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- opular Panel Receptacles
E Popular Panel R e
| Under $6.00

W"‘"‘ Specialized Reduced Flange
E "i'gy Receptacles

e Right Angle Receptacles for Medical

[} »
m and Base Station Applications

Male Receptacles Featuring Single
Piece Construction

: o Rugged and Reliable Within Series
.| | Adapters
| é

Between Series Adapters Engineered
" | to Maintain Signal Integrity

ﬂ&' a Quality Dust Caps for Secure
' Protection From the Elements

Professionally Built and Competitively
Priced Cable Assemblies

Performance

DC-7.5 GHz
2700 V RMS (sea Ievel)

Frequency Range:

Voltage Rating:

Nominal Impedance: 50 ohms

DWYV: 4000 V RMS @ 60 Hz (sea Ievel)

Insulation Resistance: 10,000 megohms

Temperature Range:

Materials

Dielectrics:

Contacts (Female):

Male Outer Contacts:

Gaskets: Silicone rubber,
Class Il, GR 50-60

Other Metal Parts:

Plating

Center Contacts:

Metal Parts:

Delivery
Standard Models:

Custom designs a specialty

-55°C to +155°C

PTFE Fluorocarbon,
Type 1, GR1, CLA

Phosphor bronze

Phosphor bronze

Brass per ASTM-B-16

Silver or gold

Albaloy or silver

2 to 3 weeks (average) I
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Santron 7/16s are the answer when every dB counts

Innovative design and meticulous machining make Santron
7/16s the only choice for critical signal transmissions. Our 7/16s

consistently deliver passive -140

. . -150
intermodulation performance
-160

below -168 dBc. And we use

the highest quality materials =~ ® e

-190
to ensure our 7/16s perform 1870 1876 1880 1884 1888 1892 189 1900 1904 1910
for a lifetime on towers in even the harshest environments. Compare

our 7/16 prices by requesting a quote from our Web site today.

Engage with Santron

www.santron.com

®ROHS

978-356-1585 compliant

ISO 900

Visit http://mwj.hotims.com/11724-141 or use RS# 141 at www.mwjournal.com/info
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Picoprobe elevates pro

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

testing instruments.

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

Through unique design

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 »
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(--.110 GHz to be exact.)

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

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

P.O. BOX 10958 -«
Fax (239) 643-4403 -«

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

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

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

NAPLES, FL 34101
E-mail email@ggb.com

* _www.picoprobe.com

Visit http://mwj.hotims.com/11724-63 or use RS# 63 at www.mwjournal.com/info



http://mwj.hotims.com/11724-63
http://www.mwjournal.com/info
http://www.picoprobe.com
mailto:email@ggb.com

THE WORLD'S LARGEST SELECTION

2228
.'__,.-;},-:;.-a ‘
DD DD DD

RoHS
2 k"z "0 ,206 G"Z from 7 9‘ RoHS modelggéa"b“'I:,NCZnsultfactory.

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/," 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!



- ] ] ] ® ALI-“EW
m Mini-Circuits minicircuits.c
1SO 9001 I1SO 14001 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
@g The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
Visit http://mwj.hotims.com/11724-94 or use RS# 94 at www.mwjournal.com/info
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Kevlin Corporation

MAKING THE CONMECTION

with a full line of
RF ROTARY JOINTS and
ROTATING SUBSYSTEMS for every need

Standard & Custom Products

Kevlin’s product line contains standard rotary joint
designs, available in a wide variety of coaxial and waveguide
configurations for diverse platform applications. Kevlin is the
world’s largest developer and manufacturer of custom state-
of-the-art rotary joints and rotary joint subsystem technology.
Design Integration & Flexibility
Many of Kevlin's rotary joint designs incorporate ancillary
components like encoders, slip rings, Inductosyns®, and fluid
joints, to create integrated subassemblies designed to suit
unique customer needs.
Engineering, Manufacturing & Test Capabilities
Kevlin operates a custom-built, 80,000 square-foot
facility that represents the state of the art in rotary joint
engineering. From design through manufacturing and

testing, Kevlin provides any service and level of
technical support required.

Overhaul & Repair

Kevlin’s O&R capabilities cover all known rotary joint
brands. Our extensive design database and our industry
expertise mean faster O&R turnaround, and ensure
robust SLEP* implementation. The result is optimized
radar system performance.

* Service Life Enhancement Program

visit us on the Web

@www.kevlin.com

or email us i
sales@kevlin.com

Kevlin Corporation 596 Lowell Street, Methuen, MA 01844
Tel: 978-557-2400 Fax: 978-557-2800

ore information co

Defense Electronic Syste

eviirn
prporatiorn

MILITARY | SPACE | COMMERCIAL | AIR TRAFFIC CONTROL | CUSTON
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Filter Solutions

Integrated Microwave Assemblies
Frequency Agile Filters
Tunable Assemblies
Extremely Fast Switching
Low Profile Packaging

. K@L __

MIC ROWAVE

Up-Converter /
Down-Converter
Assemblies

K&L Microwave's Up-Converter/Down-Converter

Assemblies employ state-of-the art RF, analog
and digital technologies to maximize performance
while minimizing size. These assemblies are configured from

proven modular designs consisting of amplifiers, switches,
multipliers, couplers and limiters. They also feature:

+ Narrowband and Wideband Filtering

» Custom Compact Sizes

* Rugged Design for Military Applications

+ Terminated IF Diplexer for Maximum IP3 Performance
* Integrated Low-Noise Amplifiers & Switches

+ LO Pre-Amp & Multiplexers

* Available Frequency Ranges: 10.0 MHz to 18.0 GHz

+ Dperating Temperature Range: -40 to + B5°C

ard®™ software simplifies selection of the right filter
n from a vast number of designs. Provide desired ( )
fizard=" returns response data and outline drawings

www.klfilterwizard.com today!
i c mzcrawaue 2

group

d Dirive = Salisbury « MD « 21801 « P: 410-749-2424 « F. 443-260-2268

izard com « sales@klmicrowave.com + sales@kleurope.com 3 et e
ttp //mwj.hotims.com/11724-77 or use RS# 77 at www.mwjournal.com/info
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The microwave products you
need...when you need them.

Narda builds its products to an industry
forecast and inventories over 1000 different
models. Most models are in stock, and if not,
are available on a defined schedule.

Our multi-million dollar product inventory
is a reflection of our customer centered

business philosophy. All customer orders are

processed and shipped promptly.
Narda...the best possible service,
combined with engineering and

manufacturing excellence.

nharda

an ‘9 communications company

435 Moreland Road, Hauppauge, New York 11788
Tel: 631.231.1700 ® Fax: 631.231.1711

e-mail: nardaeast@L-3com.com
www.nardamicrowave.com

Visit http://mwj.hotims.com/11724-112 or use RS# 112 at www.mwjournal.com/info
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Aeroflex is the #1 fast-switching

The #1 Synthesizer now comes synthesizer provider on the
market today! We build the best

with a full Two yea r warra nt)’! synthesizers and even our most
basic models are 30x faster and
10x cleaner than the closest
competitor. Our synthesizers
offer high speed, low noise and
wide bandwidth all in one
package.

We've built our synthesizer
business reputation one
installation at a time. Our installed
base is one of the largest in the
world with more than 5,000
Aeroflex fast-switching
synthesizers installed to date.

2200 OEM Modular

Frequency Synthesizer

« Spans frequency range from 10
MHz to 18.4 GHz

Standard resolution of
1.0 Hz

Can switch from any

frequency (F1), to any other fre-
quency (F2), up or down,
in 1 puSec

2500 Frequency Synthesizer

» Spans frequency range from
0.3t0 26.5 GHz

Standard resolution of 1.0 MHz
(0.5 MHz with range
0.3 to 13.5 GH2)

Can switch frequency
in <200 ns

Find out more about our world-
class Synthesizers and receive
the latest data sheets by visiting:

www.aeroflex.com/fastswitching

(J\EROFLEX

A passion for performance.

Visit http://mwj.hotims.com/ 11735 or use RS# 5 at www.mwjournal.com/info
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FEATURES

NOTE FROM THE EDITOR

Spec-based Part Search: Way of the Future
David Vye, Microwave Journal Editor

In-depth look at Microwave Journal’s new partnership with GlobalSpec? a specialized search and information resource for the
engineering, industrial and technical community

COVER FEATURE

A Radar-based Concealed Threat Detector

Jerry Hausner, Electro Science Technologies

Introduction to a system designed to detect dangerous objects carried under an individual’s clothing from a standoff position

TECHNICAL FEATURES

Novel Design of a Printed Monopole Antenna for WLAN/WiMAX Applications

Wen-Shan Chen and Yu-Chen Chang, Southern Taiwan University of Technology

Implementation of a printed coplanar waveguide-fed monopole antenna to satisfy wireless local area network and worldwide
interoperability for microwave access applications

A Direct-conversion Receiver for 5 GHz Wireless LAN with Sub-harmonic Down-conversion

Mi-Young Lee, Chan-Young Jeong, Jae-Woo Park, Changsik Yoo, Hanyang University; [in-Soo Park, Samsung Advanced
Institute of Technology

Description of a fully integrated complementary metal-oxide semiconductor direct-conversion receiver for 5 GHz wireless
local area network applications

Analysis of Ultra-wideband Ridged-horn Antennas for Ground Penetrating Radar Systems

Francesco Soldovieri, IREA-CNR; Giancarlo Prisco, Second University of Naples; Raffaele Persico, IBAM-CNR;
Harald Lentz, Raumfahrt Systemtechnik GmbH

Analysis of the modeling and characterization of two ridged-horn antennas designed for ground penetrating radar prospecting
or for non-destructive testing
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M/A-COM RF and microwave
solutions for aerospace and defense

Over 50 years of proven performance in demanding applications

e High power broadband RF and microwave subsystems

* Miniature data links for UAVs and munition applications

* Microwave receivers for SIGINT collection and analysis

* Proven |IED defeat and force protection systems

* Reliable, high performance antennas and coaxial cable assemblies

e Large portfolio of RF and microwave components including amplifiers,
mixers, attenuators, switches, passive elements, and more

For more details, contact your local M/A-COM sales office
or visit www.macom.com/defense

North America 800.366.2266 * Europe +44 (0)1908.574200
« Asia/Pacific +81.44.844.8296 + www.macom.com

z Tyco Electronics

M/A-COM, Tyco Electronics and the TE logo are trademarks. Our commitment. Your advantage.

Visit http://mwj.hotims.com/11724-83 or use RS# 83 at www.mwjournal.com/info
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FEATURES

TECHNICAL FEATURES

An Improved Thermal Design for IlI-N HEMTs on Silicon
Substrates

A. Edwards, C. Park, S. Singhal, Q. Martin, K.J. Linthicum and 1.C. Kizilyalli,
Nitronex Corp.

Use of simulation in combination with infrared thermal imaging and radio
frequency electrical measurement to compare two III-N high electron mobility
transistors on silicon substrates

Improvements in Band Rejection Characteristics of a Wideband
Antenna Using Resonant Slots
Soo Deok Moon and Hee Yong Hwang, Kangwon National University

Presentation of a method to improve and control the band rejection
characteristics of wideband bow-tie patch antennas by using two notch slots

A Sub-harmonic Quadrature Mixer Using APDPs for UWB
Systems

Goo-Young Jung and Tae-Yeoul Yun, Hanyan University

Presentation of an ultra-wideband sub-harmonic mixer operating over the 3.1
to 4.8 GHz band offering excellent conversion loss, linearity, and phase and
amplitude balances for quadrature outputs

Applications and Antenna Selection in the 4.9 GHz Band

Andy Singer, Radio Waves Inc.

Focus on the applications and antenna selection for the 4.940 to 4.990 GHz
public safety band allocated by the Federal Communications Commission

A Highly Efficient 7 to 14 GHz Monolithic Class-E Power
Amplifier

R. Tayrani, Raytheon Space & Airborne Systems

Description of the design and fabrication of a highly efficient broadband
monolithic class-E power amplifier utilizing a new distributed class-E load
topology

A Broadband Meander Line Monopole Antenna with Vertical
Lines

Jinwoo Jung and Yeongseog Lim, Chonnam National University; Hyeonjin Lee,
Dongkang College

Investigation of a broadband meander line monopole antenna with vertical
lines for the DCS, PCS, UMTS, WiBro and WLAN bands

A Compact Wide Stop-band Koch-shaped Electromagnetic
Bandgap Microstrip Low Pass Filter

Wen-Ling Chen, Guang-Ming Wang and Yi-Na Qi, Missile Institute of Air
Force Engineering University

Presentation of a compact wide stop-band Koch-shaped electromagnetic
bandgap microstrip low pass filter featuring a stop-band width of 8.6 GHz and
a passband return loss of less than —25 dB

Micave
Journal

CALLEORPAPERS

To see one’s work in print is
the rightful reward of every cre-
ative engineer and scientist. The
editors of Microwave Journal in-
vite you to submit your technical
manuscripts for consideration to
be published in one of our up-
coming issues. Technical articles,
application notes and tutorial ar-
ticles based on the monthly edi-
torial themes are encouraged.
Editorial themes include wire-
less, radar and antennas; RF
components and systems; test,
measurement and CAD; ampli-
fiers and oscillators; semiconduc-
tors, MMICs and RFICs; satel-
lite and mm-wave applications;
communications and wireless ap-
plications; passive components;
and control devices and modula-
tion.

Design features should con-
tain new and innovative technical
ideas of practical use and interest
to our predominantly engineer-
ing readers. Papers should be 14
to 16 double-spaced pages and
contain 8 to 12 visual aids in the
form of sketches, graphs, pho-
tographs or tables.

Papers should be submitted to
the attention of the Technical
Editor and will be reviewed
promptly by our Editorial Re-
view Board prior to acceptance.
Articles outside of the monthly
themes also will be encouraged.

SEND ALL MATERIAL TO:

Microwave Journal
685 Canton Street
Norwood, MA 02062
(781) 769-9750
Fax (781) 769-5037
e-mail:
fbashore@mwijournal.com
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LET THIS BE YOUR GUIDE

TriQuint Semiconductor now
offers an extensive product
selection guide designed
around your RF needs!

Filling your bill of materials just got
easier thanks to TriQuints 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 - g
industry’s best commercial : ¥ 25,

and military RF devices.

TriQuint created many of
the GaAs, SAW & BAW
processes inside the
world’s most popular
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.

Visit www. triquint.com/rf and register for TriQuint product & process
updates. Also get your copy of our new Product Selection Guide.

COME SEE US AT THE 2007 EuMW TRADE SHOW IN
MUNICH, GERMANY; OCTOBER 9-11; STAND #400

TriQuint @
SEMICONDUCTOR

Phone: +1-503-615-9000 | Fax: +1-503-615-8300 i oL
E-mail: info-sales@tgs.com | Website: www.triquint.com Connecting the Digital World to the Global Network®

Visit http://mwj.hotims.com/11724-164 or use RS# 164 at www.mwjournal.com/info
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FEATURES

TUTORIAL

Gaining Spectral Efficiency with OFDM

Ashwin Prasad, National Instruments

Use of orthogonal frequency division multiplexing as an effective technique for
high speed bi-directional wireless data transfer

PRODUCT FEATURES

A Software Suite to Aid Workflow
CST of America

Use of point tools for full-wave microwave/RF design and optimization in
creating seamless workflow between software design tools

A SiGe BiCMOS RMS Power Detector for High Data Rate
Wireless Networks
Hittite Microwave Inc.

Introduction to a RMS power detector operating from 50 Hz to 3.9 GHz
providing a linear-in-dB transfer function with linearity of +0.6 over an output
power range of more than 60 dB

Improvements to Desktop Circuit Board Prototyping
T-Tech Inc.

Development of a series of solutions designed to meet the challenges of
desktop milling machines for prototyping circuit boards

High Density RF Interconnect

Tensolite, a Carlisle company

Design of a high frequency connection system that transfers high frequency
signals through a unique planar interface
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Micriéwave
Journal

Online

Go to
www.mwjournal.com

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

Webinars

RF Fundamentals -
Passive Component
Modeling

Presented by
Besser Associates and
Microwave Journal

Live webcast: 10/18/2007, 11:00 am (EST)

Executive Interviews

Time-to-market, first-pass success and design
for manufacturing are at the forefront of design
concerns. Combine these market pressures with
geographically separated design teams working
in diverse mediums and it's easy to see why
workflow is as important as simulation
capability. Microwave Journal European Editor,
Richard Mumford, converses with CST Managing
Director, Dr. Bernhard Wagner, about the
challenges we face due to increasing design
complexity and a shortage of skilled high
frequency engineers.

Resources

Searching for a Part? Microwave Journal teams
up with GlobalSpec® the engineering search
engine company, to provide RF/microwave circuit
and system designers with the latest in “search
by part specification” technology. Visitors to the
MW?J] web site can now find specific components
based on technical
specifications such
as frequency range, .
gain, output power BRUERAIANEEINECEICRAFNE
or noise figure. Need more information on a
particular vendor? MWJ Buyer’s Guide currently
features over 1000 RF/microwave companies,
segmented by category. Each category hosts
Vendor Views—our content-rich vendor
storefronts containing new product information,
press announcements, events, downloads and
more.

SPEC
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Online Technical Papers

“Fast Switching Signal Generators”
Ravinder Gill, Gigatronics

“Microstrip Bandpass Filter at S-band
Using Capacitive Coupled Resonators”

JS Mandeep, School of Electrical and Electronic Engineering,
Universiti Sains Malaysia

“Error Compensation for Digital
Predistortion Linearizers”

Jinaing Zhao, Jianyi Zhou, Xiao Liang, Jianfeng Zhai,
School of Information Science and Engineering,
Southeast University, Nanjing, P.R. China

The William Bazzy Fellowship Program,
open to graduate students or working
engineers, was initiated in 2006 to promote
continued study, research and advancement in
the field of RF and microwave engineering. The
$5000 fellowship program named in honor of
William Bazzy, founder of Microwave Journal,

is awarded each spring. Apply now online.

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 site. Now exclusively
online.

This Month’s Question:
Saadya Mahmood asks-

“What is the formula for calculating the take-
over gain of a zero-IF receiver, including a front-
end with one low noise amplifier, one LO and
one mixer?”
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www.micronetics.com

Oscillators-VCOs, CROs and
PLL Components
(603) 579-0900 - NH

& Stealth

a division of

likiiéts Microwave

Solid State Ultra-Linear
Power Amplifiers

(609) 538-8586 - NJ
www.stealthmicrowave.com

High Power Products
(603) 883-2900 - NH
www.micronetics.com

Microwave
& Video
Systems

a division of

Switch Filter Banks
(203) 445-1970 - CT
www.micronetics.com

Noise Sources/Generators
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(603) 883-2900 - NH
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(209) 825-3955 - CA
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Over 30 years

of design and
manufacturing of
high performance
microwave / rf
technologies and
testing solutions that
enable some of the
most demanding
applications in the
space, defense and
commercial industries

ISO9001 Certified

Space Qualified
Products

4 Manufacturing
& Design Facilities
across the country
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SPEC-BASED PART SEARCH:

WAY OF THE FUTURE

rowse through the articles and
B advertisements in any issue of
Microwave Journal (MW]) and
you get a pretty good glimpse of the
ecosystem that forms our industry.
The component manufacturers (ac-
tive and passive), the integrated cir-
cuit developers, the foundries that
produce these MMICs and RFICs,
the test and measurement equipment
providers, the simulation software
vendors, engineering services and the
commercial and defense system inte-
grators who pull it all together; they
are all represented here in print and
on our web site. While the editorial
(technical and product-related arti-
cles, tutorials and special reports)
keeps us informed with detailed cov-
erage of recent innovations, the ad-
vertisements remind us of who is of-
fering what products and services.
Another reminder of who is doing
what is available through Microwave
Journal’s Online Buyer’s Guide. With-
in each category of this RF/mi-
crowave ecosystem is a listing of the
companies that are offering products
and services. These are the compa-
nies fully engaged in advancing the
state-of-the-art either by improving
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NOTE FROM THE EDITOR

DavID VYE, Microwave Journal Editor

the performance or reducing cost,
weight and/or size of their products.
Included in the Buyer’s Guide are the
Vendor Views, which together form
an online marketplace where all this
product information, download mate-
rial, company events and technical ar-
ticles of participating companies can
be found.

Last month, we mentioned MWT’s
focus on expanding the capabilities
and offerings of our electronic media,
from more web site exclusive features
to newsletters and webinars. This
month we introduce a new, powerful
“product search” engine to our Buy-
er’s Guide that is truly unique for our
industry. By partnering with Global-
Spec? the specialized search and in-
formation resource for the engineer-
ing, industrial and technical commu-
nity, visitors to the Microwave
Journal Buyer’s Guide can now
search on categories of parts such as
voltage-controlled oscillators (VCO),
low noise amplifiers (LNA), mixers,
antennas, etc. From this top-level
search, an engineer could then list
and review all products and compa-
nies in that category or (and this is
the best part) search for a particular

component and its manufacturer
based on the required specifications.

Here’s how it works. Let’s say a sys-
tem integration engineer requires a
VCO. From the Buyer’s Guide pow-
ered by GlobalSpec, the engineer starts
the search for this device by typing in
“VCO.” This request launches the cri-
teria filter that lets him/her specify os-
cillator type, package style, perfor-
mance (in this case: oscillation frequen-
cy, stability, tolerance, supply voltage,
etc.) and other features. The engineer
specifies the device’s required attribut-
es (or no preference) and continues the
search to get an itemized listing of all
companies and their products that
meet that specification.

Engineers from General Electric
developed this search engine technol-
ogy based on their own (consider-
able) experience of building systems
and maintaining large part catalogs.
Having had some time to run search-
es on various component types, we
found the capability easy to use and
the results quite impressive. Need to
find the right component? This could
very well be the way of the future.
Give it a try; we think you will also be
impressed. M
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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*

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

Download a free 30-day trial at

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

: e A WT’-

Fifst pass accurac

mee S firstpass. b dget approval

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/find/eesof-genesys-firstpass or call

an Agilent representative to find out which Genesys
suite is best for you. With fully functional, microwave
design environments starting at just $3,995, first pass

success is suddenly within reach.

Agilent Technologies
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Frequency Range: DC-18 GHz, Impedance: 50 ohms

Strength, ruggedness, and reliability. . .supercharged! That's what you get ~ Models Coppector Length Inse. Loss (4B) - Retuin Loss (aB)  frice
when you choose Mini-Circuits ultra-flexible precision test cables.  mae to Mae (P} Ma o Qi)
Engineered to be a workhorse for your day-to-day test operations, these =~ CBL-15FTSMSM+  SMA 15 07 2 68.95

. . . o CBL-2FT-SMSM+ SMA 2 11 27 69.95
triple shielded cable assemblies are qualified to at least 20,000 bends, CBL-3FT-SMSM+ SMA 3 15 27 7295
employ an advanced strain relief system, and are equipped with ~ SSEErsvem: Svi . s 2z %

i i CBL-10FT-SMSM+ SMA 10 4.8 27 87.95
passivated stainless s.teel connectors, so you can rely on them .to B orT SN VA 1 28 2z g
flex, connect and disconnect over and over and over again! CBL-15FT-SMSM+ SMA 15 73 27 100.95
! i *| CBL-2FT-SMNM+  SMA to N-Type 2 11 27 99.95
They're so rugged, each test cable is backed by our 6 month guarantee™  CBL2FESW: - SMAto N 2 I a 0%
With low insertion loss and very good return loss, you can also rely on CBL-4FT-SMNM+  SMAtoN-Type 4 16 o7 11295
getting good performance over the wide DC-18 GHz band. Need them  G3-05E80NG, SAGNTee & 73 4 e
right away? Overnight shipment is available. So make Mini-Circuits your CBL-2FTNMNM+  N-Type 2 14 27 102.95
test cable connection!  Mini-Circuits....we’re redefining what VALUE is all about! CRoFNMNM:  NTe 8 18 a 1w
CBL-15FT-NMNM+ N-Type 16 7.3 27 164.95
CBL-20FT-NMNM+ N-Type 20 9.4 27 178.95
CBL-25FT-NMNM+ N-Type 25 1.7 27 199.95
Custom sizes available, Female to Male

consult factory. CBL-3FT-SFSM+  SMA-F to SMA-M 3 15 o7 93.95
CBL-2FT-SFNM+  SMA-F to N-M 2 11 27 119.95
CBL-3FT-SFNM+  SMA-F to N-M 3 1.5 27 124.95
3 CBL-6FT-SFNM+  SMA-F to N-M 6 3.0 27 146.95

SMA SMA N-Type

Female Male Male

'mo. connector attachment fails within six months of shipment. This guarantee

a *Mini-Circuits will repair or replace your test cable at its option if the
GU, TEE excludes cable or connector interface damage from misuse or abuse.

ISO 9001 ISO 14001 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
(?”4’; ; The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
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CALL FOR PAPERS

IEEE MTT-S International
Microwave Symposium 2008
by December 7, 2007

IEEE Radio Frequency Integrated
Circuits Symposium
by January 3, 2008

OCTOBER

AOC INTERNATIONAL SYMPOSIUM AND
CONVENTION
October 28-November 1, 2007 ® Orlando, FL

WWW.CIOWS .org

MiLITARY COMMUNICATIONS CONFERENCE
(MILCOM 2007)
October 29-31, 2007 ® Orlando, FL

www.milcom.org
NOVEMBER

ANTENNA MEASUREMENT TECHNIQUES
AssoclaTioN (AMTA 2007)

November 4-9, 2007 ® St. Louis, MO
www.amta2007.com

IMAPS 40™ INTERNATIONAL SYMPOSIUM ON
MICROELECTRONICS

November 11-15, 2007 ® San Jose, CA
www.imaps40th.org

2N0 EUROPEAN CONFERENCE ON ANTENNAS AND
PropAGATION (EUCAP 2007)
November 11-16, 2007 ¢ Edinburgh, UK

www.eucap2007.org

ARFTG 70™ 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 MiIcCROWAVE 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
(iINncorpPORATING 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.Weai.com

MICROWAVE JOURNAL = OCTOBER 2007

FEBRUARY

COMING EVENTS

JUNE

INTERNATIONAL SOLID-STATE CIRCUITS
Conrerence (ISSCC 2008)

February 3-8, 2008 ® San Francisco, CA
WWW.iSSCC.OTg

SATELLITE 2008 CONFERENCE AND EXHIBITION
February 25-28, 2008 ® Washington, DC
www.satellite2008.com

IEEE RADIO FREQUENCY INTEGRATED CIRCUITS
Symposium (RFIC 2008)

June 15-17, 2008 o Atlanta, GA
www.rfic2008.org

IEEE MTT-S INTERNATIONAL MICROWAVE
Symposium AND ExHigrrioN (IMS 2008)
June 15-20, 2008 o Atlanta, GA

www.ims2008.org

Smaller is Better

Ultra High Power Diamond Resistors

and Terminations

High Power, Small Size
Broadband Performan

* Broadband from DC to 18 G

* 25 to 150 watts power handli

¢ All thin film construction.

¢ Solder and wire bond attach

* High reliability qualified.

* Data sheets available online
www.emct.com.

RESISTORS

E

CR0402D
25 watts

CR0505D
50 watts

CR1010D
150 watts

TERMINATIONS

CT0402D
25 watts

Z
1

CT0505D
40 watts

CT1310D
150 watts

e

———
af‘r.a-"""‘_

emct.com ¢ rflabs.com

772-286-9300

ISO 9001 and 14001 Certified

bringing techr
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B 37080y Technology

Precision Lab Accessories
at Affordable Prices

* Apply CPW Probes to Microstrip
Devices Using CPW Adapter
Substrates

* Brings the high precision
and repeatability of
CPW probes to the high
accuracy test needs of
microstrip devices.
» Calibration substrates
available for> 50 GHz
calibration.

Useful for characterization and qualification testing

of semiconductors.

* Improve Design & Development
Test Characterization Productivity
Using a Lab Microprobe Station

* Portable low cost
microwave and DC probing
test station to verify models
and components. Test and
validate ASICs, MMICs and
subassemblies. Precise,
rugged and feature rich for
professional use.

Thermal chuck option available.

* Manual Probe Stations Offer a
Cost Effective Option for Both
General Purpose Probing and
Dedicated Test Stations

* High functionality with
modular accessories
results in rapid and easy
setup. Large platen for
probe accessories on all
sides, 150mm X 175mm
chuck travel on a swing-
out stage.
Probe Card Adapter makes this an ideal prober
for probe card and test program check out.

Visit Our Web Site for
Application Info & Data Sheets

J microTechnology, Inc.
(503) 614-9509
(503) 531-9325 [FAX]
info@jmicrotechnology.com
www.jmicrotechnology.com
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‘FIRST-PASS SYSTEM SUCCESS’
APPLICATION WORKSHOPS

B Topics: Ansoft’s ‘First-pass System
Success” application workshops for
high performance design will provide
a platform for leading technology
companies and Ansoft’s technical staff
to collaborate and discuss the latest
simulation techniques and design
methodologies to help engineers
achieve first-pass system success
when designing high performance
electronic systems.

M Sites: Asia, North America and
Europe

B Dates: October 16-November 15,
2007

B Contact: For more information,
visit www.ansoft.com/firstpass/.

CST EM STUDIO™ 2006B
TRAINING

B Topics: This hands-on training
course will show participants how to
work efficiently with CST EM STU-
DIO™ (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 post-
processing to specific needs by using
power result templates. To register or
for additional date and location infor-
mation, visit www.cst.com.

M Site: Darmstadt, Germany

B Date: November 29, 2007

B Contact: For more information,

contact info@cst.com or call +49-
6151-7303-0.

ANTENNA ENGINEERING

B 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.

M Site: Las Vegas, NV

B Dates: December 3-7, 2007

B Contact: Georgia Institute of
Technology, Professional Education,
PO Box 93686, Atlanta, GA 30377
(404) 385-3500.

||/ ORKSHOPS & COURSES

2007 POWER SEMINARS

B Topics: Fairchild is The Power
Franchise® and its power experts will
provide the latest in design techniques
for optimizing system power with ana-
log, discrete and optoelectronic solu-
tions at these one-day events. The 2007
Power Seminar technical sessions in-
clude: low cost, isolated current source
for LED strings, design considerations
of LLC resonant converter and applica-
tion review and comparative evaluation
of low side MOSFET drivers.

B Site: For location information,
please visit url.

B Dates: For date information,
please visit url.

B Contact: Fairchild Semiconduc-
tor Corp., 82 Running Hill Road,
South Portland, ME 04106 (207) 775-
8100, www.fairchildsemi.com.

THE ENTREPRENEURIAL ENGINEER

B 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.
M Site: Archived on-line course.

B Dates: Archived on-line for any-
time viewing.

B 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

B 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.

B Site: For location information,
please visit url.

B Dates: For date information,
please visit url.

B Contact: University of Wisconsin,
Dept. of Engineering Professional
Development, 432 North Lake Street,
Madison, WI 53706 (800) 462-0876.
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Microlab/FXR spans the World of Wireless

Let us make your world a happier place.

Using our passive components helps guarantee you the
optimum performance you require and expect for your
in-building or wireless networks.

e VHF
* TETRA
F * Cellular
’ * Wi-Fi to WIMAX
= e 70 MHz to 6 GHz

; Get fast delivery from our stocking locations in Asia,
== £ Europe and North America. For details, call +1 (973)
; 386-9696 or visit www.microlab.fxr.com.

AWIRELESS TELECOM GROUP COMPANY

@ MICROLAB/FXR
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1icoll

MIXERS TO 60 GHz
= Single-, double-, and triple-balanced
* Image rejection and |/&
* Single-sideband, BPSK and &@P5K modulators
* High dynamic range
» Active and passive frequency multipliers

CONTROL PRODUCTS = =
* PIN diode and high power switches
+ Switch matrices
'« Analog and digital PIN attenuators,
phase shifters I
' Limiters

Delay lines

INTEGRATED SUBASSEMBLIES 3 &
TO 60 GHz -y
* Integrated up/downconverters :
* Monopulse receiver front ends
* Missile receiver front ends
« Switched amplifier/filter assemblies

IF AND VIDEO SIGNAL
PROCESSING

* Logarithmic amplifiers

= Constant phase-limiting amplifiers

= AGC/VGC amplifiers

= Digital DLVAs

= Digital logarithmic amplifiers

and frequency discriminators




FREQUENCY SOURCES
TO 60 GHz

« Synthesizers for radar, instrumentation
and broadband communications

* Free-running and phase-locked DROs

* Frequency agile phase-locked sources

* Variable frequency phase-locked sources

* Ovenized crystal oscillators

. AMPLIFIERS TO 60 GHz
* Dctave fo ultra-broadband
* Noise figures from 0.35 dB
* Power o 10 wats
* Temperature fslope compensated
= Cryogenic
_* Military screening/space qualified
= Input profected 3
+ Optical modulator drivers, >10 Gb/s

IBER OPTIC SYSTEM COMPONENTS
= Wideband fiber optic links fo 18 GHz '
* Fiber opfic transmitlers and receivers

~» RZ and NRZ drivers, low noise -

~ and limifing amplifiers
. ! = 10 and 12.5 Gb/s modulator drivers
= 40 Gb/s drivers and linear amplifiers

-
\ 100 Davids Drive
Hauppauge, NY 11758

" TEL.: (631) 436-7400 « FAX: (631) 436-7430

www.miteg.com
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COVER FEATURE

INVITED PAPER

A RADAR-BASED
CONCEALED THREAT

DETECTOR

This article describes a system that is capable of detecting dangerous objects

carried under a person’s clothing from a standoff position. The system is

autonomous and automatically renders a decision regarding the outcome of a test

for a particular person’s results to an operator. That decision is reached on the

basis of processing many parameters extracted from both the frequency and time

domain responses of the radar return in an artificial neural net. This system has

been extensively tested and been shown to be highly accurate. This work is

sponsored by the MacAleese Companies dba Safe Zone Systems.

his project was started in order to devel-

I op a device that could detect concealed
guns on people to protect police officers

by allowing them to frisk a suspect at a dis-
tance. The original concept was to have the
unit in a handheld, battery operated package.
Other applications included the protection of
people at schools and sporting events by pre-
venting the infiltration of concealed weapons.
The applications were expanded with the ad-
vent of terrorists to include additional threats,
such as suicide bombs. Hence, the resulting
product is entitled a concealed threat detector.

BACKGROUND AND INITIATION

The motivation to embark on this project
was based on the premise that objects, such as
a gun, would have a radar signature that was
sufficiently unique that it could be distinguish-

able from other objects that are normally car-
ried by people. These normal objects are cate-
gorized as pocket clutter. To determine
whether or not the premise was correct an ex-
periment was devised that used an impulse
radar. This was around 1995 when impulse
and ultra-wideband radar was an emerging
technology.

The initial experiment was conducted in an
anechoic chamber. A person with normal
pocket clutter was placed in front of an im-
pulse generator terminated in an ultra-wide-
band antenna, also called an Impulse Radiat-
ing Antenna (IRA). Next to the transmitter
was a receiver that was shielded from the

JERRY HAUSNER
Electro Science Technologies
Albuquerque, NM
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WAVEGUIDE SWITCHES

RLC has the

L

AL AND

exact solution

vou’re looking for.

RLC Electronics manufactures a complete range
of RF switches including coaxial in the frequency
range from DC to 65 GHz and rectangular or
double ridge waveguide. The operating modes on
all designs are failsafe, latching and manual.

B SPDT to SP12T
B Transfer

B Low VSWR

B High Isolation

Control options are DC voltages as low as 5V, TTL,
BCD, RS232, and RS422. All switches have
excellent repeatability and lifetimes in excess of
one million operations. Many types are QPL listed
per MIL-DTL-3928.

B Low Insertion Loss

B High Power

B Low Passive Intermodulation

B Surface Mount Options

For more detailed information on coaxial and waveguide switches, visit our web site.

RLC ELECTRONICS, INC.

83 Radio Circle, Mount Kisco, New York 10549 e Tel: 914.241.1334 ¢ Fax: 914.241.1753
E-mail: sales@ricelectronics.com ® www.rlcelectronics.com

visa. | (@&
RLC is your complete microwave component source...
Switches, Filters, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.
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A Fig. 1 Block diagram of the RF section of an interrupted CW radar.

transmitter by a septum coated with
absorptive material. Therefore, the
receiver would record the signal be-
ing reflected by the person under
test. The received signal was record-
ed by a very wideband oscilloscope.
This recorded a time domain wave-
form of the reflected signal. This test
was repeated several times with two
or three different people who were
either armed with a gun or not.

The result showed a small, but def-
inite increase in the reflected energy
in the 1 to 2 GHz band when a gun
was present versus the situation when

A Fig. 2 A Concealed Threat Detector
production unit.
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it was not. This test was conducted
and plotted several times for an
armed and unarmed condition. Based
on these results a privately funded
venture was launched by The
MacAleese Companies to develop
such a product. It was quickly real-
ized, however, that an impulse radar is
awkward and expensive to produce.
The development cost is also very
high. Therefore, alternatives to the
initial technology were sought. After
evaluating various technical approach-
es, and associated cost to reduce this
concept to practice and commercial-
ize such a device, it was decided that
the Electro Science
Technologies (EST)
approach had the
best probability of
success at the most
reasonable cost.
That approach was
to simulate the op-
eration of an im-
pulse radar by using
a wider pulse of
many nanoseconds
and stepping it
across the frequency
band of interest
thereby creating a
frequency domain

POLARITY Sw

"""" g 7 CROSS-POL

TESTPOINT 3
; ANTENNA
IF SIGNAL - -

VIDEO
IF PROCESSING { SIGNALS TO :
BOARD : CONTROLLER ;
IF REFERENCE % BOARD ./

THRER

the time domain by use of a fast
Fourier transform (FFT) and later a
Chirp-Z transform. This theoretically
provides the same information, but in
an easier to obtain form.

As the world situation changed,
the emphasis shifted from the detec-
tion of concealed handguns to the de-
tection of concealed bombs and as-
sault rifles. This shift has been ac-
commodated with a very high degree
of success.

APPROACH

The EST approach was to use a
frequency domain approach to collect

. I:l CTED o

waveform. That was A Fig. 3 Output screen showing the information presented to an

then converted to operator.
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the data instead of a time domain sys-
tem. The resulting signal waveform is
then converted to time domain using
a Chirp-Z transform. The impulse
radar transmits a pulse with a dura-
tion of several hundred picoseconds
and an amplitude of many kilovolts
per meter. Such a device is quite ex-
pensive, large and heavy, and has
many limitations. The EST approach
was to transmit a 10 nanosecond pulse
at a fixed frequency, read the return

> DC — 50 GHz
> Custom Designs
> Multifunction RF Modules

> Components
« Filters * Amplifiers
* Switches ¢ Multipliers
* T/R Modules ¢ Oscillators

> MMICs

> Low-Cost Manufacturing

One company...

in a receiver with a bandwidth of sev-
eral hundred megahertz, and then
take a frequency step and repeat the
measurement. This can be done at
several hundred frequencies to create
a frequency domain response, which
can then be transformed into the time
domain. The impulse radar collects its
data in a matter of picoseconds
whereas the frequency-stepped ap-
proach requires several milliseconds.
Even though this data collection time

qicr

multiple technologies...
optimum solutions.

REMEC Defense & Space

858.560.1301 | sales@remecrds.com | www.cheltonmicrowave.com
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is many orders of magnitude greater,
for all practical purposes it is still real
time. The EST approach therefore al-
lows a radar to be built that follows a
conventional block diagram with sur-
mountable challenges in the area of
narrow pulse widths and the associat-
ed bandwidths.

The stepped frequency or spread
spectrum approach also offers some
additional advantages. The antennas
are no longer state-of-the-art specials
and the peak power levels are only a
fraction of a watt for the short range
that needs to be covered. Further-
more, the impulse radar was frequen-
cy band limited by the duration of the
impulse. That is, the energy in an im-
pulse drops to zero at 1/pulse width.
At 80 percent of that frequency the
power level is already significantly re-
duced. Then, to increase the frequen-
cy range of the signal, the impulse
must be made narrower. The energy
in the impulse is the integration of
the power as a function of time.
Therefore, as the pulse width nar-
rows, the amplitude must proportion-
ately increase in order to maintain a
constant energy level.

TABLE |
SYSTEM SPECIFICATIONS
Parameter PRt
Performance
Operating 9to 15,
range (f,) factory preset
Transmission 9.50 to 10.55 in
frequency (GHz) equal increments
Transmit .
— 0.1, interrupted CW
ERP (W) 3.2
shrapnel and articles
Detection with a dielectric
articles constant greater
than a human body
Detection rate
for partial
upper body > 95
shrapnel
coverage (%)
False alarm
rate (%) < L
Power input 2o 24 v IDIC,
P 25 W max.
12"wx 14" h x 4.5" d*
(30.5% 3.5 11.5 cm)

Size

< 10 Ibs (4.55 kg)

*includes radome
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The frequency-stepped system can
scan over a wider frequency range
(several gigahertz if desired) and the
center frequency can be moved to
any desirable band. This is very sig-
nificant as the desired information
may reside better at another part of
the spectrum, where the impulse
does not have sufficient energy to
create a response. Furthermore, most
of the energy transmitted by the im-
pulse radar is in the lower frequency

portion of the spectrum below 1
GHz. It was experimentally deter-
mined that there was no information,
useful for the intended detection, in
that part of the spectrum. It then be-
comes very inefficient to use this type
of waveform for this application. The
EST frequency scan approach cor-
rects this situation.

The approach then was to build a
frequency scanning radar. The origi-
nal experiments, using the impulse
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radar, produced results that were a
representation in the time domain
that was then transformed into the
frequency domain, while the fre-
quency scanning radar produced a re-
sult that was immediately in the fre-
quency domain. Ironically, it turned
out that there is only a small amount
of the desired information in a fre-
quency domain waveform and most is
extracted from the transformed time
domain waveform. Thus, the wave-
form is transformed into a well-
behaved time domain response for
which accurate readings can be
rendered.

DESIGN AND EVOLUTION

Achieving a well-behaved wave-
form requires phase coherency of the
returned signals. Phase detectors that
can respond to pulses on the order of
10 nanoseconds are difficult to real-
ize. Additionally, it became difficult
to obtain modulators that could pro-
duce a 10 nanosecond pulse with a
rise and fall time of less than two
nanoseconds at a reasonable price
with repeatable performance. As a re-
sult, the system was changed to an in-
terrupted CW radar which greatly
simplified the phase detectors along
with the requirements for the high
speed modulator. That also eliminat-
ed the T/R and range gate switches.
The term interrupted CW is used
since the time that the signal is pre-
sent is long compared to the transit
time of the signal to target and back.

The current system transmits an
interrupted CW signal with horizon-
tal polarization and simultaneously
receives the returns from a test sub-
ject in both the vertical and horizon-
tal polarizations. The horizontal re-
turn is referred to as the co-pol signal
and the vertically polarized return is
the cross-pol signal. Figure 1 shows a
block diagram of the current system.
It was experimentally determined
that there is a huge advantage to re-
ceiving both polarity returns as many
more parameters were available to
establish a decision as to whether or
not a person is armed. Figure 2
shows a production unit.

Being a CW system, range gating
is now done mathematically. A single
receiver is used to measure both po-
larity return signals. The input to the
receiver is switched between the co-
and cross-pol antennas. The antenna
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A Fig. 4 Block diagram of the coherent bistatic radar.
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is made in three patch array sections.
One is the horizontally polarized trans-
mit antenna. The others are vertically
and horizontally polarized receive anten-
nas. The receiver is a conventional su-
perhet erodyne receiver with amplitude
and phase detectors. The IF section
contains a variable gain feature. This is
accomplished by the use of digitally con-
trolled step attenuators. The analog out-
puts of these detectors are fed to the
processor board where they are digi-
tized. The co- and cross-pol values are
read and stored at one frequency. The
transmit oscillator is then stepped to the
next frequency and phase locked. The
transmission is then enabled and the
readings on the return signals are then
measured and stored. This process is re-
peated 256 times to cover the operating
band of 9.50 to 10.55 GHz. At the end
of 256 measurements a frequency do-
main waveform is created. That wave-
form is then transformed into a time do-

main waveform from which several pertinent parameters
are extracted. Those values are processed in an artificial
neural net, which is then able to offer a decision on

whether or not the

|ACTUAL DATA REFERENCE |

person being ex-

1.0

amined fits within

the trained para-

0.8

meters of being
“normal” or “ab-

0.6

normal.” If abnor-

0.4

mal, a THREAT

decision is gener-

0.2

NAIL AND BALL VESTS

ated. The output
decision, along

0 0.2

A Fig. 7 ROC curve showing the actual
performance of a CTD system for a

04 06 08 10 withavisual image
of the test subject,
is seen by an oper-

ator on a closed

particular set of test data.

A Fig. 8 Various types of suicide bomber vest designs using
different types of shrapnel.
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circuit TV screen. An example is
shown in Figure 3. The general
specifications for this system are
shown in Table 1.

The usual range of operation, as
determined by various users, is in the
9 to 15 foot range. However, signifi-
cantly longer ranges are possible by
the use of a larger patch array anten-
na. The current antenna produces a
pattern that is approximately six feet
(1.8 m) high by three feet (0.9 m)
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The latest model uses a next level
of sophistication by employing both
monostatic and bistatic detection. In
this configuration, at least two units
are used and each makes its own
monostatic measurements plus a set
of bistatic measurements. The latter
is accomplished by transmitting a
horizontally polarized signal from the
master unit and receiving the hori-
zontal and vertical target scattering at
the slave unit. Due to the detection
requiring coherency, the received sig-
nals are brought from the slave to the
master for processing. This system
adds many more parameters that can
be considered in rendering a decision
on a person; hence, another improve-
ment in accuracy. Furthermore, the
bistatically received signal is a very
significant aid in the detection of all
shapes of shrapnel. Being that mono-
static detection is used from multiple
angles plus bistatic detection, it is vir-
tually impossible to devise a shrapnel
form that can avoid detection.

Figure 4 is a block diagram of the
bistatic version of the Concealed
Threat Detector (CTD). As shown,
the signals are all derived at the mas-
ter unit and brought to the slave via a
cable. Then all received signals are ca-
bled back to the master for coherent
processing. Therefore, the slave unit
in this configuration basically only
contains a three-section antenna,
some switching circuitry, amplifiers to
compensate for the cable losses and a
power supply to power the mentioned
devices. A laser is also included to as-
sist in the aiming of the device.

Figure 5 shows a typical physical
setup using two units. An alternate
setup used three units. The third unit
is placed behind the subject being
tested so that a simultaneous rear view
is obtained. This eliminates the need
for the subject to turn around. The
rear unit operates fairly independently
of the two front ones, as its point of
view is totally different than the front
units. The rear slave unit does send its
information to the master so that only
one compiled output is presented to
the operator. The information from
the rear unit is also useful for further
Verifying some parameters.

APPLICATIONS

While the CTD can process a
large amount of people sequentially,
it is likely of best value in low volume
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situations. Such high value screening

points would include:

e Embassies

e Government Buildings—mints,
legislative offices, court houses,
administrative offices, etc.

¢ Public buildings—schools,
libraries, museums

e Transportation hubs—bus
terminals, train stations

® Sporting events

e Border crossing points

i

Connecting Innovation to Application:

Wallingford, CT 08492
Phone: 203-741-5400
Fax: 203-741-5500

WinchesterEfectronics
62 Bames Industrial Road Morth

www.winchesterelectronics.com

e National monuments
e Research facilities and laboratories
The screening process is simply to
have a person being checked walk
into a marked test box, face the
prompter monitor and put their arms
out. The reason for arms out is to re-
veal the area under the armpit, where
a weapon like a gun in a shoulder hol-
ster could be hidden from the radar
by the flesh of the upper arm. The in-

strument detects the presence of the

4 mns:

B Compliant
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individual and begins the measure-
ment process. During the process,
three sets of readings are taken and
the final decision is made by polling
the readings and then looking at the
total score. In the vast majority of cas-
es, when a weapon or threat is pre-
sent, the first two readings are conclu-
sive. In those cases, the third reading
is not taken and the results are imme-
diately presented. This situation re-
quires only about three seconds to
complete the screening process.

