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VSWR POWER
FREQ. INSERTION (Max.) (Watts, Max.)

FREQ. MODEL COUPLING FLATNESS LOSS DIRECTIVITY PRI. SEC. AVG. AVG. PEAK
(GHz) NUMBER (dB) (±dB) (dB, Max.) (dB, Typ.) LINE LINE FORWARD REVERSE (kW)

0.5–1 CD-501-102-10S 10 ±1.25 0.75 0.8 20 1.2:1 1.2:1 50 5 3
CD-501-102-20S 20 ±1.25 0.75 0.25 20 1.2:1 1.2:1 50 50 3
CD-501-102-30S 30 ±1.25 0.75 0.2 20 1.2:1 1.2:1 50 50 3

1–2 CD-102-202-10S 10 ±1.25 0.75 0.8 20 1.25:1 1.25:1 50 5 3
CD-102-202-20S 20 ±1.25 0.75 0.25 20 1.25:1 1.25:1 50 50 3
CD-102-202-30S 30 ±1.25 0.75 0.2 20 1.25:1 1.25:1 50 50 3

2–4 CD-202-402-10S 10 ±1.25 0.75 0.8 20 1.25:1 1.25:1 50 5 3
CD-202-402-20S 20 ±1.25 0.75 0.2 20 1.25:1 1.25:1 50 50 3
CD-202-402-30S 30 ±1.25 0.75 0.2 20 1.25:1 1.25:1 50 50 3

2.6–5.2 CD-262-522-10S 10 ±1.25 0.75 1 20 1.25:1 1.25:1 50 5 3
CD-262-522-20S 20 ±1.25 0.75 0.5 20 1.25:1 1.25:1 50 50 3
CD-262-522-30S 30 ±1.25 0.75 0.3 20 1.25:1 1.25:1 50 50 3

4–8 CD-402-802-10S 10 ±1.25 1 1 16 1.4:1 1.4:1 50 5 3
CD-402-802-20S 20 ±1.25 0.75 0.4 20 1.3:1 1.3:1 50 50 3
CD-402-802-30S 30 ±1.25 0.75 0.25 20 1.3:1 1.3:1 50 50 3

7–12.4 CD-702-1242-6S 6 ±1.25 0.5 2 17 1.3:1 1.3:1 50 5 3
CD-702-1242-10S 10 ±1.25 0.5 1 17 1.3:1 1.3:1 50 5 3
CD-702-1242-20S 20 ±1.25 0.5 0.35 17 1.3:1 1.3:1 50 50 3
CD-702-1242-30S 30 ±1.25 0.5 0.3 17 1.3:1 1.3:1 50 50 3

7.5–16 CD-752-163-10S 10 ±1.25 0.75 1.2 15 1.35:1 1.35:1 50 5 2
CD-752-163-20S 20 ±1.25 0.75 0.55 15 1.35:1 1.35:1 50 50 2
CD-752-163-30S 30 ±1.25 0.75 0.5 15 1.35:1 1.35:1 50 50 2

12.4–18 CD-1242-183-10S 10 ±1.25 1 1.2 12 1.5:1 1.5:1 50 5 1
CD-1242-183-20S 20 ±1.25 0.75 0.55 15 1.5:1 1.5:1 50 50 1
CD-1242-183-30S 30 ±1.25 0.5 0.5 15 1.5:1 1.5:1 50 50 1

1–10 CD-102-103-10S 10 ±1.5 1 1 15 1.5:1 1.5:1 50 5 1
CD-102-103-20S 20 ±1.5 0.8 0.8 15 1.5:1 1.5:1 50 50 1
CD-102-103-30S 30 ±1.5 0.5 0.6 15 1.5:1 1.5:1 50 50 1

100 Davids Drive • Hauppauge, NY 11788
TEL.: (631) 436-7400 • FAX: (631) 436-7430

www.miteq.com

100 Davids Drive • Hauppauge, NY 11788
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Want a miniature surface mount, shielded plug-in, or rugged
connectorized 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 bandwidths. Select from models with low phase noise, linear tuning, load insensitivity, dual output,
wide modulation bandwidths, or 5V models optimized for PLL ICs and synthesizers. And pick from an innovative
array of miniature surface mount packages as small as 0.25" square, all featuring our exclusive glue-down
process on each circuit component to give you ultimate reliability during reflow soldering. You can quickly find the
model you need using our online catalog or "The YONI2 Search Engine" at the Mini-Circuits web site.
Just enter your specs 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 fast response, low prices, and quick turnaround. For your commercial, industrial,
and military applications, choose Mini-Circuits VCOs!

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

10 to6740MHz from
$1195

VCOsVCOs
ea. (qty.5)

RoHS models available, consult factory.

o S
C O M P L I A N T

TM
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Detailed Performance Data & Specs For Mini-Circuits VCOs 
Available Online at: www.minicircuits.com/oscillat.html

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

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

402 Rev G

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

IF/RF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW
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Take a Closer Look
At What Narda’s
Ultimate MICSM Can
Mean For Your
Current and Future
Applications
There are a myriad of new projects 
looming on the near future’s horizon
for both the commercial and military
markets. These applications will
require technologies that are still in
the process of being developed...and
Narda is ready for them with it’s latest
generation of “Ultimate” MICs.

Narda’s new multifunctional
Microwave Integrated Circuits
surpass their technological
predecessors with:
� Very dense integration of

microwave, analog and digital
functions

� Incorporation of FPGAs for signal
processing and temperature
compensation

� Improved performance with high
reliability

� High volume production at much
lower cost

For a glimpse into the future of
Microwave Integrated Circuit
technology, visit us at:
www.nardamicrowave.com/east

435 Moreland Road, Hauppauge, NY 11788
USA Tel: 631.231.1700 • Fax: 631.231.1711
e-mail: nardaeast@L-3com.com
www.nardamicrowave.com/east

generation
NEXT
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Aeroflex / Weinschel offers an
extensive range of PIN, GaAs, 
Edge-line, and Relay based
programmable attenuators to
support your test and subsystem
applications. Our wide selection of
attenuators offers exceptional
repeatability and performance for 
all applications. Aeroflex / Weinschel
designs offer... 

• Wide Selection of Attenuation
Ranges & Steps Sizes

• Choice of Frequency Ranges:
dc – 1, 2, 3, 4, 6, 18, 26.5, 40 GHz  

• Built-In TTL\CMOS Interface 
or SmartStep®‚ Driver 
Circuitry available.  

• High Quality Construction 
& Connectors

• Phase Compensated & 
75 Ohm Designs

• Multi-channel and High 
Power Attenuator Units

• Custom designs our specialty!

Aeroflex / Weinschel attenuators
operate across multiple frequency
bands and support applications that
include military and commercial
satellite, ground communications
systems, cable modem and 
cellular telephone testing,
telecommunications, radar, and
precision microwave test
instrumentation. 

Multi-channel attenuation subsystems
are available for cable and mobile
wireless test applications, including 
RF simulation, multi-path and fading, 
high-power hot-switching attenuation,
RF signal conditioning and 
production testing.

Aeroflex / Weinschel, Inc.
800-638-2048, 301-846-9222
www.aeroflex.com/weinschel
weinschel-sales@aeroflex..com
www.aeroflex.com/microwave

Your Source for Programmable 
Step Attenuators

 

Frequency Attenuation
Model Range (GHz) Range (dB) Notes
150-11 dc-18.0 0-11/1
150-75-3 dc-18.0 0-75/5
150-70 dc-18.0 0-70/10
150-70-1 dc-18.0 0-70/10
151-11 dc-4.0 0-11/1
152-90-3 dc-26.5 0-90/10
150T-11 dc-18.0 0-11/1 �
150T-15 dc-18.0 0-15/1 �
150T-31 dc-18.0 0-31/1 �
150T-62 dc-18.0 0-62/2 �
150T-70 dc-18.0 0-70/10 �
150T-75 dc-18.0 0-75/5 �
150T-110 dc-18.0 0-110/10 �
151T-110 dc-4.0 0-110/10 �
152T-55 dc-26.5 0-55/5 �
153-70 dc-40 0-70/10 New
153-110 dc-40 0-110/10 New

Frequency Attenuation
Model Range (GHz) Range (dB) Notes
3200-1 dc-2.0 0-127/1
3200-2 dc-2.0 0-63.75/.25
3200-1E-2 dc-3.0 0-127/1
3200-2E-2 dc-3.0 0-63.75/.25
3201-1 dc-2.0 0-31/1
3201-2 dc-2.0 0-120/10
3206-1 dc-2.0 0-63/1
3200T-1 dc-2.0 0-127/1 �
3206T-1 dc-2.0 0-63/1 �
3250T-63 dc-1.0 0-63/1 � X
3406-55 dc-6.0 0-55/1 New
3408-55.75 dc-6.0 0-55.75/0.25 New
3408-103 dc-6.0 0-103/1 New
4216-63 0.8-3.0 0-63/1
4218-127 0.8-3.0 0-127/1
4238-103 .01-2.5 0-103/1

Notes: � SmartStep® Control Circuitry, X = 75 Ohm Model   
For a complete list of available models/designs, visit our website @ www.aeroflex.com/weinschel-programmables

Wide range of Models and Designs available Off-The-Shelf
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microwave filters
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Introduction to a new approach used to generate an integrated inductor library

102 New Tunable Technology for Mobile-TV Antennas
Tero Ranta and Rodd Novak, Peregrine Semiconductor
Introduction to a design methodology for a tunable capacitor circuit to handle GSM/DVB-H interoperability requirements
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Tired 
of endless
iterations, 
tweaks, and 
redesign cycles? 
Wish you could modify or 
compact your layout and see the 
coupling effects on circuit performance 
instantaneously? With ACE,™ AWR’s new 
automated circuit extraction technology, you can. 
ACE extracts layout-driven effects — including coupling in 
multilayered RF modules and ICs — in seconds and stops the
monotony of brute force EM analysis or schematic-driven manual
fracturing techniques. Test drive it today at www.awrcorp.com/ACE.

ACE. Interconnect 
modeling in seconds

Break
free of
infinite

redesign
loops.

www.awrcorp.com
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www.mwjournal.com

Webinars
MWJ/Besser Associates Webinar Series
Tune-up your skills. Join the thousands of
engineers and managers who have participated
in this series on RF/microwave
theory and practical
applications. 

Understanding EMC
This seminar introduces
techniques for identifying
and eliminating the
sources of unwanted
coupling and radiation. The
presentation covers areas
related to electromagnetic
compatibility (EMC), coupling and radiation,
proper shielding, grounding and bypassing.

Presented by Besser Associates and
Microwave Journal. 
Sponsored by CST, America
Live webcast: 11/20/2008. 11:00 am (EDT)

Online

Executive Interview
We talk to Rodd Novak, V.P. Marketing &
Business Development with Peregrine
Semiconductor, about the company’s proprietary
process that brought Silicon-on-
Sapphire to market, the high-
performance switches and digital
step attenuators (DSA) fabricated
via this technology, and how these
devices address the needs of the
multi-band commercial and
defense markets. 

Expert Advice
As a member of ETSI, 
Moray Romney, Agilent
Technologies, has been a
leading contributor to wireless
standardization of the GSM air
interface and type approval
tests. As a member of 3GPP, he
helped develop the W-CDMA
radio specifications and
corresponding conformance tests, work that has
evolved to incorporate HSDPA, HSUPA and now
LTE. This month don’t miss our expert on “The
Importance of Average vs. Peak Performance in
Cellular Wireless.”
Read the advice from this industry expert,
respond with your comments and win a
complimentary copy of Electrical Engineering: 
A Pocket Reference from Artech House (see
www.mwjournal.com for details). 

Extras
Events MWJ online covers the 45th Annual
Association of Old Crows (AOC) International
Symposium and Convention held in Reno, NV and
the 30th Annual Symposium of the Antenna
Measurement Techniques Association (AMTA) in
Boston, MA. Our editors travel to these shows to get
the story straight from the attendees and exhibitors.
MWJ Blog Join our editors as we review
microwave industry news against the backdrop
of turbulent financial markets, changing
economic realities and the pending change in US
administrations.

Online Technical Papers
“Concepts of Orthogonal Frequency
Domain Modulation”
Dave Whipple, Agilent Technologies Inc.

White Paper: “PMTL™, A New
Transmission Line Technology for High
Speed SI and High Fidelity Testing
Connectivity”
Jamal S. Izadian, Ph.D., RFconnext Inc.

White Paper: “Moving Communications
from SISO to MIMO”
Mark Elo, Keithley

Tutorial: “VCO Design Explained: Part 2”
Joseph Andrews, RFVCO
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Copper
63.546

 More Q.  Less Cu
These tiny new air core inductors

have the highest Q and current handling
in the smallest footprint.

Coilcraft’s new SQ air core inductors have unmatched Q
factors: most are above 200 in the 1-2 GHz range! That’s 3
times higher than comparably sized 0805 chip coils.

And with their extremely low
DCR, they can handle 4 to 8 times
more current: up to 4.4 Arms.

SQ air core inductors are perfect
for your LC filter and RF impedance
matching applications. They come in
15 values ranging from 6 to 27.3 nH,
all with 5% tolerance.

These coils
are significantly smaller than exist-
ing air core inductors. We reduced
the footprint by using close-wound
construction and keeping the leads
close to the body. The square shape
cuts the height to as low as 1.5 mm
and creates flat top and bottom sur-

faces for easy automated handling
and stable mounting.

See how the ultra-high Q and
current handling of Coilcraft’s
new SQ air core inductors can
maximize the performance of

your next design. For complete specifications and free
evaluation samples, visit www.coilcraft.com/sq

www.coilcraft.com 800/322-2645

®

Q factors are 3X higher than
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COMING EVENTS

CALL FOR PAPERS

IEEE MTT-S International Microwave 
Symposium (IMS 2009)

by December 8, 2008
IEEE Radio Frequency Integrated 
Circuits Symposium (RFIC 2009)

by January 6, 2009

NOVEMBER

ANTENNA MEASUREMENT TECHNIQUES
ASSOCIATION (AMTA 2008)
November 16–21, 2008 • Boston, MA
www.amta2008.org

MILCOM 2008
November 17–19, 2008 • San Diego, CA
www.milcom.org

CHINA INTERNATIONAL CONFERENCE AND
EXHIBITION ON MICROWAVE (IME/CHINA 2008)
November 18–20, 2008 • Shanghai, China
www.imwexpo.com

ARMMS RF AND MICROWAVE SOCIETY
CONFERENCE
November 24–25, 2008
Rockingham, Northamptonshire, UK
www.armms.org

DECEMBER

ARFTG 72ND MICROWAVE MEASUREMENT
SYMPOSIUM
December 9–12, 2008 • Portland, OR 
www.arftg.org

ASIA PACIFIC MICROWAVE CONFERENCE
(APMC 2008)
December 16–19, 2008 • Hong Kong, China
December 19–20, 2008 • Macau, China
www.apmc2008.org

JANUARY

IEEE RADIO AND WIRELESS SYMPOSIUM
(RWS 2009)
January 18–22, 2009 • San Diego, CA
http://rawcon.org

FEBRUARY

MOBILE WORLD CONGRESS
February 16–19, 2009 • Barcelona, Spain
www.mobileworldcongress.com

NATIONAL ASSOCIATION OF TOWER ERECTORS
(NATE 2009)
February 23–26, 2009 • Nashville, TN
www.natehome.com

MARCH

SATELLITE 2009
March 24–27, 2009 • Washington, DC
www.satellite2009.com

High Power, Small Size,
Broadband Performance
• Broadband from DC to 18 GHz.
• 25 to 150 watts power handling.
• All thin film construction.
• Solder and wire bond attachment.
• High reliability qualified.
• Data sheets available online at 

www.emct.com.

emct.com • rflabs.com
772-286-9300

ISO 9001 and 14001 Certified

RESISTORS

CR0402D
25 watts

CR0505D
50 watts

CR1010D
150 watts

TERMINATIONS

CT0402D
25 watts

CT0505D
40 watts

CT1310D
150 watts

APRIL

CTIA WITH RF, MICROWAVE AND M2M ZONES
April 1–3, 2009 • Las Vegas, NV 
www.ctiawireless.com

IEEE WIRELESS AND MICROWAVE TECHNOLOGY
CONFERENCE (WAMICON 2009)
April 20–21, 2009 • Clearwater, FL
www.wamicon.org

JUNE

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM (RFIC 2009)
June 7–9, 2009 • Boston, MA
www.rfi c2009.org

IEEE MTT-S INTERNATIONAL MICROWAVE
SYMPOSIUM (IMS 2009) 
June 7–12, 2009 • Boston, MA
www.ims2009.org
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WORKSHOPS & COURSES

INTEGRATED NONLINEAR
MICROWAVE AND MILLIMETER-
WAVE CIRCUITS (INMMIC)
� Topics: INMMiC offers a forum
for promoting, discussing and spread-
ing ideas in the field of nonlinear mi-
crowave and millimeter-wave circuits.
Technical papers describing method-
ological and practical issues on active
device characterization and modeling
strategies, CAD analysis methods and
design approaches are solicited, ac-
cording to the conference topic list.
The participation of young re-
searchers is strongly encouraged.
Young Researcher Grants will support
their participation in the workshop.
Grants for this workshop will be spon-
sored by the Spanish section of IEEE. 
� Site: Málaga, Spain
� Dates: November 24–25, 2008
� Contact: For more information,
visit www.inmmic.org.

SIGNAL PROCESSING REFRESHER

� Topics: Review basic techniques for
representing and processing signals,
emphasizing methods commonly used
in sensor processing systems such as
communications, radar, infrared sys-
tems and electronic warfare. Under-
stand continuous and discrete signals,
transforms and the representation and
properties of noise. Explore the im-
portant matched filter concept from
multiple view points. Understand the
basics of sampling, digital filtering and
spectrum analysis. Add these tech-
niques in detection, data compression
and image processing. 
� Site: Atlanta, GA
� Dates: December 2–4, 2008
� Contact: For more information,
visit www.defense.gatech.edu/courses/.

CST EUROPEAN USER GROUP
MEETING

� Topics: The CST user group meet-
ing offers an informal and enlighten-
ing environment where developers
and researchers using CST’s leading-
edge simulation tools, CST STU-
DIO SUITE™ and CST MICRO-
STRIPES™ can present and discuss
their work to a wide audience of in-
terested parties.
� Site: Darmstadt, Germany
� Dates: March 16–18, 2009
� Contact: For more information,
visit www.cst.com.

2008/2009 POWER SEMINAR
TOUR

� Topics: Fairchild’s power experts
bring you the latest in design tech-
niques for optimizing system power.
This one-day event provides insight
into analog, discrete and optoelectric
solutions. The registration fee in-
cludes lunch and a copy of all  
presentations and white papers. 
For more information, visit
www.fairchildsemi.com.
� Site: For location information,
please visit url.
� Dates: For date information,
please visit url.
� Contact: Fairchild Semiconductor
Corp., 82 Running Hill Road, South
Portland, ME 04106 (207) 775-8100.

SEMICONDUCTOR DEVICES FOR
IC DESIGN

� Topics: This course provides an in-
depth and comprehensive under-
standing of the basic characteristics of
semiconductor devices plus their sec-
ond-order effects and device model-
ing that enable a circuit designer 
to cope with ever-increasing band-
widths of state-of-the-art designs.
This course is intended for working
professionals who are interested in
understanding semiconductor devices
and their modeling for integrated-cir-
cuit design. Many topics in BJT and
MOS are covered.
� Site: On-line course.
� Dates: Open enrollment.
� Contact: For more information,
visit www.unex.berkeley.edu.

THE ENTREPRENEURIAL ENGINEER

� Topics: This short course is an in-
troduction to the personal, interper-
sonal, business and organizational
skills necessary to help engineers of
applied science and mathematics per-
form at high levels in today’s increas-
ingly opportunistic organizations and
enterprises. For more information,
visit http://online.engr.uiuc.edu/short-
courses/tee/index.html.
� Site: Archived on-line course.
� Dates: Archived on-line for any-
time viewing.
� Contact: University of Illinois at
Urbana-Champaign, 117 Transporta-
tion Bldg., 104 S. Mathews Avenue,
Urbana, IL 61801 (217) 333-0897 or
e-mail: deg@uiuc.edu.
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Cobham Defense Electronic Systems is 
comprised of three synergistic divisions 
that include the Cobham Microwave 
Group (CMG) for Sensor and Antenna 
Systems, Integrated Waveguide 
Systems and Rotating Systems; 
Cobham Defense Communications 
(CDC) that manufacture Vehicle 
Intercom Systems and Situational 
Awareness Equipment; and REMEC 
Defense & Space that design and 
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sophisticated Microwave Integrated 
Assemblies. CDES has 11 locations 
in the USA, England, Sweden and 
Mexico. Our proven solutions are 
used primarily in Electronic Warfare, 
Communications, Radar, Munitions, 
Missiles and location systems. 
All products, from the smallest 
components to the largest Antenna 
Subsystems, are designed, manufac-
tured, tested and inspected to meet 
stringent customer specifications.

ATLANTIC POSITIONING SYSTEMS www.atlanticpositioners.com  727.299.0150    ATLANTIC MICROWAVE www.atlanticmicrowave.com  978.779.6963
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the power of integration in…

Rotary Joint/Rotating Sub-Systems
Advanced Rotating Electro Mechanical Microwave 
Rotary Joints and Sub-Systems for: 

MILITARY, SPACE, AIR TRAFFIC CONTROL 
COMMERCIAL & CUSTOM APPLICATIONS

A Cobham plc subsidiary

For more information, go to our Web site 

www.cobhamdes.com

Kevlin has an active rotary joint design base exceeding 
4,000 models. Our design & engineering staff integrates 
additional rotating products for a complete rotating 
subsystem to suit unique customers needs. 

Kevlin Corporation
978-557-2400 

Our overhaul and repair 
capabilities cover all known 
rotary joint brands. 
An extensive design database 
and our industry expertise 
mean faster turnaround, and 
ensure robust SLEP*
implementation.

• RF Rotary Joints 

• Azimuth Positioning 
Units 

• Pedestals

• Motors / Gears

• Rotating Subsystems 
Slip Rings 

 Encoders / APG
 Fluid Joints 

F iber Optic 
Joints  

* Service Life Enhancement Program  
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RLC ELECTRONICS, INC.
83 Radio Circle, Mount Kisco, New York 10549  •  Tel: 914.241.1334  •  Fax: 914.241.1753

E-mail: sales@rlcelectronics.com  •  www.rlcelectronics.com

RLC is your complete microwave component source...
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.

RLC manufactures a complete line of RF and

Microwave filters covering nearly every application

in the DC to 50 GHz frequency range. We offer

different filter types, each covering a specific

engineering need. 

In addition, our large engineering staff and high

volume production facility give RLC the ability to

develop and deliver both standard and custom

designed filters at competitive costs, within days or

a few weeks of order placement. 

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

RLC has the customized filter
solutions you need.

� Band Pass, Low Pass, 
High Pass & Band Reject

� Connectorized, Surface Mount,
PCB Mount or Cable Filters

� Wave Guide Bandpass and
Band Reject

� 4th Order Bessel Filters

� Spurious Free, DC to 50 GHz,
Low Loss, High Rejection

� Custom Designs

ISO 9001:2000 CERTIFIED MasterCard
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Please visit www.mwjournal.com to read this article in its entirety. 
Also, look for our “Cover Feature: Then and Now” series every month this year in 

Microwave Journal as we celebrate our 50th anniversary.
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niques used circuit synthesis to obtain ideal
optimum filter responses with finite real fre-
quency transmission zeros for improved selec-
tivity and complex transmission zeros to
achieve group delay equalization. The ideal
circuit models are then approximated by ele-
ments of transmission media (resonators and
coupling elements) to construct a starting
model of the microwave filter structure. Elec-
tromagnetic simulation and optimization is
then applied to make the response of the real-
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JORGE A. RUIZ-CRUZ
Escuela Politécnica Superior, Universidad
Autónoma de Madrid, Madrid, Spain
CHI WANG
Orbital Sciences Corp., Dulles, VA
KAWTHAR A. ZAKI
Department of Electrical and Computer
Engineering, University of Maryland
College Park, MD

The last two decades have witnessed the
introduction of several new communica-
tion services that presented extraordi-

nary challenges to microwave filter designers.
Mobile communications cellular base stations
and handsets require very tight electrical re-
quirements to conserve precious frequency
spectrum, miniaturization, large production
volumes and low production cost. Filters for
space applications in communications and
broadcast satellite payloads have very challeng-
ing electrical requirements to be met under se-
vere environmental conditions, high power
handling, small mass and size. Millimetre-wave
diplexers for Ka-band high speed multimedia
Internet access satellite terminals pose chal-
lenging electrical requirements, very low pro-
duction cost and large production volumes.

To meet these challenges, filter designers
have developed design techniques, realization
methods, new transmission media and innova-
tive packaging configurations. The design tech-

ADVANCES IN MICROWAVE
FILTER DESIGN TECHNIQUES
An overview of advances in filter design techniques in the framework of the
evolution of the microwave area is presented in this article. Several types and
implementations of filters developed during the last decades to satisfy the
demands of modern communication services are described, emphasizing the new
technologies and designs that fulfill the stringent electrical, mechanical, time and
production cost requirements of actual systems. In this context, this article
revisits some of the advances in this area, where the role of Computer Aided
Design (CAD) has enormous impact on the microwave industry.

s
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ized microwave structures close to the idealized circuit re-
sponse. The design procedures were vastly enabled by the
availability of high speed computers, development of effi-
cient electromagnetic simulation tools, numerical opti-
mization techniques and innovative structures in various
transmission media that enable realization of the optimal
performance. Further, the models used in the simulation
can take into account actual manufacturing details, such as
finite milling tool sizes that can have major impact on the
response. Once a final acceptable simulated response is
achieved, the filters could be directly manufactured and its
measured performance should be almost identical to the
simulated response. This process largely eliminates the

need for experimental tuning or repeated modification of
the hardware, greatly reducing production cost and time.

This article presents a review of some modern filter de-
sign techniques, comparing these techniques with the well
established design methods of more than four decades
ago.1 The techniques are illustrated by several designs us-
ing different transmission media, including metallic wave-
guides, ridge waveguides realized in Low Temperature Co-
fired Ceramics (LTCC) and dielectric loaded resonators.

MODERN FILTER DESIGN TECHNIQUES
Figure 1 illustrates the flow chart for modern filter de-

sign. From the given specifications, a circuit model is ob-
tained in terms of a coupling matrix and input/output cou-
plings. This process involves two steps. The first step is the
solution of the approximation problem, which determines
the order (number of filter poles) and the poles/zeros loca-

tion of a transfer function that meets the
given specifications. The second step is
to synthesize a coupling matrix with a
desired topology corresponding to a de-
sired configuration. The lumped circuit
model consists of resonant circuits cou-
pled by frequency independent cou-
plings,2 as shown in Figure 2.

Next, from the filter centre frequency,
bandwidth, desired transmission medi-
um in which the filter is to be realized,
and coupling matrix element values, an
initial set of physical dimensions are de-
termined based on an electromagnetic
model simulating the coupling between
two isolated resonators. Figure 3 shows
a simple example of how the iris dimen-
sions are mapped to the circuit coupling
values for a window between two rectan-
gular or circular waveguide resonators. 

Once the complete filter physical
model is generated, EM model simula-
tion of the S-parameters is performed.
In many practical cases, the EM simula-
tion is carried out using the Mode
Matching (MM) method,3 since it is
computationally very efficient. However,
depending on the complexity of the
shapes and materials of the structure to
be analyzed, other general numerical

GEOMETRIC DIMENSIONS
OF THE DEVICE EM ANALYSIS

S-
PARAMETERS

INITIAL
DIMENSIONS

REPEAT TILL THE DESIRED 
RESPONSE IS ACHIEVED

CORRECTION OF
THE DIMENSIONS

BY THE OPTIMIZATION
ALGORITHM

COST FUNCTION
COMPUTATION
(COMPARISON

WITH IDEAL
CIRCUIT RESPONSE)

SPECS
CIRCUIT DESIGN

(APPROXIMATION THEORY
+CIRCUIT SYNTHESIS)

� Fig. 1  Flow chart for the filter design process.

M1,i Mi,j

M23M12

1 2 3 i j n-1 n

M1,n-1

Mn-1,n

Mi,n-1

M1,j

Mi,n

M1,n

M3,i

� Fig. 2  General equivalent circuit model (normalized) for a microwave filter of order n, with
cross-couplings among all the resonators.

TABLE I
COMPARISON BETWEEN DESIGN STEPS "NOW" AND "THEN"

Design Step "NOW" "THEN"

Approximation Finite transmission zeros All pole functions (Tchebycheff)

Synthesis General topology, multiple coupling, Used only cascaded resonators
uses positive and negative couplings with same sign couplings

Initial dimensions Uses EM simulation Approximate analytical models

Response EM simulation Empirical adjustments
optimization and optimization algorithms of structure dimensions

Tuning Usually not required Requires tuning

RESONATOR 1 RESONATOR 2

EXAMPLE OF IRIS CROSS-SECTIONS A-A
IRIS

M
(L-M) (L-M)C C CC

A

A

A

2MLL1 2M

A

12 2

� Fig. 3  Example of initial dimensions determination.
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methods may be used such as the Fi-
nite Element Method, Finite Differ-
ences Time Domain Differences, etc.,
or hybrid combinations between
them. Actually, there are many com-
mercially available software packages
that implement these techniques,4-8

even offering modules for dealing
with high power effects (multipaction,
passive intermodulation).9 They have
an implicit trade-off between the
structures that they are able to handle

(complex shapes and material), com-
puter resources (RAM memory, com-
putation time, etc.) and accuracy.

Moreover, the response of the fil-
ter using the initial dimensions will
usually be relatively poor, since the
original design did not take into ac-
count the interactions among the res-
onators and the loading effects due to
the multiple couplings. The simulat-
ed response is compared with the cir-
cuit model response, and an error or

cost function is computed. Using an
optimization routine, the dimensions
of the filter are adjusted to minimize
the cost function (see Figure 1). This
process is repeated until the desired
response is achieved.

It is interesting to contrast this
modern design process with the tech-
niques used four decades ago.1 Many
of these designs are found in Refer-
ence 10. Table 1 summarizes the dif-
ferences between what was used then
and now. Although essentially the
same design steps are employed, the
major differences include:
• Use of advanced filter synthesis

techniques
• Introduction of finite transmission

zeros using the new coupling
topologies employing the concepts
of positive and negative couplings

• Use of full-wave simulators in
powerful CAD tools
Choosing the transmission medi-

um is one of the key issues in the
realization of filters and multiplex-
ers and its selection is related to
many factors. An initial classifica-
tion could be based on frequency
range and would consider aspects
such as physical  s ize,  unloaded
quality factor Q, power handling ca-
pability, temperature drift and pro-
duction cost.

Some transmission media and cor-
responding filter technologies include:
• The lumped element filters em-

ployed in the microwave range op-
erate typically in hundreds of
MHz’s (they can be used even at
higher frequencies), with un-
loaded Q in the hundreds. Their
dimensions must be much smaller
than the operating wavelength
and, thus, at high frequencies they
are very difficult to manufacture
with good performance. Hence,
the distributed components (larger
size) are used for higher mi-
crowave frequencies. 

• Microwave filters implemented in
air-filled rectangular waveguides,
ridge waveguides and circular
waveguides operating in their fun-
damental TE mode. For silver-
plated resonators, unloaded Q fac-
tors of 10000 to 20000 can be
achieved. Their insertion loss is
low and they can handle higher
power. However, they are usually
bulky and their mass and tempera-
ture stability must be carefully

COVER FEATURE: NOW
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factors (they can usually have Q
fewer than 100) are usually very
low, unless special materials are
used.

• Dielectric resonator filters achieve
higher unloaded Q (more than
40000 can be obtained) and very
good temperature stability (tem-
perature coefficient in the vicinity
of one ppm/°C). A typical res-
onator is a ceramic cylindrical
puck (where the electromagnetic
field is mainly concentrated) sus-
pended on a support within a
metallic housing, operating in ei-
ther single or hybrid modes. These
filters have the disadvantages of
close out-of-band spurious re-
sponse, and relatively low power
handling capability.

• LTCC technology is commonly
used for designing compact filters.
It is possible to integrate on the
same substrate baseband/digital
components together with RF
miniaturized filters, active and
passive devices.

• Other technologies used nowadays
range from high temperature su-
perconducting (HTS) compo-
nents, surface acoustic wave
(SAW) filters to micromachined
electromechanical systems
(MEMS), which cover a broad
range of applications.

EXAMPLES OF MODERN FILTER
DESIGN TECHNIQUES

This section presents examples of
the application of modern design
techniques to microwave and mil-
limetre-wave filters and diplexers, ul-
tra-wide band LTCC filters and di-
electric resonator filters.

Millimetre-wave Filters and
Diplexers

Diplexers are widely used in com-
munication systems for reducing
mass and volume of the required
hardware. They enable use of the
same antenna for different frequency
bands, resulting in more compact sys-
tems. Their function is to separate
the different bands of a signal into
different ports. Alternatively, a
diplexer combines two different sig-
nals with different spectral compo-
nents into one common port.

A diplexer consists of a power di-
vider and two channel filters, as
shown in Figure 4. Electrical para-

COVER FEATURE: NOW

considered in satellite applications.
Aluminium can be used to reduce
the weight. The temperature sta-
bility can be improved by an ade-
quate design methodology, using
special materials (e.g. invar) and
smart mechanical structures to af-
fect temperature compensation.11

Coaxial line filters can also be con-
sidered in the waveguide category,
in this case operating in the TEM
mode. They have higher losses and

are common in wireless base sta-
tions and TV broadcasting.

• Planar structures are mostly em-
ployed for microwave integrated
circuits (MIC) and monolithic mi-
crowave integrated circuits
(MMIC). Microstrip lines,
striplines, coplanar lines and sus-
pended striplines belong to this
category, whose main features are
low cost and miniaturization. The
power handling capability and Q
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found in this reference.12 Several configurations and de-
sign procedures have been studied in the literature for re-
alizing the multiplexing function.13-15 Some usual multi-
plexer configurations with different numbers of channels
in rectangular waveguide can be seen in Figure 5.

Diplexer design starts with the channel filters, which
must achieve the required channel performances before
they are connected into the power divider. Then, two
methods are usually followed to obtain the final device. In
the first one, the channel filters are re-optimized within
the diplexer environment, which includes the effects of
the power divider discontinuities as well as the interaction
between the channel filters. For the second method, the
original channel filter designs are maintained and addi-
tional matching elements (as seen in Figure 4b) are incor-
porated into the power divider junction to obtain the re-
quired matching in the passbands. One of the main differ-
ences with the approach followed in the past is that these
adjustments are done on the computer, and the diplexer
that is manufactured already includes all the higher-order
mode interactions within the structure.

Furthermore, other effects that are accurately taken
into account are the round corners in the rectangular
waveguides resulting from the finite radius tools in the
manufacturing. At low frequency bands, this corner
problem may not be serious, but it becomes critical for
millimetre-wave frequencies, since the dimensions of
the filter resonators are now comparable to the round

meters that must
be maintained
over operating
temperature range
include: band-
widths of the
channels and their
separation, out-of-
band rejection, in-
sertion loss, in-
band transmission
and group delay
responses flatness,
power handling,
low passive inter-
modulation and
multipactor ef-
fects. Mechanical
packaging and
geometrical char-
acteristics play an
important role in
order to achieve
compact designs.
A general theory
for diplexers and
multiplexers syn-
thesis can be
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� Fig. 4  H-plane T-junction diplexer: (a)
block diagram; (b) diplexer configuration
with asymmetric T-junction and two six-
order channel filters with asymmetric
inductive windows; and (c) diplexer
performance.

� Fig. 5  Rectangular waveguide multiplexer configurations: (a)
diplexer made up of a stepped impedance low-pass filter and
corrugated high-pass filter; (b) full H-plane diplexer; (c) E-plane
divider and inductive windows filter with E-plane rounded corners;
(d) full H-plane diplexer with H-plane rounder corners; (e) triplexer
with E-plane rounded corners; and (f) manifold five-channel
multiplexer.
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� Fig. 6  Simulation and measurement of a five-channel manifold
multiplexer in H-plane rectangular waveguide.16
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ure 8a is made up of a ninth-order
ridge waveguide filter, designed for a
passband from 3 to 9 GHz. It includes
the input and output transitions to 
50 � striplines used for the experimen-
tal evaluation of the filter. The whole
LTCC module was built and a fixture
designed to enable scattering parame-
ter measurements. Figure 8b shows a
photograph of the filter and the fixture.

The initial design of this structure
is carried out assuming ideal solid
metallic wall waveguides as in Figure
7a. Thus, the full-wave analysis and
design of the waveguide structures can
be obtained by MM in a very efficient
way using the procedure discussed in
the previous section. Before the man-
ufacturing, the parasitic effect of the
via fence and the losses is investigated

wave analysis of the structure, as
well as higher-order mode effects.

LTCC Ridge Waveguide Filters for
Ultra-wideband (UWB) Applications 

Filters implemented in LTCC are
very well suited for the integration
with other microwave components on
a multilayer stack-up substrate, reduc-
ing size and weight. This technology
employs a multilayer substrate manu-
factured by deposition, layer by layer
of dielectric and metallic patterns. This
process allows the realization of three-
dimensional transmission media (rec-
tangular waveguides and ridge wave-
guides, for example), which can be
used to obtain resonators with higher
unloaded Q than planar structures. To
realize waveguides in LTCC,17 the bot-
tom and top walls are replaced by met-
allization layers. Via fences are incor-
porated to approximate the side con-
ducting walls and the metallic housing,
as shown in Figure 7 for the imple-
mentation of a LTCC ridge waveguide.

Ridge waveguides have low cut-off
frequency and wide monomode range
of the fundamental mode. They have
larger size than planar filters, but they
can provide lower insertion loss, wide
spurious-free response and wideband
performance.18 This LTCC approach
may be seen as an intermediate alter-
native between metallic waveguides
and planar circuits.

Recently, UWB components and fil-
ters have gotten the attention of many
researchers, with designs mainly fo-
cused on planar circuits.19 The struc-
ture presented in Figure 8 is an ap-
proach for realizing UWB filters based
on LTCC.20 The module shown in Fig-

36 MICROWAVE JOURNAL � NOVEMBER 2008

corners. To overcome this problem
modified models are used in the
simulations, including the effect of
the tool in the manufacturing (see
for instance the different rounding
in Figures 5c and 5d, related to dif-
ferent types of construction). Manu-
factured diplexers using such modi-
fied filter models have almost identi-
cal measured and simulated
responses. The modified filters also
allow the use of relatively large ra-
dius tools, which can reduce the
manufacturing difficulty and cost. 

Other additional considerations
can be easily included in the simula-
tions to reduce the production cost.
For instance, the asymmetric induc-
tive window filters shown in Figure
4b (instead of using symmetric irises
as in Figure 5b) reduce to almost one
half the path that a milling tool must
cover in the production line (and thus
the time and cost). All these consid-
erations have been taken into account
into the millimetre-wave diplexer in
Figure 4c.

Finally, it is important to ade-
quately select the elements of the
diplexer. Specifically for the power
divider, E- or H-plane T-junctions
are used for narrow to medium
bandwidth applications. However,
E-plane bifurcation is preferred for
diplexers with broadband channels
or with large frequency separation
between channels. The manifold
structures, where all the filters are
connected to a main waveguide, are
very common in contiguous band
applications. An example is shown
in Figure 6. All the channel inter-
actions are considered in the full-
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METALLIC ENCLOSURE

HOMOGENEOUS
DIELECTRIC

LTCC METALLIZATION
LAYERS

(a) (b)

VIA FENCE WALL TO APPROX.
THE SOLID METALLIC WALL

METALLIC BLOCK

STACK-UP LTCC DIELECTRIC LAYERS TO
APPROX. HOMOGENEOUS DIELECTRIC

� Fig. 7  (a) Homogeneously dielectric-filled ridge waveguide with solid metallic wall; (b)
LTCC implementation: the vertical solid walls of the ridge waveguide are approximated by a via
fence.
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� Fig. 8  Theoretical and experimental
results for the LTCC filter module in the
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� Fig. 9  Simulated performance (mm and
HFSS) for a LTCC ridge waveguide diplexer.
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with a general purpose tool such as
HFSS.4 This part of the design is car-
ried out when one feasible set of di-
mensions have already been obtained
and, thus, the longer simulation times
can be tolerated. The comparisons be-
tween the simulations and the experi-
mental measurements are shown in
Figure 8d, showing good agreement.

The same type of manufacturing
concepts can be used to design
wideband multiplexers.21 For in-

stance, Figure 9 shows a diplexer
designed for LTCC integration.
Channel filter 1 and channel filter 2
are ridge waveguide filters based on
the same approach as in Figure 7.
The two filters are connected by a
ridge waveguide power divider in E-
plane configuration. The analysis
and design of the diplexer is carried
out by MM, and then is checked
with HFSS. The responses are
shown in Figure 9.

Dielectric Loaded Resonator Filters
The breakthrough in ceramic ma-

terial technology, the significant
progress in satellite communications
in the late 80s and the rapid expan-
sion of mobile communications in
the 90s have revived interest in di-
electric resonator (DR) applications
for a wide variety of microwave cir-
cuit  configurations and sub-
systems.22,33 New high dielectric
constant materials with high quality
factor and low temperature coeffi-
cient were developed. The material
can have the desired small control-
lable temperature coefficients over
the useful operating temperature
range. In addition, new filter config-
urations such as single and dual-
mode filters with elliptic function
responses were developed. These
filters have the advantages of low
loss, smaller size and superior tem-
perature stability. A detailed review

38 MICROWAVE JOURNAL � NOVEMBER 2008Visit http://mwj.hotims.com/16347-68

� Fig. 10  Basic building blocks of TE mode
DR filter: (a) aperture coupled quadruplet;
(b) probe coupled tri-section; (c) probe
coupled quadruplet; and (d) probe coupled
tri-section.
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of the design and realization of sev-
eral dielectric resonator filters can
be found in Reference 22.

The TE01δ mode filter with planar
layout offers many advantages over
an in-line configuration and there-
fore it has been widely used in the
base stations for mobile communica-
tion systems.26,33 TE01δ mode is the
most commonly used mode in DR
filters because it is the fundamental
mode of the DR and it has no degen-

erate mode. As a result, TE01δ single-
mode filters offer the advantages of
design simplicity, flexibility in layout
options and low-cost manufacturing.
TE mode filters can have planar lay-
out which is very suitable for mass
production.

Non-adjacent coupling can be
used to realize advanced filter fea-
tures, such as quasi-elliptic func-
tion, constant delay and asymmet-
ric responses. Quadruplet and tri-

sections can be regarded as basic
building blocks to generate sym-
metric and asymmetric transmis-
sion zeros. A non-adjacent coupling
can be realized with quadruplet
and tri-sections for TE mode cavi-
ties and their equivalent coupled-
resonator model are shown in Fig-
ure 10,33 where magnetic coupling
is regarded as positive coupling and
denoted by an inductor. The non-
adjacent coupling, which has oppo-
site sign with adjacent coupling, is
regarded as negative coupling and
denoted by a capacitor. It is inter-
esting to note that relative signs of
the cross-coupling realized by an
iris in a planar quadruplet and tri-
sections are different,  as is  the
cross-coupling by probe. The cou-
pling property of the tri-section is
also different from other commonly
used types of  cavi t ies ,  such as
waveguide and comb-line cavities
because of the different field distri-
butions of the resonator mode.

An example of a five-pole TE
mode DR filter can be found in this
reference.33 The filter used three
non-adjacent aperture couplings in-
cluding both inductive and capaci-
tive couplings and achieved frequen-
cy response with three transmission
zeros all at the lower side of the
passband. The coupling matrix of
this filter is:

40 MICROWAVE JOURNAL � NOVEMBER 2008Visit http://mwj.hotims.com/16347-43

� Fig. 11  Layout of the five-pole TE mode
DR filter and the magnetic field orientation
of the resonator.
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� Fig. 12  Measured frequency responses
for the five-pole TE mode DR filter.
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The filter layout is shown in Figure 11. The orientation
of the magnetic field near the cavities sidewall is also shown
in Figure 11 to justify that the couplings M24(–), M25(+) and

R R

M

1 2 1 3000

0 0108 1 0120 0 0 0 1093
1

= =

⎡⎣ ⎤⎦ =

− −

.

. . .
.00120 0 0114 0 3328 0 4933 0 4608

0 0 3327 0 53
− −

−
. . . .

. . 662 0 2042 0
0 0 4933 0 2042 0 2641 0 9011

1093

.
. . . .

.
− −

− 00 4608 0 0 911 0 0140. . .−

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥

M15(–) are all implemented by coupling irises. The mea-
sured results are shown in Figure 12. This is an illustrative
example of how new couplings and topologies are combined
with improved materials to provide advanced filters.

CONCLUSION
This paper has illustrated some relevant aspects in the

evolution of filter design methods in the last decades. Al-
though the main theory remains very solid, a deep com-
prehension of filter concepts and the improvement of
CAD tools have led to significant advances in the design
techniques. In addition, there are many stringent specifi-

cations to be met in the applications
demanded by the industry. High se-
lectivity, group delay flatness, power
handling, insertion loss or mass and
volume constrains are some of the
usual requirements that have to be
fulfilled by a microwave filter. As a
result, many technologies and physi-
cal configurations have been intro-
duced and developed to satisfy the
features needed in diverse applica-
tions. The achieved design advances
have followed directions mandated
by the industry to improve the fea-
tures of the filters, reducing the cost
and development time to market. �
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DEFENSE NEWS

The US Army awarded
Raytheon Co. and Boe-

ing a $125 M contract for
the Joint Air-to-Ground
Missile (JAGM) program.
The contract funds a 27-
month technology devel-
opment program to devel-
op and fire three prototype
missiles with fully integrat-
ed tri-mode seekers.

“There is an urgent warfighter need to field this sys-
tem and meet future needs,” said John Weinzettle,
Raytheon’s JAGM program director. “The goal of the
Raytheon-Boeing JAGM team is to deliver an affordable,
reliable and complete system solution that can be inte-
grated into the program’s six required aircraft.”

The JAGM program will produce a single missile solu-
tion for rotary- and fixed-wing platforms and unmanned
aircraft. It is designed to defeat moving and stationary tar-
gets at extended ranges in all weather conditions.

The Raytheon-Boeing JAGM team brings mature, ad-
vance seeker and missile technologies to the program. The
team also has decades of fixed- and rotary-wing integration
expertise. The expected JAGM in-service date is 2016, and
Raytheon is the prime contractor. “The Raytheon-Boeing
JAGM team offers the US Army, Navy and Marine Corps
an outstanding track record of performance in weapons
program development, while delivering reliable products
on time and on cost,” said Carl Avila, director, Advanced
Weapons, Boeing Integrated Defense Systems.

L ockheed Martin an-
nounced the successful

delivery of a space commu-
nications system that will
bring more accurate and
timely decision-making in-
formation to the US Air
Force Space Commanders.
This upgrade to the Com-
batant Commanders Inte-
grated Command and

Control System (CCIC2S) communications processing
system enhances space message delivery reliability to and
from the Space Data Operation center. This final delivery
of CCIC2S Block 1 allows air mission operators, missile
warning operators and space communications operators
to effortlessly reach across the full spectrum of the na-
tion’s space and strategic assets.

“The CCIC2S Block 1 completion modernizes
Cheyenne Mountain Air Force Station’s Command and
Control infrastructure, and significantly improves battle-
space awareness, collaboration and effects based planning
for the warfighter,” said Gerry Fasano, vice president of
C4ISR Solutions for Lockheed Martin’s Information Sys-
tems & Global Services (IS&GS) Mission & Combat Sup-
port Solutions. “The entire team is to be commended for
its significant effort to improve our nation’s defense.”

