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We’ve Taken Performance 
To A New Peak.

boonton@boonton.com  •  +1 (973) 386-9696  •  Fax +1 (973) 386-9191  •  www.boonton.com

Introducing the 56006 and 58318 peak power sensors optimized for use on the 4500B peak power analyzer. The 56006 peak
power sensor features a unique combination of industry leading video bandwidth and unsurpassed dynamic range that make it
ideal for measuring communication signals in 3G and future 4G wireless applications. The 58318 peak power sensor offers 
a combination of broad RF frequency range and fast risetime measurement capability for the most demanding military and 
commercial pulsed RF radar applications.

BOONTON 4500B PEAK POWER ANALYZER AND FAST PEAK SENSORS

56006
� RF Frequency range to 6 GHz
� <7 nsec risetime 

(typical video bandwidth up to 65 MHz)
� 70 dB dynamic range (pulse mode) or 

80 dB dynamic range (modulated mode)

58318
� RF frequency range to 18 GHz
� <10 nsec risetime 

(8 nsec typical)
� 44 dB dynamic range (pulse mode) or 

54 dB dynamic range (modulated mode)

Visit http://mwj.hotims.com/11725-15 or use RS# 15 at www.mwjournal.com/info
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Model Frequency (GHz) LO Conversion LO-RF
Number Power Loss Isolation

RF LO IF (dBm) (dB Typ.) (dB, Typ.)

TB0440LW1 4–40 4–42 .5–20 10–15 10 20
DB0440LW1 4–40 4–40 DC–2 10–15 9 25
SBE0440LW1 4–40 2–20** DC–1.5 10–15 10 20
IR2640L17* 26–40 26–40 Note 1 15 10 15
M2640W1 26–40 26–40 DC–12 10–12 10 20
TB2640LW1 26–40 26–40 .5–20 10–15 10 20

* Image Rejection typically 15 dB.  ** Sub Harmonic
Note 1: IF Option A: 20–40 MHz, B: 40–80 MHz, C: 100–200 MHz, Q: DC–1000 MHz

Model Frequency (GHz) Input Output Fundamental
Number Power Power Leakage

Input Output (dBm) (dBm, Typ.) (dBc, Typ.)

SYS2X1428 14 28 +12 +12 -50
SYS2X1734 16–17.5 32–35 +12 +12 -50
SYS3X1442 14 42 +12 +12 -50
SYS4X1146 11 46 +12 +15 -60
SYS2X2040 10–20 20–40 +12 +15 -15
TD0040LA2 2–20 4–40 +10 -5 -20

Model Frequency (GHz) LO Conversion Fundamental
Number Power Loss Input IP3 LO-RF Isolation

RF LO IF (dBm) (dB, Typ.) (dBm, Typ.) (dB, Typ.)
SYSMM2X2335 23.67–35.33 11.385–17.665 .04–.230 13–15 12 +15 50
SYSMM3X2640 26.5–40 8.8–13.3 DC–.5 10 10 +15 40

MITEQ also offers custom designs to meet your specific requirements. For further information,
please contact Mary Becker at (631) 439-9423 or e-mail mbecker@miteq.com

Stock items may be depleted without notice, contact factory for availability.

MITEQ also offers custom designs to meet your specific requirements. For further information,
please contact Mary Becker at (631) 439-9423 or e-mail mbecker@miteq.com

Stock items may be depleted without notice, contact factory for availability.

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

www.miteq.com

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

www.miteq.com
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Need just the right surface mount, coaxial, thru mount, or flat pack power splitter or combiner for your project?
Mini-Circuits is on the case offering you thousands of high performance, cost-effective models off-the-shelf and
immediately available for your military and commercial applications. Choose from 2 and 3 way to 48 way; 0°, 90°,
180°; 50 &75 ohms covering 2 kHz to 12.6 GHz and beyond, all characterized with detailed data and performance
curves available to you in a flash 24/7 on "The YONI2 Search Engine" at the Mini-Circuits web site. Surface mount
products include highly reliable LTCC designs giving you extremely small size, ultra-low profile, excellent stability over
temperature, and high performance repeatability. Tough built coaxial models are available with SMA, BNC, TNC, and
Type-N connectors and include broadband ZX10 units standing less than 3/4" in size. And when it comes to your
custom needs…just let us know what you’re looking for and our development team will go to work! Add our 1 year
guarantee, knowledgeable applications support, and value pricing, and the decision is easy. Contact Mini-Circuits today!

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

THE WORLD’S LARGEST SELECTION

POWER
SPLITTERS

COMBINERS

2 kHz to12.6 GHz from79¢

IN STOCK

RoHS models available, consult factory.

o S
C O M P L I A N T

TM
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194 Rev I

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

RF/IF 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

Visit http://mwj.hotims.com/11725-73 or use RS# 73 at www.mwjournal.com/info
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Aeroflex / Weinschel offers

smart solutions to challenging

test, simulation and RF

distribution requirements by

offering subsystem products

that are either off-the-shelf 

or designed to customer

specifications. Our

subsystems feature:

• Standard communication
interfaces (IEEE-488, RS-232,
Ethernet) with proprietary
SmartStep® Technology;    

• Flexible, high-density
mechanical layout &
packaging;  

• 50 & 75  configurations.

Our subsystems are employed

in telecommunications, radar

and CNI, satellite and ground

communication systems, base

station and mobile unit

software conformance

verification, signal analysis,

cable modem and VoIP testing,

production test systems and

precision microwave related

test instruments.

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

www.aeroflex.com

Test, Simulation, RF Distribution Subsystems…

Smart Solutions at Work!

Attenuation Matrices & 
Multi-Channel Subsystems

RF Distribution Networks

Switch Matrices

RF/Microwave Frequency
Translators

Mobile Unit (Radio & WLAN)
Fading Simulators

Cellular & Wireless Subsystems
with Low IM Performance

Cable Modem Redundant
Switches & Test Systems

Visit http://mwj.hotims.com/11725-5 or use RS# 5 at www.mwjournal.com/info
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(UMB) on the radio frequency and microwave industry
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24 A Review of Technological Advances in Solid-state Switches
Damian Gotch, Filtronic Defence Ltd.
In-depth look at the technological advances in solid-state switches, from discrete and monolithic PIN diode switches to GaAs
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58 A Simplified Method to Reduce Dimensions of Planar Passive Circuits Using Defected Ground and
Defected Microstrip Structures
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TLL40TLL40
Tensolite is releasing its new line of low loss phase stable 

flexible coaxial cable up to 40 GHz.

TLL40-1111A (“125” type) and TLL40-1130A (“150”

type) were designed and engineered to terminate with 

Tensolite’s high performance microwave connectors for 

optimum performance. Furthermore, this new solution 

was designed to meet the needs of any application 

where performance and stability at the higher frequency 

range is critical.

The TLL40-1111A and TLL40-

1130A product families are ideal for 

multiple application requirements that 

include military/aerospace and test & 

measurement.

(866) 282-4708 phone • (562) 494-0955 fax • For more information go to www.tensolite.com
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www.coilcraft.com 800/322-2645

®

RoHS
COMPLIANT

So many inductor choices.
So easy to make the right one.

0201CS Chip Inductors 0302CS Chip Inductors 0402AF Chip Inductors 0402CS Chip Inductors 0402PA Chip Inductors 0403HQ Chip Inductors

0603CSChip Inductors 0603HC Chip Inductors 0603LS Chip Inductors 0604HQ Chip Inductors 0805HQ Chip Inductors 0805HT Chip Inductors

0805CS Chip Inductors 0805HS Chip Inductors 0805LS Chip Inductors 1008HQ Chip Inductors 1008HT Chip Inductors 1008CS Chip Inductors

1008HS Chip Inductors 1008CT Chip Inductors 1008LS Chip Inductors 1206CS Chip Inductors 1812CS Chip Inductors 1812FS Chip Inductors

1812LS Chip Inductors Micro Spring Air Coils Mini Spring Air Coils Low Profile Mini Springs Midi Spring Air Coils Maxi Spring Air Coils

Only Coilcraft offers more than two dozen high
performance RF inductors. And only Coilcraft
makes it so easy to pick the right one!

Start with the most user-friendly web site
in the magnetics business. Our selection tools

let you quickly compare options
and zero in on
your best choice.

If you’re doing
circuit simulation,
you can down-
load our SPICE

models and S parameter files.
Send a question to our

tech support and you’ll actually get an answer,

usually within the hour! Our site
already shows volume pricing and

we’ll soon add inventory and lead time.
And when it’s time for evaluation

samples, things couldn’t be easier.
Click the part numbers you
want, tell us the quantity,
and your free samples will
ship that same day! Or buy
one of our Designer’s Kits
and have every value in a
family right on your desk.

With selection and service
like this, it’s no wonder that Coilcraft is the
industry’s first choice for chip inductors!

Visit http://mwj.hotims.com/11725-22 or use RS# 22 at www.mwjournal.com/info
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Online Technical Papers

“WiMAX Power Amplifiers and Front-end
Modules: A Primer in Design
Considerations”
Darcy Poulin, SiGe Semiconductor

“Pad Geometry Scaling and Removal in
Advanced Capacitor Models”
Larry Dunleavey, Modelithics

“Balanced Amplifiers in RF Design”
Bruce Marks, Mini-Circuits

Go to
www.mwjournal.com

Webinars

Semiconductor Devices for RF/µW
Design-Device Materials/
Fabrication and Impact on
Performance –
This Webinar provides
design engineers with
an overview of the
structure and
operation of HBTs and
HFETs and how these
affect performance
issues such as frequency
range, noise figure and
phase noise.

Presented by 
Besser Associates and 
Microwave Journal
Live webcast: 11/20/2007, 11:00 AM (EST)

Events

AMTA 2007, Nov. 4–9, 2007
MWJ online provides a wrap-up of the
Antenna Measurement Techniques
Association (AMTA) 2007 Symposium.
This conference promotes advances in
electromagnetic technologies applicable to
antenna and radar
cross-section
measurements and
includes more than
500 AMTA global
members from
industry, government and educational
institutions. MWJ’s exclusive coverage will
include the proceedings and news from
exhibitors.

Expert Advice
featuring Ask Harlan 

Industry expert Harlan Howe has worked in the
global microwave industry for over 50 years. To help
build an online community dedicated to peer-to-peer
communication and the exchange of
technical information, Harlan
monitors the responses and
chooses the best answer to the 
online featured microwave-related
question of the month. All of the
responses to the featured question
will be posted on our web now
exclusively online.

This Month’s Question:
Alexander Dmiterko asks– 

I want to use a defected ground structure
technique for improving a PA's linearity…

Online

Executive Interview
Reducing the operational cost of existing 3G and
future 4G base stations requires more efficient
power amplifier technology such as digital pre-
distortion and advanced circuit topologies. In this
month’s executive interview, we talk with Brian P.
Balut, Vice President, Networks Business Units,
TriQuint Semiconductor, about their product
portfolio, the challenges of WiMAX, various
semiconductor technologies, and the current 
state-of-the-art in power amplifier efficiency.
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NOTE FROM THE EDITOR

broadband Doherty Power Amplifier
reference design for the engineers
who will be developing mobile
WiMAX infrastructure. Other mem-
bers of the RF food chain from
balun, switch and filter manufactur-
ers to antenna and connector compa-
nies are also staking their claims in
this emerging technology landscape
as many report on new products
specifically for the various 802.16
standards. Clearly the sheer number
of product-related news items speaks
volumes for the amount of engineer-
ing effort that is being applied to the
emerging technologies that will be
critical to the success and prolifera-
tion of mobile-based (Internet plus)
services. I share the big service
providers’ belief that consumers will
want this level of connectivity. Like
high-definition television that may
seem frivolous until you’ve seen the
side-by-side comparison to a standard
picture, mobile connectivity will be a
must have service in the near future.

Looking back at last year’s IMS
technical program, one can see how
the presented papers reflect the in-
dustry’s dedication to both basic mi-
crowave R&D and specific applica-
tions such as WiMAX. Perhaps that is
why we have enjoyed such a long and
healthy existence—advancing the
state-of-the-art, adapting to changes
and benefiting from opportunities. So
lets work together to expand what
Sprint’s Barry West called the
“bounds of physics” and change the
way the world is connected. Next
month the Journal looks at how mi-
crowaves have affected our lives
through medical, scientific and indus-
trial (including automotive) applica-
tions. There’s lots of work to be done
and personally I love it when we’re
busy.  ■

course, testing is required to verify
the performance of these devices.

News items in these areas were re-
ported in the MWJ online coverage of
both the WiMAX World and EuMW
conferences. New test solutions ad-
dressing Wave 2 system profile, modu-
lation quality and interoperability test-
ing, fast-switching signal generators for
rapid R&D and production test, hand-
held test solutions for field engineers
as well as configurable 4 × 4 multiple-
input, multiple-output (MIMO) test
systems were announced from Agilent,
Aeroflex, Anritsu, Rohde & Schwarz
and Keithley to name a few.

Articles in our WiMAX supplement
this month further discuss the latest in
test and measurements with features
on “Design and Test Challenges of
3GPP LTE,” “Mobile Fading Simula-
tion,” and “Generating UWB Wave-
forms.” From the integrated device
manufacturer’s perspective we have
the supplement cover story “Making
Sense of WiMAX” from Triquint in
which the author relates the history of
the WiMAX Forum™—the industry
consortium, the various IEEE stan-
dards, terms such as “profiles, releases
and waves” and how these factor into
hardware specifications. Additionally,
Freescale presents the latest advances
in its LDMOS RFIC technology, tar-
geting the simplification of WiMAX
Base Station Design. And this month,
in one of our spotlight web exclusive
articles on the MWJ home page, a se-
nior system engineer from SiGe Semi-
conductor presents the challenges of
WiMAX for handset and RF front-end
module design. 

Of course the engineering work
extends beyond transistors and test
systems. Device makers such as Ni-
tronex were on hand at WiMAX
World to promote its new GaN-on-Si
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With the Microwave Journal
(MWJ) November supple-
ment “WiMAX and Emerg-

ing Technologies” hitting the streets
and the WiMAX World and Euro-
pean Microwave Week (EuMW) con-
ferences still fresh in the minds of
those who attended, now seems like a
great time to consider the impact
these utopian “wireless everywhere”
systems will have on the health of our
industry and related job security. Cer-
tainly the hype over WiMAX as well
as Long Term Evolution (LTE) and
Ultra Mobile Broadband (UMB) is
keeping the business and marketing
departments employed and busy. Is
this technology a panacea for the
near and long-term engineering job
market as well?

At WiMAX World, Sprint Nextel
CTO, Barry West, stated, “all the
emerging wireless technologies would
be differentiated by the width of avail-
able spectrum channels and bound by
physics.” The wider spectrum of course
will provide the speed and capacity
necessary for the services (mainly the
mobile Internet) to win over cus-
tomers. The major service providers
seem committed to the vision and are
acknowledging the hardware chal-
lenges; chief among these are band-
width, linearity, efficiency, size and
cost. So what’s the industry response?

Judging from various press releas-
es at both shows, the current wave of
activity is coming mostly from the
test and measurement equipment
providers and the active device man-
ufacturers (power transistors and
MMICs/RFICs). This is no big sur-
prise, as advancements in transistor
technology from GaN, LDMOS and
High-Voltage HBTs will be needed to
address the demanding efficiency and
linearity system requirements. And of

MORE OPPORTUNITIES FOR
MICROWAVE ENGINEERS

DAVID VYE, Microwave Journal Editor
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meets first pass budget approval
First pass accuracy

Agilent Genesys software suites offer a compact EDA

environment for your specific RF and microwave physical

design – at about half the price of our competitors. Each

suite is customized to feature only the applications you 

need. And with Momentum GX, our newly integrated accu-

rate planar EM simulator, you can test designs before 

they’re even built.  

See for yourself. Download a 30-day free trial at 

www.agilent.com/fi nd/eesof-genesys-fi rstpass or call

an Agilent representative to fi nd out which Genesys 

suite is best for you. With fully functional, microwave 

design environments starting at just $3,995, fi rst pass

success is suddenly within reach.

u.s. 1-800-829-4444
canada 1-877-894-4414

Download a free 30-day trial at

www.agilent.com/fi nd/eesof-genesys-fi rstpass

meets first pass budget approval
First pass accuracy

Momentum GX EM simulation 
of a DUT, just part of the new capabilities of Genesys

Four Agilent Genesys suites under $10k 
• Core $3,995*
• Nonlinear Pro $9,995*
• Comms Pro $9,995*
• Designer Pro $9,995*

mulation 
the new capabilities of Genesys

© Agilent Technologies, Inc. 2007 
* Prices subject to change

Visit http://mwj.hotims.com/11725-6 or use RS# 6 at www.mwjournal.com/info
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From ea. Qty.1000
IN STOCK

LTCCCOUPLER FAMILY
Directional/Bi-Directional

Mini-Circuits LTCC coupler family offers versatile, low cost solutions
for your 5 to 4200 MHz needs with rugged connectorized
models from .74"x.50" to surface mount couplers from
.12"x.06", the smallest in the world! Choose from our 50&75 Ω
directional and bi-directional couplers with coupling ranging
from 6-22 dB and with capability to pass DC. Mini-Circuits
offers the world’s most highly evolved LTCC technology

delivering both minimal insertion loss and high directivity with
models handling up to 65 W. All of our couplers are ESD
compliant and available as RoHS compliant. For full product
details and specifications for all our couplers, go to Mini-Circuits
web site and select the best couplers for your commercial,
industrial and military requirements.

169$

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

o S
C O M P L I A N T

TM

396 Rev E

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

RF/IF 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

Visit http://mwj.hotims.com/11725-74 or use RS# 74 at www.mwjournal.com/info
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NOVEMBER

70TH ARFTG MICROWAVE MEASUREMENT
SYMPOSIUM
November 27–30, 2007 • Tempe, AZ
www.arftg.org

DECEMBER

INTERNATIONAL RADAR SYMPOSIUM INDIA
(IRSI 2007)
December 10–13, 2007 • Bangalore, India
www.radarindia.com

ASIA-PACIFIC MICROWAVE CONFERENCE
(APMC 2007)
December 11–14, 2007 • Bangkok, Thailand
www.apmc2007.org

JANUARY 

IEEE MEMS 2008 CONFERENCE
January 13–17, 2008 • Tucson, AZ
www.mems2008.org

IEEE TOPICAL SYMPOSIUM ON POWER AMPLIFIERS
FOR WIRELESS COMMUNICATIONS
January 21–22, 2008 • Orlando, FL
http://pasymposium.ucsd.edu

IEEE RADIO AND WIRELESS SYMPOSIUM
(INCORPORATING WAMICON)
January 22–24, 2008 • Orlando, FL
www.radiowireless.org

WCA INTERNATIONAL SYMPOSIUM AND
BUSINESS EXPO
January 29–February 1, 2008 • San Jose, CA 
www.wcai.com

FEBRUARY

INTERNATIONAL SOLID-STATE CIRCUITS
CONFERENCE (ISSCC 2008)
February 3–7, 2008 • San Francisco, CA
www.isscc.org

NATIONAL ASSOCIATION OF TOWER ERECTORS
(NATE 2008)
February 11–14, 2008 • Orlando, FL
www.natehome.com

SATELLITE 2008 CONFERENCE AND EXHIBITION
February 25–28, 2008 • Washington, DC
www.satellite2008.com
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INTERNATIONAL WIRELESS COMMUNICATIONS
EXPO (IWCE 2008)
February 27–29, 2008 • Las Vegas, NV 
www.iwceexpo.com

JUNE

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
SYMPOSIUM (RFIC 2008)
June 15–17, 2008 • Atlanta, GA
www.rfic2008.org

IEEE MTT-S INTERNATIONAL MICROWAVE
SYMPOSIUM AND EXHIBITION (IMS 2008)
June 15–20, 2008 • Atlanta, GA
www.ims2008.org

AUGUST

IEEE EMC SYMPOSIUM
August 18–22, 2008 • Detroit, MI
www.emc2008.org

Signal
Processing
Passive Power Solutions®

HybriX® SMT Power Dividers:
• Power to 50 Watts
• 440 MHz to 2.3 GHz
• 2-, 3-, 4-way divisions
• As small as 0.56 x 0.35 inches (14.22 x 8.89 mm)

HybriX® Crossover:
• RF cross DC or RF cross RF 
• 30 Watts power rating
• DC to 7 GHz
• 0.20 x 0.20 inches (5.08 x 5.08 mm)

DC Block:
• 20 KHz to 10 GHz
• Low Loss
• 16 Volts
• 1.02 inches long (25.91 mm) SMA M/F

HybriX® Couplers:
• 3 dB Hybrid and Directional Couplers
• Low Insertion Loss
• 130 MHz to 4 GHz
• Power to 250 Watts

emct.com • rflabs.com
772-286-9300

ISO 9001 and 14001 Certified

Visit http://mwj.hotims.com/11725-38

COMING EVENTS

CALL FOR PAPERS

IEEE MTT-S International
Microwave Symposium 2008

by December 7, 2007
IEEE Radio Frequency Integrated

Circuits Symposium
by January 3, 2008

IEEE EMC Symposium
by January 15, 2008
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WORKSHOPS & COURSES

CST EM STUDIO™ 2006B
TRAINING

■ Topics: This hands-on training
course will show participants how 
to work efficiently with CST EM 
STUDIO™ (CST EMS) 2006B. The
course will cover set-up of a structure
with the modeling interface in CST
STUDIO SUITE 2006B; understand-
ing of the various available sources
and solvers in CST EMS; ensure effi-
cient workflow; and customize the
postprocessing to specific needs by
using power result templates. For
more information, visit www.cst.com.
■ Site: Darmstadt, Germany
■ Date: November 29, 2007
■ Contact: For more information,
contact info@cst.com or call +49-
6151-7303-0.

ANTENNA ENGINEERING

■ Topics: This course provides an
overview of the theory and practice of
antenna engineering, including a range
of antenna types, applications and elec-
tromagnetic properties from basic to
state-of-the-art. Explore a wide spec-
trum of frequency from 550 kHz to 550
GHz, with primary emphasis in the
VHF, UHF and microwave regions.
Examine communications and radar,
commercial and military applications.
■ Site: Las Vegas, NV 
■ Dates: December 3–7, 2007
■ Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

MARKET SUCCESS OF 3G AND
WIRELESS MOBILE SERVICES

■ Topics: This intensive two-day
course looks at the business, services
and launch marketing for advanced
wireless services on all major related
technologies, such as 2.5G, 3G, 3.5G
and 4G, as well as WiFi and WiMAX.
The course is non-technical in nature
and provides an impartial overview of
the wealth of opportunities for mobile
data, presents the latest findings, re-
search and theories, and looks at
models for rapid and profitable
launch of new mobile services.
■ Site: Oxford, UK
■ Dates: December 11–12, 2007
■ Contact: University of Oxford
Continuing Education, +44 (0)1865
270360, or visit www.conted.ox.ac.uk.

2007 POWER SEMINARS

■ Topics: Fairchild will provide the
latest in design techniques for optimiz-
ing system power with analog, discrete
and optoelectronic solutions at these
one-day events. The technical sessions
include: low cost, isolated current
source for LED strings, design consid-
erations of LLC resonant converters
and application review and comparative
evaluation of low side MOSFET dri-
vers. For more information, visit www.
fairchildsemi.com/powerseminar07/.
■ Site: For location information,
please visit url.
■ Dates: For date information,
please visit url.
■ Contact: Fairchild Semiconduc-
tor Corp., 82 Running Hill Road,
South Portland, ME 04106 (207) 775-
8100, www.fairchildsemi.com.

THE ENTREPRENEURIAL ENGINEER

■ Topics: This short course is an effi-
cient and memorable introduction to
the personal, interpersonal, business
and organizational skills necessary to
help engineers of applied science and
mathematics perform at high levels in
today’s increasingly opportunistic or-
ganizations and enterprises. For more
information, visit http://online.engr.
uiuc.edu/shortcourses/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.

PCB DESIGN TECHNIQUES FOR
EMC AND SIGNAL INTEGRITY

■ Topics: This course will assist prac-
ticing engineers who are responsible
for PCB designs and system-level prod-
ucts. Disciplines include PCB layout,
logic design, regulatory compliance and
EMC. For more information, visit
http://epdwww.engr.wisc.edu.
■ Site: For location information,
please visit url.
■ Dates: For date information,
please visit url.
■ Contact: University of Wisconsin,
Department of Engineering Profes-
sional Development, 432 North Lake
Street, Madison, WI 53706 (800) 462-
0876.
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Waveguide Diplexers  •

Waveguide Switches  •

Flexible Waveguide  •

Waveguide to Coaxial Adapter  •

Low Noise Amplifiers  •

SP3T Coaxial Switch  •

Printed Circuit Board Integration  •

Command/Status 

& Power Interconnects  •

Combining years of experience and proven 
technology in waveguide components and 
custom waveguide assemblies, Continental

is forging the route to integration. 

The Continental Roadmap 
to Integration

Defense Electronic Systems

Custom integration offers fewer individual
components and interfaces, compact
mechanical packaging, and reduced test
and integration times which translates
into enhanced system performance and
reduced cost.

CONTINENTAL DIVISION
11 Continental Drive

Exeter, NH 03833

603-775-5200

www.contmicro.com

Visit http://mwj.hotims.com/11725-21 or use RS# 21 at www.mwjournal.com/info
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This is only a small sample of our extensive list of standard catalog items.
Please contact our Sales Department at (631) 439-9220 or e-mail components@miteq.com

for additional information or to discuss your custom requirements.

Frequency Gain Gain Noise  VSWR VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure Input Output @ 1 dB Comp. DC Power

Number (GHz) (dB) (±dB, Max.) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15 V, mA)

AFS3-01000200-15-TC-6 1–2 36–40 1.00 1.5 2.0:1 2.0:1 +5 125
AFS2-02000400-15-TC-6 2–4 22–26 1.00 1.5 2.0:1 2.0:1 +5 125
AFS3-02000400-15-TC-6 2–4 26–30 1.00 1.5 2.0:1 2.0:1 +5 125
AFS2-04000800-15-TC-2 4–8 17–22 1.00 1.5 2.0:1 2.0:1 +5 100
AFS3-04000800-12-TC-4 4–8 25–30 1.00 1.2 2.0:1 2.0:1 +8 100
AFS2-02000800-30-TC-2 2–8 14–19 1.50 3.0 2.0:1 2.0:1 +5 100
AFS3-02000800-30-TC-4 2–8 22–27 1.50 3.0 2.0:1 2.2:1 +8 150
AFS2-08001200-30-TC-2 8–12 12–16 1.00 3.0 2.0:1 2.0:1 +5 100
AFS3-08001200-22-TC-4 8–12 24–28 1.00 2.2 2.0:1 2.0:1 +8 100
AFS4-12001800-30-TC-6 12–18 22–26 1.00 3.0 2.0:1 2.0:1 +8 150
AFS4-06001800-35-TC-6 6–18 22–26 1.00 3.5 2.0:1 2.0:1 +8 150
AFS6-06001800-35-TC-6 6–18 30–34 1.00 3.5 2.0:1 2.0:1 +8 200
AFS4-02001800-45-TC-6 2–18 18–24 1.50 4.5 2.2:1 2.2:1 +8 120

Note: All specifications guaranteed -54 to +85°C.
Many other frequencies, noise figures and gain windows are available.

TEMPERATURE COMPENSATED AMPLIFIERS

Frequency Gain Gain Noise  VSWR VSWR Output Power Nom.
Model Range (Min./Max.) Flatness Figure Input Output @ 1 dB Comp. DC Power

Number (GHz) (dB) (±dB, Max.) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15 V, mA)

AFS3-00050100-15-27P-6 0.05–1 36 1.50 1.5* 2.0:1 2.5:1 +27 300
AFS3-00100100-15-27P-6 0.1–1 33 2.00 1.5 2.0:1 2.5:1 +27 300
AFS3-00100200-20-27P-6 0.1–2 34 1.50 2.0 2.0:1 2.0:1 +27** 300
AFS3-00100300-20-23P-6 0.1–3 28 1.50 2.0 2.0:1 2.0:1 +23 275
AFS3-00100400-25-20P-4 0.1–4 24 1.50 2.5 2.0:1 2.0:1 +20 250
AFS4-00100600-24-20P-4 0.1–6 30 1.50 2.4 2.0:1 2.0:1 +20 300
AFS4-00100800-26-20P-4 0.1–8 30 1.50 2.6 2.0:1 2.0:1 +20 300
AFS4-00101200-35-20P-4 0.1–12 27 2.00 3.5 2.0:1 2.0:1 +20 300
AFS4-00501800-40-20P-6 0.5–18*** 25 2.75 4.0 2.5:1 2.2:1 +20 350
AFS3-01000200-18-27P-6 1–2 32 1.50 1.8 2.0:1 2.0:1 +27 350
AFS4-02000400-20-25P-6 2–4 36 1.50 2.0 2.0:1 2.0:1 +25 275

* Noise figure degrades below 100 MHz. Please consult MITEQ for details. 
** P1 dB spec below 0.2 GHz : +25 dBm.

*** Usable to 0.1 GHz.

Note: Noise figure increases below 500 MHz in bands wider than .1-10 GHz.

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

www.miteq.com

HIGHER POWER AMPLIFIERS

This is only a small sample of our extensive list of standard catalog items.
Please contact our Sales Department at (631) 439-9220 or e-mail components@miteq.com

for additional information or to discuss your custom requirements.

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

www.miteq.com
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MODERATE BAND AMPLIFIERS

Frequency Gain Gain Noise  VSWR VSWR Output Power Nom.
Model Range (Min.) Flatness Figure Input Output @ 1 dB Comp. DC Power

Number (GHz) (dB) (±dB) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15 V, mA)

AFS2-00700080-06-10P-6 0.7–0.8 28 0.50 0.60 1.5:1 1.5:1 +10 90
AFS2-00800100-05-10P-6 0.8–1 30 0.50 0.50 1.5:1 1.5:1 +10 90
AFS3-01200160-05-13P-6 1.2–1.6 40 0.50 0.50 1.5:1 1.5:1 +13 150
AFS3-01400170-06-13P-6 1.4–1.7 40 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-01500180-06-13P-6 1.5–1.8 40 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-01500250-06-13P-6 1.5–2.5 38 1.00 0.60 1.8:1 1.8:1 +13 150
AFS3-01700190-06-13P-6 1.7–1.9 38 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-01800220-06-13P-6 1.8–2.2 38 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02200230-06-13P-4 2.2–2.3 38 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02300270-06-13P-6 2.3–2.7 36 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02700290-06-13P-6 2.7–2.9 32 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-02900310-06-13P-6 2.9–3.1 32 0.50 0.60 1.5:1 1.5:1 +13 150
AFS3-03100350-06-10P-4 3.1–3.5 29 0.50 0.60 1.5:1 1.5:1 +10 150
AFS4-03400420-10-13P-6 3.4–4.2 40 0.50 1.00 1.5:1 1.5:1 +13 200
AFS3-04400510-07-S-4 4.4–5.1 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-04500480-07-S-4 4.5–4.8 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-05200600-07-10P-4 5.2–6 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-05400590-07-S-4 5.4–5.9 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-05800670-07-S-4 5.8–6.7 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS3-07250775-06-10P-4 7.25–7.75 30 0.50 0.60 1.5:1 1.5:1 +10 100
AFS3-07900840-07-S-4 7.9–8.4 30 0.50 0.70 1.5:1 1.5:1 +10 100
AFS4-08500960-08-S-4 8.5–9.6 32 0.75 0.80 1.5:1 1.5:1 +10 125
AFS3-09001100-09-S-4 9–11 26 0.50 0.90 1.5:1 1.5:1 +10 100
AFS4-09001100-09-S-4 9–11 32 0.75 0.90 1.5:1 1.5:1 +10 125
AFS4-10951175-09-S-4 10.95–11.75 32 0.75 0.90 1.5:1 1.5:1 +10 125
AFS4-11701220-09-5P-4 11.7–12.2 32 0.75 0.90 1.5:1 1.5:1 +10 125
AFS2-12201280-14-5P-2 12.2–12.8 14 0.75 1.40 1.4:1 1.5:1 +5 80
AFS4-12201280-13-12P-4 12.2–12.8 25 1.50 1.30 2.0:1 2.0:1 +12 200
AFS4-12701330-15-10P-4 12.7–13.3 30 0.75 1.50 1.5:1 1.5:1 +10 175
AFS4-13201400-16-10P-4 13.2–14 30 0.75 1.60 1.5:1 1.5:1 +10 175
AFS4-14001450-15-10P-4 14–14.5 30 0.75 1.50 1.5:1 1.5:1 +10 175
AFS4-20202120-25-8P-4 20.2–21.2 24 1.00 2.50 1.5:1 1.5:1 +8 175
AFS4-21202400-28-10P-4 21.2–24 23 1.00 2.80 2.0:1 2.0:1 +10 100

OCTAVE BAND AMPLIFIERS

AFS3-00120025-09-10P-4 0.12–.25 38 0.50 0.9 2.0:1 2.0:1 +10 125
AFS3-00250050-08-10P-4 0.25–0.5 38 0.50 0.8 2.0:1 2.0:1 +10 125
AFS3-00500100-06-10P-6 0.5–1 38 0.75 0.6 2.0:1 1.5:1 +10 150
AFS3-01000200-05-10P-6 1–2 38 1.00 0.5 2.0:1 2.0:1 +10 150
AFS3-01200240-06-10P-6 1.2–2.4 34 1.00 0.6 2.0:1 2.0:1 +10 150
AFS3-02000400-06-10P-4 2–4 32 1.00 0.6 2.0:1 2.0:1 +10 125
AFS3-02600520-10-10P-4 2.6–5.2 28 1.00 1.0 2.0:1 2.0:1 +10 125
AFS3-04000800-07-10P-4 4–8 28 1.00 0.7 2.0:1 2.0:1 +10 125
AFS3-08001200-09-10P-4 8–12 26 1.00 0.9 2.0:1 2.0:1 +10 125
AFS3-08001600-15-8P-4 8–16 28 1.00 1.5 2.0:1 2.0:1 +8 100
AFS4-12001800-18-10P-4 12–18 28 1.50 1.8 2.0:1 2.0:1 +10 125
AFS4-12002400-30-10P-4 12–24 24 2.00 3.0 2.0:1 2.0:1 +10 85
AFS3-18002650-30-8P-4 18–26.5 18 1.75 3.0 2.2:1 2.2:1 +8 125

MULTIOCTAVE BAND AMPLIFIERS

AFS3-00300140-09-10P-4 0.3–1.4 38 1.00 0.9 2.0:1 2.0:1 +10 125
AFS2-00400350-12-10P-4 0.4–3.5 22 1.50 1.2 2.0:1 2.0:1 +10 80
AFS3-00500200-08-15P-4 0.5–2 38 1.00 0.8 2.0:1 2.0:1 +15 125
AFS3-01000400-10-10P-4 1–4 30 1.50 1.0 2.0:1 2.0:1 +10 125
AFS3-02000800-09-10P-4 2–8 26 1.00 1.0 2.0:1 2.0:1 +10 125
AFS4-02001800-23-10P-4 2–18 25 2.00 2.3 2.0:1 2.0:1 +10 175
AFS4-06001800-22-10P-4 6–18 25 2.00 2.2 2.0:1 2.0:1 +10 125
AFS4-08001800-22-10P-4 8–18 28 2.00 2.2 2.0:1 2.0:1 +10 125

ULTRA WIDEBAND AMPLIFIERS

AFS3-00100100-09-10P-4 0.1–1 38 1.00 0.9 2.0:1 2.0:1 +10 125
AFS3-00100200-10-15P-4 0.1–2 38 1.00 1.0 2.0:1 2.0:1 +15 150
AFS1-00040200-12-10P-4 0.04–2 15 1.50 1.2 2.0:1 2.0:1 +10 50
AFS3-00100300-12-10P-4 0.1–3 32 1.00 1.2 2.0:1 2.0:1 +10 125
AFS3-00100400-13-10P-4 0.1–4 28 1.00 1.3 2.0:1 2.0:1 +10 125
AFS3-00100600-13-10P-4 0.1–6 28 1.25 1.3 2.0:1 2.0:1 +10 125
AFS3-00100800-14-10P-4 0.1–8 28 1.50 1.4 2.0:1 2.0:1 +10 125
AFS4-00101200-22-10P-4 0.1–12 30 1.50 2.2 2.0:1 2.0:1 +10 150
AFS4-00101400-23-10P-4 0.1–14 24 2.00 2.3 2.5:1 2.5:1 +10 200
AFS4-00101800-25-S-4 0.1–18 25 2.00 2.5 2.5:1 2.5:1 +10 175
AFS4-00102000-30-10P-4 0.1–20 20 2.50 3.0 2.5:1 2.5:1 +10 125
AFS4-00102650-42-8P-4 0.1–26.5 22 2.50 4.2 2.5:1 2.5:1 +8 135

Note: Noise figure increases below 500 MHz in bands greater than 0.1-10 GHz.

Available
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review it was suggested that in order to obtain
the required performance, the suppliers could
select a different diode ‘lot’ and I found my-
self in a room reminiscent of a Victorian
apothecary containing wafers of diodes of al-
most every possible variety. Not quite Victori-
an, but a product of the 1950s, the basic PIN
diode is a standard PN junction diode with a
thin layer of intrinsic material, with a very low
level of doping, introduced between the P and
N regions. This has the effect of isolating the
active regions under low reverse bias condi-
tions as the I-region is fully depleted. When
the diode is forward biased, charges are inject-
ed into the intrinsic region allowing current to
flow across the layer. The electrical character-
istics of the diode such as junction capaci-
tance, breakdown voltage and minority carrier
lifetime can be altered by changing the
process parameters, such as I-thickness, dop-
ing levels and electrode dimensions. In addi-
tion, exotic ingredients like gold can be added
to achieve ‘special’ characteristics. To form a
high isolation RF switch, the PIN diodes are
arranged in a series/shunt configuration. The
chip shunt diodes (see Figure 1) are mounted
on the ground plane, which provides both the
electrical connection for the cathode and a
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DAMIAN GOTCH
Filtronic Defence Ltd., UK

In the 28 years that I have been both a user
and designer of solid-state switches, I have
witnessed some major technological ad-

vances as RF switches have developed from
discrete PIN diodes and evolved through re-
cent developments such as HMIC, GaAs
MMICs and RF CMOS. Significantly, too,
new technologies on the horizon have the po-
tential to impact on the long-term develop-
ment of RF switches and take them to a new
level.

DISCRETE PIN DIODE SWITCHES
How have solid-state switches evolved? My

first professional involvement with them came
in the mid-1980s when, as a young engineer, I
was tasked with designing one of Filtronic’s

first subsystem products. The
design required 2 to 18 GHz
high-speed switches and atten-
uators, and as I had no experi-
ence in the design of switches
at that time, I selected a well-
established supplier who also
had a PIN diode fabrication fa-
cility. The prototype parts ar-
rived, were tested and a num-
ber of issues identified. Conse-
quently, I visited the supplier to
review the design and identify
corrective actions. During the

A REVIEW OF
TECHNOLOGICAL ADVANCES
IN SOLID-STATE SWITCHES

COVER FEATURE
INVITED PAPER

Fig. 1  Chip PIN diodes
(courtesy of Aeroflex
Metelics). ▼
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thermal path to remove heat generat-
ed from the bias current and any RF
heating under high power conditions.
The shunt diodes are connected us-
ing thermo-compression bonding and
the gold wire bond inductance can be
conveniently designed to match the
junction capacitance to form a low
pass structure. The series diodes are
more of a problem as lead inductance
and junction capacitance severely
limit the achievable isolation, so a
‘beam-lead’ diode is used. This is a
silicon die encapsulated in glass to
which thin gold ‘beams’ are attached
and connected to the active regions
(see Figure 2). The beam-lead diode
gives a dramatically improved perfor-
mance and together with the shunt
chip has been the mainstay of broad-
band RF switches for decades.

Although the discrete PIN diodes
perform well, the manufacturing
costs are high and they are prone to
assembly variations resulting in
degradations of the VSWR and loss.
Figure 3 shows a typical 2 to 18 GHz
high isolation PIN switch, with a
close up of the common junction
highlighting the intricate connections
of the series and shunt diodes.

MONOLITHIC PIN DIODE
SWITCHES

Monolithic technology made signifi-
cant inroads in the 70s and 80s, but had
little impact on the design of mi-
crowave switches as the silicon sub-
strate used for PIN diodes is highly
conductive and is unsuitable for fabri-
cating the interconnects and series
diodes required. However, in the late
1980s, the M/A-COM corporate R&D
team pioneered the use of the Glass
Microwave Integrated Circuit (GMIC).
This was an alternative to the conven-
tional GaAs MMIC and fused an active
GaAs wafer with a glass substrate,
which allowed active devices to be re-

alised together with very low loss pas-
sive elements and with vias introduced
through the glass substrate to provide
electrical grounding. A variant of this
technology continues today as M/A-
COM’s patented Heterolithic Mi-
crowave Integrated Circuit (HMIC)
technology. Here, a glass substrate is
fused to a silicon wafer, and the silicon
wafer is etched to create silicon
pedestals. A glass layer is deposited on
and around the silicon pedestals and
polished to expose the mesas. Conduc-
tors and air bridges are added and
backside vias are etched though the
glass substrate and plated to connect to
the underside of the silicon.

HMIC technology has enabled
complete multipole series shunt switch-
es to be manufactured and eliminated
the very difficult connection of the
beam-lead diodes and the first shunt
diode that had long plagued designers.
Some designs, such as MA4SW210B-1,
also include the bias circuitry, signifi-
cantly simplifying the manufacturing
process and the reproducibility, as
shown in Figure 4. However, it may
still be necessary to use a more distrib-
uted approach if more than 50 dB iso-
lation is required, with additional
shunt-only HMIC parts separated by
lengths of transmission lines.

GaAs PIN SWITCHES
A further enhancement of the PIN

technology saw the introduction of
PIN diodes on GaAs substrates.
TriQuint Semiconductor offers a verti-
cal PIN (VPIN) foundry process,
which achieves lower capacitance than
silicon devices and allows operation
beyond 50 GHz. The VPIN process al-
lows MMIC switch integration, but
cannot be mixed with active devices.
M/A-COM recently combined a
patent-pending anode-enhanced Al-
GaAs PIN diode with the HMIC
process to produce a range of high per-
formance multi-throw switches such as
the SP3T MA4AGSW3, which pro-
vides 0.8 dB loss with greater than 30
dB isolation at 50 GHz (see Figure 5).

The range of HMIC switches can be
used to replace the majority of legacy
discrete PIN diode designs and offers
reduced manufacturing cost and signif-
icantly enhanced reliability. These parts
are very easy to use and offer the de-
signer a very fast and reliable approach
to switch design that I could only have
dreamed about 10 years ago. Further-

COVER FEATURE

▲ Fig. 2  A beam-lead PIN diode (courtesy
of Aeroflex Metelics).

▲ Fig. 3  SP5T high isolation switch (a) and
close-up of the common junction (b)
(courtesy of Filtronic Defence).

▲ Fig. 4  HMIC switch with integrated bias
(courtesy of M/A-COM).
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▲ Fig. 5  AlGaAs PIN switch performance
(courtesy of M/A-COM).
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more, the bespoken discrete PIN de-
sign has been replaced by a process-
based, off-the-shelf part, in a similar
way to the evolution from transistors to
ICs. The only limitation is that there is
only a restricted range of processes,
and hence of diode parameters avail-
able, so there is still a place for hand-
crafted designs, which can in some cas-
es offer better performance for very
specific applications. Limiters are a
prime example.

GaAs FET SWITCHES
Although PIN diode switches have

advanced enormously, they still require
a DC bias current to achieve the low
loss state and a high reverse voltage to
achieve isolation. Biasing PIN diodes is
notoriously difficult, as the bias must be
applied to the RF signal path. This can
result in reduced bandwidth and in-
creased losses. In addition, high-speed
switches generate large video transients
that can adversely affect the circuitry to

which they are connected. Also, high-
speed PIN drivers are generally re-
alised as thin film hybrids, which tend
to be large and expensive. An alterna-
tive switch element has long been avail-
able in the form of the field effect tran-
sistor (FET), where a voltage applied to
the gate can alter the depletion region
between source and drain to control
the current flow. FETs have the advan-
tage that the control voltage is essen-
tially isolated from the main signal path
and very low current is required (in the
order of microamps). FET switches are
widely used in various forms for low
and high current switching at both
video and RF frequencies. At mi-
crowave frequencies, the GaAs MES-
FET and more recently GaAs PHEMT
devices have been used to replace PIN
diode switches, particularly where very
high switching speeds are required.
GaAs FETs have inherently low charge
storage and the channel itself can be
switched in picoseconds. Complete
switches can be readily realised as
MMICs and the bias control is very
straightforward, without the need for
bias chokes. When Filtronic set up a
six-inch GaAs PHEMT foundry in
2000, I was a member of the Global
Technology Group that had the oppor-
tunity to design MMIC components
into the foundry in support of the
process development team. I experi-
mented with digital switched attenua-
tors, analogue attenuators and distrib-
uted amplifiers, and was amazed at the
scope that the process offered. By ac-
curate characterisation and modelling,
it was practical to get designs working
the first time without needing any ‘tun-
ing’ (something that had been almost
impossible with the discrete designs I
had been used to). With the advent of

COVER FEATURE

▲ Fig. 6  DC to 26.5 GHz GaAs MMIC
switch (courtesy of Agilent).
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low cost material and such high yield in
six-inch foundries, these GaAs switches
(see Figure 6) have become more
widespread. They are available from a
wide range of foundries and fab-less
companies, such as Hittite and Mimix
Broadband, who offer a range of simi-
lar products. An example of a broad-
band GaAs switch is the Filtronic
FMS2030, an SP4T switch that exhibits
more than 45 dB isolation and less than
1.5 dB loss at 20 GHz. GaAs switches

are ideal for use in complex switched
filter assemblies, where the combined
bias current of PIN diodes can be a sig-
nificant issue and the simplicity of the
bias networks is a major benefit to
manufacturing costs. Level shifters are
generally needed to interface to stan-
dard positive logic and are readily avail-
able as monolithic ICs. In some cases
the drivers may be incorporated within
the final packaged part. Compression
points of +25 dBm are typical for

broadband GaAs MMIC switches,
which is somewhat lower than a typical
PIN diode switch. However, they have
the benefit of very low video leakage.
GaAs MMIC switches lend themselves
well to high levels of integration in the
form of switched attenuators and phase
shifters and can be easily integrated
along with PHEMT amplifiers to pro-
duce complete RF modules.

MOBILE WIRELESS
APPLICATIONS

Right through to the mid-1990s,
PIN diodes remained the preferred
option in early single- and dual-band
mobile phones, due to their low cost. A
circuit configuration was employed
that resulted in the PIN diodes, requir-
ing only to be forward biased during
transmit, where the bias current was
not a serious issue. However, this ‘trick’
could not be used when triple- and
quad-band designs were introduced
and GaAs PHEMT switches became
the ideal choice. The design of these
switches is very demanding; positive
only control is required with control
voltages less than 2.5 V, transmit pow-
ers are in excess of 2 W and harmonic
levels must be maintained below –70
dBc. Die size is also critical as the
switches are very price sensitive. In
2003, I became involved in the design

COVER FEATURE

▲ Fig. 7  Dual-mode SP7T antenna switch
(courtesy of FCSL).

▲ Fig. 8  SP9T CMOS switch (courtesy of
Peregrine Semiconductors).
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of handset antenna switches and we
produced our first SP6T quad-band
design. This was an exciting project
and the design incorporated a novel
topology to reduce the loss.1 This de-
vice is under 1 mm2 and is in use in a
number of high volume phones (see
Figure 7). The introduction of 3G
handsets now requires antenna switch-
es to operate with a greatly increased
level of linearity, with IMD3 levels of
less than –110 dBm. This level of lin-

earity requires a very accurate large-
signal modelling, low parameter
spread and a high yield, all of which
have been successfully achieved with
the Filtronic 0.5 µm GaAs PHEMT
process. GaAs switches have been phe-
nomenally successful and currently ac-
count for more than 50 percent of the
available market. PIN diode switches
are still used in relatively high volumes
in the single- and dual-band phones
aimed at the Far East market.

CMOS SWITCHES
A recent challenger to GaAs for

wireless applications has come in the
form of RF CMOS. Historically,
CMOS had been restricted to low fre-
quencies due to limitations of the con-
ductive silicon substrate. This has now
been overcome by isolating the active
devices from the base silicon substrate
or using a low loss base substrate. Cali-
fornia Eastern Labs (CEL) uses a sili-
con-on-insulator (SOI) technology and
offers an SPDT switch (UPD5710TK),
operating to 2.5 GHz. Also, Peregrine
Semiconductor has developed Ultra
Silicon (UTSi®). This silicon-on-sap-
phire process was first invented in the
early 1960s at Rockwell, but until re-
cently suffered from poor yields and
was not exploited. Peregrine has re-
leased a wide range of wireless prod-
ucts at frequencies up to approximately
5 GHz. One of its latest is the
PE42693, an SP9T for mobile handsets
(see Figure 8). The major benefit of
RF CMOS technology is the ability to
integrate standard CMOS components
like charge pumps and decoders. In ad-
dition, they can operate from single
positive supplies and do not need DC
blocking capacitors. CMOS is yet to
gain a significant market share over
GaAs, which is largely due to the low
cost of six-inch GaAs fabrication and
the immaturity of the RF CMOS
process. This technology is likely to be
a strong player in the future, however,
although it is not yet clear how CMOS
will compete at higher microwave fre-
quencies.

