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RUGGED & RELIABLE

2-way through
16-way in N,
SMA, BNC, TNC
and 7/16 DIN
connector styles
from 0.4 to 18.0 GHz.

g Available in N,

[} ). BNCTNGSMAR
& — A 7/16 DIN
2 5l /& configurations.
’ \\ § 4 Powerratings to
g o 500 watts (2.5
kW peak).

% g J Most available in
i ) 1 dB increments
% 9 from 0 - 40dB.
E é 8 Power ratings

from 2 to 150
Watts.

Let MECA

w . Create an
integrated

N assembly with
any of our

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

MECA ELECTRONICS, INC.

459 East Main Street

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

e Covering
= bands from 0.5
Sz a0 s - 2.5GHzand
= P 4 0.7 t0 2.7 GHz
in 7/16 DIN,
SMA, N, BNC & TNC configurations
with RF power ratings to
300 watts (3 kW peak).

Denville, NJ 07834

Aviation Microwave Radio
Earth Station Mobile Satellite
Instrumentation Radar

L, S, C, X, and Ku Bands Telemetry

B ﬂ Average power
= ;' handling from
=y T 50W to TkW.

= Standard
& ¥

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

Ml In both N &
- . SMA-Female
& / connectors with

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

testing instruments.

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 -

Picoprobe elevates p{

&

(..

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

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

P.O. BOX 10958 -
Fax (239) 643-4403 «

e cards to a higher level...
.110 GHz to be exact.)

E-mail email@ggb.com

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

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

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

NAPLES, FL 34101

www.picoprobe.com
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~ _POWER
SPLITTERS
OMBINERS

noW 2 kHz 1018 GHZ s 79°

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

; g\? 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
4 selection of power splitters/combiners.
e e . , . . RoHS Compliant
= ¥ Mini-Circuits...we’re redefining what VALUE is all about! 0 Product availabilty is
= 74 listed on our website.
4
& - - .~
-~ e

|

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

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

U.S. Patents

IF/IRF MICROWAVE COMPONENTS 248 1oy G
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Vi Industry Lowest Jitter
High Frequency VCSO

& {100VER) qemrany

Wireline Wireless Military & Space

The V5-401 VCSO (Votage Controlled Saw Oscillator) is a high frequency,
ultra low phase noise oscillator designed to support high speed data
converters and 100G networking applications. The VS-401 provides 12fs
rms jitter in the 12kHz to 20MHz integration bandwidth and is available
from 1.3GHz to 2.1GHz.

Phase Noise Phase Noise
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Key Product Features Applications

@ Ultra Low Jitter Performance @ High Speed ADCs

® Typical Jitter: 12Fsec rms, 12kHz to 20MHz ® 40G & 100G Coherent Receivers
® Output Sinewave + Balanced Sinewave @ Fiber Channel

® 5V Supply Voltage ® Test and Measurement

|’ Precision Frequency Control and Timing Solutions ’l

VCSO |
OCXO/EMXO TCXO‘ VCXO Jitter Attenuation SAW Filter | Clocks/XO | Crystals | Timing Solutions | Hi-Temp Electronics

Helping Customers
Innovate, Improve & Grow

\VAR VECTRON

Select from Our Precision Portfolio that supports your performance INTERNATIONAL
requirements, ensuring Stability , Synchronization and Timing. “ A SDOVER) COMPANY

For more information on these product visit www.vectron/products/veso/vs-401.htm
or contact a customer service representative at 1-88-VECTRON-1
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Supporting
Space Exploration
through the Development
of Innovative
Technology.

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

Apollo 17

Mars Science Lab

Mars Opportunity Rover
Mars Spirit Rover

Iridium Satellite Constellation
CHIRP

GPS-3

GPS-R

V-Sensor

Thuraya
MSV

OCEANSAT 2

MICROWAVE
A 0 DOVER ) COMPANY,

CERAMIC & MICROWAVE PRODUCTS BSCFILTERS = DOW-KEY MICROWAVE = NOVACAR =
Electronic Components & Microwave Solutions DIELECTRIC LABORATORIES * K&L MICROWAVE * POLES
a COMPANY

www.klmicrowave.com
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with Frequency ranges in excess of 1 0 octaves

31010 W

-8

/

o

/88

» Single bias, 30V

e Excellent gain flatness over very wide bandwidths
« Withstands high baseplate temperatures or surges in
RF or DC power without compromising reliability

» \arious models available that operate from 30 MHz to 4 GHz

 Built-in over/reverse voltage protection
e Temperature and over-current protection
FREQUENCY GAIN NOISE NOMINAL PEAK
MODEL RANGE GAIN FLATNESS FIGURE  VSWR P1dB Psat CURRENT @ 30V
NUMBER (GHz)  (dB, Min.) (%dB, Max.) (dB, Max.) IN/OUT (dBm, Min.) (dBm, Min.) (mA) ’

AMFG-3F-00030300-60-33P 0.03-3 40
AMFG-3F-00030400-60-32P 0.03-4 40
AMFG-3F-00040250-60-33P  0.04-2.5 40
AMFG-3F-00050100-50-34P 0.5-1 40

AMFG-3F-00230025-30-37P  0.23-0.25 50
AMFG-3F-00700380-60-35P 0.7-3.8 40
AMFG-3F-00800220-60-35P 0.8-2.2 40
AMFG-2F-01000300-60-35P 1-3 40
ote: Psat is defined as the output power where a minimum of 3 dB gain compression takes place.

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

100)DavidsiDriversHauppaugesNy
TELL:(631)1436=7400 - FAX:(631)1436:7430

wwwimiteqicom
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Putti ng com ponents together To make it even easier for you,

we've just put together two
shouldnt be a puzZzZ le proven companies that fit

like the pieces of a puzzle.
Advanced Control Components
and Aeroflex / KDI-Integrated
Products have now merged to
become Aeroflex / Control
Components. ACC supplies
high-performance solid-state
RF and microwave components
and sub-systems to the military,
aerospace, commercial, and
instrumentation markets. Our
industry-leading team of design
engineers has extensive experi-
ence and an impressive track
record in passive and active
component design and sub-
system integration up to
40 GHz. Using the latest and
most advanced CAD software,
we can solve the toughest
design puzzles with compre-
hensive solutions, including:
= Attentuators
= Detectors

Limiters

Switches and switch matrices

Phase shifters

Frequency converters
= Integrated assemblies
Let us put the pieces of the
puzzle together for you!

732-460-0212

www.aeroflex.com/ACC

[J\EROFLEX

A passion for performance.
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COVER FEATURE

22 The Spy Who Loved Microwaves

David Vye, Richard Mumford and Patrick Hindle, Microwave Journal Editors
MWT] editors highlight new spy-like gadgets relating to the world of microwaves

MVP: MOST VALUABLE PRODUCT

36 Intuitive Phase Noise Analyzer

Holzworth Instrumentation
Introduction to a fully automated phase noise analyzer that responds to common issues of modern phase noise test systems

PERSPECTIVES

ﬂz_ Pallet Persuasion

Integra Technologies
Brian Battaglia, Director of Sales and Marketing at Integra Technologies, provides insight on trends in the high power RF
pallet industry

SPECIAL REPORTS
ﬂ US Army SBIR Programs Spur Microwave Innovation

Patrick Hindle, Microwave Journal Technical Editor
Insight into the SBIR program and how it encourages small microwave companies to research and develop new technologies
and products in response to critical Army needs

12 PIM Testing Growing in Importance as 4G Rolls Out in Europe

Nicholas Cannon, Anritsu Co.
Introduction to passive intermodulation and the importance and impact of PIM testing as 4G rolls out in Europe

£

Fluoropolymer Composite Substrate Technology for RF and Microwave Integration

Kevin Spencer, Crane Aerospace & Electronics
Presents a process for microwave, multi-layer integrated circuits and micro-multifunction modules based on fluoropolymer
composite substrates called Multi-Mix®

TECHNICAL FEATURES

88 High Efficiency L-Band GaN Power Amplifier

S. Aich, . Dhar, S.K. Garg, B.V. Bakori and R.K. Arora, Space Applications Center, ISRO
Mlustrates the design and development of a 60 W pulsed Class F power amplifier over the frequency range of 1.25 GHz + 50 MHz
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From Core Components to
Integrated Solutions

The most important thing we build is trust

. - -
Photo courtesy of U.S.DoD = =

e Y - - - v e TN o T—— ———
- At e - % . s T e B

Product Technologies include:

o MMIC  Control Systems o Composites and Radomes
o Filters o Integrated Microwave Assemblies « Precision Positioners

o Multipliers o High Performance Antennas » RF Front-End Subsystems
« Amplifiers For further infomation on Cobham capabilities, please contact us at_ sensorsales@cobham.com

www.cobham.com
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Direct Measurement-based Modeling of Ultra-low Resistance Passive
Components

M.D. Brunsman, TriQuint Semiconductor
Methodology for modeling the resistance of MIM capacitors, directly from
measured S-parameters, using an ultra-low impedance measurement

Design of V-Band Millimeter-wave CMOS Low Noise Amplifier

Hsin-Chih Kuo, Chu-Yun Yang and Huey-Ru Chuang,

National Cheng Kung University

Presentation of a 50 GHz CMOS low noise amplifier with 11.7 dB gain and
noise figure of 7.9 dB fabricated with the 0.13 pm process

High Tuning Sensitivity Dielectric Resonator Oscillator from
Optimization of Dielectric Resonator TEy;; Mode

Amir Effendy Muhammad-Afifi and Widad Ismail, Universiti Sains;

Jit Singh Mandeep, Universiti Kebangsaan

Development of a method that achieves a wide tuning range with a tuning
sensitivity of 1 MHz/V or higher for the dielectric resonator oscillator operating
at 3.6 GHz

Broadband Bandstop Filter Using Periodic Fractal Electromagnetic
Bandgap Structures

J.M. Huang (also affiliated with State Key Laboratory of Information Photonics
and Optical Communications), H.Z. Zhu, H. Guo, and K. Han, Beijing
University of Posts and Telecommunications

Presentation of a broadband, bandstop filter at 11.5 GHz with sharp cut-

off frequencies, using designs of periodic fractal electromagnetic bandgap
structures

PRODUCT FEATURE

Ka-Band Rotary Joint for SatCom Applications

SPINNER GmbH
Introduction to a dual-channel Ka-Band rotary joint completing the product
portfolio at the upper frequency range

TECH BRIEFS

Ultra High IP3 Amplifier Module

Mini-Circuits

2400 to 2500 MHz Hermetically Sealed TO-8 VCO
Crystek Corp.

High Performance 600 MHz Oscilloscope

Rohde & Schwarz

12 kW Solid-state Pulse Amplifier

Advantech Wireless
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MILITARY, AEROSPACE & AVIONICS

Complete RF/Microwave Solutions

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.

= Qur Test & Measurement solutions are specifically are specifically designed for RF/Microwave and High Speed analog, plus a variety of digital equipment.

= HDSI® (High-Density Shielded Interconnects) cables are the low cost answer for your high-speed digital or analog signal transmissions.

* Phase Adjusters - Our family of precision coaxial phase adjusters is ideally suited for Electronically Scanned Arrays (ESAs) and other military and space applications.
= AccuPhase™ low loss phase stable flexible assemblies are optimal for any application where performance and stability at higher frequency ranges is critical.

* HDRFI® assemblies provide designers the ability to gang multiple RF contacts into a small area and reduce stubbing, especially in blind mate application

For more information visit
www . CarlislelT.com
866.282.4708
rf@CarlislelT.com
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Online |

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

Free Webinars

Innovations in EDA Series

The Effect of Digital Noise on RF Receiver
Sensitivity in Smart-Phone Applications
Available on demand after: 10/6/11
Presented by: Agilent Technologies

CST Leading Technology Webinar Series
New Simulation Workflows for Predicting
Radiated Emissions from Electronics Systems

Available on demand after: 10/6/11

CST Leading Technology Webinar Series
PCB and Package Co/design and Co/
optimization

Available on demand after: 10/13/11

RF/Microwave Training Series
Small Signal Amplifiers — LNAs

Live webcast: 10/18/11, 11:00 AM ET

Presented by: Besser Associates
Sponsored by: AWR Corp. and Skyworks
Solutions Inc.

Online Technical Papers

Tools of the Trade
White Paper, AR RF/Microwave Instrumentation

Microwave Applicator with Conveyor Belt
System

White Paper, COMSOL

Head to Head: NI PXIe-5665 Versus
Traditional Boxed Instruments
White Paper, National Instruments

The Quest for a Rugged Transistor
White Paper, Freescale and Richardson

JOln US (direct links at www.mwjournal.com)

Innovations in Signal Analysis Series
Making 900 MHz Wideband Measurements
Using PXA SA and VSA Software

Live webcast: 10/19/11, 1:00 PM ET
Presented by: Agilent Technologies

CST Leading Technology Webinar Series
BioEM Simulations for Improved Medical
Diagnosis and Treatment

Live webcast: 10/20/11, 11:30 AM ET

Strategy Analytics Webinar Series
Military Satellite Communications Market
Trends

Live webcast: 10/25/11, 11:00 AM ET
Sponsored by: Rohde & Schwarz

CST Leading Technology Webinar Series
Reconfigurable Antenna Simulation
Live webcast: 10/27/11, 11:30 AM ET

Executive Interviews

Jason Breitbarth, President,
CTO and Founder of Holzworth
Instrumentation, discusses
the company’s history, high
performance products and
outlook on the instrumentation
market.

David Moore, Director of
Business Development for the
Defense/Aerospace Business
Unit at Avnet Electronics
Marketing, talks about the
company’s global distribution
operation, its design and supply
chain services, and shifts in the
defense market.

LinkedIn Group
“RF and Microwave
Community”

14

Facebook
Microwave Journal
Y Fan Page

Follow us on Twitter
@mwijournal, @pathindle
and @KAatMW]
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Dual RF Mixer Needs Only 600mW

Actual Size

LTC5569 Total Solution Size: <220mm?
Including External Components

300MHz to 4GHz, 26.8dBm IIP3 Dual Active Mixer

The LTC®5569 is the lowest power dual mixer with the highest performance and widest bandwidth. Its small form factor is
optimized so you can pack more diversity or MIMO receiver channels in compact Remote Radio Heads. The mixer’s wide
frequency range allows you to build a wide range of multiband radios cost effectively. With integrated RF and LO balun
transformers, the LTC5569 saves cost and precious board space. Each channel can be independently shut down, providing
maximum flexibility to efficiently manage energy use.

WV Dual Mixer Family

V Info & Free Samples

www.linear.com/product/LTC5569

I”lart Frequency IIP3 | Conv. Gain | NF/5dBm | Power Package
umber Range (dBm) (dB) Blocking (dB) | (mW)

LTC5569 | 0.3GHzto 4GHz | 26.8 2 1.717.0 600 | 4mm x 4mm QFN
LTC5590 (0.9GHzto1.7GHz | 26.0 8.7 9.715.5 1250 | 5mm x 5Smm QFN
LTC5591 |1.3GHzt0 2.3GHz | 26.2 8.5 9.9/15.5 1260 | 5mm x 5mm QFN
LTC5592 (1.7GHzt0 2.7GHz | 26.3 8.3 9.8/16.4 1340 | 5mm x 5Smm QFN
LTC5593 2.3GHzto 4.5GHz | 26.0 8.5 9.5/15.9 1310 | 5mm x 5mm QFN

INEAR

TECHNOLOGY

1-800-4-LINEAR

B
e

T B

o

Free Wireless
Solutions
Brochure

www.linear.com/wireless

LT, LT, LTC, LTM, Linear Technology and the Linear logo are
registered trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.
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INCREDIBLE

HXG AMPLIFIERS

IP3 +46 dBm!

P1dB +23dBm 5V @146 mA

50Qin/out...no matching required

Outstanding IP3, at low DC power. Mini-Circuits HXG
amplifiers feature an eye-popping IP3 of +46 dBm, at only
730 mW DC power. A typical gain of 15 dB, output power of
23 dBm, and an IP3/P1dB ratio of 23 dB make them very use-
ful for output stage amplifiers. All this, and surprisingly low noise
figures (2.4 dB) extend their usefulness to receiver front-end
circuitry! All in all, the HXG family delivers incredible performance
with less heat dissipation, for greater reliability and a longer life.

MSIP brings it all together. Our exclusive Mini-Circuits System
in Package techniques utilize load-pull technology and careful
impedance matching to reach new levels of performance

MSiP. -

Mini-Circuits System In Package 0.25" x 0.25"

/5

from ea.(qty.1000)

within a tiny footprint. Input and output ports matched to 50 Q
eliminate the need for external components and additional
PCB space! Bottom-line, you get outstanding performance,
with built-in savings that really add up.

Our first two HXG models are optimized for low ACPR at
cellular frequencies of 700-900 MHz and 1.7-2.2 GHz. They’re
also ideal for applications in high-EMI environments and instru-
mentation, where low distortion is essential. HXG performance
is only available at Mini-Circuits, and our new models are ready
to ship today, so act now and see what they can do for youl

Model Freq Gain P1dB NF IP3  Price

(GHz)  (typ)  (typ) (typ) (typ) (qty.1000)
HXG-122+ 0.4-1.2 15dB 23dBm 23 47 $275
HXG-242+ 0.7-2.4 15dB 23dBm 24 46 $275

See minicircuits.com for specifications, performance data, and surprisingly low prices!
Mini-Circuits...we’re redefining what VALUE is all about!

[ Mini-Circuits’

1SO 9001

1SO 14001 AS9100

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

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONEN

492 rev. orig.
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AMTA 2011

33R0 ANNUAL SYMPOSIUM OF THE ANTENNA
MEASUREMENT TECHNIQUES ASSOCIATION
October 16-21, 2011 * Englewood, CO
www.amta2011.org

MWP 2011

IEEE INTERNATIONAL TOPICAL MEETING ON
MiICcrROWAVE PHOTONICS

October 18-21, 2011 e Singapore
www.mwp2011.org
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6-bit L-band Phase Shifter: all phase states

PHASE SHIFTERS

Extending our leadership
in high accuracy semiconductors

M/A-COM Tech phase shifters
provide a comprehensive set of
solutions for active antennas,
such as phased array for
communications and radar.

To learn about all our products
and capabilities, visit
macomtech.com
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RADAR 2011
INTERNATIONAL CONFERENCE ON RADAR
October 24-27, 2011 ® Chengdu, China
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IME 2011

CHINA MICROWAVE AND ANTENNA CONFERENCE
& EXHIBITION

November 2—4, 2011  Shanghai, China
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COMCAS 2011

INTERNATIONAL IEEE CONFERENCE ON
MICROWAVES, COMMUNICATIONS, ANTENNAS AND
ELECTRONIC SYSTEMS

November 7-9, 2011 o Tel Aviv, Israel

Www.comcas .Org

MILCOM 2011
November 7-10, 2011 * Baltimore, MD

www.milcom.org

AOC 2011

48™ ANNUAL AOC INTERNATIONAL
SYMPOSIUM AND CONVENTION
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ARMMS RF AND MICROWAVE CONFERENCE
November 21-22, 2011
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www.armms.org
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CONFERENCE
November 29-December 2, 2011 © Tempe, AZ

www.arftg.org
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APMC 2011
AsiA PAcIFIc MICROWAVE CONFERENCE
December 5-8, 2011 ® Melbourne, Australia

www.apmc2011.com

JANUARY ) ]

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

WWW.Irawcon.org

IEEE MEMS 2012

INTERNATIONAL CONFERENCE ON MICRO
ELECTRO MECHANICAL SYSTEMS

January 29-February 2, 2012  Paris, France

www.mems2012.org

FEBRUARY

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

www.natehome.com

ISSCC 2012
IEEE INTERNATIONAL SOLID-STATE CIRCUITS
Febm(m/ 19-23, 2012 e San Francisco, CA

IWCE 2012

INTERNATIONAL WIRELESS COMMUNICATIONS
Expo
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MWC 2012

MoBiLE WORLD CONGRESS
February 27-March 1, 2012
Barcelona, Spain
www.mobileworldcongress.com

MARCH

SATELLITE 2012
March 12-15, 2012 ® Washington, DC

www.satellitetoday.com/satellite2012/

ISQED Symposium 2012

13™ ANNUAL INTERNATIONAL SYMPOSIUM ON
QuALITY ELECTRONIC DESIGN

March 19-20, 2012 e Santa Clara, CA

www.isqed.org
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Broadening our leadership in high power semiconductors
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MAGX-000912-250L00 - MAGX-001214-250L00 and custom solutions for demanding requirements,
M/A-COM Technology Solutions GaN on Silicon
R ERE Carbide high power devices target a wide spectrum

HACAU0ZSIIE0R00 of applications from HF communications through
MAGX-001214-125L00 L- and S-band radar. Our GaN transistors and higher
MAGX-000912-125L00 MAGX-002731-100L00 . .
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MAGX-000035-030000

M/A-COM Tech GaN products feature:

« Superior efficiency; excellent thermal properties

« High breakdown voltage with excellent load
mismatch tolerance

E + Small, compact form factor
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Specializing in multiple layers
of complex circuits - without

| Sub-lam

Aerospace primes rely on our Unicircuit-team
for the very toughest PCB challenges. Do you?

AESA manifolds, complex interconnect networks, IMAs... > Vertical and/or horizontal

When the job demands a high density, high launch sites for RF con-
reliability multilayer solution - Anaren’s Unicircuit nectors, MMICs, and filters
subsidiary delivers: - using Unicircuit’s proprietary, multi-level cavity
> Complex RF Microwave printed circuit boards - fabrication process and advanced manufacturing

supporting a huge range of bands (L, S, C, X, Ku, Ka, techniques (including Lased Direct Imaging, YAG

V, and W), utilizing composite and hybrid organic- Laser Etching, Precision Stub Length Removal, and

based substrates, and deploying embedded passives in Fusion Bonding)

applications (from RC filters, power dividers, and DC Even better, when you work with Unicircuit - indeed,

lines - to loads, attenuators, and LVDS terminations) any member of our vertically integrated Space & Defense




Group - you get direct, on-going
access to the engineers, materials
experts, and production/test
professionals that make your project
a success. No confounding layers
of management: Just responsive
service and optimum accessibility,
from concept to shipment.

Put Anaren’s Unicircuit team to
work on your toughest, multi-layer

challenges. Email, call, or visit our
website for our free capabilities
presentation.

See us at MILCOM, Booth #1054

Anaren

What'll we think of next?®

800-411-6596 > www.anaren.com

Ask Anaren about:

RF modules

Mil-spec and space-qualified design-to-spec or
build-to-print RF module solutions now available.
Choose from LTCC or metal hermetic packaging -
and benefit from our world-class microwave
engineering, testing resources, and a wide

range of advanced manufacturing techniques
(chip & wire, flip chip, BGA, more). Email
_sales@mskennedy.com to learn more.

Anaren

What'll we think of next?

Available from:
M.S. Kennedy subsidiary

Military-grade resistive components_

-
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¥
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-

Broad offering of high-power handling, high-
reliability resistors and attenuators. Product line
covers DC to 6.0GHz; choose from Chip, SMT,
Flangeless, and Flanged formats; BeO and AIN
ceramic construction ensure high-power handling;
proven product line and supplier; low, 50-piece
minimum order quantity. Email ceramics@anaren.
.com for more information, a quote, or free samples
to qualified parties.

Anaren’

What’ll we think of next?

Available from:
Anaren Ceramics, Inc.

3dB 90° hybrid and 20dB directional couplers
now available covering 0.25 to 6.0GHz in support
of military radio, counter-IED, and other defense
applications - from the company that introduced
the industry’s first, Xinger®-brand multilayer
stripline coupler to the commercial wireless
market. Email space&defensemktg@anaren.com
to learn more.

Anaren’

What'll we think of next?

Available from:
Anaren Microwave, Inc.
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THE Spy WHO
LOVED MICROWAVES

COVER FEATURE

The Defense/Security Sector Is Developing Products

James Bond Would be Proud to Use

“"BOND, JAMES BOND.”

ver since Ian Fleming’s famous agent
E 007 uttered those words in 1962s “Dr.
No,” moviegoers have admired this
uber-cool member of Her Majesty’s Secret Ser-
vice for his steely approach to villains, beautiful
women and high tech gadgets, all while enjoy-
ing a martini — shaken not stirred, of course.
‘Central to the success of any Bond mission
is Q and his team at Q Branch (the fictional
R&D division of the British Secret Service),
responsible for the latest covert devices and
weaponry. While the devices not yet ready for
the field sometimes provided comic relief with
their disastrous performance during Qs lab
demo, those that made it into action were likely
to be responsible for saving 007’s life, helping
him successfully complete the mission and en-
sure that Bond gets the girl. Since “Dr. No,”
five decades ago, much of what was science fic-
tion has now become science fact.

BOND-ISSUED COTS

A pertinent question is: Did Q’s gadgets in-
spire engineers developing real products for
military and intelligence agencies or were the
movie gadgets inspired by real life? The mem-
bers of Q’s team were certainly early adopters of
COTS components for the spy trade — the Aston
Martin DB5, the Walther PPK handgun, the

Omega Seamaster or Rolex watch (depending
on the highest bidder for product placement).

In “Tomorrow Never Dies,” Ericsson de-
signed a concept phone with a variety of unique
features, including a 20,000 V stun gun for
disabling foes, a fingerprint scanner/analyzer/
transmitter for opening fingerprint-ID locks, a
detachable antenna lock pick, which when in-
serted into a keyhole could open the lock by
hitting a key on the phone. And who could for-
get Bond’s flip-open remote control for operat-
ing his BMW 750iL? The car had a directional
steering pad, LCD monitor for the front and
rear view and controls to fire a rocket. Much of
the phone’s style, including its flip-open design,
was incorporated into Ericsson’s R380 smart-
phone a few years later. The R380 combined a
fully functional mobile phone, PDA-like tools
and WAP services.

007’s celluloid image may have glamorized
the role of secret agents and the gadgets they
employ, but in the 215t century there are real
threats to be faced and vital intelligence to be
gathered, and state-of-the-art RF and micro-
wave technology is making a significant contri-

DaviD VYE, RICHARD MUMFORD

AND PATRICK HINDLE
Microwave Journal Editors
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bution to the cause. So what is the real
world producing that is suitable for
the next Bond adventure?

LIVE AND LET DRIVE

What is
James Bond
without his
signature,
" e cadget lad-

S — en  Aston
Martin or BMW? Several car makers,
such as Audi and Ford, have an-
nounced plans to incorporate WiFi
into their vehicles. This opens up a
number of possibilities, such as access
to mission information, secret databas-
es, hacking into the enemy’s computers
and utilizing special apps. Now Bond
can access overlay maps to Google
Earth and see hidden facilities or other
land features while driving during a
shoot-out and utilizing the local geog-
raphy to his advantage.

With today’s remote sensing tech-
nologies, the flip-open remote control
for operating his BMW 750iL is no
longer needed as the car can operate
autonomously. It can drive right up to
James Bond and safely take him wher-
ever he wants as he evades enemy gun-
fire. Over recent years, the Defense
Advanced Research Projects Agency
(DARPA) Challenge has shown that
a vehicle can operate and navigate
around roads using various radar and
video sensors. The car can sense and
detect objects, their speed and di-
rection, all while keeping the vehicle
safely on the road (see Figure I).
These sensors can be used for range
finding and can activate offensive or
defensive weapons as needed. The lat-

A Fig. 1 North Carolina State DARPA Challenge 2007 autonomous
vehicle (courtesy of NC State University).
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est DARPA Challenge includes ideas
such as a removable door that doubles
as a defensible fighting position when
away from the vehicle, a tortoise shell-
inspired rollover recovery frame, or a
modular exoframe enabling multiple
configurations and additional storage
(for other gadgets, of course).

As well as employing radar sensors
to navigate the vehicle, how about
using them to defend against mis-
siles and Rocket Propelled Grenade
(RPG) attacks? As such weaponry has
become popular with terrorists for at-
tacking ground vehicles, several de-
fense companies have developed RPG
defeat or missile defense systems. The
first fielded system — known as Trophy
— was developed by Rafael Advanced
Defense Systems and Israel Aircraft
Industries” Elta Group. Trophy is an
active system that intercepts and de-
stroys incoming missiles and rockets
with a shotgun-like blast using radar
sensors to track the incoming missiles.

The Trophy system includes the
Elta EL/M-2133 F/G-Band fire-con-
trol radar with four flat-panel anten-
nas mounted on the vehicle and has
a 360° field of view. A computer uses
the signal from the incoming weapon
and calculates an approach vector.
The system then calculates the opti-
mal time and angle to fire the neutral-
izers. The launchers fire the neutral-
izing agents, which are usually small
metal pellets (like buckshot).

Another system that is a non-
lethal RPG defeat design is the
RPGNet from QinetiQ US that uses
a net shaped trap made of super-high
strength ballistic fiber, developed un-
der a joint Office of Naval Research
(ONR)/DARPA
program. The net
intercepts the flight
trajectory at a safe
distance from the
vehicle and defeats
the RPG by crush-
ing its nose, render-
ing the fuse inop-
erable. This action
stops the high order
% blast effect by pre-
venting the forma-
tion of the shaped
charge plasma jet.
The system is in de-
velopment by Fos-
ter Miller under an
ONR program.

CoVER FEATURE

A third option is the ShotScreen™
RPG Defeat System from General
Dynamics, which is an active protec-
tion system that can be mounted on a
variety of new or retrofitted vehicles,
including helicopters. The system re-
leases a wave of small diameter, low
velocity non-lethal pellets from sev-
eral non-slewing locations to defeat
multiple anti-tank type RPGs. It pro-
vides 360° horizontal protection with
variable inclination coverage and an
option for full hemispherical cover-
age. Raytheon is also working on ac-
tive protection systems.

A VIEW TO A KILL

With today’s world of
asymmetric  warfare
and the need for ef-
fective counter-insur-
gent strategies, the
roles of the warfighter
and the intelligence officer are be-
coming interchangeable. It is conceiv-
able that Bond and the British armed
services would be working from the
same bag of tricks. The US Army plans
to provide troops in Afghanistan with
hand-held sensors that can peer
through walls, detect buried explo-
sives and spot hiding enemy fighters.

These devices use low power ultra-
wideband RF to produce images of
concealed objects. The Army’s Expedi-
tionary Warrior Experiments program
will also use these small RF imagers to
help find buried roadside bombs, like
IEDs. The devices can produce clear
images of objects by penetrating any
non-metallic structure, including cul-
verst, walls, glass, floors, concrete and
the earth up to 10 feet deep.

TiaLinx of Newport Beach, CA,
offers the sensors in three different
models. The Eagle5 scanners — an M
model and a P model — operate at 5
GHz, giving them substantial pen-
etrating capability, even at extremely
low power. The M model is designed
to detect motion, even a heartbeat or
breathing. The company says the de-
vice can detect people or animals far-
ther than 20 feet behind an eight-inch
thick concrete slab.!

The P model is designed to pen-
etrate the ground and can find tunnels,
people in tunnels and buried objects
at depths greater than 10 feet, accord-
ing to the company. Both of the Eagle5
models can also be used as motion
sensors for stand-off surveillance of
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buildings, trails and other areas. The
Eagle60 operates in the V-Band to
produce sharper images. But the atmo-
spheric attenuation at 60 GHz means
this model cannot penetrate as deeply.

Because these devices transmit
ultrawideband (UWB) signals, the
developers lay claim to being able to
obtain a more complete view of hid-
den objects. Whereas, most ground-
penetrating radars that use a narrow
band of signals offer a more limited
view and are more prone to produc-
ing false readings. UWB signals are

also less affected by environmental
factors such as rain, snow and fog that
degrade the performance of many
radars. Also, these sensors consume
much less power, a fraction of what is
used by a cell phone.

About twelve inches long, 8 inches
wide and 3 inches thick and weighing
three and a half pounds, the scan-
ners look like a cross between a video
game controller and an oversized cell
phone. The higher frequency version
is roughly the same size but weighs
about 6 pounds. The devices run on

batteries and can
operate for about
four hours between
recharges.

In each case,
the sensors have an
antenna that sends
radio  frequency
pulses toward a tar-
get and a receiver
that detects the
pulses that bounce
back. A signal pro-

A Fig. 2 TiaLinx mini UAV, including radar sensors for-through-the-

wall imaging (photo courtesy of TiaLinx).

AMT

cessor built into the
device analyzes the

Microwave Circuits
RF Filters and Components

Easy to do business with.
Courageously Innovative.

WWW.DIPLEXERS.COM
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returned pulses, and a complex algo-
rithm turns them into an image of the
reflecting object, which is displayed
on a small screen. The images can
also be transmitted wirelessly from
devices that have been mounted on
ground-crawling robots or small un-
manned aerial vehicles.

And, when it comes to UAVs,
TiaLinx offers a mini-UAV that is
suited for long standoff surveillance
missions. The Phoenix40-ATM is a
lightweight and agile mini-UAV with
programmability to fly to or land at
multiple waypoints and has been inte-
grated with the company’s fine beam
UWB, multi-GHz RF sensor array
(see Figure 2). The entire system
is able to detect motion, as well as
breathing, inside a compound in or-
der to detect motionless live objects.
Perhaps a remote lie detector could
be coming next, utilizing heartbeat
monitoring.

FOR YOUR EYES ONLY

At the Satellite 2011 Confer-
ence and Exposition in Washington,
DC, Norsat International partnered
with ConcealFab Corp. of Colorado
Springs, CO, to unveil a 1.8 m trans-
portable satellite technology that
is capable of hiding in plain sight
thanks to an RF-transparent shelter
designed to help sensitive military
communication equipment escape
detection.

This radio frequency transparent
antenna enclosure is designed to pro-
tect and conceal sensitive communi-
cations equipment from detection.
Multiple rugged, transportable satel-
lite terminals are concealed within a
UV-protected, maintenance-free en-
closure. The entire facility is designed
to be up and running in minutes with
simple setup and alignment features
for broadband connectivity on pro-
longed missions.

BOND TIDBITS

Homing devices make frequent ap-
pearances in Bond movies, including
two homing beacons in “Goldfinger”
in 1964. The larger one is used by
Bond to track the villain, Auric Gold-
finger, to his base. The second is small
enough to be hidden in a secret com-
partment in the heel of Bond’s shoe,
allowing MI6 to track 007. In 1965’
“Thunderball,” homing devices get
even smaller, this time taking the form
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ANTENNA MODELING: A radome minimizes losses and
improves radiation characteristics of an antenna through its
design. Shown in the model is the surface current density on
the patch antenna, the magnitude of the electric potential on the
antenna’s substrate, and the electric field in the radome’s shell.
The xy plot shows the far field pattern in the H and E planes.
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of a pill that emits a signal detected
only by a certain receiver.

In the category of related technolo-
gies: High-powered electromagnetics
of questionable functionality are a
common Bond theme. In “Diamonds
are Forever” in 1971, Q creates a ring
with an electromagnetic RPM con-
troller that, when used, ensures a jack-
pot at the slot machines every time. In
1973’ “Live and Let Die,” Q conjures
up an electromagnetic watch that cre-
ates a magnetic field strong enough to
deflect a bullet.

Prior to mobile phones, Bond uti-
lized various odd communication de-
vices. In “Live and Let Die,” the com-
municator is a radio hidden inside a
clothing brush with a key that allows
it to transmit messages in Morse code.
In the same movie, Baron Samedi
used a Flute Communicator as a di-
rect radio transmission communicator
to Dr. Kanaga.

THE MAN WITH THE GOLDEN
PHONE

As the cell phone is now a comput-
er equipped with GPS, gyroscopes,

Bluetooth, Internet access and more
— using augmented reality apps can
take Bond to the next level. New
smartphone apps allow range-finding
and location functions to track objects
or subjects, identify them and overlay
additional layers of information. Spy-
glass provides a detailed heads-up-
display over anything you are seeing
through your phone.2 The app allows
a person to assign a primary target,
constantly updating its proximity. It
also enables tracking of the sun, moon
and some star positions. The app can
also be used as a rangefinder and an
inclinometer, perfect for when a gang
of machine-gun toting thugs on skis
are chasing you down a mountain in
the Alps.

With the right app, Q could provide
Bond with a distinctly 007 advantage.
Imagine Bond pointing his phone at
a building for an overlay of the room
layout with which to plan his covert
break-in and escape. Another smart
app could use facial recognition to get
immediate identification of suspected
spies or use eavesdropping capabilities
for voice recognition. As UWB radar

INTEGRATED MICROWAVE ASSEMBLIES

Whether it is @ multi-conversion channelized
transceiver, a switched amplifier-attenuator,
or a switched filter bank, Paciwave has the

expertise and capability to turn your concept

into production hardware. We specialize in
custom microwave assemblies and compo-
nents for airborne and shipboard EW and
RADAR applications. Give us a call, we are
happy to discuss your requirements.
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units become small enough, Q will no
doubt embed them into the phone for
seeing through walls, scanning people
for weapons and monitoring their vital
signs for lie detection. Augmented re-
ality apps also will identify the nearest
subway or safe house to assist Bond in
his getaway.