Lockheed Martin

Upgrades Space

Communications

Processing System

for USAF

US Army Awards

Contract for JAG

Missile

The CCIC2S Communications Processing System up-
grades are part of the Integrated Space Command and
Control (ISC2) contract to modernize and integrate 40
systems inside the Cheyenne Mountain Air Force Station.
With this release, the current Cold-War era system can be
decommissioned, as operations are migrated to this new
system with a flexible, open standard infrastructure that
takes full advantage of commercial products and tech-
nologies. This common architecture allows faster and
more accurate decisions to be made by strategic and the-
ater commanders. This is the third release of the messag-
ing system, adding the space domain to the previously de-
livered air domain, deployed in 2002, and the missile
warning domain, deployed in 2005. CCIC2S provides
comprehensive command and control capabilities to sup-
port existing and future North American Aerospace De-
fense and US Northern Command missions as well as
space & missile defense operations for US Strategic Com-
mand. It integrates previously stovepipe systems for air
surveillance and warning and replacing old hardware and
software with state-of-the-art technology.

Northrop Grumman
Corp. has completed

integrating all electronics
units of the payload mod-
ule for the third Advanced
Extremely High frequen-
cy (EHF) military com-
munications satellite. The
company is under contract
to provide three commu-
nications payloads to ad-

vanced EHF prime contractor Lockheed Martin, Sun-
nyvale, CA. 

The Advanced EHF system will provide global, highly
secure, protected, survivable communications to warfight-
ers operating on ground, sea and air platforms. Integrated
with Lockheed Martin’s A2100 space vehicle structure,
the payload module consists of the complete set of radio
frequency, processing, routing and control hardware and
software that perform the satellite’s protected communi-
cations function. The equipment includes approximately
20 electronics units and approximately 500,000 lines of
software code.

“The successful integration of the third payload mod-
ule keeps us right on track for delivering this payload on
or ahead of schedule, as we did for the first two payload
modules,” noted Scott Willoughby, program director of
Advanced EHF payloads for Northrop Grumman’s Space
Technology sector. “This consistent performance is a tes-
tament to the experience this team has developed over
generations of protected MILSATCOM systems.”

Advanced EHF is the successor to the current Milstar
system. Milstar is the only protected satellite communica-
tions system operating in geosynchronous orbit. It alone
provides US warfighters and leaders with assured, global
communications in the face of jamming and other threats.
One AEHF satellite will provide greater total capacity than

Northrop Grumman

Completes

Integration for

Advanced EHF

Military Satellites
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the entire Milstar constellation. Individual user data will be
five times better. The higher data rates will permit transmis-
sion of tactical military communication such as real-time
video, battlefield maps and targeting data. In addition to its
critical tactical mission, AEHF will also provide the surviv-
able, assured communications to National Command Au-
thority in all levels of conflict. Lockheed Martin is currently
under contract to provide three Advanced EHF satellites
and the Mission Control System to the US Air Force Mili-
tary Satellite Communications Systems Wing, located at the
Space and Missile Systems Center, Los Angeles Air Force
Base, CA. The program is also in the process of producing
long-lead items for a potential fourth spacecraft.

Harris Corp., an inter-
national communica-

tions and information tech-
nology company, intro-
duced the first tactical
satellite terminals with the
capability of transmission/
reception of TOP SE-
CRET global wideband
data communications.
These new terminals are

designed to military standards for operation in harsh envi-
ronments.

Harris Corp.

Introduces

Broadband Global

Area Network

Satellite Terminals

The new Harris RF-7800B Broadband Global Area
Network (BGAN) terminals offer a high-performance
satellite solution for voice and data connectivity in beyond
line of sight, SATCOM-on-the-move and SATCOM-at-
the-quick-halt applications. When linked to next-genera-
tion Harris Falcon III manpack radios or SecNet 54® en-
cryption modules, the RF-7800B terminals provide
unique end-to-end Type 1 HAIPE-certified security for
data transmissions over long range commercial networks.

The RF-7800B terminals can also be utilized as stand-
alone terminals in other configurations to extend voice
and data connectivity. The first two products in the Har-
ris Tactical BGAN line are the RF-7800B-DU024, a
Class 2 Land portable BGAN terminal for dismounted
applications, and the RF-7800B-VU104, a Class 10 Land
Mobile BGAN terminal for vehicles on the move. Both
terminals meet MIL-STD-810F requirements and are
specifically designed to work in harsh environments
where commercial units fail. The terminals utilize the In-
marsat-4 BGAN satellite constellation and will be avail-
able to domestic and international customers in the first
quarter of next year.

“The RF-7800B product line will benefit warfighters
by allowing them to transmit Type-1 voice and data and
access intelligence networks anywhere in the world, in-
cluding in the most adverse environmental conditions,”
said Steve Marschilok, vice president and general manag-
er, US Department of Defense Business. �
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INTERNATIONAL REPORT
Richard Mumford, International Editor

emerging, providing tailored bolt-on power solutions for
base stations. The GSMA is developing metrics for ‘green’
base stations, to support operators in their decision-mak-
ing on providers and products.

The GSMA Development Fund is already working
with several mobile operators to develop renewable pow-
er solutions for a variety of base stations located in diverse
geographies, including the Pacific island of Vanuatu and
in the state of Andhra Pradesh in India.

The UK Ministry of De-
fence has sold the re-

mainder of its shares in in-
ternational aerospace and
defence group QinetiQ.
Over 124 million shares
were sold at a price of
£2.06 each, completing the
final stage of the company’s
privatisation, raising £257.3
M for the UK taxpayer.

In February 2006, QinetiQ Group plc was listed on
the London Stock Exchange. In the year to 31 March
2008, the Group delivered a 19 percent increase in rev-
enue to £1,366 M, including organic growth of 8.6 per
cent, and a 20 per cent increase in underlying operating
profit to £127 M. 

QinetiQ is an international defence and security tech-
nology company with over 8,000 employees in Europe,
the Middle East and Australasia and over 5,500 in North
America. The company’s vision is to be the world’s leading
provider of defence and security-based technology solu-
tions and services. 

Commenting on the sale, Sir John Chisholm, Qine-
tiQ non executive chairman, said, “The MoD’s sale of
QinetiQ shares is consistent with its previously stated
intention that it would sell its entire holding of ordi-
nary shares. Our commercial relationship with the
MoD is unaffected by this sale. The MoD retains its
special share in the company which has no economic
value but, in common with other privatised companies
with strategically important roles, allows the Govern-
ment to protect the national interest.”

A t  a  meeting of  the
fifth Space Council,

ministers  in  charge of
space activities within the
European Space Agency
(ESA) and European
Union Member States
welcomed the progress
made in the implementa-
t ion of  the European

Space Policy and identified further priority areas for
its implementation. 

In particular, the Space Council adopted a Resolu-
tion that highlights the significant advances in the

Space Council

Considers European

Space Policy

UK MOD Sells

Shareholding in

QinetiQ

UK-based fabless semi-
conductor company

Lime Microsystems has
joined the Femto Forum,
the independent industry
and operator association
that supports femtocell de-
ployment worldwide. The
Forum promotes the
adoption of femtocell
technologies through open

standards, market education and ecosystem develop-
ment. The working groups’ mission is to ensure the rapid
and effective deployment of femtocells to support a wide
variety of customer propositions and operator business
models.

Lime Microsystems announced first silicon in April
2008 and the company’s transceiver design can be digital-
ly configured to operate in any required frequency band
between 375 MHz and 4 GHz, with 16 user-selectable
bandwidths up to 28 MHz. This means it can transmit
and receive data across all WiMAX bands (including
those used in different geographical areas), as well as
those used for W-CDMA and HSPA, and those that are
planned for LTE. 

The company will immediately participate in two of the
Forum’s working groups—Marketing and Promotion and
the Radio and Physical Layer. The former looks at how the
industry should best position femtocells within the industry
and to the wider public, build usage cases, agree on com-
mon terminology and manage any potential concerns. The
Radio and Physical Layer group is developing standardised
RF interfaces, clarifying the various capability classes of
femtocell and examining interactions with outdoor cells.

The GSMA has launched
the Green Power for

Mobile programme with
the goal of helping the mo-
bile industry use renewable
energy sources to power
118,000 new and existing
off-grid base stations in de-
veloping countries by 2012.
Achieving that target would
save up to 2.5 billion litres

of diesel per annum and cut annual carbon emissions by
up to 6.3 million tonnes. 

The GSMA, the global trade body for the mobile in-
dustry, forecasts that by 2012 up to 50 percent of new off-
grid base stations in the developing world could be pow-
ered by renewable energy. Backed by 25 mobile opera-
tors, the Green Power for Mobile programme will provide
expertise to support the deployment of base stations that
use renewable energy. 

The major suppliers of base stations have anticipated
the growing demand for green networks and have intro-
duced a variety of low-energy products as well as renew-
able energy power solutions. New entrants are also

GSMA Aims to Turn

Base Stations Green

Lime Microsystems

Joins Femto Forum
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two initial priorities and flagship space programmes
of  the  European Space  Pol icy—Gal i leo  and
Kopernikus. The Council identified the need to draw
up a plan that provides for sustainable operational
funding for Kopernikus and welcomed the proposal
by the European Commission to start this with a new
preparatory  ac t ion  in  the  pre l iminary  budgets  
for 2009. 

The Resolution also addressed the need to strengthen
existing mechanisms for coordinating European expertise
and investments in space as well as to set up mechanisms
to improve synergies between civil and defence space
programmes, respecting the specific requirements of both
sectors, including their decision-making competences and
finance schemes.

The Space Council recognised the substantial contri-
bution of space, as a high tech R&D domain and through
the economic exploitation of its results, to attaining the
Lisbon goals and fulfilling the economic, educational, so-
cial and environmental ambitions of Europe and the ex-
pectations of its citizens. 

On space and security, the Space Council highlighted
the need to define ways and means to improve the coordi-
nation between civil and defence programmes through a
structured dialogue among European institutional actors,
including ESA. 

Saab and Tata Consultan-
cy Services Ltd. (TCS)

have signed a Letter of In-
tent to create an aviation
technology design and de-
velopment centre in India.
The Aeronautical Design
and Development Centre
(ADDC) will be aimed at
the global aviation market
and will create design and

development opportunities in India for both civil and mil-
itary applications.

Through this collaboration Saab and TCS intend to
establish a common development centre that both par-
ties can benefit from and is considered to be the start of
a long relationship that will increase both companies’ op-
portunities to do business within the aviation and de-
fence sectors. 

Within Saab, Combitech will be responsible for estab-
lishing the ADDC, which will create design and develop-
ment opportunities in India for both civil and military ap-
plications. Saab will transfer technology and expertise
within aviation technology. The markets for aero struc-
tures, aero systems, avionics and aftermarket support are
of special interest to the work in the centre. �

TCS and Saab Set Up

Design Centre in

India

INTERNATIONAL REPORT
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Pascall OCXO's hitting
newer lows
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HI-REL MIXERS
For mission critical applications

Miniature hi-rel surface-mount mixers from Mini-Circuits 
are built to handle tough applications in hostile environments.
Featuring hermetically sealed ceramic quads, rugged ADE-R
mixers are supplied in durable plastic packages while
reliable TUF-R mixers are enclosed in laser welded shielded
metal housings. ADE-R and TUF-R mixers cover a frequency
range from as low as 150 kHz through 4 GHz, with models
for a wide selection of LO drive requirements, including +3, 
+7, +10, and +13 dBm. Both versions offer outstanding 
multi octave wideband performance featuring conversion 
loss as low as 5.0 dB, very high isolation up to 50 dB and 
IP3 up to 22 dBm. They are ideal wherever space is at a 

NEW

$395
ea. qty.10-49IN STOCK from

150 kHz to 4 GHz

premium in military, industrial, and commercial applications; 
from UHF/VHF tactical radios to cellular basestations. 

For your mission-critical applications, count on rugged 
surface-mount ADE-R and TUF-R mixers. With a wide
selection of models, you'll find a high-rel mixer optimized 
for your requirements. Visit the Mini-Circuits website at 
www.minicircuits.com for comprehensive performance
data, circuit layouts, and environmental specifications.
Order online for next day shipment.
Mini-Circuits...we're redefining what VALUE is all about!

       RoHS compliantU.S. Patent #7,027,795 and #6,133,525

US Army Photo

U.S. Navy Photos

CERAMIC DIODE QUAD

INSIDE

ADE-R

TUF -R

450 Rev A

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

IF/RF MICROWAVE COMPONENTS

TM

®

ISO 9001 ISO 14001 CERTIFIED

 minicircuits.com

P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
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Case

Metal
Case
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The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

IF/RF MICROWAVE COMPONENTS
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®

ISO 9001 ISO14001 CERTIFIED

On land, sea, and in the air, demanding critical applications call for a switch 
that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramic
RF/microwave SPDT switch is that switch. From 0.5 to 6 GHz this switch
operates in the absorptive mode (good output VSWR in off state ). From 
0.3 MHz to 500 MHz in the non absorptive mode (Output ports reflective in off
state ). The CSWA2-63DR+ at only 4 x 4 x 1.2 mm handles tight spaces; 
provide protection against high moisture environments, and offers outstanding
performance. For tough RF/microwave switch requirements in commercial,
industrial, or military applications, think Mini-Circuits’ new ceramic switch. Visit
our website to view comprehensive performance data, performance curves,
data sheets, pcb layout, and environmental specifications. And, you can even
order direct from our web store and have it in your hands as early as tomorrow!

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

CSWA2-63DR+ In Stock
• Very High Isolation: 63dB @ 1GHz 

to 44 dB @ 6 GHz
• Low Insertion Loss: 1.2 dB
• High IP3: +45 dBm
• Integral CMOS Driver
• Supply current of only 18 micro amps
• 23 ns typical rise/fall time

RoHs
compliant

HIGH ISOLATION. . . 0.3 MHz to6 GHz

RFSWITCHES
CERAMIC HERMETICALLY-SEALED
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from ea.(Qty.10-49)

$
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NEW

4 mm Square Package
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COMMERCIAL MARKET

scene, with Clearwire expected to launch its network in
September 2008. For this reason, LTE proponents have
jumped up their efforts to speed up development.

Several factors are expected to affect the rate of adop-
tion of LTE and WiMAX over the next three to five years:
• All of the world is watching the Sprint-backed Clear-
wire Mobile WiMAX network roll-out. The success of this
roll-out is expected to have a huge effect on whether large
worldwide carriers will roll out Mobile WiMAX. Launch is
scheduled for 4Q08.
• Verizon Wireless has chosen LTE as its 4G technology
of choice instead of WiMAX. Verizon Wireless, like
Sprint, had been a strong candidate for WiMAX adoption,
due to its core CDMA network. Its decision puts a
damper on the assumption that carriers with CDMA net-
works will choose WiMAX; on the contrary, now the as-
sumption is that most will choose LTE. The company is
also targeting an aggressive roll-out of LTE in 2010.
• HSPA may turn into 802.16e WiMAX’s true competi-
tor, as HSPA roll-outs increase worldwide, and carriers
look to HSPA Evolution to push network throughputs to
20 Mbps and beyond.
• Edge Evolved may come on the scene in regions where
WCDMA has not yet been deployed by GSM operators,
offering a fairly inexpensive and easy upgrade with
promising throughput gains. Carriers’ decisions to adopt
Edge Evolved may delay these carriers’ upgrade to 
WCDMA/HSPA, and furthermore, LTE.
• Carriers that have rolled out HSPA are more inclined
to roll out HSPA Evolution, which offers high through-
puts of up to 40 Mbps. This is expected to delay the be-
ginning of commercial LTE roll-outs until the 2012-2013
timeframe.

The fledging market for
ultra-mobile devices

(UMD)—a catch-all term
that includes ultra-mobile
PCs (UMPC), netbooks
and mobile Internet de-
vices (MID)—is already
complex and will become
more complicated as it
grows. A few salient fore-
cast numbers may serve to

guide vendors and investors as they negotiate this tricky
landscape. According to ABI Research principal analyst
Philip Solis, “Total revenues earned by vendors in the
UMD market are expected to increase from $3.5 B in
2008 to nearly $27 B in 2013.”

This year, retail sales account for only 14 percent of
shipments, while UMDs provided by mobile operators
stand at nearly 30 percent; the balance are sold directly by
manufacturers. Over five years, however, that distribution
mix will change significantly. Operators currently subsi-
dize UMDs for the sake of their potential service revenue,
but they would prefer not to. By 2013, only 20 percent
will be operator-provided, while retail sales are expected
to account for 75 percent.

Forecasts Highlight

Rapid Evolution of

Ultra-mobile Device

Market

The global market for
RF power semiconduc-

tors used in broadcasting is
much larger than years of
“conventional wisdom”
have suggested, according
to a new study from ABI
Research. Its growth is be-
ing driven by the current
explosion in digital broad-
casting, both television and

radio. This market is expected to remain very healthy for
the next decade. “Historically, this market has been
viewed as flat and not very exciting,” says research direc-
tor Lance Wilson. “In general, most RF power semicon-
ductor vendors have overlooked and dismissed it. That, it
turns out, is a grave error. To date, this market has never
been comprehensively examined and we found that it is
much bigger—approximately twice the size—than sug-
gested by the conventional wisdom.” This sizable market
is being powered by the explosion in digital broadcasting,
both television and radio, but especially TV. Some analog
TV services are starting to decline somewhat, but the total
demand for RF power semiconductors for broadcasting
looks very promising for the next 10 years. Regionally,
growth will be driven by the phased switchover to digital
TV as it occurs in different countries.

Part of the reason for earlier assessments of this mar-
ket has been that many of these semiconductors have
been sold through electronic component distribution
sales channels, making it more difficult to know where
the parts are going. These channels have now been fac-
tored into the market forecast.

What kind of opportunity does this unexpectedly thriv-
ing market environment present for existing and new ven-
dors? “Historically, this market favored well-established
incumbents,” says Wilson. “But it is not at all an adverse
environment for new entrants if performance and pricing
goals are met.”

In 2008, the road to 4G
has cleared a bit, with Ul-

tra-mobile Broadband
(UMB) left publicly by the
roadside. However, the two
remaining “4G” technolo-
gies, LTE and WiMAX, still
present much speculation
and confusion, InStat re-
ported. Generally, “4G”
technologies are considered

those which are expected to meet the ITU’s IMT-Ad-
vanced’s requirements, i.e. LTE and IEEE 802.16m
WiMAX. Both of these are based on OFDM and offer the
potential for download speeds of 100 Mbps and upload
speeds of 50 Mbps. Both 4G technologies, talking from the
perspective of 100 Mbps technologies, are far from being
commercially deployed. However, 802.16e Mobile WiMAX
(802.16m’s slower predecessor) is starting to come on the

The Road to 4G

Broadcast RF Power

Semiconductor

Market Larger than

Assumed
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Coupling
(dB) P/N

Freq.
 Range
(MHz)

Ins.
Loss

dB max.

30 ± 1
50 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1
30 ± 1
40 ± 1
50 ± 1

2-32
2-32

0.5-50
0.5-100
0.5-100
20-200
20-400

100-500
500-1000

1.10:1
1.10:1
1.10:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1
1.15:1

C30-104-481/2*
C50-101-481/1N
C50-100-481/1N
C30-102-481/2*
C40-103-481/2*
C50-108-481/4N
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C40-105-481/4N
C50-106-481/4N

Directivity greater than 20 dB
*  Available in SMA and N Connectors

Directional Couplers

Outline 450/1N

0.10
0.06
0.10
0.30
0.20
0.20
0.30
0.20
0.20

VSWR
In/Out
max.

Input
Power
max.

Dual High Power

100w
2500w
2000w

200w
200w
500w

50w
500w
500w

Isolation
(dB) P/N

Insertion
Loss

dB max.

25
18
20
25
20
20

20
25
20
20

High Power Combiners

0.3
0.5
0.4
0.5
0.3
0.3

0.6
1.2
1.5
1.5

Total Input
Power
max.

25 to 400 Watt Input
VSWR
max.

1.20:1
1.40:1
1.30:1
1.20:1
1.30:1
1.30:1

1.30:1
1.40:1
1.50:1
1.50:1

Freq.
 Range
(MHz)

800-1000
800-2200

1700-2200
10-250
250-500
500-1000

20-400
100-700
30-1100
5-1500

PPS2-12-450/1N
PPS2-10-450/1N
PPS2-11-450/1N
PP2-13-450/50N
PPS2-16-450/20N
PPS2-15-450/20N

PP4-50-452/2N
P4-P06-440
P4-P09-440
P4-P10-440

100w
100w
100w
200w
100w
100w

400w
25w
25w
25w

2-Way

4-Way

*  Available in SMA and N Connectors

Outline 452/2N Outline 481/4NOutline 481/2S
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In 2013, more than half of all UMDs will have x86
processors at their heart (largely Intel’s Atom), with the
balance based on ARM processors. When it comes to op-
erating systems, in 2013 Linux will outnumber Windows
devices by two to one across all UMDs, despite the higher
return rate for Linux products (compared to Windows
products) experienced by netbook vendors today.

D riven by the still rising
number of broadband

subscribers, the desire to
share bandwidth, residen-
tial gateway use by telecom
broadband providers, and
increases in Asia/Pacific,
the worldwide installed
base of home networks is
expected to break the 200
million mark by the end of

2008. Compared to previous years, the growth of the total
market for broadband and network customer premises
equipment (CPE) is slowing, but is expected to remain
positive through at least 2012 as technological upgrades
will spur replacements, reports In-Stat. The total CPE
market includes broadband modems, routers and residen-
tial gateway equipment for DSL, cable, fiber-to-the-home

Healthy Growth in

Global Home

Networks Despite

Potential Issues

(FTTH), Fixed Wireless Broadband (FWB) and Fixed
Satellite Broadband (FSB), the high-tech market research
firm says.

“With worldwide broadband subscribers predicted to
exceed 500 million in 2010, there will be a very significant
installed base of equipment that presents opportunities
for replacements and upgrades,” says Joyce Putscher, In-
Stat analyst. “Gigabit Ethernet, VoIP, the DSL Forum’s
TR-69 and 802.11n are examples of drivers for CPE up-
grades and replacements over the next several years. But
we see a potential issue in terms of consumers’ lack of
knowledge regarding the benefits and differences be-
tween 802.11g and 802.11n, which could spell trouble for
802.11n upgrades.”

Recent research by In-Stat found the following:
• Worldwide CPE unit shipments grew 15 percent in
2007 by 149 millions.
• By 2010, gateways will garner a majority share of global
annual CPE revenue.
• By 2012, routers are expected to still be comprised of a
higher percentage of wireless units than DSL gateways.
Asia/Pacific’s share of routers will continue to increase
through 2011.
• Worldwide home LAN PHY interface shipments will
surpass 500 million during 2010.
• “Green” network equipment is not among the most im-
portant features in consumers’ minds. �
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AROUND THE CIRCUIT

INDUSTRY NEWS

The Fordahl Group based in Switzerland and FOQ 
Piezo Technik GmbH based in Germany have signed a 
Management, Commercial and Technical agreement that 
will lead to the creation of the largest European crystal and 
oscillator manufacturing group. This initiative is not only 
aimed at strengthening Fordahl-FOQ’s activities in the crys-
tal and oscillator market worldwide, but will also enable cus-
tomers to benefi t from a wider product range through one 
single commercial channel. It is claimed that the combina-
tion of the merged group’s three factories, engineering and 
commercial teams will enable it to provide the best techni-
cal and cost-effective solutions to any requirements under 
one single umbrella. Nils Engdahl has been appointed as the 
new CEO of FOQ Piezo Technik GmbH.

Following the purchase by Cobham Defense Elec-
tronic Systems of M/A-COM Inc. on 26 September, 
M/A-COM Technology Solutions Inc. (M/A-COM
Tech) has been formed. The company will continue 
to focus on commercial, industrial and government 
markets, specializing in RF, microwave and millimeter-
wave component and technology solutions that are 
utilized around the globe in some of the most challenging 
applications. These include wireless infrastructure, 
handsets, WLAN, WiMAX, CATV, VSAT, automotive, test 
and measurement, radar and government solutions and 
applications. Headquartered in Lowell, MA, M/A-COM 
Tech will build on some 60 years of experience to develop 
and manufacture active and passive products, including 
Si- and GaAs-based semiconductors from facilities in 
Lowell, MA and Torrance, CA. Infrastructure products will 
continue to be provided by the company’s facility in Cork, 
Ireland and Laser Diode products in Edison, NJ.

Skyworks Solutions Inc. and Ember, a leader in Zig-
Bee® technology, announced that they are partnering to 
develop a portfolio of ZigBee front-end modules (FEM) 
targeting applications such as smart meters in energy man-
agement, home area networks (HAN) and industrial auto-
mation. ZigBee is a wireless network standard that solves 
the unique needs of remote monitoring and control, and 
sensor-network applications.

The Micromanipulator Co., a supplier of analyti-
cal probing solutions for semiconductor wafer testing, an-
nounced that it has entered into a collaborative business 
development alliance with Presto Engineering, San Jose, 
CA. Presto provides product engineering services to the 
semiconductor industry. The primary objective of this alli-
ance is to enhance access to Presto’s wafer-level advanced 
in-silicon analysis services for customers needing 300 
millimeter wafer probing support. Micromanipulator and Pres-
to can now offer probing support services to integrated device 
manufacturers (IDM) and fabless semiconductor manufactur-
ers, which are broadly represented in Silicon Valley. Under this 
agreement, the Presto facilities in San Jose, CA will also serve 
as a product demonstration site for Micromanipulator.

Agilent Technologies Inc. and Altair Semiconduc-
tor announced they will collaborate to accelerate the de-
velopment of Mobile WiMAX devices. The companies 
plan to optimize the calibration and verifi cation of Altair’s 
Mobile WiMAX chipset using Agilent’s Wireless Network-
ing Test Set. As a result, handheld-device manufactur-
ers implementing Altair’s Mobile WiMAX chipset will be 
able to quickly and effi ciently test and verify their Mobile 
WiMAX devices.

TECOM Industries, a Smiths Interconnect compa-
ny that is part of the global technology business Smiths 
Group, and German antenna developer QEST Quan-
tenelektronische Systeme GmbH announced a teaming 
agreement to jointly produce and market airborne broad-
band antennas for in-fl ight connectivity. In response to the 
growing market demand, the partnership between the two 
companies aims to deliver antenna products that are tech-
nologically superior within shortest time-to-market.

RMI Corp., a provider of high performance processors 
for communication and media, has increased its partner al-
liance members to include CSR and SiGe Semiconduc-
tor. These new partners were selected to work with RMI 
to deliver a low cost GPS implementation in RMI’s mPND 
reference solution. 

AWR, a leader in high frequency EDA, and Men-
tor Graphics® Corp., a market and technology leader in 
printed circuit board (PCB) design solutions, announced 
AWR Connected™ for Mentor Graphics. This new syn-
ergy of design fl ow between AWR and Mentor Graphics 
obsoletes fi le translation between Mentor Graphics’ Expe-
dition Enterprise design environment and AWR’s Micro-
wave Offi ce® microwave and RF design environment. The 
resulting design and simulation solution is easy to learn and 
use and its operation is fully transparent to the user.

7 layers upgraded its Irvine, CA, test and service center 
with High Speed Uplink Packet Access (HSUPA) test ca-
pabilities from Rohde & Schwarz. 7 layers operates inde-
pendent laboratories for wireless technologies, accredited 
in accordance to ISO 17025. By adding these new services 
to its already extensive test capabilities for the mobile in-
dustry, it will become the fi rst independent laboratory in 
North America that can run the required HSUPA test cas-
es locally.

Tektronix Inc., a provider of test, measurement and 
monitoring instrumentation, announced plans to open 
a series of Test and Measurement Centers of Excellence 
around the world equipped with state-of-the-art technol-
ogy. Each center will be staffed by application engineers to 
consult with customers and demonstrate testing solutions 
for high speed serial data technologies like Serial ATA and 
DisplayPort. Initially, centers are planned for Santa Clara, 
CA, Shanghai, China, Taipei, Taiwan, and Tokyo, Japan.

EMS Technologies Inc. held a groundbreaking cele-
bration for a new, 30,000-square-foot expansion of its De-
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fense & Space Systems Division (D&SS) facilities, located 
in Gwinnett’s Technology Park, Norcross, GA. More than 
300 employees and special guests attended the event on 
September 29. The expanded facility is scheduled to be 
completed in March 2009 and will serve as the new home 
for much larger labs and facilities for the division’s machine 
shop, B-2 lab, environmental lab and integration and test 
lab, among others.

RF Micro Devices Inc. (RFMD®), a leader in the de-
sign and manufacture of high performance semiconductor 
components, announced it has captured design wins on 
more than 10 upcoming Samsung 3G handsets, supporting 
Samsung’s anticipated growth in 3G handset sales. Based 
upon current customer forecasts, RFMD anticipates vol-
ume shipments to commence in the December 2008 quar-
ter and accelerate into calendar 2009.

Jacket Micro Devices Inc. (JMD), a leader in 
embedded passive technology, announced that it has been 
awarded patent number 7,439,840 from the US Patent 
and Trademark Offi ce. The patent, entitled “Methods and 
Apparatus for High-performing Multi-layer Inductors,” 
is JMD’s seventh patent related to organic embedded 
component design and technology.

Rogers Corp.’s Bisco® Silicones quality management 
system has been accredited by Underwriters Laboratories 
for AS9100, the quality management system standard for 
the aerospace industry for the design and manufacture of 
high performance silicone elastomer materials.

IMI Inc., a provider of technologically-advanced 
commercial, military and RF/microwave (Tefl on) printed 
circuit boards, has received the AS 9100B:2004/ISO 
9001:2000 registration for its Haverhill, MA facility. 
AS9100 is an internationally recognized aerospace industry 
standard for quality assurance in design, development, 
production and service.

CONTRACTS

Elcom Technologies Inc. announced receipt of orders 
totaling $2.8 M from two major US military contractors 
for Elcom’s Ultra Fast Switching series of direct analog 
synthesizers. The application demands exceptionally fast 
switching speeds and low phase noise, technologies where 
Elcom is an industry leader.

OEwaves Inc. has been awarded a contract by UCLA 
to develop a wideband, high dynamic range EO resonator 
modulator prototype that is highly sensitive and small in size, 
weight and power (SWAP), ideal for high performance re-
ceiver front-end applications. OEwaves will prototype the 
EO resonator modulator and integrate it with an all-dielec-
tric antenna for the radio front-end. The UCLA ADNERF 
effort is part of the DARPA Electro-Magnetic Pulse Toler-
ant Microwave Receiver Front-end (EMPIRE) program.

DragonWave Inc., a supplier of next-generation point-
to-point microwave radio systems, announced that Altitude
Infrastructure, a subsidiary of Altitude Group, has select-
ed DragonWave products to provide high capacity Ether-
net backhaul as part of its rollout of WiMAX broadband 
services across France. Altitude has pioneered WiMAX 
service introduction in France. Its fi rst deployments took 
place in 2004. To date, DragonWave’s Ethernet backhaul 
solution has been selected for four regional deployments in 
the Département de la Haute Garonne, Département des 
Deux Sèvres, Département du Jura and Département des 
Pyrénées Atlantiques.

NEW MARKET ENTRIES

Incyte Inc. announced complete digital IC design sup-
port for analog/RF design groups. Incorporated in 1996 with 
focus on IC physical design services and consulting, Incyte 
has expanded its capabilities to offer full digital design and 
integration support. With extensive experience in custom 
analog, custom digital and ASIC-based design fl ows, Incyte 
is well positioned to assist analog design groups with their 
digital needs. A strong CAD engineering background en-
sures well thought out and proven design fl ows. Whatever 
the approach, analog on top, digital on top or mixed signal 
on top, Incyte offers the experience to successfully imple-
ment RTL through verifi ed IC layout. To learn more, e-mail: 
info@incyte-inc.com or visit www.incyte-inc.com.

RFCONNEXT Inc. has been established to provide new 
interconnect products and services for high speed digital 
and RF/microwave/optical communication systems. The 
company has developed PMTL™, a new patent pending, 
transmission line technology, for high speed interconnect 
and packaging of devices and systems. The initial PMTL 
ufl ex cables provide stable phase, group delay and imped-
ance, with low insertion loss and extremely low cross talk, 
under bending, twisting, and mechanical distress, from DC 
to 50 GHz, and scalable to work to 220 GHz and beyond. 
For more information, visit www.rfconnext.com, e-mail: 
info@rfconnext.com or call (408) 981-3700.

Nuvotronics announced that its PolyStrata™ Microfab-
rication process is now available for use in commercial mar-
kets including RF electronics, medical and biomedical, and 
sensing. This process, originally developed under DARPA 
grant funding, has never before been released for commer-
cial availability. Nuvotronics is a small business that was es-
tablished by a group of seasoned high-tech entrepreneurs in 
June of 2008. Nuvotronics acquired the Rohm and Haas Mi-
crofabrication business in Blacksburg, VA this past July. For 
more information on PolyStrata multi-user runs, visit www.
nuvotronics.com or e-mail: sales@nuvotronics.com.

NuSil Technology is a manufacturer of silicone-based 
materials for the aerospace, electronics, photonics and 
healthcare industries. NuSil’s offerings include dispersions, 
gels, adhesives, sealants, coatings, resins, fl uids, fl uorosili-
cones, high-consistency elastomers, electrically and thermal-
ly conductive elastomers, liquid silicone rubbers and con-
trolled volatility materials. ISO-9001-certifi ed since 1994, 
NuSil operates state-of-the-art laboratories and processing 
facilities in North America and Europe and provides on-site, 
in-person application engineering support worldwide.

AROUND THE CIRCUIT

11M06 FINAL.indd 60 11M06 FINAL.indd   60 10/30/08 8:30:13 AM10/30/08   8:30:13 AM

mailto:info@incyte-inc.com
http://www.incyte-inc.com
http://www.rfconnext.com
mailto:info@rfconnext.com
mailto:sales@nuvotronics.com
http://www.nuvotronics.com
http://www.nuvotronics.com


QUINSTAR TECHNOLOGY, INC.
24085 Garnier Street, Torrance, CA 90505
Tel 310-320-1111 • Fax 310-320-9968

sales@quinstar.com
www.quinstar.com

QUINSTAR
TECHNOLOGY, INC.

Millimeter-Wave Products 18-220 GHz
★ Antennas, amplifiers, oscillators, converters,

control devices and passive components
★ Subsystems and integrated modules
★ Custom products and engineering services

COMPLETE MILLIMETER-WAVE
FRONT END SOLUTIONS 
FOR YOUR SYSTEMS

MWJ_NOV2008_QUINSTAR.indd 61MWJ_NOV2008_QUINSTAR.indd   61 10/29/08 11:10:45 AM10/29/08   11:10:45 AM

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


62  MICROWAVE JOURNAL  NOVEMBER 2008

AROUND THE CIRCUIT

PERSONNEL

ProVision Communications, a wireless video and RF 
network planning company, has announced the appoint-

ment of former Lucent EMEA chief 
executive David C W Rogers as its new 
chairman. The appointment comes at a 
strategic time for Bristol, UK-based 
ProVision as it is rapidly developing its 
business to take advantage of new mar-
ket opportunities for wireless video. 
Rogers has held a number of senior po-
sitions in the broadcast and consumer 
electronics industry, including those of David C W Rogers
CEO of Amstrad, vice president, Phil-

ips Consumer Communications, and president and CEO 
EMEA of Lucent Technologies. He was the founding 
chairman and CEO of BluArc Inc., and is also chairman of 
Mirifi ce Ltd. 

Park Electrochemical Corp. announced the appointment 
of Patrick Crowley as president of Nelco Products Pte. Ltd., 
Park’s high technology electronics circuitry materials and ad-
vanced composite materials subsidiary located in Singapore. 
Crowley will also serve as president of Nelco Technology Ltd., 
Park’s electronics circuitry materials subsidiary located in Zhu-
hai, China. Crowley will be located in Singapore.

Quantum Leap Packaging Inc., a provider of high per-
formance semiconductor packaging, announced the ap-
pointment of Byoung Lee as chief fi nancial offi cer. Lee has 
over 15 years of experience in RF/microwave, semiconduc-
tor, and defense & space electronics industries. He served 
as executive/senior fi nance positions in both publicly-held 
and private research, engineering and manufacturing com-
panies. He was most recently the chief fi nancial offi cer/VP 
special projects at REMEC Defense & Space.

Mimix Broadband Inc., a supplier of microwave and 
millimeter-wave gallium arsenide (GaAs) semiconductors, 
announced that it has appointed Guy Krevet as vice presi-
dent special projects. Krevet will focus on establishing stra-
tegic practices to maintain operational excellence across 
manufacturing, engineering and quality functions as Mimix 
continues to grow. Most recently with RFMD and Sirenza 
Microdevices, Krevet brings to Mimix more than 35 years 
experience at leading RF manufacturing companies. By 
providing expertise in the areas of new product line de-
velopment, off-shore manufacturing, operational integra-
tion, acquisition outsourcing and product line optimiza-
tion, Krevet has enabled growth oriented organizations to 
achieve operational excellence.

ClearComm Technologies LLC, a custom designer of cus-
tom designed fi lter products for the commercial, military and 
wireless markets located in Fruitland, MD, announced the ap-
pointment of Joe Bartholomew to the role of VP of engineer-
ing. In his role, he will be responsible for managing the engi-
neering department, designing and prototyping cavity comb-
line and ceramic waveguide fi lter products, and assisting 

Relax...it works
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manufacturing for ClearComm Technolo-
gies LLC. In addition, he is tasked with 
maintaining excellent relations with 
ClearComm’s existing clients as well as in-
troducing new products and services to 
their clients and to prospective customers. 
Most recently, Bartholomew was em-
ployed at Powerwave Technologies in 
Salisbury, MD as a senior principal design Joe Bartholomew

engineer. Prior to Powerwave, he was em-
ployed at FSY Microwave in Columbia, MD as a design 
engineer. 

Tahoe RF Semiconductor Inc., a growing RF semi-
conductor company, announced that Hans Drop-
mann has joined as VP of marketing and business 
development to help guide the company in its next 
phase of growth. Dropmann brings to Tahoe RF 
a wealth of experience as a proven executive in RF semi-
conductor business. He previously worked for Maxim Inte-
grated Products Inc. as a director and business manager of 
wireless products where he grew the handset and cellular 
component business to an aggregate reaching well into the 
triple digit million dollars. 

Analog Devices Inc. has appointed Shalini Palmer as 
Northern Europe 
sales director and 
Kevin Carlin as 
Central Europe sales 
director. Both ap-
pointments bring a 
wealth of experience 
into the European 
sales operation as Shalini Palmer Kevin Carlin
the company looks 

to expand its coverage in the region. Palmer joins from In-
tersil where she served as regional sales director for North-
ern Europe and played a major role in engaging with key 
customers, understanding customer needs, and recom-
mending sustainable solutions. Carlin most recently served 
as regional sales manager for Central Europe at Texas In-
struments, a role he held for four years. With 10 years’ expe-
rience in technical sales, he has a strong understanding of 
the European semiconductor market. 

Crane Aerospace & Electronics, a segment of Crane 
Co., has announced the appointment of Dominic Chow as 

director of custom power solutions. In 
this capacity, Chow will be responsible 
for program management, new busi-
ness development, strategic planning, 
management of business relationships 
with key customers, as well as Custom 
Power Solutions profi t and loss. Chow 
joined Crane in 1984 as a mechanical 
engineer and has held a series of suc-Dominic Chow
cessively more responsible positions in 

the company since that time. Most recently, he led the 
business development and business management func-
tions for Custom Power. 
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D Q

Q

DIN

D1

D2

LIMITER

CLK
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3 Gbps

3 Gbps

3 Gbps

ULTRA LOW JITTER PERFORMANCE FOR COMMUNICATION & MEASUREMENT SYSTEMS!

Contact Us for Your High Speed Analog, Digital & Mixed-Signal Product Requirements

  Low Jitter: 1 - 2 ps Peak-to-Peak

  Low Power Dissipation, 250 mW 
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  -40 to +85 °C Operation

Fiber Optic Serial Data Link

Now Featuring Fast Rise Times

NEW!

IN-STOCK HIGH SPEED DIGITAL LOGIC ICs
Data / Clock Rate 

(Gbps/GHz)
Function

Rise / Fall 
Time (ps)

Deterministic 
Jitter (ps)

Differential Output 
Voltage Swing (Vpp)

DC Power 
(mW)

Vee Power 
Supply (Vdc)

Hittite 
Part Number

Inphi
Part Number

13 / 13 1:2 Fanout Buffer * 22 / 20 <1 0.4 - 1.1 240  -3.3 HMC670LC3C

13 / 13 Fast Rise Time 1:2 Fanout Buffer * 19 / 18 2 0.6 - 1.1 300 -3.3 HMC720LC3C

13 / 13 Fast Rise Time 1:2 Fanout Buffer 19 / 18 2 1.1 300 -3.3 HMC724LC3C 13616CF

13 / 13 2:1 Selector * 17 / 15 2 0.6 - 1.2 250 -3.3 HMC678LC3C

13 / 13 2:1 Selector 17 / 15 2 1.1 250 -3.3 HMC728LC3C 20708SE

13 / 13 AND / NAND / OR / NOR * 22 / 20 <1 0.4 - 1.1 180  -3.3 HMC672LC3C

13 / 13 Fast Rise Time AND / NAND / OR / NOR * 19 / 18 2 0.6 - 1.1 230 -3.3 HMC722LC3C

13 / 13 Fast Rise Time AND / NAND / OR / NOR 19 / 18 2 1.1 230 -3.3 HMC726LC3C 13612OR

13 / 13 D Flip-Flop * 22 / 20 <1 0.4 - 1.1 210  -3.3 HMC673LC3C

13 / 13 Fast Rise Time D Flip-Flop * 19 / 17 2 0.7 - 1.3 260 -3.3 HMC723LC3C

13 / 13 Fast Rise Time D Flip-Flop 19 / 17 2 1.1 260 -3.3 HMC727LC3C 13600DF

13 / 13 NRZ-to-RZ Converter * 15 / 13 2 0.3 - 1.2 594 -3.3 HMC706LC3C 13707RZ

26 / 26 T Flip-Flop w/ Reset * 18 / 17 2 0.4 - 1.1 270 -3.3 HMC679LC3C

26 / 26 T Flip-Flop w/ Reset 18 / 17 2 1.1 270 -3.3 HMC729LC3C
13620TF, 
25720TF

13 / 13 XOR / XNOR * 22 / 20 <1 0.4 - 1.1 180  -3.3 HMC671LC3C

13 / 13 Fast Rise Time XOR / XNOR * 19 / 18 2 0.6 - 1.2 230 -3.3 HMC721LC3C

13 / 13 Fast Rise Time XOR / XNOR 19 / 18 2 1.1 230 -3.3 HMC725LC3C 13610XR

* These products feature user selectable output amplitude.

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!
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ment with Richardson, which previously covered Southeast 
Asia, Japan and the entire western hemisphere.

IET Labs Inc., a manufacturer of manual and 
programmable standards, substituters and instruments 
for calibration, test, measurement and metrology 
applications, announced a new exclusive government 
services partnership with Technical Communities, a 
service provider for technical organizations that sell to US 
government agencies, military organizations and prime 
federal contractors. The agreement authorizes Technical 
Communities to provide IET Lab products.

C&K Components, an international supplier of tact 
switches, toggle, rocker and push button switches, and 
smart card interconnect devices, announced that it has 
signed a distribution agreement with TTI Inc., a passive, 
connector and electromechanical specialist distributor in 
the electronics industry.

MITEQ Inc. announced the appointment of Beacon 
Technical Sales Inc. as the company’s exclusive sales rep-
resentative in Connecticut (excluding Fairfi eld County), 
Maine, Massachusetts, New Hampshire, Rhode Island 
and Vermont. Beacon Technical Sales Inc. will represent 
MITEQ’s Component division of products that includes 
amplifi ers, mixers, frequency multipliers, passive power 
components, switches, attenuators, limiters, phase shifters, 
IF signal processing components, oscillators, synthesizers, 
integrated multifunction assemblies and fi ber optic prod-
ucts. Beacon Technical Sales Inc. can be contacted at (603) 
880-0092 or e-mail: sales@beacon-tech.com.

Renaissance Electronics Corp. announced the appoint-
ment of Frank Balsamo as the new manager of ferrite 
products. The North American sales manager for ferrite 
products, Balsamo will manage and develop the ferrite 
product line throughout the US and Canada. Balsamo is 
a degreed engineer with over 10 years of professional B2B 
sales experience (both fi nancial and technical). 

Labtech Microwave, a UK designer and manufacturer of 
microwave solutions and microwave component technology, 
has appointed Stephen Melvin as its new principal engi-
neer, with the aim of developing the company’s monolithic 
microwave integrated circuits (MMIC) packaging and liquid 
crystal polymer (LCP) offering. Prior to joining Labtech Mi-
crowave, Melvin was the senior design engineer for RFMD 
(formerly Filtronic Compound Semiconductors), where he 
designed MMICs for power amplifi ers as well as microwave 
radio components and broadband microwave integrated cir-
cuit (MIC) amplifi ers for electronic warfare applications. 

REP APPOINTMENTS

Richardson Electronics Ltd., a specialized international 
distributor of RF and microwave components, announced that 
Avago Technologies has selected Richardson to distribute its 
wireless products in the European market. Effective immedi-
ately, this is an expansion of Avago’s existing distribution agree-
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GPS

SDARS

DSRC

GPS
1.6 GHz

SDARS
2.3 GHz

DSRC
5.9 GHz

FOR CELLULAR / 3G, WIMAX / 4G & AUTOMOTIVE TELEMATICS

Hittite Microwave is ISO/TS 16949 Certifi ed for Standard & Custom Products

A SELECTION OF IN-STOCK LNAs INCLUDING 12 NEW PRODUCTS
Frequency

(GHz)
Function

Gain
(dB)

OIP3
(dBm)

NF
(dB)

P1dB
(dBm)

Bias
Supply

Package
Part

Number

0.175 - 0.66 Low Noise 24 37 0.5 19 +5V @ 90mA LP3 HMC616LP3E

0.2 - 4.0 Low Noise, High IP3 13 38 2.3 22 +5V @ 110mA ST89 HMC639ST89E

0.2 - 4.0 Low Noise, High IP3 13 40 2.2 22 +5V @ 155mA ST89 HMC636ST89E

0.35 - 0.55 Low Noise 17 38 1 21 +5V @ 104mA LP3 HMC356LP3E

0.55 - 1.2 Low Noise 16 37 0.5 21 +5V @ 88mA LP3 HMC617LP3E

0.7 - 1.2 Low Noise, Failsafe Bypass 16 33 0.9 13 +5V @ 57mA LP3 HMC668LP3E

1.7 - 2.2 Low Noise, Failsafe Bypass 17 29 1.4 12 +5V @ 86mA LP3 HMC669LP3E

1.7 - 2.2 Low Noise 19 36 0.75 20 +5V @ 117mA LP3 HMC618LP3E

2.1 - 2.9 Low Noise 19 33 0.9 19 +5V @ 95mA LP3 HMC715LP3E

2.3 - 2.7 Low Noise 19 29.5 0.75 16.5 +5V @ 59mA LP2 HMC667LP2E

2.3 - 2.7 Low Noise w/ Bypass 20 31 1.1 17 +5V @ 74mA LP3 HMC605LP3E

3.1 - 3.9 Low Noise 18 33 1 19 +5V @ 65mA LP3 HMC716LP3E

3.3 - 3.8 Low Noise w/ Bypass 19 29 1.2 16 +5V @ 40mA LP3 HMC593LP3E

4.8 - 6.0 Low Noise w/ Bypass 15 26 1.5 14 +5V @ 42mA LP3 HMC604LP3E

4.8 - 6.0 Low Noise 16.5 31.5 1.1 18.5 +5V @ 73mA LP3 HMC717LP3E

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

NEW!

HMC604LP3E LNA 
w/ Bypass Mode, 4.8 - 6.0 GHz

 1.5 dB Noise Figure

 15 dB Gain

 +26 dBm OIP3 & +14 dBm P1dB

 +5V @ 42 mA Bias Supply
HMC218MS8E

DBL-BAL Mixer
• 4.5 - 6.0 GHz

• 6.5 dB Conversion Loss
• DC - 1.6 GHz IF

HMC544E
SPDT T/R
• DC - 4 GHz
• 23 dB Isolation

HMC548LP3E
Low Noise Amplifi er

• 1.3 dB Noise Figure
• 26 dB Gain

• Interstage Filter Access

HMC667LP2E
Low Noise Amplifi er

• 0.75 dB Noise Figure
• 19 dB Gain

• +29.5 dBm OIP3

NEW!