FUTURE SWITCH TECHNOLOGIES
Recent advances have been aimed

at low power applications and PIN
diodes are still the dominant force at
very high powers, but there are a num-
ber of emerging technologies that may
provide an alternative. Gallium nitride
(GaN) on silicon carbide substrates has
begun to take a share in the high pow-
er amplifier market with its ability to
operate at voltages of greater than 100
V and at high temperatures. GaN
switches have yet to appear on the
market in great numbers but some re-
search2 has been published, indicating
that it can be used to construct very ca-
pable switches. Mahamed Kameche3

gives an excellent review of the tech-
nology and concluded that GaN has a
bright future for low distortion, high
power switches, due to its high break-
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down voltage, high saturated velocity
and high thermal conductivity. It is
currently only available on two- to
three-inch wafers and as such is rela-
tively expensive, although this should
improve as volumes increase. The
aerospace industry has long been look-
ing for a technology that could be used
to switch kilowatt levels at tens of am-
peres and at extremely high tempera-
tures. The missile and radar industry
would love to have devices to control

kilowatts of power with very low losses
and diamond may meet this challenge.
As an intrinsic material, diamond
demonstrates extreme hardness,
chemical inertness, high thermal con-
ductivity, high hole and electron mobil-
ity, high dielectric strength and high
breakdown strength, and has a wide
band gap. These properties are ideal
for high power amplifiers and switches.
The recent availability of extremely
pure single crystal diamond created by

chemical vapour deposition has made
it possible to contemplate the forma-
tion of diamond semiconductors. Dia-
mond FETs are under development in
the UK by Diamond Microwave De-
vices Ltd. (DMD), a subsidiary of Ele-
ment Six Ltd., in collaboration with
Filtronic plc. Diamond bipolar transis-
tors are also under development at
University College London under an
Engineering and Physical Sciences Re-
search Council (EPSRC) grant. Dia-
mond technology is still in an early
R&D phase, but the technology has
the potential to make a major impact
in the future.

CONCLUSION
RF switches continue to be a key

component in all microwave systems.
The expansion of the commercial
wireless sector has had the effect of
driving the costs down and has pro-
vided an impetus to develop tech-
nologies such as HMIC, GaAs and
RF CMOS, together with low cost
packaging systems. Coupled with a
requirement for higher frequencies
for WLAN, WiMAX and automotive
radar, this technology has created ex-
citing new products, most of which
are readily utilised in the military and
security sectors. There are a number
of exciting technologies under devel-
opment, including GaN and diamond
that may allow solid-state switches to
operate under very adverse condi-
tions, where only mechanical switch-
es have so far been practical.  ■
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OCTAVE BAND LOW NOISE AMPLIFIERS 
Model No.    Freq (GHz)    Gain (dB) MIN Noise Figure  (dB)    Power -out @ P1-dB 3rd Order ICP VSWR 
   CA01-2110    0.5-1.0    28    1.0 MAX,    0.7 TYP    +10 MIN +20 dBm 2.0:1 
   CA12-2110    1.0-2.0    30    1.0 MAX,    0.7 TYP    +10 MIN +20 dBm 2.0:1 
   CA24-2111    2.0-4.0 29    1.1 MAX,    0.95 TYP    +10 MIN +20 dBm 2.0:1 
   CA48-2111    4.0-8.0 29    1.3 MAX,    1.0 TYP    +10 MIN +20 dBm 2.0:1 
   CA812-3111    8.0-12.0    27    1.6 MAX,    1.4 TYP    +10 MIN +20 dBm 2.0:1 
   CA1218-4111    12.0-18.0    25 1.9 MAX,    1.7 TYP    +10 MIN +20 dBm 2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10  MIN  +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10  MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10  MIN +20 dBm 2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10  MIN +20 dBm 2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10  MIN +20 dBm 2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10  MIN +20 dBm 2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10  MIN +20 dBm 2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10  MIN +20 dBm 2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10  MIN +20 dBm 2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10  MIN +20 dBm 2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10  MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33  MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35  MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30  MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30  MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33  MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33  MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30  MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21  MIN +31 dBm 2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure  (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10  MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10  MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22  MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30  MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10  MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30  MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23  MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30  MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10  MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20  MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24  MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz) Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12  MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18  MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16  MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12  MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16  MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18  MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.
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Other objectives included the EKV’s ability to successfully
detect, track, discriminate a target in space and communi-
cate with ground-based sensors, and included participa-
tion of the SBX in the test. This test again demonstrated
the system’s capability to launch a ground-based intercep-
tor and perform separation and delivery of the EKV to the
desired point in space and time.

Northrop Grumman
Corp., in conjunction

with ground system team-
mate Raytheon, recently
completed the System Ac-
ceptance Test (SAT) of a
Common Command and
Telemetry System (CCTS)
that will potentially reduce
costs between two pro-
grams, James Webb Space

Telescope (JWST) and the National Polar-orbiting Opera-
tional Environmental Satellite System (NPOESS). “The
successful completion of this milestone proves our com-
mitment to providing low cost, synergistic enterprise solu-
tions to our customers,” said Alexis Livanos, corporate
vice president and president of Northrop Grumman’s
Space Technology Sector. “It also shows that two cus-
tomers with two separate programs were willing to trust
our collaboration and team work to align schedules so that
the same system could be used. We have now demonstrat-
ed proven efficiencies across different programs that can
be utilized to reduce costs and ensure success for future
projects.” Raytheon’s Eclipse® is a commercial off-the-
shelf command and telemetry product that was config-
ured to support both satellite flight operations and inte-
gration and test (I&T) on the James Webb Space Tele-
scope and NPOESS. Adding the I&T requirements to a
traditional flight operations system is an innovative ap-
proach, increasing SAT requirements to accommodate
different satellite communication protocols and user
needs. Software requirements were verified on spacecraft
and ground equipment simulators at Northrop Grumman
over a four-week period, concluding in August. The test
milestone represents the culmination of a four-year
Raytheon development effort to bring Northrop Grum-
man its first true multi-mission command and telemetry
system and prove the joint team’s ability to engineer a sys-
tem while balancing combined NPOESS and JWST re-
quirements and schedules. The test verified 1300 require-
ments through 26 “test-as-you-fly,” functional, perfor-
mance and interface procedures and was the first SAT
completed after program-specific requirements were
merged into a baseline command and telemetry system.
The SAT’s objective was to verify command rate and pro-
tocol, telemetry decomutation (the ability to transform
raw data into engineering values), and to control and
monitor the test hardware in an environment unique to
Northrop Grumman. The CCTS ECLIPSE has been de-
livered to science instrument providers at the Goddard
Space Flight Center who will use it to develop, test and

Northrop Grumman

Successfully Tests

Multi-mission

Command and

Telemetry

Raytheon Co. compo-
nents built under con-

tract to the Boeing Co., the
prime contractor for the
Ground-based Midcourse
Defense (GMD) system,
played key roles in the de-
struction of a ballistic mis-
sile target during GMD’s
latest successful flight test
conducted September 28,

by the US Missile Defense Agency. Raytheon-built Exoat-
mospheric Kill Vehicle (EKV) intercepted the ballistic tar-
get in space over the eastern Pacific Ocean. The
Raytheon-developed Upgraded Early Warning Radar
(UEWR) at Beale Air Force Base, CA, successfully
tracked the target system for approximately 15 minutes
during its flight down range to the intercept point, several
hundred miles west of California. The Raytheon-devel-
oped X-band Radar (XBR), the primary payload of the
Sea-based X-band Radar (SBX), actively participated in
this test by tracking, discriminating and assessing the tar-
get. While in flight, the EKV received target updates from
the In-flight Interceptor Communication System and per-
formed a star shot to calibrate its own position. The EKV
observed the target complex with its advanced multicolor
infrared seeker and successfully selected the target from
other objects in space. During the end game, as the target
grew in the seeker’s field of view, the EKV selected the
aim point and maneuvered for a direct, lethal hit. As the
primary ground-based sensor for this mission, the UEWR
successfully acquired, tracked and classified the target
system, providing critical targeting data to the system un-
der test. The UEWR achieved all mission objectives as it
continues its flawless support to GMD flight tests and
path to Air Force operational acceptance. Positioned in
the eastern Pacific Ocean, the XBR initiated track on the
target complex and collected valuable data, which will be
used to hone algorithms for future flight tests. The radar
achieved all mission objectives. This test marks the third
successful mission that the Sea-based XBR has participat-
ed in since September 2006. “This highly successful test
of the GMD system once again demonstrates Raytheon’s
systems performance and reliability,” said Louise
Francesconi, Raytheon Missile System president. “The
test clearly demonstrates the maturity of our technology
and our ability to provide this critical capability to the na-
tion.” “The XBR and UEWR demonstrated exceptional
performance in this critical test of US missile defense ca-
pability,” said Pete Franklin, vice president, National &
Theater Security Programs for Raytheon Integrated De-
fense Systems (IDS). “This latest exercise confirms the
radars’ ability to gather information necessary to support
an intercept.” The test marked the second time an opera-
tionally configured ground-based interceptor was
launched from an operational GMD site at Vandenberg
Air Force Base, CA. The target was launched from Kodi-
ak, Alaska. Designated Flight Test Ground-based Mid-
course Defense-03a (FTG-03a), the test included a
planned intercept of the target as one of its objectives.

Raytheon Key 

in Successful

Ballistic Missile
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in Space
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integrate their instruments for the James Webb Space
Telescope. The joint development team includes
Northrop Grumman’s JWST and NPOESS teams, pro-
gram customers from NASA’s Goddard Space Flight Cen-
ter, the NPOESS Integrated Program Office (IPO) and
Raytheon Mission Command and Control Systems.

Harris Corp., an interna-
tional communications

and information technology
company, has received a
$104 M order for high-
frequency (HF) radio sys-
tems. Under the agree-
ment, Harris will provide
the US Army with Harris
Falcon® II An/PRC-150(C)
HF radios and related ac-

cessories, as well as installation services and training. The
contract is one of several recent orders by the Army of a
broad range of Harris radio systems, highlighting the
company’s technological leadership in tactical communi-
cation. “Harris HF radio equipment continues to set the

Harris Corp.

Receives $104 M

Order for Falcon HF

Radio Systems

standard for terrestrial, beyond-line-of-sight communica-
tions, enabling our forces to stay connected in remote ar-
eas and when surrounded by rugged terrain,” said George
Helm, vice president and general manager, Harris RF
Communications. “The unique nature of HF signal propa-
gation makes it ideal for medium- and long-range terres-
trial radio communications. We are pleased that the Army
is expanding its acquisition of Harris HF radios while at
the same time purchasing new Harris products based on
our legacy of innovation, reliability and support.”

The Falcon II AN/PRC-150(C) is part of the broadest
line of tactical radio communication products available to-
day. The Falcon family offers features such as embedded
encryption for information security, extended frequency
range, adaptability to new waveforms and battlefield net-
working. The Falcon III AN/PRC-152(C) is the first and
only JTRS-approved radio to be certified as fully compli-
ant with version 2.2 of the JTRS Software Communica-
tions Architecture. The Falcon family includes radios in
all form factors: handheld, manpack, vehicular and per-
sonal radio. Harris RF Communications Division is a
leading supplier of secure voice and data communications
products, systems and networks to military, government
and commercial organizations worldwide.  ■
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technology, free of charge, as part of the IET’s charita-
ble remit. The research channel initiative provides
users with the ability to create live and on-demand
video presentations that can be uploaded on to the In-
ternet and distributed to a global audience. Eleven uni-
versities are already using the service following the
beta trial and now the research seminar channel will be
rolled out to all universities.

The European Space
Agency’s (ESA) Mem-

ber States participating in
the Global Monitoring for
Environment and Security
(GMES) Programme ap-
proved the transition to
Phase-2 of Segment 1 of
the GMES Space Compo-
nent Programme. Oversub-
scription of the programme

by the ESA Council at ministerial level in 2005 was con-
firmed, with oversubscription to phase 2 of 116 percent,
giving a total amount of €500 M. This additional contribu-
tion to the programme will allow ESA to confirm the de-
velopment of the first three Sentinel satellites.

The GMES Space Component Programme is co-fund-
ed by the European Commission and ESA is responsible
for the management and coordination of the overall
GMES Space Component in Europe. As a result of this
transition to Phase-2, ESA will be able to make progress
on development of the Sentinel satellite series and, in par-
ticular, build Sentinel 1, 2 and 3, together with the neces-
sary ground segment.

Prior to launch of the ESA-built Sentinels, which is
planned for 2011–12, ESA will coordinate the provision of
EO data required by the GMES services currently imple-
mented by the EC. This will help to gradually take GMES
from the pre-operational phase to the fully operational
stage once the Sentinel satellites are in place.

NEC Solutions Asia Pa-
cific Pte. Ltd. and

NEC Business Coordina-
tion Centre (Singapore),
both wholly owned sub-
sidiaries of NEC Corp. in
Japan, have integrated to
form NEC Asia Pte Ltd.

Previously, NECSAP
was the regional sales and
service support office for

NEC’s IT, networking and telecommunications, security,
outsourcing and managed services solutions businesses in
the Asia Pacific markets, while NEC BCCS was the re-
gional business support function office for purchasing,
public relations, finance, human resources and corporate
social responsibilities (CSR) for the company’s sub-
sidiaries in the same region.

NEC Corp.
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Space Component
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Following a highly suc-
cessful trial conducted

from January to October
2007, the ITU Standards
produced by the Telecom-
munication Standardization
Sector (ITU-T) are now
available online free of
charge. The aim of the trial
was to increase the visibili-
ty and easy availability of

the output of ITU-T. Offering standards for free is a sig-
nificant step for the standards community as well as the
wider information and communication technologies (ICT)
industry. Now, anyone with Internet access will be able to
download any of over 3000 ITU-T Recommendations. 

These standards are used by equipment manufacturers,
telecommunication network operators and service providers
throughout the world to drive the information society. The
move further demonstrates ITU’s commitment to bridging
the digital divide by extending the results of its work to the
global community. ITU-T Recommendations are developed
in a unique contribution-driven and consensus-based envi-
ronment by representatives of industry and government,
with industry providing the most significant technical input.
A strong focus of current standards work is laying the foun-
dations for the next-generation network (NGN).

Malcolm Johnson, director of ITU’s Telecommunication
Standardization Bureau (TSB), presented the results of the
trial to the 2007 meeting of ITU’s Council. He said that not
only had the experiment been a success in raising aware-
ness of ITU-T, it would also attract new members. Most
importantly, he noted, it had helped efforts to bridge the
‘standardization gap’ between countries with resources to
pursue standardization issues and those without. 

The Institution of Engi-
neering and Technology

(IET) will be collaborating
with JANET, the UK’s nation-
al network for research and
education, to enable academ-
ic institutions to web stream
important research seminars,
conferences and lectures, via
IET.tv, the institution’s web
streaming service.

The JANET network, which connects education and
research institutions, including schools, further education
colleges, universities and large research institutions across
the UK, also provides ongoing connectivity to other na-
tional education and research networks (NREN) across
the globe via the pan-European GÉANT network and the
global Internet. The network, with its capacity for real-
time data transfer, empowers research projects in a variety
of fields and has an infrastructure capable of meeting the
explosion of data predicted by research communities.

This IET initiative is a first for the academic com-
munity, giving them access to valuable web streaming

IET and JANET Offer

Educational 

Web Streaming 

ITU Opens Free

Online Resource
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Based in Singapore, NEC Asia remains the regional head-
quarters for NEC Corp. in the Asia Pacific region, including
Singapore, Malaysia, Indonesia, Thailand, the Philippines,
Vietnam and India. The company believes that this integra-
tion will further boost the customer service support that it
currently provides to its customers, and allows it to adapt
quickly to customers demands and market changes.

NXP Semiconductors,
the independent semi-

conductor company found-
ed by Philips, has opened a
new Research and Devel-
opment centre in Caen,
France. The company has
invested over €100 M in
the last year, from its exist-
ing R&D budget, in a new
building and around 800

engineers and researchers. This investment aims at en-
hancing the Caen facility to develop innovations that will
see NXP technology improve products. 

The teams at the new centre are developing ground-
breaking technologies for four of the company’s focus ar-

NXP Opens New

R&D Facilities 

in France

eas (mobile and personal, home, multimarket semicon-
ductors and identification). Some of the research and de-
velopment areas include RF technologies, Silicon tuners,
system-in-package process technologies as well as other
innovative semiconductor solutions such as Near Field
Communications (NFC).

In addition to the NXP activities at the Caen facility,
the R&D centre houses a joint research institute with
CNRS, known as the Institute for System Testing
(ISyTest). The goal of this institute is to develop innov-
ative testing methods and techniques to improve the
level of quality of NXP’s increasingly complex system
solutions.

The opening of the Caen facility follows the recent an-
nouncement of a €42 M investment in innovation and
manufacturing activities in Vienna, Austria. Frans van
Houten, president and chief executive officer, NXP Semi-
conductors, commented on both initiatives, saying, “It
demonstrates the importance of Europe in our annual €1
B R&D program and how we use this investment in inno-
vation to maintain leadership in the high-growth areas
where we focus. Our 6000 strong European R&D team
consistently delivers the technologies that enable our cus-
tomers to bring competitive and differentiating products
to market.” ■

Visit http://mwj.hotims.com/11725-47

INTERNATIONAL REPORT
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TYPICAL SPECIFICATIONS
Model Frequency (MHz) LO Pwr. IP3 1dB Comp. Conv.Loss Isolation (dB) Price $ ea. 
No. RF LO IF (dBm) (dBm) (dBm) (dB) L-R L-I Qty.(1-9)

LAVI-9VH+ 820-870 990-1040 120-220 +19 +36 +23 7.2 46 46 15.95
LAVI-10VH+ 300-1000 525-1175 60-875 +21 +33 +20 6.3 50 45 22.95
LAVI-17VH+ 470-1730 600-1800 70-1000 +21 +32 +20 6.8 52 50 22.95
LAVI-22VH+ 425-2200 525-2400 100-700 +21 +31 +20 7.7 50 45 24.95
LAVI-2VH+ 2-1100 2-1100 2-1000 +23 +34 +23 7.5 48 47 24.95
LAVI-25VH+ 400-2500 650-2800 70-1500 +23 +32 +20 7.5 50 45 24.95
U.S. Patent Number 6,807,407

• Very Wide Band, 2-2500 MHz
• Very High Isolation, up to 52 dB

• Very High 1 dB Compression, up to +23 dBm
• Very Low Conversion Loss, from 6.3 dB

VERYHIGH IP3...to+36dBm

MIXERS
2to2500 MHz

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

high IP3 up to +36 dBm, ultra-wideband operation, 
and outstanding electrical performance. 

By combining our advanced ceramic, core & wire, and
semi-conductor technologies, we’ve created these
evolutionary broadband mixers that are specially
designed to help improve overall dynamic range so you
can realize lower distortion and combat interference in
today’s crowded spectrum. They’re the very best, very
low in cost, and immediately available off-the-shelf
from the world leader in mixer technology, Mini-Circuits!

IN STOCK

ea. Qty. (100)From1395$

It’s an industry first…only from Mini-Circuits! 

412 RevC

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

RF/IF 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

Visit http://mwj.hotims.com/11725-76 or use RS# 76 at www.mwjournal.com/info

 11M15 FINAL  10/30/07  1:17 PM  Page 43

http://minicircuits.com
http://www.minicircuits.com
http://mwj.hotims.com/11725-76
http://www.mwjournal.com/info


WORLD’S SMALLEST

2&4WAY-0°SPLITTERS

$169
each ( qty.1000 )from

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.

Model Freq. 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
ht.=.052
U.S. Patent No. 6,963,255

5 to 2500 MHz…Immediate Delivery

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

354 Rev H

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

RF/IF 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

SBTC 
(0.15"x 0.15"x 0.15" )

SCA 
(0.30"x 0.25"x 0.19" )

All models are 
RoHS compliant

•
•

Visit http://mwj.hotims.com/11725-77 or use RS# 77 at www.mwjournal.com/info
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COMMERCIAL MARKET

Agroup of leading compa-
nies throughout the

electronics industry an-
nounced the launching of
the SOI Industry Consor-
tium, aimed at accelerating
silicon-on-insulator (SOI) in-
novation into broad markets
by promoting the benefits of
SOI technology and reduc-
ing the barriers to adoption. 

Performance and power consumption are now of pri-
mary concern throughout the electronics industry. While
early adopters have convincingly demonstrated that SOI is
a powerful solution in addressing these concerns, they did
so largely on their own. The next wave of adopters needs a
proven and complete array of readily-accessible SOI de-
sign platforms and IP to ensure transparent design plat-
forms and cost-effective manufacturing, The SOI Consor-
tium aims to bridge the gaps—both real and perceived—
by reducing adoption costs, making SOI best practices
available and facilitating design examples across the value
chain. 

Covering a spectrum of users, enablers, suppliers and
manufacturers, the founding membership roster (listed al-
phabetically) includes: AMD, ARM, Cadence Design Sys-
tems, CEA-Leti, Chartered Semiconductor Manufactur-
ing, Freescale Semiconductor, IBM, Innovative Silicon,
KLA-Tencor, Lam Research, NXP, Samsung, Semico,
SHE Europe, STMicroelectronics, Synopsis, TSMC and
UMC. 

“Riding the performance wave, SOI has made signifi-
cant inroads,” notes Andre-Jacques Auberton-Herve, the
consortium’s newly elected chair. “Now, the focus has ex-
panded to reducing power consumption. SOI can cut pow-
er consumption significantly—an enormous advantage—
whether you are running a data center or hoping that you
have enough battery left to see the end of the match on
your mobile phone. By unifying users and enablers, the
SOI Industry Consortium can identify and close the gaps
in the design chain, making SOI a viable choice for design-
ers over a much broader range of market.” 
The SOI Industry Consortium will focus on three major
goals:
• Ensuring that user needs are heard, understood and
addressed;
• Accelerating and facilitating the requisite collaboration
in the ecosystem to enable silicon-proven solutions; and
• Promoting SOI benefits, technology innovation and
momentum within the greater electronics community.

“SOI benefits are now being recognized by most of the
major players in the industry and the technology is on the
verge of entering the mainstream,” notes Bryan Lewis,
semiconductor research VP of Gartner. “Companies from
the entire semiconductor food chain are investing time
and money to take SOI to the next level and this should
clearly accelerate improvements in reduced power con-
sumption and improved performance for a wide range of
devices and applications.” The Consortium’s initial focus
is on sharing best practices already established by early

SOI Industry

Consortium Aims 

to Reduce Costs,

Reach New Market

The FCC’s recent rule
changes in the 11 GHz

band will lead to an influx
in microwave backhaul
services and more efficient
use of spectrum, says wire-
less technology group Ra-
dio Frequency Systems
(RFS). Inspired by ongoing
improvements in micro-
wave antenna technology,

changes to Part 101 Category B (Cat B) specifications will
now permit use of two-foot antennas in the 11 GHz band,
without compromising on interference protection.

According to Asad Zoberi, RFS area program manag-
er, the 11 GHz band has to date been under-utilized,
due to the costs associated with installing and operating
larger antennas to meet Cat A and Cat B specifications.
“RFS welcomes this FCC initiative to permit use of
smaller antennas,” he said. “The economic advantages
will provide an incentive to carriers to make greater use
of the 11 GHz band for broadband data and microwave
backhaul services. We also predict the introduction of
new players into the mix, particularly those providing
broadband services.” 

Previously, Zoberi explained, the gain, beam width and
side lobe requirements of Cat B were difficult to achieve
with an antenna smaller than three feet. The revised spec-
ifications relax the requirement for beam width and gain,
along with side lobe specifications close to the main
beam, while maintaining stringency of the balance of the
radiation pattern. This permits the use of two-foot anten-
nas, leading to lower overall system cost. 

“According to the new Cat B ruling, the RFS Com-
pactLine two-foot antenna (SB2-107) easily meets—and
even exceeds—the specifications,” Zoberi said. “In addi-
tion, it offers advantages in gain, weight, tower wind-
loading and overall depth compared with the other two-
foot dishes on the market. This is now the best two-foot
solution for 11 GHz microwave link networks where Cat
B is permitted.” 

The 11 GHz band (10.7 to 11.7 GHz) is an ideal option
for point-to-point communications, with links typically
spanning five to 20 miles. Its 40 MHz channels allow
high-capacity data transfer (3 DS3s or OC3)—a signifi-
cant improvement on the capacity-limited 10 GHz band,
where data throughput of the 5 MHz channels is restrict-
ed to 16 DS1s. Furthermore, the 11 GHz band is less af-
fected by rain attenuation than higher bands such as 18
GHz. RFS expects the CompactLine SB2-107 antenna to
play a significant role as carriers exploit the 11 GHz band
and offer a host of innovative new services. The antenna
exhibits all the features and benefits of the RFS Compact-
Line range of microwave antennas. This includes a robust
mechanical design and lightweight construction from cor-
rosion-resistant materials. With best-in-breed perfor-
mance and meeting FCC part 101 Category B require-
ments in the 11 GHz band, it will facilitate zoning and site
permit acquisition, making it the ideal solution for back-
haul applications.

New 11 GHz

Services as FCC

Allows Two-foot

Dish
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Circulators, Isolators, Attenuators

ISO 9001 Certified

Call our factory with your exact specifications

Tel: 978 772-7774   Fax: 978 772-7775   
www.dropinisolator.com

4 kW CW

Low Insertion Loss

Fixed Attenuator

REC engineering capabilities run the gamut of 
providing Circulators, Isolators and Attenuators 
with very low insertion loss all the way to low 
frequency devices requiring high continuous 
power operations.
Renaissance Electronics Corp. along with newly
acquired P&H Laboratories has a strong heritage 
of providing quality products for a variety of 
military and space applications.

for Military & Space Applications

Visit http://mwj.hotims.com/11725-108

COMMERCIAL MARKET

adopters and facilitating new design proof points demon-
strating SOI’s performance, power and area advantages.
The Board of Directors was elected in October.

The SOI Industry Consortium is chartered with acceler-
ating silicon-on-insulator innovation into broad markets by
promoting the benefits of SOI technology and reducing the
barriers to adoption. Membership is open to all companies
and institutions throughout the electronics industry. For
more information, visit: www.soiconsortium.org. 

Strategy Analytics has
predicted consolidation

in the compound semicon-
ductor industry, but indus-
try player strategies have
matured beyond simply
buying competitors for
market share. Companies
now look for valuable intel-
lectual properties and op-
portunities to expand prod-

Intellectual

Property and

Product Portfolio

Expansion Drive

Investments

uct portfolios into multiple new markets. Detailed analysis
of the recent acquisitions and other key events in the
compound semiconductor industry can be found in the
following regularly scheduled reports from Strategy Ana-
lytics covering compound semiconductor industry news,
including microelectronics, optoelectronics and
material/equipment markets:
• Intellectual Property and Product Portfolio Expansion
drive $918 M GaAs Industry Spending Spree.
• Compound Semiconductor Industry June–August
2007: Optoelectronics and Materials.
• Compound Semiconductor Industry June–August 2007
Review: Microelectronics.

Despite the sub-prime lending crunch, acquisitions by
Anadigics, Avago Technology, Philips, RFMD, Triquint
and others over the summer months approached $2 B, il-
lustrating these trends. “As deals have become more diffi-
cult to finance, firms are being forced to scrutinize each
deal more closely and use strategic financing to fund
deals,” noted Asif Anwar. “The industry has learned to
look for affordable gems with unique IP suited to prod-
ucts and strategies.”  ■
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For The Best In Product, Price, Service And Delivery Call CMT!For The Best In Product, Price, Service And Delivery Call CMT!

ISO 9001: 2000

FM512714

look to CMT, for microwave filters with
quality and performance designed in!

Microwave Filters and Multiplexers up to 40GHz

look to CMT, for microwave filters with
quality and performance designed in!

Microwave Filters and Multiplexers up to 40GHz

www.cmtfilters.comwww.cmtfilters.com

From Cell Site to Satellite...
CMT has the filter for

your application.

From Cell Site to Satellite...
CMT has the filter for

your application.
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ices. Providing access to software design tools and
methodology services will enable new companies who
may not have the finance or resources available to acceler-
ate their product development processes allowing them to
become successful in the shortest possible time.

■ Tyco Electronics and OATSystems announced an al-
liance to offer a RFID solution targeted for industrial
manufacturers to quickly realize the business benefits of
RFID by automating asset management processes. Com-
bining Tyco Electronics tag solutions with OATSystems
Asset Tracking software will enable businesses to realize
an ROI much more quickly. By providing integrated soft-
ware and hardware solutions, proven at real customers,
Tyco Electronics and OATSystems can quickly give indus-
trial manufacturers tangible business benefits such as bet-
ter control and less loss of reusable assets (shipping con-
tainers, for example) and improved supply chain visibility,
which allows for better planning and improved customer
service. Customers can be up and running in weeks, in-
stead of months, enabling them to respond immediately
to mis-shipments and delivery errors, increasing both op-
erational efficiency and customer satisfaction.

■ To better support China’s rapidly growing avionics
market, Aeroflex is partnering with Ameco Beijing
(Aircraft Maintenance and Engineering Corp.) to provide
a local service center for Chinese customers. Located at
the Beijing Capital International Airport, Ameco Beijing
will provide a convenient site for calibrating and servicing
Aeroflex avionics test equipment sold in China for civil
end uses. Access to local service and support means cus-
tomers can reduce their equipment down time, shipping
costs, and expensive and time-consuming import/
export fees.

■ Eyelit Inc., a manufacturing software provider for
visibility, control and coordination of manufacturing
operations for the aerospace & defense, electronics,
life sciences, semiconductor and solar panel industries,
announced that it has purchased and moved into its
new corporate office. The new office provides nearly
three times more office space than the previously
leased building and will provide Eyelit with the neces-
sary office space to meet growing demand for its manu-
facturing software solutions and services. Eyelit’s new
address and phone numbers are: Eyelit Inc., 5685
Whittle Road, Mississauga, ON L4Z 3P8 ph: (905) 502-
6184 and fax: (905) 502-9117.

■ Chomerics Asia Pacific division of Parker Hannifin
Corp. announced the opening of a new facility in Sripe-
rumbudur near Chennai, India. Located adjacent to the
260 acre Special Economic Zone, the facility will enable
Chomerics to better serve the rapidly growing Indian
market for IT, telecom and consumer electronic prod-
ucts. With nearly 1700 square meters of manufacturing
and office space, the plant will produce electromagnetic
interference (EMI) shielded products to support local
customers.
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AROUND THE CIRCUIT

INDUSTRY NEWS
■ RF Industries Ltd. announced that it acquired, for
cash and equity consideration valued at approximately
$700,000, the assets of RadioMobile Inc., a privately
held San Diego, California-based supplier and system in-
tegrator of custom wireless data and transceiver products.
Radio Mobile revenue exceeds $700,000 since January
2007.

■ ANADIGICS Inc., a provider of semiconductor solu-
tions in the rapidly growing broadband wireless and wire-
line communications markets, has announced that it has
acquired from Fairchild Semiconductor, for $2.3 M, the
RF team, fixed assets, certain leases, software and licenses
to intellectual property in connection with Fairchild’s exit-
ing of its RF Group business in Tyngsboro, MA. The ac-
quisition, which included the hiring of 23 highly experi-
enced RF design and engineering professionals, will fur-
ther accelerate the company’s design and development of
RF active semiconductor devices for the 3G cellular,
WiFi and WiMAX markets.

■ MediaTek Inc., a fabless semiconductor company for
wireless communications and digital media solutions, an-
nounced that it has signed a definitive agreement to ac-
quire the assets related to the Analog Devices Inc.
(ADI) Othello® radio and SoftFone® baseband chipset
product lines, as well as certain cellular handset baseband
support operations, for approximately US$350 M in cash.
These product lines represented approximately US$230
M in revenue for ADI, based on fiscal year 2006 financial
results.

■ Integrated Barcode Technology (IBT) has an-
nounced that it has been acquired by Astron Wireless
Technologies Inc., a northern Virginia-based global
manufacturer of antenna, cable and connectivity products
for a multitude of wireless communications applications
for over 28 years. The acquisition of IBT by Astron Wire-
less provides an opportunity to diversify Astron’s commer-
cial, military and government customer offerings leading
to multiple recurring revenue streams from barcode
applications. 

■ Keithley Instruments Inc., a leader in solutions for
emerging measurement needs, announced a new partner-
ship with the California NanoSystems Institute (CNSI)
at UCLA. The partnership is designed to support research
collaboration in the pursuit of nanotechnology and
nanoscience solutions for the semiconductor industry’s
next generation instrumentation and measurement re-
quirements. Keithley and the CNSI will share research in-
formation to further the understanding of nanotechnology
and nanoelectronic technologies.

■ The Institute for System Level Integration (iSLI)
has announced an agreement with Cadence Design Sys-
tems Ltd. to help advance new businesses by giving them
easy access to chip design software and methodology serv-
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■ LS Research, a leader in the design, development and
FCC certification of new products for the wireless mar-
ket, has announced the opening of a branch facility in
Fitchburg, WI. The new office will focus on hardware and
software development for ZigBee, Bluetooth, WiFi and
low power wireless applications. The new facility’s address
is: 5520 Nobel Drive, Suite 175, Fitchburg, WI 53711.

■ Murata Electronics North America, an innovator in
electronics and a global supplier of ceramic passive com-
ponents, announced that it has selected Avnet Electron-
ics to receive the company’s Corporate Award for 2006.
Avnet was selected out of all Murata’s North American
distributors based on its continued sales expansion and
outstanding contribution to Murata.

■ State of the Art Inc. (SOTA), a manufacturer of mili-
tary and high reliability chip resistors, announced it has
been awarded the Honeywell Kansas City, MO Supplier
Excellence Award for the 2006 fiscal year. Consideration
for the award is based on the areas of quality perfor-
mance, order administration, cost control, technical sup-
port, responsiveness and delivery performance along with
other factors.

CONTRACTS
■ Andrew Corp. has been awarded the third phase of a
strategic multiyear contract from a Tier 1 operator in the
Middle East for a major geolocation system deployment.
The phase three contract award is valued at approximately
$9 M, bringing the total contract value to date to more
than $30 M. It represents continued expansion of the pro-
ject in which Andrew is installing its Geometrix® uplink
time difference of arrival (U-TDOA) system that, when
completed, will cover a network of thousands of cell sites.
Work on phase three will begin as the second phase nears
completion.

■ TRAK Microwave announced the award of a contract
valued at over $4 M for a high performance Integrated
Microwave Assembly (IMA) from a customer located out-
side the United States. “This recurring contract award
from a most valued US-Allied customer demonstrates that
TRAK’s investments in factory automation and process
controls continues to offer our partners high performance
and competitively priced integrated microwave solutions,”
said Michael Kujawa, VP sales and marketing for TRAK
Microwave.

■ Agilent Technologies Inc. announced that the US
Navy has selected the company’s test equipment for the
General Purpose Electronic Test Equipment program.
The five-year contract, awarded by the Naval Inventory
Control Point, is valued at approximately $3.3 M.

■ Jacket Micro Devices Inc. (JMD), a worldwide sup-
plier of integrated RF modules for high performance
wireless products, has selected Singapore-based Micro-
Circuit Technology (S) Pte. Ltd. (MCT) for large-scale
fabrication of substrates and other products using JMD’s

proprietary Multi-layer Organic (MLO) technology. MLO
technologies use thin low loss organic materials in a sys-
tem-on-package (SoP) approach to RF modules. This en-
ables the production of substrates for RF front-end mod-
ules with higher component aerial density compared to
traditional solutions using ceramics.

■ Tower Semiconductor Ltd., a pure-play independent
specialty foundry, announced that it has won a multi-mil-
lion dollar per month manufacturing deal for its Fab2 at
the 0.13-micron technology generation from a first-tier,
US integrated device manufacturer (IDM). Under this
deal, technology will be transferred during the coming
several quarters after which Tower expects to manufac-
ture between five and eight thousand wafers-per-month,
utilizing the new tools it is purchasing from companies
such as AMD and Intel, as was previously announced.

FINANCIAL NEWS
■ Park Electrochemical Corp. reports sales of $60.5 M
for its 2008 fiscal year second quarter ended August 26,
2007, compared to $66.5 M for the same period in 2007.
Net earnings for the quarter were $9.2 M ($0.45/per
share), compared to net earnings before special items of
$8.5 M ($0.82/per share) for the second quarter of last
year.

■ Ceragon Networks Ltd. reports sales of $37.3 M for
the second quarter ended June 30, 2007, compared to
$23.6 M for the same period in 2006. Net income for the
quarter was $2.9 M ($0.09/per diluted share), compared
to $835,000 ($0.03/per diluted share) for the second quar-
ter of last year.

■ Merrimac Industries Inc. reports sales of $6.2 M for
the second quarter ended June 30, 2007, compared to
$8.3 M for the same period in 2006. Net loss for the quar-
ter was $3.5 M ($1.19/per share), compared to a net in-
come of $529,000 ($0.17/per share) for the second quar-
ter of last year. 

■ Superconductor Technologies Inc. reports sales of
$4.7 M for the second quarter ended June 30, 2007, com-
pared to $5 M for the same period in 2006. Net loss for
the second quarter was $2 M ($0.16/per share), compared
to a net loss of $22.7 M ($1.82/per share) for the second
quarter of last year.

NEW MARKET ENTRIES
■ Leusin Microwave LLC, a new supplier of waveguide
and coaxial cavity filters and other passive components in
the 1 to 40 GHz range, was recently formed. Leusin’s
team is an experienced combination of talents including
engineering, manufacturing and quality assurance.
Leusin’s headquarters and manufacturing facility is locat-
ed in Hampstead, NH. For more information, call (603)
329-7270, sales (603) 767-8589, e-mail: sales@leusin.com
or visit www.leusin.com.

■ ClearComm Technologies LLC has announced its ex-
pansion into new facilities in Fruitland, MD. A larger,
35,000 square foot building is being utilized to produce
ClearComm’s commercial, military and wireless products.

AROUND THE CIRCUIT
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Filling your bill of materials just got
easier thanks to TriQuint’s new
Product Selection Guide.  We took
all the superb designs RF engineers
have relied on for years, plus some
great new ideas, and put them
together in one spot.

TriQuint’s new guide delivers
a powerful selection of the
industry’s best commercial
and military RF devices.

TriQuint created many of
the GaAs, SAW & BAW
processes inside the
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RF products. Buy
with confidence from
a product innovator.

Let us be your guide to a new world of products
built around your RF design needs.

Phone: +1-503-615-9000  |  Fax: +1-503-615-8900 
E-mail: info-sales@tqs.com  |  Website: www.triquint.com

LET THIS BE YOUR GUIDE

Connecting the Digital World to the Global Network®

TriQuint Semiconductor now
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around your RF needs!
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ClearComm is a manufacturer of filters, duplexers, diplex-
ers and RF assemblies covering the frequency range of 10
MHz to 18 GHz. The new address is 28410 Crown Road,
Fruitland, MD 21875. The phone number is (410) 860-
0500, fax: (410) 860-9005, e-mail: sales@clearcommtech.
com or visit: www.clearcommtech.com. In related news,
ClearComm announced the appointment of the Cain-
Forlaw Co. headquartered in Palatine, IL. Cain-Forlaw
group will cover the central portion of the US from Illi-
nois to Texas. This group brings a broad experience and
complimentary products to ClearComm. To contact Cain-
Forlaw’s main office, call (847) 202-9898 or visit:
www.cain-forlaw.com.

PERSONNEL
■ Inphi® Corp. announced that recognized business and
corporate governance expert Sam Srinivasan has joined
its board of directors. Srinivasan will provide expertise
and counsel as Inphi continues to expand by delivering
the industry’s highest performing integrated circuits with
the best signal integrity for processing high speed data.
Srinivasan currently serves as a director and chairman of
the Audit Committee for Sirf Technology Holdings Inc.
and Centillium Communications Inc. In addition, he is a
charter member of the Weatherhead School Advisory
Council at Case Western Reserve University’s school of
management in Cleveland, OH.

■ SiGe Semiconductor announced the
appointment of Peter L. Gammel as
chief technology officer (CTO). In his
new role, Gammel will be responsible
for generating technology and product
roadmaps and identifying new applica-
tion opportunities. He will also work
closely with external partners, internal
engineering and marketing groups to
exploit the company’s capabilities in 
the wireless consumer electronics mar-

ket segments. Gammel assumes the position of CTO after
20 years experience in new product and funding develop-
ment, intellectual property investment, and team building
and management.

■ Crane Aerospace & Electronics, a
segment of Crane Co., announced the
appointment of Don Pearson as direc-
tor of operations for microwave sys-
tems solutions. In this capacity, Pear-
son is responsible for manufacturing
operations of the Microwave Systems
Solutions sites located in Chandler, AZ
and Beverly, MA. Prior to joining
Crane, Pearson was with UK-based 
Invensys, a global industrial automa-

tion, transportation and controls group. He held a number
of increasingly responsible roles at Invensys including vice
president of materials and logistics, vice president of op-
erations, corporate vice president of operations services
and group vice president of operations. 

▲ Don Pearson

▲ Peter L. Gammel

© 2007 Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign
patents, issued and pending. TEKTRONIX and the Tektronix logo are registered trademarks of
Tektronix, Inc. 

Tektronix Real-Time Spectrum Analyzers.
See frequency and amplitude change over
time—witness the perfect solution for 
transient RF design challenges. Once you
see your signal over time, the world of RF
troubleshooting becomes incredibly simple.
And thanks to frequency domain triggering,
real-time seamless capture, and multi-domain
views, faults that were practically impossible
to replicate can be analyzed with a single 
capture. It's unlike anything you’ve ever seen. 

Time is finally
on your side.

You owe it to yourself to see it. 
www.tektronix.com/rtsa
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From amateur radio to cellular to satellite applications,
with medium output  power up to 17 dBm,
Mini-Circuits versatile ZJL and ZKL connectorized
amplifiers offer the broad range of choices
designers demand for achieving high system
performance goals. Ultra-wideband models
deliver gain ranging from 9 to 40 dB and IP3
up to +32 dBm. But beyond the performance

and reliability built into these miniature 12 V amplifiers lies
another important feature, the low price...from only $99.95!
Cal l  now for fast del ivery.

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

THE GLOBAL SOLUTION…
AND BEYOND!

$999510MHz to7GHz AMPLIFIERS from (1-9 qty.)

SPECIFICATIONS
Gain (typ) Max. Dynamic Range Price

Freq Midband Flat Pout1 ( Typ @2 GHz2 ) $ea.
Model (MHz )       (dB ) (±dB ) (dBm ) NF(dB ) IP3(dBm ) I ( mA )3 (1-9)

ZJL-5G 20-5000 9.0 ±0.55 15.0 8.5 32.0 80 129.95
ZJL-7G 20-7000 10.0 ±1.0 8.0 5.0 24.0 50 99.95
ZJL-4G 20-4000 12.4 ±0.25 13.5 5.5 30.5 75 129.95
ZJL-6G 20-6000 13.0 ±1.6 9.0 4.5 24.0 50 114.95
ZJL-4HG 20-4000 17.0 ±1.5 15.0 4.5 30.5 75 129.95
ZJL-3G 20-3000 19.0 ±2.2 8.0 3.8 22.0 45 114.95

ZKL-2R7 10-2700 24.0 ±0.7 13.0 5.0 30.0 120 149.95
ZKL-2R5 10-2500 30.0 ±1.5 15.0 5.0 31.0 120 149.95
ZKL-2 10-2000 33.5 ±1.0 15.0 4.0 31.0 120 149.95
ZKL-1R5 10-1500 40.0 ±1.2 15.0 3.0 31.0 115 149.95

NOTES:
1.Typical at 1 dB compression. 
2. ZKL dynamic range specified at 1 GHz. 
3. All units at 12V DC.

ZKL
ZJL

232 Rev F

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

RF/IF 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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■ StratEdge announced the appoint-
ment of Brad King to the position of
senior account manager. Responsibili-
ties include sales and application sup-
port for StratEdge’s high performance
semiconductor packages, filters, and
assembly and test services. King has 25
years of experience providing electron-
ic products and services to the indus-
trial, automotive and government mar-
ketplace. He has held senior level posi-

tions in sales and marketing and business development at
companies such as California Amplifier (CalAmp)/Vytek,
Indyme Electronics and Dynatech Wireless Technologies.

■ TT electronics BI Technologies Electronic Compo-
nents Division has hired Chuck Nelson as product mar-
keting manager of the company’s hybrid microcircuit
business unit. Joining BI Technologies’ experienced appli-
cations engineering staff, Nelson will be responsible for
supporting the existing customer base as well as promot-
ing new business growth. Nelson previously worked in ce-
ramic electronic packaging with NTK and Kyocera. He
was also employed with BI Technologies earlier in his ca-
reer in the engineering and production departments.

REP APPOINTMENTS
■ Nitronex, an innovative developer and manufacturer
of high performance GaN on Si RF power transistors for
the commercial and broadband wireless infrastructure
markets, has expanded its partnership with Richardson
Electronics to include distribution in the Americas and all
of Asia. The agreement will increase Nitronex’s sales and
customer support services for its customers throughout
these regions.

■ Aeroflex/Inmet and RFMW Ltd. announced a world-
wide distribution agreement. Aeroflex/Inmet is a leading
manufacturer of high performance coaxial components
for communications and test applications. RFMW Ltd. is
a specialized distributor that provides customers and sup-
pliers with focused distribution of RF and microwave
components as well as customer specific component-engi-
neering support.

■ RF Monolithics Inc. announced it has expanded its
distribution capability and increased product availability
across all of Asia with the appointment of Nu Horizons
Electronics Corp. as an authorized Asian distributor for
its component products and its Cirronet ZigBeeT and
proprietary wireless sensor networking modules and de-
vices. Nu Horizons currently distributes the company’s
full line of products throughout North/South America,
Germany and the United Kingdom.

■ Digi-Key Corp. announced that it has entered into a
distribution agreement with RF Micro Devices Inc.
(RFMD). Among the RFMD products stocked by Digi-
Key are RF ICs and modules, including RF amplifiers
and evaluation kits. These products are featured in Digi-

▲ Brad King

thinking inside the box

A subsidiary of Emrise Electronics

Pascall Electronics Limited
Ryde, Isle of Wight PO33 1QT, UK

Tel +44(0) 1983 817300   Fax +44(0)1983 564708
e-mail enquiries@pascall.co.uk   

www.pascall.co.uk

The Phase Locked Dielectric ResonatorPhase Locked Dielectric Resonator
series has low power consumption and
stays cool whilst delivering low phase
noise, low microphony, high stability

and reliability at low cost.

Pascall
oscillators
hit new lows

The OCXO Series OCXO Series has been designed 
to meet the increasing demand for

high performance reference oscillators.
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Analog & Mixed-Signal ICs, Modules & Subsystems

HITTITE MICROWAVE NOW OFFERS VELOCIUM PRODUCTS!

Contact Us for Your SMT Mixer Requirements

2 NEW HITTITE - VELOCIUM DOUBLE-BALANCED MIXER CHIPS
RF Freq. 

(GHz)
Function

IF Freq.
(GHz)

Conversion
Gain (dB)

LO / RF
Isolation (dB)

Input IP3 
(dBm)

VELOCIUM
Part Number

HITTITE
Part Number

54 - 64 +13 LO, DBL-BAL DC - 5 -8 30 13 MDB169 HMC-MDB169

70 - 90 +14 LO, DBL-BAL DC - 18 -12 - - MDB277 HMC-MDB277

NEW!

NEW!

� Functions as an IRM or a
     Single Sideband Upconverter

� Wide IF Bandwidth: DC - 5 GHz

� High Image Rejection: 25 dB

� High LO to RF Isolation: 35 dB

� High Input IP3: +17 dBm

HMC-MDB172 GaAs MMIC I/Q Mixer, 19 - 33 GHz 

� Upconversion & Downconversion

� Low Conversion Loss: 8 dB

� High LO to RF Isolation: 30 dB

� Double-Balanced Topology

� Wide IF Bandwidth: DC - 5 GHz

� Compact Die Size: 1.0 x 0.9 mm

HMC-MDB169 GaAs MMIC Fundamental Mixer, 54 - 64 GHz

4 NEW HITTITE - VELOCIUM I/Q & IMAGE REJECT MIXER CHIPS
RF

Freq. (GHz)
Function

IF Freq.
(GHz)

Conversion
Gain (dB)

Image
Rejection (dB)

Input IP3
(dBm)

VELOCIUM
Part Number

HITTITE
Part Number

19 - 33 I/Q Mixer / IRM DC - 5 -8 25 17 MDB172 HMC-MDB172

35 - 45 I/Q Mixer / IRM DC - 5 -8 25 17 MDB171 HMC-MDB171

55 - 64 I/Q Mixer / IRM DC - 3 -9 30 16 MDB207 HMC-MDB207

54 - 64 Sub-Harmonic I/Q Mixer / IRM DC - 3 -12.5 30 7 MDB218 HMC-MDB218

NEW!

