to take a small, lightweight connector
(PSM) with an interface designed for
all required power levels and to have
different cable entries for the differ-
ent cables to be used. These cables
are dependant on the power-fre-
quency requirements; therefore, the

igh
Hig
-

MSDA 81840

e High Dynamic Range

e Excellent Log Accuracy

¢ Fast Video Response

e Military Temperature Range
¢ Hermetically Sealed

¢ Reverse Voltage Protection

ﬂwo Log Video Amplifier for applications requiring an

Best in Class Log Accuracy and
irto the Millimeter Wave Range

TABLE |
= = PSM CONNECTOR W. EZ250
TEST REQUIREMENTS FOR THE PSM CONNECTOR FOR SPACE APPLICATIONS = = PSM CONNECTOR W. EZ141
Corona Levels to be measured are: s
L-band: 40 W CW (+3 dB) __400
C-band: 30 CW (+3 dB) 2 500l N\
Ku-band: 30 CW (+3 dB) & N(EARTH
2 200/ -
PIM Levels to be measured are: 2 100 \RSPACE T
L-band: -140 dBm with two carriers of 50 W each. Order 3. PACE—T——
g}l-bandzl-liﬁdeBLn mtl{ tvi/o can‘rlel(ris of 80 Vg/ e;zlchaOrder 3. 0 2 4 6 8 10 12 14 16 18
arriers s e chosen at lower and upper band edges. FREQUENCY (GH:z)
High power (CW) L-band: 50 W CW (+3 dB) and 200 W pulsed (+6 dB)
and Multi-pactor C-band: 50 CW (+3 dB) and 180 pulsed (+6 dB) A Fig. 3 Microwave CW power capability
(recommended minimum Ku-band: 50 W CW (+3 dB) and 150 W pulsed (+6 dB) of a cable assembly with EZ141 and EZ250
duty cycle 2%) coaxial cable in Earth and space environ-
ments (modelled).

Performance 18-40 GHz SDLVA !

Linearity

From Microsemi’s RF Integrated Solutions team

Log Linearity, 18-40 GHz SDLVA

comes this new full-featured Successive Detection

extended dynamic range in a highly ruggedized
housing.

Provides signal sensitivity approaching the

(least squares best ft straight line)

Deviation (dB)
PN SN S R

& G & & b L d 4 4 6 O

Input Dynamic Range (dB)

thermal noise floor, while maintaining excellent

thermal stability for early warning radar receivers,

Log Accuracy, 18-40 GHz SDLVA

threat detection equipment, electronic counter-
measures and missile guidance systems.

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

-

Deviation (dB)

b Lo 2w

o A & & &N & o
L4 o D e S s

Input Dynamic Range (dB)

& N
8 @ ®

& Microsemi

RF Integrated Solutions

www.microsemi-rfis.com

GHz M18.0 W240 M29.0 34.0 M40.0

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

© 2010 Microsemi Corporation

138

Visit http://mwj.hotims.com/28495-71

MICROWAVE JOURNAL m OCTOBER 2010



http://www.microsemi-rfis.com
http://mwj.hotims.com/28495-71

@HUBEmSUHNER

Excellence in Connectivity Solutions

«MBX - best in class for mechanical float»

RF Board-to-Board Connection

Features
a e Axial float £1.2mm
' * Power up to 260W

* Robust and reliable design

Benefits

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

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

hubersuhner.com
Visit http://mwj.hotims.com/28495-53 or use RS# 53 at www.mwjournal.com/info



mailto:info@hubersuhner.com
http://mwj.hotims.com/28495-53
http://www.mwjournal.com/info
http://hubersuhner.com

— — INNER CONNECTORS
N — OUTER CONNECTORS

9 EZ141,P=100W, f= 2 GHZ, TAMB = 85°C

T 29900z

 130/=

= T —

3 160}~ =

& jqof ] \
8

= 120

w

2 100

€ 7o 20 40 60 s 100

X (cm)

A Fig. 4 Distribution of the inner and outer
cable temperature along a 1 m long cable as-

sembly (modelled).

optimum cable assembly is achieved
for most applications. Of course, the
useful cable limit is reached when the
cable diameter becomes equal to the
diameter of the connector and a %
inch cable like the EZ250 comes close
to meeting these criteria. The result is
one type of connector that, dependent
on the power-frequency and weight

requirements, can accommodate dif-
ferent cable types.

THERMAL CONSIDERATION

When two cables are connected to
a housing or a chassis without a good
heat path, the connector can cause
severe problems if it is not properly
coated. Figure 4 shows the distribu-
tion of the inner and outer conduc-
tor temperature along a 1 m long
coaxial cable assembly. The upper set
of curves describes a cable assembly
with two shiny gold-coated PSM con-
nectors with poor emissivity of only 2
percent, while the lower set of curves
is for a cable assembly with connec-
tors that have a special coating that
has an emissivity of 100 percent. The
emissivity of the cable (in Figure 4) is
assumed to be 100 percent, although
tests showed that a value of greater
than 50 percent has been measured.
Figure 4 also shows that connectors
with poor emissivity can heat up more
than the cable and limit the handling
power of the cable assembly.

SPecIAL REPORT

CONCLUSION AND OUTLOOK

As multicarrier technology is in-
creasingly being used in satellites,
the necessity for cables and con-
nectors in space-flight applications
to meet demanding weight, power
handling capabilities and exhibit low
passive intermodulation is becoming
a vital consideration. Therefore, the
demand is for connectors to be opti-
mized with regard to RF-breakdown,
corona, multi-paction and passive in-
termodulation effects as well as ther-
mal power dissipation. The first test
results of HUBER+SUHNER’s new
power sub-miniature connector show
that a small, lightweight connector for
high power handling is achievable and
work to develop the connector further
is ongoing.

HUBER+SUHNER AG,
Herisau, Switzerland,
Tel: +41 71 353 41 11,

www.hubersuhner.com.
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Power (CW)......... 150W

Power (Peak)........ 300W
Pressure................. 15 PSIG
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Choose components or integrated front end assembilies.
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HFSS and our proprietary software to design to your specifications — precisely. Call an MDL
specialist today or visit us online at mdllab.com.
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SPACE

lanar resistors fabricated as part of a
Pprinted-circuit-board (PCB) laminate

material provide circuit designers the
means of saving board space and assembly costs
at the same time. The resistors are formed on
special resistive layers that are bound to a PCB
dielectric material, such as polytetrafluoro-
ethylene (PTFE). The PCB dielectric is also
laminated with electro-deposited copper for
forming transmission lines and other circuit
features in stripline and microstrip technolo-
gies, in addition to the embedded resistors.
Rogers Corp., for example, offers a number
of PCB laminates with thin-film resistive foils,
including its RT/duroid® laminate and its ce-
ramic-filled thermoset-based RO4000® series
laminates.

Designing a circuit using integral planar re-
sistors can save the cost of assembling chip or
surface-mount resistors to a PCB as well as the
cost of the resistors themselves. By minimizing
chip resistor attachment and solder joints, it is
also possible to improve the reliability of a high
frequency circuit by using planar resistors that
are integral to the PCB.

Rogers RT/duroid 6202PR™ laminate is a
high-performance glass-reinforced PTFE ma-
terial with dielectric constant (Dk) of about
3.00 measured in the z-axis at 10 GHz that

Propuct FEATURE

INTEGRAL PLANAR
RESISTORS SAVE
CircuiT BoArD

supports high frequency applications well be-
yond 40 GHz. With a dissipation factor of only
0.0020 at 10 GHz, signal loss from the mate-
rial is extremely low, making it ideal for such
circuits as filters, couplers and power dividers
as well as active circuits. The laminates are
available fabricated with 0.5 and 1 oz. electro-
deposited copper as the base material (formed
on the dielectric) with an added resistive layer
for forming integral planar resistors.

The resistive layers are available in differ-
ent thicknesses that yield different resistivities,
including 10, 25, 50, 100 and 250 Q/square,
for forming resistors of various sizes and resis-
tance values. The nature of these resistive foils
is that resistor tolerances are dependent upon
the thickness. The lowest resistivity value (10 €/
square) is produced by the thickest resistive foil,
while the thinnest foil yields the highest resistiv-
ity value (250 Q/square). The typical variations
in the resistance value for a 0.5 x 0.5 in. resis-
tor formed from these films are +3 percent for
a film with resistivity of 10 /square and +10
percent for a film with 250 Q/square resistivity.