The CTD is quite practical as no
special portals need be set up and the
small units operate well in a simple
open space. This allows people to be
screened prior to entering a building
where generally more damage can be
done by a terrorist. The operator can
be remotely located since the output
is presented as text over video so that
the operator has a visual picture of
the test subject plus the output infor-
mation from the system. Figure 6
shows a typical output screen with a
SAFE indication along with the indi-
vidual’s score. The operator or system
administrator can adjust the thresh-
old at which the decision changes
from SAFE to THREAT, and thereby
adjust the system sensitivity. As
shown, the person’s score is also pre-
sented so that the operator can apply
some human judgment if appropri-
ate. Otherwise the system will pro-
vide a definite decision.

PERFORMANCE AND RESULTS

Judging the performance of such a
system is not trivial. Even establishing
a test plan is quite complex and must
contend with many variables. One
method that was suggested by the
Transportation Security Administra-
tion (TSA) is the use of a graphical
representation called a Receiver Op-
erational Characteristic or ROC
curve. Such a curve is shown in Fig-
ure 7. The abscissa is the false posi-
tive rate and the ordinate is the true
positive (or detection) rate. The refer-
ence is a line with a slope of 1. This is
equivalent to a coin toss or a 50-50
prediction. An absolutely perfect sys-
tem would essentially be a point at
the upper left hand corner, which rep-
resents 100% detection with 0% false
alarms. Since no system is so perfect,
the actual performance is shown as a
curve. This system, like any other, al-
lows for a range of sensitivities. If the
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sensitivity is increased, the detection
rate is increased along with the false
alarm rate. Therefore, there is a
tradeoff between the two. Different
situations can tolerate different false
alarm rates. This curve shows that the
Safe Zone System has a detection rate
of 98% with a false alarm rate of less
than 5%. This is considered to be ex-
cellent performance.

Since the operator is presented
with a score or certainty factor along

with the decision of the artificial in-
telligence, the accuracy can be fur-
ther improved by applying some hu-
man judgment to the decision. That
is, if a person gets a SAFE decision
from the processor but their score is
very close to triggering a danger lev-
el, the operator may want to examine
this person again or make some visual
judgment or further examination. An
example might be that the body and

head sizes do not seem to match indi-
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cating that there may be more than
the person under the clothing. An op-
erator could be assisted with this
judgment on future models where a
person’s radar cross-section is com-
pared to the number of pixels their
visual image transcends. There are
many such features that can be in-
cluded in future models to increase
the difficulty for a terrorist to pass a
screening system of this type.

The current versions of the CTD
have been tested with threats that use
all shapes of shrapnel and some that
use no shrapnel at all. Those con-
tained only packets of C-4 or similar
explosive and even a thin layer of
sheet explosive. Figure 8 shows a
sample of some of the threats that
have undergone detection testing
with the CTD.

At the time of this writing, the sys-
tem is in line to be tested and results
verified by various government agen-
cies. In anticipation of favorable test
results, several hundred units have
been produced with excellent re-
peatability. Additionally, Federal
Communications Commission (FCC)
approval is expected imminently.

CONCLUSION

A standoff concealed threat detec-
tion system has been developed and
produced that is capable of detecting
objects concealed under a person’s
clothing that can be considered dan-
gerous. This system operates at a low
power level in X-band. The typical
range of operation is on the order of
15 feet and can be extended to 100
feet or more by the use of a higher
gain antenna. Accuracy and perfor-
mance depend on many factors, but
under normal circumstances the de-
tection rate is in the very high 90s
percentile with an associated false
alarm rate of only a few percent. l
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» Military
» Various

Input Limiter Protection, Detectors/TTL & Mare
# Unconditionally Stable (100% tested)

OCTAVE BAND LOW NOISE AMPLIFIERS

Model No. re% 6Hz)  Gain @) MIN  Noise Figure @)  Power-out@pids 3rd Order [P VSWR
CA01-2110 28 - , 0. +10 +20dBm  2.0:1
CA12-2110 1.0-2. 0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
CA24-2111 2.04.0 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 +20dBm  2.0:1
CAB12-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CAO1-2111 0.4-0.5 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 2.2-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-4.2 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A784110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 3.1=-35 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CAB12-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CAB12-6116 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
CA14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(A1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Fre(i (6Hz  Gain (@) MIN  Noise Figure @)  Power-out@p1d8  3rd OrderICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20dBm  2.0:1
(A0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
(A02-3112 0.52.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
(A618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA218-4116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm  2.0:1
LIMITING AMPLIFIERS
Model No. Freq (6Hz)  Input Dynamic Range Oufput Power Ru Bge Psat  Power Flainess dB VSWR
CLA24-4001 2.0-4.0 -28 to +10 dBm +7 to+1 -1.5MAX 2.0
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +1 8 dBm +/-1.5MAX  2.0:1
(lA712-5001  7.0-124  -21to+10dBm +14 t0 +19 dBm +/-1.5MAX  2.0:1
CLA618-1201  6.0-18.0  -50 to +20 dBm +14 t0 +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freg (GHz)  Gain (@) MIN _ Noise Figure @)  Power-out@pid8 Gain Attenuation Range VSWR
CA00T-2511A  0.025-0.150 21 5.0 MAX, 3. +12 MIN 30 dB MIN 2.0:1
CA05-3110A 0.5-5.5 23 2.5 MAX, T.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 25 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX, T5TYP  +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 20dBMIN ~ 1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Fret{ (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p18  3rd Order ICP VSWR
CA00T-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:1
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 +30dBm  2.0:1 ¢
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TY +25 MIN +35dBm  2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1 :
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Northrop Grumman
Demonstrates Broad
Area Maritime
Surveillance

Northrop Grumman
Corp. has successfully

completed a program of
simulations, demonstra-
tions and tests designed to
provide the Broad Area
Maritime Surveillance
(BAMS) program with low

programmatic and techni-

cal risk. Northrop Grum-

man’s BAMS Head Start
Program successfully completed four system-level simula-
tions as hosted on a prototype mission control system and
aircraft simulator; airframe modifications and testing; and
initiating air vehicle long lead procurements and capital
investments. “These pre-contract activities are aligned
with our proposed BAMS offer focused on creating the
maximum programmatic and technical margins and there-
by reducing risk for the US Navy,” said Carl Johnson,
Northrop Grumman BAMS program vice president. Over
the past four months, the mission system was tested on a
Northrop Grumman test bed aircraft flying out of Califor-
nia and linked to a Maryland-based prototype ground seg-
ment. “We conducted more than 40 hours of flight testing
on 19 flights to validate the benefits of our BAMS archi-
tecture and to develop our prototyped subsystems,” said
Bill Beck, Head Start program manager. “We optimized
maritime modes on the 360° Active Electrically Scanned
Array sensor, which was controlled through the newly de-
veloped Advanced Mission Management System. In addi-
tion, we were successful in demonstrating our network
and bandwidth management system that incorporated
L-3’s dual communication data link system. Integrating a
large quantity of the planned BAMS mission system ele-
ments provided key software metrics, which confirm our
proposed software development and reuse estimates,”
continued Beck. “The testing validated the Mission Con-
trol System (MCS) architecture—which is an Internet
Protocol (IP)-based, service oriented architecture—using
real communication and sensor data feeds from our West
Coast-based flight tests to the MCS/Tactical Support Cen-
ter (TSC) prototype in Hollywood, MD.” The complete
Northrop Grumman BAMS system has also been mod-
eled in a simulation, which, along with the end-to-end
mission system testing, is hosted within the MCS proto-
type. The simulation was built using the proven aircraft
models and displays developed to train RQ-4 pilots for the
Navy, Air Force and Northrop Grumman. The simulation
also included the effects of the IP-based design features
for avionics, communication and ground segments. The
system model also includes emulated interfaces with the
Maritime Patrol and Reconnaissance Forces (MPRF)
TSC environment. These interfaces allowed real-time
studies of the BAMS system working in an MPRF envi-
ronment, which refined manning and training predictions
for MPRF staffs. The unmanned segment of the Navy
BAMS system must operate at all altitudes and environ-
ments. Changes to the RQ-4 Global Hawk for the Navy
included modifications to a leading-edge section of the
wing, which has undergone hail, bird strike and icing/
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de-icing tests, as well as radome modifications. The base-
line BAMS design modifications met all test objectives.
“These and other environmental tests are coupled with
full scale structural tests for the complete airframe, which
have shown that our design modifications are robust en-
hancements to a great platform,” said Beck. “The baseline
RQ-4 airframe is largely unchanged in the RQ-4N config-
uration and by developing a database for new require-
ments through development and test efforts, we have
been able to initiate long lead materials and capital equip-
ment procurement to ensure two air vehicles for the
BAMS system design and development phase can be in-
cluded in the lot 7 RQ-4 production line, reducing the
time to first flight.”

arris Corp. unveiled

the Harris Border Se-
curity Shelter, a system that
links information and com-
munications technologies
used to detect illegal bor-
der crossing or other
threats to national security.
The shelter’s advanced
technologies can help in-
crease the flow of informa-
tion and speed response times to potential threats. The
Border Security Shelter is a rugged, self-contained field
command center that combines communications, com-
mand and control, and sensor systems under a single roof,
tied together with either the Harris Falcon® II tactical ra-
dio network or existing networking infrastructure. The
Border Security Shelter provides an IP-data backbone for
receiving, synthesizing and redistributing various forms of
secure transmissions. Border Security Shelter can be per-
manently installed at fixed locations or rapidly deployed to
special areas of operation. Multiple shelters can be de-
ployed and linked to form protective networks. The shel-
ter is configurable and scalable to suit customer needs. It
is also adaptable to other applications such as protection
of ports or other security needs. The shelter was devel-
oped through Harris Corp.’s International Government
Systems business, which combines the company’s exper-
tise in systems integration with its portfolio of world-class
radio products. “The Border Security Shelter serves as
just one example of what our International Government
Systems business will do for customers—creating highly
advanced integrated networks that enhance communica-
tions and decision-making,” said Steve Marschilok, gener-
al manager of International Government Systems (IGS)
for Harris Corp. “Our customers depend on reliable, ro-
bust and secure communications systems. Harris busi-
nesses have the integrated capabilities to provide the net-
worked solutions that meet the needs of our customers.”
The shelter brings together in a single location many of
the technologies that border protection forces need to
carry out their missions. From these locations, force per-
sonnel are able to monitor border areas using ground
radar, unattended sensors and SATCOM radio; and send

Harris Corp.
Introduces
New Border
Security System
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and receive e-mail, images or other forms of media. A ver-
sion of the shelter being demonstrated at the Defense
Systems & Equipment International (DSEi) exhibition
combines various tactical radio technologies such as HF,
VHF, multiband and microwave radios, as well as unat-
tended ground sensors. The DSEi shelter also features re-
mote networked management and advanced Harris visu-
alization/data fusion software known as Harris Safeguard.

aytheon  Technical
Services Co. (RTSC)
LLC, a subsidiary of
Raytheon Co., has been

Raytheon to

Provide Counter-

Narcoterrorism ;. ded a five-year, indefi-
nite delivery, indefinite

Programs quantity contract to sup-
——— TV} the Department of

Defense (DoD)’s counter-
narcoterrorism activities.
This multiple contractor
award has an estimated ceiling value of $15 B. The scope
of work across all task orders is to provide equipment, ma-
terial and services to the DoD’s Counter-Narcoterrorism
Technology Program Office (CNTPO). Work began Au-
gust 24 and will end August 23, 2012. Under the terms of

DEFENSE NEWS

the contract, RTSC may provide support to CNTPO in
three areas: technology development and application;
training, operations and logistic support; and professional
and executive support. CNTPO is located at the Naval
Surface Warfare Center, Dahlgren, VA. RTSC will lead a
team that includes EG&G, a division of URS Corp.; Sci-
ence Applications International Corp., Batelle and others.
The team will offer the CNTPO a comprehensive capabil-
ity to produce innovative solutions, provide responsive
support and experienced management committed to the
CNTPO mission worldwide. “CNTPO is actively engaged
in providing technology and services to meet the immedi-
ate and emerging needs of the combatant commanders
and others involved in interagency and multinational op-
erations to disrupt, deter and deny narcoterrorist and ille-
gal drug activities,” said Tom Arnsmeyer, vice president of
the Homeland Security Solution product line of RTSC’s
Integrated Support Solutions business. “Raytheon is com-
mitted to providing the right solution to CNTPO in this
critical mission of supporting the DoD, other government
agencies and partner nations.” RTSC provides technology
solutions for defense, federal and commercial customers
worldwide. It specializes in Mission Support, counter-pro-
liferation and counter-terrorism, homeland security solu-
tions, base and range operations, and customized engi-
neering and manufacturing. W
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The confluence of advances in supporting
technologies, such as processors and memories — as well
as developments in UAVs — coupled with geopolitical
demands for increased homeland security and greater
intelligence gathering has pushed SAR (synthetic aperture
radar) into the ISR (intelligence, surveillance and
reconnaissance) spotlight.

SAR’s unique combination of capabilities including
all-weather, wide-area and high-resolution imaging is
unmaiched by other technologies.

This broad application spectrum is reflected in the
wide variety of new SAR systems being developed
and produced for a number of platforms to meet these
unique requirements.

(TT is well positioned to offer engineering and
production technology solutions — including high-rel
manufacturing — in support of your SAR requirements.

More than twenty years ago CTT, Inc. made a strong
commitment to serve the defense electronics market with
a simple goal: quality, performance, reliability, service
and on-time delivery of our producis.

Give us a call to find out how our commitment can
support your SAR success.
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hales-MESL Ltd., a
manufacturer of mi-
crowave components for the
communications and de-
fence industries, has been
acquired from Thales Hold-
ings UK ple, a subsidiary of
Thales SA, by a combination
of industrial investors—Lars
McBride, Anthony Smith
and William Buist-Wells. In
the future, the company will be known as MESL Microwave
Ltd. and will continue to be run on a day-to-day basis by its
current managing director Mike Huggan and his existing
management team. Smith has become chairman and
McBride and Buist-Wells have joined the board as directors.
MESL Microwave is headquartered near Edinburgh,
UK, and is one of Europe’s leading designers and manu-
facturers of microwave components and subsystems, prin-
cipally supplying customized solutions used in telecom-
munications base stations, point-to-point radio links and
military radar systems. Specific products include high
power (waveguide) ferrite components, diplexers, circula-
tors/isolators and SAW pulse compression components.
Commenting on the acquisition Smith said, “MESL has
an excellent reputation as a manufacturer of custom mi-
crowave components and can count many of the world’s
leading telecoms and defence companies among its cus-
tomers. With Mike Huggan and his team we have widely ex-
perienced management, keen to grow the business both in
developed markets and in China where we already manufac-
ture. We are looking forward to supporting the company
with substantially increased levels of capital investment.”

MESL Microwave
Acquired From
Thales

ricsson and Deutsche

Telekom have entered a
strategically important six-
year managed services
partnership, which covers
the operation and mainte-
nance of Deutsche Tele-
kom’s microwave network
in Germany. Through the
transaction, around 200
employees will be trans-
ferred from T-Com, along with its microwave assets and
related operation activities.

The partnership is a logical one as the majority of the
current data traffic in the microwave network is already
transmitted over systems delivered by Ericsson. Under
the agreement Ericsson will take over full responsibility
for the realization and operation of the telecom vendor’s
microwave-based links in Germany, including planning,
deployment, operation and field services, and T-Com will
buy capacity from the company as part of the ongoing
managed services contract.

Hans Vestberg, executive vice president and head of
Business Unit Global Services at Ericsson, said, “We are
confident that we not only can maintain the high quality

Microwave Network
Deal for Ericsson
and Deutsche
Telekom
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Richard Mumford, European Editor

of the network while helping reduce costs for our cus-
tomer, but that we can also improve profitability in the
operation of microwave networks over the coming years
by adding new customers. This agreement will also lay the
foundation for our strategy to make managed services a
growth area and success story in Germany. We welcome
the highly qualified new employees from T-Com, whom
we will offer attractive career paths in an international en-
vironment of a true global player.”

he UK MoD Research

Acquisition Organisa-
tion (RAO) has awarded
QinetiQ an initial three-
year enabling contract,
which could be worth over
£10 M, to lead the UK En-
ergetics (UK-E) consor-
tium. The consortium’s re-
mit is to maintain and re-
fresh UK expertise, facilities
and technologies in energetic materials, thereby providing
a cornerstone in the implementation of the Defence Tech-
nology Strategy (DTS) and the Defence Industrial Strategy
(DIS) for general munitions and complex weapons.

The capacity of the UK’s Armed Forces in delivering
decisive military effects is dependent upon the capability
of its complex weapons and general munitions, for which
energetic materials are a crucial component. In addition
to their vital role in the delivery of conventional military
capability, energetics technologies are also essential to
counter terrorism and the strategic deterrent.

Bringing together the capabilities of the founder con-
sortium members within a single enabling contract frame-
work will provide the RAO with a focus for all of its ener-
getics related research. This framework will also compli-
ment the energetics expertise of the new Defence
Equipment & Support (DE&S) organisation, Defence
Science and Technology Laboratory (Dstl), the Counter
Terrorism Centre, AWE, and other UK government de-
partments, providing them with an onshore readily acces-
sible centre for energetics expertise.

QinetiQ to Lead
UK Energetics
Consortium

rowth in sales is estab-
lishing India as a ma-
Second Largest jor growth market for
. Nokia and a target for con-
Market for Nokia ;¢4 inward investment.
The company announced
that in the quarter ended
June 2007 India became
the second largest market
for the company in terms
of sales, overtaking the
United States. Over the last three years, the country has
been gaining significant ground year on year, moving from
fourth position in 2005 to third position in 2006 and is to-
day poised right behind China.

India Now
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In another milestone, the company announced that it
has started exporting to 58 countries from its Sriperum-
budur, Chennai manufacturing plant in India, which
demonstrates the operational efficiencies of the factory
and conducive business environment provided by the
state and central government. Today, the factory has
reached production volumes of 60 million handsets
(August 2007) and is exporting half of its production to 58
countries across the Middle East, Africa, Asia, Australia
and New Zealand.

The factory currently employs 4700 people and the
Nokia Telecom Park has received an investment of
$500 M with seven global component manufacturers like-
ly to generate in excess of 30,000 jobs when fully func-
tional. Nokia Siemens Networks has also announced plans
to invest $100 M in India over the next three years as part
of its commitment to develop a strong telecommunica-
tions environment in the country. The aim is to better ad-
dress and drive the growth of the Indian mobile industry
and to better serve its customers.

This investment will include setting up a proposed
telecommunication equipment manufacturing facility in
Tamil Nadu for wireless network equipment, new offices
across various cities, additional development of an existing
R&D centre, and expanding the Global Networks Solution
Centre.

e /NTERNAT/ONAL F\)EPORT

IET Certifies Link's ”Hk Microtek, the UK’s

eading supplier of non-
RF Safety Training ionising RF safety instru-
mentation products and
services, has been certified
by the Institution of Engi-
neering & Technology
(IET) as a provider of RF
safety training. The compa-
ny’s training courses are al-
ready recognised by UK
telecoms operators and broadcasters, and the IET en-
dorsement means that other potential customers can be
confident that they will be receiving professional training
from a competent organisation.

To achieve IET certification, the company’s personnel
and procedures had to undergo rigorous vetting to demon-
strate issues such as the competence of its trainers, how
the trainers are trained, how the company keeps up to date
with new issues, how it obtains and assesses customer
feedback, and how training material is documented.

The IET endorsement covers Link’s training courses on
RF radiation awareness, basic measurements and survey
techniques. The certification is timely as the company is
anticipating increased demand for its training courses in
the next few years. ll
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VERY HIGH IP3.. .t0+36 dBm

2102500 MH:
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e Very Wide Band, 2-2500 MHz 95 \\\S\QC
e Very High Isolation, up to 52 dB From ea Qty (100
e Very High 1 dB Compression, up to +23 dBm

e Very Low Conversion Loss, from 6.3 dB

It’s an industry first...only from Mini-Circuits!
o~

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!

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.

TYPICAL SPECIFICATIONS

Model Frequency (MHz) LO Pwr. IP3 1dB Comp. Conv.Loss Isolation (dB) Prlce $ea.

No. RF LO IF (dBm) (dBm) (dBm) (dB) L-R LA Qty.(1-9)

LAVI-QVH+ 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 I{oﬂs
LAVI-26VH+  400-2500 650-2800 70-1500 +23 +32 +20 75 50 45 24.95 compLIANT

U.S. Patent Number 6,807,407

ISO 9001 ISO 14001 CERTIFIED
P.O. Box 350166 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
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Mini-Gircuits tiny SBTC 2 way-0° and SCA 4 way -0° power  Pads are solder plated, and connections are assembly welded
splitters are the world’s lowest priced and smallest size  for high temperature reflow reliability. As demand for smaller
splitters operating within 5 to 2500 MHz band. But that's notall.  gets bigger, blow away the competition with Mini-Circuits space
Patented LTCC technology provides outstanding performance  saving, money saving SBTC and SCA power splitters.

features including low insertion loss down to 0.3 dB typical,

! Mini-Circuits ...we’re redefining what VALUE is all about!
excellent 0.2 dB amplitude and 1 degree phase unbalance

: e Model Freq. Z  Price $ea.
(typ), and superior temperature stability. (MH) Qty. 25)
SBTC-2-10+ 51000 50Q  2.49

SBTC-2-20+ 200-2000 50 Q 3.49
SBTC-2-25+ 1000-2500 50 Q 3.49
All models are

RoHS compliant SBTC-2-10-75+  10-1000 75 Q 3.49

SBTC-2-15-75+ 500-1500 75 Q 3.49

SBTC-2-10-5075+ 50-1000 50/75Q  3.49

SBTC-2-10-7550+ 5-1000 50/75Q 3.49

SCA-4-10+ 5-1000 50 Q 6.95

SCA-4-10-75+ 10-1000 75 Q 6.95

SCA-4-15-75+ 10-1500 75 Q 7.95

SCA 0 SCA-4-20+ 1000-2000 50 Q 7.95

(0.30"x0.25"x0.19") eht.=.052

U.S. Patent No. 6,963,255

SBTC
(0.15"x0.156"x0.15")

- - - - ® ALLNEW
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P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
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Demand for RF and
Microwave Discrete
Semiconductors is
Alive and Growing

Many end-users, rang-
ing from cellular in-
frastructure OEMs to the
military, will continue to
purchase various types of
discrete RF/microwave
diodes and transistors. For
several applications, hybrid

Wireless 4G
Technology
Beginning to
Shape Up

COMMERCIAL MARKET

Ithough an official defi-

nition of wireless 4G
technology will not be re-
leased until the 2008/2009
timeframe in the form of
the ITU’s IMT-Advanced
requirements, there are al-
ready clear contenders for

circuits implementing dis-

crete RF devices, as op-

posed to MMICs or
RFICs, offer economically and technically attractive tai-
lored solutions—occasionally even for modules destined
for volume shipments. A new industry and merchant mar-
kets report from Engalco indicates that global markets for
these classes of semiconductors will increase from $2.05 B
in 2006 to reach $4.41 B by 2014. Silicon power transis-
tors (LDMOS, VDMOS, etc.) will continue to be re-
quired in base station final RF power amplifiers and this
report identifies the continuing clear market leadership
held by such products. There will be strong growth in
markets for GaN FETs and GaN HEMTs, but a near-fu-
ture market decline for small-signal GaAs FETs. Until
2013, GaAs FETs will occupy the third largest market, but
power GaAs FETs, in particular, are facing increasing
competition from GaN FETs and GaN HEMTs. Markets
for the group of transistor devices including PHEMTs and
GaN HEMTs just nudge ahead of those for GaAs FETs
by the end of 2013 and advance further to exceed GaAs
FET market levels by 2014.

In general markets for small-signal RF/microwave
transistors of all types are continually being eroded by
MMICs and RFICs. Led by Schottky detectors (but in-
cluding other devices) the overall classes of passive diodes
collectively occupy the second largest overall market posi-
tion, rising steadily to $788 M by 2014. This is a result of
consistently large volume sales. By 2014, cellular infra-
structure and defense form the major end-user segments,
but the former has increased somewhat—mainly at the
expense of the defense market, which shrinks relatively by
three percent in under eight years. Globally, but mainly
influenced by North America, there is an on-going resur-
gence in satellite systems while sophisticated defense ap-
plications are slowing down somewhat. The major overall
markets are always in North America, but this share is
slowly declining in relative terms in favor of strongly in-
creasing Asia/Pacific Rim application opportunities. In
this report, average selling prices (ASP) and shipments
are also provided in several instances—again with fore-
casts to 2014. A total of 52 manufacturing supply compa-
nies are profiled in depth and the industry structure is
covered in detail including worldwide sales operations.
Engalco is a tech-sector consultancy, industry analysis,
market forecasting and publishing concern. With strong
experience in all relevant commercial and defense seg-
ments, the firm specializes mainly in the RF/microwave,
wireless, fiber optics, photonics and related electronics
sectors. For further information, contact Engalco at +44
(0) 1262 424 249 (GMT) or by e-mail: enquiries@engalco-
research.com.
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the designation, reports In-

Stat. The primary 4G tech-

nologies of the future are
expected to be Long Term Evolution (LTE), Ultra Mobile
Broadband (UMB) and IEEE 802.16m WiMAX, the high
tech market research firm says.

“Companies are extremely uncomfortable talking about
‘4G’ technologies, since the ITU has not defined 4G yet,”
says Gemma Tedesco, In-Stat analyst. “However, each of
the contending 4G technologies has a cheerleader, with
Ericsson touting LTE, Qualcomm preferring UMB and
Intel touting 802.16m WiMAX.”

Recent research by In-Stat found the following:

e Two widely expected requirements for 4G technologies
are that they be OFDMA-based, and that they support
100 Mbps for wide area mobile applications.

* With the dominant worldwide technology currently be-
ing GSM/EDGE, and HSPA and EV-DO handsets not ex-
pected to be dominant until 2012, 4G technology roll-outs
will most likely start in the 2010-2012 timeframe.

e Tt is widely believed that mobile operators will initially
deploy 4G very slowly, relying on their EV-DO or HSPA
networks to provide for more ubiquitous coverage.

e Drivers of LTE, UMB and 802.16m WiMAX adoption
will include the following: the re-allocation of older spec-
trum for 4G technologies; the resolution of any WiMAX
IPR issues; the creation of FDD profiles for 802.16e
WiMAX; the uptake rate of 802.16e in Mobile PCs; the
uptake rate of 3G cellular in Mobile PCs; the continued
evolution of the mobile handset; and an increase in the
uptake rate of wireless broadband technologies into
portable CE devices.

* Realistically, initial implementations of LTE, UMB and
802.16m WiMAX may fall short of throughput and other
expectations, with later enhancements, or even some type
of technology combination, actually bringing real 4G to
the table.

The research, “The Road to 4G: Will LTE, UMB
and WiMAX Just be Stops Along the Way?,” examines
possible 4G technologies and the drivers that will influ-
ence the uptake of each of these technologies. It pro-
vides forecasts of cellular handset chipsets per technol-
ogy, 3G cellular modems in mobile PCs and 802.16e
mobile WiMAX chipsets through 2011. It also contains
background information about contending 4G tech-
nologies and analysis of the current cellular and
WiMAX markets. Profiles of vendors driving contend-
ing 4G technologies are included. In addition to the re-
port, Gemma and other In-Stat analysts provide con-
sulting services on a variety of technical and market
topics regarding the semiconductor and electronics in-
dustries.
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Increased Interest in The cellular M2M mar-

ket will be impacted by

WiIMAX Will Impact the growing momentum
The Cellular

behind the deployment of

WiMAX as a next-genera-
M2M Market
|

tion WWAN communica-
tions technology. WiMAX
is even more spectrally effi-
cient and cost-effective to
operate in carrier networks
when compared with W-
CDMA and CDMA EV-DO, making WiMAX very suit-
able for low data rate, low ARPU M2M applications—
when and where WiMAX connectivity is available.

Sam Lucero, ABI research senior analyst, states,
“Sprint and Clearwire are the two most significant serv-
ice providers deploying WiMAX in the United States.
Sprint, a CDMA-based operator, has selected WiMAX as
its path to 4G service offerings. Sprint will work with
Clearwire—a Craig McCaw startup that has received
$600 M in venture backing from Intel and $300 M from
Motorola—to provide joint coverage to each other’s re-
spective customers on the national WiMAX networks de-
ployed by the two companies. Sprint is rapidly deploying
WiMAX infrastructure in North America and believes

COMMERCIAL MARKET

WiMAX is well-suited to deliver cost-effective, wide area
M2M services: a view point borne out by ABI Research
analysis.” There is also growing interest in Europe in the
development of WiMAX. Furthermore, there are indica-
tions suggesting an interest in employing WiMAX for
M2M applications such as Advanced Metering Infra-
structure (AMI). ABI Research continuously monitors
and evaluates these trends. Sprint and Clearwire are
only two among a number of interested parties. Lucero
adds, “Intel is a key member of a developing WiMAX
ecosystem that includes network infrastructure equip-
ment vendors, Motorola and Samsung as well as CPE
vendors such as ZyXEL and Accton. Intel expects nearly
a few dozen operators to have deployed WiMAX by
2012.” Additionally, municipal Wi-Fi can be deployed at
very low cost and is well suited for select M2M applica-
tions, such as AMI, public safety telematics and video
surveillance. The recent ABI Research study, “3G Ma-
chine-to-Machine (M2M) Communications,” examines
the market for cellular 3G M2M from the perspective of
cellular embedded module vendors and analyzes the im-
pact that WiMAX and municipal Wi-Fi will have on mar-
ket development. It forms part of three annual ABI Re-
search services: M2M, Mobile Operators and Mobile
Devices. B

SPECIAL HERMETIC PRODUCTS, INC.
Hi-Rel By Design

Call us today for your FREE SAMPLES!

39 Souhegan Street — P.O. Box 269, Wilton, New Hampshire 03086 TEL (603)654-2002 FAX (603)654-2533
email: sales@shp-seals.com - website: www.shp-seals.com
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INDUSTRY NEWS

B RF Micro Devices Inc. (RFMD), a leader in the de-
sign and manufacture of high performance radio systems
and solutions for applications that drive mobile communi-
cations, and Sirenza Microdevices, a supplier of radio
frequency (RF) components, announced they have signed
a definitive merger agreement. Under the terms of the
merger agreement unanimously approved by the respec-
tive boards of directors of the two companies, each out-
standing share of Sirenza’s common stock will be ex-
changed for a combination of 1.7848 shares of RFMD
common stock and $5.56 in cash. Outstanding options to
purchase Sirenza stock will be assumed by RFMD and
converted into options to purchase RFMD stock.

B DC Capital Partners LLC, a private equity firm head-
quartered in Washington, DC, focused primarily in the
defense and government services sector, announced that
it has signed a definitive agreement to acquire a control-
ling interest in ClearComm Technologies LLC and Rel-
Comm Technologies Inc. The transaction is expected to
close in the fourth quarter of 2007.

B Agilent Technologies Inc. and NetworkFab Corp.
announced that they have signed a definitive agreement
for NetworkFab to join Agilent. Privately held Network-
Fab designs and builds advanced signal intelligence, com-
munications and jammer systems for the US military, in-
telligence agencies and law enforcement groups. The
transaction is subject to various standard closing condi-
tions and is expected to close in 30 to 60 days. Financial
details were not disclosed.

B TriQuint Semiconductor, a manufacturer of wireless
products, announced that it has entered into a definitive
agreement to acquire Peak Devices Inc., Boulder, CO, in a
cash transaction. Peak Devices is a privately held, fabless
semiconductor company with a highly experienced RF team
that focuses on RF discrete transistor technology. Its market
segments include two-way communications, FM and televi-
sion broadcast, telecommunications, avionics, radar and

military.

B Texas Instruments Inc. (TI) announced that it has ac-
quired Integrated Circuit Designs Inc. (ICD), a pri-
vately held company that specializes in the design of RF
integrated circuits (IC). Combining ICD’s design exper-
tise with TTs extensive high performance analog and low
power microcontroller product portfolio will enhance TIs
ability to provide low power RF solutions for industrial,
commercial and consumer applications.

B Microsemi Corp., a manufacturer of high perfor-
mance analog mixed signal integrated circuits and high re-
liability semiconductors, and SemiSouth Laboratories
Inc., Starkville, MS, announced that they have entered
into an agreement that provides for cooperation between
the two companies in the area of silicon carbide (SiC) epi-
taxy wafer supply as well as certain technical exchanges.
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SemiSouth is a privately held company specializing in SiC
material and device fabrication (www.semisouth.com).

B California Eastern Laboratories and LS Research
have signed an exclusive global agreement to design, man-
ufacture and market miniature transceiver modules for
ZigBee and other low cost, low power IEEE 802.15.4
data transmission applications. Based on Freescale’s™
MC13192 transceiver IC and MC9S08GT60 microproces-
sor, the CEL/LSR Freestar module is a fully-integrated,
drop-in RF transceiver solution that is ideal for office and
building automation, applications including HVAC and
lighting control, and security systems.

B Aeroflex has opened a new regional service center in
Singapore that enables the Aeroflex Test Solutions (ATS)
division to provide instrument service support to its cus-
tomers within the major growth markets in Asia. Located
next to Singapore Science and Technology Park in the
Technopreneur Centre in Ayer Rajah, the new service
center will be the operational hub for ATS products in the
Asia-Pacific region. The center will provide regional sup-
port to customers, sales teams, direct service operations
and third-party service channels.

B Cascade Microtech announced that it has opened a
wholly owned subsidiary in Munich, Germany, to support
its rapidly growing European business. Cascade Microtech
GmbH will provide sales, applications and service support
to European customers for both the Engineering Products
Division (EPD) and the Production Products Division
(PPD). Both divisions have numerous strategic customers
in Germany and throughout Europe, and the new sub-
sidiary will help ensure the highest level of support for
these customers. The company continues to operate an of-
fice in the UK and works with distribution partners
throughout Europe for sales and applications support.

B Park Electrochemical Corp. announced that it has se-
lected the Newton City-County Airport in Newton, KS as
the site for its new Advanced Composite Materials devel-
opment and manufacturing facility for aircraft structures.
The facility, which Park plans to complete by the end of the
company’s next fiscal year, will be approximately 50,000
square feet, and will contain manufacturing, laboratory and
office space. The company plans to spend approximately
$15 M on the facility and equipment.

B Inphi® Corp. established the first of its Global Centers
for Design Innovation in the heart of the Silicon Valley.
The Silicon Valley Design Center, which will be managed
by Ali Wehbi, expands the depth of technical resources
Inphi applies in designing integrated circuits that deliver
the world’s best performance and highest signal integrity
for processing data in the most demanding communica-
tion and computing systems.

B Fairchild Semiconductor (FCS) has expanded its Global
Power ResourceSM Center with the addition of a facility in
Ann Arbor, MI. This new center—near the heart of the
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North American automotive market—responds to the bur-
geoning need for functional power solutions, including mul-
ti-die modules, for automotive power applications.

B Shimadzu Scientific Instruments (SSI) announced
the opening of a new regional office in Carlsbad, CA. This
office allows Shimadzu to provide more direct sales, tech-
nical and service support for southern California, south-
ern Nevada and Hawaii, and will be fully supported
through the corporate office in Columbia, MD.

B Quantum Leap Packaging Inc. (QLP), a provider of
high performance air cavity packages for semiconductor
assembly, announced that it has added a second manufac-
turing site in Poway, CA. QLP plans to manufacture in its
new Poway site by early 2008. The new 18,000 square foot
facility will provide QLP with much needed capacity to
support growing demand and provide product service and
support to its Wilmington, MA facility.

B Anritsu Co. announced that its ME7873F W-CDMA
TRX/Performance Test System, which supports 3G mo-
bile terminal conformance test, has earned the world’s
first HSUPA RF/RRM test case approvals from the Glob-
al Certification Forum (GCF). The approvals provide
HSUPA RF/RRM device and system manufacturers with
an authorized set of verification tests to ensure global in-
ter-compatibility between HSUPA mobile terminals. It
also confirms Anritsu’s commitment to provide test solu-
tions for next-generation technologies.

B The Evans Capacitor Co. announced that it has earned
Silver Level Preferred Supplier certification from the Mis-
siles and Fire Control business unit of Lockheed Martin.
Evans Capacitor joins just 35 other companies that achieved
this status out of thousands of Lockheed Martin suppliers.
The Silver Level designation reflects excellence in quality,
consistent and on-time delivery, responsiveness and process
control. Evans Capacitor Co. provides Lockheed Martin
Missiles and Fire Control with energy-dense tantalum capac-
itors and capacitor banks that are smaller, lighter and more
powerful than traditional capacitors.

M Richardson Electronics Ltd. announced it recently
received its highest ranking ever in a reader’s survey of
preferred distributors conducted by Electronics Supply
and Manufacturing—China. Richardson Electronics was
ranked second overall among International Distributors in
the annual survey of purchasing professionals. Richardson
also placed in the Top 10 in all four Franchised Distribu-
tor categories: Best Supply Capacity, Best Technical Sup-
port, Best Logistics Service and Best e-Commerce.

CONTRACTS

B TRAK Microwave Corp. announced that it has been
selected by L-3 Communications Narda-East to supply
9100AN-44 time and frequency processors for the GMT
program. The transportable quadband SATCOM termi-
nals developed for the GMT program by L-3 will utilize
TRAK’s time code processors enabling communication
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nodes to be synchronized over the entire network. TRAK
will deliver several hundred units over a period of perfor-
mance of five years.

B Andrew Corp., a leader in communications systems
and products, has won a major upgrade contract for the
Mass Transit Railway Corp.’s (MTRC) territory-wide ra-
dio network in Hong Kong. As part of this project, An-
drew will modify MTRC’s communications infrastructure
in stations, tunnels and other buildings to enable migra-
tion of the railway’s radio system from a conventional 80
MHz trunk radio system to an 800 MHz TETRA system.

B Astron Wireless Technologies was awarded a Small
Business Innovation Research (SBIR) Phase II award from
the Department of Defense (DoD) for development of an
‘Adaptive Bandwidth High Power RF Antenna.” The objec-
tive is to develop a universal approach to the design of high
power broadband antennas for the non-lethal utilization of
RF energy. This development and production of a proto-
type system is based on the Phase I development of a 10:1
bandwidth basic Log-conical antenna. Astron had previous-
ly developed a similar antenna operating above 1 GHz.
During Phase II, the program will focus on creating a truly
miniature high gain, high power antenna operating within
the general operating band of up to 1000 MHz.

FINANCIAL NEWS

B Ansoft Corp. reports sales of $19.9 M for the first quar-
ter of fiscal 2008 ended July 31, 2007, compared to $17.3 M
for the same period in 2007. Net income for the quarter was
$3.9 M ($0.15/per diluted share), compared to $2.3 M
($0.09/per diluted share) for the first quarter of last year.

B Superconductor Technologies Inc. (STI), a provider
of high performance infrastructure products for wireless
voice and data applications, has entered into an agree-
ment with Hunchun Baoli Communication Co. Ltd.
(BAOLI) under which BAOLI has agreed to invest $15 M
in exchange for 9,216,590 shares of STI's common stock.
The purchase price is $1.6275 per share, based on a five
percent premium over the average closing price of STTI’s
common stock on the NASDAQ stock exchange for the 30
days ended August 17, 2007,

NEW MARKET ENTRIES

B Following the sale of IMT’s switch division, the company
announced the creation of CGK Components. The new pri-
vately held C&K Components is leading the switch industry
with innovative products delivered with the legendary serv-
ice that made C&K the world’s preferred supplier. The new
C&K combines the history and experience of three of the in-
dustries leading suppliers: C&K Components, Newton MA,
US; the Rudolf Schadow Co., Berlin, Germany; and the
Jeanrenaud Switch Co., Dole, France.

B A new start-up company, GraSen Technology LLC,
has been established to provide technology solutions in
the growing requirements for Heterojunction Bipolar
Transistor (HBT) and Heterostructure Field-Effect Tran-
sistor (HFET) devices in the US and international com-
mercial communications and defense electronics markets.
GraSen Technology’s HBT and HFET products are de-
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“They said it
couldn’t be done.

We said give us
three months.

Charles Ohiri
Senior RF Engineer
AR Modular RF

I love a challenge. Always have. Just tell me something
is impossible and I'll try to prove you wrong. When [ was a
kid, that used to drive my parents crazy. But today, in my line
of work, that attitude really comes in handy.

Like when I was asked to create an RF amplifier for
WIMAX. They wanted it no larger than 3" x 5" and the
amplified signal had to maintain its linearity. Conventional
wisdom said you couldn’t build an amp that small with almost
perfect linearity. My team said, “give us three months.”

The result is our new WIMAX band 802.16-2004
compliant 20-watt module. It's 3" x 5" and its linearity is
practically perfect. But we were wrong about one thing.

We told them it would take at least three months, but we
delivered the module in 45 days.

To learn more visit us www.ar-worldwide.com or

call 425-485-9000.

_n'®

modular rf

Other ar divisions: iffmigolucie insiumentction ¢ recelver sistems * or europe
Copyright© 2007 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.
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signed in the company’s San Jose, CA engineering offices
and are manufactured, tested and packaged in three qual-
ified semiconductor foundries in order to meet any small-
to-large volume production requirements.

PERSONNEL

B SiGe Semiconductor, a global sup-
plier of RF front-end solutions for
wireless systems, announced the ap-
pointment of Fred Shlapak as chair-
man of the Board of Directors. Shla-
pak’s addition expands the Board to
seven members. Shlapak was president
and chief executive officer of the Semi-
conductor Products Sector at Motorola
Corp. when he retired in February
2004. Shlapak’s 33-year career at Mo-
torola included leading the company’s Canadian semicon-
ductor operations.

A Fred Shlapak

M Skyworks Solutions Inc. announced that Donald W.
Palette has joined Skyworks as vice president and chief fi-
nancial officer. Palette, 50, most recently served as senior
vice president of finance and controller of Axcelis Technolo-
gies Inc., a publicly-traded company that supplies capital
equipment to global semiconductor manufacturers. Prior to
joining Axcelis, Palette held various financial executive man-
agement positions throughout his career at Simplex Corp.,
Bell and Howell, and Publication Systems Co.

B AR RF/Microwave Instrumentation
has announced the appointment of Nic
du Toit to the post of engineering man-
ager. du Toit will assume responsibility
for all aspects of product development,
configuration management and technical
support. A cum laude graduate of South
Africa’s University of Stellenbosch, with
a master’s of science degree in engineer-
ing, du Toit has lectured in RF and mi-
crowave engineering at the university; he
also worked in South Africa’s defense industry, creating EW
receivers; and managed sales and technical support for a
South African company before coming to the US.

A Nic du Toit

B David Distler has recently joined Coaxial Dynamics
near Cleveland, OH as the company’s new sales and mar-
keting manager. Over the past 30 years, Distler has held
senior sales, marketing and product management posi-
tions at Bird Technologies Group in Cleveland, Trilithic
and Wavetek in Indianapolis, IN. His duties will include
managing worldwide sales and promotional efforts for
CDTI’s extensive line of RF test equipment and passive
components. Contact information: David Distler, Coaxial
Dynamics, 6800 Lake Abrams Drive, Middleburg Hts.,
OH 44130 (440) 243-1100, e-mail: ddistler@coaxial.com.

B OML Inc., a manufacturer of vector network analyzer fre-
quency extension modules for waveguide bands from 50 to
500 GHz, has received a “Certificate of Recognition” honor-
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We offer
a wide range
of antenna
solutions

MTI Wireless Edge offers a wide range of broadband,
tactical and specialized antennas and antenna systems
for communications, COMJAM, ESM, ECM, Sigint (Comint
and Elint), as well as special UAV applications, spanning
the entire frequency range (2MHz-40GHz). MTI's anfennas
have been installed on various airborne, ground and
naval surface and sub surface platforms worldwide.
For the commercial market, MTI offers various flat panel
antennas for Fixed Wireless and RFID applications.
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When Innovation
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ing Chuck Oleson, the company president, “for the creative
development of a technical innovation which has been ap-
proved for publication as a NASA Tech Brief entitled On-
Wafer Vector Network Analyzer Measurements for 220 to
325 GHz. This recognition included a cash award and was
shared with two other NASA and industry individuals.

REP APPOINTMENTS

B Microphase Corp., a manufacturer of microwave and
RF components, announced the appointment of RUPP-
tronik as the company’s exclusive manufacturer represen-
tative serving Austria, Germany and Switzerland. Contact
information for RUPPtronik is Bernd Rupp, +49 80 62 —
80 00 99 or e-mail: Brupp@RUPPtronik.de.

B MU-DEL Electronics Inc., Manassas, VA, has just signed
on two new representatives to market its products. MU-
DEL manufactures high technology RF equipment that in-
cludes: RF multicouplers from 1 kHz to 40 GHz; RF fre-
quency converters (up and down converters) that work from
baseband to 26.5 GHz; RF switching distribution systems
that work from DC to 26.5 GHz and specialized RF prod-
ucts. Integral Marketing will be covering the mid-atlantic
states that include VA, MD, NJ and PA. Integral’s contact
number is (301) 731-4370. Don DuPont Sales will be cover-
ing FL and can be reached at (321) 432-0516.

B Coaxial Dynamics has appointed Evergo Instruments
Inc. as its representative in Taiwan. The offices are strategi-
cally located in Taipei and Taichung. Contact information:
Evergo Instruments Inc., 5 F1. No. 495, Chung-Cheng Road,
Hsin-Tien, Taipei, Taiwan, ROC 231, ph: 886-2-2752-0767,
fax: 886-2-8773-0678 or e-mail: sales@evergo.com.tw.

M Auriga Measurement Systems LLC announced the
addition of two new sales organizations to its sales chan-
nel. Compomill Nordic Components AB will exclusive-
ly represent Auriga in the Nordic region while Base Eight
Inc. will cover the Midwest United States.

B RLC Electronics, an RF and microwave component
manufacturer, announced the appointment of Omecon
Electronic GmbH as a new representative in Germany,
Austria and Switzerland. Omecon delivers products from
manufacturers for wireless communication and mi-
crowave applications.

Bl 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 Votron Electronics as its representative for the
territory of Canada. Votron is headquartered in Concord,
Ontario (outside Toronto) and has regional offices in
Montreal and Vancouver. For more information, visit
www.votronelectronics.com.

. www.mtiwe.com
Meefs Experience

60 Visit http://mwj.hotims.com/11724-111

B Electronic components distributor Digi-Key Corp.
and Advanced Thermal Solutions Inc. (ATS) an-
nounced the signing of a global distribution agreement.
The terms of this agreement will enable Digi-Key to fulfill
both the design and production quantity thermal manage-
ment needs of its diverse customer base.
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TECHNICAL FEATURE

NOVEL DESIGN OF A
PRINTED MONOPOLE
ANTENNA FOR WLAN/
WIMAX APPLICATIONS

In this article, a novel design of a printed coplanar waveguide (CPW)-fed

monopole antenna is implemented to simultaneously satisfy wireless local area

network (WLAN) and worldwide interoperability for microwave access

(WiMAX) applications. First, a printed half-elliptic monopole antenna was

constructed for broadband operation. A printed half-elliptic monopole antenna,

with two sections of the metal surface etched, was then investigated to obtain a
dual-band operation with two bands: 2.30 to 4.15 GHz and 4.93 to 5.83 GHz.
The low band (2.5 to 2.7 GHz) is quite near the middle band (3.3 to 3.8 GHz) of
WiMAX, resulting in a large coupling effect or interference between these two

bands; a band-reject function is needed to suppress the undesired frequency band
between the low band and the middle band of WiMAX. Therefore, by etching two
narrow slits on the dual-band printed monopole antenna, a triple-band antenna

design for WLAN/WiMAX applications can be obtained. The low cost, ease of
manufacture, good impedance match and good radiation pattern properties of the

proposed antenna are also investigated.

n recent years, wireless communications
Illave progressed very rapidly and wide-

band and multi-band antenna designs have
become very important for wireless applica-
tions. Several promising wideband antennas
are suitable for applications in wireless local
area network (WLAN) systems and worldwide
interoperability for microwave access
(WiMAX). Some monopole antennas for
WLAN!2 and WiMAX34 applications have re-
cently been reported. Figure 1 shows the fre-
quency allocations for WLAN and WiMAX.
There are many popular products for WLAN
applications in the 2.4 and 5 GHz bands. The
operating frequency bands of WiMAX are the
2.4, 3.5 and 5.2/5.8 GHz bands. For brevity,

the low band denotes the band of 2.4 GHz
(2.4 to 2.7 GHz); the middle band denotes the
band of 3.5 GHz (3.3 to 3.8 GHz); and the
high band denotes the band of 5.2/5.8 GHz
(5.15 to 5.35 GHz/5.725 to 5.825 GHz). It is a
standard for broadband wireless access at high
speed, low cost and easy to deploy. A theoreti-
cal 30-mile coverage radius and data rates up
to 75 Mbps can be achieved with WiMAX
technology. Throughput close to 1.5 Mbps,

WEN-SHAN CHEN AND

YU-CHEN CHANG
Southern Taiwan University of Technology
Tainan, Taiwan, ROC
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typical of broadband services,>$ can
also be obtained. The development of
WiMAX technology is the immediate
focus of the receiving industry.
Presently, the design of antennas for
WLAN/WiMAX applications is an
important issue. Because CPW-fed
antennas have the advantages of wide
bandwidth, simple structure, single
metallic layer and easy integration
with active devices or MMICs,? they
are good candidates for wireless com-
munications antennas.