NEW!

NEW!

NEW!

RF

IF1

IF2

-90

0

LO

RF LO

IF

Functional Diagram

Functional Diagram
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Key’s print and online catalogs and are available for pur-
chase directly from Digi-Key. 

■ Coaxial Dynamics has appointed Measuretest cc as
its representative in South Africa. Measuretest cc was
formed and started trading in October 1984. The compa-
ny’s prime objective is to continue its business as an im-
porter and distributor of professional electronic equip-
ment, servicing the telecommunications, ATE, RF, mi-
crowave, manufacturing and broadcasting industries.
Contact information: Measuretest cc, 47 Elephant Road,
Monument Park, Pretoria 0105 Republic of South Africa,
ph: 27-12 452 0400, fax: 27 12 452 0415, e-mail: sales@
measuretest.co.za or visit: http://measuretest.co.za.

■ International Manufacturing Services Inc. (IMS), a
manufacturer and supplier of high quality thick film resis-
tors, terminations, attenuators, planar dividers and planar
filters to the electronics industry, announced the appoint-
ment of Jay Stone Associates of San Jose as its northern
California representative. Since 1959, Jay Stone Associ-
ates has been one of the area’s pioneers in the RF and mi-
crowave business. 

■ San-tron Inc., a manufacturer of RF coaxial connec-
tors and cable assemblies, has announced the hiring of
new field sales representatives to handle customer rela-
tionships in southern California. First Technical Sales,
Temecula, CA, will be servicing accounts from Los Ange-
les south to San Diego and east to Reno, NV. The compa-
ny is located at 31938 Hwy 79 South, Suite #A-312,
Temecula, CA 92592, ph: (951) 302-3972 or visit:
www.first-technical.com. Leading the office in Temecula
is Cipriano Mercado, technical sales manager. He can be
reached via e-mail at cipriano@first-technical.com.

■ Allied Electronics, a subsidiary of Electrocomponents
plc, has signed a distribution agreement with Crystek
Corp. to distribute its portfolio of frequency control tech-
nology. Allied will carry a broad range of products from
Crystek, including quartz crystals, clock oscillators,
TCXOs, OCXOs, VCXOs and VCOs.

■ Trompeter, a wholly owned subsidiary of Emerson
Network Power Connectivity Solutions, announced the
appointment of a new sales rep organization, Eastern In-
strumentation of Philadelphia. The organization has
represented Trompeter’s sister company Semflex since
1985. Eastern Instrumentation of Philadelphia’s five sales
engineers will cover the tri-state region of Pennsylvania,
Delaware and New Jersey for Trompeter’s entire line of
RF interconnect products. The company can be reached
by phone: (856) 231-0668 or e-mail: jerryl@eiphila.com.

Visit http://mwj.hotims.com/11725-90

Visit http://mwj.hotims.com/11725-16

AROUND THE CIRCUIT

WHAT CAN YOU FIND AT www.mwjournal.com?
FREE ON-LINE BUYER’S GUIDE.

Use this invaluable reference source for locating
companies, their products and services. 

Is your company in the guide?

 11M6 FINAL  10/30/07  1:22 PM  Page 56

http://mwj.hotims.com/11725-90
http://mwj.hotims.com/11725-16
http://measuretest.co.za
http://www.first-technical.com
mailto:cipriano@first-technical.com
mailto:jerryl@eiphila.com
http://www.cn-bowei.com
mailto:sales@measuretest.co.za
mailto:sales@measuretest.co.za
mailto:cjian@cn-bowei.com
mailto:info@modelithics.com
http://www.modelithics.com/free-models.asp
http://www.mwjournal.com


Order On-Line
www.hittite.com

Hittite Microwave Corporation
Corporate Headquarters Ph 978-250-3343 sales@hittite.com

HMC Europe, Ltd. Ph +44 870 7664355 europe@hittite.com
HMC Deutschland GmbH Ph +49 8031-97654 germany@hittite.com
HMC Nordic AB Ph +46 8 56020120 nordic@hittite.com
HMC Asia Co., Ltd. Ph +82-2 559-0638 asia@hittite.com
HMC Co., Ltd. Shanghai Ph +86-21 6237-6717 china@hittite.com

Analog & Mixed-Signal ICs, Modules & Subsystems

HITTITE MICROWAVE NOW OFFERS VELOCIUM PRODUCTS!

16 New In-Stock Power Amplifier MMICs to 86 GHz!16 New In-Stock Power Amplifier MMICs to 86 GHz!

�  High Output P1dB: +28 dBm

�  High Gain: 15 dB

�  DC Blocked RF I/Os

�  No External Matching Components

�  Ideal for Automotive, Microwave
      Radios, and Test & Measurement

In Stock!

HITTITE - VELOCIUM 30 MW TO 1 WATT POWER AMPLIFIERS
Frequency

(GHz)
Function

Gain
(dB)

OIP3
(dBm)

P1dB
(dBm)

Bias
Supply

VELOCIUM
Part Number

HITTITE
Part Number

16 - 33 Medium Power Amp 17 33 24 +5V @ 400mA APH596 HMC-APH596

17 - 30 Medium Power Amp 20 31 22 +4.5V @ 400mA APH196 HMC-APH196

37 - 40 Medium Power Amp 20 35 26 +5V @ 640mA APH510 HMC-APH510

37 - 45 Medium Power Amp 21 32 23 +5V @ 475mA APH403 HMC-APH403

50 - 66 Medium Power Amp 24 25 17 +5V @ 220mA ABH241 HMC-ABH241

55 - 65 Medium Power Amp 13 25 16 +5V @ 80mA ABH209 HMC-ABH209

71 - 76 Medium Power Amp 24 - 17.5 +4V @ 130mA AUH318 HMC-AUH318

71 - 76 Medium Power Amp 13 - 20 +4V @ 240mA APH633 HMC-APH633

71 - 86 Medium Power Amp 15 - 15 +4V @ 130mA AUH320 HMC-AUH320

81 - 86 Medium Power Amp 22 - 17.5 +4V @ 160mA AUH317 HMC-AUH317

15 - 27 Power Amplifier, 1 Watt 17 37 29 +7V @ 1.3A APH462 HMC-APH462

18 - 20 Power Amplifier, 1 Watt 17.5 38.5 30 +7V @ 750mA APH478 HMC-APH478

21 - 24 Power Amplifier, 1 Watt 17 39 30.5 +7V @ 1.3A APH518 HMC-APH518

24 - 26.5 Power Amplifier, 1 Watt 17 38 30 +8V @ 290mA APH608 HMC-APH608

27 - 31.5 Power Amplifier, 1 Watt 14 37 28 +5V @ 900mA APH460 HMC-APH460

37 - 40 Power Amplifier, 1 Watt 15 37 28 +5V @ 1.08A APH473 HMC-APH473

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!
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HMC-APH473
37 - 40 GHz

Contact Us for Your SMT Power Amplifi er Requirements
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TECHNICAL FEATURE

forms a greater stop-band bandwidth com-
pared to spurline, both having the same di-
mensions.

In a previous article,5 the reduction of the
antenna size, resonating at 1.77 GHz, was
made by iterations with simulation software,
just assuming a reactive load introduced by
the DMS. That procedure is highly time-
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J.A. TIRADO-MÉNDEZ AND
H. JARDÓN-AGUILAR
Center for Research and Advanced 

Studies-IPN, 
Mexico, D.F. Mexico
E.A. ANDRADE-GONZÁLEZ AND
M. REYES-AYALA
Metropolitan Autonomous 

University-Azcapotzalco, 
Mexico, D.F. Mexico

The use of discontinuities in ground
planes or in microstrip lines is currently
employed to improve the performance

of different passive circuits, such as the size
reduction of amplifiers,1 the enhancement of
filter characteristics2,3 and applications to sup-
press harmonics in patch antennas.4 On the
other hand, a new proposal, called defected
microstrip structure (DMS), has been success-
fully used in reducing the size of, and as a tun-
ing technique for, rectangular patch
antennas.5,6 The DMS is similar to the struc-
ture called spurline,9 since both are etched in
the microstrip line and behave as stop-band
filters. The main difference, however, is that
DMS achieves a greater associated induc-
tance. DMS also presents a greater slow-wave
effect, since it has more discontinuities, pro-
viding a longer trajectory to the electromag-
netic wave. Simultaneously, DMS also per-

A SIMPLIFIED METHOD TO
REDUCE DIMENSIONS OF
PLANAR PASSIVE CIRCUITS
USING DEFECTED GROUND
AND DEFECTED MICROSTRIP
STRUCTURES
In this work, a simplified and accurate mathematical method to predict the
reduced dimensions of microstrip circuits by using planes with discontinuities
such as defected ground structures (DGS) and defected microstrip structures
(DMS) is proposed. The method is based on the increment of the slow-wave
factor (SWF) for a microstrip with slotted planes. The procedure is successfully
applied to reduce the dimensions of a rectangular patch antenna and a matching
network implemented with an open-circuited stub.
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HITTITE - VELOCIUM LOW NOISE AMPLIFIERS
Frequency

(GHz)
Function

Gain
(dB)

NF
(dBm)

P1dB
(dBm)

Bias
Supply

VELOCIUM
Part Number

HITTITE
Part Number

1 - 12 Low Noise 17 1.5 19 +5V @ 55mA ALH444 HMC-ALH444

2 - 22 Low Noise 16 1.7 14 +4V @ 45mA ALH482 HMC-ALH482

5 - 20 Low Noise 13 2.2 16 +5V @ 30mA ALH435 HMC-ALH435

14 - 27 Low Noise 18 2.5 14 +4V @ 90mA ALH216 HMC-ALH216

14 - 27 Low Noise 20 2 14 +4V @ 90mA ALH476 HMC-ALH476

18 - 40 Low Noise 10 3.9 12 +5V @ 45mA ALH445 HMC-ALH445

22 - 26.5 Low Noise 25 3 12 +2.5V @ 52mA ALH311 HMC-ALH311

24 - 32 Low Noise 21 2 7 +5V @ 68mA ALH364 HMC-ALH364

24 - 40 Low Noise 11.5 4 15 +4V @ 60mA ALH140 HMC-ALH140

24 - 40 Low Noise 12 3.5 13 +4V @ 45mA ALH244 HMC-ALH244

24 - 40 Low Noise 22 2 11 +5V @ 66mA ALH369 HMC-ALH369

27 - 33 Low Noise 20 3 12 +2.5V @ 52mA ALH313 HMC-ALH313

35 - 45 Low Noise 16 2 6 +4V @ 87mA ALH376 HMC-ALH376

37 - 42 Low Noise 22 3.5 12 +2.5V @ 52mA ALH310 HMC-ALH310

57 - 65 Low Noise 21 4 12 +2.5V @ 64mA ALH382 HMC-ALH382

71 - 86 Low Noise 14 4.5 7 +2.4V @ 30mA ALH459 HMC-ALH459

71 - 86 Low Noise 14 5 7 +2V @ 50mA ALH509 HMC-ALH509

2 - 20 Wideband LNA 10 3.5 10 +2V @ 55mA ALH102 HMC-ALH102

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

NEW!

HITTITE MICROWAVE NOW OFFERS VELOCIUM PRODUCTS!

18 New LNA MMICs for Applications from 1 to 86 GHz!18 New LNA MMICs for Applications from 1 to 86 GHz!

�  Frequency Range: 71 - 86 GHz

�  Low Noise Figure: 4.5 dB

�  High Gain: 14 dB

�  Ideal for Short Haul E-Band Radios

�  DC Blocked RF I/Os

�  DC Supply: +2.4V @ 30 mA

In Stock!
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HMC-ALH459
71 - 86 GHz

Functional Diagram
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Contact Us for Your SMT LNA Requirements
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consuming compared to the method
developed in this work and the anten-
na dimensions can be predicted per-
fectly with great accuracy. In another
article,6 the DMS was employed as a
tuning technique for rectangular mi-
crostrip antennas, as an alternative
procedure for lowering the resonance
frequency in which a mathematical
model was proposed to obtain the as-
sociated inductance introduced to the
radiator with the defect. A 1.45 GHz
antenna was designed and tuned by
using that method.

In this article, a square patch an-
tenna resonating at 3 GHz and a
matching network with an open-cir-
cuited stub are developed to demon-
strate the efficiency of the simplified
method for reducing dimensions and
the size reduction is predicted. Fur-
thermore, such methods can be gen-
eralized in almost all microstrip cir-
cuits. The use of DMS or DGS con-
sequently allows an increase in the
slow-wave factor (SWF) in transmis-
sion lines in which they are intro-
duced. This phenomenon can be
used to reduce the size of passive pla-
nar circuits like microstrip line
lengths, coupling lines and microstrip
antennas, among other microstrip
structures. However, no mathemati-
cal method has been explained so far
to apply this phenomenon in such cir-
cuits. In the present work, a very sim-
ple and accurate method to describe
how defected structures can be used
in reducing the size of microstrip
structures and predict their new di-
mensions is developed.

SLOW-WAVE FACTOR IN
MICROSTRIP LINES WITH
DEFECTED STRUCTURES

The SWF is the relationship be-
tween the wave number in free
space, k0, and the propagation con-
stant, β, of the transmission line. For
loss less microstrip line, the SWF is
determined by 

where εe is the effective permittivity
of the material, and the propagation
constant is determined by

The SWF of a microstrip line is
raised when a discontinuity is intro-

β ε= e k0 2( )

SWF e= ε ( )1

duced in the path of the electromag-
netic wave, increasing the impedance
of the line.7 There are many works
specifying diverse types of disconti-
nuities applied in microstrip lines, in-
cluding photonic band gap structures
(PBG). Two of these structures are
show in Figure 1.

To show the behavior of the SWF
in a microstrip line with a physical
length l and an electric length θ, a 50
Ω microstrip line is designed using a
substrate material with a dielectric
constant of 2.2 and 1.27 mm thick.
The line width is 4 mm and its physi-
cal length is 22 mm. The electrical
length of this line is obtained by
means of electromagnetic simulation
(EM). A DGS unit-cell is subse-
quently introduced under the line
and the cell dimensions are varied
from a smaller to a larger size and the
new microstrip line electrical length
for those values is obtained. Finally,
the SWF of the total structure is ob-
tained. A similar procedure is used
when a DMS unit-cell is introduced.
The results are shown in Figure 2. It
is clear that both structures increase
the SWF in the microstrip line, show-
ing a greater increment with the
DGS structure for a smaller unit-cell
dimension. In spite of the apparent
advantage of the DGS unit-cell, how-
ever, the DMS structure could be the
unique solution for certain applica-

TECHNICAL FEATURE

θ

g

a

a

W

W

WsWs

(a)

(b)

Ls

l

l

θ

▲ Fig. 1  Discontinuities in ground and
microstrip surfaces; (a) DGS and (b) DMS.
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tions, particularly due to its geomet-
ric properties.

METHOD TO REDUCE
DIMENSIONS OF MICROSTRIP
CIRCUITS

Most applications of DGS and
DMS structures have been success-
fully achieved purely by simulation.
The method proposed in this work
establishes a very simple and accurate
procedure to find the new and re-
duced dimensions of conventional
lines when a defect is introduced in
the microstrip structure. These appli-
cations include filters, stubs and
patch antennas among other mi-
crostrip circuits. To achieve the
method, it is necessary to find the
electrical length introduced in a mi-
crostrip line when a DGS or DMS
unit-cell (or several unit-cells) are
employed. Every circuit based on
transmission lines presents an electri-
cal length, and for microstrip lines
the electrical length is given by

Strictly speaking, microstrip cir-
cuits can be separated as cascaded

θ β ε= =l k le 0 3( )

black boxes and their respective elec-
trical length calculated. On the other
hand, these lines show a resonant fre-
quency, fr, by themselves. In many
cases, lines can be seen as resonators,
and in this case, for simplicity, a λg/4
line resonator is considered, where λg
is the wavelength in the material, ei-
ther in an open- or short-circuited
configuration. In the case of mi-
crostrip lines, fr is given by

where

l = physical length of the line
c = speed of light in free space

For each line, the respective resonant
frequency must be found and, at that
frequency, the wave number in free
space, k0, is obtained. The next step is
to propose a unit-cell dimension (or a
pattern of unit cells). The structure
can be either a DGS or DMS, and
this is introduced in the microstrip
line and for such a configuration, the
electrical length, θc, at fr is obtained
by EM simulation. From these re-
sults, the SWF is

After introducing the unit-cell in
the microstrip line, the substrate em-
ployed in the implementation pre-
sents an apparent effective dielectric
constant, εec, which is larger than the
real effective dielectric constant εe.
This apparent permittivity provides
the tool to explain how the dimen-
sions of microstrip circuits can be re-
duced, which means that for a higher
dielectric constant the wavelength is
shorter as well as the microstrip cir-
cuits, both being a function of this
parameter. Since the original mi-
crostrip lines have an electrical length
and introducing a DMS/DGS unit-
cell into the structure increases it, a
new dimension must be found to
keep the electrical length equal to
that of the non-defected lines. The
new length that gives the original
electrical length for the microstrip
line with DMS/DGS unit-cell is ob-
tained from
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TECHNICAL FEATURE
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▲ Fig. 2  Slow-wave factor for a microstrip
line with DMS (a) and DGS (b).
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SIMULATION AND
EXPERIMENTAL RESULTS

To exemplify the proposed
method, two microstrip circuits were
designed: a matching network with
an open-circuited stub to match a
load of 200+j100 Ω to a 50 Ω line at 2
GHz, and a rectangular patch anten-
na resonating at 3 GHz.

Matching Network
Considering the conditions previ-

ously mentioned, the matching net-
work with an open-circuited stub has
the dimensions d1 = 22.98 mm and lo
= 29.73 mm, where d1 is the line
length from the complex load to the
stub and lo is the stub length. Both
lines have, independently, electrical
lengths θd and θ1. Configured as a
λ/4 line resonator, as depicted in Fig-
ure 3, they present resonant fre-
quencies fd and f1, respectively. The
matching network is also displayed in
the figure. The resonant frequency
for each line is fd = 2.36 GHz and f1 =
1.83 GHz; the wave number at those
frequencies is k0d = 49.42 m–1 and k

01
= 38.32 m–1, respectively. Following
the procedure explained in the slow-
wave factor in microwave lines with
defected structures section, a DGS
unit-cell is proposed to achieve a
larger SWF, and therefore increase

the electrical length and reduce the
physical length of the lines. After
some iterations in the procedure, a
DGS unit-cell with a =7.5 mm is sug-
gested for being used under the mi-
crostrip line with length d1. By using
EM simulation, the electrical length
of the line with the DGS cell at 2.36
GHz is 145.88°. From Equation 5,
SWF = 2.24; from Equation 6, the
new dimension of the microstrip line
with the DGS unit-cell is obtained,
which is d1c = 14.17 mm.

In the case of the microstrip with
length lo, another even larger DGS
unit-cell could also be proposed since
lo > d1, so the length can be dimin-
ished in a greater proportion. Follow-
ing the same procedure, a 5 mm
DGS unit-cell is proposed, obtaining
a reduced dimension of lo = 23.5 mm.
The structure with two DGS unit-
cells is shown in Figure 4. To analyze
the performance and behavior of the
matching network with the open-cir-
cuited stub with and without imper-
fections, the structures are analyzed
as two-port black boxes. The results
are shown in Figure 5, where a com-
parison with the conventional stub
can be observed. It is shown that the
response of the open-circuited stub is
not adequate, since there is a differ-
ence of 8° in the phase response, and
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TECHNICAL FEATURE
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▲ Fig. 3  Matching network (a) and line as
an open-circuited λ/4 resonator (b).
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▲ Fig. 4  Matching network with two DGS
unit cells.
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▲ Fig. 5  Comparison of phase (a) and
magnitude (b) responses of an open-circuited
structure with two DGS unit-cells and a
conventional matching network.
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more than 7 dB in the magnitude re-
sponse in comparison with the con-
ventional stub. This divergence in the
response is due to the fact that there
is an interaction between the unit-
cells because of their proximity in the
ground plane, which gives rise to a
coupling between the structures. The
associated inductance of each one is
modified, resulting in a different
electrical length for the lines. There-
fore, the use of two DGS unit-cells in
this kind of structure would not be
the most viable solution, since there
could be a worst case: a cell overlap-
ping, as shown in Figure 6. Because
of the problem described, the use of
a DMS unit-cell instead of a DGS

cell is proposed to reduce the length
of the second line. This way there is
no interference in the performance of
each imperfection, now that one is lo-
cated in the ground plane under the
microstrip line with a length d1 and
the other is placed over the second
microstrip line. After some iterations
and analyses of the behaviour of the
electric length, and in order to
achieve a large reduction of dimen-
sions, the unit-cell obtained is 15 mm

long by 2 mm wide. The line with the
DMS cell is simulated and the elec-
trical length of the complete struc-
ture is obtained. This electrical length
is 111.66° at 1.83 GHz. Using Equa-
tions 5 and 6, the SWF is 1.71 and
the new reduced length is l0c = 23.9
mm. The total reduction of both lines
is 36 and 20 percent for d1 and lo, re-
spectively. The results from simula-
tion of the open-circuited stub with
no defects and the structure with
DGS and DMS unit-cells are shown
in Figure 7, in which a great conver-
gence is observed, especially at 2
GHz, where the circuit was designed
to operate. Figure 8 is a photograph
of the matching network with DSG
and DSM unit-cells. The measured
S11 response of both structures is
shown in Figure 9, showing similar
performance at the design frequency
and a better behaviour in the case of
using an open-circuited stub with
DGS/DMS unit-cells to implement
the matching network, considering
bandwidth and matching.

Square Patch Antenna
A microstrip rectangular patch an-

tenna is an element that can be seen
as a λ/2 line resonator. The dimen-
sions of such a structure are L × W,
where L is the element length and W
is the element width, as shown in
Figure 10. To apply the size reduc-
tion method to these kinds of struc-
tures, a procedure similar to the one
previously explained is followed. A
conventional antenna is designed to
resonate at 3 GHz and its perfor-
mance is analyzed. The substrate ma-
terial on which the antenna is built
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DGS OVERLAPPING

lO

d1

▲ Fig. 6  DGS overlapping in a matching
network application.

200

150

100

50

0

−50

−100

−150

−200
1.0 1.5 2.0

FREQUENCY (GHz)

FREQUENCY (GHz)

(a)

(b)

2.5 3.0

(2, −42.954268)

(2.002, −9.330074)

(1.802,
−54.563474)

WITHOUT DGS/DMS
WITH DGS/DMS

S 1
1 

P
H

A
SE

 (
°)

0

−10

−20

−30

−40

−50

−60
3.02.52.01.51.0

⏐S
11

⏐ 
(d

B
)
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▲ Fig. 8  Matching network with DGS 
and DMS unit-cells; (a) front view and (b)
rear view.
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has a dielectric constant of 2.2 and a
thickness of 1.27 mm. The calculated
dimensions of the antenna are L = 33
mm and W = 39.5 mm and the feed-
ing line is 4 mm wide. The antenna
has a physical structure derived from
a microstrip transmission line.8 The
patch antenna is modeled as a length
of transmission line of characteristic
impedance Z0 and with a propagation
constant γ = α + jβ. The fields vary
along the length of the patch and re-
main constant across the width.
Then, to simplify the analysis, the an-
tenna can be seen as a microstrip line
with length L and the width can be
modified to handle a smaller magni-
tude. Therefore, a thinner element
can be used. A line width of W1 = 4
mm is proposed, considering the sub-
strate’s characteristics necessary to
obtain a 50 Ω impedance, to facilitate

the simulation procedure. With this
line of length L = 33 mm and W1 = 4
mm, by using Equation 4, the reso-
nant frequency is obtained when the
element is working as an open-cir-
cuited λ/4 resonator, fr = 1.66 GHz
and the wave number at this frequen-
cy is k0 = 34.76m–1. To optimize the
size reduction of the antenna, it is
necessary to provide the largest possi-
ble SWF without degrading the per-
formance of the device for which a
large enough DMS unit-cell is pro-
posed. The dimensions of such a cell

are 20 mm long by 2 mm wide. In the
next step, the electrical length of the
structure with the unit-cell at fr is ob-
tained by EM simulation. In this
case, θc = 113.5° at 1.66 GHz. By us-
ing Equations 5 and 6, the new
length of the antenna with the DMS
unit-cell is Lc = 25.9 mm. The ratio
W/L is kept to maintain the cross-po-
larization levels sufficiently low;
therefore, the new dimension of W is
Wc = 30 mm, obtaining an area re-
duction close to 40 percent. The sim-
ulated reflection coefficient and gain
of the conventional rectangular patch
antenna and the reduced patch an-
tenna with DMS unit-cell are dis-
played in Figures 11 and 12. A good
agreement is observed between the
conventional and the reduced patch
antenna, concerning matching and
resonance. The difference between
these two curves is very small, and a
tuning technique can be employed to
move the resonance of the patch an-
tenna with DMS from 3.04 to 3.00
GHz. On the other hand, the gain
and radiation pattern in both anten-
nas remains almost the same. Conse-
quently, introducing DMS slots in the
non-radiating edges does not consid-
erably modify the characteristics of
these antennas. The measured reso-
nant frequency of both antennas is
shown in Figure 13. These results
are similar to those obtained by EM
simulation. It is then clear that the
method employed to determine the
new reduced length and dimensions
of a rectangular patch antenna is ef-
fective and accurate. The difference
between the dimensions of unit-cells
and line lengths obtained by formulas
and by simulation for adequate per-
formance is close to three percent in
both microstrip circuits, which is a
good trade-off.

CONCLUSION
In this work, a simplified method

to foretell the reduced dimensions of
microstrip circuits is proposed. The
procedure is based on simple formu-
las, and EM simulation to obtain the
SWF is introduced, when DGS or
DMS cells are employed in passive
planar circuits. The method is based
on the reduction of the phase velocity
in lines with discontinuities, which
means increasing the SWF. General-
ly, this can be applied to most mi-
crostrip circuits and is also useful

TECHNICAL FEATURE

▲ Fig. 10  Antenna without DMS (a) and
with DMS (b).
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▲ Fig. 11  Reflection coefficient of
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when one or more DGS/DMS unit-
cells are used to increase the SWF.
The limitation of this method is the
geometry of the microstrip circuit it-
self, when defected structures cannot
be employed. By using this proce-
dure, the size reduction of a match-
ing network with an open-circuited
stub was successfully achieved, im-
proving the performance of the cir-
cuit in which a wider coupled band-
width was observed and a size reduc-
tion of 20 to 36 percent was achieved.
The size of a square patch antenna
was also reduced, obtaining great re-
sults without modifying the behaviour
of the original structure, concerning
resonance frequency, coupling, gain
and radiation pattern, and achieving
an area reduction close to 40 percent.
The predicted size reduction differs
by approximately three percent from
the experimental one.  ■
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used to build an RF capacitor embedded in a
LTCC multi-layer substrate.
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With the continuous trend to reduce
the size of electronic modules and
increase the integration levels, the

integration of passive elements within the in-
terconnection board or substrate becomes
more and more a key factor. In addition to size
reduction, passive integration leads to assem-
bly cost reduction as well as potential module
reliability improvements.

Among different substrate technologies,
low temperature co-fired ceramic (LTCC),
which offers performance suitable for RF and
microwave applications, features unique capa-
bilities with regard to passive integration. This
article reports the evaluation of a new devel-
oped dielectric material and related process

FILTERING CAPACITORS
EMBEDDED IN LTCC
SUBSTRATES FOR RF AND
MICROWAVE APPLICATIONS

This article presents a new solution to build filtering capacitors embedded in low temperature co-fired
ceramic (LTCC). A new low loss high-k dielectric (K = 80) tape compatible with DuPont low-k tapes
has been developed and used in order to demonstrate embedded filter capacitors in LTCC substrates.
The BZN powder with the chemical composition Bi2(Zn1/3Nb2/3)2O7 was prepared using a
conventional ceramic process. Ceramic tapes were prepared by tape casting using the Doctor-Blade
technique. Electromagnetic properties of the sintered ceramics and tapes were measured. At 2.9 GHz,
the permittivity is 78 with tanδ = 10–3. The LTCC manufacturing process was adapted to composite
dielectric stacks. LTCC test vehicles including buried filtering capacitors were designed,
manufactured and submitted to an evaluation program. The new technology allows a capacitance
density of 15 pF/mm2. Capacitors from 4 pF to 30 pF were characterized in the 300 MHz to 6 GHz
frequency range showing satisfactory properties. Embedded capacitor structures were analyzed with
a 3-D EM simulation software and a good agreement with measurements was obtained.
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LTCC TECHNOLOGY
LTCC is a ceramic-based technol-

ogy using low resistivity conductor
material such as silver, copper or
gold. Figure 1 shows the convention-
al process flow used to manufacture
LTCC ceramic multi-layer substrates.
With regard to integration of passive
elements, LTCC offers the potential
to build composite ceramic structures
mixing low and high permittivity di-
electrics as well as ferrite materials to

enlarge its capabilities of capacitors
and inductors.

TECHNICAL APPROACH
Several solutions are used to build

integrated capacitors within an LTCC
multi-layer substrate.1 The two most
common approaches are shown in
Figure 2. The first option consists of
printing locally a high-k paste on the
standard tape (a). In the second ap-
proach, the standard LTCC tape it-

self is used as the dielectric of the ca-
pacitor. With this technique, thinner
tapes and several layers can be
stacked to increase the capacitance
density.5 Due to the poor thickness
accuracy of the printing process, solu-
tion (a) is not suitable to build high
tolerance capacitors and is therefore
not relevant for filtering applications.
Due to the better thickness control of
the tape casting process, option (b)
can offer better capacitance accuracy.
However, the low dielectric constant
of the standard LTCC materials (7.8
for DuPont 951) limits the capaci-
tance density to 2 to 3.5pF/mm2/per
layer depending on the tape thick-
ness. The determination of the capac-
itance of a parallel capacitor is de-
scribed in Equation 1.

edge effect excluded
rectangular electrodes

where

L = electrode length
W = electrode width
T = dielectric thickness
ε0 = permittivity of the dielectric

material

To offer better density together
with a satisfactory thickness control, a
third alternative can be considered
consisting in using a high-k dielectric
tape (see Figure 2). Figure 3 com-
pares the integration density of the
high-k tape solution to the capability
of the standard thin tape option. In
the selected example, the capacitance
density of the high-k layer is 15
pF/mm2 for a single layer. As shown
by the graph the high-k tape allows
reduction of the number of layers,
leading to potential cost savings
and/or reduction of the size of the ca-
pacitor bringing module size reduc-
tion. As an example, to design a 10
pF capacitor, the high-k tape requires
an electrode size of 0.82 × 0.82 mm
with a single layer while 0.91 × 0.91
mm and six layers or 1.1 × 1.1 mm
and four layers are necessary using
the standard tape material. However,
this approach needs a specific materi-
al featuring good compatibility with
the standard LTCC material.

Evaluation of mixed-dielectric struc-
tures to build buried capacitors in
LTCC have been reported,2-4 mention-

C
LW

tr= ε ε0 1( )
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ing dielectric permittivity in the 20 to
150 range. So far, however, only a few
high-k tape materials are commercially
available from conventional LTCC ma-
terial suppliers. It was decided to de-
velop and study a new material suitable
for high frequency applications featur-
ing low dielectric losses (tanδ < 10–3),
medium permittivity in the 80 to 100
range and limited dielectric constant
drift over temperature (less than 250
ppm/°C).

DEVELOPMENT OF THE NEW
HIGH-K TAPE

The high-k dielectric composition
Bi2Zn2/3Nb4/3O7 was chosen, as it
presents the targeted properties: sin-
tering temperature below 1000°C, di-
electric constant about 90, with tem-
perature coefficient about 150
ppm/°C, and dielectric loss tangent
lower than 10–3 at 1 MHz.6–8

BZN dielectric materials were pro-
duced using the standard ceramic

process, as previously described.9

The permittivity and dielectric losses
of sintered material samples were
measured using the dielectric res-
onator method. The following results
were obtained:
• Permittivity: 77.8 at 2.9 GHz
• Dielectric losses: 1.10–3 at 2.6
GHz
• Thermal Coefficient: 230 ppm/°C
at 1 kHz

In order to use this dielectric com-
position in LTCC multi-layer, 100 µm
thick BZN tapes were prepared
through the Doctor-Blade technique.
Different composition/casting experi-
ments were performed to obtain the
optimal mechanical properties of the
tape.9

BZN/DP951 multi-layer stacks
were studied for co-firing with the
standard LTCC process in order to
analyze the diffusion at material inter-
faces as well as the sintering density.

The results shows very good com-
patibility: the interface between ma-
terials is dense and smooth and a
well-controlled diffusion zone be-
tween materials of about 2 microns
thickness was observed through Scan-
ning Electron Microscopy (SEM) and
Energy Dispersive Spectroscopy
(EDS) techniques.

LTCC PROCESS ADAPTATION
Starting from the conventional

LTCC process, all the manufacturing
steps were adapted to the new mater-
ial as well as the mixed dielectric
structure. A particular emphasis was
dedicated to the sintering operation
to allow the realization of flat sub-
strates with the so-called free sinter-
ing option. Regarding the shrinkage
in x and y of the substrate after co-fir-
ing, it was demonstrated that 951/
BZN sandwiches such as 2 × 951A2/1
× BZN/2 × 951A2 allow the nominal
shrinkage of the 951 dielectric to be
preserved (that is, 12.7 percent).

TEST VEHICLES DESIGN AND
REALIZATION

A specific test vehicle (TV2) was de-
signed to perform the electrical charac-
terization of the integrated capacitors.
This test vehicle includes in total 42 ca-
pacitors featuring various electrode di-
mensions and configurations. Figure 4
shows the typical vertical structure of
an integrated parallel capacitor de-
signed with a single BZN layer. The top
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electrode width and length vary from
550 to 1650 µm while its resulting area
varies from 0.30 to 1.8 mm2. The bot-
tom electrode is 100 µm larger than the
top one (50 µm on both sides) to re-
duce the effect of possible misalign-
ment between electrodes on capaci-
tance variation. To allow RF measure-
ment, the top electrode of each buried
capacitor is connected via a microstrip
line to coplanar access pads printed on
the top surface of the LTCC substrate.

A set of RF calibration structures is also
included in the test vehicle design.

Several panels of this specific test
vehicle were manufactured for technol-
ogy evaluation and RF characterization
purpose. A picture of a test vehicle
sample is given in Figure 5 showing its
topside with the RF access pads.

The flatness of the test substrate
was verified. The optimized sintering
profile allows satisfactory results to
be obtained, the overall camber be-

ing lower than 0.3
percent of the panel
diagonal.

Several cross-sec-
tions of the test vehi-
cle were realized to
check the integrity of
the multi-layer struc-
ture. The picture in
Figure 6 shows a
typical cross-section
of an integrated ca-
pacitor. No voids or
delamination occurs
at the high-k BZN/
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▲ Fig. 1  LTCC manufacturing process.
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951 interface. The average value of the
high-k BZN dielectric thickness is 62
µm (between electrodes).

Building mixed dielectric multi-lay-
er may degrade the mechanical perfor-
mance. The flexural strength and the
Young modulus of the substrate was
therefore verified, performing three-
point bending test on mixed structures
as well as on pure 951 stacks. The two
configurations did not show any signifi-
cant difference giving average values of
250 MPa for flexural strength and 100
GPa for Young modulus.

RF CHARACTERIZATION
As previously mentioned, all the

embedded capacitor test structures
on test vehicles are connected to the
top surface of the LTCC panel via the
same interface made of a 50 Ω mi-
crostrip line terminated with a 50 Ω
coplanar pad structure. Capacitor el-
ements were measured from 50 MHz

to 6 GHz with
coplanar microwave
probes (ground-sig-
nal-ground, 350 µm
pitch, 40 GHz).

The vector net-
work analyzer (VNA)
was calibrated using
the SOLT calibration
kit included on the
test panel, so the
measurement refer-
ence plane is located
at the edge of the
top capacitor elec-
trode. The S-para-
meters obtained
from the VNA were
processed via a mi-
crowave circuit sim-
ulation software.

Figure 7 gives
the typical result
obtained on the

smallest capacitor structure A0 (elec-
trode area = 0.30 mm2). Considering
the whole measured batch, the A0
structure gives the following average
parameters:
• Capacitance at 300 MHz = 5.1 pF
• Quality factor at 300 MHz = 50
• First resonance frequency = 3.5
GHz

The different capacitor test struc-
tures featuring various electrode sizes
and shapes were measured on several
LTCC test panels. Table 1 gives the
synthesis of the overall results.

3-D ELECTROMAGNETIC
SIMULATIONS

The embedded capacitor was de-
scribed (see Figure 8) and simulated
with a 3-D Electromagnetic (EM)
simulation software aiming to:
• Determine the parasitic elements
and understand the influence of ma-
terials performance
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▲ Fig. 4  Z structure of an integrated capacitor.

▲ Fig. 5  Test vehicle sample.
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• Optimize the design of the capaci-
tor structure limiting the number of
the time-consuming and costly test
vehicle design-manufacture-test iter-
ations

The 3-D EM simulation software
used presented some mode confusions
when the structure was simulated with
grounded coplanar ports. In order to
overcome this issue coplanar and mi-
crowave probes were included in the
simulated structure, as shown in Fig-

ure 9. With this structure, the access
port becomes coaxial and thus elimi-
nates the mode confusion issue. To
shift back the electrical reference
plane to the capacitor element, the
complete access structure was simulat-
ed as well to obtain the S2P parameter
file. The S2P parameter file was then
used to determine the de-embedded
results with the microwave circuit sim-
ulator. Thanks to this method, satisfac-
tory simulation results were obtained

giving good correlation between RF
measurements and simulation, as
shown in Figure 10.

Further simulation experiments al-
lowed some routes to optimize the Q
factor to be identified. In particular,
it was demonstrated that additional
grounding via-holes increased the Q
factor significantly.
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▲ Fig. 6  Cross-section of a capacitor.

FREQUENCY (50 MHz to 6 GHz)

S(
2,

2)

m1
FREQ = 3.544 GHz
S(2,2) = 0.940/179.331
IMPEDANCE = Z0*(0.031+J0.006)
m2
FREQ = 300.4 MHz
S(2,2) = 0.982/−51.792
IMPEDANCE = Z0*(0.049−J2.059)

m1

m2

▲ Fig. 7  Typical measurement result on Ao.

TABLE I
SYNTHESIS OF CAPACITOR

MEASUREMENTS

Electrode area range (mm2) 0.30 to 1.8

Capacitance range 
@300 MHz (pF) 5 to 30

Average capacitance 
density (pF/mm2) 15

Q factor range @300 MHz 40 to 60

Resonance frequency 
range (GHz) 2 to 3.5
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ELECTRICAL MODELING
An electrical model of the A0 ca-

pacitor structure was designed (see
Figure 11). In this model, the low

frequency (before
the first resonance)
behavior is mainly
modeled by the ele-
ments TL1, R3 and
C1. The high fre-
quency behavior
(from the first reso-
nance) is mainly

modeled by the two resonant circuits
SRLC1 and PRLC1.

Figure 12 shows the correlation
between the response of the electri-
cal models and the RF measurement.
In the same way this model can be
fitted to different capacitor dimen-
sions in order to design a parameter-
ized model. Such a model, imple-
mented on a microwave circuit simu-
lator, allows one to perform the
simulation and optimization of filter
structures easier and faster.

ASSEMBLY AND
ENVIRONMENTAL EVALUATION

The compatibility of the devel-
oped material and process with as-
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▲ Fig. 11  Typical electrical model.

m4 

m3

m1

m2

m3
FREQ = 3.500 GHz
S(2,2) = 0.938/179.779
IMPEDANCE = Z0*(0.032 +J0.002)
m4
FREQ = 3.550 GHz
S(1,1) = 0.987/−179.729
IMPEDANCE = Z0*(0.007 +J0.002)
m2
FREQ = 300.0 MHz
S(2,2) = 0.982/−51.725
IMPEDANCE = Z0*(0.049 − J2.062)
m1
FREQ = 300.0 MHz
S(1,1) = 0.989/−46.543
IMPEDANCE = Z0*(0.036 − J2.325)    

FREQUENCY = (50 MHz to 4 GHz)

S(
1,

1)
S(

2,
2)

▲ Fig. 10  Comparison between 3-D EM simulation and RF measurement.

▲ Fig. 9  Probe access simulation (a) and
the structure for de-embedding (b).

(a)

(b)

PORT 1
PORT

2

▲ Fig. 8  Simulated structure.
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Low Noise Figure (as low as 0.9 dB)

sembly and packaging techniques was
evaluated by performing wire-bond-
ing trials and flip chip assembly ex-
periments as well as building BGA
structures. A second test vehicle was
designed for this purpose and two
batches were manufactured: a first
one with the high-k BZN layer and a
second one without the high-k BZN
layer as the reference (conventional
LTCC). All the assembly trials per-

formed did not point out any draw-
back related to the high-k BZN tech-
nology with regard to the different
process aspects. As an example, Fig-
ure 13 shows a cross-section of a flip
chip assembly structure on a high-k
BZN/DP951 test panel.

To evaluate the reliability of the
developed integrated capacitor tech-
nology, several TV2 test panels were
submitted to extensive environmental

trials. Three groups were defined to
go through the following tests:
• High temperature storage: 1000
hours @ 150°C
• Damp heat test: 1000 hours @
85°C, 85% RH 
• Thermal shocks (2-chamber test):
500 cycles –55°C/+125°C

Each capacitor was measured be-
fore and after environmental tests as
well as at intermediate steps. No fail-
ure occurred and no significant drift
of the capacitance values was ob-
served along the different tests.

CONCLUSION
A new high-k tape was developed

to allow the integration of filtering
m1
FREQ = 3.458 GHz
S(2,2) = 0.945/−179.790
IMPEDANCE = Z0*(0.028−J0.002)
m4
FREQ = 3.544 GHz
S(1,1) = 0.980/179.990
IMPEDANCE = Z0*(0.010−J8.313E-5)
m2
FREQ = 300.4 MHz
S(2,2) = 0.982/−51.792
IMPEDANCE = Z0*(0.049−J2.059)
m3
FREQ = 300.4 MHz
S(1,1) = 0.988/−52.026
IMPEDANCE = Z0*(0.032−J2.049)

FREQUENCY (50 MHz to 6 GHz)

S(
1,

1)
S(

2,
2)

m2

m3

m1
m4

MEASURED SIMULATED
Cmeasured = 5,16 pF @ 300,4 MHz
Cmodeled = 5,17 @ 300,4 MHz

▲ Fig. 12  Comparison between electrical simulation and RF measurement.

Si CHIP

SOLDER BUMPS

LTCC VIA

DP951 TAPE

HIGH-K TAPE

▲ Fig. 13  Cross-section of a flip chip
assembly structure.
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capacitors in an LTCC substrate.
This material is well adapted to the
DuPont 951 base material system
and inner silver conductors. Provid-
ing some specific process adapta-
tions it is fully compatible with the
conventional LTCC manufacturing
flow and does not affect the assem-
bly and packaging capabilities of the
standard technology. In addition,
good reliability of the mixed-dielec-
tric structures was demonstrated
through high temperature storage
and a damp heat test as well as ther-
mal shocks. The new material pro-
vides a nominal capacitance density
of 15 pF/mm2 with a single layer
compared to 2 pF/mm2 with the
standard LTCC tape. Capacitor test
structures from 4 to 30 pF were pro-
duced and characterized in the 300
MHz to 10 GHz frequency range
showing satisfactory properties for
use in RF applications up to 2 GHz.
Finally, adapted electrical simulation
models were defined providing a sat-
isfactory agreement with the RF
measurements.  ■
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Combline filters, using low temperature
co-fired ceramic (LTCC) or ceramic materials
with a multi-layer technology, can be used as a
reduced size bandpass filter.6,7 Conventional-
ly, however, their electrical length has been
recommended to be 45° or less for efficient
coupling.8 Nowadays, SAW filters are widely
used in the mobile communication market.
But they are still not compatible with standard
IC technology and are not presently available
in the frequency range up to 3 GHz.9 An ac-
tive bandpass filter can be integrated in a sin-
gle manufacturing process. In this case, the
active circuit, which behaves as a negative re-
sistance, is inserted10 and has a drawback as-
sociated with nonlinearity and poor noise fig-
ure.11 In this article, a novel, miniaturized,
GaAs process-based MMIC filter for an RF
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In modern wireless communication sys-
tems, miniaturized MMIC microwave
bandpass filters are required to reduce the

cost and decrease the RF system design time,
especially for a single RF transceiver chip.
Therefore, many studies on reducing the large
size of conventional bandpass filters have been
made. The lumped element approach, which
uses spiral inductors and lumped capacitors, is
one of the solutions to this problem. However,
the design of lumped element circuits is
somewhat empirical and these circuit demon-
strations have been confined to frequencies
up to a few gigahertz due to the low quality
factors (Q)1 and low resonant frequencies of
the elements. Folded hairpin resonator filters,
stepped-impedance resonator (SIR) filters2–4

and slow-wave open-loop resonator filters5

have been developed. Using these methods, a
relatively compact bandpass filter can be de-
signed. However, they still take up quite a
large circuit area. Another disadvantage of
these traditional microstrip filters is that they
cannot effectively suppress the spurious pass-
band, which may seriously degrade the attenu-
ation level in the stopband and passband re-
sponse symmetry, and could restrict the ap-
plicability of the filters.

A MINIATURIZED GAAS
MMIC BANDPASS FILTER
FOR THE 5 GHZ BAND
A novel, miniaturized, GaAs-based bandpass filter for the 5 GHz WLAN band,
using coupled lines end-shorted at their opposite sides and lumped capacitors, is
proposed. The new filter has a compact size, as small as a few electrical degrees,
and shows a wider stop band characteristic, greater than 35 dB up to 60 GHz. A
two-stage bandpass filter with a planar structure was designed and fabricated at
a center frequency of 5.5 GHz, with a chip size of only 0.54 × 0.78 mm. The
fabricated filter has been implemented using the Knowledge*on GaAs process.
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single transceiver chip is introduced,
which allows a complete module to
be fabricated on a single chip, thus
leading the way toward high volume
components at an affordable cost. It
is composed of simple planar coupled
lines shorted at their opposite ends
and lumped capacitors. The main ad-
vantages of this MMIC filter are as
follows: The electrical length of the
resonators can be reduced to as small
as a few degrees. Consequently, most
chip filters using this concept can be
designed to be smaller than 2 × 1
mm. Good suppression of the spuri-
ous passband is another advantage.
There is no spurious up to about ten

times the center frequency in this
structure. This property will be most
powerful as the image rejection filter
in a transceiver system. Moreover,
this technology is available using any
kind of standard fabrication process,
because the topology of this circuit is
only a planar two-dimensional struc-
ture. Finally, it is also broadly applica-
ble up to the millimeter band be-
cause the electrical length can be ar-
bitrarily controlled. A filter, using a
GaAs process technology, was de-
signed and fabricated at 5.5 GHz to
maximize the effect of the size reduc-
tion method, because a SAW filter
covers only frequencies below 3 GHz
and a ceramic filter is still too large to
be inserted in the RF transceiver sys-
tem. Simulation and measurement
results are provided to verify the
miniaturized GaAs bandpass filter.

