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Wireless Data

Bluetooth and IEEE 80211 Lead the Way in WLAN Growth

Antenna Systems

A Logarithmic Spiral Antenna for 0.4 to 3.6 GHz

Design Feature

Amplifier Linearization Using Adaptive Digital Predistortion



A Winning Combination

C.W. Swift and HUBER+SUHNER
team up to introduce the new
MMBX connector.

Small Dimensions, Maximum performance

- Board-to-Board or Sandwich card connection

- Lowest space requirement- less than 7mm
mated for design flexibility

- Surface mount or through hole design

- Misalignment compensation- (0.7 mm axial
and 0.4 mm radial

- SUCOPRO plating for enhanced solderability ;%
- Available in tape and reel or bulk packaging

C.W. Swift & Associates 1s the original RF and
microwave stocking distributor, providing delivery
and personalized sales and service for over 40 years.
Call us today for more information on the
HUBER+SUHNER MMBX connector and a free
product catalog.

£Hy HUBER+SUHNER

INNOVATIVE SOLUTIONS TO COUNT ON

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT - 818-989-1133 - 818-989-4784 (fax)

In-stock orders received before 4:00 p.m. PST are shipped the same day!



Visit our new online catalog today @

~Johansonmfg.com

- ‘The source for trimmer capacitors and tuning elements

Rockaway Valley Road [ |
Boonton, New Jersey 07005 |
TEL 973-334-2676 FAX 973-334-2954
www.johansonmfg.com
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THE WORLD'S LARGEST SELECTION

2kHz t010GHz .. 99¢

Choose from over 550 standard off-the-shelf models from 2way and 3way to 48way; 0°, 30°, and

180°; 50 and 75 ohms caovering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom
designs such as wider bandwiclths, higher isolation, lower insertion loss and phase matched ports...all at catalog
prices with rapid turnaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized...
and custom case styles are no problem! Supar-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a

1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to preduction run.
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today!

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



see us on the web
http://www.minicircuits.com

4 Mini-Circuits L0

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com  C/RCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to « 760- pg. HANDBOOK » INTERNET » THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM

ISO 9001 CERTIFIED ' : F 194 Rev B




More power equals
more freedom.

introducing the SXT-289. A new
wideband GaAsHBT power amplifier.

Stanford Microdevices introduces the SXT-289 — the
perfect driver amplifier for today’s and tomorrow’s
advanced communication infrastructure equipment.

With power to spare, giving you freedom from
design constraints, this amplifier was designed and
manufactured using state-of-the-art Gallium Arsenide
heterojunction bipolar transistor (GaAs HBT)
process technology. These devices are ideal for use as a
driver stage for power amplifiers installed in cellular PCS
infrastructure equipment and conform to TDMA,
CDMA and PCS 1900 modulation standards. The SXT-289
operates from a single 5VDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89
with backside ground.
For more information on the SXT-289 or any of our

other products, visit our website today and experience
RF Innovation from Stanford Microdevices.
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Typical device performance. Bias =5V @ 110mA typ.

* S5TANFORD

MICRODEVICES

www.stanfordmicro.com ¢ 800-764-6642
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Imagine the possibilities.

|ntroducing our nhewest NGA biased with a single voltage and provide wide
InGaP HBT amplifier family with bandwidth, high gain and exceptional linearity.

low thermal resistance for higher For more information on these new InGaP amplifiers,
reliability and improved linearity visit our website today. Tmagine the possibilitics with
with broader bandwidth. RF innovation from Stanford Microdevices.

Stanford Microdevices introduces the NGA-100 through
& 000 Series InGaP HBT amplifiers designed for
today’s and tomorrow’s advanced communication F"fgﬁ;’,"“"

£ @ infrastructure equipment. Design and fabricated

with state-of-the-art InGaP/GaAsHBT technology for

higher reliability, these devices are ideal for use as

driver stages for higher power applications. Available in

small-form factor plastic packages, the NGA series are Data at | GHz and is typical of device performance.