THE WEB IS NOT ENOUGH

What self-respecting secret agent
does not love a suitcase filled with
enough equipment to set up an auton-
omous, metropolitan WiFi network.
Such technology is under develop-
ment by The New America Founda-
tion, a nonpartisan research group.
This portable, WiFi-based network
can be carried into contested regions
and will allow our hero (or other dissi-
dent groups) to set up networks inde-
pendent of a government-controlled
network.

According to reports, The Obama
administration is leading a global ef-
fort to deploy these Internet and mo-
bile phone systems that dissidents can
use to undermine repressive govern-
ments that seek to silence them by
censoring or shutting down telecom-
munications networks.> The group’s
Network Suitcase project will rely on
a version of mesh network technol-
ogy, which can enable devices like cell
phones or personal computers to cre-
ate a wireless web without a central-
ized hub. Data can hop directly be-
tween the modified wireless devices
with each device acting as a mini cell
tower and phone to bypass the official
network.

The suitcase includes small wire-
less antennas, which could increase
the area of coverage; a laptop to ad-
minister the system; thumb drives and
CDs to spread the software to more
devices and encrypt the communica-
tions; and other components like Eth-
ernet cables. With this WiFi network
in a suitcase, James Bond can com-
plete his missions to overthrow gov-
ernments on the brink.

THE LIVING DAYWEAR

James Bond is always
smartly dressed, at-
tracting the ladies
with his charm and
immaculate attire.
Sporting a tuxedo,
007 is no stranger
to the elaborate
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dinner party, where he can keep an
eye on his quarry while scouting the
security systems of the facility he will
break into after the canapés have been
devoured. Sean Connery wore outfits
by Anthony Sinclair in the early Bond
years in movies, such as “Dr. No” and
“You Only Live Twice.” During the
Moore years, the suits designed by
Cyril Castle were intended to update
Bond’s look with contemporary 1970’
styles. More recently, Pierce Brosnan
and Daniel Craig have worn Brioni
suits. Nice threads, but todays high
tech suit is also a personal area net-
work ready for the latest in miniatur-
ized electronics interwoven into the
fabric.

Wearable Antenna Technologies
makes the Tactical Vest Antenna Sys-
tem (TVAS), a concealable antenna
designed for military and covert appli-
cations.* The radiating elements slide
smoothly over the SAPI plates inside
the plate carrier, consequently placing
the antenna out of the enemy’s sight,
and out of the radio operator’s way.
The antenna system consists of two
antenna inserts, two interconnecting
cables, and a cable for radio connec-
tion.

The TVAS also contains a quick-
release mechanism, which allows the
operator to disconnect the system in
emergency situations. The TVAS has
frequency coverage of 30 to 512 MHz
in order to be compatible with Tacti-
cal Handheld Radios (THHR) as well
as other radios with a 50 Q impedance
and maximum power output of 10 W.
This includes Motorola radios and
other amateur radios. However, the
TVAS was designed to fit inside tacti-
cal vests by conforming to the ESAPI,
and XSAPI inserts. Perhaps they can
add some Kevlar and make it bullet
proof too.

Pharad also manufactures wear-
able/worn antennas that are antenna
solutions for soldiers engaged in ur-
ban and combat missions in addition
to security/intelligence personnel op-
erating covertly.> The body wearable
antennas are fabricated using a thin
flexible material that conforms to the
exterior of the body and outer gar-
ments. Communications link perfor-
mance is maintained without hinder-
ing the user’s vision or movement.

Different mounting configurations
and spatially diverse wearable antenna
systems that further enhance link per-

formance are available. Standard con-
nector options allow these wearable
antennas to easily connect to most
radios. The applications include HF/
VHF/UHF communications, GPS,
military radio systems, UWB, WLAN,
TETRA/Hydra and more.

SOMETHING FOR THE LADY
SPIES - TASER PUMPS
As a ladiess man,
Bond  frequently
hooks up with fe-
male spies as allies
or adversaries, who
often employ their
own feminine gad-
getry. However,
times have moved on since Rosa Klebb
utilized a venom-laced blade hidden in
her shoe to attack Bond in “From Rus-
sia with Love” in 1963. Today’s self-re-
specting female secret agent will be
sporting the Electric Cinderella Shoe,
which is ideal for neutralizing any hu-
man threat. The innocent-looking taser
pump is capable of delivering 100,000
V jolt when activated by a wireless
necklace (see Figure 3).5

The stun gun has a one-time use
as the wearer has to smash the glass
tip to enable it. The stun gun is ac-
tivated by a switch in the matching
earring or necklace, which wirelessly
activates the stun gun. The crystal
tip of the shoe glows, warning the at-
tacker to back off. Once the crystal

ELECTRIC SPARK

RF
TRANSMISSION
DNNNIMN)
TIP OF
THE SHOE

PRESS WATCH THE SPARK

THE BUTTON
(a)

(b)

A Fig. 3 Electric Cinderella Shoe System
diagram (a) and photo (b) (photo courtesy of

gizmag.com).
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tip is smashed (against the shin of the
attacker for instance) 100,000 V of
electricity leaves him/her helplessly
immobile. The weapon is powered by
a9V battery hidden in the heel. It was
invented by Simona Brusa, who views
them as an empowering device that
transforms the wearer into a semi-
lethal weapon.

GOLDENEYE

Another of Bond’s female adversar-
ies, May Day, played by Grace Jones

in “A View to a Kill,” would no doubt
be tempted by the stylish camera-
equipped Eyez glasses that enable us-
ers to share point-of-view video with a
stealth camera and allow easy sharing
of video without complicated file trans-
fer. The Ray-Ban-style shades cap-
ture an extra-wide 130° field of vision
through a half-inch fisheye-like lens,
which is masked as a grommet on the
right side of the frame.” A 0.2 inch HD
sensor captures images, and then a low
power 1 GHz processor compresses
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the video. The footage is either saved
into an onboard flash memory or trans-
mitted from a 2.4 GHz WiFi/Bluetooth
radio to a smartphone.

An app controls the camera remote-
ly and acts as a host through which
footage streams to Facebook, YouTube
or the Eyez homepage. The setup gets
power from a molded lithium-polymer
battery in the frame’s left arm and the
glasses are only slightly heavier than
regular glasses at 4 ounces. The resolu-
tion is 720p video with one-megapixel
stills. It holds 16 GB (up to four hours
of video) with up to three hours of bat-
tery life. As cellular radios continue to
shrink and become more efficient over
the coming years, Eyez will be able to
connect, stream and share from any-
where without relying on a cell phone.

BACKPACKER

Somewhere in-between the elec-
tronics embedded suit and the suitcase
is the trusty backpack — the perfect ac-
cessory for a spy on the go, especially
one with X-ray vision. Cambridge Con-
sultants, a UK product design and de-
velopment firm that presented at this
month’s Defense and Security Forum
at EuMW 2011, has introduced a see-
through-wall radar sensing device,
called the Prism 200c. By providing
added mobility and covertness to sur-
veillance, the Prism 200c can gain intel-
ligence on the location and movement
of any people that might be inside a
particular room. It is a lightweight and
inconspicuous device that fits covertly
inside a backpack (see Figure 4).5

This technology is already used
by the military, security agencies and
Special Forces throughout the world
and employs sophisticated software to
evaluate the position and movement of
people in rooms and buildings, from

»)

A Fig. 4 Cambridge Consultants” through-
the-wall radar sensor unit (photo courtesy of
Cambridge Consultants).
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three-stage linear power amplifier, TX harmonic filtering,

and SPDT switch. These modules also have a fully matched
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the other side of the wall. The Prism
200c improves upon this capability, re-
ducing the setup process. The operator
can simply lean against a wall to either
monitor or record the activity within a
building, maintaining cover by operat-
ing it via a handheld laptop computer
or similar personal device on site.

The Prism 200c is a battery-pow-
ered and highly portable radar device
that employs smart radar signal pro-
cessing to sense human movement
and position — even in environments

with a number of radar reflecting sur-
faces. It also provides meaningful data
presentation, both on-device and re-
motely, including front, side and over-
head, and 3D views.

FROM ROBOTS WITH LOVE

For other surveillance tasks, the
iRobot 110 FirstLook is a small, light,
throwable robot that provides quick
situational awareness, persistent ob-
servation and investigates confined
spaces without risk to the spy. First-

BETTER PERFORMANCE
WITH VOLTAGE TUNABLE FILTERS

THE VTF SERIES OF FREQUENCY-HOPPING FILTERS

Offer drop-in second source capability for existing
systems while being versatile enough for new programs.
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The VTF series has been designed to help mitigate the
issues that many sites can have when interference created
by an RF-crowded environment can present problems,

Co-Site Mitigation
High Performance
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such as shipboard and ground vehicle mounted systems.

Contact Trilithic to discuss your specific application at
(800) 344-2412.

think ahead.
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Look is for a range of infantry mis-
sions and special operations, includ-
ing building clearing, raids and other
close-in scenarios with enemies.

Four built-in cameras with configu-
rable video compression provide high
situational awareness, allowing obser-
vation points in front of, behind and
on both sides of the robot. The robot
also includes two-way audio commu-
nication using 2.4 or 5.8 GHz public
frequencies or can use military radio
bands. It provides two-way video and
audio communications, if needed. Dig-
ital mesh networking capabilities allow
multiple FirstLook robots to relay mes-
sages over greater distances, increasing
Line of Sight and Non-Line of Sight
capabilities. It uses a wrist-mounted,
touchscreen Operator Control Unit
(OCU). The battery-powered OCU in-
cludes a built-in radio.?

TOMORROW NEVER DIES

James Bond and his gadgets are fic-
tional, but as this article demonstrates,
the RF and microwave industry is at the
forefront of technological development
that offers the capability to address real
threats, carry out covert surveillance
and gather essential intelligence. Some
devices may seem off-the-wall, literally
in some cases. And others may seem
spectacular. But sometimes fact can
be stranger than fiction. What is true
is that the defense/security sector will
continue to be a source of innovation
for our industry, which will continue
to develop products that James Bond
would be proud to have in his arsenal
of advanced electronics. l

Comment online — Use the new
article comment feature on _www.
mwjournal.com to let us know gadgets
you know of that we have may have
missed in this review.
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DUT

olzworth Instrumentation has devel-
H oped a fully automated phase noise

analyzer with an integrated, cross
correlation engine that responds to the most
common issues of modern phase noise test
systems. The HA7062A provides ease of use,
fast measurement speeds, high reliability, high
stability and pricing that makes an easy deci-
sion of implementation into the manufacturing
environment.

HA7062A
CORE
SYNTHESIZER 1 |
5 MHz-6.7 GHz PLL1
‘ LNA ADC1
Lo IF
I RF
RF FREQUENCY DSP PC
COUNTER/ —> XCORR
PWR METER

|

SYNTHESIZER 2 |
5 MHz-6.7 GHz

I
LO IF
LNA ADC2
< PLL2

A Fig. 1 Simplified system block diagram.
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MosTt VALUABLE PropuUCT

INTUITIVE PHASE
Noise ANALYZER

HARDWARE BASICS

The HA7062A design follows a basic Hol-
zworth philosophy of creating unique, high
performance products. The core engine of the
HA7062A combines the best of traditional ana-
log phase noise measurement front-ends (being
virtually spur free) with the latest technology
in cross correlation analysis. The digital analy-
sis system leverages a proprietary DSP with a
powerful cross correlation engine that achieves
sub -165 dBc/Hz'2 measurements in less than 20
seconds.

The unparalleled stability of the HA7062A is
credited to a pair of Holzworth RF synthesizer
modules. Holzworth RF synthesizers are known
for industry-leading stability due to proprietary
non-PLL designs. These high performing RF
sources complement the core engine to provide
an advanced (yet simple) phase noise analyzer
(see Figure 1). For high speed measurements
that require lower noise floors, the synthesizers
can be bypassed for direct access to the core
cross correlation engine with user-supplied LOs
(see Figure 2).

The entire test system is enclosed in a 1U
high, fan-less chassis. Developing the product
on a fully integrated, low power platform has

HoLZWORTH INSTRUMENTATION
Boulder, CO
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eliminated fan-cooling requirements, which also eliminates
non-valid measurement spurs caused by microphonics.
The integrated chassis further eliminates test system noise
ground loops. The 20 Ib (9 kg) chassis is fully sealed, rugged
and portable for field applications. It provides consistent re-
sults from location to location without the worry of recalibra-
tion support or repair.

BYPASS (EXTERNAL LOs)

Most Valuable Product

The HA7062A is a virtual instrument from a command/
control perspective. Holzworth eliminates proprietary
motherboards, displays, etc. from all test instrument prod-
ucts as a means to reduce product costs while increasing
reliability. The USB controlled, non-driver, Human Interface
Device (HID) installation is “plug-and-play” with any stan-
dard PC that runs JAVA™,

INTERFACE BASICS
Holzworth Instrumentation has been

Lo1
PLL1
&Y 1 |'|
Lo IF
LNAT—{ ADC1
FREQUENCY
DUT/RF COUNTER RE
@ v RF
POWER o .
METER LNAZ>—{ ADC2
& it PLL2
Lo2

HA7062A (CORE)

measuring the phase noise of 100 percent
of its shipped products since the compa-
ny was founded in 2004. We understand
that the quality of the user interface is as

- important as the capabilities of the hard-

ware. The interface GUI to the HA7062A

pc wasdevelopedto be highly intuitive based
DsP on Holzworth's own lessons learned as

well as feedback from industry users who
regularly measure phase noise. The result
is an application GUI that is easy to navi-
gate and operate (see Figure 3). There are
simple indicators for DUT lock status and
that the test results are valid.

Embedded diagnostic hardware pro-

A Fig. 2 Internal LO bypass when using fixed LOs.

Titie Line 1

HA7062A-001 X
-3

Fr MH;
P <
-
Displa it
Save/Recall ";
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A Fig. 4 HAT062A display settings window.
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vides the information the software needs
to auto-detect, lock, calibrate, acquire
data, and even warn if the data is “out of
character” or if more correlations are required to achieve a
valid measurement. Interface highlights include:
e DUT lock status indicator, power level & frequency
Frequency offset control
Drag and drop markers
Overlay imported ASCII data
Auto-scale graph, quick cursor zoom or manual set
Data saves in both CSV (delimited) and PDF image file
Touch-screen optimized GUI
User-defined test limits with pass/fail flagging (see
Figure 4)
If the need for support were to arise, the HA7062A GUI
maintains a detailed system log file that can be used for re-
mote diagnostics. The user simply exports the file (ASCII for-
mat) and emails it to the factory. Real time trouble-shooting
eliminates questions relative to the analyzer so that the user
can be up and running as quickly as possible.

108z kHz
00 010 MHz Po 10.1 dBm
111440 Hz -1025 5 60 Hz L L +

A Fig. 5 Saved PDF image from HA7062A measurement.
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absolute maximum Q, pick one
of these air core “Springs”. They
have flat tops for easy mounting
and exceptional current ratings.

TIP 2 If you prefer conventional
chip inductors, you’ll get the
highest Q with our new ceramic
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Highest Q Finder
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This new web tool finds inductors with
the highest Q at your operating frequency

TIP 3 Need to find coils with the
best Q at your L and frequency?
Our Highest Q Finder web tool
tells you in just seconds. Click
again to plot the L, Q, Z and ESR
of up to 4 parts simultaneously.

TIP 4 When it’s time to build
your prototypes, be sure to ask

body 0402HP and 0603HP families. These
tiny wirewound coils handle up to 2 times
more current than the nearest competitor.

us for evaluation samples. They’re always free
and we can get them to you overnight.
To get started, visit www.coilcraft.com/Q

Here are some high Q tips
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Most Valuable Product

TABLE |

PERFORMANCE PARAMETERS

(TUNABLE LOs VS. EXTERNAL FIXED LOs)
Parameter LO Configuration

Internal
(Tunable Sources)'

Bypass
(Fixed LO Inputs)?

DUT Tuning Range 5 MHz to 6.7 GHz

Measurement Floor < -165 dBc/Hz" <-175 dBc/Hz"?

Signal Acquisition Time ~100 ms

145 (1 kHzto 1 MHz)
18 s (1 Hz to 1 MHz)

Measurement Speed

Measurement Offset 0.1 Hz to 1 MHz

! Measurement Floor and Signal Acquisition Time are carrier frequency dependent.
2 Measurement Floor and Signal Acquisition Time are dependent on performance of external LO.
Example values based on 100 MHz OXCO pair (-175 dB¢/Hz"* at 100 kHz OS).

40

TABLE Il
HA7062A SENSITIVITY LEVELS (dBc/Hz'?)
RF Input Offset Frequency
Frequency 4y, 10Hz  100Hz 1kHz  10kHz 100 kHz 1MHz
10 MHz 94 -195 -156 -160 -164 -165 -165
100 MHz 74 -105 -136 -154 -164 -165 -165
1 GHz -54 -85 -116 133 -144 -149 -150
3 GHz -44 75 -106 -127 -135 -140 -141
6.7 GHz &7 -68 -99 -191 -129 -134 -135

Sensitivity levels based on use of internal synthesizers. Improved levels are possible with use of

external LOs.

PERFORMANCE BASICS

The HA7062A is a phase noise
measurement workhorse that was de-
signed to consistently provide clean,
accurate absolute phase noise data.
The standard unit has an operating
range of 5 MHz to 6.7 GHz. The user can
achieve improved phase noise floors
with decreased measurement times
by bypassing the internal synthesizers
and directly accessing the cross corre-
lation core with a matched pair of user
supplied fixed LOs (see Table 1).

The phase noise data shown in Fig-
ure 5is data collected from a Holzworth
HSMG6001A synthesizer set to a 1 GHz
carrier frequency. The sensitivity of
the system is dependent on both the
carrier frequency of the DUT and the
desired measurement offset (i.e. mea-
surement time). Table 2 demonstrates
the typical sensitivity when using the
internal (tunable) LO sources to make

a measurement assuming an approxi-
mate 18 second measurement with an
offset from 1 Hzto 1 MHz.

The HA7062A is designed to quickly
and reliably measure absolute phase
noise. There are other phase noise test
systems available that offer some ad-
ditional functionality, not to mention of-
fering many more buttons, menus and
sub-menus. The HA7062A gives us-
ers a highly reliable, dedicated phase
noise analyzer at a very reasonable
price. List price starting at $35,500 (US),
Holzworth’'s HA7062A is a cost-effec-
tive phase noise analyzer that is an ex-
cellent fit for dedicated manufacturing
phase noise test as well as advanced
product development.

Holzworth Instrumentation,
Boulder, CO

(303) 325-3473,
www.holzworth.com.

MICROWAVE JOURNAL m OCTOBER 2011


http://www.holzworth.com
http://WWW.NORDENGROUP.COM

[J WORLD’S WIDEST SELECTION

coMPLIANT

RoHS models available,
consult factory.

10106840 MHz .2 112+

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. Just enter
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...we’re redefining what VALUE is all about!

[JMini-Circuits’

1SO 9001

1SO 14001 AS9100

—5@ P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
M)."’lz The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online seem%m

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONENTS
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PALLET PERSUASION

10 years ago...RF discrete
transistors integrated into pallets
Integration: Traditional designs in the
military defense sector often utilized
bipolar technology in a pallet form for
radar and avionics applications. A pal-
let or module is a 50 ) matched de-
sign. Most pallets that were requested
were single transistor pallets with the
input and output matching stages in-
corporated on a PCB substrate as in
Figure 1. A pallet design offers an
ease of manufacturability. The pallet
manufacturer actually performs the
physical mounting of the RF device to
the metallic heatsink. This process as-
sures a sufficient thermal transfer path
with an adequate connection to RF
ground. A sound thermal path to the
heatsink eliminates overheating of the
semiconductor material and ensures a
long lifetime and reliable design. The
pallet manufacturer also is respon-
sible for the physical positioning of
the device affecting RF performance
with the x-axis determining phase per-
formance and the y-axis affecting the
impedance match and ultimately the
RF performance parameters. With
the RF design 100 percent RF tested
before being shipped, all that is left to
do at the customer end is to physically

42

PERSPECTIVES

BRIAN D. BATTAGLIA Integra Technologies, El Segundo, CA

mount the pallet onto a heatsink with
some metal screws and the design is
complete. This shortens the design
cycle, freeing up the end-user to con-
centrate on designing higher system
level functionality.

A few years ago...several RF
discrete transistors integrated into
pallets

More integration: In 1997, Integra
began its operations, introducing a
single bipolar discrete transistor de-
signed for S-Band Air Traffic Control
Radars using patented technology.
Market demand has led the company
to double its pallet portfolio in the last
two years. Pallets offer several key ad-
vantages over discrete devices. These
pallets have higher levels of integration
—multiple device stages for higher gain
and/or multiple devices in parallel at

A Fig. 1 Picture of a 25 W discrete transis-
tor on a 50 ) pallet.

the output for higher levels of power.
Pallets allow the use of different semi-
conductor technologies with specific
advantages to be integrated for overall
performance optimization. Thus, com-
panies knowledgeable in multiple tech-
nologies can offer high gain LDMOS
and high power bipolar technologies
for the best of both worlds. An exam-
ple is shown in Figure 2. Additional
integration of functionality is added for
bias control, bias compensation or flat-
tening the gain and/or output power
across the operating frequency band.

In the last year...RF pallets
integrated into HPAs

Even higher integration: In 2011,
the market has requested even more
integration in the form of entire pow-
er amplifiers. Requests for high power

A Fig. 2 Picture of a 2000 W avionics pallet
with a LDMOS drive stage driving two high
power bipolar devices in the output stage.

MICROWAVE JOURNAL m OCTOBER 2011



@

@ \ -
o 0O
@oae\
2000
2000
2200
S eocoeese @

[l -

Worst-dﬁ’&‘c' : |
troubleshoot RF interference that has shu
down communications on the ground, at dusk,
in the desert.

N9342C

Key Specs N9344C N9343C

100 kHz—7 GHz

Frequency 1MHz-20 GHz 1 MHz-13.6 GHz

Best-case scenario: You've got the only
spectrum analyzerW|th_benchtop peﬁgrmance DANL
in a lightweight MIL-PRF 28800F Class 2 -
compliant handheld—with secure erase

to keep classified data classified. Weight with

That's thinking ahead. That's Agilent. e

-155 dBm/Hz ~ -155 dBm/Hz -164 dBm/Hz

<09s <0.7s <04s

Sweep time

3.6 kg
(7.9 Ibs)

3.6 kg
(7.9 Ibs)

3.6 kg
(7.9 Ibs)

Dietrbutor Network TESTEQUITY View online HSA video demos

Right Instrument. Download demonstration guides

Right Expertise. 800-732-3457 . :
Delivered Right Now. www.testequity.com/agilent www.testequity.com/Agilent HSA

© 2011 Agilent Technologies, Inc. (U.S. Army photo by Spc. Patrick Tharpe) (Released)
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Legacy & Military
Qualified Solutions

Do you need a new supplier or a
second source for your Legacy
part requirements? If your
current supplier cannot deliver
and leaves your Legacy parts in
Question, Weinschel Associates
is your ANSWER.

Legacy
RF/Microwave
Products

* Fixed and Variable Attenuators
* Terminations

¢ Dividers

* RF Tuners

* DC - 40 GHz

+ 1 Watt to 1,000 Watts

* Form, Fit and Function Designs
* Military Qualified

A Tradition of Quality / R Gommitment to Customer Service
www.WeinschelAssociates.com

19212 Orbit Drive
Gaithersburg, MD 20879
Voice: 877.948.8342

Fax: 301.963.8640
RF@WeinschelAssociates.com
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Weinschel Associates

Broadband RF/Microwave Solutions

SAW for
Defense & Space

SAW

Oscillators
VCSO, OCSO0O, and PLSO

Exceptional

phase noise
0.3-2.5GHz

10 ppm -40C to 85C Excellent T
temp stability

-170dBc/Hz noise floor

0.5 ppb/g vib sensitivity

-30 dBc harmaonics

20 ppm/20 yrs aging

No spurious

"‘J—-"‘} L

0.5W max oven power
1x1x.2” hermetic flatpack

CORPORATION

90 Wolcott Rd. Simsbury, CT 06070 (860) 651-0211 www.nhonon.com/osc
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PERSPECTIVES

amplifiers with at least 1 kW of out-
put power are becoming more com-
mon. The request for amplifiers has
come from sources with the same goal
in mind — replacing TWT systems in
the ISM and military radar industries.
There will most likely be a place for
TWTs as they produce very high pow-
er (MW) and very high gain. But more
and more often, the driver stages are
in the kW range, which can be han-
dled with a solid-state solution. The
ISM market, which includes industri-
al (frozen food heaters, laser cutters),
scientific (linear particle accelerators)
and medical (RF ablation), is heavily
served with TWT solutions. Another
market is military radar, traditionally
served by tubes, which is now look-
ing for solid-state systems for radars
from L-, S-, C- and X-Band. A suc-
cessful manufacturer needs the right
portfolio with silicon solutions for the
L/S bands and GaN for the higher fre-
quency bands.

To meet this demand, senior en-
gineers with design experience in
this field are needed. A likely source
for these engineers will be those who
have worked for commercial cellular
HPA developers. Already proficient
with multiple stage pallets with addi-
tional functionality, migrating to HPA
manufacturing is the next logical step.
HPA design is not as trivial as placing
a highly integrated pallet into an en-
closure with a power supply and on/
off switch. Instead, the complexity
is another order of magnitude with
mechanical concerns, environmental
aspects and interference patterns all
playing an important role in the fi-
nal product. Also, the RF portion for
HPAs have advanced circuitry in addi-
tion to the bias control and other cir-
cuitry — LEDs for on/off switch, over
voltage protection, OVSWR alerts and
other alarm functions.

Does this trend toward higher lev-
els of integration speak to a lack of RF
talent in the industry? Is the art of RF
a dying breed of engineers as newer
engineers focus more on digital/ana-
log and only see RF PAs as a system
block? Most new wireless designs
focus on low power, such as cellular
handsets and ZigBee, which surely
sounds more exciting to the young
professional. I prefer not to hazard a
guess and leave this up to the reader
to decide. l
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Tactical Advantage.

When Reliability Counts.
Mission-critical applications have relied on Rogers' microwave materials
for years. The superior electrical and mechanical characteristics of Rogers’
military-grade laminates provide the stable, consistent performance over
fime and temperature that's so critical for
aerospace and defense applications.

The rock solid performance of Rogers' microwave
materials deliver the high performance and high-
reliability demanded by the most mission-critical
applications. Can you afford to use anything lesse

To learn more about Rogers’ aerospace and defense
microwave material solutions, visit us at:
www.rogerscorp.com/military
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resistor variation
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6202PR
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Low coefficient of
thermal expansion

of 1.96
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6035HTC

Low profile, thermally stable
copper options

Photos used by permission from Northrop Grumman Corporation.
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OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. reg (GH2)  Gain (d8) MIN  Noise Figure dB)  Power-out@pide 3rd Order [P VSWR
CA01-2110 28 I , 0. +10 +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20 dBm  2.0:1
CA24-2111 2.0-4.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
(A48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CA01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA0T-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-2.4 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 27-29 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 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41dm  2.0:1
(A34-6116 1 =85 40 4.5 MAX, 3.5 TYP +35 MIN +43 dm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(AB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41dm  2.0:1
CA1213-7110  12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
(A14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm  2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Freti 6Hz)  Gain (@8) 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
(A02-3112 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
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
(A618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (6Hz)  Input Dynamic Range OutpuT Power Ru e Psat  Power Flatness dB  VSWR
(LA24-4001 20-40  -281t0+10 dBm +7 to +1 -1. 2.0:1
CLA26-8001 2.0-6.0  -50to+20 dBm +14 10 +1 8 dBm +/-1.5MAX  2.0:1
(lA712-5001  7.0-12.4  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(LA618-1201  6.0-18.0  -50 to +20 dBm +14 10 +19 dBm +/-1.5MAX ~ 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (@) MIN  Noise Figure @)  Power-out@pid8 Gain Attenuation Range VSWR
CA001-2511A  0.025-0.150 21 5.0 MAX, 3.5 +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
CA0QT-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.

Competitive Pricing & Fast Delivery
-~ o Military Reliability & Qualification
* Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More
e Unconditionally Stable (100% tested)
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US Air Force and Lockheed Martin Sign
Tri-Mode Seeker Cooperative Agreement

he US Air Force Research Laboratory (AFRL) Muni-
Ttions Directorate and Lockheed Martin have signed

a five-year cooperative research and development
agreement (CRADA) to assess the viability of its cooled
tri-mode seeker for integration onto Air Force weapon
platforms.

“We will work closely with Lockheed Martin to leverage
their mature seeker technology with some of our novel in-
house targeting concepts. Our scientists are excited to be-
gin incorporating these proven tri-mode seekers into data
collects, algorithm developments and subsystem evalua-
tions,” said Buddy Goldsmith, Chief of the US Air Force’s
Weapon Seeker Sciences Branch and Seeker Phenomenol-
ogy Evaluation and Research (SPEAR) facility.

Lockheed Martin and AFRL will work together over
the next five years to thoroughly assess tri-mode weapon
capabilities, emerging targeting concepts and guidance
techniques. Data and analysis from this effort will enable
AFRL to develop a baseline for integrating seekers onto
future US Air Force weapon platforms intended to engage
stationary and mobile targets in day, night and adverse
weather conditions.

“We are pleased the US Air Force is interested in fur-
ther evaluating our tri-mode seeker and pushing it to its
operational limits,” said Frank St. John, Vice President
of Tactical Missiles in
Lockheed Martin’s Mis-
siles and Fire Control
business. “We have con-
tinued developing and
testing our seeker hard-
ware and software for
other customers and ap-
plications since the end
of the Small Diameter
Bomb II competition,
and we look forward to demonstrating our mature seeker
still offers superior effectiveness at the best value.”

Lockheed Martin’s cooled tri-mode seeker is based on
three combat-proven weapon systems: Javelin, LONG-
BOW and HELLFIRE. The first-generation tri-mode
seeker was developed in 2001 for the Common Missile
program; later generations were developed for the Small
Diameter Bomb II and other weapon systems. The seeker,
now in its fourth generation, has undergone thousands of
hours of laboratory, tower and captive-carry tests and has
been proven in dirty battlefield testing and in guided flight.
The tri-mode secker combines a semi-active laser sensor,
an imaging infrared (I2R) sensor and a millimeter-wave
radar into a single seeker with a common aperture. The
cooled I2R sensor provides passive detection and lock-on-
before-launch from substantial standoff ranges, significant-
ly increasing warfighter survivability.

“We look forward
to demonstrating
our mature seeker
still offers superior
effectiveness at the
best value.”

DEFENSE NEWS

Dan Massé, Associate Technical Editor

Raytheon Small Diameter Bomb Il
Seeker Exceeds Expectations

series of laboratory tests on the Raytheon Co. Small
A Diameter Bomb (SDB)II tri-mode seeker dem-

onstrated that it exceeds anticipated performance
parameters. SDB II's seeker fuses millimeter-wave radar,
uncooled imaging infrared (IIR) and semiactive laser sen-
sors on a single gimbal. The result is a powerful, integrated
seeker that seamlessly shares targeting information between
modes, enabling the weapon to engage fixed or moving tar-
gets around-the-clock in adverse weather conditions.

“We kept SDB II affordable by designing it to meet —
not exceed — government requirements. The fact that the
uncooled ITR sensor surpasses design specifications is a win
for the warfighter and the taxpayer,” said Harry Schulte,
Vice President of Air Warfare Systems for Raytheon Mis-
sile Systems. “These tests prove there’s no need to increase
the cost of a tri-mode seeker by adding a cooled IIR seeker
when an uncooled IIR will work just as well.”

World’s First Soldier ‘Smart Radio’ has
Mapping Tools, Video Transmission
Harris Corp. has introduced the RF-7800S-LR Leader

Radio, the world’s first soldier “smart radio” — with
embedded GPS, encryption and a Personal Digital
Assistant (PDA). The RF-7800S-LR provides unit leaders
with combat-proven tactical communication and comput-
ing capabilities in a single, lightweight device for enhanced
mission flexibility. The
Harris  RF-7800S-LR
combines a tactical ra-
dio with a built-in com-
puter to deliver voice,
wideband data and net-
working and supporting
applications, such as
mapping tools, messag-
ing and video transmis-
sion. These capabilities
allow deployed warfight-
ers and their leaders to send and receive information criti-
cal to situational awareness, including the collection and
streaming of full-motion video. The Leader Radio offers a
variety of input/output options to connect to external devic-
es, and serves as the core of the Harris Falcon Fighter™ — a
modular Soldier System that seamlessly integrates C4 de-
vices, sensors, networking components and power modules.
“The Leader Radio provides commanders more capa-
bilities in a smaller and lighter radio, while maintaining the
impressive range offered by the RF-7800S team radio,” said
Andy Start, President, International Business, Harris RF
Communications. “With the RF-7800S-LR, commanders
are connected to every member of their team via secure,

“It is the smallest,
lightest and most
integrated soldier
communication and
computing device
available on the
market today.”

“
Go to www.mwjournal.com for more defense news items :’
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digitized voice and data communications. By combining
various technologies into a single device, the RF- 16009-
LR dramatically reduces the QOldlel load. It is the small-
est, lightest and most integrated soldier communication and
computing device avaﬂable on the market today.”

Raytheon Awarded $32 M for US Navy’s
Positioning, Navigation and Timing Service
Haytheon Co. has been awarded a $32.2 M US Navy

contract for the Global Positioning System-based Po-
sitioning, Navigation and Timing Semce program for
Navy surface and qubsulface platforms. GPNTS, deswned
to 1epldce the current Navigation Sensor System Inter fdce
supports mission-critical real-time positioning, navigation,
and timing (PNT) data services, including weapons, com-
bat sy. stems, and other command control, communications
and mtelhgence systems that require PNT information.
Raytheon is prondm an open architecture solution that
allows hosting of data in a common computing environ-
ment and true “system of systems” architecture, enhancing
the ship’s operability with onboard systems.

DEFENSE NEWS

“By leveraging our
extensive shlp svstems
and integration experi-
ence, we were able to
offer an affordable, low-
risk solution to our Navy
customer,” said Raythe-
on Intecrlated Defense
SVstems (IDS) Kevin
Peppe Vice President
of Seapower Capability
Systems. “Our experi-
ence leading large, com-
plex ship 111tec71at10n
programs, 1nc1udmg LPD 17, DDG 1000 and the open
architecture Ship Self-Defense System, makes us umquel\'
qualified to deliver this critical capablht) to the fleet.”

Under the GPNTS contract, Raytheon IDS will be re-
sponsible for the design, development, testing and delivery
of GPNTS. The company has partnered with Argon ST,
an experienced provider of systems and sensors f01 the
command, control, communications, computers, combat
systems, intelligence, surveillance and reconnaissance
markets.

“Our experience
leading large, complex
ship integration
programs

...makes us uniquely
qualified to deliver
this critical
capability to the fleet.”

A Clean Sweep | .

If your RADAR, IFF, EW, SIGINT or wideband data link system requires the cleanest signals, &
ITT Microwave Systems has the solutions. By employing a variety of DDS techniques we I T T

deliver premium RF and digital subsystems to US Defense primes. Our expertise is in very
low spurious, wideband RF synthesizers and RF waveform generators through 26 GHz, as
well as software controlled, wideband RF/Digital tuners and upconverters.

Engineered for life

Visit our website for more information. ITT Microwave Systems

978-441-0200
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High Performance
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Reactel, Incorporated

Reacting First to All Your Filter Needs.

DISCRETE COMPONENT FILTERS

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

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

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

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

Download a copy of our full line catalog today!

8031 Cessna Avenue * Gaithersburg, Maryland 20879 » Phone: (301) 519-3660 * Fax: (301) 519-2447 fric’i Jong
For general inquiries, please email reactel@reactel.com * Follow us on Twitter: @reacteljim [ - S ) 4
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Public Consultation Runs Until
30 November on European Research Area
The scientific community and other interested groups

and individuals are being asked to help redefine the

research landscape in Europe. The European Com-
mission has launched a public consultation to find out
how the European research environment can be radically
improved. The goal is to achieve the European Research
Area (ERA) by 2014, creating a genuine single market for
knowledge, research and innovation. This will enable re-
searchers, research institutions and businesses to circulate,
compete and co-operate across borders, increasing growth
potential.