BANDPASS FILTER USING
MINIATURIZED λ/4 SECTION

In Figure 1, two artificial reso-
nant circuits are inserted into Hirota’s
circuits.12 The high impedance trans-
mission lines with shunt lumped in-
ductors can be replaced by coupled
lines shorted at opposite ends, as
shown. The two dotted networks are
equivalent when the following equa-
tions are satisfied

ω θ

ω
ω

L Z

L
C

C C C

oe0

0
0

0 1

1

1
2

3

=

=

= +

tan ( )

( )

( )

When the miniaturized λ/4 trans-
mission lines are connected in series,
they become a typical bandpass filter,
with the λ/4 section as an admittance
inverter. The circuit and its equiva-
lent circuit are shown in Figure 2.
The bandwidth can be controlled by
the coupling coefficient.13

SIMULATION AND
MEASUREMENT RESULTS

First, a one-stage GaAs process
bandpass filter for 5 GHz WLAN
band applications, with Z0 = 50 Ω and
f0 = 5.5 GHz, is designed. The electri-
cal length of the coupled lines is set to
7°. An arbitrary Zoe can be selected
and Zoo is derived. The selection of
Zoe is also related to the bandwidth.
The specified response is achieved
through circuit simulation with Agilent
ADS and with the component values
Zoe = 80 Ω, Zoo = 58 Ω and C = 3.52
pF. The physical dimensions of the
coupled lines are determined by Zoe
and Zoo. Figure 3 shows the calculat-
ed response of the filter, simulated
with ADS. From the figure, it can be
seen that the skirt characteristic is not
acceptable even though the insertion
loss is adequate. Two identical filter
stages are then cascaded as a simple
design. The two-stage bandpass filter
behaves as a three-pole topology be-
cause an admittance inverter is
formed by two resonators, one from
each stage. If a conventional design
technique is used, such as Butter-
worth or Chebyshev, the components
(MIM capacitors and the coupled
lines conditions) of each section are
different. In extremely miniaturized
circumstances, it is very difficult to
fabricate each component exactly like
the designed one, because of unex-
pected coupling between components.
Figure 4 shows the simulated ADS
results. The wide band characteristic
shows the good suppression of the
spurious passband. Subsequently, the
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▲ Fig. 1  Hirota’s reduced size λ/4 line
including artificial resonant circuits (a) and
the equivalent coupled-line circuit (b).
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▲ Fig. 2  The bandpass filter and its equivalent circuit.
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▲ Fig. 3  Simulated characteristics of one
stage filter.
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circuit was simulated with HFSS to
obtain the overall response. For the
actual circuits, an inter-stage connect-
ing line has been used to prevent the
unexpected coupling between the two
neighboring stages. In order to investi-
gate the inter-stage line length effect
on the characteristics of the filter, a
group of two-stage bandpass filters
with different 50 Ω inter-stage line

lengths have been simulated with
HFSS. Figure 5 shows the simulated
results. It can be seen that if the inter-
stage transmission line is not included
between two stages (L = 0 µm), a dis-
tortion appears. It is indispensable and
the filtering characteristics get better
as the line length increases. This con-
cept has been explained previously.14

However, a compact size is desired, so
a tradeoff between the size and good
performance must be made. Another
comparison was also made as a func-
tion of the electrical length of the cou-
pled lines. Figure 6 shows the simu-
lated results for 10°, 15°, 25° and 45°
coupled lines filters. Obviously, the
skirt characteristics of long electrical
length filters are worse than that of
small electrical length filters. Consid-
ering all the above-discussed factors, a
two-stage bandpass filter with a 7°
electrical length of coupled lines and a
80 µm long inter-stage line was de-
signed for fabrication. Figure 7 shows
the circuit layout in HFSS and the mi-
crophotograph of the MMIC. Its size
is only 0.54 × 0.78 mm. As far as the
authors know, this size is the most
miniaturized filter for the 5 GHz
WLAN band reported up until now.

According to the HFSS simulation
results shown in Figure 8, the effects
of eight via holes in the filter circuit
can be ignored. The figure also shows
that the measured and simulated re-
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▲ Fig. 4  Simulated characteristics of the
two-stage bandpass filter; (a) narrow band
and (b) broad band.
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▲ Fig. 5  S21 vs. frequency as a function of
the interstage line length; (a) wide range and
(b) narrow range.
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sults are in good agreement. The
measured passband has a maximum
insertion loss of 6.5 dB over a 0.9
GHz bandwidth, from 4.8 to 5.71
GHz and a 13 dB return loss. 

The measured center frequency is
shifted to a lower frequency by 0.15
GHz. It is presumed to result from
the MIM capacitance fabrication ac-
curacy and simulation error. The
bandwidth of measured data is
shrunk from 1.15 to 0.9 GHz. Simul-
taneously, the insertion loss also gets
worse from 3.9 to 6.5 dB. The loss er-
ror results from the HFSS simulation
accuracy using a bulk conductivity of

5.8.107 Siemens/m and ignoring di-
electric loss tangent of the GaAs sub-
strate. It will be improved if the
bandwidth is designed to be wider,
because the wider bandwidth leads to
a better insertion loss. 

The lower band suppression is
greater than 24 dB from 0 to 4 GHz
and the upper band suppression is
greater than 35 dB up to 60 GHz.
This ultra-wide stopband characteris-
tic is a special advantage, compared
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▲ Fig. 8  Comparison of the measured and
simulated S-parameter of the bandpass filter;
(a) narrow band and (b) broad band.

TABLE I
SIZE COMPARISON OF DIFFERENT MMIC BANDPASS FILTERS

Reference 15 16 this work

Bandwidth (GHz) 11.4 to 12.5 25 to 35 5 to 6

S11 (dB) – < –12 < –13

S21 (dB) –1.5 –3.17 –6.5

Physical size of a 0.38 × 1.32 3.8 × 0.225 0.54 × 0.78resonator (mm × mm)

Electrical length (°) 90 90 7

Technology inter-digital capacitor finite ground coplanar modified comblineand lumped inductor

Year 1983 2001 2006

▲ Fig. 7  The miniaturized 5 GHz bandpass
filter’s (a) circuit layout and (b)
microphotograph of the MMIC chip.
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to the ceramic or SAW filters. Finally,
a comparison of the sizes of different
types of compact filters is made here
to show the advantage of the pro-
posed compact bandpass filter, as il-
lustrated in Table 1.

CONCLUSION
A novel, miniaturized, GaAs

MMIC bandpass filter, using a com-
bination of coupled lines end-shorted
at their opposite ends and lumped ca-
pacitors, was proposed in this article.
Using this method, the size of the
MMIC bandpass filter for an RF sin-
gle transceiver chip was reduced to
0.42 mm2. This filter also has a wider
upper stopband characteristic greater
than 35 dB up to 60 GHz. The mea-
sured results agree well with the sim-
ulated performances. This technology
can be extended to various fabrica-
tion processes because of its planar
structure.  ■
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TECHNICAL FEATURE

is therefore necessary in the RF circuit, al-
though this will introduce complications for
UWB systems. A shielded stripline-fed UWB
antenna was proposed,3 without a band-reject
function, while its overall dimensions were
35.5 × 20 mm. A planar elliptical ring antenna,
operating from 4.6 to 10.3 GHz, was also de-
scribed,4 with dimensions of 29 × 26 × 2.36
mm. A planar triangular monopole antenna
was reported,5 with an impedance bandwidth
covering from 3.25 to 7.55 GHz and dimen-
sions of 25 × 28.5 × 1.27 mm. A triangular
monopole antenna with an impedance band-
width from 4 to 10 GHz was described in the
literature.6 A UWB antenna, with a band
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WEN-SHAN CHEN AND YEN-HAO YU
Southern Taiwan University
Taiwan, ROC

Recently, there has been much research
on broadband and multi-band antennas
for various wireless communication sys-

tems. The ultra-wideband (UWB) regulation
released by the Federal Communications
Commission (FCC) in 2002, “UWB Technolo-
gy,” holds great promise for a vast array of new
applications that have the potential to provide
significant benefits for public safety, business-
es and consumers in a variety of applications,
such as radar imaging of objects buried under
the ground or behind walls and short-range,
high speed data transmissions. The UWB sys-
tems have been allocated the frequency band
from 3.1 to 10.6 GHz.1,2 However, within the
UWB frequency band, there is a wireless local
area network (WLAN), which operates from
5.15 to 5.825 GHz and may cause interference
with the UWB operations. A band-reject filter

A CPW-FED RHOMBIC
ANTENNA WITH BAND-
REJECT CHARACTERISTICS
FOR UWB APPLICATIONS
In this design, a novel rhombic CPW-feed antenna is presented to achieve
broadband operation. The antenna has dimensions of 28.5 × 17.0 × 0.8 mm and
has good radiation characteristics. The proposed antenna uses a coplanar
waveguide feed line with a rhombic radiation patch to cover the frequency band
limited by the Federal Communications Commission (FCC) for the ultra-
wideband (UWB) standard. The fabricated antenna achieved a –10 dB
impedance bandwidth covering from 3.1 to 11.9 GHz (approximately 117
percent). However, the frequency band from 5.15 to 5.825 GHz is used in the
IEEE 802.11a standard and HIPERLAN/2. A straight slit, embedded in one of
the symmetrical ground plane, plays the role of a filter to eliminate the unwanted
band. The effects of varying the location and length of the slit and the structure of
the ground and monopole patch on the antenna performance have also been
studied.
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notch characteristic,7 used a slot-type
split ring resonator to reject the exist-
ing WLAN frequencies but caused
the antenna gain to be less than 4
dBi. The dimensions of the CPW-fed
printed antenna described by Xiaon-
ing and Mohan8 are 63.5 × 30 × 1.524
mm with a dielectric constant of 3.38.
It has only half radiation patterns. As
a result, these antennas with large
size, insufficient bandwidth and/or
with directional radiation patterns are
not suitable for mobile applications of
UWB systems.

The CPW-fed antenna has the ad-
vantage of ease of fabrication, small
size and wider bandwidth. It has
been popular for various applications

due to its low radiation losses, light-
weight and compatibility with inte-
grated circuits. In this design, to
achieve the required bandwidth for
UWB applications, a pair of the sym-
metrical notches is placed at the two
corners of the ground plane. Further-
more, by inserting a straight slit at a
proper location on the ground plane,
the band-reject function can be ob-
tained to suppress the 5.10 to 5.81
GHz band. In this article, a novel
rhombic CPW-fed antenna is pre-
sented, with a small size of 28.5 × 17
× 0.8 mm, for use in UWB applica-
tions with band-reject function. The
proposed antenna has the advantage
of low cost, small size, omni-direc-

tional radiation patterns and ease of
fabrication. These features and the
small size make it attractive for mo-
bile phone, laptop, receivers and
UWB applications. Details of the an-
tenna design and experimental results
are presented and discussed.

ANTENNA DESIGN
The proposed antenna configura-

tion is shown in Figure 1. Its dimen-
sion are Wsub = 28.5 mm, Lsub = 17
mm and H = 0.8 mm. The coplanar
waveguide-fed antenna is printed on
an FR4 substrate with a relative di-
electric constant εr = 4.4. The CPW-
fed line is connected to a 50 Ω stan-
dard miniature adapter (SMA). The
antenna structure is selected to be a
rhombic patch with dimensions of P1
= 12.02 mm, P2 = 9.62 mm and the
flare angle of the antenna is α = 90°.
The feed gap distance G is the dis-
tance between the radiation patch
and the top edge of the ground plane.
It determines the impedance match-
ing, as shown in Figure 2. The width
Wg and length Lg of the symmetrical
ground plane on the proposed anten-
na are 6.5 and 11 mm, respectively.
By cutting the symmetrical two
notches of proper dimension W1 × L1
at the upper corner of the ground
plane, it is found that a broader band-
width can be achieved for the pro-
posed antenna. This phenomenon oc-
curs because the two notches affect
the electromagnetic coupling be-
tween the radiation patch and the
ground plane, which enhance the im-
pedance matching bandwidth. In ad-
dition, the use of a straight slit, insert-
ed into one of the ground planes,
yields the band-reject characteristic.
The length L2 = 8 mm was chosen to
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▲ Fig. 1  Geometry of the proposed
antenna for UWB applications.
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TABLE I
CHARACTERISTICS OF FOUR ANTENNA PROTOTYPES WITH DIFFERENT Lsub

Return Loss Return Loss 
Lsub (mm) –10 dB Lower –10 dB Upper Bandwidth (%)

Frequency (GHz) Frequency (GHz)

Antenna A1 28.5 3.11 11.88 117.01

Antenna A2 27 3.33 12.47 115.70

Antenna A3 25 3.45 13.25 117.36

Antenna A4 23 3.51 13.69 118.31
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▲ Fig. 5  Measured return loss of the UWB
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reject the limited band of 5.1 to 5.81
GHz, that is approximately λg/4 at
the center frequency of the rejected
bandwidth (λg = λ/����εeff). The reject-
ed frequency bandwidth is deter-

mined by the width of the slit W2,
which is 0.5 mm. This antenna was
constructed and experimentally stud-
ied and the measured results are giv-
en in the following section.

EXPERIMENTAL
RESULTS AND
DISCUSSION

CPW-fed mono-
pole antennas with
various parameters
(W1, Lsub and L2)
were constructed
and studied to
demonstrate the
proposed band-
width enhancement
technique and
band-reject func-
tion. The simulated
results are obtained
with Ansoft High
Frequency Simula-
tion Software
(HFSS). Figure 3
shows the measured
return loss for dif-
ferent width W1,
the other dimen-
sions being Wsub =
17 mm, Lsub = 28.5
mm, H = 0.8 mm, G
= 2.2 mm, Lg =
11.mm, Wg = 6.5
mm and L1 = 5 mm.
With the symmetri-
cal notches width
chosen as 1 mm, the
–10 dB impedance
bandwidth for the
optimal proposed
antenna is from 3.1
to 11.9 GHz. From
the experimental
results shown in
Figure 4 and Table
1, as the length of

Lsub increases, the lower frequency is
slightly higher and the upper fre-
quency markedly increases. In this
case, the other dimensions were:
Wsub = 17 mm, H = 0.8 mm, G = 2.2
mm, Lg = 11 mm, Wg = 6.5 mm, L1 =
5 mm and W1 = 1 mm. The length of
the substrate determines the lower
frequency (fs) and is equal to λg/2.
Figure 5 shows the measured return
loss for various length of L2. The oth-
er antenna dimensions are: Wsub = 17
mm, Lsub = 28.5 mm, H = 0.8 mm, G
= 2.2 mm, Lg = 11 mm, Wg = 6.5
mm, L1 = 5 mm, W1 = 1 mm and W2
= 0.5 mm. By embedding a straight
slit in one of the ground plane, a 5.10
to 5.81 GHz rejection band was cre-
ated. The related results are also list-
ed in Table 2. The measured and
simulated return losses for the pro-
posed antenna designs A1 and B1,
with optimal dimensions, are shown
in Figure 6. The slight differences
between the measured and simulated
results are caused by fabrication vari-
ations.

The far-field radiation patterns
were measured and calibrated in an
anechoic chamber. Figure 7 shows
the measured radiation patterns with
and without the slit at 3.5, 7.5 and
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TABLE II
CHARACTERISTICS OF VARIOUS ANTENNAS AS A FUNCTION OF L2

Return Loss Return Loss 
L2 (mm) –10 dB Lower-reject –10 dB Higher-reject Bandwidth (%)

Frequency (GHz) Frequency (GHz)

Antenna B1 8 5.10 5.81 13.01

Antenna B2 7 5.33 6.32 16.99

Antenna B3 6 5.37 6.96 25.79
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10.5 GHz in both the X-Z and X-Y
planes. Since the CPW-feed line is lo-
cated parallel to the Z-axis, the X-Z
plane radiation pattern of the pro-
posed antennas has nulls in the Z-
direction. In the X-Y plane the anten-

nas are nearly omni-directional even
at the higher frequencies. Figure 8
shows the measured antenna gains
versus frequency. The measured peak
antenna gain for the antenna with slit
(B1) is 7.54 dBi at 10.6 GHz. Figure

9 shows the simulated surface cur-
rent distribution at 5.45 GHz for the
proposed antennas with and without
a slit. These currents are concentrat-
ed near the notches in the UWB
structure. Furthermore, in the UWB
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▲ Fig. 9  Simulated surface current distribution at 5.45 GHz of antennas A1 (a) and B1 (b).
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dB max.

30 ± 1
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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

structure with a slit, the surface cur-
rents are partly concentrated on the
ground plane, causing the band-re-
ject characteristic. As shown, the pro-
posed antenna has good radiation
characteristics.

CONCLUSION
The proposed antenna A1 exhibits

a broad bandwidth of approximately
118 percent (3.1 to 11.9 GHz) for a
–10 dB return loss and a good radia-
tion performance, while retaining a
small volume (28.5 × 17 × 0.8 mm). It
uses a rhombic shape radiating patch
and notches on the ground pads to
achieve a broadband impedance
match. The proposed antenna B1,
with a straight slit embedded at the
upper edge of one of the ground
planes, shows a rejected 5.125 to
5.825 GHz band. The CPW-fed
monopole antenna has a simple struc-
ture with low profile and small size.
Both the proposed antennas (A1 and
B1) maintain nearly omni-directional
radiation characteristics over the op-

erating frequency. They will be at-
tractive candidates for UWB applica-
tions.  ■
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TECHNICAL FEATURE

A high output power, with good thermal
properties, was demonstrated in a number of
microstrip MMIC amplifiers. On the contrary,
the CPW structure was hardly used in power
microwave applications, due to the poor pow-
er handling capability, which resulted from the
high thermal resistance of the thick GaAs sub-
strates and the elimination of the backside
processing.4 The backside fabrication con-
tributes the heat removal in microstrip-based
circuits significantly, and offers a higher power
performance. However, the CPW technology
can be made compatible by utilizing modern
packaging techniques, such as flip-chip bond-
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Communication systems in the RF band
are becoming bandwidth limited. Thus,
the providers of communication sys-

tems have become interested in the X-/Ku-
band for the next-generation of terrestrial sys-
tems, such as satellite communications, wire-
less local area networks (WLAN) and local
multipoint distribution systems (LMDS). The
performance of high power amplifiers (PA)
has been drastically improved on GaAs-based
PHEMT MMICs. Moreover, the superior
performances of InP-based PHEMTs can be
improved significantly in satellite communica-
tion applications. CPW MMIC power ampli-
fiers are usually adopted for use in transmitter
communication systems.1–3 Advantages in the
novel CPW structures include the fact that the
ground plane is placed on the top surface of
the substrate, making the backside process un-
necessary. Also, the ground planes between
the CPW lines provide good isolation, which
permits a compact circuit layout.

A POWER AMPLIFIER
MMIC USING CPW
STRUCTURE TECHNOLOGY
This article presents the performance of a two-stage X-/Ku-band microwave
monolithic integrated circuit (MMIC) power amplifier using a 0.15 µm gate
length InGaP/InGaAs E-mode pseudomorphic high electron mobility transistor
(PHEMT) and a coplanar waveguide (CPW) topology. The power amplifier, with
a chip size of 2.3 × 0.87 mm, gave an output power of 20 dBm and a power gain
in excess of 20 dB. The input third-order intercept point (IIP3) is 1.4 dBm and
the output third-order intercept point (OIP3) is 24.5 dBm. The overall power
characteristic exhibits high gain and linearity, which illustrates that the power
amplifier is compact and exhibits favorable RF characteristics in the X-/Ku-band.
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DESIGN AND SIMULATION OF THE
CPW MMIC AMPLIFIER

Figure 1 shows the schematic of the
PA with the three-stage matching net-
works: input port, inter-stage and output
port. The PA is designed as a two-stage,

single-ended amplifier, in order to fully match to a 50 Ω im-
pedance. First, the output matching network was designed
for maximum output power and associated power efficiency
in a 50 Ω load. The inter-stage network was then optimized
to reduce the mismatching loss in the PA circuit; the output
of the driver stage was matched to the input of the output-
power stage. Finally, the input network matching was de-
signed to achieve a uniform small-signal gain, and to improve
the impedance matching for the proper input return loss. A
conservative driver stage gain was chosen to ensure enough
power to drive the output-power stage and to allow for
process variations. An instability resulted from the CPW dis-
continuities and electromagnetic (EM) effects in the power
circuit, caused by the various components coupling at high
frequencies. It was beneficial that all passive components
were evaluated by an EM field simulator.5 Therefore, a cir-
cuit stability analysis was executed for each stage, in order to
ensure having a sufficient margin in the X-/Ku-band. The
gate resistors of each stage were also adjusted to improve the
stability of the CPW power amplifier.6 Consequently, the cir-
cuit parameters optimization and EM simulation based on
these essential matching networks were performed, so as to
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ing, and also provides a cost-effective solution for GaAs
MMIC fabrication. In this article, the characteristics of an
X-/Ku-band PA are presented, which uses a two-stage am-
plifier and a CPW structure in InGaP/InGaAs E-mode
PHEMT technology. The amplifier is designed to fully
match the 50 Ω input and output impedances without any
external circuit, and exhibits a maximum output power of
20.7 dBm and a linear power gain greater than 20 dB,
which is appropriate for microwave power integrated cir-
cuits.

TECHNICAL FEATURE

DRIVER-STAGE AMPLIFIER POWER-STAGE AMPLIFIER

INPUT PORT
MATCHING NETWORK

OUTPUT PORT
MATCHING NETWORK

2 FINGER × 100 µm
4 FINGER × 100 µm

RF OUT

L1
LVd2

Vd1

Vg1

Vd2

R3

R3

R1
C1

C
C2

C4

C3
C

R

R

RF IN

PHEMT2

PHEMT1

INTER-STAGE
MATCHING
NETWORK

▲ Fig. 1  Schematic of the power amplifier.
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▲ Fig. 2  Simulated output power, gain and
efficiency of the power amplifier at 12 GHz.
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n+ GaAs CAP LAYER

n+ GaAs CAP LAYER

10 nm

40 nm

UNDOPED 10 nm En05Ga05P SCHOTTKY LAYER

UNDOPED 2 nm GaAs SPACER LAYER

UNDOPED 25 nm Al025Ga035As SPACER LAYER

UNDOPED 12 nm In024Ga076As CHANNEL LAYER

UNDOPED 30 nm Al024Ga076As SPACER LAYER

UNDOPED 20 nm Al024Ga076As LAYER

UNDOPED 200 nm GaAs BUFFER LAYER

SI GaAs SUBSTRATE

Si δ-DOPED

Si δ-DOPED

▲ Fig. 3  Cross-section of the power InGaP E-mode PHEMT.
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Model ROS-6030C-219+ is an SMT
voltage-controlled oscillator (VCO) that
tunes from 5890 to 6010 MHz with tuning
voltages of 0.5 to 5.0 V. Tuning sensitivity
is 62 to 90 MHz/V with typical frequency
pushing of 2 MHz/V and pulling of 0.7 MHz.
The VCO delivers +2-dBm output power
with low phase noise of -102 dBc/Hz offset
10 kHz and -144 dBc/Hz offset 1 MHz.
Harmonics are -22 dBc or less and spurious
is typically -90 dBc. It measures just  0.50 x
0.50 x 0.22 inches (12.70 x 12.70 x 5.59 mm).
The broad 220-MHz 3-dB modulation
bandwidth makes the VCO suitable for
wideband modulation formats in point-to-point
and other wireless systems.

Surface-mount mixer model SIM-153LH+ offers
broad frequency coverage from 3.2 to 15.0 GHz.
Designed for +10-dBm LO drive, the double-
balanced mixer boast a wide IF bandwidth of DC
to 4 GHz with low conversion loss of typically 6.1
dB. Usable as an upconverter or downconverter
in radar, wireless, and satellite communications
systems, it achieves typical L-R isolation of 36
dB and typical L-I isolation of better than 15 dB.
Protected by US patent, 7,027,795. The mixer
achieves an IP3 of better than +12 dBm at
midband. It is fabricated with proven LTCC
technology and measures just 0.200 x 0.180
0.087 inches (5.08 x 4.57 x 2.21 mm).

Model ZB4PD-232-50W+ is a coaxial
four-way power combiner that can also be
used as a power splitter for applications
from 600 to 2300 MHz. It handles power
levels to 50 W CW at input and 12.5 W CW
per port at outputs, with 0.8 dB typical
insertion loss. Typical isolation between
ports is 19 dB. Full band amplitude
unbalance is 0.05 dB while typical phase
unbalance is 0.9°. The combiner /splitter
features excellent input and output
impedance match, with typical input
VSWR of 1.20:1 and typical output
(summed) port VSWR of 1.10:1. The 0°
combiner/splitter is supplied with SMA
connectors on all five signal ports.

From
$199.95 ea.

Qty. 1-9

Model NCS1-63+ is a balanced-unbalanced
(balun) transformer for applications from 4.9
to 6.0 GHz. Based on LTCC technology, the
tiny balun transformer measures only 0.079
x 0.049 x 0.033 inches. The wideband balun
has typical insertion loss of 1.3 dB, with
outstanding amplitude unbalance of typically
0.3 dB. The typical phase unbalance at the
secondary, relative to 180°, is 5°. The RF
balun exhibits a 1:1 impedance ratio. The
broadband transformer is suitable for a
wide range of signal transformation
applications in radar, WLAN, WiMAX, and
other wireless systems. It is rated for RF input
power to 3 W and designed for operating
temperatures from -40 to +85°C.

From
$0.99 ea.
Qty. 10-99

Surface-mount bandpass filter model
SXBP-178+ provides high rejection of
unwanted signals around a 170 to186 MHz
passband. Out-of-band rejection is more
than 30 dB at 150 MHz and more than 90 dB
at 1 MHz. High-band rejection is more than
50 dB at 240 MHz and more than 60 dB at
2 GHz. The low-loss filter maintains insertion
loss of less than 3 dB across the 170 to
186-MHz passband. Typical passband
VSWR is 1.20:1. Group-delay variation
across the passband is typically less than
±3 ns. The filter measures just 0.740 x
0.440 x 0.270 inches (18.89 x 11.18 x 6.86 mm)
and handles RF power levels to 0.5 W.

From
$15.95 ea.

Qty. 1-9

From
$24.95 ea.

Qty. 1-9

Model LAVI-971VH+ is a surface-mount mixer
with outstanding performance from 270 to
970 MHz. Designed for +21-dBm LO drive, it
features a broadband IF range of 10 to 600
MHz with typically only 7.5 dB conversion loss.
This mixer is ideal for cellular base stations,
military radios, and systems requiring high
linearity, with typical IP3 of +33 dBm and typical
IP2 of +60 dBm. Input 1 dB compression occurs
at +20 dBm. Mixer protected by US patent,
6,807,407, achieves typical L-R isolation of
48 dB and typical L-I isolation of 36 dB. It
measures just 0.50 x 0.50 x 0.180 inches (12.7
x 12.7 x 4.572 mm) in its shielded metal case.

FEATURED PRODUCTFEATURED PRODUCT

From
$29.95 ea.

Qty. 5-9 From
$9.95 ea.
Qty. 10-49
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achieve the required circuit perfor-
mance. The CPW was designed with a
narrow size width = 20 µm and gap =
10 µm, to reduce the excitation of par-
allel-plate modes7 and to eliminate dis-
continuity effects. Capacitors and resis-
tive loading were used to prevent oscil-
lations at low frequencies. The
amplifier design eventually achieved
unconditional stability over the whole
X-/Ku-band. The S-parameters and
power gain were simulated using the
Advanced Design System (ADS). Fig-
ure 2 shows the simulated output pow-
er, gain and power-added efficiency
(PAE) at 12 GHz and Vds = 4 V. It also
shows that the 1 dB compression pow-
er points (P1dB) at the input and out-
put are 0 and 19.2 dBm, respectively.
The maximum power of this amplifier
was approximately 21.8 dBm in the sat-
uration region, with a maximum PAE
of 25.5 percent.

DEVICE STRUCTURE AND CPW
POWER AMPLIFIER MMIC
FABRICATION

For PHEMT fabrication considera-
tion, the InGaP/InGaAs E-mode
PHEMT offers an excellent selective
etching for the gate recess between In-
GaP and GaAs, which increases the de-
vice yield in mass production. Further-
more, InGaP does not form DX-cen-
ters, which cause less deep level
defects. Consequently, the InGaP/In-
GaAs GaAs substrate exhibits great po-

tential to improve the reliability of the
GaAs PHEMT MMIC. Figure 3
shows the epitaxial structure of the
In0.5Ga0.5P/In0.24Ga0.76As E-mode
PHEMT, which is a sandwich PHEMT
structure for high power consideration.
The structure includes the double Si
planar δ-doping layers, which sandwich
the InGaAs undoped channel layer
with AlGaAs spacer layers for high
transconductance consideration. An
undoped 100 Å InGaP Schottky layer
was grown on an intrinsic GaAs to form
a Schottky layer. Finally, two n+–GaAs
cap layers were grown to improve the
ohmic contact’s resistivity. The de-
signed structure demonstrated a sheet
charge density of 2.2 × 1012 cm–2 to-
gether with a Hall mobility of 6120
cm2/V-sec at 300 K after removing the
n+–GaAs cap layer. In the device fabri-
cation, the Au/Ge/Ni/Au ohmic con-
tacts were deposited by e-beam evapo-
ration and patterned by a conventional
lift-off process. An ion-implant isolation
technology was applied for mesa isola-
tion to avoid sidewall gate leakage cur-
rent. After the high selectivity succinic
acid gate recess process,8 the 0.15 µm
gate metals Pt/Ti/Au (40 Å/500 Å/4000
Å) were deposited by a lift-off process.
Typical DC drain-to-source current
(Ids) versus drain-to-source voltage
(Vds) characteristics of the fabricated
InGaP/InGaAs E-mode PHEMT are
shown in Figure 4. As can be seen, the
device can be operated with a gate volt-
age up to 1.4 V, which corresponds to
an Ids of 230 mA/mm when the drain
voltage is 3 V. The Vgs dependence of
transconductance (gm) and Ids at Vds =
2 V are also shown. The threshold volt-
age (Vth) is 0.34 V (defined as Ids =
1mA/mm) and the maximum Ids and
gm are 235 mA/mm and 390 mS/mm,
respectively. In addition, the matching
inductors and MIM capacitors were
also achieved during the circuit fabrica-
tion. Therefore, the two-stage power
amplifier MMIC was realized with an
InGaP/InGaAs E-mode PHEMT tech-
nology. A microphotograph of the two-
stage CPW PA MMIC, with a chip area
of 2.3 × 0.87 mm, is shown in Figure 5.
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▲ Fig. 4  InGaP E-mode PHEMT DC
characteristics; (a) Ids vs. Vds and (b) Ids, gm
vs. Vgs @ Vds = 2 V. ▲ Fig. 5  The two-stage PA chip.
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MEASURED POWER RESULTS
The S-parameter measurements

were performed with an Agilent
8510C vector network analyzer. The
total DC power consumption of the
amplifier was 780 mW, which includ-
ed an Ids of 66 mA and Vds of 4 V for
the driver stage (gate width = 2 fin-
gers x 100 µm), and an Ids of 129 mA
and Vds of 4 V for the output power
stage (gate width = 4 fingers × 100

µm). Figure 6 shows the small-signal
gain (S21) of 17.6 dB, the input return
loss (S11) of 18 dB and the output re-
turn loss (S21) of 7 dB at 12 GHz.
Figure 7 shows the on-wafer mea-
sured output power, gain and PAE at
Vds = 4 V, Ids = 209 mA and 12 GHz.
The P1dB was attained at approxi-
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TECHNICAL FEATURE

TABLE I
MEASURED AND SIMULATED RF CHARACTERISTICS 

OF THE CPW MONOLITHIC POWER AMPLIFIER AT 12 GHz

RF Characterization Simulation Measurement

Supply voltage (V) Vds = 4

DC current consumption (mA) 195 209

S21 (small-signal gain) (dB) 20.3 17.6

Gain @ P1dB (dB) 19.2 20.6

Input power @ P1dB (dBm) 0 –2

Output power @ P1dB (dBm) 19.2 18.6

Max. output power (dBm) 21.8 @ Pin = 6 dBm 20.7 @ Pin = 6 dBm

Max. PAE (%) 25.5 @ Pin = 8 dBm 18.3 @ Pin = 8 dBm

PAE @ P1dB (%) 10.3 8.8

IIP3 (dBm) 6.6 1.4

OIP3 (dBm) 26.4 24.5
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▲ Fig. 6  Measured S-parameters of the
two-stage PA.
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mately 18.6 dBm, the saturated out-
put power was achieved with 21 dBm
and the maximum PAE was obtained
at 18.3 percent for Pin = 8 dBm. The
third-order intercept inter-modula-
tion (IP3) describes the nonlinearity
of the circuit. In other words, when a
two-tone input signal is fed to the
amplifier, it will produce power at the
fundamental frequencies and high or-
der harmonic inter-modulation prod-

ucts. Consequently, a two-tone evalu-
ation was performed at frequencies of
12.000 and 12.001 GHz, which were
mixed to produce inter-modulation
products in the power amplifier. Fig-
ure 8 shows the comparison between
the simulated and measured IP3. The
simulated input third-order intercept
point (IIP3) is 6.6 dBm and the out-
put third-order intercept point
(OIP3) is 26.4 dBm. The measured

IIP3 and OIP3 are 1.4 and 24.5 dBm,
respectively. Table 1 compares the
simulated and measured RF charac-
teristics of the amplifier. These power
characterizations revealed a little in-
consistency between the simulated
and measured performance. The in-
put return loss (S11) was poorer than
expected. This result might be caused
by fabrication variations, such as the
elimination of backside via-hole pro-
cessing. However, this CPW PA ex-
hibits favorable RF characteristics in
the X-/Ku-band and demonstrates
that the InGaP/InGaAs E-mode
PHEMT technology is an excellent
approach.

CONCLUSION
In this article, a two-stage MMIC

power amplifier, using an InGaP/In-
GaAs E-mode PHEMT technology
and CPW topology, has been demon-
strated. It exhibits an appropriate RF
performance in the X-/Ku-band. The
MMIC power amplifier gives an out-
put power of 18.6 dBm, a linear pow-
er gain of approximately 20 dB and
an output third-order intercept point
(OIP3) of 24.5 dBm. The overall
power characteristics exhibit high
gain and linearity at 12 GHz. In sum-
mary, this CPW power amplifier has
favorable RF characteristics and is
very suitable for X-/Ku-band mi-
crowave integrated circuit power
transmission applications.  ■
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TECHNICAL FEATURE

A spurline is a simple defected structure,
which is realized by etching an L-shaped slot
in the microstrip line. It provides excellent
bandgap characteristics and can be applied to
antenna and filter designs.6,7 However, very
limited research on its equivalent circuit has
been reported. In this article, an equivalent
circuit model of a spurline in a microstrip
structure will be derived, based on circuit
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Bandstop filters (BSF) play an important
role in rejecting higher harmonics and
spurious responses for microwave and

millimeter-wave applications. The convention-
al method to implement bandstop filters in-
volves the use of shunt stubs or stepped-im-
pedance microstrip lines with large circuit
size.1 To reduce the filter area, certain slow-
wave structures, such as open-loop resonators,
are widely adopted.2 Recently, some periodic
structures such as electromagnetic bandgap
(EBG),3 defected ground structure (DGS)4

and left-hand material5 exhibit good bandstop
characteristics and are popularly applied to
the design of bandstop filters. Their stopband
bandwidth and sharp cut-off frequency re-
sponse are enhanced by using four or more
cells; however, this leads to a larger size and
more transmission loss in the stopband. More-
over, EBG and DGS require an etching
process on the backside ground plane and ad-
ditional position calibration, which increases
time-consumption and adds difficulties in ma-
chining.

CIRCUIT MODELING
OF SPURLINE AND
ITS APPLICATIONS
TO MICROSTRIP
BANDSTOP FILTERS
Simple bandstop filters (BSF) are introduced in this article. The filters consist of
one spurline and a pair of cross-junction open stubs. This spurline exhibits
bandstop characteristics at a resonant frequency, which can be explained and
modeled by one LCR-resonator. The proposed BSF was designed and measured.
The experimental results verify the design method and circuit modeling.
Additionally, this BSF is compact and its total length is equal to λg/6.
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analysis theory and verified by elec-
tromagnetic (EM) simulations. Two
compact microstrip BSFs using
spurline and cross-junction open
stubs will then be designed, fabricat-
ed and measured. The measurements
verify the validity of this methodolo-
gy. Finally, conclusions are given.

CIRCUIT MODELING 
OF A SPURLINE

Based on previous work,8 a
schematic view of spurlines is shown
in Figure 1. The configuration of the
proposed spurline is described by the
slot width s, the slot length a and the
slot height b. The meander line has
two adjustable parameters, c and d. In
general, the slot gap provides a capac-
itive effect while the narrow line ex-
hibits an inductive effect. A meander
line provides a slower-wave effect
than the straight slot. To study the
spurline’s transmission characteristics,
it was simulated with Ansoft Ensem-
ble 8.0. The dimensions of the
spurline structure are s = 0.1 mm, a =
9 mm and b = 0.4 mm. A Rogers
TMM10 substrate, with a relative di-
electric constant of 3.38 and a thick-
ness of 0.508 mm, is used in the simu-
lations and measurements. The
spurline is etched on a 50 Ω mi-
crostrip line with a width of 1.17 mm
and its frequency characteristics are

shown in Figure 2. There is an obvi-
ous bandgap at the resonant frequen-
cy of 5.17 GHz. A simple circuit mod-
el with one LCR-network resonator
for a spurline is proposed in Figure
3. The resonant characteristics are
modeled by one LC-resonator and
the radiation effect and loss are con-
sidered by including a resistor, R.
Based on transmission line theory and
the spectral domain approach, the cir-
cuit parameters can be extracted us-
ing the following equations.

where

Z0 = characteristic impedance of the
transmission line (50 Ω)

f0 = resonant frequency
S21 = insertion loss
∆f = –3 dB bandwidth of S21

Based on the simulated results, the
extracted circuit parameters are L =
0.5626 nH, C = 1.6818 pF and R =
3.9032 kΩ. The circuit simulation, us-
ing Agilent ADS, has been compared
previously to the EM simulation.
From 0.1 to 10 GHz, a good agree-
ment between the EM and circuit
simulations can be observed.

BANDSTOP FILTER AND RESULTS
Two new BSFs were designed by

employing one spurline structure on
a 50 Ω microstrip line with a pair of
cross-junction open stubs. The design
flow of this filter proceeded as fol-
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lows. First, the start point is to design
the spurline resonator at f0. This res-
onator can be modeled by the LC
model. f0 is controlled by the slot
width s, the slot length a and the slot
height b. Then, constructing the open
stub, which works as a capacitor, fol-
lows. The length of the open stub is
chosen to improve the stopband’s
bandwidth and is adjusted using
ADS. The open stub geometry is de-
termined by l1 and l2, while the dis-
tance between the two open stubs is
l3. Fourteen is the distance between
the left open stub and the spurline.
The 50 Ω microstrip line has a width
of w. The structure of the cross-junc-
tion open stubs is optimized using
ADS. The physical parameters l1, l2,
l3, l4 and w of this BSP are chosen to
be 10, 2, 12.1, 1.2 and 1.17 mm, re-
spectively, as shown in Figure 4. The
physical parameters l1, l2, l3, l4, l5
and w, of the second BSP, with a me-
andered spurline, are chosen to be 7,
8, 2, 2.4, 13 and 1.17 mm, respective-
ly, with the dimensions of the mean-
der spurline being s = 0.2 mm, a = 7.9
mm, b = 0.8 mm, c = 0.7 mm and d =
0.6 mm. Its photograph is shown in
Figure 5. The filters characteristics
were simulated and compared with
measurements. In Figure 6 , the
measured results show that the filter
with a straight spurline has a stop-
band from 2.84 to 6.02 GHz with S21
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▲ Fig. 1  Spurline (a) straight and (b)
meandered configurations.
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less than –20 dB. Furthermore, it is
found that two transmission poles are
located at 4.7 GHz with S21 = –66 dB
and at 5.3 GHz with S21 = –71 dB.
The deep bandstop characteristics
are excellent for practical engineering
applications. In addition, the total
length of this BPF is 17 mm, which is
approximately λg/6 (λg is the guided
wavelength at the –3 dB cut-off fre-
quency). Without any periodic struc-
tures, the circuit size is reduced dra-
matically. Good agreement between
EM simulations, circuit simulations
and measurements validate the pro-
posed design methodology of the mi-
crostrip BSF with a spurline struc-
ture. In Figure 7, the measured re-
sults, for the BSF with a meandered
spurline, show that the filter has a
stopband from 2.3 to 5.6 GHz with
S21 less than –20 dB. The maximum
insertion loss within the passband is

1.0 dB. Furthermore, there are two
transmission zeros on the stopband.
They are –54 and –63 dB at the fre-
quencies of 4.3 and 4.6 GHz, respec-
tively. The measurements were per-
formed with a vector network analyz-
er (HP8722D) over the frequency
range 0.1 to 40 GHz.

CONCLUSION
This article describes simple and

compact BSFs that were implement-
ed and measured. The filters consist
of one spurline and a pair of cross-
junction open stubs. The bandstop
characteristics of this spurline at its
resonant frequency is characterized
with one LCR-resonator and good
agreement between EM and circuit
simulations, based on the extracted
parameters, was demonstrated. The
proposed BSFs were measured and
show that excellent bandstop charac-
teristics are obtained. The proposed
circuit model of a spurline will help in
developing microwave circuits by
computer-aided design (CAD) tech-
niques and the new BSF can be wide-
ly used for harmonics suppression in
microstrip circuit applications.  ■
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TECHNICAL FEATURE

▲ Fig. 5  The proposed BSF.
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▲ Fig. 6  Transmission characteristics of the
BSF filter with a straight spurline.
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Pacific region as well as other parts of the
world to discuss and exchange views.

The host country, Thailand, is renowned as
the Land of Smile, so what does Asia have to
smile about in terms of technological innova-
tion, developing markets and commercial suc-
cess? How does it fit and interact with the
global microwaves and RF community and
what are its future prospects? 

This article addresses these questions by
considering the commercial and technological
environment in which the Asian microwaves
and RF industry is operating. It does not at-
tempt to be a comprehensive market over-
view, but offers a sounding of the current sta-
tus of academic and industrial development
and identifies the main trends influencing it.
It also provides a commercial perspective as
executives from a small cross-section of com-
panies actively participating in the Asian mi-
crowaves and RF industry contribute to the
‘company survey’.
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RICHARD MUMFORD
Microwave Journal European Editor

In the commercial and technological arena,
Asia is the continent that elicits strong
opinions and provokes debate. Is it an all-

consuming predator with an insatiable ap-
petite, sustained by low-cost mass production,
intent on devouring the lion’s share of the
market? Or is it the goose that will lay and in-
cubate the golden egg of prosperity through
technological development, the harnessing of
an emerging academic and skills resource, and
the exploitation of economic growth stimulat-
ed by a booming domestic market?

Of course, the reality lies somewhere mid-
way between these two extremes and different
perspectives of the region’s technological and
commercial prosperity and development will
no doubt be proffered at the 2007 Asia-Pacific
Microwave Conference (APMC 2007), being
held from 11 to 14 December, in Bangkok,
Thailand. APMC 2007 is devoted to the re-
search, development, and application of RF
and microwave theory and techniques, and
aims to continue and accelerate the momen-
tum of research into the microwave sector,
bringing together researchers from the Asia-

RF AND MICROWAVES
IN ASIA: TECHNOLOGICAL
AND ECONOMIC DIVERSITY
Asia’s prominence and influence in the global marketplace continues to grow.
This article considers the role that RF and microwave technology plays, its
development and global impact.
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MOBILE/TELECOMMUNICATIONS
The Asia-Pacific region is the

largest mobile subscription market in
the world. It is growing steadily, and
according to research by Frost & Sul-
livan is envisaged to reach 1.14 billion
subscribers by the end of this year.
However, the bare figures mask the
reality that the region is a complexity
of individual countries at different
stages of mobile technology innova-
tion and commercial uptake.

Mature markets such as Japan,
Hong Kong, South Korea and Taiwan
are at the higher end of the technolog-
ical spectrum where subscribers have
access to state-of-the-art phones and
the latest services that operators can
provide. The result, however, is near
saturation of mobile subscriptions. 

Conversely, emerging markets such
as China and India, which together ac-
count for a third of the world’s popula-
tion, along with other heavily populat-
ed and developing countries such as
Pakistan and Indonesia, will continue
to see rapid growth in mobile subscrip-
tions. Such markets with relatively low
income per capita are witnessing net-
work expansion and an increased de-
mand for cheaper handsets. There is a
booming market second hand device
market in Indonesia in particular, with
other similarly placed countries set to
follow suit.

In India the mobile phone sub-
scriber base has exceeded the 100
million mark according to In-Stat,

who predict that this will more than
double to 265.2 million by 2010. Sig-
nificant contributory factors include
an unpenetrated market, low tariff
structure, operators investing in net-
work expansion and greater afford-
ability for a larger proportion of the
population. 

Technologically, 3G has made sig-
nificant inroads in Asia, which now
has the largest number of 3G mobile
users worldwide, with In-Stat report-
ing over 130 million 3G users in the
Asia-Pacific region in 2005.

With regards to 3G in China, the in-
troduction of the homegrown TD-
SCDMA system has been laboured to
say the least. The government’s hesitan-
cy has stalled what is a significant op-
portunity for China to establish a global
communication standard, to lead the
development of the technology and to
own more intellectual property rights.
Progress is now being made, though,
with China Mobile constructing TD-
SCDMA trial networks in Beijing and
other key regions, and China Telecom
and China Netcom also launching their
TD-SCDMA network expansion pro-
grammes.

WIRELESS TECHNOLOGIES
Last year’s Microwaves in Asia

Special Report highlighted that Asia
has taken the lead in WiMAX devel-
opment. That has continued, with the
foundations for commercial fulfilment
having been laid through telecommu-

nication industry regulators giving the
go-ahead and service providers view-
ing it as the perfect opportunity to
generate broadband and wireless
business. Trial and commercial de-
ployments are ongoing. In fact, In-
Stat reports that from a sparse base of
0.27 million in 2006, total subscribers
in 16 Asia-Pacific countries are ex-
pected to reach 31.43 million by 2012,
which will be worth $8 B.

A leader in WiMAX development
in the region is South Korea, which,
in 2006, was the first country to
launch mobile WiMAX, or Wireless
Broadband (WiBro), as it is known
domestically. However, despite low
cost full-scale network deployment,
high data rates and defined QoS for
both data and voice applications, take
up has initially been disappointing
due to limited network coverage and
a deficit of user devices. This is being
addressed and efforts are being made
to grow business and move towards
expansion.

Looking further into the future,
WiMAX has great potential in China
where it can expand the country’s mar-
ket for fixed, portable and mobile
broadband access. The fixed market
will be important, but it is the mobile
market where the long-term potential
lies.

SEMICONDUCTORS/ICS
Asia’s dominance in the semicon-

ductor market continues. According
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to the spring 2007 forecast of the
World Semiconductor Trade Statistics
(WSTS), the global semiconductor
market is expected to grow 2.3 per-
cent annually to $253.5 B in 2007
with Asia-Pacific exhibiting growth
rates well above the global average.

Asia is the world’s semiconductor
manufacturing hub that has capi-
talised on low labour costs to attract
both domestic and global system
manufacturers to set up base in the
region. Supply is high but so too is
demand as domestic semiconductor
consumption increases to satisfy the
population’s appetite for mobile
handsets, computers and consumer
electronic items. Consequently, Asia
is now the largest semiconductor
market in the world.

The key contributors to this con-
sumer growth are China and India.
However, their semiconductor indus-
tries are very different. China was a
prime beneficiary of the market
downturn in the early 2000s, which
led to the closure of unprofitable
plants in Europe and North America
and accelerated migration to the
Asia-Pacific. For chip suppliers to be
able to be close to OEM, ODM and
EMS customers made relocating and
partnering attractive. It is invaluable
for companies wanting to profit from
the Chinese chip market to have a
presence in the country. Also, the
Chinese Government puts great store
by developing advanced technology
and continues to offer financial in-
centives for investment in the semi-
conductor industry.

Such government support is not so
forthcoming in India, where the in-
frastructure is relatively poor, with
the result that semiconductor manu-
facturing and fabrication does not
have a strong base from which to de-
velop. Where the country is strong
and is making its presence felt in the
global market is in semiconductor de-
sign. India now houses the design and
development centres for many major
integrated device manufacturers
(IDM) and fabless companies. 

Cost advantages, allied to readily
available skilled manpower have en-
ticed many IDMs to either outsource
some of their design activities to
third-party design firms in India or to
set up their own design centres in the
country. Much of that work is piece-
meal at present, but natural progres-

sion is likely to see design companies
moving towards providing the com-
plete design process. These develop-
ments have prompted predictions
that India’s IC design services sector
will continue to grow at over 20 per-
cent per year through 2010. Howev-
er, the industry has recognised that to
realise such predictions will mean
continuing to provide the skilled
manpower that is so vital to contin-
ued progression and it is therefore
fostering close ties with academia.

FOUNDRIES
The Asian semiconductor foundry

industry continues to dominate the
global market. It has benefited from
migration from declining markets in
other regions and being able to sup-
port a flourishing semiconductor
manufacturing industry that itself is
being buoyed by an increasing local
consumer market.

Capacity has grown dramatically,
especially in recent years with the
ramping up of 300 mm fabs. The
market has tended to be dominated
by a number of large players offering
advanced technology products while
smaller companies have tended to
rely on standard process technologies
to produce generic semiconductor
ICs. To advance process technologies
and expand manufacturing capacity
such companies need to carefully
manage their resources and invest-
ments. Some are advancing by pro-
viding a mix of foundry-compatible
processes along with well-supported
specialized processes.

As far as different countries are
concerned, Taiwan has the highest
fab density worldwide and is the
home of the leading two foundries,
TSMC and UMC, while Japan has a
long-standing foundry service indus-
try dominated by IDMs that have
their own in-house wafer fabs. South
Korea is emerging as a serious rival to
Taiwan and Japan. It has an estab-
lished semiconductor manufacturing
infrastructure, a wealth of technically
skilled personnel, can offer a compre-
hensive range of testing and packag-
ing services, and has a reputation for
complying with trademark and copy-
right laws.

China has shown its intent to be a
key player in the foundry industry
with the emergence of the likes of
SMIC and Grace Semiconductor,
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which have the potential to be com-
petitive with the big names in the re-
gion. China has a huge untapped local
market and while aggressive techno-
logical development and pricing en-
sure competitiveness it does not have
a significant infrastructure and skills
base. It is fettered by the restrictions
that countries including Japan and the
US put on the transfer of technology
and equipment into China, and in or-
der to attract foreign investment and
business the country needs to address
concerns over piracy.