NGA - InGaP MMIC 50 Ohm Gain Block Amplifiers

* 5TANFORD
MICRODEVICES

www.stanfordmicro.com * 800-764-6642
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%% DC tO 8GHZ Frof

ERA AMPLIFIERS

(1000 qty.)

ini_C i i -t i i ili Max. Power Out @Device ® Price
Mini-Circuits ushers in the next generation of high reliability *Freq.  Gain m Dynamic Range  Cument $ea.
MMIC amplifiers...HI-REL ERA amplifiers. Just check the  Model (MHz)  (dB) @1dBComp) NF(dB) IP3(dBm) (mA) (30 Qty.)
i i i ERA-1SM DC-8000 118 1.3 5.5 26.0 40 1.42
specs! With an expanded selection of models and gains, these  (5isy  pesoon 132 1he 32 %0 40 15
GaAs amplifiers cover extensive commercial and military Egﬁ—ggrst oo 102 124 40 280 28 197
applications to 8GHz and beyond. Instant access to  gra3smM  DC3000 202 115 38 230 3 172
S-parameter data, grounding, and biasing techniques E;ﬁ—ggm 88'2888 };g .:gg ‘2'3 4380 R
. o = - . N AD.. A .| B
on our web site make ERA amplifiers very easy to use. ERA-51SM  DC-4000  16.1 REE 441 4330 65 390
Simply sketch an interconnect layout, and the design is done. And ~~ FRA-5SM DC-4000 185 4184 443 4325 65 390
ERA’s are engineered with broader bandwidths to eliminate e =~ o Typical Biasing R biqs Reauied
your need for costly compensation networks and extra gain Exception: A indicates typ. numbers tested at 1GHz. Configuration ERA
: i : *Low freq. cutoff determined by external coupling capacitors. =
stages. So, review your present design and replace With ;oo ooy o0 eraismst 1 2smor 2isMsize s RFG (Optiona)
Mini-Circuits new ERA technology. Lower overall cost, high 0r-335M $1.48, -45M, -5SM.-65M or 51SM $2.95 © bioc € ek
reliability, and lots to...gain! = N f our
Mini-Circuits...we’re redefining what VALUE is all about! ]
ERA-1SM L. Pin1identified by dot

AGCTUAL SIZE

[ IMini-Circuits ® .8

CIRCLE READER SERVICE CARD
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A Logarithmic Spiral Antenna for 0.4 to 3.8 GHz

Broadband circular polarization can be achieved with a logarithmic spi-

ral antenna. This article describes its design and development.
— Jesper Thaysen, Kaj B. Jakobsen and Jgrgen Appel-Hansen,
Technical University of Denmark

Calculating Multi-Element Antennas Using Mathcad®
Here is a review of Yagi-Uda antenna analysis and its implementation
in a popular mathematics program.

— Néstor E. Arias, National Unwversity of Tucumadn

Optimizing a Silicon Bipolar LNA Performance for
Bluetooth Applications

This application note describes a 2.4 GHz low noise amplifier design
optimized for Bluetooth short-range wireless systems.
— Olivier Bernard, California Eastern Laboratories

Effects of Parasitics in Circuit Simulations
Accompanying the previous article, the LNA circuit is analyzed for par-
asitic effects that can be used for more accurate simulation.

— Robin Croston, California Eastern Laboratories

Amplifier Linearization Using Adaptive Digital
Predistortion

Amplifier linearization depends, in part, on the nature of the digital
code modulating the RF carrier. The author shows how the code can be

manipulated to reduce the level of sideband energy.
— Shawn P Stapleton, Agilent Technologies

Design Idea — Coax-to-Waveguide Adapters Meet
Needs of Communications Equipment

Here is the basic design of coax-to-waveguide feed adapters, whether
custom-built for a single use or bought off-the-shelf.
— Richard M. Kurzrok, PE, RMK Consultants

Design Idea — Amplitude Equalizer Uses Reactively
Loaded T-Pad

Cables and circuits can change a system’s frequency response. Here is
a simple equalizer to help restore passband flatness.
— Richard M. Kurzrok, PE, RMK Consultants
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Frequency Properties of a Reverse Biased Thick
Switching PIN Diode

PIN diode behavior versus frequency is given a thorough treatment in
this tutorial article that is useful to any RF engineer.
— Lioudmila Drozdovskaia, Villanova University

| 1 & Food Irradiation and the Microwave/RF Market
The energy to kill microorganisms can be provided by RF and microwaves.
— Harold Hansen, Hamilton Sundstrand Space Systems

88 Bluetooth™ and IEEE 802.11 Lead the Way in
WLAN Growth

News and products about these developing WLAN technologies.

40 E-Commerce Increases Efficiency Of
Test and Measurement Purchasing

A new sales and marketing concept for test equip-
ment is more than just a Web site. TestMart adds
independent reviews, lease/rent/purchase options and
a strong customer support staff.