European Commissioner for Research and Innovation,
Miire Geoghegan-Quinn said, “The need to boost Europe’s
economy means that we have to get the very best out of our
research. It is unacceptable that it is often more attractive
and easier for our top scientists to cross the Atlantic than
to move across the EU. We want the research community
to tell us what they need, so we can work together to tear
down barriers to growth and jobs.”

The consultation runs until 30 November 2011 and
some of the questions the European Commission wants
to tackle include: are researchers looking for new op-
portunities, but finding themselves locked behind na-
tional borders, are scientists in need of new research
infrastructures to perform and test ideas, and does the
research community need more opportunities to share
views, realise new projects and create new products and
services?

The Commission will draw on input received on these
and many other questions to finalise its proposal for an
enhanced ERA Framework, to be published before the
end of 2012. The Framework will optimise the coordina-
tion of research funding across Member State borders,
improving the efficiency and the impact of European re-
search.

ERA Update
Proposed in January 2000 by the European Com-

mission in its communication Towards a European

Research Area, the creation of a European Re-
search Area was given new impetus in 2007 with the Eu-
ropean Commission’s Green Paper on ERA. The Treaty
of Lisbon introduces a legal basis for the creation of a
European Research Area. Such an area is intended to
permit, in particular, the free movement of researchers,
scientific knowledge and technologies. The European
Commission will propose the ERA Framework in 2012
in line with the commitment made in its Communica-
tion on creating an Innovation Union. Those interested
in participating in the consultation should visit: www.
mwjournal.com/ERAOCT2011.

INTERNATIONAL REPORT

Richard Mumford, International Editor

German Project to RELY on Developing New
Chip Design Methodology for Self-test
Seven partners from the German business and research

communities are teaming up in the three-year RELY

research project to explore ways of enhancing the
quality, reliability and resilience of modern microelectron-
ic systems. The focus will be on applications in transporta-
tion, medical technology and automation — sectors where
microelectronics is expected to play a far more prominent
role in coming years.

The RELY project, which sets out to design new devel-
opment processes for tomorrow’s microelectronic systems
and to integrate new reliability and safety criteria, is sup-
ported by the German Federal Ministry of Education and
Research (BMBF) with €7.4 M under the Information and
Communications Technology 2020 programme. The team
members, alongside project leader Infineon Technolo-
gies AG, are EADS Deutschland GmbH, the Fraunhofer-
Gesellschaft, MunEDA GmbH, X-FAB Semiconductor
Foundries AG, the
Technical University of
Munich and the Uni-
versity of Bremen.

The RELY project,
which is part of the
European CATRENE
project of the same
name, aims to lay the
foundations for estab-
lishing reliability as a new target parameter throughout the
chip development process. So far, optimization has been lev-
elled primarily at area, performance and energy consump-
tion. In the course of the research, the partners will seek
to develop novel chip architectures that will allow a chip to
automatically determine its operating status, react to it and
even enter into interaction with the electronic system. In the
future, such a self-test function of the chip could permit a
timely alert of possible signs of wear in electronic systems.

The focus will
be on applications
in transportation,

medical technology
and automation...

TNO and Huawei to Set Up LTE Test
Network in the Netherlands
To explore LTE technology and its possibilities, the in-

dependent research organisation TNO, is launching a

trial in cooperation with Huawei. A test network will
be set up on the outskirts of Delft, the Netherlands, with
a number of market players and user groups scheduled to
take part in the study.

The LTE standard offers greater efficiency, network
capacity and peak transmission in comparison to UMTS.
LTE technology enables substantially faster data speeds
at a lower price per delivered Megabit. In Europe, LTE
will operate on several frequency bands: 800, 900 and 1800
MHz and 2.6 GHz and the expectation is that a number

Go to www.mwjournal.com for more international news items ’
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of mobile operators in
the Netherlands will roll
out LTE in the coming

...the expectation
is that a number of

. ; years.
mobile operators in A great deal of techni-
the Netherlands will  cal and theoretical know!-
roll out LTE in the edge is available on the

possibilities of LTE and
the Delft trial will test the
performance of the new
technology in the 800 and 1800 MHz bands, with Huawei
supplying TNO with the necessary base station and core net-
work equipment. The study will look at, for example, what
performance can be achieved with different network options,
and which performance is needed to offer services, such as
broadband video. In addition, user groups will assess new ap-
plication possibilities.

TNO aims to utilise the knowledge obtained in the LTE
pilot study to provide support to the public and private sec-
tors in realising an optimum roll-out and implementation of
the LTE network in the Netherlands.

COST-TERRA Promotes More CR Trials
COST—TERRA, a forum spearheading a regulatory

coming years.

breakthrough for the European development of Cog-
nitive Radio and Software Defined Radio (CR/SDR)

technologies, is promoting more active trials of CR to
identify its best feasible application, guide policy-makers
to open a regulatory framework and facilitate develop-
ment of the technology.

After assessing several projects and developments
in this area, COST-TERRA will collaborate with its sis-
ter, COST Action IC0902, and FP7s CREW project in
promoting the importance of real-life CR testing and
building real-life CR
deployment  scenarios
into the CR testing
programmes. Addition-
aHy, COST-TERRA has
begun to outline a pro-
posal to regulators on
dedicating a pilot fre-
quency band for a set of most attractive CR deployment
scenarios.

Such a pilot band would provide regulatory certainty
for the industry to make the necessary investments in the
trial of this novel, and yet unproven technology. In order
to further develop this project, COST-TERRA will work
on better defining this proposal for the pilot CR band
with the aim of exploiting the established liaisons with
the EU regulators, such as the European Conference of
Postal and Telecommunications Administrations (CEPT)
and the European Commission.

...a pilot band
would provide
regulatory certainty
for the industry...
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Rugged, repeatable performance.

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

Continued innovation: Top Hat.

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

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

More models, to meet more needs

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

See minicircuits.com for technical specifications, performance data, pricing, and real-time, in-stock availability!
Mini-Circuits...we’re redefining what Value is all about!
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MIXERS
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Mini-Circuits shielded LAVI frequency mixers deliver the breakthrough combination of very high

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

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

up converter requirements. Visit the Mini-Circuits website at_ www.minicircuits.com for comprehensive
performance data, circuit layouts, and environmental specifications. Price & availability for on-line
ordering is provided for your convenience.

Check these LAVI Mixer outstanding features!

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

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

Mini-Circuits...we’re redefining what VALUE is all about!
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Markets for Millimeter-wave Products

Growing Rapidly, Engalco Reports
Engalco has released a new industry and markets re-

port covering the following categories of connector-

ized microwave and millimeter-wave modules: broad-
band amplifiers, limiting amplifiers, low noise amplifiers,
low phase-noise amplifiers, medium-power amplifiers,
power amplifiers, CW-immune DLVAs, SDLVAs, “Other”
DLVAs, frequency converters, frequency synthesizers and
transceivers. “Amplifiers and Integrated Microwave As-
semblies” (AIMA) provides comprehensive “free world”
market forecast data for microwave electronic module
products sold into in the electronic warfare (EW), radar,
ground-based SATCOM and space-based SATCOM seg-
ments.

The report separates products and applications into mi-
crowave (0.5 to 18 GHz) and millimeter-wave (above 18
GHz). While microwave products always take the lion’s
share of all markets, those for millimeter-wave products are
growing comparatively rapidly. This report indicates that
the overall global total available market (TAM) amounted
to just more than US $1.1 B in 2010 and will reach almost
US $1.3 B in year 2016. The ground-based SATCOM seg-
ment leads both for microwave and millimeter-wave mod-

ules — the latter being

. strongly driven by the
MGJO'T OEM players on-going K/Ka-Band
in this market developments requiring
include Elisra frequency  converters

and transceivers. En-
galcos B-SAT1 report,
released in  summer
2011, covers these types
of products in detail and
includes highly granular
geographic market data.

The pie chart shown
clearly indicates the importance of broadband, power, me-
dium power and low noise amplifiers (LNA). In fact, ac-
cording to AIMA, the three largest microwave markets are
occupied by broadband amplifiers, sub-30-W power ampli-

Electronic Systems,
M/A-COM Technology
Solutions, MITEQ
and Tokyo Keiki.

Year 2010 Connectorized Linear Amplifiers in
Microwave Segments (i.e. 0.5 to 18 GHz ) TAMs in US $M

[0 BROADBAND

@ LIMITING

@ LNAs

O LOW PHASE NOISE
O MEDIUM POWER

\\

O POWER (PAs) TO 30 W

Source: Engalco

COMMERCIAL MARKET

Dan Massé, Associate Technical Editor

fiers and frequency synthesizers. Each of these market seg-
ments is valued in the low hundreds of US million dollars
for the 2010 base year. Major OEM players in this market
include Elisra Electronic Systems, M/A-COM Technology
Solutions, MITEQ and Tokyo Keiki. In the AIMASs report,
the top 10 suppliers are identified and analyzed in terms
of their market shares.

White Space Consumer Devices Expected

to Enter the Market in Five Years
cambridge Consultants has released a report discuss-

ing the foremost business opportunities in wireless

technologies enabled by White Space frequencies,
predicting the development of the first White Space con-
sumer devices in the next five years. The report, entitled
“White Space Radio: High Street Hit or Left In the Lab?” is
the culmination of a White Space workshop hosted by Cam-
bridge Consultants and brings together experts from across
the wireless and broadcast industries, including representa-
tives from Nokia, Samsung, BBC, BSkyB, Neul and CSR.

Consensus views the use of White Space radio as an in-
evitability, addressing a
critical need for redress-
ing methods of spec-
trum usage and opening
up new possibilities for
wireless devices. Much
discussion of White
Space to date has fo-
cused on the potential
for helping meet rapidly
increasing demand for
mobile data on smart-
phones. However, the
report emphasizes that
White Space technology has the potential to provide for
a far broader range of applications and presents a solution
for the “always on” society.

Deemed the “White Space economy,” new business
opportunities for a range of industries suggests that initial
market opportunities will emerge as a series of smaller,
niche applications. They would minimize dependency on
multiple parties and require lower investment. In terms of
revenue generation, White Space technologies could see
returns both through direct data delivery or indirect rev-
enue streams, such as advertising. Data revenue may suit
certain geographies for applications, such as rural broad-
band, whereas advertising could be more suitable for ap-
plications like local content broadcasting.

“A priority

now should

be establishing
standards to

allow for common
platforms, economies
of scale and large
scale uptake.”

Areas of opportunity:

Micro or localized wireless Internet service providers
(WIsP)

There is great potential for businesses (from supermar-
kets to local government, for example) operating in more

Go to www.mwjournal.com for more commercial market news items 3
P

MICROWAVE JOURNAL m OCTOBER 2011

55


http://www.mwjournal.com

remote areas to supply Internet services and advertising to
the local surrounding area. Delivery of personalized and
location-based services to very local clientele, for a very
modest investment by the supplier, is an attractive new
business model and the report speculates that delivery
could cost as little as one tenth of the cost of copper.

Localized broadcasting

For broadcasters, there is now interest in using White
Space for interactive “back-channel” applications and the
delivery of highly localized content and advertising.

The "Internet of Things”

Encompassing areas, such as M2M, smart metering and
applications that require connectivity over a long-range
but low data rate, White Space stands out as an enabler
of the “Internet of Things.” White Space is especially ap-
propriate, first because the method for connecting can be
optimized to meet the need for longer range and lower bit
rate. Second, the data transferred is low rate and, in some
instances, very infrequent and, for some applications, the
majority of data can be transferred at a time when it is less
likely to cause interference.

Cambridge Consultants predicts that we will see enter-
prise White Space devices developed by the end of 2011,
and consumer devices entering the market in five years.
“It is important to view White Space as a platform that a

COMMERCIAL MARKET

multitude of technolo-
gies can use, presenting
incredible potential for
application far beyond
simply  supplementing
traditional cellular net-
works. One of the main
difficulties is identifying
which vertical market
will see significant head-
way first. Technology is
being developed, but
this is still largely hid-
den from public view
and further demonstra-
tion of both the technology and specific market application
is needed before significant investment is forthcoming,”
commented Fraser Edwards, Head of Radio Frequency
Systems at Cambridge Consultants.

“A priority now should be establishing standards to al-
low for common platforms, economies of scale and large
scale uptake. Without standards, White Space could be a
footnote, but effectively marshalled White Space has the
potential to deliver even greater innovation and new serv-
ices that we have seen in previously unlicensed spectrum,
such as WiFi and Bluetooth.”

Delivery of
personalized and
location-based
services to very local
clientele, for a very
modest investment
by the supplier, is
an attractive new
business model...

MEASURE PHASE NOISE

DATA READY
DUT Attacheq

.' Frequency: 100 MHz
Power: *+9.57 dBm )

ay -

”~

holzworth

instrumentation

10kHz

5 00kHz
Freq 1100.00 Hz

TMHz i
dBm

0004 iz Power: g 5
er. 9.57
M4
——

phone: +1.303.325.3473



http://www.holzworth.com

employ the latest semiconductor technologies and

Our Gallium Nitride [GaN] amplifier products

present the very best performance to our customers.

Gallium Nitride [GaN] technology, coupled with our chip

and wire die level expertise maximize power added efficiency

and high power density characteristics of GaN in small

convenient packages. Multi-octave amplifiers and application

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

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

GaN Power Amplifiers

Moaodel
Number

AMLO56P4013
AMLO56P4014
AMLO5BP4511
AMLO56P4512
AML13P5013
AML26P4011
AML26P4012
AML26P4013
AMLS9P4512
AML539P4513
AMLS10P4213
AML910P4214
AMLO10P4215
AML910P4216
AML811P5011
AML811P5012
AML811P5013
AML1416P4511
AML1416P4512
AMLG618P4014
AML618P4015
AML218P4012
AML218P4011
AML218P4013

Frequency Gain Psat Psat Psat Voltage (V]
(GHz) (dB min) [dBm min] (dBm typ) [Watts typ] Current (A)
05-B6.0 40 35 36 4 28V, 0.75A
0.5-6.0 40 37 38 6 28V, 1.0A
0.5-6.0 45 39 40 10 28V, 1.3A
05-6.0 45 43 44 25 40V, 2.7A
1.0-30 50 46 47 50 28V, 4.8A
2.0-6.0 40 40 41 12 28V, 1.5A
2.0-6.0 45 43 44 25 28V, 3.0A
2.0-6.0 a0 46 47 a0 28V, 6.0A
55-8.0 45 45 46 40 28V, 4.0A
55-8.0 45 48 49 80 28V, 8.0A
88-10.7 43 37 38 6 32V, 0.5A
9.9-10.7 43 39 40 10 32V, 0.8A
9.8-16.7 46 41.5 42 15 32V, 1.3A
89-10.7 46 42 43 20 32V, 1.3A
78-110 45 43 44 25 28V, 2.8A
78-11.0 50 46 47 50 28V, 5.5A
78-11.0 50 48 439 80 28V, 11.5A
14.0-16.0 45 42 43 20 38V, 3.2A
14.0-16.0 45 45 46 40 358V, 6.2A
6.0-180 40 39 40 10 32V, 2.8A
6.0-18.0 40 42 43 20 32V, 4.8A
2.0-18.0 35 37 38 6 32V, 1.5A
2.0-18.0 40 39 40 10 32V, 2.8A
20-180 38 42 43 20 32V, 4.8A

Features: Fast TTL On/Off [Rise/Fall < 100ns];
Wide operating temperature range: -54° to +85°C [hermetically sealed)

Microsemi Corp. - RFIS, Camarillo, CA [formerly AML Communications)

Tel: B05-388-1345 | Fax: 805-484-2191 | Email: sales@amlj.com | www.amlj.com
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12%
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EARSS
EARSS
EARSS
EARSS
EARSS
EARSS
EARSS
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3A001.b.4.b
3A001.b.4.b
EARSS
EARSS
EARS9
3A001.b.4.b
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3A001.b.4.b
ITAR
ITAR
ITAR
ITAR
ITAR
ITAR
ITAR
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INDUSTRY NEWS

TowerJazz announced the closing of the sale of all its hold-
ings in Hua Hong Semiconductor Ltd. (HHSL), the par-
ent company of HHNEC, one of Mainland China’s leaders in
the field of IC foundry service, in a HHSL share repurchase
transaction for $32 M in cash. TowerJazz’s holdings consist-
ed of 10 percent of HHSLs shares, valued per GAAP in the
amount of $17 M on TowerJazz's balance sheet. TowerJazz
received the cash from this transaction and expects to record
a gross gain in the third quarter of $15 M as a direct result of
this sale, and approximately $8 M of net gain.

CommScope has completed its acquisition of Argus Tech-
nologies, a producer of innovative antenna solutions for wire-
less applications. Argus, headquartered near Sydney, Austra-
lia, provides a wide array of high performance, high technol-
ogy antennas for base stations, stadiums and other wireless
applications. The acquisition enables CommScope to broad-
en its antenna solutions portfolio, deepen its research and de-
velopment capabilities, strengthen its global market presence
and accelerate its growth in the wireless market.

The Massachusetts Institute of Technology has an-
nounced the creation of the MIT/MTL Center for Gra-
phene Devices and Systems (MIT-CG). This interde-
partmental center, part of the Microsystems Technology
Laboratories (MTL), brings together MIT researchers and
industrial partners to advance the science and engineering
of graphene-based technologies. The Center coordinates
the work of more than 15 MIT research groups and lever-
ages several existing collaborative efforts in graphene sci-
ence that exist on campus.

Analog Devices Inc. (ADI) has received the 2009-2010
Bosch Supplier Award. ADI received the award for supe-
rior service in the electronics category (ASIC and ASSP),
in particular for supplying application-specific analog and
mixed-signal products designed to meet the rigorous qual-
ity and reliability standards of the automotive industry.

OML Inc. is celebrating 20 years in business. Located in the
Silicon Valley of CA, the company’s solutions empower engi-
neers in R&D and manufaeturing to pursue opportunities in
emerging applications spanning radio astronomy, communi-
cation, imaging, space research and homeland security.

International Manufacturing Services Inc. recently do-
nated a generous quantity of thin film chip resistors to the
Department of Computer and Electrical Engineering at
Brigham Young University in Provo, UT.

CONTRACTS

Comtech Telecommunications Corp.’s MD-based sub-
sidiary, Comtech Mobile Datacom Corp., received an

For up-to-date news briefs, visit www.mwjournal.com ;\#
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initial funded order totaling $4.6 M to support the US Ar-
my’s Movement Tracking System Program. This order was
placed under Comtech’s existing $384 M BFT-1 contract
and represents the first order released by the Blue Force
Tracking Program Office to support the MTS program,
which has now been consolidated under its direction. This
order provides partial funding for the continued supply of
satellite bandwidth, satellite network operations, engineer-
ing services and program management support.

API Technologies Corp. announced it has been awarded
new contracts valued, in aggregate, at $2.7 M to produce
circuit card assemblies for use in counter-explosive equip-
ment under the Joint Counter Radio-Controlled Impro-
vised Explosive Device Electronic Warfare (JCREW) pro-
gram. API’s Electronics Manufacturing Services (EMS)/
SenDEC division was awarded the order by a major de-
fense electronics systems integrator and will be used by the
US Armed Forces at home and abroad.

ASC Signal Corp. has been awarded a multi-million dol-
lar sub-contract by L-3 Narda Satellite Networks, to
provide more than 100, 3.9-meter, quad-band, fly-away an-
tenna components and systems. The antenna systems will
support high frequency communications over commercial
and government satellites. Under this contract, ASC will
deliver the largest quantity of Earth station systems for one
program since the company’s inception.

Wireless Telecom Group Inc. announced that its wholly
owned subsidiary, Boonton Electronics, has been awarded
an increase of $1.5 M to its contract with the US Navy. The to-
tal contract is for approximately $3 M and a considerable por-
tion of this contract will be fulfilled over the next 12 months.
Boontons 4500B RF Peak Power Meter will be utilized by
the Department of Defense (DoD) Naval Sea Systems Of-
fice personnel in shipboard and shore-based laboratories and
by other DoD personnel to calibrate Radio Detecting and
Ranging test sets, Tactical Navigation test sets, Identification,
Friend or Foe (IFF) test sets and Commercial-Off-The-Shelf
equipment, such as RF and microwave signal generators.

Skyworks Solutions Inc. announced it is supporting
ZTE's ramp of next generation tablets and laptops with
EDGE and WCDMA/LTE front-end solutions. Skyworks’
modules are powering data cards and USB modems to help
deliver greater mobility for tablets that are equipped with
cellular connectivity. With these wins, Skyworks is broad-
ening its relationship with ZTE, one of the world’s fastest-
growing handset OEMs. ZTE already leverages several of
Skyworks” TD-SCDMA and CDMA solutions for handsets
and will soon utilize Skyworks™ antenna switch modules in
several forthcoming smart phone platforms.

Custom electronics design firm Stilwell Baker Inc. an-
nounced the successful completion of a legacy power sup-
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ply re-design for Superior Technical Services. The com-
pany needed a solution for failing discrete power supplies
on Scanning Electron Microscopes (SEM). Stilwell Baker
engineers went onsite to characterize the power supply re-
quirements in the various models of SEMs supported by
Superior Technical. The team then wrote a detailed speci-
fication, designed and built the new power supply.

ORBIT Communication Systems Ltd., a subsidiary of Or-
bit Technologies Ltd., announced a contract with an Asian
Navy for multiple OrBand™ (AL-7107) maritime C-Band
VSAT systems. OrBand leverages breakthrough technology
to deliver RF performance equivalent to industry-standard
systems, in a much smaller footprint. Industry-standard
systems feature a 3.8 m (150") radome, while OrBand fea-
tures a compact 2.7 m (106") radome, requiring substan-
tially less deck space.

NEW MARKET ENTRIES

Agilent Technologies Inc. announced that it has in-
creased the company’s capability to provide on-site Z540.3
calibration services at locations from Canada to Brazil. In
March 2010, the Roseville, CA, service center became the
first commercial calibration lab to be accredited by A2LA
to ANSI/NSCL Z540.3-2006. Since then, 14 Agilent ser-
vice centers, many with mobile calibration teams, have all
been accredited to Z540.3 by A2LA. These centers now
offer 7540.3 calibration service for more than 500 models,
up from 230.

Raytheon Co.’s Network Centric Systems has com-
bined its existing security solutions and civil communica-
tions businesses as part of a new product line to increase its
focus on opportunities in public safety markets. The new
product line, Security and Transportation Systems (STS),
includes two major public safety focus areas. The first is se-
curity solutions, with an emphasis on critical infrastructure

RF-35TC

protection, including ports and airports, border protection
and other needs served by the ClearView™ family of se-
curity management systems. The second area is interop-
erable communications networks and the equipment that
allow first responders to communicate with one another in
an emergency. The air traffic management business will
also be part of STS.

Siklu is now offering its low cost millimeter-wave radio sys-
tems in the North American market. Siklu delivers carrier-
grade millimetric-wave Gigabit Ethernet radio solutions
with unparalleled price-performance value. Offering the
industry’s lowest total cost of ownership and incorporating
on-board networking capabilities, solutions from Siklu are
ideally suited for mobile backhaul, Carrier Ethernet busi-
ness services, enterprise and vertical applications.

PERSONNEL

Anatech Electronics appointed Dean
Handrinos as Director of US Sales,
with the responsibilities of developing
new business and managing of the com-
pany’s sales activities throughout the
country. Handrinos comes to Anatech
from Stealth Microwave (a division of
Micronetics), where he was Vice

A Dean Handrinos Pregident. Handrinos received his bach-
elor’s degree in engineering from Stevens Institute of Technology
and is working toward his MBA degree from Lehigh University.

Giga-tronics Inc. announced that Mark Elo has joined
the company as Vice President of Marketing. Elo comes to
Giga-tronics with more than 20 years of test and measure-
ment experience in RF and microwave instrumentation.
He has held various positions at Hewlett-Packard, Agilent
Technologies and Keithley Instruments — including Prod-
uct Marketing Manager, Marketing Director and Business
Development Director — as well as a number of R&D man-
agement roles. Giga-tronics also announced that Malcolm
Levy will retain his responsibilities for managing the com-
pany’s worldwide sales and business development activities
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and will continue as an Officer of the company. He will
assume the position of Executive Vice President of Sales.

IEE has appointed Thomas Whinfrey as President and
CEO. Whinfrey brings more than 25 years of experience
in managing operations and strategies for a number of
large companies throughout the military and aerospace
industries. This experience, coupled with his track record
of visionary leadership, lays the foundation for successful
partnerships with IEE’s growing customer base.

M/A-COM Technology Solutions re-

cently announced two promotions. Vin-

cent Pellicia was named Senior Direc-

tor of Asia Pacific Sales. Pelliccia most

recently served as M/A-COM Tech’s Di-

rector of Sales Operations and Business

Development. Prior to that, he served as

A Vincont Pellicia V1€ President of Sales at Mimix
Broadband Inc., which was acquired by

M/A-COM Tech in May 2010. Pelliccia worked at M/A-
COM Inc. for 11 years as a Product Group Manager prior
to joining Mimix Broadband. Pelliccia received a B.S. and
M.S. in electrical engineering from the University of South
Florida. James Dempsey has been promoted to the posi-
tion of Director of Global Distribution. He most recently
served as Deputy Director of Distribution at M/A-COM,
and previously held leadership roles at Skyworks Solutions

Inc., Alpha Industries and Herley Mi-
cro-Dynamics. Dempsey received a
B.S. in electrical engineering from Wen-
tworth Institute of Technology, while
also earning a certificate from the MIT
Sloan School of Management in the
Greater Boston Executive Business
Program.

A James Dempsey

Modelithics Inc. announced the addi-
tion of John Fisher, as member of the
Modelithics management team, as Vice
President of Operations. Fisher has
more than 29 years of engineering and
management experience, including pre-
vious roles as Director of Engineering
and VP of Sales and Marketing. Fisher
earned a bachelor’s degree in electrical
engineering from the University of Central Florida, along
with a master’s degree in electrical engineering and a MBA
from the University of South Florida.

A John Fisher

Nujira has appointed Patrick McNa-
mee to the newly created post of VP
of Silicon Operations with overall re-
sponsibility for taking its Envelope
Tracking ICs from design completion
to volume production. He has more
than 25 years experience in the semi-
conductor industry, including 15 years
senior management experience with
fabless semiconductor companies, such as Powervation,

A Patrick McNamee
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Cambridge Silicon Radio (CSR) and Dialog Semicon-
ductor. He joins the company from EoSemi, a UK based
start-up with novel intellectual property in the field of
silicon timers. Earlier in his career, he held test and
product development positions at the senior engineer
level with National Semiconductor and GEC Plessey.

REP APPOINTMENTS

MITEQ Inc. announced the appointment of Omarim
Technologies Ltd. as the company’s exclusive sales
representative in Israel and EMCO Elektronik GmbH
as the company’s exclusive sales representative in Aus-
tria, Germany and Switzerland. Omarim and EMCO
will represent MITEQ’s component division of prod-
ucts, which includes amplifiers, mixers, frequency
multipliers, passive power components, switches, at-
tenuators, limiters, phase shifters, IF signal processing
components, oscillators, synthesizers, integrated multi-
function assemblies and fiber optic products. Omarim
Technologies Ltd. can be contacted at 011-972-9-763-
1000. EMCO Elektronik GmbH can be contacted at
011-49-89-895-5650.

SV Microwave announced the signing of Mouser Elec-
tronics as its newest authorized distributor. Mouser

Electronics is one of the industry’s fastest-growing
global catalog and online semiconductor and electronic
component distributors.

Valpey Fisher Corp. and Precise Time and Frequen-
cy Inc. (PTF) jointly announced an agreement in which
PTF products will be sold and distributed worldwide by
Valpey Fisher — expanding its line of high performance
integrated products for timing and frequency control.
A privately held company, Precise Time and Frequency
Inc. will continue to be active in the design, engineer-
ing and manufacture of its frequency, time, GPS and
switch products. New products will continue to be de-
veloped with input from new and existing customers.
Through this agreement, Valpey Fisher will productize
the line of PTF products and market them under the
Valpey Fisher brand. Products will be sold and distrib-
uted through the direct and indirect global sales chan-
nels of Valpey Fisher.

WEBSITE

Versatile Power Inc. a technology leader in the design
and manufacture of custom electronic subsystems, an-
nounced its new, expanded website: www.versatilepower.
com. The new website provides ease of use for visitors
wanting to learn about the company’s broad offerings of
custom design and manufacturing services for medical,
semiconductor, ultrasonic, lighting, government lab, aero-
space, military and industrial applications.
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SPECIAL REPORT

US Army SBIR
PROGRAMS SPUR
MICROWAVE INNOVATION

ongress established the Small Business
C Innovation Research (SBIR) program

to provide an opportunity for small
businesses and academia — through Small Busi-
ness Technology Transfer (STTR) — to partici-
pate in government-funded research and de-
velopment. The US Army SBIR program is the
nation’s largest source of early stage technology
financing. This million dollar program enables
hundreds of small companies to develop new
products and technologies and progress from
prototype to production. The program encour-
ages small companies to research and develop

TABLE |
US ARMY SBIR PROGRAM PHASES!

6 months
$100,000 max.

Phase |

4-month option (Government’s discretion)
$50,000 max., to fund Interim Phase II efforts

Phase I (Option)

2 years
$1,000,000 max.

Phase Il Unlimited time; non-SBIR funding

Phase Il

new technologies and products in response to
critical Army needs.

Table 1 shows the different phases these
programs use in regard to the funding level and
duration of each step. Phase I is a feasibility
study that determines program viability, Phase
IT is a R&D effort resulting in a prototype and
Phase III expects the small business to obtain
non-governmental funding to progress from
prototype to a viable product. Looking through
the recent 2011 success stories publication
from the Army that lists the best in Phase III
commercialization efforts, we found many in-
teresting RF and microwave-related technolo-
gies in addition to others we have seen in the
news.!

EY Technologies (Fall River, MA) has devel-
oped conductive fiber technology in response
to the military’s needs for Electro textiles that
will enable the next generation of military gar-
ments with integrated devices. Some examples

PATRICK HINDLE
Technical Editor, Microwave Journal
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are body antennas
that that identify a

soldier’s  location,
components for [G=
Electro Magnetic

Interference (EMI) £
shielding, wear-
able computers, f
data/power con-
duits, body mapping |*
for  health/fatigue/ |
wound monitoring
systems and elec-
trically heated gar-
ments. They have
developed — metal
alloys that meet the
Army’s performance
needs and the metal
is incorporated into
a polymer matrix,
which maintains its
properties when
drawn into micro wires. Now antenna
designers can develop new designs
that are integrated into clothing. The
product has already generated income
from outside sources and the com-
pany is testing the product for other
applications, such as GPS-enabled
clothing for the blind, bio-threat sen-
sors, advanced medical devices, artifi-
cial muscles, strain gauges for military
parachutes, electro luminescent sys-
tems, iPhone/iPod compatible shirts,
pressure monitoring hospital mat-
tresses and for many other smart gar-
ments.

The Army has expressed a need
for power conditioning elements that
enable advanced RF warheads and
multi-pulse RF systems that can be
used for IED detection, vehicle/vessel
disablement and impulse radar. Radi-
ance Technologies (Huntsville, AL)
has developed compact power condi-
tioning elements that function in the
megavolt and gigawatt range when
integrated into RF impulse sources.
These elements enable a pulse gener-
ator technology that scales from single
pulses at gigawatt power levels to high
rep-rate multi-pulse systems operat-
ing with peak power of gigawatts and
with average power levels in the sev-
eral kW range. This product has been
used to demonstrate vehicle/vessel
disablement, a direct strike undercar-
riage vehicle disabler, a broadband
impulse UHF radar, a pre-ionizer for
advanced space propulsion, a highly

SPEcIAL REPORT

A Fig. 1 UGV with IED detection radar sensor (a) imaging a buried
object (b).

ionized plasma source that can be
used for chemical processing, and a
high power UHF transmitter that has
been shown to disrupt the electronics
associated with IEDs. A laboratory
demonstration of an explosive-driven
pulse generator is being evaluated for
Electro Magnetic Pulse (EMP)-like
warheads, and as a general laboratory
pulse generator.

TiaLinx (Newport Beach, CA) has
developed UWB RF systems that pro-
vide improved IED detection for bet-
ter situational awareness. The Cou-
gar mini-unmanned ground vehicle
(UGV or robot) with tractable arm
or Phoenix mini-unmanned aerial ve-
hicle (UAV) with programmable way-
points, can carry a variety of sensors
for extended standoff surveillance as
well as detection of buried objects.
Through software controlled inter-
faces, the company’s UGVs and UAVs
can be remotely guided at extended
ranges. Multiple integrated cameras
allow day and night visibility and
operation for enhanced situational
awareness. TiaLinxs UGVs and UAVs
are able to perform through-the-wall
imaging, IED detection, RF mapping
and detection of IEDs on people. Fig-
ure la shows a Cougarl0-B UGV us-
ing a radar sensor to detect IEDs bur-
ied underground. The sensor display
in Figure 1b shows the object being
detected underground.

Agile Digital Effects Proces-
sor (ADEP™) Digital RF Memory
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A Fig. 2 Agile Digital Effects Processor
Digital RF memory unit.

(DRFM) from Systems and Process
Engineering (Austin, TX) provides
revolutionary improvements to EW
capabilities that effectively support
countermeasure techniques to com-
bat current and future planned wide
bandwidth radar with increasingly
sophisticated modulation schemes
based on an architecture that can ef-
fectively and rapidly evolve with the
threat. It has the ability to generate
sophisticated digital effects as ac-
curately represented multiple cross-
ing targets and extended range in
comparison to other current DRFM
products. The technology can gener-
ate accurate RF signals, waveforms
and images without introducing arti-
facts. Figure 2 shows a picture of the
ADEP 800 unit.

Custom MMIC Design Services
(Westford, MA) has developed a fam-
ily of ultra low noise and ultra low
power dissipation amplifiers at 10 and
20 GHz for use in Active Electronical-
ly Scanned Array (AESA) radars. The
company has combined state-of-the-
art semiconductor processing with its
design techniques to reduce the pow-
er dissipation of each LNA down to 30
mW and lower the noise figure (NF)
by 1 dB. The 10 GHz LNA has 20 dB
gain with a NF of 0.8 dB and the 20
GHz LNA has 25 dB gain with a NF
of 1.2 dB. The products have been
qualified over the full commercial and
military temperature ranges and are
shipping in volume.

Digital ~ Receiver  Technology
(Germantown, MD) has developed
a portable Threat Warning Receiver
(TWR) that gives soldiers immedi-
ate access to signal exploitation, elec-
tronic attack, force protection and
wireless networking functions. It uses

SPEcIAL REPORT

new software-defined radio (SDR)
technology to analyze the incoming
signals. The SDR technology enables
high speed, wideband scanning with
direction finding and can be easily up-
graded.

Auriga Microwave (Lowell, MA)
is involved in several SBIR pro-
grams from the US Navy, Air Force
and Army.2 The Army program ad-
dresses the demand for high power
RF switches for the Joint Tactical
Radio System (JTRS), which includes
software-controlled  reconfigurable
RF hardware. Due to its reconfigu-
rable nature, the JTRS requires a
large number of RF switches in dif-
ferent configurations. In such multi-
component switching blocks, use of
traditional PIN-diodes has significant
limitations on overall system perfor-
mance due to high bias current con-
sumption, relatively slow modulation
speeds, vertical layout integration
complications and low temperature
stability. RF switches based on GaAs
technology suffer from low power
handling. Therefore, Auriga is pursu-
ing another technical tract. To make
a high power switch without the
limitations of PIN or GaAs technolo-
gies, insulated gate Group III-nitride
HFETs will be used. These devices
are advantageous due to their higher
power handling capability, tempera-
ture stability and high reliability for
switches and monolithically integrat-
ed switch arrays. Auriga’s goal is to
design and deliver a family of MPMT
switches that operate across two de-
cades of bandwidth (2 to 2000 MHz),
have less than 0.25 dB insertion loss
and are capable of handling RF pow-
er up to 46 dBm.

The SBIR program provides mil-
lions of dollars in funding to small
businesses to quickly provide solu-
tions to the Army’s critical needs as
is also done with the other branch-
es of the military. These funds pro-
vide an important impetus for small
companies to invest in practical re-
search and development and bring
new, innovative products to the
market. l

References
1. https://www.armysbir.army.mil/
docs/pdf/sucess_stories/army_

commercialization 2011-low-res.pdf
2. http//www.aurigamicrowave.com/.
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PIM TESTING GROWING
IN IMPORTANCE AS
4G RoLLs OuTt IN EUROPE

D

uropean cellular system performance
requirements are at an all-time high.
System performance is an extremely

important part of the day-to-day operation of
a modern telecommunications network and
is a direct reflection on the overall perceived
quality levels experienced by each individual
subscriber. Dropped calls, poor quality con-
nections and other frustrating performance
problems directly contribute to subscriber
churn. This has a massive impact for the ser-
vice provider, as it is a key indicator of custom-

er sentiment.