Factors to consider when designing circuits
with integral planar resistors include possible

ROGERS CORP.
Chandler, AZ

MICROWAVE JOURNAL m OCTOBER 2010



0Jul/Wod° [RUINOIMIWI'MMM JB /6 #SY SN 10 £6-G6¥%8Z/Wod swnoy (mu//:dny UsiA
woolepel-1sipsales :[lewa « g808-676 (059) :Xed o L408-6¥6 (059) :|oL » ABojouyda) swalsAs Jepey :gn apIsINQ
WO'OUIWO' MMM o LIOD"DUI|WOGOJUI :[IBWD o L60-8LL (80F) :XB4 o 8692-6.LL (80%) :IBL * LE0S6 VO ‘IIIH ueBioN « aAuQ [eubIq 00€

SJUBWIBINSBBY\ DA/ Jo18WIjIA Ul UoIjeAOUU|

-ouy |
' "N

LZL°0X¥GC 0l 0GX00lL 1G0 00C | L06S | L9y -6'0L9 |SG8LL-029°L | €42°0-00%0 L0l -2GL |OO00LL -00GL |0 LO-dM
¢G1°'0XG0e'0] 09Xx0¢lL 190 0vc | 8lev | L'0SY -1'8G9 | 6L L-9%L°L | €€€°0 -00G°0 L'el -L'6l 0006 -0°'009 |C'L0-dM
L6L°0X L8E0| GLX0GL 90 0'0€ |veee | 8¢cvy -6'0L9 | SLLL-02¢9°L | 000 -009°0 LSl -9¢cC 0094 -0°'00S |S10-dM
L2 0X €80l SG6X06L 160 08¢ | 90LE | 90vy-€869 |69L°L-28G"L | 00G0-67L0 L6l -9°6¢ 0°009 -0°00¥ |6°L0-dM
6.2°0X6G5°0] OLLXO0¢CC ¢l Ovy | 289C | L9vy -L/99 |G8LL-LLL L | 009°0-2260 9°€C -€°9¢ 0°00G -0'G2E |220-dM
9GE'0X L2 0] OFL X0'8C vl 096 | 80LlZ |9Cry -8€P9 | LLLL-80L L | 6¥L°0-€GL°L g'6C -v'Sv 0°00% -0°'09C |8°20-dM
cEV'0X1¥98°0| 0°LL XOPE el'l 089 | 9¢€LL |66V -9°C€L9 | €8LL-L29L | ¢C6°0-€9€°L €9¢ -9'¢g 0'G2€ -0'0ZC | €0-dM
997G’ 0X¢c60'L| G'LlexX0€Ey | 8L'¢C 098 | CLEl | 6°EPP -88E9 | LLLL-G69°L | €GL°L -€9L°1 ¥'a¥ - ¥'69 0°09C -0'0LL | ¥O-dM
8V9'0 XG6C L| GGCX0'LS | 6GC | 0¢COL | L'GLL | €€vy -L699 | 9LLL-LLLL | €9C°L - LYLC 9'€G - €18 0°0Z¢ -0°07L | SO-dM
9¢8°0X LG9'L] G2CEX099 0€'€ |00EL | 806 |6'SPYr-L299 |€8LL-LLLL | €9L°L-G2LC 769 -€20L | 0°0ZL -0°0LL | 90-dM
910l X2Ze0'¢] 00 X008 90t | 009L | 8€L |9€EPP -1L'8G9 | LLLL-9VL'L | LVl C-1LEEE €v8-1L'LEL | O°0vL -0°06 80-dM
0421 XQ0G'C|00SGX000L | 80G |000C | 06 |.L9¥F-60L9 |S8LL-0C9°) | GcLC-.66€ |€.0L-¥LSL | OOLL -0°GL 0L-dM
67S°L X660°€| 0'L9X0¢cl | 09 |Ovve | v'8Y | L'Lvy -C'LE€9 |98L°L-069°L | LEE€-L66V |LLEL - L7961 006 -0°09 ¢l-dM
088'L X6GL €| 0¥LX08YL | ¢G°L | 096C | 66¢€ L'Gvy -8 1vC9 | 1811 -LG99°L | L66'€-966'G |V'LG) - 179¢€C 0'GL-009 GlL-dM
88ECXGLLY|OP6 X088l | 996 | 09.€ | V'LE | VvehP -€809 |€LLL-CLO'L | L6617 -G6%'L |L96L - 1'G6C 0°09 -0°0v 6l-dM
Gr8C X069G|0CLLX0PCZ|8ELL |08V | €9C | 9€PY -0929 | LLL7L-199°|L | 966°G-G806 |1'9€C - L LGE 006 -0°€e ¢¢-dM
9GG € XLl L|0'0vL X008 | ccvl | 0°09G L'Le | 9€vy -6'L29 | LLL°L-099°L | S6v'L-€LELL |L°G6C -V Gip 00% -G9¢ 8Z-dM

(ww) (snw) [(ww) [ (qw) |(zHO)| (D) abuey [ (oy/bY) (ww) (nw)  |(zHD) obuey| pueg
suoisuawi| suoisuswig| oY oy | baig | @ouepadw) | abuey oyabuey oyabuey | Aouanbauig oM

[eusaju| lewsdju] | yoing| goino| Hoino| apinbanepn |yibusienepp | yibusjanep | yibusianepy | epinbarepy
UETH KETH =T apIno
NOILVINYOANI 3AINDIAVM ° 3L ¥VINONV.LITY IAVM dILIWITTIN



http://mwj.hotims.com/28495-97
http://www.mwjournal.com/info
http://www.omlinc.com
mailto:sales@rst-radar.com
mailto:info@omlinc.com

changes in resistance value due to envi-
ronmental conditions, such as humid-
ity and changing temperature. How-
ever, when RT/duroid laminates with
resistive layers were subjected to an
environment with 95 percent humidity
at +40°C, the maximum change in re-
sistance value for any circuit tested was
2 percent or less after 240 hours expo-
sure. As with dielectric materials, these
resistive foils can be characterized by
their temperature coefficient of resis-
tance (TCR), which is a measure of the

change in resistance versus tempera-
ture. For the 10 Q/square resistive foils
with RT/duroid materials, the maxi-
mum TCR was -20 ppm/°C. For 250
€/square resisitive foils used with RT/
duroid materials, the maximum TCR
was +100 ppm/°C. In an analysis of ag-
ing effects, the change in resistance for
all of the different values of resistive
foils was 1 percent or less after 1,000
hours at +70°C.

These resistive foils are typically
formed of such materials as nickel-

GrROVTH
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phosphorous (NiP) and chromium sil-
icon monoxide (CrSiO,), which can be
laser trimmed or chemically etched to
form resistors of a desired value. With
laser trimming, resistor values as tight
as +1 percent can be realized.

In contrast to PTFE-based RT/
duroid  laminates,  cost-effective
RO4003C™ and RO4350B™ lami-
nates are woven-glass-reinforced,
ceramic-filled thermoset materials de-
signed to be processed with the stan-
dard fabrication processes used for
FR-4 and other low-cost PCB materi-
als. They feature excellent dimension-
al stability during the fabrication pro-
cess, lending themselves to reliable
manufacturing models. RO4003C
laminates feature a Dk of 3.38 + 0.05
at 10 GHz, with dissipation factor of
0.0027 at 10 GHz and 0.0021 at 2.5
GHz. RO4350B laminates have a Dk
of 3.48 + 0.05 at 10 GHz with dissipa-
tion factor of 0.0037 at 10 GHz and
0.0031 at 2.5 GHz. Both materials of-
fer excellent electrical performance
in high frequency circuits, with the
outstanding z-axis stability needed for
forming reliable multilayer circuits.

Unfortunately, the resistive foils
that provided excellent results with
RT/duroid laminates did not show
the same strong adhesion to the com-
pany’s newer lines of RO4003C and
RO4350B laminate materials. By ex-
perimenting with different resistive
foils, however, Rogers’ engineers were
able to locate a thin-film resistive foil
compatible with the RO4003C and
RO4350B thermoset materials.