—Peter M. Ostrow, TestMart
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'.Fmddelt Freq Range Gain

NIF

Gain Flat  1d8 Eomp.

3rdOrder VSWR  DC Current

(GHz) (dBmin) (dBmax) (+-dB) pt.(dBmmin) ICPmin In/Outmax (mA)
MEDIUM POWER AMPLIFIERS (UP 102 WA'ITS)
JCAD1-POT 0510 5 35 1 2.0:1 250
JCA12-P01 1,020 2 3 1 30 40 201 800
JCA34-PO1 3742 30 3 1 30 40 20 750
JCAS6-PO1  5.964 30 3 1 30 40 201 850
JCAT8-PO1  7.984 30 4 1 30 40 2.0:1 900
JCAB12-P02  8.3-11.7 40 5 15 3 40 201 1700
JCA910-P01  9.5-10.0 30 4 1 3 40 201 1300
JCA1011-PO1 107117 30 4 1 30 40 20:1 950
JCA1819-P01 18.1-186 30 5 1 2 31 2.0:1 800
RADAR & COMMUNICATION BAND LOW NOISE AMPLIF!ERS
JCA23302 2223 30 08 0.5 10 2.0:1 80
JCA34301 3742 30 1 0.5 10 20 201 80
JCAS6-502 5459 50 1 0.5 10 20 2.0:1 160
JCA78-305 725105 20 12 0.5 13 3 20:1 100
JCA910-305  9.0-95 27 14 0.5 13 3 1.5:1 150
JCAI112-305 117122 27 15 0.5 13 3 1.51 150
JCA1415-305 140145 26 16 0.5 13 3 1.5:1 160
JCA1819-305 18.1-186 22 20 0.5 10 20 1.5:1 160
JCA2021-600 202212 30 22 1 13 3 1.5:1 240
TRI-BAND AMPL[FIERS (5. 85 TO 14.5)
JCAS14-201  5.85-145 8 1 20 201 100
JCA514-300 585145 14 6 1.5 10 20 201 150
JCA514-302 585145 22 6 1.5 2 30 2.0:1 350
JCA514-400 585145 25 b 1.5 10 20 201 250
JCAS14-403 585145 32 6 1.5 3 3 201 500
JCA514-501 585145 35 6 1.5 16 26 20 315
JCA514503 585145 41 6 1.5 3 3 2.0: 500
ULTRA-BROAD BAND AMPLIFIERS (2.0 TO 18 GHZ)
JCA218-200  2.0-18.0 15 5 L5 10 2 20:1 %
- JCA218-300  2.0-18.0 23 5 25 10 20 201 110
JCA218-400  2.0-18.0 29 5 25 10 201 150
- JCA218-500  2.0-180 5 2.0:1




 Tel: 770-449-6774
Fax: 770-448-2839

OR VISIT US
ON THE WEB:

www.noblepub.com
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Editorial

Stimulating Creativity
Through Personal
Communication

By Gary A. Breed
Publisher

Don’t let the title fool you! I'm not going to discuss the personal commu-
nication technology of cell phones and wireless PDAs. Instead, I want to
remind you of the importance of communi-
cation on a personal level. This month’s
Wireless Symposum in San Jose is a
reminder that ‘live’ events are still a major
part of an engineer’s professional life.
Conferences and trade shows remain a valu-
able way for ideas to be shared among peers
and between suppliers and customers of
components, instruments and design tools.

The most valuable activities at most con-
ferences are the conversations held outside
the regular program. Discussions with
speakers after their presentations, or with
an application engineer from a vendor, can shed new light on a problem and
lead to successful completion of a design project. Engineers may not be the
most outwardly sociable people, but you don’t need to be gregarious to have
a meaningful conversation on your favorite subject.

Of course, personal communication technology plays a role in continuing
these professional discussions. E-mail is especially powerful for fast com-
munications that can carry a lot of information in words, pictures and equa-
tions. Internet discussion groups are also valuable places for presenting an
engineering problem and getting suggested solutions from experts. My
experience is that e-mail and the Internet take nothing away from the old-
fashioned technologies of the telephone and regular mail. They simply add
the ability to communicate more often and in greater depth.

Fortunately, only a few companies discourage or restrict open communi-
cation by their engineers. Certainly, all employees must be sensitive to the
need to avoid disclosing any trade secrets, but the benefits of learning new
techniques and adopting new ideas far outweigh the risk of unintended dis-
closure of proprietary information.