GPS, SDARS & DSRC 
RF Front-End for Telematics

HMC604LP3E
LNA w/ Bypass Mode 
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Florida RF Labs and EMC Technology announced the 
appointment of Mechtronics Sales Inc. to cover the ter-
ritory of Maryland, Virginia, Delaware and Washington, 
DC. Mechtronics Sales is located in Columbia, MD. For 
more information, visit www.mechtronics.net.

Vaunix Technology Corp. has announced that 
National Test Equipment Inc. is now an authorized 
distributor of its Lab Brick® family of USB test equip-
ment. The Lab Brick family presently consists of low 
cost signal generators and digital attenuators cover-
ing RF and microwave frequencies up to 6 GHz. Na-
tional Test Equipment offers an extensive inventory of 
electronic test and measurement equipment including 
the Lab Brick attenuators and signal generators. For 
more information, contact Vaunix Technology at 
(978) 662-7839, or visit www.labrick.com or contact 
National Test Equipment at (888) 683-2872 or visit 
www.nationaltestequipment.com.

CAP Wireless Inc., a supplier of high performance micro-
wave and RF amplifi ers and amplifi er-based subsystems, an-
nounced that in order to provide dedicated service and support 
to customers in the southern region of the United States, the 
company has signed McBride Scientifi c Sales Inc. as a manu-
facturer’s representative for Texas (except El Paso), Oklahoma, 

Arkansas and Louisiana. McBride specializes in providing 
technical services and support for many of the top communi-
cations companies in the military, commercial and industri-
al markets. McBride can be reached by phone at (800) 322-
5788 or e-mail: mssi1997@aol.com. For more information, 
visit the company’s web site at: www.mcbridescientifi c
sales.com.

KOR Electronics announced it has signed a market-
ing partnership agreement with HyTech Associates, 
Westlake Village, CA, to enhance its coverage to valued 
customers in the Southern California region. Headquar-
tered in Westlake Village, CA, HyTech Associates is the 
exclusive worldwide applications/representative for a 
wide range of manufacturers in the Southern California 
region, specializing in value added high end RF/micro-
wave components, subsystems and various supporting 
services. For further information, contact HyTech Asso-
ciates, 717 Lakefi eld Road, Suite A, Westlake Village, CA 
91361, ph: (818) 991-7491 or visit: www.hyth.com.

International Manufacturing Services Inc. (IMS), 
a leading manufacturer and supplier of high quality thick 
fi lm resistors, terminations, attenuators, planar dividers 
and planar fi lters to the electronics industry, announces 
the appointment of CBC Electronics as its Florida repre-
sentative. Since 1972, CBC Electronics has been address-
ing the electronic component needs of Florida at both 
the design and manufacturing levels. CBC has offi ces in 
Sorrento, Fort Meyers and Odessa. 

AROUND THE CIRCUIT
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FOR FIXED WIRELESS, WIMAX, & CELLULAR INFRASTRUCTURE!

See www.hittite.com for Our Complete Power Detector Product Line!

  Instantaneous Power 
 & Crest Factor Measurement

  RF Signal Wave Shape 
 & Crest Factor Independent

  Excellent Temperature Stability

  Power Down Mode

  Supports Controller Mode

6 NEW POWER DETECTORS RELEASED: LOG, RMS & SDLVA
Frequency

(GHz)
Function

Dynamic
Range (dB)

RSSI Slope
(mV / dB)

RF Threshold
Level (dBm)

Bias
Supply

Package
Part

Number

50 Hz - 3.0 Log Detector 74 ± 3 +19 -66 +3.3V @ 29mA LP4 HMC612LP4E

0.001 - 8.0 Log Detector 70 ± 3 -25 -61 +5V @ 113mA LP4 HMC602LP4E

0.001 - 10.0 Log Detector 70 ± 3 -25 -65 +5V @ 106mA LP4 HMC611LP4E

0.001 - 10.0 Log Detector 73 ± 3 -25 -65 +5V @ 103mA Chip HMC611

0.01 - 4.0 Log Detector 74 ± 3 19 -68 +3.3V @ 30mA LP4 HMC601LP4E

0.05 - 4.0 Log Detector 70 ± 3 19 -69 +3.3V @ 29mA LP4 HMC600LP4E

0.1 - 3.9 RMS / PAR Power Detector 71 ±1 37 -58 +5V @ 75mA LP4 HMC614LP4E

DC - 3.9 True RMS Detector 69 ± 1 37 -60 +5V @ 65mA LP4 HMC610LP4E

0.1 - 20 SDLVA 62 14 -57 +3.3V @ 83mA LC4B HMC613LC4B

Connectorized Power Detector Modules

0.01 - 2.0 True RMS Detector 70 ±1 37 -58 +12V @ 95mA C-6 / SMA HMC-C054

1 - 20 SDLVA 59 14 -67 +12V @ 86mA C-10 / SMA HMC-C052

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

 NEW!

HMC614LP4E RMS/PAR Power Detector, 
100 MHz to 3.9 GHz

4x4mm SMTSMT

NEW!
NEW!

RMS / PAR Output & Input RF Signal Envelope 
vs. Time for an Input Crest Factor of 12.04 dB
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TECHNICAL FEATURE

of circular resonators employing TE111 modes
is approximately twice that of the rectangular
resonators employing TE101 modes,7 which
has a direct effect on the filter insertion loss.
Finally, the major advantage of the DMCR-
based waveguide filters is that such a structure
allows for the cross-coupling between electri-
cally non-adjacent elements. 

The subject of this article is a transmission
line (TL) circuit model representation of the
dual-mode resonator-based waveguide filters
in a variety of configurations. The TL circuit
models presented allow for the evaluation of
the expected filter parameters, based on an
accurate solution, which includes a passband
amplitude response, skirt selectivity, filter
asymmetry, true real frequency transmission
zeroes (reject notches) location, group delay
flatness, phase slope, etc. The cross-coupling
nature (capacitive or inductive) and filter con-
figuration/topology related phasing issues are
also reflected in the modeling, which makes it
a useful tool during the design path. A sepa-
rate analysis of the filter constituent elements
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ALEX LAPIDUS
L-3 Communications, 
Narda Microwave-West, Folsom, CA

Dual-mode circular resonator (DMCR)-
based waveguide filters, introduced in
the beginning of the 1970s,1-6 have

well known advantages, compared to tradi-
tional waveguide filters. DMCR-based filters
allow for two orthogonal TE111 modes to be
employed by each circular cavity, thereby re-
ducing by a factor of two the number of actual
resonant cavities while maintaining a neces-
sary number of filter sections. This results in a
significant filter size reduction. The Q-factor

CIRCUIT SIMULATION OF
DUAL-MODE WAVEGUIDE
CAVITY FILTERS

INPUT
SLOT

OUTPUT
SLOT

2

1

4

3

1-2

3-4

TUNING
SCREW #1

TUNING
SCREW #2

TUNING
SCREW #3

2-3

1-4
TUNING

SCREW #5

TUNING
SCREW #4

TUNING
SCREW #6

� Fig. 1  Four-element dual-mode filter.
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FUNDAMENTAL & ½ FREQUENCY OUTPUT VCOS, 8.45 TO 26.8 GHZ 

HMC738LP4E, 20.9 to 23.9 GHz 
VCO with Fo/2 & ÷16 Outputs

We Offer Hundreds of Standard & Custom VCOs Covering 2 to 80 GHz!

A SELECTION OF OUR MULTIPLE OUTPUT VCOs
Fo Frequency

(GHz)
Fo/2 Frequency

(GHz)
Function

Fo Output 
Power (dBm)

100KHz  SSB Phase 
Noise (dBc/Hz)

Bias
Supply

Package
Part

Number

8.45 - 9.55 4.225 - 4.775 VCO with Fo/2 & ÷4 13 -113 +5V @ 315mA LP5 HMC510LP5E

9.5 - 10.8 4.75 - 5.4 VCO with Fo/2 & ÷4 11 -110 +5V @ 350mA LP5 HMC530LP5E

9.6 - 10.8 4.8 - 5.4 VCO with Fo/2 & ÷4 9 -110 +5V @ 330mA LP5 HMC512LP5E

10.43 - 11.46 5.215 - 5.73 VCO with Fo/2 & ÷4 7 -110 +3V @ 275mA LP5 HMC513LP5E

10.6 - 11.8 5.3 - 5.9 VCO with Fo/2 & ÷4 11 -110 +5V @ 350mA LP5 HMC534LP4E

11.1 - 12.4 5.55 - 6.2 VCO with Fo/2 & ÷4 9 -110 +5V @ 350mA LP5 HMC582LP5E

11.17 - 12.02 5.585 - 6.01 VCO with Fo/2 & ÷4 7 -110 +3V @ 275mA LP5 HMC514LP5E

11.5 - 12.5 5.75 - 6.25 VCO with Fo/2 & ÷4 10 -110 +5V @ 200mA LP5 HMC515LP5E

11.5 - 12.8 5.75 - 6.4 VCO with Fo/2 & ÷4 11 -110 +5V @ 350mA LP5 HMC583LP5E

12.4 - 13.4 6.2 - 6.7 VCO with Fo/2 & ÷4 8 -110 +5V @ 260mA LP5 HMC529LP5E

12.5 - 13.9 6.25 - 6.95 VCO with Fo/2 & ÷4 10 -110 +5V @ 330mA LP5 HMC584LP5E

13.6 - 14.9 6.8 - 7.45 VCO with Fo/2 & ÷4 7 -110 +5V @ 260mA LP5 HMC531LP5E

14.25 - 15.65 7.125 - 7.825 VCO with Fo/2 & ÷4 9 -107 +5V @ 350mA LP5 HMC632LP5E

20.9 - 23.9 10.45 - 11.95 VCO with Fo/2 & ÷16 9 -95 +5V @ 200mA LP4 HMC738LP4E

23.8 - 26.8 11.9 - 13.4 VCO with Fo/2 & ÷16 8 -93 +5V @ 192mA LP4 HMC739LP4E

 NEW!

 NEW!

HMC738LP4E Frequency vs. 
Tuning Voltage, Vcc= +5V

  Monolithic, Triple Output Design,
 No External Resonator Needed

 High Output Power: +9 dBm

  Low SSB Phase Noise: 
 -93 dBc/Hz @ 100 kHz Offset

  Ideal for Microwave Radios

NEW!

4x4mm SMT4x4mm SMT
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provides the design engineer with
coupling coefficients and loaded in-
put/output Q-factors, the information
necessary for the actual filter devel-
opment. The experimental filter re-
sponses compared against the circuit
simulation are also presented.

GENERAL CONSIDERATIONS
AND BASIC FILTER
CONFIGURATIONS

Figure 1 illustrates a four-element
dual-mode circular resonator-based
waveguide elliptic filter structure and
the mode formation in the resonators
as described by Williams.1 The inci-
dent wave applied to the input mag-
netic slot excites a vertical TE111v
mode, whose frequency is controlled
by the tuning screw #1. The coup-

ling screw #2, located at 
+45° to the vertical plane, produces
an angular E-field component and,
consequently, contributes to the or-
thogonal horizontal TE111h resonant
mode controlled by tuning screw #3.
The horizontal TE111h mode (second
filter resonance element) of the first
circular resonator is coupled to the
third resonance element, which be-
longs to the second circular resonator
via the vertical slot as shown, and the
further mode formation in the second
cavity occurs. The cross-coupling be-
tween vertical TE111v modes of the
first and second cavities (or between
first and forth filter elements of the
filter) is implemented via the hori-
zontal magnetic slot, which is much
smaller than a vertical slot of the

main filter path. 
The phase and

response analysis of
the dual-path signal
propagation in the
filter structure is il-
lustrated by the cir-
cuit represented in
Figure 2 . Shown
here are four half
wavelength res-
onators each

formed by two quarter-wave pieces of
physical transmission lines (slightly
shorter for tuning purposes) and cou-
pled to each other and to the
input/output transmission lines via in-
ductive or capacitive elements. The
frequency tuning of each filter ele-
ment/resonance mode is provided by
capacitors (C1, C2, C3 and C4) as
shown. The first and second filter ele-
ments TE111 vertical and horizontal
modes of the first resonator are cou-
pled through the capacitive (electric
coupling) tuning screw #2 (C12 of the
circuit)  as shown in Figures 1 and 2,
so they maintain a 270° electrical
phase shift at the center frequency.8,9

The second and third filter elements,
TE111 horizontal modes of the first
and second resonators, are coupled
through the vertical magnetic slot of
the main path in the partition sepa-
rating two cavities and represented
by L23 inductance, so the phase be-
tween them is 90°. Coupling between
horizontal and vertical modes of the
second resonator is provided by the
capacitive coupling screw #5 located
at −45° or +135° angle to the vertical
plane. The angular location of this
coupling screw (C34) assures the out-
of-phase excitation of the vertical

TE111v mode1 and can
be introduced by a
180° electrical phase
inverter in the circuit. 

The resulting
phase shifts for the
main and cross-cou-
pled paths are pre-
sented in Table 1. In-
corporation of an 
out-of phase cross-
coupling in reality de-
livers an electrically
in-phase “skip two”
(quadruple) cross-
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� Fig. 2  Four-elememt dual-mode filter circuit.

TABLE I
PHASE SHIFT FOR TWO PATHS

Phase Total Phase 
Shifts (°) Shift (°)

Main path, elements 1-2-3-4 -270 -90 (-270 +180) -450

Cross-coupling path 1-4 -90 -90

Resulting phase shift In-phase
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� Fig. 3  Four-element dual-mode filter
circuit amplitude response.
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� Fig. 4  Four-element dual-mode filter
prototype response.
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� Fig. 5  Five-element dual-mode filter circuit.
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SUPERIOR PHASE NOISE PERFORMANCE COVERING 100 MHZ TO 8 GHZ!

Ideal for Cellular Infrastructure, Fixed Wireless Communications, 
Test Equipment, Military Communications & Sensors

NEW!
HMC700LP4E Fractional-N 

& Integer-N PLL Synthesizer IC

IN-STOCK FRACTIONAL-N & INTEGER-N SYNTHESIZER ICs
Frequency

(GHz)
Function

Maximum 
PFD Frequency 

(MHz)

Maximum Reference 
Frequency 

(MHz)

Figure of Merit
(Frac / Int)
(dBc/Hz)

Frequency 
Resolution @ 

50 MHz Ref. (Hz)

Bias
Supply

Package
Part

Number

0.1 - 8.0 Fractional-N & Integer-N 100 200 -221 / -226 3 +5V @ 95mA LP4 HMC700LP4E

0.08 - 7.0 Integer-N 1300* 1300 - / -233 107 +5V @ 310mA LP5 HMC698LP5E

0.08 - 7.0 Integer-N 1300* 1300 - / -233 107 +5V @ 310mA LP5 HMC699LP5E

0.1 - 2.8 Integer-N 1300 1300 - / -233 107 +5V @ 250mA QS16G HMC440QS16GE

* Maximum frequencies may be limited by available counter division ratio.

 NEW!

 NEW!

 NEW!

4x4mm SMT

Typical PLL Loop for Microwave Radio

HMC466LP4E
VCO w/ Buffer
• 6.1 - 6.72 GHz
• Low Phase Noise
  -101 dBc/Hz @ 100 kHz 
• +3V @ 31mA

 8 GHz Fractional  & 9 GHz Integer Modes

 16-Bit Prescaler

 Low Phase Noise (Frac / Integer, 
 50 MHz PFD): -103 / -108 dBc/Hz @ 6 GHz

 -227 dBc/Hz FOM (Integer) @ 1 GHz, 200 kHz PFD

 Cycle Slip Prevention & Direct FSK Modulation

HMC700LP4E
Fractional-N & 
Integer-N PLL
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coupling that results in two real fre-
quency transmission zeroes (jω-axis)
on the filter skirts,8 as shown in Fig-
ure 3. Analogously, removal of the
180° phase inverter is equivalent to a
+45° location of the coupling screw
#5, which leads to the out-of-phase
condition for both paths at the center
frequency and consequently,8 a flat-
tened group delay and sluggish skirt
selectivity responses.

For an accurate representation of
the waveguide resonators, pieces of
physical transmission lines used for
simulation were modeled with charac-
teristic impedances, electrical lengths
and insertion losses (optional) depen-
dent on the cut-off frequencies and Q-
factors of the actual resonators. Shown
below is a typical Genesis simulation
software equation block containing all
necessary variables:

f=FREQ/1000
l1= 14.2
l2=17.2
F0=13.7425
Fcoin=7.87
Fcoout=7.87
fco1=9.261
fco2=10.943
Zw1=377/SQR(1-(fco1/f)^2)
Zw2=377/SQR(1-(fco2/f)^2)
Zin = 377/SQR(1-(fcoin/f)^2)
Zout=377/SQR(1-(fcoout/f)^2)
WGWL1=300/SQR(f^2-fco1^2)
Tet1=0.5*l1*360/WGWL1
WGWL2=300/SQR(f^2-fco2^2)
Tet2=0.5*l2*360/WGWL2

where
• FREQ=Genesys frequency defini-

tion in MHz.
• l1, l2=an actual physical length of

the first and second resonators
(mm).

• fcoin, fcoout=cut-off frequency of
the input/output waveguides (WR-
75).

• fco1, fco2=cut-off frequencies of
both resonators, directly related to
the diameters of the actual res-
onators. The varying resonator di-
ameters are used for a practical
consideration in order to suppress
an undesired high-order resonant
mode, especially TE010 of the cir-
cular resonator whose frequency is
determined by the cavity diameter
only.

• Zw1, Zw2=characteristic imped-
ances of the circular waveguides
the resonators are based on.

• Zin, Zout=characteristic imped-
ances of the input / output wave-
guides.

• WGWL1, WGWL2=waveguide
wavelengths.

• Tet1, Tet2=cut-off frequency de-
pendent electrical lengths of the
resonators.
The input/output port impedances

for this particular example are as-
signed as a WR-75 waveguide imped-
ance at the center frequency 13.74
GHz. Figure 4 shows an actual pro-
totype response for the four-element
dual-mode filter circuit. 

It should be mentioned that the
capacitive coupling element in cas-
cade with the 180° phase inverter
representing the out-of-phase excita-
tion of the vertical TE111v mode in
the circuit can be replaced with an
inductive element with a minimal
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coupled resonator length (frequen-
cy) adjustment. An example of this
statement, shown in Figure 5, is a
five-element dual-mode filter circuit
resulting from the addition of a sin-
gle resonance element to the four-el-
ement filter similar to one discussed
above. The actual prototype is
shown in Figure 6. Here the capaci-
tive coupling screw located at +135°

(–45°) and delivering the out-of-
phase excitation of the vertical

TE111v mode is replaced by an in-
ductive element (L34). Both theoret-
ical and experimental responses (lo-
cation of the transmission zeros,
asymmetry and rejection overshoot)
shown in Figures 7 and 8 demon-
strate a great deal of similarity.

SIX-ELEMENT DUAL-MODE
CIRCULAR WAVEGUIDE FILTER

Figure 9 illustrates a six-element
DMCR-based waveguide elliptic fil-

ter structure and the mode formation
inside the resonators. The practical
importance of this filter topology,
mentioned in a number of pa-
pers,8,10,11 is based on the fact that a
single negative (out-of-phase) cross-
coupling delivers an improved skirt
selectivity along with a flattened
group delay response.
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� Fig. 6  Five-element dual-mode filter
prototype.
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� Fig. 8  Five-element dual-mode filter
prototype response.
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� Fig. 9  Six-element dual-mode filter.
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Two signal paths, main and cross-
coupled, maintain out-of-phase con-
ditions provided by the angular cou-
pling screw at the center frequency,
which produces a pair of real axis
(equalization) and real frequency (jω-
axis) transmission zeroes. Due to a
significant phase slope difference be-
tween the two paths, the in-phase sig-
nal summation occurs near the pass-
band edges, but does not have any
noticeable effect on the overall re-
sponse.8 Typical amplitude and group
delay responses of this filter topology
are shown in Figure 11.

EIGHT-ELEMENT DUAL-MODE
CIRCULAR WAVEGUIDE FILTER

Shown in Figure 12 are the con-
figuration and the signal propagation
for a four-cavity/eight-element
DMCR-based filter with an elliptic
function response.12 Such a topology
allows three cross-couplings between
non-adjacent resonators that place
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� Fig. 11  Six-element dual-mode filter
circuit amplitude and GD responses.

INPUT OUTPUT

� Fig. 13  Eight-element dual-mode circular
waveguide filter cross-coupling.
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the main path sig-
nal travels back
(red arrows)
through the same
cavities and vertical
coupling slots. The
out-of-phase cross-
coupled signal de-
livered by the an-
gular coupling
screw (–45°) of the
1st resonance cavity
is superimposed
with the main path
TE111h mode. The
transmission line
circuit for this con-
figuration is pre-

sented in Figure 10. Applying the
same argument as before and assum-
ing that the center frequency phase
shifts between resonators are related
to the coupling means (inductive L16,
L12 to L56, –90° and capacitive C34,
–270°) between resonance elements,
the overall phase shift can be found
(see Table 2).

The vertically polarized signal of
the main path (black arrows) propa-
gates through the resonators (exciting
a TE111v mode) and the horizontal
coupling irises in the direction indi-
cated by black dashed arrows. Cou-
pled by the angular coupling screw
(+45°) of the last (3rd) resonance cav-
ity into the horizontal mode TE111h,
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� Fig. 10  Six-element dual-mode filter circuit.
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� Fig. 12  Eight-element dual-mode filter.
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� Fig. 14  Eight-element dual-mode filter circuit configuration for elliptic function response.
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between resonance elements and
conditioned by inductive or capaci-
tive couplings. This analysis proved
that all three cross-coupling loops de-
liver in-phase dual-path signal propa-
gation which, in its turn, results in the
desired response. It should be men-
tioned that formal selection of cou-
pling elements for the transmission
line circuit (Lij, Cij or Cij + 180° in-
verter) makes no difference as long as
the loop phase requirement is met.
For example, in order to provide in-
phase cross-coupling between ele-
ments 1 and 8, the capacitive ele-
ments C18 and C12 of the circuit can
be replaced with inductances, which
after some tuning and optimization
would result in the same response. As
demonstrated in the section below,
the required cross-coupling phasing
may be determined at the initial de-
sign stage based on the simplified L-
C circuit. However, it is a good prac-
tice to set the circuit coupling (induc-
tive or capacitive) between adjacent
elements (main path) according to
their waveguide implementation, that
is inductance for the slots and capaci-
tance for the screws.

The actual dual-mode filter design
is based on the transmission line cir-
cuit representation and topology, with
cross-coupling loops maintaining a

required phase shift.
It is assumed that
angular coupling
screws located at
+45° produce a 
−270° electrical
phase shift at the
center frequency
and screws locat-
ed at −45° (135°) 
produce −90°

(−270°+180° phase
inversion =–90°).
The horizontally po-
larized input signal
(indicated by red ar-
rows) is launched to
the first resonator
where it excites the
TE111h resonance
mode.

The −45° angular
coupling screw
(C12) transforms the
horizontal into
TE111v vertical
mode of the same
circular cavity that

three pairs of real frequency trans-
mission zeroes on both sides of the
passband, thus significantly improv-
ing skirt selectivity and out-of-band
rejection. The cross-coupling topolo-
gy12 is shown in Figure 13, the trans-
mission line-based circuit in Figure
14 and its simulated response in Fig-
ure 15. 

With such a complicated nested
topology (one loop inside another),
when a specific transmission zero is
not trivially conditioned by a particu-
lar cross-coupling, it is very important
to verify the filter response of the cir-
cuit model as it relates to the cross-
coupled loop phase shifts. The analy-
sis of the transmission line circuit was
performed based on the phase shift

TABLE III
EIGHT-ELEMENT FILTER PHASE SHIFTS

Phase Total Phase Phasing
Shifts (°) Shift (°)

Main path, elements 4-5-6-7 -90 -270 -90 -450 (-90) In-phase

Cross-coupling path 4-7 -270 +180 -90

Main path, elements -90 -90 -270 -270 In-phase
3-4-5-6-7-8 -90 -90

Cross-coupling path 4-7 -270 -270

Main path, elements (-270 +180) -90 In-phase
1-2-3-4-5-6-7-8 -90 -90 -90

-270 -90 -90

Cross-coupling path 1-8 -90 -90

TABLE II
SIX-ELEMENT FILTER PHASE SHIFTS

Phase Total Phase
Shifts (°) Shift (°)

Main path, elements 1-2-3-4-5-6 -90 -90 -270 -90 -90 -270

Cross-coupling path 1-6 -270 +180 -90

Resulting phase shift Out-of-phase
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� Fig. 15  Eight-element dual-mode filter
response.
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sis filter synthesis and optimization
tools.8 Simplicity of the implementa-
tion and the analysis of the circuit
presented allows one to determine
crucial factors for the end filter de-
sign, such as the total number of ele-
ments, number and type of the cross-
couplings (positive for in-phase, neg-
ative for out-of-phase, etc.), as well as
preliminary coupling coefficients be-
tween elements. It should be noted
that the dual-mode waveguide filter
topology assumes only an even num-
ber of elements skipped for structural
reasons.13

Transmission Line Circuit Synthesis
The transmission line circuit syn-

thesis and simulation is tied to the cir-
cular waveguide pieces selected for fil-
ter resonators. Diameters of the actual
waveguides are introduced to the cir-
cuit by the cut-off frequencies and
characteristic impedances of the trans-
mission lines, and set in the equation
block as illustrated in the general con-
siderations and basic filter configura-
tions covered previously. The Q-factors
of the circular resonators utilized in
the design are translated into the trans-
mission line loss in dB. In the begin-
ning of the simulation process, induc-
tive and capacitive coupling elements
of both main and cross-coupled paths
as well as input/output Q-factors can
be set approximately, based on the J-
invertors or coupling coefficients7 ob-
tained from the L-C circuit as follows:

J C

J L

k J b b

ij ij

ij ij

ij ij j

=

=

=

ω

ω
0

0

1

1

1

,

/

( )

/

or

and

Qeel 0 01G (L= × ×b1 0
2ω )

propagates through the resonators
and horizontal coupling irises (L23,
L34 and L45) in the direction indicat-
ed by black dashed arrows. The angu-
lar coupling screw located at +45°
(C56) of the last cavity transforms the
TE111v into the TE111h horizontal
mode, which propagates back
through the vertical coupling slots
(L67, and L78) to the output as indi-
cated by the red dashed arrows. That
is how the main path of the signal is
formed. Two coupling screws, −45° in
cavity #3 and +45° in cavity #2, along
with a small size vertical slot in the
partition separating first and second
cavities, deliver a required in-phase
cross-coupling between 4 to 7, 3 to 8
and 1 to 8 elements of the filter, re-
spectively. The phase shifts for all
three loops are presented in Table 3.

Graphically, the 180° cross-cou-
pling phase inversion provided by the
angular −45° (135°) coupling screws
can be seen as a main path electrical
vectors superimposed with an oppo-
sitely directed (electrically 180° inver-
sion may deliver both in and out-of-
phase dual-path signal propagation)
cross-coupled vector.

DESIGN STEPS
Preliminary Circuit Analysis

A simplified circuit analysis should
be performed at the initial stage of
the design in order to generate a re-
sponse similar to the required one
and verify phase shifting between
cross-coupled and main paths. Shown
in Figure 16 is the eight-element L-
C filter circuit with three nested
cross-coupling loops, which produces
a similar (but not accurate) response
to that shown previously. This config-
uration is a starting point in the de-
sign of the eight-element dual-mode
circular waveguide filter discussed
above. Such a circuit can be easily
generated using, for example, Gene-
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� Fig. 16  Initial eight-element three cross-coupling filter circuit.
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where
Lij and Cij = inductive or capaci-

tive couplings,

meter of the L-C shunt resonators,
kij = a coupling coefficient be-
tween L-C shunt resonators,
G0 = 1/Z0 is an input transmission
line (port) admittance and
Qe1 = input (or output) external Q-
factor.
The process of the TL circuit syn-

thesis may take a few steps, includ-
ing:

a) Adjustment of the each main
path adjacent pair of TL resonator
coupling responses. This adjustment
is performed in order to meet kij val-
ue of the preliminary L-C circuit. A
typical coupling response is shown in
Figure 17.

b) Adjustment of the input/output
element S11 responses of the
input/output inductive element for the

b Ci Lii , /b are the slope para-j =

determination of the external Q-factor.
c) Adjustment of the cross-cou-

pling path pairs of TL elements cou-
pling responses, similar to step a.

d) Full circuit response simulation
and optimization.

Practical Aspects of the TL Circuit
Analysis

After the desired response of the
transmission line-based circuit is
achieved (return loss, bandwidth, re-
jection, etc.), actual couplings and ex-
ternal Qs for further 3D or filter pro-
totype development can be de-em-
bedded. Shown in Figure 18 are
resonance elements extracted from
the eight-element dual-mode filter
circuit for coupling and external Q
determination. Since the element
resonance frequencies extracted from
the circuit will slightly shift, they
need to be re-adjusted to the center
frequency of the filter using tuning
capacitors. In case of paired element
coupling value verification, the input
shunt inductance should be mini-
mized for better accuracy. All unter-
minated ends of the transmission
lines should be shortened to the
ground as shown. The typical S11 re-
sponses for a singly loaded resonator
having a finite unloaded Q-factor and
paired transmission line resonators
are demonstrated in the figure. The
methodology described by Matthaei,
et al.7 for a singly loaded resonator
can be utilized for the input/output
external Q-factor definition. The cou-
pling value between two resonance
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� Fig. 18  Example of the circuit fragments adjusted for input external Q (a) and element
coupling coefficient (b and c) verification.
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elements is found as followed:

The coupling values found are a
key factor for the actual prototype
development. The non-tunable cou-
pling slots between either pair of ac-
tual coupled resonators of the filter
should be adjusted prior to the full
assembly so as to produce responses
approaching the de-embedded ones

k f f fij j i= −( ) / ( )0 2

from the circuit. When all actual cou-
pling and Q values are obtained ex-
perimentally from pre-assembled
parts and all slot dimensions are final-
ized, the fully assembled unit proto-
type may only need a minor tuning
provided by capacitive screws. �
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tion, so the quality factor may not be as high
as the designer needs, or not centered at the
required frequency. Alternatively, the inductor
may be taken from a complete library, provid-
ed that it has been previously built-up. This li-
brary must be comprised of inductors for any
desired inductance, exhibiting high quality
factors at different frequencies and with a
minimum occupied area.

Figure 1 shows an example of the differ-
ence between the quality factor of an inductor
offered by a SiGe 0.35 μm foundry and a cus-
tom designed element. In this case, the de-
signer required a 2 nH inductor to work in the
5 GHz range. Among the inductors available
from the foundry, all of them square, the most
suitable for the requirements was chosen. It
can be seen that the newly designed inductor
doubles the quality factor and shifts the maxi-
mum peak to the required frequency range.

In this article, a new approach to generate
an integrated inductor library is proposed. To
accomplish it, a new coil selection tool called
IMODEL was developed. By this means, a
high-quality inductor library for the 0.35 μm
foundry process has been generated.
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A. GOÑI, J. DEL PINO, O. MEDINA,
S.L. KHEMCHANDANI AND
A. HERNÁNDEZ
Universidad de Las Palmas de Gran Canaria
Las Palmas de Gran Canaria, Spain

Starting from a small number of fabricated
integrated inductors, and by means of ac-
curate electromagnetic simulations and a

physical-based inductor model, a new method
to generate an integrated inductor library is
reported in this article. The parametric model
permits to find the geometric parameters of
the inductor that provide the highest quality
factor for a particular inductance and frequen-
cy of operation. A powerful scalable inductor
selection tool (IMODEL) has been devel-
oped. This tool has been employed to gener-
ate a complete library of inductors integrated
on a 0.35 μm SiGe process foundry.

Radio frequency integrated circuits
(RFIC), operating in gigahertz bands, require

high quality factor integrated
inductors at a low cost. The be-
havior of voltage-controlled os-
cillators (VCO), low noise am-
plifiers (LNA), matching net-
works and distributed
amplifiers depends strongly on
them. However, low cost sili-
con technologies use low resis-
tivity substrates that result in
important losses and quality
factor degradation.

Many foundries offer a set
of inductors that the RF de-
signer may employ in their cir-
cuits. However, they are not
designed for a specific applica-

IMODEL: A NOVEL TOOL
FOR HIGH-PERFORMANCE
INDUCTOR SELECTION
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� Fig. 1  Performance comparison between
two different 2 nH inductors.
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METHODS TO BUILD-UP AN
INTEGRATED INDUCTOR
LIBRARY
Classical Procedure

Figure 2 shows the design flow of
the typical method to generate an in-
tegrated inductor library. The first
step in the process is the simulation
of a large number of inductors by
means of a fast simulator such as
ASITIC.1 The time consumed by
ASITIC simulations is negligible
compared to the time required by an
electromagnetic tool. However, nu-
merical simulators provide the induc-
tor performance only for a given fre-
quency, and not the whole behaviour
when frequency varies as with an EM
simulator.2 In spite of this, ASITIC is
employed to select the group of coils
that will make up the library.

The next step of the approach is
laying out the whole library. After-
wards, it is necessary to measure and
characterize the fabricated inductors
in order to obtain the S-parameters.
Finally, the inductor measurement
information may be organized as a
database and a tool to assist the de-
signer to select the appropriate de-
vice for the required inductance and
frequency values can be developed.3

This is a reliable and robust
method to generate an inductor li-
brary because it is based on actual
measurements. Therefore, the design-
er knows exactly the performance of
the inductor chosen for their circuit.

However, this approach is very time
consuming and increases the overall
cost since a huge number of coils
should be fabricated and measured to
generate a wide and diverse library.

On the other hand, the method
does not assure the best inductor for
a specific application, since it pro-
vides only the most suitable among
the library coils. Therefore, it is nec-
essary to develop a fast and cheap ap-
proach to assure the optimum induc-
tor for the required inductance and
frequency.

New Procedure
Figure 3 shows the design flow of

the proposed method. It is based on
the fabrication and measurement of a
few integrated inductors. Hence, the
final cost in time and silicon area is
reduced.

On one side, the parametric model
proposed previously4 is employed to
develop an algorithm to define the
geometry of the best inductors for
the different inductance and frequen-
cy values. If this based-on-physics
model is considered accurate enough,

an inductor selection tool could be
developed.

However, EM simulations are con-
sidered more reliable. Hence, the para-
metric model can be used to generate a
list of inductors that will be simulated
with the EM simulator to corroborate
the model estimations. An inductor se-
lection tool based on the simulations
will then be developed.

In this case, the measured results
are used to set up correctly an elec-
tromagnetic simulator. Momentum©,5
a 2.5D-EM simulator based on the
method of moments,6 was employed.
Although it does not consider the en-
tire phenomena that occur in an in-
ductor as a 3D tool does,7 Momen-
tum is faster and a very good solution
in this case.

Nevertheless, getting precise re-
sults from a general purpose EM sim-
ulator is not a simple task. The sub-
strate and metallization layers provid-
ed by the technology should be
carefully defined, and the simulator
has to be adequately configured, so as
to fit measured and simulated results.
For this purpose the measurements

of 10 octagonal in-
ductors fabricated
in the 0.35 μm SiGe
foundry process
have been em-
ployed. The test in-
ductor geometries
are summarized in
Table 1, where rext
is the inductor ex-
ternal radius, w the
metal width and n
the number of
turns. The spacing
between metal
tracks of different
turns, s, is fixed to
the minimum al-
lowed by the tech-
nology in order to

minimize the occupied area and max-
imize the inductance value.

The measurement system used for
the inductor characterization consists
of the HP8720ES vector network an-
alyzer and the Summit 9000 probe
station. To calibrate the measurement
system, the short-open-load-through
(SOLT) method was applied. Finally,
a four-step de-embedding method8

was followed to remove the parasitic
effects introduced by the measure-
ment structures.
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INDUCTOR LIST
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BASED INDUCTOR
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GENERATION
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SIMULATION-BASED
INDUCTOR LIBRARY

EM SIMULATOR
SET-UP

� Fig. 3  Design flow of the new method to generate an inductor
library.
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� Fig. 4  Measured and simulated results
for one of the fabricated inductors.

TABLE I
TEST INDUCTOR GEOMETRIC

PARAMETERS
rEXT (μm) w(μm) n s(μm)

90-130 6-10 3.5-6.5 2

INDUCTOR
SIMULATION WITH
ASITIC LIKE TOOLS

DESIGN, FABRICATION
AND MEASUREMENT

MEASUREMENT-BASED
INDUCTOR LIBRARY

MEASUREMENT-BASED
INDUCTOR

SELECTION TOOL

LAYOUT
GENERATION

TOOL

� Fig. 2  Design flow of a traditional
procedure to generate an inductor library.
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By using the inductor measure-
ments, Momentum was set up correct-
ly, achieving relative errors less than 5
and 10 percent for the inductance val-
ue and the maximum quality factor,
respectively. As an example, Figure 4
shows the measured and simulated
data for one of the fabricated induc-
tors with rext= 90 μm, w= 6 μm and n=
4.5. It is worth noting, however, that
the relative errors increase for induc-
tors where skin effect or eddy currents
are particularly significant.9

IMODEL
The analytical model4 was validated

to be applicable over a wide range of
octagonal inductor geometries fabri-
cated on the SiGe 0.35 μm process.
The model shows excellent agreement
with measurements, and the generat-
ed relative errors are similar to those
given by the EM simulator. Since
building up an inductor database
based on EM simulations is a more
time-consuming task, the inductor se-
lection tool proposed in this study is
based on the parametric model.

The set of equations the model
consists of have been implemented
by an optimization algorithm that
provides the geometry of the induc-
tor with the best quality factor for a
given inductance value and frequency
of operation. For this purpose, a
sweep for the different inductor geo-
metrical parameters is run. The algo-
rithm can be summarized in the fol-
lowing steps:

• The user determines the required
inductance value and the frequency
of operation. In addition, the al-
lowed tolerance in the inductance
calculation must be set up.

• Once the input data has been estab-
lished, the algorithm searches the
coils with the required inductance by
sweeping the values of w, rext and n.
As mentioned before, s is fixed to the
minimum allowed by the foundry
process in order to maximize the in-
ductance value per area.

• Each set of w, rext and n that pro-
vides the required inductance is
saved in a database together with
the inductance and quality factor
values at the required frequency.

• Finally, the algorithm chooses
among the inductors of the data-
base the one with the highest quali-
ty factor, which will be the output
of the procedure.
This algorithm, together with oth-

er functions, has been implemented
in MATLAB to compose an inductor
selection tool called IMODEL. Fig-
ure 5 shows the tool main menu win-
dow. Apart from the selection of the
best inductor for a required induc-
tance and frequency, the software of-
fers other useful features:
• Provides the two-port π-equivalent

model of an inductor from the geo-
metrical parameters rext, w, s and n.

• Generates a text file with the char-
acteristics of all the inductors that
provide the inductance and fre-
quency requirements.
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� Fig. 5  Main menu window of the inductor selection tool IMODEL.
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RF choke are required for operation. The SBBs are internally matched to 50 ohms. Applications for the SBB series 

include IF/RF amplifiers for WCDMA and TD-SCDMA base stations, and driver amplifiers for cellular repeaters.

SBB SPECIFICATIONS

Part
Number Frequency Gain Id NF Output IP3 P1dB Vd

SBB-1089Z 50-850 MHz 15 dB 1 90 mA 3.1 dB 43 dBm 2 19 dBm 5

SBB-2089Z 50-850 MHz 20 dB 1 90 mA 2.6 dB 42 dBm 2 20 dBm 5

SBB-3089Z 50-6000 MHz 16.5 dB 40 mA 3.8 dB 3 28 dBm 15 dBm 5

SBB-4089Z 50-6000 MHz 15 dB 1 80 mA 4.6 dB 35 dBm 19 dBm 5

SBB-5089Z 50-6000 MHz 20.5 dB 1 75 mA 4.2 dB 35 dBm 20.5 dBm 5
1 - at 850 MHz; 2 - at 240 MHz; 3 - at 2200 MHz
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• The option “Number of metal lev-
els” allows running a search among
two-metal level inductors, which
are a better choice in some cases.

• Visualizes the quality factor and
inductance plots for a given in-
ductor.

• Visualizes, through 2D and 3D
plots, the dependence of the quality
factor and inductance on the geo-
metrical parameters for all the in-
ductors that satisfy the input re-
quirements. As an example, Figure
6 shows a three-dimensional plot of
the quality factor dependency on w
and n of 3 nH inductors at 3 GHz.
It is observed that the best inductor
performance is obtained for track
widths from 6 to 15 μm and num-
ber of turns from 3 to 7.
The tool is scalable and applicable

to any foundry process, provided that
the parametric model predicts the per-
formance of the inductor correctly. By
choosing the option “PARAMETERS”
in the main menu, the user can modify
the process parameters that are re-
quired for the search (see Figure 7).
Finally, the tool provides on-line help
and a user’s manual to explain the dif-
ferent software features and the error
messages that the designer could find
when employing the software.

INTEGRATED INDUCTOR
LIBRARY

By using the coil selection tool
IMODEL, a library of inductors inte-
grated on the 0.35 μm process has
been generated. The coils have been
generated for the frequencies 0.85,
1.5, 1.8, 2.4 and 5.6 GHz, corre-
sponding to different known stan-
dards. Each set offers inductance val-
ues from 0.5 to 6.5 nH, in 0.5 nH
steps. The maximum error on the in-
ductance value for the parametric
model has been set to 0.2 nH.

As explained before, the algorithm
searches the coils with the required
inductance by sweeping the geomet-
rical parameters. In this case, the lim-
its for this sweep have been set ac-
cording to empirical criteria in order
to avoid too large inductors and mod-
el applicability.7,10,11

The covered range in the search is
given by:
• External radius (rext): between 25

and 200 μm
• Number of turns (n): between 1.5

and 10.5
• Track width (w): between 5 and 30
μm

• External to internal radius ratio 
(rext /rint): lower than 3
Table 2 summarizes the main 

� Fig. 7  Modification of the process
parameters.

TECHNICAL FEATURE

TABLE II
MAIN PARAMETERS OF THE LIBRARY INDUCTORS

f(GHz) .85 1.5 1.8 2.4 5.6

Qaverage 6.5 8.0 8.4 9.0 9.8

rmin (μm) 110 95 90 85 55

rmax (μm) 190 140 125 110 115

nmin 1.5 1.5 1.5 1.5 2.5

nmax 4.5 5.5 5.5 5.5 5.5

wmin (μm) 18 10 8 5 5

wmax (μm) 26 19 16 16 9

Dare to Compare!

Excellent Technical Support
       Guaranteed Performance and
              Competitive Pricing

OCXO, PLXO
    Phase Locked & FR DROs

New Products! Details on website

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

QUIET!
and PRECISENow

Delivering

 Nexyn Corporation
1089 Memorex Dr.

                            Santa Clara, CA 95050

Tel: (408) 982-9339
  Fax: (408) 982-9275
  Visit our website at www.nexyn.com

TYPICAL PHASE NOISE OF NEXYN PLDRO

-150

-140

-130

-120

-110

-100

-90

-80

-70

-60

-50

1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

OFFSET

PH
AS

E
NO

IS
E

(d
Bc

)

4GHz

9GHz

12GHz

16GHz

26GHz

96 MICROWAVE JOURNAL � NOVEMBER 2008Visit http://mwj.hotims.com/16347-97

Q
U

A
LI

TY
 F

A
C

TO
R 10

8

6

4

2

0

TRACK WIDTH (w)
NUMBER OF TURNS (n)

25
20

15
10

5
0 0 2 4

6
8 10

� Fig. 6  Example of a three-dimensional
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PIxxxxAG-21H SPECIFICATIONS
Part Number Frequency Range (MHz) Insertion Loss (dB) Isolation (dB) Return Loss (dB) IMD (dBc) 2T x 37.5 Watts
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PD0882AQ-21H 869 to 894 < 0.35 > 50 >20 -60 Forward and -90 Reverse

PD0940AQ-21H 920 to 960 < 0.35 > 50 >20 -60 Forward and -90 Reverse
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parameters obtained for each set of
inductors (from 0.5 to 6.5 nH) of
each frequency. As it can be seen, the
higher the operation frequency is, the
lower the rext values (rmin and rmax)
and w values (wmin and wmax) be-
come. This is associated to the de-
crease of the parasitic capacitance
when the external radius or the metal
width decreases. Therefore, the reso-
nant frequency becomes higher, and
the quality factor peak is given at a
higher frequency.

At the lowest frequency of the li-
brary (0.85 GHz), the average quality
factor is lower and the occupied areas
are larger than the rest. It is well-
known that the quality factor increases
when other layers are added to the
metallization structure due to the de-
crease of the final conductor
resistance.12 However, the inductance
value is hardly changed by shunting an-
other metal level. According to this
consideration, an additional set of in-
ductors has been developed by using
the two metal layers option offered by
IMODEL at 0.85 GHz. The new para-
meters obtained by designing two-met-
al level inductors at 0.85 GHz are sum-
marized in Table 3. The average quali-
ty factor is now higher, and the
maximum external radius is slightly
lower, which saves silicon area.

CONCLUSION
In this article, a new method to

generate a full inductor library has
been introduced. From a few fabricat-
ed inductors in a given technology, the
EM simulator Momentum is config-
ured accurately to provide consistent
results. On the other hand, a paramet-
ric model is developed. If this model is
not accurate enough, it will be used to
generate a list of optimal inductors.
These coils will be simulated to obtain
more reliable data, and the results will
be organized to develop an optimal in-
ductor selection tool based on simula-
tions. Alternatively, if the physical-
based model predicts the coil behav-
iour correctly, the inductor selector
will be based on it.

In this work, a high quality factor
searching tool named IMODEL has
been developed based on a paramet-
ric model. By means of this useful
software, the RF designer can obtain
in a fast and reliable way the best in-
ductor for a required inductance val-
ue and working frequency. Based on
this powerful tool, a wide inductor li-
brary has been developed consisting
of high performance coils integrated
on a 0.35 μm SiGe foundry process. 

Readers interested in the program
can obtain a free executable file by
writing to Dr. Amaya Gon~i, Instituto
Universario de Microelectronica
Aplicada, Universidad de Las Palmas
de Gran Canaria, 35017 Las Palmas
de Gran Canaria, Spain. �
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The challenges to using a whip antenna like
the one shown in Figure 1 occur on two
fronts. Most importantly, it is a potential point
of failure because of repeated handling by the
end user and other external forces that can
cause damage. Additionally, because mobile-
TV applications are so new, handset manufac-
turers generally have adopted a “push” mar-
keting strategy; they have added this function-
ality in anticipation that consumers will
eventually use it (much like with Bluetooth).
However, including an awkward external whip
antenna to support a function that the user
might not use may be counter-productive to
generating demand for that model. What is
needed is a new design scheme for an antenna
that can span 400 MHz mobile-TV and still be
embedded into a handset.

MOBILE-TV ANTENNA CHALLENGES
Mobile-TV applications such as DVB-H

and ISDB-T require adding very broadband
reception and delivering good coverage to an
already complex system, all in a small space.
According to the European Telecommunica-
tions Standards Institute (ETSI) Technical
Report “DVB-H Implementation Guidelines,”

102 MICROWAVE JOURNAL � NOVEMBER 2008

TERO RANTA AND RODD NOVAK
Peregrine Semiconductor, San Diego, CA

Mobile-TV is poised to become the next
great mobile accessory, with analysts
projecting that 50 million digital-TV-

ready mobile handsets will ship in 2009.1 For
designers, making this task a reality is somewhat
daunting, given the significant user-experience
complexities that mobile-TV introduces, such as
battery life, reception and range, screen size
and picture quality. While these challenges are
sure to be overcome, the impact on the antenna
is often overlooked in the early planning stages.
Designers soon realize the challenges involved
with supporting a wide range of voice and data
frequencies in the same device as a mobile-TV
antenna that must span 470 to 862 MHz. In-
evitably, RF tunable technologies are required
in order to keep embedded mobile-TV anten-
nas on track, but which technologies are robust
enough to handle the job?