Some methods for WiMAX anten-
na design can be suggested. The de-
sign of a triple-band antenna with
three resonant modes fitting the three
bands of WLAN/WiMAX is not an
easy task. A triple-band antenna has
been reported,? but is not suitable for
WiMAX applications. Furthermore,
the antenna design with three modes
suffers from interference between the
three resonant modes.10-11 Using a
wideband/broadband antenna3-4 fits
the requirements of WLAN/WiMAX
antennas. In addition, some dual-
band antennas covering the bands of
WiMAX have been published.12 How-
ever, the low band is very near the
middle band, which causes interfer-
ence and coupling between the two
bands of WiMAX. A triple-band
polygonal slot antenna, using a dual-
band rejection technique,!® has been

|:| 2.5-2.7 GHz
|:| 3.3-3.8 GHz
|:| 5.2-5.8 GHz

01 [

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
(GHz)
(a)

|:| 2.45-2.484 GHz
|:| 5.15-5.825 GHz

| ||

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
(GHz)
(b)

A Fig. 1 The frequency locations of (a)
WLAN and (b) WiMAX applications.
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constructed and investigated. In this
article, a novel design of a triple-band
antenna is proposed, which evolved
from a dual-band WiMAX antenna.
For WLAN/WiMAX applications, the
antenna bandwidth of the low band
and high band should be enhanced.
Bands I, IT and III are defined as the
band of 2.4 to 2.7 GHz, the band of
3.3 to 3.8 GHz and the band of 5.15
to 5.825 GHz, respectively. The de-
sign of the antenna for WLAN/
WiMAX follows the methods used in
designing WiMAX antennas. First, a
CPW-fed printed half-elliptic mono-
pole antenna for broadband operation
is constructed and investigated. Some
specified parts of the half-elliptic
monopole are then etched to obtain
dual-band operation at 2.30 to 4.15
GHz and 4.93 to 5.83 GHz, and a
novel design, for a CPW-fed antenna
with dual-band operation for
WLAN/WiMAX applications, is
achieved. In practical applications of
WiMAX, the low band is close to the
middle band, which leads to large
coupling and interference effects. The
wideband and dual-band antennas
must use a filter to suppress this cou-
pling, leading to increased cost. By
etching a pair of slits in the proposed
dual-band antenna, a rejected fre-
quency band from 3 to 3.2 GHz is ob-
tained and a novel design of a CPW-
fed monopole antenna with three
bands for WLAN/WiMAX applica-
tions is achieved. Good impedance
matching and radiation characteristics
of the constructed prototype are also
shown.

TECHNICAL FEATURE

ANTENNA DESIGN

The geometry of the simple triple-
frequency monopole antenna is
shown in Figure 2, where the con-
ductor is printed on a FR4 substrate
of thickness h = 0.4 mm and dielec-
tric constant €, = 4.4. A CPW trans-
mission line, with a fixed signal-strip
width W= 6 mm and a gap distance
W, = 0.5 mm between the strip and
ground, is used to feed the antenna.
Two finite ground patches of the
same size (21 x 16.5 mm) are situated
symmetrically on each side of the
CPW line. The other antenna dimen-
sions are: H = 2.8 mm, L = 53 mm,
L1 =6 mm, L, = 19.7 mm, Ly = 12
mm, W=33 mm, Wl =11 mm, W, =
2.5 mm, W3 =4.5 mm, S =1 mm and
L,=15.5 mm.

Figure 3 illustrates the geometry
of the proposed CPW-fed printed
half-elliptic monopole antenna for
WLAN/WiMAX operation in the 2 to
5.8 GHz bands. By properly tuning
the dimensions L; and Wy, the CPW-
fed printed wideband monopole, con-
nected to the end of the CPW trans-
mission line with a spacing H = 2.8
mm from the ground plane, a wide-
band antenna can successfully be cre-
ated. The antenna dimensions are: h =
0.4 mm, L =53 mm, W =33 mm, L,
=257 mm, W; = 16 mm, W, = 0.5
mm, Wy =6 mm and S = 1 mm. By
etching some parts of the half-elliptic
monopole antenna, as shown in Fig-
ure 4, a dual-band monopole antenna
for WLAN/WiMAX can be achieved.
Its dimensions are: h = 0.4 mm, H =
2.8 mm, L =53 mm, L; =6 mm, Ly =

—> 500 SMA
CONNECTOR

o |

GROUND PLANE

/ "
GROUND PLANE E—> 500 SMA
N\

CONNECTOR

o |

A Fig. 2 The structure of the triple-
frequency monopole antenna.

A Fig. 3 The structure of the half-elliptic
monopole antenna.
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15.5 mm, Ly = 4.2 mm, W = 33 mm,
Wi =11 mm, W, =3.5 mm, Wy =4.5
mm, W, = 0.5 mm and W; = 6 mm.

o |

A Fig. 4 The structure of the dual-band
monopole antenna.
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A Fig. 5 Measured return loss of the
wideband and dual-band antennas.

The dual bands cover the 2.30 to 4.15
GHz and 4.93 to 5.83 GHz bands. It
is observed that the dual-band opera-
tion of the printed CPW-fed dual-
band monopole antenna satisfies the
requirements of WLAN/WiMAX op-
erations. In practical applications of
WiMAX, because the low band is
close to the middle band, leading to
large coupling effects and interfer-
ence, a band-reject technique must
be used to suppress these undesired
effects. In order to reduce the inter-
ference, a band-reject function of the
proposed antenna must be added to
the dual-band monopole antenna. By
etching one pair of slits (S x Lg mm)
on the dual-band monopole antenna,
a triple-band antenna for WLAN/
WiMAX can be obtained. The slits de-
termine the center frequency and
bandwidth of the rejected-band. The
suppressed mode at 3 GHz is

Ls=12 mm
[

Ls= 15.5 mm

-
(-]

RETURN LOSS (dB)
w N
o o

1 2 3 4 5 6
FREQUENCY (GHz)
A Fig. 6 Simulated return loss of the

triple-band monopole antenna as a function
of the slit length (Lg).

)
o
s2iizd

e Military and Commercial Applications:

TECHNICAL FEATURE

achieved by using a pair of slits whose
length is approximately 15.5 mm (L, =
A,/4 = 15.25 mm at 3 GHz). For
V\%MAX applications, the optimal pa-
rameters of the proposed antenna
were numerically obtained.

EXPERIMENTAL RESULTS AND
DISCUSSION

In this study, experimental results
of impedance, radiation and gain
characteristics of the proposed anten-
na are measured and presented. An
HP 8753ES vector network analyzer
was used for measurements of im-
pedance characteristics. The NSI
model FFC-600 far-field antenna
measurement system permitted the
measurements of radiation and gain
characteristics of proposed antennas.
The surface current distribution was
analyzed using the commercial soft-
ware tool HFSS. Figure 5 shows the

| SIMULATED |

-
©

RETURN LOSS (dB)
w N
o o

8

2 3 4 5 6
FREQUENCY (GHz)

A Fig. 7 Measured and simulated return
loss of the triple-band antenna.
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measured return loss of the wideband
printed half-elliptic monopole anten-
na. Its bandwidth (1.93 to 5.8 GHz) is
approximately 100 percent. By etch-
ing two sections (yellow area) from

TECHNICAL FEATURE

the printed CPW-fed wideband an-
tenna, the printed CPW-fed dual-
band monopole antenna has been ob-
tained and its return loss is also
shown. The impedance matching ob-

CO-POL (MEASURED)
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CROSS-POL (SIMULATED)
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A Fig. 8 Measured and simulated far-field radiation patterns of the dual-band antenna at 2.45

(a), 3.5 (b) and 5.5 GHz (c).
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tained (determined from a 10 dB re-
turn loss) of the proposed antenna

TECHNICAL FEATURE

dual-band monopole antenna, a tri-
band for a WLAN/WiMAX antenna
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can reach 2.30 to 4.15 GHz and 4.93
to 5.83 GHz. By choosing the proper
dimensions of the slits etched on the

can be obtained (see Figure 6). The
antenna parameters have been given
previously. A comparison of the simu-
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A Fig. 9 Measured and simulated far-field radiation patterns of the triple-band antenna at
2.45 (a), 3.5 (b) and 5.5 GHz (c).
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TECHNICAL FEATURE

lated and measured return loss for
the triple-band antenna is shown in
Figure 7. The measured and simulat-
ed radiation patterns of the proposed
printed CPW-fed dual-band antenna
at 2.45, 3.5 and 5.5 GHz are shown in
Figure 8. The measured and simulat-
ed radiation patterns of the proposed
triple-band antenna at 2.5, 3.5 and
5.5 GHz are shown in Figure 9. The
radiation patterns of the proposed an-
tenna are well behaved. For compari-
son, the simulated surface current
distribution at 3 GHz of the dual-
band and the triple-band antennas
are shown in Figure 10. It can be
clearly seen that the current is con-
centrated at the edge of the two slits
at 3 GHz. Therefore, the impedance
mismatching and the gain drop at
the rejected band is present in this

design.
e |
b
1‘\\ e
I\\ /I/".
e ; = e
(a)

A Fig. 10 Simulated surface current
distribution for the dual-band (a) and triple-
band (b) antennas at 3 GHz.

Figure 11 shows the measured
antenna gain for the wideband opera-
tion of the half-elliptic monopole an-
tenna. The gain of the half-elliptic an-
tenna varies from 2.25 to 6 dBi within
the 2.25 to 5.85 GHz band. Figure
12 compares the measured gains of
the dual- and triple-band antenna. A
strong gain reduction in the rejected
band near 3.2 GHz is shown for the
WiMAX antenna. The antenna gain is
between 1.68 and 2.39 dBi for the 2.5
to 2.7 GHz band of the WiMAX an-
tenna; the antenna gain goes from 1.9

2.45TO 2.69 GHz

3.3 70 3.8 GHz
i | 5.25705.85 GHz
oo v
Ny
B 5
=
z 3
g 1
z 1
:
Z -3
-5
20 25 3.0 3.5 40 45 50 55 6.0
FREQUENCY (GHz)

A Fig. 11 Measured antenna gain of the
wideband half-elliptic monopole antenna.
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A Fig. 12 Measured peak gains of the dual-
and triple-band antennas at 2.3 to 3.8 GHz
(a) and 5.2 to 5.8 GHz (b).

MICROWAVE JOURNAL = OCTOBER 2007


http://mwj.hotims.com/11724-132
mailto:rfsales@rfhic.com
http://www.rfhic.com

BIG ]

BME2719 80'
20-1000 MHz 80 Watts
6.4" x3.4" x 1.32"

BME27258-30
20-2500 MHz, 30 Watts
6.4" x 2.5" 'x 1.5"

BME1829-10 .
100-2000 MHz, 10 Watts
4.0" x 2.5" x 1.35"

BME27258-50
20-2500 MHz, 50 Watts
6.4" x6.7" x 1.5

BMES88258-100
800-2500 MHz, 100 Watts
8.0" x6.0" x 1.8"

BME2719-125
20-1000 MHz, 125 Watts
6.4" x6.7" x 1.5"

Visit http://mwj.hotims.com/11724-33 or use RS# 33 at www.mwjournal.com/info

small package

Today “State-of-the-Art” in amplifier

design means getting more power and
reliability out of a smaller package. At
Comtech PST it has always been our goal
to stay at the forefront of evolving
technology by constantly improving upon
our amplifier designs. The result is
superior and innovative products that
meet the challenges of any conceivable
combat application or environment. Our
latest generation of solid-state amplifiers
is offered in frequency ranges from 1 MHz
through 6 GHz, with output power from
5 watts to over 30 kW. Standard and
customized amplifiers are available in both
module building block and rack-
mountable units. To find out MORE,
contact us today!

Comtech...Simply More.

-

AMPLIFIERS & SYSTEMS

Comtech PST Corp

105 Baylis Road, Melville, NY 11747

Tel: (631) 777-8900 e Fax: (631) 777-8877
E-mail: info@comtechpst.com

Web: www.comtechpst.com

ACCREDITED rEHE“

ISO 9001:2000 / AS9100:2004 - 01


mailto:info@comtechpst.com
http://www.comtechpst.com
http://mwj.hotims.com/11724-33
http://www.mwjournal.com/info

74

LAt A ed]
FGAInk2

P NE
P OIR3 2
P Gain| 13

Visit http://mwj.hotims.com/11724-133

to 2.24 dBi for the 3.3 to 3.7 GHz
band of the WiMAX antenna; and the
antenna gain varies from 4.85 to 5.9
dBi for the 5.2 to 5.825 GHz band of
the WiMAX antenna. The 2.5 to 2.7
GHz band of the WLAN/WiMAX an-
tenna gain varies from 1.93 to 2.55
dBi; the 3.3 to 3.7 GHz band of the
WLAN antenna is between 1.88 and
2.7 dBi; and the 5.2 to 5.8 GHz band
of the WLAN antenna shows a gain
from 5.1 to 5.61 dBi. Consequently,
this antenna design is suitable for
WLAN or WiMAX applications.

CONCLUSION

A novel printed CPW-fed mono-
pole antenna, usable in WLAN and
WiMAX applications, has been dis-
cussed and fabricated. This article fo-
cuses on a band-rejected design to fit
WLAN/WiMAX operations. The
band-rejected function is obtained by
etching a pair of slits in the printed
CPW-fed dual-band monopole anten-
na to reject frequencies from 3 to 3.22
GHz. This is needed to eliminate cou-
pling, which occurs between the low
and middle frequency bands and cre-
ates interference. The WLAN/
WiMAX antenna shown in this article
eliminates the use of a filter and thus
reduces the cost.
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TECHNICAL FEATURE

A DIRECT-CONVERSION
RECEIVER FOR 5 GHZ
WIRELESS LAN WITH
SUB-HARMONIC
DOWN-CONVERSION

This article describes a CMOS direct-conversion receiver for 5 GHz wireless

LAN. Sub-harmonic mixing is used for down-conversion to minimize the DC-
offset due to LO-leakage. The residual DC-offset is cancelled by a digital-to-
analog converter at the output of the mixer. For quadrature down-conversion

with sub-harmonic mixing, octa-phase LO signals are generated by an integer-N

type frequency synthesizer. Implemented in a 0.18 um CMOS technology, the

receiver dissipates 97 mA from a 1.8 V supply, has a 6.5 dB noise figure (NF) and
a —4 dBm input third-order intercept point (IIP3). The phase noise of the closed-
loop voltage-controlled oscillator (VCO) is —108 dBc/Hz at 1 MHz offset.

mong the various kinds of wireless

communication systems, wireless LAN

(WLAN) is the most popular for short-
range communications, due to its high data
rate. For low cost and low power implementa-
tion of a WLAN terminal, a fully integrated
CMOS RF transceiver is required for which a
low or zero-IF (direct-conversion) architec-
ture is best suited because the number of ex-
ternal components is minimized.!2 A low IF
architecture provides a much higher immunity
for DC-offset and flicker noise than a direct-
conversion architecture, but a high level of
matching between signal paths is required for
sufficient image rejection.? The 5 GHz
WLAN standard, IEEE 802.11a, uses OFDM,
where the first sub-carrier is not used and the
channel bandwidth is wide.# Therefore, it is
relatively immune to DC-offset and flicker
noise and a direct-conversion receiver archi-
tecture has been a popular choice.!.2

In this article, a fully integrated CMOS di-
rect-conversion receiver, including a frequen-
cy synthesizer, is described for 5 GHz WLAN
applications. Sub-harmonic mixing minimizes
the DC-offset and the residual DC-offset of
the baseband circuits is compensated by a dig-
ital-to-analog converter (DAC). The octa-
phase local oscillator (LO) signals, required
for quadrature sub-harmonic mixing, are gen-
erated by an integer-N type frequency synthe-
sizer. The architecture and circuit implemen-
tation of the receiver is described and the de-
tailed experimental results are given.
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Fig. 1 Direct-conversion receiver for

WLAN. FROM
LNA

The overall block diagram of the 5
GHz direct-conversion receiver is shown
in Figure 1. The bandgap reference
(BGR) generates the required bias volt-
ages and currents for each block. The
serial port interface (SPI) is used to pro-
vide the various control signals such as

2=z

zZz
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1 CHANNEL
w

180°

T

gain-control of the low noise amplifier Fig. 2 Sub-harmonic mixer for I-channel.

(LNA) and programmable gain amplifier
(PGA).

To minimize the DC-offset due to LO self-mixing, sub-
harmonic mixing is used for down-conversion. The resid-
ual DC-offset of the baseband circuits is cancelled by a
DAC at the output of the down-conversion mixer. All the
signal paths are fully differential to minimize noise cou-
pling and even-order harmonic distortion. For quadrature
down-conversion with sub-harmonic mixing, octa-phase
LO signals are generated by an integer-N type frequency
synthesizer. The channel selection filtering is performed
by a fifth-order Chebyshev active-RC filter, which is fol-
lowed by a programmable gain amplifier (PGA).

RF Front-end

The pseudo differential low noise amplifier (LNA) uses
the nMOS common-source cascode topology with induc-
tive source degeneration provided by the bonding wire to
minimize the chip size. The LNA is switched to low gain
mode to alleviate the linearity requirement on the follow-
ing stages when a large RF input signal is present. To re-
move the DC-offset due to the LO self-mixing, the double-
balanced sub-harmonic mixer shown in
Figure 2 is used for quadrature down- Veer/R

-N<*—T0
+- 2o LPF

0°:|\ Eﬁ F180° 90°—T ‘_'_::‘ |-270°

(a)
OOOOC
\ A AAAL
OO0,
. ANANNL/

Veer/2R

Fig. 3 Sub-harmonic switching stage (a) and its operation

principle (b).

Vrer/4R Vrer/8R

conversion. The LO frequency is half
that of the RF input frequency. There-
fore, octa-phase LO signals, spaced by
45° are required for quadrature down-
conversion. As shown, the I-mixer uses
0° 90° 180° and 270° LO signals, while
for Q-channel, 45° 1359 225° and 315°
LO signals are used. For sub-harmonic

Vrer

~Veer/R

1

~Vrer/2R

~Veee/4R ~Vrer/8R

mixing, conventionally two stacked
LO switching stages are used, which
requires large voltage headroom.>-6 In
this work, only one stack of switching
stage is used to allow the low voltage op-
eration and the principle of harmonic

mixing is illustrated in Figure 3. The Fig. 4 R-2R ladder type DAC for DC-offset cancellation.
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switching stage is composed of
pMOS transistors to minimize the
flicker noise.”8 The output of the
transconductance stage is AC-cou-
pled to the switching stage to prevent
the low frequency even-order har-
monics and DC-offset of the
transconductance stage from being
leaked to the mixer output. An addi-
tional advantage of the AC-coupling
is the independent biasing of the
transconductance and switching
stages, facilitating the design opti-
mization such as conversion gain,
noise figure and linearity. The output
current of the mixer is converted to
voltage by an active-RC first-order
filter whose cut-off frequency is
tuned by the same code as the chan-
nel selection filter (CSF) following
the mixer.

Analog Baseband

The analog baseband consists of
I/Q signal paths, which include CSF,
programmable gain amplifier (PGA)
and DAC for DC-offset cancellation.
At the input of the CSF, I- and Q-
paths have separate DC-offset cancel-
ing R-2R ladder type DAC with 7-bit
resolution, as shown in Figure 4. The
DC-offset canceling code is generated
by a separate digital baseband mo-
dem. For channel selection filtering, a
fifth-order Chebyshev filter shown in
Figure 5 is used because it provides a
relatively large stop-band attenuation
with moderate group delay variation
within the passband. Between Gm-C
and active-RC type implementation
options, the active-RC type is adopted
for its better linearity. The dynamic
range of the filter is maximized by
scaling the resistor’s values to have the
same maximum signal swing for all in-
ternal nodes. The gain of the PGA
(see Figure 6) can be controlled from
2.5 t0 52.5 dB in 0.5 dB steps.

Because the operational amplifier
(op-amp) for CSF and PGA should

zZ,
8ms3

Fig. 7 Frequency compensation with
feedforward zero.
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employing the feed-
forward frequency
compensation
scheme, is shown in
Figure 8. In order

to reduce the cur-

Fig. 8 Operational amplifier for CSF and PGA.

be able to provide virtual ground for
out-of-band signals, the required
bandwidth of the op-amp is much
larger than the channel bandwidth.
However, with a conventional fre-
quency compensation method using a
Miller capacitor, a large bandwidth
can be obtained only with large pow-
er consumption. The op-amp used
here employs a feedforward frequen-
cy compensation method shown in
Figure 7, whose transfer function is
given as

H(s)=

_ Zmn118mak + g3 + sclrlgmBlé _

(1 + sClrl)(l + sCZrZ)
—(A1A2+A3)>< 1+s/z
(1+s/p1)(1+s/p2)
@
where
A= gnn
Ag= gpolo
A3 = galo
p1 = VG
pg = 1/Cyry

7y is given as

AA
21=P1[1+ ;‘ZJ
3

4-STAGERING LCVCO .~

rent consumpti()n,
the differential pair
(M6 and MT7) gen-
erating g 5 is re-us-
ing the bias current
of g 0.1 The simu-
lation results, in-
cluding all the para-
sitic capacitance, in-
dicate 57.4 dB DC
gain and 332 MHz unity gain fre-
quency with 6 pF load capacitance, as
shown in Figure 9.

Octa-phase LO Generation

For quadrature down-conversion
with sub-harmonic mixing, octa-
phase local oscillator (LO) signals are
required at half of the RF input fre-
quency. A ring-type four-stage LC
voltage-controlled oscillator (VCO),
shown in Figure 10, is used for low
phase noise. The switched tail cur-
rent biasing scheme is applied, which
is known to reduce the flicker noise
of the biasing transistor by periodical-
ly releasing the trapped elec-
trons.!2-14 Two-bit digital inputs,

S\ 100 AC GAIN: 57.4 dB
< « JOINT GAIN
x N FREQ: 322 MHz
2 25 ’
3 N
o AY
-~ —50
e \\ PHASE: -132.3°
N
Zz -125 ¥,
g Y1 N
(U] ]
200
1 100 10K 1M 100M 10G 1T
FREQUENCY (Hz)

Fig. 9 Simulated frequency response of
the operational amplifier.

From Equations
1 and 2, the phase
shift of the poles

can be compensat-
ed with a left-half
plane zero whose
position can be var-
ied by controlling
A;. The op-amp,

Fig. 10 Octa-phase ring-type LC VCO.
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VCNI1 and VCN2, coarsely control
the oscillation frequency with a ca-
pacitor bank.

The LC VCO is embedded in an
integer-N type phase-locked loop
(PLL), as shown in Figure 11. The
divide-by-N block of the PLL shown
has a multi-modulus (16/17/18/19)
prescaler, instead of the normally
used dual-modulus one. With a con-
ventional dual-modulus prescaler, the
counting ratio of an asynchronous
programmable counter can be as
large as 256, resulting in a large delay
and the re-timing with the prescaler
output becomes very difficult. The
programmable and swallow (P/S)
counters are merged together to re-
duce the silicon area. The output of
the merged P/S counter is re-timed
by the output clock of the multi-mod-
ulus prescaler to reduce the jitter of
the divided-by-N clock. The loop fil-
ter of the PLL is implemented off-
chip. The octa-phase outputs of the
VCO are buffered by Cherry-Hooper
type amplifiers to have sufficient volt-
age swing. The phase noise of the
open- and closed-loop octa-phase
VCO is -120 dBc¢/Hz and —108
dBc/Hz, respectively, at 1 MHz off-
set, as shown in Figure 12. The
phase error between the octa-phase
LO signals is less than 1° over the
whole frequency range.

The 5 GHz direct-conversion re-
ceiver has been implemented in a
0.18 pm CMOS technology, whose
microphotograph is shown in Figure
13. The chip occupies a core area of
5.76 mm? and is packaged in a 48-pin
MLF package with exposed die. The
measured voltage gain and noise fig-
ure of the overall receiver are 71.0 to
73.5 dB and 6.0 to 6.5 dB, as shown
in Figures 14 and 15, respectively.
The third-order input intercept point
(ITP3) is measured to be —4 and —16
dBm, respectively, at the low and
high gain modes of the LNA, as
shown in Figure 16. The cut-off fre-
quency of the CSF can be controlled
from 5 to 12.7 MHz, as shown in Fig-
ure 17, and the stop-band rejection
is greater than 40 dB. The gain error
of PGA is less than 0.25 dB over the
whole gain control range. The mea-
sured performance of the receiver is
summarized in Table 1.
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Carrier Power —9.78 dBm Atten 0.00 dB  Mkrl  1.00000 MHz Carrier Power —13.54 dBm Atten 0.00 dB Mkr1  1.00000 MHz
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(a) 10 kHz Frequency Offset 10 MHz (b)
Fig. 12 Phase noise of the open-loop (a) and closed-loop (b) VCO.
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Fig. 13 Die microphotograph of the

direct conversion receiver.
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Fig. 14 Measured voltage gain of the
overall receiver.
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Fig. 15 Measured noise figure of the
overall receiver.
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Fig. 16 Measured IIP3 of receiver in (a) low gain and (b) high gain mode.
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MARKER TRACE TYPE X AXIS AMPLITUDE
1 3 FREQ 5.00 MHz -12.27 dBm
2 (3 FREQ  10.00 MHz -15.57 dBm
3 (3) FREQ  20.00 MHz -53.34 dBm
Fig. 17 Measured frequency response of
TABLE | the channel selection filter.
SUMMARY OF THE RECEIVER
PERFORMANCE A direct-conversion receiver for
5 GHz wireless LAN has been de-
veloped. To minimize the DC-offset
F band (GH 5.15 to 5.35 .
requency band (GHz) © due to LO self-mixing, sub-harmon-
Voltage gain (dB) 71to 73.5 ic mixing is used for the down-con-
Noise figure (dB) 610 6.5 version. For quadrature sub-har-
11P3 (dBm): low gain mode 4 monic mixing, octa—phasg LO sig-
high gain mode ~ ~16 nals are generated by an integer-N
5., (dB) T type frequency synthesizer. Imple-
mented in a 0.18 pum CMOS tech-
DC offset (mV) < 1 after calibration nology, the receiver dissipates 97
Power (mA/V) 97/1.8 mA from a 1.8 V supply and has 6.5

dB NF and -4 dBm IIP3. W
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ANALYSIS OF

TECHNICAL FEATURE

ULTRA-WIDEBAND
RIDGED-HORN ANTENNAS
FOR GROUND PENETRATING
RADAR SYSTEMS

In this article, the characterization by numerical analysis and the experimental results for two real

ultra-wideband (UWB) ridged-horn antennas, used in the reflection configuration that is usually

exploited in ground penetrating radar (GPR) prospecting applications, are presented. The numerical

analysis is fully three-dimensional and is performed by the finite element method (FEM). In order to

assess the validity of the results of the numerical analysis, they have been compared to measurements

collected in the laboratory. The comparison confirms that the FEM simulation tool can provide

accurate results, provided that all the details of the antennas are carefully taken into account and that

the embedding environment is sufficiently characterised with regard to its electromagnetic properties.

90

ltra-wideband (UWB) antennas are
l | used in several applications, ranging
from GPR prospecting, wireless com-
munications, to detection for safety and non-
destructive diagnostic sensing.1-2 In particular,
with regard to the specific issue of non-de-
structive microwave sensing, the availability of
a larger band implies that it is possible to ob-
tain images with a finer resolution.’
Furthermore, a reliable simulation of the
behaviour of the antennas is relevant for anten-
na designers,* especially when complicated an-
tennas (as UWB antennas usually are) must be
dealt with. In this framework, because of the
complexity of the geometrical parameters and
the variety of the materials involved, as well as
the constructive modalities of the feeding, the
analysis of the final performances of the anten-
na is possible only with a full-wave numerical
code.” In particular, in the case of GPR sys-
tems, the analysis of the antennas is made more

difficult by the fact that they have to work close
to or in contact with an air-soil interface or, in
general, within an inhomogeneous medium.
This affects both their impedance parameters
and their radiation pattern, that can be quite
different from the homologous quantities in
free space.6 Actually, in order to achieve an ac-
curate characterization of the antennas in these
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situations, not only do all the details of
the antennas have to be accounted for,
but also some accurate information
about the geometric and electromag-
netic characteristics of the embedding
environment is needed. Even though
this knowledge is available, it is not
precise enough for this purpose. How-
ever, in practical cases, even an ap-
proximate estimation of the character-

A Fig. 1 The ridged-horn antenna.

X

/I-\\\N

z

A Fig. 2 Reflection configuration for the
antennas.

A Fig. 3 The anechoic chamber.

S11(108)

-6 }
s 0 5
TIME (ns)

A Fig. 4 Simulated and measured free-
space S;; of a single antenna in time-domain.

10 15

92

istics of the inhomogeneous environ-
ment is sufficient to determine impor-
tant antenna features. In addition,
when an inhomogeneous scenario is
considered, while the measure of the
scattering parameters of two antennas
is easily carried out, any direct mea-
surement of the radiation pattern is
much more difficult.” This increases
the relevance of achieving reliable
simulations of the antennas. In the
field of GPR prospecting, one may
test the accuracy of the simulation by
comparing the numerically computed
scattering parameters with the experi-
mentally measured ones and, if a good

TECHNICAL FEATURE

agreement is achieved, one can re-
trieve reasonably valuable information
about the antenna pattern numerical-
ly. In particular, one can approximately
guess the width of the main lobe, or
can check the undesired occurrence of
a multi-lobe pattern.

In this article, the modeling and
characterization of two ridged-horn an-
tennas designed for GPR prospecting
or in general for non-destructive test-
ing is addressed. The antennas are sim-
ulated in free space and in contact with
a tuff masonry, by means of an FEMS-
based commercial code HFSS/Ansoft.9
Such a code allows getting a full-wave
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three-dimensional model of the feed-
ing and the radiating parts of the an-
tennas. This article follows a previous
one devoted to the characterization of
two bow-tie antennas.!® Compared to
the bow-tie antennas, the ridged-horn
antennas are less complicated with re-
gard to the materials. However, they
are larger and many of their geometri-
cal details were not reported in their
data sheet, so that they had to be mea-
sured accurately in order to perform

the numerical simulations. The simu-
lated scattering parameters are com-
pared with the measurements collect-
ed in the laboratory of electromagnetic
diagnostics of the Dipartimento di In-
gegneria dell Informazione at the Sec-
ond University of Naples (Italy).

THE ANTENNAS AND THEIR
MODELING

The ridged-horn antennas under
test have been designed by RST
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Raumfahrt Systemtechnik GmbH,
Salem, Germany. Each of the two an-
tennas consists of a pyramidal horn ra-
diation cavity and two metallic ridges
with exponential taper, as shown in
Figure 1. The dimensions of the main
and smaller face of the pyramidal horn
are 43 X 23 cm and 20.5 x 10.8 cm, re-
spectively. The length is 32 cm. The
pyramidal horn is connected to the
outer conductor of the coaxial feed and
serves as a ground plane, providing a
current return path. The combined use
of the inner and outer conductors of
the feed creates a balun transformer
for the ridges. The ground plane also
helps to confine the main beam of the
radiation pattern at the aperture of the
horn, so as to ensure a compact radia-
tion pattern.

The numerical analysis of the anten-
na has been performed for the full
three-dimensional model by HFSS.
The geometric model is divided into a
large number of tetrahedra, where
each single tetrahedron is a four-sided
pyramid. This collection of tetrahedra
is referred to as the finite element
mesh. The curved metal surfaces of the
antenna are modeled through a trian-
gular mesh, constituted by the tetrahe-
dra faces. The code uses an iterative
process, called adaptive analysis, where
the mesh is automatically refined in
critical regions. First, a solution based
on a coarse initial mesh is generated,
then the mesh is refined in areas of
high error density and a new solution is
generated. When some selected para-
meters converge to some limit value,
the code breaks out of the loop, when a
Cauchy criterion!! is exploited. As for
most commercial codes, this involves
the problem of simulating the infinity
of the external medium, both in the
case that this is made up of free space
and when it is an inhomogeneous
medium. The problem is addressed by
making use of the boundary conditions
provided by the code itself and, in par-
ticular, the standard radiation condi-
tions have been used.

NUMERICAL AND
EXPERIMENTAL RESULTS

In this section, the results of the
FEM-based analysis are compared
with experimental data. A reflection
configuration is considered, where
the two antennas (transmitting and
receiving) are close to each other and
are placed on the same side of the
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object under test. This reflection con-
figuration is the one customarily ex-
ploited in GPR prospecting. An ex-
ample of the geometry is shown in
Figure 2, where the horns” apertures
lay in the x, y plane and are aligned
along the y-axis. The UWB perfor-
mances of the antennas are evaluated
in terms of the scattering matrix be-
tween the input port of the transmit-
ting antenna and the output port of
the receiving antenna. The reference

ports are located at the connectors on
the back of the two antennas. The
chosen convergence criterion for the
FEM code is based on the change of
the four elements Sij (i,j = 1,2) of the
scattering matrix between two con-
secutive iterations at finer meshes. In
particular, when at the N-th iteration,

AS = Maxi]-

S8 o

where i and j cover all matrix entries.
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When AS < 0.01, the iterations
analysis stop; otherwise, they contin-
ue with a finer mesh, up to a pre-
fixed maximum number of iterations.
In the case at hand, the scattering pa-
rameters have been calculated as-
suming a 50 Q characteristic imped-
ance of the feed-line. The results of
the numerical analysis have been
compared with measurements col-
lected at the electromagnetic diag-
nostics laboratory of Second Univer-
sity of Naples. The antennas are fed
by an Anritsu 37225B network ana-
lyzer (VNA), covering a band of 40
MHz to 13.5 GHz, connected to the
antennas by means of two coaxial ca-
bles. The network analyzer port im-
pedance and the intrinsic impedance
of the coaxial cables are equal to 50
Q, and are consistent with the choice
of the characteristic impedance of the
feed lines used in the simulations.
The near field scattering parameters
have been measured in free space,
using an automatic 2D positioning
system, located in an anechoic cham-
ber (see Figure 3). However, the
measurements for the antennas in
contact with the tuff masonry have
been collected by a different system
in a semi-anechoic environment.

As an index of the agreement be-
tween simulated and measured scat-
tering parameters, the following cor-
relation coefficient was adopted:

— min 2
r=— - 2)

j ISy, (£)f af j s, (£)] af

min min

where Sy(f) and Sy(f) denote the
measured and the numerically calcu-
lated scattering matrix element, re-
spectively, and * stands for the com-
plex conjugate. The integrals in
Equation 2 are calculated within the
working frequency band of the anten-
nas, which is 0.5 to 3 GHz.

THE FREE-SPACE CASE

The first analysis is performed for
a single antenna in free space and, in
this case, the only scattering parame-
ter to be considered is S;;. The analy-
sis dealt with here is useful, since the
accurate numerical determination of
this scattering parameter, when com-

MICROWAVE JOURNAL ® OCTOBER 2007


http://mwj.hotims.com/11724-89
mailto:psm@microsemi.com
http://www.microsemi.com

L1411 Power Amplifiers

Ultra Broadband » Wireless Communications » Broadcasting »
Counter Communication » Special Applications »

Featured Product: BBM3K5KEL (SKU 1117)
500 - 2500 MHz, 25 Watts, 44 dB

Compact, scalable amplifier module that can be
utilized in base stations, test equipment, P, L & S-
band mobile radar and man-portable
communications and counter-communications
systems.

< |deal for battery-powered field equipment

¢ Withstands extreme environmental conditions
< Suitable for new designs or retrofits

Featured Product: TRS02 - 1000 - 1000
1.5 MHz - 1 GHz, 1000 Watts power handling

High-power wideband transmit/receive switch
offers a reliable, low-cost solution for modern
radio communications and electronic warfare
systems.

+ Fast switching is ideal for active jamming

+ Long service life ensures reliable performance
+ More cost effective than PIN diode switches

¢ Excellent isolation with minimal insertion loss

Featured Product: GCS2E3KKO (SKU 4049)
20 - 520 MHz, 100 Watts, 50 dB

With the ability to transmit in VHF and UHF
simultaneously, the 4049 system offers
unparalleled power and flexibility for
communications, electronic warfare and
command and control applications.

+ Optional LCD interface and ANSI/EIA-422 port
< Fast blanking is ideal for active jamming

+ Suitable for sea, land and airborne applications

We Empower the RF Industry

Featured Product: BBS3Q7EKO (SKU 2030)
800 - 4200 MHz, 100 Watts, 50 dB

This ultra broadband amplifier system allows the
designer to reduce cost, weight and complexity of
communications systems. Suitable for all
operating modes including spread-spectrum,
wireless radiotelephone and high-speed data.

<+ Customizable for specialized applications

¢ Optional LCD interface and ANSI/EIA-422 port
+ Integrated cooling and electrical fault protection

Hundreds of standard products are available on our Web site at: www.EmpowerRF.com or
contact us for custom and special solutions.

Visit http://mwj.hotims.com/11724-53 or use RS# 53 at www.mwjournal.com/info

150 9001 : 2000 316 W. Florence Avenue, Inglewood, CA 90301 U.S.A.
E M P O VV E R (.\ Phone: +1(310) 412-8100, Fax: +1(310) 412-9232
RF SYSTEMS, INC.

sales@empowerrf.com



http://mwj.hotims.com/11724-53
http://www.mwjournal.com/info
mailto:sales@empowerrf.com
http://www.empowerrf.com

pared to the measured one, leads one
to consider the simulation of the con-
structive features of the antenna to
be reliable. Figure 4 shows the
agreement between the numerically
evaluated and the measured scatter-
ing parameter S;; in the time do-
main. The time domain quantities are
obtained by a Fourier transform of
the scattering parameters in the fre-
quency domain. The good agreement
between measurements and compu-

tation is also confirmed by the corre-
lation factor r = 0.94, evaluated for
the scattering parameter Sy in the
frequency domain. To increase the
confidence in the accuracy of the an-
tenna simulation, a numerically eval-
uated significant component of the
aperture field (more precisely the y-
component) in modulus and phase is
shown in Figures 5, 6 and 7 for
three different frequencies within the
operating band. In particular, the fre-
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quencies 0.5, 1.6 and 2.5 GHz have
been considered. It can be seen that
as the frequency increases the field is
more and more confined between the
two ridges of the antennas; it is
known that this is the usual behavior
for this kind of antenna.!2

For the analysis of the single an-
tenna, the discretization of the box
(whose dimension is A, X Ay X
Amay) involves about 150,000 tetrahe-
dra and the computation time for the
entire frequency band is approxi-
mately four hours using the dual
processor AMD Opteron 64 bit, 6
GB DDR SDRAM. After the case of
the single antenna, the case of two
antennas in free space was consid-
ered. The two aperture antennas are
aligned along the y-axis and quasi in
contact at the aperture edges (see
Figure 8). First, the scattering para-
meter S;; is considered, which ac-
counts for the influence of the receiv-
ing antenna on the mismatching of
the transmitting one. The measured
data and computation are consistent
and the correlation coefficient is r =
0.9. The parameters of the imped-
ance matrix are linked in a well-
known way to the parameters of the
scattering matrix.!3 Figure 9 shows
the comparison between the mea-
sured (red line) and the computed
(blue line) real and imaginary parts of
the self-impedance parameter Z;.
The same analysis has also provided
the impedance parameter Z,;, which
accounts for the mutual coupling be-
tween the transmitting and receiving
antenna. Figure 10 shows the good
agreement between the real and
imaginary parts of the measured and
computed values. The consistency
between the measurements and the

Y

e

=

>Z

A Fig. 8 HFSS model of the two ridged-
horn antennas in free space.
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computation results are confirmed
also by the correlation coefficient,
which for the scattering parameter
Ss1, is equal to r = 0.87.

THE CASE OF ANTENNAS ON
TUFF MASONRY

Consider the case of the two anten-
nas placed in front of a tuff masonry.
Tuff is a porous material largely present
in South Italy and used in the construc-
tion of historical buildings. The config-

uration is the same as the free-space
case and the antennas are directly in
contact with the masonry. The thick-
ness of the masonry is 11 cm. The elec-
tromagnetic behaviour of tuff has been
characterized independently, and the
analysis assumes a relative dielectric
permittivity equal to 5 and a conductiv-
ity equal to 0.01 S/m. Figure 11 shows
the comparison between the numeri-
cally evaluated and the measured mag-
nitude and phase of the scattering para-
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meter S;;. The correlation index is r =
0.81. Again, the scattering parameter
Sy is considered. In this case also, a

[ ssmuLaTED  MEAsuRED|

[ ] T
100 I

A TATA
[ANAAA

05 1.0 15 20 25 3.0
FREQUENCY (GHz)

60 F—— i
20 P

~20 —\

05 1.0 15 20 25 3.0
FREQUENCY (GHz)

(-3
(=]

Re (Z11) (@)

N
o

Im (Z11) (@)

A Fig. 9 Comparison between the
simulated and measured self-impedance of
two antennas in free space.

| sIMULATED MEASURED |

20
0 e
-20
-40
-60

Re (Z12)[Q]

05 10 15 20 25 3.0
FREQUENCY (GHz)

40
20
0 A ‘Av P
—20| ||

Im (Z:)[]

05 10 15 20 25 3.0
FREQUENCY (GHz)
A Fig. 10 Comparison between the

simulated and measured mutual impedances
for two antennas in free space.

| SIMULATED MEASURED |

V]

D ;\\\ N
CO IRV AR\ VAWV
= [ TYRY T
v 15

-25

0.4 0.8 1.2 1.6 2.0
FREQUENCY (GHz)

o

-10 N
3 2
N -30
? 40 <

50 |

0.4 0.3 1.2 1.6 2.0
FREQUENCY (GHz)
A Fig. 11 Comparison between the
simulated and measured magnitude and

phase of S;; for two antennas in contact with
masonry.

MICROWAVE JOURNAL ® OCTOBER 2007


http://www.tecom-ind.com
http://mwj.hotims.com/11724-158

NEW HORIZONS
IN DEGEPTION

---KOR Elec’rronlcs plcces |’rs customers checd qf the. ’rechnollogy curve ’rhrough" 5
innovative research on the next generohon of Electronic Warfare. Contact”
KOR Electronics to learn more about the Iatest Digital RF Memories for Electronic

Attack, Radar Environment Simulators, and Electronic Warfare Simulators.

714.898.8200 korelectronics.com KUR

KOR Electronics, 10855 Business Center Drive, Building A, Cypress, CA 90630 ELECTRONICS

Visit http://mwj.hotims.com/11724-78 or use RS# 78 at www.mwjournal.com/info


http://mwj.hotims.com/11724-78
http://www.mwjournal.com/info
http://www.korelectronics.com

| SIMULATED MEASURED
-10 10
-20 13 \QV\
— o MANL AR\ ||
S T T A2 -
= 40 V M | & 20 NN
& V < 25
Y 50 Q 30
_60 | -35 NN
-40 N
-70 -45
04 0.8 1.2 1.6 20 0.4 0.3 1.2 1.6 20
FREQUENCY (GHz) FREQUENCY (GHz)

MI Filters
~ mo

Ceramic \\'\“'
Capacitors

Filters

* JE &

7. Low

-/

Coaxial
Resonators

MARUWA America Corp.

E-mail : sales@maruwa-america.com
http://www.maruwa-g.com/e/index.html

ceramics Innovation

D MARUWA

RF & Microwave Components

™ Voltage
. Controlled
Oscillators

Band Pass

Noise Box

*Low cost manufacturing
*Custom design available
*Fast response

*Short lead-time

*Available as RoHS compliant
*ISO 9001 1SO14001 Certified

New York Office
23-11 31st Avenue, 4D Astoria, NY 11106
TEL: (516) 477 0783 FAX: (718) 728 2493

California Office
360N. Sepulveda Blvd., STE#2060 El Segundo, CA 90245
TEL: (310) 322 4700 FAX: (310) 322 8300

102 Visit http://mwj.hotims.com/11724-86

TECHNICAL FEATURE

Fig. 12 Comparison between the simulated
and measured magnitude and phase of S, for
two antennas in contact with masonry.

good agreement is observed between
the numerically evaluated and the mea-
sured scattering parameters (see Fig-
ure 12). The correlation index is r =
0.67. As a comment, for the case of tuff
masonry, the agreement between the
measured and computed quantities is
less consistent; this is due to the fact
that the frequency behaviour of the
permittivity and conductivity of the tuff
is not accounted for.

For the analysis of the two anten-
nas, the discretization of the box
(whose dimension is A X Ayax X
Amae) involves about 200,000 tetrahe-
dra and the computation time for the
entire frequency band is approximately
six hours on an AMD Opteron 64 bit, 6
GB DDR SDRAM dual processor.

CONCLUSION

In this article, the reliability and ac-
curacy of a FEM-based numerical
analysis, accounting for the full com-
plexity of ridged-horn antennas in free
space and close to a tuff masonry, has
been shown. The results of the nu-
merical analysis are consistent with
the experimental measurements both
in the free space and in the more chal-
lenging case of a non-homogeneous
scenario. This activity is of interest in
GPR prospecting, where the choice of
the antennas to be used depends also
on the electromagnetic features of the
investigated structure. W
I
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AN IMPROVED THERMAL
DESIGN FOR 11I-N HEMT
ON SILICON SUBSTRATES

Thermal design is a primary concern for enabling electronic devices to reach

their potential to operate at high power densities. Heat must be removed

efficiently in order to keep the channel temperature below a desired limit.

Elevated operating temperatures result in lower carrier mobility, lower sheet

charge density, lower effective saturation velocity and higher leakage currents,

effectively limiting the ability of the device to produce high RF output powers.

Furthermore, most of the failure mechanisms in semiconductor devices are

accelerated by elevated temperature, resulting in a reduced mean time to failure

(MTTF). The intrinsic carrier concentration of a silicon substrate can be a

limiting factor for the microwave and radio frequency (RF) performance at

elevated temperatures, due to the loss of RF isolation from the ground plane

when the conductivity of the high resistivity substrate increases with

temperature. In this study, simulation is used in combination with infrared (IR)

thermal imaging and RF electrical measurement to compare two III-N high

electron mobility transistors (HEMT) on silicon substrates with different thermal

designs. It is shown that significant improvements in thermal performance can be

gained by layout, substrate thinning and package design.

he power density of large periphery

I III-N HEMTs can be as high as

5 W/mm,!-3 much greater than GaAs

(1 W/mm) and Si LDMOS (0.8 W/mm).
These devices can generate more power per
unit area of chip, or equivalent power in a
much smaller package. All power that is not
delivered to the load is dissipated locally in
the device as heat. The source of the heat gen-
eration is Joule heating at the intersection of
the high electric field and current found in the
channel on the drain side of the gate. In gen-
eral, the channel temperature should be kept
to a minimum while under operation at peak
performance for a particular application. The

two main drivers in minimizing channel tem-
perature are the RF efficiency and the ther-
mal resistance. The RF efficiency determines
how much of the power is dissipated as heat,
while the thermal resistance is a measure of a
transistor’s thermal design and determines the
device’s ability to remove the heat. In this arti-
cle, the focus is on improved thermal design

A. EDWARDS, C. PARK, S. SINGHAL,
Q. MARTIN, K.J. LINTHICUM AND

1.C. KIZILYALLI
Nitronex Corp.
Durham, NC

MICROWAVE JOURNAL ® OCTOBER 2007



Weve Seen The Future

¢

No one knows exactly what's next in EMC and Wireless testing
1. The demand for more power and higher frequencies will continue.
2. AR will always be several steps ahead, with the amplifiers and accessories that meet all your testing needs, even as those needs keep changing

Our “S” Series Amps Are Already Ready.