The RoHS-compliant resistive foil
that is used with the RO4003C and
RO4350B laminates is a true thin film,
with thicknesses ranging from 0.01 to
0.1 wm and sheet resistance values of
25 through 1000 Q/square. The mate-
rial’'s sheet resistance exhibits strong
isotropic character, with variations of
less than +5 percent for most resis-
tance values. Its low TCR minimizes
changes in resistance during the mate-
rial lamination process as well as during
normal PCB processing, with excellent
thermal stability even for high-power
active circuits, such as amplifiers.

Rogers Corp.,
Advanced Circuit Materials
Division, Chandler, AZ

(480) 961-1382,
Www.rogerscorp.com.

RS No. 300

MICROWAVE JOURNAL m OCTOBER 2010


http://www.rogerscorp.com

N/

why CANNOT miss  Eronthynk:
*Short lead time.

*Accurate cross-examination skills

*High flexibility in manufacture and delivery

*Best Customized Solutions

DC to 67 GHz; VSWR < 1.2

2.4 mm Connector
DC to 50 GHz; VSWR < 1.2

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

3.5 mm Connector
DC to 34 GHz; VSWR £1.2

Visit http://mwj.hotims.com/28495-45 or use RS# 45 at www.mwjournal.com/info

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

www.frontlynk.com



http://mwj.hotims.com/28495-45
http://www.mwjournal.com/info
http://www.frontlynk.om
mailto:info@frontlynk.om

146

RX OUT
-

TXIN

nited  Monolithic = Semiconductors
l | (UMS) has a considerable heritage in
the design and production of MMIC
solutions for space and defense programs. This
extensive experience has been used to design
state-of-the-art chipset for phased-array radar
for defense, space and communication applica-
tions. The basic building block for such systems
is a T/R module (see Figure 1) containing
MMIC:s for control and amplification for both
transmit and receive paths.
The company’s X-band T/R module so-
lutions, composed of a low noise amplifier

|
NEd
1z
D>

> >}
DIGITAL ATTENUATOR ORIvEREInEA
o

PHASE SHIFTER LNA

<
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A Fig. 1 T/R module block diagram.
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T/R MoDULE
SOLUTION FOR
X-BAND PHASED-
ARRAY RADAR

(LNA), a core chip and a set of high efficiency
high power amplifiers (HPA) from 8 to 10 W
are based on in-house fully qualified and space
evaluated processes. A high volume, single re-
cess 0.25 um gate length PHEMT process is
used for the LNA and core chips. Two process-
es are used for the power amplifiers: a double
recess 0.25 pwm gate length power PHEMT
process offering high power density (850 mW/
mm) and high efficiency, and a GaInP/GaAs
HBT process with high power density (3.5 W/
mm) and high efficiency. This technology has
been optimized for high reliability and includes
specific features to reduce the junction tem-
perature and increase the thermal stability of
the device.

LNA AND CORE CHIPS

The CHA1014 is a 7 to 14 GHz, 50 Q
matched LNA designed to be used with the

UNITED MONOLITHIC

SEMICONDUCTORS SAS
France
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A Fig. 2 Core chip block diagram.
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A Fig. 4 Phase shift vs. attenuation diagram.
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A Fig. 5 CHAT711S5 linear gain, output power
and PAE @ 3 dBc.

CHC3014 multifunction chip or in
more general-purpose applications. It
includes two amplification stages and
a biasing circuit that compensates the
spread in the technology. The LNA
presents a very flat linear gain of 17
dB, a 1.5 dB noise figure, very good
matching, better than 14 dB, and a
+10 dBm output power at 1 dB gain
compression.

The CHC3014, whose schematic is
presented in Figure 2, is a 22.7 mm?
transmit receive core chip including a
6-bit phase shifter, a 6-bit attenuator
and two tuning bits chain gain tuning.
The phase shifter and attenuator can
be used in both Tx and Rx modes. A
three-port switch with a Rx input, a Tx
output and a common Rx output and
Tx input port enables the commuta-
tion between three modes: Rx, Tx and
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A Fig. 3 Phase shifter RMS phase error and
attenuator RMS attenuation error.

neutral. The switch
is matched to 50 Q
for all modes. The
CHC3014 integrates
parallel  interfaces
for the control func-
tions, enabling easy
implementation.

The device also
includes buffer stages
to provide 12 dB
gain in Rx mode and
a high Tx mode gain
of 25 dB with very
good matching. The
return losses in all states are better
than 14 dB in Rx mode and 12 dB in Tx
mode. The phase shifting is 0° to 360°
with a phase step of 5.625°. The peak
phase error is typically better than +6°,
with a RMS error of 2°, associated with
a low amplitude variation of +1 dB.

The 6-bit attenuator provides a
high attenuation range of 34.5 dB
and a very good accuracy with an at-
tenuation error of typically -1.5 to +1
dB (0.3 dB RMS). It also presents a
very low phase variation versus at-
tenuation setting; lower than 10° in
any attenuation state. The 2-bit tun-
ing attenuator with 2 dB step offers
+0.3 dB attenuation error and +2° of
phase variation. The core chip per-
formances are presented in Figures
3 and 4.

The output power is 19 dBm in Tx
mode and 16.5 dBm in Rx mode. The
Tx path has been designed for a very
high robustness against overdrive. A
very wide input power range, from 0
to 16 dBm, can be used as a standard
saturated operating mode.

HIGH POWER AMPLIFIERS

The X-band chipset includes a
family of robust and efficient HPAs
that are designed to deliver an output
power from 8 to 10 W at 3 dB gain

Probuct FEATURE

compression with a very high power
added efficiency and a high robust-
ness against power overdrive or mis-
match.

The CHA7115 and CHA7215
three-stage amplifiers are 30 per-
cent frequency band amplifiers that
are compatible with the CHC3014.
They present a high linear gain of 28
dB. The output power delivered is 8
W for the CHA7115 and 9 W for the
CHAT7215 with a high power added
efficiency of 40 and 35 percent, re-
spectively. The performance of the
CHAT7115 is shown in Figure 5. The
chip sizes are 15.2 and 16.55 mm?>.

A 10 W power chain is also avail-
able with the 1 W driver CHA5014
and the 10 W HPA CHAS100, used
together with the CHC3014. These
two amplifiers integrate on-chip high
impedance biasing control circuits
and digital interfaces. The use of the
biasing control circuit results in sig-
nificant advantages; for example, ef-
ficient limitation of current variation
due to temperature or technological
spread and very good linearization of
the collector current control.

Due to its high impedance, the de-
coupling in the circuit environment is
straightforward. An integrated TTL
interface connected to the control
circuit using external bonding wires
enables the switching of the HPA
with a current consumption lower
than 1 mA.

The CHA5014 and CHAS100 are
25 and 15 percent frequency band
two-stage amplifiers, respectively,
presenting 20 and 18 dB linear gain.
The CHA5014 output power at 1 dB
gain compression is 29 dBm with an
associated power added efficiency of
35 percent. It also offers high power
and efficiency compensation versus
temperature, lower than 0.2 dB for
power and lower than three points for
PAE, in a 120°C temperature range.
The CHAS100 provides 10 W at 3 dB
gain compression and up to 11 W in
saturation with a power added effi-
ciency above 40 percent, as shown in
Figure 6.

The robustness constraints versus
overdrive or mismatch were parts of
the targeted performances, as was
the power and efficiency, and were an
integral part of the design approach
from the beginning. This results in a
family of very high performance HPAs
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A distributed power amp with more to gain

More gain. More power. Same DC power consumption. Endwave has
done it again. Whether you need higher gain to ensure your Radar meets
peak saturated output power, DC coupled RF ports to enable your optical
communications link, or superior linearity for your EW or SIGINT application,
Model EWH2001ZZ is the ideal device. This distributed power amplifier
boasts flat gain from DC beyond 20 GHz, better PAE, and lower junction
temperatures monitored by on-chip sensors. Call us for a quotation today.
¢ 0 to 20 GHz frequency range

¢ P1dB output power of +26 dBm (typ)

e Gain of +18 dB (typ)

¢ Output IP3 of +33 dBm (typ)

¢ Supply voltage of +8V @270 mA

¢ Input/output impedance of 50 ohms

e Die measures 3.12 x 1.63 x 0.1 mm
e Temperature sensing is built in

Starting at $74.00 each per 1,000 pieces
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A Fig. 6 CHAS100 linear gain, output power
and PAE @ 3 dBc.

in terms of power, efficiency and ro-
bustness. All these HPAs can support
up to 6 dB gain compression at -40°C
on a load mismatch of 2:1.