The modern communications system is re-
quired to perform at a very efficient level. This
quality standard has changed greatly during the
past few years and will continue to change as
current 3G and 4G systems compete for market
share and increase infrastructure and coverage.
Line sweep testing is more important than ever
and emerging passive intermodulation (PIM)
testing requirements have lifted the bar even
higher. Ultimately, this means contractors, cell
technicians and performance engineers must
work closely together to achieve the required
quality of service.

F1 F2
3rd 3rd
5th
7th

5th
7th
| |

A Fig. 1 Carriers FI and F2 with 3
through 7th order products.
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PIM BASICS

PIM, often referred to as
the diode effect or the rusty
bolt effect, is a form of passive
intermodulation distortion that
occurs in components normally
thought of as linear, such as ca-
bles, connectors and antennas.
However, when subjected to the
high power RF signals found in

cellular systems, these devices can generate
spurious signals. An on-site PIM test is a com-
prehensive measure of linearity and construc-
tion quality. PIM appears as a set of unwanted
signals created by the mixing of two or more
strong RF signals in a nonlinear device, such as
in a loose or corroded connector.

The following pair of formulas can predict
PIM frequencies for two carriers:

nFl1 —mF2

nF2 —-mF1

F1 and F2 are carrier frequencies and the
constants n and m are positive integers. When
referring to PIM products, the sum of n + m is
called the product order, soif mis 2 and nis 1,
the result (24+1=3) is referred to as a 34 order
product. Typically, the 3'd order product is the
strongest, causing the most harm, followed by
the 5th and 7th order products, which also cause
significant harm. An example is shown in Fig-
ure 1.

Because PIM amplitude becomes lower
as the order increases, higher order products
typically are not strong enough to cause direct
frequency problems, but they usually assist in
raising the adjacent noise floor. Once this raised
noise floor crosses into the Rx band, it then has
an open door into the base station (BTS). A
standard PIM test will usually test for the 3rd
order, because it is always the most powerful.
The actual problem that exists within a site,
however, may be 5th or 7th order PIM products
that are causing the degradation in site perfor-

NicHOLAS CANNON
Anritsu Co., Morgan Hill, CA
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A Fig. 2 PIM causing receiver interference at 910 MHz.
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carriers, one at 935 MHz and the oth-
er at 960 MHz. In this case, the 910
MHz 31 order product is in the up-
link band and the frequency of the F1
harmonic falls in the DCS 1800 band.

Three or More Carriers

All the calculations outlined have
assumed that only two carriers are
present. That is not the case in the
real world. At the base station, one
needs to consider the increase in sus-
ceptibility to multi-carrier-specific is-
sues. When three or more carriers are
involved, the calculations quickly be-
come complex. The intermodulations
created within a multi-carrier system
often appear as a raised wideband
noise floor. This is often referred to as
a “shark’s fin,” as the BTS Rx filtering
gives this noise a characteristic shape
when monitored on the Rx path cou-

pling ports.

IMPORTANCE OF LINE SWEEP
TESTS AND PIM

Line sweep testing and PIM are
very different tests. Both are extreme-
ly important and accurately measure
a cell site’s ability to provide service
and perform optimally. Line sweeping
measures the signal losses and reflec-
tions of the transmission system. PIM
testing is a measure of construction
quality and poor quality will result in
self-interference.

PIM testing performance measure-
ments are not relevant, unless accom-
panied by comprehensive line sweep
tests. It is important to recognize that
PIM test measurements performed
on a transmission system that has poor
microwave performance are irrelevant
indicators of the transmission system
performance. Unfortunately, not un-
derstanding how these tests relate to
performance has not only resulted
in compromised test data, it also has
caused the need to re-test the systems
repeatedly. In turn, connections and
components are becoming increasing-
ly overworked and greatly contribute
to line sweep and PIM problems.

PIM requires both low system
loss and good return loss (VSWR) to
perform to an acceptable standard. If
PIM testing is performed prior to line
sweep testing, the operator may not
be aware of the impedance charac-
teristics of the transmission line. High
insertion loss attenuates the PIM test
signals, preventing the high power
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characteristics from reaching the very
components that require this strin-
gent testing. Poor return loss reflects
a percentage of the PIM test signals
back into the test set, causing some
signal cancellation that can report a
false positive. It is becoming increas-
ingly common for poor line sweep
performance to create a false “pass” of
a PIM test.

By performing the line sweep test
prior to PIM testing, the operator can

be confident the insertion loss and
return loss data are at acceptable lev-
els. This data ensures that the PIM
test signals actually reach the com-
ponents at the highest possible sig-
nal level, offering the most accurate
indicator of true PIM performance.
By constructing a system using mod-
ern low PIM practices, the need to
break the transmission system back
open will be minimized. If the lines
are disassembled again to replace or
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clean a connector, the line sweep data
will need to be repeated. One point
that should be conveyed is that poor
PIM may affect the site performance
by lowering capacity, but poor return
loss is a catastrophic failure and will
take the site off air.

DCS1800 PIM ISSUES

Throughout Europe, the 900, 1800
and 2100 MHz communications bands
are commonly used and are being up-
graded for LTE deployment. With real
estate at a premium, most cellular net-
works will share sites and infrastruc-
ture. The European frequency plans
present some issues. DTV banding is
very close to the cellular systems and
several countries are expecting ma-
jor interference challenges. Another
common issue is that any faulty cable
TV distribution amplifiers or lines that
may be un-terminated can cause in-
terference with a BTS receiver.

Another major problem is illustrat-
ed in Figure 3. The 1800 MHz band
produces 31 order PIM in its own
receive band. This is a very common
occurrence for most cellular bands. It
is also possible to create PIM that falls
into the 2100 MHz receive band when
a3'dorder PIM on the high side of the
1800 MHz band is present. In a dis-
tributed antenna system (DAS), any
PIM generated by the DCS1800 band
is certain to affect both receive bands,
resulting in poor system performance.
Where spread spectrum technologies
are utilized, the PIM will be broad-
band in nature. These multi-banded
systems will need to be constructed
very well in order to perform under
heavy subscriber traffic conditions.

Ajrports, sports venues and major
tunnels may use a DAS where all op-
erators’ BTS signals are combined and
share a common antenna and distribu-
tion system. The PIM performance of

F1* F2*
1805 1880

3rd 3rd
5th 5th
7th H H 7th
1580 4655 17130 1805 4880 1955 2030 2105
1751751751 751 751751 75 |

A Fig. 3 Carriers FI and F2 with 3 to 7th
order products.
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these systems is critical, as any isolation
enjoyed between carriers in the out-
side network will be lost. Also worth
noting is that even high performance
filtering will not fix linearity problems,
as the PIM is generated on the com-
mon areas of the distribution system.
When a PIM signal crosses into the Rx
band, any filtering simply allows these
signals to pass through to the receivers.
The good news is that PIM testing can
control these construction issues.

COMMON PERFORMANCE
INDICATORS

BTS alarm conditions are designed
to provide insight into performance
issues. Many network operators are
assuming that unfixable performance
faults are due to poor PIM levels. It
needs to be carefully considered if
PIM can actually be a possible prob-
lem within the cell site. Unless the
site has two or more transmitters on
one feed line, self-generated PIM is
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unlikely. The BTS will offer indica-
tions of PIM performance, which is
usually reported as an “Rx/Main di-
versity noise imbalance” alarm. This
data indicates that the noise floor be-
tween the main line and the diversity
line are different in level. All major
BTS system manufacturers offer
these alarm conditions, but different
terms are used. If the feed line that
carries the transmit signals has the
raised noise floor, then PIM is highly
suspected. External interference will
be present on both the main and
diversity feed lines. This interfer-
ence, or raised noise floor, could be
externally generated PIM and can
be quickly isolated and identified by
wilting (shutting down) one or more
transmitters on the affected sector.

A cellular site that reports elevated
Rx noise floor on both Rx lines (Du-
plex/Simplex) would indicate that the
source is external. This is often a cable
TV amplifier that is leaking RF power.
The BTS receiver is very sensitive and
can easily suffer from external noise that
happens to cross into the receive band
of the site. Another good example of
this type of fault is problems caused by
cellular jammers. Often this technology
is employed without realizing the pos-
sible problems it can cause, especially if
emergency calls are restricted.

SUMMARY

As subscribers utilize more high
speed mobile devices, the performance
issues of the cell system will grow at an
even greater rate. This degradation
in capacity and overall performance
needs to be considered as network up-
grades are made. PIM testing is fast
becoming a commonly accepted test,
much like impedance measurements.
As technology advances, these per-
formance measurements are becom-
ing more critical. As new technologies
are deployed and old technologies are
phased out, the unique opportunity ex-
ists to ensure that critical areas of the
infrastructure are capable of the per-
formance required by these advanced
communication formats. The perfor-
mance engineering team will be re-
sponsible for multiple spread spectrum
technologies. Having the right resourc-
es will be paramount to maximizing
site and system efficiency as subscriber
traffic increases. l
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A Fig. 1 Miniature quad hybrid coupler
made with the Multi-Mix® process.
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FLUOROPOLYMER
COMPOSITE SUBSTRATE
TECHNOLOGY FOR RF AND
MICROWAVE INTEGRATION

he following article describes a process

I for microwave, multi-layer integrated
circuits and micro-multi-function mod-

ules (MMFMT™) based on fluoropolymer
composite substrates called Multi-Mix®. The
fusion bonding of multi-layer structures pro-
vides a homogeneous dielectric
medium for superior electri-
cal performance at microwave
frequencies. The bonded lay-
ers may incorporate embed-
ded semiconductor devices,
etched resistors, passive circuit
elements and plated-through
via holes, to form a 3D subsys-
tem enclosure that requires no
further packaging. In fact, the
structure is the package. The

small-footprint, low profile units
are rugged, lightweight and with
the various external interfaces,
make it compatible with most
RF structures (see Figure 1).
The process controls for the
described method allow a low

A Fig. 2 Sub-miniature quad 3 dB hybrid  cost manufacturing approach

coupler.
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that is suitable for high or low volume produc-
tion. The platform strategy of MMFM model-
ing and simulation reduces engineering cycle
time and enables the resulting product to be
an economical solution for new circuit designs.
Some of the benefits of the technology process
include:

e High density circuit integration

* Industry-leading electrical and mechanical
performance

Improved quality

Size and weight reduction

Reduced cost

High yield and full panel utilization
Increased reliability over other techniques
Adaptable for millimeter-wave applications.
Figure 2 shows an example of a sub-minia-
ture quad 3 dB hybrid with low loss of 0.35 dB,
high isolation of 20 dB, power handling of 30
W operating from 800 to 1000 MHz. The de-
vice has good amplitude and phase tracking in
a surface-mount structure that can be handled

KEVIN SPENCER
Crane Aerospace & Electronics
West Caldwell, NJ
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addition of low Dk
foams to form di-
poles and patch an-
tennas. In addition,
process support for surface-mount com-
ponents, such as circulators, resistors
and other components, can be added to
create a highly integrated structure.
One example of the size and weight
reduction made possible through this
process is a S/C-Band multi-channel
filter bank shown in Figure 4. In this
filter, six multi-layer boards comprise
the assembly. There are 14 contiguous
filter channels distributed over three
circuit substrates separated by three
dielectric and ground plane spacers.
After fusion bonding and edge plating,
the finished assembly is approximately
3" X 4" X 3/8" and weighs less than 2
ounces. The multi-layer package re-
placed a considerably larger and heavi-
er solution. The weight is now mea-
sured in ounces as opposed to pounds.

THE PROCESS IN DETAIL
The process begins with commer-

cially available polytetrafluoroethylene
(PTFE) composite, copper-clad lami-
nate material having inherently low
dielectric loss and stable microwave
properties. A low Z-axis coefficient of
thermal expansion (CTE), close to that
of copper and aluminum, ensures excel-
lent reliability of plated-through holes
and blind and buried vias. Controlled
XY-plane thermal expansion, together
with a low modulus, affords excellent
reliability of surface-mounted devices
in the most severe thermal cycling and
thermal shock environments. Further,
a low and uniform thermal coefficient
of dielectric constant, coupled with the
low CTE, result in consistent electri-

SPECIAL REPORT

cal performance over a wide operating
temperature range and operating fre-
quency. Figure 5 shows a traditional
quad hybrid compared to one produced
with the Multi-Mix process, which real-
ized a 18X reduction in volume.

Complex microwave circuit pat-
terns and transmission-line geometries
may be chemically photoetched on
the copper, maintaining dimensional
tolerances of 0.0005 inch. The in-
corporation of thin metal-film etched
resistors is under qualification and will
be available in the near future. Index-
ing holes for layer-to-layer alignment
in assembly are precision machined or
drilled into each board. Layer-to-layer
plated-through holes (blind and buried
vias) may be realized with a minimum
diameter of 0.008 inch and aspect ra-
tios of 6:1. Stacked layers can be fusion
bonded directly to copper or aluminum
plates offering exceptional thermal dis-
sipation for the structure.

Active device attachments are em-
bedded in cover layer cavities to pro-
vide environmental protection and
allow pre-cap inspection and test.
The pick and place of discrete com-
ponents can be demonstrated on array
panels up to 12 X 18 inches, with the
potential to accommodate flip chip
packages and ball grid arrays. Op-
erating-frequency capability of cur-
rent circuit designs range from VHF
through Ka-Band. Properly sized
and spaced blind and buried vias are
used between ground planes to isolate
lines and other RF structures within
a ground plane. The ability to offer a
high degree of isolation within a given
layer allows a designer to run various
signal traces on the same layer, reduc-
ing size without the worry of cross-talk
or unwanted resonance. In fabricat-
ing a bonded multi-layer assembly, the
stacked layers are placed in a fixture
to which carefully controlled, uniform
pressure and temperature is applied
to meet the substrate fusion bonding
requirements. After cooling and re-
moval from the fixture, edge plating
for EMI shielding and ground-plane
integrity is performed. Finish plating
layers for environmental protection
include annealed matte tin, tin/lead

and electrolytic nickel/gold.

PLATFORM STRATEGY OF
MODULE ARCHITECTURE

Whether it is for military or com-
mercial applications, improved elec-
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filter bank footprint (a) and performance

data (b).

tronic design automation (EDA)
modeling/simulation tools have been
developed for microwave and milli-
meter-wave circuits and packages in
order to support the RF/microwave
circuit designer. Integrated math-
ematical, electromagnetic, thermal
and mechanical modeling capabilities
allow total package analysis to be per-
formed prior to actual hardware fabri-
cation, resulting in rapid turn-around
and lower-cost prototypes.

It is important for RF designers to
have access to simulation models that
accurately represent the electrical be-
havior of the physical module. The
module architecture described in this
article utilizes a structural template,
which overlays outlines and creates
common interconnection paths. Pro-
cess steps are based on design guide-
lines for each layer of a multi-layer mi-
crowave assembly. Actual test data for
functional layer blocks are stored in
a pre-designed library. Ansoft HFSS
software has been utilized to provide
the designer with access to S-parame-
ter data for the purpose of predicting
system performance, thus permitting
co-design database availability. Expe-
rience with this approach thus far has
been met with a high level of positive
feedback. Complete design concepts
from schematic to circuit layout and
test may be performed within a single
operating environment. Functional

SPECIAL REPORT

components may be inserted utiliz-
ing drag-and-drop techniques from
ADS for insertion into system designs,
which can be tailored for a specific ap-
plication.

MULTI-LAYER INTEGRATED
CIRCUIT CONSIDERATIONS

To meet rigid system specifica-
tions, a multi-layer integrated circuit
process for RF/microwave applica-
tions must maintain tight dimensional
tolerances in the fabrication process
to enable circuits with reproducible
characteristics. Such a process should
lend itself to an almost unlimited
number of microwave component and
subsystem product designs, including
lowpass, highpass and bandpass fil-
ters, power dividers, couplers, delay
lines and impedance transformers.
These RF functional blocks will allow
a designer to create more complex
antenna feed distribution networks,
array beamformers or comparators
for monopulse receiving systems. In-
tegration of beam-lead receiver or de-
tector diodes in singles, pairs, quads or
multi-ring configurations enable the
manufacture of mixers and modula-
tors to satisfy a broad range of applica-
tion requirements in radar, electronic
warfare and commercial communica-
tions systems. As an example, Figure
6a shows the footprint and Figure 6b
the performance data of a multi-layer
switch filter bank used in various ap-
plications.

Support for additional signal con-
trol and power conditioning devices,
such as digital attenuators, limiters
and switch matrices that may be pre-
packaged with their driver circuitry
and embedded in cover layer cavities
within the multi-layer assembly, al-
lows designers to further reduce the
physical footprint of the overall mod-
ule. Interfacing each device with its
necessary RF transmission lines and
video/bias traces to external connec-
tors is accomplished during the prod-
uct design and layout phase. Connec-
torized assembly products typically
utilize SMA, SMP, SSMP and SSSMP
along with Corning Gilbert’s line of
connectors.

Active devices, including amplifi-
ers, oscillators, frequency multipliers
and dividers, can also be integrated
in this manner. An example of this
higher level integration is an ampli-
fier module shown in Figure 7. High
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A Fig. 7 Integrated power amplifier module.

isolation is maintained between paral-
lel conductors and between adjacent
multi-layers by following established
design guidelines and using buried
vias that act like RF fences between
traces. The amplifier uses a Doherty
combiner and operates from 2110 to
2170 MHz. It has 40 dB minimum
power gain, = 1.0 dB maximum gain
flatness, 200 W peak and 50 W aver-
age output power with 27 percent
minimum efficiency and ACPR of
-30 dBc maximum. The pallet size is
3.45" X 2.65." Figures 8 and 9 show
the performance of the amplifier
module for output power, efficiency
and ACPR for single carrier TM-1 6.5
dB P/A ratio at 0.01 percent probabil-
ity with DPD not applied.

Applications that have used the
older coaxial and waveguide micro-
wave component technologies will ex-
perience the most dramatic improve-
ments from a multi-layer integrated
module approach. However, even
more recent System designs using
conventional stripline and microstrip
hardware are realizing the advantage
of increasing performance by combin-
ing functions to reduce overall size.
Increasing circuit density can improve
electrical performance and lead to
reduced system cost by eliminating
parts, especially cables and connec-
tors, and shrinking the overall foot-
print required.

The key military applications that
will benefit from innovations in mi-
cro-multi-function modules technol-
ogy are the microwave systems on
airborne, space and land-based radar
and electronic warfare platforms.
Reduced size and weight translates
directly into increased payload and

SPEcIAL REPORT
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A Fig. 9 Efficiency and ACPR vs. average
output power for UMTS GaN 200 W Doherty
platform.

performance. Many millimeter-wave
smart munition sensors are candidates
for this packaging approach, as well.
The micro-multi-function modules
technology described in this article
has been fully qualified for space un-
der various programs and meets the
requirements of various quality stan-
dards for military hardware.

SUMMARY

The Multi-Mix micro-multi-func-
tion module technology described in
this article is being used for highly
integrated assemblies. These include
frequency converters, T/R modules,
beamformers, radiating elements and
advanced switch matrices. The belief
is that the use of this technology will
allow designers greater flexibility and
the ability to add further levels of in-
tegration in the same footprint cur-
rently being utilized. The platform
also provides for low loss, highly reli-
able structures without the sacrifice of
cost and size.

Multi-Mix® is a patented technol-
ogy developed at Crane Aerospace &
Electronics, Merrimac Industries lo-
cation. B
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TECHNICAL FEATURE

HiGH EFFICIENCY L-BAND
GAN POWER AMPLIFIER

This article illustrates the design and development of a 60 W pulsed Class F
power amplifier over the frequency range of 1.25 GHz * 50 MHz. The power
amplifier has been designed and fabricated using a GaN HEMT transistor. This
amplifier shows a competitive drain efficiency of 70 percent with a pulse output
power of 60 W over the bandwidth of 100 MHz and a compressed gain of 15 dB.
It has been fabricated and tested using an alumina substrate (£,=9.9) with three

layers of metallization (Cr-Cu-Au) and the measured result is congruent with the

simulated results. A comparison of linearity performance between a Class AB and

Class F amplifier using the same GaN HEMT device is also presented.

he rapid growth of wireless communi-

I cations, as well as space-borne systems,
leads to the increasing demand of low
power, high efficiency systems. High efficiency
is the prime requirement for any space-qual-
ified transmitter or wireless communication
systems. Higher efficiency means greater out-
put power with reduced power dissipation.
Achieving higher efficiency necessitates the ac-
tive device to run into heavy saturation, leading
to highly nonlinear behavior. In contrast to lin-
ear classes of amplifier (Class A, B, AB), which
have efficiencies of the order of 40 percent,
nonlinear switched mode amplifiers (Class D,
E, F) offer efficiency better than 60 percent.
Among the switched mode schemes, Class E
power amplifier requires a fast switching sig-
nal, which is not required in Class F operation.
Class F is preferred over Class E due to large

+Vdd

RFC

DRIVE

Ay

E=90°

switching stress on the active
device in Class E operation.
This power amplifier will be
used as the final power stage of
the solid-state power amplifier
(SSPA) for the Chandrayaan-II

S

DCB

fo mission.

GENERAL THEORY OF

A Fig. 1 Schematic of a Class F amplifier.
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CLASS F AMPLIFIER
A Class F amplifier is a re-
duced angle amplifier with load

harmonic tuning to shape the drain voltage
and current in a way that they do not coincide
or rarely coincide with each other, thus greatly
reducing the power dissipated by the device.
Theoretically 100 percent drain efficiency can
be achieved using an infinite number of har-
monic traps. The load must be a short at even
harmonics and open at odd harmonics.! Thus
the drain voltage approximates a square wave-
form and the drain current, a half wave sinusoid.
The two waveforms get displaced in the time
domain so as to ensure zero drain current with
drain voltage peaking and vice versa. As shown
in Figure 1, the output network consists of a
quarter wavelength transmission line and a par-
allel LC tank circuit tuned to resonate at f;,. At
£y, a pure resistive load R is seen by the drain
as the tank circuit offers infinite impedance at
fy- At even harmonics, the tank becomes a short
and the quarter wave transformer appears to be
of length of nAg/2, (g being the guided wave-
length of the transmission line), thereby provid-
ing a short at all even harmonics. This results in
a half wave rectified sinusoid drain current. For
odd harmonics, the output tank becomes a short

S. A1cH, |. DHAR, S.K. GARG,

B.V. BAKORI AND R.K. ARORA
Space Applications Center, ISRO,
Ahmedabad, India
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A Fig. 2 Drain voltage and current wave-
form of an ideal Class F amplifier.

Z=RATf,
+Vad Z = open at 3f,
Z = short, otherwise
HARMONIC TUNING
NETWORK
RFC 3f,
H f,
o
DRIVE bDCB
P R
s 1

A Fig. 3 Third harmonic peaking.

again and transmission line appears
to be of length (2n + 1) Ag/4, thereby
transforming the short to an open cir-
cuit to the drain. The drain voltage
contains only the odd harmonics and
results in a square waveform as repre-

TECHNICAL FEATURE
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A Fig. 4 Schematic of a Class F power amplifier.

sented in Figure 2. All the harmonics
contain either voltage or current and
not both, therefore no harmonic power
is generated by the active device. This
confirms the realization of 100 percent
efficiency, with the assumption that
the active device is an ideal switch with
no loss and zero output drain capaci-
tance.

PRACTICAL DESIGN
CONSTRAINTS

In practice, only a limited num-
ber of harmonic terminations can
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TABLE |

OPTIMUM INPUT AND OUTPUT
IMPEDANCES OF THE DEVICE

Frequency
(GHz)

0.44-71.98

5.096 +j3.75

be implemented. The active device
has a finite bandwidth, which limits
switching speed. This also limits the
number of harmonics present. Thus,
the design of the output network is
implemented considering a tradeoff
between efficiency and size. The max-
imally flat description? shows that the
lower order frequency components in
the Fourier representation of a signal
have the most effect on shaping the
signal. Thus for practical design, only
the second and third order harmon-
ics are considered. In that case, the
output network replaces the quarter
wave transformer by another parallel
tank circuit tuned at 3f;; as shown in
Figure 3. Realizing this circuit with
lumped components would introduce
losses inherent to the high frequency
lumped components. Instead, by tak-
ing advantage of impedance trans-
formation properties of quarter wave
long microstrip stubs, an equivalent
circuit can be realized using a planar
microstrip network.

DESIGN OF CLASS F AMPLIFIER
An RFMD GaN HEMT device
RF3932 has been used to design this
amplifier. Using the nonlinear model
of the device, the optimum input and
output impedance of the device has
been found using the ADS load-pull
utility. The optimum input and output
impedance of the device as found from
load-pull simulation are shown in Ta-
ble 1. Figure 4 shows the schematic
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circuit of the overall amplifier. The in-
put matching circuit of this amplifier
is conventional and serves the general
purpose of extracting maximum gain
out of the device. The output match-
ing circuit of the power amplifier
consists of two parts: the harmonic
trapping circuit and the fundamental
matching circuit. The harmonic trap-
ping circuit, as shown in Figure 5,
consists of a short circuited stub (TL2)
of length 90° at 1.25 GHz connected
to the drain port. This stub presents

at 1.25 GHz. This, combined with an
open circuited stub (TL4) of length
30° at 1.25 GHz, provides an open cir-
cuit at the third harmonic. Thus the
third harmonic is peaked and added to
the drain voltage, giving it the shape
of an approximated square wave.
The harmonic trap circuit is then
followed by a fundamental match-
ing circuit to ensure optimum power
match between the drain impedance
and the resistive load at f,. Figure 6
shows the drain impedance provided

a short circuit at the
second  harmonic
and also provides
the DC drain bias
voltage. Thus the
second harmonic is

added to the drain

MLIN
current,  thereby L1
flattening the drain W =6 mm
current waveform

I

C=68pF
MLIN
TL2
W= 0.4 mm
- TO
WAk IR MATCHING
Tee2 CIRCUIT

to approximate a
half sinusoid signal.
The series lines TL1
and TL3 along with
Teel constitute a

LEAD

w2

MLIN

TEE1 TL3 w3
W = 0.6 mm mLoc
L=1.9491 mm| |TL4
W =0.702 mm
L=7.9767 mm

track length of 30° A Fig. 5 Load harmonic trapping circuit.
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by the harmonic trapping circuit. The
theoretical design is carried out for a
single frequency, so an initial perfor-
mance optimization was carried out to
achieve a satisfactory simulated per-
formance over the band of interest.
Subsequently, a yield analysis was car-
ried out to assess the initial yield and
thereafter the yield was optimized to
more than 85 percent to ensure that

m1

freq = 2.500 GHz

$(1,1) = 0.968/178.084
impedance = Zo* (0.016 +j0.017)

m2

freq = 3.750 GHz

$(1,1) = 0.928/0.357

impedance = Zo* (26.451 + j2.193)

frequency (100 MHz to 3.750 GHz)

A Fig. 6 Drain impedance over frequency.

MEASURED
SIMULATED

Z40 /’

a 30 l
21 23 25 27 29 31 33

Pin (dBm)

A Fig. 7 Drain efficiency (%) of the amplifier.

GAIN SIMULATED GAIN MEASURED

Pout MEASURED
21 48
20|~ _ 47

—_— //
~19 — 46 ©
318 /& a5 ?v
N BN
Z17 ‘/ \\ 44 &
S1s| ./ AN 5
yd N\

15 42
14 7 41
21 23 25 27 29 31 33
Pin (dBm)

A Fig. 8 Gain (dB) and P,,, (dBm) of the
amplifier.
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the design sensitivity is within +20
micron with respect to the nominal
value. Momentum simulation for EM
analysis has also been carried out to
consider parasitic coupling effects in
the circuit.

The amplifier, designed as per
Class F approach, has been fabri-
cated using an alumina 25 mil thick

924

substrate £, =9.9) and was tested for
a pulsed RF condition, with a pulse
width of 80 us and a duty cycle of 24
percent. However, the amplifier can
also be operated in CW condition
with proper thermal design as the de-
vice is rated for continuous operation.
The simulated and test results of the
amplifier are shown in Figures 7 to
9. Also, a comparison of linearity per-
formance between a Class AB and a
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Class F amplifier is presented in Fig-
ures 10 and 11.

The test results of the implement-
ed Class F amplifier show an out-
put power of 47.8 dBm (60 W) at 70
percent drain efficiency. The active
device RF3932 has the capability to
produce 70 W power at hard satura-
tion (4 dB compression), if biased at
its nominal quiescent voltage and cur-
rent rating (48 V, 220 mA). To ensure

120 8
100 6
= ‘e

-9
N

=40 23

0

20
0 -2
-20 -4
0 0.20.40.60.81.01.2 1416
TIME (nsec)

Fig. 9 Drain voltage and current wave-
form.

== 1200 MHz SIMULATED
=&= 1250 MHz SIMULATED
== 1300 MHz SIMULATED
=¥= 1200 MHz MEASURED

=8= 1300 MHz MEASURED

[ uE

L =8
N s E A
24 26 28 30 32 34 36
RF I/P POWER (dBm)

Fig. 10 AM to PM conversion of Class AB
amplifier.

== 1200 MHz SIMULATED
=& 1250 MHz SIMULATED
=de= 1300 MHz SIMULATED
== 1200 MHz MEASURED

=8- 1300 MHz MEASURED

1.4
1.2
5 1.0
Wo.g
Zo.6
w
80.4
0.2

0
24 26 28 30 32 34 36
RF I/P POWER (dBm)

Fig. 11 AM to PM conversion of Class F
amplifier.
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reliability over a long period of satel-
lite operation, stress on the device is
reduced by applying a drain bias of
45 V. Hence the saturated power of
the device is reduced to 60 W, without
compromising the efficiency. Figures
7 and 8 represent the drain efficiency,
output power and gain of the ampli-
fier, respectively, at 45 V drain bias as
a function of swept input power.

DRAIN VOLTAGE AND
CURRENT WAVEFORM

Figure 9 represents the voltage and
current waveform of the GaN ampli-

A Fig. 12 60 W Class AB amplifier.

TECHNICAL FEATURE

fier, probed at the drain lead of the
packaged device. As expected in Class
F operation, the amplifier has drain
voltage and current waveforms such
that their peaks occurred at different
time, thereby reducing the power dis-
sipation of the amplifier and increas-
ing its efficiency. Table 2 represents
the overall performance of the pre-
sented 60 W Class F power amplifier.

Comparison of Linearity
Performance

To compare the linearity perfor-
mance between Class AB and Class
F amplifiers, a Class AB amplifier is
also designed and fabricated using the
same active device RF3932, with a
goal to achieve the same specification
as in Table 1 (except the efficiency,
which is bound to be lower in a Class
AB operation). The linearity perfor-
mance of the two amplifiers was mea-
sured in terms of the AM to PM con-
version function (degree/dB) for both
the amplifiers. Figures 10 and 11 rep-
resent the simulated and measured
AM to PM conversion of the Class AB
and Class F amplifiers. As expected,
in Class F amplifier,

TABLE I1I

OVERALL PERFORMANCE OF THE AMPLIFIER

higher efficiency is
achieved, compro-
mising the linear-

Parameters Specifications Achieved Results ity of the ampliﬁer.
Frequency 1.25 GHz *= 50 MHz The Class F ampli-
O/P Pulsed Power 60 W ﬁer. ' implemented
Gain (3 dB TodB e exhibits a worst-case

am &2 == p JRNCS
compression) phase variation of
+7.5°/dB to —4°/dB
Cain Flatness =5l +06dB over the entire fre-

Input Return Loss

better than 12 dB

quency band of 100

MHz, as compared

Output Return Loss better than 12 dB | better than 10 dB P
Etficioncy (n) o to a phase variation
deney™m i of 1.2°/dB for the
TABLE Il
COMPARISON OF REPORTED L-BAND POWER AMPLIFIERS
Caltech UCSB Alcatel SAC, ISRO,
this work
1.22 1.0 1.5 1.25
74 13 10 60
67 58 66 70
12 14 13 15
E/F odd,2 D F'l F
Motorola Si Si GaAs HBT RFMD GaN
LDMOS LDMOS HEMT
MRT284 PTF10 RF3932
135
Size (cm X cm) 5X 35 6 X 20 Not disclosed 5X3
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Class AB amplifier. The fabricated
hardwares of the 60 W Class AB and
Class F power amplifiers are shown
in Figure 12, respectively. Table 3%
shows a comparison of the perfor-
mance reported in the literature for
high efficiency amplifiers operating in
the same frequency region with that
of the present Class F amplifier.

CONCLUSION

A 60 W power amplifier, based
on Class F architecture at 1.25 GHz
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sented. The test results are showing
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results and validates the design of
the 60 W power amplifier with 15
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drain efficiency. The design utilizes a
planar microstrip line load network,
with harmonic traps for second and
third harmonics only. The nonlinear-
ity of the Class F amplifier is higher
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confirmed by comparing the AM to
PM conversion test results. H
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DIRECT MEASUREMENT-
BASED MODELING OF
ULTRA-LOW RESISTANCE
PASSIVE COMPONENTS

This article presents a methodology for modeling the resistance of MIM

capacitors, directly from measured S-parameters, using an ultra-low impedance
measurement known as the “Sy-shunt” technique. It leverages from the work

previously introduced in the modeling of through-wafer VIAs. Model parameters

are determined using slope and intercept methods directly from measured data
that is acquired on “series-shunt” configured test structures, following on-wafer
SOLT calibration. Errors attributable to probe contact resistance (PCR) and
its associated variability are eliminated through application of the presented

methodology.

etal-insulator-metal (MIM) capaci-
M tors, (MIM caps) have played a vital

role in the design of a wide variety
of MMIC circuits, particularly where low loss/
high-Q is a critical design requirement. Because
of their ease of fabrication, they can be found
in the design kits of both silicon and compound
semiconductor (GaAs as well as GaN) tech-
nologies. When used as matching elements in
a critical RF signal path, such as in the output
network of a power amplifier (PA), the resis-
tance of the MIM has a direct impact upon the
achievable gain and PAE. When used in filter-
ing applications, the resistance of the MIM di-
rectly affects the achievable Q of the associated
network. Consequently, the accurate determi-
nation of the series resistance of the MIM is a

critical re-

TABLE | quirement

TEST STRUCTURE DESIGN TYPES for ?.EICCU.-

Test Structure N. L t Confi M £ T, rate circuit
est Structure Name ayout Config. easurement Type design. If
“Series” 2-Port Transmission the MIM is
“Shunt” 1-Port Reflection to be used
“Series-Shunt” 2-Port Transmission in a shunt

100

configura-

tion (to RF ground), then the same require-
ment holds with respect to modeling of the
associated substrate via or (through) substrate
via (SVIA).!

MEASUREMENT PROBLEMS AND
SOLUTIONS

Determination of the series resistance of
MIM capacitors via “standard” S-parameter
measurement methods has been proven to be a
long-standing problem, primarily due to: (1) the
ultra-low impedances presented by the DUT,
(2) the high degree of accuracy that is required
in order to resolve the difference between the
resistive and reactive components and (3) the
inability to resolve the finite resistive contribu-
tion due to probe contact. Standard S-parame-
ter measurement-based attempts at character-
ization of ultra-low resistance passives typically
utilize test structure designs in which the DUT
is placed in either the series or shunt configura-
tion, as defined in Table 1.

M.D. BRUNSMAN
TriQuint Semiconductor, Hillsboro, OR
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The character-
istics of the device
are thus determined I
via analysis of Sg;
(transmission),  or | |

-~

a% s sy -
.\ CALREEPLANE [
) i

~ SHUNT-SHORT e BT

Sy (reflection) data, —
respectively.  The |
accuracy associated ;

OPEN, SHORT STD. LENGTH '

with either type of |I ' | :
measurement  dif- SR 2 b

fers according to the it @ i

ability of the VNA i

to resolve the real
and imaginary com-

@& 11

ponents of low level
test signals within

the residual (post
calibration) dynam-
ic range. Depend-

ON-WAFER SOLT CALIBRATION '
]
1

REFERENCE PLANES

ing upon the VNA
architecture, the
resulting “phase ac-
curacy” is frequency
dependent, and is
typically maximized
(for a given mea-
surement type) at
minimum IF band-
width, under low

power RF drive.

A finite resis-
tance results when
the RF probes come in contact with
the launch lines of the test structure.
The resistance is the result of the work
function associated with the dissimi-
larity in metal systems. This contact
resistance (typically on the order of
30 m-Q <PCR < 60 m-Q) cannot be
removed through the process of cali-
bration, and is always present when-
ever a one- or two-port measurement
is made.23

Repeatability of probe placement
introduces variability in terms of the
PCR, which prevents the accurate
determination of the statistical char-
acteristics of the underlying series re-
sistance. The problem of (RF) probe
contact (and its associated variabil-
ity) is resolved by using test devices
designed in the “series-shunt” con-
figuration, while taking advantage of
a special condition of the transmission
measurement which arises when mea-
suring shunt resonant devices.