AR “S” Series amplifiers are designed and built for the future. With the options you want and the power & frequency you'll need. Models 5510G20
and 20510G20 deliver 5 and 20 watts respectively across the 10-20 GHz range. And, with our subampability feature, the 5 watt easily expands to 20 watts.

And all “S” Series amps generate 100% of rated power and make it available to the load — even when mismatch is severe. They reproduce signals with
exceptional linearity. Spurious signals, noise figures and distortion are extremely low.

AR'’s expansive in-house capabilities — which include a state-of-the-art Microelectronics lab — make it possible to offer these new solid-state amplifiers
along with a level of performance and dependability that is unmatched in the mdustry. No one beats AR's quality. Period.

And of course all AR products are backed by the strongest, most comprehensive warranty in the industry, and a global support
network that's second to none.

To learn more, visit www.ar-worldwide.com or call us at 215-723-8181

ISO 9001:2000
Certified

_'®

rf/microwave instrumentation

Other ar divisions: modular 1f ® receiver systems # or europe

USA 215-723-8181. For an applications engineer, call 800-933-8181. Visit http://mwj.hotims.com/11724-20 or use RS# 20 at www.mwjournal.com/info
In Europe, call ar emv United Kingdom 441-908-282766 * ar emv France 33 -1-47-91-75-30 ¢ emv Germany 89-614-1710 * emv Netherlands 31-172-423-000

Copyright© 2007 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.


http://www.ar-worldwide.com
http://mwj.hotims.com/11724-20
http://www.mwjournal.com/info

ISOLATORS AND
CIRCULATORS

M~ GLOBAL

M2 Global: a leading supplier of RF
isolators and circulators and passive

microwave components to the telecom-

munications and defense industries.

Applications include TETRA, TV broad-

cast, cellular, GSM, PCS, UMTS,
WiMAX, IFF, satellite base stations,
microwave radio, and radar in coax,

drop-in and waveguide configurations.

For additional information contact us
at sales@m?2global.com or visit our
Web site at www.m2global.com.

THE SOLUTION SOURCE
FOR THE WIRELESS
& MICROWAVE INDUSTRY

e Standard and Custom Designs
* Low IMD and Insertion Loss
® Dual Junctions
® Proven Reliability

® Non-BeO Options nSAN
¢ ISO 9001 Certified
® Veteran Owned 15, BN T80 0t

WE HAVE MOVED

5714 Epsilon Drive
San Antonio, TX 78249

Phone: (210) 561-4800
Fax: (210) 561-4852

WWW. .com

108

Visit http://mwj.hotims.com/11724-84

in order to minimize the thermal re-
sistance. Readily available factors that
influence the thermal resistance in-
clude device layout, substrate thick-
ness and packaging material. All
three of these areas are explored in
this work.

The choice of desired mean time
to failure (MTTF) is a primary limit
on the peak allowable channel tem-
perature. Device designs typically
target a 150° to 200°C channel tem-
perature under operation, which re-
sults in an MTTF comparable to ex-
isting technologies, such as Si LD-
MOS and GaAs PHEMTs.4 The
thermal limitation due to the onset of
intrinsic conduction in the silicon
substrate occurs above this range of
channel temperature.

EXPERIMENT

The two devices considered in this
study consist of undoped III-N het-
erostructures, grown by metal organic
chemical vapor deposition on high re-
sistivity Si (IIT) substrates. The details
of the epitaxial structure and process-
ing have been described elsewhere.?

A Fig. 1 Top view of the unlidded CPC
4 (4

package with a device A and its input

matching network.

TECHNICAL FEATURE

The packaged parts consist of a 36 mm
transistor die attached to a high ther-
mal conductivity Cu-Mo laminate
(CPC) or a pure Cu single-ended, ce-
ramic package, using a AuSi or AuSn
eutectic attach process, respectively.
The sources are grounded to the pack-
age base through backside vias etched
in the silicon die. A two-stage internal
matching network is used to transform
the input impedance, while no inten-
tional internal matching exists on the
output.? Two different thermal de-
signs, labeled devices A and B, with
the same total gate width are com-
pared in this study. A top-down view of
a standard die in a typical CPC pack-
age (without a lid), which corresponds
to device A, is shown in Figure 1. De-
vice B has the same overall appear-
ance, but has a Cu package, a thinned
Si substrate and a thermally enhanced
device layout on the transistor die. The
detailed characteristics of the two de-
vices are listed in Table 1.

Finite element analysis (FEA) has
been used to assist in the determina-
tion of the thermal resistance from
the channel to the heatsink in a real-
istic operating situation. The entire
thermal environment relevant to the
device is included, neglecting radia-
tion into the air. The simulation con-
sists of the packaged part mounted to
a 1 cm thick aluminum application
board. The temperature of this alu-
minum block is held at 80°C. Both
the aluminum block and elevated
base plate temperatures are included
to mimic the configuration used dur-
ing IR measurement. The use of FEA

was necessary in or-

TABLE I
COMPARISON OF DEVICE CHARACTERISTICS

Quantity Device A
Layout standard
Total gate width (mm) 36
Unit gate width (um) 200
Gate-to-gate pitch (um) 30
Package thermal

conductivity (W/m-k) 240 (CPC)
Package thickness (mil) 40
Si thickness (mil) 6
Attach material AuSi
Die size (mm) 1x6
Ry ("C/W) 1.95

der to simulate the
full large periphery
device, including
the relatively large

Device B package and fixture.
tiled The model covers
36 four orders of mag-
nitude from the mi-

200

cron scale gates to
50 the centimeter thick
fixture. Effects such

400 (Cu) as long range gate
40 coupling, and the
3D extent of the

4 package and fixture
AuSn are included. The
P CFD-ACE+ multi-

physics solver, com-
0.85 mercially available
from ESI Group
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Inc..5 was used in this work. The standard layout and the
thermally improved layout were simulated and correlated
to measurement.

DEVICE A

DEVICE B

A Fig. 2 Simulated and IR temperature profiles for the devices A
and B.

TECHNICAL FEATURE

An infrared (IR) measurement was used to calibrate the
FEA model and to verify the designs. All the measurements
are made with a Quantum Focus Instruments (QFT) Infra-
Scope II thermal imaging system.” The dissipated power
was produced by a direct current (DC) bias. The drain volt-
age was held at 28 V and the gate voltage was varied to
achieve different drain current levels and hence different
power dissipations. The heatsink temperature is maintained
at 80°C to reduce the background radiant energy. First, an
image using the 1x lens was taken to determine the location
of the peak channel temperature and to check the thermal
distribution across the entire device. A 15x lens with approx-
imately 2.5 pum spatial resolution was then used to obtain the
peak channel temperature. The temperature at the back of
the package is measured using a thermocouple passing
through an aperture in the fixture and contacting the bot-
tom of the package. The thermal resistance is calculated
from the channel to the back of the package/case (Ryc).

RF measurements were made at 2.14 GHz with a stan-
dard load pull system using tuners from Focus Mi-
crowaves Inc. The RF characteristics were taken at a
drain voltage of 40 V. The devices were biased in class AB
with approximately 27.5 mA/mm quiescent drain current,
and the input and output impedances were optimized to
obtain maximum RF output power.

DISCUSSION AND RESULTS

Thermal simulations were used to investigate the heat re-
moval from the device in order to lower the channel temper-
ature. A model of the packaged device

Affordable and Versatile

(QEROFLEX

INMET

An ISO 9001 Certified Company

Type N
AHC Series 9070 Series

Download Data Sheets from www.aeroflex-inmet.com

and fixture, as described above, has
been used to investigate the effect of

Whether in the lab orin
the field, these 2-Watt
attenuators operate DC
to 6 GHz with low VSWR
providing excellent atten-
uation flatness for signal
leveling applications.
Both models are RoHS
compliant and are
qualified to shock and
vibration profiles in
MIL-A-3933. Refer to
promo code LCA0907
for current pricing.

Aeroflex / Inmet
Ann Arbor, Michigan

Call 734-426-5553 or

inmetsales@aeroflex.com

www.aeroflex-inmet.com

(J\EROFLEX

A passion for performance.

110 Visit http://mwj.hotims.com/11724-6

substrate thickness, package materials
and device layout changes. As an out-
come of the simulation effort, a next
generation device was developed using
a Cu package, a thinned 4-mil Si sub-
strate and an alternative layout, based
on interleaving tiled cells. The cells are
arranged in two rows, which provide
room to increase the gate-to-gate spac-
ing to 50 pum, reducing thermal cou-
pling, or interaction between adjacent
heat sources. In addition, there is room
to leave a 300 pm gap between cells to
additionally reduce coupling. Devices

| MEASURED  simuLATED |

‘g 300 T
E o DEVICEA | /,
2
S 220
g 7
= 180
g //
DEVICE B
5 140
g 100 ]
FilNCIIGEN oI5 20 25 3.0

POWER DISSIPATED (W/mm)

A Fig. 3 Measured (blue) and simulated
(red) junction temperature.
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with this layout have been fabricated
and tested in Cu packages and are la-
beled device B in this study. Device B
represents a tradeoff between thermal
performance, RF performance and
manufacturability. Figure 2 shows the
simulated and measured temperature
images of the two devices. The top pic-
tures show the IR images of the devices
under DC bias to achieve a dissipated
power density of 1.09 W/mm, while the
bottom pictures show the simulated de-
vices at the same power density. The
thermal stage is held at 80°C for the
measurement, but the case tempera-
ture is higher and varies with power
dissipation level. A graph of the junc-
tion temperature versus power dissipat-
ed for devices of both varieties is shown
in Figure 3. The base plate tempera-
ture is maintained at 80°C for both cas-
es. From this graph, excellent correla-
tion between the simulation and mea-
sured values is seen for both devices A
and B. Additionally, the improvement
in thermal performance for device B is
evident. Device A can only dissipate
approximately 1.25 W/mm (45 W) be-
fore reaching a junction temperature of

200°C, while device B can dissipate ap-
proximately 2.5 W/mm (90 W) before
reaching a 200°C junction tempera-
ture. Frequently, the maximum operat-
ing temperature limit of the device is
obtained from the requirement for
MTTF. Using a three-temperature DC
life-test, a MTTF greater than 107
hours has been extrapolated at 150°C
for devices of the same variety as de-
vice A of this study.59 The MTTF is
greater than 10° hours at 200°C. Both
of these results can be seen in Figure
4. When the peak channel temperature
exceeds 225°C, the RF performance is
noticeably affected. At this point, the
heat generated at the channel is suffi-
cient to raise a significant portion of the
Si substrate to 175° to 200°C. The in-
trinsic carrier concentration, ni, of Si at
200°C is 8.9x1013 ¢cm=3. This carrier
concentration corresponds to an n-type
resistivity of approximately 50 Q-cm.
As a large enough portion of the sub-
strate becomes less resistive, the onset
of significant RF loss is seen. In Figure
5, a clear example of thermally limited
performance, which is explained by the
onset of substrate loss, is shown in de-
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vice A. On the other hand, it also shows
that the improved thermal design in
device B does not reach this limitation.
Figure 6 shows the corresponding cal-
culated channel temperature for each
device. The temperature is calculated
at each point using the measured out-
put power, gain, efficiency and thermal
resistance (1.95°C/W and 0.85°C/W)
obtained from IR measurement and
simulation.

A primary consideration of the RF
design is the efficiency with which
the device utilizes its power input
(DC and RF). All waste power is dis-
sipated locally as heat. Other key RF

108 T T T T T T
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=102 2857
10! =
X Biod |

1.6 1.8 20 22 24
TEMPERATURE (1000/K)

A Fig. 4 Arrhenius plot generated from a
three-temperature life test.
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A Fig. 5 RF performance of devices A
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A Fig. 6 Calculated channel temperature of
devices A and B.
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design metrics are low parasitic resis-
tance and output capacitance, both of
which will increase the device output
impedance and aid in high efficiency
design. Of course, a wide variety of
considerations in the RF design can
lead one to sacrifice efficiency for
other performance criteria. Device A
in this study, a design intended to
meet WiMAX application specific lin-
earity requirements, is operated in a
severely backed-off condition pro-
ducing only 18 percent drain efficien-
cy (DE) and 6 W of output power
(Poyr) under operation. The typical
power gain, G, is 12 dB for the
WiMAX design, or 15.83 on a linear
scale. The dissipated power (Pp) is
thus P, = Poup (1/G + 1/DE-1) =
27.7 W. Using the maximum rated
thermal resistance of 1.95°C/W for
this part, the temperature drop from
channel to case, ATy = Pp Ry¢ =
54°C. Assuming a case temperature
of 80°C, this places the channel be-
low the 150°C operating temperature
target. If device A is operated with a
continuous waveform (CW), it is ca-
pable of 65 W with 45 percent effi-

PI %;hgi

‘1“

available for remote/au

ciency and 9.5 dB gain. The dissipat-
ed power of Py = 86.7 W results in a
temperature rise of AT} = 169°C.
When device A is operated in CW
with a case temperature of 80°C, the
device clearly violates the thermal
limit of 225°C and suffers from re-
duced RF performance. A device,
such as device B in this study, which
possesses a 0.85°C/W thermal resis-
tance, has a AT = 73.7°C for the
same CW performance levels. Device
B would only have a junction temper-
ature of approximately 155°C when
operated under CW conditions and
with 80°C case temperature. The im-
proved thermal performance of de-
vice B allows it to operate with good
RF performance and with an accept-
able MTTF even under the most
stringent conditions of CW operation
and elevated case temperature.

CONCLUSION

A primary consideration of RF de-
sign is maximizing the efficiency of the
device under the actual application us-
age conditions. Once the best possible
efficiency for the application has been
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obtained, the inevitable waste heat
must be removed to the outside envi-
ronment as effectively as possible to
keep self-heating of the device to a
minimum. Simulation provides an ac-
curate and predictive support for the
design effort. The first thermal limit to
be considered is reliability and specifi-
cally keeping the operating tempera-
ture low enough to meet the applica-
tion’s MTTF goal. A second thermal
limitation exists, for devices on Si sub-
strates, at a channel temperature of ap-
proximately 225°C for RF applications
due to loss of isolation between ground
and the RF signal caused by the onset
of intrinsic substrate conduction. This
article has demonstrated the use of
thermal simulation, thermal measure-
ment and RF measurement to opti-
mize the design of a device. The result-
ing device makes use of substrate thin-
ning, layout changes and Cu packaging
to reduce the thermal resistance by a
factor of two, thereby enabling a high
performing and reliable device capable
of operation under CW drive with ele-
vated case temperatures of 80°C. l
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IMPROVEMENTS IN BAND
REJECTION CHARACTERISTICS
OF A WIDEBAND ANTENNA
USING RESONANT SLOTS

This article presents a method to improve and control the band rejection

characteristics of wideband bow-tie patch antennas by using two notch slots. The

two-pole band rejection characteristics were obtained by adjusting the mutual

coupling values, as in a two-pole band rejection filter (BRF), between two

horizontal resonant slots on the main patch of the antenna. The wideband antenna
itself is composed of an electromagnetically coupled bow-tie patch and a parasitic
semicircular ground patch. By adjusting the dimensions of the slots, the other
characteristics of the notch response, such as the center frequency and the band
rejection skirt gradient, can also be changed. Therefore, optimized slots can give a
wideband patch antenna the required rejection band and sharp skirt characteristic,
as is often required for ultra-wideband (UWB) antennas and multi-band antennas,

compared to the conventional one with or without a notch slot.

tions and remote sensing at microwave

frequencies, the exploitation of UWB an-
tennas is steadily growing.! UWB radio can
use the frequency band from 3.1 to 10.6 GHz.
UWB systems also need to be compatible with
other already existing standards.2 To allow
such a wider bandwidth in UWB systems, the
Federal Communications Commission (FCC)
imposes severe power restrictions. By doing
so, UWB devices can make use of an extreme-
ly wide frequency band while not emitting
enough energy to interfere with narrower
band devices nearby, such as Wireless LAN
and Hyper LAN devices at approximately 5
GHz. There are also some unlicensed bands in
Japan (4.900 to 5.091 GHz) and the United
States (5.150 to 5.825 GHz).3 A similar need

l n recent applications of telecommunica-

also arises from multi-band communication
systems. A multi-band system deals with a
wide frequency band and needs to filter out
non-service bands to avoid interferences. Re-
cently, in order to meet these requirements,
several UWB antennas with band rejection
characteristics have been proposed.#6 The
band reject operation is achieved when the
length of the embedded slot is approximately
one-half wavelength at the desired rejection
frequency. In this case, destructive interfer-
ence for the excited surface currents in the
antenna will occur, which causes the antenna
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to be non-responsive at that frequen-
cy.” However, as mentioned in the lit-
erature,59 the notch of those anten-
nas can exhibit only a single narrow
frequency notch band and cannot
provide a satisfactory rejection band-
width and skirt characteristics for
most of the systems requiring the
good band rejection response. In or-
der to solve this problem, by embed-
ding two horizontal resonant slots and
adjusting the mutual coupling values
between them, the band rejection

—W_
Wm
>
[
i—b
—>| We Yy ]
]
PARASITIC GROUND
€r:6.15
BOW-TIE
|| FEED LINE

z
4_& PARASITIC
y GROUND W

80 mm x 80 mm
GROUND PLANE
4

SMA
CONNECTOR

A Fig. 1 Structure of the proposed
wideband antenna.

characteristics of a wideband patch
antenna has been improved. This
technology allows a wideband anten-
na to be a multi-band antenna, and
many systems to be compactly de-
signed without additional compo-
nents such as notch filters.

WIDEBAND ANTENNA DESIGN

The structure of the proposed
wideband bow-tie monopole antenna
is shown in Figure 1. It is composed
of a bow-tie main patch fed electro-
magnetically and a parasitic semicir-
cular ground patch. Typically, a bow-

A Fig. 2 Geometry of the proposed band
rejection antenna.
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tie antenna is fed at its center, the
same as for a dipole antenna.!0 The
bow-tie patch needs to be fed by di-
rect or proximity coupling. A proximi-
ty coupling from an embedded feed
line within the substrate gives better
bandwidth than a direct coupling.!!
The antenna, with a width W = 22
mm and height H = 22 mm, is con-
structed on a substrate with a thick-
ness of 0.64 mm, a dielectric constant
of 6.15 and a loss tangent of 0.0028.
It is fabricated and mounted on a rec-
tangular finite (80 X 80 mm) ground
plane. A 50 Q SMA connector, cen-
trally mounted from the back of the
ground plane, is used to excite the
antenna. The other antenna dimen-
sions used in this study include: By =
4 mm, By = 13 mm, Wy; = 3.4 mm,
Wy = 0.8 mm, Hy; = 6.5 mm, R =
15.0 mm and g = 4.5 mm. The pro-
posed wide bandwidth is achieved by
inserting a semicircular shaped para-
sitic ground patch between the bow-
tie patch and the ground plane. The

@ U} ©
18517 5 M35
<93 | 3 | |gES %
o——\go— 3 _.\go : Ra
21 8 2
(4 (4

A Fig. 3 Conceptual equivalent circuit of
the band rejection antenna.

g =0.2mm g;=0.3 mm
8 =0.4mm g,=0.5mm
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A Fig. 4 Return loss for various gaps (g,) of
notch slots.
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A Fig. 5 Return loss for various heights
(H,) of the inserted slots.
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width W of the bow-tie patch is one-
half wavelength at the lower reso-
nance frequency, and the widths Wy,
and Wy, of the feed line are important
parameters for impedance matching.

BAND REJECTION ANTENNA
DESIGN

The aforementioned band reject
operation is analyzed as a transmis-
sion line when the length of the em-

ANTENNA (A) ANTENNA (B)

ANTENNA (C)
0
> O
[N

RETURN LOSS (dB)
|
«

Y/
s\

Vi |
3%5 5.0 5.5 6.0

FREQUENCY (GHz)

A Fig. 6 Improved return loss for various
frequencies.

TABLE |
ANTENNA DESIGN PARAMETERS

Parameter Type A TypeB TypeC

H, (mm) 6.75 6.80 6.70

L, (mm) 1566 1516  14.56
L, (mm) 1430 1380  13.20
W, (mm)  1.20 1.20 1.20
He (mm) 045 0.40 050

g (mm) 0.05 0.40 0.10

TECHNICAL FEATURE

bedded slot in the radiator is one-half
wavelength at the desired rejection
frequency.® These slots can be mod-
eled as a one-half wavelength short
stub. In the proposed antenna, the
physical length of the embedded slots
varies with their position. In addition,
the VSWR at the rejection frequency
is increased by locating the slot at the
edge of the bow-tie patch near the
parasitic ground patch, because there

WITHOUT SLOT WITH 1 SLOT
WITH 2 SLOTS

o

N
EHA

|
w

RETURN LOSS (dB)
|
]

-25
|

2 4 6 8
FREQUENCY (GHz)

A Fig. 7 Measured return loss with and
without slots.
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WITHOUT SLOT
v

8 -5 7
- [
=
< -10
o

-15

25 35 4.5 5.5 6.5
FREQUENCY (GHz)

A Fig. 8 Measured average gains of
the proposed antennas.

Y-Z PLANE
X-Y PLANE

- _J A Fig. 9 Measured radiation patterns of the reference antenna without a slot.
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is greater surface current distribution
near the edge. The improved band
rejection characteristics are achieved
by controlling the mutual coupling
between the slots with the same
notch frequency. Figure 2 shows the
geometry of the proposed band rejec-
tion antenna with two horizontal res-

onant slots. Here, the width of a slot
is 0.3 mm. As shown in Figure 3,
these slots will be used as notch res-
onators for band rejection, filter-like
characteristics. The conceptual equiv-
alent circuit model for a band rejec-
tion antenna has two one-half wave-
length notch resonators, coupling and

Y-Z PLANE
X-Y PLANE

CHARTER

(€
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antenna resistance (R,). EM simula-
tion results were obtained using
HFSS™ a full-wave simulator. Con-
siderable enhancement of the cou-
pling between slot resonators and im-
provement of the magnitude differ-
ence of two notch peaks are observed
when the slots are closely placed to
each other, as shown in Figure 4.
The band rejection characteristic is
improved by inserting additional
small slots in the center of the band-
notch slots. The return losses for vari-
ous heights of inserted slots, when g
is 0.4 mm, are shown in Figure 5.
The coupling decreases as the size of
the inserted slot becomes larger. The
rejected center frequency barely
moves when the gap between res-
onators is varied, but its movement
depends on the height of the inserted
slot. Although the rejection charac-
teristics show good performance
without the inserted slots, g, = 0.4
mm was chosen in order to apply two
factors for controlling the mutual
coupling at the antenna. As shown in
Figure 6, the rejection frequency of
the antenna can be controlled by the
resonance {requencies of the two
slots and the rejection characteristic
such as bandwidth and flatness is im-
proved by two factors (g, HC). The
design parameters of the antennas
are shown in Table 1. The proposed
antenna, with the dimensions of type-
B, was fabricated and tested. The
measured return losses with and
without the notch slots are shown in
Figure 7. The measured results were
obtained using an Anritsu 37397C
vector network analyzer. The rejec-
tion band of 4.96 to 5.51 GHz is cre-
ated by inserting the two notch slots,
without any degradation of the re-
quired performance in the normal
operating frequency band of 2.70 to
6.90 GHz for a return loss below —10
dB (VSWR < 2.0). The average gain
of the proposed antennas, measured
in the x-y plane, is shown in Figure 8
for a frequency range of 2.7 to 6.9
GHz. The gain of the antenna with
two slots has two rejection peaks and
is reduced at the broad rejection
bandwidth, compared to the antenna
using one slot. It is clear that the pro-
posed antenna provides the improved
band rejection characteristics with
the broad rejection bandwidth and
sharp skirt characteristic, compared
to the antenna with one notch slot.
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Figures 9 and 10 show the radiation
patterns at 2.70, 5.10 and 6.90 GHz.
The frequencies 2.70 and 6.90 GHz
are within the radiation band, while
5.10 GHz is in the rejection band.
The radiation patterns of the operat-
ing frequency band are nearly the
same as those of the reference anten-
na, which is the same antenna except
without a slot. On the other hand,
within the rejection band the antenna
radiation gain is greatly reduced.

CONCLUSION

A method to improve the band re-
jection characteristics of a wideband
patch antenna by embedding two
horizontal resonant slots and adjust-
ing their mutual coupling has been
presented. To show the method, a
wideband bow-tie shaped antenna
with improved band rejection charac-
teristics has been proposed and im-
plemented. A broad rejection band,
two-pole response and improved
notch skirt are obtained. The pro-
posed technique could be useful to
improve and/or control the band re-
jection characteristics of wideband
antennas for many applications in-
cluding UWB and multi-band sys-
tems.

ACKNOWLEDGMENT

The authors would like to thank
Amotech Co. Ltd. and the Kangwon
Institute of Telecommunications and
Information (KITI) for measurement
and other support.

I
References

1. W.S. Chen and M.K. Hsu, “The Design of
a Finite Ground Plane Cross Semi-elliptic
Monopole Antenna for UWB Applica-
tions,” Microwave ]oumal, Vol. 49, No. 5,
May 2006, pp. 192-204.

2. G.R. Aiello and G.D. Rogerson, “Ultra-
wideband Wireless System,” IEEE Mi-
crowave Magazine, Vol. 4, No. 2, June
2003, pp. 36-47.

3. L]. Yoon, H. Kim, H.K. Yoon, Y.J. Yoon
and J.H. Kim, “Ultra-wideband Tapered
Slot Antenna with Band Cut-off Character-
istic,” Electronics Letters, Vol. 41, No. 11,
May 2005, pp. 629-630.

4. T. Dissanayake and K.P. Esselle, “Design
of Slot Loaded Band-notched UWB An-
tennas,” 2005 IEEE Antennas and Propa-
gation Society International Symposium
Digest, Vol. 1B, pp. 545-548.

5. W.Y. Choi, J.H. Jung, K.H. Chung and
H.H. Choi, “Compact Wideband Printed
Monopole Antenna with Frequency Band-
stop Characteristic,” 2005 IEEE Antennas
and Propagation Society International
Symposium Digest, Vol. 3A, pp. 606-609.

TECHNICAL FEATURE

6. YW. Rho, K.H. Kim and J.H. Choi, “De-
sign of a Microstrip-fed Ultra-wideband
Monopole Antenna Having Band Rejec-
tion Characteristic,” 2005 IEEE Antennas
and Propagation Society International
Symposium Digest, Vol. 2B, pp. 556-559.

7. WS. Lee, D.Z. Kim, K.J. Kim and J.W. Yu,
“Wideband Planar Monopole Antennas
with Dual Band-notched Characteristics,”
IEEE Transactions on Microwave Theory
and Techniques, Vol. 54, No. 6, June 2006,
pp. 2800-2806.

8. S.D. Moon, K. Choi and H.Y. Hwang, “A
Wideband Bow-tie Monopole Antenna
with Improved Band Rejection Character-
istic,” 2006 KEES Korean Conference, Vol.
16, No. 1, pp. 203-207.

9. S.D. Moon, K. Choi and H.Y. Hwang, “A
Wideband Bow-tie Monopole Antenna
with Improved Band Rejection Character-
istic,” The Journal of the Korea Electro-
magnetic Engineering Society, Vol. 17, No.
12, December 2006, pp. 1199-1205.

10. F. Soldovieri, A. Brancaccio and G. Leone,
“Characterization of Ultra-wideband Bow-
tie Antennas for Ground Penetration
Radar Systems,” Microwave Journal, Vol.
49, No. 8, August 2006, pp. 186-194.

11. L. Le Coq, S. Von der Mark, M. Drissi and
J. Citerne, “Printed Bow-tie Antenna Fed
by Electromagnetic Coupling,” 1999 IEEE
Antennas and Propagation Society Inter-
national Symposium Digest, Vol. 4,
pp- 2710-2713.

Soo Deok Moon
received his BS and MS
degrees in electrical
and electronic
engineering from
Kangwon National
University in 2005 and
2007, respectively. His
research interests
include microwave
antennas and RF
systems.

Hee Yong Hwang
received his BS degrees
in biology and
electronic engineering
from Seoul National
University in 1988 and
1992, respectively, and
his MS and PhD
degrees in electronic
engineering from
Sogang University in
1995 and 1999,
respectively. From March 2000 to February
2001, he was with the department of electronic
engineering, Sogang Uniuersity, as a research
professor. From March 2001 to April 2002, he
was with the department of ECE, University of
Maryland, College Park, MD, as a Visiting
Researcher. Since March 2003, he has been
with the department of electrical and
electronics engineering at Kangwon National
University, Chuncheon, Korea, where he is an
associate professor. His research interests
include microwave passive and active
components and RF systems.

MICROWAVE JOURNAL = OCTOBER 2007


http://www.advmic.com/me.html
http://www.advmic.com/amplifiers.html
http://www.advmic.com/mixers.html
http://www.advmic.com/converters.html
mailto:sales@advmic.com
http://mwj.hotims.com/11724-3

RADIALL¢D

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

Coaxial Connectors

e Miniature, sub-miniature, micro-miniature
e \Waterproof

® MIL-PRF-39012

Cable Assemblies

e Flexible or semi-rigid
¢ Phase matched

e Delay lines

Microwave Components

e Terminations

e Attenuators

e Surface mount couplers and switches
e Coaxial switches

Military Antennas

e Broadband or multi-band

e Overmolded and flexible for handhelds
e Articulated for man-packs

e Spring loaded for vehicles

e Body-worn GPS

e | ow profile UGS and UAV

The service you trust.
The innovation you crave.

4 . ]
=
Family values. When AEP was looking = 'T “..‘

to take it to the next level we sought a b @ &
larger company with the same integrity as our Q%n
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
Visit http://mwj.hotims.com/11724-122 or use RS# 122 at www.mwjournal.com/info



http://www.radiall.com/aep
http://mwj.hotims.com/11724-122
http://www.mwjournal.com/info

«‘\"E -lo

$°<2~ ‘.

\\\’I/

OmA\. w0

Fig. 1 Schematic of the
direct conversion and
sub-harmonic quadrature

mixer for UWB systems. Y
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A SUB-HARMONIC
QUADRATURE MIXER USING
APDPs ror UWB SYSTEMS

This article presents an ultra-wideband (UWB) sub-harmonic mixer comprising
anti-parallel diode pairs (APDP), a miniaturized bandpass filter (BPF) and a
wideband 45° Wilkinson power divider. The proposed UWB mixer operates over

the 3.1 to 4.8 GHz band and offers excellent conversion loss, linearity, and phase

and amplitude balances for quadrature outputs.

great deal of attention has recently been
Apaid to ultra-wideband (UWB) technolo-
gies for short-range and high data-rate
wireless personal area networks (WPAN). By
supporting data rates up to several hundred
megabits per second (Mbps), these technolo-
gies are expected to be used in multimedia con-
sumer electronic products in the near future.
Multi-band orthogonal frequency division mul-
tiplexing (OFDM), which is employed for this
research, was one of the proposed high rate
WPAN standards managed by the IEEE
802.15.3a.1 Direct conversion receivers (DCR)
mainly utilize various types of sub-harmonic
mixers, such as a resistive mixer,2 a double-bal-
anced active mixer,3 a cascode FET mixer,4 or
an anti-parallel diode-pair

(APDP) mixer.? Among these

mixers, the APDP sub-harmonic

mixer is the most likely to be

) ApDP used for a DCR because it re-
 BPF| quires no DC power, consists of
RF —»| IN-PHASE 45° POWER|_ 1o & simple circuit and shows excel-
DIVIDER DIVIDER lent isolation at the RF, LO and
m baseband (BB) frequencies. The
9 ApDP APDP sub-harmonic mixer can
| LPF] also overcome two serious DCR
8o(l) problems. One is the DC offset
created by self-mixing of the LO
126

and RF signals and the other is the even-order
distortion created by the second-order inter-
modulation (IM2).5

This article describes the design and imple-
mentation of a new sub-harmonic quadrature
mixer for the UWB Mode 1 that operates over
the 3 to 5 GHz band. The proposed mixer com-
prises APDPs, an in-phase power divider, minia-
turized bandpass filters (BPF), low pass filters
(LPF) and a wideband 45° Wilkinson power di-
vider. The mixer design is presented in detail,
along with a discussion of the measured results.

DESIGN
Sub-harmonic Quadrature Mixer

There are two ways of generating in-
phase/quadrature-phase (I/Q) signals, that is
implementing a quadrature of the phase shift
for an either RF or LO port.5 In this article, the
quadrature of the LO signal is done at the sec-
ond sub-harmonic frequency, due to the pres-
ence of a non-information signal at a frequency
lower than that of the RF signal. As shown in
Figure 1, the proposed hybrid microwave inte-

GOO-YOUNG JUNG AND

TAE-YEOUL YUN
Hanyan University
Seoul, Korea
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grated-circuit (HMIC) mixer needs
BPFs, LPFs, an in-phase power di-
vider and a 45° power divider. Among
these, the BPF and 45° power divider
are novel components that greatly
contribute to the RF-LO isolation and
I/Q mismatch of the circuit; conse-
quently, they are discussed in detail.

In addition, the APDP circuit has
impedance matching and isolation
blocks for RF and LO, as shown in Fig-
ure 2. To isolate the RF port from the
LO port, the mixer adopts Agp/4 and
Aro/4 open-stubs between the APDP
and matching networks. The matching

circuits were simply designed with a
single-stub matching technique to im-
prove the conversion loss. The com-
plete mixer circuit is fabricated on a
Taconic CER-10 substrate with a di-
electric constant of 9.5 and a thickness
of 0.635 mm. The high dielectric con-
stant of the substrate affords a compact
circuit structure. An Agilent Schottky
diode pair (HSMS-2822) is used as the

mixing component.

Bandpass Filter
Figure 3 shows a general mi-
crowave BPF using transmission-line
stubs in a parallel
configuration. The

= el BPF was employed

RF BLOCKING to accommodate a

BSMSi2822 STUB (Ar/4) high rejection of the

________________________ LO from 1.55 to 2.4

25 ] ] ":c; GHz and a low in-
PORT 1 PORT3 sertion loss at RF
m —i— m from 3.1 to 4.8
GHz. The design

RF MATCHING — LO BLOCKING  LO MATCHING procedure of the
NETWORK STUB (\,0/4) NETWORK BPF follows three

A Fig. 2 Matching circuits for anti-parallel diodes.

0
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steps. First, a dis-
tributed high pass
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filter comprises a cascade of short-
circuited stubs for UWB filters.7.8
The characteristic impedances of
each short-circuited line are initially
calculated as described by Hong and
Lancaster.9 Second, to minimize the

WL WE]

D e e e

M2

(b)

A Fig. 3 A small size BPF; (a) the basic
structure and (b) the meandered and reduced
size structure.
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parasitic effects of
the via holes used
as a short circuit,

SIMULATION S44 SIMULATION S
MEASUREMENT S;1; MEASUREMENT S34

o[ I the short-stub is

0 replaced with a
E_m I L~ double  length
i 20 AN open-stub. Finally,
§—3o the shunt open-
2 0 circuited stubs are
by meandered  to
-50 I widen the band-
10 20 30 40 50 width of the LO
FREQUENCY (GHz) rejection frequen-

A Fig. 4 Simulated and measured Cy. using the cou-
S-parameters of the BPF. pling between the
stub-lines!? and to

reduce the filter size to 13 X 7 mm. Figure 4 shows the
simulated and measured results of the new BPF. An inser-
tion loss (Sgq) of 1 £0.5 dB and a return loss (S;;) of less
than —15 dB are obtained in the RF band between 3.1 and
4.8 GHz. A LO rejection of more than 10 dB is measured
at the LO band between 1.55 and 2.40 GHz. The UWB
BPF results in a wide bandwidth, low insertion loss, small
size and sharp attenuation.

Wideband 45° Wilkinson Power Divider

Most wideband quadrature mixers have phase- and
amplitude-imbalances of the LO quadrature signals which
significantly influence the I/Q mismatch of the mixer.11.12
As shown in Figure 5, to maintain the phase difference of
45° at the output ports over the wideband, a short-stub
with an electrical length of 90° at the LO center frequen-
cy is inserted into the opposite side of the 45° delay-line.
The 90° short-stub compensates the phase deviation be-
tween Sy and S3; because the phase variations of the de-
lay-line are nearly identical to those of the short-stub over
the LO band.12 The measured characteristics of the wide-
band 45° Wilkinson power divider are illustrated in Fig-
ure 6. Insertion losses (Sg; and Ss;) of 3.75 £0.25 dB, re-
turn losses (Sy;, Sog and S33) of less than —15 dB and isola-
tions (S39 and Sy3) of less than —20 dB are obtained at the
LO over the 1.55

to 2.4 GHz band. LO FOR|,
Figure 7 shows PORT 2
that the two out- T
puts differ in

phase by 45 £1.5° = 90° SHORT-STUB
Table 1 summa- Zo
rizes the measured

results of the mix- POngl' T - 4
er components \2Z,

such as the LPF,

the BPF, the in- 45° DELAY-LINE [l Zo

phase power di-

vider and the 45°

power divider. All

the return losses,

insertion losses l
and  isolations

are suitable for the SO

pB..SSIVG UWB A Fig. 5 A wideband 45° Wilkinson power
IXET. divider.

LO FOR Q,
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RESULTS AND
TABLE | DISCUSSION
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wideband 45° Wilkinson power divider.
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center frequency of Band 1 of the
UWB system is 3.432 GHz, while

| BAND 1 BAND 2 BAND 3 |

-10

-14 i\y
\\

Band 2 is 3.960 GHz and Band 3 is
4.488 GHz. Figure 8 compares the
measured conversion gain as a func-
tion of LO power to determine its op-
timal value. The optimal LO power is
6 dBm with a RF input power level of
-30 dBm. For brevity, the simulated
and measured RF and BB (I/Q) input
return losses are not shown, but it
should be noted that they agreed well
and are less than approximately —10
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dB over each band. Figure 9 shows
the conversion losses and flatness of 1
and Q outputs at 3.1 to 4.8 GHz
(UWB mode 1). The measured con-
version losses were 13 to 15 dB, in-
cluding the insertion loss of the in-
phase power divider of 3 dB. There-
fore, the measured conversion loss of
the mixer can be estimated as 10 to
12 dB if the LO quadrature signals
are directly supplied outside of the

CONVERSION GAIN (dB)
I
o

223035 20 15 .10 5 0 5

RF POWER (dBm)
A Fig. 10 Measured conversion gain vs. RF
power.

BB(1)

A Fig. 11 The fabricated UWB mixer.

TABLE Il
PERFORMANCE SUMMARY OF THE
PROPOSED SUB-HARMONIC QUADRATURE MIXER
Parameters Band 1 Band 2 Band 3
RF frequency (GHz) 3.168 ~ 3.696 3.696 ~ 4.224 4.224 ~ 4.752
LO frequency (GHz) 1.584 ~ 1.848 1.848 ~ 2.112 2.112 ~ 2.376
Conversion loss (dB) 1/Q 13.42/13.66 13.85/13.97 14.35/14.64
1/Q gain difference (dB) 0.24 0.12 0.29
I/Q phase difference (°) 2.4 1.6 2.0
P1dB (dBm) -4 -4 -5
I1P3 (dBm) 7 6 6
RF-BB isolation (dB) <40 <40 < —40
RF-LO isolation (dB) <-70 <-70 <-70
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mixer. Figure 10 shows the linearity of the proposed mix-
er with the measured input-referred P1dB to be approxi-
mately —4 dBm at each band. Figure 11 shows a photo-
graph of the fabricated UWB quadrature mixer with a size
of 80 x 45 mm.

Important parameters such as conversion losses, lineari-
ty, /Q gain difference, I/Q phase difference and port isola-
tions of the proposed mixer are summarized in Table 2.
These results confirm that the proposed mixer is useful for
UWSB applications with a direct conversion architecture.

CONCLUSION

This article has presented a sub-harmonically pumped
mixer for UWB systems using anti-parallel diode pairs
with a new miniaturized BPF and a new wideband 45°
Wilkinson power divider. The proposed mixer has shown
good performance in, and agreement between, simula-
tions and measurements. The mixer should be suitable for
UWB systems and other wideband direct conversion ap-
plications because it provides a low and flat conversion
loss, small I/QQ imbalance, high port-to-port isolation and
moderate linearity over the 3 to 5 GHz band. W
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Fig. 1 Frequency allocations
for state and local
government communication

networks. Y
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APPLICATIONS AND
ANTENNA SELECTION
IN THE 4.9 GHz BAND

This article will begin with a review of various applications and uses for the 4.9
GHz band (4.40 to 4.99 GHz) and then focus on applications and antenna
selection for the “new” 4.940 to 4.990 GHz public safety band allocated by the
Federal Communications Commission (FCC).

variety of commercial, governmental
Aand military applications utilize the

4.40 to 4.99 GHz band. In the US and
NATO countries, the 4.4 to 4.5 GHz band is
designated for military fixed and mobile com-
munications such as point-to-point microwave
links and telemetry applications such as un-
manned aerial vehicles (UAV), commonly
known to the general public as drones. In the
4.635 to 4.685 GHz band the United States
Navy operates the Cooperative Engagement
Capability (CEC) network, which is a radar in-
formation distribution network. There is also a
radio astronomy service (RAS) globally allo-
cated on a secondary basis in the 4.80 to 4.94
GHz band. More recently, the FCC allocated
50 MHz in the 4.940 to 4.990 GHz band for
public safety applications. Any state or local
government agency including municipal utili-
ties can utilize this “new” band on a shared ba-
sis. Communication networks deployed in the
4.940 to 4.990 GHz band must be related to
the protection of life, health or property and
cannot provide services that are
otherwise commercially avail-
able to the public. These com-
munication networks specifical-
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-
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ly serve state and local govern-
mental organizations such as
police, fire, and search and res-

cue. Figure 1 is a diagram showing these fre-
quency allocations.

Driven by a growing public awareness for
the need to have better emergency communi-
cation systems, the 4.9 GHz band is experi-
encing a rapid increase in available radio
products that can be deployed. Thus far, most
of the deployments in the 4.9 GHz band have
been utilizing the 4.940 to 4.990 GHz spec-
trum for microwave backhaul link activity with
less activity occurring on the access side.
These links serve several communication net-
works including building-to-building, linking
temporary stations to a base station and link-
ing remote devices such as video surveillance
cameras or SWAT vans to a headquarters.
These networks can also be utilized for tem-
porary monitoring of large events, homeland
security and for border control activities. Mu-
nicipal utilities can utilize these networks for
remote monitoring and communications. A di-
agram showing some of these applications can
be seen in Figure 2.

Meanwhile, this new 4.9 GHz band is very
attractive to public safety communications
users for numerous reasons. As a licensed

ANDY SINGER
Radio Waves Inc.
Billerica, MA
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band, one of the greatest advantages
to the 4.9 GHz allocation is the mini-
mal interference for public safety
users relative to the level occurring in
the unlicensed bands such as 5 GHz.
Additionally, these networks are easy
and fast to deploy with a wide selec-
tion of equipment already available.
This new FCC allocation of 4.940 to

4.990 GHz permits public safety agen-
cies to implement on-scene wireless
networks for video, Internet and data-
base access, transfer of data and files
such as maps, building layouts, med-
ical files, police records and missing
person images. This allocation also al-
lows public safety agencies to establish
temporary (up to one year) fixed mi-
crowave links to

CAMERA .
e H

&

REMOTE SITE
HEADQUARTERS

-

SWAT VAN

support surveillance
operations  and
emergency commu-
nications.

The FCC licens-
ing rules grants a
public safety agency
authorization to use

POLICE CRUISER the total 50 MHz Of

A Fig. 2 4.9 GHz applications include command center links to

temporary stations, remote sites and devices.

spectrum within its
jurisdiction. Fixed

POINT-TO-POINT APPLICATIONS

q<— FREE SPACE LOSS
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Tooot=

POINT-TO-MULTIPOINT APPLICATIONS

SUBSCRIBER
ANTENNA,
XCELARATOR® .-~
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o]
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FIBER RING
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A Fig. 3 Network configurations for point-to-point and point-to-multipoint applications.
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point-to-point operation requires an
individual license for each station, al-
lowing for temporary operations (up
to one year) on a primary basis, or for
permanent operations on a secondary
basis. The FCC has concluded that
Part 90 (FCC specifications govern-
ing private land mobile radio serv-
ices) will guide this allocation and de-
clined to adopt any standard for
broadband technology.

ANTENNA IMPACT ON
NETWORK PERFORMANCE

From an equipment perspective,
the technical specifications are favor-
able to the development of networks
based largely on the existing inventory
of commercially available radio equip-
ment. While there are a number of
good radios available from companies
for the 4.940 to 4.990 GHz public
safety band, antenna selection is by far
the most critical decision relative to
network performance. Because the
antenna cost is a fraction of the radio
cost, the antenna system offers per-
haps the best return on investment
(ROI) of any network component. Se-
lecting and deploying the optimum
antenna is critical to ensuring maxi-
mized network performance. In fact,
choosing the right mix of antennas can
lead to significant cost savings in a net-
work. Designers can maximize the
coverage for each antenna and mini-
mize interference, thus minimizing
the number of radio points required.
For point-to-point links the focus will
be on microwave parabolic dishes and
for point-to-multipoint networks the
focus will be on sector antennas. Fig-
ure 3 is a diagram showing the two
applications.

For the public safety band, a slid-
ing scale power limit depending on
signal bandwidth is specified. The an-
tenna gain limit is specified at 9 dBi.
However, high power devices used for
point-to-point or point—to—multipoint
(both fixed or temporary) may use
transmit antennas with directional
gain up to 26 dBi at maximum trans-
mitter output power. Directional gain
may exceed 26 dBi if both power
transmitted and spectral density are
reduced by the amount that the direc-
tional antenna gain exceeds 26 dBi.

ANTENNA CONSIDERATIONS

There are four basic styles or types
of antennas utilized for the 4.9 GHz
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band. These four can be seen in Fig-
ure 4. The sector (hub) antenna is
designed to provide segmented cov-
erage over a selected area. They typi-
cally provide a wider beamwidth than
parabolic antennas and are commonly
manufactured in beamwidths of 40°,
60° 90° and 120° The flat panel an-
tenna is ideal when aesthetics are
critical. They are light in weight and
visually appealing, allowing for easy
concealment. They are generally
available in several sizes and for all
broadband wireless bands. Network
developers should be aware that par-
abolic antennas will have more gain
for the same size flat panel. This is
due to the inherent higher efficiency
of the parabolic antenna design.

The standard in microwave anten-
nas is the parabolic or “dish” antenna.
The parabolic antenna consists of a
parabolic shaped reflector, which fo-
cuses energy at the feed point of the
antenna. They have a very narrow
beamwidth that focuses energy at a
specific point, making them ideal for
point-to-point communications. Due
to the narrow beam, they have a rela-
tively high gain compared to other
types of antennas. There are also high
performance versions that utilize a
shroud and absorber material to im-
prove sidelobe performance and the
front-to-back ratio of the antenna. At
lower frequencies, that is, below 5
GHz, the behavior of a parabolic re-
flector can be simulated using a “grid”
of reflective elements. This arrange-
ment reduces wind loading, but does
not provide the pattern performance
or gain as can be achieved with a solid
reflector. Additionally, grid antennas
are limited to a single polarization.

Different system applications each
require a different antenna type to en-
sure optimum network performance. A
point-to-point application requires an
antenna with a narrow beamwidth in
both planes and high gain. This capabil-
ity allows for longer paths, as well as
minimization of interference. Thus, a
parabolic is the best choice. A high per-
formance (HP) parabolic should be uti-
lized whenever interference may be
present and the best possible commu-
nications path is called for. Due to the
crowded nature of spectrum these
days, increasing numbers of network
designers must utilize HP dishes on
microwave links even in the 4.9 and 5.2
GHz bands. These HP dishes allow
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more links to co-exist in the same geo-
graphic area.

IMPROVING ANTENNA
PERFORMANCE

A common technique to minimize
interference is to simply utilize a larg-
er diameter antenna. The larger the
antenna, the lower the back lobe and
sidelobes will be relative to the main
lobe. Additionally, the larger the an-
tenna the higher the gain provided by

the antenna. This will lead to a higher
received level for the desired signal
and a reduced level for the interfer-
ing signals. There have been cases
where users have resolved interfer-
ence problems simply by replacing an
existing antenna with a larger diame-
ter antenna at a site. Given the ex-
penses associated with the deploy-
ment of a microwave link, utilization
of a larger diameter antenna is a rela-
tively low cost method to improve
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network performance. Network de-
velopers will need to consider a num-
ber of factors including performance,
size, weight and cost in their antenna
selection process. Users should also
always consider the use of radomes to
protect their investment for years to
come from the elements.