CONCLUSION

UMS has developed a complete so-
lution for high performance T/R mod-
ules based on internal fully qualified
and space evaluated processes. This
highly integrated solution (maximum
system integration, reduced size) has
been fully evaluated in production, is
cost effective, easy to implement and
suited for phased-array radar applica-
tions with high robustness and inte-
grated TTL interface on chip.

United Monolithic
Semiconductors SAS,

France,
Tel: +33 (0)1 69 33 04 72;

E-mail: mktsales@ums-gaas.com;

UMS GmbH,
Germany,
Tel: +49 731 505 3002;

E-mail: mktsales@ums-gaas.com;

UMS USA Inc.,
USA,
Tel: (978) 905-3165;

E-mail: sales@us.ums-gaas.com;

UMms,
PR China,
Tel: +86 21 6103 1703;

E-mail: mktsales@ums-gaas.com.
RS No. 301

MICROWAVE JOURNAL m OCTOBER 2010


mailto:mktsales@ums-gaas.com
mailto:mktsales@ums-gaas.com
mailto:sales@us.ums-gaas.com
mailto:mktsales@ums-gaas.com
http://mwj.hotims.com/28495-42
http://endwave.com

MMIC AMPLIFIER

50MHz to20GHz -~ -

AVA-24+ : _
$19.95ea. (Qty.1-9) r g . ¢ PHA' 1 +
WY
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A wide operating bandwidth can mean a tradeoff in performance. Not with these amplifiers. With just two
Mini-Circuits MMICs, you can cover the entire spectrum from 50 MHz to 20 GHz, with outstanding electrical
performance — making them an exceptional value for their price.

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

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

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

®
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1000 W AMPLIFIER
FOR S-BAND LINEAR

- ACCELERATOR

APPLICATIONS

John Titizian, President and Founder of
Integra Technologies Inc.

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

Executive!pterviews

he S-band has long been an application
I space servicing both commercial and
military radars and now supports com-
munications (WiMAX and cordless telephony)
and ISM (microwave ovens and linear acceler-
ators). The IBA2856S1KW from Integra is the
first amplifier designed for RF pulsed power
for S-band linear accelerator or linac applica-
tions. The current technologies established by
the existing S-band linear accelerators include
tube transistors (TWT), most often high power
klystrons. The pulsed klystrons produce ex-
treme amounts of pulsed power often in the
megawatts range yet are difficult to manufac-
ture and with few manufacturers are getting
hard to come by. The industry will continue
to use klystrons for the MW final output stage;
these klystrons require a 1 KW driver. There
is a market for a 1 KW driver solution using
highly reliable and cost-effective solid-state
technology as TWT replacements.
Integra Technologies has designed a mul-
tiple stage line-up that produces more than 35
dB of gain across the band at full RF output

power. The IBA2856S1KW amplifier is char-
acterized at center frequency 2.856 GHz and
exhibits + 20 MHz bandwidth. The amplifier is
characterized over the entire bandwidth with
a strict droop specification of 0.8 dB. The rise
and fall times are both below 100 ns.

Several transistors are combined in parallel
of the final output stage to produce a minimum
of 1000 W of pulsed RF output power. The
amplifier is able to produce 1200 W of pulsed
RF output power, which is needed when the
gain of the klystron is low. However, in many
instances only 1000 W is required and the ex-
tra headroom in performance translates to the
reliability of the amplifier as the transistors are
not working very hard to produce the 1 KW of
power.

Integra offers two discrete bipolar devices:
the IB2856S30 (30 W output power device
used as a driver) and the IB2856S250 (250 W
output power device used as a final device)
characterized at spot frequency 2.856 GHz

INTEGRA TECHNOLOGIES INC.
El Segundo, CA
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A Fig. 1 IBA2856S1KW output power vs. frequency.
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A Fig. 2 IBA2856S1KW gain and input return loss vs. frequency.

and pulse conditions (12 us pulse width and 3 percent duty
cycle) for S-band RF electron beam guns. Using these two
devices, Integra leveraged multiple technologies including
LDMOS, used in the pre-driver and driver stages, to pro-
duce higher gain than the bipolar technology can support.
Integra utilizes multiple technologies in combination with
the design of the pallets, which results in an optimum am-
plifier for RF power sources within linear accelerators.

The IBA2856S1KW is an easy to use, four-stage, 1000
W solid-state amplifier for S-band applications. Utilizing a
combination of LDMOS and bipolar technology achieves
over 35 dB of gain while delivering more than 1 KW of
RF pulsed output power across the frequency band of
operation from 2.836 to 2.876 GHz. The devices are en-
closed within a chassis with dimensions 8" x 12" x 1.25"
and mounted on an aluminum heatsink for excellent ther-
mal performance and reliability. Both the input and output
connectors are of the SMA type and the DC voltage is both
28 and 40 V. As reliability is a chief concern, the output is
protected with a RF circulator. The amplifier is capable of
handling a maximum of 12 A of peak current.

RF characterization of the IBA2856S1KW amplifier was
conducted with 28 V of drain bias on the LDMOS driver
stages and 40 V of collector bias on the bipolar final stages.
The amplifier was characterized with pulsed input signal
conditions with a 12 ps pulse width and 3 percent duty
cycle. The electrical performance of the IBA2856S1KW is
shown in Figure 1. The curve shows output power perfor-
mance exceeding 1000 W across the frequency band of op-
eration between 2.836 and 2.876 GHz. Figure 2 displays
the power gain and input return loss figures for the am-
plifier. The power gain exceeds 35 dB and the IRL better
than 17 dB across the operating frequency band.

Integra Technologies Inc.,
El Segundo, CA

(310) 606-0855,
www.integratech.com.
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A stator blade in the turbine stage of a jet engine is heated by the combustion gases.
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With COMSOL Multiphysics® you are empowered to build the simulations
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Application Notes
Y/VENDORVIEW

For engineers involved in LTE
product design and development
who need to meet tight schedules
as they bring high-performing
LTE products to market, Agilent
has two new application notes on
LTE design and test. “TD-LTE
E-UTRA Base Station Transmit
ON/OFF Power Measurement”
describes the LTE TDD E-UTRA
base station transmit ON/OFF
power measurement—also known
as the power-versus-time measure-
ment— as provided in the Agilent
N9082A LTE TDD measurement
application. “Using SystemVue to Integrate a Flexible R&D Testbed for
LTE” describes an integrated solution for testing wireless communication
systems based on the quickly evolving LTE standard.

Agilent Technologies Inc.,
Santa Clara, CA (800) 829-4444, www.agilent.com.

RS No. 250

EMC and RF Testing
Catalog

VENDORVIEW

AR has created a new catalog that
combines  product  information
from six different brochures for all
of AR RF/Microwave Instrumen-
tation. The catalog is easy to use,
with “find-it-fast” charts and color
coding to help get right to whatever
you need for RF and EMC testing.
It is available for free download, ei-
ther in full or by section, at www.
ar-worldwide.com.

AR Worldwide,
Souderton, PA (215) 723-8181, www.ar-worldwide.com.
RS No. 252

New Literature

Y)VENDORVIEW

Hittite’s Microwave Solutions bro-
chure features a broad portfolio
of microwave and millimeter-wave
products to meet the demanding
requirements of communication,
test & measurement and sensor
applications. Hittite’s Military &
Space Solutions brochure features
technically innovative, high perfor-
mance, quality products, and high-
lights custom solutions for military
and space environments. Also available is the 2010 Designer’s Guide Cata-
log on CD-ROM with full product specifications for over 850 products.
Sign up today to receive the latest product releases at www.hittite.com; click
on “My Subscription.”

Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343, www.hittite.com.
RS No. 254
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CATALOG UPDATE

_P,._ Product Catalogue
iy

Do Anapico Ltd. is pleased to an-
nounce its new product catalogue,
which presents Anapico’s newest
high-performance RF and micro-
wave signal generators and analyz-
ers. The brochure highlights fea-
tures and applications for the new
instruments.  Visit www.anapico.
com for further details about the all
new products and to download the

0 product brochure.
Cl

e . -
O wunn’®

AnaPico RF & Microwave Test Equipment
Sigril Gesaeaion, Syethiion, and Arslynem

-

]

Anapico Ltd.,
Zurich, Switzerland +41 44 440 00 51, www.anapico.com.
RS No. 251

Switching Solutions
Capability Brochure

The new switching solutions capa-
bility brochure describes new capa-
bilities, features and benefits of the
company’s signal switching and sig-
nal conditioning products, includ-
ing RF and microwave interface
units (RFIU) for automated test
equipment (ATE). The ASCOR-
brand switching solutions are being
used to help companies increase
their ATE perfmmance and throughput, maximize utilization of test assets,
and increase yield with proven consistency and reliability.

Giga-tronics Inc.,
San Ramon, CA (925) 328-4650, www.gigatronics.com.
RS No. 253

RF and Microwave Tool

The RF & Microwave Box

Tool Box From w
IFI presents its new brochure, “The

RF & Microwave Tool Box,” as a
reference to aid engineers in their
work. The informative piece in-
cludes tutorials, application notes,
selection guides, block diagrams,
formulas and reference charts for
TWT amplifiers, solid-state ampli-
fiers, antennas and more. E-mail
sales@ifi.com to request your free
copy or visit IFTs website at www.
ifi.com for more information on its
complete product and service of-
ferings.

Application Mele:

Instruments for Industry,
Ronkonkoma, NY (631) 467-8400, www.ifi.com.
- RS No. 255
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Optimize Your Equipment witha — . \
Detailed Cosite Analysis "

Pole/Zero is an industry leader in high dynamic range RF communications solutions with over 20 years
of experience. We will partner with your team to analyze the communications environment at any
point over the entire life cycle of your platform, providing the information necessary to cost-effectively

maximize the availability of your communication links/channels.
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Use Pole/Zero Cosite Interference Analysis Results to Determine:

e Optimal communications hardware selection
¢ Minimum channel frequency separation determination ED
e Optimal platform antenna placement

S

e Minimum link budget margins ~
Put Pole/Zero’s 20+ years of experience to work for you.

A JIFIR ) COMPANY

513.870.9060 ° support@polezero.com
www.polezero.com
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Amplifier Catalog
YVENDORVIEW

MITEQ’s new 186-page AFS/[S
Amplifier products catalog (C-41)
provides a comprehensive listing of
standard designs for: octave band,
multi-octave band, ultra-wideband,
moderate band, low-noise wave-
guide and fiber optic amplifiers.
MITEQ offers over 2000 low noise
amplifiers in the same catalog. The
catalog is divided into frequency,
category, specialized amplifiers and
typical JS series amplifier perfor-
mance sections. Included as well
are the company’s capabilities to
customize in accordance with your
specifications.

AMPLIFIERS

MITEQ Inc.,
Hauppauge, NY (631) 436-7400, www.miteq.com.
RS No. 256

CATALOG UPDATE

- Product Catalog
JVENDORVIEW

This latest version of the company’s
RF and microwave product catalog
features more than 500 products
in stock for immediate delivery as
| well as hundreds of others avail-
able with short response times.
“Catalog 317 is available in either
\| printed form or on CD. The new
| 520-page catalog is the 315t in Nar-
da’s more than 50-year history, and
features helpful technical informa-
tion for specifying Narda prod-
ucts as well as complete technical
specifications. It also includes sum-
maries of Narda’s growing family of
Integrated Microwave Assemblies (IMA) as well as its industry-leading RF
safety products.
Narda Microwave - East,
Hauppauge, NY (631) 231-1700, www.nard

t.com.

RS No. 257

Product Brochure

TDK is a leader in the design, de-
velopment and manufacture of total
product for the EMC testing indus-
try. TDK offers a complete range of
solutions, including automated test
systems, anechoic chambers, soft-
ware, antennas and test products.
For more information or a .pdf of
the brochure, e-mail: emcsolu-
tions@tdktca.com.

STDK EF Soluions Inc,

TDK RF Solutions Inc.,
Cedar Park, TX (512) 258-9478, www.tdkrf.com.

RS No. 258

Product Brochures

Y)VENDORVIEW

In need of GaAs/GaN foundry
services? DoD accredited “Trusted
Foundry” services? High-perfor-
mance SAW/BAW filters and os-
cillators? RF/microwave MMICs?
Innovative discretes and modules?
Wideband RF transistors including
COTS? If so, connect with TriQuint
and download the company’s latest
Foundry and Defense & Aerospace
product brochures today.

TriQuint Semiconductor Inc.,
Hillsboro, OR (503) 615-9000, www.triquint.com.
RS No. 259

Www.esmcahilecorp.com

158 Visit http://mwj.hotims.com/28495-44

MICROWAVE JOURNAL m OCTOBER 2010



http://www.miteq.com
mailto:tions@tdktca.com
http://www.tdkrf.com
http://www.nardamicrowave-east.com
http://www.triquint.com
http://www.esmcablecorp.com
http://mwj.hotims.com/28495-44

CELEBRATING 10 YEARS OF
QUALITY, PERFORMANCE AND RELIABILITY
IN PRECISION COAXIAL CONNECTORS

EDGE LAUNCH BETWEEN SERIES _ BULKHEAD, & PANEL
CONNECTORS _ ADAPTERS 1 ADARTERS

ADAPTERS . CABLE CONNECTORS . RECEPTACLES . CUSTOM DESIGNS

Including These Connector Series

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

ISO 9001:2000

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

SCMCELA

"MICROWAVE

Manufacturer of Precision Coaxial Connectors
4343 Fortune Place, Suite A, West Melbourne, FL 32904
Phone: 321-409-0509 Fax: 321-409-0510
sales@sgmcmicrowave.com
WWW.sgmcmicrowave.com
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Deadline for Paper Submission: Friday, December 3, 2010
IEEE MTT-S 2011 International Microwave Symposium
Baltimore Convention Center
June 5-10, 2011
www.ims2011.org

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

IMS2011 offers technical paper sessions, interactive forums, plenary and panel sessions, workshops, short courses, industrial exhibits, application
seminars, historical exhibits, and a wide array of other technical and social activities including a guest program. The Awards Banquet and Crab Feast
are two of the highlights of the social activities. Collocated with IMS2011 are the RFIC Symposium (www.rfic2011.org) and the ARFTG Conference
(www.arftg.org), which comprise the Microwave Week 2011 technical program.

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

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

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

INVITATION TO SUBMIT PROPOSALS FOR SPECIAL SESSIONS, WORKSHOPS, AND SHORT L .
COURSES: The Symposium invites proposals for Special Sessions (including focused, honorary, Visit www.ims2011.org
etc.), Workshops, Panel and Rump Sessions, and Short Courses (ranging from introductory MGG LR LR R IR NI ICCD
. . ; . o . Microwave Field and Circuit Techniques
to expert level). Special Sessions on topics that will be of high interest to the Symposium or

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

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

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

16 - 19 JANUARY 2011, PHOENIX, AZ, USA

A I E E E m, ﬁvﬁ

http://www.radiowirelessweek.org/

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

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

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

RWW 2011 Highlights
IEEE Radio and Wireless Symposium

/)

i

/}
A
A

Distinguished Lecturer Talks

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

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

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

More to be announced soon!!!

)
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New WAVES

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

Components

Data Converters
JESD204A 14-Bit ADCs s

power, high speed
14-bit - analog-to-
digital converters
(ADC)  incorpo-
rates the JES-
— D204A data con-
= verter serial
interface  stan-
;dard. The JES-
| WS D204A standard
was developed to allow designers of high-speed
communications and data acquisition systems to
extend transmission lengths while improving
signal integrity and simplifying printed-circuit
board layout. The AD9644 dual and AD9641
14-bit 80 MSPS (mega samples per second)
ADCs use half the power of competing prod-
ucts and 25 percent less board area further ex-
panding ADTs portfolio of high-speed ADCs
supporting the JESD204A standard.
Analog Devices Inc.,
Norwood, MA (781) 329-4700,

www.analog.com.