Enjoy yourselves while talking with your peers at all the conferences the
boss will let you attend. Make sure you know where to find the Internet
groups sharing your favorite RF and microwave topics. Take advantage of
truly personal communication. It will help you get your job done more
quickly and with better results. i




us. 1-800-452-4844, xt, 7315
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Letters

Encouraging kids to hecome
engineers

Editor:

In concurrence with your editori-
al remarks made in the October
2000 issue, we in the National
Laboratory environment have also
found recruitment of RF staff diffi-
cult. You suggested grooming school
children with summer camps and

activities, and I would like to men-
tion the role of Amateur Radio in
attracting newcomers.

Very few kids are not impressed
by a table full of radios, old and new.
Nearly every community has active
radio clubs, which eagerly partici-
pate in civic and scholastic activities.
Although the Cold War appears to be
over, the technology is alive and
well, and is desperately needed to

FLORIDA

Labs

Passive Power
sl
Solutions.

nsai
LS. EN 1S0 9001
REG. NO. M2039
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Armorized
Cable Assentblies

Website: www.rflabs.com
8851 S.W Old Kansas Ave, Stuart, Florida 34997
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A Smiths Group company

further personal communications,
as well as build exotic machines like

particle accelerators for basic
research.

Very few of my mentors, profes-
sors and colleagues were not

involved with Amateur Radio in
some way or another, and much of
my intuition is grounded in my early
radio experiences. My most memo-
rable academic moments involved
merging mathematical concepts
with knowledge gained from operat-
ing radios, an “osmosis.”

Exposure and mentorship are the
lifeblood of the next generation, to
which Amateur Radio is passionate-
ly designed. I also recommend less
television, and support of your local
museums!

Keep up the quality publishing.

John Musson
Thomas Jefferson National
Accelerator Facility

Corrected article now available

We made a few unfortunate omis-
sions in the preparation of the two-
part article, “Unfiltered FQPSK:
Another Interpretation and Further
Enhancements,” published in the
February and March 2000 issues of
Applied Microwave & Wireless. Two
figures and several equations were
left out of the original publication.

The corrected versions of these
articles have been placed on our web-
site. They can be downloaded in PDF
format from the appropriate issue
listings on the “Archives” page of
www.amwireless.com.

We sincerely apologize to authors
Simon and Yan for the errors in pub-
lication and hope that interested
readers will take the time to review
the corrected article. iH

We welcome your
comments. Send letters
to the attention of
“Editor” at the mail
or e-mail addresses
given on page 8.
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There’s a simple migration path
to Microwave Office. Lately,
it's been morelike a stampede.

¥

Wiy

B A

Download a fully-functional 30-day trial (just 20MB
at www.mwoffice.com and start designing today.

)

L

At least there’s one bull market going ot right now and there’s only one
option you need to exercise-—Microwave Office”2001. It's simple...does
your current high frequency design solution easily support all of your old
designs? Do you feel like you need to be a rocket scientist to perform a
simple optimization? Is it easy to use and customize? Do you get regular

timely upgrades! If not, it's time to go down another path. 2
Y Upg 2 P Microwave

No EDA software is more powerful or intuitive. And our
schematic data translators import existing Agilent EEsof

designs, so you won't lose any valuable data. For more

Office 2001

info, visit www.mwoffice.com or call us at 310-726-3000.
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Calendar

CONFERENCES

FEBRUARY

February 12-16, 2001
Wireless Symposium/Portahle By Design
- San Jose, CA
Information: Penton Media Inc.
Internet: http://www.wirelessportable.com

February 20-22, 2001
14th International Zurich Symposium on
Electromagnetic Compatibility
Zurich, Switzerland
Information: Dr. Gabriel Meyer
Tel: +411 632 27 90; Fax: +411 632 12 09
E-mail: gmeyer@nari.ee.ethz.ch
Internet: http://www.nari.ee.ethz.ch/emc

March 19-23, 2001
17th Annual Review of Progress in Applied
Computational Electromagnetics
Monterey, CA
Information: ACES
E-mail: aces@egr.msu.edu
Internet: http://aces.ee.olemiss.edu

March 20-22, 2001
CTIA Wireless 2001
Las Vega, NV
Information: CTIA
Tel: 301-694-5243; Fax: 301-694-5124
Internet: http://www.ctiashow.com

April 17-21, 2001
ICAP — 11th International Conference on Antennas
and Propagation