A point-to-multipoint hub (base
station) application requires an an-
tenna with a wide horizontal beam-
width and high gain to properly illu-
minate the coverage area, which is
best provided by a sector antenna. A
typical sector antenna horizontal pat-
tern can be seen in Figure 5. A
point-to-multipoint subscriber appli-
cation requires a small antenna that
can be easily installed and is aestheti-
cally pleasing. This can best be ac-
complished with a small 1' or 2' para-
bolic. When selecting the beamwidth
for the hub (base) antenna users
should consider 90° horizontal beam-
width antennas as the optimum
choice with at least 16 dBi of gain or
more. Intuitively, it may seem that a
network covering 360° would require
three 120° antennas. This actually
turns out to be inefficient. If a net-
work were to “overlay” three 120° an-
tennas, there would be significant
overlap in the three beam patterns.
By utilizing three 90° antennas, the
area is fully covered, there is less
wasted overlap and the higher gain of
the 90° antennas helps the system to
work over longer distances. Thus, 90
degree sectors are the ideal choice
for most hub antenna applications in
this frequency range.

Network designers need to be care-
ful if selecting sector antennas that
make use of PC board material for the
radiating elements or feed system.
Typically, low cost antennas have poor
or unreliable performance characteris-

180°

A Fig. 5 A horizontal beam pattern for a
typical sector antenna type.
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tics such as high loss and interference
as well as inappropriate beam widths.
All too common in low cost PCB an-
tennas is the usage of lower quality
board material that has higher losses.
As the RF signal travels through the
board, more energy is converted to
heat and less energy passed through
the circuit to eventually be radiated as
energy from the antenna system. A
higher quality board material will low-

er the losses and have higher antenna

efficiency ultimately providing more
energy that is radiated out of the an-
tenna system as true gajn.

When selecting antennas, one
should also be careful of “paper specs”
in a catalog, as there is no agency or in-
dustry organization that monitors and
qualifies that a manufacturers data is
correct. It is not uncommon to find an-
tennas that do not meet the gain speci-
fied by the manufacturer. It is advis-
able to visit the manufacturer’s facility
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and actually witness the antenna gain
being measured. Designers should also
be careful to check the manufacturer’s
warranty. Considering the potentially
harsh conditions that the public service
band equipment is expected to operate
in without failure, equipment quality
needs to be adequately addressed.
Equipment reliability in the field
should be backed by a minimum five-
year warranty.

Dual-polarized antennas may be
utilized to offer system capacity en-
hancement with a radio such as Mo-
torola’s Canopy Backhaul PTP400
and PTP600 series or polarization di-
versity to enhance the link perfor-
mance. In the case of the radio pro-
duced by Exalt Communications, the
polarization can actually be switched
remotely with a software controlled
RF switch. Either of these radios
would ideally be matched with an an-
tenna such as the HPD4-5.2, which is
a high performance, 4' dual-polarized
parabolic dish. By utilizing the com-
bination of one of these radios and a
high performance dual-polarized an-
tenna, network performance is thus
greatly enhanced and susceptibility to
interference greatly reduced.

CONCLUSION

Radio links in the 4.9 GHz band
have many interesting applications in
the commercial, government and mili-
tary sectors. The newly licensed public
service band is critical to assisting
agencies tasked with dealing with
man-made and natural disasters. An-
tenna selection is often the most cost-
effective tool for enhancing system
performance. Choosing an antenna
that focuses energy to the desired area
is key to assuring minimal interfer-
ence. Higher gain (larger diameter)
antennas have narrower beamwidths
that help to reduce interference from
unwanted sources and maximize de-
sired signal. Choosing an antenna with
good efficiency is also critical to assur-
ing optimized performance. As the
most significant performance im-
provements are achieved by optimiz-
ing performance of antenna systems, it
is imperative that designers consider
the choice of antennas carefully. An-
tenna manufacturers such as Radio
Waves are ready to provide an arsenal
of antennas to solve complexities fac-
ing designers in optimizing their net-
works at 4.9 GHz and beyond.
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A HiGHLY EFFICIENT
7 T0 14 GHz MONOLITHIC
Crass-E POWER AMPLIFIER

This article describes the design and fabrication of a highly efficient broadband
monolithic class-E power amplifier utilizing a new distributed class-E load

topology. The amplifier maintains a simultaneous high power-added efficiency
(PAE) and output power over a 7.0 GHz bandwidth. The HPA's measured
performance shows a PAE range of 82 to 50 percent and an output power of
greater than 25 dBm across a 7 to 14 GHz band. The new broadband load also
allows the HPA to have an excellent, spectrally pure frequency response
demonstrated by its low AM and PM noise. A single 0.25 x 720 um GaAs PHEMT

device is used in this circuit.

ighly efficient monolithic power ampli-
Hfiers, such as those operating under
switching-mode conditions, that is
class-E, -F, are suitable for the realization of
large-scale phased-array radar systems.! In
these systems, the number of radiators can eas-
ily reach 100,000 or more. Such large-scale ar-
rays are ideal for applications in space or mo-
bile ground systems. By utilizing highly effi-
cient, single chip, T/R modules that are based
on class-E power amplifier technology, signifi-
cant savings in cost, weight and volume for
these aforementioned systems can be attained.
The concept of switching-mode power am-
plifiers was originally introduced by Sokal?
and subsequently by the work of Raab,? who
introduced comprehensive design methodolo-
gies for a broad family of RF switching-mode
power amplifiers. However, the first monolith-
ic version of a class-E switching-mode amplifi-
er operating at 835 MHz was reported in
1994, followed by the work of several authors
pushing the operating frequency of these cir-
cuits to ever-higher frequencies,>8 albeit over
a rather limited frequency band.

DESIGN METHODOLOGY
Class-E Load Network

In previous publications, methodologies for
the design of monolithic class-E amplifiers
having lumped? or distributed® output loads
were described in detail. In these designs, the
load topologies were of the inverted “L” type
(series L, shunt C). Furthermore, little design
efforts were made to optimize these circuits
for broadband operation. Hence, in the previ-
ous amplifier designs, the drain bias line was
treated independent of the load circuit, mere-
ly acting as a choke realized by a quarter-
wavelength transmission line, as shown in Fig-
ure 1.1t is worth mentioning that the function
of the load network in a class-E amplifier is to
shape the voltage and current waveforms.
Therefore, in the design of a broadband class-
E amplifier, care should be taken to ensure
that class-E waveforms exist over the entire
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fiers. All aspects of
the nonlinear de-
vice modeling and
circuit simulations
were successfully
performed by using
Agilent CAD tools,

namely ICCAPY
and ADS,10 respec-
tively.

In this article, a
new distributed
broadband class-E
load topology is pre-

sented, as shown in

A Fig. 1 Ideal class-E load; (a) topology and (b) distributed version.

Figure 2. The load
offers superior per-

formance over an
octave bandwidth (7
to 14 GHz) when
compared with the
classical class-E

Q—ECI—E._.._.

load network. Using
the time domain
simulation capabili-
ty of ADS,10 the
load network was

A Fig. 2 Broadband distributed class-E load.
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broadband load.
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optimized to obtain
near ideal class-E
current and voltage waveforms over
several frequency points, as shown in
Figure 3. The voltage waveform
across the switch rises slowly at

TECHNICAL FEATURE

switch-off and falls to zero at the end
of the half-cycle. It also has a zero
rate of change at the end of the half-
cycle, thereby ensuring a “soft” turn-
on condition. Furthermore, it is
shown that the switch current has
dropped to zero by the end of the
half-cycle, all indicative of class-E op-
eration for the distributed load at 8
and 10 GHz. Similar simulated wave-
forms were obtained over the entire
desired 7 GHz frequency band. The
integral of the capacitor (Cy,) current
over the half-cycle was also simulated
to ensure a zero net current during
the switch-off period.

Device Modeling and Circuit
Simulation

For accurate and robust nonlinear
simulation of switching-mode ampli-
fiers, the device nonlinear model
should include the following impor-
tant parameters:

e Bias dependency of the drain-to-
source Cyy(Vyg, V) and gate-to-drain
Cyd (Vg V) capacitances.

* Bias dependency of the input
channel resistance Ry (Vyg, Vo)-

e Bias dependency of the output
channel resistance Ry (Vg Vo)

The device model shoul(i’ also be
able to accurately describe the dis-
persion associated with the drain cur-
rent, gm and Rg,. Obviously, if a
pulsed DC IV technique is used for
the model development, this require-
ment becomes unnecessary. In previ-
ous work?”8 and in current studies,
the EEHEMT model available in
ICCAP?Y and ADS!0 was used. It is
believed that this is a robust model,
suitable for the simulation of class-E
amplifiers. The amplifier perfor-
mance goal was tailored for applica-
tion in very large (more than 100,000
T/R elements) space-based phased-
array radars, requiring simultaneous
broadband power (200 mW, 20 dBm

o1+ —

N I

"

I

A Fig. 4 Class-E amplifier circuit.
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minimum) and high PAE over the 7
to 14 GHz band. A 0.3 X 6 X 120 um
PHEMT device, having a gate-drain
breakdown voltage greater than 18V,
was found to meet the amplifier’s

15 0.20
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A Fig. 5 Class-E simulated voltage and
current waveforms.

Device: 720 um PHEMT
Fab: RRFC, process 62

performance goals. The details of the
amplifier design steps are the same as
those described previously.”8 Figure
4 shows the final schematic circuit of
the monolithic class-E amplifier, de-
picting the new broadband class-E
load topology. Great care was taken
in the design of the reactive input
matching network to ensure a broad-
band response under large-signal in-
put drive conditions.

Figure 5 depicts the simulated
voltage and current waveforms at the
PHEMT output terminals. The wave-
forms confirm the switching-mode

50
9 10 11 12 13 14
FREQUENCY (GHz)

A Fig. 7 P,,, and PAE versus frequency.

behavior of the PHEMT at 8.5 GHz.
Similar waveforms were observed
over the 7 to 14 GHz band, thereby
confirming the class-E operation of
the new distributed broadband load.

MEASURED PERFORMANCE

A typical fully fabricated monolith-
ic amplifier chip is shown in Figure
6, while the measured amplifier per-
formance is shown in Figure 7,

Pout measured
PAE simulated
PAE measured

80 85 90 95
FREQUENCY (GHz)

A Fig. 8 Simulated and measured P,,, and
PAE of the amplifier.




demonstrating the widest bandwidth
for a class-E power amplifier reported
so far. As shown, the HPA possesses
simultaneous high PAE and P over
the 7 to 14 GHz bandwidth, when ex-
cited by an input drive of 14 dBm.
The PHEMT is biased at V =06V
and Vg = -0.8 V. The measur ed maxi-
mum and minimum PAE are shown
to be greater than 80 and 50 percent,
while the measured output power is
greater than 24 dBm over the entire 7
GHz bandwidth. Over the sub-band
of 8 to 10 GHz, which is of great in-
terest for space-based radar systems,

30 80
70
60
50

40
30

o w

20
6 7 8 9 10 11 12 13 14 15
INPUT POWER (dBm)

g. 9 Measured P,,,, PAE and gain
1S P at 10 GHxz.

in

the HPA has a measured maximum
and minimum PAE and output power
of 75 and 63 percent and 25.8 and
25.0 dBm, respectively. As can be
seen in Figure 8, good agreement be-
tween simulated and measured per-
formance has been obtained. Al-
though not shown, similar agreement
is also obtained over the 7 to 14 GHz
range. Figure 9 shows the measured
output power, PAE and gain versus
input power at 10 GHz. A maximum
PAE greater than 70 percent and an
output power of 25 dBm are obtained
at P,, =14 dBm.

-50

AM NOISE (dBc/Hz)
| |

® = o 4
o (-] o

L
v
3

80 9.0 100 11.0 12.0
FREQUENCY (GHz)

A Fig. 10 Swept AM noise at 10 kHz offset
m the carrier for 6 to 14 dBm drive levels.
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The new broadband class-E load
also allows the HPA to have a spec-
trally pure frequency response when
operated under linear or compressed
power conditions. During extensive
AM and PM noise measurements, no
bias and/or RF input dependent sub-
harmonic oscillations, nor any spuri-
ous parametric oscillations were ob-
served. These critical performance
attributes are extremely desirable for
pulsed linear FM chirp phased-array
radars, where the HPAs should avoid
introducing any significant amplitude
and/or phase distortions. Figures 10

|
~
(-]

PHASE NOISE (dBcIHz)l

FREQUENCY

A Fig. 11 PM noise response at 10 GHz
carrier frequency and 14 dBm drive level.
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and I1 illustrate a typical AM and
PM noise response of the HPA, re-
spectively. The swept (7 to 12 GHz)
AM noise data is obtained at a 10
kHz offset from the carrier over 6 to
14 dBm input RF drive levels. As can
be seen, the HPA has a spurious free
AM response of less than —130 dBc
over the entire frequency and input
drive levels. The HPA’s PM noise re-
sponse shows less than —130 dBc/Hz
at 15 kHz offset from 10 GHz for a
14 dBm input drive level. The mea-
sured system noise floor is close to
—140 dBc¢/Hz. The HPA’s DC bias for
all noise measurements was set to Vy
=6V and Vg, =08 V.

CONCLUSION

In this article, a new broadband
distributed class-E load topology is
presented, which is suitable for im-
plementation in both hybrid and
monolithic technologies. The load al-
lows a broadband class-E perfor-
mance, showing a nearly frequency
independent response over the 7 to

14 GHz band. The monolithic ampli-
fier contains a single GaAs PHEMT
of 0.3 x 6 x 120 pm, having a gate-
drain breakdown voltage greater than
18 V. The fabrication was performed
at the Raytheon foundry using
process 62. The measured PAE and
output power over the 7 to 14 GHz
band are 82 to 50 percent and 25.8 to
24.0 dBm, respectively, showing si-
multaneous high PAE and power
over the entire 7.0 GHz frequency
bandwidth. The new broadband
class-E load also allows the HPA to
have a spectrally pure, spurious free
output response. The observed low
AM and PM noise responses are less
than —130 dBc at 10 kHz offset from
the carrier and less than —130 dBc/Hz
at 15 kHz offset from 10 GHz, re-
spectively. H
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A BROADBAND MEANDER
LINE MONOPOLE ANTENNA
WITH VERTICAL LINES

A meander line monopole antenna with vertical lines is presented for broadband

operation. The impedance and radiation characteristics of the antenna are

investigated. For the proposed antenna, a bandwidth of approximately 38
percent, which covers the DCS (1.71 to 1.88 GHz), PCS (1.85 to 1.99 GHz),
UMTS (1.92 to 2.17 GHz), WiBro (2.3 to 2.4 GHz) and WLAN (2.45 to 2.485
GHz) bands with S;; less than —10 dB, is achieved. Omni-directional radiation
patterns are obtained for the frequencies across the operating bands and the peak

antenna gain is approximately 2.8 dBi. Experimental results from the constructed

prototype are presented and discussed. The electrical characteristics of the

proposed antenna make it attractive for mobile terminals and repeater

applications.

ntil recently, conventional commercial
| | antennas in the worldwide market

have been external ones, because they
provide omni-directional radiation patterns for
optimum coverage in all circumstances. In ad-
dition, stubby antennas are shorter, more ro-
bust and, arguably, more aesthetically appeal-
ing than the retractable antenna. Most of the
stubby antennas reported are of the helical
type or a modified one.!-6 A meander-type
structure is generally used in monopole anten-
nas due to its simplicity and adaptability to
miniaturization. However, meander line an-
tennas are often limited by a narrow imped-
ance bandwidth. To achieve broadband char-
acteristics, the proposed antenna incorporates
vertical lines in a meander line antenna
(MLA). A parametric study has been carried
out using HFSS software. The proposed an-
tenna, which has omni-directional radiation
characteristics and operates in the DCS (1.71

to 1.88 GHz), PCS (1.85 to 1.99 GHz), UMTS
(1.92 to 2.17 GHz), WiBro (2.3 to 2.4 GHz)
and WLAN (2.45 to 2.485 GHz) bands, has
potential applications in mobile terminals and
repeaters. Details of the antenna design and
the experimental results obtained are present-
ed and discussed in the subsequent sections of
this article.

ANTENNA DESIGN

An MLA has a high current density in ac-
cordance with geometrical characteristics;
therefore, its operating impedance bandwidth
is generally narrow. A representative method

JINWOO JUNG AND YEONGSEOG LiM
Chonnam National University
Yongbong-Dong, Gwangju, Korea
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Dongkang College
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to extend the impedance bandwidth
is to widen the surface area of an an-
tenna and thereby broaden its cur-
rent distribution. The proposed
monopole antenna incorporates verti-
cal lines within the MLA to broaden
the current distribution. As a result,
the proposed antenna has an extend-
ed impedance bandwidth.

Wal lw
ST A
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L‘%m:_'_

; é%

A Fig. 1 Geometry of the proposed
antenna.
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A Fig. 2 Antenna configurations used in
the study.
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A Fig. 3 Return loss vs. frequency for the
prototype antennas.

The geometry of the proposed an-
tenna is shown in Figure 1. It con-
sists of the MLA and the vertical lines
A, B and C. The dimensions of the
MLA, which are optimized to operate
in the DCS to WLAN bands, are as
follows: the width of the meander is
Wa = 8 mm, the pitch S =2 mm and
the width of the line w = 0.7 mm.
Each vertical line is located so as to
divide the meander section into three
equal parts; the distance between
each vertical line is 1.733 mm. Addi-
tionally, each vertical line has a width
equal to the line width of the antenna
(w). The antenna is printed on an
FR-4 substrate with a thickness t =
0.8 mm and a relative permittivity €,
=4.6. The external dimensions of the
antenna are 8 X 18.9 x 0.8 mm. The
ground plane, with dimensions 40 x
50 mm, can be considered to be the
circuit board of a practical mobile
terminal. The antenna is excited
through a coaxial probe. There is a
gap of 2.2 mm between the antenna
and the ground plane. This gap is
usually required for a monopole
above a ground plane in order to
achieve good impedance matching.

DISCUSSION AND
EXPERIMENTAL RESULTS

To design the proposed antenna,
the simulation was carried out using
Ansoft High-Frequency Structure
Simulator (HFSS) simulation soft-
ware to understand the behavior of
the antenna model and determine the
suitable parameters. Figure 2 shows
the configurations of the antennas
studied. The return loss versus fre-
quency of the MLAs, when the verti-
cal lines A, B and C are added, is
shown in Figure 3. Table 1 lists the
performance of the antennas. It is
seen that for Antenna 4, which is the
proposed antenna, a bandwidth of
38.66 percent (approximately 810

Geometry MLA
Lower, upper

frequency (GHz) 149168
Bandwidth S;; 200 13.07

<-10dB (MHz) (%)

TABLE |
PERFORMANCE OF THE ANTENNAS SHOWN IN FIGURE 2
Antenna 1 Antenna 2

MLA with A MLA with Aand B MLA with A, B and C

1.52 1.81

290 17.42

Antenna 3 Antenna 4

1.65 2.30 1.69 2.50

650 32.91 810 38.66
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MHz, from 1.69 to 2.5 GHz) is
achieved, which covers the DCS,
PCS, UMTS, WiBro and WLAN
bands. This bandwidth is greater than
the 32.91 percent of Antenna 3 and
much greater than the 17.42 percent
of Antenna 2. This behavior is largely
due to the much broader current dis-
tribution that was achieved in the an-
tenna. The proposed antenna is a
modified MLA. Therefore, the oper-
ating frequencies are basically deter-
mined by the values of Wa and S.7
Figure 4 shows the return loss for
the antenna with various widths (Wa)
and pitches (S). Table 2 shows the
performance of the antennas. By
varying Wa from 6 to 10 mm, while
maintaining S = 2 mm, the center fre-
quency can be decreased from 2.225
to 2.025 GHz and the impedance
bandwidth is not varied. By varying S
from 1.5 to 2.5 mm, while maintain-
ing Wa = 8 mm, the center {requency
can be decreased from 2.32 to 1.855
GHz and the impedance bandwidth
is increased from 720 to 910 MHz.
The significant reason for the de-
crease in the impedance bandwidth,
and the increase in the operating fre-
quency exhibited when the meander

Wa=6mm Wa=8 mm
Wa =10 mm
-~ O |
g s
7
7 -10
§ -15 A\ /4
N\ >/
Z 20
E-25 \
& _30 V
-35
1.2 1.6 2.0 2.4 2.8
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$=2.5 mm
= 0%
I _5 N \\ //
a \ \ 1// pd
(o] 10 ~
1 \ 4
- \ 4 y.a,
E 15 /
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A Fig. 4 Return loss of the antenna as a
function of Wa (a) and S (b).
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TABLE 1l

PERFORMANCE OF THE ANTENNAS

sections are brought
closer together, be-
comes evident

WHEN Wa AND S ARE VARIED when exarnining the

Low/High current vectors on

Value Various (mm) Frequency (GHz) Bandwidth (MHz) the rad)iating ele-
. T p—_ ments.5:9 The'an—

Wa 3 169 250 510 tenna was fabricat-
10 1.62 243 810 ed and measured

using an Anritsu

A T
2.5 140 231 910 alyzer. The mea-

sured and simulated

return loss for the aforementioned di-

|S|MULATED MEAsuaED| mensions are shown in Figure 5.

\ Good agreement between the simu-
lated and measured results is

T OO achieved. The predicted and mea-
E -5 \‘ / sured 10 dB return loss bandwidths
EX AN / are 38.66 percent (1.69 to 2.5 GHz)
g .5 y and 38.22 percent (1.704 to 2.509
E "/‘* GHz), respectively. The radiation
& -20 \v N> characteristics of the proposed anten-
25— s o . nas were also' measured using STAR-
s GATE 32. Figure 6 plots the mea-

A Fig. 5 Simulated and measured return
loss of the prototype antenna.

DCs (1.78 GHz)

270

UMTS (2.11 GHz)
90

A Fig. 6 Measured radiation patterns.
158

PCS (1.95 GHz)

WiBro (2.3 GHz)

sured radiation patterns at 1.78
(DCS), 1.95 (PCS), 2.11 (UMTS), 2.3
(WiBro) and 2.45 (WLAN) GHz, re-
spectively. It is im-
portant to note that
the radiation pat-
terns are shown in
four planes: vertical
and horizontal po-
larizations in both
the E- and H-
planes. The patterns
obtained were gen-
erally close to
monopole-like pat-
terns. The maxi-
mum gain of the
proposed antenna,
shown in Figure 7,
is 2.78 dBi at 2.11
GHz. The gain vari-
ations are less than
1.86 dBi for each of
the operating fre-
quencies.

CONCLUSION
A novel broad-

band meander line
monopole antenna
with vertical lines

for the DCS, PCS,
UMTS, WiBro and
WLAN bands has
been proposed and
investigated. The
proposed antenna
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3.0

2.5 //\\
3 2.0 - ~
RG)
2z 15
5 1.0

0.5

(1]
1.7 1.9 21 23 2.5
FREQUENCY (GHz)

A Fig. 7 Antenna gain vs. frequency.

has compact dimensions of 8 x 18.9 x
0.8 mm. The obtained 10 dB return
loss bandwidth is 38.22 percent (805
MHz) and the measured maximum
gain is 2.78 dBi. The radiation pat-
terns are similar to those of a mono-
pole antenna. These features make
the proposed antenna attractive for
mobile terminals and repeater appli-
cations. W
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TECHNICAL FEATURE

A CompPACT WIDE
STOP-BAND KOCH-SHAPED
ELECTROMAGNETIC
BANDGAP MICROSTRIP
Low PAss FILTER

A novel compact wide stop-band electromagnetic bandgap microstrip low pass filter using a Koch

shape is presented. The Koch-shaped configuration of the low pass filter not only can reduce the size

of the structure, but can also widen the stop-band width. In this article, a pass-band with a less than
—25 dB return loss and a stop-band width of 8.6 GHz were achieved by the presented Koch-shaped
dual-planar electromagnetic bandgap microstrip low pass filter. The occupied area of the filter is only

25 x 20 mm?2.

160

he practical application of an electro-

I magnetic bandgap (EBG) structure
usually presents difficulties in accom-
modating its physical size, since the period of
an EBG lattice has to be a half-wavelength at
the stop-band center frequency. Simple incre-
ments of the EBG cells and the wave imped-
ance difference will result in inherent prob-
lems of increasing size and pass-band degra-
dation.! Several authors have recently focused
on achieving a compact and wide stop-band
design.2# Although these structures are rela-
tively small and have a wide rejection frequen-
cy bandwidth, their pass-band performances
are not meetlng the requlred performance
well. The space-filling properties of certain
fractal curves, in order to obtain resonant ele-
ments that occupy a small volume and at the
same time provide wideband performances,
have been reported.*5 In this article, a novel
Koch-shaped EBG microstrip low pass filter is
presented. The upper microstripline of the
presented Koch-shaped EBG microstrip low
pass filter was configured as a Koch curve of
the first iteration order, inserted with novel
patches. The FDTD simulation results and ex-

perimental results show that the proposed
novel Koch-shaped EBG microstrip low pass
filter achieved excellent pass-band and stop-
band performances within a small area.

FILTER DESIGN

Figure 1 shows the 3-D and top views of
the proposed Koch-shaped EBG microstrip
low pass filter. As can be seen, the proposed
Koch-shaped EBG microstrip low pass filter
has only two EBG cells, so it is highly compact
compared with the size of other EBG struc-
tures. The patches are produced by superpos-
ing two rectangular patches, which are insert-
ed in the microstripline with a period d. Bends
of 60° and 120° are placed alternatively, ac-
cording to the shape of the first iteration order
Koch curve with a period d. The period d satis-
fies the Bragg reflection condition, which

WEN-LING CHEN, GUANG-MING
WANG AND YI-NA Q1
Missile Institute of Air Force Engineering

University
Xi’an, China
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results in d =A,/2 at the center fre-
quency. The F4B-2 substrate has a di-
electric constant €. = 2.65 and a thick-
ness h = 0.8 mm. When the center
frequency of the stop-band is set at 10
GHz, the period d of the structure
can be determined as 10 mm, accord-
ing to the Bragg reflection condition.
The width of the microstrip line was
set to be 2.2 mm, corresponding to a
characteristic impedance of 50 Q.

UNION OF TWO
SQUARE PATCHES

KOCH-SHAPED
MICROSTRIP LINE

ETCHED
CIRCLE

SUBSTRATE (<,)
(a)

GROUND PLANE

(b)

A Fig. 1 Schematic of the Koch-shaped
EBG microstrip low pass filter; (a) 3-D view
and (b) top view.

TABLE |

NORMALIZED COEFFICIENTS
OF THE CHEBYSHEV ARRAY

Normalized
Coefficients

0.56, 1, 0.56
0.48,1,1,0.48

Chebyshev
Array

3 elements

4 elements

TABLE I

PARAMETERS OF THE PROPOSED
LOW PASS FILTER

Parameter Dimension (mm)

d 10.00
a; 5.00

ay 3.74

r 2.45

w 2.20
Wy 1.06

Two circular holes are etched in the
ground plane, exactly below the
microstriplines with their centers lo-
cated at the mid-point between the
two adjacent inserted patches. The
circle radius is r = d/4. The relative lo-
cation of the inserted patches and the
etched circles are shown in the figure.
A Chebyshev square distribution is
adopted to taper the inserted patches,
and a Chebyshev linear distribution is
adopted to taper the microstriplines
between two adjacent patches. For
more information about Chebyshev
square distribution and linear distrib-
ution, please refer to Karmarkar and
Mollah.6 Three- and four-Chebyshev
arrays, with a major-to-minor ratio of
25 dB, are used for the proposed de-
sign, and the normalized coefficients
are shown in Table 1. Based on the
proposed structure and the Cheby-
shev coefficients shown in the table,
the parameters of the proposed low
pass filter can be calculated and are
given in Table 2.

S11 (dB)

IIIII|IHI.LH 3

llﬂllllﬂlll{iiﬂﬁilﬂIIIT!II“HTNHHI

A Fig. 2 The designed Koch-shaped EBG
microstrip low pass filter; (a) top view and
(b) ground view.

TECHNICAL FEATURE

NUMERICAL AND
MEASUREMENT RESULTS

The performance of the proposed
low pass filter was simulated with the
finite-difference time-domain method
(FDTD), and a prototype 20 mm wide
by 25 mm long was constructed for
measurements. Figure 2 shows pho-
tos of the fabricated prototype, while
Figure 3 shows the simulated and
measured S-parameters of the pro-
posed Koch-shaped EBG microstrip
low pass filter. Based on these results
and the structure parameters given
above, comparisons can be made
among the performances of the pro-
posed structure and the structures
published previously.2-4 Table 3
shows that the performance of the
proposed structure is better than that
of the other three structures. Although
the stop-band narrows a little because
of fewer EBG cells (only two cells),
the Koch-shaped EBG low pass filter
occupies a smaller area and achieves a
better pass-band performance.

—
FDTD MEASURED

10 12

4 6 8
FREQUENCY (GHz)
0
3 FDTD MEASURED
-10f
. -20|
n -
I 30
< L
“ 40t
—-50 |
_60 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12
FREQUENCY (GHz)

A Fig. 3 Simulated and measured
S-parameters of the proposed
low pass filter.

Area (mm?2)

TABLE 1l
PERFORMANCE OF DIFFERENT COMPACT AND WIDE STOPBAND LOW PASS FILTERS

LPF Types Size of Occupied 3 dB Passband Performance (dB) -20 dB Stopband

Return Loss

LPF in [2] 33 x 30 <-15
LPF in [3] 40 x 20 <-10
LPF in [4] 40 x 30 <-18
Koch-EBG LPF 25 % 20 <25

Insertion Loss Width (GHz)
<0.33 7.6
<0.75 10.0
< 0.50 8.8
<025 8.6
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CONCLUSION

In this article, a novel compact
wide stop-band Koch-shaped electro-
magnetic bandgap microstrip low
pass filter is presented. The structure
is highly compact with a size of 25 by
20 mm. The structure achieved a
stop-band width of 8.6 GHz (S, <
—20 dB) and a pass-band return loss
of less than —25 dB. This structure
can be easily applied to microstrip
circuits and can also be used to en-
hance their compactness. W
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Due to OFDM’s immunity to
many channel imperfections,

it is the ideal modulation

scheme for many applications

that transmit signals in hostile

environments.
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TUTORIAL

(FAINING SPECTRAL
ErriciENcY wiTH OFDM

rthogonal frequency division multi-
Oplexing (OFDM) is a multi-carrier

transmission technique whose history
dates back to the mid-1960s. Although the
concept of OFDM has been around for a long
time, it has only recently been recognized and
adopted as an effective technique for high
speed bi-directional wireless data transfer.
WiMAX, DAB and DVB-T are some of the
new emerging standards that use OFDM.
This is because of the
following reasons:
First, OFDM is very
immune to channel
imperfections; second,
OFDM uses band-
width very efficiently,
that is it uses less
bandwidth than tradi-
tional  modulation
schemes to transmit at
a particular rate; lastly,
OFDM can be imple-
mented using DSP techniques on fast and low
cost embedded devices, which have become
easily available over the last few decades.

A GENERAL OVERVIEW OF OFDM AND
ITS GENERATION

OFDM spreads the data to be transmitted
over a large number of carriers—typically in
the range of 50 to 1000, but sometimes in
thousands. For example, DVB-T has options
for using either 1705 or 6817 carriers. The ef-

fective data rate to be conveyed by each of
these carriers is therefore correspondingly re-
duced. They have equal, precisely chosen, fre-
quency spacing. This is the reciprocal of the
duration, called the active symbol period, over
which the receiver will examine the signal.
This choice of carrier spacing ensures orthog-
onality (the ‘O” in OFDM) of the carriers. The
demodulator for one carrier does not ‘see’ the
other carriers even though there is no explicit
filtering and their spectra overlap. There is
therefore no crosstalk between carriers. For-
tunately, what seems to be a very complex
process of modulating (and demodulating)
hundreds of carriers simultaneously is equiva-
lent to a discrete Fourier transform operation,
for which efficient fast Fourier transform
(FFT) algorithms exist. Integrated circuit im-
plementations of OFDM modulators and de-
modulators are thus feasible for affordable
mass-produced transmitters and receivers. To
generate OFDM, the relationship between all
the carriers must be carefully controlled to
maintain the orthogonality of the carriers. For
this reason, OFDM is generated by first
choosing the spectrum required, based on the
input data and modulation scheme used. Each
carrier to be produced is assigned some data
to transmit. The required amplitude and
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phase of the carrier is then calculated
based on the modulation scheme
(typically BPSK, QPSK, or QAM).
The spectrum is constructed using
the calculated amplitudes and phases
of the carriers. The required spec-
trum is then converted back to its
time domain signal using an inverse
Fourier transform. In most applica-
tions, an inverse fast Fourier trans-
form (IFFT) is used. The IFFT per-
forms the transformation very effi-
ciently, and provides a simple way of
ensuring that the carrier signals pro-
duced are orthogonal. The FFT
transforms a cyclic time domain sig-
nal into its equivalent frequency
spectrum. The IFFT performs the
reverse process, transforming a spec-
trum (amplitude and phase of each
component) into a time domain sig-
nal. An IFFT converts a number of
complex data points, which represent
a signal in the frequency domain, into
the equivalent time domain signal
with the same number of points.
Each data point in the frequency
spectrum used for an IFFT is called a
bin. The orthogonal carriers required
for the OFDM signal can be generat-
ed easily by setting the amplitude and
phase of each frequency bin, then
performing the IFFT. Since each bin
of an IFFT corresponds to the ampli-
tude and phase of a set of orthogonal
sinusoids, the process guarantees that
the carriers generated are orthogonal.
This is explained in more detail in the
next section. A further refinement
adds a guard interval to each OFDM
symbol. Each modulated carrier is
transmitted for a total symbol period,
which is longer than the active
symbol period by a period called the
guard interval. This means that
the receiver will experience neither
inter-symbol nor inter-carrier inter-
ference, provided that any echoes
present in the signal have a delay that
does not exceed the guard interval.
Naturally, the addition of the guard
interval reduces the data capacity by
an amount dependent on its length.
The concept of a guard interval could
in principle be applied to a single-
carrier system, but the loss of data ca-
pacity would normally be prohibitive.
However, with OFDM, the loss of
data capacity is not so high due to the
presence of many carriers. The inser-
tion of guard time is also called cyclic
prefix insertion.

170

The Use of OFDM in Modern
Communication Systems

Most present day communication
systems transmit signals over wireless
channels that are far from ideal. Due to
OFDM’s immunity to many channel
imperfections, it is the ideal modulation
scheme for many applications that
transmit signals in hostile environ-
ments. By dividing the channel into
many narrowband flat fading channels,
OFDM makes it easier to reverse the
effects of frequency selective fading.
This is because fades can be evaluated
and reversed in each of the narrow-
band channels where it can be assumed
to be constant. Also, OFDM effectively
eliminates intersymbol interference
(ISI) by inserting the cyclic prefix. Giv-
en OFDM’s bandwidth efficiency and
the fact that it can be easily implement-
ed on embedded devices, OFDM has
found wide spread use in wireless com-
munication systems. Asa speciﬁc exam-
ple, consider 802.11a (WiFi), which
uses OFDM in the physical layer. It
uses 64 orthogonal carriers and a cyclic
prefix, which is at most one quarter of
the length of the OFDM symbol. Four
modulation schemes are supported:
BPSK, QPSK, 16-QAM and 64-QAM.
Not all the 64 carriers are used for data
transmission. Some of them are always
zero (these serve as the guard band)
and some carriers always carry known
data. These carriers are called pilots
and are used to estimate the effects of
the channel. In the following section,
the working of an OFDM system is
considered in more detail. The mathe-
matics presented is not meant to be a
formal proof of concepts. It is meant to
provide an intuitive understanding of
the working of an OFDM system.

THE THEORY OF OFDM
Orthogonality of Carriers

As stated earlier, orthogonality of
carriers is a necessary condition for
the proper functioning of an OFDM
system. Two functions f(x) and g(x)
are said to be orthogonal in the peri-

od [a, b]if
b
Jr(9)ge(x)dx=0 M

Physically, if f(x) and g(x) are signals,
then the left-hand side of Equation 1
is a measure of how much common
energy the spectra of these two sig-

TUTORIAL

nals have. In the case of OFDM, the
carriers are sinusoidal. Consider two
sinusoidal functions ei2mmft and ej2mnft,
Then

l J- eJZTElTlﬂe—joEnfl’dt — {0’ m#n (2)

T ILm=n
(1)

where

T=1f

Equation 2 shows that all harmonics
of a sinusoid of frequency f are or-
thogonal to each other. This property
is used in the generation of orthogo-
nal carriers for OFDM signals.

Generation and Demodulation of an
OFDM Signal

The OFDM signal is formed by
modulating these orthogonal carriers
using a sequence of symbols generat-
ed by mapping the input bit stream
into complex symbols (IQ symbols)
based on an m-ary constellation. By
doing this, the bit stream is reduced
to a sequence of complex symbols.
The OFDM symbol, formed by mod-
ulating N orthogonal sinusoidal carri-
ers using N symbols generated by
mapping the input bit stream, is giv-
en by

N1 2
s(t)zZm[k]e T (3)
k=0

where

m[k] = kth symbol in the message
symbol sequence for

kin [0, N-1]
N = number of carriers
T = active symbol period

Given this representation of an
OFDM symbol and the fact that all
the carriers are orthogonal to each
other, all that needs to be done at the
receiver to recover a symbol that was
used to modulate a particular carrier,
say the ith harmonic of the fundamen-
tal frequency, is to perform an “inte-
grate and dump” demodulation at
that carrier frequency.
N

1 = jz—nk’t —jZ—nit
¥J‘ Zm[k]eT e T dt=
im0
m[i] (4)
Equation 4 shows that symbols can

be extracted from the carriers they
modulate even though the spectra of
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the carriers overlap. In discrete time,
the OFDM symbol s(t) in Equation 3
can be represented as

N-1 J&tkm
s[n]zZm[k]e N (5)
k=0

where T (the active symbol period in
continuous time) has been replaced
by N and t (continuous time) has
been replaced by n (discrete time).
Equation 5 can be identified as the
inverse discrete Fourier transform
(IDFT). Thus, the IDFT can be used

CYCLIC
PREFIX

ACTIVE SYMBOL
DURATION

A Fig. 1 Cyclic prefix insertion.

Electhagnetfc

to generate an OFDM symbol from a
sequence of IQ symbols. Similarly, by
replacing T by N, t by n and the inte-
gral by a summation in the “integrate
and dump” equation, one obtains

1 & —jZ—nin —

= N —mli

N z s[n]e = m[i] (6)

n=0

where mli] is the estimate of the
symbol modulating the carrier whose
frequency is i times the fundamental
frequency. Equation 6 is the discrete
Fourier transform (DFT). Thus, the
DFT can be used to demodulate
OFDM signals.

Guard Interval or Cyclic Prefix
Addition

Consider the transmission of the
simple OFDM symbol, which was
described earlier. Here, carriers exist
only within the OFDM symbol dura-
tion T (which is also the correlation
period). If the channel has a frequen-
cy selective delay, some carriers may
be received later than others. This
would lead to a situation where some
carrier will have a zero amplitude for

TUTORIAL

some part of the correlation interval.
For the orthogonality between any
two received carriers to be preserved,
every carrier must have an integer
number of cycles in the correlation
(integration) interval. To counter the
effect of delay on the orthogonality of
the carriers, each of the carriers is ex-
tended in time. This is called cyclic
prefix or guard interval insertion. The
duration of extension is decided
based on the root mean squared de-
lay spread of the channel. Another
advantage of inserting the cyclic pre-
fix is that the effect of the channel
transfer function reduces from a lin-
ear convolution (of the signal and the
transfer function) to a cyclic convolu-
tion. Since a DFT is being used at the
demodulator, and the effect of the
channel is a circular convolution, the
effect of the channel can be equal-
ized by dividing the DFT by the
channel transfer function estimate.
This is because the circular convolu-
tion of two functions is the product of
their DFTs. Figure 1 shows the
cyclic extension of two orthogonal
OFDM carriers.
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Spectrum of an OFDM Signal

Consider a simple mapping of one
bit onto one carrier. The bit is repre-
sented by the presence or absence of
the carrier in the OFDM symbol in-
terval T. In the time domain, the
OFDM symbol is a sum of N orthog-
onal sinusoids multiplied by a rectan-
gular pulse of duration T.

s(t) = [Igbkck}ect[%) M)

where
by = bit stream
Ck = kth carrier

= rectangular pulse which

t
rect (?} exists for t in the interval
[~T/2, T/2]

The spectrum of the carriers is a set
of impulses and the spectrum of the
square pulse is a sinc function. The
OFDM symbol spectrum is therefore
a convolution of the above-men-
tioned spectra.

N-1
S(f)= Y b 8(f £ ) Tsinc (fT) (8)
k=0
This is a sum of shifted, weighted
sinc functions. The sinc function is
defined as

sin (nx)

<

sinc(x) = -
X

(b)

A Fig. 2 Spectrum of an individual carrier
(a) and of an OFDM signal (b).
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Figure 2 shows the spectrum of an
individual carrier in the OFDM sig-
nal and the spectrum of the OFDM
signal itself.

Basic OFDM Transmitter

Putting together the various opera-
tions explained previously, the block
diagram of a basic OFDM transmitter
may be drawn, as shown in Figure 3.
After the addition of the guard inter-
val, the symbol-shaping block interpo-
lates and low pass filters the basic
OFDM signal generated. The output
of this stage is the complex baseband
of the OFDM signal. This needs to be
up-converted to IF by an IQ modula-
tor and then up-converted to RF fre-
quency before it is transmitted.

WRITING A SIMPLE OFDM
APPLICATION WITH LABVIEW
AND MODULATION TOOLKIT

This section describes the imple-
mentation of each of the blocks shown
in the OFDM transmitter block dia-
gram. In addition, forward error cor-
rection (FEQ) is also described.

Forward Error Correction

Even though error correction is
strictly not a part of the OFDM sys-
tem itself, every system that uses
OFDM needs some form of forward
error correction (FEC) to achieve rea-
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sonable bit error rates (BER). Modu-
lation Toolkit (MT) provides several
error-coding options. Therefore, to in-
corporate FEC into an OFDM appli-
cation in LabVIEW, one just needs to
drop the appropriate virtual instru-
ment (VI) from the Modulation Toolk-
it error-coding palette (see Figure 4).
Modulation Toolkit has the following
error coding options: Reed-Solomon,
Golay, Hamming, BCH and Convolu-
tional encoders.

Mapping Bits to Symbols

In an OFDM system, bits are
mapped to complex (IQ) symbols,
which are then used to modulate one
carrier in the OFDM symbol, that is
the 1Q symbol decides the phase
and/or amplitude of the carrier. Bits
are converted into IQ symbols by
mapping sets of bits onto points on
the IQ plane based on an m-ary sym-
bol map. Modulation Toolkit provides
a VI, which converts a stream of bits
to a stream of complex symbols based
on a symbol map, which may either
be one used for a standard 1Q modu-
lation scheme or a user defined one.
Figure 5 shows how a bit stream may
be mapped to complex symbols based
on a standard m-ary QAM constella-
tion. Custom symbol maps may also
be generated and used to map bits to
symbols. Custom maps may either be
rectangular (such as

m-QAM) or circular
(such as m-PSK).

16Q

Figure 6 shows that

Interleaving Guard > P
and Interval fzm?ol e
mapping Additiont>" " S|

the polymorphic VI

®

may be used to gen-
erate arbitrary sym-

A Fig. 3 Basic OFDM transmitter.
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A Fig. 4 MT channel coding palette.

) é RF
Up-converter
bol maps. The sym-

bol map output of the VI needs to be
wired to the MT Map Bits to Symbols
VI as in the previous case.

Interleaving Bits/Symbols

Many applications require interleav-
ing of data—both bits and symbols
generated after mapping. Modulation
Toolkit provides VIs to perform block
and convolutional interleaving (see Fig-
ure 7). However, if the application re-

=
L 0

all rﬂaE Bits to S'érrbds.l.ﬂ
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A Fig. 5 Mapping bits to symbols.
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OFDM symbol generated using the IFFT is extended
cyclically to reduce the effects of ISI and also to make
equalization at the receiver easier.

While programming in LabVIEW, samples are repre-
sented as arrays. Therefore, replicating the last n samples

A Fig. 6 MT VlIs to generate arbitrary symbol maps.

quires a different interleaver, MT provides a generic VI,
which may be used to permute input arrays (bits or symbols)
into any required order.

Inverse Fast Fourier Transform

The IFFT is used to generate and modulate a set of n
orthogonal sinusoidal carriers. LabVIEW has an IFFT
block in the Signal Processing palette, shown in Figure 8,
which can be used. The output of the IFFT is scaled by
the constant multiplier 1/n. Some applications may re-
quire additional scaling so as to change the amplitude of
the generated OFDM time domain signal.

Guard Interval
Addition

As mentioned
earlier, a guard in-
terval (cyclic pre-
fix) is added to
every OFDM
symbol, as shown
in Figure 9. The

A Fig. 8 LabVIEW frequency domain processing palette.
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of an array representing one OFDM
symbol at the beginning of the array
adds a cyclic prefix to the symbol.
This is possible because each carrier
in an OFDM symbol has an integer
number of cycles in the active symbol

period.

Symbol Shaping

The IQ signal, which is obtained
after the previously described steps,
needs to be interpolated and filtered
to be able to generate a real world
signal. Modulation Toolkit provides a
VI that interpolates and filters the
critically sampled signal (see Figure
10). The toolkit provides various

choices for the filter to be used; cur-
rently raised cosine, root raised co-
sine and Gaussian filters are avail-
able. The effect of interpolating and
filtering is that a signal, which is “bet-
ter described” by its samples, is ob-
tained and also the signal is band-lim-
ited. These characteristics make it
easier to actually generate the signal.

Generating the OFDM Signal with
NI-RFSG

The complex baseband represen-
tation of the OFDM signal, obtained
after filtering and up-sampling, can
be used to generate a real OFDM
signal using the NI-RFSG palette
shown in Figure 11. The complex
baseband signal can be written to the
arbitrary waveform generator (ARB)
memory, generated and up-converted
using the NI-RFSG VIs.

CONCLUSION

OFDM is a modulation technique
that is widely used for high speed
data transfer. Because of this, many
OFDM-based transmitters and re-
ceivers, with different designs and
specifications, are being built. With
LabVIEW and NI Modular instru-
ments, these devices can be proto-
typed and tested quickly and easily.
Also, LabVIEW provides the flexibili-
ty needed to quickly change a system
design to test several different de-
signs with very little effort.
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Il companies need to see increasing in-
Acome year on year to please investors

and to fund their growth. A mounting
need for microwave design, combined with
skilled worker shortages, make seamless
growth challenging. As a result, engineers in
rapidly growing companies are faced with in-
creased workloads,

more diverse work and

EXECUTIVE INTERVIEW SERIES the requirement to

WAGNER, MANAGING DIRECTOR,

work with other, per-
haps unfamiliar parts

MW)J sPeAKs WiTH DR. BERNHARD | of the company to

achieve design goals.
To make growth

CST. VisiT WWW.MWJOURNAL.cOM | casier to manage,

seamless workflow be-

TO READ THIS IN-DEPTH INTERVIEW. tween software design

tools has become criti-

180

cal. For example, dif-
ferent departments in a company, which may
be geographically separated, could be design-
ing handset antennas, PCB layout, antenna
drive circuits and interconnects. They may all

PRrRoDUCT FEATURE

A SOFTWARE SUITE
TO AID WORKFLOW

need to communicate layout, circuit and EM
data and, due to mergers, they may all have
different tool vendors. So, how does a compa-
ny ensure that an overstretched engineer does
not have to redesign the wheel every time he
works on a new or updated design?

CST has addressed these issues. Tradition-
ally the company has supplied point tools for
full wave microwave/RF design and optimiza-
tion, but in recent years it has made its prod-
ucts fit centrally into the much wider design
flow to address current requirements. Thus,
the newly released CST STUDIO SUITE™
version 2008, incorporating CST MICRO-
WAVE STUDIO® (CST MWS), is the most
open and easily integrated tool ever released
by the company.