RS No. 216

Hybrld and Dlrectlonal Couplers

Anaren Inc. an-
nounced that it
has officially
launched its
Xinger®-1II1
brand line of 3
dB hybrid and
directional cou-
plers for wireless infrastructure applications. At Y
the size of the company’s previous generation parts
(Xinger-IT components remain popular and in pro-
duction), the design and unique manufacturing
processes behind the new Xinger-IIT offer the
same power handling, among other advantages.
Anaren Inc.,
East Syracuse, NY (315) 432-8909,
www.anaren.com.

RS No. 217

Low Pass Filter
Y)VENDORVIEW

The model AEI706L8769 is a lumped-ele-
ment low pass filter that is designed for applica-
tions at L-band frequencies. The AE1706L8769
has a cut-off fre-
quency of 1706
MHz, insertion
loss over its pass-
band of less than
0.6 dB, return
loss greater than
18 dB, and re-
jection at 3300
MHz  greater
than 40 dB and greater than 65 dB at 4800 MHz.
Itis designed for surface-mount applications and
measures 1.5" x 0.5" x 0.4". The AE1706L.8769 is
available for immediate delivery.
Anatech Electronics,
Garfield, NJ (973) 772-4242,
www.anatechelectronics.com.

RS No. 218

162

RF Directional Couplers

Aviel Electron-
ics, a division of
RF Industries,
designs  and
manufactures
RF directional
couplers  with
uncommon interfaces such as the HN female
shown in the photo. The HN coaxial interface is
a high-voltage version of the N interface and is
used in specialized applications. Other inter-
faces are available. Model number Z-344,
shown in the picture, operates in a frequency
range of 700 to 850 MHz with power handling
capability of 40 KW peak power (120 W average
power). Insertion loss is less than 0.2 dB and
VSWR is less than 1.1 for both the main and
secondary lines. Forward coupling is 43 dB iso-
lation. Reverse coupling is 33 dB isolation.
Aviel Electronics,

Las Vegas, NV (877) 805-7381,
www.avielelectronics.com.

RS No. 219

MEMS Si Cavity Filter

The MEMS Si
cavity filter se-
ries combines
high  perfor-
mance with
small size.
These filters are
' ‘ made on a Sili-
. con  substrate
chip and oper-
ate from 4 to 35 GHz. They are designed as re-
placements for traditional cavity filters. The fil-
ter series features a percentage bandwidth of 2
to 35 percent, a shapefactor: K40/3 2:1 and re-
mote rejection of 70 dBc. The smallest size of
the MEMS Si cavity filter in the series measures
6.2 by 3.2 by 0.4 mm, which makes them espe-
cially suitable for microwave and millimeter-
wave applications, requiring both high perfor-
mance and small size.
Bowei Integrated Circuits Co. Ltd.,
Shijiazhuang, China
+86 311 83933891,
www.cn-bowei.com.

RS No. 220

Surface-mount Fixed Attenuator

YVENDORVIEW

&

>

The QFA series
is designed for
passive fixed at-
tenuation from
36 to 50 GHz.
Being passive in
nature, there is
no signal distor-
tion, phase shift
or time delay.
The attenuator
structure is internally tuned for optimum per-
formance beyond Ka-band, with the added ben-
efit of being a truly symmetrical, bi-directional
attenuator. The QFA is available in surface-
mount packaging and suitable for pick and
place applications. The QFA was developed to

address commercialization of point-to-point ra-
dios, high frequency transceivers and phased
array radar. The device comes in two styles, mi-
crostrip and coplanar, with excellent frequency
response from 36 through 50 GHz.

EMC Technology,

Stuart, FL (772) 600-1360,

www.emct.com.

- RS No. 221

Low Noise Programmable Dividers

YVENDORVIEW

These two new
ultra low noise
programmable
frequency divid-
ers are ideal for
use in signal
generation ar-
chitectures
found in test equipment, laboratory systems
and various military applications that operate
from 100 MHz to 15 GHz. The HMCS62LP3E
and HMC905LP3E are SiGe BiCMOS low
noise programmable frequency dividers in SMT
packages. The HMCS862LP3E can be pro-
grammed to divide from N = 1, 2, 4, 8 in the 100
MHz to 15 GHz input frequency range. The
HMC905LP3E can be programmed to divide
from N = 1, 2, 3, 4 in the 400 MHz to 6 GHz
frequency range. The HMCS62LP3E and
HMC905LP3E are each conveniently housed
in a miniature 3x3 mm RoHS compliant QFN
leadless SMT package.

Hittite Microwave Corp.,

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

RS No. 222

Dlrectlonal Microwave Couplers

This new family
of  compact
stripline  direc-
tional micro-
. wave couplers
- operates in a
frequency range from 0.3 to 18 GHz. The new
family includes six models that deliver 10 or 30
dB of coupling within three frequency ranges
including those of 0.3 to 8 GHz, 0.3 to 12.4 GHz
and 0.3 to 18 GHz.
Krytar Inc.,
Sunnyvale, CA (408) 734-5999,

www.krytar.com.

RS No. 223

Power Splitter/Combiner

YVENDORVIEW

This  four-way,
in-phase splitter
and  combiner
covers a wide
frequency range
between 250 to
6000 MHz,
making this splitter now suitable for GPS,
GSM, DCS and PCS frequency bands, in addi-
tion to WiFi, Bluetooth and 802.11a uses. This
model also features good insertion loss and am-
plitude and phase unbalance, and is packaged in
a 3.5" x 4.5" enclosure with built-in SMA con-

i"‘t‘f‘g"_.ﬂ &,
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nivy TOUGHEST MIXERS
UNDER THE SUN

Y 0 20 GHz !

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

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

loss, high isolation, and high IP3.

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

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

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

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

®

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

U.S. patent 7739260

_h
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nectors for ease of use. The very wide band-
width performance of the ZN4PD1-63W+ en-
ables this splitter/combiner to be used in a wide
range of applications including broadband sys-
tems such as test, measurement and defense/
aerospace. However, this model covers a variety
of narrow band applications including GSM,
GPS, DCS and PCS applications, in addition to
WiFi, Bluetooth, 802.11a, U-NII and ISM ap-
plications.

Mini-Circuits,

Brooklyn, NY (718) 934-4500,

www.minicircuits.com.

RS No. 224

High Power Fixed Terminations
Y)VENDORVIEW

Models 368BNM and 369BNM are high power
terminations that are ruggedly constructed,
conservatively rated, and operate up to 18 GHz.
The model 368BNM operates from 2 to 18
GHz, handles 500 W average and up to 5 kW
peak RF power,
has a maximum
VSWR of 1.45,
measures 12" x
3" and weighs
6.51b. The mod-
el 368BNM covers 700 MHz to 18 GHz and
handles 175 W average and up to 10 kW peak RF
power. Its maximum VSWR is 1.2:1 and it mea-
sures 13" x 2.4", and weighs 2.5 Ib. Both models
use Type-N female connectors; others can be
specified. Both attenuators are available from
Narda for immediate delivery.

Narda,

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

RS No. 225

Dual Directional Coupler

Pulsar model C40-22-481-6N is a new 40 dB
coupler capable of handling power levels of 200
W CW over the frequency range of 200 to
2000 MHz with
0.4 dB insertion
loss. Directivity
is greater than
20 dB and cou-
pling variation
¥ with  frequency
is +1.0 dB. Max-
imum VSWR is
1.80:1. In-line connectors are either SMA or
Type N female and coupled ports have SMA fe-
male connectors. Housing dimensions are 3.0"
x 2.6" x 1.0".