TEST STRUCTURE DESIGN

Layouts for “series-shunt” config-
ured SVIA and MIM cap test struc-
tures, suitable for high frequency

A Fig. 2 “Series-shunt” configured MIM cap.

(> 50 GHz) on-wafer RF characteriza-
tion, are shown in Figures 1 and 2.
Both test structures incorporate fixed
length launchers, which feature wide-
band CPW-to-microstrip transitions
and probe indexing markers at both
ports 1 and 2.

The SVIA test structure is de-
signed such that the physical via is
connected directly to the measure-
ment reference plane at the point
where the ends of the launch (trans-
mission) lines interconnect.  This
design configuration was chosen in
order to validate that de-embedding
is not necessary. The MIM cap test
structure incorporates capacitors,
defined as square geometries in or-
der to tie the estimation of resis-
tance directly to measured process
(PCM) specifications. In the case
where MIM caps are defined using
two-level metal processes (typical of
GaAs and GaN technologies), the
sheet resistances associated with the
top and bottom plate metals are the
only factors that need be considered.
In silicon technologies, however, one
needs to also consider how to recon-
cile the resistance associated with the
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The final stage.

Thunderline-Z laser sealing completes the packaging cycle.

One-stop packaging? Case closed. From the #1 name in hermetic feedthrus and custom
RF housings, comes the final stage in the cycle. Thunderline-Z now offers high-powered
laser sealing of your hi-rel components and modules. From final lidding to component
insertion and our own innovative surface mount Bell Pin technology, turn to Thunderline-Z

to help you create the perfect hermetic package.

Backed by the strength of Emerson and powered by a 500 W laser in a vacuum sealed
glovebox and a 150 W laser workstation, you can now trust your packages to one source

from design through fine and gross leak testing.

It’s the next chapter to a hermetic packaging legacy like no other. Contact Thunderline-Z

engineering for further details.

EMERSON. CONSIDER IT SOLVED.

THUNDERLINE@

www.thunderlinez.com
603.329.4050

S

EMERSON
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Wrilghtechnologles

Broadband Frequency.

@ 18 - 40 Ghz 124
i AST40 - B3010

+5.0 dB NF ou
= @ |
- 6-18 Ghz b

AST - 184027

N OUT [} =

+27dBm  P-1dB
"l 1511 5QT81 5/N 009 @

(916) 773-4424° PR (916) 760-2770 Fx
www.wrighttec.com

R& K {RF High Power Amplifier

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

£
...

All SdlieeState
i

use of multiple via “posts” in the in-
terconnection of the top plate.*

The MIM cap test structure uti-
lizes the identical launch at both ports.
However, it is intentionally embedded
within an additional 1 mm of (transmis-
sion) delay in order to test the validity
of the Thru standard based de-embed-
ding methodology. Each test structure
is designed such that its size varies
according to the

TECHNICAL FEATURE

ideal lumped-element equivalent-
circuit (LE-EC) elements as shown
in Figure 4. Similarly, the equiva-
lent circuit for the shunt-connected
MIM cap is defined in terms of ideal
LE-EC elements, as is shown in de-
tail in Figure 5. For analysis pur-
poses, a low frequency approxima-
tion simplification of the MIM Cap
LE-EC is made by combining each

“insertion  length”

AIRBRIDGE #1

of the DUT. In this

AIRBRIDGE #2

manner, de-embed-
ding with a common
set of (embedding)
transmission line
characteristics is fa-
cilitated. A detail
view of the MIM
cap, highlighting the
sources of residual
measurement re-
sistance is shown in
Figure 3. The detail

MIM CAP

«—— DIM=300 pm ————— >

shows the use of a

AIRBRIDGE #3 — 77—
thick airbridge metal

to connect the MIM

: BACKSIDE VIA
cap to the transmis-

SVIA
TOP
PLATE

sion line, as well

as to the top of the
SVIA. An estimate
of the resistances as-

A Fig. 3 “Series-shunt”

MIM cap detail.

sociated with all of R

the metal intercon-
PORT R=

Rairbridge

Rvia

2m-Q R=19 m-Q

nects is provided in

Table 2. Num =1

EQUIVALENT
CIRCUITS/
MODELS

The equivalent

—\WV : ANWN—e

R Lvia
Rsub L=34.0 pH
R=9.75Q

circuit for the SVIA
is defined using

A Fig. 4 SVIA lumped element equivalent circuit.

TABLE 1l
MIM CAP INTERCONNECT RESISTANCE ESTIMATION

Width Length # Resistance
Structure (um) (um) sq. (m-Q)
Airbridge #1 60 10 0.167 0.833
Metal Step 75 5 0.067 0.333
l. Airbridge #2 90 10 0.111 0.556
Airbridge #3 90 5 0.056 0.278
Via Top Plate 100 100 0.360 18.000
R&K Compall Limitd Units
;92|1 LgﬁEDsA4§UJA1CI¥e%PgZUOKA Pref, 416 8577 JAPAN Rsh #1 5 (m-Q/sq)
Fax : +81-545-31-1600 E-mail: |nfo@rkco.1p Rsh #2 50 (m-Q/sq)
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Peak wideband performance
even at lower power.

It’s why more engineers
choose ADI data converters.

The industry’s broadest portfolio of 10-bit to 16-bit single
and dual ADCs for power-sensitive applications.

The trend is portable. It's high data rate, audio, video, broadband—everywhere,
24/7. Don't let tight power requirements compromise the performance of your
designs. We squeezed the power out of our industry-leading high speed ADC
portfolio without sacrificing ac performance. The result: pin-compatible families
of single- and dual-channel solutions ranging from 10 bits @ 20 MSPS to

16 bits @ 80 MSPS, each with full ac performance at 25% to 50% of the power
of competitive solutions. Superior performance in multiple dimensions: another
reason why more designers choose ADI converters than any other. Explore
products and design resources at_wwiv.analog.com/FastL.owPowerADCS.

Recent A-D Converter Innovations

ﬂ AD9266

16-bit, 20/40/65/80 MSPS ADC. 16-bit accuracy

at 80 MSPS; guaranteed NMC over full temperature AC Performance and Power Consumption at 80 MSPS Sample Rate
range. Low power: 124 mW @ 80 MSPS. 85 dBc
SFDR @ 100 MHz. q Power/ | SFDR @
R or “efgi't"st)“‘“ Channel | 200 MHz
m AD9650 (mW) | Input (dBc)
Dual, 16-bit, 25/65/80/105 MSPS ADC. Digitizes high
frequency, wide dynamic range inputs up to 300 MHz. AD9609-80 1 10 83 75 61.5
Integer 1-to-8 input clock divider, 500 MHz bandwidth AD9629-80 1 12 93 95 70.9
differential inputs. 82 dBFs SNR and 90 dBc SFDR AD9649-80 1 14 95 9 736
@ 30 MHz, 328 mW per channel power at 105 MSPS.
AD9266-80 1 16 124 93 76.6
AD9269
- Dual, 16-bit, 20/40/65/80 MSPS ADC. 16-bit AD9265-80 1 16 G a 798
accuracy at 80 MSPS. Integrated error correction AD9204-80 2 10 n 75 61.1
for dc offset, gain, channel phase mismatch. AD9231-80 2 12 80 92 70.9
SFDR 80 dBc @ 200 MHz input; 112 mW power
’ AD9251-80 2 14 82 92 725
per channel @ 80 MSPS.
AD9269-80 2 16 112 90 76.3
AD9268-80 2 16 243 91 79.0
AD9650-80 2 16 266 86 81.0
Circuits
i
ererence CIrcuits
Circuit designs built and tested to ensure ANALOG

function and performance. Use a QR reader
> app on your smartphone and watch video now. analog.com DEVICES
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Dare to Compare!

QUIET!

RO

of and PRECISE
%

OCXO, PLXO
Phase Locked & FR DROs
New Products! Details on website

o

TYPICAL PHASE NOISE OF NEXYN PLDRO

60 —+—4GHz
-70 —=—9GHz

1.E+03 1.E+04

OFFSET

1.E+05

Typical Phase Noise at 14 GHz
100 Hz - 88 dBc/Hz

1 KHz -109 dBc/Hz
10 KHz -119 dBc/Hz
100 KHz -120 dBc/Hz
1 MHz -135 dBc/Hz

Reliable and Rugged Design
Extremely Low Microphonics
5-500 MHz External Reference
Frequency: 3 to 30 GHz
Power output: +15 dBm
Spurious: < -80 dBc

-55 to +85 C (temp range)

Int. Ref. Stability to +/- 0.05 ppm
Now offering PLO .3 to 3 GHz
Low Noise crystal reference
Dual Loop Output Frequency
to nearest KHz w/ Ext. 10 MHz Ref

We have moved!

Nexyn Corporation
1287 Forgewood Ave.

exvn
Sunnyvale, CA 94089
Tel: (408) 962-0895
Fax: (408) 743-5354
Visit our website at www.nexyn.com
Excellent Technical Support
Guaranteed Performance and

Competitive Pricing
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TECHNICAL FEATURE

PRl +$RL N
R’ S\ R c / BVia \
,R_INTERCONNECT  Rs & syaor | Ro-210mQ
PORT iR =20 m-Q R =55.0 m-Q = U 3 L=35.0pH ,
P1 \S < ’
Num = 1 S ag?
Z___ . PRL1 =
- SRC R=2500Q SRC
SUM OF ALL SRC1 L=60.0 pH S
INTERCONNECT R=35.00 e
RESISTANCES C=30.0F b
L ~ J
() MIM CAP
R c
Rs_total Cs
PORT R =96 m-Q C=37.4pF
P1 O AWV WV I ¢ 1
1 PRL =
Ls_total
R =250.0 O
L=95.0 pH
(b)
A Fig. 5 (a) “Shunt-connected” MIM cap lumped element equivalent circuit and (b) simplified
MIM cap.
of the components A R
of the total series o
resistance in to N R1 i
a single element SR :2
1 al V_AC R V_AC
(Rs_total), as also | y2= Zseries R=500Q v2
shown. . a
MEASUREMENT I ' 1
THEORY = =
As was  de- A Fig. 6 Sy -shunt test configuration
scribed,? the “Sy- o
Shunt”  measure-

ment technique is the RF equivalent
of the DC measurement procedure
that is used to make highly precise
resistance measurements. Because of
the unique advantages offered by the
technique, the derivation of the series
impedance (Zg,.,) shown in Figure 6
is repeated here.

Using the 50 Q test configuration
shown schematically in the figure, the
series impedance (Zg.s) is derived
in terms of the simplifying equations

defined as:

(Zos = 25(S5,/(1=S,,))
where:

V2 = Vsource(Zdut /(50+2Zdut))
V1=1/(2Vsource)

S, =V2/V1

@

series

PARAMETER EXTRACTION

As is customarily the case for any
networks in which the equivalent
circuit can be defined via lumped-
elements using simple analytical for-

mulations, the model parameters are
extracted directly from measured (in-
trinsic) data by determining the slope
and Y-intercept of the constituent real
and imaginary parts. In the case of
the SVIA, the series impedance is ex-
pressed by Equation 2, assuming that
o’L;2 << 1.

Zsen’es = <Rvia+w2Lvia2/Rsub) +j (vaia) <2)

Real Imaginary

R,;, is extracted graphically from a
plot of real (Z;.,) versus ®?, by find-
ing the y-intercept of the data. L;, is
extracted graphically from a plot of
imag (Z,;.s) versus o by finding the
slope of the data. In the case of the
MIM cap, the series impedance is ex-
pressed by Equation 3, assuming that
(,OQLSQ/RP << 1.

Z (Rs+w2L52/Rp)+j(st-l/u)CS) (3)

Real Imaginary

series ™
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DC Power CoNDITIONING

Linear Voltage Regulator for Demanding Low Phase Noise VCO/PLL Applications!

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

HMC976LP3E, 400 mA Low Noise
High PSRR Linear Voltage Regulator

4 Low Noise Spectral Density:
3nV/JHz at 10 kHz, 6nV/JHz at 1 kHz

¢ High PSRR: >60 dB at 1 kHz, >30 dB at 1 MHz

¢ Adjustable Voltage Output:
1uA Power Down Current VR 1.8V to 5.1V @ 400mA
||
1
+5.5V System Low Noise Regulator
Power Rail

IE Vdd
ENABLE

+5V

Vdd

I

400mA HMC507LP5E

Vtune
HMC976LP3E

RFOUT
VCO with Fo/2, }——o
HY 6.65 - 7.65 GHz

RFOUT/2

HIGH PSRR - QUAD LINEAR VOLTAGE REGULATOR
Input

Power Supply Rejection Output Noise Spectral
Function Output Output
Voltage (V)

Ratio (PSRR) (dB) Density (nV/JHz) Regulated Part
Voltage (V) Current (mA) Outputs Number
1 kHz 1 MHz 1 kHz 10 kHz
3.35-5.6 Quad High PSRR 2.5/-5.2 15-100 80 60 7 3 4 HMC860LP3E
Low Noise,
3.3-55 High PSRR 1.8t0 5.1 400 60 30 6 3 1 HMC976LP3E

Ideal for Powering Hittite’s Broad Line of Frequency Generation Products
Including Our Low Noise PLLs with Integrated VCOs!

caHithite

2 Elizabeth Drive « Chelmsford, MA 01824 Order On-Line a‘=w
MICROWAVE CORPORATION 978-250-3343 tel - 978-250-3373 fax - sales@hittite.com Receive the latest product releases - click on “My Subscription”
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Networks

Monopuise
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N
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Electromagnetic Technologies Industries, Inc.
50 Intervale Rd. Boonten, NJ 07005 U.S.A.
Tel: 873-394-1719 - Fax: 973-384-1710
sales@etiworld.com - www.ETIworld.com

TECHNICAL FEATURE

NRF1_mlin NRF1_mlin
' TL1 : ; TL2 :
0 Layer = GM ' : Layer = GM ' PORT
' W=176.0 pm i ' W=76.0pm y P2
: L =500.0 pm : : L =500.0 pm i Num=2
PORT : 0 : :
RS e s I o —¢ O
Num = 0 0 . — A
Re"l"ed <:: INTERCONNECT k}emoved
Via Thru b R=20.0 m-Q Via Thru

De-Embedding

De-Embedding

NCap_ELEM
MIMCap1

DIM = 500 pm
Tnom = 25

Temp = 25

BVia_ELEM
BSVia1

ID = “VIA 100"
Type = "R”

A Fig. 7 “Series-shunt” MIM cap two-port thru-de-embedding configuration.

Using similar graphical extraction
methods to those used in the model-
ing of the SVIA, C; is extracted graph-
ically from a plot of @y (Zeyies)
versus @> as the y-intercept, where
L, is extracted from the slope of the
same data. R, is determined from the
y-intercept of the real (Z, ) versus
o data. Having determined L, R, is
determined by dividing @?L2 by the
slope of the real (Zg,.,) versus ®?
data. Extraction of the shunt/substrate
model parameters is accomplished
from the LE-EC in a similar manner
via the definition of the equivalent
substrate admittance Y,.>

(ON-WAFER) CALIBRATION AND
VERIFICATION

An on-wafer SOLT calibration is
utilized as the basis for characteriza-
tion, because it has been found to
provide the most accurate results at
the very low frequencies where the
impedances associated with the (elec-
trically) largest devices are extracted.
Standards should be designed such
that the reference plane is defined
at the center of the RF padframe
housing the (physically) largest DUT.
An on-wafer TRL calibration is first
performed in order to establish the
electrical equivalents (calibration kit
constants) for the SOLT standards.
In order to support the measurement
of the ultra low resistances associated
with the DUTs, it is critical that the

-1 -1
o (ABCDJeft) H(ABCDmeas) H(ABCDyight) @

}

INTRINSIC
MIM CAP

o—] o

A Fig. 8 Cascaded ABCD de-embedding
methodology.

TRL calibration be verified through
the measurement of the SOLT load
(match) standards at each port. Prop-
er adjustment of the capacitance as-
sociated with the transmission line
standard insures that DC and RF de-
rived resistances of the load (match)
standard are in agreement. (This pro-
cedure is readily facilitated in WinCal
XE). Once the calibration has been
performed, it is verified using both a
standard re-measurement procedure!-6
as well as through measurement of in-
dependent standard devices.

THRU DE-EMBEDDING

The measurement configuration of
the series-shunt connected MIM cap
is shown in Figure 7. Parasitics associ-
ated with the microstrip transmission
lines, which extend from the center of
the MIM cap to each of the calibra-
tion reference planes, are removed
via a Thru de-embedding procedure,
which utilizes cascaded ABCD ma-
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HiGH Speep COMPARATORS

Comparator Line Delivers 20 Gbps Speed @ <50% Power Consumption!

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

Industry First - 10 GHz Window
Comparator in a 9 mm? SMT Package

4 Low Random Jitter: < 0.2 ps
4 Low Overdrive & Slew Rate Dispersion: 20 ps
4 Low Power Dissipation: 240 mW

10 GHz Window Comparator ¢ Low Propagation Delay: 88 ps
4 Minimum Pulse Width: 60 ps

Automatic Test Equipment (ATE)

=} STIK)/ILLJJIUS [11[]]]
2> |5 > —
N 5 g TEsT »| DATA DECODER/ — -
5 A DRIVER o
=3 z% (Z DUT RESPONSE ] —
<35 o o —
oc3 =
ez HMC974LC3C U
£ 10 GHz Window Comparator
zZ > REFERENCE
g [ RT TERMINATION
= ACQUISITION
8] E VOLTAGE HIGH
o
e E WIN
[ (=]
gz |3
<0 |5 DATA wiT
“—1 @2 |S* |INTERPRETATION
8= |3
B
ACQUISITION
O *oLTAGE Low
Analog Input Deterministic . Output DC Power Vcco/ Vierm [
BW (GHz) / Clock Function Jitter PBZ'I’:Q?ﬂs(;n Voltage Swing Consumption Power Supply E:ig: N::\I:er
Rate (Gpbs) (ps) v (P (Vdc) (mW) (Vdc)
10/20 Clocked Comparator - RSPECL <3 120 0.4 150 +3.3/+1.3  3A001.a.11.b HMC874LC3C
10/20 Clocked Comparator - RSCML <3 120 0.4 130 0/0 3A001.a.11.b HMC875LC3C
10/20 Clocked Comparator - RSECL <3 120 0.4 150 0/-2.0 3A001.a.11.b HMC876LC3C
10/[2 Latched Comparator - RSPECL 2 85 0.4 140 +3.3/+1.3  3A001.a.11.b HMC674LC3C
10/12) Latched Comparator-RSPECL 2 85 0.4 140 +3.3/3.0 3A001.a.11.b HMC674LP3E
10/ Latched Comparator - RSCML 2 100 0.4 100 0/0 3A001.a.11.b  HMC675LC3C
10/12 Latched Comparator-RSCML 2 100 0.4 100 0/0 3A001.a.11.b  HMC675LP3E
10/12 Latched Comparator - RSECL 2 100 0.35 120 0/-2.0 3A001.a.11.b  HMC676LC3C
10/12 Latched Comparator-RSECL 2 100 0.35 120 0/-2.0 3A001.a.11.b  HMC676LP3E
10/ - Window Comparator 2 88 0.4 240 +2/0 3A001.a.11.b  HMC974LC3C

[1] Vee = -3.0V & Veci = +3.3V. [2] These products are pin-for-pin compatible.

Hittite’s 20 Gbps / 150 mW Clocked Comparators Reduce Total ATE System Power!

.E I I ] t t [ t
I I € 2 Elizabeth Drive - Chelmsford, MA 01824 Order On-Line at: www.hittite.com

MICROWAVE CORPORATION 978-250-3343 tel - 978-250-3373 fax . sales@hittite.com Receive the latest product releases - click on “My Subscription”
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trix methods. (This is identical to the
use of reciprocal two-port networks
in ADS). Data for the embedding
transmission line sections is obtained
either via EM (Momentum) simula-
tion or via splitting” the S-parameter
data measured on the Thru calibration
standard. The de-embedding process
proceeds according to the illustration
shown in Figure 8.5

Procedurally, (1) the measured
data is converted from S into ABCD

format, (2) the DUT is de-embedded
(using cascaded ABCD matrices, or
via ADS) and (3) the residual (intrin-
sic) data is converted from ABCD for-
mat back into S.

MEASUREMENT RESULTS

Measured data for the “series-

shunt” connected SVIA presented
previously showed good agreement
with statistically derived values for
Ry, (x =21 m-Q) and L, (x = 34.5

Bias Tees

Freq. Range | Isolation | Insertion Loss | Current VSWR Model
(MHz) (dB) min. (dB) max. (mA) max. max. Number
50-800 25 0.6 6000 1.20:1 BT-10-E
10-1000 25 0.5 1000 1.20:1 BT-20
800-1000 30 0.5 5000 1.50:1 BT-21
1700-2000 30 0.5 5000 1.50:1 BT-22
500-2500 25 1.0 200 1.20:1 BT-02
10-3000 25 1.8 3000 1.50:1 BT-06-411
500-3000 25 1.0 500 1.20:1 BT-05
500-3000 30 1.8 2000 1.50:1 BT-23
10-4200 25 1.2 200 1.20:1 BT-03
1000-5000 35 1.0 1000 1.50:1 BT-04
100-6000 30 15 500 1.50:1 BT-07
500-10000 30 1.0 200 1.50:1 BT-26
0.1-12400 35 15 700 1.60:1 BT-52-400S
0.1-12400 40 15 700 1.60:1 BT-52-400D
0.1-18000 35 2.0 700 1.60:1 BT-53-400S
0.1-18000 40 2.0 700 1.60:1 BT-53-400D
300-18000 25 1.5 500 1.60:1 BT-29
0.03-27000 40 2.2 500 1.80:1 BT-51
0.03-40000 40 3.0 500 1.80:1 BT-50

See website for complete specifications and our complete line of bias tees.

PULSAR

MICROWAVE CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sales@pulsarmicrowave.com
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TECHNICAL FEATURE

pH),! with both parameters demon-
strating normally distributed charac-
teristics, as shown in Figure 9.
Typical data for the series-shunt
configured MIM cap is shown in Fig-
ure 10. For the 37.5 pF capacitor,
it is noted that extraction of R, from
de-embedded Real (Z,.) data is
valid over the range of approximately
900 MHz < freq. < 2 GHz. Below this
frequency, the measurement accuracy
begins to degrade as a result of the
VNA's inability to resolve the resis-
tance from the effects of the ever-in-
creasing, significantly larger, reactive
signal component associated with C,.

101d ITRVNO
TVWION

“NwaUON
INNOD

101d FAVNO
TYWION

(b)

A Fig. 9 SVIAR, (a) and L, (b) distribu-
tions.

Cs 37.5 pF Real (Zp) vs. Omega?

(Y]
C

Sl |
.E|,135 ‘
?129 \
t"105
= _>—-
g 90

75

0 50 100 150 200

Omega sq (Rad sq) [E+18]
___Slope =_6.04TE-023 [LIN/LIN]
" Yo = 9.56IE-002"X, = -1.581E+021

f
Rs = Y-INT ~ 96 m-Q

A Fig. 10 MIM cap real (Z,,,,,) vs. w2
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PHASE SHIFTERS

Ideal for Clock & LO Synchronization Applications to 24 GHz!

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

HMC934LP5E
Analog Phase Shifter, 1 to 2 GHz

Phase Shift vs. Control Voltage

[0 SR S T U N

¢ Excellent Phase Flatness §’,;‘§§ ——— : : —
Over an Octave Bandwidth \Eﬁ s ------------------- ---------- = B
4 Insertion Loss as Low as 3.5 dB 5 25— — ]
¢ High Linearity to +30 dBm Input IP3 %,J, o e = — ___________ . 4
4 0V to +13V Positive Control * 90 --------- ---------- ---------
¢ 32 Lead 5 x 5mm QFN Package: 25 mm? Y S N NG
1 1.2 1.4 1.6 1.8 2

FREQUENCY (GHz)

IN-STOCK ANALOG PHASE SHIFTERS

Frequency Function Insertion Phase 2nd Harmonic Control Voltage Package Part

(GHz) Loss (dB) Range (deg) Pin =-10 dBm (dBc) Range (Vdc) g Number

1-2 Analog 815 400 @ 2 GHz -40 0V to +13V LP5 HMC934LP5E
480° @ 2 GHz

2-4 Analog 3.5 450° @ 4 GHz -40 0V to +13V LP5 HMC928LP5E
270° @ 2 GHz

2-20 Analog 4 180° @ 20 GHz -45 0.5 to +11V LP5 HMC935LP5E
450° @ 4 GHz

4-8 Analog 4 430° @ 8 GHz -40 0V to +13V LP4 HMC929LP4E
500° @ 5 GHz ’
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12-18 Analog 4 385° @ 18 GHz -40 0oV to +13V LP4 HMC932LP4E

495° @ 18 GHz
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Contact Us with Your Custom Analog & Digital Phase Shifter Requirements!

I I € 2 Elizabeth Drive - Chelmsford, MA 01824 Order On-Line at: www.hittite.com

MlCROWAVE CORPORAT'ON 978-250-3343 tel « 978-250-3373 fax « sales@hittite.com Receive the latest product releases - click on “My Subscription”



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

RF & Microwave Design and Manufacturing
Covering Frequencies from DC to 20 Ghz
Serving the Industry Since 1993

“Quality Products at Competitive Prices"
“Custom Designs are Available”

Product Line:

® Solid State Variable Attenuators

o Solid State Switches
Directional Couplers
Hybrid Couplers (90/180 Deg)
Power Dividers / Combiners
DC-Blocks & Bias Tee’s

5702-D General Washington Drive
Alexandria, Virginia 22312 USA
Tel: (703) 642-6332, Fax: (703) 642-2568
Email: sales @ umecci111i.com

www.umcclll.com

112

VALIDATION

Validation of the
modeling technique
is demonstrated in
terms of the statisti-
cal data obtained as a
result of application
of the combined de-
embedding and pa-
rameter extraction
methodologies dur-
ing characterization
of multiple 37.5 pF
square MIM capaci-
tors. The summary
provided in Table
3 results from data
taken via automatic
probing on six co-
located die from the
same wafer.

An error well less
than five percent
(2.6 m-Q), between
the measured and
estimated MIM re-
sistance, results by
recalling the sum of
the via and intercon-
nect resistances (per
Table 2.) as is shown
in Table 4. Further
validation of the
device characteriza-
tion and associated
MIM cap modeling
methodology comes
in terms of play-
backs of C,, R, and
Q1 seen in Figures
11  through
The data shown was
generated on rect-
angular MIMs from
TQPI5.

The accuracy as-
sociated with the ex-
traction of C can be
seen in the plots of
C, versus frequency
(Figure 1la), where
a narrow bandwidth
is displayed.  The
accuracy associated
with the extraction
of L can be seen in
the plots of C, ver-
sus frequency (Fig-
ure 11b), where a
wider bandwidth is
displayed. The accu-
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CAP_97x42 (2.5 pF) Meas. vs.

N~ Modeled Cs vs. Frequency

CAP_97x67 (4.0 pF) Meas. vs.
= Modeled Cs vs. Frequency
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A Fig. 11 (a) (Close-in) vs. frequency and (b) (far away) C, vs.
frequency.

CAP_97x42 (2.5 pF) Meas. vs.

Modeled Rs vs. Frequency
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Modeled Rs vs. Frequency

= 400 - ,
= 300 N = 400 A
o I @ 300 ]
g 2% 1 8 200 A A
2 100 v SN\
—— AN 100 | —p—— Y

= /g

/7 Y 0
=-1000 5 1015202530 = 0 5 10 15 20 25 30

FREQUENCY (Hz)[E+9] FREQUENCY (Hz)[E+9]

CAP_97x92 (5.4 pF) Meas. vs.
Modeled Rs vs. Frequency

CAP_97x117 (6.9 pF) Meas. vs.
Modeled Rs vs. Frequency

3 )
.."'l 800 Y, EI. 1.0 y
— 600 /1 T o8 7/
u A a 0.6
2 400 pZ a o S
g T g 0.4 N\
200 — 0.2 |_# \
3 1 3 0 \
s 0 5 10 1520 25 30 = 1.0000 15.5000 30.0000
FREQUENCY (Hz)[E+9] FREQUENCY (Hz)[E+9]
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racy associated with the extraction of
R, can be seen in the plots of C, versus
frequency (Figure 12) where a wider
bandwidth is displayed. The accuracy
associated with the overall model ex-
traction process can be seen in the
plots of Qq; versus frequency in Fig-
ure 13. The impact of fitting errors as-
sociated with both the real and imagi-
nary parts Of Zseries

TECHNICAL FEATURE

from measured S-parameter data
through: (1) the design/use of “series-
shunt” configured test structures, (2)
application of the “Sy;-shunt” ultra-
low impedance measurement tech-
nique, and (3) proper VNA configu-
ration/setup. The series resistance for
a large, square geometry MIM cap
that has been extracted directly from

are displayed over
the full character-

CAP_97x42 (2.5 pF) Meas. vs.
Modeled Q11 vs. Frequency

CAP_97x67 (4.0 pF) Meas. vs.
Modeled Q11 vs. Frequency
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that the resistance | = 1835 1E+10 1E+11 = 1E+9 1E+10  1E+11
of MIM Caps can FREQUENCY (Hz)[LOG] FREQUENCY (Hz)[LOG]

be readily obtained

A Fig. 13 Q; vs. frequency.

TABLE il

37.5 pF MIM CAP STATISTICAL DATA

Interconnect

Resistance Estimated

Source Value Source

2,2 9.0986 X 102 0.9944

2,3 9.4345 X 102 0.9952

3,2 8.8307 X 102 0.9976

3,3 9.5368 X 10-2 0.9899

4,2 9.5490 X 102 0.9935

4,3 9.5912 X 102 0.9892
MEAN 9.3401 X 102 0.9933
STDEV 3.0727 X 103 0.0032
Std. % 3.29 0.32

TABLE IV
(SERIES-SHUNT) MIM CAP ESTIMATED RESISTANCE

Resistance

MIM Cap
Estimated

Value

m-0) I )
Rvia 21.0 Top Plate 50
Rint 20.0 Bottom Plate 5
R-Total 41.0 R-Total 55
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measured S-parameter data (based
on the use of slope and intercept
methods), compares well with data
obtained with other, similar model-
ing procedures.!? Data taken on six
die clearly demonstrates that the
effects of probe contact resistance
(PCR) and its associated variability
have been eliminated as sources of
measurement error and statistical

variability. ll
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DESIGN OF V-BAND
MILLIMETER-WAVE CMOS
Low NOISE AMPLIFIER

A V-Band millimeter-wave CMOS low noise amplifier (LNA) fabricated with the
0.13 wm process is presented. A three-stage cascaded common source structure
is adopted. The measurement results of the fabricated LNA show the peak
performance at 50 GHz exhibiting a gain of 11.7 dB and a noise figure of 7.9 dB.
The input P,y and IIP3 are =9.5 and —1.65 dBm, respectively. The total power
consumption is 21.6 mW from a 1.2 V power supply.

bandwidth have been opened for unlicensed

use at millimeter-wave frequencies around

60 GHz (known as V-Band) in the US and Japan.
High rate wireless communication technology
operating at millimeter-wave frequencies has
been an interesting topic with various applica-
tions and tremendous potentials. This led to a
strong demand for RF circuits operating above
20 GHz. In the past, these frequency bands
were dominated by III-V semiconductor tech-
nology, such as GaAs-based HEMT and HBT.
However, the advantage of combining baseband
and RF

front-end on

: ., v_ one single

' chip for cost

1H savings s

strongly de-
sired for high-
ly integrated
system-on-
chip (SOC)
applications.
Thus, the
CMOS pro-
cess is one
of the most
attractive
solutions to
implement

In recent years, the 7 GHz of contiguous

RF
OuUTPUT

HiE<

IH

EE

—=Va =16V
ch 1.6V '

RF PAD
(g

RFICs because of its low cost and high level
of integration. Recent works have proven that
the CMOS process is a promising technology
for RF circuits in low GHz applications. Due
to the advancement of the CMOS process, the
improvement of the unity gain frequency f} of
CMOS devices suggests a potential for utilizing
the CMOS process in millimeter-wave applica-
tions.

Recently, efforts to design millimeter-wave
amplifiers by using CMOS processes have been
reported, using 0.13 um and 90 nm CMOS.1-3
In this article, the aim of this work is to design
a V-Band, low noise amplifier that is suitable
for SoC and wireless communication systems.
It achieves a peak gain of 11.7 dB while con-
suming 21.6 mW.

V-BAND LNA CIRCUIT DESIGN

This circuit was fabricated in commercial
standard 0.13 pm 1PSM CMOS process. Pas-
sive elements, including metal-insulator-metal
(MIM) capacitors, are available between metal
7 and 8. The schematic of the three-stage cas-
caded common source V-Band LNA is shown
in Figure 1. Generally, the noise factor (F) of

HsiN-Caia Kuo, CHU-YUN YANG

AND HUEY-RU CHUANG
National Cheng Kung University,
Tainan, Taiwan, China
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a common source amplifier is usually

defined as:

R. R
F:1+_1+_g+li & (1)
R, R, aQ, o

S S

From Equation 1, the noise fac-
tor is proportional to m, and inversely
proportional to Q;, as well as w. The
frof a CMOS 0.13 wm NMOS transis-
tor is approximately 91 GHz.2 Figure
2 illustrates the tradeoffs between the
common source (CS) and cascode
structures. In order to obtain a lower
noise figure, a common source struc-
ture is adopted. In addition, the sizes
of the transistors are chosen under the
consideration of low power consump-
tion, while maintaining a desired cir-
cuit performance. The optimal width
for the low noise input stage is 18 fin-
gers with a total gate width of 36 um,
corresponding to a current density of
167 uA/um with a supply voltage of
1.2 V and gate bias of 0.8 V.

In this work, a thin-film microstrip
(TEMS) line is used for the matching
networks and all interconnections.
The TFMS consists of the top metal
layer (M8) as the signal microstrip
lines and the first metal layer (M1) as
the ground plane. As compared to co-
planar waveguide (CPW), microstrip
lines have more flexibility in intercon-
nection. All of the T-junctions and
cross junctions were realized using the
same structure, as shown in Figure 3,
modeled with a FEM-based 3D full-
wave EM solver, Ansoft HFSS.

As CMOS technologies advanced
beyond the 0.18 um node, increasingly
stringent metal density rules prohibited
the design of solid ground planes. In
order to accommodate these restric-
tions, metal ground planes must now be
slotted.? Figure 4 shows the simulated
effective permittivity of the TFMS. It il-

GAIN NF
= ONLY M1: 18f - ONLY M1: 18f
- M1: 18f, M2:36f ::: M1: 18f, M2:36f
- M1: 18f, M2:18f M1: 18f, M2:18f

40 +10
35 ‘q‘_

30

o 25

I 20

EIS

10

© s

0

50 20 40 60 80 100

FREQUENCY (GHz)

A Fig. 2 Comparison of MSG and NF of
different cascade and CS transistors.
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lustrates good agreements between our
simulation and Mangan’s work® under
the same conditions. Thus, the reason-

M1

mutripLe L M4 |
DIELECTRIC |

M3
LAYERS M2

GROUND PLANE —>

LOSSY SUBSTRATE

(c)

A Fig. 3 (a) Modeled T-junction, (b) cross-
junction and (c) 0.13 pm cross-section.
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A Fig. 4 Simulated effective permittivity of
TFMS line with a metal 8 conductor in the
0.13 pm process.

v - - wfoaaan
A Fig. 5 Photograph of the V-Band three-
stage CMOS LNA.

able effective permittivity applied to this
work is chosen as 3.6.