COMPANY SURVEYS
Technologically and economically

the above briefly sets the context in
which the Asian microwaves and RF
industry is currently functioning, but
what are the realities for companies
developing, manufacturing and mar-
keting new products in the region?
To provide insight into current mar-
ket conditions and technological de-
velopment, a commercial perspective
is offered via the ‘company survey’ of
executives from companies repre-
senting a cross-section of industry.
The format is generally a brief
overview of the company’s activity,
followed by comments on technologi-
cal and market initiatives. 

JAPAN
Orient Microwave Corp.

Since its foundation in 1983, the
company has strived hard to improve
its offering, develop its skills and con-
tribute to society through the many
products it has developed for mi-
crowave use. These now include vari-
ous coaxial connectors, adaptors, ca-
ble assemblies, terminators, couplers,
power dividers, attenuators, wave-
guide to coaxial adaptors, filters, an-
tennas, switches, phase shifters, lim-
iters, amplifiers, oscillators and circu-
lators/isolators. 

They are all made to suit specific
customers’ needs, and are used ex-
tensively in modern, state-of-the-art
electronic devices in the fields of
space, aeronautics, radar, wireless
communications, mobile communica-
tions and measuring. They also range
from small orders through to mass-
produced devices and from standard
through to customized items.

Geographically the company has
traditionally concentrated on its do-
mestic Japanese market, but has also

been active in other Asian countries
and Oceania. The decision was re-
cently taken to widen its reach when
attending the 2007 MTT-S event in
Hawaii, where it forged new relation-
ships with North American and Euro-
pean businesses. 

In breaking into new markets Ori-
ent proffers that Asian companies can
capitalise on being rich in manpower,
providing high quality products and
offering competitive lead times at low
prices. Also, utilising flexibility and
endeavouring to meet all customer
requirements, particularly for cus-
tomised products, delivers a commer-
cial edge.

In terms of technological innova-
tion the company says that it is wit-
nessing moves towards compact RF
and circuit design on multi-layer
PCBs and the development of mm-
wave technology. With regards to mi-
crowave devices such as antennas,
filters and mm-wave devices the com-
pany believes that higher frequen-
cies, greater power, super low noise
and broadband technology will stimu-
late the global microwaves and RF
market in the future.

SOUTH KOREA
Prewell

The company’s main activity is the
design and assembly of RFIC and
MMICs, particularly the develop-
ment of high performance gallium ar-
senide integrated circuits for modern
wireless telecommunications, tele-
communication infrastructure and
CATV applications. It takes advan-
tage of state-of-the-art GaAs,
InGaP/GaAs processes, utilizing HBT
and PHEMT devices to develop new
products.

Prewell is currently working to de-
velop an RF amplifier with greater
than 2 W of power and an ultra-wide-
band RF amplifier using HFET and
PHEMT devices for telecommunica-
tion infrastructure. The company has
also developed LNA, VCO and PLL
modules for mobile infrastructure ap-
plications. These are all aimed at eas-
ing the task of the RF system design-
er, which together with quality and
reliability are seen as the means for
obtaining new customers and retain-
ing existing ones.

Such customers are worldwide as
the company strives to be a global
business. It currently has one repre-
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A X4 frequency multiplier, model RKK-4-23+,
accepts input signals from 320 to 500 MHz
and provides output signals from 1280 to
2000 MHz. The 50 ohm quadrupler accepts
input levels of +11 to +15 dBm and delivers
output signals with 24.5 dB typical conversion
loss. Fundamental signals are typically -27 dBc
relative to desired output signal levels while
second-harmonic levels are typically -34 dBc.
Third- and fifth-harmonic levels are typically
-30 dBc relative to the desired output levels.
The quadrupler measures 0.50 x 0.50 x
0.18 inches (12.70 x 12.70 x 4.57 mm).

Model ROS-1275+ voltage-controlled
oscillator (VCO) provides very low phase
noise and linear tuning with voltage from
1212 to 1275 MHz. It offers 0 dBm output
power with ±0.5-dB flatness. The phase
noise is typically -112 dBc/Hz offset 10 kHz
from a 1245 MHz carrier and -153 dBc/Hz
offset 1 MHz from the same carrier. The
VCO operates with tuning voltages of 0.5
to 12.0 V and typical tuning sensitivity of
8 to 13 MHz/V with a 3 dB modulation
bandwidth of 14 MHz. Harmonics are
typically -17 dBc and spurious levels are
typically -90 dBc. The 50 Ω, surface-mount
shielded VCO measures 0.50 x 0.50 x 0.18
inches (12.70 x 12.70 x 4.57 mm).

Model EVA-23-75+ surface-mount 75 Ω
voltage-variable attenuator (VVA) provides
a wide adjustable attenuation range from
10 to 2000 MHz. It features 25 dB
minimum attenuation (typically 40 dB)
from 10 to 1000 MHz and 18 dB minimum
attenuation (and typically 27 dB) from
1000 to 2000 MHz. Attenuation is linear
with tuning voltages from 0 V (maximum
attenuation) to 8 V (minimum attenuation).
The insertion loss at minimum attenuation
is typically less than 5 dB or less from 10 to
2000 MHz. The third-order intercept point
is typically 50 dBm (500-2000 MHz).
The surface-mount shielded attenuator
measures 0.394 x 0.394 x 0.150 inches
(10.01 x 10.01 x 3.81 mm ).

From
$10.95 ea.

Qty. 1-9

Low-noise-amplifier (LNA) model ZX60-3800LN+
serves applications from 3300 to 3800 MHz. The
50 Ω LNA maintains noise figure of typically 1.0
dB or less and gain of typically 22 dB or more.
The amplifier delivers +18 dBm typical output
power at 1 dB compression and 16 dB active
directivity. It features a third-order intercept of
typically +35 dBm or better and typically draws
85 mA current from a +5 VDC supply. It is supplied
in a rugged metal case with SMA input and
output connectors.  

From
$119.95 ea.

Qty. 1-9
Model SXBP-157+ is a surface-mount
bandpass filter with passband of 150 to
164 MHz. Ideal for VHF radios, PMR
designs, and CDMA base stations, the
compact 50 Ω filter provides more than 20 dB
stopband attenuation at 131 and 187 MHz,
with more than 40 dB stopband attenuation
at 115 MHz and below and from 215 to
2000 MHz. Passband insertion loss is 3 dB
or less. The filter is supplied in a miniature
surface-mount housing measuring 0.440 x
0.740 x 0.270 inches (11.18 x 18.80 x 6.86 mm).

From
$15.95 ea.

Qty. 1-9

From
$68.95 ea.

Qty. 1-9

Rugged CBL Series test cable assemblies are
ideal for laboratory and in-field applications
from DC to 18 GHz. Available from stock in
lengths from 1.5 through 25 ft. as well as in
custom sizes, CBL Series cable assemblies
can be supplied with SMA to SMA, SMA to
Type N, and Type N to Type N terminations. The
triple-shielded cables feature shielding effectiveness
of better than 100 dB and insertion loss as low
as 0.7 dB at 9 GHz. Return loss is typically 27 dB
at 9 GHz. The test cable assemblies are designed
to handle more than continuous 20,000 flexures
without failure and are backed by a 6 month
guarantee. CBL Series test cable assemblies are
rated for operating and storage temperatures
from -55 to +105°C.

FEATURED PRODUCTFEATURED PRODUCT

From
$8.95 ea.
Qty. 10-49

From
$15.95 ea.
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sentative and 13 international distrib-
utors. A specific target market is close
to home, in China, where it has a
branch office to address the country’s
expanding RF and CATV markets.
Prewell believes it is important to be
in contact and react to its distributors
and customers in order to cater for
different market requirements and
provide the right products quickly at
a competitive price.

The company proffers that, gener-
ally, Asian RF product manufacturers
have the capability to produce new
designs for new markets and have the
manpower and experience to adapt to
changing markets.

Technologically, Prewell is seeing
significant activity in the develop-
ment of WiMAX and CATV products
using PHEMT and HFET, for which
it hopes to provide a solution for the
RF designer through the develop-
ment of a mixer, digital controlled at-
tenuator, regulator and operational
amplifier.

The company sees the development
of new technology and design skills as
the means for delivering cheaper prod-

ucts, making design simpler and pro-
viding more powerful operating sys-
tems. It envisages higher frequency
and ultra-wideband products fuelling
the growth of the microwaves and RF
industry in the future.

TAIWAN
Daa-Sheen Technology

For over 20 years the company has
been designing and manufacturing
SMA, SMB, SMC, MMCX, MCX, N,
BNC, TNC, FME, 7/16, 1.6/5.6,
SMZ, SMP, MIMI UHF, VHF and
CATV/satellite RF and microwave
coaxial connectors and adaptors. As
well as standard designs the company
also offers customised designs in all
sectors, including telecommunica-
tions, military, aerospace, automotive
and medical. As well as developing its
own products the company also man-
ufactures under license if required.

A key market is Europe, where
Daa-Sheen is active in Germany,
Holland, the UK, France, Switzer-
land, Italy, Belgium, Finland and
Spain. Expansion into Eastern Eu-
rope has resulted in business in

Poland and that has encouraged the
company to target other European
countries. Wider still it is active in the
US, Australia, South America and
Japan. The company likes to keep its
operations under one roof, so it does
not have partners but does have
distributors.

The company attributes its success
in so many regions to building close
customer relationships and adapting
to individual needs and specifications.
This is particularly important for cus-
tomised products and the company
relies on customer feedback.

Daa-Sheen operates good produc-
tion management with a flexible
workforce. Therefore, it can offer
quality and reliable products at an af-
fordable price that gives its customers
a competitive edge in their market-
place.

Commercially, the company be-
lieves that the East and West should
work together to forge good working
relationships. Technologically it feels
that with the move towards minia-
turised components there is the ne-
cessity to develop miniaturised con-
nectors and adaptors too.

THAILAND
Aerotek

Established in 1989, the company
designs and manufactures passive mi-
crowave and RF ferrite components.
Interestingly, the company has devel-
oped its design and production capa-
bility through technical consultation
with the Thai-German Institute and
the National Electronics and Com-
puter Technology Centre (NECTEC).

Its main products are coaxial and
drop-in type isolators and circulators
covering the 80 MHz to 20 GHz fre-
quency range. However, to meet the
demand from customers needing to
address higher operating frequencies
it has recently added circulators and
isolators for frequencies up to 26.5
GHz to its standard coaxial products.
The company also caters for the de-
mand for wideband and high power
handling of circulators and isolators.

Aerotek exports its products
worldwide, but its main customers
are system providers and leading sup-
pliers of test and measurement in-
struments in Europe and Japan, with
India also a key outlet. In all three
the company takes advantage of 
the well-established business rela-
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The service you trust.
The innovation you crave.

Family values. When AEP was looking

to take it to the next level we sought a

larger company with the same integrity as our

own. That company was Radiall. What’s more,

Radiall brought extensive engineering and manufacturing expertise to the family

and now our Radiall-AEP USA operation is your total resource for integrated 

transmission line components. Our reputation for dependable on-time delivery 

is still a hallmark of our operation. Plus, we’re instituting LEAN initiatives, offering 

a higher level of application engineering assistance, and are developing innovative

component solutions—from micro-miniature connectors through to high 

performance antennas—every day.

Give us a call at 203-776-2813 and find out what it means to get superior service

and innovation across your entire transmission line from Radiall-AEP.

www.radiall.com/aep

End-to-end Transmission
Line Solutions up to 40 GHz

Coaxial Connectors  
• Miniature, sub-miniature, micro-miniature
• Waterproof
• MIL-PRF-39012

Cable Assemblies
• Flexible or semi-rigid
• Phase matched
• Delay lines

Microwave Components
• Terminations
• Attenuators
• Surface mount couplers and switches
• Coaxial switches

Military Antennas
• Broadband or multi-band
• Overmolded and flexible for handhelds
• Articulated for man-packs
• Spring loaded for vehicles
• Body-worn GPS
• Low profile UGS and UAV
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tionships it has forged with lead-
ing distributors to handle its products
for their local customers. The compa-
ny also exports directly to other
countries.

Geographical considerations are
taken into account when developing
new RF and microwave products.
The main focus is to offer products
that can fulfil customers’/end users’
requirements for quality and delivery
worldwide, and although the compa-
ny’s standard products are global it
works closely with its sales represen-
tatives in each country and/or the end
users to offer customized products,
which can specifically meet their
needs. Furthermore, the company is
also looking for new opportunities to
forge joint ventures or business part-
nerships with regards to licensing
agreements. 

Aerotek believes that in general
Asian manufacturers offer design and
production capabilities, allied to qual-
ity, reliability, and short and prompt
delivery times. However, not only is
Asian industry taking a more promi-
nent role as suppliers to the RF and

microwave industry, but its demand
for new technologies in wireless ap-
plications is also a target market for
European and US companies. 

The company believes that the al-
liance between foreign and Asian
companies will stimulate the growth
of the RF and microwave industry
worldwide because technologies
transferred from foreign companies
to their Asian partners will create
economical production and global
marketing. Sectors that could benefit
from such alliances and which
Aerotek identifies as having potential
for technical development are
WiMAX and high frequency and
wideband applications.

CONCLUSION
Asia-Pacific continues to be a

source of technological and commer-
cial activity, epitomised by stark con-
trasts between individual countries
that have developed and progressed
at varying rates. The more estab-
lished countries have been innovators
and models for commercial develop-
ment, while the emerging countries

offer competition through low cost
and large scale mass production.
They also nurture booming home
consumer markets eager to consume
the latest technologies.

That hunger is particularly evident
in the mobile communications mar-
ket where subscriptions are large.
However, the mature markets are
reaching saturation, relying on new
phone technology and services for
growth, while emerging countries are
seeing cheap handsets and network
expansion as the conduits for growth.

Technologically 3G has made great
strides with Asia now boasting the
largest number of 3G mobile users
worldwide. China’s TD-SCDMA sys-
tem has not taken off as expected, but
has the potential for growth. Asia has
taken the lead in WiMAX develop-
ment, where it is viewed as a means
for generating broadband and wire-
less business. Trials and commercial
development are up and running.

Asia remains the powerhouse of
global semiconductor manufacturing
and foundry services. By exploiting
low labour costs it has been able to
satisfy an increasing demand both
globally and from growth economies.
Established industries in Taiwan,
Japan and South Korea continue to
dominate, but face strong competi-
tion from China and India. The for-
mer is expanding its chip manufac-
ture while India is using its skilled
manpower to carve a niche in IC
design.

The growth in the Asian market
shows no sign of slowing down. In-
digenous industry is at the forefront,
but global players have also recog-
nised the potential for gaining signifi-
cant business through forging al-
liances and partnering agreements.
All of which adds to the dynamism of
an already diverse and complex
region.  ■
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[Invention is the art of science.]

Staying connected with friends, family and fun is a breeze these days, thanks 
to the exceptional combination of compact size, flexibility and reduced 
current consumption provided by the RD6280 front end solution from RFMD®. 
Designed to meet the complex challenges presented by 3G multi-mode 
handset standards, the solution consists of a power management IC (RF6280) 
and two broadband, load-insensitive power amplifier modules (RF6285 and 
RF6281), enabling OEMs optimal flexibility in platform design for multi-region 
applications. With innovative, flexible front ends, RFMD makes communications 
happen for a myriad of multi-standard, multi-radio configurations. You can take 
the fun here, there and everywhere. We’re what’s next in RF. 

RFMD® is a trademark of RFMD, LLC.  ©2007 RFMD.                                             ISO 9001: 2000 Certified / ISO 14001: 2004 Certified          

• RF6280 – Power management IC

• RF6281 Bands I/II UMTS PA module

• RF6285 Dual path multi-band UMTS PA module

• HSPA compliance

RF6280, RF6281, RF6285
• Performance optimized for all operating

conditions

• Load insensitive, no isolator required

• Flexible for multi-region support
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A JITTER
ATTENUATOR FOR
SYNCHRONOUS
ETHERNET
APPLICATIONS

While Synchronous Optical Networks
(SONET) have been widely adopted
for use in long-haul applications,

Ethernet is preferred in edge routers and ac-
cess points due to its lower cost. Ethernet is a
packet-based network architecture that is
asynchronous, while SONET networks are
synchronous. Hence, the two networks cannot
communicate seamlessly with each other, rep-
resenting a significant operating problem. The
solution is Synchronous Ethernet (Sync-E).
Sync-E makes it possible to connect synchro-
nous and asynchronous networks using point-
to-point connections (see Figure 1).

With any transmission system that carries its
own synchronizing timing signal over long dis-
tances, bit error rates increase due to the
degradation of the synchronizing clock signal.
Thus, the elimination of jitter associated with
the clock signal is critical to successful opera-
tion of such a system. Valpey Fisher introduced
the Jitter Attenuator for both Single GigE and
10G applications to meet this requirement.

The recently introduced VFJA905 Jitter At-
tenuator provides two LVCMOS outputs with
a frequency of 25 MHz that can be locked to
an input reference frequency. Two select in-
puts, S1 and S0, allow the user to select one of
three preset input frequencies or a free-run
mode. In free-run mode the device outputs a
25 MHz clock that is not locked to the input
reference frequency. 

In the synchronized mode the VFJA905
unit receives its reference clock typically for a
downstream recovered clock. It then attenu-
ates the jitter in the recovered clock signal and
provides the Master PHY with an ultra-low jit-
ter sync clock signal. The slave PHY recovers
the clock, which becomes the reference for
the VFJA905, which in turn provides the ref-
erence clock to the next master PHY.

VALPEY FISHER CORP.
Hopkinton, MA

PRODUCT FEATURE
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Need Millimeter Wave
Spectrum Analysis?

OML Inc.

300 Digital Drive • Morgan Hill, CA 95037 • Tel: (408) 779-2698 • Fax: (408) 778-0491 • email: info@omlinc.com • www.omlinc.com
Outside US: Radar Systems Technology • Tel: (650) 949-8041 • Fax: (650) 949-8082 • email: sales@rst-radar.com

OML has provided customers with 1000 millimeter wave
harmonic mixers over the past 15 years.

OML harmonic mixers feature:
Waveguide bands WR-42 to WR-03 (18 to 325 GHz)
Rugged construction
Compatibility with analyzers requiring two or three port mixers
Conversion loss data provided up to 110 GHz
On-going conversion loss performance verification available

OML harmonic mixers are available for:
Advantest R3172
Agilent* E4407B, E440A/46A/47A/48A, 856xEC
Anritsu MS2667C, MS2668C, MS2687B
R & S ESIB26/40, FSP40, FSQ26/40, FSU26/40/50, FSUP26/40
Discontinued** Advantest Agilent, Anritsu, IFR* & Tektronix models

*Requires OML diplexer

**Contact factory for available models

Visit http://mwj.hotims.com/11725-95 or use RS# 95 at www.mwjournal.com/info

 11M22 FINAL  10/31/07  8:35 AM  Page 145

mailto:info@omlinc.com
http://www.omlinc.com
mailto:sales@rst-radar.com
http://mwj.hotims.com/11725-95
http://www.mwjournal.com/info


Figure 2 shows the VFJA905
unit’s typical jitter transfer gain and
phase response. At approximately 10
Hz the jitter transfer gain is –10 dB.
At 1 kHz and beyond the jitter is at-

tenuated to negligible levels. The
VFJA905’s jitter bandwidth is much
lower than that of the Ethernet PHY;
therefore, the combined jitter trans-
fer gain is dominated by the Jitter At-

tenuator.
The OC-48 spec-

ification requires a
maximum wideband
jitter of 80 ps peak-
to-peak. Figure 3
shows an eye-dia-
gram of a PHY with
the VFJA905 in op-
eration. The wide-
band jitter is 56.7 ps
peak-to-peak, pro-
viding ample mar-
gin.

Figure 4 dis-
plays the VFJA905

jitter attenuator’s block diagram. It
represents a single device solution
that requires no external reference
oscillator. It features ultra-low output
jitter (sub 0.18 ps RMS) and is com-
pliant with GR-253-CORE, GR-
1244-CORE, ITUT-G.813 and ITUT-
G.8261. With its user-selectable free-
run mode the device can set to run
either as a stand-alone device or
locked to the input. Multiple outputs
eliminate the use of an external
buffer. Also, with its selectable input
the same device can be used for mul-
tiple applications.

The VFJA905 operating specifica-
tions include a 10 to 200 MHz output
frequency range, an 8 kHz to 200
MHz input frequency range, and
ultra-low jitter and phase noise (0.18
ps RMS and –143 dBc/Hz at 1 kHz).
The device operates from a +3.3 V
DC power supply and typically con-
sumes 150 mW. The VFJA905 is
available in a 19.5 × 15.5 mm surface-
mount package and is RoHS 6/6 com-
pliant.

Additional information may be ob-
tained from the Valpey Fisher web
site or by contacting the company di-
rectly.

Valpey Fisher Corp., 
Hopkinton, MA (508) 435-6831
www.valpeyfisher.com.
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PHY1

PHY2

SELECT PIN

2.5, 25, 125 MHz
OR

FREE RUN

RX

RX

TX

TX

▲ Fig. 1  A 1 GigE solution using the VFJA905 jitter attenuator.
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▲ Fig. 2  Typical jitter transfer gain.

▲ Fig. 3  An eye-diagram of the PHY with the VFJA905.
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▲ Fig. 4  The VFJA905 jitter attenuator’s block diagram.
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Filtronic Compound Semiconductors, Ltd.
Heighington Lane Business Park, Newton Aycllffe, Co. Durham, DL5 6JW, United Kingdom

Main Phone: +44 (0)1325 301111; Main Fax: +44 (0)1325 306177
US Sales: Phone: 408.850.5740 / Fax: 831.621.8074 / www.filtronic.com

Filtronic Compound Semiconductor products meet the needs of both current and emerging
wireless markets.  Products are manufactured using 6" high performance pHEMT technology
and are available in die form or packaged in industry standard outlines.  Filtronics' range of DFN
and SOT343 packaged discrete devices are high frequency low noise parts eminently suitable for:
  •  the complete 2-11 GHz WIMAX Band
  •  the 2.4 and 4.9-5.8 GHz WLAN Band
  •  the new 4.9 GHz Public Safety Band
  •  all current Cellular Infrastructure Bands

Inspired Wireless Solutions From
Filtronic Compound Semiconductors

www.rfwireless.rell.com
These and other Filtronic Products are available through our Authorized Distributor, Richardson Electronics.

Samples and eval boards available.  Contact your local Filtronic Representative or Richardson Electronics for samples, eval boards, and pricing.

Filtronic is a world leader in the design and manufacture of RF, microwave and millimeter wave
components and subsystems. Filtronic offers a broad range of products used in wireless commu-
nications infrastructure equipment, point-to-point communications and electronic defense
systems.

Part Number Typical 2 GHz Typical 12 GHz VDS IDSS
Performance Performance (Vdc) (mA)

Gain P-1 IP3  NF Gain P-1 IP3  NF
                         (dB)                 (dBm)               (dBm)                (dB) (dB)                (dBm)               (dBm) (dB)

FPD1500DFN 18 27 42 1.2 7*  27  40 N/A  5 465
FPD750DFN 20 24 38 0.3 11.5*  24  38 N/A  5 230
FPD750SOT343 18 20 38 0.3  8*  20  38 N/A 3.3 230
FPD6836SOT343 20 20 32 0.5  9*  19  32  1.2 3 105

DFN SOT343
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RUGGED, FLEXIBLE,
HIGH PERFORMANCE
CABLE ASSEMBLIES

Communication systems, test equipment
and avionics are among the systems
that often need to interconnect various

RF modules with high performance coaxial
cables. Semi-rigid cables have long been the
traditional way to achieve the necessary
VSWR performance at RF and microwave fre-
quencies when delay lines or signal routing
between modules call for customized cable
connections. Unfortunately, these cable types
sacrifice their flexibility for the benefit of elec-
trical performance and ruggedness. Semi-rigid
assemblies may even lack mechanical integrity

at the cable-to-connec-
tor solder joint. In sys-
tems with numerous
RF cable intercon-
nects, the effort to de-
sign and assemble a
network of inflexible
cables with fixed turns
and bends can be both
challenging and time-
consuming. While flex-
ible customized cables
circumvent this prob-
lem, they often sacri-

fice ruggedness and electrical performance—
until now.

Santron’s new eSMA connector features an
innovative internal design for unprecedented
performance from a flexible custom cable.
These new cable connectors utilize a unique
extended ferrule that addresses fragile solder
joints associated with semi-rigid assemblies.
This connector also features: failure-proof
coupling nuts; EZ style, solder free, captivated
center contacts; and a solder damming posi-
tive cable stop.

ELECTRICAL PERFORMANCE
Santron eSMA connectors feature typical

VSWR performance of 1.17 through 20 GHz
or 1.10 up to 12.4 GHz for specific frequency
ranges (see Figure 1). The eSMA assemblies
demonstrate passive intermodulation perfor-
mance of < –150 dBc typical (2 × 20 W carri-
ers). They also weigh less and have compara-
ble loss to standard semi-rigid coax.

SAN-TRON INC.
Ipswich, MA

PRODUCT FEATURE

Fig. 1  Electrical
performance of the eSMA
connector showing VSWR up
to 20 GHz and time domain
reflectometry results. ▼
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Save your valuable time by using one of our innovative
and unique web-based tools: The Connector Finder to

quickly search for a standard product by characteristic;
The Connector Designer to visually assemble and 

specify custom receptacles; and The Cable Designer to
design and specify cable assemblies...all with your Web
browser, with no plug-ins or special software required.

Value Added Here:
www.DeltaRF.com/value

Value Added Here:
www.DeltaRF.com/value

Connect Here.Connect Here.

Save your valuable time by using one of our innovative
and unique web-based tools: The Connector Finder to

quickly search for a standard product by characteristic;
The Connector Designer to visually assemble and 

specify custom receptacles; and The Cable Designer to
design and specify cable assemblies...all with your Web
browser, with no plug-ins or special software required.
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Visit our Website:

www.compac-rf.com
sales@compac-rf.com

Toll Free: 888-546-3313
Tel: 631-585-3400
Fax: 631-585-3534

Precision Workmanship Plating/Painting/Coatings

500 Sizes Off the Shelf Full Custom Manufacturing

� SRF Series –
80 dB @ 20 GHz

� RFT Series –
60 dB @ 3 GHz

� Blank Series –
100 dB @ 100 MHz

No Off the Shelf 
Shielding Solutions?

COMPAC CAN
HELP!

If your needs are totally
custom, we can build an
enclosure to your most
exacting specifications

RFI/EMI SHIELDED ENCLOSURES

THE SHIELDING SPECIALISTS
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MECHANICAL CONSIDERATIONS
Like the popular high perfor-

mance subminiature SMA connectors
which are generally intended for use
with semi-rigid cables, the new
eSMA connectors employ a screw
type coupling mechanism and have
precision-butted dielectric interfaces
for consistently low VSWR values.
The eSMA connectors are gold-plat-
ed brass with gold-plated center con-
tacts. They are weatherproof and pro-
vide 50 Ω constant impedance.

Cable assemblies, shown in Fig-
ure 2 , are delivered with these
eSMAs professionally installed on
Times Microwave Systems TFlex™
cable. They can be bent firmly even
up close to the connector, where
many solder joints in hand-formable
assemblies often break or lose electri-
cal integrity. The TFlex cable is a
lightweight, FEP-jacketed, corrosion
resistant, coaxial interconnect that is
both phase and attenuation stable,
while providing excellent shielding.

The combined mechanical design of
this new eSMA and TFlex cable as-
sembly creates a unique solution
when performance, cost and flexibili-
ty are key application requirements.

The mechanical construction of any
connector is critical to ensuring good
electrical performance, that is, low re-
flection coefficient. Several mechanical
features in the internal design of the
eSMA specifically address proper con-
nector mating, such as the enhanced
coupling nut captivation to prevent
coupling failures as well as the EZ style
center contact to ensure proper assem-
bly and improve consistency of perfor-
mance. The positive cable stop controls
the RF structure and prevents solder
contamination while the rigid support
beyond solder wicking prevents ground
failure at the brittle wick-line.

The flexible TFlex cables eliminate
the need for hand or precision machine
bending, allowing cables to be routed
through the most convenient or desired
path. eSMA assemblies are built-to-
spec in desired lengths and delivered
with short lead times. They are avail-
able in cable sizes 0.086" (TFlex 405)
and 0.141" (TFlex 402).

Prices start at $24.95 in one foot
lengths in quantities of 10 to 50. Sam-
ple requests can be made online at
www.santron.com.

San-tron Inc., 
Ipswich, MA (978) 356-1585,
www.santron.com.
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RIGID SUPPORT BEYOND SOLDER WICKING
PREVENTS FAILURE AT BRITTLE WICK-LINE

SINGLE APPLICATION
SOLDER JOINT

AVAILABLE IN
BRASS OR STEEL

0.94

0.30

USES STANDARD CRIMP TOOL

POSITIVE CABLE STOP
CONTROLS RF STRUCTURE
PREVENTS SOLDER CONTAMINATION

EZ STYLE/SOLDER FREE CENTER CONTACT
LOWERS ASSEMBLY SKILL SET & COSTS
IMPROVES CONSISTENCY OF PERFORMANCE
PROTECTS CABLE EXPANDED DIELECTRICS

CAPTIVATED CENTER CONTACT
LOWERS ASSEMBLY SKILL SET & COSTS
IMPROVES CONSISTENCY OF PERFORMANCE

ENHANCED COUPLING NUT CAPTIVATION
PREVENTS COUPLING FAILURES

▲ Fig. 2  Mechanical configuration of the eSMA connector showing internal design features
and the new extended ferrule for rigid cable.
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IN STOCK

DC to18 GHz from

$6895
ea. (qty.1-9)

SMA SMA N-Type
Female Male Male

6GUARANTEE
mo.

*Mini-Circuits will repair or replace your test cable at its option if the
connector attachment fails within six months of shipment. This guarantee
excludes cable or connector interface damage from misuse or abuse.

CABLESTEST
FLEX

TM

Strength, ruggedness, and reliability…supercharged! That’s what you get
when you choose Mini-Circuits ultra-flexible precision test cables.
Engineered to be a workhorse for your day-to-day test operations, these
triple shielded cable assemblies are qualified to at least 20,000 bends,
employ an advanced strain relief system, and are equipped with
passivated stainless steel connectors, so you can rely on them to
flex, connect and disconnect over and over and over again!
They're so rugged, each test cable is backed by our 6 month guarantee*!
With low insertion loss and very good return loss, you can also rely on
getting good performance over the wide DC-18 GHz band. Need them
right away? Overnight shipment is available. So make Mini-Circuits your
test cable connection!   Mini-Circuits…we’re redefining what VALUE is all about!

Frequency Range: DC-18 GHz, Impedance: 50 ohms
Models Connector Length Inser. Loss (dB) Return Loss (dB) Price 

Type (Ft.) Midband Midband $ ea.
Male to Male Typ. Typ. Qty.(1-9)
CBL-1.5 FT-SMSM+ SMA 1.5 0.7 27 68.95
CBL-2FT-SMSM+ SMA 2 1.1 27 69.95
CBL-3FT-SMSM+ SMA 3 1.5 27 72.95
CBL-4FT-SMSM+ SMA 4 1.6 27 75.95
CBL-6FT-SMSM+ SMA 6 3.0 27 79.95
CBL-10FT-SMSM+ SMA 10 4.8 27 87.95
CBL-12FT-SMSM+ SMA 12 5.9 27 91.95
CBL-15FT-SMSM+ SMA 15 7.3 27 100.95
CBL-2FT-SMNM+ SMA to N-Type 2 1.1 27 99.95
CBL-3FT-SMNM+ SMA to N-Type 3 1.5 27 104.95
CBL-4FT-SMNM+ SMA to N-Type 4 1.6 27 112.95
CBL-6FT-SMNM+ SMA to N-Type 6 3.0 27 114.95
CBL-15FT-SMNM+ SMA to N-Type 15 7.3 27 156.95
CBL-2FT-NMNM+ N-Type 2 1.1 27 102.95
CBL-3FT-NMNM+ N-Type 3 1.5 27 105.95
CBL-6FT-NMNM+ N-Type 6 3.0 27 112.95
CBL-15FT-NMNM+ N-Type 15 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 11.7 27 199.95
Female to Male
CBL-3FT-SFSM+ SMA-F to SMA-M 3 1.5 27 93.95
CBL-2FT-SFNM+ SMA-F to N-M 2 1.1 27 119.95
CBL-3FT-SFNM+ SMA-F to N-M 3 1.5 27 124.95
CBL-6FT-SFNM+ SMA-F to N-M 6 3.0 27 146.95

o S
C O M P L I A N T

TM

403 Rev I

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

RF/IF 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

Custom sizes available, 
consult factory.
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ULTRA
NARROWBAND
NOTCH FILTER

With the current concentration of RF
and microwave activity it is becoming
increasingly important to eliminate

unwanted signals so that the desired signal can
come through loud and clear. Given the impor-
tance of providing users with filters to enable
them to offer high performance equipment, Re-
actel Inc. has developed a line of ultra narrow-
band notch (band reject) and bandpass filters.
These ultra narrowband units are offered for
frequencies from a few megahertz to 10 GHz.
Leading the charge in this endeavor is model
number 4R9-2000-X1.45S11.

TECHNICAL CONSIDERATIONS
The model 4R9-2000-X1.45S11 is a notch

filter which is centered at 2000 MHz, with a
1.45 MHz 3 dB bandwidth. This calculates to
an eye popping 0.0725 percent bandwidth.

The new notch filter is able to achieve such
a narrow percent bandwidth by utilizing a pre-

cise blend of traditional notch filter design
and high Q cavities. This approach combines
the best of all worlds: low loss, ultra high se-
lectivity and extremely deep attenuation. Us-
ing a standard design, the narrowest band-
width one could hope for would be along the
lines of 10 MHz or so with a center frequency
of 2000 MHz.

Figure 1 represents actual measurements
of this unit. The unique design yields a 3 dB
bandwidth of 1.45 MHz and rejection of
greater than 85 dB at the center of the notch.
Additional specifications include insertion loss
of less than 0.15 dB and a size of 2.5" × 2.5" ×
× 18.0". Connector options are virtually limit-
less as all traditional coaxial RF connectors
can be utilized (see Table 1).

REACTEL INC.
Gaithersburg, MD

PRODUCT FEATURE
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APPLICATIONS
This particular unit was intended

for a test equipment manufacturer.
However, units have been manufac-
tured that are also suitable for mili-
tary, commercial and industrial appli-
cations. Typical uses for ultra narrow-
band units include GPS applications
for any of the GPS frequencies, spot
frequencies for a unique application,
or in any instance where there is
close-in interference that must be
eliminated.

CONCLUSION
The Reactel model 4R9-2000-

X1.45S11 notch filter offers a unique
approach to solving co-location inter-
ference problems. The industry lead-
ing performance allows users to uti-
lize as much of their spectrum as pos-
sible resulting in superior system
performance. Additional information
on this notch filter or any of the com-
pany’s co-location interference ultra
narrowband units or any Reactel
product may be obtained via e-mail at
reactel@reactel.com.

Reactel Inc., 
Gaithersburg, MD 
(301) 519-3660,
reactel@reactel.com,
www.reactel.com.

RS No. 303
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▲ Fig. 1  Model 4R9-2000-X1.5S11
measured performance.

TABLE I
MODEL 4R9-2000-X1.5S11

SPECIFICATIONS

Center of notch (MHz) 2000

3 dB BW (MHz) 1.45

Insertion loss (dB) ≤ 0.15

Rejection (dB) ≥ 85 @ 2000 MHz

Connectors SMA female in/out

Size (inches) 2.5" high × 2.5" wide 
× 18" long, nominal 

excluding connectors
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EMC TEST SOFTWARE
The model SW1006 is the latest version of the company’s radiated sus-
ceptibility, conducted immunity and pre-compliance emissions soft-
ware. Model SW1006 automatically performs both calibration and im-
munity testing in full compliance with IEC 61000-4-3, 4-6, MIL-STD
461/462 RS103, CS114, RTCA/DO160 Section 20 specifications. The
software also supplies the user with selectable test parameters and a
“thresholding” mode for pre-compliance investigation of equipment
susceptibility, as well as closed loop leveling. Pre-compliance emission
testing can be done with the use of a spectrum analyzer and either a
pre-amp or LISN. The SW1006 software is designed for use with the
supplied NI PCI-GPIB interface card for instrument communication. 

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

RS No. 310

ANTENNA PATTERN RECORDER
Version 5.21 of this program is a complete software package for mak-
ing antenna pattern measurements with standard vector and scalar net-
work analyzers. The program can control single and two axis position-
ers, and it can make pattern measurements without the need for a
physical interface to a positioner. The new program features an exten-
sive set of math functions that allow data to be manipulated after it has
been collected. One can do post calibrations, add frequency depen-
dent magnitude and phase offsets, and add or subtract time delay sig-
nals. The program displays gain, phase, axial ratio, tilt angle and group
delay.

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

RS No. 312

PARAMETRIC PRODUCT SEARCH TOOL
The parametric product search tool is designed for the RF engineer to
specify important product parameters and view the company’s prod-
ucts that match a specific requirement in a specification-compliance
format. Unlike conventional search engines that eliminate products
that narrowly fall outside of specification, the parametric product
search tool can show these products allowing the engineer to make in-
telligent design trade-off decisions to “fine tune” the requirement to
specific needs. View this and other product software support tools in-
cluding Product Cross Reference, PLL Phase Noise and Mixer Spur
Chart Calculators on the company’s site.

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

RS No. 313

3D EM TIME DOMAIN TOOL
CST MICROWAVE STUDIO® 2008 (CST MWS) is the leading edge
tool for the fast and accurate simulation of high frequency (HF) de-
vices such as antennas, filters, couplers, planar and multi-layer struc-
tures and SI and EMC effects. With a user-friendly interface, easy data
exchange to and from other software tools, a choice of first class solvers
and excellent post-processing tools, designers can leverage the latest
developments in 3D electromagnetics to bring designs to market faster
and with lower risk.

CST of America® Inc., 
Framingham, MA (508) 665-4400, www.cst.com.

RS No. 311

SOFTWARE UPDATESOFTWARE UPDATE
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SOFTWARE UPDATE

FILTER SYNTHESIS AND SELECTION TOOL
Filter WizardSM has been enhanced to incorporate tubular filters in
bandpass and low pass search results and to improve the low pass and
high pass search interface. The web-based selection tool’s bandpass
search results now include tubular filters, chip & wire filters, ceramic
filters, cavity filters (combline and interdigital), high-Q ceramic puck
filters, and waveguide filters, as well as KeL-fil, KeL-com, Mini-Max
and Mini-Pack options. Filter Wizard accelerates user progress from
specs to RFQ for RF and microwave filters spanning an ever-increas-
ing 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, www.klfilterwizard.com.
RS No. 314

SYSTEM COMPONENT LIBRARY
The System Component Library (SCL) consists of a unique collection
of accurate and reliable system block models and is available for use in
ADS. Each model is well-documented with its own data sheet that de-
scribes the valid range of the model and its advanced features. The
SCL includes a combination of measurement-based behavioral and
circuit models for amplifiers, mixers, switches, couplers, resonators, fil-
ters and attenuators. 

Modelithics Inc., 
Tampa, FL (813) 866-6335, www.modelithics.com.

RS No. 316

MEASUREMENT AND AUTOMATION SOFTWARE
NI LabVIEW 8.5 delivers power of multicore processors to engineers
and scientists. Building on nearly 10 years of investment in multi-
threading technology, LabVIEW 8.5 simplifies multicore as well as
FPGA-based application development with its intuitive parallel
dataflow language. As processor manufacturers look to parallel multi-
core architectures for performance improvements, LabVIEW 8.5 run-
ning on these new processors can deliver faster test throughput, more
efficient processor-intensive analysis and more reliable real-time sys-
tems on dedicated processor cores. LabVIEW 8.5 also extends the
LabVIEW platform further into embedded and industrial applications
with the new statechart design module for modeling and implement-
ing system behavior as well as new I/O libraries and analysis functions
for industrial monitoring and control.
National Instruments, Austin, TX (888) 280-7645, www.ni.com.

RS No. 317

SOFTWARE PLATFORM FOR RF WAVEFORM
GENERATION

The release of SignalMeister™ Waveform Creation Software is de-
signed for the company’s line of RF vector signal generators. Sig-
nalMeister is a free PC-based software tool that creates arbitrary wave-
form (ARB) files that can be downloaded to its model 2910 RF vector
signal generator. SignalMeister is an expandable software platform
with a common user interface that will allow integration of multiple
signal creation libraries with flexibility to handle multiple signal stan-
dards as they become available. 

Keithley Instruments Inc., 
Cleveland, OH (800) 688-9951, www.keithley.com.

RS No. 315
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CASCADE SOFTWARE SUITE FOR DESIGN
OPTIMIZATION

CASCADE is a free program whereby engineers can quickly predict a sys-
tem response by either selecting standard components (Drag and Drop)
or typing in their unique values. The software then calculates the chain’s
performance in both numerical and graphical results, as well as graphs
showing each individual component’s contribution to gain, noise, output
power and intercepts (individually and cumulatively). Engineers can effi-
ciently visualize a block diagram concept and optimize their design by
viewing individual component contribution to overall system performance
and quickly evaluate trade-offs in component selection and their impact
on system performance. CASCADE is available as a CD or as a download
at www.spectrummicrowave.com/cascade.

Spectrum Microwave, 
Palm Bay, FL (888) 553-7531, www.spectrummicrowave.com.

RS No. 318

ELECTROMAGNETIC SIMULATION TOOL
The latest release of the well-known electromagnetic simulation tool,
Opera v. 12 includes some radical improvements. A new sophisticated
optimization tool has been added, which automatically seeks the best
solution for single or multiple goals. In addition, the capability to mod-
el space-charge devices has been enhanced with secondary emission
and dielectric charging. The ability to model electric machines in 2D
and 3D has been extended with a new electric machines interface and
improved solvers that allows users to readily analyze both standard and
bespoke motors and generators. Opera 12 is available for Windows (32
and 64-bit) and Linux. 

Vector Fields Inc., 
Aurora, IL (630) 851-1734, www.vectorfields.com.

RS No. 320

ONLINE CONFIGURATOR TOOL
This high flex round cable has been added to the company’s online de-
sign tool and provides equipment designers even more standard cable
solutions. When demand is uncertain or small order quantities are
needed, Gore has cable for applications that demand flex life reliabili-
ty. The tool provides simple step-by-step instructions for configuring
GORE™ High Flex Cables (Flat or Round) or GORE Trackless Cable
from standard components, with quick lead times. The GORE High
Flex Cable and Trackless Cable Configurator—available at
www.gore.com/designacable—simplifies the cable design process via a
quick, streamlined step-by-step process. Users can design a cable and
submit an RFQ using the simple configuration tool.

W.L. Gore & Associates Inc., 
Elkton, MD (800) 445-4673, www.gore.com.

RS No. 321

CERAMIC BANDPASS FILTER SELECTION TOOL
A window-based software design tool that assists in the selection of ce-
ramic bandpass filters. With CRaFT (Ceramic Resonator Filter Tool),
the designer can select from two- to six-pole filters in three different
ceramic profiles in up to four different ceramic materials. The pro-
gram also searches for existing filter designs in the requested frequen-
cy band, and displays measured data when available.

Trans-tech Inc., 
Adamstown, MD (301) 695-9400, www.trans-techinc.com.

RS No. 319

SOFTWARE UPDATESOFTWARE UPDATE
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NEW WAVES: Passive and Control Components
■ SMA Attenuators
Designed for volume applications and available
from stock, the AHC family of SMA attenua-

tors offers perfor-
mance at a truly
affordable price.
These 2 W units
operate in a fre-
quency range
from DC to 6
GHz with a 1.20
VSWR while pro-
viding excellent
attenuation flat-

ness. Built for ruggedness the AHC attenuators
are available in dB values of 1–12, 15, 20 and
30.
Aeroflex Inmet Inc., 
San Jose, CA (877) 367-7369,
www.rfmw.com/inmet.

RS No. 216

■ Programmable Attenuator
The model DVAT-0518-60-8-SK-196 is a pro-
grammable attenuator that operates in a fre-

quency range
from 0.5 to 18
GHz. This atten-
uator incorpo-
rates a new driver
circuit with faster
switching and
more accurate at-

tenuation. This model has low insertion loss
and provides stable operation over tempera-
ture extremes. Switching between all attenua-
tion levels is typically within 1 dB in 1.5 µs at
25°C. This attenuator offers sinewave scan
modulation small- and large-signal bandwidth
of 150 kHz and 75 kHz, respectively. The mod-
el DVAT-0518-60-8-SK-196 has temperature
stability of ±2.5 dB over –10° to 85°C and ±3.5
dB over –40° to 95°C. Size: 2" × 1.81" × 0.5".
American Microwave Corp., 
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com.

RS No. 218

■ Waveguide Filter
The model WH220 is a WR112 ‘Waffle-Iron’
waveguide filter designed to handle 600 W av-

erage/1000 W
peak. This space
flight worthy fil-
ter features typi-
cal insertion loss
of < 0.10 dB and
1.15 maximum
VSWR over the 7
to 9 GHz band-
width while pro-
viding > 25 dB

attenuation of the second and > 60 dB attenua-
tion of the third harmonic. Through utilizing
the company’s extensive modeling and in-
house part machining capabilities the ma-
chined part requires no post assembly tuning
leading to enhanced reliability.
Channel Microwave Corp., 
Camarillo, CA (805) 482-7280,
www.channelmicrowave.com.

RS No. 219

■ Wideband Temperature
Variable Attenuator

This wideband temperature variable attenuator
is optimized for performance from DC to 20 

GHz. Using
EMC’s patented
Thermopad tech-
nology, the
WTVA offers the
best performance
to date for high

frequency applications including optimal tem-
perature coefficients of attenuation (TCA) at
frequencies from 12.4 GHz up to 20 GHz.
These devices have been noted for their good
performance and small size, measuring only
0.125" × 0.095" (3.17 × 2.41 mm). The WTVA
wideband temperature variable attenuator is
available in a wire bond gold finish with dB val-
ues from 2 to 6 dB and negative coefficients
slopes from 0.003 to 0.006.  
EMC Technology, 
Stuart, FL (772) 286-9300, www.emct.com.

RS No. 220

■ Push-button Variable
Attenuators

These ESA push-button attenuators are now
available to manually insert attenuation in test 

and simulation ap-
plications. Attenu-
ations up to 70 dB
in 1 dB steps can
be manually set as
well as 0 to 10 dB
in steps as small as
0.1 dB. Two fre-

quency ranges are available, DC to 1 GHz or
DC to 2.5 GHz. The attenuators can handle av-
erage powers ranging from 2 to 10 W. Connector
options include N, BNC, SMA, TNC or 7/16.
Delivery: stock to four weeks.
EPX Microwave Inc., 
San Carlos, CA (650) 692-2198,
www.epxmicrowave.com.

RS No. 221

■ Weather Sealed Notch Filter
The WSN-00280 is a weather resistant, high
performance notch filter, providing low loss in 

frequencies from
DC to 846.5
MHz and 869 to
891.5 MHz, while
rejecting the 851
to 866 MHz

NPSPAC and High Site Channels. When non-
compatible systems are operating adjacent to
one another (for example, across a freeway, in a
tunnel and/or in a building) potential problems
exist with interference due to their close prox-
imity. These systems, either Public Safety
and/or cellular sites, may have significant trans-
mit energy enter their receive channels, and in
many, case receiver de-sensitization occurs re-
sulting in blocked transmissions. Size: 12.74" ×
7.36" × 4.28", excluding connectors.
K&L Microwave, 
Salisbury, MD (410) 749-2424,
www.klmicrowave.com.

RS No. 222

■ Surface-mount Notch Filter
The SDN series of ceramic, surface-mount notch
filters range in center frequencies from 

400 to 3500 MHz.
Designed for stan-
dard industry
bands, the typical
insertion loss is 1.4
dB/1.75 dB (maxi-
mum) with a typi-
cal return loss of
14 dB/10 dB (max-

imum). Dimensions vary from 0.44"L × 0.55"W
(maximum) × 0.20"H (maximum) to 1.1"L ×
0.55"W (maximum) × 0.28"H (maximum).  
Lark Engineering Co., 
San Juan Capistrano, CA (949) 240-1233,
www.larkengineering.com.

RS No. 223

■ Zero Bias Beamlead 
Detector Diode

The model MZBD-9161 is a GaAs beamlead de-
tector diode designed for zero bias detecting 

applications at fre-
quencies through
110 GHz. The
MZBD-9161 of-
fers low junction

capacitance, superior stability and lower temper-
ature coefficient than comparable silicon zero
bias diodes. 
Aeroflex/Metelics Inc., 
Sunnyvale, CA (408) 737-8181,
www.aeroflex-metelics.com.

RS No. 217

■ Hybrid Dielectric Notch Filter
The 5BRX-830/40-S is a hybrid dielectric
notch filter with bidirectional inputs. This filter 

features low pass-
band insertion
loss with a typical
3 dB bandwidth
of 40 MHz. The
VSWR is 2.0 from

DC to 1200 MHz excluding the notch area.
The notch depth is specified as 50 dB mini-
mum over the central 12 MHz span. The unit
features a 3.0 × 1.25 × 0.5 package size with
SMA-female connectors.
Lorch Microwave, 
Salisbury, MD (410) 860-5100,
www.lorch.com.