Pulsar Microwave,

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

RS No. 226

Connection Kit

This new R2CT
connection kit
provides a wa-
terproof, sealed
connection  for
fiber-to-the-an-
tenna (FTTA),
remote  radio
head equipment
and similar out-
door  applica-

164

tions where a protected interface is needed.
The field-installable kit provides low-cost seal-
ing at the transceiver-to-cable interface and en-
sures robust mechanical and environmental
performance. The kit is designed for optical sys-
tems using SFP transceivers and duplex LC-
terminated fiber-optic cable. The kit can be re-
used, allowing cables and transceivers to be
changed in the field, including front-panel
swapping of transceivers. The kits can also be
assembled over existing cables.

Radiall USA Inc.,

Chandler, AZ (480) 682-9400,

www.radiall.com.

RS No. 227

Waveguide Broadwall Coupler

RLC Electron-
ics offers a stan-
dard range of
multi-hole
broadwall direc-
tional couplers
covering the fre-
quencies  from
40 to 2.6 GHz in standard waveguide sizes. The
electrical characteristics of high directivity and
coupling flatness are achieved by using a precise
machined coupling hole pattern and a precision
load in the secondary arm. Non-standard con-
figurations or selected electrical parameters are
available on request.

RLC Electronics Inc.,

Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 228

High Performance Filters

Sinclair  intro-
duces the
FP20603 Series
of VHF low loss
high = selectivity
high power
compact band-
pass filters. Featuring a compact design that fits
into a 19" EIA 3U high rack mount for single or
dual units, these filters cover a range of 132 to
174 MHz with 1 or 2 MHz passband. An im-
pressive 150 W power handling capability
makes them ideal for filtering both receiving
and transmitting channels. They can also be
easily paired for duplexing or diplexing applica-
tions within the same rack space.

Sinclair Technologies,

Aurora, Ontario, Canada

(800) 263-3275,

www.sinctech.com.

RS No. 229

PIN Diodes
Y)VENDORVIEW

Skyworks  Solu-
tions Inc. has
introduced two
high power
(> 20 W) series
or shunt PIN di-
odes for T/R
switch applica-
tions. In addi-
tion, the low
thermal  resis-
tance package makes these devices ideal for
large signal switch and attenuator applications.
These series or shunt devices combine very low
insertion loss, good isolation, unprecedented

series diode power handling and low distortion
in a very small package, and are designed for
high-volume commercial, industrial and mili-
tary radio communications systems such as land
mobile radios, tactical radios, avionics and infra-
structure markets.

Skyworks Solutions Inc.,

Woburn, MA (781) 376-3000,
www.skyworksinc.com.

RS No. 230

SRI Connector
sion RF kits for
QQ
can contain any
SMA to ZMA and everything in between, SRI
SRI Connector Gage,

Custom Microwave/RF Kits
- Gage announc-
Q es custom preci-
o the microwave
industry.  Kits
variety or quantity of high frequency connectors
and adapters that the company produces. From
can provide one-stop shopping by sourcing the
cables.
Melbourne, FL (800) 881-9689,
www.sriconnectorgage.com.

RS No. 231

Oven-controlled Crystal Oscillator

The new 10
MHz 0OX-045
ultra low noise
oven-controlled
crystal oscillator
(OCXO) offers
close in phase
noise  perfor-
mance. The OX-045 is capable of meeting -140
dBc/Hz at a 10 Hz offset in a 50x50 mm her-
metic package. The temperature performance
is also state-of-the-art with stability better than
4.5 ppb from 0° to 70°C. The OX-045 is an ex-
cellent product for low phase noise needs for
test equipment, satellite communication and
radar applications.

Vectron International,

Hudson, NH

(888) 328-7661,

www.vectron.com.

RS No. 232

Amplifiers

High Power Broadband Amplifier

AML announc-
es the immedi-
ate  availability
of a high power
broadband am-
plifier ~ model
AML618P4202.
This  amplifier
operates over 6
to 18 GHz with industry best DC to RF effi-
ciency. Output P1dB is +35 dBm (3 W) mini-
mum. Gain is 42 dB minimum with flatness
within +2.5 dB maximum. DC current at +12
VDC is under 2.5A. Dimensions are 2.85"L, x
1.5"W x 0.5"H. Operating temperature range of
-54° to +85°C is available as an option.

AML Communications Inc.,

Camarillo, CA

(805) 388-1345,

www.amlj.com.

RS No. 233
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& Muf!:mcta?r.?‘bands D 2 tﬂ fE GHz.

e Current or TTL control

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

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

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

SPST

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

2—-18 SW1-020180RN1NF : 10/10 20

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

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

SP3T

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

* Reflective or Absnrptnfe ; ' - ._ . .

DC Power
Positive/Negative
(mA, Max.)

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

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

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

Note: The above models are all reflective switches. Absorptive models are also available, please contact MITEQ

P ArTay
’ ]
UMY

WARRANTY

For additional information or technical support, please contact our

Sales Department at (631) 439-9220 or e-mail components@mitea.com *.d

* " . " .
100 Davids Drfve Sdauppange WY 11?’8'8'
(631) 43657400 FAX:(63T) 4367430

. L]
L]
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New ProbuCTS

Solid-state Power Amplifier

Gamurs. =
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FIR i ]
- J eo— 1111

Model BHE25869-50 is a solid-state Class "AB"
linear amplifier that operates over the full 2500
to 6000 MHz frequency band and delivers a
minimum of 50 W. The amplifier uses the latest
Gallium Nitride (GaN) technology and is pack-
aged in a standard rack mountable enclosure
measuring 19" x 22" x 5.25".

Comtech PST,

Melville, NY (631) 777-8900,
www.comtechpst.com.

RS No. 234

Low Noise Amplifier

The EWT-90-0058 low noise amplifier covers
the frequency range of 1920 to 1980 MHz
and features
a small-signal
gain of 31 dB
minimum, 1.35
dB noise figure
and +13 dB out-
put 1 dB com-
pression  point.
This design can
be optimized for operation over sub-bands
ranging from 200 to 3000 MHz. This unit also
has an available option for two outputs. Input

MicriBwave
Journal
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voltage range is +12 to +15 VDC at 100 mA.
The overall size is 2.55" x 1.62" x 0.53".

EWT Inc.,

Salisbury, MD (410) 749-3800,

www.ewtfilters.com.
RS No. 235

L-band Power Amplifier

The KU PA
1940 is a 40 W
L-band  power
amplifier  that
has been devel-
oped for both
digital and ana-
log applications.
The PAs fre-
quency range is 1,700 to 2,200 MHz; it has a
typical output power (P1dB) of 30 W (CW) and a
typical input power (P1dB) of 50 mW. The KU
PA 1940%s good efficiency and thereby reduced
power consumption results in a longer running
time for the battery powered systems. The power
amplifier measures 80 by 59 by 20 mm, is housed
in a high-quality milled aluminum case and has a
monitor for observing the output power.

Kuhne electronic GmbH,

Berg, Germany +49 (0) 9293 800 939,
www.kuhne-electronic.de.

RS No. 236

Broadband Power Amplifiers
\YVENDORVIEW

A series of 6 to 8, 12 to 18 and 8 to 18 GHz
amplifiers are introduced by MITEQ Inc.,
covering 30 to 34 dBm. The model AMF-8B-
08001800-40-33P delivers over 33 dBm of pow-
er over full band of 8 to 18 GHz, with over

-

L:ﬁ.—_...u..;____..._-‘

40 dB gain and
+25 dB flat-
ness. Noise fig-
ure is less than 4
dB, port VSWR
is less than 2:1,
and it draws
about 3A from a
single +12 to +15 V DC supply. The housing has
a footprint of only 3" by 1.9" and 0.9" high with
SMA connectors. Heatsink and other control
features are also available as options.