If an antenna is constrained to
a small form factor, it cannot re-
ceive all of the required mobile-
TV bands at high efficiency with-
out some sort of reliable tuning
technology. Because they could
not cover the wide mobile-TV
frequency range with a tradition-
al embedded antenna, designers
of the first mobile-TV handsets
used a traditional external whip
antenna (see Figure 1).

NEW TUNABLE
TECHNOLOGY FOR
MOBILE-TV ANTENNAS

� Fig. 1  Initial mobile-TV handsets
required use of an external whip antenna.
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it is very difficult to design a high-
performance antenna for the UHF
band mobile-TV. Because the handset
is very small compared to the wave-
length, typical antenna gain for hand-
held terminals is –10 dBi at 474 MHz
increasing to –5 dBi at 858 MHz.
This means that the antenna loses 10
dB of power at the low end of the
band. Also, guaranteeing a good input
match across the whole UHF-IV/V
band (470 to 862 MHz) is challeng-
ing, and is likely to require a tunable
matching circuit.2

To date, designers have typically
had only two antenna choices: a pas-
sive internal antenna with poor perfor-
mance, or the external whip antenna,
which many consumers view as archa-
ic. For future designs, however, the
embedded, internal antenna is de-
manded by the market; therefore,
some type of antenna tuning is critical
in order to ensure a good user experi-
ence. While mobile-TV is a fairly new
service, it is experiencing market pene-
tration in Europe (DVB-H) and Japan
(ISDB-T),3 so providers are becoming
motivated to find a suitable antenna
tuning technology to support it.

For mobile-TV applications, the
achievable bandwidth and input
match is directly related to the physi-
cal size of the antenna and the mobile
phone. For this reason, most tradi-
tional internal mobile-TV antennas
have very poor performance; radia-
tion efficiency suffers, and voltage
standing wave ratio (VSWR) gets very
high (easily 6:1 across the 470 to 862
MHz bandwidth). This causes the re-
ceiver to lose 3 dB of sensitivity sim-
ply due to the antenna mismatch,
which for the mobile-TV functionality
would significantly reduce the range
and degrade reception quality.

As a result of these performance is-
sues, interest in a “tunable” internal
antenna that could cover a narrow sec-
tion of the bandwidth—one that can
be “retuned” as the receive channel
changes—is increasing. This would
deliver significantly better VSWR
making sure that most of the signal
power captured by the antenna actual-
ly ends up in the receiver. With this
tunable architecture, the frequency of
the antenna resonance could be
moved up and down as needed in or-
der to match the desired channel. 
Figure 2 shows the input impedance
of an embedded mobile-TV antenna

with fixed matching (2a) and with a
tunable matching circuit (2b). Note
the VSWR of the antenna without tun-
ing is 6:1, and with tuning circuitry the
matching is very good at better than
2:1 across the whole band.

Because mobile-TV is a receive-only
system, the open-loop antenna tuning
method must be used, in which the
center frequency of the antenna is
tuned based on a look-up table for the
tunable component as a function of the
desired receive frequency. The antenna
center frequency is shifted as necessary
in order to cover specified frequencies
within the 470 to 862 MHz range, and
the tuning technology quickly retunes
the antenna as the receive channel is
changed. In effect, the manufacturer
sets the antenna element to cover a
small section of the band, and the tun-
ing element moves this window
around. The UHF band for DVB-H is
divided into 48 channels 8 MHz apart.
Typically 16 or 32 tuning states will be
required to give fine resolution to tune
the narrow-band antenna element to
any channel in the mobile-TV band and
to enable high-quality reception.

GSM/DVB-H INTEROPERABILITY
POWER HANDLING
REQUIREMENTS

When there is a mobile-TV anten-
na and a GSM cellular antenna em-
bedded in the same phone, the tun-
ing element for the mobile-TV anten-
na has to be able to handle high
levels of coupled GSM power. For
example, the isolation between the
GSM and the DVB-H antennas in-
side a mobile phone can be as low as
7 dB, and GSM antennas transmit at
power levels up to +33 dBm. As a re-
sult, when the GSM transmitter is
transmitting at full power, the tuning
element might actually see coupled
power levels near +26 dBm. Unless
the tuning circuitry can withstand
these high power levels, the coupled
power can modulate it and change
the center frequency of the mobile-
TV antenna or generate a high level
of harmonics in the tuning element.

To address this problem, one
might consider simply switching off
the GSM transmitter when the 
mobile-TV receiver is engaged, or
employ time-scheduling methods to
prevent collisions between the two
modes. However, the GSM phone
has to transmit periodic location up-

dates to the base station, causing 
disruptions in mobile-TV reception.

In some countries, the handset also
needs to send billing information over
the cellular line when the user is watch-
ing TV, or the user might receive a
phone call while the TV is on. A tuning
method that allows simultaneous oper-
ation of GSM and mobile-TV is thus
highly desirable, but imposes a very
challenging power handling constraint
for the antenna tuning element.

MOBILE-TV ANTENNA TUNING
DESIGN OPTIONS

What is needed is an antenna tuning
technology that can handle more than
+26 dBm of coupled GSM power in or-

der to keep mobile-TV on track with an
embedded antenna. Since it is connect-
ed to the antenna, the tuning circuit
also needs to be extremely linear so as
not to generate harmonics or inter-
modulation distortion. The tunable ele-
ment, such as variable capacitor, needs
to have a tuning ratio of at least 3:1 or
better. In addition, the whole circuit
must have power consumption of less
than 1 mA. Finally, the tuning circuitry
must be small, rugged and reliable. It
needs low insertion loss and a high
quality factor (Q) (see Table 1).
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� Fig. 2  Input VSWR  of a traditional
DVB-H antenna (a) and tunable internal
antenna (b).
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Varactor Diodes
Sometimes a varactor diode ap-

proach is proposed for mobile-TV an-
tenna tuning, since it is a straightfor-
ward and fairly inexpensive solution.
Since varactor diodes are analog com-
ponents, they require a dedicated ana-
log tuning voltage output for the mo-
bile-TV chipset. However, varactor
diodes cannot typically meet the high
power handling and linearity require-
ments to support the GSM/DVB-H 

interoperability by allowing simultane-
ous GSM and DVB-H operation.

Switch-based Tuning
Since varactor diodes cannot 

handle the power requirements of 
embedded mobile-TV antenna tuning,
a “brute force” approach of switch-
based tuning, such as using a GSM
SP4T switch with a tuning circuit on
each of the four legs of the switch, has
been developed. This approach pro-

vides very coarse tuning, which may
not be sufficient to guarantee good
performance across the whole band.

FET Switched Capacitor Banks
FET Switched Capacitor Banks

based on bulk CMOS technology
showed early promise as the technology
to satisfy this challenging list of require-
ments for mobile-TV antenna tuning.4
They have a high quality factor, but their
linearity is typically on the order of IIP3
=+25 dBm, which suggests less than +15
dBm of power handling. Even though
this is high enough for receiving the mo-
bile-TV signal itself, it cannot support si-
multaneous operation of GSM and
DVB-H in the same handset. However,
compared to bulk CMOS FETs, Pere-
grine’s UltraCMOS™ FETs have the
fundamental advantage of stacking due
to the fully insulating sapphire substrate,
making it possible to use multiple low-
voltage FETs in series to handle the
high power signals encountered in GSM
and WCDMA operation.
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TABLE II
KEY PARAMETERS FOR A DuNE DTC

DEVICE FOR MOBILE-TV
Parameter Typical Values

Capacitance range 1.36 to 6.3 pF

Capacitance ratio 4.6:1

Quality factor 40 to 70 @ 470 to  
862 MHz

Resolution 5 bits (32 states)

Power handling � +28 dBm

IIP3 � +62 dBm

Power supply voltage 2.4 to 3.0 V

Current consumption 11 �A

Interface 3-wire serial 
interface

TABLE I
KEY REQUIREMENTS FOR TUNABLE

ELEMENTS FOR MOBILE-TV ANTENNA
TUNING

Parameter Typical Values

Capacitance values 1-15 pF

Capacitance ratio �3:1

Quality factor �40 @ 470 to
862 MHz

Resolution �5 bits (32 states)

Power handling � +26 dBm

Current consumption � 1 mA
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are very important in reducing the in-
sertion loss for the tunable matching
network and optimizing the total an-
tenna efficiency. The mobile-TV
DuNE DTC has been designed for 
Q = 40-70 at 470 to 862 MHz (see 
Figure 5). The current consumption
for the device is only 11 �A at +2.75 V.

Due to the fundamental advantages
of UltraCMOS,5 such as perfectly insu-
lating sapphire substrate and highly lin-
ear FETs, DuNE technology can be
scaled to handle any power level with-
out degrading Q or tuning ratio, simply

TECHNICAL FEATURE
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� Fig. 3  DuNE DTC device schematic (top)
and packaged in 2 × 2 mm 8L DFN (bottom).

DUNE™ TECHNOLOGY: A NEW
ANTENNA TUNING SOLUTION

DuNE™ Technology, a patent-
pending design methodology made
possible by the UltraCMOS process
and HaRP™ design innovations, has
enabled the tunable capacitor circuit—
referred to as a Digitally Tunable Ca-
pacitor (DTC)—which can handle the
GSM/DVB-H interoperability require-
ments. DTCs designed for mobile-TV
applications can be housed in a 2x2

mm package with a built-in 3-wire seri-
al interface (see Figure 3).

Initial DuNE DTCs have been de-
signed for 5 bits of resolution or 32
tuning states, which provides the lev-
el of fine resolution that is required
to tune the antenna across the entire
mobile-TV band. Figure 4 shows the
1.36 to 6.3 pF capacitance range
(4.6:1 tuning ratio) for a 5-bit mobile-
TV DuNE DTC.

Low losses for the tunable element
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TECHNICAL FEATURE

by changing the number of FETs in the
stack. As a result, it can be scaled to
handle power levels anywhere from
+20 to +40 dBm and higher. For mo-
bile-TV applications, DuNE DTCs
have been designed for +28 dBm nom-
inal power handling and GSM/WCD-
MA applications, power handling is
better than +38 dBm. Figure 6 shows
IIP3 > +62 dBm and better than +28
dBm power handling measured at 900
MHz for the moblie TV DuNE DTC.

It is also noteworthy that all perfor-
mance parameters of the DTC (capaci-
tance range, tuning ratio, quality factor,
power handling) can be changed by cir-
cuit design instead of materials engi-
neering, enabling rapid time to market.

Because they are manufactured on
the UltraCMOS process, the new
DuNE DTC products can integrate
the digital functions (CMOS control,
digital processing, serial peripheral
bus, tuning algorithm), analog func-

tions (mismatch sensors, charge
pumps, biasing circuitry), as well as
RF passive (high Q capacitors) and
RF active (switches, ESD protection)
circuitry in addition to the DTC core.
See Table 2 for a list of the key para-
meters for mobile-TV.

THE FUTURE OF MOBILE-TV
ANTENNA TUNING

DuNE technology addresses the re-
quired performance points for embed-
ding a tunable mobile-TV antenna.
These self-contained RFIC solutions
communicate directly with the mobile-
TV receiver chipset and integrate a digi-
tal communication interface and all the
other required functionality monolithi-
cally on the die, which simplifies imple-
mentation as well as minimizes lines/con-
nections between the two devices. High-
performance, compact, and simple
antenna tuning solutions, proven process
technologies, and high-volume capability
are critical to the successful adoption of
complex mobile-TV products. Mobile
handset designers now have a way to
successfully design in tunable embedded
antennas for mobile-TV, and uncover
new market opportunities.�
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TECHNICAL FEATURE

THEORY
The SRR, shown in Figure 1, is made of

two concentric rings separated by a gap, both
having splits at opposite sides. The geometri-
cal parameters, such as the split gap width,
gap distance, metal width and radius are re-
spectively represented by d, t, w and r. The
subscripts i and o denote the inner and outer
rings. Besides the electric and magnetic cou-
pling, the incident field also induces the mag-
netoelectric coupling. The SRR not only has
an electric resonance, but also a magnetic res-
onance. Moreover, the magnetic resonance
frequency is lower than the electric resonance
frequency.4 Using the magnetic resonance of
the SRR in the filter design, a significant size
reduction can be obtained.

The magnetic resonance of the SRR de-
pends on its orientation with respect to the ex-
ternal electric field E and the direction of
propagation k, which implies six distinct orien-

112 MICROWAVE JOURNAL � NOVEMBER 2008

YONGZHONG ZHU, DAN LI, YONGJUN
XIE AND RUI YANG
Xidian University, Xi’an Shaanxi, China

Microwave filters are an essential com-
ponent in modern wireless commu-
nication systems. It is important to

reduce their size and weight in order to inte-
grate them with other components in a single
chip system.1 Using a multilayer filter is the
main trend in filter design, since it shows a
better performance than a planar version.2 At

microwave frequencies, a neg-
ative permeability can be real-
ized over a given frequency
range in the magnetic reso-
nance frequency of a periodic
array of SRRs.3 In this article,
a multilayer technology and
an SRR structure are com-
bined for the design of a novel
multilayer filter. Compared
with the conventional mi-
crostrip filter, the proposed
filter shows a significant size
reduction and an improved
selectivity. The measured re-
sults have a good agreement
with the simulated results.

METAMATERIAL-BASED
COMPACT MULTILAYER
FILTER WITH SKEW-
SYMMETRIC FEEDS
Split ring resonator (SRR) metamaterials are introduced to the design of a
multilayer filter. Considering the electrical coupling to the magnetic resonance,
careful examination of SRR orientations to the external stimulation is presented
through a full wave analysis. With the skew-symmetric feed scheme, the compact
multilayer filter has a center frequency of 6.07 GHz and 7 percent fractional
bandwidth with two transmission zeros at 5.79 and 7.1 GHz. Compared with the
conventional microstrip filter, the proposed filter shows a significant size
reduction and improved selectivity.
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� Fig. 1  Schematic drawing the SRR.
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tations. In the first two cases (see a
and b of Figure 2), in which the
magnetic field E penetrates through
the rings, the magnetic resonance of
the SRR is excited by the magnetic
field. The electric field can also excite
the magnetic resonance when the in-
cident wave penetrates through the
rings and the external electric field. E
is parallel to the split-bearing sides.5
However, when the external electric
field E is rotated perpendicularly to
the split-bearing sides, as in case c
and d, no magnetic response is pro-
duced. In the other two cases, e and
f, the external electric field E pene-
trates through the rings. No magnetic
response is produced.

To account for the magnetoelec-
tric coupling in Maxwell’s equations,
the SRR metamaterials can be de-
scribed by the constitutive relations.6

B
Z

bT= − ⋅ + ⋅μ κ μ0
0

1
1( ) ( )E H

D Z a= ⋅ + ⋅ε ε κ0 0 1( ) ( )E H

So when eyy<0, the stop band will oc-
cur. Through a similar analysis, the
other cases can be proved.

DESIGN AND SIMULATION
Figure 3 shows the proposed filter,

which is composed of three dielectric
layers with the same relative permit-
tivity 2.2 and two SRR layers embed-
ded between the dielectric layers in
the same plane, with splits laid in op-
posite directions. The most important
innovation here is the ground that is
located on the right and left sides, as
shown. This design makes the external
electric field E parallel to the split-
bearing sides and makes sure that the
magnetic resonance of the SRR takes
place, in accord with the third case (c).
The SRR filter, with skew-symmetric
input and output feed-lines coupling
on the first and last resonators, can
generate two transmission extra zeros
lying on either side of the passband
because the delays in the upper path
and the lower path are the same. The
photograph of the fabricated filter is
also shown in Figure 3b. The thick-
ness of the first and third layers is 0.8
mm and the middle layer is 2.5 mm
thick. The circuit dimensions are: r0=2
mm, ri= 1.3 mm, w0=0.25 mm, wi=0.4
mm, t= 0.45 mm, d0=0.5 mm and
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� Fig. 2  The six orientations of the SRR with respect to the k, E and H of the incident TEM
field.

Visit http://mwj.hotims.com/16347-71114 MICROWAVE JOURNAL � NOVEMBER 2008

RF MicrowaveRF Microwave
Filters &Filters & 

Components

Microwave Filter 
Company, Inc.

Standard &Standard &
Custom DesignsCustom Designs

Available toAvailable to
meet yourmeet your

SpecificationsSpecifications

ISO 9000:2001 Registered Company

TECHNICAL FEATURE

where Z0 = √μ0 /ε0, ε
_

and μ
_

are the rel-
ative electric permittivity and relative
magnetic permeability tensors and 
κ
_

is the magnetoelectric coupling 
dimensionless tensor. For different
axes fixed to the SSR, only certain
components ε

_
, μ
_

and κ
_

tensors are of
significance.

Considering a forward plane wave
propagation of the form exp (-iβz'),
for the case 2c, which will be used in
the following filter design.
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di=0.4 mm. The width of the feed line
is 0.2 mm. In the photograph, the left
is the inner structure of the filter and
at right is the whole structure.

The simulated and measured re-
sults are shown in Figure 4. From
the EM simulation, the filter has a
fractional bandwidth of 7 percent
centered at 6.07 GHz, an in-band re-
turn loss of 20 dB and a minimum
out-of-band loss of 25 dB. The trans-
mission zeros are obtained near the
passband at f1= 5.49 GHz and f2= 7.1
GHz. This structure can realize a
good transmission characteristic and
a compact size that is less than one
third of the free space wavelength.
From the measured data, two trans-
mission zeros, at 5.53 and 6.96 GHz,
are found in the passband response of
the filter. Good agreement can be ob-
served between the simulated re-
sponses and measured results.

CONCLUSION
In this article, the relationship be-

tween the magnetic resonance of an

SRR and its orientation relative to the
incident wave has been analyzed. A fil-
ter using two resonators has been suc-
cessfully designed with a compact size,
a low insertion loss and a sharp rejec-
tion loss. Furthermore, with the skew-
symmetric feed structure, two trans-
mission zeros can be achieved. Good
agreement between measured and sim-
ulated data has been demonstrated. �
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ed as an opportunity to showcase the region’s
technological innovation and activity and a plat-
form for interaction and networking, the show
will also provide a window on the market’s mood
and provide an indication of its future intent.

Hong Kong is the perfect place to compare
and contrast the achievements of the 20th cen-
tury with the potential of the 21st, as it spent
156 years as a British colony before being re-
turned to Chinese rule. Its handover in 1997 co-
incided with China beginning to emerge from a
manufacturing base of low cost products to a
major global player. With its voracious appetite
for materials and products, China has driven an
economic boom in the Asia-Pacific region.

Fuelled by the launch of mobile phones and
the development of wireless interconnect sys-
tems, the country has progressed from a tech-
nological novice to a major contributor and
consumer. Initially the emphasis was on pro-
ducing low cost, labour intensive product and
the low-end OEM and mid-range ODM
processes. However, newly produced standards
in China for TD-SCMA mobile phones and
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It is not an easy task to predict the behav-
iour and future of regional and global mar-
kets at the best of times. So now, in the

wake of the global financial crisis, when there
is deep uncertainty and concern surrounding
how far reaching the effects will be, such crys-
tal ball gazing is nigh on impossible. Initially,
the banking sector has been worst hit by the
global economic downturn. For the RF and
microwave industry, the key question is, will a
lack of consumer confidence, restrictions on
borrowing, lack of investment, etc., impact on
manufacturing, production and technological
development?

Without putting faith in Tarot Cards, divine
guidance or mystical powers, that question is
impossible to answer with any conviction. How-
ever, on recent evidence and current statistics,
the Asia-Pacific region seems best placed to
ride out the storm and remain an area of
growth and keen adopter of new technology.

This is pure speculation, of course, and a
barometer of the region’s RF and microwave
market will be the 2008 Asia-Pacific Microwave
Conference (APMC 2008), being held from 16
to 20 December in Hong Kong, with the confer-
ence moving to Macau for the final day. Intend-

RF AND MICROWAVES IN
ASIA: ECONOMIES OF SCALE
The entire spectrum, from high income to emerging economies, is represented in
Asia. The region has shown an insatiable appetite for innovation and technology,
making it a hub of activity and a magnet for global enterprise and investment.
This report examines the current state of the RF and microwave market in the
region and asks whether, in the current global economic climate, technological
development can continue and if growth can be maintained.
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wide-area access Internet coverage are
generating higher end development.

The choice of Hong Kong as the
host of APMC 2008 demonstrates its
perception as China’s gateway to the
West. However, in reality, is that gate-
way truly open to the outside world
or is there still a closed door policy
restricting competition and free
trade? Further afield, can India satis-
fy the increasing demand for the
technical skills necessary to feed its
growth? And will the established
economies in the Asia-Pacific region
be able to develop and implement in-
novative technologies and fend off
competition from emerging nations?

This article addresses these ques-
tions by considering the economic,
commercial and technological envi-
ronment in which the Asian RF and
microwave industry is currently oper-
ating. It is not intended to be a com-
prehensive market overview, but at-
tempts to present a window on the
current status of academic and indus-
trial development and identify the
main trends influencing it. It also
provides a commercial perspective as
executives from a small cross section
of companies actively participating in
the Asian RF and microwave industry
contribute to the ‘company survey’.

MOBILE TELECOMMUNICATIONS
As has been mentioned, it is difficult

in the current climate to make market
predictions and this report makes every
effort to use the latest statistics and
quote renowned sources. For example,
the International Telecommunications
Union (ITU) Secretary-General,
Hamadoun Touré, stated that world-
wide mobile cellular subscribers are
likely to reach the four billion mark be-
fore the end of 2008, which is a contin-
uation of impressive statistics that saw
year-on-year growth averaging 24 per-
cent between 2000 and 2008. While in
2000, mobile penetration stood at 12
percent, it surpassed the 50 percent
mark in early 2008 and the ITU esti-
mates it will reach about 61 percent by
the end of 2008.

However, the statistics are skewed
by some regions, mainly in Western
Europe, approaching saturation allied
to the relatively slow world economy,
while the BRIC economies of Brazil,
Russia, India and China are experi-
encing significant growth as more
people gain access to their first mo-

bile phone, which is often also their
first phone of any kind.

In the Asia-Pacific region ITU fig-
ures show that China surpassed the
600 million mark by mid-2008, repre-
senting by far the world’s largest mo-
bile market. By the end of July 2008,
India had around 296 million mobile
subscribers, which is a penetration
rate of about 20 percent, thus offering
great potential for growth especially if
the existing high levels of competition
between mobile operators are sus-
tained, thus keeping prices down.

In the Asia-Pacific region, like in all
markets, the early adoption of mo-
bile/wireless has been in the cities and
conurbations with the densest popula-
tion and where investment in infra-
structure is lucrative. Regulatory con-
straints are a concern in some sectors
and to ensure continued growth net-
work operators are considering the ex-
pansion of their networks to cater for
increased traffic and to take advantage
of the market potential for delivering
services to rural areas. Rural areas
bring their own challenges of price
sensitivity and logistics. However, with
affordable entry level handsets, realis-
tic pricing and backing from govern-
ments and foreign investors, it is likely
to be a lucrative market.

Further up the value chain the
market for the GPS phone remains
small, with fairly low penetration.
However, its growth rate is significant
in China, primarily due to the fact
that a number of chipset manufactur-
ers are integrating GPS functionality
into the mobile phone’s main chipset,
aiding handset manufacturers and dri-
ving the market penetration of GPS.

BROADBAND
ITU figures show that, in terms of

broadband access, the Asia-Pacific re-
gion has progressed impressively over
the past few years, with subscriber
numbers growing almost five-fold in
five years: from 27 million at the be-
ginning of 2003 to 133 million at the
start of 2008. As such the region is
the world’s largest broadband market
with a 39 percent share of the global
total at the end of 2007.

In the region’s high-income
economies, this growth is being fuelled
through competition to provide faster
fixed broadband access. Operators in
Hong Kong and Japan having launched
1 Gbps broadband and triple-play serv-

ices for the residential market, featuring
applications such as Internet telephony
and television. South Korea is also at
the forefront and leads the world in
terms of the percentage of households
with fixed broadband access.

However, the gap in available
broadband speeds between rich and
poor countries is as wide as the Great
Wall of China is long. For instance, in
the three countries previously men-
tioned (Japan, Hong Kong and South
Korea), the minimum advertised
broadband speed is faster than the
maximum broadband speed in Cam-
bodia, Tonga, Laos and Bangladesh.

In Malaysia the government has a
mandate to increase broadband pene-
tration. The country has a relatively
high GDP per capita and high PC us-
age, but there is a significant digital
divide between central urban conur-
bations and the rest of the country,
along with entrenched wireline com-
petition. Four licenses have been
awarded but rollout has been delayed
from the original deadline of March,
2008, with the commercial launch of
a WiMAX service in Malaysia still un-
certain at the time of going to press.

It is the established economies
that lead the way in terms of 3G mo-
bile cellular deployment. They profit
from the fact that fixed and mobile
broadband technologies complement
each other and users can enjoy con-
tinuous high-speed Internet access.
However, 3G is beginning to be con-
sidered for many emerging markets
where it will be important to keep
handset prices low. In the lower-end
economies, Indonesia and Sri Lanka
are early 3G adopters but have yet to
see significant success, while highly
populous nations like China, India
and Pakistan are yet to migrate to 3G.

Commercially, though, these
countries are the key battlegrounds
with great potential. India in particu-
lar, with its large subscriber base, li-
censing plans for three metropolitan
and up to five rural area 3G licenses
and a vast resource of local content
developers looks a prime candidate
for 3G implementation.

The latest study of 3G in Emerging
Markets, from the Strategy Analytics’
Emerging Markets Communications
Strategies service, concludes that 3G
will meet a pressing need for voice and
some data services in under-served
markets. In order to establish a critical
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mass of acceptance, however, operators
will need to offer affordability in what
are generally price sensitive markets.

SEMICONDUCTORS/ICS
According to the spring 2008 fore-

cast of the World Semiconductor Trade
Statistics (WSTS), the global semicon-
ductor market is expected to grow 4.7
percent on an annual basis to $267.7 B
in 2008 with projected growth increas-
ing from 3.2 percent growth in 2007.
Mobile communications, PCs, digital
consumer products and automotive
electronics are key contributors to this
growth, with a significant factor being
the increased semiconductor content
per item. As has been the trend over
recent years, the Asia-Pacific region
continues to be the fastest growing area
fuelled by the continued manufactur-
ing shift to the region and a rapidly ris-
ing domestic demand.

India’s strengths lie in semiconductor
design, with In-Stat forecasting Indian
design services revenue increasing from
$1.4 B in 2007 to $3.4 B in 2012. Al-
though healthy growth is forecast, the
industry faces problems created by its

own success, including a shortfall in the
supply of design engineers and increas-
ing salaries, together with the wider is-
sue of the weakening of the dollar
against the rupee. On the plus side, In-
dian design companies are building up
competencies to increase the depth and
breadth of their services and making ac-
quisitions to gain complementary skills.

The power semiconductor devices
market has seen significant growth in
recent years as their applications have
extended into a variety of electronic
applications, notably communications,
networking, consumer electronics and
the automotive industry. These appli-
cations demand discrete power semi-
conductors with a small footprint, high
efficiency and good integration. Sup-
pliers are striving to enhance process
technology and packaging, while more
efficient manufacturing and increased
capacity, together with improvements
in technology have reduced prices.

The sales of discrete power semi-
conductors have increased signifi-
cantly in recent years in the Asia-Pa-
cific region, particularly China, South
Korea and Taiwan. Technologically,

the MOSFET and IGBT segments
are seeing greatest expansion.

With regards to foundries, out-
sourcing from IDM is rising, with
pure play foundries becoming in-
creasingly important as they take the
lead in developing cutting-edge tech-
nologies. There were twenty five 300
mm fabs operational in the Asia-Pa-
cific region in 2006 with Taiwan be-
ing the leader, followed by South Ko-
rea, with Singapore likely to grow sig-
nificantly due to active investment.

ELECTRONICS
In the global electronics market, the

Asia-Pacific region (particularly China),
Eastern Europe and leading South
American countries have benefitted
from being low cost manufacturing lo-
cations. In fact, a recent report pub-
lished by Reed Electronics Research
and distributed by In-Stat stated that
between 1995 and 2006 Asia-Pacific’s
share of global electronics production
increased from 20 percent to 42 per-
cent, with China’s share increasing from
3 percent to 20.5 percent during that
period. In 2006 electronics production
in India increased by 22 percent.

Malaysia and Singapore are not in
the same league but are seeing
growth, as is Vietnam, which is bene-
fitting from favourable government
policies and a strong work ethic as
well as low operational and labour
costs. Such conditions are attracting
global EMS/ODM companies while
leading OEMs like Sony, Samsung,
Fujitsu and LG have set up manufac-
turing operations in Vietnam.

However, while the emerging
countries are seeing sustained
growth, others in the Asia-Pacific re-
gion have witnessed a downturn in
fortunes. The migration of produc-
tion to low-cost locations has particu-
larly affected Japan. According to the
Reed Electronics Research Report,
by the end of 2006, the country’s
electronics output had fallen by 23.5
percent from the peak in 2000 and its
share of global electronics output fell
12.7 percent from 26 percent in
1995. Despite the underlying trends,
production stabilised in 2006 with
production rising by 4 percent and by
a modest 0.6 percent in 2007.

GENERAL
With the high profile communica-

tions industry grabbing the headlines
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and the limelight, other sectors of the
RF and microwave industry tend to
get overshadowed in the Asia-Pacific
region. For example, although many
countries in the region invest a small
proportion of their GDP in defence,
the more developed nations such as
Japan, South Korea, Singapore and
Australia are investing more heavily.
Radar for intelligence, surveillance
and reconnaissance (ISR) is a case in
point, with the major powers in the
region making finances available for
modernisation and upgrades. Figures
from Frost & Sullivan show that
Japan accounted for 39.8 percent of
the total Asia-Pacific air ISR radar
market in 2007, followed by South
Korea and Australia.

Technologically, developed coun-
tries are upgrading to active electron-
ically scanned array radar technology
and investing in R&D. Also, network-
centric warfare is raising its head
above the parapet, with an increasing
number of countries in the region
shifting their military doctrines to-
ward a networked-defence strategy.
However, the high cost of these next-

generation platforms with advanced
radar systems is likely to restrict their
adoption by small to medium sized
countries.

In the commercial sector, the
rapid growth of the economy of
emerging nations in the Asia-Pacific
region has produced significant
growth in the domestic sensors mar-
ket. There has been increased inter-
est in sensors to meet the demand for
high quality process control and mon-
itoring and for their utilisation to sat-
isfy new standards and protocols for
emerging technologies such as wire-
less. Japan, Malaysia and Singapore
have embraced the transition from
traditional sensing methods, while
others such as Vietnam, Thailand and
Indonesia are lagging behind with
implementation.

Significantly, though, foreign in-
vestors have shown an interest in
funding R&D activities to develop
new technologies that when combined
with the improvement of existing
processes can improve the perfor-
mance of sensors and also deliver
them at competitively low prices.

COMPANY SURVEYS
Technologically and economically

the above briefly sets the context in
which the Asian RF and microwave in-
dustry is currently functioning, but
what are the realities for companies de-
veloping, manufacturing and marketing
new products in the region? To provide
an insight into current market condi-
tions and technological development, a
commercial perspective is offered via
the ‘company survey’ of executives
from companies representing a cross
section of industry—namely the host of
APMC, Hong Kong, the growth econo-
my of China and the established mar-
ket of Japan. The format is generally a
brief overview of the company’s activity,
followed by comments on technological
and market initiatives.

HONG KONG
YAN TAT

Formerly Shen Zhen Enda Elec-
tronics Co. Ltd., Enda established
YAN TAT (Hong Kong) Industrial
Ltd. in 1992. The company specializes
in the manufacture and supply of
printed circuit boards to the global
electronics industry and has success-
fully grown into a professional organi-
zation that offers a wide range of
products. These include double-sided
and multi-layer PCBs on standard and
exotic laminates and special base ma-
terials as well as thick copper backed
PCBs (5 mm) for heat dissipation.

The applications for these prod-
ucts are primarily in the communica-
tions and automotive industries, with
antennas, filters, connectors and
power amplifiers (pre-bonded copper
and post bonding) mostly used in
base stations. These solutions require
special materials/designs and a high
level of quality.

As a result, YAN TAT does busi-
ness in North America, Europe and
Asia. Its approach to customers is the
same the worldwide and with existing
customers being global, the company
has the necessary knowledge and ex-
pertise to support each geographical
area. The key approach is good com-
munication with customers and a
keen understanding of their require-
ments, with flexibility of manufacture
also being an important factor.

The company believes that, in
general, Asian producers provide vol-
ume manufacturing with good quality
and technical support, but also points
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MODELS ( Add Prefix BW- )
2 W SMA 5 W SMA 5 W Type-N

$29.95 $44.95 $54.95 Nominal     Accuracy*
S1W2 S1W5 N1W5 1 ±0.40
S2W2 S2W5 N2W5 2 ±0.40
S3W2 S3W5 N3W5 3 ±0.40
S4W2 S4W5 N4W5 4 ±0.40
S5W2 S5W5 N5W5 5 ±0.40
S6W2 S6W5 N6W5 6 ±0.40
S7W2 S7W5 N7W5 7 -0.4,+0.9
S8W2 S8W5 N8W5 8 ±0.60
S9W2 S9W5 N9W5 9 -0.4,+0.8
S10W2 S10W5 N10W5 10 ±0.60
S12W2 S12W5 N12W5 12 ±0.60
S15W2 S15W5 N15W5 15 ±0.60
S20W2 S20W5 N20W5 20 -0.5,+0.8
S30W2 S30W5 N30W5 30 ±0.85
S40W2 S40W5 N40W5 40 -0.5,+1.5

*At 25°C includes frequency and power variations. 
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continuously explores and practices
ways of integrating social responsibili-
ties into the entire management
process of production and operation.
The aim is to attain economic, com-
munity and environment benefits in
order to create coordinated and sus-
tained development of the business.

Shenzhen Shennan Circuit Com-
pany currently has two factories in
Nanshan and Longgang, staffed by
over 3000 employees. The PCBs in
mass production can be up to 52 lay-
ers. When it first began, the company
introduced advanced production
equipment and process technologies
from abroad that enabled it to be-
come a leader in domestic industry.

Its mission is to improve product
quality and manufacture according to
the highest international standards.
Products comply with both Chinese na-
tional standard and US IPC standards,
and are UL certified. This means that
SCC not only supplies China and Hong
Kong, but is also an international player
that markets its products in North
America, Europe and Southeast Asia.
The company’s long-term aim is for mul-

tiple services expansion, rolling develop-
ment and deployment into new areas.

JAPAN
Hirai Seimitsu Kogyo

The company provides high-preci-
sion photo-etching including the fabri-
cation of multi-layered Low Tempera-
ture Co-Fired Ceramic (LTCC) sub-
strates, precision photo etching of
various metals and polyimide. It is also a
world leader in the field of metal etch-
ing. Other capabilities include the plat-
ing of metals and other surface treat-
ment along with mechanical forming
such as NC machining, laser cutting,
wire EDM, welding, thermally pressur-
ized bonding and stamp forming.
Specifically, in the RF field, the compa-
ny provides in-house plated LTCC sub-
strates for RF modules and lead frames
for RF and/or RF power devices. Par-
ticular effort is going into providing a
design library or RF design support for
the LTCC foundry service and minia-
turization of LTCC substrates.

New technologies that Hirai SK is
currently developing include: thin film
metallization of the LTCC substrates
for the higher Q at micro and mm-
wave frequency bands and for finer
pitch patterning, improvement of the
metal paste printing, shape and materi-
als, for the higher Q or lower resistivity
at mm-waves, and microwave sintering
to reduce the costs of LTCC, etc. As
the reduction of size and losses are vi-
tal for any mobile equipment, includ-
ing 4G mobile phones, a miniaturized
and low loss BPF is currently under
development in a project being carried
out in association with Ryukoku Uni-
versity. Also significant is the compa-
ny’s work on waveguide implementa-
tion in the LTCC at mm-waves.

The company’s manufacturing, de-
velopment and international sales are
based in Japan. The company has
sales partners throughout Asia and in
the US, but expects to see growth in
BRIC countries and the European
Union as there are few LTCC suppli-
ers there. Geography is not viewed as
a boundary as the Internet and e-mail
make the exchange of technical infor-
mation and layout data easy and im-
mediate. In fact, design information
and the RF design kit for the LTCC
foundry service is downloadable from
the company’s web site, which elimi-
nates location problems and simpli-
fies overseas communication.
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out that there are Asian designed
products that offer older, simpler,
lower-end technology solutions for
developing countries. On a larger
scale where YAN TAT is seeing signif-
icant activity is among its bigger glob-
al communications customers that are
working on cost reduction to gain
market share. This is likely to be
achieved through improved design
and the reduction of PCB and
PCBA/box build manufacturing costs.

CHINA
Shenzhen Shennan Circuit
Company

Established in 1984, SCC is a hi-
tech enterprise engaged in the pro-
duction of high-precision, high-densi-
ty and high-reliability double-
sided/multi-layer PCBs that the
company manufactures to customer
specifications. Its RF and microwave
PCBs are manufactured primarily for
communication, medical, automotive
and automation applications.

The company takes its social re-
sponsibilities seriously both in terms
of enterprise and the community. It
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Hirai SK has the traits of a typical
Japanese company as it is good at pre-
cision handling, has high yield and
quality, is traditionally good at ceramics
fabrication, can carry out a large num-
ber of iterations to optimize processes
and can ship samples quickly.

With regards to technology, the
company sees the following stimulating
the market it operates in: high frequen-
cy magnetic materials, nano-wire or
nano-particles for the improvement of
the Q factor at mm-wave frequencies,
dielectric materials or LTCC green
sheet with higher Q factor at mm-
waves, direct bond technology of the
LTCC and the metal plate or sheet for
accurate internal patterning, and thin
film metallization, artificial dielectric
materials/nano technologies and fre-
quency agile or tuneable materials.

Looking to the future, Hirai SK sees
groundbreaking development being the
realisation of CMOS device integrating
mm-wave circuits with the memory +
antenna, with integration to a small
sized mm-wave antenna + FEM + digi-
tal processing/memory. Such miniatur-
ized modules could be attached to any
device such as ear-phones for TV sets.
The company will also strive for higher
accuracy of the LTCC process to pro-
duce higher yields at lower costs.

CONCLUSION
Over the last 12 months the Asia-Pa-

cific region has, in general, continued to
see consumer markets grow, fed by new
technology. For the RF and microwave

industry it is the mobile communica-
tions and wireless technology sectors
where there has been significant growth,
with China now being the world’s largest
mobile market. This sector also demon-
strates the contrast that this vast conti-
nent reveals: in the established high-in-
come economies such as Japan, where
the possession of mobile phones is near
the saturation point, the emphasis is for
greater content and added value services
while emerging nations require cheap
handsets, low prices and access in rural
areas. With a mobile penetration rate of
around 20 percent, India in particular
has significant potential for growth.

The provision of broadband access
is a key issue too with the launch of
faster rates and triple-play services
being significant in the high-income
economies while the priority for the
emerging economies is the imple-
mentation of services at any speed.

Asia remains at the forefront of
semiconductor manufacturing and
foundry services. It has benefited
from migration from declining mar-
kets in other regions buoyed by an in-
creasing local consumer market. In
the foundry market, Japan, South Ko-
rea and Taiwan remain dominant, but
China has seen significant investment
in this sector too. India has become a
key player in semiconductor design,
but faces challenges to provide train-
ing and education to meet the de-
mand for skilled technicians.

While the emphasis and focus has
been on the high profile industries

such as telecommunications and elec-
tronics, the more general and under-
stated sectors of the industry have
gone relatively unnoticed. However,
there is growth in defence systems in
general and radar systems in particu-
lar and sensors are being used in ap-
plications from industrial processes to
wireless technologies.

Finally, at the time of going to press,
the global economic downturn cannot
be ignored and although Asia is likely to
be more immune than most, it is in-
evitable that there will be some conse-
quences. Those countries that could suf-
fer are likely to be at the opposite ends
of the economic spectrum. The high-in-
come economies such as Japan, South
Korea and Taiwan will be most suscepti-
ble to a cut back in consumer spending
and the competition from cheaper, im-
ported goods, while the low-end
economies, which are just beginning to
emerge, could be stunted by a lack of in-
vestment and consumer reluctance at a
critical stage of development. However,
it is hard to see the growth economies of
countries such as China and India losing
much momentum. �
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SPECIAL REPORT

for faster, higher-capacity data communication
as well as mobile personal communication. The
massive research and innovation that served the
needs of the military would soon be redirected
to serve the wireless revolution.

JANUARY 1990
The decade starts out without any editorial

hint of a pending downturn in military spend-
ing. This month featured a special report on
Modern Radars and Antennas (still our Janu-
ary theme) by JT Nessmith of the Georgia
Tech Research Institute, and four technical
articles on other various radars and antenna
arrays (two weather radars, an airborne active
array and radar antenna testing). The article,
“Airborne Active Element Array Radars Come
of Age” by RM Lockerd and GE Crain, both
of Texas Instruments, examines 25 years of de-
velopment in active electronically-scanned ar-
ray (AESA) antennas and praises the evolution
of the MMIC and its role in making “X-band
active element phased arrays suitable for ap-
plication in tactical aircraft and other defense
systems.” The authors frequently referred to

130 MICROWAVE JOURNAL � NOVEMBER 2008

DAVID VYE
Editor, Microwave Journal

Past Microwave Journal articles provide a
fascinating look at the life and times of
our industry and how we have weath-

ered economic and social change. This fifth
installment in our series recounts the 1990s, a
decade that is still clearly visible in our recent
memories. In the world at large, we witnessed
the fall of the Soviet Union brought about by
the Reagan military build-up of the 1980s.
Much of the advanced technology developed
for the Cold War would get its first massive
public display during the first Gulf War. Ter-
rorists, mostly homegrown ones, would endan-
ger the public with bombings in Oklahoma
City, OK, the World Trade Center in New
York and Olympic Park in Atlanta, GA. Feder-
al agents raided the Branch Davidian com-
pound in Waco, TX, OJ Simpson went for a
televised ride in his white Ford Bronco and
his trial became a national obsession, NAFTA
got ratified, Germany was re-united, a sheep
got cloned and a president got caught being...
un-presidential.

With the Cold War nearing an end, defense
spending began to drop-off precipitously and
guest editorial from industry leaders quickly re-
flected the concern over the disappearing rev-
enue. Fortunately, the seeds had been planted

A MICROWAVE JOURNEY,
PART V: THE 1990S
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the maturity of AESA technology
and how it was the “final step in sys-
tem efficiency and cost reduction
making it the preferred technology
for all future multimode radar devel-
opments.” Much of the MMIC tech-
nology presented went back five
years to 1985. In hindsight, the arti-
cle looks more to the past than the
future, which may be the year’s first
indication of trouble in this sector.

FEBRUARY 1990
The year was also filled with inno-

vation and the first public display of
many new technologies. The Febru-
ary cover featured a new software
program called HFSS, an electromag-
netic simulator from Hewlett Packard
(initially developed by Ansoft and
marketed by HP, now Agilent). The
cover showed a 3D microwave struc-
ture (waveguide to coax adapter) that
was characterized by computing
Maxwell’s equations to derive a set of
S-parameters and field plots. The ap-
plication note by Alexander Anger of
HP introduced the technology to the
world. Within a few short years, field
visualization and obtaining S-parame-
ters without physical prototype would
revolutionize high frequency design.

MARCH 1990
Concern over the changing eco-

nomics is made clearer in this month’s
special report, “Company in Transi-
tion: An Interview with Dr. Thomas A.
Vanderslice, M/A-COM CEO.” Van-
derslice, formerly of Apollo Computer,
had just taken the top spot at M/A-
COM the previous November. The
company had been experiencing prob-
lems with some of the non-microwave
acquisitions from the mid-70s. Van-
derslice was focused on re-structuring
the company around the parts that
were profitable and divesting those
that weren’t. The previous CEO Tom
Burke, who had died in an automobile
accident in September 1989, believed
M/A-COM’s future lied in concentrat-
ing on the defense sector. By the time
of this interview, Vanderslice was
specifically asked how he felt about
moving in this direction with “the
prospects for the defense budgets as
they are.” His response was an ac-
knowledgment that the company
would trim its businesses, steer toward
the commercial, and keep the busi-
nesses that were heavily focused in

this area and bring the commercial
side up from 20 percent of their over-
all portfolio to 30 percent. New busi-
ness would not be in the defense mar-
ket, but would look to international
opportunities and applications such as
collision avoidance (automobile), radar
speed detection and boating radar
(more consumer electronics).

APRIL 1990
Look out JR—Dallas skyscrapers

cover the April issue. Our annual
IMS coverage featured MTT-S presi-
dent Tatsuo Itoh authoring a guest
editorial, “Merging Technologies for
the New Decade.” Itoh had deep
roots in the microwave community
going back to his school days at the
University of Illinois in 1969, re-
search days at Radio Physics Lab in
Menlo Park, CA, serving on the fac-
ulty at the Universities of Kentucky
and Texas, Austin, and guest re-
searcher at AEG-Telefunken among
his many credits. The MTT-S presi-
dent wrote about the symposium’s
theme of incorporating diverse tech-
nologies into the conference reflect-
ing the variety of disciplines behind
the complex microwave systems of
the day. In particular, the MTT-S was
joining with the Antenna and Propa-
gation Society (APS) and the Inter-
national Scientific Radio Union
(URSI) in scheduling a number of
symposia. Also, the Microwave and
mm-Wave Monolithic Integrated
Circuits Symposium and ARFTG
conference were placed closely to-
gether on the schedule.

In this issue another simulation
technology would grace the pages of
Microwave Journal. This time, Steve
Maas would present his alternative to
the existing nonlinear computer-aid-
ed design techniques in an article
called, “Analysis and Optimization of
Nonlinear Microwave Circuits by
Volterra-Series Analysis.” As a sea-
soned designer, Maas knew the im-
portance of fast simulation times
when optimizing circuit perfor-
mance. His approach attempted to
improve simulation speed and effi-
ciency over standard harmonic bal-
ance. The technique, which was lim-
ited to weakly-coupled nonlinear cir-
cuit analysis, would eventually find a
home when it became a subset to the
simulation engines in Microwave Of-
fice a few years later and made a big

132 MICROWAVE JOURNAL � NOVEMBER 2008

SPECIAL REPORT

splash with real-time tuning at the
1998 IMS in Baltimore, MD.

SEPTEMBER 1990
This issue took a hard look at the

EW market in the ’90s with two special
reports: “Not Ready for Plowshares”
(subtitled “EW Checks its Vital Signs.
Prognosis: Firmer, Leaner, Meaner
and in Good Physical Health”) by S.
Herskovitz of the Journal of Electronic
Defense (a former MWJ sister publica-
tion) and “The Microwave Component
Industry: Two Views of the Future” by
Joseph Saloom of M/A-COM and
George Caryotakis of Varian. The first
report spelled out the Government Ac-
counting Office’s plan to cut 16,000
DoD jobs in the next year as well as
major cut-backs among defense con-
tractors, an estimated 65,000 workers.
The scale of the budget cutting (13
major weapon programs, 35 US mili-
tary bases, 25 percent force reduction
by mid-decade) was truly frightening
to companies and workers heavily vest-
ed in defense spending.

JANUARY 1991
For the second time in its history

the publisher’s torch was passed. This
time Bill Bazzy writes the tribute an-
nouncing the “partial retirement” 
of Howard Ellowitz and placement 
of Harlan Howe as the new Publish-
er/Editor. Howe, a seasoned engineer
and microwave text book author,
wrote his first editorial as publisher in
this issue, outlining his plans to intro-
duce some changes where he felt we
could do a better job of reporting
while keeping the successful aspects
of the magazine unchanged.