Manchester, UK

Information: ICAP

E-mail: icap@iee.org.uk

Internet: http:/www.iee.org.uk/Conf/ICAP

April 21-26, 2001
NAB2001 — National Association of Broadcasters
Conference and Exhibition

Las Vegas, NV

Information: NAB

Internet: http://www.nab.org

April 24-25, 2001

Second European Workshop on Conformal Antennas
The Hague, The Netherlands

14 - ApPLIED MICROWAVE & WIRELESS

Information: Wim L. Smith

E-mail: iec@fel.tno.nl

Internet: http://www.tno.nl/instit/fel/felnews/
conformal antennas

MAY

May 8-10, 2001
MIOP — Mikrowellen und Optronik (Microwaves and
Optronics), The German Wireless Week

Stuttgart, Germany

Information: Dr. Martin Schallner

E-mail: martin.schallner@marconi.com

May 13-16, 2001
Fourth Conference on Electromagnetic Wave
Interaction with Water and Moist Substances
Information: Dr. Klaus Kupfer
Tel: +49 3643 564361; Fax: +49 3643 564 202 or 204
E-mail: klaus.kupfer@mfpa.de
Internet: http://www.mfpa.de

May 13-17, 2001
International Symposium on Electromagnetic Theory
Victoria, British Columbia, Canada
Information: Secretariat
Tel: 613-993-9431; Fax: 613-993-7250
E-mail: URSI-B2001@nre.ca
Internet: http://www.nrc.ca/confserv/URSI-B2001

May 20-25, 2001
2001 IEEE MTT-S International Microwave Symposium
Phoenix, AZ
Information: LRW Associates
Tel: 704-841-1915; Fax: 704-845-3078
E-mail: Irwassoc(@carolina.rr.com
Internet: http://www.ims2001.org

July 8-13, 2001
2001 IEEE AP-S International Symposium and
USNC/URSI National Radio Science Meeting
Boston, MA
Information: Robert McGahan
Tel: 781-377-2526; Fax: 781-377-3469
E-mail: megahan@ieee.org
Internet: http://www.ieeeaps.org/2001APSURSI

July 24-27, 2001
ISSSE 2001 — 2001 International Symposium on
Signals, Systems, and Electronics

Tokyo, Japan

Information: ISSSE

E-mail: issse01(@ee.kagu.sut.ac.jp

Internet: http://issse01.ee.kagu.sut.ac.jp



Fiber-Optic Highway.
ThisWayTo

The Fast Lane.

www.us.anritsu.com
1-800-ANRITSU

Introducing the smoothest and
widest electronic on-ramp to the
fiber-optic highway: the new 40 and
65 GHz Bias Tees from Anritsu.
Besides boasting bandwidth to burn,
these low cost solutions feature
excellent low-frequency response, less
than 2.5 dB insertion loss at 65 GHz
and superior impedance match.

Available as DC Blocks or as com-
plete Bias Tees, these units also feature
precision K or V connectors for out-
standing performance and reliability.
But then, we ought to know, we're the
company that invented them.

Impressed? Check out all the high-
quality millimeter, electro-optical and
optical components available from
Anritsu. From hermetic glass bead
assemblies to connectors, attenuators,
terminations, wideband amplifiers
and light sources, we can deliver a full
line of precision components in the
volumes you need, when and wherever
you need them.

For your free copies of our
precision microwave and optical
component catalogs, check out our
website at www.us.anritsu.com or call
1-800-ANRITSU.

Precision high-frequency
components from Anritsu. The
fastest track to the fast lane.

/inritsu

40 and 65 GHz Bias Tees
©2000 Anritsu Company Sales Offices: United States and Canada, I-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com
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Calendar

SHORT COURSES

Besser Associates

Advanced Wireless and Microwave Techniques
Mountain View, CA . .. ... February 12-16, 2001
Phoenix, AZ ........... March 19-23, 2001

RF Test Equipment Operation (laboratory course)
Mountain View, CA . .. ... February 20, 2001

RF Testing for the Wireless Age (laboratory course)
Mountain View, CA . . . . .. February 21-23, 2001

Practical Design of Integrated and Discrete Wireless

Circuits

Mountain View, CA . . . . .. February 26-28, 2001
RF CMOS Design

Mountain View, CA . . .. .. March 1-2, 2001
RF Transceiver Design

Mountain View, CA . .. ... March 5-8, 2001

Nonlinear Device Model Extraction Techniques for
Circuit Designers

Mountain View, CA . . . . .. March 8-9, 2001
Wireless Measurements: Theory and Practice