MITEQ Inc.,

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

RS No. 237

High Power RF Amplifier
Ophir’s
5088 is a 600 W

model

s === broadband am-
| L ' -| plifier that cov-
ﬁﬁl ers the 0.01 to
| | 200 MHz fre-

quency  range.
This amplifier utilizes Class A/AB linear power
that provides high output power and is one of
the smallest RF power amplifiers in this power
and frequency range.
Ophir RF,
Los Angeles, CA (310) 306-5556,

www.ophirrf.com.
RS No. 238

WiFi Front-end Module
Y)VENDORVIEW

RFMD announced availability of the RF5365
WiFi front-end module (FEM). The highly

Resources section

MNew and archived content for the well-informed

Webinars on demand

8
White Papers/Technical Library
L]

Expert Advice Blogs

Executive Interviews

@ www.mwijournal.com/resources
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NEw PrRODUCTS

integrated RF5365 FEM satisfies the need for
aggressive size reductions for typical 802.11b/g
front-end designs and greatly reduces the num-
ber of components outside the core chipset.
RFMD’s RF5365 FEM integrates a 802.111)/g
power amplifier with a single pole three throw
(SP3T) switch for 2.4 to 2.5 GHz ISM band
applications. By integrating SP3T switch func-
tionality, the RF5365 is able to route WLAN
and Bluetooth® receive/transmit signals to two
systenl—on—chip (SoC) transceivers, accommo-
dating a common implementation in high-per-
formance consumer electronics and handset/
handheld WiFi applications.
RF Micro Devices Inc.,
Greensboro, NC (336) 664-1233,
www.rfmd.com.

RS No. 239

25 W Solid-state Power Amplifier

Stealth Microwave
introduces  the
SM2560-44GN,
a GaN SSPA with
industry-leading
efficiency (32 to
42 percent across
the band). This
model operates in a frequency range from 2.5 to 6
GHz. The use of the latest GaN devices allows for
superior gain flatness, along with an advanced RS-
485 PA monitoring and control interface. MCU-
controlled temperature compensation and gain
control is standard and rugged construction allows
for operation in harsh environments.

168

Stealth Microwave,
Ewing, NJ (609) 538-8586,
www.stealthmicrowave.com.

RS No. 240

Antenna

Antenna Kit

This complete antenna kit covers the broadest
frequency range available in a small, rugged,
deployable package. The EM-6003 kit features
three all new
passive  anten-
nas that set stan-
dards in the
field. The EM-
6857 "Club"
provides omni-
directional cov-
erage over a fre-
quency  range
greater than 20
MHz to 40
GHz. The EM-
6945 "Vector" hand-held LPA provides direc-
tionality and sensitivity over the frequency
range of 500 MHz to 25 GHz. The EM-6904
"Hockey Puck" whip antenna provides coverage
down to 1 kHz and extends up over 100 MHz.
Kits can also be custom configured to hold cus-
tomer-supplied equipment, simplifying packag-
ing for travel to and from mission sites.
Electro-Metrics,

Johnstown, NY (518) 762-2600,
www.electro-metrics.com.

RS No. 241

Sources

Voltage-controlled Oscillator

The VCO2-1750 is a fundamental mode reflec-
tion oscillator that utilizes a silicon bipolar tran-
sistor and hyper-abrupt silicon varactor diodes to
create a highly linear VCO with wideband tuning
characteristics. The device is useful for many wire-
less applications where high frequency and linear
modulation is required. The device is very repeat-
able from unit to unit and is assembled in an ISO
9000 qualified manufacturing facility with the lat-
est surface-mount equipment. Every unit is DC
and RF tested with the company’s fully automated
computerized test stands to provide the highest re-
liability and guaranteed performance. Size: 0.50" x
0.50" x 0.10".

AABroadBand,

Annapolis, MD

(443) 926-4861,

www.aabroadband.com.

RS No. 242

Voltage-controlled Oscillator

Crystek’s CVCO55CC-1490-1550 voltage-con-
trolled oscillator (VCO) operates from 1490 to
1550 MHz with
a control voltage
range of 1.0 to
10 V. This VCO
features a typical
phase moise of
-115 dBc/Hz at

10 kHz offset
and has excellent linearity. Output power is typi-
cally +5 dBm. Engineered and
manufactured in the USA, the model

CVCO55CC-1490-1550 is packaged in the industry-

Visit the InfoZone

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

The MWJ InfoZone
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The NEW %.8 to 6.GHz\Range

/

Guaranteed minimum P1dB power
levels of 30W, 50W and 100W available

5 Year fully expensed Warranty

Proven upgrade topology

; Powered by GaN transistor technology

Continuing Amplifier Innovation
From MILMEGA

Designed to bring the intrinsic benefits of Gallium Nitride transistor technology to the lab environment while
extending current lab capability with the minimum of fuss. The new MILMEGA 1.8 to 6 GHz range allows
easy addition of amplifier power to meet all your stringent test requirements to 6 GHz. With the flexibility and
ease of use that you would expect from a MILMEGA product, the new 1.8 to 6 GHz range further enhances
our reputation for going the extra mile to deliver what customers demand, with the quality and reliability
competitors aspire to.

Find out more at www.milmega.co.uk

Designers and Manufacturers of High

Power Microwave and RF Amplifiers @ M"-MEGA
|
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Board2Board..

Get mate tolerances from SMP-MAX

Cost-Effective SMP-MAX RF Coax Connectors

* Misalignment tolerance up to .094” (2.4mm):
That’s five times more than the standard SMP!

® Up to a 3 tilt

* Operating frequency range of DC-6 GHz

® Low 12 VSWR

¢ Handles up to 300 watts of power

For more information
and a FREE SMP-MAX

go to www.radiall.com
orcaTzsoeezsas RADIALLES

Virtual S-Parameter Network Analyzers
OBZOR-304/1 ( 300 kHz - 3.2 GHz )
OBZOR-804/1 ( 300 kHz - 8.0 GHz )

Russia - PLAHAR LLC

=T 351 245 1067
RS 101

Material Testers
Measure €, u, Insertion loss

Model 1000T

Operating Band ~0.1 to 5 GHz

Calibration Standards

Holders for Solids, Liquids &

Thin Shielding Materials

MU-EPSLN™ goftware
www.damaskosinc.com
(610)358-0200 fax(610)558-1019

170 RS 105

RS 32

The PDM832-1920V1 is a dual band Syn-
thesizer designed to operate at 832MHz and
1920MHz. It offers
exceptional ~ Phase
Noise of -120dBc @
10kHz, -98dBc @
10kHz offset respec-
tively and +1dBm
Power Output. PDF sampling sidebands are
-75dBc, frequency isolation is -30dBc and
Locktime is 3mS. Operating temperature
range is -45 to +85 Degree C Package is 0.6
inch square and 0.138 inch in height. Cus-
tom designs and 0.5" square single band
models are available.

www.modcoinc.com

RS 90

NeEw ProbuCTS

standard 0.5" x 0.5" SMD package. Input voltage
is 8 V, with a maximum current consumption of
35 mA. Pulling and pushing are minimized to 2.5
MHz and 1.5 MHz/V, respectively. Second har-
monic suppression is -15 dBc typical.

Crystek Corp.,

Fort Myers, FL

(239) 561-3311,

www.crystek.com.
RS No. 243

VSAT Frequency Synthesizer

The SLX-1450
operates in the
VSAT Block I IF
frequency band
from 950 to
1450 MHz in an
ultra-miniature
surface-mount
package of 0.5"
square. The unit
features 25 kHz
step size, +7 dBm output power and +5 VDC
supply voltage with extremely low power con-
sumption (< 55 mA). Locked to an external 10
MHz reference, the SLX-1450 exhibits low
phase noise (<-85 dBc¢/Hz at 100 kHz) and op-
erates over -30° to +70°C. SLX units are avail-
able from 50 to 6000 MHz as fixed frequency up
to octave bandwidths. Custom units feature ex-
ternal references from 5 to 125 MHz, select
supply voltages (+3, +3.3 or +5 VDC), 10 kHz
to 10 MHz step sizes and optional wide operat-
ing temperature range (-40° to +85°C).

EM Research Inc.,

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

RS No. 244

Coaxial Resonator Oscillator

The MCR845-855MC is an 845 to 855 MHz
coaxial resonator oscillator (CRO) that provides
_ exceptional
w! phase noise of
a' -125 dBc at 10
' kHz offset, Vce
of 3.3V and Icc
of 12 mA. It is
ideal for porta-
ble applications
" where mini-
mum energy consumption is a factor.
Modco Inc.,
Sparks, NV (775) 331-2442,
www.modcoinc.com.

RS No. 245

Opto-Electronic Oscillator

This compact opto-electronic oscillator (OEO)
offers extremely low phase noise and low vibra-
tion and acceleration sensitivity for signal
source modules required in high-frequency,
high performance a