As Bill Bazzy states, “We are proud
and happy that Harlan has elected to
join us. Ensuring that our dependence
on military activity can be reduced by
moving aggressively into commercial
areas of the communications industry
will be a major target for Harlan. The
convergent technologies that are now
providing the marvelous new tools of
global networking, high speed data
transport, mobile and cellular tech-
niques and wireless communications
are developing opportunities of great
promise for the industry’s expansion
into commercial opportunities.” Along
with the Internet, the public was inter-
ested in technology for personal use
and thus the opportunity for commer-
cial applications was as ripe as ever.
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Howe would be the face of the Journal
during these transformative years about
to reshape the industry and technology
affecting our day to day lives.

Encouraged by individual govern-
ments and new corporate investment,
a re-direction of technology away from
military applications and toward com-
mercial ones would become a global
effort. Systems developed during the
Cold War for defense purposes would

be seen by the public for the first time
during the Gulf War, marked by quick
victory and the performance of smart
weapons. Advance guidance systems
and mobile communication would
awaken many to what applied mi-
crowave technology could achieve.
Millions of Americans witnessed
Raytheon’s anti-Scud Patriot system
(see Figure 1) during a live TV cover-
age of a missile attack on Riyadh dur-
ing operation Desert Storm. Despite
some controversy over the true effec-
tiveness of this system in downing the
incoming missile, Raytheon would
capitalize on this seeming success with
a Microwave Journal advertisement
reminding readers of their contribu-
tion in fighting the “evil one” (see Fig-
ure 2). The event and analysis of the
technology used in this conflict was re-
ported by contributing editor Howard
Bierman in “Microwave and mm-
Wave Technology: The Brains Behind
Smart Weapons.” Bierman also wrote

some months later
about another
bright spot for the
industry in his spe-
cial report, “The
Defense Budget
Shrinks, but Elec-
tronics Gains Larg-
er Share.”

And yet the
scramble to find
new commercial op-
portunities was on
as Howe reported in
December in “The
1991 (Microwave
Hybrid Circuit)
MHC Conference
Stresses Commer-
cial Transition.” No
specific direction for
the industry was of-
fered at the confer-
ence, yet keynote
speaker Bill Jones,
VP at Westinghouse,
suggested compa-
nies take greater
consideration of
their core compe-
tencies rather than
specific products
when deciding
which commercial
markets to pursue.
Guided by Harlan’s
editorial mandate,� Fig. 2  Raytheon ad from Microwave Journal in 1991.

� Fig. 1  Raytheon Patriot anti-missile
system.
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Journal contributors offered some
their own advice in the new Commer-
cial Applications Series, which was
launched as a monthly feature in 1991.
Notable articles presented emerging
commercial opportunities in personal
communication, motor vehicle and
highway automation, microwave heat-
ing in medicine, a “roaring” DBS re-
ceiver market, and mobile satellite
communication for consumers.

JANUARY 1993
Keeping with the editorial directive

to focus on commercial opportunities,
Microwave Journal expanded the com-
mercial applications series to include
lightwave applications. The Commer-
cial Application Series article for this is-
sue was a special report on the Euro-
pean Market for Digital Cellular 
Communications. Contributing Inter-
national Editor Guy Daniels wrote, “Of
all the varied commercial markets for
microwave and near-microwave tech-
nologies, personal communications
seem to hold the greatest potential.
This year sees the official commence-
ment of the single European market,
which brings with it the lowering of
trade barriers, free consumption and
economic unity. It is also the year when
digital cellular communications are set
to take off in Europe.” Daniels contin-
ued in great detail discussing the roll-
out plan by the group special mobile or
GSM for worldwide digital cellular
communications.

Interest in lightwaves and fiber op-
tics had been appearing in Microwave
Journal for over a decade as long haul
telecommunications was looking to ad-
dress the growing need for network
capacity. Fiber optic communication
was developed for commercial use in
the early 1980s, operating at 1.3 μm
using InGaAsP semiconductor lasers.
By 1987, these systems were operating
at bit rates of up to 1.7 Gb/s with re-
peater spacing up to 50 km. As Hugo
Vifian of Hewlett-Packard noted in his
article, “From Microwave to Light-
wave,” “The transition from mi-
crowaves to lightwaves has been a nat-
ural and fruitful development. Affini-
ties between the two fields are
presenting microwave engineers with
many opportunities to expand the
technology.” This particular article
went on to discuss optical measure-
ments. Other topics in this series
would include: Mode-locked semicon-

ductor lasers, Photonic CAD, Opto-
electronic mm-wave sources and Digi-
tal Transmitters.

APRIL 1993
Ken Carr of Microwave Medical

Systems Inc. continued our reporting
on the shift from military to commer-
cial applications with a special report
entitled, “A Company’s Transition
from the Military to the Commercial
Marketplace.” Carr pointed out that
despite the success of the technology
that grew out of military necessity
(and government investment), the US
was experiencing the greatest slow-
down in R&D since the early 1970s.
Carr pointed out that “while twenty
years previous the US produced 94
percent of its electronics, in 1993 it
imported 94 percent.” The author
then pointed to underinvestment in
engineering and manufacturing tech-
nology, the mean culprit being lack of
funding. He compared his effort to
build a new start-up company in 1993
with his role co-founding Ferrotec in
1970, which was later acquired by Mi-
crowave Associates. His experience
taught him that, “the idea that all it
takes is brains, perseverance and luck
is nice, but very outdated. It now takes
a great deal of money.” The author di-
rected readers toward private (venture
capital firms) and public (Small Busi-
ness Innovation Research—SBIR)
funds. Unfortunately, the dire situa-
tion of declining American competi-
tiveness in business depicted in this
article is still up for debate today.

JULY 1993
Several items of note in this, the

Journal’s 35-year anniversary issue. A
special report from Harlan Howe and
Christine Blanchard on “Dual-use
Technologies: Defense Technology
Conversion, Reinvestment and Tran-
sition” discussed the government
agencies and programs being direct-
ed by the Clinton White House to
“stimulate the transition to a growing,
integrated, national industrial capa-
bility that provides both the most ad-
vanced affordable military systems, as
well as the most competitive com-
mercial products.” The official title of
the Advanced Research Projects
Agency (ARPA) program was Tech-
nology Reinvestment Project (TRP),
but it was more commonly known as
“dual-use” or “Operation Restore
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packages. His message was clear:
“The industry must once again em-
brace change.” Within a year, CMOS
RFIC designs and applications would
be well represented among the tech-
nical features appearing frequently.

SEPTEMBER 1995
Howe’s note from the publisher,

“Five Years—What a Difference,”
commented on the many changes he
witnessed in the industry since talking
the helm. He touched upon the facts
that in 1990 the industry markets
were 80 percent military and that the
anticipated downturn was much
deeper than anyone had anticipated.
Yet, despite the layoffs, mergers, ac-
quisitions and business failures in
1991 and 1992, the industry had
found commercial markets and re-
structured companies had been able
to grow. By 1995, 80 percent of the
industry was working in commercial
applications. Howe reflected on a
much improved atmosphere at the
most recent MTT-S exhibitions and
noted that the technical revolution
had even touched the publishing busi-
ness as the Microwave Journal was
now fully produced electronically.

JANUARY 1998
This issue included a special sec-

tion with technical features on
MMIC-based Double-Y Baluns, SAW
IF filters and an ALGaAs/GaAs HBT
Transceiver chip for wireless applica-
tions along with reports from the
Wireless/Portable by Design Exhibi-
tion. The wireless term encompassed
a wide range of technologies that in-
cluded cellular and cordless phones,
wireless networks (WLAN), Blue-
tooth, GPS, satellite television and
many others. The published articles
throughout the year reflected the in-
dustry’s attention toward specific ap-
plications, standards, modulation
schemes and competing semiconduc-
tor technologies. Attention turned to
every other component in the wire-
less radio, including the antenna, all
RF/microwave passives, chip packag-
ing, PCB design and filters.

Driven by the demands of the wire-
less systems covered in the early issues
of 1998 (and previous years), the need
to focus on individual component per-
formance was evident by the scope
and depth of the technology described
in this year’s technical articles. The ef-

Jobs.” The timing to redirect the
technical community couldn’t have
been better. From the 30 million cel-
lular phones in use at the time, in ten
years after this article was written
there will be 159 million cell phone
users. Strikingly close to the 150 mil-
lion predicting in a M/A-COM adver-
tisement running in this same issue.

MARCH 1995
A special report, “Get onto the

World Wide Web - Now,” introduced
the new Microwave Journal web site
and many readers to the web itself.
The article bears witness to the primi-
tive early days of the “world wide
web” as basic web concepts such as
hypertext links, mouse-based systems,
point and click, browser and cyber-
space are explained to our readers.
The author tried to educate readers
on service providers (limited e-mail or
newsgroups to “full service ones”) and
browsers (Mosaic was described as
the archetypical browser). The author
recommended users get a fast modem
to “connect the computer to the tele-
phone line” (a 9600 bps was bottom
of the line, 28.8 kps or ISDN “should
be seriously considered”). At the time,
“server computers on the Net were
generally connected with either a T1
(1.54 mbps) or a T3 (45 mbps) high
speed network link.”

JUNE 1995
The term “RFIC” may or may not

have yet been coined at this point,
but the special report by Robert
Clarke of Analog Devices, “RF and
IC Designers: Two Professions Sepa-
rated by an Uncommon Language,”
suggested the time was near. The au-
thor wrote, “Are RF and IC designers
two different species? Or are they the
same species and just practicing two
different religions? Let’s consider
their beliefs. RF engineers proclaim
the gospel according to Armstrong
and the mysteries of Maxwell’s equa-
tions and Faraday’s law. They speak
of the glories of power and imped-
ance. On the other hand, IC design-
ers chant the mantra of Ohm. They
mediate on the teachings of Volta,
Ampere, Haynes, Shockley, and
Bardeen.” The editor’s instruction
discussed the disappearance of bulky
microwave components as more and
more products take chip form and
became hidden inside little SOIC
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(from a user perspective) and what
the plan was to upgrade the system
into what we experience today.

OCTOBER 1998
A special report by Rob Van Brunt

on “Third-Generation Wireless Test
Requirements” looked toward the fu-
ture of mobile communications. Test
manufacturers were among the first
to deliver products to market for
these new standards. The author
spelled out the goals for the IMT-
2000 system that was, according to
his article, “still several years away.”
The principle challenge in deploy-
ment cited in the article was the issue
of graceful evolution from existing
1G and 2G systems. This challenge
was perhaps greater than anyone at
the time, including the author antici-
pated. However, 80 percent of the
European population would be cov-
ered by 2005 and by December
2007, 190 3G networks in 40 coun-
tries would be operational.

CONCLUSION
It was a watershed decade for the

industry, perhaps more than any oth-
er. Businesses were put under in-
tense pressure to become lean and
efficient in the wake of an all but dis-
appearing military market. Compa-
nies that were able to re-focus their
core competencies toward commer-
cial applications not only stemmed
their bleeding, but were able to grow
significantly by mid-decade. Where
80 percent of companies manufac-
tured for military end-use in 1990,
that same percentage would claim to
manufacture mostly for commercial
applications by the end of the
decade. Encouraged by the govern-
ment, companies would embrace the
notion of dual-use components.

Simulation technology would take
great strides in capability and change
the way we designed forever, while
semiconductor process technology
made CMOS viable at radio frequen-
cies and allowed new HEMT and
HBT technologies to co-exist on a
single IC. These innovations ignited
the wireless revolution and made
personal communication applications
and mobile handsets possible. In the
1990s the microwave industry would
answer that Verizon guy’s question,
“Can you hear me now?” with a re-
sounding, “Loud and clear.” �

fort to shift microwave engineering
away from the military and toward
commercial opportunities yielded im-
pressive research in all areas of hard-
ware design and supporting activities
such as simulation and test.

With this shift to commercial wire-
less, devices and related articles shift-
ed from broad to narrow frequency
bands and device performance was
increasingly tied to specific applica-
tions such as power amps for GSM
handsets, IF ASICs for CDMA cellu-
lar/PCS telephones, phase-locked
loops for CDMA, GaAs HBT trans-
ceiver for PHS cordless phones,
CDMA RFIC upconverters, and dri-
ver amps for PCS base stations.

The quest for high power amplifi-
cation, once the realm of TWTs, was
now being fought among MESFET,
pHEMT, HBTs and LDMOS, silicon,
GaAs, InP and SiGe. In addition to
power, many amplifier papers con-
cerned themselves with monitoring
and improving linearity. Featured pa-
pers included: “Digital Data Signal
Spectral Side Lobe Regrowth in Soft
Saturating Amplifiers,” “1.9 GHz
Feed-forward Adaptive Amplifier,”
“Linear RF Power Amplifier Design
for CDMA” and “Spectral Contain-
ment by Pre-distortion of OQPSK
Signal.” From a financial perspective,
the Microwave Journal commercial
markets update would report on the
favorable business climate for many
RFIC companies whose stocks at the
time were soaring.

FEBRUARY 1998
Another recurring commercial ap-

plication in 1998 was the GPS system,
which was discussed in articles such
as “Quadrafilar Helical Antenna for
Low Elevation GPS,” “An Integrated
GPS Receiver RF Front End,” “GPS
Frequency and Time Standards,” “A
GPS Chipset with Low Power Con-
sumption” and a special report on
“GPS in 10 Years.” Karl Kovach of
ARINC Inc. and Karen Van Dyke of
the US Department of Transportation
predicted that enhancements to GPS,
removal of Selective Availability (SA)
combined with user equipment would
improve accuracy, integrity and avail-
ability of GPS. What was truly fasci-
nating about this article was their ex-
planation (in easy to understand
terms) of how the system functioned
in 1998, what its limitations were
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CREATING HIGH-
PERFORMANCE SDR
ARCHITECTURES

Developers of Software Defined Radio
(SDR) waveforms are fortunate to
have a myriad of high-performance

technologies and targets available for wave-
form implementation in heterogeneous DSP
and RF architectures. The challenge is how to
co-design RF architectures together with base-
band signal processing to create high perfor-
mance and flexible SDR architectures that can
achieve the critical performance specifications
necessary in the operational environment.

SDR waveform architectures found in mili-
tary and commercial applications (see Figure
1) incorporate broadband high dynamic range
RF subsystems, which act as the interface be-
tween the baseband processing engine and the
real transmission channel. These analog/RF
subsystems and associated transmission chan-
nels are never ideal and always introduce
noise, distortion and other non-ideal impair-
ments that limit the performance of the overall
physical layer (PHY). In real systems, the non-
ideal effects of these “real” analog/RF subsys-
tems are either accounted for by over-design
or through pain-staking, after-the-fact manipu-
lation of the baseband algorithms to correct for
these impairments. Being able to model and

account for these RF/channel impairments
along with the DSP functions is critical, but
many existing design methodologies simply ig-
nore them or use greatly simplified math func-
tions to model these impairments.

For the baseband designer, FPGA architec-
tures and embedded DSP/GPP engines have
reached new reference points in size, perfor-
mance and power consumption, giving develop-
ers of military and airborne systems and lower
volume applications plenty of target choices for
the creation of high performance, flexible and
re-programmable SDR waveform architectures.
Taking advantage of the horsepower in these
advanced HW targets continues to stretch the
development methodologies that have served
the SDR community for many years.

These methodologies, which rely heavily on
general purpose design and math modeling, are
now becoming a bottleneck for efficient SDR
design. Many engineers continue to use general
purpose Register Transfer Level (RTL) design
and math modeling tools, with simple and most-
ly ideal models of the RF subsystems or utilize

AGILENT EESOF EDA
Santa Clara, CA

PRODUCT FEATURE
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in-house, hand-coded methodologies
that tend to create discontinuities in
the overall task of system architecture
design and algorithm implementation.
Figure 2 shows a discontinuous sys-
tem architecture flow.

With the emergence of electronic-
system-level (ESL) design method-
ologies there are new classes of de-
sign automation tools available today
to help with older strained method-
ologies. However, most of these ESL
solutions are focused on high-level
design synthesis of digital systems, al-
lowing higher modeling abstractions.
Often these ESL tools ignore the
analog/RF systems, providing value
only for the digital baseband and SW
engineers. Agilent Technologies EDA
division has recently announced its
new SystemVue 2008 product, which is
focused on the task of rapid develop-
ment of SDR waveform architectures
and algorithm development. The soft-
ware unifies the disjointed architectur-
al and algorithm design flow, connect-

ing high level algo-
rithm design with
lower level HW ar-
chitectural design for
both baseband HW
and analog/RF archi-
tectural design. This
new tool bridges the
architectural design
“gap” allowing seam-
less integration of al-
gorithms, HW de-
scriptions and ana-
log/RF behavioral
modeling all in a sim-
ple and intuitive
graphical design en-
vironment. Figure 3
shows the connected
design methodology
afforded by Agilent

SystemVue 2008.
Most algorithm developers prefer

textual-based modeling and debug-
ging over graphical design tools. Sys-
temVue 2008 provides algorithm de-
velopers with an integrated design
environment (IDE) for developing
and debugging text-based algorithm
models in familiar M-code (math)
and C/C++ formats. These integrated
code development interfaces allow
complete mathematical and algorith-
mic coding, including the ability to
model algorithms in fixed point using
industry standard SystemC fixed
point class. Developers can quickly
model algorithmic behavior with im-
mediate creation of simulation mod-
els that can be wired graphically into
the rest of the design to form the ba-
sis of the design architecture.

Figure 4 is a screen shot of the
M-code modeling interface. From
this interface M-code algorithms can
be written and debugged. This inter-

ANALOG PHY

BEHAVIORAL
MODEL
IF/RF

SPICE NETLIST

CONTROL

RF INTERFACE

-NEED COMMON PLATFORM
-NEED EASY WAY TO BUILD WAVEFORM
-NEED FAST PATH TO PROTOTYPING
-NEED TO VERIFY FINAL WAVEFORMS

WAVEFORM
INTERFACE

SCA I/O
CORE (ORB)

DIGITAL
ANALOG

I/Q

BASEBAND PHY

VHDL ANSI-C C++

FPGA DSP GPP

� Fig. 1  Typical SDR architecture for military and commercial waveform implementation.

ALGORITHM EXPLORATION/
DESIGN PARTITIONING

BASEBAND
ARCHITECTURE

DESIGN

BASEBAND HARDWARE/
SOFTWARE

IMPLEMENTATION

RF ARCHITECTURE
DESIGN

RF CIRCUIT
IMPLEMENTATION

PAPER
HANDOFF

COMMUNICATIONS SYSTEM
INTEGRATION TESTING

� Fig. 2  Discontinuous system architecture flow.
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face is also used for bringing real
world data into the environment or
scripted to control a simulator.

As algorithms move through base-
band architecture and HW imple-
mentation, libraries of architectural
building blocks support fixed point
design for implementation in FPGA
or ASIC. The fixed point simulation
offers advanced analysis and opti-
mization of finite precision math, dis-
playing histograms of numerical over-
flow and underflow, along with the
ability to manipulate word-length to
maximize performance and minimize
implementation size.

Specific GUI features allow users
to associate alternate model views for
different architectural building
blocks, allowing floating-point
schematic, floating-point M-code or

C++, fixed-point
C++, fixed-point
schematic and fixed-
point user-supplied
HDL model views
for each block. This
simplifies the task of
having separate en-
vironment and test
harnesses to validate
fixed-point and
HDL functionality
against early algo-
rithmic models. Sys-
temVue 2008 also
integrates Mentor

Graphics ModelSim co-simulation, al-
lowing simple inclusion of user sup-
plied HDL to be simulated using this
industry standard simulator.

Optional HDL code generation
from fixed-point algorithmic descrip-
tions supports fully synthesizable IEEE
compliant VHDL and Verilog RTL
generation as an added convenience to
fixed-point algorithm developers. This
allows designers to quickly generate
fully synthesizable HDL from early al-
gorithmic descriptions for early and
rapid algorithm prototyping in FPGAs. 

Figure 5a and 5b show a fixed-
point GFSK modulator built from Agi-
lent SystemVue 2008 with the resulting
VHDL for the top level architecture.
Because all SDR waveform architec-
tures contain an analog/RF subsystem,
real-world channel impairments will
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PRODUCT FEATURE

ALGORITHM EXPLORATION/
DESIGN PARTITIONING

BASEBAND
ARCHITECTURE
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BASEBAND HARDWARE/
SOFTWARE

IMPLEMENTATION

RF ARCHITECTURE
DESIGN

RF CIRCUIT
IMPLEMENTATION

MARKET/STANDARD
SPECIFICATIONS

AGILENT ADS
AGILENT GOLDEN GATE

ARCHITECTURE
DESIGN
IMPLEMENTATION
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ABOVE RTL
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SystemVue 2008
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COMMUNICATIONS SYSTEM
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� Fig. 3  SystemVue 2008 connected design methodology.

� Fig. 4  The floating point M-code.
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degrade the overall PHY performance
upon final implementation of the sys-
tem. It is imperative that early system

PRODUCT FEATURE

architects and algorithm developers
have a quick and easy way to prototype
virtual RF architectures including the
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� Fig. 5  A fixed-point GFSK modulator built using SystemVue 2008 and resulting VHDL.

� Fig. 6  RF/IF/analog processing blocks—standard with SystemVue 2008.
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out requiring the need for additional
HW acceleration or compute farm
support. Some of the unique models
in SystemVue 2008 for analog and
RF/channel impairments include:
• RF and mixer models that support

both second- and third-order ef-
fects, allowing modeling of DC off-
sets in ZIF receiver architectures
and image reject/alternate channel
receiver degradation

• I/Q modulator and demodulators 

• Complete library of RF communi-
cations and analog filters

• Data converters, quantizers and
phase detectors
Figure 6 shows the collection of

RF/IF/analog processing blocks that
are standard with this package. Each
of these blocks supports full envelope
simulation of modulated signals and
can impart bandpass impairments to
the signal.

SystemVue 2008 is built on a new
infrastructure that allows complete
scripting of test instrument connectiv-
ity, allowing the program to link with
the full array of Agilent instrumenta-
tion, including signal generators, sig-
nal analyzers, oscilloscopes, vector an-
alyzers, logic analyzers and vector net-
work analyzers. Seamless links to
hardware and scripting ability allow
the software to extend functional test
to include performance metrics of
BER/PER of fully coded systems,
swept power/frequency characteriza-
tion of receiver performance looking
at digital output, and full algorithm
implementation testing of designs in
FPGAs and DSPs. SDR waveform ar-
chitectures can now be verified at the
HW prototype level and easily com-
pared to early descriptions of wave-
form performance in simulation.

CONCLUSION
SystemVue 2008 brings together

the needed design disciplines to accel-
erate the development of innovative
heterogeneous SDR waveform archi-
tectures. By combining text-based
code development methodologies with
a GUI block editing environment, the
new software can cut the time it takes
to get ideas (algorithms) into real hard-
ware. This brings real-world RF im-
pairments into the hands of early ar-
chitects and algorithm developers, al-
lowing for true high performance
designs, and avoiding overdesign while
reducing the chances of poor imple-
mentation choices.

SystemVue 2008 configurations
start at US $14,000 for full featured
comms PHY focused capability that
includes comms, DSP, logic and RF
models, along with the fast simulator
for modulated, multi-rate systems.

Agilent EEsof EDA, 
Santa Clara, CA 800-829-4444,
www.agilent.com/find/systemvue.

RS No. 300
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effects these impairments will have on
the system and to explore algorithmic
means for correcting or accounting for
these impairments.

The underlying simulator in the
SystemVue 2008 platform is uniquely
designed to handle modeling and
analysis of the real modulated signals
propagating through a channel, pro-
viding, in some cases, orders of mag-
nitude more computational efficiency
than the leading “math” tools, with-
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BROADBAND NOISE
GENERATORS SPAN
10 HZ TO 18 GHZ

Noise considerations are a key factor in
the design of radio systems of all types
and designers expend much effort in

reducing system noise. Testing radio systems
by inserting white Gaussian noise along with
the signal has been a recognized test method
for decades, but there are surprisingly few
providers of test platforms with the capability
to use this simple methodology. The prime
users are both commercial and military and
encompass both terrestrial and satellite net-
works as well as radar systems.

To address this market and to satisfy the
various applications, Atlan-
TecRF has developed the ANG
series of broadband noise gen-
erators, in both benchtop and
rack-mount packages, that cov-
er a wide frequency range and
can be uniquely customized for
testing many types of radio sys-
tems. The ANG series includes
units that start at 10 Hz and op-
erate up to a few hundred kHz
for testing audio and baseband
circuits, while the upper fre-

quency limit of the range includes units with
outputs up to 18 GHz. Figure 1 shows the
frequency response and roll-off for Atlan-
TecRF model ANG1613, 10 MHz to 2.5 GHz.

The range also includes models that offer
high output power, up to +30 dBm total power,
and all units are available with built-in variable
attenuators, both manual and remotely con-
trollable, that can be user specified for lower
levels of injection. In addition to internal at-
tenuators, key options include an internal sig-
nal combiner for injecting a signal from an ex-
ternal signal generator for carrier to noise ratio
(CNR) testing, as illustrated in Figure 2.

Output connector styles (SMA, N type,
BNC, TNC) can be selected to suit the user
application, and for low frequency units (< 2
GHz) an output impedance of 75 Ω can be
specified. Adding attenuators reduces the
maximum noise output level by the insertion
loss of the selected attenuator module.

Typical applications can be both military
and commercial, with perhaps the most well-

ATLANTECRF
Braintree, UK

PRODUCT FEATURE

ATTEN 30 dB  MKR −30.83 dBm
RL 20.0 dBm 10 dB/ 2.498 GHz

VID BW
10 kHz

START 5 MHZ  STOP 3.500 GHz
*RBW 1.0 MHz *VBW 10 kHz SWP 880 ms

Fig. 1  Noise output over 
full operational band. �
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FLEX TEST CABLES Male to Male
CBL-1.5 FT-SMSM+ SMA 1.5 0.7 27 68.95
CBL-2FT-SMSM+ SMA 2 1.1 27 69.95
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ARMORED CABLES Male to Male
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APC-15FT-NM-NM+ N-Type 15 7.3 27 243.95

Tough Armored Cables are steel triple shielded     
and qualified to at least 25,000 
bends. They're so rugged they can 
even pass a crush test of a 600lb.    
nitrogen tank over the cable 1000 
times, without any change in      
electrical performance.
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known being carrier/noise testing of
commercial radio networks, satellite
systems and radar systems. The units
can also be used for baseband signal
simulation of communications sys-
tems to mimic simulated models and
jitter testing. Noise generators are
also frequently used as part of a built-
in test equipment (BITE) system,
particularly in the military arena.

COMMERCIAL APPLICATIONS
Over many years commercial fre-

quency division multiplex (FDM)
telecommunications providers uti-
lized noise power ratio (NPR) as a
measurement of signal quality and
distortion in their analogue radio sys-
tems. Although not used so frequent-
ly today, it remains a valid methodol-
ogy for which a higher power noise
source, like those of the AtlanTecRF

ANG series, is re-
quired. Matching
bandpass and band-
stop filters are re-
quired to use this
test method.

Modern digital
radio and satellite
systems utilize re-
lated methods, the
most common be-
ing CNR versus Bit
Error Rate (BER)
or EbNo versus
BER, where EbNo
is defined as bit en-
ergy divided by
noise power density
in dBm per Hz of
bandwidth.

The ANG series
includes units that
cover the interme-
diate frequency
(IF) ranges of both
digital radio sys-
tems (70 and 140
MHz) and satellite
systems (950 to
2150 MHz) that can
be employed for ei-
ther CNR or EbNo
measurements. The
optional signal com-
biner input would
normally be speci-
fied for these mea-
surements. A real
signal can then be
injected into the re-

ceiving system and then degraded
with an increasing level of Gaussian
white noise from the noise generator
until the signal to noise ratio for a
CNR measurement or BER measure-
ment becomes unacceptable.

The semiconductor industry has
used white noise to provide dithering
circuits for A/D converters to reduce
spurs. White noise jitter testing is also
employed for testing optical systems.

MILITARY APPLICATIONS
In the military arena the two most

well known applications of white
noise testing are airborne, wideband
jammers and built-in test equip-
ment. White noise jammers consist
of a noise source followed by band-
pass filters from which the signal is
input to a high power amplifier and
an antenna. The resulting effect is to

raise the noise floor of all local re-
ceivers.

Noise generators are frequently
included as part of the BITE system
within a receiving system. The noise
source is again fed into an amplifier
and a filter or switched filters and
then switched into the input of the
receiver on receipt of a self-test com-
mand. It enables the receiver system
to determine its sensitivity before be-
ing connected to the antenna.

A tracking generator is a useful
but relatively expensive option for a
spectrum analyzer for performing
scalar network analyzer measure-
ments. In cases where only low dy-
namic range network measurements
are required, a broadband white
noise source can provide a cost-effec-
tive alternative. Furthermore, mi-
crowave spectrum analyzers rarely
have a full band tracking generator,
so a broadband noise source such as
the ANG 2618 can provide reason-
ably flat output power up to 18 GHz.

The addition of an RF bridge, which
would also be the case for a tracking
generator, allows return loss/VSWR
measurements over the frequency
range of the noise generator. One pro-
viso of this system is that the spectrum
analyzer resolution bandwidth (RBW)
must be kept relatively wide to provide
sufficient noise power for the measure-
ment. For example, the ANG 2618 has
a noise density of –122 dBm/Hz and
with a RBW setting of 1 kHz would
provide –92 dBm of displayed power.
Increasing the RBW to 100 kHz will
provide –72 dBm of displayed power.
At this level the displayed signal should
be at least 30 to 40 dB above the spec-
trum analyzer noise floor.

CONCLUSION
These ultra-wideband, high output

instruments offer genuine versatility in
a piece of test and measurement
equipment including some very spe-
cialised applications in both the com-
mercial and military arenas. However,
they are equally at home in the general
purpose radio frequency laboratory for
simple evaluations and tests, such as a
basic frequency response characteristic
of the type illustrated in Figure 3.

AtlanTecRF, Braintree, UK
+44 1376 550220,
www.atlantecrf.com.

RS No. 301

ATTEN 10 dB  MKR 0 dBm
RL 0 dBm 10 dB/ 1.2550008 GHz

MKR
1.2550008 GHz
0 dBm

CENTER 1.2550000 GHz  SPAN 500.0 kHz
*RBW 3.0 kHz *VBW 300 Hz SWP 1.40 sec

� Fig. 2  Noise output with signal combiner input.

ATTEN 10 dB  MKR −27.67 dBm
RL −10.0 dBm 10 dB/ 140.0 MHz

VID BW
10 kHz

CENTER 140.0 MHz  SPAN 250.0 MHz
*RBW 2.0 MHz *VBW 10 kHz SWP 50.0 ms

� Fig. 3  Noise output used to view band-pass filter characteristic.
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VIRTUAL FIELD MONITOR FOR AR FIELD PROBES
AR’s virtual field monitor provides a graphical user interface that al-
lows control of all probe functions, while displaying probe data and sta-
tus. The probe can control up to 16 probes – any combination of AR’s
battery or laser powered field probes – through available RS-232,
GPIB or USB ports. Field strength data can be displayed in four ways:
XYZ, Min/Max Avg, Min/Max Hold and Graphical. The VM7000 also
has the ability to correct probe readings at a user defined frequency
using a table of frequency response correction factors.

AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, www.ar-worldwide.com.

RS No. 310

PLL PHASE NOISE SOFTWARE
The widely popular PLL Phase Noise Calculator tool on Hittite’s web
site was specifically designed to help synthesizer designers select the
best Hittite Divider, Phase Frequency Detector and VCO for their
PLL circuit needs. The interrelation of these building blocks is critical
to achieving optimal PLL phase noise, and each component in the
PLL circuit will impact overall performance. A graphical interface
guides the user through the component selection process, and the cal-
culator uploads the key performance attributes for each Hittite com-
ponent selected. The PLL Phase Noise Calculator quickly provides the
phase noise contribution of each PLL element, as well as the total for
the entire loop.

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

RS No. 312

FILTER SYNTHESIS AND SELECTION TOOL
Filter WizardSM has been enhanced to provide deviation from linear
phase information on the electrical response graph, refine the presen-
tation of information on the details screen and improve the band reject
(notch) search interface. The web-based selection tool encompasses a
large portion of the standard filter types addressed in the company’s
2008 catalog, including Chip & Wire and Tubular, Ceramic, Cavity,
High-Q Ceramic Puck and Waveguide filters. Filter Wizard acceler-
ates user progress from specs to RFQ for RF and microwave filters
spanning an ever-increasing range of response types, bandwidths and
unloaded Q values from 300 kHz to 40 GHz.

K&L Microwave, 
Salisbury, MD (410) 749-2424, 

www.klmicrowave.com or www.klfilterwizard.com.
RS No. 313

ANISOTROPIC PLANAR MULTILAYER
DESIGN CODE

Tromma™ is a multilayer design code for planar radome, absorber and
shielding structures. Tromma calculates the complex transmission and
reflection coefficients of structures containing anisotropic materials as
a function of frequency, incidence angle, polarization angle and orien-
tation. Layers can be of isotropic and anisotropic materials, impedance
and admittance sheets, C Sheets, RC Sheets and RLC Sheets. Tromma
includes an optimizer that can be used to maximize or minimize the
reflection or transmission coefficient over a specified frequency. In ad-
dition to the standard rectangular plots the program can display Smith
Charts, which can be used to achieve a design goal more quickly.

Damaskos Inc., 
Concordville, PA (610) 358-0200, www.damaskosinc.com.

RS No. 311

SOFTWARE UPDATESOFTWARE UPDATE
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American Microwave Corporation
7311-G Grove Road, Frederick, Maryland 21704

www.americanmicrowavecorp.com sales@americanmicrowavecorp.com
Phone 301-662-4700 Fax 301-662-4938

Lead Time A Problem?
AMC’s Response

Popular Items Now Available for Immediate Delivery
More In-Demand Products Available in the Near Future

SPST SWITCHES
SWN 2184 1DR/ SWN 2184 1DT

Frequen cy 0.5 to 18 GHz Rise/Fall Time 10 nS type
Insertion Loss (R) 2.5 dB max., 15 nS max.

(NR) 3.5 dB max. Switching Speed 75 nS typ., 100 nS max.
VSWR 2.0:1 typ. Power Supply (R/NR) +5VDC @70 mA max.

Isolation  60 dB m in. (R) -5VDC @50 mA max.
(NR) -5VDC @100 mA max.

SPST NON REFLECTIVE/ABSORPTIVE SWITCHES
SWCH1K DC40 SK

Frequen cy DC to 40 GHz Rise/Fall Time 900 pS typ. , 1 nS max.

Insertion Loss 5.5 dB typ., 6.8 dB max. Switching Speed 5 nS typ. , 6 nS max.
VSWR 2.0:1 typ., 2.2:1 max. Power Supply +8 to +15VDC @15 mA max.

Isolation 65 dB typ. , 55 dB min. -8 to -15VDC @40 mA max.

SPST NON REFLECTIVE/ABSORPTIVE SWITCHES
SWM DJV 1DT 2ATT

Frequen cy DC to 20 GHz Rise/Fall Time 1 nS typ. , 2 nS max.

Insertion Loss 4.5 dB m ax. Switching Speed 12 nS typ., 15 nS max.
VSWR 2.0:1 max. Power Supply -5VDC @25 mA max.

Isolation 60 dB min.

SPDT SWITCHES
SWN 218 2DR STD/ SWN 218 2DT STD

Frequen cy 0.5 to 18 GHz Rise/Fall Time 10 nS typ., 15 nS max.
Insertion Loss (R) 2.5 dB max., Switching Speed 75 nS typ., 100 nS max.

(NR) 3.5 dB max. Power Supply (R/NR) +5VDC @100 mA max.
VSWR 2.0:1 typ. (R) -5VDC @75 mA max.

Isolation 60 dB min. Non-Reflective -5VDC @100 mA max.

DETECTOR LOG VIDEO AMPLIFIERS DLVA’s
LVD 218 50 OR 50A

Frequen cy 2  to 18 GHz Log  Slo pe 50 mV/dB

Logging Range -40 to 0 dBm Rise/Fall Time 20/45 nS max.
Frequen cy Flatness ±1.0 dB max. Recovery T ime 150 nS typ. , 300 nS max.

Log Linearity ±0.5 dB VSWR 3.0:1 MAX.
(room temp.) TSS -42 dBm

±1.0 dB Power Supply ±12V @ 75 m A max.
(-54°C to +85°C)

Visit http://mwj.hotims.com/16347-5 or use RS# 5 at www.mwjournal.com/info
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SOFTWARE UPDATE

AUTOMATED CHARACTERIZATION SUITE
Keithley has enhanced its Automated Characterization Suite (ACS)
software to include optional wafer level reliability (WLR) test tools for
semiconductor reliability and lifetime prediction testing applications.
Version 4.0 builds on the ACS software’s existing single- and multi-site
parallel test capabilities, adding a database capability, as well as soft-
ware tools and optional licenses for the new Reliability Test Module
(RTM) and ACS Data Analysis capabilities. Together, the new Reliabil-
ity Test and Data Analysis tools allow ACS-based test systems to pro-
duce lifetime predictions as much as five times faster than traditional
WLR test solutions. By accelerating WLR testing during the technolo-
gy development, ACS systems can significantly reduce time to market
for new products.

Keithley Instruments Inc., 
Cleveland, OH (440) 248-0400, www.keithley.com.

RS No. 314
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You can enhance your professional prestige and earn
substantial royalties by writing a book or software package.
With over 500 titles in print, Artech House is a leading pub-
lisher of professional-level books in microwave, radar, com-
munications and related subjects.  We are seeking to pub-
lish new microwave engineering books and software in
areas such as microwave and RF device design, wireless
communications, advanced radar and antenna design, elec-
tromagnetic analysis, RF MEMS, and more.

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

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

Dr. Simon Plumtree
Senior Publishing Editor
Artech House
46 Gillingham Street,
London SW1V 1AH, UK

Tel: +44(0) 207 596 8750
splumtree@artechhouse.co.uk

Mark Walsh
Editor
Artech House
685 Canton St.
Norwood, MA 02062

1-800-225-9977
mwalsh@artechhouse.com

Call for Book and 
Software Authors

www.artechhouse.com

Visit http://mwj.hotims.com/16347-14

Visit http://mwj.hotims.com/16347-11

ACTIVE MEASUREMENT SOFTWARE
ORBIT/FR Inc. is releasing version 3.4 of its active measurement software
for characterization of handsets and wireless devices. The software may be
used as part of a system to conduct testing according to CTIA’s Test Plan
for Mobile Station Over-The-Air Performance. A variety of transmitter
and receiver performance measurements are supported including those
for Radiated Power (EIRP/TRP/NHPRP) and Isotropic Sensitivity
(EIS/TIS/NHPIS). Device drivers support many of the common protocols
used today from all major vendors. The 3.4 release adds independent tra-
jectories for each dimension and brings new features such as Safe Step-
ping and Omit Positions to increase measurement reliability. This upgrade
will be available free of charge to all customers with a valid Software
Maintenance & Support contract at the time of release.

ORBIT/FR Inc., 
Horsham, PA (215) 674-5100, www.orbitfr.com.

RS No. 315
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European Microwave Week is the largest event dedicated to RF, Microwave, Radar and
Wireless Technologies in Europe. Capitalising on the success of the previous shows, the

event promises growth in the number of visitors and delegates.
EuMW2009 will provide:

• 7,000 sqm of gross exhibition space •
• 5,000 key visitors from around the globe •

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

Running alongside the exhibition are 4 separate, but complementary Conferences:
• European Microwave Integrated Circuits Conference (EuMIC)

• European Microwave Conference (EuMC)
• European Wireless Technology Conference (EuWiT)

• European Radar Conference (EuRAD)
Plus Workshops and Short Courses

Interested in exhibiting? Book online NOW!

www.eumweek.com
For further information please contact:

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

The 39th European Microwave Conference 

The 4th European Microwave
Integrated Circuits Conference

The 6th European 
Radar Conference 

R

Co-sponsored by:

Official Publication:

Supported by:

Organised by:Endorsed by:

The 2nd European Wireless
Technology Conference

European Microwave 
Association

Richard Vaughan
Horizon House Publications Ltd. 

16 Sussex Street, London SW1V 4RW, UK
E:rvaughan@horizonhouse.co.uk

Tel: +44 20 7596 8742
Fax: +44 20 7596 8749

Kristen Anderson
Horizon House Publications Inc.

685 Canton Street, Norwood, MA 02062, USA
E:kanderson@mwjournal.com

Tel: +1 781 769 9750
Fax: +1 781 769 5037
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NEW WAVES: PASSIVE AND CONTROL COMPONENTS

Programmable Attenuator
The M-DVAN-
6018-60DD-SK is 
a programmable 
attenuator that in-
corporates a new 
linearization cir-
cuit to enable fast 
and accurate at-

tenuation switching. The new design focuses on 
quick settling and stable operation over tem-
perature extremes.  Switching between  any  at-
tenuation  level  is  typically  settled  within  1 
dB  in about 400 ns. This attenuator offers tem-
perature stability of ±1 dB over -10° to 85°C. 
The M-DVAN-6018-60DD-SK uses a hermetic 
MIL-C-28747 14 pin connector. Size: 1.34” x 
1.34” x 0.5”.
American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com.

RS No. 216

L-band Limiter
The model 
EL21Z401016 is 
an L-band limiter 
that features low 
insertion loss pa-
rameter less than 
0.6 dB at the in-

put peak power of 450 W, and pulse duration of 
250 microsec. This limiter was specially de-
signed for next generation air-traffi c control ra-
dars.
Dorado International Corp., 
Seattle, WA (206) 574-0900, 
www.dorado-intl.com.

RS No. 217

8 to 18 GHz Multiplexer
For wideband re-
ceiver applica-
tions, the 8 to 18 
GHz spectrum is 
divided into me-
dium-size slices 
(2 GHz) prior to 
the amplifi cation 
stage. The role of 

the multiplexer is to pass the spectrum with fl at 
insertion loss (1.25 dB) and provide adequate 
isolation of 70 dB between the channels, which 
directly affects the dynamic range of the signal 
detection. At cross-over regions, the require-
ment is to have overlapping channels, leaving 
the ambiguity of detection to fi ner fi ltration 
schemes further down the chain. Spectral over-
lapping regions can be realized using a power 
divider and isolators splitting of RF signals into 
equal paths. The SS-00159 is K&L Microwave’s 
solution for passband fl atness and tight isola-
tion, achieved using degree 10 cavity TEM 
combline fi lters, with resonators machined di-
rectly into the housing. This reduces the num-
ber of parts and provides greater control over 
RF leakages. The unit measures 4” x 3” x 0.5” 
with SMA connectors located on one side. 
K&L Microwave, 
Salisbury, MD (410) 749-2424, 
www.klmicrowave.com.

RS No. 218
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PCS Ceramic Duplexer

The DR-1880/1960 is a ceramic duplexer for 
the full Personal Communication System (PCS) 
frequencies. The DR-1880/1960 duplexer ex-
hibits less than 3.5 dB of insertion loss across 
the passbands of 1850 to 1910 MHz and 1930 to 
1990 MHz while providing greater than 45 dB 
of rejection. Size: 1.7” x 0.7” x 0.4”.
Lorch Commercial and Wireless, 
Salisbury, MD (410) 860-5100, 
www.lorchwireless.com.

RS No. 219

Wideband Hybrid Couplers
MECA 3 dB, 90° 
hybrid couplers 
cover all wireless 
band applications 
from 700 MHz 
thru 2.7 GHz. Ide-
al for BTS/DAS 
head end systems 
or combining am-
plifi ers for antenna 
sharing applica-
tions with high iso-

lation. These couplers offer N and SMA-female 
connectors and 120 W (3 kW peak) and low in-
sertion loss with excellent VSWR.
MECA Electronics, 
Denville, NJ (973) 625-0661, 
www.e-meca.com.

RS No. 220

Resistive Power Dividers
These multi-octave 
resistive power di-
viders are design-
ed for broadband
test equipment. 
Model RP2-01-411 
is a two-way di-
vider covering the 
frequency range 

from DC to 10 GHz with 6.8 dB maximum in-
sertion loss, 0.3 dB amplitude, and a maximum 
VSWR of 1.4. Maximum input power is 1 W. 
Dimensions are 1.25” x 1.25” x 0.75” and SMA 
connectors are standard.

Pulsar Microwave Corp., 
Clifton, NJ (973) 779-6262, 
www.pulsarmicrowave.com.

RS No. 221

RF Coaxial Relay
This 1P2T relay with type ‘N’ connectors offers 
a pulse latching ‘Make before Break’ contact con- 
fi guration. Actuating current is 250 milliamps 
maximum at 12 V DC (also available in 28 V) 
and provides a 2 to 3 millisecond contact over-
lap between switching cycles. Standard mount-
ing package measures 2.25” x 1.00” x 2.00” and 
performance is rated to 8 GHz with a maximum 

VSWR of 1.35, in-
sertion loss of 0.35 
dB, -65 dB mini-
mum isolation and 
RF power han-
dling of 200 W 
CW. Available op-
tions include self 

cutoff operation, TTL logic and auxiliary posi-
tion indicators.
RelComm Technologies Inc., 
Salisbury, MD (410) 749-4488, 
www.relcommtech.com.

RS No. 223

Dual Cavity Filter
Reactel part number 
DF-1227/1575-S11 
is a narrowband 
dual fi lter that 
passes both the 
L1 and L2 GPS 
frequencies. It is 
the perfect unit 

for applications that are utilizing both of these 
GPS bands simultaneously, yet can only tolerate 
a two-port device. This small unit features loss 
of less than 1 dB and isolation in excess of 40 
dB. Reactel manufactures many different vari-
eties of GPS fi lters; please contact them with 
your specifi c need.
Reactel Inc., 
Gaithersburg, MD (301) 519-3660, 
www.reactel.com.

RS No. 222

50 W Isolators
This latest isolator 
product is de-
signed to serve 
and further devel-
op the company’s 
customers with a 
quality engineered 

product that will have a unique feature of 50 W 
isolator at 5 GHz in a 0.75” x 1” housing that can 
operate from -20° to +70°C.  The challenge it is 
equipped for is to extract heat and stabilize 50 
W at 5 GHz in a small reliable footprint.
Renaissance Electronics Corp., 
Harvard, MA (978) 772-7774, 
www.rec-usa.com.

RS No. 224

Programmable Step Attenuators
This PA Series of 
attenuators are bi-
nary programma-
ble step attenua-
tors designed to 
operate from DC 
to 20 GHz. Two 

basic models offer attenuation ranges of 15 and 
70 dB. Control is in standard format: 1-2-4-8, etc. 
The attenuators are available with failsafe or 
latching operation, 12 or 28 V coils and optional 
TTL drivers, with a choice of frequency ranges. 
RLC Electronics Inc., 
Mount Kisco, NY (914) 241-1334, 
www.rlcelectronics.com.

RS No. 225
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USB POWER SENSOR
MINI-CIRCUITS

Turns Your Laptop Into A Power Meter
-30 to +20 dBm 1to 6000 MHz

POWER SENSOR PWR6G+ Package

$695only

ea. (qty.1-4)
Includes:
PWR-SEN-6G+ Power Sensor Unit
Power Data Analysis Software
SMA Adaptor, USB Cable

Now, Mini-Circuits offers 
a USB Power Sensor and software 
that will reduce your equipment costs 
and provide new application features 
that will simplify your power measurements.

All you need is a personal computer (PC) or laptop computer 
and a Mini-Circuits PWR-6G+ USB Power Sensor. It turns any computer into 
a powerful power meter having a measurement range of -30 to +20 dBm at 
frequencies from 1 to 6000 MHz. The PWR-6G+ is supplied with easy-to-use, 
Windows-compatible measurement software to speed and simplify your power 
measurements, allowing you to set as many as 999 averages and to record 
results for further analysis. The PWR-6G+ USB Power Sensor provides 
0.01-dB measurement resolution and impressive accuracy over temperature.
Visit the Mini-Circuits’ web site at www.minicircuits.com to learn more. 