RS No. 224

■ Modular Coax Isolators and
Circulators

These modular design isolators and circulators
provide coax units with the inherent advantages 

of drop-in devices,
including good
heat sinking and
high power termi-
nations. Three
models span fre-

quency bands from 800 MHz to 14 GHz. Isola-
tors can be equipped with 10 or 50 W termina-
tions. Optional mounting hole geometries are
provided. Additional designs are available with
200 W terminations and reverse power monitor-
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Mini-Circuits wide selection of broadband transformers
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ing tabs. All models can be encapsulated for high
peak power applications.
M2 Global Technology Ltd., 
San Antonio, TX (210) 561-4800,
www.m2global.com.

RS No. 225

■ 3 dB Hybrid Couplers
These high power, 3 dB hybrid couplers are
useful in BTS applications for combining two 

transmitters to
share one anten-
na or for use to
distribute signals
for in-building
a p p l i c a t i o n s .
Available in three
bands: 400 to 520
MHz, 800 to

1000 MHz and 1700 to 2200 MHz. Unique air-
line construction provides lowest possible in-
sertion loss while delivering high isolation (30
dB typical), exceptional VSWR (1.10 typical)
and superior phase balance (3 deg maximum).
Rated for 500 W (maximum). These couplers
are made in the US and are available from
stock (36-month warranty).
MECA Electronics, 
Denville, NJ (973) 625-0661, 
www.e-meca.com.

RS No. 226

■ Directional Couplers
Two new models of low cost, fast delivery di-
rectional couplers are now available. These oc-

tave directional
couplers operate
in a frequency
range from 0.5 to
1 GHz and 1 to 2
GHz. Other
specifications in-

clude 30 dB coupling (±1.5 dB), 0.090 dB max-
imum insertion loss, 18 dB minimum directivi-
ty and 1:17 maximum VSWR. The develop-
ment of these components has resulted in
MCLI being overstocked and willing to offer
extremely low pricing. These items are avail-
able for delivery today.
Microwave Communications 
Laboratories Inc. (MCLI), 
Saint Petersburg, FL (727) 344-6254,
www.mcli.com.

RS No. 227

■ Broadband Fixed Attenuators
These VAT, HAT and UNAT fixed attenuators
provide precision performance at economical

prices. Covering
from DC up to 6
GHz and available
with attenuation
values from 1 to
30 dB, the rugged
attenuators fea-
ture innovative
unibody construc-
tion for outstand-

ing reliability. Manufactured to exacting toler-
ances, these low-cost fixed attenuators offer the
low VSWR, outstanding attenuation flatness, and
repeatability that make them ideal for a wide

range of laboratory and production applications,
including for level control and impedance
matching. Best of all, they provide high perfor-
mance without a high price, with off-the-shelf
availability to meet your needs now. Designer’s
Kits are also available for immediate shipment.
Mini-Circuits, 
Brooklyn, NY (718) 934-4500,
www.minicircuits.com.

RS No. 228

■ Threshold Detector
The model TD-30T-SHS-218-30DBAMP Op-
tions DAC, DS, is an ultra-high speed, high 

sensitivity thresh-
old detector. This
detector is de-
signed for broad-
band applications
in the 2 to 18
GHz frequency
range and offers

an eight-bit digital control to adjust the thresh-
old level and has TTL output. The size is 2.5" ×
2.0" × 0.5" and the power supply is ±12 V.
Planar Monolithics Industries Inc.,
Frederick, MD (301) 631-1579,
www.planarmonolithics.com.

RS No. 229

■ AMPS Diplexer
The part number 2DP-AMPS-75 is a diplexer
with passbands of 824 to 849 and 869 to 894 

MHz. Passband
insertion loss
comes in at less
than 1 dB, a pass-
band return loss
of less than 16
dB, minimum
channel-to-chan-
nel isolation of 75

dB, and is rated for input power of up to 500
W. It has a stellar IMD performance of less
than –120 dBc. This unit can come with most
any RF connector and is sized at only 2.65"
high × 6.5" wide × 8.7" long.
Reactel Inc., 
Gaithersburg, MD (301) 519-3660,
www.reactel.com.

RS No. 230

■ 3 dB Hybrid
This broadband quadrature hybrid handles 100
W and covers many popular telecom, P25/

PMR, military
and homeland se-
curity applica-
tions. The new
unit operates in a
frequency range
from 500 to 2500
MHz and offers
typical insertion

loss of 0.4 dB, directivity of 15 dB minimum,
VSWR of 1.3 maximum and coupling of 3±0.9
dB typical. Power handling is 100 W CW. The
device has standard SMT launches; however,
connectivity options are available upon re-
quest. The package size is 1.55" × 1.40" × 0.77"
and accommodates environmental extremes
from –40° to +80°C. 

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

RS No. 231

■ Miniature Ultra-flat 
Schottky Detectors

These miniature ultra-flat detectors utilize a
zero-bias Schottky design. The microwave 

power is coupled
directly to the ex-
tremely small
components re-
ducing package
parasitics and
transition mis-
matches. This de-
sign results in a

low VSWR and a flat, smooth output over a wide
bandwidth. Options available include negative or
positive output, a choice of three output connec-
tors and operation to 26.5 or 40 GHz.
RLC Electronics Inc., 
Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 232

■ IMD Isolators and Circulators
This line of subminiature low loss and low
IMD isolators and circulators is designed for

the emerging
WiMAX market.
These isolators
and circulators
complement the
company’s exist-
ing line of low
loss and low IMD

subminiature devices. This line operates in a
frequency range that covers 2.5 to 2.7 GHz
and 3.4 to 3.6 GHz. Specifications include: in-
sertion loss of 0.15 dB maximum, isolation of
23 dB minimum, VSWR of 1.15 maximum and
IMD of –82 dBc minimum at 2× tones 40 W
(46.1 dBc) each. Size: 0.75" × 0.75" × 0.30" for
circulator and 0.75" × 1.00" × 0.30" for isolator.
Star Microwave Inc., 
San Jose, CA (408) 286-6994,
www.starmwi.com.

RS No. 233

■ RF Circular Connectors
The RF Circular connector family is designed
for high performance applications. The insert 

arrangements are
maximized to
hold more imped-
ance controlled
size 16 type RF
contacts than any
other circular
connector on the
market today. The

product line consists of shell sizes 15-25 and is
based on the D38999 specification. The HDR-
FI™ RF contacts are press-in style and the
connectors can accommodate standard
D38999 back-shells and hardware.
Tensolite Co., 
St. Augustine, FL (800) 458-9960,
www.tensolite.com.

RS No. 234
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Rogers Corporation is a global technology leader in the 
manufacture of specialty materials for wireless communications,
computer, transportation, military and consumer markets. Join us
in Arizona, Chicago or Connecticut and build on our leadership
position and your expertise. Rogers offers relocation assistance
and outstanding career opportunities in:

•Engineering 
•Marketing

•Research & Development
•Manufacturing 

Additional Positions
Available

IT TAKES SOMEONE SPECIAL
TO WORK AT THE WORLD’S BEST
SPECIALTY MATERIALS COMPANY

Learn more about how to become part of Rogers’ team. Visit our website at

www.rogerscorporation.com/careers

COMPONENTS
■ 2.4 GHz Diplexers
This family of point-to-point and wireless band
products includes the company’s newly re-

leased 2.4 GHz
diplexers. These
units feature a
combline cavity
structure allow-
ing high perfor-
mance within a

compact package. These diplexers are designed
for low combining loss and high port-to-port
isolation. The diplexers are frequency scalable
from 2.2 to 2.6 GHz covering the Wireless Lo-
cal Loop and WCS bands.
ClearComm Technologies LLC, 
Fruitland, MD (410) 860-0500, 
www.clearcommtech.com.

RS No. 258

■ 30 W Termination
The model 559-247-030 is a 50 Ω termination
with a QN female bulkhead connector (other 

impedance values
and connector
types are avail-
able). QN con-
nectors mate

quickly without tools. This termination was de-
veloped for a base station application and of-
fers low intermodulation distortion. These ter-
minations are ideal for commercial, aero-
space/military and test applications. This
device is optimized for DC to 2500 MHz fre-
quencies and the maximum VSWR is 1.15
(1.10 nominal). The average power is 30 W
with an operating temperature range of –40° to
+70°C.
BroadWave Technologies Inc., 
Franklin, IN (317) 346-6101,
www.broadwavetech.com.

RS No. 235

■ High Power Termination
This high power termination will dissipate 200
W and operates in a frequency range from DC 

to 1 GHz. This
device is available
in two mounting
styles, a two-hole
flange 32-1201
and chip 82-
3060. Each de-
vice is also avail-

able RoHS-compliant. Both versions represent
a significant size reduction as compared to cur-
rently available 200 W components.
Florida RF Labs, 
Stuart, FL (800) 544-5594,
www.rflabs.com.

RS No. 236

■ Test Cables
These SilverLine™ TuffGrip™ test cables
have been recently improved. The previous 

high flex life
PVC/steel spring
armor has been
replaced with a
full, 100 percent
steel armor with
anti-torque struc-
ture. The armor
is then covered

with an abrasion resistant, high temperature
TPE jacket. TuffGrip is designed specifically to
meet the field and testing needs of cellular in-
frastructure site test technicians.     
Times Microwave Systems, 
Wallingford, CT (203) 949-8400,
www.timesmicrowave.com.

RS No. 238

AMPLIFIERS
■ High Power Amplifier
The model AMF-5B-09001050-40-39P is a high
power amplifier (PA) that provides 7 W of X-

band power. This
model has an out-
put P1dB of about
39 dBm from 9 to
10.5 GHz and 38
dBm from 7.5 to
11 GHz. Gain is

36 dB minimum, ±1 dB flat and typical noise fig-
ure is 3.5 dB. The model operates from –10° to
+60°C base temperature range and draws about
4A from 15 V. It has internal regulation and pro-
tection, and a footprint of only 3.3" × 3.3".
MITEQ Inc., 
Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 244
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■ 10 to 20 GHz 
Solid-state Amplifiers

These two solid-state amplifiers operate in a
frequency range from 10 to 20 GHz. Models
5S10G20A and 20S10G20A, 5 and 20 W re-
spectively, are 100 percent VSWR tolerant,
have superior linearity and are ideal for EMC
and wireless testing. At new price points of
$21,500 for the 5 W model and $64,500 for the
20 W unit, the S10G20A amplifiers deliver both
superior performance and exceptional value. 
AR RF/Microwave Instrumentation,
Souderton, PA (215) 723-8181,
www.ar-worldwide.com.

RS No. 257

■ ISM Power Amplifier
The M/A-COM MAAPSS0081 is a new 2.4 to
2.5 GHz ISM three-stage power amplifier 

specifically de-
signed for cord-
less applications
that require both
low control volt-
age and high per-

formance. With its wide voltage operating
range, the MAAPSS0081 is a dual-mode power
amplifier that maximizes system performance
while reducing DC power consumption. In the
high power mode, the amplifier generates 25
dBm of output power while drawing 300 mA of
current. In the low power mode, the output
power is 17 dBm with a current of 110 mA.
The amplifier is housed in a RoHS-compliant 3
mm 12-lead PQFN package. Price: $0.35
(100,000).
M/A-COM Inc., 
Lowell, MA (800) 366-2266,
www.macom.com.

RS No. 243

■ Solid-state Power Amplifier

The model BCPA-20-1000-25J is a solid-state
power amplifier suitable for delivering reliable
output power over the instantaneous frequency
range of 20 to 1000 MHz. This PA is ideal for
military communications and jamming plat-
forms as well as commercial applications. The
PA utilizes the latest in silicon LDMOS push-
pull RF devices. These amplifiers feature: sol-
id-state Class A/AB, silicon LDMOS RF tech-

nology, 20 to 1000 MHz 25 W, RF input signal
of CW, FM, AM, PM, pulse, multi-tone and
power gain at P1dB of 46 dB. Size: 6.40" ×
3.40" × 1.1".
BC Systems Inc., 
Setauket, NY (631) 751-9370,
www.bcpowersys.com.

RS No. 240

■ ALC Log Amplifiers
The ALC Log Amplifiers™ are designed for
use in early warning radar receivers, threat de-

tection equip-
ment, electronic
countermeasures
and missile guid-
ance systems. A
logarithmic am-
plifier (or “log
amplifier,” for

short) is a specialty amplifier subsystem that is
primarily used as an amplitude detector of in-
put signal strength on the front-end of pulsed
radar and other wideband electronic warfare
systems. As a log amplifier provides an output
voltage proportional to the logarithm of its in-
put voltage (which is mathematically equiva-
lent to the input power in dBm), the amplitude
information is converted to a more usable for-
mat than other linear detection schemes. 
Endwave Corp., 
San Jose, CA 
(408) 522-3100, 
www.endwave.com.

RS No. 241

■ Low Noise Amplifier
The model HMC392LC4 is a GaAs MMIC low
noise amplifier that is rated from 3.5 to 7 GHz, 

and delivers 16 dB
gain, 2.5 dB noise
figure and +30
dBm output IP3.
The HMC392LC4
is housed in a 4×4

mm leadless ceramic SMT package, operates
from a +5 V supply voltage and features RF I/Os
that are DC blocked and matched to 50 Ω with
no external components. Ideal for use as a low
noise front end or as a LO driver amplifier for
Hittite’s mixer products, the HMC392LC4 func-
tions well in surface-mount, high reliability indus-
trial, military and space applications.
Hittite Microwave Corp., 
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 242

■ Low Noise Amplifiers
These low noise amplifier modules cover up to
18 GHz in bands, with noise figures as low as 

1.8 dB, gain as
high as 28 dB (±2
dB or less) and
P1dB output
power up to 20
dBm. These am-
plifiers are excel-
lent choices for

applications ranging from broadband test equip-
ment to various aerospace and defense systems,
and meet MIL-STD-883. The NEL-0618T620-
5MH low noise broadband amplifier, for exam-
ple, covers 6 to 18 GHz, with P1dB output pow-
er of at least 20 dBm, gain of 28 dB ±2 dB or
less and a noise figure of 4 dB. The NEL-
0102N305-1MH low noise broadband amplifier
covers 500 MHz to 2 GHz with a noise figure of

Visit http://mwj.hotims.com/11725-71
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The Latest, 
Quickest, and

Most Efficient
tools for

RF  Design 
DeEmbedITTM V.40

To get your FREE TRIAL and 
to learn more about our other
wireless tools and services,
logon to our web site:

www.pedasoft.com 
1(800)910-7919 Support@pedasoft.com

and an OIP3 of +50 dBm. The gain slope over
the full band is just ±0.75 dB. It comes stan-
dard in modular form with six thru-holes.
Stealth Microwave Inc., 
Trenton, NJ (609) 538-8586,
www.stealthmicrowave.com.

RS No. 246

■ 100 W Power Amplifiers
These 100 W power amplifiers with integrated
signal source are currently available in three 

bands including
925 to 960 MHz,
1805 to 1880 MHz
and 1930 to 1990
MHz.  Each pow-
er amplifier has 50
dB of gain. An RF
sample port, pow-

er detector and temperature sensor are included.
The signal source can be configured to drive the
RF power amplifier for a cost-effective test solu-
tion. The unit operates from 110 VAC.  Cus-
tomized versions are available.  
Telemakus LLC, 
Folsom, CA (916) 458-6346,
www.telemakus.com.

RS No. 247

MATERIAL
■ High Frequency Circuit

Laminates
The RO4500™ laminates is a new addition to
Rogers’ RO4000® product family of high perfor-
mance antenna-grade materials. RO4500 glass
reinforced hydrocarbon/ceramic laminates pro-
vide the controlled dielectric constant, low loss
and passive intermodulation (PIM) response re-
quired by the wireless infrastructure market.
They are designed for high volume commercial
antenna applications, including communications
cellular base stations and WiMAX networks.
RO4500 laminates provide high thermal conduc-
tivity and uniform mechanical properties for im-
proved power handling over a broad frequency
range. They are fully compatible with conven-
tional epoxy/glass (FR4) circuit board processing
techniques.
Rogers Corp., 
Rogers, CT (480) 961-1382,
www.rogerscorporation.com.

RS No. 248

SOFTWARE
■ Electromagnetic Design

Software
AXIEM electromagnetic (EM) design software
is an innovative and unprecedented design tool
that delivers EM analysis as a true upfront de-
sign technology, where it benefits designers
most by helping to diagnose issues early, there-
by significantly shortening the design process.
The AXIEM product was developed specifical-
ly for three-dimensional (3D) planar applica-
tions such as RF printed circuit boards (PCB)
and modules, low temperature co-fired ceram-
ic (LTCC), monolithic microwave integrated
circuit (MMIC) and RFIC designs, which are
the heart of today’s electronic designs.  
Applied Wave Research Inc., 
El Segundo, CA (310) 726-3000,
www.appwave.com.

RS No. 249

■ 3D EM Solver
Utilizing the ability of the Graphics Processing
Unit (GPU) in modern computer graphics 

cards to stream
floating point cal-
culations, Rem-
com’s XFdtd full
wave 3D EM
solver achieves ex-
tremely fast calcu-
lation speeds via
the XStream®

Hardware FDTD
option. The new Version 3.0 of XStream Hard-
ware FDTD is now based on the NVIDIA FX
5600 GPU with 1.5 GBytes of accelerated mem-
ory. Calculation speed is comparable to an effi-
ciently balanced computer cluster with between
16 and 64 nodes depending on problem size.
There are three versions of XStream V 3.0 avail-
able: XStream V 3.0, XStream MicroCluster V
3.0 and XStream MiniCluster V 3.0.
Remcom Inc., 
State College, PA (814) 861-1299,
www.remcom.com.

RS No. 250

SOURCES
■ Wideband VCO
The model CVCO55CW-0100-0200 is a volt-
age-controlled oscillator (VCO) that operates 

from 100 to 200
MHz with a con-
trol voltage range
of 0 to 5 V. This
VCO features a
typical phase
noise of –108
dBc/Hz at 10 kHz

offset and has excellent linearity. The model
CVCO55CW-0100-0200 is packaged in the in-
dustry standard 0.5" × 0.5" SMD package. In-
put voltage is 5 V, with a maximum current
consumption of 25 mA. The CVCO55CW-
0100-0200 is ideal for use in applications such
as digital radio equipment, fixed wireless ac-
cess, satellite communications systems and
base stations. 
Crystek Corp., 
Fort Myers, FL 
(800) 237-3061, 
www.crystek.com.

RS No. 251

■ Frequency Synthesizers
The HLX series of phase-locked oscillators and
frequency synthesizers are hermetically sealed,
hybridized surface-mount products for use in 

military and other
high-rel iabi l i ty
ground mobile,
shipboard and
airborne applica-
tions. The prod-
ucts are available

as fixed-frequency or serially-programmable
frequency sources with outputs ranging from
50 MHz to over 12.5 GHz. Temperature
ranges between –40° to +85°C and these syn-
thesizers have a small package size of 0.81" ×
0.81" × 0.15". 
EM Research Inc., 
Reno, NV (775) 345-2411,
www.emresearch.com.

RS No. 252

2 dB or less, gain of at least 28 dB ±0.5 dB and
P1dB output power of at least 5 dBm. 
Narda Microwave-East, 
Hauppauge, NY (631) 231-1700,
www.nardamicrowave.com/east.

RS No. 245

■ 10 W Linear Power Amplifier
The model SM0825-40 is an 800 to 2500 MHz
solid-state GaAs amplifier designed for multi-

purpose use in
wireless markets.
With 1.7 GHz of
bandwidth, this
small amplifier
can be used in
most wireless ap-

plications. This module provides 39 dB of lin-
ear gain, +40 dBm of output power at P1dB

Visit http://mwj.hotims.com/11725-97
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Senior Telecommunications Specialist
$5035 to $5985 per month

The Washington State Patrol is currently looking for
qualified technicians with digital and analog

microwave experience for openings in the Yakima and
Wenatchee areas. FCC License and experience

required. For additional information please visit
www.wsp.wa.gov or call Ann Weber at (360) 704-2307.

CLASSIFIED
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■ Amplified Multipliers
Series AMC (Active Multiplier Chain) is MMIC-based amplified multipliers
that extend the range of sweepers and synthesizers. Three new 

models offer greater options and complete
the frequency coverage of the AMC product
line from 18 to 140 GHz in seven waveguide
bands. The new AMC-12 and AMC-08 pro-
vide coverage across their entire respective

frequency bands and an 18 to 40 GHz model provides K connector I/O for
coaxial applications. These amplified multipliers can provide sufficient pow-
er for fundamental mixer LO drive when used with a low frequency fixed or
tunable source. The AMC is a single compact module that can also be inte-
grated with other Millitech multipliers to extend the frequency range up to
220 GHz.
Millitech Inc., 
Northampton, MA (413) 582-9620, www.millitech.com.

RS No. 253

■ Miniature VCOs
This DCO and DXO micro series of miniature voltage-controlled oscilla-
tors (VCO) are designed for C-band and X-band applications. These 

VCOs are based on Synergy’s proprietary
patented technology and patents pending,
which enhances bandwidth, reduces phase
noise and improves immunity to phase hits.
Several models are available with starting
frequency at approximately 4 to 9 GHz, in
tuning bandwidths of approximately 1000
MHz and tuning voltages ranging from 0 to

a maximum of 24 V DC. These new series of VCOs are packaged in tiny
VCO surface-mount packaging measuring 0.3"L × 0.3"W × 0.1"H,
RoHS-compliant, and can be delivered in tape and reel for automatic as-
sembly processes.
Synergy Microwave Corp., 
Paterson, NJ (973) 881-8800, www.synergymwave.com.

RS No. 254

■ Frequency Converters
The C3430 frequency controlled crystal oscillator (FCXO) family is de-
signed for use in wireline infrastructure, test and measurement, military
applications and wireless infrastructure such as GSM, CDMA and W-
CDMA base stations and point-to-point radio. Leveraging an integrated
crystal-based phase-locked loop (PLL) circuit, the C3430 FCXO enables
customers to convert one input frequency into as many as four indepen-
dent output frequencies to simplify clock distribution, while its plug and
play functionality helps organizations reduce total cost of ownership and
research and development cycles. The C3430 frequency converter offers
output frequencies up to 700 MHz in a unique oscillator design, leverag-
ing a proven FR-4 surface-mount packaging design. 
Vectron International, 
Hudson, NH (888) 328-7661, www.vectron.com.

RS No. 255

■ C-band Smart Synthesizer
The model SFS5280A-LF is an ultra-small smart synthesizer that elimi-
nates external programming. This synthesizer is designed as a high quali-

ty, fixed frequency stable signal source that
makes life simpler for the system designer.
The smart design takes care of locking
every single time the circuit is switched on,
or even every time it fails to lock due to ex-
ternal factors. The design includes features
like lock detect. SFS5280A-LF delivers

clean stable signal with reference spurious suppression better than –65
dBc and phase noise of –92 dBc/Hz from 1 to 10 kHz offset. SFS5280A-
LF is designed to provide a stable signal source at 5280 MHz. The har-
monic suppression of this smart unit is better than –20 dBc. This prod-
uct is lead free and RoHS-compliant. Size: 0.60" × 0.60". Price:
$49.00/unit (5 pcs min). Delivery: stock to four weeks.
Z-Communications Inc., 
San Diego, CA (858) 621-2700, www.zcomm.com.

RS No. 256
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C u s t o m .

R/F Microwave 

Connectors

In addition to standard
catalog configurations
the R/F Microwave
Connector Division 
manufactures all 
series and styles of 
RF connectors.

Solve your problem 
with a custom 
design that meets 
your requirement.

Molded and die
cast connectors 
available with 
isolated ground, 
capacitor decoupling
and ESD.

Microminiature, 
subminiature and 
miniature connectors
designed to meet today’s
stringent requirements.

If you are looking for a
quality RF/Microwave
connector, contact 
Molex today.

Molex RF/Microwave Connector Division
Tel 317-834-5600 
Fax 317-834-5611
Toll Free 877-MOLEXRF (665-3973)
www.molex.com

© 2000 Molex

C o m m e rc i a l .

M i c ro m i n i a t u re .

Solutions

Low Cost

Series

Molex Taiwan Ltd.
RF/Microwave Connector Division 
Tel 886-2-2620-2300
Fax 886-2-8631-1996
www.molex.com
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ELECTRICALLY SMALL,
SUPERDIRECTIVE, AND

SUPERCONDUCTING ANTENNAS 

R.C. Hansen

These three subject areas (chapters) are
related by narrow bandwidth and matching
problems. Includes basics on fundamental
limitations and Fano’s matching; extensive
design on loaded antennas; patches with
magnetic substrates. A section covers antennas
with clever physics but bad numbers. Another
treats pathological (nut house) antennas. Design
data and capabilities for superdirective antennas
are given. Three important principles that re-
aligned superconducting antennas are explained.
Each chapter has an extensive bibliography. A
seminal reference in today’s wireless and Wi-Fi
world.

John Wiley & Sons 800-225-2945  2006
ISBN 0-471-78366-G  $100.00

SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 – WILTON – NH – 03086
(603) 654-2002 – Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com
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REVOLUTIONARY 
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of 
MIL-STD-348, but utilize unique housing 

interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package materials

Advanced

Switch

Technology
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 Kingston, On
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      Canada
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TECHNICAL
HANDBOOK

This 200-page,
full-color techni-
cal handbook
provides an over-
view on building
test systems, in-
cluding a strong
emphasis on LXI.
Topics include an
introduction to
test-system de-
sign, selection of
software and
hardware architecture, how to maximize system
throughput, and exploring the range of network-
ing options available for test system automation.
Agilent Technologies Inc., 
Santa Clara, CA (800) 829-4444,
www.agilent.com.

RS No. 200

HIGH-
RELIABILITY
CATALOG

This high-relia-
bility catalog
highlights the
company’s wide
range of prod-
ucts specifically
designed for de-
fense, aerospace
and space appli-
cations. The cat-
alog showcases
AVX’s compre-
hensive range of rugged, military qualified
products including ceramic capacitors, resis-
tors, filters, integrated passive components,
timing devices, module devices and connec-
tors, which are well suited for harsh environ-
ments. 
AVX Corp., 
Myrtle Beach, SC (843) 448-9411,
www.avx.com.

RS No. 201

PRODUCT
CATALOG

The 2007 prod-
uct catalog fea-
tures the compa-
ny’s termina-
tions, resistors
and attenuators,
in various config-
urations includ-
ing flanged,
leaded or as a
chip only. The
products are
available in BeO,
BeO Free™ and aluminum nitride, including
products for WiMAX and Wilkinson applica-
tions. To download a free copy, visit the com-
pany’s web site.
Barry Industries Inc., 
Attleboro, MA (508) 226-3350,
www.barryind.com.

RS No. 202

PRODUCT
CATALOG

This 515-page
microwave and
millimeter-wave
conversion prod-
ucts catalog fea-
tures the compa-
ny’s latest state-
of-the-art mixers,
image rejection
mixers, modula-
tors, multipliers
and custom prod-
ucts. This refer-
ence manual features product specification
sheets including typical test data, outline draw-
ings, questions and answers, technical applica-
tions and notes. There are also sections dis-
cussing quality assurance, manufacturing flow di-
agrams, MITEQ’s Space Heritage, and options
available to the customer. 
MITEQ Inc., 
Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 203

SHORT FORM
CATALOG

This components
short form cata-
log showcases
the company’s
complete line of
filters, chokes,
f e e d - t h r o u g h
and power-quali-
ty components
and pulse trans-
formers for elec-
tronic systems.
The 12-page cat-
alog offers an easy-to-use product selection
chart highlighting Schaffner’s extensive line of
single phase and three phase products.
Schaffner EMC Inc., 
Edison, NJ (732) 225-9533,
www.schaffnerusa.com.

RS No. 204

SELECTION
GUIDE

This solid-state
relays selection
guide is designed
for military, aero-
space, COTS and
high reliability in-
dustrial parts
(HRIP) applica-
tions. The catalog
features 76 fami-
lies in a tabular
format designed
in an easy to use
format. The 20-page digest provides detailed in-
formation about the relays, which include AC,
DC and bidirectional relays with output ranging
from 0.25 to 10 amps. 
Teledyne Relays, 
Hawthorne, CA (800) 284-7007,
www.teledynerelays.com.

RS No. 205
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Andrei Grebennikov and Nathan O. Sokal
Newnes, an imprint of Elsevier • 448 pages; $89.95
ISBN: 978-0-7506-7962-6

THE BOOK ENDTHE BOOK END

The main objective of this book is to pre-
sent all relevant information required

to design high-efficiency RF and mi-
crowave power amplifiers, including well-
known and novel theoretical approaches
and practical design techniques. The intro-
ductory Chapter 1 describes the basic prin-
ciples of power amplifier design proce-
dures. Based on the spectral-domain analy-
sis, the concept of a conduction angle is
introduced with simple and clear analyses
of the basic Class A-, AB-, B- and C-power
amplifiers. In Chapter 2, the voltage-
switching and current-switching configura-
tions of Class D-power amplifiers are pre-
sented, the increased efficiency of which is
a result of operating the active devices as
switches. Chapter 3 describes the different
Class-F techniques using lumped and
transmission line elements, including a
quarter-wave transmission line. Chapter 4
describes the different inverse Class-F

techniques using lumped and transmission
line elements, including a quarter-wave
transmission line. Chapter 5 presents the
historical aspects and modern trends of
Class-E power amplifier design. In Chapter
6, the switch-mode second-order Class-E
configurations with one capacitor and one
inductor and generalized load network, in-
cluding the finite DC-feed inductance,
shunt capacitance and series reactance, are
discussed and analyzed. Chapter 7 presents
the results of exact time-domain analysis of
the switched-mode tuned, Class-E power
amplifiers, with a quarter-wave transmis-
sion line. Chapter 8 offers alternative and
mixed-mode configurations of high-effi-
ciency power amplifiers. Chapter 9 focuses
on five CAD programs for analyzing the
time-domain and frequency-domain behav-
ior of the switched-mode high-efficiency
power amplifiers in frequency ranges from
high frequencies to microwaves.

Switchmode RF Power Amplifiers

Ralph Levy, Editor
Artech House • 418 pages; $129, £61
ISBN: 978-1-59693-212-8

The object of this book is to present the
reader with a selection of the many pa-

pers on RF and microwave filters that is
most relevant to the requirements that ex-
ist today. Some early papers, considered to
be breakthroughs at the time they were
published, are not included if they have
become superseded by later work. The
reprints are grouped in ten categories,
each one preceded by an introduction giv-
ing an overview of the particular class of
filters in a given category. Chapter 1 is
concerned with basic bandpass filters of
the simple Chebyshev or Butterworth
type. Modern filter design relies to a con-
siderable extent on so-called transformed-
variable synthesis, which is the subject of
Chapter 2. Chapter 3 is devoted to cross-

coupled and pseudo-elliptic filters. Chap-
ter 4 describes parallel-coupled line, hair-
pin-line and microstrip bandpass filters.
Chapter 5 is concerned with dielectric-
resonator filters, which are used for two
purposes: to reduce the size of filter cavi-
ties and to increase the unloaded Q, re-
sulting in much lower loss. Bandstop fil-
ters are the subject of Chapter 6, while
Chapter 7 is concerned with low pass fil-
ters. Suspended substrate stripline filters
are described in Chapter 8. It is not al-
ways realized that lumped element filters
may be built to operate at frequencies up
to 18 GHz. Chapter 9 offers examples of
this kind of filter. Chapter 10 comprises
papers on power handling, insertion loss,
group delay and tuning.

Classic Works in RF Engineering, Volume 2: Microwave and 
RF Filters

To order this book, contact: 
Elsevier

30 Corporate Drive
Suite 400

Burlington, MA 01803
(781) 221-1615

To order this book, contact:
Artech House

685 Canton St.
Norwood, MA 02062

(781) 769-9750 ext. 4030; or
46 Gillingham St.

London SW1V 1HH, UK
+44 (0) 207-8750

THE BOOK END
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Just Published!
Design and Test of Digital
Circuits by Quantum-Dot
Cellular Automata
Fabrizo Lombardi and Jing Huang

Here is the first book devoted to quantum-
dot cellular automata (QCA) — an emerg-
ing nanoscale technology that more and
more industry experts are viewing as a
superior alternative to CMOS. QCA prom-
ises to help you achieve room temperature

operation and realize improvements in speed, density and power
over existing CMOS systems. This groundbreaking resource provides
an in-depth understanding of the design, test, defect tolerance, and
computer aided design support for QCA.

• Hardcover • 382 pp. • Available November 2007
• ISBN: 978-1-59693-267-8 • Order Book No. MW072678 • $129/£72

Just Published!
Advanced Phase-Lock
Techniques
James A. Crawford

This practical reference offers a unified
approach to phase-lock technology, span-
ning large and small signal-to-noise appli-
cations. It takes you from continuous-time
systems through hybrid time-sampled sys-
tems to fractional-N synthesis techniques.
The book also looks at bit-synchronization
in the context of phased-lock loop meth-

ods. You find expanded coverage of frequency synthesis that exam-
ines techniques used to develop RFICs for WiMAX and WCDMA
applications.

CD-ROM Included! Contains practical tools to aid in the design
process such as Visio figures and Matlab code.  

• Hardcover • 516 pp. • Available December 2007 
• ISBN: 978-1-59693-140-4 • Order Book No. MW071408 • $129/£72

Coming Soon!
Designing Bipolar
Transistor Radio Frequency
Integrated Circuits
Allen A. Sweet

If you’re looking for an in-depth and up-to-
date understanding bipolar transistor RFIC
design, this practical resource is a smart
choice. Unlike most books on the market
that focus on GaAs MESFET or silicon
CMOS process technology, this unique vol-

ume is dedicated exclusively to RFIC designs based on bipolar tech-
nology. Until now, critical GaAs HBT and SiGe HBT process tech-
nologies have been largely neglected in reference books. Finally, this
book offers a detailed treatment of this increasingly important topic. 

• Hardcover • Approx. 350 pp. • Available January 2008
• ISBN: 978-1-59693-128-2 • Order Book No. MW071288 • $119/£66

Only $101/£56 when you order before December 31, 2007

New!
Frequency-Domain
Characterization of Power
Distribution Networks
Istvan Novak and Jason R. Miller

Measure, simulate, and model power distri-
bution networks (PDNs) accurately and effi-
ciently with this new, cutting-edge resource.
Frequency-domain analysis has revolution-
ized component design, and this book
shows you, step-by-step, how to accurate-
ly characterize PDN components in the fre-

quency domain including vias, bypass capacitors, planes, DC-DC
converters and systems. It helps you to improve accuracy by choos-
ing the right technique and avoiding the common pitfalls.

• Hardcover • 360 pp. • 2007 • ISBN: 978-1-59693-200-5 
• Order Book No. MW072008 • $129/£72

Find complete book descriptions and order at the Artech
House Online Bookstore www.artechhouse.com

Order at www.artechhouse.com or contact the office nearest you: US  FAX Purchase orders and credit card orders to 1-781-769-6334
PHONE Toll-Free 1-800-225-9977, ext. 4030 or 1-781-769-9750 E-MAIL artech@artechhouse.com UK  FAX Purchase orders and credit card orders 24 hours
a day to +44 (0)20 7630-0166 PHONE +44 (0)20 7596-8750  E-MAIL artech-uk@artechhouse.com All orders plus shipping/handling and applicable taxes.

Also available from major online retailers and at fine bookstores where professional-level high-tech books are sold.

685 Canton Street, Norwood, MA  02062  USA
46 Gillingham Street, London, SW1V 1AH, UK

Keep Your Circuit Design
Know-How Current

• Special discounts on forthcoming titles • Secure ordering with email confirmation • “Special Offers” page with great ways to save
• Sample chapters and demonstration software • Ability to check status of your order • In-stock orders ship within 24 hours

B O S T O N   L O N D O N

SAVE

15%
NOW

Visit http://mwj.hotims.com/11725-13 or use RS# 13 at www.mwjournal.com/info
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32 dBm, LLC  . . . . . . . . . . . . . . . . . . . . . . . . . .76  . . . . . . . . . . . .973-709-0020 973-709-1346 http://mwj.hotims.com/11725-32
33 Delta Electronics Mfg. Corp. . . . . . . . . . . .149 . . . . . . . . . . . .978-927-1060 978-922-6430 http://mwj.hotims.com/11725-33

34,35 Dielectric Laboratories Inc.  . . . . . . . . . .15,177  . . . . . . . . . .315-655-8710 315-655-0445 http://mwj.hotims.com/11725-34
36 Ducommun Technologies Inc.  . . . . . . . . . .69  . . . . . . . . . . . .310-513-7200 310-513-7298 http://mwj.hotims.com/11725-36
37 Eastern Wireless TeleComm, Inc.  . . . . . . .135 . . . . . . . . . . . .410-749-3800 410-749-4852 http://mwj.hotims.com/11725-37
38 EMC Technology Inc.  . . . . . . . . . . . . . . . . .19  . . . . . . . . . . . .772-286-9300 772-283-5286 http://mwj.hotims.com/11725-38
39 Emerson Network Power  . . . . . . . . . . . . . .93  . . . . . . . . . . . .800-247-8256 http://mwj.hotims.com/11725-39
40 Empower RF Systems, Inc.  . . . . . . . . . . . .127 . . . . . . . . . . . .310-412-8100 310-412-9232 http://mwj.hotims.com/11725-40
41 Endwave . . . . . . . . . . . . . . . . . . . . . . . . . . . .27  . . . . . . . . . . . .408-522-3180 408-522-3181 http://mwj.hotims.com/11725-41
42 ES Microwave, LLC . . . . . . . . . . . . . . . . . .181 . . . . . . . . . . . .301-519-9407 301-519-9418 http://mwj.hotims.com/11725-42
43 ET Industries  . . . . . . . . . . . . . . . . . . . . . . .153 . . . . . . . . . . . .973-394-1719 973-394-1710 http://mwj.hotims.com/11725-43
44 ETS-Lindgren . . . . . . . . . . . . . . . . . . . . . . .121 . . . . . . . . . . . .512-531-6400 http://mwj.hotims.com/11725-44
45 EuMW 2008  . . . . . . . . . . . . . . . . . . . . . . . .122 . . . . . . . . . .+ 44 20 7596 8742 + 44 20 7596 8749 http://mwj.hotims.com/11725-45
46 Filtronic Compound 

Semiconductors, Ltd. . . . . . . . . . . . . . .147 . . . . . . . . . . . .408-850-5740 831-621-8074 http://mwj.hotims.com/11725-46
38 Florida RF Labs Inc.  . . . . . . . . . . . . . . . . . .19  . . . . . . . . . . . .800-544-5594 http://mwj.hotims.com/11725-38
47 GigaLane  . . . . . . . . . . . . . . . . . . . . . . . . . . .42 . . . . . . . . . . .+82-31-233-7325 +82-31-233-7317 http://mwj.hotims.com/11725-47
48 Herley New England . . . . . . . . . . . . . . . . . .38  . . . . . . . . . . . .781-729-9450 781-729-9547 http://mwj.hotims.com/11725-48
49 Herotek, Inc.  . . . . . . . . . . . . . . . . . . . . . . . .94  . . . . . . . . . . . .408-941-8399 408-941-8388 http://mwj.hotims.com/11725-49

50,51,52, Hittite Microwave Corporation  . . . . . . .55,57,59,
53,54,55  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61,63,65 . . . . . . . . . .978-250-3343 978-250-3373 http://mwj.hotims.com/11725-50

56 Huber + Suhner AG  . . . . . . . . . . . . . . . . . .35  . . . . . . . . .+41 (0)71 353 41 11 +41 (0)71 353 44 44 http://mwj.hotims.com/11725-56
IEEE MTT-S International 

Microwave Symposium . . . . . . . . . . . . .66  . . . . . . . . . . . .781-769-9750 781-769-5037 www.ims2008.org
57 International Manufacturing 

Services, Inc.  . . . . . . . . . . . . . . . . . . . . .78  . . . . . . . . . . . .401-683-9700 401-683-5571 http://mwj.hotims.com/11725-57
58,59 ITU-Shows  . . . . . . . . . . . . . . . . . . . . . . .154,159 . . . . . . . . .+41 22 730 6161 +41 22 730 6444 http://mwj.hotims.com/11725-58
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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. 

2 W&5 W
DC to18 GHz ATTENUATORS

$2995
ea. (1-49)from

Attenuation (dB)

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost,
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW”
family of precision fixed attenuators stand above the crowd! This extremely broad
band DC to 18 GHz series is available in 5 watt Type-N and 2& 5 watt SMA coaxial
designs, each containing 15 models with nominal attenuation values from 1 to 40 dB.
Built tough to handle 125 watts maximum peak power, these high performance
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a
wealth of applications. So contact Mini-Circuits today, and capture this next generation
of performance and value! Mini-Circuits…we’re redefining what VALUE is all about!

IN STOCK

Now Available! Adapters ( Prices: qty.1-49 )

SMA to BNC  Type-N to Type-N 
DC-2 GHz $395 ea. DC-6 GHz $995ea.

Type-N to SMA  
DC-18 GHz $2295 ea.

SMA to SMA QUICK CONNECT SMA  

DC-18 GHz from $495ea. o S
C O M P L I A N T

To order Attenuators as RoHS, add + 
to base model No. Example: BW-S1W2+
Adapters available as RoHS, see web site.

331 Rev K

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

RF/IF 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

Visit http://mwj.hotims.com/11725-86 or use RS# 86 at www.mwjournal.com/info
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60 JFW Industries, Inc. . . . . . . . . . . . . . . . . . .173 . . . . . . . . . . . .317-887-1340 317-881-6790 http://mwj.hotims.com/11725-60
61 K&L Microwave, Inc. . . . . . . . . . . . . . . . . . .7 . . . . . . . . . . . . .410-749-2424 443-260-2268 http://mwj.hotims.com/11725-61
62 KR Electronics, Inc.  . . . . . . . . . . . . . . . . . .181 . . . . . . . . . . . .732-636-1900 732-636-1982 http://mwj.hotims.com/11725-62
63 Krytar  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .82  . . . . . . . . . . . .877-734-5999 408-734-3017 http://mwj.hotims.com/11725-63
64 Litron, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . .75  . . . . . . . . . . .866-LITRON-1 http://mwj.hotims.com/11725-64
65 Lorch Microwave . . . . . . . . . . . . . . . . . . . . .39  . . . . . . . . . . . .800-780-2169 410-860-1949 http://mwj.hotims.com/11725-65
66 Maruwa America Corp.  . . . . . . . . . . . . . . .120 . . . . . . . . . . . .516-477-0783 718-728-2493 http://mwj.hotims.com/11725-66
67 Maury Microwave Corporation  . . . . . . . . . .6 . . . . . . . . . . . . .909-987-4715 909-987-1112 http://mwj.hotims.com/11725-67
68 MECA Electronics, Inc. . . . . . . . . . . . . . . .171 . . . . . . . . . . . .973-625-0661 973-625-9277 http://mwj.hotims.com/11725-68
70 Microsemi  . . . . . . . . . . . . . . . . . . . . . . . . . .30  . . . . . . . . . . . .408-986-8031 408-986-8120 http://mwj.hotims.com/11725-70
71 Microwave Filter Company, Inc.  . . . . . . . .174 . . . . . . . . . . . .800-448-1666 315-463-1467 http://mwj.hotims.com/11725-71

Microwave Journal  . . . . . . . . . . . . . . .123,160,178,
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .181,189  . . . . . . . . . .800-225-9977 781-769-5037 www.mwjournal.com

72 Mimix Broadband, Inc.  . . . . . . . . . . . . . . . .31  . . . . . . . . . . . .281-988-4600 281-988-4615 http://mwj.hotims.com/11725-72
73,74,75, Mini-Circuits  . . . . . . . . . . . . . . . . . . . . .4–5,18,33,
76,77,78,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43,44,53,
79,80,81,  . . . . . . . . . . . . . . . . . . . . . . . . . .79,100–101,115,
82,83,84,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .125,139,151,

85,86  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .169,187  . . . . . . . . . .718-934-4500 718-332-4661 http://mwj.hotims.com/11725-73
87 Mini-Systems, Inc. . . . . . . . . . . . . . . . . . . . .96  . . . . . . . . . . . .508-695-0203 508-695-6076 http://mwj.hotims.com/11725-87

88,89 MITEQ Inc.  . . . . . . . . . . . . . . . . . . . . . .3,22–23  . . . . . . . . . .631-436-7400 631-436-7430 http://mwj.hotims.com/11725-88
90 Modelithics, Inc.  . . . . . . . . . . . . . . . . . . . . .56  . . . . . . . . . . . .888-359-6359 813-558-1102 http://mwj.hotims.com/11725-90
91 Molex RF/Microwave Connector 

Division  . . . . . . . . . . . . . . . . . . . . . . . .179 . . . . . . . . . . . .317-834-5600 317-834-5611 http://mwj.hotims.com/11725-91
92 Narda Microwave-East, 

an L3 Communications Co. . . . . . . . . .109 . . . . . . . . . . . .631-231-1700 631-231-1711 http://mwj.hotims.com/11725-92
93 Networks International Corporation  . . . . .34  . . . . . . . . . . . .913-685-3400 913-685-3732 http://mwj.hotims.com/11725-93
94 NoiseWave Corp.  . . . . . . . . . . . . . . . . . . . . .8 . . . . . . . . . . . . .973-386-1119 973-386-1131 http://mwj.hotims.com/11725-94
95 OML Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . .145 . . . . . . . . . . . .408-779-2698 408-778-0491 http://mwj.hotims.com/11725-95
96 Pascall Electronics Limited . . . . . . . . . . . . .54  . . . . . . . . .+44(0) 1983 817300 +44(0) 1983 564708 http://mwj.hotims.com/11725-96
97 Pedasoft LLC  . . . . . . . . . . . . . . . . . . . . . . .176 . . . . . . . . . . . .800-910-7919 http://mwj.hotims.com/11725-97
98 Planar Electronics Technology, Inc.  . . . . .119 . . . . . . . . . . . .301-662-5019 301-662-1731 http://mwj.hotims.com/11725-98
99 Programmed Test Sources, Inc.  . . . . . . .COV 3  . . . . . . . . . .978-486-3400 978-486-4495 http://mwj.hotims.com/11725-99

100 Pulsar Microwave Corporation  . . . . . . . . .110 . . . . . . . . . . . .800-752-3043 973-779-2727 http://mwj.hotims.com/11725-100
101 Quest Microwave Inc.  . . . . . . . . . . . . . . . . .80  . . . . . . . . . . . .408-778-4949 408-778-4950 http://mwj.hotims.com/11725-101

QuinStar Technology, Inc.  . . . . . . . . . . . . .107 . . . . . . . . . . . .310-320-1111 310-320-9968 www.quinstar.com
102 R.C. Hansen Inc.  . . . . . . . . . . . . . . . . . . . .181 . . . . . . . . . . . .800-225-5945 http://mwj.hotims.com/11725-102

103,104 Radiall . . . . . . . . . . . . . . . . . . . . . . . . . . . .74,124  . . . . . . . . .33-1-49-353535 33-1-48-546363 http://mwj.hotims.com/11725-103
105 Radiall-AEP  . . . . . . . . . . . . . . . . . . . . . . . .141 . . . . . . . . . . . .203-776-2813 203-776-8294 http://mwj.hotims.com/11725-105
106 Reactel, Incorporated . . . . . . . . . . . . . . . . .113 . . . . . . . . . . . .301-519-3660 301-519-2447 http://mwj.hotims.com/11725-106
107 REMEC Defense & Space  . . . . . . . . . . . . .32  . . . . . . . . . . . .858-560-1301 http://mwj.hotims.com/11725-107
108 Renaissance Electronics Corporation . . . . .46  . . . . . . . . . . . .978-772-7774 978-772-7775 http://mwj.hotims.com/11725-108
109 RF Micro Devices  . . . . . . . . . . . . . . . . . . .143 . . . . . . . . . . . .336-678-5570 336-931-7454 http://mwj.hotims.com/11725-109
110 RF TEC Mfg., Inc.  . . . . . . . . . . . . . . . . . . .181 . . . . . . . . . . . .770-487-2187 770-486-9499 http://mwj.hotims.com/11725-110

111,112,113 RFHIC  . . . . . . . . . . . . . . . . . . . . . . . . . .60,62,64 . . . . . . . . .82-31-250-5011 82-31-250-5088 http://mwj.hotims.com/11725-111
114 RLC Electronics, Inc.  . . . . . . . . . . . . . . . . .25  . . . . . . . . . . . .914-241-1334 914-241-1753 http://mwj.hotims.com/11725-114

Rogers Corporation  . . . . . . . . . . . . . . . . . .172 . . . . . . . . . . . .480-961-1382 480-961-4533 www.rogerscorporation.com/careers
115 Rosenberger . . . . . . . . . . . . . . . . . . . . . . . . .98 . . . . . . . . . . . .+49-8684-18-0 +49-8684-18-499 http://mwj.hotims.com/11725-115
116 Roswin Inc.  . . . . . . . . . . . . . . . . . . . . . . . . .136  . . . . . . . . . .+82-41-621-4450 +82-41-621-4451 http://mwj.hotims.com/11725-116
117 S.M. Electronics  . . . . . . . . . . . . . . . . . . . . .40  . . . . . . . . . . . .800-715-4396 972-984-1218 http://mwj.hotims.com/11725-117
118 Satellite 2008  . . . . . . . . . . . . . . . . . . . . . . .180 http://mwj.hotims.com/11725-118
119 Sector Microwave Industries, Inc.  . . . . . . .181 . . . . . . . . . . . .631-242-2300 631-242-8158 http://mwj.hotims.com/11725-119
120 Sonnet Software, Inc.  . . . . . . . . . . . . . . . . .165 . . . . . . . . . . . .315-453-3096 315-451-1694 http://mwj.hotims.com/11725-120
121 Special Hermetic Products, Inc.  . . . . . . . .181 . . . . . . . . . . . .603-654-2002 603-654-2533 http://mwj.hotims.com/11725-121
122 Spectrum Elektrotechnik GmbH  . . . . . . .111  . . . . . . . . . .+49-89-3548-040 +49-89-3548-0490 http://mwj.hotims.com/11725-122
123 Spectrum Microwave, Inc.  . . . . . . . . . . . .86–87 . . . . . . . . . . .888-553-7531 302-727-3729 http://mwj.hotims.com/11725-123
124 Spinner GmbH  . . . . . . . . . . . . . . . . . . . . . .108  . . . . . . . . . .+49 89 12601-257 +49 89 12601-287 http://mwj.hotims.com/11725-124
125 Suss MicroTec AG  . . . . . . . . . . . . . . . . . . .137  . . . . . . . . . .(+49) 35240/73-0 http://mwj.hotims.com/11725-125
126 SV Microwave, Inc.  . . . . . . . . . . . . . . . . . . .91  . . . . . . . . . . . .561-840-1800 561-842-6277 http://mwj.hotims.com/11725-126
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FREE
Product Information

Now Available Online
at

Info Zone
The new Web-based product information system

from

Just visit
mwjournal.com/info

and enter the RS number from
the ad or editorial item 

or 
request information by company

name or product category

It’s Easy

It’s Fast

It’s FREE

GET IN THE ZONE!
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WiMAX’ and ‘Portable WiMAX’ are in-
troduced to the global conversation
about WiMAX and the technology be-
hind it. Some equipment vendors have
even co-opted ‘WiMAX’ to refer to any
BWA product, further blurring the line
between the standards-based approach
championed by the Forum and the
pedestrian proprietary products that
have been on the market for years. Trying
to understand it all is enough to turn
even the most seasoned technologist into
a closet technophobe. All labeling issues
aside, there is a seemingly endless pa-
rade of technologically-focused issues
that also swirl around WiMAX. Consider
all the frequency bands that WiMAX has
been purported to use. Then there are the
WiMAX Profiles, the WiMAX Releases
and the multiple waves of Certification.
And even though first-generation
WiMAX products are just now taking
hold in some regions, there is the irre-
sistible urge on the part of some to spec-
ulate about what comes next: the unfor-
tunately named—but inevitable—
’WiMAX 2.0.’ Before we all drown in this
eddy of profiles and releases and waves,
let us try to stem the flow of confusion,

W hen peering in at the still-evolv-
ing world of WiMAX from the
outside, it is easy to be con-

founded by the cloud of information
swirling around as the technology works
to launch itself into the mainstream. To
the layperson, it is possible to conclude
that WiMAX has already become hope-
lessly complex, and it has not even been
launched. In an ironic twist, some of the
very companies and standards organiza-
tions with the most to gain from the suc-
cess of WiMAX are often, perhaps unwit-
tingly, involved in spreading confusion
when they could be fostering clarity. For
example, the WiMAX Forum™—the in-
dustry consortium that promotes this
new, standards-based approach to
Broadband Wireless Access (BWA)—
talks of Fixed and Mobile standards,
while the IEEE has standards with
monikers that include 802.16d, 802.16-
2004, 802.16e and 802.16-2005; and there
are accounts of new releases like 802.16m
and 802.16p that further muddy the wa-
ters. The casual observer must ask
whether these things are the same or dif-
ferent? Further, the potential for confu-
sion grows when terms like ‘Nomadic

Making Sense of
WiMAX
JOSH RAHA AND MARK ANDREWS

TriQuint Semiconductor, Hillsboro, OR

AND EMERGING TECHNOLOGIES
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separate the wheat from the
chaff, and identify what is essen-
tial knowledge in tracking this
market.