Its customer centric approach is designed
to focus on the company’s core 3D EM spe-
cialization and provide easy workflow to other
‘best in class™ tools. The following reveals how

CST OF AMERICA
Framingham, MA
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the suite has become not only a cen-
tral part of the overall design process,
but also a powerful tool with its own
well defined internal workflow for
solving multiple applications with the
best turnaround times possible.

EXTERNAL WORKFLOW

Figure 1 shows a typical workflow
situation. Inputs may come from lay-
out tools such as those supplied by
Cadence (see Figure 2) or new in
version 2008, Mentor Graphics. It
may come from planar EM simula-
tors such as Momentum or Sonnet or
it may be in an interchange format
like ODB++ or multilayer Gerber.
Virtually all other mechanical formats
are supported and, new to this ver-
sion, other 3D EM formats are ac-
cepted.

Poor mechanical geometry and
fault intolerant meshing have plagued
the workflow in this sector for many
years, causing frustration and delay at
the first hurdle. Import healing and
fault tolerant meshing have been big
areas of research for CST and in the
vast majority of cases, complex
geometries are effectively healed and
meshed without user input. Figure 3
shows the typical automatic healing
process on import. The facets are re-
moved on the pad and the trace is
joined correctly.

Input may also come from the out-
put of another EM tool. For example,
new in version 2008 is the capability

INPUT

CIRCUIT
SIMULATOR
LAYOUT
TOOLS
CAD TOOLS

PARAMETERIZED
3D-MODELS

BUILT-IN
OPTIMIZER

to import near field data from Sigri-
ty’s Speed2000 or PowerSI tools. This
means that a highly complex PCB
stack-up can be simulated in Sigrity’s
tool and the surrounding near field
data exported to CST MWS. At this
point radiation, coupling or proximity
simulations can be carried out. A sim-
ilar link is included to Simlab’s PCB-
mod tool, based on surface currents.

As well as importing layouts from
external planar/circuit simulators,
CST MWS allows co-simulation and
co-optimization with circuit tools
from AWR and Agilent. This essen-
tially means that a block appears in
the circuit schematic, greatly simpli-
fying circuit/EM co-design. Workflow
has also been improved to the closely
coupled circuit tool CST DESIGN
STUDIO™, with a new layout viewer
and editor as well as tuning bars, time
domain simulation, eye diagram tools
and IBIS import.

On the output side, the company
has always been strong in post-pro-
cessing of data with clear and intu-
itive visualization and post-processing
templates allowing automated dataset
manipulation. Some new features in
version 2008 are HSPICE creation,
far field sub-ranges, near field sub-
volumes and Smith chart table cre-
ation.

INTERNAL WORKFLOW
With increasingly diverse product
lines and new requirements for EM

ANALYSIS OuTPUT

S-PARAMETER
OPTIMIZED
GEOMETRY

CST STUDIO
SUITE™ SOLVER

COM/D-COM

EXTERNAL
TOOLS/FRAMEWORKS

A Fig. 1 Typical workflow in the CST STUDIO SUITE.™
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characterization due to higher signal
speeds, higher component densities
and miniaturization, the need has
arisen for more than one solver to ad-
dress the vast range of 3D mi-
crowave/RF applications. This is be-
cause 1o one solver can solve all ap-
plications efficiently and in some
cases, a solver will fail on an applica-
tion entirely. As the solver choice can
make significant differences in run
time, it becomes essential to offer the
choice to speed up overall workflow.
Thus, version 8 offers a choice of
solver to suit the application, while
keeping a unified and class leading
interface so that the solver selection
is a push of one button.

The CST MWS time domain
solver is improved in version 2008
and is a consolidation of major im-
provements made over the last cou-
ple of years. As will be described lat-
er, hardware acceleration has been
introduced. The time domain solver
is highly suited to very complex,
multiband/broadband structures and
is the most general-purpose solver in
the suite.

The newer frequency domain
solver achieves a high level of perfor-
mance. For example, frequency do-
main solvers work by solving single
frequency points and for broadband
applications they have to solve many
samples in order to build up an accu-
rate response. Distribution of those
frequency samples to multiple com-
puters is now possible to give a much
faster overall solve time. Frequency
domain analyses can be done with ei-
ther direct or indirect methods. CST
MWS has both, and exhibits good
speed and memory usage.

In particular the indirect solver
has low memory usage for large mod-
els. The direct solver, which has ad-
vantages for smaller multiport struc-
tures, is now 20 percent faster with a

‘_
]

4'1

A Fig. 2 Detail view of a package imported
through the Cadence Allegro Interface.
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Inspired Wireless Solutions From
Filtronic Compound Semiconductors

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:
e the complete 2-11 GHz WIMAX Band 2
e the 2.4 and 4.9-5.8 GHz WLAN Band
¢ the new 4.9 GHz Public Safety Band
¢ all current Cellular Infrastructure Bands

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
FPD750S0T343 18 20 38 03 8* 20 38 N/A 33 230
FPD6836S0T343 20 20 32 0.5 9* 19 32 1.2 3 105

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

@ Filtronic

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

Visit http://mwj.hotims.com/11724-60 or use RS# 60 at www.mwjournal.com/info
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HARDWARE
ACCELERATION

It is accepted
that graphics cards
(GPU) are signifi-
cantly faster than
CPUs when it
comes to rendering
extremely large
numbers of pixels.
What is not so well

A Fig. 3 Typical faults that can be healed automatically while

known is that the
same technology

importing. ;
can be applied to
N solve numerical
Bemeen T e, e — problems to give an

order of magnitude
speed-up. CST has
been working with
Acceleware to bring
this technology to
| CST MWS and it is
now available in
version 2008.

One of the key
advances is that the
method retains all
the accuracy and
mesh size reduction
that arise from the
use of the confor-
mal Perfect Bound-

A Fig. 4 CST MWS GUI on Windows Vista showing the far field of

a car glass antenna.

50 percent memory usage reduction
over version 2006B. The frequency
domain solver allows repeating unit
cells to be created and these offer far
field and RCS calculation based on
Floquet modes. In general the fre-
quency domain solver is well suited
to phased-array design, electrically
small and very narrow band devices.

Other solvers available include a
fast resonant solver for high Q cavity
filter design and a new integral equa-
tion solver for electrically very large
structures such as airplanes or ships.
Improvements to the integral solver
in version 2008 include the ability to
use a far field source to excite the
structure and the implementation of
lossy metals.

A thermal solver adds to the inter-
nal workflow within version 2008. Be-
sides the thermal analysis of electro-
magnetic losses (dielectric and con-
ductive) from CST MWS simulations,
the deposed particle energy derived
from CST PARTICLE STUDIO™
can be used as a heat source.
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ary Approximation
(PBA)® The use of a
GPU with this tech-
nique additionally gives a large speed
injection to the most complex indus-
try simulation problems. In other
words, the bigger the problem, the
greater the speed-up that is achieved.

This GPU hardware acceleration is
available either as a PCle card for the
desktop or as a “cluster in box” com-
prising two external cards, which
bring capacity and speed benefits to
those who may have thought their
problems were simply too difficult for
3D analysis.

The company has also been work-
ing directly with Intel in high perfor-
mance computing to optimize code
performance on the latest generation
of multicore Intel processors easily
achieving a 200 percent + speed in-
crease against previous generation
processors.

MODELER IMPROVEMENTS

Some very useful additions to the
main modeling interface have been
added to version 2008 to further im-
prove workflow. Windows Vista is ful-
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A Fig. 5 Horn antenna with reflective
metallic surface.

ly supported (see Figure 4), as is
Linux RedHat Enterprise, both on
32- or 64-bit platforms. A project
management tool has been added to
allow for easier file management and
exchange of data.

This includes copy/paste of struc-
ture parts either within the same pro-
ject or to other projects, import of
CST DS layouts and sub models, thus
allowing the creation of library com-
ponents. Also, for maintained licenses
and those connected to the Internet,
automatic updates can be enabled
ensuring the latest version is always
on hand. As usual all update details
are shown in the Help — history of
changes menu.

An artistic improvement, but nev-
ertheless one that allows quick recog-
nition of materials, is the addition of
true reflective materials. A graphic is
reflected in the metal to give the real
appearance of a shiny metal (see Fig-
ure 5). Other improvements to speed
up workflow include arbitrary pick-
points on surfaces and an update to
the ACIS modeling kernel.

CONCLUSION

For version 2008 of CST STUDIO
SUITE, external and internal work-
flow improvements have been the
key focus. With easy data exchange to
and from other software tools, a
choice of first class solvers and a
range of modeler usability improve-
ments, the engineer is able to lever-
age the latest developments in 3D
electromagnetics to bring designs to
market faster and with lower risk.

CST of America,
Framingham, MA
(508) 665-4400, www.cst.com.
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Setting New Standards in VCO & Synthesizer Performance

RoHS Compliant Devices Available Now

UMX CRO Based VCO Series
Features:

* Ultra low phase noise

* Low phase transients

* Low pushing/pulling

e Ultra stable

e Low profile SMT package: 0.5" X 0.5" X 0.22"

Applications:

e SAW VCO replacement

* Microwave point to point radios
* Phase locked source

* DRO replacement

Typical Performance Specifications:
UMX-848-D16-G; 2535 MHz

-125 dBc/Hz @ 10 kHz offset
UMX-1360-D16-G; 2550-2650 MHz

-115 dBc/Hz @ 10 kHz offset

Plug-n-Play Synthesizer Series
PNP-1500-P22-G

* Frequency Range: 1000-2000 MHz

* Phase Noise: -100 dBc/Hz @ 10 kHz offset
e Step Size: 200 kHz min.

* Supply Voltage: +12.5 Vdc. 3.0 Vdc

e Supply Current: 50 mA, 25 mA

e Qutput Power: +8 dBm

* Package: 0.6" X 0.6” X 0.22"

PNP Evaluation Kits Are
Available

Phase Locked Oscillators
PLOs for fixed frequency
applications that require

no software programming

are available.

)Greme Frequency Solutions

For complete UMC
product listings visit

www.vcol.com

or call toll free

1-877-862-9873

e

RoHS

UMC is an IS0 9001:2000 certified company

Visit http://mwj.hotims.com/11724-167 or use RS# 167 at www.mwjournal.com/info
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A S1GE BICMOS

RMS POWER
i DETECTOR FOR
- HIGH DATA RATE

WIRELESS NETWORKS

here has always been a critical need to
Tmeasure and control RF power in wire-

less communication networks. Accurate
measurement and control aids in the setting of
overall cell coverage, and ensures that the RF
power amplifiers in the wireless base station
are operated for optimum thermal perfor-
mance. In early cellular networks such as
GSM (1G/2G) and AMPS cellular systems, for
example, transmitter RF power could be easi-
ly measured using a pair of Schottky diodes:
one for peak power detection, and the other
for temperature compensation. This tech-
nique was adequate since the ratio of the peak
power to the average power being measured
did not vary significantly. Later, various types
of logarithmic detectors were used and these
were also found to provide acceptable perfor-
mance in most situations.

In recent years, the applications for wire-
less broadband services have continued to ex-
pand at a high rate. To keep pace with this de-
mand, wireless communications networks
must continue to provide higher data trans-
mission rate capability. In order to do this in
an efficient manner, wireless communications

technology has relied upon ever more com-
plex bandwidth efficient modulation schemes.
The evolution of complex digital modulation
schemes such as QPSK, SPSK, 16QAM and
OFDM means that a greater amount of data
or bits/second can be transmitted in a given
bandwidth, with the disadvantage being that
much more complex circuitry in the form of
DSP hardware and software algorithms, wide
dynamic range modulators and demodulators,
and higher linearity RF power amplifiers is re-
quired to handle these signals. Another disad-
vantage of these complex digital modulation
waveforms is that RF power measurement
and control becomes more difficult. The rea-
son for this is that contemporary wireless base
stations are transmitting RF signals whose
peak-to-average value (also defined as crest
factor) is constantly changing. This varies
widely depending on the number of calls be-
ing processed by the base station, and also
with the differing power levels transmitted by
multiple service providers. For example, base

HITTITE MICROWAVE INC.
Chelmsford, MA
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;:l Technical Excellence
in RF Performance

Minimum  Minimum  Minimum Test
Output Efficiency Gain Frequency Package
Power (W) (%) (dB) (MHz) Style

D1203UK 30 50 10 175
D1208UK 40 50 10 400
D1211UK 10 50 10 500
D2201UK 2.5 40 10 1000
D2203UK 5 40 10 1000
D2210UK 20 40 10 500
D2212UK 10 40 10 1000
D2213UK 20 40 10 1000
D2219UK 2.5 40 10 1000
D2220UK 5 40 10 1000
D2225UK 5 40 10 1000

www.rell.com/Semelab ’ Richardson offers RoHS compliant SEMELAB products.

Your Global Source for RF, Microwave nmm Ehcmhs
and Power Conversion Products A !
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HMC434E
DIVIDE-BY-8 I+ =

HMC385LP4E
vco w/
BUFFER AMP

HMC478MP86E
SiGe GAIN BLOCK

HMC540LP3E
4-BIT DATT

HMC481ST89E
SiGe GAIN BLOCK
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DIRECT QUAD. MODULATOR

HMC481ST89E

HMC454ST89E
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i
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HMC476MP86E

A Fig. 1 A wireless base station transmitter implementation using Hittite standard components.

stations in 3G CDMA-based systems
transmit downlink signals with crest
factors as high as 15 dB for single car-
rier systems, and 20 dB for base sta-

cw

CDMA2000 3 CARRIERS 9 CHN
CDMA2000 SINGLE CARRIER 9 CHN
1S95 REVERSE LINK

WCDMA 4 CARRIERS

WCDMA SINGLE CARRIER

0.5 ~

0
—-70 -60 —-50 —40 -30 -20 -10 0 10
INPUT POWER (dBm)
A Fig. 2 HMCG610LP4E 70 dB power

detector’s RMSOUT vs. input power with
different modulations at 900 MHz.

100 MHz 3000 MHz
900 MHz 3500 MHz
1900 MHz 3900 MHz
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3.5
~3.0
<25 -
5,0 Sz
ok 7
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Y

0
-70 -60-50-40-30-20-10 O
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10 20

A Fig. 3 HMC610LP4E detector’s
RMSOUT vs. input power and frequency.
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tions with multiple CDMA carriers.
Figure 1 shows an example of an im-
plementation of a wireless base sta-
tion transmitter solution.

CDMA2000 3 CARRIERS 9 CHN
CDMA2000 SINGLE CARRIER 9 CHN
1595 REVERSE LINK

WCDMA 4 CARRIERS

WCDMA SINGLE CARRIER

(aB)
~o=NWa

s T

ERROR

|
N

|
S W

-60 -50 -40 -30 -20 -10 0 10
INPUT POWER (dBm)

A Fig. 4 The 70 dB RMS power detector’s
RMSOUT error vs. Py, with different
modulations at 3000 MHz.

INPUT

HMC473MSSE |

I~ HMC610LP4E
i TRUE RMS
Lo | POWER DETECTOR

HMC245QS16E
SP3T SWITCH

HMC285E
SGL-BAL MIXER IF

It should also be noted that there
is a requirement in many types of
digital receivers to measure and con-
trol the gain of the received signal.
This is commonly referred to as the
RSSI (Received Signal Strength Indi-
cator). This serves to prevent over-
driving the IF amplifier stages and
analog-to-digital converters further
downstream on the receive channel.

In order to meet the need for
power measurement in the challeng-
ing environment of high data rate
wireless infrastructure applications,
Hittite Microwave has released the
HMC610LP4E SiGe BiCMOS true
RMS power detector. The
HMCG610LP4E sets a new perfor-
mance benchmark by providing wide
dynamic range RMS signal power
measurement in excess of 70 dB. The
new detector product converts any
RF input signal at its differential in-
put, regardless of
modulation or
waveform complexi-

VOLTAGE VARIABLE
ATTENUATOR !
vk

Tx IF
O

1
|
: ty, to an accurately
|
1

\\

pa

HMC552LP4E 4
MIXER W/LO
AMPLIFIER

A Fig. 5 Simplified block diagram of the HMC610LP4E in an AGC

application at 1.9 GHz.

GENERIC
OP-AMP

scaled linear-in-dB
{>_T; RF

output response
that represents the
HMC482ST89E
SiGe GAIN

RMS value of the

input  waveform

(see Figure 2.)
BLOCK The HMC-
610LP4E delivers
extremely high dy-
namic range over an
input RF frequency
range of 50 Hz to
3.9 GHz, covering
all of the cellular/
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3G, WiMAX and WiBro bands. The
HMC610LP4E delivers a £1 dB linear
in dB dynamic range of 70 dB at 900
MHz. At 2.7 and 3.5 GHz, the new
detector extends the current bench-
mark by providing £1 dB dynamic
ranges of 63 and 56 dB, respectively.
At 3.9 GHz, the 1 dB dynamic range
is still very useable at 42 dB.

The HMC610LP4E has been suc-
cessfully tested with many different
input waveforms over a wide range of
input frequencies (see Figure 3). It
accurately converts a wide range of
RF input waveforms with different
modulations at 3 GHz over a —50 to
+5 dBm input power level range.
Figure 4 clearly shows that with sin-
gle and multiple carrier versions of
WCDMA, CDMA2000 and IS95 re-
verse link, the HMC610LP4E typi-
cally exhibits less than 0.3 dB of error
versus modulation waveform up to in-
put power levels of +5 dBm.

For normal operation, the RMS-
OUT pin is shorted to the VSET input,
and will provide a nominal logarithmic
slope of 37 mV/dB and an intercept of
—70 dBm for frequencies up to 2 GHz.
Both the nominal logarithmic slope
and the intercept are temperature and
supply stable. Other logarithmic slopes
are achieved with external resistors
connected between RMSOUT and
VSET pins. Typical output voltage
range is from +0.4 to +3.2 V. Tempera-
ture stability is excellent with £0.5 dB
error from —40° to +85°C, which is
maintained for input frequencies from
100 MHz to 3.9 GHz.

The minimum output rise time (0.2
to 1.9 V) of the HMC610LP4E is 10
ns, and the fall time (1.9 to 0.2 V) is 500
ns, which is ideal to support the proper
detection of wireless broadband modu-
lation schemes. The RF input of the
HMCG610LP4E is externally matched
to 50 Q, and the device operates from a
single +5 V supply consuming between
65 and 85 mA, depending on input
power level which can vary from —70 to
+15 dBm. The ENX pin is connected
to ground for normal operation, but
when a DC signal of +5 V is applied,
the device will power down to 5 mW.
The HMCG610LP4E powers up within
2 us to its nominal operating current of
65 mA at 25°C.

Figure 5 shows an example of how
the HMCG610LP4E may be combined
with other Hittite components to con-
struct a circuit suitable for measuring

ProbucT FEATURE

RMS power in the transmit channel of
a wireless base station. The simplified
block diagram shows how the
HMCG610LP4E power detector can be
used to construct an AGC loop in a
transmit RF chain. In this example,
the HMC552LP4E, which is a 1.6 to
3.0 GHz double-balanced mixer, is
used to upconvert the transmit IF sig-
nal. The RF output of the
HMC552LP4E is routed through the
HMC473MSS voltage variable attenu-
ator and then coupled into the RF in-
put of the HMCG610LP4E. The DC
output of the HMC610LP4E, which
represents the RMS power in the
transmit signal path, is compared with
the Vreference value at the other in-
put of the op-amp, and provides feed-
back control to the HMC473MS8
voltage variable attenuator. The
HMC473MSS accepts a single positive
control voltage, and provides an atten-
uation range of up to 48 dB. This loop
ensures that the appropriate signal
level is applied to the HMC482ST89
gain block amplifier, and to the subse-
quent RF ampliﬁcation stages.

CONCLUSION

A new RMS power detector oper-
ating from 50 Hz to 3.9 GHz extends
the performance of currently avail-
able devices, providing a linear-in-dB
transfer function with linearity of
0.6 dB typical, over an input power
range of more than 60 dB. In short,
the HMCG10LP4E provides wireless
infrastructure designers with the
means to reduce the design complexi-
ty of high data rate systems requiring
the measurement of RF signals with
high crest factors.

Hittite Microwave also provides a
wide range of compatible products to
meet the needs of wired and wireless
infrastructure applications. These
products, together with the HMC-
610LP4E RMS power detector, its
evaluation PC board and each of the
products shown in the block diagrams
(Figures 1 and 5) are available from
stock and can be ordered via the
company’s e-commerce site, or via di-
rect purchase order. Released data
sheets and S-parameter data are
available on-line at www.hittite.com.

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

T| TEEH

TO DESKTOP
CIrcuiT BoARD

PROTOTYPING

esktop milling machines for prototyp-
D ing circuit boards have long been par-

ticularly helpful to microwave engi-
neering development teams. Often a circuit or
a critical part (filter, amplifier, coupler, etc.)
needs to be designed quickly to keep the en-
tire project on schedule. In many cases the
desktop milling system can create the actual
piece so that the part can be tested quicker
than software can simulate the performance.
This can offer additional help if the physical
part is actually needed to make a system work
since you then have the part available. What
are the challenges that today’s microwave de-
velopment teams face that cause additional
difficulties to the users of desktop milling sys-
tems and what has one particular vendor done
to answer these challenges?

The Quick Circuit system first appeared in
1990. There are thousands of these in use
around the world. The use of these systems in
microwave applications is particularly popular.
It is likely that more than half of the systems
in use are primarily or exclusively in mi-
crowave applications. The advantage that
these systems offer over other prototyping

methods is that there is no chemical etching,
no need for artwork creation, the edges of the
circuit are more perpendicular to the dielec-
tric than in many chemically-etched boards
and a wide variety of materials can be used.

In recent years the needs of the microwave
development community have evolved to
where thinner materials must be used. The
need to prototype thinner materials along with
smaller feature sizes has pushed the limits of
milling prototyping systems. The decreased
feature size makes the viewing of the features
and the system in operation more difficult.
Also, where the median age of engineers and
technicians increases, the quality of the eye-
sight of the user tends to decrease. Another
concern is that with thinner and softer materi-
als and smaller sized features the mechanical
pressure foot could prove ineffective in cer-
tain situations.

In response to these evolving challenges
the supplier of the Quick Circuit system has

T-TecH INC.
Norcross, GA
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developed new solutions. In order to
simultaneously reduce the force of
the Z-axis movement and make the
force more accurate and dependable,
the company has replaced the sole-
noid movement with a pneumatic
one. The limitations of the mechani-
cal pressure foot can be overcome
with a pneumatic pressure foot. For
thinner materials Quick Circuit offers
a vacuum table (see Figure 1). To fa-
cilitate operation of the system and to

A Fig. 1 Vacuum Table for thin laminate
and flexible circuit board materials.

A Fig. 2 A0.016 mil thick microwave
substrate being milled on a cushion of air as
it is held in place by the Pneumatic Pressure
Foot.

it
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A Fig. 3 TraceCam view of the star board being milled.

assist viewing of the process an op-
tional camera system called Trace-
Cam™ has been created. To improve
control of the system the IsoPro™
software that processes the design file
inputs and operates the mechanical
prototyping equipment has been bol-
stered to handle these additional ca-
pabilities as well as offer new func-
tionality.

The introduction of the pneumatic
Z-axis allows the user to set the force
with which the Z-axis contacts the
circuit material. On thicker and/or
harder materials the force can be set
relatively high in order to speed up
the machining process. For softer
and thinner materials this force can
be set much lower. The pneumatic
control also avoids an occasional
problem with the effects of heat on
solenoid actuation of the Z-axis. If
heat builds up on the solenoid on
larger projects the resistance in the
solenoid increases thereby decreasing
the force applied.

The pneumatic pressure foot re-
places the mechanical one. The ad-
vantages are twofold. First, the re-
peatability of the depth of cut is one
micron (1 um). The mechanical setup
can be set in increments of 10 micron
(10 pum), although there were tech-
niques to set the depth accurately for
half-ounce and one-ounce materials.
Second, the consistent air pressure
allows the system to mill to an accu-
rate depth without physically touch-

B

X TR

i B
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ing the material being milled. Figure
2 shows the pneumatic pressure foot
milling a board on a cushion of air
that is being held down on the vacu-
um table.

For working with thinner materi-
als a vacuum table is now offered.
Thinner materials such as flex circuit
material are more difficult to handle
because the pinning system used on
rigid laminate is not very effective.
Holding the materials flat with a vac-
uum table is much easier. The addi-
tional challenges that are presented
through use of a vacuum table in-
clude:

e How one handles the loss of vacu-
um when holes are drilled or the con-
tour (outline) of the board is cut

* On double-sided circuits the align-
ment of the bottom side needs to be
re-established by the system

T-Tech has devised techniques to
handle the loss of vacuum hold
caused by drilling holes or routing
the board outline. The realignment of
the bottom side of the board is done
through the latest version of the Iso-
Pro software. IsoPro calculates the
skew of the previously drilled holes
and modifies the bottom layer files
accordingly.

The TraceCam enhancement of-
fers the user the ability to more easily
set parameters and view the machine
operation. Both the depth of cut,
width of cut and the quality of the
machining process are all more easily
viewed on the screen of the computer
driving the system. The software dis-
plays on the screen each step of the
machining process. The actual cut-
ting is being captured by the Trace-
Cam™ and displayed on the screen.
The XY coordinates of the next step

A Fig. 4 A 0.010" brass antenna fabricated
using Quick Circuit.
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Smaller, Faster, Broadband Solutions

With a collective heritage of more than 50 years, Filtronic Signal Solutions
provides a unique combination of technologies and talents to support the
SIGINT, ESM, EW and Tactical Communications markets. Innovative
solutions combine digital and RF technology in one multi-function
assembly. From our filter pedigree and component heritage, suspended
stripline technology results in broader frequencies of operation and lower
loss characteristics.

From antenna port to digital interface,
Filtronic is the solution:

' * Frequency Converters — broadband, small, integrated packages

~_«» *IFMs/DFDs — high accuracy and resolution, short RF pulse capture

e » Switched Filters — integrated, low loss, packaged and discreet
switches, narrowband and broadband dc—40 GHz

e Multi-function Assemblies — fully integrated, improves noise figures

* WiMax Transceivers — setting the standard

* Couplers and Hybrids — low loss, directivity, coupling flatness,
low reflection

e Filters and Multiplexers — low loss, high selectivity, small footprint,

;‘F combination of technologies (lumped element, combline, SSS,
. waveguide), band pass, band stop, multiplexers, equalizers. 60:1

pass bands possible

» Power Dividers/Combiners — amplitude balance, low VSWR,

" high isolation, low phase balance

i

Visit www.filss.com to learn more about custom integration
capabilities as well as premium-quality, highly reliable passive
components. Call today and put our experience, innovative

thinking and reliability to work for you. The Filtronic Solution.

on Products ¢ RF & Microwave Subsystems ® Components

Hudson, New Hampshire Columbia, Maryland
P: (603) 459 1600  F: (603) 459 1605 P: (410) 290 3918 « F: (410) 290 8146
E: microwaveinfo @filss.com E: digitalinfo @filss.com

www.filss.com

Visit http://mwj.hotims.com/11724-61 or use RS# 61 at www.mwjournal.com/info
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Signal Integrity testing
and expertise

GORE™ VNA
Microwave Test
Assemblies

e

EXPERIENCED
INNOVATION.

Superior engineering made simple.

Gore offers a family of proven test solutions
that provide reliable and repeatable results

to meet your requirements.

Excellent phase and amplitude stability

Precision time matching
High density solutions

Rugged and durable

GORE™ Ultra High
Density Interconnect
Systems

GORE™ PHASEFLEX® Microwave Test Assemblies

Proven solutions for your high data rate, RF,
and microwave applications through 110 GHz

W.L. Gore & Associates

gore.com

North America:

1 (800) 445 4673
International
1(302) 292 5100

Europe:
+49 91 44 6010
+441382 561511

Cravnn Toctmavogies
Wisriciwini

GORE, PHASEFLEX, and design are trademarks of W.L. Gore & Associates. ©2007 W.L. Gore & Associates, Inc.
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in the process are displayed as are the
X,Y,Z coordinates of the milling head.
The TraceCam also allows the user to
send the head over user-designated
sections of the work area in order to
measure entities.

Tying all of the new functionality
together is the latest version of the
IsoPro software. In order to take bet-
ter advantage of the better graphical
control offered by TraceCam, the Iso-
Pro offers the user the ability to flip,
rotate and mirror images. The user
also has the ability to customize the
operation of the system through color
control, adjustable pixel resolution,
lighting control and customizable hot
keys. A new function offering the user
increased flexibility is the ability to
“record motion.” Figure 3 shows a
TraceCam view of a star board milling
in progress. The camera view showing
the actual milling and the graphic
trace are both displayed on the screen.

In order to make operation of the
machining aspects easier there is a
lookup table for a wide variety of ma-
terials that microwave projects re-
quire. Using system-specified speeds
and feeds for various materials makes
operation more efficient for the user
than trial and error. In addition to cir-
cuit board laminates the system can
help the designer create antennas or
shielding out of metals such as brass
(see Figure 4). For certain difficult
projects such as bi-metallic laminates
or entities exceeding the Quick Cir-
cuit work area, the latest IsoPro of-
fers a CNC output for use with ma-
chining centers.

File handling is easier now that
automatic backup is included as is the
ability to e-mail files from IsoPro.
IsoPro features language support in
Spanish, French, German, Japanese,
Chinese and Hindi.

The creators of the Quick Circuit
have been busy keeping the system
up-to-date to today’s challenges. If
the past is any indication the future
will demand that more capabilities
continue to be offered, that these ca-
pabilities make the system faster and
easier to operate, and that the opera-
tion will need to include a wider vari-
ety of materials and software.

T-Tech Inc.,
Norcross, GA (770) 455-0676,
www.t-tech.com.
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Backing Materials
Aluminum

(7

o "-
\ !
W
1} 4 |

il g

Benefits
Improved Heat Sinking
Dimensional Stability
Easier Component Mounting

Improved RF Grounding $
ess Assembly Process Time and Better Yields

When thermal efficiency is critical, choosing a metal-backed board design can provide improved
thermal disbursement capabilities for high power applications. The thick metal ground plane can
provide a rigid, flat base for component attachment increasing the reliability and durability of your
product. At MCN, our 25 plus years of microwave experience has led to the development of
proprietary processes to meet your design requirements for high precision performance. An in-house
technical support team at MCN will work with you from material selection, design for manufacturing
through the assembly process to provide the best solution and value for your board level requirements.

Other Capabilities:
= PTFE Hybrid & Metal Core Multilayers
= Precision Laser Cutting - Conductive Epoxy Attachment

wCNg 105 E. Jarretsville Road . PO Box 453 Forest Hill, MD 21050
| e—

Tel: 410/879-6553 . Fax: 410/638-7356

Modular Components National Www.modularcomp.com
Visit http://mwj.hotims.com/11724-110 or use RS# 110 at www.mwjournal.com/info
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ith system space ever at a premium
and operating {requencies constant-
ly on the rise today’s RF/microwave

interconnection cables must follow suit and be
smaller and higher performance. One of the
limiting factors to this progression has always
been the cable connector. Its pin/socket-type
male and female interconnect system adds
much real estate and mechanical complexity.
The HDRFI™ is a Tensolite patented high
frequency connection system that transfers
high frequency signals through a unique pla-
nar interface. This planar interface removes
the need for typical pin and socket connec-
tions by utilizing a z-axis elastomer to provide
the electrical path between the mated connec-
tors. The elastomer is made up of silicone, im-
pregnated with gold-plated stainless steel
wires and is arranged on a 0.035 mm pitch.
When compressed by the mating halves, the
gold-plated wires mechanically connect the
two planar surfaces and create an electrical
EMI barrier to provide excellent isolation.
The result is a high density, high bandwidth,
compact RF interconnect with a center-to-cen-
ter spacing of 0.130" where the alignment of
the connector is independent of the RF path.
The new interconnect system eliminates stub-

PropucCT FEATURE

HiGH DENSITY
RF INTERCONNECT

bing and can be used differentially or single
ended. Figure 1 shows typical RF perfor-
mance of an HDRFI assembly to 40 GHz.

HDRFT is available only as an assembly in
three product lines: RF D-Sub, RF Circular,
Mixed Signal and in custom applications. The
assemblies can be used with a 26AWG coax
for internal applications or 24AWG for exter-
nal requirements.

The RF D-Sub connector family is available
in four different shell sizes and can be used in
cable-to-cable, cable-to-board or board-to-
board applications. The insert arrangements
are designed to hold multiple impedance-con-
trolled size 16 type RF press-in style contacts
and the connectors can accommodate standard
D-Sub backshells and mounting hardware.
Figure 2 shows an HDRFI RF D-Sub con-
nector and its mating face.

The RF Circular connector family is de-
signed for high performance applications. The
insert arrangements have been designed to
maximize the number of size 16 RF contacts
available in a standard circular connector
arrangement. The product line consists of

TENSOLITE, A CARLISLE COMPANY
St. Augustine, FL
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Voltronics corp
Chip Trimmer Capacitors
are the Smart Choice!

¥ Our Chip >

Trimmer
Capacitors
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The Trimmer Capacitor Company

100 Ford Road, Denville, NJ 07834
973.586.8585 ® Fax: 973.586.3404 ¢ e-mail: info@voltronicscorp.com
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Harmonic (Comb)
Generators
for Output 0.1 to 50 GHz

Visit http://mwj.hotims.com/11724-67
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A Fig. 1 Transmission loss (a) and forward
reflection (b) of an HDRFI mated interface
including two feet of 24AWG low loss coax
and connector adapters.

A Fig. 2 An HDRFI D-Sub connector (a)
and its mating face (b).

shell sizes 15 to 25 and is based on
the D38999 Series III specification.
The HDRFI RF contacts are press-in
style and the connectors can accom-
modate standard D38999 back-shells
and hardware. Fully loaded the RF
Circular connector system contains
up to 34 40 GHz RF contacts. Figure
3 shows an HDRFI RF Circular con-
nector face.

ProbucT FEATURE

A Fig. 4 An HDRFI RF Circular-Mixed
Signal connector.

The RF Circular-Mixed Signal
connector family combines both pow-
er and high frequency RF contacts in
the same connector body. The prod-
uct line consists of shell sizes 15 to 25
and is based on the D38999 specifica-
tion as well. The power pins are size
20, rated to 7 A, and are combined
with HDRFI RF contacts. Figure 4
shows an HDRFI RF Circular-Mixed
Signal connector. HDRFTI can be cus-
tomized to fit almost any application,
from custom board connectors to in-
sert arrangements that can have a
common groundplane, to having each
signal path isolated from each other.

The RF Circular products are
ideal when upgrading legacy systems
that use typical D38999 type connec-
tors for increased performance or to
reduce the amount of connections in
a box by combining RF and power
signals into the same circular connec-
tor. Other custom designs may in-
clude the direct attachment of the
HDRFTI contact to the planar array.

Tensolite, a Carlisle company,
St. Augustine, FL

(904) 829-5600,

(800) 458-9960,
www.tensolite.com.
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AMPLIFIER EVOLUTION IN PRACTICE -
Introducing the MILMEGA Silicon Carbide\ UHF range
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Nearly 3 times smaller and lighter
than the competition

Designed to bring the intrinsic benefits of silicon carbide transistor technology to a lab environment,
the new range of innovative UHF amplifiers from MILMEGA delivers unrivalled power density,
exceptional reliability, embedded intelligence and portability in a 21st century response to the

challenge of compact power provision. Available as 250W, 500W and 1000W rack mounting units.

With the flexibility and ease of power upgrade that you would expect from MILMEGA products, these
new amplifiers further enhance our reputation for going the extra mile to deliver what customers want
with a quality and innovation that competitors aspire to.

Find out more at www.milmega.co.uk/RF

Designers and Manufacturers of High
Power Microwave and RF Amplifiers @ MILMEGA

Visit http://mwj.hotims.com/11724-92 or use RS# 92 at www.mwjournal.com/info
MILMEGA Limited Ryde Business Park, Nicholson Road, Ryde, Isle of Wight, PO33 1BQ United Kingdom
Tel. +44 (0) 1983 618004 Fax. +44 (0) 1983 811521 sales@milmega.co.uk www.milmega.co.uk
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Half
solutions
can wreak
havoc on product
development. Visual
System Simulator™ not only
does system budget analysis
and identifies sources of IM products,
including the effects of conversions, harmonics

and noise. It also has a powerful simulator for

developing and analyzing complex communication systems,
including radio and circuit designs, baseband signal processing, v$
algorithmic development and digital fixed-point implementations.

It's the complete system tool. Visit_appwave.com/vss for maore. Simulator

Visit http://mwj.hotims.com/11724-18 or use RS# 18 at www.mwjournal.com/info
© 2007 Applied Wave Research, Inc. All rights reserved. Visual System Simulator and AWR are trademarks of Applied \Wave Research.
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Orange Book of
Knowledge

The AR “Orange Book of Knowl-
edge” contains articles and appli-
cation notes on a wide range of
topics and applications—from the
importance of mismatch capability
to testing beyond specs and every-
thing in between. The book repre-
sents the cumulative knowledge of
all AR companies, making it per-
haps the most comprehensive re-
source in the industry.

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

RS No. 310

Product Catalog

This catalog features the compa-
ny’s RF and microwave products
that operate in a frequency range
from 30 kHz to 65 GHz. Products
include GaAs FET microwave
amplifiers and subassemblies, ra-
dial power combiners/dividers,
space qualified components and
environmental testing services. All
of the company’s operations are
located within a single modern
and fully equipped 42,000 square
foot facility.

Camarillo, CA (805) 389-3224, www.ciaowireless.com.

| EM Research, Inc.|

g Camre [ g o Mhaarm g

27 Short-Farm Catalog
T e meeamemaarth.oon

EM Research Inc.,

RS No. 312

Short Form Catalog

The 2007 short form catalog high-
lights the company’s latest prod-
ucts and product upgrades offered
in 2007. EM Research designs
and manufactures high perfor-
mance frequency sources for hi-
rel and military applications. The
company specializes in surface-
mount and modular phase-locked
oscillators and synthesizers from 4
MHz to 18 GHz.

Reno, NV (775) 345-2411, www.emresearch.com.
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Produc Catalog 2007
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Barry Industries Inc.,

CATALOG UPDATE

Product Catalog

The 2007 product catalog features
the company’s terminations, resis-
tors and attenuators, in various
configurations including flanged,
leaded or as a chip only. The prod-
ucts are available in BeO, BeO-
Free™ and aluminum nitride, in-
cluding products for WiMAX and
Wilkinson applications. To down-
load a free copy, visit the compa-
ny’s web site.

Attleboro, MA (508) 226-3350, www.barryind.com.

Crystek Microwave,

RS No. 311

VCOs and PLL
Synthesizers

Request Crystek literature for in-
novative frequency control tech-
nology. Crystek Microwave offers
VCOs and PLL synthesizers in a
wide mix of frequency ranges,
standard packaging and custom
design options. Product highlights
include low phase noise, mi-
crostrip and coaxial designs, and
octave tuning. Since 1958, Crystek
has been an industry leader in en-
gineering, manufacturing, support
and service.

Fort Myers, FL (239) 561-3311, www.crystek.com.

Terr & Muasosawswr

Hittite

Hittite Microwave Corp.,

RS No. 313

Product Selection Guide
The October 2007 product selec-

tion guide summarizes new prod-
ucts, introduced since the release
of the June 2007 product selection
guide. Hittite’s September 2007
Chinese language product selec-
tion guide is also available now.
To request a copy, visit www.
hittite.com or contact your local

Hittite sales representative.

Chelmsford, MA (978) 250-3343, www.hittite.com.
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Looking for
Ultra Low Profile
Connection Solutions?

let Emerson Network Power
Connectivity Solutions UMC Ultra-
miniature coaxial connectors and
cable assemblies be your answer for a
quality, snap on, surface mount con-
nection built to meet your cost and
performance targets.

The UMC cable plugs and jack recep-
tacles offer 2.0mm and 2.5mm max-
imum mated height options with DG
6 GHz electrical performance.

UMC between series cable assem-
blies use johnson® SMA connectors
(standard and reverse polarity) and
MMCX connectors for the quality
needed no matter what wireless
application you are working in. (LAN,
Mini-PCl, GSM, CDMA, GPRS, PDA,
Bluetooth and Microwave Radio).

All parts are RoHS compliant and
mate with U.FL/U.FL(v) series con-
nectors.

Contact Emerson Network Power
Connectivity Solutions for our new
brochure on UMC Connectors, Cable
Assemblies and Adaptors.

IS0 9001:2000 Rots 7]

Emerson Network Power.

The global leader in enabling business-critical continuity. JUI'WSDN'
AL Power Systems Embedded Power Outside Plant
M Connectivity Inbound Power Precision Cooling
DC Power Systems Integrated Cabinet Solutions Site Monitoring and Services E”
Far product information:
g . wanw EmersonNetworkPower.com| Connectivity EMERSON
Connectivity Solutions or call B00-247-8255 Network Power

Visit http://mwj.hotims.com/11724-52 or use RS# 52 at www.mwjournal.com/info
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CATALOG UPDATE

Short Form Brochure Microscope Inspection

Data Sheet

This data sheet features complete
detail on the company’s NAT-31
Microscope Inspection System

This short form brochure features
the company’s complete product
offering including chip resistors,

=

e
‘I chip terminations, chip attenua-

=

2

tors, planar dividers and planar fil-

aivies nep with Universal Serial Bus (USB)
ters. The brochure h1ghhghts‘key 2.0 camera that resolves 1 micron
ke A product features, specifications or less features. High clarity zoom
and parameters as Wel,l_a,s the optics use a 0.7X-4.5X objective
company’s custom capabilities. Tt lens for magnification of 42X-
includes TMS’s new IMA series at- 270X with the standard 0.5X auxil-
:::::: ;if[l;astg;se\s’vgggﬁlfzst;?;o dB and iary lens and. 8.4X-540X without.
A This system is ideal for demand-
it ing research environments and
s ey teaching facilities.
International Manufacturing Services (IMs), ) microTechnology Inc.,
Portsmouth, Rl (401) 683-9700, www.ims-resistors.com. Portland, OR (503) 614-9509, www.jmicrotechnology.com.

RS No. 316 RS No. 317

Commercial and
Wireless Catalog

Lorch Commercial & Wireless
(LCW) is dedicated to serving the
special needs of the commercial/
industrial customer. LCW offers
quick delivery of prototypes at
competitive pricing with high vol-
ume manufacturing capability to
meet all production requirements.
Products include ceramic, lumped
element and cavity filters. LCW is
a division of Lorch Microwave
who for more than 40 years has
been a supplier of RF and mi-
crowave products.

Desktop Reference
Guide

This 123-page catalog can be used
as a desktop reference guide that
offers details and specifications to
help designers and engineers
choose products quickly. Integrat-
ed assemblies and a wide assort-
ment of lumped component, cavi-
ty, ceramic and suspended sub-
strate filters are among the many
types of products featured in this
catalog.

K&L Microwave, Lorch Microwave,
Salisbury, MD (410) 749-2424, www.klmicrowave.com. Salisbury, MD (410) 860-5100, www.lorch.com.
RS No. 318 RS No. 319

Microwave Cable Xtr’al Short Form Catalog

ssemblies Bawd 4Fd ehdar chata Mimia praduiis is first edition ot Xtra! is a prin
A bl This first edition of Xtra! is a print
: ; ) g ITEDT |, ate to the company’s short

Micro-Coax’s UTiFLEX® Ultra- 1 B B 0 P e e p mpany
light microwave cable assemblies | — —id form catalog. Designed either to
are outlined in a six-page bro- f :g/ I-" e == %| | be inserted into the short form
Ea catalog, or to be used as a stand-

chure. Incorporating ARACON®
metal clad fibers, UTiFLEX
Ultralight cable assemblies pro-
vide the lightest weight, lowest in-
sertion loss and best radiation re-

alone product newsletter, Xtral
urges designers and Mimix cus-
tomers to “read all about” the
company’s latest products, techni-

: : : ] — cal updates and application notes.
et o | BT R | Ml iy
are optimized for spaceflight ap- " swmz| | CMMOS511-QT driver amplifier

ARacoN” plications. & that covers the 5 to 14 GHz fre-
quency range and is offered in a
] surface-mount 3x3 mm QFN
package.
Micro-Coax, Mimix Broadband Inc.,
Pottstown, PA (610) 495-0110, www.micro-coax.com. Houston, TX (281) 988-4600, www.mimixbroadband.com.
RS No. 320 RS No. 321
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ARLON ADVANCED MicrowAVE MATERIALS

HicHER THERMAL ConpucTivity, DiELECTRIC CoNSTANT STABILITY AND LOWER Loss

TC600 - Highest Degree
of Thermal Conductivity
for Power Amplifiers

¢ Dielectric constant of 6.15, Loss Tangent
of 0.0022 at 10GHz

¢ Thermal Conductivity of 1.0to 1.1 W,/m°C.
Doubles Current Microwave Material
Performance

e Extremely low Moisture Absorption and
Excellent Insertion Loss Performance

CLTE-XT is “Best-in-Class”

e CLTE-XT has “Best-in-Class” Insertion Loss,
Loss Tangent and Electrical Phase Stability
over Wide Temperatures

e Multi-Layer Material with highest degree
of dimensional stability and registration
consistency

Break-Out Antenna Materials
with PIM+ Technology

¢ | ower PIM and Higher Antenna Efficiencies
without Cost Impact

e AD255A reduces Loss Tangent 17%;
AD2B0A, AD300A and AD320A have
even higher reductions in Loss Tangent

¢ Insertion loss and PIM further reduced by
using smoother Copper with encapsulated
Interface

e PIM+ Technology further improves

performance over earlier PIM grades
Visit http://mwj.hotims.com/11724-21 or
use RS# 21 at www.mwjournal.com/info
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Components Guide

The 2007 IF/RF Microwave Sig-
nal Processing Components
Guide is available for free from
Mini-Circuits. The 144-page cata-
log offers the RF/microwave in-
dustry’s most comprehensive list-
ings of RF, IF and microwave
components with essential perfor-
mance specifications for each
product. In addition to the exten-
sive component data, the catalog
also provides a listing of Mini-
Circuits™ patents and the product
model numbers to which they ap-
[ Mini-Circuits p]y

LC Filter, Ceramic Filter;, Product lines(DC~-40GHz):

Cavity Filter ect. Amplifier, Attenuator, Switch,

Freguency. 10MHz Power splitterfcombiner,
Mixers, Fraquency doublers,

Mini-Circuits,
Brooklyn, NY (718) 934-4500, www.minicircuits.com.

Comb generator

www.cn-bowei.com
Visit_http://mwj.hotims.com/11724-25

Call for Book and

Software Authors

®% You can enhance your professional prestige and earn
substantial royalties by writing a book or software package.
With over 500 titles in print, Artech House is a leading pub-
lisher of professional-level books in microwave, radar, com-
munications and related subjects. We are seeking to pub-
lish new microwave engineering books and software in
areas such as microwave and RF device design, wireless
communications, advanced radar and antenna design, elec-
tromagnetic analysis, RF MEMS, and more.

o8 \We are currently seeking potential authors among engi-
neers and managers who believe that they can make a con-
tribution to the literature in their areas of expertise. If you
have published technical papers, conducted professional
seminars or solved important real-world problems, then you
are an excellent candidate for authorship.

o8- \We invite you to submit your manuscript or software
proposal for review. For a complete publications catalog
and Author’s Questionnaire please contact:

Mark Walsh Eric Willner

Editor Commissioning Editor
Artech House Artech House

685 Canton St. 46 Gillingham Street,
Norwood, MA 02062 London SW1V 1AH, UK

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

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

X
hﬁ ARTECH HOUSE | www.artechhouse.com
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Modelithics Inc.,

RS No. 322

MVP Catalog

This catalog details the company’s
benefits and opportunities avail-
able to component and IC suppli-
er companies through Modelithics
Vendor Partner (MVP) Program.
The services offered with its MVP
Program are explained, as well as
how an organization can work to-
gether with Modelithics to meet
the increasing demand by circuit
designers for accurate RF and mi-
crowave component and semicon-
ductor device models.