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

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

IF/RF MICROWAVE COMPONENTS

TM

ISO 9001 ISO 14001 AS 9100 CERTIFIED

®

P.O.  Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web 

457 rev org

       Fully loaded software features
Power data analysis
Power level offset
Scheduled data recording
Average of measurements
Interface with test software
Multi sensor support software
(up to 16 sensors support software)

Visit http://mwj.hotims.com/16347-85 or use RS# 85 at www.mwjournal.com/info
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Bench-mount Step Attenuator

The model BMA-35110-R is a high perfor-
mance bench step attenuator that features a 
dynamic range of 110 dB in 1 dB steps over a 
wide frequency range of DC to 3000 MHz. At-
tenuation accuracy is ±0.5 dB or 3.0 percent 
(whichever is greater) for attenuation levels up 
to 100 dB. Maximum VSWR is 1.5 and insertion 
loss is specifi ed at 1.7 dB maximum. Connector 
options include: SMA, BNC and N. This prod-
uct is ideal for test bench, lab and other applica-
tions that require precise control of the RF sig-
nal level. Delivery is from stock.
Trilithic Inc., 
Indianapolis, IN (317) 895-3600, 
www.trilithic.com.

RS No. 226

Dual Directional Coupler

Werlatone’s patented dual directional coupler 
design provides continuous 0.5 to 32 MHz 
bandwidth with 500 W CW power handling at 
30 dB coupling. Available with N or SMA con-
nectors, this low loss design provides superior 
performance throughout the entire bandwidth. 
The model C5085 offers the following specifi ca-
tions: insertion loss of 0.15 dB, VSWR (ML) of 
1.15, coupling fl atness of 30 dB ± 0.25 dB and 
directivity of 25 dB. Size: 4” x 2” x 2”.
Werlatone Inc., 
Brewster, NY (845) 279-6187, 
www.werlatone.com.

RS No. 227

Current Sense Transformer
This WE-CST range of current sense transform-
ers offer a dimension of 5.33 x 7.70 x 6.90 mm 
and are able to transform current of up to 10A 
into measurable currents. The currents sense 
transformers are available with eight different 
turns ratios from 1:20 to 1:125. The transform-
ers are suited for a frequency range from 50 kHz 
to 1 MHz. The transformers of the WE-CST 
can be applied in switching units with big input 
currents to measure the current for regulation.
Wurth Electronics Midcom Inc., 
Watertown, SD (605) 886-4385, 
www.we-online.com

RS No. 228

Active 
Components

Traffi c Collision Alerting System
The D2-729B003 
SPDT switches 
high frequency 
RF signals be-
tween the top and 
bottom fuselage 
mounted anten-
nas and numbers 
1 and 2 systems 

transponders. The D2-729B003 switch is di-
rectly applicable to all TCAS systems, such as 
Honeywell and Rockwell/Collins. Air Agency 
Certifi cate No.: MMF-S46-40; weight (maxi-
mum) of 11.5 oz; RF impedance of 50 ohms 
nominal, operating temperature of -36° to 
+71°C ambient; operating life of 1,000,000 cy-
cles; and switching time of 35 ms max.
Ducommun Technologies Inc., 
Carson, CA (310) 513-7214, 
www.dt-usa.com.

RS No. 230

Double-balanced Mixer
The HMC663LC3 
is a general pur-
pose, double-bal-
anced mixer that is 
housed in a 3x3 
mm ceramic SMT 

package and can be used as an upconverter or 
downconverter. Optimized balun structures al-
low the HMC663LC3 to provide up to 42 dB 
of LO to RF and LO to IF isolation, while con-
version loss is specifi ed at only 8 dB across the 
frequency range of 6 to 12 GHz. This passive 
mixer is fabricated in a GaAs MESFET pro-
cess, and requires no DC bias, external com-
ponents or matching circuitry. This GaAs 
MMIC high IP3 double-balanced mixer is de-
signed for use in point-to-point and point-to-
multipoint radio, test equipment, laboratory 
and military applications.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343, 
www.hittite.com.

RS No. 231

Switch Driver Series
The LMS8XX se-
ries, designed to 
meet the demand-
ing drive require-
ments of PIN di-
ode microwave 
switches, offers 
small size, high 
power and select-

able transition times. The basic unit (LMS820) 
is designed for single pole double throw (SPDT) 
applications, with units for three- and four-way 
(LMS821) and fi ve- and six-way (LMS822) 
switches becoming available soon. The in-house 
designed and developed series is a discrete, 
cost-effective addition to the company’s product 
range, for example, a switch driver as opposed 
to a RF PIN switch. Key target customers are 
other PIN switch and higher-level subsystem 

manufacturers who would integrate PIN switch-
es into their higher-level products.
Labtech Microwave, 
Presteigne, Powys, UK +44 1544 260 903, 
www.labtechmicrowave.com. 

RS No. 232

1500 W CW Switches
This line of 1500 
W CW switches 
switch in under 
2 micro-seconds. 
The switches are 
equipped with 
fault detection 
and switch-state 
sensing. In addi-
tion, these switch-
es feature and on 
board voltage con-

verter, eliminating the need for high voltage 
power supplies.
Micronetics Inc., 
Hudson, NH (603) 546-4132, 
www.micronetics.com.

RS No. 233

Modulator Driver
The model FO-
MDA-40-15D-1 
is a low-cost, high-
performance EML 
driver for 40-Gb/s 
lightwave com-
munication sys-
tems. The FO-

MDA-40-15D-1 joins Narda’s growing family of 
products for lightwave systems, including clock 
oscillators, phase-locked oscillators, lithium nio-
bate and electro-absorptive modulator driver 
amplifi ers, and pulse carver drivers. The FO-
MDA-40-15D-1 is optimized for VSR 300-pin 
MSA SFF transponders. It offers dual inputs 
that mate directly with standard multiplexers. It 
operates at a maximum data rate of 44 Gb/s, 
features electronic eye-crossing control of 40 to 
70 percent, and has variable output between 2.5 
and 3.4 Vpp. The driver has a 3 dB bandwidth 
of 35 GHz and gain at 20 GHz of 23 dB. 
Narda Microwave-East, 
Hauppauge, NY (631) 231-1700, 
www.nardamicrowave.com/east.

RS No. 235

High Linearity SP3T Switch
The MASW-
008955 is a new 
DC to 3.5 GHz 
SP3T RoHS com-
pliant switch de-
signed for applica-

tions that require high linearity, low insertion 
loss, and fast settling time over a wide frequency 
range in an ultra small package size. M/A-COM’s 
MASW-008955 is fabricated on a low-cost 0.5-
micron gate-length GaAs process with full pas-
sivation added for robust reliability, which is 
achieved in a miniature 2 mm 8 lead PDFN 
package. Each MASW-008955 switch is 100 per-
cent RF tested to ensure performance compli-
ance, similar to many of M/A-COM’s switch of-
ferings. Price: $0.24 for quantities of 100,000.
Tyco Electronics M/A-COM, 
Lowell, MA (800) 366-2266, 
www.macom.com.

RS No. 237
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S. M. ELECTRONICS L.L.C.
ATTENUATORS     0-50 GHZ     

S. M.

460 S HIGHWAY 5   FAIRVIEW, TX  75069   1-800-715-4396  FAX: 972-984-1218  EMAIL: SALES@SMELECTRONICS.US

WWW.SMELECTRONICS.US 1-800-715-4396
FAST DELIVERY!

ELECTRONICS
L.L.C.

ADAPTERS  0-65 GHZ 

DC BLOCKS, EQUALIZERS, TERMINATIONS, DIVIDERS, COUPLERS, CABLES

SA50  $288.00
2.4MM  50GHZ

ST5035  $290.00
2.4MM  50GHZ

SD3235 $47.00 DC BLOCK
SMA  5KHZ-23GHZ

SA40  $132.00
2.92MM  40GHZ

SA26B  $75.00
SMA  27GHZ

EQUALIZERS
1-18 GHZ

SA18E  $30.50
SMA  18 GHZ

SA18H  $30.50
SMA  18 GHZ

SA6H  $22.00
SMA  6GHZ

SA3N100  $359.00
N 3GHZ 100W

SA3N50  $227.00
N 3GHZ 50W

SA3  $18.00
SMA  3GHZ BRASS

SA18S5W  $47.00
SMA  18GHZ 5W

SA6S5W  $43.00
SMA  6GHZ 5W

SA6S10W  $93.00
SMA  6GHZ 10W

SA18S10W  $122.00
SMA  18GHZ 10W

SA18N  $47.00
N  18GHZ

SA3NS  $26.00
N  3GHZ

SA6N5WA  $45.00
N  6GHZ  5W

SA18N10W  $123.00
N  18GHZ  10W

SM3244 $198.00
 2.92 F/F 40GHZ 

SMC4030 $83 COUPLER 
800-2500MHZ 6-30DB

CABLES SMA, N, 2.92
0-65 GHZ

SA3T $29.00
TNC  3GHZ 2W

SMP0218  $275.00
DIVIDER SMA’S  2-18GHZ

   SM8902  $105.00
MINISMP-SMA  26GHZ

SM4742  $39.50
SMA-TNC 18GHZ

SM3985  $135.00
1.85-3.5  34GHZ

SM3929  $409.00
1.85-1.85  65GHZ

SM4216  $25.00
N-M-SMA 6GHZ
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Coaxial Resonator-based VCO
The new model, 
ZRO0915C2LF, is 
an RoHS compli-
ant coaxial resona-
tor-based VCO 
in the UHF-band. 
This model oper-

ates in a frequency range from 902 to 928 MHz 
with excellent linear tuning voltage range of 0 to 
11 VDC. This VCO features an excellent typical 
phase noise of -128 dBc/Hz at 10 kHz offset and 
a typical tuning sensitivity of 3 MHz/V. The ZRO-
0915C2LF is designed to deliver a constant typi-
cal output power of 5 dBm at 10 VDC supply 
while drawing 23 mA (typical) over the tempera-
ture range of -40° to 85°C. The ZRO0915C2LF 
offers a typical phase noise value of 
-100 dBc/Hz at 1 kHz offset and -148 dBc/Hz at 
100 kHz offset. This VCO features typical second 
harmonic suppression of -35 dBc and comes in 
Z-COMM’s newly developed ZMX-14-SM pack-
age, measuring 0.75” x 0.75” x 0.22”.
Z-Communications Inc., San Diego, CA 
(858) 621-2700, www.zcomm.com.

RS No. 238

Amplifi ers
Broadband Power Amplifi er

The model SSPA 1.65-2.50-30 is a high power, 
broadband, Gallium Nitride (GaN) RF 

new amplifi er, which has very low output imped-
ance, will be used primarily for susceptibility test-
ing for magnetic and audio frequency tests in 
MIL-STD-461D/E, D0160D/E, and a variety of 
automotive test standards. It can also be used as an 
AC voltage source, for watt-meter calibration, and 
as a driver for higher-power amplifi ers.
AR RF/Microwave Instrumentation, 
Souderton, PA (215) 723-8181, 
www.ar-worldwide.com.

RS No. 240

High Dynamic Range Amplifi er
The model 
XG1001-SA is a 
dual high dynamic 
range amplifi er 
that operates in a 
frequency range 
from 0.05 to 4 
GHz and is as-
sembled in an 
RoHS compliant 
SOIC-8 package. 

This versatile, multi-purpose amplifi er delivers 
+44 dBm output IP3, 2.1 dB noise fi gure and 13 
dB gain at 2 GHz. The combination of low noise 
fi gure and high IP3 at the same bias point makes 
it an ideal transmit or receive solution when used 
in applications, including CATV, cellular and 
PCS, MMDS and WLAN. The XG1001-SA can 
be implemented in balanced or push-pull design 
confi gurations and has the fl exibility of being op-
timized for a number of wireless applications. 
This amplifi er uses a single positive supply from 
+3 to +5 V.
Mimix Broadband Inc., 
Houston, TX (281) 988-4600, 
www.mimixbroadband.com.

RS No. 241

Surface-mount Amplifi er
This ultra low 
noise TAMP-
960LN+ amplifi er 
boasts a noise fi g-
ure of only 0.55 
dB, while deliver-
ing 18 dB gain and 

a high output power of up to 16.5 dBm, making 
it a very desirable amplifi er in today’s market. 
These ultra reliable tiny 0.591” x 0.394” x 0.118” 
(15 x 10 x 5 mm) aqueous washable surface-
mount +5 V amplifi ers provide for a broad range 
of applications from 824 to 960 MHz, including: 
CDMA: 824 to 894 MHz, GSM Rx: 880 to 915 
MHz and GSM Tx: 925 to 960 MHz. Mini-Cir-
cuits TAMP-960LN+ are available from stock at 
the low price of $9.95 (5-49).
Mini-Circuits,
Brooklyn, NY (718) 934-4500, 
www.minicircuits.com.

RS No. 242

300 W FM Pallet Amplifi er
The RES-INGE-
NIUM FM310-
108 is a new high 
performance pal-
let amplifi er de-
signed for FM 
and HDFM radio-

broadcast. It features 300 W CW output power, 78 
percent collector effi ciency and superior harmonic 
suppression (-40 dB). Both rugged and reliable, 
featuring the MRF6V2300NBR1 LDMOS transis-
tor, it operates from -10° to +60°C. Enhanced gain 
(23 dB) allows the system designer to use lower in-
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YOU DON’T HAVE TO REINVENT THE WHEEL!
Compac has the largest selection of:

High Quality Low Cost
Full Custom Manufacturing

Off the Shelf Shielded Enclosure
Shielding Capabilities to 80 dB @ 20 GHz

From Prototype Thru Production

Tel: (631) 585-3400 • Fax: (631) 585-3534
Visit our Website: www.compac-rf.com

Shielding Specialists

ISO 9001;2000AS 9100Registered

amplifi er that op-
erates from 1650 
to 2500 MHz. 
This PA is ideal 
for broadband 
military platforms 
as well as com-
mercial applica-

tions because it is robust and offers high power 
over a large bandwidth with decent power add-
ed effi ciency. This amplifi er was designed for 
broadband jamming and communication sys-
tems platforms. This model operates with a 
base plate temperature of 85°C with no degra-
dation in the MTBF for the GaN devices inside. 
It is packaged in a modular housing that is ap-
proximately 2.5” (width) by 6.4” (long) by 1.00” 
(height). This amplifi er has a typical P3dB of 30 
to 45 W at room temperature. Noise fi gure at 
room temperature is 9.0 dB typical.
Aethercomm Inc., 
San Marcos, CA (760) 598-4340, 
www.aethercomm.com.

RS No. 239

Magnetic Immunity Amplifi er

AR RF/Microwave Instrumentation has unveiled a 
new magnetic immunity amplifi er for susceptibili-
ty testing. Model 350AH1 (350 W, 10 Hz to 1 
MHz) automatically accepts voltages from 90 to 
260 VAC in the 47 to 63 Hz frequency range. The 

Visit http://mwj.hotims.com/16347-24
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put power (1.4 W), eliminating one or more 
gain stages, and saving cost. The FM310-108 is 
ideal for FM transmitter, transposer and broad-
cast exciter designs. Connectorized versions are 
available upon request.
Richardson Electronics Ltd. 
(800) 737-6937, 
www.rfwireless.rell.com.

RS No. 243

Antennas
Directional Flat Panels

Three fl at panel 
antennas are the 
latest additions to 
the company’s 
range of over 400 
fl at panel anten-
nas covering a 

wide range of frequencies and gain measure-
ments, for all types of applications. The 2.1 to 
2.3 GHz Model FPA17-2.2V/1371, which is 
used for security and telemetry point-to-point 
applications is rugged and has colour and con-
nector options. Model LPA7-1.6L-GPS/1450 is 
an active GPS antenna for SATCOMs applica-
tions for regions where coverage is greater than 
45° and can be mounted on a vehicle. The 
FPA3-0.8-6.0R/1329 is an ultra-wideband an-
tenna with circular polarisation, for testing, 
measurement and security applications.
European Antennas Ltd., 
Newmarket, Suffolk, UK +44 1638 732177, 
www.european-antennas.co.uk.

RS No. 245

Millimeter-wave Spiral Antennas
Cobham SASL’s 
ASK-2163 milli-
meter-wave spiral 
antennas provide 
superior perfor-
mance for use in 
applications re-

quiring circular polarization. With excellent input 
VSWR, these antennas provide smooth broad-
band gain, low axial ratios and consistent pattern 
performance over 18 to 40 GHz. This model was 
designed and developed for applications requiring 
extremely close unit-to-unit amplitude and phase 
matching, and is an excellent choice for airborne 
interferometry and direction fi nding systems. The 
less than half-inch diameter design allow close ele-
ment spacing in arrays to satisfy geometry for up-
per frequency ambiguity resolution. 
Sensor and Antenna Systems, 
Lansdale Inc. (SASL), a division of 
Cobham Defense Electronic Systems, 
Lansdale, PA (215) 996-2416, 
www.cobhamdes.com.

RS No. 246

Subsystems
3.5 Cavity Duplexer

This 3.5 GHz cavity duplexer is designed for use 
in WiMAX applications. The duplexer features 
mutual isolation of greater than 70 dB and a 
passband insertion loss of 1.5 dB maximum. The 

duplexer operates 
within specifi ca-
tion between -40° 
and +90°C and 
is available in a 
profi le of 4” x 3” 
x 1.1”. Custom 
designs are avail-
able.

Networks International Corp., 
Overland Park, KS (913) 685-3400, 
www.nickc.com.

RS No. 236

Receivers and Downconverters
This SIGINT FlxGen™ family of HF-VHF/
UHF-MW receivers and downconverters 
feature a new generation of fl exible, high 
performance SIGINT sensors that combine 
proprietary RF topologies with commercial off-
the-shelf (COTS) DSP hardware. The FlxGen 
series includes six receivers and downconvert-
ers ranging from 10 kHz to 40 GHz and offers 
the fl exibility to control IF bandwidths, IF 
frequencies, application specifi c functions and 
communications protocols/formats. In addi-
tion, the end user can use the proprietary DSP 
architecture to embed mission sensitive signal 
analysis and detection schemes. The modular 
architecture also allows for adaptation to mul-
tiple form factors depending on the end user 
environment.
Elcom Technologies Inc.,
Rockleigh, NJ (201) 767-8030, 
www.elcom-tech.com.

RS No. 248

Ultra-broadband Downconverters
MITEQ introduc-
es its new DC 
Series, Models 
DC-0.5/20G and 
DC-8/20G, of high 
performance ul-
tra-broadband 2 
Hz step agile 

downconverter systems. Model DC-0.5/20G ac-
cepts RF signals from 0.5 to 20 GHz. Model 
DC-8/20G accepts RF signals from 8 to 20 
GHz. Both models provide one selectable IF 
output of 70, 140 or 160 MHz and simultane-
ously one L-band output at 1200 MHz. The 
frequency conversion sense of both the out-
puts on both models can be independently 
programmed as inverted or noninverted. The 
superb phase noise on both of these models 
makes these systems ideal for most applica-
tions including the stringent requirements of 
high order QAM.
MITEQ, Hauppauge, NY 
(631) 436-7400, 
www.miteq.com.

RS No. 249

Test Equipment
Compact Calibration Kits

These kits com-
bine all standards 
needed for the 
calibration of a 
network analyzer 
in one handy unit, 
which is ergonom-
ically designed to 

be easy to handle as well as being small size and 

NEW PRODUCTS

Model Number
Frequency

(GHz)
Power

GA0538-4540-M 0.5 3.8  10W(min)

GA0538-4540-R 0.5 3.8  10W(min)

GA0830-4344-M 0.8 3.0  25W(min)

GA0830-4344-R 0.8 3.0  25W(min)

GA0830-4747-M 0.8 3.0 50W(min)

GA0830-4747-R 0.8 3.0 50W(min)

GA0827-4552-M 0.8 2.7 150W(min)

GA0827-4552-R 0.8 2.7

GA0827-4754-R 0.8 2.7 250W(min)

CON0827-150W-R 0.8 2.7 150W Peak

* Suffix “-M” is Module type, “-R” is Rack type.

info@rkco.jp
http://www.rk-microwave.com

Country in Origin

sfumo@sekitech.com
http://www.sekitechusa.com

US Sales Partner

GaNPower Amplifiers
GA Series

Low Cost GaN FET Amplifiers

Need Power Amp? Ask R&K!

R&K Company Limited

150W(min)
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lightweight. For laboratory utilization the prod-
uct line offers 4-in-1 versions, which include 
Open, Short, Load and Through for the com-
plete calibration of a network analyzer with two 
and more ports. Available 50 W versions are 7-
16, N and 3.5 mm male or female. These 4-in-1 
versions are delivered with lot independent cali-
bration coeffi cients. The 3-in-1 OSL combina-
tion includes Open, Short and Load for one con-
nector type and is available for 7-16 and N (50 
W) connectors male or female. It is designed for 
one port spectrum and network analyzers used 
for mobile communication base station fi eld 
measurements and other outdoor applications. 
Spinner GmbH, 
Munich, Germany +49 89 12601-0, 
www.spinner.de.

RS No. 247

Clock Generators
This pair of clock-generation and distribu-
tion ICs offers a great combination of device 
integration, low-noise, low-jitter performance 
and signal output fl exibility. The AD9520 and 
AD9522 include a 512-byte embedded EE-
PROM memory block, affording system engi-
neers a programmable clock solution that can 
serve as both the source and system clock. By 
programming their own specifi c set of output 
conditions using the on-chip memory, design-
ers can easily confi gure the AD9520/2 as the 
source clock to ensure initial processing func-
tions are synchronized when the system is pow-
ered on or reset. Competing clock ICs require 
a separate source clock, which must be inde-
pendently matched to the system processor or 
microcontroller in order to program the system 
clock chip, adding component count, cost and 
complexity to network line cards, wireless and 
broadband infrastructure, medical imaging, and 
data converter clocking designs.
Analog Devices Inc., 
Norwood, MA (781) 329-4700, 
www.analog.com.

RS No. 250

Handheld Analyzers
Anritsu Co. an-
nounces enhance-
ments to its Site 
Master™ family 
that continue to 
position the hand-
held analyzers as 
the de facto in-

struments for deploying, installing and maintaining 
wireless networks. The new enhancements, which 
are also available in the Cell Master™ handheld 
base station analyzer, include a 30 percent im-
provement in sweep speed, optical Distance-To-
Fault (DTF) measurement capability, advanced 
post analysis tools and a ruggedized phase stable 
cable with reinforced handgrip. Site Master now 
has improved fi rmware that allows users to make 
cable and antenna sweeps 30 percent faster, for 
more effi cient fi eld operations. Complementing 
the improved speed is the high accuracy of the 
analyzers, which eliminates costly “false fails” and 
increases the confi dence in measurements. Price: 
starts at $4,950. Delivery: six to eight weeks ARO.
Anritsu Co., 
Morgan Hill, CA (800) 267-4878, 
www.us.anritsu.com.

RS No. 251

Frequency Synthesizer
The LX-2400 Se-
ries of frequency 
synthesizers oper-
ates at fi xed fre-
quencies between 
2400 and 2480 
MHz, supporting 
RF Ablation Pro-

bes for use in minimally-invasive cancer treat-
ment systems inside hospital operating rooms. 
Housed in a small surface-mount package, 0.75” 
x 0.75” x 0.15” (19 x 19 x 3.8 mm), the LX-2400 
is supplied with an internal reference and fea-
tures excellent phase noise, typically 
<-85 dBc/Hz at 10 kHz offset. The LX-2400 is 
available with outputs of 0 to +10 dBm and op-
erates off +3.3, +5 or +8 VDC with extremely 
low power consumption. This product is a ver-
satile, custom source ideal for use in ISM band
and other commercial applications requiring 
small, cost-effective frequency synthesizers, 
with excellent performance.
EM Research Inc., 
Reno, NV (775) 345-2411, 
www.emresearch.com.

RS No. 252

Battery-Powered Devices
Model 2308 Por-
table Device Bat-
tery/Charger Sim-
ulator is a 
dual-channel bat-
tery- and charger-
simulating power 

supply designed to provide the lowest cost testing 
of both the growing range of mobile phones with 
new, complex transmission schemes and other 
types of new portable devices that consume ex-
tremely low amounts of power. The Model 2308’s 
fast transient output response maximizes produc-
tion yields by maintaining a stable voltage level 
under dynamic loading conditions. In addition, its 
measurement engine enables more accurate 
characterization of both full power operation and 
low current sleep modes for quantifying power 
consumption so that design and manufacturing 
can ensure that battery life of the latest portable 
electronic devices is maximized.
Keithley Instruments Inc., 
Cleveland, OH (800) 688-9951, 
www.keithley.com.

RS No. 253

VNA Calibration Kits
Maury’s 8650P 
calibration kits are 
designed for cali-
brating vector 
network analyzers 
(VNA) for mea-
suring devices 
equipped with 
TNC connectors 
from DC to 18 
GHz. Each kit is 

supplied with a full complement of calibration 
standards (shorts, opens and fi xed loads) and 
can be confi gured for most any VNA version. 
All required calibration standards, along with a 
3-1/2” disk (containing the VNA software) and 
operating instructions, come in an attractive 
foam-lined wood instrument case.
Maury Microwave Corp., Ontario, CA 
(909) 987-4715, 
www.maurymw.com.

RS No. 254

NEW PRODUCTS

Model Number
(Module Type)

Frequency
(MHz)

Power

ALM000110-2840FM-SMA(F)    1 1000 10W(min)

ALM00110-2840FM-SMA(F)

ALM1015-2840FM-SMA(F)

ALM1520-2840FM-SMA(F)

ALM1922-2840FM-SMA(F)

ALM00505-4546-SMA

ALM0105-4748-SMA

ALM0510-3846-SMA

ALM2527-4547-SMA

* A bench top type is also available that features 100-240V AC.

info@rkco.jp
http://www.rk-microwave.com

Country in Origin

sfumo@sekitech.com
http://www.sekitechusa.com

R&K Company Limited

RF Power Amplifiers
ALM Series

Low Cost GaAs FET Amplifiers

10W(min)

10W(min)

25W(min)

60W(min)

40W(min)

15W(min)

10W(min)

50W(min)

 10  1000

1000  1500

1500  2000

1900  2200

   50    500

  100    500

  500  1000

2500  2700

Need Power Amp? Ask R&K!

US Sales Partner
Visit http://mwj.hotims.com/16347-109

Visit http://mwj.hotims.com/16347-16

Microwave and RF Products for Military
& Commercial Applications

Contact:  Mike Crittenden
Office:  978.688.6209
Cell:  978.994.9435

E-mail:  mike@bradfordrfsales.com
www.bradfordrfsales.com

Manufacturer's Representatives for New England

Cultivate your sales
opportunities in New England.

Contact the

Bradford RF Sales team.

LOOKING TO GROW ...
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Pulse Pattern Generators
This new series of generators includes the 
model 12000 165 MHz/20 Vpp generator, 
the model 12010 800 MHz/2.5 Vpp genera-
tor and the model 12020 1.6 GHz/2.5 Vpp

generator. Each of these instruments has fully programmable pulse and 
pattern capabilities with numerous user selectable modes of operation. In 
addition, the 12000 series generators share a similar mechanical confi gu-
ration and include both a front panel GUI interface and GPIB/USB pro-
grammability. Applications for the 12000 series generator include serial 
data, semiconductor (e.g. pulsed IV device testing), and general purpose 
high-speed pulse testing.
Picosecond Pulse Labs Inc., Boulder, CO (303) 209-8100, 
www.picosecond.com.

RS No. 255

0.5 to 18 GHz Frequency Synthesizer
The model PFS-0518-60 is an ultra-wide-
band programmable frequency synthesizer 
that offers a frequency range of 0.5 to 18 
GHz, with a step size of 100 kHz and a fl at-
ness of ±2.0 dB. The device’s reference out-
put is 10 MHz at 0 dBm nominal and the 
switching time is 10 mS to within 1 radian. 

The product further offers high rejection ability with harmonics being -20 
dBc typical, sub harmonics at -50 dBc maximum and the spurious is at -60 
dBc maximum. Presently the synthesizer is in a 1U rack-mount housing 
with Ethernet control and +28 VDC power supply.
Planar Monolithics Industries Inc., Frederick, MD (301) 631-1579,
www.planarmonolithics.com.

RS No. 256

High Resolution Synthesizer
This high performance, high resolution synthe-
sizer operates in the frequency range from 5 to 
5.3 GHz and is housed in a small connector-
ized package measuring only 20 x 12 x 3 cm. 
The step size in the 300 MHz operating band-
width is 1 Hz with maximum phase noise of 
-105 dBc/Hz at 1 kHz, -120 dBc/Hz at 10 kHz, 
-120 dBc/Hz at 100 kHz, and -120 dBc/Hz at 1 

MHz offset. Non-harmonic spurious suppression is -60 dB typical with RF 
output power of +10 dBm over the specifi ed operating band. Additional fea-
tures include support for locking with external GPS 1 PPS source for long-
term stability and manual fi eld adjustable frequency tuning. The KHPS500530 
supports RS-232, parallel, and SPI programming interfaces and with a +12 
VDC supply at 1A maximum current in steady state.
Synergy Microwave Corp., Paterson, NJ (973) 881-8800, 
www.synergymwave.com.

RS No. 257

Transmission-line Components
Solderless N Connector

Part number RFN-1006-I-WB features 
white bronze plating for a non-tarnish fi nish 
with enhanced electrical performance. The 
plating is ferrous metal free, which reduces 
inter-modulation interference. A ridged 
back end provides better sealing for the heat 
shrink boot included with the connector. A 
combination hex/knurl coupling nut allows 
for wrench or fi nger mating. The connector 
may be attached to multiple brands of high 
performance cables including Times LMR®-

400, Andrew CNT®-400, CommScope WBC®-400 and Belden®RF-400.
The connector is assembled with industry standard crimp tools with 0.429 
inch and 0.118 inch hex dies. 
RF Industries, 
San Diego, CA (800) 233-1728, 
www.rfi ndustries.com.

RS No. 258
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ufl ex Cables

The company has developed PMTL ufl ex ca-
bles™, a new patent pending, transmission line 
technology, for high speed interconnect and 
packaging of devices and systems. The initial 
PMTL ufl ex cables provide stable phase, group 
delay, and impedance, with low insertion loss 
and extremely low cross talk, under bending, 
twisting, and mechanical distress, from DC to 
50 GHz, and scalable to work to 220 GHz and 
beyond. RFCONNEXT initially will provide a 
family of products, such as single and differen-
tial impedance fl ex/rigid jumper/connectors, 
wafer and PCB probes, test fi xtures and sockets, 
and technical service targeting the signal integ-
rity, and testing connectivity market, across the 
spectrum. The beautify of the PMTL technolo-
gy is that it can be implemented on current low 
cost materials, rigid or fl ex, and uses the existing 
photolithographic technology for PCB or 
CMOS processes, thus allowing to increase 
density and achieving high speed with digital 
pulses of fractional pSec rise times.
RFCONNEXT Inc., 
San Jose, CA (408) 981-3700, 
www.rfconnext.com.

RS No. 259

High Performance Cable 
Assemblies

San-tron Inc. has announced the release of a 
new high performance connector to address the 
problem of signal transmission and fragility of 
solder joints in hand-formable cable assemblies. 
This new eSMA connector features a new ex-
tended ferrule and enhanced performance from 
an innovative internal design. This connector 
also features: failure-proof coupling nuts; EZ 
style, solder free, captivated center contacts; 
and a solder damming positive cable stop. They 
come standard with gold plated bodies and gold 
plated center contacts. They are also weather-
proof and provide 50 ohm constant impedance.
San-tron Inc., 
Ipswich, MA (978) 356-1585, 
www.santron.com.

RS No. 260

NEW PRODUCTS

DI OPEN RESONATORS

www.damaskosinc.com
(610)358-0200  fax(610)558-1019

Std Sizes ~8 to 100 GHz
No Contact - Easy Prep.

, tan  - Cavity™ sfwr
Thin Sheets, Substrates, Resins, Foams

MICRO-ADS
Visit http://mwj.hotims.com/16347-(RS#)

RS 31

RS 136

RS 115

RS 3

RS 91

RS 61

ULTRA LOW PHASE NOISE VCO

Modco MD Series VCOs offer very low
Phase Noise in a half inch package. Models
are low cost and available for a variety of
Frequency Bands. No NRE for custom
designs.

Model MD108MST

902–928 MHz
Vcc: 5 V
Vt: 0.5 to 4.5 V
Current: 16 ma
Power: +4 dBm
2nd Harmonics: –45 dBc
Pushing: 0.4 MHz/V
Pulling: 0.6 MHz with a 12 dB return loss
Phase Noise: –117 dBc @10 KHz

Modco, Inc.

Sparks, NV  (775) 331-2442

www.modcoinc.com
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AVERAGE AMPLITUDE PHASE INSERTION

FREQUENCY MODEL POWER BALANCE BALANCE ISOLATION LOSS VSWR

(MHz) NUMBER (CW Watts) (±dB, Max.) (±Deg., Max.) (dB Min./Typ.) (dB, Max.) (Max.)

50 – 110 M-51-111-96W802 600 0.3 2.0 20/23 0.30 1.2:1
100 – 500 M-12-52-92W502 200 0.85 2.5                 14/18 0.85 1.35:1
100 – 500 M-12-52-98WF502 800 0.8 2.0 18/20             0.30 1.2:1
120 – 230* M-121-231-92W012 300 0.5 2.0 20/27 0.30 1.2:1
150 – 250 M-151-251-94W012 400 0.3 2.0 20/25 0.30 1.2:1
200 – 400* M-22-42-92W102 250 0.5 2.0 20/25 0.30 1.2:1
200 – 400 M-22-42-95WB302 500 0.4 2.0 19/23 0.25 1.2:1
200 – 1000* M-22-13-92WD502 250 0.75 3.0 20/23 0.50 1.3:1
250 – 500 M-251-52-92W102 250 0.5 2.0 20/25 0.30 1.2:1
300 – 500 M-32-52-92W102 250 0.4 2.0 20/23 0.25 1.2:1
300 – 950 M-32-951-92W102 250 0.6 2.0 20/23 0.25 1.25:1
400 – 550 M-42-551-92W102 250 0.2 2.0 20/25 0.20 1.2:1
400 – 700 M-42-72-92W012 250 0.5 2.0 20/25 0.30 1.2:1
400 – 1000* M-42-13-92W102 250 0.6 2.0 18/20 0.25 1.2:1
400 – 1000 M-42-13-95WB302 500 0.6 2.0 20/23 0.20 1.2:1
400 – 1000 M-42-13-91KW402 1000 0.6 2.0 20/25 0.20 1.2:1
440 – 880 M-441-881-92W102 250 0.5 2.0 20/25 0.20 1.2:1
700 – 1400* M-72-142-92W102 250 0.5 2.0 18/25 0.30 1.25:1
800 – 1600 M-82-162-92W102 250 0.5 2.0 20/23 0.25 1.2:1
800 – 1600 M-82-162-95WB302 500 0.5 2.0 20/25 0.20 1.25:1
800 – 1600 M-82-162-91KWB912 1000 0.5 2.0 20/25 0.20 1.3:1
800 – 2500* M-82-252-92W122 200 0.6 4.0 18/20 0.40 1.25:1
800 – 4200 M-82-43-92W122 200 0.5 4.0 16/20 0.20 1.2:1
960 – 1220 M-961-1221-92W102 200 0.3 2.0 18/25 0.30 1.25:1
960 – 1220 M-961-1221-95WB302 500 0.4 2.0 20/23 0.20 1.2:1

1000 – 2000 M-13-23-92W102 200 0.5 3.0 18/24 0.30 1.25:1
1000 – 2000 M-13-23-95WB302 500 0.5 3.0 18/22 0.20 1.2:1
1200 – 1400 M-122-142-92W102 250 0.4 3.0 20/23 0.25 1.2:1
1200 – 1400 M-122-142-95WB302 500 0.4 2.0 20/25 0.20 1.2:1
1300 – 3000 M-132-33-92W102 200 0.6 3.0 18/23 0.25 1.2:1
1400 – 2400 M-142-242-92W102 200 0.5 3.0 16/20 0.25 1.2:1
1400 – 2800 M-142-282-92W102 200 0.5 3.0 16/20 0.25 1.2:1
1500 – 3000 M-152-33-92W102 200 0.6 3.0 18/22 0.25 1.25:1
1700 – 2500 M-172-252-92W102 200 0.4 3.0 20/23 0.25 1.2:1

* Multiple packages are available on these models, please contact MITEQ.180 degree and coaxial versions are available upon request

Visit http://mwj.hotims.com/16347-90 or use RS# 90 at www.mwjournal.com/info
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ASIA PACIFIC MICROWAVE CONFERENCE 2008, HONG KONG

Hong Kong Convention and Exhibition Center, Wanchai

16
th
to 19

th
of December 2008

Venetian Resort and Convention Center, Macau

19
th
to 20

th
of December 2008

Background

The Asia-Pacific Microwave Conference (APMC) is increasing popular among professionals and professionals-in-training in technical and

non-technical disciplines in both manufacturing and service sectors. Often participants include professors, hardware engineers, software

engineers, and graduate students engaged in research, design, manufacturing, marketing, installation, maintenance, and application of antennas,

synthetic materials, components, devices, equipment, systems, and consumer products for users and providers of fixed-line and wireless

communications at microwave and millimeter-wave frequencies. Besides the regular attendees, APMC is frequented by government regulators,

industrialists, financers, and other professionals. In other words, APMC has now established itself as a unique world-class conference for the

academic community of applied electromagnetics, for the manufacturing industry of microwave hardware and software, and for the service

industry of telecommunications.

New Initiatives in APMC 08

1. Unlike the previous conferences, APMC 08 will last for four days, from 16
th
to 20

th
of December. These dates are deliberately chosen such

that the last day is the ninth anniversary of the establishment of the Special Administrative Region of Macau.

2. In addition to the traditional emphases on antenna designs and developments of microwave technologies, EMC/EMI and industrial

microwave applications are also important components in APMC 08.

3. There will be several APMC Prizes for different streams and a Student Prize. The principal author and one of the co-authors of a shortlisted

paper will be encouraged to use the latest multimedia technologies in “selling” their “products” repeatedly to all visitors, including the

judging team of three to four distinguished scholars, throughout the entire morning or afternoon session.

APMC 08 Exhibition

An exhibition hall of 9000 m
2
in the Hong Kong Convention and Exhibition Center has been reserved for the APMC 08 Exhibition, making it

larger than those held in Seoul and in Tokyo. A record-breaking number of overseas visitors are expected as Hong Kong is situated right at the

center of the Asia Pacific Rim and the Pearl River Delta is the heart of the “Factory of the World.”

Tourist Haven

Coming to Hong Kong in December is the best time of the year because the weather will be mostly sunny with less than 30% precipitation.

The temperature will range from 10°C to 25°C with mild northerly breeze. Visitors will be fascinated by our unique blend of western and

eastern cultures. Macau is a small peninsula west of Hong Kong, a ferry trip of 60-70 minutes. Neither additional visa nor advanced ferry

ticket is needed because there are over six ferries per hour during office hours. Macau boosts another unique mix of eastern and western

cultures, as the first Portuguese settlement was established in Macau over 400 years ago. Besides the historical sceneries, visitors will be

engrossed by the hundreds of modern hotels and casinos. After becoming the second SAR of China in 1999, Macau is the city of the fastest

growth in China, and the turnover in all casinos has surpassed that in Las Vegas in 2007.

Additional Information

Please visit our website at http://www.apmc2008.org/ for more information. Enquiry: apmc2008@ee.cityu.edu.hk.

Visit http://mwj.hotims.com/16347-9 or use RS# 9 at www.mwjournal.com/info
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SUBMIT YOUR PAPER ONLINE NOW!

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

28 September - 2 October 2009
Nuova Fiera di Roma, Rome, Italy

SUBMIT YOUR PAPER ONLINE NOW!
To electronically submit a technical paper for one or
more of the four conferences, all you have to do is:

1. Log on to www.eumweek.com
2. Click on 'Conference Information' to view 

the individual conference topics
3. Click on 'Paper Submission' for author's 

instructions on how to submit a summary

That's all there is to it, so log on now!

www.eumweek.com

The 39th European Microwave Conference 

The 4th European Microwave
Integrated Circuits Conference
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R
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NETWORK
ANALYZER
BROCHURE

This free bro-
chure explains
how the compa-
ny’s nonlinear
vector network
analyzer can pro-
vide the critical
leap in technolo-
gy to go beyond
linear S-parame-
ters. The technol-
ogy allows for ef-
ficient and accurate analysis and design of active
devices under real-world operating conditions.
The brochure is available for download at:
www.agilent.com.
Agilent Technologies Inc., 
Santa Clara, CA (800) 829-4444,
www.agilent.com.

RS No. 200

SIGINT BROCHURE

Elcom Technolo-
gies, a designer
and manufactur-
er of synthesizers
and receivers up
to 40 GHz in the
RF and mi-
crowave fre-
quency spectrum
for applications
in the ATE, SIG-
INT, Custom Hi-
Rel and SAT-
COM markets,
has just released
the new FlxGen™ family of HF-VHF/UHF-
MW receivers and downconverters brochure. 
Elcom Technologies, Rockleigh, NJ 
(201) 767-8030, www.elcom-tech.com.

RS No. 201

GUIDE TO OFDM/A, MIMO, WLAN AND
WIMAX
Keep up with RF
technology with a
free copy of
Keithley’s new
CD, Guide to
OFDM/A Tech-
nology, MIMO
Configurations,
and WLAN and
WiMAX Applica-
tions. It includes
two white papers, a presentation and a number of
tools demonstrating MIMO testing. Request
your copy at www.keithley.com/at/509 or by call-
ing Keithley Instruments Inc. at (800) 588-9238.
Keithley Instruments Inc., 
Cleveland, OH (800) 588-9238,
www.keithley.com.

RS No. 202

PRODUCT CATALOG

This new 64-page fiber optic products catalog of-
fers a compilation of individual data sheets that
feature product descriptions, applications, elec-

trical specifica-
tions, optical per-
formance specifi-
cations, power re-
q u i r e m e n t s ,
typical test data,
block diagrams,
and outline draw-
ings on MITEQ’s
full-line of fiber
optic links, opti-
cal receivers and
transmitters. To
download the
catalog, visit the
company’s web site at www.miteq.com.
MITEQ Inc., Hauppauge, NY 
(631) 436-7400, www.miteq.com.

RS No. 203

PRODUCT AND SERVICES CATALOG

This product and
services cata-
log features the 
company’s new-
ly developed
PMTL™, a new
patent pending,
transmission line
technology for
high speed inter-
connect and pack-
aging of devices
and systems. The
initial PMTL uflex
cables provide sta-
ble phase, group delay, and impedance, with low
insertion loss and extremely low cross talk, under
bending, twisting, and mechanical distress, from
DC to 50 GHz, and scalable to work to 220 GHz
and beyond. This catalog provides data sheets for a
family of products based on the patent pending
PMTL, such as single and differential impedance
flex/rigid jumper/connectors, wafer and PCB
probes, test fixtures and sockets, and technical
service targeting the signal integrity, and testing
connectivity market across the spectrum. 
RFCONNEXT Inc., San Jose, CA 
(408) 981-3700, www.rfconnext.com.

RS No. 204

COMPONENTS AND SYSTEMS CATALOG

This product
catalog features
the company’s
c o n n e c t o r s ,
jumper cables,
splitters, cou-
plers, di-/
triplexers and
mult ip lexers .
This mobile
communication
catalog also
highlights prod-
ucts required
for the installa-
tion on site. The
components and systems catalog is available as a
printed hardcopy and a CD-ROM.
SPINNER GmbH, Munich, Germany 
+49 89 12601-0, www.spinner.de.

RS No. 205

NEW LITERATURE

To see one’s work in print is
the rightful reward of every cre-
ative engineer and scientist. The
editors of Microwave Journal in-
vite you to submit your technical
manuscripts for consideration to
be published in one of  our up-
coming issues. Technical articles,
application notes and tutorial ar-
ticles based on the monthly edi-
torial themes are encouraged.
Editorial themes include wire-
less, radar and antennas; RF
components and systems; test,
measurement and CAD; ampli-
fiers and oscillators; semiconduc-
tors, MMICs and RFICs; satel-
lite and mm-wave applications;
communications and wireless ap-
plications; passive components;
and control devices and modula-
tion.

Design features should con-
tain new and innovative technical
ideas of practical use and interest
to our predominantly engineer-
ing readers. Papers should be 14
to 16 double-spaced pages and
contain 8 to 12 visual aids in the
form of sketches, graphs, pho-
tographs or tables. 

Papers should be submitted to
the attention of the Technical
Editor and will be reviewed
promptly by our Editorial Re-
view Board prior to acceptance.
Articles outside of the monthly
themes also will be encouraged.

SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street

Norwood, MA 02062
(781) 769-9750

Fax (781) 769-5037
e-mail:

phindle@mwjournal.com
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SOLUTIONS
START HERE

SATELLITE 2009

Register
Today and 

Save $600!

www.SATELLITE2009.com

March 24-27 
Conference

March 25-27 
Exhibition

Walter E. Washington 
Convention Center
Washington D.C.

At SATELLITE 2009 you’ll experience:

More than 14 hours of activities to network with 
colleagues and develop new relationships

The largest exhibition for communications via satellite 
– more than 280 suppliers!

The most extensive conference in the industry offering 
four days of best practices, market insights and 
business solutions you can implement immediately

SATELLITE 2009 is the premier 
conference and exhibition for the 
satellite end-user community.

Register today at www.SATELLITE2009.com
with VIP code: MJ11 to qualify for discounted 
registration rates.

14744

DOD Photo By: 
Staff Sgt. Samuel Bendet, 

U.S. Air Force

LAST CHANCE TO 
SAVE $600!

EARLY BIRD DISCOUNTS END 
DECEMBER 17, 2008!
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David Morgan
446 pages; $99.95, £59.99 • Academic Press
ISBN: 978-0-1237-2537-0

THE BOOK ENDTHE BOOK END

This book expands the coverage of the ear-
lier edition, published in 1985. At that

time, many devices had been established in
practical electronic systems, including signal
processing devices and bandpass filters for
communications and television systems.
These devices remain in widespread service
now. However, the 1980s were something of
a watershed for surface waves. The rise of
communications systems, such as mobile tele-
phony demanded new capabilities, particular-
ly for low-loss bandpass filters satisfying ex-
acting specifications. The new book includes
the recent developments in this technology.
The earlier material is described in Chapters
2 to 7. This includes various acoustic waves
(Chapter 2), surface excitation (Chapter 3),
propagation effects and materials (Chapter
4), quasi-static transducer theory (Chapter 5)
and non-reflective bandpass filters (Chapter
6). Devices for correlation, used in pulse-
compression radar and spread-spectrum

communications are in Chapter 7. These ac-
counts are similar to those of the earlier book,
but to allow space for new material, there is
some compression and some topics have
been omitted. New areas include filters using
unidirectional transducers (Chapter 9), wave-
guiding and transversely-coupled resonators
(Chapter 10) and resonator filters (Chapter
11). Preceding these, Chapter 8 describes the
theory of reflective transducers and gratings,
including analysis using the Reflective Array
Model (RAM) and Coupling-of-Modes
(COM) theory. At the beginning, Chapter 1
gives a survey of the whole subject. This is in-
tended to be readable independently of the
rest of the book. The book is written at a
post-graduate level, assuming some familiari-
ty with topics such as matrix algebra and the
Y- and S-matrix descriptions for linear de-
vices. However, much of the material should
also be comprehensible at an undergraduate
level, particularly the survey of Chapter 1.