MEASUREMENT TECHNIQUE
AND RESULTS

The chip micrograph of the fabri-
cated CMOS LNA is shown in Figure
5 and the chip size is 1.39 X 0.76 mm.
The LNA was measured on-wafer, us-
ing high frequency probes. The VDD

TECHNICAL FEATURE

BALANCED
MIXER
NOISEICOM 1 AMPLIFIER
1"
NOISE |!
SOURCE I =
"
REFERENCE
PLANE PASSIVE
MULTIPLIER
(FREQ x 3)
SIGNAL
GENERATOR
\

where, F; is the
noise figure of the
input cable and in-
put G-S-G probe
(which is equivalent
to the loss of the
cable and the probe,
L,;=G,71). Similarly,
F; is the noise figure
of the output cable
and output G-S-G
probe. From Equa-
’ tion 2, if the Gyna

NOISE FIGURE
ANALYZER

A Fig. 6 Calibration of the NFA with the V-Band noise source,

amplifier and down-converter.

parasitic effects of the RF pads were
incorporated while performing simu-
lation, so no de-embedding was re-
quired on the measured results. The
measurement of millimeter-wave
components needs a complex cali-
bration procedure. For example, the
available input power from the source
is calibrated with a V-Band power
sensor (Agilent V8486A) and the
frequency dependent loss from the
probe loss should be calibrated also.
Measurement of noise figure at V-
Band or higher frequencies is a chal-
lenge. In the measurement, the cable
losses, probe losses and DUT intrinsic
noise are all measured by a noise fig-
ure analyzer (NFA) under testing.
Using the Friis’ formula, F ., can

be defined as:

is high enough, the
F| na can be approx-

imated as:
F, -1
meas Fl + LA = <3>
G

FLNAzF ><Gl or

meas
F \y(dB)=F__ (dB)-L,(dB)

From Equation 3, if the loss of the
first stage is known, the additional
noise can be calibrated out. Figure 6
shows the calibration of the NFA to-
gether with the V-Band noise source,
amplifier and down-converter. The V-
Band noise figure measurement sys-
tem is shown in Figure 7 and a pho-
tograph of the on-wafer measurement
set-up is shown in Figure 8.

. F -1 F, -1 The LNA was measured on-wafer
supply voltage and gate bias voltage meas = Fy + 0 —+ () using high fre ulenc ' robes WThe
were 1.2 and 0.8 V, respectively. The G, G,Gina g g q y P .

RF INPUT RF OUTPUT

NOISE/COM
50-75 GHz

7~ NOISE SOURCE

REFERENCE
PLANE

\.

2nd STAGE

——
V-BAND LNA

J—R[_) 3rd STAGE
: P

AMPLIFIER

DUT

NOISE FIGURE
ANALYZER

BALANCED

PASSIVE MULTIPLIER
(FREQ x 3)

SIGNAL
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A Fig. 7 V-Band noise figure measurement system.
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VDD supply voltage and gate bias
voltage were 1.2 and 0.8V, respective-
ly. The parasitic effects of the RF pads
were incorporated while performing
simulation, so no de-embedding was
required on the measured results. The
measured input and output return loss
are plotted in Figure 9. The input and
output return losses were close to 9.4
and 16 dB, respectively. Figure 10
shows that the small signal gain is 11.7
dB at 50 GHz with a noise figure of 7.9

dB, while consuming 21.6 mW from a
1.2 V supply. The 3 dB bandwidth is
6 GHz. As shown in Figure 11, the
measured input 1 dB compression
point (P} 4) is 9.5 dBm.

CONCLUSION

This article presented the design,
fabrication and measurement of a
proposed V-Band LNA. It was fabri-
cated in a TSMC 0.13 pm standard
CMOS process. Compared to other
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works using 0.13 pm CMOS, this
work has shown that the V-Band LNA
reduced the power consumption suc-
cessfully. The circuit was measured
using on-wafer probing. The V-Band
LNA has demonstrated a gain of 11.7
dB, a minimum noise figure of 7.9
dB. The input P4p is =9.5 dBm and
ITP3 is —1.65 dBm. The total power
consumption is 21.6 mW froma 1.2V
power supply. H

. ®
A Fig. 8 Photograph of the on-wafer mea-
surement system.

| S11], 522 (dB)
1
B

_25 L L L ! !
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A Fig. 9 Measured input (S;;) and output
(Sg9) return losses.
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A Fig. 10 Measured gain and noise figure.
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A Fig. 11 Measured input 1 dB compres-
sion point.
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HIGH TUNING SENSITIVITY
DIELECTRIC RESONATOR
OSCILLATOR FROM
OPTIMIZATION OF
DIELECTRIC RESONATOR

TEy15s MODE

n the design of a dielectric resonator

oscillator to be used as a local oscillator,

the objective of this study is to find a
method to achieve a wide tuning range with
a tuning sensitivity of 1 MHz/V or higher for
the dielectric resonator oscillator operating at
3.6 GHz. The tuning structure dimensions of
the dielectric resonator circuit were varied, in
order to understand the resonator behavior
and limitations to achieve the desired tuning
sensitivity for the dielectric resonator oscillator.
A practical method is proposed for dielectric
resonator oscillators, which yield a high tuning
sensitivity as well as a wide bandwidth. A
dielectric resonator oscillator with tuning
sensitivity of 1.9 MHz/V at 3.6 GHz has been
developed using this method.

Dielectric resonators (DR) are widely used
to construct microwave frequency filters and
oscillators due to their temperature stability
and high dielectric constant, €., which enable
miniaturization of the circuits. A high €, means
that the electric field of the particular resonant
mode is concentrated within the DR and the
external field attenuates very rapidly with the
distance from the surface, thus giving small
radiation loss and high unloaded Q factor, QU,
which is limited only by the dielectric loss (loss
tangent, tan J) of the DR material. The QU
is approximately 1/tan 8. Various dielectric
resonators are made from various titanate

compounds ceramics® and the DR used in this
study is a zirconium titanate-based ceramic,
which has an excellent temperature stability,
that is a temperature coefficient, T; = 0 ppm
and a Qy > 9500 at 4.3 GHz.34

Setting the DR Resonant Mode

The DR can be excited in various modes, but
the principal transverse electric mode, TE s,
is employed because the magnetic field can be
conveniently coupled to microstrip transmission
lines. In these lines, a signal propagates in
transverse electric magnetic mode, TEM. The
DR comes in a cylindrical shape for ease of fab-
rication and assembly, as shown in Figure 1.

The dimensions or the size of the DR de-
termine its resonant frequency. But to resonate
the DR in TE ;5 mode, the ratio of its outer di-
ameter (OD) to its thickness (L), that is OD/L,
must be greater than 1.425 and, specifically, the

AMIR EFFENDY MUHAMMAD-AFIFI
AND WIDAD ISMAIL
Universiti Sains, Pulau Pinang, Malaysia

JIT SINGH MANDEEP
Universiti Kebangsaan, Darul Ehsan,
Malaysia

MICROWAVE JOURNAL m OCTOBER 2011



Ultra-Light High Performance
Waveguide Switch Series
- _ b


http://www.logus.com

OUTER DIAMETER, OD ‘

When the tuning
disc is completely

INNER

DIAMETER
>

Fig. 1 A cylindrical DR for practical assembly.

. "=———ELECTRIC FIELD, E

retracted, there is a
gap, Ly between the
tuning disc (ground
plane) and the top
’7 of the DR. This me-
HEIGTHT’L ch'?mical frequency

| adjustment is very

slow compared to
electrical tuning and
is meant for a one-
time tuning to set
the center frequen-

+

Fig. 3 DR TE ;5 resonant mode coupling to a TEM mode mi-

crostrip.

ratio must be kept between 2 and 3.33
to minimize interference of spurious
modes.® With reference to the axis
shown in the figure, the DR transverse
electric resonant mode standing wave
pattern has 0 wave variation in the
circumferential, ® direction, 1 wave
variation in the radial, p direction and
the & indicates that the standing wave
is not a complete half-sinusoid pattern
along the z direction.

Metal Enclosure Assembly

The DR must be placed in a metal
enclosure to avoid radiation loss and
interference from external fields. The
enclosure dimensions must be ap-
proximately twice of those of the DR
dimensions (OD and L) to minimize
the effect on Qy from the current in-
duced on the metal surface by the ex-
ternal field of the DR.! Experimental
studies have been done” to determine
the effect of ground plane distance
(in the z-axis direction) to the DR, on
several resonant frequencies of the
DR. The results show that the TE
mode resonant frequency increases
as the distance gets closer because of
the magnetic field perturbation by the
ground plane.”8 Thus, to compensate
for variations in the DR material, a
metallic tuning disc is added onto the
top of the enclosure. The tuning disc
height is adjustable mechanically to
tune the resonant {requency. The en-
closure height, L is made to be slight-
ly more than twice the DR height, L.
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cy of the circuit.

MAGNETIC FIELD, H
In order to

- realize the high Qy

. MICROSTRIP of the DR, it must

be located away

MICROWAVE from the conducting
LAMINATE

shield or the ground
plane.? A cylindrical
ceramic support
with alow €, , that is
below 10, is placed between the DR
and the bottom ground plane. This
seems like contradicting the earlier
statement for having a metallic tuning
disc in the top of the enclosure; in
fact this is a compromise between the
high Qg and the accurate resonant
frequency. The basic construction
of the DR circuit described above is
presented in Figure 2.

Varactor-tuned DR Circuit

As mentioned earlier, the DR circuit
resonating in the TE(;5 mode can be
conveniently coupled to a microstrip
line, which is a TEM waveguide. This is
the approach for the dielectric resona-
tor oscillator (DRO) design, but before
going into the oscillator, the DR will be
first characterized as a passive circuit.
A varactor coupled to a stub is intro-
duced into the DR circuit for electri-
cal tuning. The tuning stub is circular
in shape, as opposed to a straight line
stub used by Yom et al;1¢ this is to allow
a locking screw insertion at the center
of the DR. The main objective of the
characterization is to find a method
that will give the DRO a maximum
tuning sensitivity, KV. There are many
references describing varactor coupled
techniques that achieve high tuning
bandwidth for the DR circuits; some
are impractical due to tuning complex-
ity,'! cumbersome enclosure or assem-

TECHNICAL FEATURE

METALLIC
L “~ TUNING DIsSC
oD METAL
L <—(ENCLOSURE)
¥ GROUNDED
L
SUPPORT LAMINATE

Fig. 2 Typical assembly of the DR circuit
for a TE j;5 mode oscillator.

VERTICAL PLANE WHERE H-FIELD
IN 3D EM SIMUATION IS OBSERVED.

A4

DR
VARA( PORT 2
BIAS, Vtune . TUNING

: STUB
C PORT 1
: ~ MICROSTRIP

Fig. 4 The varactor-tuned DR circuit for
analysis.
blies as described by Virdee.® Howev-
er, one potential method described by
Virdee!? will be the basis for this study,
but with some modification.

The DR TE;5 mode resonance
coupling to the TEM microstrip line
is depicted graphically in Figure 3,
and the proposed varactor coupled
tuning circuit, analogous to a band-
pass filter circuit, is shown in Figure
4. Effectively, the varactor introduces
a variable capacitance into the circuit.
By varying this capacitance, the over-
all electromagnetic field of the DR
circuit changes, thus varying the reso-
nant frequency. The mechanism is
similar to the tuning circuit proposed
by Virdee,!?2 where the tuned resonant
frequency of the DR is given by:

2

s 1+r; Cpp / C,
I+n Lstub /LDR

Where ®pg2 = 1V/LpgCpy is the
untuned DR resonant frequency, Ly
being the equivalent DR inductance
and Cpp being the equivalent DR
capacitance, n is the turns ratio be-
tween the DR and the tuning circuit.
Equation 1 shows the relationship of
the tuned resonant frequency with the
coupling n, the varactor capacitance,
C,, and the inductance of the tuning
stub, L,

Designs of the Varactor-tuned DR
Circuits for Analysis

The final DRO is intended as a lo-
cal oscillator in a spectrum analyzer,

stub*
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with the operating frequency speci-
fied as 3.6 GHz. The circuit was built
on a RO4350B laminate, 20 mils thick,
with a dielectric constant of 3.48. The
microstrip lines characteristic imped-
ance is Z, = 50 Q and the electrical
length is A/4 at 3.6 GHz, measured
from the open end to the maximum
coupling point to the DR, as marked
by the dotted line. With the presence
of these two coupling lines (ports 1
and 2), this configuration is identical

to a narrow bandpass filter. The varac-
tor was biased from a low noise voltage
supply, where the narrow and winding
Viume bias line offers a high impedance
at the microwave frequency, that is 3.6
GHz, so that it will not load the DR
tuning circuit.

Variation of the Tuning Stub
Electrical Length

The tuning stub length was varied
arbitrarily; the lengths were set at A/4
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and A/2 at 3.6 GHz. For each varia-
tion, the V. was adjusted from 0 to
10 V at 1 V intervals and the resonant
frequencies and the corresponding in-
sertion loss (IL) were recorded. The
results were compared for their tun-
ing bandwidth and IL at resonant fre-
quencies.

Figures 5 and 6 show the resonant
frequencies and ILs, respectively; the
width of the tuning stub was kept at
Z, = 50 Q. For the A/4 stub length,
the circuit ceased to resonate after
Vie = 6 V. Although A/4 tuning stub
gives wider tuning bandwidth, it is
very nonlinear and beyond V, . =6V,
resonance ceases to exist, possibly be-
cause of a decrease in Q, due to strong
coupling. Secondly, the IL is very
high, from more than 4 dB and up
to 14 dB. A nonlinear frequency tun-
ing would complicate a PLL design
and a high IL would demand a very
high gain amplifier. On the contrary,
the A/2 tuning stub, though it gives a
much smaller tuning bandwidth, of-
fers an approximately linear tuning
and a more consistent and very low IL
across the tuning bandwidth.

Variation of the Tuning Stub
Characteristic Impedance

The A/2 tuning stub was further
investigated by arbitrarily varying

\/4|STUB

3.6040
/ A2 STUB

3.6020 L /,
T
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2 4 6 8 10
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Fig. 5 Resonant frequency of the
varactor-tuned DR circuit with different stub
lengths.
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Fig. 6 Insertion loss of the varactor-tuned
DR circuit for different tuning stub lengths.

MICROWAVE JOURNAL m OCTOBER 2011


http://www.wenzel.com
mailto:sales@wenzel.com
http://www.crovencrystals.com
mailto:crovensales@crovencrystals.com

Superior Thermal Performance and Reliak
Also Available with Non-Magnetic Terminations

Features: Applications:

e Capacitance Range: Ideal for use in Commercial,
0.1 to 1000 pF Defense, Medical and Telecom

* Voltage Rating: * WiMAX / LTE*
Up to 500 WVDC e Homeland Security / Public
e RoHS Compliant / Pb Free Safety Radio (APCO-25)

e Satellite Systems
e Case Optimized for y

Superior RF Performance * Avionics
e Digital HD FM Transmitters
Case Sizes: e Digital HDTV Transmitters
e Case A (0.055” x 0.055") e Microwave Communications
e Case B (0.110” x 0.110") e Medical Electronics
* Case R (0.070" x 0.090") *Long term evolution

Wideribandwidthiachievablelduetolower ESR
wmw o, SEEATCS
Tightitolerancesifor easy tuning SR ErHE s
HIghQ JorSUPETiori i terireSponse TECH-SELECT®

AMERICAN TECHNICAL CERAMICS

ATC North America ATC Europe ATC Asia m
631-622-4700 +46 8 6800410 +86-755-2396-8759 ENGH‘EEEQS,
sales@atceramics.com sales@atceramics-europe.com  sales@atceramics-asia.com -5 cge

WWwWw.atceramics.com



http://www.atceramics.com
mailto:sales@atceramics.com
mailto:sales@atceramics-europe.com
mailto:sales@atceramics-asia.com

the stub characteristic impedance.
Apart from the width correspond-
ing to Z, = 50 Q, the width was also
set corresponding to Z; = 34 and 28
Q. Figures 7 and 8 show the tuning
bandwidths and ILs at resonance for
three different stub impedances. The
plot shows that, as the impedance gets
lower, the tuning bandwidth increases
with an increase in ILs at resonance.
However, the ILs are relatively flat
across the resonant frequencies. For
a tuning stub with Z; = 28 Q, a tun-

ing bandwidth of 15 MHz is achieved
with the ILs approximately 6 dB.

The varactor-tuned DR circuits
with different tuning stub widths were
simulated in a three-dimensional elec-
tromagnetic field (3D EM) simulator,
using Agilent EMDS software, to
understand how the Ky increases as
the tuning stub width increases. The
varactor-tuned DR circuit is more of

|
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a three-dimensional physical structure
rather than a typical planar electrical
circuit. To simulate it in a circuit simu-
lator would be complicated consider-
ing the modeling of the cavity, the DR
and its mounting, the electromagnetic
field coupling and any other physical
structure that may affect the reso-
nance. As for the varactor, which is an
active device, it can be modeled as a
simple parallel plate capacitor shunt-
ed to ground. Its capacitance can be
varied by changing the dielectric con-
stant of the material in between the
parallel plates. The DR resonates in
the TE ;5 mode, so its magnetic field
(H-field) is the one that couples to
any microstrip lines on the circuit.
Therefore, the 3D EM simulation was
concentrating on the H-field distribu-
tion. In Figure 9, the H-field was ob-
served on a vertical plane crossing the
DR center marked by the dotted line
shown in Figure 4. Note that the uni-
form circular lines are the input and
output ports of the circuit.

The H-field pattern was monitored
at the vertical plane that cuts across
the center of the DR, the tuning stub
and the microstrip lines, similar to
that in Figure 3. In Figure 9, the H-
field strength is displayed in two ways
— first, by means of the contour lines,
and secondly, by means of the color

3.6100
__ 3.6080 é:: 2 8
E: 3.6060 Z,=500 7
L 3.6040 ——
{5 3.6020 ;/
Z 3.6000
3 3.5980 /
E 3.5960

3.5940 |

3.5920

o 2 4 6 8 10
Vitune (V)

Fig. 7 Resonant frequency of the
varactor-tuned DR circuit with different stub
impedances.
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Fig. 8 Insertion loss of the varactor-tuned
DR circuit for different stub impedances.
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TABLE |

SUMMARY OF MEASUREMENT RESULTS FOR V,,,.. FROM 0 TO 10 V AND 3D EM
SIMULATIONS FOR THE \/2 TUNING STUBS

50 3.4-3.8 5.1 Weak coupling between DR
& tuning stub

34 4.0-4.7 7.8 Strong coupling between DR
& tuning stub

28 5.2-6.5 15.0 Very strong coupling between DR
& tuning stub
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DIELECTRIC
RESONATOR

Fig. 9 H-field pattern for three DR cir-
cuits with different stub widths (a) Z, = 28 (),
(b) Zy =34 Qand (c) Z, =50 .

spectrum, with the red shade being
the strongest H-field region and, fol-
lowing the rainbow colors sequence,
dark blue is the weakest.

The simulation shows that the cir-
cuit with the widest stub (Z, = 28 Q)
has the strongest H-field coupling be-
tween the DR and the tuning stub —
the contour lines covering the widest
region and stretching from the DR to
the tuning stub. However, the H-field
coupling to the microstrip is the weak-
est, with hardly noticeable contour
lines. On the contrary, the circuit with
the narrowest tuning stub of Z, =50 Q,
the H-field is the weakest in the vicin-
ity of the DR and weak coupling to the
tuning stub, but there are strong H-
fields in the microstrip lines, indicat-
ing a strong signal.

Compared with the measurement
results in Figures 7 and 8, there is a
good correlation with the simulation.
For the lowest Z, tuning stub, where
there is a strong H-field coupling be-
tween the DR and the tuning stub, the
tuning bandwidth is the largest; it also
has the highest IL at resonance. With
the highest Z, (50 Q) tuning stub,
where the simulation shows the weak-
est coupling between the DR and the
tuning stub, the measurement shows
it has the smallest tuning bandwidth.
But on the other hand, it has the least
IL at resonance as expected because
the simulation shows strong H-field
around the microstrip lines that cou-
ple the signal out to ports 1 and 2. This
finding is summarized in Table 1.
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DRO Design

Now that the varactor-tuned DR
circuit has been characterized and the
configuration that gives the biggest
tuning bandwidth is identified, the
DRO can be designed. The design is
based on a negative resistance oscilla-
tor or a one-port oscillator. The strong
H-field concentration around the DR

www.ara-inc.com
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and the tuning stub apparently re-
duces the H-field coupling to the mi-
crostrip, as can be seen in Figure 9a.
Hence, the tunable DR circuit with
tuning stub of Z, = 28 Q has a high
IL, ~ 6 dB. To reduce this loss, the
microstrip is slightly widened (to Z,
~ 37 Q) to improve the field coupling
between the DR and the microstrip.
Only one microstrip line is used be-
cause it will be a one-port oscillator.
The final varactor-tuned DR circuit
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is shown in Figure 10 and the ac-
tive device circuit, which is based on
a Si bipolar transistor and provides
the negative resistance, is shown in
Figure 11. The varactor-tuned DR
circuit is coupled at port 1. However,
the negative resistance occurs over a
wide frequency range and in this case
more than 2.5 GHz wide. This will
potentially cause instability within the
range.!! The DR circuit and the ac-
tive device were coupled together to
form the DRO. When the DRO out-
put was monitored, spurious signals
were observed along with the DRO
oscillation. A 50 Q termination is then
added to the open end of the A/4 stub
of the microstrip line that couples to
the DR; this eliminated the spurs.13

DRO Results
At V., =0V, the oscillation fre-

tune
quency is fpy = 3.591 GHz and at
Vime = 9V, the oscillation frequency
is fgy = 3.608 GHz, giving a tuning
bandwidth of 17 MHz or 0.47 per-

cent. Figure 12 shows the spectrum

BIAS, Viune 2
TUNING
STUB PORT 1

MICROSTRIP

Fig. 10 Final tunable DR circuit with

only one port.

Fig. 11 Schematic of the circuit that
generates the negative resistance.

Mkr2 3.608 61 GHz

Ref 0 dBm Atten 10 dB -15.83 dBm
Peak
I'»;x e —
dB/
)
hd
LeAv
Center 3.599 51 GHz Span 30 MHz
Res BW 270 kHz VBW 2.7 MHz Sweep 1 ms (601 pts)
Marker  Trace Type X axis Amplitude
1 (1) Freq  3.59106 GHz -11.48 dBm
2 (1) Freq 3.608 61 GHz -15.83 dBm

Fig. 12 Frequency sweep of the designed
DRO showing a tuning bandwidth of 17 MHz.
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analyzer sweep of the DRO with
Ve sWept from 0 to 9 V. The output
power varies from approximately 0
dBm to about +4.5 dBm. The power
is 16 dB lower, because the measure-
ment was done using a directional
coupler (16 dB coupling factor). The
phase noise at 100 kHz, 1 MHz and
10 MHz offsets from the center fre-
quency, is -125 dBc/Hz, -147 dBce/Hz
and -161 dBc¢/Hz, respectively. This is
shown in Figure 13. Figure 14 shows

Research
Development
IMST Producis

Services

BEYOND LIMITS

the complete DRO. Notice that a 50
Q resistor termination was added at
the end of the A/4 stub to eliminate
spurs. The plastic screw holding the
DR in place is also visible.

Experiments on a DR circuit excit-
ed in the TE,5 resonant mode were
carried out, with its tuning stub in cir-
cular shape. It is found that the tun-
ing stub dimensions can affect the DR
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Fig. 13 Phase noise of the DRO at 3.6 GHz
with V,,,, =5 V.

50 )
RESISTOR

Fig. 14 Photograph of the complete
DRO.

tuning range. A linear tuning pattern
can be achieved by keeping the tun-
ing stub electrical length at M2, and
by reducing the tuning stub Z,, that is
increasing its width, the tuning band-
width is increased. 3D EM simulation
reveals that as the tuning stub width
is increased, the H-field coupling be-
tween the DR and the tuning stub
increases, which explains the increase
in Ky. Based on this finding, a DR
tuning method that offers wide tun-
ing bandwidth for applications with
a small varactor tuning range is pro-
posed. The method is applied to a 3.6
GHz DRO that would be employed in
a phase-locked local oscillator with a
specified tuning voltage of 0 to 10 V.
Comparing this circular tuning stub
to the straight line tuning stub used
by Yom,!0 the circular tuning stub
seems to yield a wider tuning range
and higher Ky, that is 0.47 percent and
1.89 MHz/V, respectively, as opposed
to 0.003 percent and 0.04 MHz/V. B

The authors would like to thank
B.W. Law, A.K.H. Mokhtar, K.E. Loh,
J.L. Lai and W.S. Lam for their tech-
nical help and support in materials
procurement, DRO design and fabri-
cation and also Universiti Kebangsaan
Malaysia.
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BROADBAND BANDSTOP
FILTER USING PERIODIC
FRACTAL ELECTROMAGNETIC
BANDGAP STRUCTURES

A broadband, bandstop filter with sharp cut-off frequencies is presented, using
novel designs of periodic fractal electromagnetic bandgap (EBG) structures.

The sharp selective bandstop filter is constructed by cascading two EBG dual-
ear cells with good performance and compact sizes, using coplanar waveguide
(CPW) transmission lines. The circuit models of the EBG structures are derived
by using an equivalent circuit approach and full-wave electromagnetic simulation
is used for extracting the values of the lumped elements in the circuits. The 20 dB
bandwidth of the bandstop filter (BSF) is 2 GHz (9.9 to 11.9 GHz) and the center
frequency is 11.5 GHz. The 20 dB fractional bandwidth is 18.3 percent. In the 20
dB stopband range, the return loss ripple is less than 0.5 dB. The proposed BSF
is fabricated with surface micromachining and the measurement and simulation

results agree well.

ith the rapid development of mod-
s ; s / ern communications, efficient utili-
zation of more and more frequency
channels is necessary. Microwave filters have
been widely used in modern communication
systems. In recent years, more novel filters,
using new technologies, continue to challenge
traditional radio frequency (RF) components
with ever more stringent requirements, includ-
ing better properties, smaller dimensions and
lower power consumption.!

Periodic structures have recently attracted
much attention in the microwave and millime-
ter-wave community, owing to their filtering
properties or inhibition of signal propagation in
certain directions. These structures have been
usually referred to as electromagnetic band-
gaps (EBG) or electromagnetic crystals. EBG
structures can be embedded in the dielectric
substrate or etched in the metal layer.? This
helps to suppress the surface waves and results

in a better radiation pattern, higher transmis-
sion efficiency and good slow-wave?3 character-
istic to obtain frequency-selective features.*
EBG structures realized on metal layers are
useful for constructing filters, including band-
stop filters (BSF),> lowpass filter (LPF)6 and
bandpass filter (BPF),” phase shifters,® power
dividers,? antennas!? and resonators.# In these
studies, the RF components with EBG slot
or CPW-fed slot structures are designed to
improve radiation patterns and to reduce the
higher order harmonics, obtaining good ratio
characteristics.

J.M. HuaNG

(also affiliated with State Key Laboratory
of Information Photonics and Optical
Communications)

H.7Z. Zau, H. Guo, AND K. HAN
Beijing University of Posts and
Telecommunications, Beijing, China
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the EBG cell.
SIGNAL wl SIGNAL o
" e THE EBG UNIT CELL
GROUND e GROUND An etched lattice shaped (ELS) EBG
unit is machined on a CPW line with a

TRA';‘._S&E-RSE 50 Q characteristic impedance (G/W/G=

A Fig. 1 EBG unit (a) etched lattice shaped (ELS) unit and (b) the dual-ear unit.

EBG struc-
tures can be pat-
terned on metal

EM SIMULATION
CIRCUIT SIMULATION

2 g | ) )z- = g x layers, such as the
2107 VAT A T 10 3 groun.d plaTle or
) ;5 | 15 3 the signal line of
2 20— 20 £ microstrips,”  as
g2 |f T 25 O
E 30 30 4 well as coplanar
g 35 352 waveguide (CPW)
Z 40 40 — y .. . 3
€ 45 P transmission lines.
0 10 20 30 40 50 60 The EBG lattice
a) FREQUENCY (GHz) can offer extreme

-

flexibility in the

: : design of filters
g 10 I\ / />(\//\ 10 § based on CPW
S 15 / | 15 & transmission lines.
§ 20 [T 20 g The inductance
z 25 25 5 and  capacitance
2 b 30 & values of the EBG
E 35 35 2 .
2 20 40 S can be adjusted
~ by varying the di-
450 5 10 15 20 25 30 35 40" Y ©

mensions of the
" FREQUENCY (GHz) EBG lattice ge-

ometries, thus can
effectively cancel
the reactive part of
the characteristic
impedance.

In this article, a broadband bandstop filter, with sharp
cut-off frequencies, is constructed by cascading two dual-
ear EBG cell resonators with good performance and com-
pact-size CPW transmission lines. The circuit models of
the EBG structures are derived by an equivalent circuit
approach and full-wave electromagnetic simulation is used
for extracting the values of the lumped elements in the
circuit. The 20 dB bandwidth of the BSF is 2 GHz (9.9
to 11.9 GHz) and the center frequency is 11.5 GHz. The
20 dB fractional bandwidth is 18.3 percent. In the 20 dB
stopband range, the return loss ripple is less than 0.5 dB.
The proposed BSF is fabricated using surface microma-
chining, and measurement and simulation results are in
agreement.

A Fig. 2 Comparison of EM and circuit
simulation RF performance of EBG units (a)
ELS unit and (b) EBG-DE structure.
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60/100/60) for good impedance match-
ing, as shown in Figure 1. The substrate
is high resistivity silicon (p = 4000 Q cm)
with a dielectric permittivity of €. = 11.9
and a thickness of 450 um. The metal
thickness of CPW signal line is 0.5 pm,
and the other parameters are h = 800
um, a =350 wm, b =300 wm, d = 60 wm and s = 700 wm.
The width of the ground line is sufficiently larger than that
of the signal line, and is assumed to be semi-infinite (set as
2000 um in the simulation). The RF performance of the
structure is shown in Figure 2. The 3 dB bandwidth is
9.5 GHz, from 18.4 to 27.9 GHz. The 20 dB bandwidth is
1.7 GHz, from 23.3 to 25 GHz.

From the simulation results, the lumped-element equiv-
alent circuit is derived by cascading two parallel resonant
circuits to model this EBG unit cell, as shown in Figure
3. Each EBG unit cell is represented by two series RLC
tanks instead of only one as that of Karim.!! It is neces-
sary to extract the lumped circuit parameters to analyze the
EBG unit deeply. The equivalent impedance equation of
the single resonant model may be expressed as
Z:(jwcl+#+i)‘l +(ij2+_L+i)‘1 1)

Jle R1 ](x)L2 R2

Where the subscripts “1” and “2” denote the two different
resonant circuit parameters. Accordjng to microwave network
theory, assuming that R>>7,, the S-parameters are reduced to

(2)

From Elamaran et al.,8 the equivalent circuit param-
eters, C; and C, can be extracted as

ZZO(UJ% (of)(u)g (of )(m% - (of)
and
[0) (w2 - (1)2‘)((1)2 —0)2)
Com g @

Then, the parameters L; and L, can be extracted from
o=1/ \/E . The resistances R; and R, of the circuit can
be obtained approximately from the resonant frequencies,
o) and wy, respectively.
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TABLE |

PARAMETERS EXTRACTED FROM THE EQUIVALENT CIRCUIT

BSF constructed by
cascading two DE-EBG

unit cells

L, (nH) 0.31347 | 0.53839 Cg (pF) 0.0938 pF
Gy (pF) 0.13795 | 0.38447 L 0.2219 nH
(nﬁ)

R; (kQ) 1.6465 11.109 CP (pF) 0.6838 nH
Ly (nH) | 0.085547 | 0.28907 LP (pF) 0.1898 pF
C, (pF) 0.16890 | 0.11901

Ry (kQY 1.6083 9.9282

1-Is -
R, =27, B “"z"" and R, =27, 41 B “”z‘“z (5)
Sl Sl

Therefore, this model can predict the EBG unit cell over
the relatively wide frequency range from DC to 40 GHz, in
which the circuit simulation results and the EM simulation
results show good agreement. The resistors, capacitances
and inductances are evaluated from the resonant frequen-
cies of the EBG unit cell and listed in Table 1.

THE BANDSTOP FILTER
EBG Dual-Ear (DE) Structure

From the above analysis, it is implied that it is difficult
to change the resonant frequency over a large range, un-
less the dimensions of the ELS-EBG unit cell have a large
change, and the cut-off frequencies of the filter using the
ELS-EBG units are not sharp enough to be used in this ap-
plication. Moreover, the cut-off frequency of the filter, us-
ing dual-ear structures, can be adjusted and become sharp-
er than before.!2 For these considerations, an improved
compact EBG structure with dual-ear structures (EBG-

TECHNICAL FEATURE

DE) based on the
ELS-EBG unit is
introduced  (see

EBG-DE STRUCTURE
ELS-EBG STRUCTURE

[
Figure 1). The di- 5 T ™N /]
mensions of the 0) I \ / ‘
EBG-DE structure, E 10 \ \’
m,n,o,p,QqnLu 9is
and v, are 300, 40, Z 2 ‘
120.6, 559, 108, 50, E
220 and 42.66 um, @ 23 I
. 2

respectively. £ 30

The unit cell’s 3

50 5 10 15 20 25 30 35 40

equivalent circuit
FREQUENCY (GHz)

is represented by

two series RLC A Fig. 4 Frequency response comparison
tanks analyzed like between ELS-EBG and EBG-DE structures.

before, and the

EBG-DE structure simulation curves are shown in Figure
2. It is easy to observe that the EM simulation curves are
consistent with the circuit simulation curves, which means
that the two series RLC tanks circuit model is fit for the
EBG-DE structure as well. The circuit model’s parame-
ters, including resistances, capacitances and inductances,
are shown in Table 1.

FREQUENCY RESPONSE COMPARED BETWEEN
ELS-EBG AND EBG-DE

The comparison of the frequency responses between
ELS-EBG and EBG-DE is shown in Figure 4. Compared
with the ELS-EBG structure, the first resonant frequency
of the improved EBG-DE structure is shifted from 24.2 to
11.1 GHz. The shift of the resonant frequency with a large
range of 13.1 GHz is realized using the dual-ears structure.

The distributed capacity and inductance of the EBG-
DE structure are increased by the introduction of dual-ears
structures, listed in Table 1. Therefore, the resonant fre-
quency of the improved EBG-DE structure is decreased,
as shown in the figure. At the same time, the resistance
of the BSF using the EBG-DE structure is increased, and
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A Fig. 5 Bandstop filters made by cascading two proposed EBG
structures (a) ELS-EBG structures and (b) EBG-DE structures.

results in the increase of the insertion loss.

The EBG-DE unit cell can be used in an oscillator
at 11.1 GHz. For the oscillator, the frequency spectra of
phase perturbation d¢(w) of the oscillating signal is derived
using the phase noise estimation:!3

(02

T 2,2 ‘ 2
™Ay 0’|z (0)0)‘ +AgS”

¢

2 2
: 2 p JR oX
(o) +43 (aﬁ] + [aAdJ
(6)

TECHNICAL FEATURE

where
_ aRd ! aXd
5= 0A X (0)= J0A RC( ®)

In this oscillator model, the active device for negative resis-
tance generation is represented by Z, = Ry + jX; and the im-
pedance of the resonator is represented by Z, (w)= R, + jX...
The entire circuit is expressed as a series connection of Z;
and Z, (w), where e(t) represents noise that may be present.

From Equation 6, the reduction of phase noise can be
achieved by increasing the magnitude of Z(w), which
means a drastic impedance variation of a resonator with
respect to frequency at the point of resonance.

From Table 1, the equivalent resistances extracted from
the equivalent circuit of the ELS-EBG unit cell are 1.6465
and 1.6083 kQ, which are much less than the equivalent
resistances of the DE-EBG unit cell, 11.109 and 9.9282
kQ. This means that the magnitude of Z () of the oscil-
lator using the EBG-DE unit cell is larger than that us-
ing the ELS-EBG unit cell. Thus, the oscillator using the
EBG-DE unit cell has sharper frequency characteristics
than that using the ELS-EBG unit cell.

BSFS CONSTRUCTED BY CASCADING EBG-DE AND
ELS-EBG STRUCTURES

According to the preceding analysis, bandstop filters
with wider bandwidth are constructed by cascading two
proposed EBG units, including the ELS-EBG and EBG-
DE structures, as shown in Figure 5. The length of the
filter is approximately 4000 um.

The RF performance of the filters is shown in Figure 6.
The stopband of the filter using EBG-DE units lies within
X-Band, while the stopband of the filter using ELS-EBG
units stays within K-Band.