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

Solid-State Relays
Selection Guide

w5y P

SWITCHING

Teledyne Relays,

RS No. 324

Selection Guide

This solid-state relays selection
guide features the company’s mili-
tary, aerospace, COTS and HRIP
(high reliability industrial parts)
applications. The catalog features
76 families in a tabular format de-
signed in an easy to use format to
quickly assist engineers in choos-
ing a product. The 20-page digest
provides detailed information
about the relays, which include
AC, DC and bidirectional relays
with output ranging from 0.25 to
10 amps.

Hawthorne, CA (800) 284-7007, www.teledynerelays.com.

RS No. 326

MICROWAVE JOURNAL = OCTOBER 2007


http://mwj.hotims.com/11724-25
mailto:mwalsh@artechhouse.com
mailto:ewillner@artechhouse.co.uk
http://www.artechhouse.com
http://mwj.hotims.com/11724-22
http://www.minicircuits.com
http://www.modelithics.com
http://www.teledynerelays.com
mailto:cjian@cn-bowei.com
http://www.cn-bowei.com

LTE: Ooamink rarmmiter £'vH measucemant

Sy e
« ARIRCT BEEEEEEG VANE

Agilent LTE Solutions:
* Design LTE systems and circuits with Agilent’s ADS LTE
Wireless Library
* Create standards-based LTE signals with Signal Studio software
* Evaluate real LTE signals with demonstration signal analysis software

Download Agilent’s new 20-page
technical overview of 3GPP LTE

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

© Agilent Technologies, Inc. 2007

Move forward to what's possible in LTE. Agilent clears
the way with the first LTE design library and PC-based
LTE simulation software and was first to demonstrate

real analysis of LTE uplink and downlink signals.

You're the LTE trailblazer. We bring you unique LTE
simulation, signal generation, and analysis tools. And
Agilent’s connected solutions give you the flexibility to
combine design and test—speeding your progress with

early access to evolving LTE signals.

Learn about 3GPP LTE in Agilent's new 20-page

technical overview at www.agilent.com/find/3gpplte.

It's LTE testing at the edge of possibility.

Agilent Technologies

Visit http://mwj.hotims.com/11724-11 or use RS# 11 at www.mwjournal.com/info
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Buyer’'s Guide &

The Engineering Search Engine

The MWJ Buyer’s Guide is the source

for over 1000 RF/Microwave Companies
delivering the latest products and services
to our industry. The MWJ Buyer’s Guide
and VendorViews let engineers sort
technologies by category to browse
through company listings, products

and related information. Now featuring
specification-based product search from
GlobalSpec - the leaders in engineering

component search engines.

Locate:

Product Information

Company News

Technical Articles

Events

Downloads

Parts by performance specifications

Visit:

http://www.mwjournal.com/BuyersGuide/

AMPLIFIERS Amplifier Catalog

PLCHERE This new 40-page catalog features
the company’s complete bipolar
amplifier line up to 3 GHz. The
catalog features low noise, medi-
um power, wideband, MRI, cellu-
lar/PCN and INMARSAT bands.
Typical amplifier performance
curves are shown, including con-
version tables, reflection measure-
ments, outline drawings, and ex-
planation of options and specifica-
tion definitions.

MITEQ Inc.,
Hauppauge, NY (631) 436-7400, www.miteq.com.
RS No. 323

RF Coaxial Relays

This eight-page, full color
brochure features the company’s
standard range of SP1T through
SP10T design enhanced applica-
tion specific RF coaxial relays.
The brochure is intended to be
used as a building block beginning
with low cost, quick delivery stan-
dard devices and then introducing
modifications to meet more spe-
cific needs when appropriate.

Uvaign Enhanred Apglicatins Sy
snial Belays For -

NOISHC] LY SONFTTADNT

RelComm Technologies Inc.,
Salisbury, MD (410) 749-4488, www.relcommtech.com,
www.rfrelaystore.com.

RS No. 325

Product Selection Guide

From discrete high precision crystal
oscillators to highly integrated low
noise timing modules, Valpey Fish-
er offers a broad array of frequency
1 control products needed in ad-
vanced timing applications, includ-
ing wireless and wireline infrastruc-
ture, avionics, test and measure-
ment, and military communications.
Valpey Fisher’s product catalog is filled with the latest innovative timing and
frequency control products, including timing modules, OCXOs, TCXOs,
VCXOs, XOs and hi-rel/COTS oscillators.

Valpey Fisher Corp.,
Hopkinton, MA (508) 435-6831, www.valpeyfisher.com.
RS No. 327
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Setting the
Pace...

»

,, » With
Model Number Frequency  Watts ,{"’ Innovative

SMX100 10KHz-1.0GHz 100
SMX200 10KHz-1.0GHz ngn "
Amplifier Solutions!
SMXE25-82 10KHz-2.0GHz H
SMXE25-S3 10KHz-3.0GHz

SMXE50-S2 10KHz-2.0GHz : . 22
SMXE50-S3 10KHz-3.0GHz - ¢ Size

SMXE100-S2 10KHz-2.0GHz : [
CMX5005 10KHz-1.0GHz 4 ¥ e Power
CMX100010 10KHz-1.0GHz 3 4 . [ '
CMX200020 10KHz-1.0GHz G4 : | e Customized '_ .

ST81-10 1.0GHz-8.0GHz = |

ST81-25 1.0GHz-8.0GHz e oRuggedized [@5‘7'

—

ST81-50 1.0GHz-8.0GHz
ST81-100 1.0GHz-8.0GHz
ST181-10 1.0GHz-18.0GHz
ST181-25 1.0GHz-18.0GHz
ST181-50 1.0GHz-18.0GHz
ST101-100-50 1.0GHz-10.0GHz
TD122-25 2.0GHz-12.0GHz
TD122-50 2.0GHz-12.0GHz
TD182-25 2.0GHz-18.0GHz
TD182-50 2.0GHz-18.0GHz

Have Amplifier Questions?
Ask The Experts @
INSTRUMENTS FOR INDUSTRY INC. www.interferencetechnology.com/askexpert

THE POWER OF CHOICE Because We Are The Experts!

903 South Second Street - Ronkonkoma, NY 11779
Tel: 631-467-8400 - Fax: 631-467-8558 - E mail: sales@ifi.com . www.ifi.com

Visit http://mwj.hotims.com/11724-71 or use RS# 71 at www.mwjournal.com/info
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Amsterdam
27-31 October 2008
www.eumweek.com

Europe’s Premiery Microwave,;
RE Wireless and/Radar Event

27-31 October 2008

Amsterdam RAI
Amsterdam, The Netherlands

The 11th European Microwave W%}ek combines:

 Four, Major Conferéndes

e Associated"Workshops
» Tailored Courses and Seminars for
industrial participants and scientists
e Leading International Trade Show

European Microwave Week - Bridging Gaps

www.eumweek.com

Organise

3 85T\ CONFERENCE £y, £\
horizonhouse MICROWAVE
EuMA

The 38th European Microwave Conference

European Microwave
Association

) EuWiT E@D :}-}:. EuMIC
-~ OAT )
Official Publication: A 2008 2008 .:0. °® 2008
icrith The 1st European Wireless The 5th European The 3rd European Microwave

Technology Conference Radar Conference Integrated Circuits Conference
Visit http://mwj.hotims.com/11724-58 or use RS# 58 at www.mwjournal.com/info
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EUROPEAN
MICROWAVE

WEEK

Amsterdam
27-31 October 2008
www.eumweek.com

Europe’s,Premier RE Viicrowave,
Radar and Wireless Event

European Microwave Week is the largest event dedicated to RF,
Microwave, Radar and Wireless Technologies in Europe.
Capitalising on the success of the previous shows, the event
promises growth in the number of visitors and delegates.

EuMW2008 will provide:
* 7,000 sgm of gross exhibition space ¢
* 5,000 key visitors from around the globe
¢ 1,700 - 2,000 conference delegates °
* In excess of 250 exhibitors

]
Q
]
0
0
g
0
2
-
i

European Microwave'Week will provide an’invaltuable'platform for
the presentation of the latest technelogical developments andsa
forum for discussion on industry, scientifiq and technical trends.

Interested in exhibiting? Book online NOW!

www.eumweek.com

For further information please contact:

Richard Vaughan Kristen Anderson
Horizon House Publications Ltd. Horizon House Publications Inc.
46 Gillingham Street 685 Canton Street

London, SW1V 1HH, UK Norwood, MA 02062, USA
E:rvaughan@horizonhouse.co.uk E:kanderson@mwjournal.com
Tel: +44 20 7596 8742 Tel: +1 781 769 9750
Fax: +44 20 7596 8749 Fax: +1 781 769 5037

Co-sponsored by: Endorsed by: Organised by:

iy CONFERENCE 6
JNR VIEEE - S8 IET\SONERENCE AN
MTT-S°
EuM N

TRON European Microwave

® The 38th European Microwave Conference

. / //:c:\\\\ \Y (J
gi Association @) E quT E[@D :;.:..... E u M I C
Official Publication: 2 O O 8 be(g

Micr*@Wave The 1st Euro: . .
=4 pean Wireless The 5th European The 3rd European Microwave
Journal

Technology Conference Radar Conference Integrated Circuits Conference
Visit http://mwj.hotims.com/11724-59 or use RS# 59 at www.mwjournal.com/info
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New Waves: Military and Government Electronics

B Handheld Cable and Antenna
Tester

o NE BC R R L N K N

This handheld, easy-to-use, battery-operated
cable and antenna tester is designed for field
engineers and technicians. The Agilent
N9330A is a cost-effective test instrument that
provides optimized usability and basic perfor-
mance. Covering 25 MHz to 4 GHz, this in-
strument is an ideal choice for installation and
maintenance of wireless service, military com-
munications, broadcasting and radio links. The
N9330A tester has distance-to-fault measure-
ment functions and it features longer battery
life, modern USB connectivity, multi-language
user interface and powerful post-analysis soft-
ware. Price: starting at $7800.

Agilent Technologies Inc.,

Santa Clara, CA (800) 829-4444,

www.agilent.com.
RS No. 216

M Solid-state Power Amplifier

The model BCPA-20-500-100C is a broadband
vertical solid-state RF power amplifier (PA)
that is suitable for
delivering reliable
output  power
over the instanta-
neous frequency
range from 20 to
500 MHz. This
PA is ideal for
military commu-
nications  and
jamming platforms as well as commercial ap-
plications. The PA utilizes the latest in silicon
LDMOS push-pull RF devices. This PA uses
captive hardware and a narrow mounting foot-
print, enabling modular, blindmate combining
of multiple amplifiers, thereby eliminating in-
terconnecting coaxial cables. This model is
ideal for airborne applications.

BC Systems Inc.,

Setauket, NY (631) 751-9370,
www.bcpowersys.com.

RS No. 217

M Solid-state Power Amplifier

The model BM2719-125 is a Class AB linear
amplifier that operates in a frequency range
from 20 to 1000
MHz with output
power of 125 W.
The amplifier is
compact (6.4" x
6.7" x 1.4") and
weighs only five
pounds. Features
include: solid-
state design,

wideband operation, military environment and
90° quad combiners.

Comtech PST,

Melville, NY (631) 777-8900,
www.comtechpst.com.

RS No. 218
B Hybrid Band Reject Filter

The model 4BRX-2975/80-S is a hybrid band
reject filter with bi-directional inputs. The fil-
ter features a 3 dB typical bandwidth of 80
MHz. The notch depth is 50 dB at 2975 MHz.
The VSWR is 2.0 typical from DC to 4500
MHz excluding the notch area. The physical
size is 1.5" % 0.800" x 0.50" excluding SMA fe-
male connectors.

Lorch Microwave,

Salisbury, MD (410) 860-5100,

www.lorch.com.

RS No. 219

B High Reliability Mixer

The ADE-R30W+ is a high reliability mixer
that features a proven, time tested, diode quad
in a hermetically
sealed package.
This mixer oper-
ates over a wide-
band of 300 to
4000 MHz with
an LO power of 7
dBm. It has a low conversion loss of 7 dB and
an L-R isolation of 40 dB typical over the en-
tire band. It has a wide IF bandwidth of DC to
950 MHz, making it suitable for applications
such as 1&Q modulators/demodulators, phase
detectors and up/down converters. Its wide
bandwidth makes it usable in several wireless
applications such as cellular, PCN, WiMAX,
W-CDMA and wideband applications such as
instrumentation and military. This mixer is
packaged in a low profile (0.112") package and
is aqueous washable.

Mini-Circuits,

Brooklyn, NY (718) 934-4500,

www.minicircuits.com.

RS No. 220

B X-band Dual Conversion
Receiver

This custom X-band dual conversion receiver is
designed for a military airborne requirement.
The receiver includes an STC attenuator, low
noise amplifier, RF bandpass filter, LO filters,
ceramic bandpass filters in the first IF and
lumped element filters in the second IF. Con-
version gain is greater than 70 dB and all spuri-
ous signals are suppressed by 90 dB typical.
Rodelco Electronics Corp.,

Ronkonkoma, NY

(631) 981-0900,

www.rodelco-usa.com.

RS No. 221

M Flexible Coaxial Cable

This line of low loss phase stable flexible coaxi-
al cable operates in a frequency range up to 40
GHz. TLL40-1111A (“125” type) and TLLA40-
1130A (“150” type) were designed and engi-
neered to terminate with Tensolite’s high per-
formance RF connectors for optimum perfor-
mance. 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 in-
clude military/aerospace and test & measure-
ment.

Tensolite Co.,

St. Augustine, FL

(800) 458-9960,

www.tensolite.com.

RS No. 222

B Dual Directional Coupler

Werlatone’s patented design provides continu-
ous 30 to 2500 MHz bandwidth at 200 W CW
power handling at
50 dB coupling.
Available with N,
TNC or SMA
connectors, this
low loss design
provides superior
performance
throughout the
entire bandwidth.
The model C7868
offers an insertion loss of 0.25 dB, VSWR
(ML) of 1.20, coupling flatness of 50 dB +1 dB
and directivity of 20 dB. Size: 3.5" x 2.6" X 0.7"
Werlatone Inc.,

Brewster, NY

(845) 279-6187,

www.werlatone.com.

RS No. 223
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TINY RF & MICROWAVE

TRANSFORMERS

.3-3000 MHZ as1002s 9 995‘/2% 100)

Mini-Circuits wide selection of broadband transformers
demonstrates excellent VSWR with impedance ratios from
1:1 up to 16:1, covering from 300 KHz to 3 GHz. To meet
your demanding size, performance, and environmental
requirements Mini-Circuits offers three package styles to
accommodate your transformer Microwave & RF needs.
TCN+ mini-packaged Low Temperature Co-fired
Ceramic transformers deliver outstanding thermal stability
high reliability, and permit fast high volume manufacturing.

12"x.06"

[JMini-Circuits’

TC+ models have compact open case design,
all-welded construction, and offer high-strength plastic
base for low cost commercial applications.

TC-G2+ ceramic base with gold plated terminations,
for military and high reliability requirements.

These low cost transformers are the best price/performance
buy in the business! For detailed specifications, full data,
and Designer Kits see our Website.

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

” g 0 Available as RoHS compliant.

15"x.15"

ALLNEW
minicircuits.c

1SO 9001 1SO 14001 CERTIFIED

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com

RF/IF MICROWAVE COMPONENTS

Patent Pending

377 Rev L
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NEW PRODUCTS

COMPONENTS

M Microwave Converters

These universal microwave converters operate
ina {quuany range from 5 to 18 GHz. A
unique feature of
these converters
is that their mod-
ular design allows
for easy tailoring
to customer spe-
cific  require-
ments.  These
converters come
with or without a
synthesizer. The converters’ thin-film construc-
tion allows for a small, rugged and low cost de-
sign.

Advanced Microwave Inc.,

Sunnyvale, CA (408) 739-4214,
www.advmic.com.

RS No. 224

B Monolithic PIN Diode Switch

The MSSE3792 is a series-shunt silicon PIN
diode array designed for high speed multi-
throw switching
up to 26 GHz.
This new diode
represents re-
placement for Al-
pha/Skyworks
SSE3792. It fea-
tures 1 dB loss, 40 dB isolation at 18 GHz and
Oxide/Nitride/Polyimide triple passivation.
Aeroflex/Metelics Inc.,

Sunnyvale, CA (408) 737-8181,
www.aeroflex-metelics.com.

RS No. 225

M Resistive Bias Tee

The model BT-50K18 is a resistive bias tee,
with options PS and RES, designed to operate
in a frequency
range from 50
kHz to 18 GHz.
The VSWR is
1.75 typical and
the insertion loss
is 0.75 typical while the isolation is 60 dB mini-
mum. Size: 0.80" (L) X 0.62" (W) x 0.40" (H).
American Microwave Corp.,
Frederick, MD (301) 662-4700,
www.americanmicrowavecorp.com.

RS No. 226

B Programmable Attenuator

The model 651-025-127 is a 50 Q programma-
ble attenuator with SMA female connectors
(other impedance
values and con-
nector types are
available). These
solid-state units
are TTL con-
trolled via a 10-
pin latch connector. The programmable atten-
uators are ideal for automated testing, research
and development as well as programmable ma-
trix assemblies. These devices operate in a fre-
quency range from 500 to 2500 MHz and have

a 0 to 127 dB dynamic range with 1 dB binary
steps. Attenuation accuracy is 0.5 dB and typ-
ical switching speed is two microseconds.
BroadWave Technologies Inc.,

Franklin, IN (317) 346-6101,
www.broadwavetech.com.

RS No. 227
B High Reliability RF Switch

The model G60P-742100 is a SPGT highly reli-
able latching switch with indicator circuitry
and suppression diodes that operates from DC
to 26.5 GHz. The switch features an extremely
low VSWR of 1.30 maximum and +0.03 dB
maximum repeatability at 18 GHz. The new
high-rel series switches are available with all
latching configurations. Special materials and
design allow for superior RF performance and
outstanding switching characteristics across the
band. Delivery: stock to two weeks.

Charter Engineering Inc.,

Pinellas Park, FL (727) 525-1025,
www.ceiswitches.com.

RS No. 228

M Variable Chip and Coaxial
Equalizers

These surface-mount chip and coaxial equa_hz—
ers are designed to compensate frequency vari-
ations in RF and
microwave sub-
systems.  The
equalizers are
available in a
fixed frequency
response version
and a tempera-
ture variable frequency response. In addition,
EMC can develop custom variations specific to
the frequency band and temperature slope
characteristics of a customer’s application. All
EMC equalizers are available with both nega-
tive and positive slope coefficients. The CE
chip equalizer (1.30 sq in) offers linear broad-
band fixed slope frequency compensation from
2to 18 GHz in 1 to 4 dB values.
EMC Technology,
Stuart, FL (772) 286-9300, www.emct.com.
RS No. 230

B High Peak Power Terminations

This series of low VSWR, high peak power ter-
minations from 5 to 150 W operates in a fre-
quency range to 4 GHz. The VSWR is 1.05
maximum to 1 GHz and 1.10 maximum to 4

220 Visit mwjournal.com/info and enter RS# to request information

GHz. The peak power handling capabilities are
from 5 to 25 kW with a 1 microsecond pulse
width, depending upon the model selected.
These terminations come with a standard two-
year warranty and detachable N-female con-
nectors. There are 26 different quick match
connector types for this series including male
or female SMA, BNC, LC, TNC, SMA and
7/16. Delivery is typically from stock to two
weeks.

Coaxial Dynamics,

Middleburg Hts., OH (440) 243-1100,

hitp://coaxial.com.
RS No. 229

B RF/RF and RF/DC Crossover

This RF/RF and RF/DC crossover with an in-
tegrated 2 W attenuator operates up to 7 GHz
and provides a
small package
that performs the
two functions of
an RF jumper
and an RF atten-
uator. The XDBF
uses Florida RF
Labs’ crossover
technology along with its proven attenuator ex-
pertise to both reduce the footprint size by
combining two components in a single package
and improve the overall performance. The
XDBF is available in 3, 6 and 10 dB values.
The device is manufactured RoHS-compliant.
Florida RF Labs,

Stuart, FL (800) 544-5594,

www.rflabs.com.

RS No. 231

B SP4T Absorptive
PIN Diode Switch

The model S4N-69-1AB is a medium power
low harmonic SP4T absorptive PIN diode
switch that oper-
ates from 2 to 18
GHz. Across the
entire band,
VSWR is less than
2.1, insertion loss
is less than 4.5 dB
and the isolation
s greater than 60
dB. This switch can handle +27 dBm CW with
less than 60 dBm harmonic content. It has a
two-bit binary TTL compatible logic with a
switching speed less than 900 ns. Size: 2.50" x
1.25" x 0.50"

G.T. Microwave Inc.,

Randolph, NJ (973) 361-5700,
www.gtmicrowave.com.

RS No. 232

B High Frequency Bandpass Filter

As point-to-point communications, as well as
other markets, have shown higher demand for
filtering applications at millimeter-wave fre-
quencies, K&L continues to develop products
to support this industry. The model CAV-01329
is a seven-pole, extremely high frequency
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SOLID STATE SWITCHING NETWORKS
» HF, IF, VHF, UHF, L-BAND, S-BAND, C-BAND

ELECTROMECHANICAL SWITCHING NETWORKS
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NEW PRODUCTS

bandpass filter centered at 44.5 GHz, with a 3
dB bandwidth of 3 GHz. The small size of the
filter allows it to be well suited for require-
ments where space is limited. K&L is also pro-
viding filtering products that support applica-
tions at frequencies greater than 80 GHz.

KUL Microwave,

Salisbury, MD (410) 749-2424,
www.klmicrowave.com.

RS No. 233

B 50 W Wireless Band Couplers

These rugged, 50 W couplers are designed for
excellent performance across all wireless bands
from 0.8 to 2.2
GHz making
them ideal for
base station, in-
building wireless
and repeater sys-
tems. A unique
design provides
low insertion loss
(0.3 dB), high directivity (22 dB) and excep-
tional VSWR (1.15). The couplers are available
from stock in 6, 10, 15 and 20 dB coupling val-
ues with type-N or SMA-female connectors.
These connectors are made in the US and have
a 36-month warranty.

MECA Electronics,

Denville, NJ (973) 625-0661,
www.e-meca.com.

RS No. 234

B High Speed Phase Shifter

The model PS-90-8018 option 812, HS15NS is
a high speed 0 to 180 degree miniature, bi-
phase modula-
tor/phase shifter
with TTL control
logic (ECL logic
available). This
high speed model
has 15 ns delay
on/off and oper-
ates between 8 to 12 GHz. Other frequency
ranges are available to meet other require-
ments (for example, 6012 for 6 to 12 GHz or
2040 for 2 to 4 GHz).

Planar Monolithics Industries,

Frederick, MD (301) 631-1579,
www.planarmonolithics.com.

Rewm sales mmrams checklng fcnr gm-‘r

compliance issues, language, legalities, and

proprietary infarmation. Personnel responsibality

to incliede supervising and mentonng CSR team.

Skills required include:

= Bachelor's degree in marketing, adwertising
or business admin. or combination of some
education and related waork expenence.

* Knowledgeable of contract taws & regulations,
e NAFTA, UCC, FAR, DFAR, DOD

= Customer Service background preferred

Territory Sales Manager

Responsibilities include:

= Trawels within an assigned geographic territony
for customer visits.

* Uses computer aided design software to
evaluale customer requirements and prepare
quotations.

+ Review sales contracts to ensure compliance
with governmental regulations.

* Associates or Bachalors degree in business or
enginaaring, or egquivalant refated experiance.

* Engineering background knowledge of
edactrical circuits is required

Come join K&L Microwave, the premier
Eastamn Shore Leader in the design and
manufacture of RF/Microwave Filters.

ADW onlirg atl www. Kimicrowave com, of
amail a cover letier including salary history 1o
hri@ kimicrowave.com , or fax (443) 260.2267.
Applications close Sunday, October 28, 2007,

K&L Microwave
2250 Narthwood Drve
Salesbury, MD 21501
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RS No. 235
B AMPS Receive Band Filter

The part number 8C9-836-X25N11 is an
AMPS receive band filter. This unit is centered
at 836 MHz with a flat passband of 824 to 849
MHz. Passband insertion loss comes in at less
than 1 dB, a passband return loss of greater
than 16 dB and has 60 dB of attenuation at 869
to 894 MHz. This unit sized at only 2.75" high
x 2.75" wide x 5.5" long, has type-N connec-
tors, but can be fitted with most any RF con-
nector.

Reactel Inc.,

Gaithersburg, MD (301) 519-3660,

www.reactel.com.

RS No. 236
B Multi-band Combiner

This multi-band combiner can take between 2
to 16 channels and combine them into a single
signal with very low loss and intermodulation
performance. This multi-band combiner will
allow service providers to combine different
frequency bands and modulation schemes into
a single output port.

Renaissance Electronics Corp.,

Harvard, MA (978) 772-7774,

www.rec-usa.com.

RS No. 237

H Directional Couplers

These miniature air dielectric directional cou-
plers are rugged lightweight devices that offer
lower insertion
loss than compa-
rable stripline
units. The simpli-
fied construction
allows for greater
flexibility in cre-
ating customized

configurations. Any port can be used as the in-
put with these symmetrical devices. The stan-
dard units are available with a choice of cou-
pling values and frequency ranges and an op-
tional termination.

RLC Electronics Inc.,

Mount Kisco, NY (914) 241-1334,
www.rlcelectronics.com.

RS No. 238

AMPLIFIERS

B RF Power Amplifier

This RF power amplifier module covers the
VHF/UHF military communications band,
from 30 to 512
MHz with a pow-
er output of 100
W Pl1dB CW.
Model KMW-
2025M11 is ideal
for OEM or em-
bedded commu-
nications applica-
tions that require high reliability from a proven
design, good intermodulation distortion, and
the ability to be gated on or off via a remote
control line. The module operates efficiently
from 28 VDC with an average current of only 8
amps.

AR Modular RF,

Bothell, WA (425) 485-9000,

www.ar-worldwide.com.

RS No. 239

B Millimeter-wave Amplifiers

The LA series of millimeter-wave amplifiers in-
clude 10 models that cover 33 to 75 GHz in up
to 20 GHz band-
widths. They fea-
ture P1dB input
powers as high as
+11 dBm, noise
figures as low as 7
~ dB and gain op-
tions from 10 to
40 dB. Additional
performance
characteristics in-
clude input/output VSWR of 2.2 and gain flat-
ness of +3 dB. Innovative PHEMT device
technology and thin-film hybrid construction
are used to achieve these characteristics across
these broad bands. They are ideal for EW,
ECM and instrumentation applications.
Endwave Co

San Jose, CA (408) 522-3100,

www.endwave.com.

RS No. 240

B Low Noise Amplifiers

The HMC605LP3(E) and the HMC593LP3(E)
are GaAs PHEMT MMIC bypass LNAs that
are rated from 2.3 to 2.7 GHz and 3.3 to 3.8

MICROWAVE JOURNAL = OCTOBER 2007


http://www.klmicrowave.com
http://www.e-meca.com
http://www.planarmonolithics.com
http://www.reactel.com
http://www.rec-usa.com
http://www.rlcelectronics.com
http://www.ar-worldwide.com
http://www.endwave.com
mailto:hr@klmicrowave.com
http://www.klmicrowave.com

FEATURES

=01 - 2500 MHZ

* Low Cost -

Model Number

AM-1607-1000
AM-1607-2000
AM-1607-2500

AM-1616-1000
AM-1616-2000
AM-1616-2500

* Available Frl:lm Eitl:u:k
. Dperatlng Ternp.: -30 tu 475“!: f

?f’:w ,-w

Frequency
(MHz)

.01 -1000
.01 —2000
.01 —2500

.01 - 1000
.01 - 2000
.01 - 2500

”ﬂUh?AuLL
N
MADE |y u, :’;

|1‘_-f-=-‘5-"“

VSWR DC Power @
15 to 30 VDC

(xdB, Max.) (dB, Max.) (dBm, Min.)

For additional mformaﬂonor techmcal support please

contact our Sales De‘partment at (ﬁ3‘l)~439~9220
“ore- mall components@ mlteq com' g

: 100 Davuds Drive; Hauppauge NY 11788
TEL (631) 4-,36 7400 FAX (681).436-7430

www mlteq com'

Vlslt htlp.,//mu)j hotlms comﬂ 1224—109 or use RS# 109 aQ wwwi mw;onfnal com/lnfo Pl


http://mwj.hotims.com/11724-109
http://www.mwjournal.com/info
mailto:components@miteq.com
http://www.miteq.com

NEW PRODUCTS

GHz, respectively. These wide dynamic range
LNAs deliver noise figure as low as 1 dB, out-
put IP3 as high as +29 dBm and up to 20 dB
gain. Both LNAs feature an integrated bypass
path that exhibits only 2 dB loss, making them
ideal for infrastructure and subscriber applica-
tions in telematics, broadband, WiBro, WiMAX
and fixed wireless systems.
Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343,
www.hittite.com.

RS No. 241

W Switch Filter Amplifier

This switch filter amplifier (SFA) series is avail-
able in both ceramic and lumped element con-
figurations. The
SFA series offers
a wide frequency
range of 100 to
3000 MHz and
bandwidth range
from 1 to 40 per-
cent, with a typi-
cal return loss of
18 dB/14 dB. The
noise figure of 1.5
to 5 dB combined
with 300 ns

Variable Attenuators

Solid-state Variable Attenuators from 10Mhz fo
19Ghz, Current Controlled, Linearized Voltage
Controlled, or Linearized Digital Controlled,

Product Line:

Solid State Varlable Attenuators

Solid State Switches

Directional Couplers

Hyhbrid Couplers (90°180°)

Power Dividers /| Combiners
DC-Blocks & Bias Tee's

Universal

weroweve EJTINLL

Components Corporation
5702-D General Washington Drive
Alexandria, Virginia 22312
Tel: (T03) 642-6332, Fax: (T03) 642-2568
Email: umece @ umecel11.com

www.umcci11.com
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switching speed, 10 to 40 dB gain and bias of
+10, +5 VDC) make the SFA series ideal for
receiver applications and improvement of over-
all system performance.

Lark Engineering Co.,

San Juan Capistrano, CA (949) 240-1233,

www.larkengineering.com.
RS No. 242

B 1 W Power Amplifier

The model AMF-4D-01000800-85-30P is a
connectorized small outline high dynamic
range amplifier that covers multi-octave band-
width from 1 to 8 GHz. The housing is 23 (H)
x 18 (L) x 8 mm (W) without the connectors
and heat sink. The amplifier is environmentally
sealed, EMI shielded and includes reverse
voltage protection, in addition to full internal
regulation. Nominal small-signal gain is a mini-
mum of 28 dB while noise figure is less than 8
dB across the full band. Maximum gain varia-
tion is less than £1.5 dB typically over the full
frequency band and temperature range.
MITEQ Inc.,

Hauppauge, NY (631) 436-7400,
www.miteq.com.

RS No. 243

ANTENNA

B High Frequency Antenna

The model 6000 is a high frequency antenna
that operates in a frequency range from 2 to 8
GHz. This high frequency antenna features an
extension mast mounting standard. Magnetic
mount is available.

Interad Litd.,

Melfa, VA (757) 787-7610,
www.interadlimited.com.

RS No. 244

SOFTWARE

B HVMOS Software Package

This new parameter extraction solution is de-
signed for high voltage (HV) complementary
metal oxide semiconductor (CMOS) devices
used in a range of automotive and consumer
products, as well as LCD and display driver ap-
plications. The HVMOS extraction package, for
use with Agilent’s Integrated Circuit Characteri-
zation and Analysis Program (IC-CAP) software
platform, enables engineers to model HV CMOS
devices using Synopsys” HSPICE simulator, HV-
MOS Level 66 compact model. The HVMOS
model includes all relevant physical effects
unique to high voltage operation, including sym-
metric and asymmetric source and drain resis-
tances, quasi-saturation, transconductance fall off
at high gate voltage and self-heating effects. As a
result, it allows HV CMOS devices to be mod-
eled with unparalleled DC and capacitance mod-
eling accuracy and simulation speed.

Agilent Technologies Inc.,

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

RS No. 245

SOURCES

N Voltage-controlled Oscillator

‘ e i e |
i o . T E-&
The model CVCO55CC-2970-3230 is a volt-
age-controlled oscillator (VCO) that operates
from 2970 to 3230 MHz with a control voltage
range of 0.5 to 4.5 V. This VCO features a typi-
cal phase noise of ~104 dB¢/Hz at 10 kHz off-
set and has excellent linearity. The model
CVCO55CC-2970-3230 is packaged in the in-
dustry standard 0.5" x 0.5" SMD package. In-
put voltage is 5 V, with a maximum current
consumption of 35 mA. Pulling and pushing
are minimized to 1.5 MHz and 3 MHz/V, re-
spectively. Second-harmonic suppression is —20
dBc typical. The CVCO55CC-2970-3230 is
ideal for use in applications such as digital ra-
dio equipment, fixed wireless access, satellite
communications systems and base stations.
Crystek Corp.,

Fort Myers, FL (239) 561-3311,

www.crystek.com.
RS No. 246
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NEW PRODUCTS

B Multi-purpose Frequency Synthesizers

The SLFS/SLS series frequency synthesizers are available as fixed-fre-
quency (SLFS) or serially-programmable (SLS) devices in frequencies
from 50 MHz to over 12 GHz. The SLS
features step sizes ranging from 10 kHz to
10 MHz and is available with RS-232/USB
serial programming computer interfaces.
Options include internal buffer amplifiers
for up to +13 dBm output and use with
supplies at +5, +8 and +12 VDC. These
units are housed in a 1.5" x 1.5" x 0.6"
package and weigh less than 2 ounces, and are supplied with SMA con-
nectors for the reference and output frequencies.

EM Research Inc.,

Reno, NV (775) 345-2411, www.emresearch.com.

RS No. 247

B Frequency Synthesizer

The PTS 1600 X-142 is an enhanced version of the basic PTS 1600 mod-
el featuring certain external narrowband modulation capabilities.
AM/FM/PM is injected
via an external modu-
lated signal generally in
the 900 MHz range to
modulate the output
signal within the range
of 10 to 1600 MHz.
The PTS 1600 X-142
covers its range with
direct architecture us-
ing both analog and
digital technologies. Tt

FREE

Product Information
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The new Web-based product information system
from
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226

has excellent close-in phase noise as well as the ability to switch rapidly
from one frequency to another. High speed remote control is provided
through the standard TTL-level parallel interface port, but for easy inte-
gration into testing environments a GPIB interface is also available.
Programmed Test Sources Inc.,

Littleton, MA (978) 486-3400,

www.grogrammedtest.com.
RS No. 248

B Surface-mount Synthesizer

The model FSFS315555-500 is a frequency synthesizer that tunes in 5
MHz steps and can work with any external reference source from 10 to
250 MHz, specified for settling time of 50
microseconds or less to within 10 kHz of a
new frequency. Fast switching speed and
low phase noise are often conflicting goals
for a frequency synthesizer, but the
FSFS315555-500 miniature surface-mount
frequency synthesizer provides outstanding
performance for both parameters across a
2400 MHz tuning range from 3150 to 5550
MHz. The frequency synthesizer is pro-
grammed by means of a simple three-wire serial interface.

Synergy Microwave Corp.,

Paterson, NJ (973) 881-8800,

www.synergymwave.com.

RS No. 249

B Coaxial Resonator Oscillator

The model CRO3744A-LF is a lead free, RoHS-compliant, coaxial res-
onator oscillator in C-band (3731 to 3757 MHz) featuring extraordinary
F“ W low phase noise performance of —112
dBc/Hz at 10 kHz offset. This unique de-
F sign offers superior harmonic suppression
of =20 dBc with a typical tuning sensitivity
of 15 MHz/V and covers the entire band
between 0.5 to 4.5 V. It is designed to op-
erate at 5 VDC supply while drawing 25
mA (typical) over the extended operating
~ temperature range of —40° to 85°C. The
CRO3744A-LF is ideally suited for applications that require signal sta-
bility and low phase noise performance. Size: 0.50" X 0.50" x 0.22" Price:
$29.95/VCO (5 pes min). Delivery: stock to four weeks.
Z-Communications Inc.,
San Diego, CA (858) 621-2700,
www.zcomm.com.

RS No. 250

TEST EQUIPMENT

B Configurable RF Test Platform

This modular RF test platform is designed for wireless applications up to
6 GHz. The scaleable platform has the flexibility to easily perform at any
stage of wireless devel-
opment from research
to manufacturing, and
can integrate seamless-
ly into any wireless
market including cellu-
lar, wireless data, RFIC
test and military/aero-
space. The config-
urable RF measure-
ment system encom-
passes three powerful
new additions: New
PXI 3000 Series hard-
ware modules, PXI
Studio software with
new measurement plug-ins, and a new PXI instrument chassis to tie it all
together.

Aeroflex Inc.,

Plainview, NY (516) 694-6700,

www.aero! lex.com.

RS No. 252
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B Upgrade for Field Monitor

AR RF/Microwave Instrumentation has re-
leased a new version of the firmware for its
field monitor model FM7004. The new update
adds the ability to internally apply correction
factors for field probe readings. Up to four ta-
bles of correction factors containing up to 30
different frequency points can be stored in the
field monitor at one time. In addition to this
new feature, the FM7004 automatically config-
ures itself to work with any of the AR laser
powered or battery powered probes and can be
controlled from either the front panel of re-
motely through four digital interfaces. For cus-
tomers who already own an FM7004, their
firmware can be updated to obtain this new
feature by downloading a utility program from

the company’s web site: www.ar-worldwide.

com/html/50000.asp?S=3.

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

RS No. 251
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~ COME AND SEE THE BIG PICTURE IN WIRELESS ~

THREE CONFERENCES, EXHIBITS, WORKSHOPS AND MORE!

Radio & Wireless Symposium incorporating WAMICON

22 - 24 Jan., 2008

RWS incorporating WAMICON is a leading WA

interdisciplinary forum for the latest results
in wireless technology, providing unique

comprehensive view of wireless field from system IeveI design to
implementation, particularly for commercial wireless communication
systems such as 3G/4G, WLAN, SDR, 802.xx, and UWB, etc, and RF up
to mm-wave frequencies, and optical technology applied to wireless

communications.

Power Amplifier Symposium
21 -22 Jan., 2008

Power amplifiers are a vital enabling technol-
ogy for emerging wireless communications
systems, and are evolving rapidly under the
dual pressures of providing improved
efficiency and improved linearity. This meet-
ing seeks to provide a forum for innovative
work in the area of power amplifiers, includ-
ing requirements for and accomplishments in

amplifiers for both handsets and base
stations.

8th Topical Meeting on Silicon
Monolithic Integrated Circuits in RF
Systems

23 - 25 Jan., 2008

SiRF is the only
conference devoted

to Si-based devices,
passives, integrated
circuits, and applications
for high-frequency systems. Over three days,
papers and sessions will highlight the signifi-
cant technological advances of this dynamic
field, as well as provide a unique forum for the
presentation of new ideas and candid
exchange on the emerging challenges and
opportunities.
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THE EMBEDDED CHIP TREND CONTINUES

The market for general-purpose digital signal processor (DSP) chips is forecast
to grow 8% in 2007 to the $9 B level according to this new market study. The
study predicts a more typical growth of 15% in 2008 driven by communications
and multimedia applications. But the study also emphasizes the even bigger em-
bedded DSP market that will grow to $17.6 B in 2007, to almost twice the size of
the general-purpose DSP chip market. This new in-depth study is believed to be
the most comprehensive study available of markets driven by DSP technology, and
‘;;‘,,?A‘.E" includes the results of a new survey of DSP professionals in over 30 countries.

PROGRAMMABLE DSP MARKET
(Worldwide: 12% CAGR)
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203-753-5840 FAX: 203-754-2567
www.radiores.com
E Mail: Radiores@prodigy.net Source: Forward Concept: 1575 W. University Dr., Suite Ill, Tempe, AZ 85281-3283

(www.fwdconcepts.com)

Visit http://mwj.hotims.com/11724-123 RF MEMS CoMPONENTS BREAK THROUGH HYPE
L{}c.us RF MEMS components are rapidly living up to their promise, according to a new
market study from WTC covering the 2005 to 2009 period. According to the new
Mlcrﬁwaw updated report, the market for RF MEMS components was $126 M in 2004, con-

ik Boslbitiats B Gushan firming WTC's forecast from 2002. It is forecasted to grow rapidly in the next few
Agmpliﬁers S Pt e years to over $1.1 B in 2009. In addition, the market will accelerate quickly in the
HF to 30 GHz period 2007 through 2009 as full-scale production starts for the majority of RF
MEMS components. The major part of the market in 2004 was for bulk acoustic
wave (BAW) devices, which include duplexers and filters for mobile phones. This
product will continue to dominate and constitute around 40% of the total market in
2009.
|
THE RF MEMS MARKET 2004-2009
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Reaching out to Today's RF /Microwave Professionals
The 2007/2008 Free Webinar Series

Microwave Journal teams with Besser Associates,

the leader in RF/microwave training, in this series of on-line
courses in RF/microwave principles for working professionals.
Each hour-long installment is presented by an instructor from
Besser Associates and includes a Q&A session.

Register Today at www.mwjournal.com/rftraining

10/18/2007 12/18/2007

RF Fundamentals - Passive Component Antennas - Electrically small antennas
Modeling

11/20/2007 1/15/2008

Semiconductor Devices for RF/uW Design Components and Circuit Design — Baluns
- Device Materials/Fabrication and impacts
on performance

Hone your
Engineering Skills

* Click-in *» Observe * Ask * Learn -

from the comfort of your office

Mlcr‘wave

ourna

Sponsorship opportunities available.
I Contact webinars@mwijournal.com for details.

J
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RETIREMES

To order this book, contact:
John Wiley & Sons Inc.
One Wiley Drive
Somerset, NJ 08875
(800) 225-5945

Engineering Your Retirement

Mike Golio
IEEE Press * 223 pages; $34.95
ISBN: 978-0-471-77616-1

This book should be of interest to anyone
looking forward to retiring comfortably
on one’s own schedule. It is the result of the
author’s research as well as countless discus-
sions with technical professional retirees. It
addresses topics of concern and high priori-
ty to anyone considering careful planning of
retirement. The first chapter describes the
retirement options: how much is needed to
retire and how long will it take to save
enough money as well as learning one’s own
life values. Chapter 2 offers analysis tools
and calculations. Chapter 3 considers
spending and living below one’s means.
Chapter 4 investigates emergency funds
and insurance, such as medical insurance
and healthcare budgets, personal financial
concerns and the necessary documents.
Chapter 5 reviews diverse investment possi-
bilities, such as bonds, stocks, real estate,

THE Book END

annuities, pension plans, cash and certifi-
cates of deposit, Social Security, mutual
funds and commodities, while Chapter 6
develops an investment plan which includes
eliminating bad debt, investment issues, tax-
advantaged accounts and free money, tax-
able investments and taxes. The last two
chapters consider more personal issues,
such as “What will I do when I retire?” and
some final issues: where to live, sources of
income and taxes. The text examines the
primary issues of each topic and then points
to more detailed references. A complemen-
tary web site, www.golio.net, provides sup-
plemental data, tools, spread sheets and
analysis organized according to the table of
contents. Three appendices list: Web site
URLs: Information, Online Calculators and
Software, Fundamental Financial Equa-
tions, and a Longevity Table.

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
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RF and Microwave Coupled-line Circuits: Second Edition

R.K. Mongia, I.). Bahl, P. Bhartia and J. Hong
Artech House * 567 pages; $139, £77

ISBN: 978-1-59693-156-5

he first edition of this book was pub-

lished in 1999. While the fundamen-
tals of coupled-line circuits have not
changed, many novel configurations of
coupled-line components, such as direc-
tional couplers, filters and baluns have
since been reported. With the deletion of
some chapters in their entirety and the ad-
dition of new chapters and new material in
others, this second edition remains the
same size as the first one. The first few
chapters reflect only minor changes. Most
of the major changes occur in the “Appli-
cations” part of the text, that is Chapter 8
onward. Thus, Chapter 9, on filters, in-
cludes the design of bandstop filters using
coupled lines and a discussion of software
packages used for filter design, together

with their limitations and strengths. Chap-
ters 10 and 11 are new. They discuss ad-
vanced filter technology and the design of
filters using new materials and technolo-
gies. Chapter 10 concentrates on coupled-
line filters with many specialized charac-
teristics that are often encountered in
practice. Chapter 11 takes a different di-
rection, tackling filters using advanced
materials. Chapter 12 discusses the design
of common microwave components re-
quiring coupled-line technology, such as
DC blocks, transformers, interdigital ca-
pacitors and spiral inductors. Chapter 13
covers baluns of different configurations,
such as microstrip-to-balanced stripline,
planar transmission line and Marchand
types, which are discussed in detail.
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Creating ideas, spreading knowledge and making the right connections are what
ITU TeLecom AFRICA 2008 is all about. It's the crucial ICT networking platform for the

African region. Join leaders of industry, governments, regulators, innovators and

Cairo
12-15 May visionaries to explore, discuss and shape the future of Africa’s ICT sector. Organized by

the International Telecommunication Union (ITU). Visit www.itu.int/africa2008
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o ) ; i EW2 S6W5 NEW5 6 +0.40
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Built tough to handle 125 watts maximum peak power, these high performance Sowz SOWS  NOW5 9 04,408
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a oIz Siowe  Niowe 1 =050
wealth of applications. So contact Mini-Circuits today, and capture this next generation S15W2  S15W5  N15W5 15 +0.60
of performance and value! Mini-Circuits...we’re redefining what VALUE is all about! S20W2  S20W5  N20W5 20 -05,+0.8
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Now Available! Adapters (Prices: qty. 1-49) h ) o
At 25°C includes frequency and power variations.