Surface Acoustic Wave Filters: Second Edition

R.K. Mongia, I.J. Bahl, P. Bhartia and J. Hong
578 pages; $139, £77 • Artech House
ISBN: 978-1-59693-156-5

The successful first edition of this book was
published in 1999. While the fundamen-

tals of coupled-line circuits have not
changed, further innovations in coupled-line
filters and other applications have occurred
with changes in technology and use of new
fabrication processes, such as the use of low
temperature cofired ceramic (LTCC) sub-
strates. The first few chapters reflect only
minor changes, as these incorporate the fun-
damentals of microwave transmission lines,
networks and coupled lines, which have not
changed. Some additions and changes have
been made to accommodate the multilayer
design of coupled lines for the sake of having
a self-contained, complete text. Most of the
changes occur in the “Applications” part of
the text (i.e. Chapter 8 onward). Thus, Chap-
ter 9, on filters, includes the design of band-
stop filters using coupled lines and a discus-
sion of software packages used for filter de-
sign, together with their limitations and

strengths. Chapters 10 and 11 are new and
discuss advanced filter technology and the
design of filters using new materials and
technologies. Chapter 10 concentrates on
coupled-line filters with many specialized
characteristics that are often encountered in
practice. Chapter 11 takes a different direc-
tion, tackling filters using advanced materials
and technologies, including superconductor
coupled-line filters, micromachined filters,
miniature interdigital filters on silicon, LTCC
filters which require multilayer coupling, liq-
uid crystal polymer filters and ultra-wide-
band filters. Chapters 12 and 13 are essen-
tially the former Chapters 10 and 11 with re-
visions as appropriate and the inclusion of
new material to update the chapters and
make them current. Chapter 13 covers
baluns of different configurations (e.g., mi-
crostrip to balanced stripline, planar trans-
mission line and Marchand type) and are dis-
cussed in detail.

RF and Microwave Coupled-line Circuits: Second Edition

To order this book, contact:
Elsevier

11830 Westline 
Industrial Drive

St. Louis, MO 63146
(800) 545-2522

To order this book, contact:
Artech House

685 Canton St. 
Norwood, MA 02062 

(781) 769-9750 ext. 4030; or
16 Sussex St. 

London SW1V 4RW, UK
+44 (0) 207-8750

THE BOOK END
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Microwave Journal teams with Besser Associates, the leader in RF/microwave 
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Microwave Engineers: For
the Sake of the Future

Microwave Power Transmission:
Space-based Solar Power Beams
Become Next Energy Frontier 
The idea of using satellites to beam

solar power down from space is noth-
ing new—the Department of Energy
first studied it in the 1970s, and
NASA took another look in the ’90s.
The stumbling block has been less the
engineering challenge than the cost.

According to a Pentagon report re-
leased last year, space-based solar
power (SBSP) is becoming more fea-
sible, and eventually could help head
off crises such as climate change and
wars over diminishing energy sup-
plies.

The SBSP is expected to become
enormously profitable—and the
hopes are that it will lure the growing
private space industry. The govern-
ment would fund launches to place
initial arrays in orbit by 2016.

As envisioned, massive orbiting so-
lar arrays, situated to remain in sun-
light nearly continuously, will beam
multiple megawatts of energy to
Earth via microwave beams. The en-
ergy will be transmitted to mesh re-
ceivers placed over open farmland
and in strategic remote locations,
then fed into the nation’s electrical
grid. The goal: To provide 10 percent
of the United States’ base-load power
supply by 2050.

I use this as another example of
the potential prospect within RF en-
gineering and how (again) it takes a
role in shaping the future. Consider
energy transmissions, RF tagging,
multiple new wireless communication
standards, medical applications, com-
munications, security markets and
more. Consider what all those up-
coming sectors mean in terms of RF
engineering jobs. The future for RF
engineering never seemed more
promising.

At times like these, as global
economies shift and uncertainty

184 MICROWAVE JOURNAL � NOVEMBER 2008Visit http://mwj.hotims.com/16347-121Visit http://mwj.hotims.com/16347-35
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rules, it is important to hang onto these real assets—edu-
cation and creativity, and direct them to those areas that
are most promising in the global arena. The fact that this
country is not producing enough analog engineers, nor
imports the missing talent from overseas in a deliberate
attempt to meet the increasing demand is a reason for
much concern. It is also a missed opportunity in times
when such are needed most. It is inevitable that in 10
years from now the US job market will look different.
Only combined operation boosting up the technology and
science graduation, while filling in vacant expert positions
with immigrant talent, will sustain those companies and
positions in the country.
Conclusion:

Microwave engineering today lays the foundations for
tomorrow’s infrastructure in literally every aspect of life.
Securing a good position in tomorrow’s global economy
requires the qualified human resources, which should be
brought in from overseas while the industry, government
and academy act to increase the number of graduates to
meet the demand. Look forward and plan.

Isaac Mendelson
ElectroMagneticCareers.com

Isaac@ElectroMagneticCareers.com

SOAR TO NEW HEIGHTS!

It all happens at Space Systems/Loral.

As one of the world’s premier designers, manufacturers,

and integrators of powerful geostationary satellites and

satellite systems, Space Systems/Loral (SS/L) gives ex-

perienced professionals the opportunity to work on the

industry’s best projects. 

Operating worldwide from our headquarters in Palo Alto,

California, we service an international base of commercial

and governmental customers whose applications include

fixed satellite services, broadband digital communications,

wireless telephony, direct-to-home television broadcast,

video and radio broadcasting, environmental monitoring,

and air traffic control. We invite you to come see why we

say everything happens here!

Right now, we’re seeking team builders looking to be-

come real leaders as:

Senior Spacecraft Antenna Engineers

Spacecraft Antenna Project Managers
Space Systems/Loral offers one of the industry’s high-

est compensation packages.

This is the best time to make your career happen. 

To apply, please send cover letter and resume to:

Jobs.hr@ssd.loral.com.

ssloral.com
EOE

Some positions may require a security clearance. Space Systems/Loral 
has export control and security issues that require attention to the citizen-
ship status of every individual who performs work on its behalf. All jobs at
Space Systems/Loral require that the employee either be a United States
Citizen, Permanent Resident of the States, an Asylee or a Refugee.

CAREER CORNER

Visit http://mwj.hotims.com/16347-95

Microwave/RF Engineers

Natel Engineering, an EMS house located in
Chatsworth, California has immediate open-
ings for RF and Microwave engineers with at
least 3-5 years of experience in the design,
development, testing and troubleshooting of
Microwave Integrated Circuits for Radar and
Electronic Warfare application. Experience in
the development of special test equipment
for MICs or some experience in the design
of MMICs would be an asset.

Natel offers a competitive salary and bene-
fits package based on experience, including
medical and dental insurance and a 401K
plan. For immediate consideration, please
apply electronically to HR@natelengr.com

APPLICANTS MUST BE US CITIZENS OR PERMA-
NENT RESIDENTS AND BE ELIGIBLE TO HOLD A SE-
CURITY CLEARANCE. EOE M/F/D/V
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1 AdTech Ceramics  . . . . . . . . . . . . . . . . . . . .126 . . . . . . . . . . . .423-755-5459 423-755-5438 http://mwj.hotims.com/16347-1

2 Advanced Microwave, Inc.  . . . . . . . . . . . . .134 . . . . . . . . . . . .408-739-4214 http://mwj.hotims.com/16347-2

3 Advanced Switch Technology  . . . . . . . . . .176 . . . . . . . . . . . .613-384-3939 613-384-5026 http://mwj.hotims.com/16347-3

4 Aeroflex / Weinschel, Inc.  . . . . . . . . . . . . . .9 . . . . . . . . . . . . .800-638-2048 301-846-9116 http://mwj.hotims.com/16347-4

5 American Microwave Corporation  . . . . . .161 . . . . . . . . . . . .301-662-4700 301-662-4938 http://mwj.hotims.com/16347-5

6 American Technical Ceramics  . . . . . . . . . .77  . . . . . . . . . . . .631-622-4700 631-622-4748 http://mwj.hotims.com/16347-6

7 AML Communications Inc.  . . . . . . . . . . . .37  . . . . . . . . . . . .805-388-1345 805-484-2191 http://mwj.hotims.com/16347-7

8 Ansoft Corporation  . . . . . . . . . . . . . . . . . . .29  . . . . . . . . . . . .412-261-3200 412-471-9427 http://mwj.hotims.com/16347-8

9 APMC 2008  . . . . . . . . . . . . . . . . . . . . . . . .178  . . . . . . . . . .+81-47-309-3616 +81-47-309-3617 http://mwj.hotims.com/16347-9

10 AR Worldwide  . . . . . . . . . . . . . . . . . . . . . .101 . . . . . . . . . . . .215-723-8181 http://mwj.hotims.com/16347-10

11 Artech House  . . . . . . . . . . . . . . . . . . . . . . .162 . . . . . . . . . . . .800-225-9977 781-769-6334 http://mwj.hotims.com/16347-11

12 Astrolab, Inc. . . . . . . . . . . . . . . . . . . . . . . . .131 . . . . . . . . . . . .732-560-3800 732-560-9570 http://mwj.hotims.com/16347-12

13 Atlantic Microwave Ltd. . . . . . . . . . . . . . . .148 . . . . . . . . . . .44-1376-550220 44-1376-552145 http://mwj.hotims.com/16347-13

14 Avtech Electrosystems  . . . . . . . . . . . . . . . .162 . . . . . . . . . . . .888-670-8729 613-226-2802 http://mwj.hotims.com/16347-14

15 AWR  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11  . . . . . . . . . . . .310-726-3000 http://mwj.hotims.com/16347-15

16 Bradford RF Sales  . . . . . . . . . . . . . . . . . . .173 . . . . . . . . . . . .978-521-1701 http://mwj.hotims.com/16347-16

17 Carlisle Interconnect Technologies  . . . . . .13  . . . . . . . . . . . .866-282-4708 562-494-0955 http://mwj.hotims.com/16347-17

18 Cernex, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .146 . . . . . . . . . . . .408-541-9226 408-541-9229 http://mwj.hotims.com/16347-18

19 Channel Microwave Corporation  . . . . . . . .18  . . . . . . . . . . . .805-482-7280 805-987-8794 http://mwj.hotims.com/16347-19

20 Ciao Wireless, Inc. . . . . . . . . . . . . . . . . . . . .46  . . . . . . . . . . . .805-389-3224 805-389-3629 http://mwj.hotims.com/16347-20

21 Cobham Defense Electronic Systems  . . .20-21 . . . . . . . . . . .978-557-2400 978-557-2800 http://mwj.hotims.com/16347-21

22 Cobham Defense Electronic Systems - 

Sensor & Antenna Systems, Lansdale, Inc. 79  . . . . . . . . . . . .215-996-2416 http://mwj.hotims.com/16347-22

23 Coilcraft  . . . . . . . . . . . . . . . . . . . . . . . . . . . .15  . . . . . . . . . . . .800-322-2645 847-639-1469 http://mwj.hotims.com/16347-23

24 Compac  . . . . . . . . . . . . . . . . . . . . . . . . . . . .170 . . . . . . . . . . . .631-585-3400 631-585-3534 http://mwj.hotims.com/16347-24

25 Compex Corporation  . . . . . . . . . . . . . . . . .138 . . . . . . . . . . . .856-335-2277 856-335-7223 http://mwj.hotims.com/16347-25

26 Cookson Electronics  . . . . . . . . . . . . . . . . . .62  . . . . . . . . . . . .678-475-6904 http://mwj.hotims.com/16347-26

27 CPI Beverly Microwave Division  . . . . . . . .30  . . . . . . . . . . . .978-922-6000 978-922-2736 http://mwj.hotims.com/16347-27

28 Crystek Corporation  . . . . . . . . . . . . . . . . . .107 . . . . . . . . . . . .800-237-3061 http://mwj.hotims.com/16347-28

29 CST of America, Inc. . . . . . . . . . . . . . . . . . .27  . . . . . . . . . . . .508-665-4400 781-576-5702 http://mwj.hotims.com/16347-29

30 Daico Industries, Inc.  . . . . . . . . . . . . . . . . .81  . . . . . . . . . . . .310-507-3242 310-507-5701 http://mwj.hotims.com/16347-30

31 Damaskos Inc.  . . . . . . . . . . . . . . . . . . . . . .176 . . . . . . . . . . . .610-358-0200 610-558-1019 http://mwj.hotims.com/16347-31

32 dBm, LLC . . . . . . . . . . . . . . . . . . . . . . . . . .106 . . . . . . . . . . . .973-709-0020 973-709-1346 http://mwj.hotims.com/16347-32

33 Delta Electronics Mfg. Corp. . . . . . . . . . . .147 . . . . . . . . . . . .978-927-1060 978-922-6430 http://mwj.hotims.com/16347-33

34 Eastern Wireless TeleComm, Inc.  . . . . . . .105 . . . . . . . . . . . .410-749-3800 410-749-4852 http://mwj.hotims.com/16347-34

35 Electro Magnetic Careers  . . . . . . . . . . . . .184 http://mwj.hotims.com/16347-35

36 EMC Technology Inc.  . . . . . . . . . . . . . . . . .17  . . . . . . . . . . . .772-286-9300 772-283-5286 http://mwj.hotims.com/16347-36

37 Endwave . . . . . . . . . . . . . . . . . . . . . . . . . . . .25  . . . . . . . . . . . .408-522-3180 408-522-3181 http://mwj.hotims.com/16347-37

38 EPX Microwave, Inc.  . . . . . . . . . . . . . . . . .108  . . . . . . . . . . . . . . . . . http://mwj.hotims.com/16347-38
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41,42 EuMW 2009  . . . . . . . . . . . . . . . . . . . . . .165,179  . . . . . . . .+ 44 20 7596 8742 + 44 20 7596 8749 http://mwj.hotims.com/16347-41

43 Evans Capacitor Company  . . . . . . . . . . . . .40  . . . . . . . . . . . .401-435-3555 401-435-3558 http://mwj.hotims.com/16347-43

36 Florida RF Labs Inc.  . . . . . . . . . . . . . . . . . .17  . . . . . . . . . . . .800-544-5594 http://mwj.hotims.com/16347-36

45 Herotek, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .94  . . . . . . . . . . . .408-941-8399 408-941-8388 http://mwj.hotims.com/16347-45

46,47,48, Hittite Microwave Corporation  . . . . . . .65,67,69,

49,50,51  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .71,73,75 . . . . . . . . . .978-250-3343 978-250-3373 http://mwj.hotims.com/16347-46

52 Huber + Suhner AG . . . . . . . . . . . . . . . . . .139  . . . . . . . . . .+41 71 353 41 11 +41 71 353 44 44 http://mwj.hotims.com/16347-52

IEEE MTT-S International 

Microwave Symposium  . . . . . . . . . . . . . .159  . . . . . . . . . .www.ims2009.org

53 IMST GmbH  . . . . . . . . . . . . . . . . . . . . . . .150 . . . . . . . . . .+49-2842-981-400 49-2842-981-499 http://mwj.hotims.com/16347-53

54 Integrated Engineering Software  . . . . . . . .64  . . . . . . . . . . . .204-632-5636 http://mwj.hotims.com/16347-54

55 ITT Microwave Systems  . . . . . . . . . . . . . . .66  . . . . . . . . . . . .978-441-0200 http://mwj.hotims.com/16347-55

56 ITU-Shows  . . . . . . . . . . . . . . . . . . . . . . . . .164  . . . . . . . . . .+41 22 730 6161 +41 22 730 6444 http://mwj.hotims.com/16347-56

57 JFW Industries, Inc.  . . . . . . . . . . . . . . . . . .87  . . . . . . . . . . . .317-887-1340 317-881-6790 http://mwj.hotims.com/16347-57

58 JQL Electronics Inc.  . . . . . . . . . . . . . . . . . .98  . . . . . . . . . . . .888-236-9828 630-823-2902 http://mwj.hotims.com/16347-58
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Mini-Circuits tiny SBTC 2 way-0º and SCA 4 way-0º power splitters are
the world’s lowest priced and smallest size splitters operating within
5 to 2500 MHz band. But that’s not all. Patented LTCC technology provides
outstanding performance features including low insertion loss down to
0.3 dB typical, excellent 0.2 dB amplitude and 1 degree phase unbalance
(typ), and superior temperature stability. Pads are solder plated, and
connections are assembly welded for high temperature
reflow reliability. As demand for smaller gets 
bigger, blow away the competition with 
Mini-Circuits space saving, money saving
SBTC and SCA power splitters.

354 Rev J

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

IF/RF MICROWAVE COMPONENTS

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500  Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
TM

®

ISO 9001 ISO14001 CERTIFIED

 minicircuits.com
ALL NEW

All models are 
RoHS compliant

2WAY&4WAY
SPLITTERS

$169
ea.(qty.1000)

world's smallest

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

Model Frequency Z Price $ea.
(MHz) (Qty. 25)

SBTC-2-10+ 5-1000 50 Ω 2.49
SBTC-2-20+ 200-2000 50 Ω 3.49
SBTC-2-25+ 1000-2500 50 Ω 3.49

SBTC-2-10-75+ 10-1000 75 Ω 3.49
SBTC-2-15-75+ 500-1500 75 Ω 3.49
SBTC-2-10-5075+ 50-1000 50/75 Ω 3.49
SBTC-2-10-7550+ 5-1000 50/75 Ω 3.49

SCA-4-10+ 5-1000 50 Ω 6.95
SCA-4-10-75+ 10-1000 75 Ω 6.95
SCA-4-15-75+ 10-1500 75 Ω 7.95
SCA-4-20+ 1000-2000 50 Ω 7.95
LTCC construction
U.S. Patent No. 6,963,255

•
•

IN STOCK

SBTC
( 0.15"x 0.15"x 0.15" )

SCA
(0.3"x 0.25"x 0.19" )

5 to 2500 MHz from

Visit http://mwj.hotims.com/16347-86 or use RS# 86 at www.mwjournal.com/info

MINICIRCUITS F354 REVJ.indd 187MINICIRCUITS F354 REVJ.indd   187 10/29/08 3:36:27 PM10/29/08   3:36:27 PM

http://minicircuits.com
http://www.minicircuits.com
http://mwj.hotims.com/16347-86
http://www.mwjournal.com/info
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59 K&L Microwave, Inc. . . . . . . . . . . . . . . . . . .7 . . . . . . . . . . . . .410-749-2424 443-260-2268 http://mwj.hotims.com/16347-59

60 Keithley  . . . . . . . . . . . . . . . . . . . . . . . . . . . .135 . . . . . . . . . . . .800-588-9238 http://mwj.hotims.com/16347-60

61 KR Electronics, Inc.  . . . . . . . . . . . . . . . . . .176 . . . . . . . . . . . .732-636-1900 732-636-1982 http://mwj.hotims.com/16347-61

62 Krytar  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .100 . . . . . . . . . . . .877-734-5999 408-734-3017 http://mwj.hotims.com/16347-62

63 Labtech Microwave  . . . . . . . . . . . . . . . . . .140  . . . . . . . . .+44 (0)1544 260093 +44 (0)1544 260310 http://mwj.hotims.com/16347-63

64 Leusin Microwave LLC  . . . . . . . . . . . . . . .62  . . . . . . . . . . . .603-329-7270 http://mwj.hotims.com/16347-64

65 Linear Technology Corporation  . . . . . . . . .35  . . . . . . . . . . . .800-454-6327 http://mwj.hotims.com/16347-65

66 Lorch Microwave . . . . . . . . . . . . . . . . . . . . .49  . . . . . . . . . . . .800-780-2169 410-860-1949 http://mwj.hotims.com/16347-66

67 LPKF Laser & Electronics  . . . . . . . . . . . . .44  . . . . . . . . . . .800-345-LPKF 503-682-7151 http://mwj.hotims.com/16347-67

68 MECA Electronics, Inc.  . . . . . . . . . . . . . . .38  . . . . . . . . . . . .973-625-0661 973-625-9277 http://mwj.hotims.com/16347-68

69 Microsemi  . . . . . . . . . . . . . . . . . . . . . . . . . .86  . . . . . . . . . . . .408-986-8031 http://mwj.hotims.com/16347-69

70 Microwave Development Laboratories  . . .151  . . . . . . . . .781-292-6680/6684 781-453-8629 http://mwj.hotims.com/16347-70

71 Microwave Filter Company, Inc.  . . . . . . . .114 . . . . . . . . . . . .800-448-1666 315-463-1467 http://mwj.hotims.com/16347-71

Microwave Journal  . . . . . . . . . . . . . .174,180,183,189  . . . . . .800-225-9977 781-769-5037 www.mwjournal.com

72 MiG Microwave Innovation Group  . . . . . .163 . . . . . . . .+49 421 22 37 96 60/62 +49 421 22 37 96 30 http://mwj.hotims.com/16347-72

73,74,75, Mini-Circuits  . . . . . . . . . . . . . . . . . . . . .4-5,16,33,

76,77,78,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .53,54,63,

79,80,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .88-89,99,

81,82,83,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .109,125,137,

84,85,86  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .153,167,187  . . . . . . . .718-934-4500 718-332-4661 http://mwj.hotims.com/16347-73

87,88,89,90 MITEQ Inc.  . . . . . . . . . . . . . . . . . . . .3,83,133,177  . . . . . . . .631-436-7400 631-436-7430 http://mwj.hotims.com/16347-87

91 Modco, Inc. . . . . . . . . . . . . . . . . . . . . . . . . .176 . . . . . . . . . . . .775-331-2442 775-331-6266 http://mwj.hotims.com/16347-91

92 Molex RF/Microwave Connector Division 145 . . . . . . . . . . . .317-834-5600 317-834-5611 http://mwj.hotims.com/16347-92

93 Narda Microwave-East, 

an L3 Communications Co.  . . . . . . . . . . . . .6 . . . . . . . . . . . . .631-231-1700 631-231-1711 http://mwj.hotims.com/16347-93

94 Narda Microwave-West, 

an L3 Communications Co.  . . . . . . . . . . . .103 . . . . . . . . . . . .916-351-4500 916-351-4550 http://mwj.hotims.com/16347-94

95 Natel Engineering  . . . . . . . . . . . . . . . . . . .185 http://mwj.hotims.com/16347-95

96 Networks International Corporation  . . . . .76  . . . . . . . . . . . .913-685-3400 913-685-3732 http://mwj.hotims.com/16347-96

97 Nexyn Corporation  . . . . . . . . . . . . . . . . . . .96  . . . . . . . . . . . .408-982-9339 408-982-9275 http://mwj.hotims.com/16347-97

98 Noisecom  . . . . . . . . . . . . . . . . . . . . . . . . .COV 2  . . . . . . . . . .973-386-9696 973-386-9191 http://mwj.hotims.com/16347-98

99 NoiseWave Corp.  . . . . . . . . . . . . . . . . . . . . .8 . . . . . . . . . . . . .973-386-1119 973-386-1131 http://mwj.hotims.com/16347-99

100 OML Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . .143 . . . . . . . . . . . .408-779-2698 408-778-0491 http://mwj.hotims.com/16347-100

101 Pascall Electronics Limited . . . . . . . . . . . . .52  . . . . . . . . .+44(0) 1983 817300 +44(0) 1983 564708 http://mwj.hotims.com/16347-101

102 Pendulum Instruments . . . . . . . . . . . . . . . .149  . . . . . . . . . .+46 8 598 510 57 http://mwj.hotims.com/16347-102

103 Picosecond Pulse Labs Inc. . . . . . . . . . . . . .42  . . . . . . . . . . . .303-209-8100 303-447-2236 http://mwj.hotims.com/16347-103

104 Prewell Corporation  . . . . . . . . . . . . . . . . . .124 . . . . . . . . . . .82-31-420-8362 82-31-420-8369 http://mwj.hotims.com/16347-104

105 Programmed Test Sources, Inc.  . . . . . . .COV 3  . . . . . . . . . .978-486-3400 978-486-4495 http://mwj.hotims.com/16347-105

106 Pulsar Microwave Corporation  . . . . . . . . . .56  . . . . . . . . . . . .800-752-3043 973-779-2727 http://mwj.hotims.com/16347-106

107 Quest Microwave Inc.  . . . . . . . . . . . . . . . .116 . . . . . . . . . . . .408-778-4949 408-778-4950 http://mwj.hotims.com/16347-107

QuinStar Technology, Inc. . . . . . . . . . . . . . .61  . . . . . . . . . . . .310-320-1111 310-320-9968 www.quinstar.com

108,109 R&K Company Limited  . . . . . . . . . . . . .172,173  . . . . . . . .+81-545-31-2600 +81-545-31-1600 http://mwj.hotims.com/16347-108

110,111,112 Radiall  . . . . . . . . . . . . . . . . . . . . . . . . .115,121,127  . . . . . . .33-1-49-353535 33-1-48-546363 http://mwj.hotims.com/16347-110

113 Reactel, Incorporated  . . . . . . . . . . . . . . . . .50  . . . . . . . . . . . .301-519-3660 301-519-2447 http://mwj.hotims.com/16347-113

114 REMEC Defense & Space  . . . . . . . . . . . . .48  . . . . . . . . . . . .858-560-1301 http://mwj.hotims.com/16347-114

115 RF TEC Mfg., Inc.  . . . . . . . . . . . . . . . . . . .176 . . . . . . . . . . . .770-487-2187 770-486-9499 http://mwj.hotims.com/16347-115

116 RFcore Co., Ltd. . . . . . . . . . . . . . . . . . . . . .136  . . . . . . . . . . .82 31 708 7575 82 31 708 7596 http://mwj.hotims.com/16347-116

117,118,119, RFHIC  . . . . . . . . . . . . . . . . . . . . . . . . . .80,82,84,

120,121  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85,184  . . . . . . . . .82-31-250-5011 82-31-250-5088 http://mwj.hotims.com/16347-117

122,123 RFMD  . . . . . . . . . . . . . . . . . . . . . . . . . . . .95,97  . . . . . . . . . . .336-678-5570 336-931-7454 http://mwj.hotims.com/16347-122

124 Richardson Electronics, Ltd.  . . . . . . . . . . .129 . . . . . . . . . . . .800-737-6937 630-208-2550 http://mwj.hotims.com/16347-124

125 RLC Electronics, Inc.  . . . . . . . . . . . . . . . . .23  . . . . . . . . . . . .914-241-1334 914-241-1753 http://mwj.hotims.com/16347-125

126 Rockwell Collins  . . . . . . . . . . . . . . . . . . . . .32  . . . . . . . . . . . .319-295-3673 http://mwj.hotims.com/16347-126

127 Rogers Corporation  . . . . . . . . . . . . . . . . . . .93  . . . . . . . . . . . .480-961-1382 480-961-4533 http://mwj.hotims.com/16347-127

128,129, Rohde & Schwarz GmbH  . . . . . . . . . . . .39,41,

130,131  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43,45  . . . . . . . . .+49-1805-124242 +49-89-412913777 http://mwj.hotims.com/16347-128
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132 Rosenberger  . . . . . . . . . . . . . . . . . . . . . . . .117  . . . . . . . . . . .+49-8684-18-0 +49-8684-18-499 http://mwj.hotims.com/16347-132

133 S.M. Electronics  . . . . . . . . . . . . . . . . . . . . .169 . . . . . . . . . . . .800-715-4396 972-984-1218 http://mwj.hotims.com/16347-133

134 Santron Inc.  . . . . . . . . . . . . . . . . . . . . . . . .123 . . . . . . . . . . . .978-356-1585 978-356-1573 http://mwj.hotims.com/16347-134

135 Satellite 2009  . . . . . . . . . . . . . . . . . . . . . . .181  . . . . . . . . . . . . . . . . . http://mwj.hotims.com/16347-135

136 Sector Microwave Industries, Inc.  . . . . . . .176 . . . . . . . . . . . .631-242-2300 631-242-8158 http://mwj.hotims.com/16347-136

137 Sonnet Software, Inc.  . . . . . . . . . . . . . . . . .19  . . . . . . . . . . . .315-453-3096 315-451-1694 http://mwj.hotims.com/16347-137

Space Systems Loral . . . . . . . . . . . . . . . . . .185  . . . . . . . . . . . . . . . . . www.ssloral.com

138 Spacek Labs Inc.  . . . . . . . . . . . . . . . . . . . . .74  . . . . . . . . . . . .805-564-4404 805-966-3249 http://mwj.hotims.com/16347-138

139 Spectrum Elektrotechnik GmbH  . . . . . . .171  . . . . . . . . . .+49-89-3548-040 +49-89-3548-0490 http://mwj.hotims.com/16347-139

140 SV Microwave, Inc.  . . . . . . . . . . . . . . . . . .119  . . . . . . . . .561-840-1800 x128 561-842-6277 http://mwj.hotims.com/16347-140

141,142 Synergy Microwave Corporation . . . . . . .59,175  . . . . . . . . . .973-881-8800 973-881-8361 http://mwj.hotims.com/16347-141

143 Tektronix, Inc.  . . . . . . . . . . . . . . . . . . . . . . .31  . . . . . . . . . . . .800-426-2200 http://mwj.hotims.com/16347-143

144 Teledyne Relays  . . . . . . . . . . . . . . . . . . . . . .57  . . . . . . . . . . . .800-896-9504 http://mwj.hotims.com/16347-144

145 Universal Microwave 

Components Corporation . . . . . . . . . . . . . .172 . . . . . . . . . . . .703-642-6332 703-642-2568 http://mwj.hotims.com/16347-145

146 UTE Microwave Inc.  . . . . . . . . . . . . . . . . .113 . . . . . . . . . . . .732-922-1009 732-922-1848 http://mwj.hotims.com/16347-146
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industry—from chipset providers to net-
work operators, specifically from the per-
spective of a test equipment supplier. To
service these needs and to match the
speeds users experience on a home PC
with a broadband connection (either
ADSL or cable modem), mobile network
operators have been continuously invest-
ing in technology upgrades to remain
competitive.

Long Term Evolution (LTE) is the pro-
ject name of a new air interface for wire-
less access being developed by the Third
Generation Partnership Project (3GPP),
aimed at evolving 3GPP’s third genera-
tion system towards an all-IP network
optimized for high speed data transmis-
sion. In parallel with its air interface de-
velopment, LTE is linked closely with the
concurrent System Architecture Evolu-
tion (SAE) project to define a simplified
system architecture and Evolved Packet
Core (EPC) network. Together, these pro-
jects provide a framework for increasing
capacity, improving spectrum efficiency,
improving cell-edge performance and re-
ducing latency for real-time services such
as video. They aim to offer a 100 Mbps
download rate and 50 Mbps upload rate

While a large majority of owners
use their mobile phones for voice
calls and short message services

(texting) only, a growing number are using
bandwidth-hungry applications such as
Web browsing, music downloads and
streamed video. The current explosion in
wireless data use has been fuelled partly
by the introduction of Apple’s iPhones.
While other so-called smartphones with
similar capability have been available for
years, the different perspective of Apple’s
advertising—that of a computer company
showcasing its “whole product” rather
than a phone manufacturer promoting a
single feature that differentiates their new
product, such as a better music player or
higher resolution camera—has excited
subscribers and driven up data revenues
for all network operators (and not just
those selling iPhones). In addition, opera-
tors will look for additional revenues from
mobile advertising, which is forecast to
grow to a multi-billion dollar business over
the next few years, and which will come to
depend on higher bandwidth services for
fulfillment.

This article addresses some of the is-
sues and challenges facing the wireless

A Look Forward into
LTE

ANDY BOTKA
Agilent Technologies Inc., Santa Clara, CA

  11M41s FINAL  10/21/08  4:18 PM  Page 6



Half
solutions
can wreak 
havoc on product
development. Visual
System Simulator™ not only
does system budget analysis 
and identifi es sources of IM products, 
including the effects of conversions, harmonics 
and noise. It also has a powerful simulator for 
developing and analyzing complex communication systems, 
including radio and circuit designs, baseband signal processing, 
algorithmic development and digital fi xed-point implementations. It’s 
the complete system tool. Visit www.awrcorp.com/vss for more.

Catch 
design 
fl aws 
before 
they 
burn 
you.

© 2008 Applied Wave Research, Inc.  All rights reserved.

www.awrcorp.com

 Visit http://mwj.hotims.com/16586-2 or use RS# 2 at www.mwjournal.com/info

MWJ_NOV2008_SUPP_AWR.indd   7MWJ_NOV2008_SUPP_AWR.indd   7 10/22/08   8:58:08 AM10/22/08   8:58:08 AM

http://www.awrcorp.com
http://www.awrcorp.com/vss


for every 20 MHz of spectrum.
Support is intended for even
higher rates, to 326.4 Mbps in the
downlink, using multiple antenna
configurations.

Rather than further developing
current High Speed Packet Ac-
cess (HSPA) and modulation
schemes based on the Wideband
Code Domain Multiple Access
(W-CDMA) used in third genera-
tion UMTS cellular systems to-
day, LTE downlink and uplink
transmissions are based on new
air interfaces: specifically, Or-
thogonal Frequency Division
Multiple Access (OFDMA), a vari-
ant of Orthogonal Frequency Di-
vision Multiplexing (OFDM) in
the downlink, and Single-Carrier
Frequency Division Multiple Ac-
cess (SC-FDMA) in the uplink.

The LTE specifications inherit
all the frequency bands defined
for UMTS, which is a list that con-
tinues to grow. There are now 11
FDD bands covering frequencies
from 824 to 2690 MHz and eight
TDD bands covering 1900 to 2620
MHz. Significant overlap exists
between some of the bands, but
this does not necessarily simplify
designs since there can be band-
specific performance require-
ments based on regional needs.
There is no consensus on which
band LTE will first be deployed,
since the answer is highly depen-
dent on local variables. This lack
of consensus is a significant com-
plication for equipment manufac-
turers and contrasts with the start
of GSM and W-CDMA, both of
which were originally specified
for only one band.

8 WiMAX/LTE and Emerging Technologies � NOVEMBER 2008

Already used in non-cellular
technologies as far back as 1998,
OFDM was at that time under
consideration by 3GPP as a trans-
mission scheme for 3G UMTS.
However, the technology was
deemed inappropriate, in part be-
cause of the large amounts of
baseband processing it required.
Today the cost of digital signal
processing has been greatly re-
duced, such that it is now consid-
ered a commercially viable
method of wireless transmission
for the handset. Rather than
transmit a high-rate stream of
data with a single carrier, OFDM
makes use of a large number of
closely spaced orthogonal sub-
carriers that are transmitted in
parallel. Each sub-carrier is mod-
ulated with a conventional modu-
lation scheme (such as QPSK,
16QAM, or 64QAM) at a low sym-
bol rate. The combination of hun-
dreds or thousands of sub-carri-
ers enables high-data-rate trans-
mission with much reduced
inter-symbol interference com-
pared to conventional single-car-
rier modulation schemes with the
same capacity.

In addition to new air inter-
faces, the LTE specifications re-
quire the use of multiple antenna
techniques that add substantial
complexity to the system and are
designed to take advantage of
spatial diversity in the radio
channel. These techniques are of-
ten loosely referred to as
“MIMO,” a term for multiple in-
put, multiple output antenna con-
figuration, and are considered es-
sential for improving signal ro-

bustness and achieving goals for
system capacity and single-user
and “headline” peak data rates.
The basic form of MIMO assigns
a different data stream to each
transmit antenna, as shown in
Figure 1. The two transmissions
are mixed in the channel, such
that at the receivers, each anten-
na sees some combination of
each stream. Decoding the re-
ceived signals is a clever process
in which the receivers analyze the
fading patterns that identify each
transmitter to determine what
combination is present. The ap-
plication of an inverse filter and
summing of the received streams
recreates the original data.

The theoretical gains from
MIMO challenge the limits of sys-
tem performance and are a func-
tion of the number of transmit
and receive antennas, the radio
propagation conditions, the abili-
ty of the transmitter to adapt to
the changing conditions and the
basic signal to noise ratio. Fur-
ther complicating the picture is
the requirement for the antennas
to support LTE’s multiple fre-
quency bands.

Since the LTE specifications
support RF channel bandwidths
of up to 20 MHz, compared to to-
day’s maximum of 5 MHz, a fun-
damental change in radio design
is required. New integrated de-
signs, based on the Common
Public Radio Interface (CPRI) and
the Open Base Station Architec-
ture Initiative (OBSAI) standards
for base stations and DigRF and
Mobile Industry Processor Inter-
face Digital Physical Layer (MIPI
D-PHY) for user equipment, re-
move or hide traditional test in-
terfaces. Now, people who previ-
ously dealt in only one domain
must learn new ways to charac-
terize devices. An example might
be a transmitter module, where
only digital signal inputs and RF
outputs are available and pre-cor-
rection in the digital domain sets
RF performance. Measurement
products and solutions specifical-
ly designed to address these
emerging cross-domain require-
ments must include support for
new methods to address mixed
analog/digital radios, and simula-
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� Fig. 1  MIMO assigns a different data stream to each transmit antenna.
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tion tools that can be integrated
with real-world modules speed
up overall system test. As well as
targeted products such as Agi-
lent’s N5340A/41A (OBSAI) and
N5343A/44A (DigRFV4) testers,
the tools required include tradi-
tional pattern generators, logic
analyzers, signal generators and
signal analyzers. However, new
measurement methods involve
combining them and interpreting
results in new ways.

Testing MIMO receivers and
systems under realistic fading
conditions poses a new challenge
due to the large number of trans-
mit-receive channel combina-
tions. For example, in a 2x2
MIMO configuration, using two
separate channel emulators is not
adequate to model the four sepa-
rate channels that exist between
the pairs of transmit and receive
antennas. Testing in a “real” wire-
less environment is not an effec-
tive method as the channel is
very sensitive, not controllable
and not repeatable. Specialized
instrumentation that emulates re-
alistic MIMO channels provides
the best solution for these chal-
lenging test conditions. Figure 2
shows one of several possible
configurations for testing a 2x2
MIMO receiver. Using a software
GUI, internal baseband genera-
tors and channel faders create
the standards-compliant wave-
forms such as WiMAX, LTE and
WLAN signals. Each fader can be
independently configured with
either standards-compliant or
custom fading models, using a
variety of path and fading condi-
tions.

As with the original W-CDMA
and now HSPA, chipsets for LTE
are highly integrated and include
data rates and functionality much
greater than will actually be avail-
able to a single user in a network
at introduction. They must be de-
signed to have as long a life as
possible so that manufacturers
can recover their massive invest-
ment costs over a longer period.
Therefore, developers must be
able to confirm correct operation
up to the maximum design speci-
fications of the chipset, and they

require test
equipment today
that is capable of
this level of per-
formance. For
LTE, this includes
single-user data
rates up to 14.4
Mbps and MIMO
functionality be-
yond the baseline
specification in
both uplink and
downlink.

The participation of the
world’s leading test equipment
companies in the specific sub-
groups responsible for defining
measurement techniques in next
generation cellular systems con-
tinues to ensure that the ability to
test functionality is designed in,
making interoperability, confor-
mance and production test easier
and faster.

Today, LTE standards-setting is
nearly complete, early develop-
ment is well under way and net-
works are expected to be com-
mercially introduced in approxi-
mately 2010. This goal is
aggressive, and there is a greater
focus than previously on finaliz-
ing interoperability and confor-
mance testing specifications, to
ensure that manufacturers can
produce both network and user
equipment to meet demand. A
new initiative for LTE—the
LTE/SAE Trial Initiative (LSTI)—
aims to accelerate the availability
of interoperable next generation
LTE mobile broadband systems.
With more than 17 active partici-
pants in total, this unique global
initiative is able to drive the
seamless introduction of end to
end LTE solutions—including in-
frastructure, devices and
chipsets—through collaborative
technology trials and proof of
concept work.

The latest laboratory and early
field tests on prototype LTE sys-
tems have confirmed that base-
line devices can achieve down-
load speeds exceeding 100 Mbps,
and high performance systems
using 4x4 MIMO antennas can
push this to beyond 300 Mbps.
LSTI members have also demon-

strated substantial improvements
to network response times, which
are essential to give the ‘always
on’ experience and for latency-
sensitive applications such as in-
teractive gaming and mobile tele-
vision.

The next steps in LTE system
development will be early device
interoperability testing, network
interoperability tests and more
comprehensive performance
tests. Conformance tests will en-
sure that equipment meets the
benchmarks specified in the LTE
standard. How those tests corre-
late with real-world performance
for individual users remains to be
seen.

With widespread commercial
deployment of LTE still a few
years away, it may be some time
before the behavior of the new
systems is completely under-
stood. In the meantime, test
equipment suppliers are playing
their part, adding new measure-
ment capability for cross-domain
testing, and new features such as
MIMO precoding for signal gen-
eration and advanced emulation,
measurement and analysis to
their test equipment to facilitate
LTE product development and
move the industry ahead. �

Andy Botka received his BS degree in
electrical engineering from the University
of California at Davis and has done
executive coursework at Harvard Business
School. He began his career in 1987 with
Hewlett-Packard Corp. as an applications
engineer supporting high-frequency
component test solutions. Subsequently, he
has held a wide variety of positions in HP
and Agilent over the past 20+ years. He
has held various leadership positions
throughout his career in the US and Asia,
and is currently leading the Signal Sources
division for Agilent Technologies, as vice
president and general manager.
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While UWB signals simply cannot
have their own spectrum in today’s
crowded RF environment, it is possible to
transmit UWB signals over a spectrum
dedicated to other uses as long as the
power levels are sufficiently low, just
above the noise floor. The combination of
low power levels and the resultant low
range minimizes expected interference
levels. The very wide bandwidth of UWB
signals gives immunity to single narrow-
band interference sources. Scenarios us-
ing multiple narrowband interferers may
reduce UWB throughput, but pre-release
testing can mitigate this concern.

In the same manner, destructive multi-
path phenomena that can greatly affect a
narrowband signal transmission have a
much smaller effect on a UWB signal,
since any cancellation notch caused by
multi-path will affect only a narrow band
of frequencies. UWB’s high data rate,
multi-path immunity and robustness to
interference make it an attractive wireless
technology for today’s bandwidth-hun-
gry computer peripherals.

WHAT IS UWB?
UWB communications signals initially

Ultra-wideband (UWB) wireless is a
rapidly growing technology that
promises to revolutionize low pow-

er, short-range wireless applications.
UWB has quickly emerged as the leading
technology for Wireless Universal Serial
Bus (W-USB). UWB radios differ from
conventional narrowband radios and
have a variety of specialized test de-
mands. Enormous signal bandwidths,
short duration pulses and transmit Power
Spectral Densities (PSD) near the thermal
noise floor make UWB testing difficult.
Fortunately, the current generation of
test equipment has the bandwidth, sensi-
tivity and software needed for testing
UWB waveforms. In this article, the con-
cepts behind UWB technology, its unique
hardware and software architectures,
and some of the associated test issues are
explained.

Ultra-wideband technology is quickly
gaining acceptance as a useful wireless
technology. UWB offers bandwidth and
the accompanying throughput needed
for many of today’s high data rate appli-
cations such as wireless video, PC con-
nectivity and high data rate mobile de-
vices.

Tackling
UWB/WiMedia
Measurement

Challenges
DARREN MCCARTHY

Tektronix Inc., Beaverton, OR
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went by other names, such as im-
pulse radio, baseband communi-
cations, carrier-free transmission
and impulse modulation. It was in
the 1980s that the term UWB was
first applied to this fascinating
class of signals, which had grown
vastly in bandwidth. Many UWB
design approaches differed sub-
stantially from conventional wire-
less links by not employing the
ubiquitous super heterodyne fre-
quency conversion architecture.
Although modern super hetero-
dyne radio architectures can now
produce signals of comparable
bandwidths and pulse widths, the
simplicity of baseband or homo-
dyne architectures are still attrac-
tive. Since UWB signals have a
wide variety of modulation for-
mats and radio architecture, the
US Federal Communications
Commission (FCC) spectral regu-
latory agency has selected a defi-
nition of UWB based on fractional
bandwidth, or equivalent band-
width. The US FCC defined a
UWB signal as any signal with a
bandwidth at the 10 dB attenua-
tion point greater than 20 percent
of the modulation frequency or an
equivalent bandwidth greater
than 500 MHz, as illustrated in
Figure 1.

HOW UWB WORKS
There are several different ap-

proaches to generating ultra-
wideband signals, including
three popular methods: Time Hop
UWB (TH-UWB), Direct Se-
quence UWB (DS-UWB) and
Multi-band Orthogonal Frequen-
cy Division Multiplexing UWB
(MB-OFDM).

TH-UWB
Time hop UWB signals are

composed of a series of very
short impulses at pseudo-random
intervals. The TH-UWB signal be-
gins by taking the data and re-
peating each bit multiple times.
This repetition block coding adds
signal redundancy and spectral
diversity, increasing the signal’s
immunity to multi-path variation
and interference. Next, TH-UWB
assigns each coded bit a pseudo-
random value for signal spread-
ing. The TH-UWB Pulse-position
Modulation (PPM) technique then
uses the pseudo-random trans-
mission spreading code to select
a time slot proportional to the as-
signed pseudo-random value and
generates a pulse. This technique
modulates the position of each
pulse, generating a pseudo-ran-
dom stream of pulses. Of course,
there are many variations possi-
ble, but this is the basic process
used for time hopping UWB sig-

nals. Pulse shap-
ing and amplify-
ing is the last step
in preparation for
transmission. The
TH-UWB genera-
tion with PPM is a
simple process of
coding, spread-
ing, modulating
and shaping the
short impulses
that make up the
signal. TH-UWB
creates the signal
at baseband and

does not need frequency up-con-
version, as shown in Figure 2.

Pulse Shaping
Pulse shaping is important be-

cause it affects the spectral prop-
erties of the UWB modulation
(see Figure 3). The frequency-
domain spectral shape corre-
sponds to the time-domain im-
pulse shape. For example, the
theoretical Dirac impulse, or infi-
nitely narrow pulse width in the
time domain, creates an infinitely
wide spectral response in the fre-
quency domain. Carefully chang-
ing the impulse shape can control
the power spectral density of the
TH-UWB signal.

Pulse shaping is also important
because it can affect the Inter-
symbol Interference (ISI) and
multi-path characteristics of a
TH-UWB signal. Unlike many
traditional narrowband digital
modulations that use raised co-
sine filtering and controlled sym-
bol timing to avoid ISI, UWB sig-
nals often favor Gaussian pulse
shapes, which retain their shape
better when confronted with dis-
persive channel effects. The
Gaussian pulse shape does intro-
duce some ISI, but UWB signals
have plenty of bandwidth, so it is
possible to make timing adjust-
ments to minimize inter-symbol
interference.

Baseband UWB Impulse Radio
It is important to note that the

TH-UWB hardware can create al-
most the entire signal in base-
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band. Baseband generation of the
transmitted signal eliminates the
need for many conventional su-
per heterodyne components,
such as up and down converters,
IF filters, amplifiers, mixers and
LO sources. This makes Impulse
Radio UWB designs significantly
less complex and costly. It also al-
lows extensive applications of the
many benefits of Digital Signal
Processing (DSP).

DS-UWB
Direct Sequence UWB (DS-

UWB) is another modulation ap-
proach used to create ultra-wide-
band signals. As shown in Fig-
ure 4, DS-UWB pulse amplitude
modulation signal generation is
similar to TH-UWB. A key differ-

14 WiMAX/LTE and Emerging Technologies � NOVEMBER 2008

ence is in the pulse modulator
that inverts the phase of the
pulse. DS-UWB employs tech-
niques similar to Direct Sequence
Spread Spectrum (DSSS). These
techniques spread the impulse
radio spectrum over ultra-wide
bandwidths. The repetition block
coder encodes bits and provides
a positive or negative value for
each. This increases redundancy
and improves spectral diversity
for robust transmission charac-
teristics.

Next, the Pseudo Noise (PN)
transmission channel encoder as-
signs a pseudorandom value to
each redundant bit. The output is
a spread sequence of positive and
negative values. The Pulse Ampli-
tude Modulator (PAM) then gen-

erates positive and negative puls-
es. These pulses are subsequently
pulse shaped and amplified for
transmission.

Though this process is similar
to the DSSS BPSK modulation
commonly used with continuous
waveforms, pulse modulation, or
inversion, is accomplished digi-
tally prior to pulse generation
and shaping. DS-UWB like TH-
UWB can also use the simpler
baseband, zero-IF, or homodyne
architectures for signal genera-
tion and reception, allowing
many hardware architectural
simplifications, compared to a su-
per-heterodyne radio.