The 3 dB bandwidth of the BSF using the ELS-EBG
structure is 10.1 GHz, from 17.9 to 28 GHz and the center
frequency is 24.3 GHz. The 20 dB bandwidth is 4.6 GHz,
from 21.2 to 25.8 GHz. In the 20 dB stopband range, the
return loss ripple is less than 0.19 dB. The 3 dB band-
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width of the BSF o .
using the im- | &

provged EBG-DE | < 1o A 108
structure is 4.2 | & 15[/ \ | 15 3
GHz, from 86 to | z :g' \ ~ :g 5
12.8 GHz and the | 2 3¢ \/ 30 Q4
center frequency ﬁ 35 v 353
is 11 GHz. The 20 | £ :g :‘5) e
dB bandwidth is 2 0 5 10 15 20 25 30 35
GHz, from 9.9 to (a) FREQUENCY (GHz)

11.9 GHz. In the

20 dB stopband o o
range, the return | & 5 7(—7{ -
loss ripple is less ;:; 10 \ | /|10 ',_.|(‘
than 0.05 dB. It | § 151/ \ | [
is easy to see that | 2 25 [N S
the BSF using the | 5 30 “" 30
improved EBG- | & :z «31: =
DE structure has 45 o z
a narrower stop- 2 10 15 20
band width and | (b) FREQUENCYI(CHE

a smaller ripple

than the BSF us- A Fig. 6 Simulated performance of two
ing ELS-EBG cascaded EBG structures (a) ELS-EBG and
structure. (b) EBG-DE.
The compari-
son of the fre-

quency responses

EBG-DE STRUCTURE
ELS-EBG STRUCTURE

between the fil- 0

ters using ELS- g 5 [ A/
EBG and EBG- E 10 I\I
DE structures is | § 15 \ I\
shown in Figure z 20 | J

7. Comparing the E 25 | Ir

two filters, the | & 30 | |
cut-off  frequen- £ 35 !

cies of the filter 40

: 0 5 10 15 20 25 30 35 40
using the EBG- FREQUENCY (GHz)
DE unit cell is

Sharper. From the A Fig. 7 Frequency response comparison
simulation results, between filters using ELS-EBG and EBG-DE
structures.

the sharp selectiv-
ity is observed and
it is noticed that the 20 dB stopband is from 10.3 to 12.6
GHz. The stopband return loss is less than 0.5 dB. In the
passband, the insertion loss is less than 0.6 dB, and the re-
turn loss is greater than 8 dB. The 3 dB fractional band-
width is 34.6 percent. Thus, the filter with EBG-DE struc-
ture possesses a better frequency selectively and it would
be possible to design sharply selective bandstop filters with
the dual-ear EBG structure.

EQUIVALENT CIRCUIT ANALYSIS

The equivalent circuit of the BSF, formed by cascading
EBG-DE structures, is shown in Figure 8. The conformal
mapping and Green’s function methods are used to calcu-
late the per unit length capacitance for a finite electrode
thickness with the buffer layer,# which can be written as

AC=C,+C, (7)

Where C, is the per unit length capacitance of the CPW
without considering the thickness of the metal layer, C, is
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—

m ! v

A Fig. 8 Equivalent parallel circuit model of the BSF composed of
two cascaded proposed EBG-DE structures.

the capacitance value increasing caused by side-face area
after considering the thickness of the metal electrodes. Ap-
proximate expressions containing empirical fitting param-
eters are given below:15

CO=280(£r+1)£kl) (8)
Kk)
and
27580 {31 —a, ln(VGVJ+ agln(a4 + éﬂ
C = 5 9)
4G 1(t
In| — |+-| —
[ )sle)
W 2
where K=y g K =VI-k

ar= 049255 45 = 0.01709, ag= 021918, and a, =
0.10357. Here K is the complete elliptic integral of the first
kind, & is the permittivity of free space and €, is the rela-
tive permittivity of the material.

In Figure 5, the layout of the BSF is divided into five
parts, two EBGs and three CPWs. According to micro-
wave theory, 15 a CPW transmission line can be modeled as
a lumped element with a very large number of elements.
The total line length has been divided into an infinite num-
ber of sections.

Each lumped element represents an infinitesimal piece
of the physical transmission line. The values of AR, AC,
AL and AG are the resistance per length, capacitance
per length, inductance per length, and conductance per
length, respectively. These are the distributed parameters
of the transmission line.

From the equations above, it is easy to obtain values of
capacitances in the equivalent circuit:
C,=AC1,,C, =AC], (10)

In Figure 5, the length of part I and part Vis I}, and the
length of part III is I,. However, the CPW parts are short
enough and it is reasonable to neglect their resistances and
conductances. According to microwave theory, Lg can be
written as

(11)

Where o represents the resonance frequency of the
CPW at part I and also at the others. Additionally, the
equivalent circuit of the BSF composed by cascading two
EBG-DE structures is shown in Figure 8. The parameters,
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including ~ capaci-
tances, C_ and Cg,
and ind%ctances,
L_and L, are list-
ed in Table 1. The
RF performance,
compared be-
tween the EM and
circuit simulation,
is shown in Fig-
ure 9. The circuit
simulation results
agree well with the
EM simulation re-
sults.

MEASUREMENT
RESULTS AND
DISCUSSION

The  designed
BSF structures
are fabricated on a
high resistivity sili-
con substrate (p =
4000 Q cm) using
a surface microma-
chining fabrication
toechnology. A 1000
A thick thermal ox-
ide was introduced
on the substrate
as  buffer layer.
The metal layer is
made by sputter-
ing a 0.5 um thick
aluminum  layer,
with careful stress
control. The final
BSF patterns are
defined by lithog-
raphy and  wet
etching. Compared
to normal MMIC
fabrication, the
surface microma-
chining  technol-
ogy can precisely
control small di-
mensions and mass
production can be
obtained. An opti-
cal photo of EBG

TECHNICAL FEATURE

EM SIMULATION

CIRCUIT SIMULATION
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A Fig. 9 Comparison between EM and
circuit simulation of two cascaded EBG-DE
structures.

A Fig. 10 Photograph of an EBG dual-ear

structure.
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A Fig. 11 Comparison between simulated
and measured performance of the EBG-DE
bandstop filter.

dual-ear structure is shown in Figure 10.

The RF performance of the BSF's is obtained using an
HP8510C vector network analyzer and a RF probe sta-
tion with 150 um probes. A full thru-reflect-line (TRL)
routine is used to calibrate with the NIST software MUL-

TICAL.

Figure 11 shows the measured results for the BSF us-
ing EBG-DE units. The measurement results of the BSF
made by cascading the proposed double EBG-DE units
agree well with the simulated results. The small difference
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between the simulation results and the measurement re-
sults can be attributed to the fabrication error.

CONCLUSION

In this article, a bandstop filter using novel ELS-EBG
structures has been studied. An equivalent circuit is pro-
vided to show the performance of the ELS-EBG structure
with different dimensions. An improved EBG-DE struc-
ture with compact size has a low resonant frequency. A
sharp bandstop filter with good performance is made by
cascading two EBG-DE unit cells. The measurement and
simulation results of the BSF agree well. It is expected that
the EBG-DE structure for CPW will have potential appli-
cations in RF and microwave circuits. l
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ing on utilizing the Ka-Band to expand

capacity. Although by definition the Ka-
Band covers the frequency band from 26.5 to
40 GHz, Ka-Band for satellite applications
generally uses the frequency range around 20
GHz for the downlink and 30 GHz for the up-
link. Ever-growing SatCom bandwidth needs,
overcrowding of the radio frequency spectrum
and the increasing demand of satellite commu-
nications have been the main drivers for this
development.

Increasingly satellite operators are focus-
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A Fig. 1 Outline drawing of the BN 153130 Ka-Band rotary joint
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KA-BAND ROTARY
JOINT FOR SATCOM
APPLICATIONS

Iridium, which has announced the launch
of Iridium NEXT via Ka-Band in 2015, and
Eutelsat, which already operates on Ka-Band
technology, are just two of many operators de-
manding Ka-Band frequencies. Such satellite
communication systems provide broadband
network access for mobile ground, maritime
and airborne antenna systems. These systems
— commonly called SatCom on-the-move — are
being introduced on a large scale all over the
world for commercial, as well as for govern-
mental (civilian and military) use.

The increase in frequency from Ku- to Ka-
Band offers broad coverage of bandwidth in
this very rapidly progressing technology. The
utilization of higher frequencies requires fast-
er electronic components, which, in the past,
have been particularly expensive. However,
due to rapid technological progress, competi-
tive components are currently available. With
an increase of Ka-Band applications and the
associated optimizations of single components
that comprise it, the belief is that prices will get
closer to the price level of Ku-Band.

A moving satellite terminal requires a highly
sophisticated beam steering system in order to

SPINNER GMBH

Munich, Germany
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continuously track the satellite during
operation. There are two basic tech-
nologies that can be employed for point-
ing an antenna beam: The electronically
phased-array antenna and the mechani-
cally steered pencil beam antenna.

SPACE RESTRICTIONS

When the latter system is used,
the strong space restrictions imposed
by a mobile SatCom terminal require
the adoption of a small aperture an-
tenna together with a low-profile

pedestal. Likewise, the rotary joints
employed for signal transmission
along the mechanical steering axes
need to be small and are often shaped
specifically for the application. At the
same time, bi-directional high data
rate communications over Ka-Band
SatCom require a bandwidth spread
of more than 1 GHz on the uplink
and downlink for both commercial
and military systems.

In order to provide equipment
manufacturers with rotary joints tai-

HIGH FREQUENCY
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lored to the specific requirements
of SatCom systems, SPINNER has
developed the new BN 153130 dual-
channel rotary joint for Ka-Band ap-
plications. Excellent electrical and
mechanical performance and a long
lifetime define this solution as a ref-
erence standard in electrical and me-
chanical performance.

The product line follows a com-
mon design philosophy that is char-
acterized by excellent electrical and
mechanical performance, allied to a
highly reliable design. In principle,
RF rotary joints can be classified into
two categories:
¢ Contacting rotary joints, where the
inner and outer conductor of the fixed
and rotating part are connected via
galvanic contacts.
¢ Non-contacting  rotary  joints,
where the RF signals are transmitted
via axial and radial chokes (capacitive
coupling).

NON-CONTACTING DESIGN

The BN 153130 dual-band rotary
joint is realized as a non-contacting
design. The main advantages with this
design are that as there is no contact
then there is no abrasion, and it has
small dimensions (39.1 mm maximum
length and 63.5 mm flange diameter),
while accommodating high frequen-
cies. Besides good RF performance,
the Ka-Band rotary joint is character-
ized by a lifetime of more than 20 mil-
lion revolutions. Figure 1 shows BN
153130’ design.

The ability to produce a rotary joint
of such small dimensions is very signifi-
cant. For many mobile satellite com-
munication systems being developed,
there is a requirement to significantly
reduce the height of the radomes under
which the SatCom system is installed.
The reason is the need to improve the
drag coefficient, which implies that less
installation space is available for the an-
tenna, as well as for the whole pedestal.
Thus, there is increasing demand for
low profile rotary joints to be used in
SatCom radomes. SPINNER has taken
up the challenge and developed a Ka-
Band rotary joint with reduced height,
which means that the overall system can
be built lower. This can help save fuel
(on an aircraft, for example).

CHARACTERISTICS

Figure 2 shows the L-shaped
dual-channel BN 153130 Ka-Band

MICROWAVE JOURNAL m OCTOBER 2011


mailto:semis.info@meg.mee.com
http://www.mitsubishichips.eu

Integrated Microwave Assemblies

IMA Reality

performance, not imagined

MITEQ is the IMA expert. Offering more than 40 years of
resident engineering and manufacturing of every
IMA element and microwave component:
amplifiers, mixers, control products, oscillators,
frequency sources, fiber optic links, passive products, FPGA
digital control, monitoring and communications circuits, 4
all integrated into our state-of-the-art IMAs.
MITEQ s clearly set apart, as the Leader in
Integrated Microwave Assembly

Design and Manufacturing!

Amplified Switch Filter Bank
9 Selectable Bands

Frequency Multiplexer
2.89-9.9 GHz
" =¥ Spaceborne Application

Wideband
Synthesizer & LO Chain
Covering Both X- & Ku-Band

- State-of-the-Art Manufacturing And Design Facilities -
including five buildings totaling 340,000 square feet
- Total Vertical Manufacturing And Design Integration -
from the simple feedthru to the most sophisticated IMA end item
- Extensive, Innovative Library Of IMA Designs -
collected from over 40 years of IMA Heritage
- HiRel Space Qualified IMAs -

FOrgdditional information or technica _:i pport. please conta
Sales Department ot [631] 439-9220 or e-mail components@mi

MIT=4L] (637) 367400 £

\www.miteq.com

@



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

rotary joint; the main characteristics
of this rotary joint are summarized in
Table 1. As the table illustrates, to be
able to achieve superior system per-
formance, it is necessary to achieve
very low insertion loss, VSWR and
high isolation values. These superior
electrical properties are the result
of many years of design experience,
careful development, the use of top
quality materials and high precision
manufacturing.

Significantly, the BN 153130 dual-
channel rotary joint also covers the
preferential military frequency range
for downlink frequencies (19.7 to
21.2 GHz) and uplink frequencies
(29.5 to 31 GHz), which military cus-
tomers are demanding. In addition,
a broadband version for civil appli-
cations is also available with 17.7 to
21.2 GHz for the downlink and 27.5
to 31 GHz for the uplink. The abil-
ity to cover both military and civil

Probuct
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Ar ig. 2 L-shaped dual-channel Ka-Band
rotary joint.

TABLE |

MAIN CHARACTERISTICS OF THE BN
153130 KA-BAND DUAL-CHANNEL
ROTARY JOINT

Channel 1

Channel
designation

Channel 2

Interface type 2.92 mm-f (50 Q)

19.7t021.2 | 29.5 to 31

Frequency
range (GHz)

Average power 1 10
capability (W),
max.

VSWR, max. 1.5

VSWR 0.1
variation over
rotation, max.

Insertion loss 0.8

(dB), max

Insertion loss 0.1
variation over
rotation (dB),
max.

Isolation (dB), 50

min.

requirements is an attractive solution
for customers.

SUMMARY

The new BN 153130 dual-chan-
nel Ka-Band rotary joint completes
the SPINNER product portfolio at
the upper frequency range. The re-
sult of this work is a non-contacting
dual-channel Ka-Band rotary joint
that guarantees outstanding electrical
properties even under severe condi-
tions (—40° to 70°C) over a long ser-
vice life and offers an excellent price-
performance relationship.

SPINNER GmbH, Munich,
Germany +49 89 12601 1160,

e-mail: info@spinner-group.com,
WWww.spinner-group.com.
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he HXG-242+ (RoHS compli-
' ant) is an advanced amplifier
module combining high dynam-
ic range MMIC technology with inte-
grated optimization circuits to provide
industry-leading linearity over the
optimized frequency range of 700 to
2400 MHz. It is packaged in a Mini-
Circuits System-in-Package (MSiP)
module (6.4 X 6.4 X 2.4 mm) using a
sealed ceramic cover with gold-over-
Ni metallization for excellent solder-
ability.

The module offers industry-lead-
ing IP3 performance of +46.6 dBm at
1500 M Hz relative to device size and
DC power consumption of 146 mA at

ULtrA HiGgH IP3

TECcH BRIEF

AMPLIFIER MODULE

1500 MHz. The combination of the
design and E-PHEMT technology
provides enhanced linearity as shown
in the high IP3. It covers the primary
wireless frequency bands for cellular,
PCS and LTE. These features make
this amplifier ideal for use in:
 Driver amplifiers for complex wave-
form up converter paths
e Drivers in linearized transmit sys-
tems
e Secondary amplifiers in ultra high
dynamic range receivers.

A unique feature of the HXG-
242+, which separates this design
from all competitors, is the low noise
figure of 2.4 dB (typical) in combi-

nation with the high dynamic range.
Unlike competing products, Mini-
Circuits HXG-242+ provides input
and output return loss of 10 dB up
to 1.5 GHz without the need for any
external matching components. The
HXG-242+ includes internal match-
ing networks to offer an extremely
high dynamic range module in a small
package.

\T/\/ENDOR\"EW

Mini-Circuits,

Brooklyn, NY

(718) 934-4500,

www.minicircuits.com.

GET THIS!
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to 2500 MHz and provides high per-
formance frequency control in harsh,
demanding environments. The VCO
features a typical phase noise of -101
dBc/Hz at 10 KHz offset and excellent
linearity. Tuning sensitivity is rated at
55 MHz/V. Pulling and pushing are
minimized to 11 MHz and 1 MHz/V,
respectively; second harmonic sup-
pression is —15 dBc typical.

The CVCOTSBE line features a
full-functioning VCO in a rugged, her-
metically sealed TO-8 package to pro-
tect the VCO from moisture, contami-

TECH BRIEF

2400 1o 2500 MH:z
HERMETICALLY SEALED

TO-8 VCO

nants and other elements. The metal-
can construction features gold-plated
pins with no internal wire bonds for
enhanced signal integrity. They are
sealed in a nitrogen atmosphere with
a dew point of —60°C or lower for a
true —55°C storage temperature. The
VCO line has an operating tempera-
ture range of —40° to +85°C

Given the hermetically sealed
construction, the CVCOTS VCO is
ideally suited for military and aero-
space applications where high tem-
perature/moisture/altitude elements
are of concern. Customers can re-
quest Class B screening or any addi-
tional requirements in terms of spec-

Hi-Rel By Design

ifications, testing and performance
reports. At present, the CVCOTS
family is available from 800 MHz to
4 GHz in bands. Custom designs are
also available.

Engineered and manufactured in
the USA, the CVCOTSBE-2400-2500
VCO features a control voltage range
of 0.5 to ~4.5 V with an input voltage
of 5 V. Maximum current consump-
tion is 25 mA and output power is
+0 dBm.

Crystek Corp.,
Fort Myers, FL
(800) 237-3061,
www.crystek.com.
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he R&S® RTO oscilloscopes,
with 1 and 2 GHz bandwidth,
appeal to users with its high
measurement accuracy, operating con-
venience and speed. These features
are also in very high demand for ap-
plications at bandwidths below 1 GHz.
This is why Rohde & Schwarz has add-
ed a 600 MHz model to its high per-
formance oscilloscope family. The new
600 MHz version of the R&S RTO is
a unique solution that enables users
to perform complex in-depth analyses
even in the lower bandwidth range.
For its R&S RTO high perfor-
mance product line, Rohde & Schwarz
created a special ASIC with real-time
processing of the digitized measure-
ment results. Thanks to its multiple
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HiGH PERFORMANCE
600 MHz OsciLLoscOPE

parallel processing capability, this
ASIC makes it possible to analyze one
million waveforms per second. Con-
ventional oscilloscopes capture signals
during only 0.5 percent of the acquisi-
tion cycle, but Rohde & Schwarz has
increased the active acquisition time
by a factor of 20, to 10 percent of an
acquisition cycle. Even with this high
acquisition rate, all of the setting op-
tions and analysis functions remain
available for measurements without
reducing speed.

Rohde & Schwarz has also taken
a new approach when designing the
trigger system. Due to the all-digital
trigger architecture, the trigger and
the captured data share a common
signal path and a common time base.

Ty

ol

The result is exceptionally low trigger
jitter and exact assignment of the trig-
ger to the signal.

The low noise front-end and the
single-core A/D converter in the R&S
RTO scope also help to ensure high
accuracy. The A/D converter oper-
ates at 10 Gsamples per second and
achieves an exceptionally high dynam-
ic range of more than seven effective
bits. The result is minimal signal dis-
tortion and low inherent noise.
Y)VENDORVIEW
Rohde & Schwarz,

Munich, Germany
+49 89 4129 137 74,
North America

(888) 837-8772

www.rohde-schwarz-scopes.com

. The NEW

# mwjournal.com
Resources section

New and archived content for the well-informed

Webinars on demand

®
White Papers/Technical Library
®

Expert Advice Blogs
]

Executive Interviews

@ www.mwijournal.com/resources
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he Advantech Wireless model
I APRA-LI12000A is for a 12 kW
L-Band solid-state pulse ampli-
fier operating in the band of 1.2 to 1.4
GHz. Intended for radar applications,
this unit provides the peak power with
a duty cycle of up to 12 percent. The
unit consists of 8§ X 1.8 kW modular
amplifiers that are phase combined
using a special high power, low loss
combiner.
The product was created in re-
sponse to an overwhelming demand
in the marketplace for robust, solid-

EcM A& EAST
CoASsTt
MICROWAVE

DISTRIBUTORS, INC.

TECH BRIEF

12 kW SoLID-STATE

PuLse AMPLIFIER

state pulse amplifiers that can be ve-
hicle-mounted. It can be used in mili-
tary and civilian radar systems. Due
to the modular architecture, a failed
RF module may be safely removed
and replaced without service inter-
ruption (hot-swapped). A single mod-
ule failure will cause a drop of only
1.16 dB in output power. The Inter-
face Panel containing a redundant
input/driver module provides the
Monitor and Control Interface for
the entire system. The power supply
system is also modular, operating on
a load-sharing configuration with hot-
swappable capability.

The pulse amplifier operates on
the basis of a TTL gating signal that
must precede the RF pulse by 5 us.

The pulse rise/fall time is less than
100 ns. The pulse droop is less than 1
percent at 100 us. The system is fully
protected against CW signal applied,
pulse length > 120 us or incorrect
duty cycle (>12 percent).

The complete unit occupies a space
of 17U with a depth of 20 inches. The
cooling fans on the modules may be
replaced without removing the unit
from its location. The design of the
APRA pulse amplifier is based on Ad-
vantech Wireless industry-proven re-
liable solid-state power amplifiers.

Advantech Wireless,
Montreal, Canada

(514) 420-0045,
www.advantechwireless.com.
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RF and EMC Testing
Y)VENDORVIEW

AR has released the latest version
of its Complete Catalog for RF
and EMC Testing. This must-have
resource includes product infor-
mation, specifications and much
more. The catalog is easy to use
with “find-it-fast” charts and color
coding to help get right to what-
ever you need for RF and EMC
testing. It is available for free
download, either in full or by sec-
tion, or request a hard copy from
your local AR sales associate.

AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181, www.arworld.us.

PIN DIODE CONTROL PRODUCTS
APPLICATION NOTE

PIN Diode Control

Products
Y)VENDORVIEW

Practical information about select-
ing the proper PIN diode-based
product for a specific application
is extremely hard to find. Narda’s
new PIN Diode Control Products
Apphcation Note was created to
fill this void. It includes basic dis-
cussions of PIN diode character-
istics, the most commonly used
PIN-diode based products and the
trade-offs encountered in design-
ing products around them. The
merits of various types of control
products within a specific category (analog and digital attenuators, for ex-
ample) are discussed as well.

Narda Microwave-East,

Hauppauge, NY (631) 231-1700,

www.nardamicrowave.com.

Guide to Digital
Multimeters

Keithley Instruments’s e-guide to
digital multimeters (DMM) can
be viewed online. It contains use-
ful selector guides and product in-
formation. It also provides access
to eight application notes on these
topics: Determining Resistivity
and Conductivity Type, Solutions for Production Testing of Connectors,
Peak Detection, Production Testing of Thermistors, Optimizing Switch/
Read Rates, High Speed Testing of High Brightness LEDs, and LLCR
PIN Socket Testing. Most DMM models found in the e-guide ship in one
to two weeks.

High performance DMMs

Tor single- and multi-channel applications

Keithley Instruments,
Cleveland, OH (440) 248-0400, www.keithley.com.
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CATALOG UPDATE

COMSOL News 2011
Y)VENDORVIEW

COMSOL News 2011 gives readers
a broad overview of how COMSOL
Multiphysics is used to model and
simulate engineering problems in
industries as diverse as automotive,
aerospace, energy, hydrology, im-
aging, medical and plastics. Articles
in this 64-page magazine range
from reducing the noise of wind
Lition-f Battery Sirul turbines to using Multiphysics to
for Greener Ford Vericles research microscopic  magnetic
b~y fields leading to advanced medical
instruments for the treatment of
cardiovascular, sensory and neuro-

logical disorders.

C\ /L ‘

COMSOL,
Burlington, MA (781) 273-3322, www.comsol.com.

Product Selection Guide,
Newsletter

Y)VENDORVIEW

Hittite’s October 2011 Off-The-
Shelf newsletter features 26 new
products with full descriptions,
features and applications. Articles
include new automatic gain prod-
uct line, tri-band PLL with inte-
grated VCO and programmable
direct conversion receivers. In addition, Hittite’s October 2011 Product
Selection Guide summarizes more than 960 products, including 10 new
products. Products are organized by RF & Microwave, Analog & Mixed
Signal and LO & Clock Generation IC sections along with Modules and
Instrumentation. View released datasheets and request new literature
online.

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

MVP Booklet

The Modelithics Vendor Partner
Program (MVP) booklet describes
the marketing advantages gained
by microwave IC and component
manufacturers who partner with
Modelithics. MVP  engagements
range from new model develop-
ment to supplemental value-added
measurements. Benefits include
improved support of customer
device model and data needs, and
qualified sales lead generation.

Modelithics Inc.,
Tampa, FL (813) 866-6335, www.modelithics.com.
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94 GHz OMT with
Scalar Hom

State-of-the-Art Components,
Integrated Modules, and Subsystems

QUINSTAR

TECHNOLOGY, INC.

60 GHz - 20 Watt
High Power Amplifier

94 GHz
Power Amplifiers

35 GHz Slot Second Harmonic Mixers
Array Antenna

Next Generation
Millimeter Wave
Products

Transceiver
Module

105 GHz Interferometer

Rack-Mounted

Millimeter-Wave Products 18-220 GHz Amplifiers and s.,ur;es .

* Components including antennas, amplifiers, oscillators,
converters, control devices and passive components

* Subsystems and integrated modules
* Custom products and engineering services

QUINSTAR TECHNOLOGY, INC.

24085 Gamier Street, Torrance, CA 90505
Tel 310-320-1111 « Fax 310-320-9968

sales@quinstar.com

www.quinstar.com S [5ET
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CATALOG UPDATE

eatured\WhitePapers

The information you need, from the
technology leaders you trust.

i itch
Microwave Switches Microwave Switches

Selection Guide Guide

_— Designed for engineers to eas-
ily review data and select coaxial
switches, Teledyne Relays has
released the latest edition of the
Microwave  Switches  Selection
Guide. The Guide contains RF
performance plots, electrical con-
trol data and schematics for each
switch in the range, and includes
mechanical outline drawings and
mounting detail. Additional perfor-
mance capabilities include passive
intermodulation and insertion loss
repeatability developed from a 10
million cycle test program. A new
product included is the CAS-37, a three-state attenuated switch. It features
three switched RF paths — open, through and 20 dB attenuation.

Teledyne Relays,
Quickborn, Germany +49 (0) 4106 7684-0,

www.teledyne-europe.com.

Prototyping Solutions

TE@.-!. This year’s 2011 T-Tech catalog
] features the new QCJ5 with fidu-
cial recognition and IsoPro®3.1;
combined, the two are the perfect
prototyping solution. The 2011
catalog also showcases industry-
leading standard and high fre-
quency quick circuit machines
capable of satisfying all PCB
requirements‘ Test samples are
available.

‘7 NATIONAL
INSTRUMENTS

é* . e
t-tech.com | 800.370.1530 | sales@t-tech.com

T-Tech Inc.,
Norcross, GA (800) 370-1530, www.t-tech.com.

@chardsgﬂgﬁfﬁm

VCOs and PLLs
CMID!U!I:!(I“L Inc. .

Z-Communications Inc. an-
nounced the release of a new
Product Selection Guide. This
short form catalog includes a
wide variety of surface-mount
voltage-controlled oscillators (VCO)
and phase-locked loop (PLL) syn-
thesizer modules ranging from 40
MHz to 13.5 GHz. A complete
listing of all available parts and
specifications can be found on the
company’s website. Users can also
download an electronic version of
| the product guide online at_www.
zcomm.com or contact the com-
. pany at sales@zcomm.com for a
hard copy version.

Check out these new online Technical Papers featured
on the home page of Microwave Journal and the
MWJ white paper archive in our new Technical
Library (www.mwjournal.com/resources)

2011 Product Selection Guide

Journal

Frequency Matters.

Z-Communications Inc.,
San Diego, CA (858) 621-2700,
WWW.ZCOMMm.com.
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Z1 EUROPEAN
F MICROWAVE

Y WEEK

RAI Amsterdam

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

EuMW 2012

www.eumweek.com

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

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

Running alongside the exhibition are 3 separate,

but complementary Conferences:

e European Microwave Integrated Circuits
Conference (EuMIC)

e European Microwave Conference (EuMCQ)

e European Radar Conference (EURAD)

Plus a one day Defence and Security Conference

EuMA

Organised by: Supported by: Co-sponsored by: Co-sponsored by:
Hu
| horizon 'Er
European Microwave Association @@@]Eﬁm@ house The Institution of

Engineering and Technology

E@D .o EUMIC

=/ S\ CONFERENCE /) 1) 0 2012
2012 G 202

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

Co-sponsored by:

] ‘(?}:VICES
DOCIETY
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New WAVES

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

Ku-Band TCDL Diplexer

The model Ku5924 Ku-Band TCDL diplexer
has a transmit passband of 14.73 £0.20 GHz
and a receive passband of 1525 +0.10 GHz
with  approxi-
r e mately 30 dB of
T, gain in the re-
ceive  channel
and approxi-
mately 2 dB in-
sertion loss in
the transmit channel. Noise figure is 3.4 dB
maximum in the passbands and channel-to-
channel isolation is 110 dB minimum. The unit
operates with 15 V DC power and draws less
than 200 mA.
Delta Microwave,
Oxnard, CA (805) 751-1100,
www.deltamicrowave.com.

Integrated Microwave Assemblies

This X-Band as-
sembly is anoth-
er example of
Microsemi’s ex-
pertise in de-
signing compact
multi-functional
integrated microwave assemblies while deliver-
ing low phase noise performance. Characteris-
tics include high gain (60 dB), a high Q band-
pass filter, a variable phase shifter (360° range)
and multiple coupled ports. This IMA is part of
a low phase noise oscillator with high spectral
purity developed for military radar and commu-
nication systems.

Microsemi,

Camarillo, CA (805) 388-1345,

www.amlj.com.

Waveguide Rotary Joints

A pair of new WR90 waveguide rotary joints
come in “U” and “F” configurations. In the F-
type rotary joint, one inline arm is fixed to the
housing and the other arm is free to rotate. In
the U-type rotary joint, both waveguide ports
are at a right angle to the rotational axis. They
provide full frequency coverage from 8 to
12.4 GHz. The maximum insertion loss across
the band and insertion loss due to rotational ef-
fects is 0.3 dB. The maximum VSWR from 8 to
8.5 GHz is 1.35:1, with maximum VSWR of only
1.20:1 across the remainder of the frequency
range, from 8.5 to 12.4 GHz. The maximum
VSWR due to rotational effects is 1.05:1. It is
constructed with high grade aluminum with a
light-weight, corrosion-resistant Iridite finish.
Microwave Development Labs,

Needham Heights, MA (781) 292-6600,
www.mdlab.com.

Bi-Directional Coupler

Y)VENDORVIEW

ZGDC35-93HP+ is a 35 dB DC pass high pow-
er Dbi-directional coupler covering the
frequency range
of 900 to 9000
MHz. Directivi-
ty is 25 dB typi-
cal and coupling flatness is +0.8 dB typical over
1050 to 8000 MHz. The VSWR is 1.10:1 maxi-

174

mum. Power handling is 250 W. Packaged in an
IP67 weather-proof case, the coupler’s connec-
tors are N-Type/SMA.

Mini-Circuits,

Brooklyn, NY (718) 934-4500,

www.minicircuits.com.

Circulators

Y)VENDORVIEW

Model 4923 and 4925 cir-
culators cover 2 to 4 and 7
to 12 GHz, respectively,
and are well suited for
both commercial and de-
fense applications. The
model 4923 (7 to 12.4 GHz)
has isolation of 18 dB, insertion loss of 0.5 dB,
and a maximum VSWR of 1.3:1, handles 50 W
peak and 25 W average RF input power, and
operates over a temperature range of 0 to
+55° C. The model 4925 has isolation of 20 dB,
insertion loss of 0.4 dB, VSWR of 1.25:1, peak
RF power handling ability of 25 W average
power of 10 W, and operates over a temperature
range of 0 to +65°C. Both models use SMA fe-
male connectors.

Narda Microwave-East,

Hauppauge, NY

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

X-Band Cavity Filter
YVENDORVIEW

NIC offers an
elliptic  design
cavity bandpass
filter for use in
X-Band applica-
tions. Some of
the features in-
clude a wide passband of 500 MHz, low pass-
band insertion loss of < 1.6 dB, high selectivity
of > 60 dB at 10,000 MHz and a compact pack-
age size of 4" x 1.5" x 0.75" + SMA. Prototypes
are available for immediate delivery. Custom
configurations are designed up to Ku-Band.
Networks International Corp.,

Overland Park, KS

(913) 685-3400,

www.nickc.com.

Bias Tee

Pulsar  Micro-
wave introduces
a new high fre-
quency  ultra-
wideband  bias
tee, model BT-
55-401, cover-
ing the frequen-
cy range of 30
KHz to 85 GHz with 2.0 dB insertion loss (typi-
cal) and 2.0:1 VSWR (typical). DC bias capabil-
ity is 25 V at 500 mA with RF/DC isolation of 30
dB. RF input and output ports utilize 1.85 mm
connectors and the DC port options include
SMA, SMB or solder pin.

Pulsar Microwave Corp.,

Clifton, NJ

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

Solid-state Switch

Y)VENDORVIEW

PMI model P4T-500M40G-60-T-55-292FF is
an absorptive, solid-state switch that covers the
500 MHz to 40 GHz frequency range. This
model  offers
low  insertion
loss of 4.8 dB
typical, high iso-
lation of 60 dB
minimum at 40
GHz and a typi-
cal  switching
speed of 27
nsec. This switch is supplied in a compact pack-
age and designed for low power consumption;
only 125 mA at +5 V and 70 mA at -5 V re-
quired for operation.

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

www.pmi-rf.com.

N Female Connector

Where wireless
applications  re-
quire an easily
routed, low loss
RF cable for in-
building ~ sys-
tems, Times Mi-
crowaves LMR®-400-LLPL has become a
popular choice. This is an indoor highly fire-re-
tarded cable intended specifically for runs with-
in return air handling plenums (e.g. dropped
ceilings, raised floors). To meet the connection
needs of this plenum cable, RF Connectors has
designed the RFN-1028-12 N female connector
with crimp attachment to offer the perfect fit
and performance. The connector body is made
of machined brass with nickel plating. All di-
electrics are made of Dupont Teflon® with
gold-plated contacts.

RF Industries,

San Diego, CA (800) 233-1728,
www.rfindustries.com.

RO-LINX PowerCircuit Busbars
Y)VENDORVIEW

RO-LINX Pow-
erCircuit  bus-
bars  combine
the performance
features of pow-
er PCBs and
laminated bus-
bars. RO-LINX
PowerCircuit busbars are highly engineered so-
lutions for multilayer power distribution deliv-
ering optimal thermal management. Unlike
two-dimensional power PCBs, PowerCircuit
busbars can be made in three dimensions to re-
duce weight and footprint and to conform to
specific engineering designs to maximize effi-
ciency. In addition, PowerCircuits eliminate as-
sembly steps at the end user, reducing complex-
ity and sources of error.

Rogers Corp.,

Chandler, AZ

(480) 961-1382,

WWW.rogerscorp.com.
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Flex Test™ g

Quick Lock

Armored

PRECISION TEST

CABLES

40 GHz
Phase Stable
40 GHz

Low Loss

now upto 40 GHz

Rugged, reliable, ready to ship, custom lengths on request!

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

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

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

Armored For harsh, abusive, outdoor environments, our
APC cables can’t be beat. Even 1,000 crush cycles with a
440-Ib nitrogen tank had minimal effect: attenuation increased
only 0.15 dB, while return loss in/out remained =20 dB from
DC-18 GHz. N-type connectors are standard, with lengths
from 6 to 15 feet in stock.

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

Low Loss For design work requiring long cable runs or
whenever Ka-band signal strength is key, our KBL-LOW
cables are ideal. Insertion loss is only 2.46 dB/m at 40 GHz,
with a velocity ratio of 84%.

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

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

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

K-Connector is a registered trademark of Anritsu Company.

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

[ Mini-Circuits’

1SO 9001

ISO 14001 AS9100

—5® P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
(!}fd’lz The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicircE uits.com

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONEN 491 oy A
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When
it matters...

GORE: Electronic Materials

Enhance performance
and increase design
flexibility in your
electronic systems with
the latest EMI shielding
and RF grounding
solutions from Gore.

gore.com/emi

NEw PRODUCTS

Power Detector

Y)VENDORVIEW

The SKY77002
is a stand-alone,
high  dynamic
range power de-
tector designed
SKY77002 for use in smart
phones and data
cards in conjunction with Skyworks” power am-
plifiers in 3G and LTE applications. The detec-
tor is manufactured with Skyworks™ gallium ar-
senide heterojunction bipolar transistor process
offering state-of-the-art reliability, temperature
stability and ruggedness. The SKY77002 detec-
tor circuit technology is optimally aligned for
transceivers that require external detection for
power control. Exceptional temperature and
voltage compensation maintains accuracy over
extreme operating conditions. The SKY77002
is packaged in the quad flat no-lead package and
is fully compliant with current restriction of
hazardous substances requirements.
Skyworks Solutions Inc.,
Woburn, MA (781) 376-3000,
www.skyworks.com.