Mountain View, CA . .. ... March 12-16, 2001
RF and Wireless Made Simple

Phoenix, AZ ........... March 19-20, 2001

Boston, MA .. .......... April 24-25, 2001
Electromagnetic Shielding for Wired and Wireless
Technology

Mountain View, CA . .. ... March 19-22, 2001
Applied RF Techniques I

Phoenix, AZ ........... March 19-23, 2001

Boston, MA ... ......... April 23-27, 2001
RF and Wireless Made Simple 11

Phoenix, AZ ......... .. March 21-22, 2001

Boston, MA . ........... April 26-27, 2001
Bluetooth: An Introduction

Phoenix, AZ ........... March 26-27, 2001

Mobile Commmunications and Wireless Data Networks
Mountain View, CA . . . . .. March 26-29, 2001

CDMA: The Physical Interface (IMT2000 3G WCDMA)
Phoenix, AZ ........... March 26-29, 2001

Frequency Synthesis Technology: Wireless Applications

Phoenix, AZ ........... March 28-30, 2001
Antennas and Array Design for Wireless
Communications

Mountain View, CA . . .. .. April 9, 2001
Filters for Wireless Applications

Mountain View, CA . . . ... April 16-17, 2001
DSP Made Simple for Engineers

Mountain View, CA . . . ... April 18-20, 2001

Information: Annie Wong, Tel: 650-949-3300; Fax: 650-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com.

RTT Programmes Limited

RF Amplifier Design
London, England . ... ... February 12-14, 2001
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London, England
RF Oscillator Design

London, England . ... ... February 19-21, 2001
RF/IF Processing Design

London, England . ...... March 5-7, 2001
3G Technology

London, England . . ... .. April 2-4, 2001
Information: Lorraine Gannon, Tel: +44 181 844 1811;
Fax: +44 181 751 2616; E-mail: seminars@rttsys.com;
Internet: www.rttsys.com.

....... March 12-14, 2001

University of Wisconsin at Madison
Preparing for 3G Wireless Technoloyg: New Wideband
CDMA Standards and Systems

Madison, WI ........... February 19-20, 2001
Preparing for 3G Wireless Technoloyg: New Wideband
TDMA Standards and Systems

Madison, WI ........... February 21, 2001
Using and Intalling Fiber Optic Systems for
Communications

Madison, WI ........... February 26-28, 2001
Fundamentals of Wireless Data Communications
Madison, WI ........... March 5-7, 2001

Planning and Implementing Point-to-Point Microwave
Radio Systems

Madison, WI .. ..... ... . April 9-11, 2001
Information: Katie Peterson, Tel: 1-800-462-0876; Fax:
608-263-3160; E-mail: custserv@epd.engr.wisc.edu;
Internet: http://epd.engr.wis.edu.

University of California at Los Angeles Extension
CDMA Mobiele Radio Design

Los Angeles, CA .. ...... March 12-15, 2001
Information: UCLA Extension, Short Course Program
Office, Tel: 310-825-3344; Fax: 310-206-2815.

TTi Technology Training Initiative (Tustin Technical
Institute, Inc.)
Thermal Analysis and Heat Transfer
Huntsville, AL ......... February 12-14, 2001
Santa Barbara, CA ... ... April 18-20, 2001
Climatic Environmental Testing Procedures
Huntsville, AL ......... February 15-16, 2001

Santa Barbara, CA . . . ... March 22-23, 2001
Fundamentals of Vibration for Design

Santa Barbara, CA . .. ... March 12-14, 2001
Fixture Design for Vibration and Shock Testing

Santa Barbara, CA . ... .. March 14-16, 2001
Fundamentals of Vibration for Test

Santa Barbara, CA . . . . .. March 19-21, 2001
Instrumentation for Test and Measurement

Santa Barbara, CA . ... .. March 26-28, 2001
Metrology Concepts

Santa Barbara, CA . .. ... March 28-30, 2001
Calibration Processes

Santa Barbara, CA . . .. .. April 2-4, 2001



Burn out
or burn with passion?

—* Electromagnetic engineers with a passionate disposition? At CST we've found this to be quite the norm.
This attitude ensures our technical leadership in the field of 3D EM simulation: The incorporation of
the Perfect Boundary Approximation™ (PBA) technique allows an accurate modeling of curved surfaces
while maintaining the unparalleled performance of the FI method in the time domain.