MB-OFDM
Generating UWB signals with

MB-OFDM is another important
approach. Since the US FCC reg-
ulations stipulate only bandwidth
and power spectral density re-
quirements, they allow conven-
tional modulations, like orthogo-
nal frequency division multiplex-
ing (OFDM), as long as the
spectrum has sufficient band-
width. Multi-band (MB) OFDM
uses a frequency hopping tech-
nique. This allows further spread-
ing of the conventional OFDM
signal and makes it UWB for reg-
ulatory purposes. The problem is
that current low cost OFDM
modulators can only achieve a lit-
tle over 500 MHz of modulated
signal bandwidth. Using a simple
frequency hop pattern over three
bands in conjunction with a con-
ventional OFDM signal, design-
ers can create over 1.5 GHz of
bandwidth.

OFDM signals have outstand-
ing multi-path rejection. Since
OFDM is composed of many sig-
nal carrier modulations closely
spaced together yet still remain-
ing orthogonal, each signal carri-
er can have a much slower data
rate than the combined set of sig-
nals. Simultaneously sending
many parallel, individually slower
carriers allows corresponding
longer symbol times when com-
pared to a single carrier trans-
mission. Even so, the parallel
transmission preserves, and even
enhances, the data rate. This
greatly reduces Inter-symbol In-
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� Fig. 3  The pulsed signal bandwidth is inversely related to the pulse width in the time
domain.
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terference (ISI) caused by time
spreading from multi-path.
OFDM thus provides very robust
performance when channel char-
acteristics are poor. In particular,
MB-OFDM is an attractive modu-
lation for indoor environments,
where poor transmission channel
conditions are prevalent.

THE WIMEDIA SIGNAL
The WiMedia® Alliance has se-

lected an MB-OFDM signal as its
high-speed multi-media UWB
data link standard. The WiMedia
signal is composed of an OFDM
modulation with 128 carriers, us-
ing either Quadrature Phase Shift
Keying (QPSK) or Dual Carrier
Modulation (DCM) on each carri-
er. This modulation format allows
at least eight data rates ranging
up to 480 Mb/s.

The WiMedia OFDM modula-
tion is frequency hopped over a
band group composed of 528
MHz wide bands, as shown in
Figure 5 . A Time Frequency
Code (TFC) then controls the
hopping of the OFDM signal
across the band group. Relative
to most Frequency Hop Spread
Spectrum (FHSS) signals, the
MB-OFDM WiMedia signal hops
slowly, with an uncomplicated
hopping pattern, sending many
bits during each hop.

The US FCC was the first to
open up radio spectrum for UWB
use. Other countries have quickly
followed the US FCC initiative;
however, not all bands are avail-
able worldwide for UWB applica-
tions. Some countries require or
will require Detect And Avoid
(DAA) schemes where trans-
ceivers listen to the band for oth-
er signals before transmitting to

help mitigate interference. WiMe-
dia signals that rely on complex
protocols, like many UWB sig-
nals, can be difficult to test with
older traditional instruments. The
unusual nature of the UWB sig-
nal combined with radically dif-
ferent hardware architectures
that often lack traditional test-
points present unique challenges
for the engineer.

A CHALLENGING TEST
PROBLEM

UWB signal requirements pre-
sent broadband amplitude and
phase flatness challenges. Test
signal generators and measure-
ment instruments can distort
UWB signals due to spectral am-
plitude and phase flatness issues.
These flatness issues create pulse
distortions, which affects the
spectral properties of UWB sig-
nals. The normal way to minimize
flatness issues is to choose test
equipment with a significantly
wider bandwidth than the signal
under test. However, for UWB
signals, this is not always possi-
ble. Another problem encoun-
tered when testing UWB signals
is the limited measurement band-
width options available. Even
simple power spectral density
measurements can be difficult, as
regulations require a 50 MHz res-
olution bandwidth (RBW) few
spectrum analyzers support. Add
to these challenges Time Fre-
quency Codes (TFC) that spread
and hop the UWB signal, and de-
vice test can be a major challenge
without the right test equipment.

HOW TO TEST UWB DEVICES
There are many wireless test

instruments on the market, but

only a few are suitable for UWB
devices. To follow are some com-
mon problems and the test solu-
tions that are available for UWB
applications.

EFFICIENT WIMEDIA SIGNAL
SIMULATION

UWB signals, as the name im-
plies, are very wide band. This
makes signal generation a chal-
lenge, particularly when the sig-
nal generator needs to be flexible.
Most common laboratory signal
generators are capable of gener-
ating only a few tens or hundreds
of megahertz (MHz) of band-
width, which is far short of the
one and a half gigahertz of band-
width necessary for most UWB
signals.

Different UWB modulation
types require different signal
generation approaches. Signals
like TH-UWB and DS-UWB can
be generated entirely at base-
band and require many gigahertz
of baseband bandwidth. Other
signals like MB-OFDM are more
typically upconverted to the ap-
propriate RF band. Upconversion
methods require less baseband
bandwidth from the signal gener-
ator, but add the complexity of an
external up-converter or modula-
tor. A simple solution is to use the
UWB’s own system software to
generate test signals, but this ap-
proach is not without issues. The
primary problem is that, early in
the development cycle, the de-
sign may not be working proper-
ly, leading to potentially serious
test issues. In addition, the radio
system under development usual-
ly lacks the ability to add impair-
ments and can be cumbersome to
manipulate for test purposes.

A preferred approach is to use
a known good signal generator
with a software package that can
reliably synthesize both general
purpose and standards based sig-
nals, with or without impair-
ments. This eliminates uncertain-
ty with the test signal and pro-
vides an easy-to-use human
interface, accelerating the design
and debug process. A modern
Arbitrary Waveform Generator
(AWG) can directly generate RF
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� Fig. 5  MB-OFDM UWB spectrum bands.
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for BG1 and BG2 of the WiMedia
MB-OFDM signals. It can also
provide direct baseband outputs
or I-Q outputs for up-conversion
needs, as illustrated in Figure 6.
These outputs will be available in
differential form to allow a direct
interface with popular balanced
amplifier and mixer components
and so offer the improved noise
immunity of common mode re-
jection.

Several general-purpose sig-
nal-synthesizing software tools
work with current AWGs. A soft-
ware tool such as that illustrated
in Figure 7 is useful for general-
purpose signal creation as well as
signal creation for specific stan-
dards, including WiMedia, allow-
ing for spectral environment 
simulation, functional test and
conformance test of WiMedia 
devices. Specifically, a signal-
synthesizing tool, in combination
with an AWG, will allow engi-
neers to create, modify and con-
trol protocol elements for func-
tional test. It will also allow cre-
ation of a wide variety of signal
impairments in the form of gated
noise, distortion and I-Q impair-
ments. On channel and adjacent
channel interference from nearby
UWB technology devices can be
emulated. Development risks can
be lowered and more robust ra-
dios created by using test signals
that are impaired in known ways
and receiver margin testing can
be performed.

EFFICIENT INTERFERENCE
TESTING

Experts have cited UWB inter-
ference susceptibility as a signifi-
cant challenge. The large band-
width a UWB signal covers natu-
rally invites a wide range of
potential narrowband interference
sources. Both in-band and nearby
out-of-band interference sources
can cause problems. UWB de-
signs often lack the selectivity of
sharp IF filters, necessitating even
wider test bandwidths. Optimiz-
ing interference performance can
be a particularly challenging issue
as UWB links rarely have interfer-
ence issues with just a single nar-
rowband interferer. This requires

engineers to create complex spec-
tral test environments to com-
pletely characterize designs. Sim-
ulating harsh interference-filled
spectral environments that en-
compass large bandwidths can be
expensive. The conventional ap-
proach of summing multiple sig-
nal sources together in order to
generate a realistic interference
environment typically requires a
significant investment in signal
sources.

A better approach to creating
interference test signals is to use

an AWG, with ultra-wide band-
width, and a signal-synthesizing
program, to create an entire
spectral environment from a sin-
gle source. There are two ways
to make this happen. The first is
to generate an array of narrow-
band spectral interferers, sum
this array with a desired UWB
signal, and play it all back with
an AWG. The second approach
is to record an actual spectral
environment with a wideband
device such as a high-speed os-
cilloscope. Once captured, an
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engineer can play back the off-
the-air signal with an AWG,
making it easy to judge the ef-
fectiveness of design improve-
ments using consistent, repeat-
able, real-world interference.

A single ultra-wideband AWG,
the right software and a high-
speed oscilloscope can replace
many expensive independent sig-
nal generators, and is a much
more cost-effective and flexible
solution to evaluate UWB inter-
ference susceptibility with other
UWB devices.

UWB SPECTRUM
MEASUREMENTS

UWB spectral measurements
present some unusual challenges
for development and test engi-
neers. Highly integrated UWB
devices often allow spectral mea-
surements only from radiated
signals. Internal test point con-
nections may not exist or may not
reflect the attenuation character-
istics of an ultra-broadband an-
tenna. Adding to these issues, the
transmit signal is likely to be near
the noise floor, requiring a very
sensitive spectrum analyzer or
external preamplifier.

Regulatory requirements for
UWB signals dictate a 50 MHz
resolution bandwidth for spectral
power measurements. UWB sig-
nals cover large swaths of spec-
trum and some of the licensed
channels contained in this spec-
trum can be up to 50 MHz wide.
This requires RBWs of 50 MHz to
accurately assess the potential for
interference. This requirement
eliminates many popular spec-
trum analyzers as only a few have
internal bandwidths this wide.

Oscilloscopes usually lack the
dynamic range of the typical
spectrum analyzer, making setup
for some measurements more
cumbersome. However, a few
high-speed oscilloscopes have
the needed sensitivity and have
internal Fast Fourier Transform
(FFT) capability. This allows the
generation of spectral emission
plots from the time-domain sig-
nal capture. Add a spectral mask
measurement to the high-speed
oscilloscope and you have a com-

plete package for
WiMedia UWB
signals. In the
case of WiMedia,
it is important
that the oscillo-
scopes’ UWB
analysis software
a u t o m a t i c a l l y
identifies the
Time Frequency
Code (TFC) of the
signal and selects
the correct spec-
tral mask to ap-
ply. The software
can then deter-
mine if the signal
passes or fails the
mask, and mea-
sure the total inte-
grated channel
power. For diag-
nostic purposes,
it is important
that the software
measure mask
hits independent-
ly for each band
in, and outside of,
a band group. Fi-
nally, an Adjacent
Channel Power
Ratio (ACPR) test
will give develop-
ers insight into
distortion issues.
Once the UWB spectrum is com-
pliant with regulations, the next
measurement concern is usually
optimizing modulation perfor-
mance.

UWB MODULATION
MEASUREMENTS

WiMedia’s MB-OFDM UWB
modulation is complex and pre-
sents several challenges when
characterizing performance. Un-
like many narrowband modula-
tions that rely on outstanding
component performance over
narrow frequency ranges, ultra-
wideband component character-
istics often produce distortions.
For example, amplitude flatness,
group delay variations and fre-
quency hopping glitches can all
degrade valuable link perfor-
mance. Detecting these and other
problems within a multi-band

signal requires capabilities far be-
yond simply capturing the time-
domain waveform.

Another issue is that develop-
ers need to identify the TFC for
the WiMedia signal under test.
This is difficult if the operational
mode of the device under test is
unknown. An oscilloscope with
strong UWB analysis capabilities
will be able to take a captured
waveform and identify the TFC,
hopping sequence and data rate
automatically for all WiMedia
band groups, simplifying testing
for compliance testing (see Fig-
ure 8).

The next task is to run modula-
tion quality checks, which should
include Error Vector Magnitude
(EVM), Peak EVM, data rate, cen-
ter frequency, number of data
symbols and Common Phase Er-
ror (CPE). The modulation quality
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� Fig. 8  UWB analysis software automatically identifies the TFC
and measures the constellation of a signal OFDM carrier.

� Fig. 7  The RFX software package can synthesize WiMedia
packet waveforms from the packet group level.
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signal sources. Some of these os-
cilloscopes offer not only the
bandwidth to capture UWB sig-
nals, but also a unique set of
UWB modulation measurements
for popular WiMedia signals. The
UWB analysis software provides
unmatched insight into MB-
OFDM signal performance. Test-
ing UWB devices takes state-of-
the-art measurement instru-
ments. Fortunately, advanced

testing of UWB signals is now
easier than ever with the right
UWB tools. �

Darren McCarthy earned his BSEE degree
from Northwestern University, Evanston, IL.
He is a technical marketing manager for RF
Test at Tektronix and has worked extensively
in various test and measurement positions
for the last 18 years, including R&D
engineer, R&D management, product
planning and business development. During
his career, he has also represented the US
on several IEC Technical Committees for
international EMC standards.

values are essential to under-
standing signal accuracy and, ul-
timately, can affect device
throughput in service and device
margin in manufacturing.

The UWB EVM computation is
more complex than traditional
continuous wave measurements.
UWB EVM includes an initial
Channel Estimation (CE) using
the CE symbols to provide a
phase and timing estimation. As a
result, EVM measurement soft-
ware needs to be able to provide
CE corrections to the pilot tones.
In addition, the specific type of
correction needs to be selectable
by the user. This makes EVM
measurements more complex
than one might expect, requiring
greater capability from the mea-
surement software.

CONCLUSION
UWB technology offers many

benefits. High-speed connec-
tions, interference protection and
simple hardware architectures
are a few of the characteristics
that are propelling the rapid
growth of UWB devices. TH-
UWB, DS-UWB and MB-OFDM
techniques are reshaping short-
range high-speed wireless data
links. The measurement chal-
lenges of UWB are often very de-
manding; bandwidth require-
ments alone eliminate many test
instruments. However, it is now
easier to design and produce
UWB products because wide-
band AWG signal generators are
now available. These wideband
AWGs are capable of producing
UWB signals, additive impair-
ments and broadband interfer-
ence test spectrums.

Software driven waveform
synthesis tools are available to
generate waveforms for playback
on AWGs. These tools enable
easy programming of complex
waveforms. Signals like WiMe-
dia’s MB-OFDM can be quickly
assembled from simple choices at
the protocol bit level. Some
waveform synthesis tools can
also control oscilloscopes for un-
matched “off-air” signal record-
ing and playback. Real-time oscil-
loscopes complement the AWG
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the creation of the next generation metro
backhaul networks. Typical network
topologies and operating attributes are
highlighted with emphasis on how these
impact the underlying radio technology
implementations.

WHAT IS DRIVING THE BANDWIDTH
DEMANDS IN MOBILE NETWORKS?

Historically, bandwidth demand in
mobile networks has been driven by
voice services and services related to
voice. This translated into steady growth
for many years. However, there is now a
large push for mobile data services. The
industry has now seen that data-based
services represent a larger portion of
overall network traffic (see Figure 1).

Data traffic has a different growth at-
tribute than voice, primarily because
general voice calling is dependant upon a
‘human’ application, which has not sig-
nificantly changed. Our patterns of
phone conversation have not changed
much over time. Data sessions are largely
dependant on the latest applications or
services being consumed. For example, a
low data-rate e-mail retrieval session can
become a very high-bandwidth file

With the current deployment of
high-bandwidth access networks
happening at an ever-increasing

pace, the need for efficient, high-band-
width backhaul infrastructure becomes
more and more relevant. In fact, the con-
struction of these new access networks
depends upon the backhaul network for
both technical and financial performance.

Today’s cellular networks typically de-
ploy leased T1 or E1 lines to get user traf-
fic to/from base station sites in a given
metropolitan area network. It is not un-
usual for a large metro city to have many
hundreds or even thousands of base sta-
tion sites. As WiMAX and other high-
bandwidth mobile access technologies
like LTE grow, deployment bandwidths
on the order of 40 to 100 Mbps per base
station are envisioned. With this large in-
crease in bandwidth demand and the
connectionless nature of the traffic comes
the need for a highly capable, wireless
metro Ethernet backhaul solution, one
that can be deployed faster and more
cost effectively than its predecessors or
its optical cable counterparts.

This article investigates the application
of high-bandwidth radio technology to

Backhaul for WiMAX
& LTE: 

High-bandwidth
Ethernet Radio

Systems
ERIK BOCH

Dragonwave Inc., Ottawa, Ontario, Canada
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download session. Also shown in
the figure is the trend toward
Ethernet backhaul. This is no sur-
prise since the selected transport
technology generally performs
most efficiently when it is trans-
porting information already
“packaged” in the same transport
format. In this case, as packet-
based data traffic dominates, it is
naturally more efficiently trans-
ported in Ethernet form.

In response to this, the indus-
try has evolved access technolo-
gies to enable more access data
bandwidth to be available to end-
users. Figure 2 shows this trend.
Additionally, it also shows the
user-demanded access band-
widths and the backhaul tech-
nologies being applied. There are
various technology labels along
the plotted curve. These repre-
sent differing technology perfor-
mance benchmarks associated
with different technology streams
over time. The vertical dotted line
indicates the current position of
the evolutions. For instance:
• The CDMA stream evolves to

EVDO_rev0, then to
EVDO_revA, then to
EVDO_revB, then to
EVDO_revC;

• The GSM stream evolves to
HSDPA, then HSUPA, then
LTE;

• The WiMAX stream evolves
from 802.16d (fixed/nomadic)
to 802.16e (full mobile)
In general, these technologies

can be seen as competitors since
various operators in a given serv-
ice area would deploy one or the
other. But they are similar in that
they are all trying to deliver the
required [high-bandwidth] access

services. Further,
they also have a
common need for
escalation in their
demands on
high-bandwidth,
Ethernet-based
metro backhaul
networks. This
latter element,
the needed back-
haul, is a vital but
often unnoticed
network seg-

ment. As obvious as it may seem,
the concept of needing a large in-
crease in backhaul bandwidth to
support the corresponding large
increase in access bandwidth is a
much-overlooked, yet critical de-
sign element.

Wireless implementations of
metro backhaul have long domi-
nated in Europe. In North Ameri-
ca, however, more TDM copper
backhaul has been historically
employed primarily as a result of
low cost ILEC T1 TDM circuits
available through US unbundling
regulations. The onset of high-
bandwidth backhaul demands is
incompatible with these T1 cir-
cuits; wireless is therefore in-
creasingly seen as a more optimal
backhaul technology in this geo-
graphic region as well. Cumula-
tively, as shown in Figure 3 ,
there is a positive trend toward
wireless Ethernet technology use,
while PDH/SDH are declining.
Interestingly enough, these
trends are consistent with the

bandwidth evolution overview.
The connection between the two
is that the high-bandwidth access
technologies are increasingly re-
lying on high-bandwidth Ether-
net backhaul.

TYPICAL WIRELESS METRO
ETHERNET BACKHAUL
NETWORKS

With the increasing focus on
high-bandwidth Ethernet back-
haul networks to support the
newer mobile access technolo-
gies comes an ability to harvest a
series of inherent networking
benefits that Ethernet can offer.
Ethernet’s cost effectiveness and
connectionless nature make it
highly suitable for distributed,
self-hardened network topolo-
gies. The designer is free to de-
sign conventional, daisy-chained,
ring or constrained mesh back-
haul topologies (see Figure 4), all
of which are readily addressable
with Ethernet as a transport
structure. In addition to the cost
effectiveness of Ethernet-based
implementations, the ring and
constrained mesh topologies of-
fer a number of technical advan-
tages, namely:
• Use of angle diversity to in-

crease radio path availability.
This can allow for the use of
smaller antennas and/or can
allow longer paths;

• Use of geographic-separation
diversity to increase radio path
availability; this can allow for
the use of smaller antennas
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and/or can allow longer paths;
• Ability to harden “N” network

elements within a given sub-
circuit with “N+1” cost incre-
mental
The constrained mesh can also

be considered as a future band-
width expansion to the ring.
Starting with a ring structure, a
“crossbar” radio link can be
added in the future to effectively
double the overall throughput of
the sub-circuit. When this is com-
bined with software-based, high-
ly-scalable radio link throughput
capability, individual sub-circuits
can be readily engineered to
scale from a few 10’s Mbps [full
duplex, Committed Information
Rate (CIR)] to many Gbps. Cover-
ing a metro service area often re-
quires the replication of the back-
haul sub-circuit topology in order
to provide connectivity to many
end BTS sites in the network. It is
not uncommon for mid/large
metro networks to have hun-
dreds or even thousands of base
station sites. In the future, net-
works using micro- or pico-cellu-
lar technologies, higher through-
puts, or higher access-layer oper-
ating frequencies will drive the
base station count up further,
possibly by a factor of 10 or
more.

TOP LEVEL REQUIREMENTS
PLACED ON THE UNDERLYING
RADIO SYSTEM BUILDING
BLOCKS

With the drive toward ad-
vanced wireless metro Ethernet
backhaul networks comes a se-
ries of new demands on the radio

creates extremely difficult chal-
lenges in:
• Attaining ultra-low phase

noise local oscillator operation
at high frequencies

• Low noise figure
• Low contributed noise (ultra-

”quiet” electronics)
• High transmitter and receiver

linearity
• Low AM/AM & AM/PM distor-

tion transmitters
These requirements become

significantly more aggravated
when the radio systems are de-
ployed in narrow channels (such
as 14 versus 56 MHz) while simul-
taneously being licensed in high
operating frequencies (such as 26
versus 13 GHz). This scenario is
typical in European markets
where operators, “rewarded” for
high spectral efficiency, are
pushed to narrower channels to
minimize costs and ease con-
straints to access channels and
are driven to higher operating
frequencies due to congestion.
Historically, the need for low de-
lay operation was driven by
voice-centric services. In the era
of data-centric services, one line
of thinking has been that delay is
not a concern since data can be
highly delay-tolerant. However,
there are numerous data applica-
tions that are delay and delay-
variability sensitive, including:
• Live interactive video confer-

encing
• Voice-over-IP
• Mobile networking (hand-offs)
• Live gaming
• Online navigation aids
• T1 or E1 over Ethernet

The result is that delay and de-
lay variability are highly relevant
and important operating parame-
ters. In a typical network, a given
backhaul sub-circuit will be com-
posed of 8 to 10 radio “hops” to
the nearest fiber. Typically 1 to 2
ms of delay will be allocated
within the network. This trans-
lates into a necessary delay of ap-
proximately 100 to 200 μs per ra-
dio hop. When considering mesh
and ring topologies, it is possible
to also employ the sub-circuit
topology to help control delay
and delay variability. Delay vari-
ability of ±0.5 to 1 ms is readily
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systems. Historically, TDM radio
systems with relatively low
throughput could be implement-
ed with simple modulation
schemes and low-fidelity trans-
mitters and receivers. In addition,
the availability of licensable spec-
trum at lower frequencies al-
lowed these radio systems to at-
tain long range without unattain-
able transmit power levels.

In today’s deployment arena,
spectrum scarcity and link de-
ployment density are driving de-
ployment toward higher frequen-
cies where it is possible for oper-
ators to acquire radio channels
from the local regulators. The ad-
vantage of this is that larger RF
channels are often available
(which helps to enable higher
data rates over the air). However,
the higher rain-related propaga-
tion losses at higher operating
frequencies create disadvantages
such as:
• Need for more RF transmit

power
• Need for increased transmitter

linearity
• Need for better receiver sensi-

tivity
These disadvantages are par-

tially offset by the ability to attain
higher antenna gains [for a given
antenna size] at higher operating
frequencies.

In terms of operating data
rates, the need to attain very high
throughputs [on the order of 200
to 500 Mbps Full Duplex (FD)
CIR] drives the need for high-or-
der modulations. When com-
bined with high-frequency oper-
ation of the radio systems, this
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� Fig. 3  Global trends in backhaul implementation/transport technology (source:
Infonetics Research—Mobile Backhaul Equipment 2007).
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achievable provided ultra-low-latency radios are
employed in an appropriate topology.

TYPICAL CONSTRAINED MESH METRO
BACKHAUL NETWORK ARCHITECTURE

When the ring/mesh topology is employed to de-
liver metro backhaul coverage into a mobile access
network, the network may look as shown in Figure
5. This figure shows the utilization of the ring/mesh
sub-circuit building blocks in the creation of a net-
work able to deliver backhaul coverage across a
large metropolitan service area. The use of high-
performance Ethernet radio systems to realize each
microwave/wireless link in the backhaul network
enables the network to effectively extend the reach
of the metro fiber out to each distributed base sta-
tion site. To do this, a high system gain is required
from the radio systems in order to attain high avail-
ability, while using the smallest possible antenna
sizes. Figure 6 shows a typical distribution of link
ranges from a network design in a large US city.
Typical distances are 4 to 5 km, but the possible
range of distribution is roughly 1 to 8 km. Note also
that the distribution is not “well behaved” (that is
normally distributed).

26 WiMAX/LTE and Emerging Technologies � NOVEMBER 2008

The system gain is a radio parameter, which is
generally defined as the difference (in dB) between
the average power in the transmitted signal at the
antenna-transmitter interface and the Minimum De-
tectable/Processable Signal (MDS) in the receiver,
measured at the antenna-receiver interface. It does
not normally include antenna gain. High perfor-
mance, high-frequency radio systems require as
much system gain as possible. Since MDS is largely
defined by parameters that are not easy to improve
upon, MDS=10 log (KTB)+SNR @ BER=10E–6+NF, the
power in the transmitted signal remains the obvious
vehicle for per-
formance im-
p r o v e m e n t s .
Low cost, high
P1dB, high IM
Intercept, low
distortion trans-
mitter MMICs
are required to
address this
performance el-
ement.

CONCLUSION
Next generation access networks are driving

wireless backhaul demands to deliver cost and per-
formance that has not previously been available. A
number of key system performance attributes fall
directly or indirectly to the performance of the mi-
crowave front-end designs. �

Erik Boch received his MS degree in
electrical engineering from Carleton
University, Ottawa, and is a registered
professional engineer. He has held senior
engineering or technical management
positions at a number of communications
and aerospace companies, including Litton
Systems, ComDev, Lockheed Martin and
Alcatel Networks (formerly Newbridge).
While at Alcatel, he was AVP of the Wireless
Systems Group and was involved in various

aspects of microwave and millimeter-wave subsystem and system
design for more than 22 years. He led the R&D team at Alcatel
that introduced the first ATM-based Fixed Wireless Access System
in the industry.
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E.T.  Industries, Antenna Systems:
E.T. Industries has designed antenna systems which are both 
unique and revolutionary in the wireless industry. These 
antenna systems address the fundamental limitations of 
current wireless deployments offering unparalleled capacity, 
throughput and spectral ef  ciency. 

Limitations of Traditional Systems – 
The Problem
Many factors contribute to the limitations of wireless 
systems of which the most important arguably are frequency 
bandwidth and frequency ef  ciency. Though ef  ciency may 
be increased by higher modulation rates, more sensitive 
receivers, and more accurate bit error detection/correction 
methods, wireless telecommunications systems are built 
around the frequency bandwidth limitations that are set by 
governing authorities. Consequently, once bandwidth is used 
up in an area, no other system utilizing the same frequency 
bands can coexist and hence data speeds are limited. 
Due to this fact, the current technologies of wireless systems 
have limited data and user capacity. A typical GSM cell site 
has three sectors in 360˚ and uses three frequency channels. 
Within a sparsely populated area this may be acceptable, 
however networks covering dense urban areas often require 
hundreds of such cell sites. Such a large number of cell sites 
incur high costs associated with the cell equipment, site 
management and site rental. In addition, with every new site, 
RF planning becomes more complex.

Overcoming Limitations
The Solution
ET Industries’ antenna systems solve these problems by 
increasing the available bandwidth for an area. To achieve 
this, our systems have been designed to produce up to 
48 sectors around a single cell site while using only four 
physical antennas. Additional sectors yield more data and 
user capacity. We can offer up to 16 times the user capacity 
and data rate of a typical 3-sectored wireless system. 
In addition, whereas all sectors around a single base 
station in traditional systems use different frequencies, our 
multibeam antennas are able to reuse the same frequencies 
around the base station by spatially optimizing frequency 
usage. By using interference rejection technology, site 
interference between sectors is kept to a minimum. The 
ability to reuse frequency bands in the same area facilitates 
a substantial increase in throughput.

In brief, our systems offer:
• Substantially higher data throughput
• Substantially higher customer capacity
• Increased spectral ef  ciency
• Far reduced number of cell sites

How It Works – 
Smart Antenna, Beam-forming, Beam-shaping Basics

E.T. Industries’ systems achieve a high number of sectors by 
employing a smart antenna multiple times. A single 90° sec-
tored smart antenna system can produce up to 12 individual 
beams in multiple directions within that area. Each beam 
is accurately spatially aligned by a beam-forming network 
(BFN) while a beam-shaping network (BSN) shapes the 
radiation pattern envelope (RPE) of each lobe. Essentially the 
BFN focuses each beam in a speci  ed direction and the BSN 
minimizes any possibility of interference between beams 
using the same frequency band. The result produced is many 
exclusive high gain lobes radiating from one antenna in a 90° 
sectored area. 
Because of the narrow focusing of the BFN, the accurate 
shaping of the BSN, and the resulting individual beam spatial 
isolation, our wireless systems are able to reuse frequency 
bands multiple times within the 90° area.

What We Offer – 
Smart Antennas unrestricted by frequency or standard

E.T. Industries have designed antenna systems incorporating 
only passive components insuring that our antennas can 
integrate into the network infrastructure of any vendor. We 
offer a simple solution to scaling up throughput and capacity 
while insuring the  exibility to work with other vendors and 
to operate on any standard. Our systems are being optimized 
to work at multiple frequency bands including GSM 850, 900, 
1800, 1900 MHz and the WiMAX bands, 2.4, 3.5, 5.4, 5.8 and 
10.5 GHz. 
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how well it all works and how seamless
designers have made it appear.

Similar to the jet analogy, engineers
may know how these complex handsets,
and the highly integrated systems they
contain, function, but that knowledge
doesn’t preclude us from feeling a sense
of awe when watching someone use their
handset to check e-mail, download a
video, or take a picture. There are also
many parallels to the technical achieve-
ments and boundaries being pushed in
the crop of current third-generation (3G)
and future fourth-generation (4G) multi-
mode phones under development. This
article examines some of the drivers that
are pushing designers to seek new and
groundbreaking solutions for a key sys-
tem in these mobile devices—the RF
front end.

“RF front end” has become the indus-
try-standard term for the radio frequency
components functionally located between
the wireless transceiver and the antenna,
required to both transmit and receive the
radio signal. More specifically, the entire
cellular front end system is comprised of
power and low noise amplifiers; filtering,
such as receive filters and duplexers; RF

As consumers, we are used to the con-
tinual productivity enhancements
derived from having ever-increasing,

computer-like handsets at our disposal.
For those of us lucky enough to have in-
depth RF industry knowledge, we know
full well the complexity of a system that
can deliver this near desk-like perfor-
mance in the palm of your hand. Still, it
helps to step back now and again to con-
sider how such an intricate system actually
works in order to appreciate the arduous
nature of developing these state-of-the-art
mobile devices. Much like the awe we ex-
perience watching a jumbo jet take off—
we may know how the basic interaction of
forces occur, enabling the jet to break the
sound barrier or cruise at an altitude of
30,000 feet, yet we’re still fascinated with

Challenges Facing
Front Ends for 3G
and 4G Multimode

Handsets
KEVIN WALSH AND JACKIE JOHNSON

RFMD, Greensboro, NC
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� Fig. 1  Front end block diagram.
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switches, including antenna, mode
and bypass; the antenna, and the
interface to the transceiver and
baseband (see Figure 1).

MARKET FORCES
PROPELLING MULTIMODE
HANDSET DEVELOPMENT

Communication has evolved
quickly in the last two to three
decades. Consumers expect and
demand ubiquitous “communica-
tion” throughout their mobile
world. The industry has devel-
oped multiple solutions to satisfy
this need for high-quality com-
munications. No longer is simple
“on-the-go” voice communica-
tion, which is delivered mainly
through 2G handsets, acceptable.
Consumers expect frequent ac-
cess to a variety of data-intensive
information, such as corporate
databases, e-mail, multimedia
messaging, real-time financial in-
formation and social networking,
regardless of where they may be
or what time of the day it is. You
can see this theme of “a world
where everyone is connected to
each other, to information and to
entertainment, in all places, at all
times” reflected in company ad-
vertising, taglines and mission
statements. This captures the true
essence of the wireless industry’s
main challenge over the next few
years—to deliver a compelling
ecosystem capable of a ubiqui-
tous voice and data connection

anywhere in the world. And,
rightly so, this is the promise of
the new 3G and future 4G net-
works—to deliver a better con-
sumer experience with more ac-
cessibility and usability of the
data content, which is both being
generated and delivered.

CONSUMER EXPECTATIONS
IMPACTING FRONT END
DEVELOPMENT

In order for original equip-
ment manufacturers (OEM) to
satisfy these strong consumer re-
quirements they must implement
multimode systems that con-
tribute toward a holistic handset
solution. To gain a better sense of
how comprehensively market-
place demands have affected
3G/4G multimode front end sys-
tems, one has to consider several
key factors, including:
• Carrier spectrum necessitating

multi-band requirements
• Handset complexity driving

development resource require-
ments and other costs

• Technical issues specific to
front end development

• Impact of system architecture
choices on the handset battery
life

HOW CARRIER SPECTRUM IS
SHAPING MULTI-BAND
REQUIREMENTS

Next-generation multimode
phones are designed to support

up to 16 different frequency
bands and more than 20 different
band combinations. As the num-
ber of bands and band combina-
tions grow, frequency flexibility
at the platform level has in-
creased in importance as a criti-
cal parameter for 3G handset de-
velopment. This is a far cry from
the single global frequency origi-
nally envisioned for 3G.

FREQUENCY SPECTRUM AND
REGULATION ISSUES

The motivation and benefits of a
single, harmonized, global com-
munication spectrum was one of
the primary goals of the Interna-
tional Telecommunications Union
(ITU) as they headed into the UN-
sponsored global telecommunica-
tion meetings in 1992. The World
Administrative Radio Conference
1992 ( WARC-92 band 1920 to 1980
MHz, 2110 to 2170 MHz UL/DL)
was intended to offer a single
band plan that could be used both
in GSM-based 3G technologies
(3GPP WCDMA) and CDMA-
based 3G technologies (3GPP2
CDMA-2000). It was hoped that a
single worldwide frequency would
accelerate the adoption of new
technology as well as reduce im-
plementation and deployment
costs. Services such as global
roaming and the inherent
economies of scale were to prevail.

Competing technologies and a
lack of clear spectrum, due to pre-
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Technology Band Designator
Uplink to User 

Equipment Transmit 
(MHz)

Downlink to User 
Equipment

Receive (MHz)
NA LA EMEA Asia Anzac Japan

3GPP REL. 8 FDD BAND I 1920 to 1980 2110 to 2170

3GPP REL. 8 FDD BAND II 1850 to 1910 1930 to 1990

3GPP REL. 8 FDD BAND III 1710 to 1785 1805 to 1880

3GPP REL. 8 FDD BAND IV 1710 to 1755 2110 to 2155

3GPP REL. 8 FDD BAND V 824 to 849 869 to 894

3GPP REL. 8 FDD BAND VI 830 to 840 875 to 885

3GPP REL. 8 FDD BAND VII 2500 to 2570 2620 to 2690

3GPP REL. 8 FDD BAND VIII 880 to 915 925 to 960

3GPP REL. 8 FDD BAND IX 1749.9 to 1784.9 1844.9 to 1879.9

3GPP REL. 8 FDD BAND X 1710 to 1770 2110 to 2170

3GPP REL. 8 FDD BAND XI 1427.9 to 1452.9 1475.9 to 1500.9

 Used Roaming

TABLE I
3GPP BAND DESIGNATIONS
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vious frequency allocation in some
countries, caused some significant
changes in spectrum policy. The
resulting compromises allowed for
as much commonality in frequen-
cies as could be agreed upon.

International Mobile Telecom-
munications-2000 (IMT-2000) was
the global standard born from
years of collaborative work be-
tween ITU and the mobile indus-
try. The first frequency bands for
IMT-2000 were identified at the
World Administrative Radio Con-
ference in 1992, with additional
bands identified at the 2000
World Radiocommunication Con-
ference (WRC-2000).

The harmonization in effect af-
ter the World Radio Telecommu-
nication meeting in 2000 resulted
in the new 3G spectrum in 700 to
900 MHz and 2600 MHz as well as
modifications to the existing
UMTS spectrum. This led to some
regional specialization of band
combinations, whereby phones
would need to be customized to
the frequency spectrum allocated
for specific geographical regions,
typically by covering one or two
of these frequency bands. Cur-
rent WCDMA deployments can
be found in 2100, 1900, 1800,
1700, 900 and 850 MHz bands
throughout the world.

As one can see in Table 1 ,
there are multiple geographies
calling for many different combi-
nations of spectrum or radio fre-
quency coverage. If we think
about the increasingly desirable
characteristic of global roaming,
it is evident that the complexity
required from the front end to be
able to deal with all these fre-
quencies and bands is accelerat-
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ing at a fast clip.
Mobile data net-
works must satis-
fy both local reg-
ulatory and phys-
ical transmission
requirements.

Industry ob-
servers have not-
ed the recent
popularity of
g o v e r n m e n t -
sanctioned auc-
tions of frequen-
cy spectrum, usu-
ally for stipulated
usage. Recent ex-
amples are AWS and vacated TV
bands in the United States and
Europe. US spectrum was auc-
tioned off in 2007 for $19.6 B.
Similar auctions are set to start in
Europe for the 790 to 882 MHz
bands, albeit with a delay in im-
plementation, within a year’s
time. Spectrum auctions have de-
livered billions of dollars back to
government agencies and creat-
ed strong motivation by global
carriers to see a return on their
investment.

Another important event indi-
cating which future band expan-
sion will be allowed was at the
World Radiocommunication Con-
ference 2007 (WRC ‘07). That con-
ference recommended that the
expansion of IMT (IMS) services
be made available with the fol-
lowing band allocations:
• 136 MHz allocated globally for

IMT (450 to 470, 790 to 806,
2300 to 2400 MHz)

• Expansion of vacated TV
bands for mobile systems (698
to 790, 790 to 806, 806 to 862
MHz)

• Addition of 3400 to 3600 MHz
for regions 1&3, 3400 to 3500
MHz for region 2

DRIVERS FOR ADDITIONAL,
LOWER FREQUENCY BANDS

One trend that is also affecting
the radio front end is the growing
desire by carriers to re-use (and
re-farm) currently available GSM
frequencies, so that it can be al-
lowed to propagate UMTS sig-
nals. One of the rationales behind
the movement is the ability to op-
timize connectivity depending
upon the population density and
physical layout of the coverage
area of interest. In highly congest-
ed, urban scenarios, higher fre-
quencies could become more
popular as they can be more spec-
trally efficient for high data rate
applications. Alternatively, in less
dense environments, operators
may prefer to take advantage of
the benefits of lower frequencies
(700 to 900 MHz) that, in this case,
enable a far greater coverage area
for each base station as compared
with its higher frequency compli-
ment. In fact, this is the rationale
for the interest in re-farming ex-
isting GSM-allocated frequencies
(850 and 900 MHz). If operators
are allowed to convert from GSM
to WCDMA service in these lower
frequency bands, there are esti-
mates showing up to 60 percent
cost reductions while increasing
coverage by two-to-four times
that for 2100 MHz.1

One can infer from the com-
plex nature of this background on
carrier spectrum that there will
be many different varieties of cel-
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� Fig. 2  RFMD forecast of the number of 3G bands.
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� Fig. 3  Projected 3G multi-mode band combinations.
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lular front ends required for the
complete cellular system to work
in a handset, whereby information
sent on different frequencies are
required to be transmitted and re-
ceived from a single radio source.
In fact, RFMD® internal projec-
tions, based on deployment rates
and industry conversations, indi-
cate a likely scenario where the
number of WCDMA bands in
handsets will be as many as five
by 2010, with the rate of expan-
sion for band combinations de-
picted in Figure 2.

The dichotomy of the 3G is
that the diverse frequency alloca-
tions worldwide have been a sig-
nificant departure from the origi-
nal intent of the standard. Hope-
fully you can gain an appreciation
for the technical challenge laid
out when we look at require-
ments coming in to support carri-
er smartphone deployments
across the globe. This leads to the
first of many challenges for front
end suppliers-developing filter-
ing and switching solutions for
each of the bands. To date, spec-
trum homogenization has not
been realized in either 3G or 4G
front ends. To add further per-
spective to this issue, Figure 3
demonstrates the number of
band combinations forecasted for
the next five years. Since several
of these bands will be used in
combination for even the sim-
plest 3G handset or data card, so-
lutions must be developed in
such a way as to allow suppliers
to scale their offerings to accom-

modate the multi-
ple bands.

To further
complicate next-
generation hand-
set development,
the evolution of
the 3G standard
has resulted in a
relatively com-
plex analog RF
front end for
these multimode,
multi-band hand-
sets. Depicted in
Figure 4, as net-
works evolve, so
must the devices
that consumers

use to access them. Handsets,
therefore, have quickly moved
from their humble voice-only be-
ginnings, with a relatively
straightforward radio design, to
a device enabling real time, 
high data-rate communications
through the use of multiple,
complex transmit and receive
paths. Technological advances,
such as the use of MIMO and re-
ceive diversity in mobile devices,
will enable higher mobile pro-
ductivity. Handsets will act much
more like multi-radio media de-
vices by offering a continual
linkage not only to cellular net-
works, but all IP-based networks
through the use of data portals
such as Wi-Fi and WiMAX. As
these cellular standards evolve
even further with the addition of
HSPA+ and Long Term Evolution
(LTE), consumers will continue
to see additional data-rate im-
provements in 3G networks.
This, the ultimate goal of 4G, will
enable true mobile broadband
access through a portable inter-
net connection.

NEXT-GENERATION HANDSET
PLATFORMS: MORE
RESOURCES, MORE COSTS

With the addition of these ex-
tra bands, modes and associated
verification, the resource require-
ments for next-generation plat-
forms is much more extensive
than it was for 2G cellular hand-
sets. Multimode phones are de-
signed to work with EDGE and
WCDMA air interface standards

as well as LTE for high-speed
data and media transport applica-
tions and, perhaps, WiMAX mo-
bile applications as well. Addi-
tionally, mobile operators require
customized handsets to meet var-
ious consumer roaming needs.
Hence, the handset OEMs, who
must configure 3G handsets with
multiple frequency bands and op-
erating modes (WCDMA r99, HS-
DPA, HSDPA+, EDGE), are left
with the daunting issue of rapid
customization in order to meet
both market timing and mobile
operator requirements. All the
while handset OEMs are seeking
to integrate these advanced fea-
tures and multiple band configu-
rations into a size-reduced, plat-
form-capable form factor. Lest we
not forget the continual cost-re-
duction pressures these con-
sumer devices are under, which
further aggravates the dilemma
of increasing content in a cost-
sensitive marketplace.

In conclusion, to be able to sup-
port the different standards, appli-
cations, band combinations and
mobile operator requirements,
handset designs must now utilize
very specific power amplifiers, fil-
ters, switches, duplexers and other
RF components to implement
these highly specialized multimode
front end systems. Given the num-
ber and specificity of RF compo-
nents required to complete the
multimode front end system, in
combination with the growing list
of handset features, it should come
as no surprise that engineers are
requiring longer amounts of time
to complete front end system de-
signs. Furthermore, with this high-
ly specialized nature of the front
end system, testing and calibrating
during the various phases of the
handset development process have
also lengthened considerably. All
of these additional resources—
whether they take the form of ad-
ditional specialized components,
additional testing, or increased en-
gineering time—raise costs. �

Reference
1. Motorola Whitepaper Deploying

UMTS in 900 MHz Band,
http://www.motorola.com/mot/doc/6/6
796_MotDoc.pdf.
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Free MIMO
Poster
This full-color poster
from Agilent, “Ten
Things You Should
Know about MIMO,”
presents MIMO opera-
tion and test methodolo-
gies, using specific 
examples to high-
light the impact 
on the radio system or
associated test. Visit
www.agilent.com/find/

mimo-forward to order a copy.

Filter Catalog
This new short form catalog
features a sampling of the
company’s RF and microwave
filter products to 40 GHz uti-
lized in military, commercial
and wireless applications. The
catalog also highlights some
of the company’s diverse filter
design and manufacturing ca-
pabilities.

High Power
Broadband RF
Amplifiers
This updated Products and Ca-
pabilities Guide provides a com-
prehensive overview of the
company’s capabilities and a
listing of its most popular ampli-
fier products. With products
that cover from 150 kHz to 6
GHz and an extensive library of
building block designs, there is
an array of standard and semi-
custom solutions available. 

RF and Microwave
Filters
This catalog features the com-
pany’s full line of RF and mi-
crowave filter products. The
catalog highlights high relia-
bility filters, multiplexers and
switched filter banks that cov-
er DC to 50 GHz and are tai-
lored to meet the military mar-
ket. To request a comp-
limentary copy, e-mail: cata-
log@reactel.com.

Components and
Systems Catalog
This product catalog features
the company’s connectors,
jumper cables, splitters, cou-
plers, di-/triplexers and multi-
plexers. This mobile communi-
cation catalog also highlights
products required for the in-
stallation on site. The compo-
nents and systems catalog is
available as a printed hard-
copy and a CD-ROM.

Visual System
Simulator
AWR’s Visual System
Simulator™ (VSS) is
complete and compre-
hensive software for
the design of today’s
complex communica-
tions systems. In
March of this year, the

European Union officially endorsed Digital Video Broadcasting –
Handheld (DVB-H) as the preferred technology for terrestrial mobile
broadcasting that is specific to handheld devices. AWR now sup-
ports the addition of DVB-T/H (Terrestrial/Handheld) solutions to
VSS. The test bench shown in the figure is tailored specifically for re-
ceiver sensitivity analysis.

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

RS No. 320

Applied Wave Research Inc., 
El Segundo, CA (310) 726-3000, www.appwave.com.

RS No. 321

SPINNER GmbH, 
Munich, Germany +49 89 12601-0, www.spinner.de.

RS No. 325

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

RS No. 324

Empower RF Systems Inc., 
Inglewood, CA (310) 412-8100, www.empowerrf.com.

RS No. 323

Eastern Wireless TeleComm Inc., 
Salisbury, MD (410) 749-3800, www.ewtfilters.com.

RS No. 322

LITERATURE SHOWCASE
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www.endwave.com

Smart T/R Modules from Endwave—bridging
the analog-digital divide

With integrated digital “smarts” complementing leading-edge

microwave transmit and receive components, Endwave is perfecting

the cross-over between the analog and digital worlds. Smart T/R

modules employ micro-controllers to dynamically compensate for MMIC

drift and lot-to-lot performance variation. By shifting functions over to

the digital side, your systems benefit from the optimization of timing,

accuracy and AGC loop adjustments. Imagine seamless management

of adaptive modulation schemes, and the ability to automate the bias,

control and monitoring of key components. All of this minimizes the

manual set-up, tune, and test time such that modules are delivered

with superior reliability and low cost of ownership.

It’s the future of T/R modules, and Endwave is leading the way.

Endwave. Plug us in.

Smart T/R Modules up to 100 GHz

Digitally controlled for consistency and accuracy

Automatically compensates for temperature & frequency

Adjusts for semiconductor lot-to-lot variations

Optimizes performance vs. modulation type

Enables a common platform for improved logistics

High reliability through reduced parts count & touch time

Smart T/R™ Modules

Visit http://mwj.hotims.com/16586-5 or use RS# 5 at www.mwjournal.com/info
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“Can anybody get me a set of tools to test WiMAX       
   from development to deployment?”

© Agilent Technologies, Inc. 2008. “WiMAX”,  “Fixed WiMAX”,  “Mobile WiMAX” and the WiMAX Forum logo are trademarks of the WiMAX Forum. u.s. 1-800-829-4444     canada 1-877-894-4414

FREE – New Mobile WiMAX Application Note
www.agilent.com/find/wimaxtest

Not just anybody.  Agilent supports WiMAX™ with the industry’s 

most complete line of proven test products from development through deployment — for Fixed 

and Mobile WiMAX™ and WiBro, including Wave 2 and MIMO. First to market with simulation, 

signal generation and signal analysis tools for WiMAX, Agilent has added base station emulation, 

conformance, manufacturing and drive 

test solutions. As you take WiMAX 

forward, Agilent clears the way.                                                                                                               

A sampling of Agilent’s WiMAX test tools:
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