A i ¥ ¥ -
: - 4 ¢ N . 4
FoSP 36 & o 3 "
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ﬁ Ll ﬁ : @ ﬁ’ ‘3 ": to base model No. Example: BW-S1W2+
Type-Nto SMA SMA to SMA QUICK CONNECT SMA SMA to BNC Type-N to Type-N RoS  /Adapters avaiable as RoHS, see web site.
DC-18 GHz $229 ea. DC-18 GHz from $495¢a. DC-2 GHz $395€a.  DC-6 GHz $995€a. conttionr

1SO 9001 ISO 14001 CERTIFIED
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For detailed performance specs & shopping online see Mini-Circuits web site
M\I ’éﬁ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com

Pl RF/IF MICROWAVE COMPONENTS 331 Rev KK

Visit http://mwj.hotims.com/11724-107 or use RS# 107 at www.mwjournal.com/info

[ IMini-Circuits’ m{\c;tsg



http://minicircuits.com
http://www.minicircuits.com
http://mwj.hotims.com/11724-107
http://www.mwjournal.com/info

>< RS No. ADVERTISER PaGe No. PHONE Fax WEB ADDRESS
LIJ 76 Jersey Microwave .................... 40 .o 908-684-2390 ext. 23 908-684-2391 http://mwj.hotims.com/11724-76
77 K&L Microwave, Inc. ............... T222 .. 410-749-2424 443-260-2268 http://mwj.hotims.com/11724-77
78 KOR Electronics . .. ... .. d01. 714-898-8200 714-895-7526 http://mwj.hotims.com/11724-78
Q 7 KR Electronics, Inc. ................. 227 732-636-1900 732-636-1982 http://mwj.hotims.com/11724-79
80 Lark Engineering Company ............ B2 949-240-1233 949-240-7910 http:/mwj.hotims.com/11724-80
Z 81 Locus Microwave, Inc. . .............. ,23() ,,,,,,,,,,,, 814-466-6275 814-466-1104 http://mwj.hotims.com/11724-81
~— 82 Lorch Microwave .. .................. 4_5 444444444444 800-780-2169 410-860-1949 http://mwj.hotims.com/11724-82
83 M/A-COM, Inc. ...................... Al 800-366-2266 978-442-5350 http://mwij.hotims.com/11724-83
84 M2 Global Technology, Ltd. ........... 108 444444444444 210-561-4800 210-561-4852 http://mwj.hotims.com/11724-84
85 Marki Microwave, Inc. ............... L)5 ,,,,,,,,,,,, 408-778-4200 408-778-4300 http://mwj.hotims.com/11724-85
(5 86 Maruwa America Corp. ............... 020 516-477-0783 718-728-2493 http://mwj.hotims.com/11724-86
87 MECA Electronics, Inc. ............... 149 ,,,,,,,,,,,, 973-625-0661 973-625-9277 http://mwj.hotims.com/11724-87
Z 24 Microlab/FXR, (a Wireless
~— Telecom Group Company) ......... 23 973-386-9696 973-992-0513 http://mwj.hotims.com/11724-24
88 Micronetics ........................ A7 o 603-579-0900 603-882-8987 http://mwj.hotims.com/11724-88
C/) 89 Microsemi ... 96 .. 408-986-8031 408-986-8120 http:/mwj.hotims.com/11724-89
~— 90 Microwave Development Laboratories .. 113 ......... 781-292-6680/6684 781-453-8629 http://mwij.hotims.com/11724-90
I\ 91 Microwave Filter Company, Inc. ... .. ... l 8. 800-448-1666 315-463-1467 http://mwj.hotims.com/11724-91
Microwave Journal ............. Q@,@ 214,
m ............................ 226231237 ........ 800-225-9977 781-769-5037 Www,mxﬂ'ournal.com
92 Milmega Limited ................... & ......... +44(0) 1983 618004  +44 (0) 1983 811521  http://mwj.hotims.com/11724-92
Lu 93 Mimix Broadband, Inc. .............. COV3 .......... 281-988-4600 281-988-4615 http://mwj.hotims.com/11724-93
94,9596,  Mini-Circuits .................... .4-5.20,35,
> 979899, erere 414950,
100101102, ooveeeie e 59.87,139,
Q 103,104,105, oo 147153 164_165,
106,107 219235 ... 718-934-4500 718-332-4661 http://mwj.hotims.com/11724-94
108,109 MITEQInc. .................... 2425223 .. ... ... 631-436-7400 631-436-7430 http:/mwij.hotims.com/11724-108
< 110 Modular Components National, Inc. . . .. 9T 410-879-6553 410-638-7356 http://mwj.hotims.com/11724-110
111 MTI Wireless Edge .................. 60 +972-3-9025050 +972-3-9025051 http:/mwj.hotims.com/11724-111
112 Narda Microwave-East,
an L3 Communications Co. ......... S 631-231-1700 631-231-1711 http://mwi.hotims.com/11724-112
113 National Association of Tower Erectors ..207............ 605-882-5865 605-886-5184 http:/mwj.hotims.com/11724-113
114 Networks International Corporation .....36 ............ 913-685-3400 913-685-3732 http:/mwj.hotims.com/11724-114
115 Nexyn Corporation ................... 68 408-982-9339 408-982-9275 http://mwj.hotims.com/11724-115
116 OMLInc. ... i 181 ,,,,,,,,,,,, 408-779-2698 408-778-0491 http:/mwij.hotims.com/11724-116
117 Pascall Electronics Limited ........... M 444444444 +44(0) 1983 817300  +44(0) 1983 564708  http://mwj.hotims.com/11724-117
118 Planar Electronics Technology, Inc. ... 175............ 301-662-5019 301-662-1731 http:/mwij.hotims.com/11724-118
119 Planar Monolithic Industries, Inc. .......145............ 301-631-1579 301-662-2029 http://mwi.hotims.com/11724-119
120,121 Radiall ........................... 98140 ......... 33-1-49-353535 33-1-48-546363 http:/mwj.hotims.com/11724-120
122 RadiallAEP ....................... 25 203-776-2813 203-776-8294 http://mwj.hotims.com/11724-122
123 Radio Research Instrument Co., Inc. ....230............ 203-753-5840 203-754-2567 http:/mwij.hotims.com/11724-123
124 Reactel, Incorporated ................15 ... 301-519-3660 301-519-2447 http://mwi.hotims.com/11724-124
125,126 RelComm Technologies, Inc. ......... 115 73 410-749-4488 410-860-2327 http:/mwij.hotims.com/11724-125
127 Remcom .......................... & ............ 814-861-1299 814-353-1420 http://mwj.hotims.com/11724-127
128 REMEC Defense & Space ............ B0 858-560-1301 http://mwi.hotims.com/11724-128
129 RF Micro Devices .................. ATLo 336-678-5570 336-931-7454 http://mwj.hotims.com/11724-129
130 RF TEC Mfg Inc. ..o 22T 770-487-2187 770-486-9499 http:/mwij.hotims.com/11724-130
131,132,133 RFHIC ........... ... ... ... ... T07274 . 82-31-250-5011 82-31-250-5088 http://mwj.hotims.com/11724-131
134 Richardson Electronics, Ltd. .......... & 444444444444 800-737-6937 630-208-2550 http:/mwj.hotims.com/11724-134
135 RLC Electronics, Inc. ................ 27 914-241-1334 914-241-1753 http://mwj.hotims.com/11724-135
136 Rodelco Electronics Corp. ............ 33 631-981-0900 631-981-1792 http://mwj.hotims.com/11724-136
137 Rogers Corporation .................. Sl 480-961-1382 480-961-4533 http://mwj.hotims.com/11724-137
138 Rohde & Schwarz GmbH ............. BT +49-1805-124242 +49-89-412913777  http://mwj.hotims.com/11724-138
139 Rosenberger .................... ..., S8 +49-8684-18-0 +49-8684-18-499  http://mwj.hotims.com/11724-139
140 RoswinlIne. ......................... 90 ... +82-41-621-4450 +82-41-621-4451  http://mwj.hotims.com/11724-140
141 SantronInc. ....... ... ... COV Qo 978-356-1585 978-356-1573 http://mwj.hotims.com/11724-141
142 Satellink, Inc. ...................... 22T 972-487-1434 972-487-1204 http://mwj.hotims.com/11724-142
143 Sector Microwave Industries, Inc. . . .. .. 227 631-242-2300 631-242-8158 http://mwj.hotims.com/11724-143
144 Sirenza Microdevices . ................ S5 303-327-3030 http://mwj.hotims.com/11724-144
145 Special Hermetic Products, Inc. .. ... ... B2 603-654-2002 603-654-2533 http://mwi.hotims.com/11724-145
146 Spectrum Elektrotechnik GmbH ... ... Jd09 +49-89-3548-040 +49-89-3548-0490  http://mwj.hotims.com/11724-146
147 Spectrum Microwave, Inc. .......... A32-133 .. 888-553-7531 302-727-3729 http:/mwj.hotims.com/11724-147
148 Spinnaker Microwave, Inc. ............. 66 408-732-9828 408-732-9793 http://mwj.hotims.com/11724-148
149 State of the Art, Inc. .................. 144 ............ 800-458-3401 814-355-2714 http://mwj.hotims.com/11724-149
150 Stealth Microwave, Inc. .. .............. TT e, 888-772-7791 609-538-8587 http://mwj.hotims.com/11724-150
151 Storm Products Company ............. T67. .. 630-754-3300 630-754-3500 http:/mwj.hotims.com/11724-151
152 SV Microwave, Inc. .................. T69.. ... 561-840-1800 561-842-6277 http://mwj.hotims.com/11724-152
153,154,155  Synergy Microwave Corporation . . . . E@,Zﬁ 444444444 973-881-8800 973-881-8361 http://mwj.hotims.com/11724-153
156 Talley Communications .............. 04 800-949-7079 http://mwj.hotims.com/11724-156
157 Tampa Microwave ................... 12300 813-855-2251 http://mwj.hotims.com/11724-157
158 Tecom Industries, Inc. ................ T00. ..o 866-840-8550 http://mwj.hotims.com/11724-158
159 Tektronix, Inc. .. ... 130 http://mwj.hotims.com/11724-159
160 Teledyne Cougar . ................... E ,,,,,,,,,,,, 408-522-3838 408-522-3839 http://mwj.hotims.com/11724-160
161 Telogy LLC ..., 99 800-835-6494 http://mwj.hotims.com/11724-161
162 Times Microwave Systems ............ A9 0.203-949-8400 203-949-8423 http://mwj.hotims.com/11724-162

236 MICROWAVE JOURNAL = OCTOBER 2007


http://mwj.hotims.com/11724-76
http://mwj.hotims.com/11724-77
http://mwj.hotims.com/11724-78
http://mwj.hotims.com/11724-79
http://mwj.hotims.com/11724-80
http://mwj.hotims.com/11724-81
http://mwj.hotims.com/11724-82
http://mwj.hotims.com/11724-83
http://mwj.hotims.com/11724-84
http://mwj.hotims.com/11724-85
http://mwj.hotims.com/11724-86
http://mwj.hotims.com/11724-87
http://mwj.hotims.com/11724-24
http://mwj.hotims.com/11724-88
http://mwj.hotims.com/11724-89
http://mwj.hotims.com/11724-90
http://mwj.hotims.com/11724-91
http://www.mwjournal.com
http://mwj.hotims.com/11724-92
http://mwj.hotims.com/11724-93
http://mwj.hotims.com/11724-94
http://mwj.hotims.com/11724-108
http://mwj.hotims.com/11724-110
http://mwj.hotims.com/11724-111
http://mwj.hotims.com/11724-112
http://mwj.hotims.com/11724-113
http://mwj.hotims.com/11724-114
http://mwj.hotims.com/11724-115
http://mwj.hotims.com/11724-116
http://mwj.hotims.com/11724-117
http://mwj.hotims.com/11724-118
http://mwj.hotims.com/11724-119
http://mwj.hotims.com/11724-120
http://mwj.hotims.com/11724-122
http://mwj.hotims.com/11724-123
http://mwj.hotims.com/11724-124
http://mwj.hotims.com/11724-125
http://mwj.hotims.com/11724-127
http://mwj.hotims.com/11724-128
http://mwj.hotims.com/11724-129
http://mwj.hotims.com/11724-130
http://mwj.hotims.com/11724-131
http://mwj.hotims.com/11724-134
http://mwj.hotims.com/11724-135
http://mwj.hotims.com/11724-136
http://mwj.hotims.com/11724-137
http://mwj.hotims.com/11724-138
http://mwj.hotims.com/11724-139
http://mwj.hotims.com/11724-140
http://mwj.hotims.com/11724-141
http://mwj.hotims.com/11724-142
http://mwj.hotims.com/11724-143
http://mwj.hotims.com/11724-144
http://mwj.hotims.com/11724-145
http://mwj.hotims.com/11724-146
http://mwj.hotims.com/11724-147
http://mwj.hotims.com/11724-148
http://mwj.hotims.com/11724-149
http://mwj.hotims.com/11724-150
http://mwj.hotims.com/11724-151
http://mwj.hotims.com/11724-152
http://mwj.hotims.com/11724-153
http://mwj.hotims.com/11724-156
http://mwj.hotims.com/11724-157
http://mwj.hotims.com/11724-158
http://mwj.hotims.com/11724-159
http://mwj.hotims.com/11724-160
http://mwj.hotims.com/11724-161
http://mwj.hotims.com/11724-162

FREE

Product Information
Now Available Online

Info Zone

The new Web-based product information system
from

Micave
Journal

Just visit
mwijournal.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!



http://mwjournal.com/info

RS No. ADVERTISER PaGe No. PHONE Fax WEB ADDRESS
163 TRAK Microwave Corporation ......... 191, 813-901-7200 http://mwi.hotims.com/11724-163
164 TriQuint Semiconductor, Inc. .. ........ A3 503-615-9000 503-615-8900 http://mwi.hotims.com/11724-164
165 T-Tech,Inc. ........................ J20. 800-370-1530 770-455-0970 http://mwj.hotims.com/11724-165
166 Universal Microwave
Components Corporation ......... 224 703-642-6332 703-642-2568 http://mwi.hotims.com/11724-166
167 Universal Microwave Corporation . . . . .. A85 . 877-862-9873 http://mwi.hotims.com/11724-167
168 UTE Microwave Inc. ................. 83 732-922-1009 732-922-1848 http://mwi.hotims.com/11724-168
169 Vectron International ................ A3 1-88-VECTRON1  888-FAX-VECTRON http:/mwj.hotims.com/11724-169
170 Volex Groupple ... A63 .. 828-485-4500 http://mwj.hotims.com/11724-170
171 Voltronics Corporation ............... A99. 973-586-8585 973-586-3404 http://mwi.hotims.com/11724-171
172 W.L. Gore & Associates, Inc. .......... J96 ... 800-445-GORE http:/mwj.hotims.com/11724-172
173 Weinschel Associates ................. 80 877-948-8342 301-963-8640 http://mwi.hotims.com/11724-173
174 Wenzel Associates, Inc. .............. I8 512-835-2038 512-719-4086 http://mwi.hotims.com/11724-174
175 Werlatone, Inc. .. ................... COV4 .......... 845-279-6187 845-279-7404 http://mwi.hotims.com/11724-175
176,177 Win Semiconductors Corp. ......... AI7161 ... 310-530-8485 310-530-8499 http://mwi.hotims.com/11724-176
178 Winchester Electronics Corporation .....38 ............ 203-741-5400 203-741-5500 http:/mwj.hotims.com/11724-178
179 Z~Communications, Inc. ............. J9 858-621-2700 858-621-2722 http://mwj.hotims.com/11724-179

Visit Microwave Journal on the Web at www.mwiournal.com

jjournal.com/info and enter RS# to request information from our advertisers

O\ = ADVERTISING INDEX

Technology Advances in Solid-state Switches

Nﬁc%@%mawe
Journa

Method to Reduce Dimensions of Planar
Passive Circuits

Novemser 200/
ISSUF

Microwaves in Asia

-

microwave journal

SALES REPRESENTATIVES

CARL SHEFFRES, PUBLISHER ED JOHNSON, AsSOCIATE PUBLISHER ~ KEN HERNANDEZ, TRAFFIC ADMINISTRATOR

Korea
Young-Seoh Chinn

International Sales
Richard Vaughan

Eastern and
Central Time Zones

Eastern and

Germany, Austria,
Central Time Zones

and Switzerland

Chuck Boyd Ed Johnson International Sales Manager (German-speaking) JES Media International
Northeast Reg. Sales Mgr. Associate Publisher Tel: +44 207 596 8742 Juergen Wissling 2nd Floor, ANA Bldg.
(New Englan)a, Upstate NY, PO Box 5962 rvaughan@horizonhouse.co.uk Wissling Marketing Services 257-1, Myungil-Dong

Eastern Canada) Ocala, FL 34478-5962 Riedstrasse 5 Kangdong-Gu

Michel Zoghob

685 Canton Street
Norwood, MA 02062
Tel: (781) 769-9750
FAX: (781) 769-5037

cboyd@mwjournal.com

Michael Hallman

Eastern Reg. Sales Mgr.
(Mid-Atlantic, Southeast,
Midwest)

4 Valley View Court
Middletown, MD 21769
Tel: (301) 371-8830

FAX: (301) 371-8832
mhallman@mwjournal.com

Brian Green

Inside Sales Manager
685 Canton Street
Norwood, MA 02062
Tel: (781) 769-9750
FAX: (781) 769-5037
bgreen@mwjournal.com

238

Tel: (352) 620-2442
FAX: (352) 620-2443
ejohnson@mwijournal.com

Pacific and
Mountain Time Zones
Wynn Cook

estern Reg. Sales Mgr:
PO Box 23200
San Jose, CA 95153
Tel: (408) 224-9060
FAX: (408) 224-6106

weook@mwjournal.com

Deputy Publisher
Te{: +44 207 596 8741
mzoghob@horizonhouse.co.uk

46 Gillingham Street

London SW1V 1HH, England
Tel: +44 207 596 8740

FAX: +44 207 596 8749

72813 St. Johann-Wuertingen
Germany

Tel: +49'7122 828140

FAX: +49 7122 828145
jwissling@horizonhouse.com

Israel

Oreet Ben Yaacov

Oreet International Media

15 Kineret Street

51201 Bene-Berak, Israel
Tel: +972 3 570 6527

FAX: +972 3 570 6526
obenyaacov@horizonhouse.com

Seoul, 134-070 Korea

Tel: +82 2 481-3411

FAX: +82 2 481-3414
yschinn@horizonhouse.com

Japan

Katsuhiro Ishii

Ace Media Service Inc.
12-6, 4-Chome,
Nishiiko, Adachi-Ku
Tokyo 121-0824, Japan
Tel: +81 3 5691 3335
FAX: +81 3 5691 3336
amskatsu@dream.com

MICROWAVE JOURNAL = OCTOBER 2007


http://mwj.hotims.com/11724-163
http://mwj.hotims.com/11724-164
http://mwj.hotims.com/11724-165
http://mwj.hotims.com/11724-166
http://mwj.hotims.com/11724-167
http://mwj.hotims.com/11724-168
http://mwj.hotims.com/11724-169
http://mwj.hotims.com/11724-170
http://mwj.hotims.com/11724-171
http://mwj.hotims.com/11724-172
http://mwj.hotims.com/11724-173
http://mwj.hotims.com/11724-174
http://mwj.hotims.com/11724-175
http://mwj.hotims.com/11724-176
http://mwj.hotims.com/11724-178
http://mwj.hotims.com/11724-179
http://www.mwjournal.com
http://mwjournal.com/info
mailto:cboyd@mwjournal.com
mailto:mhallman@mwjournal.com
mailto:bgreen@mwjournal.com
mailto:ejohnson@mwjournal.com
mailto:wcook@mwjournal.com
mailto:rvaughan@horizonhouse.co.uk
mailto:mzoghob@horizonhouse.co.uk
mailto:jwissling@horizonhouse.com
mailto:obenyaacov@horizonhouse.com
mailto:yschinn@horizonhouse.com
mailto:amskatsu@dream.com

Mimi<

BROADBAND-

Mimix Buffer Amplifiers...The Perfect Fit!

providing optimal semiconductor solutions worldwide

Our “Perfect Fit” Buffer Amplifiers are highly compact, offer a dynamic combination of broad-
band performance with high power and low noise, are available in bare die and industry-standard
QFN packages, and provide a cost-effective solution for a variety of frequency and functional
applications. And many of our amplifiers are highly integrated with no external components
required! Visit www.mimixbroadband.com to learn more about these devices:

Device Frequency Gain Noise Figure Output PIdB OIP3 Bias
(GHz) (dB) (dB) (dBm) (dBm) (mA @YV)
CMM2000-QT

CMM4000-BD
Self-Bias
Architecture and
On-Chip Drain Bias
Coil/DC Blocking

CMMO511-QT
RoHS Compliant
3x3mm QFN and XB1004-BD
Single Positive Supply

(Low Noise/Power)
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Visit http://mwj.hotims.com/11724-93 or use RS# 93 at www.mwjournal.com/info
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HIGH POWER DEVICES

Unsurpassed quality + on-time delivery, is the Werlatone promise

< (R

QUADRATURES COUPLERS DIVIDERS HYBRIDS R“\es

Wide bandwidth, @ WERLATONE

High Power Combiners

o = *10:1 + Bandwidth
.. * Full Input Failure Protection

j“f: * Capable of Non-Coherent Combining - .

**Multi-Section Power Dividers, first described by Seymour Cohn, employ a large number
of floating, high value resistors, resulting in excessive high frequency roll-off and low
unbalanced power capability.

COMBINERS

**Werlatone’s, Patent Pending “Collapsed Cohn” design requires only one or two, low
value, high power resistors to provide the same port-to-port isolation and higher
unbalanced power protection, while eliminating high frequency roll-off.

Insertion Loss Model D7885
-2.100
_Slagg [FT 20000000 GHz -T.4515 dB
-2.700
-2.000 K
-32.3200
-2.800
-3.5900 =
200 MHz 2500 MHz
VSWR Model D7885
1.500
1.5og | =1 2.0000000 GHz | 1.2474
1.400 1
1.300
1.z00 5
1.100 |
1.000 b = |
200 MHz 2500 MHz
www.werlatone.com
4 N\
Model Type Frequency Power Insertion Loss VSWR Isolation Size
(MHz) (wew) (dB) (dB) (Inches)
D7885 2-Way 200-2500 200 0.65 1.40:1 15 7.7x1.6x 1.1
D7823 2-Way 500-2500 200 0.4 1.35:1 15 4.7%x2.0x0.8
D7630 2-Way 800-3000 200 0.4 1.35:1 15 3.7x1.9x0.87
D7539 4-Way 800-2800 200 0.6 1.35:1 17 5.5x4.1x1.1
L D7695 4-Way 900-1300 100 0.4 1.30:1 20 4.0x3.3x0.8 )

Visit http://mwj.hotims.com/11724-175 or use RS# 175 at www.mwjournal.com/info
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Z{\E\ﬁ Single-Chip RF Transceivers
Enable Mobile WiMAX Worldwide

Small Solution Size and Low Power Consumption for Notebooks, PMPs,
Cell Phones, CPEs, and Pico/Femto Base Stations

OLD WiMAX™ SOLUTION Maxim's NEW WiMAX SOLUTION

(2 RFICs, 1 SAW Filter) (ONLY 1 RFIC)

\V4
=— Rxl
— Rxl —— RxQ
- RxQ MAXI

o RF — saw H IF MAX2837 |
TRANSCEIVER | |FiLTeR || TRANSCEIVER ﬂ .

| :SQ ZERO-IF RADIO

SUPER-HET RADIO

Unsurpassed RF Performance

Receiver

¢ 2.3dB Rx Noise Figure Complete Radio in 30mm x 12mm

¢ .8dBm Input IP3

¢.35dB Rx EVM

¢ Supports 1.75MHz to 28MHz RF Transceiver Family for
Channel Bandwidth 802.16e Mobile WiMAX

Transmitter WiMAX Profile Radio_ No.of [ No.of [ o .

e 0 dBm Tx Output ( oq Q AM) Frequency Bands (GHz) Cunllsgrggallon 'I;x F:x S—

¢.37dB Tx EVM 230021 MIMO 1 2| MAX2839*

331038 SISO/MIMO 1 1 | MAX2838*

: g
> 45dB SSB Suppress1on Coming soon: 2 Tx/2 Rx MIMO solution for 3.3GHz to 3.8GHz.

VCO/Synthesizer

¢ .39dBc Integrated VCO Phase Noise For RF or RF/ Baseband

e Frac-N Phase-Locked Loop (PLL) Reference Designs, Contact:
with 20Hz Step Size wimax-RD@maximhq.com

WiMAX is a trademark of the WiMAX Forum.
*Future product—contact factory for availability
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2007 Maxim Integrated Products, Inc. All rights reserved.
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Industry’s Smallest Power Detectors
Replace Discrete Solutions

COUPLER
PA

-

TO ANTENNA

MAXIVI
MAX2206/7/8

TOADC
OR OP AMP
-~

PEAK DETECTOR

¢ Power-Detection Range
*21dB (MAX2204)
e 25dB (MAX2205/7/8)
* 40dB (MAX2206)

e Ilmm x Imm, 2 x 2 UCSP (Available
with Backside Coating for Easier
Nozzle Pickup)

e MAX2205: CDMA
e MAX2206: CDMA, GSM
e MAX2208: CDMA, WCDMA

¢ 5.Pin SC70

* MAX2204: WCDMA, UMTS, HSPA

e High 20.5dB Gain

e Ultra-Low 0.8dB Noise Figure

¢ Integrated 50Q2 Output-
Matching Circuit

* 4.1mA Supply Current
¢ 1.6V to 3.3V Supply

Voltage

¢ Ultra-Small, RoHS-
Compliant, Leadless

6-Pin pDFN Package

PA1

COUPLER
1

Mw

PA2

COUPLER
2

_LWV—{H

PEAK
DETECT

| DETECTOR
OUTPUT

MNAXIW
MAX2204

APPLICATION DIAGRAM FOR TWO PAs

* No External Filter or Op Amp

Required

¢ Internal Temperature
Compensation Gives +0.3dB
Accuracy

>¥% 0.8dB Noise Figure, 20dB Gain, GPS
LNA Improves Your Existing Solution

Ultra-Small Leadless Package Saves Size and Cost

GND

RFOUT

(2]
pum
j=)
=

Vee

IMPROVES YOUR
CURRENT GPS
RECEIVER’S
SENSITIVITY

)

= 1
GND
L
BIAS
_| l_/YY‘Y“\ RFIN °
L
el NAXI/W
INPUT MATCH L1 = 6.50H MAX2659

INPUT DC BLOCK C1 = 1800pF
SUPPLY BYPASS Cb = 33nF

RN 4

I||—| |—0
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Z§“ﬂ Is Your GPS System Performance
Limited by Your RF Front-End?

Improve Your GPS and Galileo Performance and Reduce Cost with the
First Fully Programmable, Universal GNSS RF Receiver

The MAX2769 is a single-conversion, low-IF GPS receiver that provides a low NF of 1.4dB. The integrated ADC
output is quantized in 1 or 2 bits for both I and QQ channels, or up to 3 bits for the I channel. The fully integrated frac-
tional-N synthesizer and VCO enable programming of the IF frequency between 0 and 8MHz, while operating with
any reference frequencies ranging from 8MHz to 44MHz. The MAX2769 includes an integrated active-antenna sensor
and a dual-input uncommitted LNA for separate passive- and active-antenna inputs. With its programmable power-
savings mode, the MAX2769 consumes as low as 10mA.

PASSIVE N/ ACTIVE
ANTENNA ANTENNA
ONLY 1.4dB NF; - i ~
ELIMINATES 5 ’
EXTRA LNA \ ! \_O/J
M @ MAXIVI
B _[ MAX2769
B2 I g
> FILTER
ONLY —> I >
10mA lgypp,y
FRAC-N < >
PLL
TEMP
SENSOR v
Packages Available Ideal for
¢ Leadless 28-Pin TQFN ¢ Cellular E911/E112
e Wafer-Level Packaging (WLP) ¢ Location-Based Services
Available by Request e Asset Tracking/Telematics
NOW * Portable Navigation
AVAILABLE ¢ Automotive Navigation
0 DIE * Digital Cameras

For More Information on Maxim’s GPS Solutions,
Go to: www.maxim-ic.com/GPS

AKX
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Z\\/\j‘ﬁ/LSJV Satellite Tuners Boast 8PSK
Performance at Only 330mW of

Power Consumption

Small Package Is Ideal for Multituner Set-Top Box Applications

The MAX2112/MAX2120, Maxim’s newest satellite tuners, offer the highest performance at the lowest power of
any competitive solution. The MAX2112 meets DVB-S2 requirements, while the MAX2120 is targeted for the highly
competitive DVB-S market.

MAX2112/MAX2120 USE 64% LESS POWER THAN COMPETITORS

1200

1000

800

600

CONSUMPTION (mW)

400

) f
0

MAXI COMPETITOR A COMPETITOR B
MAX2112/MAX2120
® 3.3V Supply e Automatic Configuration of PLL
¢ 8dB NF Enables Reception of and VCO Simplifies Firmware
Weak Free-to-Air Signals ® Operation at -40°C Enables
¢ IIP3 of +15dBm Provides Immunity Outdoor Applications
from Adjacent-Channel Interference ¢ Small 5mm x 5mm, 28-Pin
TQFN Package

VERY SMALL SOLUTION FOOTPRINT REQUIRES LESS THAN 9cm? OF PCB AREA

MAX2112/MAX2120

REFERENCE -
DESIGNS AVAILABLE
CONTACT FACTORY)

4 AKXV




Single-Chip Digital Terrestrial-TV Tuners
for Mobile, Portable, and Set-Top Box

Devices

MAX3580 VHF/UHF DVB-T Tuner

The MAX3580 3.3V digital TV tuner is compatible with DVB-T, ISDB-T, and DMB-T/H standards for both
portable and set-top box applications, while meeting MBRAI and NorDig industry standards.

e A -
MAX3580 o
% ! \
TYPES A, B1 XH — 7\»\' 7P< — ]
[y 2 l\ Il
=1 A 7P< R
‘ OPTIONAL DIPLEXER IMPROVES ’ \

LINEARITY WITH STRONG VHF INTERFERORS [ ELIMINATES IF SAW FILTERS ]

¢ 6/7/8MHz Channels (Variable BW-LPF) e Integrated DC-Offset Correction

e Integrated RF-Tracking Filters e MBRAI and NorDig Unified 1.0.2
Compliant

MAX2165 UHF DVB-H Tuner

EXCEEDS MBRAI
TYPES B2, C
¢ 6/7/8MHz Channels )
(Variable BW-LPF)

. . /N AXI/V ) I/0 INTERFACE
¢ Integrated RF-Tracking Filter VAX2165 L= —L_ | oemopuLATOR
¢ Integrated DC-Offset T

Correction TRACKING UHF W% = | |
. . BPR
e MBRAI and NorDig Unified ——
1.0.2 Compliant ﬂ BW LPFs
¢ 2.85V Supply Voltage 1Y e 7\\? 7{>< o |
Feature MAX3580 MAX2165
Bands VHF/UHF UHF
DVB-T, ISDB-T DVB-H, DVB-T
Standards 13 segment, DMB-TH (UHF)
Cellular notch v
Typical NF (dB) 5 35
MBRAI compliance Types A, B1 Types B2, C
Package (5mm x 5mm) 32-TQFN 28-TQFN
Power consumption (mW) 680 24 at 8% duty cycle

AKX




Z@/ Highest Integration Triple-Band
Tuner for DAB, DMB-T, and FM

Applications

Eliminates the Need for External LNAs and VHF/FM Filters

The MAX2170 is a fully integrated, RF-broadcast tuner for DAB, DMB-T, and FM applications. The integrated
low-noise LNA achieves an L-band sensitivity of -99dBm, thereby eliminating the need for external amplifiers. At
VHEF frequencies, the integrated channel-selection filter achieves an adjacent-channel protection ratio of better than
35dBc; in high-interference environments, it also increases performance while doubling as an FM-band-select filter.

LOW-NOISE, HIGH-LINEARITY
L-BAND FRONT-END
ELIMINATES EXTERNAL LNA

N i
w MAXIM
MAX2170
L-BAND
HHZEHH

.

FILTER

| |
> - . =,
TRACKING

\

INTEGRATED VHF-TRACKING AND FM-
BAND-SELECT FILTER ELIMINATES
EXTERNAL VHF AND FM FILTERS

* First Adjacent-Channel Handling REFERENCE DESIGNS AVAILABLE
of +40dBc¢c in VHF Band (CONTACT FACTORY)

¢ .100dBm VHF Band-III Sensitivity
¢ .99dBm L-Band Sensitivity

¢ Industry-Standard 2.048MHz Low-IF
Interface

¢ 2.7V to 3.5V Power Supply
¢ Integrated Closed-Loop RF AGC
e Sigma-Delta Fractional-N Synthesizer

¢ Low Power Consumption (170mW in
L-Band Mode, Continuous Operation)

6 AKXV




Analog/Digital Tuners Run Cool and

Save Space in Automotive TVs
Ultra-Compact MAX3540”* Tunes Analog and Digital TV

The MAX3540’s small size and low power
consumption make it uniquely suitable to auto-
motive TV. Its traditional architecture tunes both

4MHz

analog and digital TV signals.

e 50MHz to 860MHz
Frequency Range

* 36 MHz/44MHz IF
Frequency

® On-Chip Triple-Band
Tracking Filter

¢ ATSC, NTSC, and PAL
Compliant

1]
|

R\

OPTIONAL DIPLEX
FILTER

RF_AGC —

¢ 800mW Power Consumption
® 3.3V Supply

T

H[I Maxim HAS
Fﬁf%? - ISO/TS 16949:2002
CERTIFICATION
IF SAW
T > |
| — 2 M
SERIAL INTERFACE
AND SYNTHESIZER
LD_VRE
I
N
i
30
29
MAXIVI
MAX3540™ 27— IF_AGC
IFOUTPUT

i

MAX3580’s Novel Architecture Drastically Shrinks Automotive Diversity
Tuner Designs, Meets MBRAI and NorDig Requirements

POWER DISSIPATION IN A FOUR-TUNER AUTOMOTIVE DIGITAL TV

The MAX3580 is a multistandard digital
TV tuner covering DVB-T (Europe), DMB-
T/H (China), and ISDB-T 13 segment
(Japan). Its direct-conversion architecture
eliminates SAW filters. On-chip RF filtering
reduces the need for external RF filtering,
typically required by traditional CAN-type
tuners. This integration results in a greatly
reduced overall solution size. The MAX3580
is specified to operate over the -40°C to
+85°C temperature range.

5.0

45

40

35

3.0

2.5
2.0

DISSIPATION (W)

15

1.0
0.5

0.0

Maxim’s Full Range of Mobile TV Tuners

Broadcast standards dedicated to mobile TV are
becoming established or are on the way in many countries
around the world. Maxim offers a full range of solutions

for mobile TV tuners.

*Future product—contact factory for availability.

AKX

WAXI/W OTHER SILICON TUNERS
MAX3580

Part Standard Region
MAX2160 ISDB-T 1 segment Japan/Brazil
MAX2165 DVB-H, DVB-T Europe
MAX2170 DMB-T Europe/China
MAX3540* ATSC, NTSC, PAL All
MAX3580 DVB-T, DMB-T/H, ISDB-T 13 segment | Europe/China/Japan




Z\ Choose More than One Transmit
Frequency and Keep Your Antenna
Matched with Just One Crystal

Programmable Transmitters Open Up the 300MHz to 450MHz ISM Band

The MAX7057*/MAX7058" are programmable multifrequency transmitters that can transmit multiple frequencies
using the same crystal. The built-in, 16-bit fractional-N synthesizer operates at any frequency over a 1.475:1 tuning
range. The internal tuning capacitor has 16 selectable values for matching the antenna. FSK modulation is spectrally
cleaner than ever because you just change the divider ratio without removing the crystal.

The MAX7057 fully programmable, ASK/FSK transmitter is controlled through the SPI™ port and is offered in a
16-pin SO package. The MAX7058 dual-frequency, ASK-only transmitter is available in a 16-pin TQFN package.

ORIGINAL FSK SOLUTION Maxim's FSK SOLUTION
CRYSTAL 1 ’—H:”—‘ T CRYSTAL ’—H:”—‘
MAXIN
L S MAX7057*
! MAX7058*

PROGRAMMABLE (MAX7057) OR
CRYSTAL 2 ’_i I:I }—‘ T 315MHz/390MHz (MAX7058)

RFIC Tx ANTENNA
390MHz MATCH
¢ Tuning Range of 1.475:1 ¢ 2.1V to 3.6V Single-Supply Operation
* 300MHz to 442.5MHz with a ¢ < 7.5mA DC Current Drain (50%
16.071 4ZM(I)-Iz Crystazl with 4 ¢ < 12mA DC Current Drain (FSK)
¢ Internal Variable Capacitor for * < lmA Standby Current
Optimum Antenna Tuning ¢ Frequency and Tuning Control
¢ +10dBm Output Power Through an SPI Port
o ASK/OOK/FSK Modulation e Small, 16-Pin TQFN or SO Package
Par Toertey | Modulation Fremen | Package | Pre’
MAX7057ASE* -40to +125 ASK/FSK SPI programmable 16-SO 1.08
MAX7058ATG" 4010 +125 ASK 315/390 16-TOFN | 1.1

SPI is a trademark of Motorola, Inc.

*Future product—contact factory for availability.

F10k-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages
are offered in 1k increments, and some may require minimum order quantities.
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Low-Noise Amp for TV Tuners and
Set-Top Boxes

Eliminates Broadband Splitter and Improves SNR

The MAX2130 is ideal for digital terrestrial SIMPLE, ACTIVE LOOP-THROUGH DEVICE
receivers (DVB-T or VSB). The amplifier has a low SAVES SPACE, HAS 2.8dB NF
2.8dB noise figure and an 1I1P3 of 17.5dBm. The
MAX2130 also has a second integrated loop-through
output. The unbalanced input and outputs allow use

. _ . VX1V
with existing canned-tuner architectures. VAX2130
When used with a pin-diode attenuator, the low- it | DIGITAL
noise MAX2130 provides enough gain (15dB) at low INPUT E 1 | * |H TE:&EES“T’FER;{AL

input levels to deliver an acceptable signal-to-noise ratio

(SNR) to the receiver. Also, it simultaneously provides
low distortion during high signal-level conditions. The
loop-through output eliminates the need for a splitter or 0TV
directional coupler to provide a TO TV output. The part

requires a 5V supply and draws 93mA. ﬁl

Broadband Variable-Gain Amps Meet
Tough Linearity Requirements, Improve
TV-Tuner NF and AGC Range

1IP3 AND NOISE FIGURE vs. GAIN
! 3 0 SE FIGURE vs. G g (OPTIONAL DIPLEXER) ST
R Y MAX3537
N
Y B N AN % = VHF MAX3538
Es \\\\\\ 20 g ?—0 : /P<
£ 3 \\\ 5 5 — L °
% 2 102 - | X
20 I\|IOISE FI(|JURE < 5 _| I | L RFAGC
1545 0 50 5 10 15 N O 2 2 Y e BANDSWITCH
GAIN (dB) —
e 50MHz to 878MHz Operating ® On-Chip Bandswitch Works with
Frequency Range External Diplex Filter to Significantly
e Improve Sensitivity for Low- Reduce 2nd-Order Distortion
Input-Power Applications ¢ Single-Ended Inputs and Outputs
e Very High IIP3: +33dBm at Eliminate Expensive Baluns

12dB Backoff

AKX




% - Industry’s Only +125°C-Rated

10

300MHZ to 450MHz ASK Receiver

Maintains Excellent Sensitivity, Even at +125°C, Making It Ideal for
Remote-Start/Automotive Applications

The MAX7034* is a +125°C-rated ASK receiver ideally suited for remote-start/automotive applications where
the receiver is exposed to extreme high temperatures. The MAX7034 is based on the highly successful
MAX1473/MAX7033. Like these devices, this receiver includes an LNA, a fully differential image-rejection mixer, an
on-chip PLL with an integrated VCO, a 10.7MHz IF limiting amplifier stage with received-signal-strength indicator
(RSSI), and analog baseband data-recovery circuitry. The MAX7034 is available in a 32-pin TQFN package that is
pin-compatible with the MAX1473/MAX7033.

PREHEAT YOUR CAR
IN THE WINTER COLD

PRECOOL YOUR CAR
IN THE SUMMER HEAT

AA 4

¢ Excellent Receive Sensitivity over Temperature
¢ .114dBm (at Peak Power, 315MHz, +25°C)
¢ .105dBm (at Peak Power, 315MHz, +125°C)
¢.113dBm (at Peak Power, 434MHz, +25°C)
¢ .103dBm (at Peak Power, 434MHz, +125°C)

¢ Operates from a Single 5.0V Supply
¢ Selectable Image-Rejection Center Frequency
® < 6.5mA Low Operating Supply Current

¢ < 3pA Low-Current Power-Down Mode for
Efficient Power Cycling

¢ 250ps Startup Time

Temperature . Frequency Price’
Part Range (°C) Modulation (MHz) Package )
MAX7034ATJ* -40to +125 ASK 300 to 450 TQFN 1.39

*Future product—contact factory for availability.
F10k-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates.

Not all packages are offered in 1k increments, and some may require minimum order quantities.
WX /W




Highest Linearity, Lowest Noise, Direct-
Conversion Transmitter for GSM/EDGE
Base Stations

Pout = +15dBm
0IP3 = +35dBm
Nourt = -156dBc/Hz

Pour = +5dBm
0IP3 = +22dBm
Nout < -160dBc/Hz

M AXI/W M AKX/ NAXIV
MAX5873 MAX4395 MAX2021/22/23 <
DUAL DAC QUAD AMP ZERO-IF MODS/DEMODS /AI;,ZI\)/( ;(’)(5:9;5 ';'
RF DIGITAL VGAs
| > \ ( Q 1 ]

12 3108 1748 L/\sws
@— > m s * pd\,——RF out
© £ |

: 12 ) () ¥ T
L@J&T 3
| _—

BUILT-IN LOOPBACK / ‘

MIXER FOR ! LOOPBACK  Rx SPl
(~) OUT  OFF  CONTROL
SIMULTANEOUS Tx AND ’ JNAXKIM O

(FEEDS BACK

Rx CHAIN DIAGNOSTI 45,80,0R | INTORx CHAIN

xC GNOSTICS MAX9491 95MHz FRONT-END)
VCO + SYNTH L0

¢ Complete Conformance to e Up to 62dB of Lineup Gain Control
GSM/EDGE Specifications ¢ 12dB Static Control
® Meets All Spectral-Mask and Noise- * 30dB Dynamic Control
Floor Requirements ¢ > 10dB Lineup Compensation

® < -156dBc/Hz Noise at 6MHz Offset e Built-In Loopback Test Mixer
¢ LO Leakage < -40dBc Over Temp and (MAX2058/MAX2059)
Frequency (After Nulling)

¢ Ideal for Performing Simultaneous
® +15dBm/+12dBm Output Power

Diagnostics of Tx and Rx Chains in

(GSM/EDGE) Real Time
e Highly Efficient, Low-Cost Solution ¢ Preprogram the MAX9491 with
® Four-Chip Solution (Five Chips with 45/80/95MHz LO Settings
Tx Diagnostic Loopback Feature)

. | A ¢ Pin-Compatible Lowband and
* No Ancillary RF Filters Required Highband Versions

For More Information, Go to:
WWWw. maxim-ic.com/gsmzif

AKX
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2RF-2L0 (dBc)

-60

70 o0
-75 Maxim

-80

Industry's Highest Performir

Complete Line of Up-/Downconvert

BEST ALL-AROUND OIP3, NF, AND UNMATCHED LO LEAKAGE
2RF-2L0 SPURIOUS PERFORMANCE AND IP14g PERFORMANCE
40 0
o o) Bo
“lo 88 10 oo °g 8
55 eloRe 20 (@)
00 o ©Ce ¢}

-30

LO LEAKAGE (dBm)

-40

-50 Maxim

@ ADVANTAGE 0 ADVANTAGE

T T T T
0 5 10 15 20 25 30 35 10 15 20 25 30
0IP3 - NF (dBm) [NORMALIZED FIGURE OF MERIT] IP14g (dBm)

@ Maxim PERFORMANCE O CLOSEST COMPETITORS

e Lowest NF Equates to Less Gain Needed Ahead of Mixer, Allowing
® Relaxation of ADC Dynamic-Range Requirements
® Relaxation (or Complete Elimination) of AGC
¢ Greater Receiver Resiliency to Blockers

¢ Unparalleled 2RF-2LO Performance
¢ Eases Filtering Requirements
¢ Allows Design to Employ Lower IF Frequencies, Leading to

¢ Easier Frequency Planning
¢ Use of More Cost-Effective, Low-IF ADCs

e Highest Levels of Integration
® Low LO Drive Needed Due to On-Chip LO Buffers
® On-Chip LO Switches Support Frequency Hopping
® On-Chip IF Amplifiers
¢ Integrated RF and LO Baluns

e Compact, 5mm x 5mm, 20-Pin and 6mm x 6mm, 36-Pin TQFN

¢ Pin-Compatible Parts for the 400MHz, 850MHz/900MHz, 2GHz,
2.5GHz, and 3.5GHz Bands

AKXV
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fonolithic Mixer Portfolio

- Wireless Infrastructure

MAX1209/11
MAX1418/19/27
MAX12553-59

2

MAX1209/11
MAX1418/19/27
MAX12553-59

R

MAX5883-88
MAX5889/90/91

WMAXI/
MAX9995
DOWNCONVERTER MAX2027 MAX2055
RECEIVE ~_ | R BALIN ; ]
== MIXER  AMP
DIVERSITY o~ {—| IF s ~ Ei /[ r“ [
| F- [~ ! >
seor ¥ L0
O Lo | S DRIVER
) BALUN
02 %\C
& o o
SPLITTER
_— LO SELECT \ 0 MAX2027 MAX2055
FCe BALUN DRIVER
~ RF ]
~_ %{ Fr |~ E!i ) [ }
~ X N
MXER  “IF IF- >
1] AMP
AKX/
MAX2039
UPCONVERTER
BALUN
~_| MAX2055 MAX2027
TRANSMIT = MIXER
=~ m A PSPy, ¥ I
() >~
MAX2016 — ] IF-
\
VSWR 7 Lo
£ SPDT DRIVER el
o SWITCH
) o BALUN
O 102 ¥,
LO SELECT | 7

COMPLETE PORTFOLIO OF SINGLE-/DUAL-CHANNEL PIN-COMPATIBLE SOLUTIONS
FOR ALL 400MHz TO 4000MHz WIRELESS STANDARDS

A

NMT GSM/EDGE DCS/PCS/EDGE WiMAX
LAND MOBILE CDMA/WCDMA UMTS/TD-SCDMA 3GPP LTE
=
= 4 MAX9993 | A TV ey A S V(T A |
= il MAX9985 il 4 MAX9994 ¥ BTV VAT S Y MAX19999A* I
= 1 MAX19985* i i MAX9996 [
2 [T MAX9985A* Y v MAX9995A* v
§ " MAX19985A* 4 MAX19995A* i
o inxasgs ¥
" MAX9981 T mAx19995* ¥
»
& $ MAX2039 §]T  mAx20a2a* 3|3 MAX2044A* 1 [ swecome |
= T wwens 3 S
v $ MAX2031 § 1 MAX2023 1 DUAL CHANNEL
%
g I % fﬂmﬂ"’"fv‘“ = . [ oownconverten 1]
@ UP-/DOWNCONVERTER m
400 1000 2000 3000 4000
FREQUENCY (MHz)

*Future product—contact factory for availability.

AKX
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zé“.“‘; Digital Wireless Audio/Video Solution
Provides Robust, Interference Resistant,

CD-Quality Audio

MP3 AUDIO AND
VIDEO DOCKING
STATIONS

IN-CAR
DISPLAY SCREENS

FRONT AND REAR ~ _ -=" HEAD UNIT

CAMERAS =<

~

g SPEAKERS AND SUBWOOFERS HEADPHONES

DIGITAL WIRELESS AUDIO/VIDEO SOLUTION
M AXI
MAX2830’_|; =
>
[\ DIGITAL WIRELESS
PLL AUDIO/VIDEO
Vel <
7\ o—»0 ® —
j 0% —
Digital Wireless Audio/Video Solution MAX2830 2.4GHz, 802.11¢g

¢ Encrypted, Wideband, Worldwide 2.4GHz Link Transceiver

¢ Real-Time RF Sniffer for Clear Channel Detection * +17dBm, 11g PA
¢ Tx/Rx and Rx Antenna Diversity
Switches

11

o

e Automatic and Seamless RF Channel Switching

* Robust Coexistence and Interference Resistance .
¢ 62mA Receive Current

¢ Low-Power Shutdown Mode
¢ 3.3dB Noise Figure
¢ .75dBm, 11g, 54Mbps Sensitivity

. ) ® Programmable 14MHz to 40MHz
¢ Up to Eight Uncompressed Audio Channels Channel Bandwidth

e Automatic Antenna Diversity for Improved Range
® Uncompressed CD-Quality Audio (16 bit/48ksps)
® Supports 6Mbps to 8Mbps SD Video

¢ Configurable, Low-Latency Performance

¢ Point-to-Point and Point-to-Multipoint Operation ¢ Integrated Crystal Oscillator Allows

¢ 20kbps Bidirectional Data Channel Use of Small, Low-Cost Crystals

For More Details Regarding the Wireless Digital Audio Solution,
Contact: WLAN@maximhq.com
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Ultra-Compact CDMA Radio Enables
ULC Thin Phones for Emerging Markets

Maxim's ultra-compact CDMA radio, designed using the MAX2514* transmitter and  Maxim’s CDMA RADIO
MAX2524* receiver chipset, integrates an Rx VCO, PA, Rx LNA, and digital crystal 3

control (DCXO). The full radio BOM for this design is: 2 small ICs (MAX2514 and
MAX2524), 2 tiny SAW filters, 1 small duplexer, 1 crystal, 6 resistors, 31 capacitors, and 5
inductors. Due to innovative design and high levels of integration, the solution size is only _
18mm x 16mm and the overall cost is very low, thus enabling the next generation of thin Bsece-: W]
cell phones in emerging markets such as India. 18mm x 16mm
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1ouT g H
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MAXIMN FRAGN
MAX2524*

o = |
_ 4—\_E_| i
|
o]
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R
MAX2514" Transmitter with MAX2524* Receiver with
Integrated PA Integrated DCXO
¢ Excellent PAE ¢ 2.0dB System NF
® ~50mA Icc (Tx Only) * Four Programmable Gain States
* No Need for Couplers/Detectors ¢ .26dBm Single Tone
* 90dB Dynamic Range * Low Ic
* I Registers Optimize Talk Time ¢ Excellent DC Offset
¢ Low Rx Noise e 5mm x 5mm, 32-Pin TQFN
* 5mm x 6mm FCLGA

For More Information About the Ultra-Compact CDMA Radio Design,
Contact: cellular@maximhg.com

*Future product—contact factory for availability.
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