CST MICROWAVE STUDIO™'s typical applications include the simulation of waveguides, couplers, filters,
power splitters, multiplexers, switches, planar structures, coax and multipin connectors, MMIC packages,
RLC-extraction, and all kinds of antennas.

Circle 35 CST

See us at Wireless Symposium - Booth #1348 COMPUTER SIMULATION

GST. CHANGING THE STANDARDS.
(ST of America, Inc. - Wellesley, Massachusetts - http://www.cst-america.com
To request literature or a free demo CD, 781-416-2782, or info@cst-america.com




Calendar

Physical Measurement Techniques

Santa Barbara, CA . ... .. April 9-11, 2001
Measurement Uncertainty
Santa Barbara, CA . .. ... April 11-13, 2001

Information: Brian P. Slatery, Tel: 305-682-7171; Fax:
805-687-6949; E-mail: brian@ttiedu.com; Internet:
www. ttiedu.com.

Northeast Consortium for Engineering Education
Antennas: Principles, Design and Measurements

San Diego, CA ......... March 12-15, 2001
Information: Kelly Brown, Tel: 407-892-6146; Fax: 407-
892-0406; E-mail: stcloudofl@aol.com; Internet:
www.usit.com/antenna.

University of Missouri-Rolla
Grounding and Shielding Electronic Systems
Dallas, TX ............ March 20-21, 2001
......... April 17-18, 2001
Circuit Board Layout to Reduce Noise Emission and
Susceptibility
Dallas, TX ............ March 22, 2001
Columbus, OH ......... April 19, 2001
Information: Sue Turner, Tel: 573-341-6061; Fax: 573-

341-4992; E-mail:
umr.edu/~conted.

suet@umr.edu; Internet: www.

R.A. Wood Associates
RF Power Amplifiers, Classes A through S: How the
Circuits Operate, How to Design Them, and When to
Use Each

Baltimore, MD . ........ April 19-20, 2001
Introductory RF & Microwaves

Baltimore, MD .. ....... April 19-25, 2001
RF and Microwave Receiver Design

Baltimore, MD .. ....... April 23-25, 2001
Information: R.A Wood Associates, Tel: 315-735-4217;
Fax: 315-735-4328; E-mail: RAWood@rawood.com;
Internet: www.rawood.com.

Compames, orgamzatmns and institutions may sub—
‘mit information for our Conference and Short Courses
Calendar to Shannon O’Connor, Managing Editor,
Applied Mzcrowave & Wireless, 630 Pinnacle Court,
Norcross, GA, 30071; Fax: 770-448—2839 E-maxl.
amw@ammreiess com o e

More events listed at www.amwirelass.com

tel: 650-949-3300

Join a new class of engineers! }'.)ver 25,000 satisfied mdustry profess:onals profit from our courses.

Besser Associates™
The Worldwide Leader in RF and Wireless Training

201 San Antonio Circle, Building E, Suite 280, Mountain View, CA 94040
fax: 650-949-4400 web: http://www.bessercourse.com

Space for all classes is limited; carly registrations are encouraged. Schedule and venues subject to change.
The Besser Associates name and logo are trademarks of Besser Associates, Incorporated.

Visit www.bessercourse.com for our complete
course catalog and current schedule.

Private and/or custom training can be delivered at
your workplace. Call 650-949-3300 for details.

Later this year, expect us in Boston, MA; Dallas, TX;
and Orlando, FL!

Stop by our website for a full listing of courses
through June 2001!
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IF YOU LIKE TO TAKE CHANCES,
TAKE THEIRS.

No matter where you buy your even track every piece. You'd think
cable assemblies, you're paying that all this testing, tracking, and
for 100% yield. So why not get bar coding would cost more. It
it? Only Dynawave tests ALL of doesn’t. In fact, overall you pay a
its RF and microwave cable lot less.
assemblies, delay lines, har- Why take chances? When you do
nesses, and connectors for yield business with Dynawave, you get
and reliability, so you get what better product, better customer
you pay for. What's more, bar service, and on time delivery for a
codes insure that the proper tests better price. Contact your rep for a
are conducted and that your brochure, or call one of our cable

production specs are met. We distributors listed below.
RG402 RG405 085 141 085 4
Conformable Conformable Flexible Jacketed  Flexible Jacketed