So, let us boldly go where few
have gone before in an effort to
understand WiMAX, its fixed and
mobile variations; how the stan-
dards organizations work to
bring harmony to the system;
and how releases, profiles and
certification are designed to fos-
ter both interoperability and mar-
ket growth. It does not have to be
as complicated as some might
make it seem.

THE WiMAX FORUM 
AND THE IEEE 

The first thing to understand
about WiMAX is the definition
and purpose of the WiMAX Fo-
rum,™ and how this differs from
the role of the IEEE. The IEEE
and the Forum are separate enti-
ties. The former defines itself as a
“professional association for the
advancement of technology,”
while the latter is a consortium of
companies across the wireless
ecosystem (component suppliers,
radio vendors, service providers,
test equipment manufacturers,
software developers, etc.). The
Forum brings these players to-
gether to help ensure interoper-
ability in a relatively new ap-
proach to mobile broadband
wireless and helpfully gives us
this defining passage on its web
site:

“The ultimate goal of the
WiMAX Forum is to promote and
accelerate the introduction of
cost-effective broadband wireless
access services into the market-
place. Standards-based, interoper-
able solutions enable economies
of scale that, in turn, drive price
and performance levels unachiev-
able by proprietary approaches,
making WiMAX Forum Certi-
fied™ products the most competi-
tive at delivering broadband serv-
ices on a wide scale” (http://www.
wimaxforum.org/certification/
certification_program).

Like any association or trade
group made up of for-profit cor-
porations, it would be naïve to
think that all participants in the
WiMAX Forum are at the table

merely to foster the common
good. The Forum’s message is
sometimes obscured by individual
players’ own tactics as they push
proprietary solutions or publicize
their own approach; to wit, much
of the information about WiMAX
in the trades media is clever mis-
direction generated to point the
reader towards ‘ABC Company’s’
better WiMAX mousetrap. That
any company invested in WiMAX
success would seek to turn the
market in a way that favors its
own position should not come as
a surprise. However, in order for
WiMAX to succeed it must be
based on common standards, or
else this latest attempt at realizing
universal BWA will go the way of
the turn-of-the-century efforts
that were swallowed in the
morass of proprietary solution
dead-ends. When an approach or
equipment solution is champi-
oned, the best guidance is ‘caveat
emptor’: buyer beware. Is the so-
lution interoperable with those
from other vendors? Is it WiMAX
Forum Certified (more on that lat-
er…)? Is it really WiMAX or just
another solution offered for a lim-
ited area or market? As indicated
in its charter, the Forum’s main
goal is to ensure interoperability
between all WiMAX equipment.
Step one is defining a set of per-
formance standards for a WiMAX
radio; step two is the ability and
authority to formally certify prod-
ucts that meet those standards. A
vendor cannot call its product a
“WiMAX” radio unless it is award-
ed Certification by the Forum—
and here we have our first source
of confusion. Multiple vendors—
including those that are active
members of the Forum—have al-
ready begun marketing their un-
certified products as “WiMAX” ra-
dios. The term “WiMAX” has been
co-opted by some to refer to any
BWA radio, whether it is based on
Forum standards or on a propri-
etary design. If it is a tissue, it’s not
necessarily a Kleenex-branded tis-
sue; likewise, just because some-
one manufactures a broadband
radio, it’s not necessarily a
WiMAX radio. In fact, it is proba-
bly not, since there are only a
handful of products that have offi-

cial Forum Certification to date:
http://www.wimaxforum.org/
kshowcase/view.

THE ALPHANUMERIC 
WiMAX SOUP: 802.16 
AND ITS MANY CHILDREN

Clearly, the IEEE does the
world a great service in its ap-
proach to advancement and stan-
dardization of technologies. How-
ever, in doing so, the alphanu-
meric soup of standards that it
produces tends to confuse the
uninitiated when internal working
group terms get thrown around.
Certainly, the 802.16 standard
specifically refers to Wireless
Metropolitan Area Networks
(WMAN, similar to WLAN—it is
the same idea; see Figure 1). But
what of 802.16d, 16e, 16f, 16m, 16-
2004, 16e-2005? What needs to be
known? What can be discarded
by the analyst or layperson? Un-
less membership in an IEEE stan-
dards committee or working
group is in your future, keep this
summary handy. All the stan-
dards shown in Table 1 have
been referred to by their WiMAX
Forum labels (Fixed, Mobile or
Release 2.0) for the sake of clarity
in the list that follows.

TABLE I
IEEE TO WiMAX FORUM

TRANSLATION

Common NameIEEE from theStandard WiMAX Forum

802.16-2004 Fixed WiMAX

802.16e-2005 Mobile WiMAX

802.16m Mobile WiMAX Release 2.0

PAN

IEEE 802.15
BLUETOOTH

IEEE 
802.16 MAN
WiMAX

 LAN
IEEE 802.11 
 VNA

 WAN
3G CELLULAR

▲ Fig. 1  The wireless universe.
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• 802.16d has been terminated. It
was the basis for Fixed WiMAX,
but it is no longer. Any published
reference to it is out of date.
• 802.16-2004 is alive and well,
and is the new basis for Fixed
WiMAX. To be clear, for all but
the most fastidious, ‘Fixed
WiMAX’ and ‘802.16-2004’ are
different labels for the same
thing.
• 802.16e-2005 is the IEEE stan-
dard on which Mobile WiMAX is
based. It is released and the
WiMAX Forum’s Mobile WiMAX
Certification efforts will begin at
the end of this year. To investi-
gate Mobile WiMAX further, visit
http://ieee802.org/16/published.
html. 
• 802.16m is in the very early
stages of definition, but is expect-
ed to be the basis for Mobile
WiMAX Release 2.0 (Why does
there always have to be a two-
point-oh? More on that later…).
WiMAX Detractors—those that
champion other broadband wire-
less technologies—have seized
upon the m in 802.16m and have
been telling the market Mobile
WiMAX is still in the early com-
mittee stages at the IEEE. This is
patently untrue; rather, 812.16m
is the second generation of Mo-
bile WiMAX.
• 802.16f-2005, 812.16.2-2004,
812.16k-2007… Investigate these
further through the IEEE if there
is an interest, but there is nothing
there that will engender a better
understanding of the WiMAX
market as it exists today.

FREQUENCY BANDS
When looking at any wireless

technology, the first set of ques-
tions any analyst ought to ask
concerns frequency: what fre-
quency band(s) will this new tech-
nology use? Is it licensed or unli-
censed? Where will this frequen-
cy be available? Where will it not
be available? The initial simplistic
declaration on WiMAX was that it
would run at 2.5, 3.5 and 5.8 GHz.
The reality is, of course, slightly
more intricate than that. While
there are still a number of out-
standing questions regarding the
allocation of licensed frequency
for WiMAX, it is generally under-
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stood that the United States and
Canada will have released licens-
es in the 2.305 to 2.320, 2.300 to
2.400, 2.345 to 2.360 and 2.469 to
2.690 GHz bands (simplified: this
is the 2.5 GHz band). Sprint, inci-
dentally, and its well-publicized $3
B US-wide network, will use the
2.469 to 2.690 GHz band. Next-
Wave Wireless, which owns the
lion’s share of the 2.305 to 2.320
GHz (the WCS spectrum) in the
United States, has also committed
to WiMAX. South Korean pro-
vider Korea Telecom™ has al-
ready deployed a WiBro system
in the 2.3 to 2.4 GHz band and In-
dian telecom companies have
used the 3.4 to 3.8 GHz band (call
it 3.5 GHz if that makes it easier)
for their early Fixed WiMAX net-
works in their deliberate but for-
ward-looking deployment strate-
gy. Meanwhile, European Union
countries are likely to issue licens-
es in the 3.3 to 3.4 and 3.4 to 3.8
GHz bands (again, 3.5 GHz).
Japan has made available a 4.9
GHz band and, finally, China has
not yet formally committed spec-
trum for WiMAX applications. It
should also be noted that while
most of the world’s major telecom
companies have yet committed to
building out with WiMAX, a num-
ber of small operators and start-
up service providers have begun
offering ‘WiMAX-like’ services.

Not mentioned above are the
700 MHz and 5.8 GHz bands,
which are unlicensed in most
countries. There are two schools
of thought for these spectrum
blocks. Proponents of the first say,
“These bands are unlicensed, so
who’s going to want to deploy
networks in them? There’s no de-
mand for WiMAX here.” Their op-
ponents say, “These bands are un-
licensed, so anyone and everyone
can and will deploy networks
there. The demand for WiMAX in
this spectrum is clearly here.” To
date, the WiMAX Forum has not
yet released any profiles for these
bands, which tells you that the
first school of thought has won
this argument… so far. Moving
forward, Fixed WiMAX will be ef-
fectively available worldwide in
the 3.5 GHz bands—except for
North America, which will use the

2.5 GHz bands. Meanwhile, Mo-
bile WiMAX will likely be at 3.5
GHz in the EU and at 2.5 GHz
everywhere else; this will be true
if China commits to the plan fol-
lowed by other key international
players instead of charting its own
course. In order to get to this level
of alignment, the WiMAX Forum
has had to address the muddle of
frequencies with a two-pronged
strategy. First, the Forum works
with the world’s governmental
regulatory bodies to align avail-
able spectrum along a limited set
of frequencies, minimizing the
need for multiple radio architec-
tures. Second, it provides an envi-
ronment in which equipment ven-
dors and service providers can
work together to determine the
bands that the first WiMAX radios
will use. This second prong of the
attack is manifested in the Profiles
discussed later in this article.

FIXED/MOBILE/
PORTABLE/NOMADIC

WiMAX is necessarily split into
two basic categories: Fixed and
Mobile, the key difference being
that the ‘fixed’ services do not sup-
port hand-off, while ‘mobile’ serv-
ices do. Fixed WiMAX, based on
the IEEE 802.16d standard, is well
defined and WiMAX Forum-certi-
fied radios have been deployed in
various markets across the globe.
There is a lot of chatter in the in-
dustry about “portable” or “no-
madic”—or even “luggable”—de-
vices. This is more of a mental ex-
ercise in hair-splitting than a
division based on legitimate opera-
tional differences. For all but the
most exacting mind, these two su-
perfluous categories can be
lumped into the ‘fixed’ camp. Per-
haps a better word for Fixed
WiMAX is ‘Fixed-Nomadic
WiMAX,’ as the protocol covers
both truly-fixed scenarios like
“wireless DSL” as well as laptop-
based “extended WLAN” nomadic
settings in which a subscriber us-
ing the network shuts down
his/her laptop, moves to another
area with service, and then restarts
and reconnects. In any case, Fixed
WiMAX has a head start: it has al-
ready been deployed. Mobile
WiMAX is based on IEEE 802.16e-
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2005 and, just as in the cellular world, allows a sub-
scriber to move from one coverage area or ‘cell’ to an-
other through a series of seamless hand-offs. To date,
the only build-out of Mobile WiMAX is in Seoul,
where Korea Telecom has launched its WiBro-brand-
ed service. There has been agreement within the Fo-
rum to meld WiBro and Mobile WiMAX into a single
standard, eliminating the confusion of two names de-
scribing essentially the same service. Do not expect
WiBro to die, though—KT has created a valuable and
identifiable brand, and one would expect that Korean
WiMAX networks will continue to carry the moniker.

PROFILES
It should be noted that WiBro devices have not yet

been approved for interoperability by the WiMAX Fo-
rum. A good reason for this is that the Forum has not
yet released any of its mobile profiles for certification.
That said, the March Mobile WiMAX Plugfest (a
closed-door event held by the Forum to bring togeth-
er competing equipment vendors with the goal of
testing interoperability) in Southern France included
nearly 100 unique successful connections of base sta-
tions and mobile stations from approximately 25 dif-
ferent equipment vendors. These vendors worked
with six different certification profiles in three fre-
quency bands. At the time of this writing, the October
Plugfest in Taiwan was forecast to improve on these
numbers. The lesson is that positive progress has
been made—and continues to be made—in the devel-
opment of interoperable devices from varying ven-
dors. All well and good, but what is a profile? Profiles
may be one of the most commonly misunderstood
topics surrounding Forum activities. As mentioned
before, certification remains at the core of the Forum’s
‘cause d’être’ because of the basic premise that inter-
operability accomplishes little if the consumer doesn’t
have confidence that his new WiMAX PCM/CIA card
will work on the new WiMAX network in his neigh-
borhood. Certification equals confidence to the aver-
age end user. Given the importance of a formal certifi-
cation, the Forum is releasing profiles for certification:
sets of requirements that must be passed by a given
vendor’s base station or subscriber station in order to
get Certification: the Forum’s stamp of approval. The
multiple RF bands in which WiMAX may be deployed
were covered earlier. In order to define a profile, the
Forum identifies an RF band, then couples this with a
specific channel size as well as a particular duplex

mode. For example, one Fixed WiMAX profile for
which certified equipment is available is 3.5/3.5/TDD:
the 3.5 GHz band, a 3.5 MHz channel, Time Division
Duplex mode; the other duplexing mode available for
Fixed WiMAX is FDD: Frequency Division Duplexing.
Tables 2 and 3 illustrate the profiles that have been
formally defined by the Forum to date. The text in the
mobile WiMAX table refers to the name assigned by
the Forum to a particular profile. All profiles for mo-
bile WiMAX are TDD.

RELEASES AND WAVES
There is a natural conflict between implementing

innovative new ideas (which often takes longer than
initially estimated) and getting products to market
quickly. In order to balance this conflict, the Forum
has decided to introduce its certification profiles incre-
mentally, allowing for improvements in functionality
and features over time. This incremental or ‘staged’
approach is manifested in the Forum’s introduction of
Profiles in Releases and Waves. Very simply, Releases
and Waves define a set of functionality, with a ‘Wave’
being a subset of a ‘Release.’ The first iteration of
WiMAX is Release 1.0—fairly straightforward, really,
while Release 2.0 (called WiMAX 2.0 by some wags) is
still being developed by the IEEE. Remember
802.16m? This will eventually become Release 2.0—
but for the time being, Release 1.0 is all the market re-
ally has. Waves are subsets of Releases. The first set of
Mobile WiMAX products (certified under Release 1.0,
Wave 1) includes support for real-time applications,
full mobility, high throughput, and well-defined secu-
rity and power save mechanisms. Release 1.0, Wave 2
will include advanced features, such as Multiple Input
Multiple Output (MIMO) radios, Beamforming, and
Multicast Broadcast Services. It should be noted that
all subsequent Releases and Waves will be fully back-
wards compatible. In addition, they will be incremen-
tal in nature. For example, Forum certification for
Wave 2 will include all the same tests as Wave 1, plus
new ones.

POWER AMPLIFIER REQUIREMENTS—
FLEXIBILITY

Power amplifier technology will be a key to the
proliferation of WiMAX. Early WiMAX-based hand-
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TABLE II
FIXED WiMAX PROFILES DEFINED BY THE WiMAX FORUM

RF Spectrum Channel 
(GHz) Duplexing Bandwidth (MHz)

3.5 TDD 3.5

3.5 TDD 7

3.5 FDD 3.5

3.5 FDD 7

5.8 TDD 10

TABLE III
MOBILE WiMAX PROFILES DEFINED 

BY THE WiMAX FORUM

RF
Spectrum

(GHz)

Channel Bandwidth (MHz)

2.A 2.B 2.C

1.B 1.A 1.B

2.A 2.B 2.C

3.A 3.A

4.A 4.B 4.C

5.A 5.B 5.C

2.305–2.320

2.3–2.4

2.345–2.360

2.469–2.690

3.3–3.4

3.4–3.8

3.5 5 7 8.75 10
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sets, for example, have proved
problematic for widespread us-
age because of deficient battery
life and the fact they tended to
heat up during extended use—
critical shortcomings. In addition,
these devices could stand to have
more powerful transmission sig-
nals: longer transmission dis-
tances from the device will allow
for fewer base stations, reduced
cost of network build-out, and a
quicker ROI for service providers.
Heat, battery life and transmis-
sion power are all controlled—to
a major extent—by the efficiency
and linearity of the PA in the user
device. An efficient PA uses less
power and emits less heat; a PA
with high linear output power
will necessarily transmit further.

The beauty of the WiMAX Fo-
rum mission is that it brings to-
gether the parties designing net-
works, those designing radios,
and those creating components
to ensure that the right parts are
being developed for overall mar-
ket success. But for all this to-

getherness, there are still a wide
variety of requirements—some-
times conflicting requirements—
for the PA and other compo-
nents. In some regards, the pow-
er amplifier has become one of
those ‘make-or-break’ compo-
nents in the system. In a very
real way, a good PA is necessary
for the success of the whole
WiMAX market because without
it, more base stations will be re-
quired to support large-scale
WiMAX deployments. Battery
life drains more quickly in mo-
bile devices if the PA efficiency
is, in effect, ‘deficient’ and heat
build-up becomes a headache
for the mobile subscriber. Any
negatives along this chain spell
trouble for new products in a
new market. To the list of PA
‘must-haves’, that includes good
output power, efficiency and lin-
earity, one has to also consider
the various band requirements
(2.305 to 2.320, 2.300 to 2.400,
2.345 to 2.360, 2.469 to 2.690, 3.3
to 3.4 and 3.4 to 3.8 (while this

doesn’t even take into account
the unlicensed bands at 700
MHz, 4.9 GHz and 5.8 GHz.).
Plainly stated, current genera-
tion PAs cannot meet these re-
quirements. In addition, WiMAX
products also have to fit into var-
ious form factor requirements.
For example: a fixed WiMAX
CPE for a desk at home or in the
workplace (think of it as a wire-
less DSL modem) will need to
have different efficiency and bias
voltage requirements than a de-
vice performing the same func-
tion in a mobile PDA or handset.
A PA needs to meet this whole
suite of requirements while at
the same time being cost-effec-
tive. The upshot is that a PA
must be flexible enough to deliv-
er power in multiple bands, meet
varying efficiency versus lineari-
ty versus power output require-
ments, and function in differing
bias conditions in different form
factors. And it must do all of this
at a price that allows the WiMAX
market to thrive.

Visit http://mwj.hotims.com/11723-10 or 
use RS# 10 at www.mwjournal.com/infoWiMAX SUPPLEMENT ■ NOVEMBER 2007 11
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THE WiMAX FUTURE
While coming to grips with the

ins and outs of WiMAX takes
some determination, it would all
be for naught if the service does-
n’t meet global demand for uni-
versal broadband wireless access.
What that demand is, incidentally,
has been described as a desire to
take today’s Internet experience
on the road. Nortel calls it “Hy-
perconnectivity;” NextWave calls
it “WiMAX 2.0;” and the well pub-
licized Xohm (pronounced
“zome”) service from Sprint calls
it “Personal Broadband.” In every
case the concept is remarkably
straightforward: providing con-
nectivity to any online application,
anywhere, at any time, on any de-
vice. At the Mobile Broadband
Executive Summit this preceding
September’s WiMAX World
show, Sprint’s Atish Gude pointed
out that those looking for the so-
called killer application that will
drive the market are missing the
devastatingly simple point that
“Access is the killer application.”
Underscoring this point at the
same event, the Yankee Group’s
Phil Marshall shared survey data
indicating that approximately 40
percent of consumers would like
a wireless broadband service, but
only a quarter of these people ac-
tually subscribe to any of today’s
options. Overwhelmingly, the rea-
son for this gap is a price/speed
tradeoff—nearly 70 percent of the
remaining three-quarters believe
that current options are too ex-
pensive and/or do not realize the

broadband data rates required to
replicate the wired Internet expe-
rience. With the assumption that
the standardization efforts of the
Forum will bring prices down
and engender widespread net-
work deployment, TriQuint Semi-
conductor’s own product market-
ing group projects strong growth
through 2012 based on its under-
standing of the forces shaping de-
mand and the availability of Certi-
fied equipment (see Figures 2
and 3). But just as wading
through the swirl of information
around WiMAX takes time, so
does any analysis of the market
forces that will affect uptake by
the consuming public. As has
been demonstrated before, even
technically sound ideas supported
by well-financed development
and market roll-outs do not al-
ways reap immediate success. But
for market watchers, there is gen-
eral agreement that the overall
worldwide economic outlook fa-
vors continued expansion of wire-
less communications, with wire-
less broadband access being the
main component of that growth.
While no one can say what the
full impact of LTE, ‘super 3G’ or
other flavors of 4G technology
will be, as cellular vies to meet the
demand for broadband service, it
is clear at the same time that
WiMAX offers advantages that
make it a strong contender for a
healthy portion of the BWA mar-
ket. WiMAX offers advantages
across what has been called the 4
Cs: Cost (favorable cost structure

through mass standardization);
Capacity (higher order modula-
tion schemes, wider channel
bandwidth); Coverage (Orthogo-
nal Frequency Division Multiplex-
ing provides superior non-line-of-
sight-performance); and Conver-
gence (the 802.16 family and
WiBro/Mobile WiMAX enable
rapid evolution of globally stan-
dardized technology). It is most
likely that the future of broad-
band access will include a num-
ber of vehicles for service delivery
involving both the ‘legacy’ world-
wide cellular network as well as
both fixed and mobile WiMAX so-
lutions. As has been seen with al-
most anything involving data
storage, data rates and the pub-
lic’s demand for communications
services, ‘good’ always demands
‘better’, and ‘slow’ is intractably
replaced by ‘faster.’ With demand
for data rates continually grow-
ing, and since the nature of global
communications is becoming in-
creasingly mobile, wireless
broadband access will continue to
be a growth market into the sec-
ond decade of the 21st century.  ■

Josh Raha is a product marketing
manager focusing on the WiMAX,
Bluetooth and GPS markets for TriQuint
Semiconductor in Orlando, FL. Before
joining TriQuint, he was in product
management for Triton Network Systems.
He holds a BS degree in electrical
engineering from the University of
Pennsylvania and an MBA degree from the
University of Southern California.

Mark Andrews is marketing
communications manager for TriQuint
Semiconductor in Orlando, FL. He has
authored numerous papers and articles
focusing on the needs of technology-
focused communications industries since
1993. He has a BS degree in fine and
applied arts from Central Michigan
University.
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▲ Fig. 2  Projected WiMAX users through 2012.
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▲ Fig. 3   New WiMAX subscribers in
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LTE TIMELINE
LTE is already more than a concept,

with the study phase having started in late
2004 and a great deal of work being done
to complete the release 8 standards. The
many possible deployment options for
LTE present one of the biggest challenges
in designing and testing early user equip-
ment (UE). The core specifications are cur-
rently scheduled to be complete by early
2008, and the first conformance test speci-
fications should be available by late 2008.
Limited quantities of working UEs may be
available for field trials in 2009/2010. This
is a very aggressive timescale for a new
mobile technology, which will demand the
availability of early and comprehensive
test equipment (see Figure 1).

BASEBAND
Current High Speed Packet Access

(HSPA) device performance makes large

Long Term Evolution (LTE) is the pro-
ject name given by 3GPP to the evolu-
tion of the UMTS 3G radio standards.

The original UMTS Terrestrial Radio Ac-
cess (UTRA) is based on W-CDMA tech-
nology, which has been continuously en-
hanced to include HSDPA & HSUPA
(HSPA). The work on UMTS continues in
Release 8 of the 3GPP standards with en-
hancements to HSPA. In addition, Re-
lease 8 includes E-UTRA an entirely new
air interface based on OFDM technology.
Offering higher data rates and lower la-
tency for the user, a simplified all-IP net-
work for the operator and improved
spectral efficiency, E-UTRA—or LTE as
we will refer to it from now on—promis-
es to provide many benefits. This article
reviews some design challenges specific
to LTE, and looks at the emerging test
equipment being developed to help in
the realisation of this new technology.

Examining the
Design and Test

Challenges 
of 3GPP LTE

SANDY FRASER
Agilent Technologies Inc.

AND EMERGING TECHNOLOGIES

 11M44S FINAL  10/19/07  8:40 AM  Page 14



demands on processing power in
a mobile device package. Proto-
type HSPA devices available to-
day have difficulty providing
these high data rates unless con-
nected to a mains adapter, so LTE
with significantly higher target
data rates than today’s 7.2 Mbps
will further challenge platform
design.

The processing power re-
quired to support these data rates
is phenomenal, particularly in
baseband where all the error
handing and signal processing
occurs. LTE baseband functions
include:
• Channel coding and scram-
bling
• Channel interleaving
• Adaptive modulation and Cod-
ing: QPSK, 16QAM and 64QAM
• Physical-layer hybrid-ARQ
processing (HARQ), retransmis-
sion, incremental redundancy
and chase combining
• Discrete Fourier Transform
(DFT)

Baseband designs will likely be
modeled using PC simulation on
both the UE and network sides
and reduced speed emulation of
hardware prototypes is also likely.

RF
There are currently 11 defined

Frequency Division Duplex (FDD)
paired bands and six Time Divi-
sion Duplex (TDD) bands listed in
3GPP TR 36.803. All of these
bands are also defined for GSM
and UMTS and to date there is no
specific spectrum allocated to
LTE. Will LTE be expected to co-
exist in the same bands with W-
CDMA or GSM systems or will
entire bands be re-allocated for
LTE? All that is certain at this

stage is that the LTE spectrum sit-
uation is uncertain. The number
of combinations complicates the
work required for co-existence
studies and the resulting require-
ments and tests. The lack of a sin-
gle defined band for LTE signifi-
cantly complicates early develop-
ment compared to the single
band introductions for GSM and
UMTS (W-CDMA).

Although there remains much
uncertainty about which bands
LTE may be deployed in we do
know much more about the un-
derlying air interface. By the time
LTE mobile devices require RF
test, there will have been signifi-
cant understanding gained from
WiMAX, which shares a very
similar orthogonal frequency di-
vision multiplexing (OFDM)
downlink. However, the LTE up-
link differs somewhat from
WiMAX and uses single carrier
frequency division multiple ac-
cess (SC-FDMA) to reduce peak-
to-average power ratio (PAPR).
This will create some specific LTE
test needs. From TR 36.803 the
expected requirements upon
which tests will be based include:

Transmitter Requirements:
maximum output power (MOP)
and maximum power reduction
(MPR); frequency error; power
control (minimum output power,
transmit ON/OFF power, out-of-
synchronization handling of out-
put power); control and monitor-
ing functions; occupied band-
width; UE spectrum emissions
mask and ACLR for LTE; spurious
emission requirements for LTE;
transmit intermodulation; trans-
mit modulation (EVM).

Tests based on these require-
ments will enable elimination of

many typical RF impairments in-
cluding I/Q imbalance, PA nonlin-
earities, oscillator phase noise,
timing jitter in IF/RF sampling
and mixing.

Receiver Requirements: refer-
ence sensitivity level; Maximum
Sensitivity Reduction (MSR);
maximum input level; adjacent
channel selectivity (ACS); in-band
blocking; out-of-band blocking;
narrow band blocking; spurious
response; wide band intermodu-
lation; narrow band intermodula-
tion; spurious emissions.

Performance Requirements:
dual-antenna receiver capability;
antenna correlation and gain im-
balance; simultaneous unicast
and MBMS operations; and dual-
antenna receiver capability in idle
mode.

One new challenge facing LTE
UE will be the need to handle
variable channel bandwidths. All
previous 3GPP systems have had
one channel bandwidth but LTE
is being defined with eight differ-
ent channel bandwidths varying
from 1.4 to 20 MHz. Such flexibili-
ty allows for a rich set of new
possibilities in deployment. How-
ever, this flexibility also presents
significant new challenges in the
way in which in-channel and out-
of-channel requirements are
specified, in the number of per-
mutations for testing and in oper-
ational aspects related to Radio
Resource Management (cell se-
lection/re-selection, handover
etc.).

One of the consequences of
LTE’s variable channel bandwidth
and the fact that a UE will typical-
ly be allocated a subset of the
available resource blocks in the
channel means that it is neces-
sary to define limits on the ener-
gy a UE is allowed to transmit in
unused resource blocks. The defi-
nition and requirements for this
in-channel test are still under dis-
cussion but the vector signal
analyser plot in Figure 2 shows
the principle. This impaired sig-
nal has been generated using 0.1
dB IQ gain imbalance distortion
in the transmitter. The impact of
this distortion on an OFDM sig-
nal is to generate images of the
allocated resource block in the
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other half of the signal equidis-
tant from the centre frequency.
The upper plot shows the subcar-
rier power and the lower plot
shows EVM per subcarrier.

LAYER 2/3
LTE Layer 2 is split into the fol-

lowing sub-layers: Medium Ac-
cess Control (MAC), Radio Link
Control (RLC) and Packet Data
Convergence Protocol (PDCP).
The functions of L2 include:
• Mapping between logical
channels and transport channels
• Multiplexing/demultiplexing of
RLC Packet Data Units (PDU)
• Traffic volume measurement
reporting
• Error correction through
HARQ
• Priority handling 
• Transport format selection
• Segmentation and re-segmen-
tation of PDUs that need to be re-
transmitted
• Header compression and de-
compression
• Ciphering of user and control
plane data

Two significant design chal-
lenges will be the ciphering of
significant amounts of data in
PDCP, and the MAC turnaround
time, which at 2 ms is six times
faster than for HSDPA. Testing
at high throughputs will be nec-
essary to stress and highlight
problems in these two key
areas.

LTE Layer 3 includes the sub-
layers Radio Resource Control
(RRC), Mobility Management
(MM) and Call Control (CC). L3
essentially deals with the main
service connection protocols,
such as:
• Broadcast of System Informa-
tion and Paging
• Establishment, maintenance
and release of an RRC connection 
• Configuration of signalling ra-
dio bearer(s)
• Security functions including ci-
phering
• Mobility functions such as cell
reporting for inter-cell and inter-
RAT mobility and handovers, UE
cell selection and reselection, and
control of cell selection and rese-
lection
• QoS management functions

The detailed specifications be-
hind this broad overview of LTE
L2 and L3 are still under discus-
sion. Although early L2/L3 devel-
opment will be accomplished
with full-speed or low-speed sim-
ulation, it is not until L2 and L3
are integrated with baseband and
the RF at full speed that the in-
tegrity of device design can be
determined.

TESTING THE COMPLETE
DEVICE

Test solutions for complete de-
vices such as base station emula-
tors with real-time protocol
stacks or procedural script-based

solutions cannot
today be de-
signed without a
significant degree
of proprietary in-
put to account for
the gaps in the
s p e c i f i c a t i o n s .
Early solutions
will be available
within the next
six to 12 months,
but these will re-
quire modifica-
tion until the
specifications are
finalised. Unlike
previous genera-
tions of radio
standards, the
LTE conformance
tests should be

available well in advance of com-
mercial service. This should help
alleviate the interoperability is-
sues, which commonly plague
new technology at introduction.
The expected availability of the
conformance specifications dur-
ing 2008 means that test equip-
ment providers will be chal-
lenged to provide the necessary
test coverage much earlier than
would be normal, forcing an
overlap with finalising the devel-
opment of existing test solutions,
for example, for HSPA+, EDGE
Evolution and WiMAX.

USER EXPERIENCE AND 
REAL WORLD TESTING

Sustained user demand for
new technology or applications is
highly dependent on first impres-
sions. The availability of web
browsing via slow circuit-
switched services or low data-
rate early GPRS devices turned
many potential users away from
“surfing the mobile internet.” It is
only now, with the advent of W-
CDMA and HSPA, that data ap-
plications are gaining credibility.
It is critical therefore that LTE de-
livers from the very start. Voice
quality via the packet network
needs to be at least as good as
current circuit-switched systems,
data services need to be both
high speed and low latency, and
inter-working with legacy sys-
tems needs to be seamless. Such
perfectly reasonable customer ex-
pectations demand a thorough
test regime prior to commercial
launch.

The early availability of confor-
mance test specifications will
help with some of the basic test-
ing, and ensure interoperability,
but like today’s conformance
tests, they will not be sufficient to
ensure the perfect customer ex-
perience. As with 2G and 3G de-
vices, much more functional test
and verification will be required.
While there are several hundred
formal conformance tests for 2G
and 3G there are perhaps ten
times as many proprietary per-
formance tests used by designers
to stress test UEs in a similar way
that they may be used in real life,
using real data in real time. 

▲ Fig. 2  Distortion of OFDM signal causes mirrored noise
image.
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THROUGHPUT
Perhaps the most visible capa-

bility LTE aims to provide is a
much higher peak data rate, 50
Mbps uplink, 100 Mbps down-
link, for single antenna rising to
over 170 Mbps for 2×2 downlink
MIMO. These figures represent
the upper limit for the system de-
sign and practical figures will be
scaled back as UE capabilities are
defined. However, even at signifi-
cantly reduced rates there will be
many design and test challenges
to overcome. Although not a UE
design issue, cell edge through-
put is very important. It is expect-
ed that LTE will be deployed us-
ing a single frequency network;
however, in order to minimise ad-
jacent cell interference and main-
tain cell-edge performance, a pat-
tern of frequency re-use will like-
ly be used at the cell edges.

Figure 3 shows the centers of
all cells using the entire channel
bandwidth (yellow), while the
border zone of each cell uses a
sub-set of the available resource
blocks (multiple colors) based on
a reuse pattern. Users near the
cell centers will be able to utilize
the entire channel bandwidth due
to physical separation from adja-
cent cells. Users at the cell edge
will be able to obtain good C/I on
a sub-set of the channel band-
width due to frequency clear-
ance. More advanced methods of
frequency clearing are possible
based on location-specific re-
source block scheduling at the
cell edges.

Performance targets for LTE
are still to be defined, but it is im-

portant that a variety of scenarios
are specified in order that perfor-
mance in different conditions can
be understood. The nature of the
OFDMA air interface with its
variable bandwidth, variable
modulation depth, variable re-
source block allocation and vari-
able adjacent cell interference
profile compared to W-CDMA
means that the number of possi-
ble test combinations is large. 

MIMO
Multiple Input Multiple Output

(MIMO) is required in order to
achieve the headline peak data
rates. Two types of MIMO are de-
fined in the LTE specifications. Sin-
gle User MIMO (SU-MIMO) is
where two or more data streams
are allocated to one user with the
intent of increasing peak data
rates. Throughput improves when
the radio channel exhibits uncorre-
lated transmission paths. Multiple
User MIMO (MU-MIMO) relies on
the same principle of uncorrelated
transmission paths, but in this case
the paths belong to different users
with the intent being to increase
the capacity of the cell rather than
increase peak data rates. Since
MIMO requires multiple transmit-
ters and receivers it was decided
for UE cost reasons to only man-
date 2×2 SU-MIMO for the down-
link. This requires two UE re-
ceivers. For the uplink, only 2×2
MU-MIMO is assumed, which
avoids the added cost and power
consumption of two UE transmit-
ters needed for 2×2 SU-MIMO. Al-
though 4×4 MIMO is defined in the
standards, this is probably only go-
ing to be practical for PC-based de-
vices. For handheld devices, even
the baseline two receiver configu-
ration will place additional de-
mands on battery life, and the extra
heat generated will certainly pro-
vide additional thermal manage-
ment design issues.

In the same way that peak data
rates are often quoted without
reference to the necessary chan-
nel conditions, the same is often
true for MIMO. The headline fig-
ures quoted are usually a linear
multiplier on the number of
transmission paths. This is the
theoretical potential but reality

will be determined by the corre-
lation between the paths. MIMO
will probably work best indoors
where there are slow changing
conditions and no line of sight.
MIMO cannot function with sig-
nificant line of sight since it
means the paths are highly corre-
lated. In many outdoor environ-
ments line of sight is quite nor-
mal and at the cell edge, perfor-
mance benefits are achieved
using receive diversity rather
than MIMO.

MIMO performance targets
will be defined for specific chan-
nel conditions and although these
will be carefully chosen there are
reasons these will not be repre-
sentative of real conditions. Actu-
al performance will be highly de-
pendent on unspecified antenna
performance, polarisation as-
pects, body and head loss, and
different mechanical use modes
as well as the dynamic conditions
of the real channel. Antenna per-
formance is further compromised
by the need to support multiple
frequency bands. With so many
variables, specifying perfor-
mance “over the air” to ensure
satisfactory user experience is not
realistic. MIMO receiver confor-
mance testing will be straightfor-
ward; however, there is little in-
formation available today on how
this simple form of test and the
real world correlate. Real world
testing of MIMO performance
will be possible in due course
with a visit to the local LTE net-
work, although provision of re-
peatable real world emulation for
early R&D using test equipment
will prove to be much more chal-
lenging.

BATTERY LIFE
We live in a world where bat-

tery technology is struggling to
keep up with ever more power-
hungry mobile devices. GSM
phones typically have a standby
life of approximately seven to ten
days, W-CDMA devices three to
five days, and WLAN GAN de-
vices using OFDM (albeit with lit-
tle power control sophistication)
are down to one to two days.
What will be the battery life of an
LTE UE with MIMO, capable of
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▲ Fig. 3  LTE frequency re-use at cell
edges.
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170 Mbps? Optimising the battery life particularly
when transferring at high data rates under realistic
channel conditions will be critical to ensuring initial
customer acceptance.

CONCLUSION
The design challenges presented by LTE are sig-

nificant. However, the difficulties encountered dur-
ing the introduction of new technology always ap-
pear far greater at the time than with hindsight. Fif-
teen years ago designers struggled with far less
computing power, design tools, simulation and test
equipment to provide us with GSM, which is now
seen as simple compared to the technologies that
have followed. And so it is likely to be with LTE.

Agilent’s unique LTE “Connected Solutions”
brings together Agilent’s range of signal generation
and analysis equipment with the ADS simulation
environment to create a comprehensive test solu-
tion for the R&D engineer. LTE signals can be creat-
ed in simulation using the ADS LTE Wireless Li-
brary and downloaded to an ESG or MXG vector
signal generator to create real-world physical test
signals for R&D device testing. UE output can be
captured with an Agilent MXA Signal Analyzer, a
PSA Series Spectrum Analyzer, or a logic analyzer,
and then post-processed using the ADS LTE Wire-
less Library to perform measurements on RF and
mixed-signal DUT hardware. Battery drain can be
tested with existing Agilent analysis software and
suitable power supplies.

These test solutions are just the start for LTE de-
sign and verification, with protocol development,
protocol conformance tests and network emulation
solutions yet to come. LTE may have many chal-
lenges, but with early and powerful test equipment
solutions, the LTE challenge can be met.  ■

Sandy Fraser joined Agilent Technologies
(formerly Hewlett-Packard) in 2000 as a
product marketing engineer. Prior to joining
Agilent, he worked as a business development
manager for TRAK Inc. for its Military and
Space Division. During his career with Agilent
Technologies, he has worked with One Box
Manufacturing Test Instruments, including the
Agilent 8922 and the Agilent E5515B/C. Today
he is the product manager for GSM, GPRS,
EGPRS and IS-136 test solutions for
manufacturing and R&D.
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used with bandwidth-limited antennas.
The shape of a waveform also determines
its spectral energy.

The graphs in Figure 2 show time do-
main waveforms and frequency spectra
for step pulse generators with added im-
pulse forming networks (IFN). A step
generator, producing a 10 V 45 ps rise-
time step, was used for the measure-
ments. Adding a single IFN to the output
of the generator produced the 3 V 50 ps

T he generation of ultra-wideband
(UWB) waveforms is of great inter-
est for applications ranging from

communications to position sensing. Re-
search and development engineers work-
ing in UWB are faced with the challenge
of generating unique waveforms that
meet their application requirements. Of-
ten this also requires high-performance
waveforms (very fast transition times
with significant amplitudes) and flexible
performance. Some of the most common
UWB waveforms are presented in this ar-
ticle along with techniques and equip-
ment that may be used to generate them.
In this article, UWB waveforms have

been classified into four cat-
egories: step, rectangular,
impulse and monocycle.
These waveforms are shown
in Figure 1.

Each type of waveform
will have its own particular
properties. For example, a
monocycle has a narrower
frequency spectrum than
the other waveforms shown
and no DC component.
Consequently, it is often

Generating UWB
Waveforms

BOB MCLAUGHLIN AND KIPP SCHOEN
Picosecond Pulse Labs (PSPL), Boulder, CO
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Fig. 1  Basic UWB
waveforms. ▼
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▲ Fig. 2  Spectrum of step generator output alone
and with added impulse forming networks (1 or 2).
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duration impulse. Adding a sec-
ond IFN resulted in a 1.8 V mono-
cycle. Since the risetimes of the
step, the impulse and the mono-
cycle are very similar in this ex-
ample, the spectra above 10 GHz
have the same basic shape. The
curves are offset vertically be-
cause of resulting amplitude dif-
ferences (there is some loss in
each IFN used). Note, waveforms
with slower risetimes will have
similar shapes but will be shifted
toward lower frequencies.

Three basic hardware tools
will be discussed and presented
in this article:
• Signal generators, step (posi-
tive, negative), rectangular and
impulse
• Impulse forming networks
(IFN)
• Risetime filters

Together, these tools allow an
engineer to generate and shape a
waveform while providing a
great deal of flexibility. For exam-
ple, a 10 ps step generator can be
combined with risetime filters to
produce transition times ranging
from 10 ps to many nanoseconds.
The same generator may also be

combined with IFNs to produce
ultra-fast impulses and monocy-
cles (see Figure 3). This type of
hardware provides both the high-
est performance and a wide
range of waveform properties
with a single set of equipment.

As another example, impulse
generators offer a unique combi-
nation of impulse amplitude and
full-width-half-maximum (FWHM).
Figure 4 shows a plot of the gen-
erator producing impulses with 60
ps FWHM and 8 V amplitude. In
addition, there is often more than
one possible implementation for
generating the same waveform.
For example, an impulse can be
generated with a step generator
and an IFN, with a rectangular
generator and a risetime filter, or
directly with an impulse generator.
The best choice will depend on the
waveform parameters required by
the application (for example, tran-
sition time, amplitude, duration).

STEP GENERATORS
Step waveforms typically have

an extremely fast leading edge, a
flat topline and a much slower 
(> 10x) trailing edge. Step genera-
tors provide the world’s fastest
transition times for commercial
electronic pulse generators. Gen-
erally, for these generators, a
fixed charge line sets the step du-
ration. However, with some step
generators the step duration may
be adjusted by changing the
length of an external charge line.

A typical negative polarity fast
step generator waveform is
shown in Figure 5. This example
produces steps with an ultra-fast

falltime at the leading edge 
(< 5 ps), followed by a fixed dura-
tion at –Vamp. Note, the risetime
of the signal at the trailing edge is
significantly slower than the lead-
ing edge falltime and the pulse
duration cannot be changed (with
this generator architecture). An
example positive polarity step
generator waveform is shown in
Figure 6. Table 1 summarizes
the characteristics of several step
generators products offered by
Picosecond Pulse Labs (PSPL).

RECTANGULAR PULSE
GENERATORS

Rectangular pulses with posi-
tive polarity have a fast leading
edge transition or “risetime” and
flat top line. The trailing edge
transition or “falltime” is often
slower by some amount. A typi-
cal rectangular pulse is shown in
Figure 7. Rectangular pulse gen-
erators are generally program-
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▲ Fig. 3  PSPL model 4005 with IFN
(impulse has 15 ps FWHM).
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56.5249 ps

▲ Fig. 4  PSPL model 3600 impulse generator (impulse has 60 ps
FWHM and 8 V amplitude).

PULSE
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WAVEFORM

Vamp

td

tf tr

▲ Fig. 5  Typical PSPL model 4005 step
generator waveform.

Vamp

tf

td

tr

▲ Fig. 6  Typical model 4050B step
generator waveform.

TABLE I
PSPL STEP GENERATORS

Negative Polarity Step Generators

Model Vamp Polarity tr tf td

4005 –5 V negative 20 ns < 5 ps 16 ns

4015D –5 V negative 20 ns 12 ps 5 ns

Positive Polarity Step Generators

4050B +10 V positive 45 ps 500 ps 10 ns1

4500E +35 V positive 100 ps 1 ns 20 ns1

1The pulse duration, td, is set by the length of an internal 
charge line. An external charge line may be attached 

to create different pulse durations.
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mable over a continuous range of
amplitude, offset, duration and
frequency. This programmability
affords a greater degree of wave-
form flexibility. The pulse dura-
tion or width, td, is measured at
the 50 percent amplitude level.
This is often referred to as
FWHM. Risetimes and falltimes
are specified as the transition du-
ration from 10 to 90 percent of
Vamp. Table 2 shows these char-
acteristics for PSPL’s rectangular
pulse generators.

IMPULSE GENERATORS
An impulse generator (wave-

form shown in Figure 8) has the
advantage that it produces a sin-
gle pulse with no opposite polari-
ty impulse corresponding to the
trailing edge of the generator’s
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waveform (compared to a rectan-
gular pulse generator with added
IFN). Impulse generators may
also produce a differential output.
Differential outputs are useful for
exciting the two arms of a dipole.