MVU-10 Wideband Mixer

Spacek  Labs
model MVU-10
is a wide-band
mixer with full-
band  coverage
in both the RF
and the LO
ports. The RF
port spans from
50 to 75 GHz in
.. WR-15 and the
LO port from 40 to 60 GHz in WR-19. Local
oscillator power requirements are +2 to +5
dBm for the biased version and +10 to +14 dBm
for the non-biased version. The IF output on
the SMA port covers DC to 20 GHz. Conver-
sion loss is 7 dB typical and 13 dB maximum.
Lower conversion loss is available on units with
reduced bandwidths. The input 1 dB compres-
sion point is typically 7 dB below the LO power
level.

Spacek Labs Inc.,

Santa Barbara, CA (805) 564-4404,
www.spaceklabs.com.

Four-way Combiner

Y)VENDORVIEW

Model D8746 is
the 500 W ver-
sion of model
D7365, which
provides an alter-
nate solution in
achieving 500 W
CW output pow-
er. This robust
design provides high port-to-port unbalance
protection, while operating into high load
VSWR conditions. Measuring just 7.2" x 3.5" x
1.4", this unit is more efficient and smaller than
most 20 to 1000 MHz combiners in the market-
place.

Werlatone Inc.,

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

Amplifiers
Solid-state Amplifiers
Y)VENDORVIEW

AR RF/Micro-
wave Instru-
mentation  has
introduced a
family of new
solid-state am-
plifiers that are
more compact, more efficient and more power-
ful than previous models. The new “S” Series
covers 0.8 to 4.2 GHz and powers up to 1200 W.
These models employ a new design that deliv-
ers more than twice the power of older models.
With these improvements, AR has maintained
the superior rugged design for mismatch toler-
ance and excellent linearity.

AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181,
www.ar-worldwide.com.

Class "AB"” Linear Amplifier
Comtech  PST

has announced

Quiszar. . & the release of a
S 2 ?J solid-state Class

I

i “AB” linear am-
lifier, ~ which
operates over the full 2500 to 6000 MHz fre-
quency bandwidth and delivers a minimum of
150 W into a 2:1 load VSWR. This high gain am-
plifier uses the latest GaN technology and is
packaged in a standard rack-mountable enclo-
sure measuring 19" x 22" x 5.25." The unit has
an internal power supply that operates from 100
to 265 VAC, 47 to 400 Hz single phase making it
ideal for both laboratory and airborne applica-
tions. The unit is air cooled by an integrated
high speed blower. Optional remote control
through RS422 is available. This unit weighs 60
pounds and has a standard one-year warranty.
Comtech PST,
Melville, NY (631) 777-8900,
www.comtechpst.com.

700 MHz LTE PA Modules
Y)VENDORVIEW

Empower RF Systems has completed both
Class AB and Doherty designs for next genera-
tion 700 MHz LTE PA modules. These first
units are technology demonstration platforms
that  highlight
complex, digital

N waveform am-
i, plification  as
J

y well as design

o -k for manufactur-
ing. Key fea-

tures include ARM based/web addressable con-
trol, advanced analog predistortion, 40 W
output power (LTE compliant), power added
efficiencies from 24 percent for Class AB (746
to 806 MHz) and up to 32 percent with the nar-
rower band Doherty designs (746 to 776 MHz
and 776 to 806 MHz).
Empower RF Systems,
Inglewood, CA (310) 412-8100,
www.empowerrf.com.

Push-Pull CATV Amplifier
Y)VENDORVIEW

The MAAM-009455 is a new GaAs broadband
push-pull CATV amplifier that is an ideal inter-
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stage or output amplifier. The amplifier features
20.5 dB gain, with broadband linear perfor-
mance. Packaged in a 4 mm QFN, 20-
lead plastic
package,  this
differential am-
plifier uses M/A-
COM Tech bal-
uns, input and
output. The am-
plifier also features external feedback, allowing
for gain tuning. The MAAM-009455 exhibits an
excellent gain flatness of 0.5 dB typical over the
50 to 1000 MHz operating band. Input return
loss has been optimized to achieve better than
20 dB across the band. This amplifier exceeds
DOCSIS 3.0 DRFT specifications, making it an
ideal output stage solution for Edge QAM
head-end infrastructure.

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

Coaxial LNA
JVENDORVIEW

MITEQ Inc. introduces model AMF-2F-
00100200-16-15P to its family of extremely low
noise and ultra small coaxial LNAs in the 0.1 to
2 GHz band. This LNA has more than 30 dB of
gain in a housing that is only 1.22" x 0.88"
without the field-replaceable SMA
connectors.
Gain flatness
is a maximum of
+1 dB, though
typical is +0.75
dB. The AMF-
2F-00100200-16-
15P has a maxi-
mum noise
figure of 1.6 dB in the fullband, though the
typical value is 1 dB. Tt operates from -40° to
+75°C, has a P1dB of minimum 15 dBm, IP3 of
typically 25 dBm, and a current draw of maximum
135 mA from a single +15 V DC supply. Port
VSWR is less than 2:1 for both input and output.
Other models with typical gains ranging from 25
to 50 dB are available in the same outline. The
aluminum alloy housing provides excellent ther-
mal performance in addition to being very small
and light. Hermetic sealing is an option.

MITEQ Inc.,

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

Power Amplifier

Y)VENDORVIEW

The HHPAV-433 power amplifier covers the
frequency range from 59.5 to 60.5 GHz and is
usable over the range of 58 to 64 GHz. The am-
plifier has an output power of +28.5 Psat and 18
dB gain. MMIC technology is employed for
high reliability and repeat-
ability employing one die.
A single +6 V bias is used
to power up the amplifier.
An onboard voltage regu-
lator and bias sequencing
circuitry provide the prop-
er biasing for the unit. A power level of greater
than 1 W can be achieved in the same mechani-
cal envelope (1" x 1.3" x 1.35") using two
MMIGs. The amplifier can be used in transmit-
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ters for communication and radar systems and
also as part of test equipment suites.
Renaissance Electronics,

Harvard, MA

(978) 772-7774,

www.rec-usa.com.

0.25 W BTS RFIC

TriQuint’s new
highly  linear
TQP7MI101 uses
patent-pending

integration  to
protect network
BTS circuits and
lower power
consumption for
3G/4G systems. The TQP7M9101 also incorpo-
rates matching circuitry to further reduce the
BOM. Power consumption is one of the lowest
available — just 88 mA. Only TriQuint can cut
BOMs while integrating ESD, DC over-voltage
and RF over-drive protection. The TQP7M9101
is ideally suited for base station TRx cards, re-
peaters, femtocells and transmit linear driver
amplifiers.

TriQuint Semiconductor,

Hillsboro, OR

(503) 615-9000,

www.triquint.com.

Sources

100 MHz OCXO

Bliley Technologies’ NV45G1480 Series 100
MHz OCXO offers superior performance in
one of the industry’s smallest OCXO packages.
In addition to excep-
tional phase noise per-
formance boasting
-100 dBc/Hz at an off-
set frequency of 10 Hz,
and a noise floor that
exceeds -165 dBc/Hz,
the units also offers
frequency vs. temper-
ature stability starting at +50 parts per billion.
More than 100 configurations can be specified
with delivery in four weeks or less. Bliley
OCXOs are ideal for phase-locked microwave
signal sources, high speed synthesizers, radar
systems, high speed network applications and
other frequency conversion and generation ap-
plications.

Bliley Stocking Distributor RFMW Ltd.,
San Jose, CA

(408) 414-1450,

www.z lmw.com.
VME Master Oscillator

With four dif-
ferent  output
frequencies, an
internal  high
stability crystal
reference  and
built-in test
functions,  the
VME Master Oscillator is fully tested and guar-
anteed over the operating conditions. The VME
Master Oscillator starts from a low noise, vibra-
tion insensitive crystal oscillator from which all
of the subsequent signal outputs are derived.
The four frequency outputs range from 10 to
1920 MHz and the unit is designed to offer very
low spurious signal output and excellent signal

When
failure
is not an
option...

GORE. Wire and Cable

When reliability,
durability, and
performance can be
compromised by

harsh environments,
GORE® Wire and Cables
offer the best solution.

gore.com/electronics
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stability over the operating conditions. An ad-
vanced built-in test function provides indica-
tion, through the VME bus, of the signal output
presence for each output.

Crane Aerospace & Electronics,

Beverly, MA (978) 524-7200,
www.craneae.com.

Coaxial VCO

The CVCO55CXT-6250-6250 coaxial resonator
oscillator (CRO) is a coaxial-based VCO with an

internal

frequency  doubler.
It operates at
6250 MHz with
a tuning voltage
range of 0.5 to
4.5 V DC. This
coaxial vCcoO
features a typi-
cal phase noise of -100 dB¢/Hz at 10 KHz offset
and has good linearity. It exhibits an output
power of 2 dBm typical into a 50 Q load with a
supply of +8 V. DC and a current consumption
of 35 mA (maximum). It is packaged in the in-
dustry-standard 0.5" x 0.5" package. Pushing
and pulling are both minimized to 1.5 MHz/V
and 0.5 MHz, respectively. Second harmonic
suppression is -30 dBc typical. It is ideal for use
in applications, such as digital radio equipment,
fixed wireless access, satellite communications
systems and base stations.

Crystek Corp.,

Ft. Myers, FL (800) 237-3061,

www.crystek.com.

Phase-locked Clock Oscillator

The  XLT-360
ultra-miniature,
low noise clock
oscillator ~ oper-
ates at a fixed
frequency  of
: 360 MHz as ref-
erence clocks in military and commercial RF/
microwave systems. Locked to an external fre-
quency reference, the XLT-356 features instan-
taneous turn-on, excellent phase noise (Fout =
360 MHz, < -120 dBc/Hz at 10 KHz, typical),
high vibration tolerance (12 g RMS, operating)
and low power consumption at +3.3, +5, +8 or
+12 V DC. The XLT is housed in a miniature
connectorized package (1.3" x 1.1" x 0.4") to
withstand harsh environments, and operates
over the standard temperature range of -30° to
+70°C.

EM Research Inc.,

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

MEMS-based Oscillators

Vectron Interna-
tional has released
its next generation
MEMS-based os-
cillators. The new
VM 702, 802, and
822 product se-
ries have LVDS,
LVPECL and
HCSL output options with an expanded fre-
quency range to 460 MHz. The VM 702, 802
and 822 compensation algorithm has been en-
hanced to optimize the frequency vs. tempera-
ture performance offering a 2x improvement in

proprietary

temperature stability over earlier models. Other
features include peak-to-peak period jitter < 35
ps, 10 ppm frequency stability over -10° to
+70°C and = 15 ppm frequency stability over
-40° to +85°C.

Vectron International,

Hudson, NH (888) 328-7661,

www.vectron.com.

RoHS-compliant VCO

Z-Communications Inc. announces a new
RoHS compliant VCO model CLV1075A-LF in
L-Band. The CLV1075A-LF operates at 830
to1300 MHz with a tuning voltage range of 0.5
to 17 V DC. This VCO features a typical phase

noise of -105

) ;_—:’gﬁffﬂ\\ dBe/Hz at 10
= =\ KHz offset and
7 comw - \ a typical tuning
cw sert® \ sensitivity of 35

MHz/V. It is de-
signed to deliver
a typical output
ower of 4 dBm
at 5V DC supply while drawing 26 mA (typical)
over the temperature range of -40° to 85°C. This
VCO features typical second harmonic suppres-
sion of -18 dBc and comes in Z-Comm’s stan-
dard MINTI-14S package measuring 0.5" x 0.5"
x 0.22". It is available in tape and reel packaging
for production requirements.
Z-Communications Inc.,
Poway, CA
(858) 621-2700,

\NCcO

www.zcomm.com.

Test Equipment

Signaling Tester
YJVENDORVIEW

A multi-format
signaling tester,

E the MDS8475A
Dl can test multi-
2 mode  wireless
i devices, includ-
(- ing GSM/GPRS/
E-GPRS, 1xRTT,

1xEV-DO, W-CDMA/HSPA, TD-SCDMA, and
FDD-LTE. The highest speed commercially
available (Category 3) LTE devices can be test-
ed with the MD8475A, with downlink IP-layer
throughput to 100 MB/s (including 2 x 2
MIMO) and uplink throughput to 50 MB/s. The
MDS8475A enables test of many types of mobile
device applications ranging from traditional
SMS/MMS, browsing, and streaming, to ad-
vanced applications, such as augmented reality
and real-time multi-player gaming. The
MD8475A enables easy testing on the effect of
advanced applications on a device’s battery per-
formance.

Anritsu Co.,

Morgan Hill, CA

(800) 267-4878,

www.anritsu.com.

VNA Test Port Cables
Y)VENDORVIEW

The ASR Series is a new line of high perfor-
mance VNA test cables. These high frequency
assemblies are available individually, in pairs
and phase-matched pairs as required. They are
manufactured using durable interfaces for re-
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26.
27.
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30.

Microwave Field and Circuit Techniques
Field analysis and guided waves.

Frequency-domain EM analysis techniques.

Time-domain EM analysis techniques.
CAD algorithms and techniques.

Linear device modeling.

Nonlinear device modeling.

Nonlinear circuit and system simulation.

Passive Components
Transmission line elements.
Passive circuit elements.
Planar passive filters and multiplexers.

Active, tunable and integrated filters.
Ferroelectric, ferrite and acoustic wave
components.

. MEMS components and technologies.

Active Components

. Semiconductor devices and monolithic ICs.
. Signal generation.

. Frequency conversion and control.

. HF, VHF and UHF technologies and

applications.

. Power amplifier devices and circuits.

. High-power amplifiers.

. Low noise components and receivers.

. Millimeter-wave and THz components and

technologies.

Systems and Applications

. Microwave photonics.
. Mixed mode and digital signal processing

circuits and systems.

Packaging, interconnects, MCMs and
integration.

Instrumentation and measurement
techniques.

Arrays as antennas and power combiners.
Radar and broadband communication
systems.

Wireless and cellular communication
systems.

. Sensors and sensor systems.
. RFID technologies.
. High power microwave industrial

applications.

Emerging Technical Areas

. RF nanotechnology.

. Wireless power transmission.

. New technologies and applications.
. Innovative systems.

. RF devices for wireless health care

applications and biosensing.

/W\

MTT-S°

Non-planar passive filters and multiplexers.

Biological effects and medical applications.

The 2012 IEEE MTT-S International Microwave Symposium is the world's premier
microwave conference. It features a large trade show, technical sessions, workshops
and panel sessions in covering a wide range of topics. Attendees are interested in
wireless communication, radar, RF technologies, high frequency semiconductors,
electromagnetics, commercial and military RF, microwave and mm-wave electronics
and applications. Attendees represent an international group of engineers and
researchers developing technologies to support the microwave and RF industry.

Submit your Technical Paper, Panel Session or
Workshop Proposal to IMS2012 today

Technical Paper Submissions: Authors are invited to submit technical papers describing
original work on radio-frequency, microwave, millimeter-wave, and terahertz (THz) theory
and techniques. The deadline for submission is 5 December 2011.Please refer to the IMS2012
website (http://ims2012.mtt.org) for detailed instructions concerning paper submission, as

well as an expanded description of the technical areas listed here. Authors must use the
template available on the symposium’s website. It is the authors’s responsibility to obtain all
required company and government clearances prior to submission.

Proposals for Special Sessions, Workshops, Panel and Rump Sessions, and Short Courses:
Please consult the IMS2012 website for instructions on how to prepare a proposal. Proposals
must be received by 23 September 2011.

IMS2012 Exhibit space is available for reservation.
For questions or further information contact:
Richard D. Knight, Sales Manager

tel 303-530-4562 ext. 130

Email Rich@mpassociates.com

23 September 2011
Friday
Proposal
Submission Deadline

For workshops, special sessions,

panel and rump sessions.

2 March 2012
Friday
Manuscript Submission
Deadline
For the final manuscripts of
accepted papers and copyright.

5 December 2011
Monday
Paper
Submission Deadline
All submissions must be made
electronically.

16 March 2012
Friday
Workshop Notes
Submission Deadline
Electronically upload both color
and B&W versions of workshop
notes.

http://ims2012.mtt.org

Important Dates

6 February 2012
Monday
Paper
Disposition Notification
Authors will be notified via email
and on the website.

17-22 June 2012

Microwave
Week

IMS2012, RFIC2012, ARFTG2012
and Exhibition.

<©IEEE
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peated matings, special low loss cable construc-
tion for stability over temperature and entirely
covered in stain-
less steel armor
for long-lasting
performance in
test environ-
ments. The ca-
) ble assemblies
are available in
standard 12", 18"
and 24" lengths
with a choice of
connectors: 2.92 mm and 2.4 mm male (plug),

female (jack) and NMD female (jack) as well as
Type N male and female interfaces.

Florida RF Labs,

Stuart, FL

(772) 600-1632,

www.emc-rflabs.com.
Signal Generator

Y)VENDORVIEW

The HMC-T2270 is a 10 MHz to 70 GHz signal
generator that delivers up to +29 dBm of CW
output power in 0.1 dB steps over a 60 dB dy-
namic range. Harmonic rejection is better than
-40 dBc at 30 GHz output, while spurious prod-
ucts are better than -65 dBc at all integer fre-
quencies. Phase noise is -113 dB¢/Hz at 10 kHz
offset from 1 GHz, and -79 dBc¢/Hz at 100 kHz

IMAgine.

Innovative Multifunction

Integrated Microwave Assemblies

in much smaller footprints
than previously possible.

How do we do it? We join ™
one board containing RF and

low-cost production.

pictured is a perfect example. Only
5.75 X 2.66 x .515 inches, it holds over
25 microwave components—couplers,
switches, filters, limiters, amplifiers
and more. Isn't it time you packed in

in more performance, with Narda
MMC technology? Get started
at www.nardamicrowave.com.

Time to pack it in.

The never-ending demand for ever-higher performance probably has
you wondering how to get more out of your IMAs. The answer?
Put more in! Narda's MMC (Multilayer Microwave Circuitry)
technology packs more performance

microwave devices to another with bias,
control and DSP components. Put together with
Narda’s design know-how and experience, they give you

unmatched integration levels, plus the benefits of high-volume,

The Compact Microwave Subsystem

the old approaches and started packing

Adaptable

No one goes lo greater lengths
Jor smaller wavelengths.

narda

an ‘B communications company

435 Moreland Road, Hauppauge, NY 11788
Tel: 631.231.1700 * Fax: 631.231.1711

e-mail: nardaeast@L-3com.com

www.nardamicrowave.com
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offset from 67 GHz, with insignificant
deviation over the temperature range of 0° to
+35°C. The
HMC-T2270
exhibits  fre-
quency  resolu-
tion of 1 Hz and
fast  switching
speed of only
500 ps, making it ideal for frequency hopping
and threat simulation applications.

Hittite Microwave Corp.,

Chelmsford, MA

(978) 250-3343,

www.hittite.com.

Mini Signal Generator

Y)VENDORVIEW

Two new models have been added to the Lab
Brick® product line. The LMS-203 operates
from 10 to 20 GHz, while the LMS-163 oper-
ates from 8 to 16 GHz. Both boast 100 micro
second switch-
ing time and 100
Hz  frequency
resolution. They
offer phase-con-
tinuous  linear
frequency sweep-
ing, optional in-
ternal/external
pulse modulation and a selectable internal/exter-
nal 10 MHz reference. Typical spurious for
both is at -80 dBc, with typical harmonics of -40
dBc and subharmonics at -25 dBc. They deliver
at least +10 dBm output power, and can be ad-
justed over a 40 dB dynamic range, with 0.5 dB
resolution. The pulse modulation feature offers
internal or external triggering with pulse widths
as low as 100 ns and pulse repetition intervals of
200 ns. Lab Brick signal generators measure
4.90" x 3.14" x 1.59" and weigh less than one
pound.

Vaunix Technology Corp.,

Haverhill, MA

(978) 662-7839,

wWwww.vaunix.com.

Software
FEKO Suite 6.1

6 I] new  features
and comes with
FEKO =
Conprberis Becromagreic St vised  version
of CADFEKO.
es clutter and represents the typical workflow.
Many CAD and meshing features have been
FEKO will also allow users to export results di-
rectly to Microsoft Word, PowerPoint and PDF
method to analyze cable bundles in a complex
environment. By using a new combined MoM/
dated and there are no restrictions on or need
for a ground-plane.
Hampton, VA
(866) 419-3356,

\ FEKO Suite 6.1
is packed with

a completely re-
The introduction of a ribbon style menu reduc-
added or extended. The latest version of POST-
files. A key feature is the introduction of a
MTL arbitrary cable paths can be accommo-
EM Software & Systems (USA) Inc.,
www.feko.info.
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Why are AST's delivery times better?
At AST we pride ourselves on telling our potential L—f"

new customers that we have never been a day late.
Our manufacturing techniques and our ability to

keep many standard switches in stock, means that ECCOSORB® e
you will never have to wait for a switch again. Microwave Absorbers 4
Pt i ol il o on A Yo i ECcosTock: @l R
1 business week. Come and see why AST is the only Low Loss DielectEc& COSH | ELD® . uncoofggﬁﬂuggc‘&({{lg
B Advanced EMI Shielding bA’l‘l' LL]N
i " ALL (972)

. -650-5740 C
www.astswitch.com P OSORB.COM FAX (972548
FAST PULSE TEST SOLUTIONS ~ et @ [SJPIANAR

b » = =3 Welcome to our booth

at Productronica 2011
#134 (HallAl)

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

® Frequency Steps 1 kHz

® | ow Phase Noise and Spunous
-95 dBc/Hz at 10 kHz at 6 GHz

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

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

® 10 MHz External or Internal Reference
AVR-EB4-B: for reverse-recovery time tests °
AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests ®
AV-151J-B: for piezoelectric tests VIRTUAL S- PARAMEI'ER NETWORK ANALYZERS L4
AVOZ-D2-B: for production testing attenuators °
AVR-DV1-B: for phototriac dV/dt tests OBZOR TR1300/1 (300 kHz - 1.3 GHz) § 1 800
- - sign
Avtech Electrosystems Ltd. 0BZOR-304/1 (300 kHz - 3.2 GHz) $ 8800 Custom de
R 0BZOR-804/1 (300 kHz - 8.0 GHz)  § 14 990 l ".' ?"‘
UIT RESE
Russia - PLANAR LLC Singapore - 20 N. Tyson Ave, Floral [ arky NY
A www.planar.chel.ru RF Instruments Pte Ltd Tel: (516) 358-2880 Fax+(516) 358
AV T E C H == welcome®@planar.chel.ru wwirf-instruments.com Email: sales@luffresearch.com.
— +7 351 265 1069 + 65 63236546 Web: wwwiluffrése

7Z-Axis Dielectric Testers
Isotropic & Anisotropic Materials

Complements X, Y Testers

fmopco | —
FL1645VS L+
091711 |

Model FL1645VS tunes 401MHz to
406MHz and is used in MedRadio appli-
cations. A bias voltage of 1.5V delivers

+2.0dBm power with only 5ma current g, tan & - Cavity™ sfwr
consumption. Phase noise is -98dBc @ Substrates, Resins, Beads, Foams
10kHz offset. Package size is 0.175 inch Solids, Laminates, Composites

square with height of .075 inch. www.damaskosinc.com
www.modcoinc.com (610)358-0200 fax(610)558-1019
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Through-the-
Wall Radar
Imaging
Edited by
Moeness G. Amin,
Villanova University

hrough-the-wall radar imaging al-

' lows police, fire and rescue person-
nel, first responders, and defense/
special forces to detect, identify, classify,
and track the whereabouts of people and
moving objects within buildings, tunnels,
etc. Through-the-Wall Radar Imaging
examines this technology from the algo-
rithmic, modeling, experimentation and
system design perspectives. It begins with
coverage of the electromagnetic proper-
ties of walls and building materials, and
discusses techniques in the design of an-
tenna elements and array configurations,
beamforming concepts and issues, and the
use of antenna array with collocated and

distributed apertures.

The chapters in the book discuss wall
attenuation and dispersion effects in
view of angles of incidence and antenna

ARTECH HOUSE

Volume I: Fundamentals and
Radiometry

Presents the fundamentals of microwave
measurements of the Earth and develops the
concepts necessary for designing systems
that can observe the Earth with microwaves.
Hardcover. 456 pp. 1981

ISBN: 978-0-89006-190-9 $49/£32

polarization and covers wideband, low
profile and printed antennas, as well as
planar/conformal UWB antennas. It also
emphasizes the PSF characteristics that
result from the use of UWB waveforms
and examines the design of emerging
waveforms to optimize target detection
by increasing target-to-noise and clutter
ratio with special emphasis of matched
illumination-based signature exploita-
tion techniques. It studies EM wave
propagation through walls and shows
the dispersion and blurring effects on
behind-the-wall target images.

It also covers several suitable wave-
forms, inverse scattering approaches
and the relevance of physical-based
model approaches in through-the-wall
radar.  Theoretical and experimental
research in 3D building tomography us-
ing microwave remote sensing, high fre-
quency asymptotic modeling methods,
synthetic aperture radar (SAR) tech-
niques, impulse radars, airborne radar
imaging of multi-floor buildings strate-
gies for target detection and detection
of concealed targets are discussed. The

“Monumental as a compilation of the present engineering state of the
art of microwave remote sensing.” —International Journal of Remote Sensing

THE Book END

book concludes with a section on how
the Doppler principle can be used to
measure motion at a very fine level of
detail.

Through-the-Wall Radar Imaging
covers the subject in detail and stresses
the multidisciplinary approach needed
to design such radars. It is a good book
for anyone looking to gain a deep under-
standing of the subject. Also, a section
of colored images and diagrams of radar
scans and other images is a nice addition
that is not seen in many books.

To order this book, contact:

CRC Press
(800) 272-7737
6000 Broken Sound Parkway NW,
Suite 300
Boca Raton, FL 33487

Pages: 550, $149
ISBN: 978-1-439-81476-5

Classic Microwave Remote Sensing
Volumes Are Back in Print...

AT NEW LOW PRICES!

Microwave Remote Sensing: Active and Passive
Fawwaz T. Ulaby, University of Michigan, Richard K. Moore,
University of Kansas, Adrian K. Fung, University of Texas

Volume lI: Radar Remote Sensing
and Surface Scattering and
Emission Theory

Covers the fundamentals of radar scattering
measurements of land and ocean surfaces
and reviews system-design aspects for scat-
terometers, as well as for real-aperture and
synthetic-aperture imaging radar systems.
Hardcover. 608 pp. 1982

ISBN: 978-0-89006-191-6 $49/£32

Volume llI: From Theory to
Applications

Offers expert guidance on active and passive
microwave remote-sensing applications, vol-
ume scattering and emission theory.
Hardcover. 1120 pp. 1986

ISBN: 978-0-89006-192-3 $49/£32

Special Low Price on the Complete Three-Volume Set! $99/£66

For complete descriptions and to order, visit
ArtechHouse.com

All orders plus shipping/handling and applicable taxes.

/<I,IARTECH HOUSE BOSTON | LONDON

685 Canton Street, Norwood, MA 02062 USA
16 Sussex Street, London SW1V 4RW UK
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October Short Course Webinars

Innovations in EDA Series

Presented by: Agilent Technologies

The Effect of Digital Noise on RF Receiver Sensitivity in
Smart-Phone Applications

Available for on demand viewing after: 10/6/11

Leading Technology Webinar Series

Presented by: CST

New Simulation Workflows for Predicting Radiated Emis-
sions from Electronics Systems

Available for on demand viewing after: 10/6/11

Leading Technology Webinar Series
Presented by: CST

PCB and Package Co/design and Co/optimization
Available for on demand viewing after: 10/13/11

RF/Microwave Training Series

Presented by: Besser Associates

Small Signal Amplifiers—LNAs

Live webcast: 10/18/11, 11:00 AM ET

Sponsored by: AWR Corp. and Skyworks Solutions Inc.

Innovations in Signal Analysis Series

Presented by: Agilent Technologies

Making 900 MHz Wideband Measurements Using PXA SA
and VSA Software

Live webcast: 10/19/11, 1:00 PM ET

Leading Technology Webinar Series

Presented by: CST

BioEM Simulations for Improved Medical Diagnosis and
Treatment

Live webcast: 10/20/11, 11:30 AM ET

Market Research Webinar Series

Presented by: Strategy Analytics

Military Satellite Communications Market Trends
Live webcast: 10/25/11, 11:00 AM ET

Sponsored by: Rohde & Schwarz

Leading Technology Webinar Series
Presented by: CST

Reconfigurable Antenna Simulation

Live webcast: 10/27/11, 11:30 AM ET

RF/Microwave Training Series

Presented by: Besser Associates

e Passive Components: Couplers, Dividers and Combiners
e [TE Broadband Wireless Access

* RF Power Amplifiers

Innovations in EDA Series

Presented by: Agilent EEsof EDA

e High Performance Digital Pre-Distortion for Wideband Systems
e A Model-Based Approach for System Level RFIC Verification

e Overcoming Design Challenges for 4G PHY Architectures

Innovations in Signal Analysis Series

Presented by: Agilent Technologies

e Interference Analysis Using Handheld Spectrum Analyzers

e Custom OFDM: Understanding Signal Generation and Analysis
e Use Capture, Playback & Triggering to Analyze a Signal

Leading Technology Webinar Series

Presented by: CST

¢ Modeling the Susceptibility of Enclosures to ESD and the Ef-
fect of Attaching Cables

o Simplifying the Workflow - Benefits of the CST and Cadence
Partnership

e Simulation: Enabling In-flight Connectivity

e Faster Design Cycles with High Performance Hardware

¢ Advanced System Simulation for Multi-Channel MRI Coils

Market Research Series

Presented by: Strategy Analytics

© RF & Power Electronics Opportunities for GaN Market Growth
¢ Fundamentals and Applications of AESA Radar

¢ MilSatCom Electronic Market Trends Through 2020

Technical Education Series
¢ Replacement of Obsolete Instrumentation in A&D Test Systems
© Rugged LDMQS Transistors for ISM & Broadcast

Other

Presented by: Agilent Technologies

e Optimizing Battery Operating Time of Wireless Devices

e Using Wireless Signal Decoding to Verify LTE Radio Signals
o See the Future of Arbitrary Waveform Generators

Register to attend at
mwjournal.com/webinars

Frequency Matters.
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7739260, 7761442

Cavity Filters

LTCC
Low Temperature
Cofired Ceramic

Over 300 Models IN STOCK ...Immediate Delivery! from

Different needs demand different technologies, and the
Mini-Circuits RF/microwave filter lineup delivers. Over 300
proven solutions, from DC to 15 GHz, are standing by, ready
to ship. High-pass or low-pass, band-pass or band-stop,
in coaxial, surface-mount, or plug-in packages. Across the
board, our filters achieve low insertion loss and low VSWR
in the passband and high attenuation in the rejection band.
Just go to minicircuits.com for more information. If you need
a specific performance and want to search our entire model
database, including engineering models, click on Yoni2, our

Slab Line

FILTER SOLUTIONS

DC to 15 GHz

3799

ea.10-49

exclusive search engine.

In Yoni2, you can enter the response type, connection
option, frequency, insertion loss, or any other specifications
you have. If a model cannot be found, we understand the
sense of urgency. So contact us, and our engineers will find
a quick, cost-effective, custom solution and deliver simulation
results within a few days.

(!,."412 The Design Engineers Search Engine...

7733220':776“42 finds the model you need, Instantly.

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

[JMini-Circuits’

1SO 9001

—o
(“‘ 2712 The Design Engineers Sea

U.S. Patents

1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
rch Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minicirt:E uits.com

IF/RF MICROWAVE COMPO

484 Rev B


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

MWJ PuzzLER

MATH, ScieNce AND Loaic PuzzLes
FOR THE 'ENGINERD' IN ALL OF US

ANSWERS AVAILABLE ONLINE AT WWW.MWJOURNAL.COM
Find the missing letter and then use that letter in the appropriate blank space to fill out the villain’s name.

IDENTIFY THE BOND VILLAIN AND SAVE HIS LIFE

CLUES: 1000 amps
P =
Pd = t 41 meters
4T 2
V=__R
VxH=];+ 9
ot ERP=Pt _ t
PA =100 {[PO“t Jue L2 JRF}
[PDC :ltotal
SNR.
___F=10log in
SNR_,,
P
= 101og[°—ut)d13
Pin
Y
— d¥Y/dt
=27
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IMAGE REJECTION MIXERS

RF/LO Conversion LO-to-RF
Model Frequency Loss Image Rejection Isolation
Number (dB) Max. (dB) Min. (dB) Min.

IMAGE REJECTION MIXERS

IRM0204(*)C2(**)  2-4 7.5 18 20
IRM0408(*)C2(**)  4-8 8 18 20
IRM0812(*)C2(**) 8- 12 8 18 20
IRM1218(*)C2(**) 12-18 10 18 20
IRM0208(*)C2(**)  2-8 9 18 18
IRMO618(*)C2(**)  6-18 10 18 18
IR1826NI7(**) 18 - 26 10.5 18 20
7() 12

Conversion Balance LO-to-RF
Model Frequency Loss Phase (+Deg.) Amplitude (+dB) Isolation

Number (GHz) (dB) Max. Typ./Max. Typ./Max. (dB) Min.
I/Q DEMODULATORS

IRM0204(*)C2Q 2-4 10.5 7.5110 1.0/1.5 20
IRM0408(*)C2Q 4-8 11 7.5/10 1.0/1.5 20
IRM0812(*)C2Q 8-12 11 SIS .75/1.0 20
IRM1218(*)C2Q 12-18 13 10/15 1.0/1.5 20
IRM0208(*)C2Q 2-8 12 7.5/10 1.0/1.5 18
IRM0618(*)C2Q 6-18 13 10/15 1.0/1.5 18
IR1826NI7Q 18 - 26 13.5 10/15 1.0/1.5 20
IR2640NI7Q 10/15 1.0/1.5

SSB"UPCONVERTERS OR I/Q MODULATORS

RF Conversion Carrier Carrier Suppression
Model Frequency Loss Suppression Carrier - Fundamental IF
Number (GHz) (dB) Max. (dBc) Min. (dBc) Min.

IF DRIVEN MODULATORS

SSM0204(*)C2MD(**)  2-4 9 20 20 N
SSM0408(*)C2MD(**) 4 -8 9 20 18 =
SSM0812(*)C2MD(**) 8- 12 9 20 20

SSM1218(*)C2MD(**) 12 -18 10 20 18 /
SSM0208(*)C2MD(**)  2-8 9 20 18
SSM0618(*)C2MD(**)  6- 18 12 20 18 4

(*) LO () IF FREQUENCY
Add Letter Power R Add Letter OPTION (MHz)

L 1070 A 20 - 40

M 13 - B 40 - 80

H 17 - 20 dE C 100 - 200
Q

DC - 500 (I/Q)

7450, .—dﬁﬁ“ﬁ"“”}” &5&31'33

www.miteqg.com
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@ WERLATONE

Mismatch Tolerant®

HIGH POWER COMBINERS  ° Power Levels to 20 kW CW

Low Insertion Loss

' ® Isolated and Non-Isolated Designs
B I I U F F Rack Mount, Drawer Mount, Radial Type
o -

Coherent and Non-Coherent Combining

A few of our Customer driven designs.
Product Search —_— —_—

: Model Type Frequency Power Insertion Loss VSWR Isolation Size
For current designs (MHz) (W QW) (dB) (dB) (Inches)
D8265 2-Way 1-50 5,000 0.3 1.25 20 15.5x 15 x 5.25
D2075 2-Way 1.5-30 6,000 0.2 1.25 20 15.5x 11.75 x 5.25
For custom specs D8969 2-Way 1.5-30 12,500 0.2 1.25 20 17x17x8
D6139 4-Way 1.5-32 5,000 0.25 1.25 20 13x11x5
D6774 4-Way 1.5-32 20,000 0.3 1.20 20 21x17.25x 11
Werlatone, Inc. D6846 6-Way 1.5-30 4,000 0.35 1.35 20 3 U, 19" Rack
17 Jon Barrett Road D8421 8-Way 1.5-30 12,000 0.3 1.30 20 22.5x 19.5x 8.75
Patterson, New York 12563 D7685 4-Way 2-100 2,500 0.5 1.30 20 14.75x13x7
T 845.278.2220 D2786 | 4-Way 20-150 4,000 0.5 1.35 20 18x17x5
F 845.278.3440 D6078 |  2-Way 100-500 2,000 0.25 1.20 20 13x7x2.25
sales@werlatone.com H7521 | 2-Way (180°) | 200-400 2,500 0.3 1.30 20 15x10x 2
www.werlatone.com kD7502 2-Way 400-1000 2,500 0.25 1.20 NI* 9.38x3.5x1.25 |

*NI = No Isolating Terminations

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

 Military &
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