An impulse waveform has a
relatively flat spectrum from DC
to approximately f–3dB, where

The useful energy extends to
more than three times f–3dB. The
characteristics of PSPL impulse
generators are listed in Table 3.

IMPULSE FORMING
NETWORKS (IFN)

An impulse forming network
(IFN) is a component that may be
connected to the output of a gen-
erator. An IFN produces an out-
put that is approximately the de-
rivative of the input. If the input is
a step, the output will be an im-
pulse. If the input is an impulse,
the output will be a monocycle.
Multiple IFNs may be cascaded
(for example, to produce a mono-
cycle from a step).

Figure 9 shows the output
when an IFN is added to a posi-
tive rectangular pulse. Two im-

f GHz
320

t ps–3dB
d

( ) ≈ ( )

pulses are created. A positive im-
pulse corresponds to the rising
portion of the input signal shown
in Figure 6. The Vamp1 is about 25
to 35 percent of Vamp of the input
pulse. The duration of the im-
pulse td1 will be slightly wider
than the risetime of the input sig-
nal.

The output amplitude of an
IFN is proportional to dV/dt of
the signal at the input. The fall-
time of the trailing edge of the
waveform in Figure 6 is approxi-
mately twice as long as the rise-
time. As a result, Vamp2 of the
negative impulse will be 50 per-
cent of the positive one, and td2
for the negative impulse will be
about twice as long as td1.

It is important to choose an
IFN that is appropriate for the
risetime of the signal. If a slow
transition signal is combined
with an IFN that is designed for
fast risetimes, the IFN will not ef-
ficiently couple the signal, and
the output will be very small. If
the risetime of the input signal is
too fast for the IFN, the impulse
duration will be lengthened, and
the waveform shape may be dis-
torted. The recommended rise-
times for PSPL’s line of IFN prod-
ucts overlap to give comprehen-
sive risetime coverage, as shown
in Figure 10. As an example, one
could choose model 5210 or
5212A for use with a 50 ps rise-

PULSE
GENERATOR

WITH
RECTANGULAR

WAVEFORM

Vamp

50% Vamp tr tf

td

▲ Fig. 7  Characteristics of a rectangular
pulse.

IMPULSE
GENERATOR

Vamp

td

▲ Fig. 8  Impulse generator waveform.

PULSE
GENERATOR

WITH
RECTANGULAR

WAVEFORM

Vamp1

Vamp2

td2

td1

Vp-p

IMPULSE
FORMING
NETWORK

▲ Fig. 9  Output when an impulse
forming network is added.

TABLE II
PSPL RECTANGULAR PULSE GENERATORS

Model Vamp Polarity tr tf td
10,050A 10 V fixed positive 45 ps 110 ps 100 ps–10 ns

10,060A 0 to +10 V positive 55 ps 115 ps 100 ps–10 ns

10,070A 0 to ±7.5 V positive or negative 65 ps 80 ps1 100 ps–10 ns

2600C-Turbo 0 to +50 V, –45 V positive or negative 250 ps 800 ps < 1 ns–100 ns

10,300B 0 to +50 V, –45 V positive or negative 300 ps 750 ps < 1 ns–100 ns

120%–80% for this generator and characteristic only. 
All other transitions are 10%–90%.

TABLE III
PSPL IMPULSE GENERATORS

Model Vamp Polarity tr tf td f–3dB

1000D 35 V fixed positive and negative 250 ps 370 ps 500 ps 640 MHz

3500D 0 to ±8 V positive or negative 70 ps 45 ps 65 ps 4.9 GHz

36001 –7.5 V fixed negative – – 70 ps 4.9 GHz

1Model 3600 uses an external frequency source up to 2.5 GHz repetition rate.
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time pulse. The 5212A will pro-
duce a larger amplitude output
(more efficient coupling), but the
impulse duration for the 5210 will
be narrower (faster coupling).

IFNs are also very useful
when working with fast step
generators.  In this case,  the
combination of the fast step
transition and the IFN produce

a very narrow impulse. Figure
11 shows a typical waveform
for a step generator (e.g. PSPL
Model 4005) with an added IFN.
The negative transition at the
leading edge creates a negative
polarity impulse. There is effec-
tively no measureable impulse
from the much slower trailing
edge of the step generator.

Adding two
IFNs to a step
generator will
create a monocy-
cle. When the
IFNs are matched
to the risetime of
the step, one can
expect a monocy-
cle with Vpeak-peak
that is between 16
and 25 percent of

Vamp for the step. A monocycle
may also be created by adding an
IFN to the output of an impulse
generator. It has been found ex-
perimentally that the spectrum of
a monocycle created with these
techniques is relatively flat over
the frequency range of

RISETIME FILTERS
A risetime filter is also a com-

ponent that can be connected to
the output of a generator. A rise-
time filter may be used to slow a
signal’s risetime and falltime. A
fast pulse generator and risetime
filters may be used to produce
signals over a wide range of fre-
quency content. In theory, for a
Gaussian signal and filter, the ag-
gregate risetime of the pulse and
filter is given by

For example, adding a 100 ps
risetime filter to a pulse with tr of
45 ps should produce an output
with 110 ps risetime. Realistically,
pulses and filters are not perfect.
However, in practice, the risetime
of the combination will be close
to this prediction.

The configuration shown in
Figure 12 is particularly useful
for generating impulses for UWB

t total t pulse t filterr r
2

r
2( ) = ( ) + ( )

1
8t

< f <
1

2td d

antenna testing. When the dura-
tion of the rectangular pulse is set
to about 1.84 times the risetime of
the combination of the filter plus
the generator, the filter slows the
leading and trailing edges so that
the output is an impulse instead
of a square wave.

There are two advantages to
this approach. First, the impulse
amplitude is nearly as large as
the amplitude of the rectangular
pulse. Recall that when an IFN is
used, the resulting impulse am-
plitude is 25 to 33 percent of the
amplitude of the rectangular
waveform. Second, there is no
negative impulse created from
the trailing edge of the rectangu-
lar pulse, as there would be if an
IFN were used.

Risetime filters may also be
added to an impulse generator to
slow the rising and falling edges.
In this case, the impulse duration
will increase and the amplitude
will decrease. To a first approxi-
mation, the area under the im-
pulse curve will remain constant
(the product of the amplitude,
Vamp, and duration, td, will re-
main constant).

Figure 13 shows the result of
adding a filter with a risetime of 2
× td and one that is 4 × td. The am-
plitude without a filter is Vamp.
The amplitude with the 2 × td fil-
ter will be about 0.5 × Vamp. The
amplitude with the 4 × td filter
will be about 0.25 × Vamp.

CONCLUSION
Many tools for generating

UWB signals are readily available
to engineers that are capable of
producing step pulses, rectangu-
lar pulses, impulses and monocy-
cles. These waveforms can be
very high-performance, with step
pulses with risetimes < 5 ps and
flexible. A combination of gener-
ators, impulse forming networks
and risetime filters provide a tool-
box for both generating a variety
of waveform shapes and frequen-
cy content. (Note: additional pa-
pers entitled “UWB Signal
Sources, Antennas & Propaga-
tion” and “Picosecond Pulse Gen-
erators for UWB Radars” are
available on the Picosecond Pulse
Labs web site.)  ■
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RISETIME (ps)

▲ Fig. 10  Recommended risetimes for use with PSPL impulse
forming networks.

PSPL
PULSE

GENERATOR
WITH STEP
WAVEFORM

Vamp

td

IMPULSE
FORMING
NETWORK

▲ Fig. 11  Typical impulse created by a
step generator plus an IFN.

PULSE
GENERATOR

WITH
RECTANGULAR

WAVEFORM

RISETIME
FILTER

Vamp

td

▲ Fig. 12  A rectangular pulse generator
and risetime filter can be used to create
large amplitude impulses.

IMPULSE
GENERATOR

RISETIME
FILTER

▲ Fig. 13  Adding risetime filters will
increase the duration and decrease the
amplitude of the impulse.
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ty” test results. This also allows the sys-
tem engineers the ability to adjust hard-
ware performance parameters to yield
high reliability communication systems.

Attenuation Matrix units are used as
signal simulation tools to simulate inter-
operability testing. The signal path loss
and channel interaction for multiple com-
munication signals are input into the At-
tenuation Matrix to simulate real world
field conditions in a repeatable, con-
trolled laboratory environment.

Aeroflex/Weinschel has designed an
Attenuation Matrix configuration to simu-
late the connectivity between a mobile
(train) running along a line of three base
stations spaced from 250 to 1000 meters
apart (see Figure 1). This test subsystem
needed to be able to simulate the varia-
tion of the RF signal from the base sta-
tions reaching the moving train (as well
as the signal from the moving train reach-
ing the base stations) when the train is
moving at speeds of up to 250 km/h.

The simulator attenuates the base sta-
tion signal through three independent at-
tenuators, as shown in Figure 2, then

W hen communication systems are
established engineers must ac-
count for numerous real world

effects and maintain reliable communica-
tion systems. Information such as path
loss from the transmitter to the receiver,
immunity to interference (calculating and
testing the effects of non-intended sig-
nals on the intended communications
signal or effects of a high density of in-
tended signals), multi-path reflections
(effects of signals reflected off of build-
ings/structures/mountains), speed/move-

ment of cars/trains and at-
mosphere losses.

While real world testing
in the exact location of the
deployed communication
system will yield the best
overall information, this is
not practical in most cases.
Setting up signal conditions
in a controlled laboratory
environment allows for
many different signal situa-
tions and repeatable “Com-
munications Interoperabili-

Mobile Fading
Simulation

AEROFLEX/WEINSCHEL INC.
Frederick, MD
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Fig. 1  Calculated signal
level from each base 
station (train moving at 
100 km/hr). ▼
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combines the signals. Each atten-
uator has a dynamic range of 60
dB in 1 dB steps. The operation of
the unit is via a RS-232 or LAN in-
terface. ASCII commands are
used to input parameters into the
controller. Upon receiving a trig-
ger the controller executes the
program to simulate the link loss
to all three base stations as seen
from the train transceiver.

The switching speed of the at-
tenuators limits the resolution of
the simulator for extreme situa-
tions. The digital attenuators
quantize the levels of attenuation
in decibels. Figure 3 shows the
case of a train, at 250 km/hr, with
the base stations 250 meters apart
and placed 10 meters from the
path. The PIN attenuators step in
1 dB increments and the con-
troller switches the attenuator at
a one millisecond rate. The graph
shows that for this scenario, the
attenuators need to be updated
every 28 milliseconds, therefore
the time resolution will not be no-
ticeable.

The Roaming System simula-
tor operates by the customer in-
putting the parameters listed be-
low. These values will generate
data to control the attenuators to
simulate the signaling link. Each
of these parameters is interactive.

The parameter ranges listed in
Table 1 must be evaluated inter-
actively with all other parame-
ters.

The parameters listed use a
Friis Equation for calculation of
link loss plus the correction fac-
tors associated with the antenna.
This simulation is for 2D and
does not account for multi-
bounce or environment. For
more advanced link-loss profiles,
the user can externally compute
the attenuation vs. time profile
and directly load this data via RS-
232 into the controller data tables
for execution, effectively over-rid-
ing the built-in function. This al-
lows arbitrary profiles to be gen-
erated.

Figure 4 shows the geometry
used in the LinkLoss calculation.

Friis Transmission Equation

where

R2 = (y2
BS + x2)

For some system simulations
the engineering team needs more
repeaters to be able to be simu-
lated. Using the configuration
shown in Figure 5, six repeaters
can be simulated by intercon-
necting two Roaming Systems.

The Roaming simulator func-
tions as a stand alone simulation
system. The LAN or RS-232 con-
trol interface is used to load test
setup parameters such as mobile
position (X or Y position), mobile
speed, time, antenna gain and
frequency. The system simulates
the mobile moving past three re-
peater sights, thus the three in-
puts. If the operators would like
to simulate more repeater sights
multiple roaming simulators can

LinkLoss
4 R

G Gt r= ⎛
⎝⎜

⎞
⎠⎟

+ +λ
π

2

WiMAX SUPPLEMENT ■ NOVEMBER 2007 29

CONTROLLER CONTROL
INTERFACE

COMM

TRIGGER
STATUS

LAN AND RS232

DATA/CLK

8 TTL

3:1

ATTEN 1

ATTEN 2

ATTEN 3

ATTEN 4

▲ Fig. 2  RF attenuation matrix.
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▲ Fig. 3  Signal level with train speed at
250 km/hr, base station spacing at 250 m
and 10 m from track.

TABLE I
PARAMETER RANGES

Base station positions (X meters,   0–3000 meters for station positions 
A station, B station, C station,  and 10–100 meters  
+ offset from the track) for offset from the track

Mobile transceiver start/stop 
position (x, y meters) 0–10,000 meters

Mobile velocity (Y km/hr) 0–250 km/hr

Time resolution (1,10,100,1000 ms or auto to fill memory)

Frequency 2.44 GHz, 5.8 GHz

Antenna gain for mobile and base station transmitter antenna gain –10 to +10 dB

Receiver antenna gain –10 to +10 dB

Loop command used to simulate the train running
in a continuous loop

X

R

BS1

BS1

BS2

BS2

BS3

yyy

BS3

FREQUENCY 6 GHz MAX

MOBILE TX/RX Km/hr

▲ Fig. 4  Geometry of the link loss
calculation.
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be connected to-
gether to per-
form the test.
For up to a six
input simulation,
the operators
must connect
the outputs to-
gether using a
power combin-
er.

Next the digi-
tal status line
(indicating the
start and stop of
a mobile test) is
connected from
one system to
the second sys-
tem trigger in-
put. This allows
both units to
start at the same
time. The system
can then be trig-

gered (or started) either using the hardware trigger
input (on the first system) or via a software com-
mand.

After the start command is issued the status line
will trigger the second system to start the sequence.
The operator can load the commands to each of the
units with the proper test set-up information. An
example of this is shown in Table 2. This will simu-
late six repeaters while the mobile is moving from 0
to 6000 meters at 100 km/hr.

Aeroflex/Weinschel Inc., 
Frederick, MD 

(800) 638-2048, (301) 846-9222, 
www.aeroflex-weinschel.com.

RS No. 301
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LAN
RS232
CONTROL

STATUS
TRIGGER

ROAMING
UNIT 1

ROAMING
UNIT 2

STATUS
TRIGGER

LAN
RS232
CONTROL

▲ Fig. 5  Simulating additional repeaters.

TABLE II
BASE STATION POSITIONS

System 1

Distance (m) 0–6000
Positions (m) 1000 = x, 20 = y

2000 = x, 30 = y
3000 = x, 10 = y

Velocity (km/hr) 100
Time resolution auto
Antenna gain (dB) Tx = 0

Rx = 3
Frequency (GHz) 2

System 2

Distance (m) 0–6000
Positions (m) 4000 = x, 20 = y

5000 = x, 30 = y
6000 = x, 10 = y

Velocity (km/hr) 100
Time resolution auto
Antenna gain (dB) Tx = 0

Rx = 3
Frequency (GHz) 2
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As an alternative to LDMOS discrete
solutions, Freescale Semiconductor has
been leading the way into RF integrated
circuits, still based on LDMOS process
technology. The addition of capacitor, in-
ductor and resistor process modules
compatible with the LDMOS process
flow brings the capability to pack multi-
ple RF stages, high impedance matching
networks and additional useful analog
functions into a single silicon chip. As
LDMOS RFICs do not require any addi-
tional supply voltage, they can be used in
conjunction with traditional discrete tran-
sistors or replace them entirely. They do
not require any system level changes.

As more and more functionalities are
concentrated on a single piece of silicon,
LDMOS RFICs can be packaged with in-
dustry standard, cost-effective over-mold-
ed packaging technology. This creates a
significant opportunity for cost reduction
over traditional discrete transistors which
are typically built with custom processes
and materials. With initial focus on medi-
um power driver applications, Freescale’s
LDMOS IC portfolio now covers power
levels up to 100 W at operating frequen-

In order to communicate with cellular
phones and other wireless terminals,
wireless communications base stations

include an RF power amplifier which
feeds a high frequency, high power sig-
nal to the external antennas. In today’s
systems, the power amplifier function is
generally designed by cascading and
paralleling several RF transistors in order
to achieve the necessary gain and power
specifications. In the last ten years, RF
laterally diffused metal oxide semicon-
ductor (LDMOS) technology has been the
dominant technique used to design RF
power amplifiers. Currently, RF LDMOS
technology is effectively a critical part of
all 2G and 3G wireless communication
systems. 

From a product perspective, single
stage discrete transistors offer a very
flexible environment to design a power
amplifier, as they offer numerous options
for impedance matching, line up opti-
mization and architectural choices.
Counter to that, a line-up made of dis-
crete elements is costly, consumes real
estate and is prone to performance varia-
tion problems.

LDMOS RFICs
Simplify WiMAX

Base Station Design
FREESCALE SEMICONDUCTOR INC.

Austin, TX

AND EMERGING TECHNOLOGIES
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cies up to 2.1 GHz, making them
an obvious choice for traditional
applications such GSM, GSM
EDGE, CDMA and W-CDMA. The
MW7IC18100NB and MWE6IC-
9100NB products, both optimized
for GSM EDGE applications, have
been released to production in the
early part of 2007.

Wireless communication stan-
dards evolve continuously to
enable multimedia-centric appli-
cations and additional voice
channels. In particular, WiMAX
(Worldwide Interoperability for
Microwave Access) technology
has recently emerged as a poten-
tial disruptor in the wireless com-
munication space. The WiMAX
standard brings the promise of
higher data rates, both in a fixed
and mobile environment, thanks
to orthogonal frequency division
multiple access (OFDMA) modu-

lation and straight Internet proto-
col compatibility. At the same
time, WiMAX brings a new level
of challenges in terms of the RF
amplifier: this new modulation
scheme creates a stringent linear-
ity requirement for the power
amplifier which also affects the
RF device specifications. In addi-
tion, due to lack of available spec-
trum below 2 GHz, WiMAX sys-
tems will be deployed at frequen-
cies ranging from 2.3 up to 3.8
GHz depending on the location.
This clearly raises the bar on
semiconductor manufacturers to
keep performance (gain, efficien-
cy, linearity) and cost in line with
existing W-CDMA solutions,
which are often used as reference
points.

In order to enable future
WiMAX networks, Freescale is
releasing to the market a family
of LDMOS RF integrated circuits,
which have been specifically opti-
mized for this application. The
MW7IC2725N and MW7IC2750N
cover frequencies ranging from
2.3 to 2.7 GHz, while the
MW7IC3825N can be used from
3.3 to 3.8 GHz. All of these ICs are
built into a multi-lead over-mold-
ed plastic package, and therefore
can be produced in a cost-effec-
tive manner. Moreover, they
come in different lead configura-
tions enabling both insertion
mounting (bolt down, reflow or
clamping) and true surface
mount. Finally, the over-molded
assembly process results in very
tight mechanical tolerances. As
WiMAX amplifiers will be operat-
ing at frequencies close to 4 GHz
in some cases, the mechanical as-
pect of the design becomes criti-
cal in order to maintain perfor-
mance yields in a high volume
environment.

Beside cost, another critical as-
pect of power amplifier design is
RF performance. In order to
match the performance bench-
marks of traditional discrete tran-
sistors, the WiMAX ICs are de-
signed by combining on-chip
high quality passive components
with Freescale’s seventh genera-
tion of LDMOS active transistors.
Two stages of amplification are
connected with a broadband in-

ter-stage matching network. The
input and output sections also in-
clude a matching network to
raise the impedance level yet pro-
vide some flexibility to externally
select the optimum source and
load impedance values. External
impedance matching in conjunc-
tion with bias current optimiza-
tion of the first and second stages
are important tuning factors to
maximize the device performance
under a given set of conditions.
In particular, different settings
can be chosen to operate these
ICs as an output stage device
with emphasis on power, gain
and efficiency (see Figure 1) or
as a linear driver device (see Fig-
ure 2).

These performance figures can
not be directly compared to sin-
gle-stage discrete solutions since
ICs are effectively multi-stage,
high gain solutions. Through me-
thodical characterization of the
output section of the IC device,
performance parity with the lat-
est generation of 2.7 and 3.8 GHz
discrete transistors has been
demonstrated. Freescale WiMAX
ICs can be cascaded and paral-
leled to create attractive line-up
configurations. They can be oper-
ated in class AB mode as well as
in high efficiency Doherty mode,
which greatly benefits from the
high gain characteristic of these
multi-stage devices.

The introduction of these ini-
tial RFICs for WiMAX base sta-
tion applications sets the stage
for future product development.
The MW7IC2725N, MW7IC2750N
and MW7IC3825N have good
power capability but still do not
match popular discrete transis-
tors such as the MRF7S27130H
(130 W) or the MRF7S38075 (75
W) in that respect. This creates an
opportunity to design higher
power IC solutions, as a key en-
abler to standardize WiMAX
power amplifier architectures
across all bands and all power
levels.

Freescale Semiconductor Inc.,
Austin, TX 

(800) 521-6274,
www.freescale.com.

RS No. 300
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▲ Fig. 1  The MW7IC3825N IC’s RF
performance.
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▲ Fig. 2  Impact of bias settings on linear
performance of the MW7IC3825N IC.

 11M47S FINAL  10/19/07  8:53 AM  Page 34

http://www.freescale.com


Visit http://mwj.hotims.com/11723-5 or use RS# 5 at www.mwjournal.com/info

 11M47S FINAL  10/19/07  8:53 AM  Page 35

http://mwj.hotims.com/11723-5
http://www.mwjournal.com/info
http://www.crystek.com


36 WiMAX SUPPLEMENT ■ NOVEMBER 2007

Using 0.15 µm gate length GaAs psue-
domorphic high electron mobility tran-
sistor (PHEMT) device model technology,
this new device integrates a gain stage,
passive doubler and driver amplifier onto
a single chip. The XX1007-QT MMIC in-
cludes on-chip ESD protection and an in-
tegrated bypassing capacitor, thus elimi-
nating the need for external support
components. In addition, the device fea-
tures a self-bias configuration that re-
quires only a positive 5 VDC supply for
operation.

Eliminating the need for a negative
supply and external bypassing ele-
ments greatly simplifies the PCB layout
and signif icantly reduces t ime to

Any product today that can both save
money and save space is a much
needed commodity in today’s com-

munication system designs. With systems
getting ever more compact, board real
estate is at a premium, hence the drive to
integrate more functions in less space
and keep the support structure simple
and concise.

Mimix Broadband, no stranger to
these requirements, has introduced an
active doubler in a RoHS-compliant 3 × 3
mm QFN surface-mount package that
doubles the 13.5 to 17.0 GHz frequency
band to 27.0 to 34.0 GHz and delivers +20
dBm saturated output power with 35 dBc
suppression of the fundamental.

A 13.5 to 17.0 GHz
GaAs MMIC Doubler
with Integrated Gain,
Doubler and Driver

Stages

MIMIX BROADBAND INC.
Houston, TX

AND EMERGING TECHNOLOGIES
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market. Table 1 l ists the
XX1007-QT doubler’s perfor-
mance specifications and Fig-
ure 1 shows its functional block
diagram.

Mimix Broadband performs
100 percent RF testing on the
XX1007-QT devices. Figures 2
and 3 display its output power
versus input frequency and out-
put versus input power charac-
teristics.

This new active doubler is
well suited for millimeter-wave
point-to-point radio applica-
tions as well  as LMDS, SAT-
COM and VSAT uses. The high
output power of the XX1007-QT
makes it ideal for use as a driver
stage to the final system power
amplifier in VSAT transmit sys-
tems. Its rugged surface-mount

package makes it compatible
with high volume solder and
pick and place installation.

The XX1007-QT’s data sheet
and additional information may
be obtained for the company’s
web site. Production quantities
are currently available from
stock.

Mimix Broadband Inc.,
Houston, TX 

(281) 988-4600
www.mimixbroadband.com.

RS No. 304

TABLE I
XX1007-QT ELECTRICAL CHARACTERISTICS

(AMBIENT TEMPERATURE T = 25°C)

Parameter Min. Typ. Max.

Input frequency range (fin) (GHz) 13.5 – 17.0

Output frequency range (fout) (GHz) 27.0 – 34.0

Input return loss (S11) (dB) – –8.0 –

Output return loss (S22) (dB) – –10.0 –

Fundamental suppression (dBc) – –35.0 –

RF input power (RF Pin) (dBm) – 7.0 –

Output power at 5.0 dBm Pin (Pout) (dBm) – +20.0 –

Drain bias voltage (Vd) (VDC) – +5.0 +5.5

Supply current (Id1,2,3) (Vd=5.0 V typical) (mA) – 200 240

RFin RFout

Vd
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▲ Fig. 1  The XX1007-QT’s functional
block diagram.
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▲ Fig. 2  The XX1007-QT doubler’s
power output at Fin and 2Fin with Pin set to
(a) 10 dBm and (b) 5 dBm at Vd = 5 V.
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▲ Fig. 3  The XX1007-QT doubler’s Pout
vs. Pin at 14.5 GHz.
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The International Microwave Symposium is the head-
line conference of the IEEE Microwave Theory and
Techniques Society (MTT-S). This will be the largest
technical Conference to be held in Atlanta in the next
two years and will feature a large trade show as well as
a wide variety of technical papers and workshops. The
IEEE MTT-S International Microwave Symposium 2008
(IMS2008) will be held in Atlanta, GA, Sunday, June 15
through Friday, June 20, 2008, as the premiere event of
Microwave Week 2008.

Microwave Week 2008: The IMS 2008 techni-
cal sessions will run from Tuesday through Thursday of
Microwave Week. Workshops will be held on Sunday,
Monday and Friday. In addition to IMS2008, a mi-
crowave exhibition, a historical exhibit and the RFIC
Symposium (www.rfic2008.org) will also be held in At-
lanta during Microwave Week 2008.

INTERNATIONAL MICROWAVE SYMPOSIUM
June 15–20,  2008

MICROWAVES ON MY MIND
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P
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O D U C T P O R T F O L I O

MAXET

SYSTEM
The WICS technology, when combined with ET Industries’ ETMAX WiMAX equipment, can create a unique

solution where by a single antenna can have up to 12 total inputs for transmitting data, voice and video signals
up to 12 equidistant sectors simultaneously.

The WICS technology is used to spatially direct radio frequency (RF) energy in many directions. ET Indus-
tries’ WICS technology can produce up to 48 sectors in a 360° area while using only four physical antennas.
In traditional systems, this arrangement requires 48 physical antennas which is very diffi cult for setup and
alignment purposes. The WICS technology saves their users this overhead expense while maximizing space
and weight limitations on the tower.

Through this innovation of combining ET Industries’ WiMAX Forum Certified base stations, CPE’s and
ETMAX Systems, ET Industries can now boast one of the most robust  and reliable systems in the WiMAX
market to date.

PRODUCTS
Apollo Base Station — WiMAX Forum Certified carrier-class wireless broadband IEEE 802.16-2004
compliant wireless device for deployment of point-to-multipoint (PMP) and point-to-point (PTP) systems.

Apollo Subscriber Unit — WiMAX Forum Certified carrier-class wireless broadband IEEE 802.16-2004
compliant wireless device for point-to-point (PTP) and point-to-multipoint (PMP) deployment.

2– Beam ETMAX System — 90° or 120° Antenna with corresponding beam-forming and beam-steering technology,
providing the total throughput and capacity of 2 WiMAX base stations.

4– Beam ETMAX System — 90° Antenna with corresponding beam-forming and beam-steering technology,
providing the total throughput and capacity of 4 WiMAX base stations.

8– Beam ETMAX System — 90° Antenna with corresponding beam-forming and beam-steering technology,
providing the total throughput and capacity of 8 WiMAX base stations.

12– Beam ETMAX System — 90° Antenna with corresponding beam-forming and beam-steering technology,
providing the total throughput and capacity of 12 WiMAX base stations.

BENEFITS
� Increased total throughput (per cell) by up to 16 times that of typical technologies.
� Increased total capacity (Per cell) by up to 16 times that of typical technologies
� Higher Gains
� Increased coverage for non-line of sight solutions
� Frequency re-use
� Increased coverage area
� Fewer cell site locations required
� Decreased Overhead Expenses

As the wireless evolution continues to grow, ET Industries’ WICS technology and ETMAX products will be a key
to unlocking the full potential of wireless systems of the future.

The growth of broadband wireless systems has created a demand for better wireless services.
The consolidation of voice, video and data services into one system means that bandwidth and
efficiency have become top priorities. ET Industries’ Wireless Integrated Communications System

(WICS) presents a powerful solution to Meeting the Wireless Demands of Tomorrow—Today!

ET Industries, Inc., 50 Intervale Road, Boonton, NJ 07005 USA, Ph: 973-394-1719, Fax: 973-394-1710, email: sales@etiworld.com

www.etiworld.com

Meeting the Wireless Demands 
of Tomorrow—Today!

Apollo Base Station

2-Beam Antenna System

4-Beam Antenna System

8-Beam Antenna System

12-Beam Antenna System

Apollo Subscriber Unit

Please visit us at Booth 10 and 11 
                    Munich, Germany

November 27-29, 2007
Visit http://mwj.hotims.com/11723-7 or use RS# 7 at www.mwjournal.com/info
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WiMAX Poster and
Brochure
Agilent now has available a
new poster and brochure. The
wall poster is designed as a
reference tool to help engi-
neers understand the evolving
communication standard by
describing detail and contrast-
ing fixed and mobile WiMAX
technologies. The eight-page
full-color brochure describes

Agilent’s portfolio of design and test solutions for WiMAX cover-
ing the entire lifecycle from R&D, design verification & pre-
conformance, conformance, manufacturing, and installation &
maintenance.

VSS WiMAX Design
Solution
AWR’s Visual System Simula-
tor™ (VSS) WiMAX Design
Solution supports 802.16d-
2004 and 802.16e-2005 specifi-
cations for both fixed and mo-
bile WiMAX communications
design. The software enables
RF and baseband SoC design-
ers, component suppliers,
OEMs, user equipment com-
panies, and infrastructure and
network equipment providers
to quickly and accurately de-
sign and verify WiMAX-certi-
fied products. 

VCOs and PLL
Synthesizers
Request Crystek literature for
innovative frequency control
technology. Crystek Micro-
wave offers VCOs and PLL
synthesizers in a wide mix of
frequency ranges, standard
packaging and custom design
options. Product highlights in-
clude low phase noise, mi-
crostrip and coaxial designs,
and octave tuning. Since 1958,
Crystek has been an industry
leader in engineering, manu-
facturing, support and service.

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.

Product Catalog
This product catalog highlights
the company’s passive RF com-
ponents and application-specif-
ic test systems. The catalog fea-
tures model 50P-1708 SMA, a
programmable attenuator that
operates in a frequency range
from 200 to 6000 MHz; model
50PA-330 SMA, a programma-
ble assembly that operates in a
frequency range from 200 to
6000 MHz; model 50S-1505, a
high power solid-state switch

that operates from 20 to 2500 MHz; and model 50PD-634, a power
divider that operates from 2000 to 6000 MHz. 

WiMAX T&M Solutions
Catalog
This eight-page brochure fea-
tures the company’s full line of
fixed and mobile WiMAX test
instruments. The literature
provides test solutions sup-
porting R&D, manufacturing
and maintenance of WiMAX
user equipment (UE), base sta-
tions and devices.

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

RS No. 325

Anritsu Co., 
Morgan Hill, CA (800) 267-4878, www.us.anritsu.com/wimax.

RS No. 336

JFW Industries, 
Indianapolis, IN (317) 887-1340, www.jfwindustries.com.

RS No. 329

Eastern Wireless TeleComm Inc., 
Salisbury, MD (410) 749-3800, www.ewtfilters.com.

RS No. 328

Crystek Microwave, 
Fort Myers, FL (239) 561-3311, www.crystek.com.

RS No. 327

Applied Wave Research Inc., 
El Segundo, CA (310) 726-3000, www.appwave.com/vss.

RS No. 326
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Antenna Solutions 
for Aerospace 
and Defense
This new M/A-COM antenna
capabilities brochure covers
high performance solutions for
aerospace and defense applica-
tions including C3, CNI, teleme-
try, data links, ECM, PGM, mis-
siles, EW and GPS. With full 
in-house design, analysis, engi-
neering, fabrication, qualifica-
tion, testing and production, the
company can meet most any
antenna need for custom or
build-to-print antennas.  

Frequency Control for
WiMAX
This four-page color brochure
details the company’s prod-
ucts utilized in WiMAX equip-
ment. Products for base sta-
tion applications include:
OCXOs, VCXOs and SAW fil-
ters. Products for terminal ap-
plications include: TCXOs,
crystals and XOs.

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 complimenta-
ry copy, e-mail: catalog@
reactel.com.

2007 Designer’s
Handbook
Available in hard copy and CD,
the Designer’s Handbook show-
cases RFMD’s broad product
portfolio of RF systems and so-
lutions for applications that
drive mobile communications.
Includes technical data on
RFMD’s industry-leading power
amplifiers, front end modules,
transceivers, SoCs and other in-
tegrated components for mobile
handset, cellular base station,

WLAN and GPS applications – all backed by RFMD’s commitment
to service, technical support and quality. Visit the company’s web
site for the most current product information.

Selection Guide
This 36-page product selection
guide features new RF products
for existing and emerging RF
markets, and catalog parts
ranging from signal source and
signal processing components,
and the company’s amplifiers,
which include patented active-
bias gain blocks, LNAs, award-
winning WiMAX amplifiers, 
LDMOS and others. Also look
for new passive devices from
Premier Devices and new ISM
transceiver and networking so-
lutions from Micro Linear.

Components Guide
The 2007 IF/RF Microwave Sig-
nal Processing Components
Guide is available for free from
Mini-Circuits. The 144-page cat-
alog offers the RF/microwave
industry’s most comprehensive
listings of RF, IF and microwave
components with essential per-
formance specifications for
each product. In addition to the
extensive component data, the
catalog also provides a listing of
Mini-Circuits’ patents and the
product model numbers to
which they apply.

M/A-COM, 
Lowell, MA (800) 366-2266, www.macom.com.

RS No. 330

Mini-Circuits, 
Brooklyn, NY (718) 934-4500, www.minicircuits.com.

RS No. 331

Sirenza Microdevices, 
Broomfield, CO (303) 327-3030, www.sirenza.com.

RS No. 335

RFMD®, 
Greensboro, NC (336) 678-5570, www.rfmd.com.

RS No. 334

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

RS No. 333

NDK America Inc., 
Belvidere, IL (800) 635-9825, www.ndk.com.

RS No. 332
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  WHITEPAPER

By: VISWANATHAN GANESAN
WiMAX Application Engineer, Agilent Technologies

Mobile WiMAX is progressing quickly from inception to deployment with trials
currently taking place, spectrum being allocated, chipsets validated and devices tested for interoper-
ability. End users are looking forward to experiencing anytime, anywhere broadband service. Service 

providers are anticipating additional revenue streams based on this service. But while great progress has 
undoubtedly been made, challenges still lie ahead - especially for the designer working to bring new ra-
dio designs to market ahead of the competition. Of particular diffi culty is how to ensure that the modu-
lation quality of the radio is suffi cient for optimum RF performance and that it will perform according 

to industry standards. To address these challenges the designer needs to have access to the right test and 
measurement equipment at the right time.

This article delves into the complexities associated with digital demodulation of Mobile WiMAX 
uplink (UL) and downlink (DL) signals. It covers the modulation quality measurement required for 
Mobile WiMAX transmitters and provides a recommendation of the best tools to use for developing 

Mobile WiMAX products. 

Unraveling Modulation Quality in Mobile WiMAX™ 
Uplink and Downlink with Multiple Zones and Bursts

Figure 1. Zone Defi nition Grid for a Mobile WiMAX 
Subframe

The complexity of a Mobile 
WiMAX radio
Digitally modulated signals allow lots of data to be packed into limited 
spectrum. As a result, modulation schemes can get quite complex. 
This is especially true for Mobile WiMAX with its Orthogonal Frequency 
Division Multiple Access (OFDMA) modulation, which supports many 
users with different data requirements and levels of mobility. In Mobile 
WiMAX, the frame structure is rather complex compared to single 
carrier systems. Each frame contains permutation zones, Media Access 
Protocol (MAP) and the Frame Control Header (FCH). Each zone 
may have one or more bursts 
(see Figure 1). The bursts 
cater to the data demands of 
different users in a network. 
Mobile WiMAX allows different 
modulation types on adjacent 
sub-carriers. For example, a 
single Mobile WiMAX zone 
could have Quadrature Phase 
Shift Keying (QPSK) and 16 
Quadrature Amplitude Modula-
tion (QAM), on different bursts 
within the same zone. 

Given the complex-
ity of the radio, it can be 

daunting for the designer to carry out the tests needed to ensure 
adequate modulation quality. This task requires a good knowledge 
of the Mobile WiMAX frame structure and familiarity with the use of 
digital demodulation tools. For the purposes of this article, we will 
focus solely on demodulation measurements of a Mobile WiMAX 
signal with data bursts.

Digital demodulation 
measurements
When analyzing OFDMA signals there are two approaches that can 

be taken. The fi rst approach 
involves limiting the signal to 
one type of modulation and one 
power level throughout the per-
mutation zone being analyzed. 
This technique minimizes signal 
creation and digital signal 
processing (DSP) errors and is a 
good fi rst step when perform-
ing digital demodulation. The 
second approach involves a 
signal containing multiple zones 
with data bursts, each of which 
may contain a different digital 
modulation type. This technique 
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enables creation of a realistic Mobile WiMAX signal and provides a 
more rigorous test of the radio. 

Downlink modulation quality 
measurements 
Before learning how to make a downlink modulation quality mea-
surement, it is fi rst important to gain a clearer understanding of the 
Mobile WiMAX downlink signal. As previously noted, Mobile WiMAX 
employs the OFDMA digital modulation scheme, thereby allowing 
simultaneous transmission (e.g., data bursts) from several users. 
This ability for data bursts to overlap in time has two advantages. 
It allows the maximization of data capacity to multiple users and it 
enables support for handovers, which in turn allows for mobility in a 
complex RF environment. 

With OFDMA, the frame structure is two-dimensional. In 
other words, data from multiple bursts is available on different sub-
channels, which are logical - as opposed to physical - arrangements 
of subcarriers. Note that the logical subchannels help maintain good 
noise immunity and reduce the likelihood that one user’s session will 
suffer due to narrowband interference or fading. Because adjacent 
subcarriers may belong to different subchannel groupings, their re-
spective modulation formats may differ. In contrast, each data burst 
can only use one modulation format. Its pilot locations though, will 
be at many different subcarrier locations. As a result, Mobile WiMAX 
signals are extremely complex to measure and accurate digital 
demodulation becomes all the more critical. It is therefore important 
for the layout of the frame to be fully known by the OFDMA receiver. 
In this case, the structure of the downlink is transmitted in the DL-
MAP. In turn, the base station transmits the UL-MAP to let subscribers 
know which symbols and subchannels can be used for uplink signal 
transmission. 

To make a downlink modulation quality measurement 
consider the example of a signal which contains two zones and is 23 
symbol times in length. The fi rst zone is a Partial Used Sub Channels 
(PUSC) and has a Frame Control Header (FCH), DL-MAP, UL-MAP, as 
well as three data bursts: one each of QPSK, 16QAM, and 64QAM. 
It occupies 12 symbols, though no data bursts occupy the last four 
symbols. The second zone is a Fully Used Sub Channels (FUSC) and 
contains three data bursts: one each of QPSK, 16QAM, and 64QAM. 
It occupies the fi rst four symbols of the 10 symbol FUSC zone, 
leaving the last six symbols unoccupied. Note that you can see any 
of these unoccupied symbols on a time trace. The total downlink 
subframe is then 22 symbols plus the preamble. 

For the purposes of this example, the measurements are 
performed using Agilent Technologies’ Vector Signal Analysis (VSA) 
software. The signal in question is available as a signal recording 
with fi le name i80216e_DL10MHz.sdf, with the Agilent 89600 
Vector Signal Analysis software version 7.20. The data burst analysis 
for this example is performed using the Zone Defi nition Map fi le that 

is supplied with the signal recording as part of the normal 89600 
VSA software installation. With data bursts, the analyzer demodu-
lates the signal according to a subchannel-by-symbol (“slot”) Zone 
Defi nition grid that the user creates or provides in the form of a setup 
fi le. This grid indicates the type of modulation used for each logical 
subchannel and each symbol of the subframe, allowing the analyzer 
to demodulate and display the individual data bursts. The user could 
also use the “Auto” detect feature in the Zone Defi nition grid to have 
the analyzer automatically decode the signal from the MAP. 

Because of the complexity of Mobile WiMAX signals, the 
approach to demodulation measurements should be very methodical. 
It is important to have all parameters set correctly to enable accurate 
measurements. Therefore, it is generally helpful to make vector 
(e.g., time envelope and spectrum, or gated spectrum) measure-
ments on a signal before setting up to perform digital demodulation. 
Once successfully completed, the user can proceed with greater 
confi dence.

The fi rst step in any digital demodulation measurement is the 
setup. Some tools require the user to defi ne every specifi c parameter 
about a signal before the analysis can begin. Agilent’s 89600 VSA 
requires the user to defi ne just a few key parameters. 

To perform data burst analysis, select the digital demodu-
lation mode in the 89600 VSA software tool. Change the Use 
Preamble Index to 14. This is necessary because the signal in this 
example uses a nonzero preamble index and will cause the synchro-
nization to fail. Following this setup, the only thing being measured 
is the FCH. This is important as without using a map fi le or otherwise 
defi ning data bursts, the only burst whose modulation and location is 
known (e.g., by the analyzer and from the standard) is the FCH. To 
verify this, examine the constellation display in Figure 2. Note that 
only QPSK and BPSK modulation are present.

Figure 2. As indicated by the constellation display 
and color-coding, this measurement of a downlink PUSC 
signal only includes the BPSK pilots and the QPSK 
modulation of FCH. The color coding of the data bursts is 
consistent across all traces.
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At this point, the actual digital modulation measurement on 
the downlink can be made. In the downlink, the frame starts with 
the mandatory DL-PUSC zone. It begins with the preamble, FCH, and 
MAP messages, followed by user data bursts, and may be followed 
by one or more zones that start on a symbol boundary. To make the 
measurement, select the Zone Defi nition tab of the Demodulation 
Properties dialog box. The default Zone Defi nition Grid map is shown 
at the bottom of this tab; again, only the FCH has been defi ned. 
While data bursts can be defi ned manually, for this measurement a 
zone defi nition map fi le is used which has already been constructed 
for this recording. This map fi le shows logical subchannels on the Y 
axis and OFDM symbols on the X axis. In addition to the FCH, three 
data bursts are defi ned and color-coded as shown in Figure 3.

After selecting the map fl e, the default is for display and anal-
ysis of all data bursts in the map. In other words, all measurement 
displays and the error statistics summary table refl ect the composite 
of all the data bursts in the map. This can be seen graphically in the 
constellation trace, where BPSK (e.g., pilots), QPSK, 16QAM and 
64QAM constellations are overlaid, along with small circles as targets 
for the symbol states. 

Data burst analysis is often used to display and analyze single 
data bursts or selected groups - a useful feature when examining the 
modulation quality of a complex Mobile WiMAX signal. To conduct 
this analysis using the example signal designated above, simply select 
a specifi c data burst by clicking the colored tile in the Zone Defi nition 
Grid. The analyzer display will then change to refl ect the measured 

characteristics and data of the selected burst. The user can also 
measure multiple data bursts at once, or even all data bursts. 

One diagnostic clue for the proper confi guration of a 
transmitter is the absence of symbols at the center or origin of the 
constellation when measuring downlink signals. Symbols in this loca-
tion indicate that the analyzer is expecting a modulated subcarrier 
at a frequency where it is receiving little or no signal energy. This 
phenomenon indicates that one or more data bursts are confi gured 
to expect logical subchannels or individual subcarriers which are not 
being transmitted. To diagnose the specifi cs of this problem, couple 
the analyzer’s markers, setting the marker on one or more of the 
center constellation symbols. Then, determine whether the symbols 
are all associated with subcarriers which can be identifi ed with 
specifi c logical subchannels.

Data burst information table
Given the complexity of a Mobile WiMAX signal, it is often useful to 
quickly view a summary of the burst information. In this example, 
this can be accomplished via the VSA’s OFDM Data Burst Info table. 
This table illustrates both the measurement data type and its associ-
ated display format. Example results from the nonuniform downlink 
PUSC recording are shown in Figure 4.

Note that this display is used for data burst analysis and is 
most useful when measuring multiple data bursts. It provides a list 
of the subframe’s data bursts, including the FCH. Reported values for 
each data burst include the format, the burst size (length), average 
power, and the average Relative Constellation Error (RCE, in dB) of 
the entire signal or the data subcarriers only (DataRCE). Like the 
rest of the displays available, when in data burst analysis mode, this 
table refl ects only the results of the data bursts selected for analysis.

Figure 3. Zone Defi nition shows FCH, DL-MAP, 
UL-MAP and three data bursts in colors.

Figure 4. Data Burst Info Trace lists FCH and all 
measured bursts in the subframe with slots occupied and 
power level.
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 Uplink signal modulation
quality measurements 
At the end of the Mobile WiMAX downlink transmit signal, a transmit/
receive transition gap (TTG) exists to provide time for the base station 
to switch to receive mode. This is followed by the uplink subframe 
consisting of one or more zones. Next comes the receive/transmit 
transition gap (RTG) which allows the base station time to switch back 
to transmit mode to start the next frame.

The Mobile WiMAX uplink signal can be measured in much the 
same way as the downlink signal, although data burst analysis is much 
simpler on the uplink signal due to the presence of a single data burst. 
To illustrate an uplink modulation measurement, consider the example 
of an uplink signal recording with fi le name i80216e_UL10MHz.sdf, 
as supplied by the 89600 VSA software. 

As with the downlink measurement, to begin making uplink 
measurements it is necessary to do some initial set up. Select the 
same setup fi le used for downlink analysis (e.g., i80216e_10MHz.
set), and choose the appropriate Uplink subframe type in the OFDMA 
Demodulation Properties dialog box. Change measurement result 
trace B from spectrum to error vector time. This will produce a display 
similar to that shown in Figure 5.

After switching to the uplink subframe type, the analyzer au-
tomatically defaults to measurement of the fi rst zone of the subframe 
- a PUSC zone - and detects the modulation type of the single data 
burst in this zone. The Zone Defi nition Grid shows that the data burst 
is in “wrapped format,” covering the fi rst 15 symbols of the subframe 
and does not use all of the logical subchannels. Many of the OFDM 
subcarriers are therefore not used for this burst and can in fact be used 
for other bursts — a common occurrence for Mobile WiMAX signals.

In the constellation display, the signal (or lack of a signal) 
from the unused subcarriers is designated by symbol states and a 
symbol target at the center of the constellation diagram. Indeed, the 
ideal location for the symbols associated with unused OFDM subcar-
riers is the exact center of the constellation diagram as this signifi es 
that no power is transmitted on these unused subcarriers or any asso-
ciated logical subchannels. Power transmitted on these subchannels 
tends to interfere with the reception of intended transmissions on 
these frequencies by other mobile stations, especially in unfavorable 
near/far confi gurations of transmitters and receivers.

Note that in uplink measurements, the 89600 VSA 
measurement solution defaults to an Error Vector Magnitude (EVM) 
measurement, which includes the contribution of unused subchan-
nels. It automatically reports the RCE of unmodulated carriers in the 
Syms/Errs table. In some ways this measurement is similar to a 
noise power ratio or code domain error measurement. To view only 
the active subchannels associated with the selected data burst, the 
user need only change the display confi guration.

The signal used in this example actually contains two zones: 
15 symbols of PUSC (Zone #0), and 6 symbols of OPUSC (Zone 
#1). To measure the OPUSC zone, the user simply selects “Zone 
#1” during the initial setup. The analyzer will then automatically 
locate the RF burst and begin analysis of the OPUSC zone.

Conclusion
Ensuring adequate RF performance of a Mobile WiMAX radio via 
digital demodulation can be challenging. Using the appropriate test 
and measurement equipment (e.g., a signal analyzer, signal genera-
tor and signal analysis software) is key to overcoming this challenge.  
Mobile WiMAX downlink and uplink signals can be created with the 
Agilent MXG Vector Signal Generator and N7615B Signal Studio, 
and demodulated with the Agilent MXA Signal Analyzer running the 
89600 VSA Software, as illustrated here. Measurement solutions 
like these make it possible for today’s designers to more easily and 
accurately perform modulation quality measurements on the DL and 
UL transmit signals of a Mobile WiMAX radio.

Figure 5. Demodulation of the PUSC zone of a 16 QAM 
uplink signal, includes BPSK pilot and a symbol target at the 
center for subcarriers not used by the mobile station.

Useful WiMAX Resources from Agilent

To order a free copy of Agilent’s “Understanding 
the Intricacies of WiMAX” poster, please visit

www.agilent.com/fi nd/wimaxposter-mwj. 
For more information on Fixed and Mobile 

WiMAX measurements, please visit
www.agilent.com/fi nd/wimax-mwj.
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