SMP ° ® ® ° ®
SMP Right Angle @ ] ® ° ® '
BMA ® ® ® ® ® ®
BMA Right Angle ® ® ® ® ° ®
TNC ® ® ® e ® °
Type N ° [ @ ® @ °

1-800-886-7766 (G =) vSt.| 1-800-755-6012

Distributed by ATSM (949) 240-7783 | ASAP Electronics (800) 477-1272

agunauQve,

INCORPORATED

135 Ward Hill Avenue, Haverhill, MA 01835 USA
Internet: www.dynawave.com | E-mail: connect@dynawave.com
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Calendar

CALLS FOR PAPERS

IEEE Radio and Wireless Conference (RAWCON2001)

August 19-22, 2001 — Waltham, MA

Topics: Third generation (3G) and fourth generation
(4G) cellular; wireless LAN; broadband fixed wireless;
Bluetooth/HomeRF/Personal Area Networks; ultra-
wideband (UWB) communications; modeling and simu-
lation; active and passive device technology; propaga-
tion and channel modeling; signal processing and sys-
tem performance; and system architecture.

Authors should submit a two-page summary, includ-
ing figures, electronically through the conference Web
site, given below. Submit to:

Dr. Peter Staecker

Tel: 781-861-7643; Fax: 781-863-5751

E-mail: p.staecker@ieee.org

Internet: http://rawcon.org
Deadline: March 9, 2001

16th International Conference on Applied
Electromagnetics and Communications (ICECOM’01)
September 24-26, 2001 — Dubrovnik, Croatia
Topics: Antenna theory and techniques, printed and
conformal antennas, mobile antennas and vehicle mod-
eling, active and passive phases arrays, smart antennas,
multiple beam scanning, electromagnetic fields and

GaAs FET Protection
DC Power Boards

v GaAs FET protection by sequence for the drain
power on/off by means of the bias voltage output

v Series regulator for the drain power source

v DC/DC converter for the negative power source

v Quick delivery from local stock

TECDIA

1153 Bordeaux #208
Sunnyvale, CA 94089
Tel: 408-541-0795 Fax: 408-541-0795
Outside California call 1-800-TECDIA-1
e-mail: tecdia@mindspring.com web: www.tecdia.com

See us at Wireless Symposium - Booth #1331
Circle 47
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guided waves, computational and numerical techniques,
indoor and outdoor propagation modeling, remote sens-
ing and polarimetry, microwave and RF devices and cir-
cuits, light-wave technology and M/W-optical interac-
tions, mobile and personal communication systems,
satellite and ground-based services, high-speed net-
works (LANs, WANSs, optical), biomedical and industrial
applications of microwaves, electromagnetic compatibil-
ity and EMI, electroacoustics and hydroacoustics and
education in electromagnetics and communications.

Authors should submit an original and three copies of
the completed paper, limited to four standard pages
including text, references and figures, in camera-ready
form. Text should be formatted in a 10-point font, single
spaced, with 1-inch margins. A cover letter should
include the topic area and complete contact information
for the corresponding author. Additional information is
available at the conference web site (URL below).

Submit to:

KoREMA (for ICECOM’01)

PO Box 473

HR-1000 Zagreb, Croatia

Tel: + 385 1 6129 869

Fax: + 386 1 6129 870

E-mail: korema@fer.hr

Internet: http://www.rasip.fer. hr/korema
Deadline: April 5, 2001

The Applied Computational Electromagnetics Society

Special issue of the ACES Journal on “Approaches

to Better Accuracy/Resolution in Computational

Electromagnetics”

Topics: Alternative approaches to the method of
moments (Nystrom, Boundary Residual Method); new,
improved basis functions; use of non-uniform interval
selection for collocation and sub-domain basis/testing
functions; convergence acceleration methods; compari-
son of computer cost/time for given levels of conver-
gence and for different basis functions; methods for
numerical evaluation of frequently encountered inte-
grals; exponentially converging Green’s function sum-
mation formulae; and toward “dialable” accuracy in
computational electromagnetics.

Authors should contact one of the guest editors:

Prof. Andrew F. Peterson

Georgia Institute of Technology

777 Atlantic Drive

Atlanta, GA 30332

Tel: 404-894-4697; Fax: 404-894-5935

E-mail: peterson(@ee.gatech.edu

OR

Malcolm M. Bibby

Gullwings Design

Tel: 781-891-8949

E-mail: bibby@ne.mediaone.net
Deadline: May 1, 2001
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Agilent E4440A Performance
Spectrum Analyzer (PSA)

There is incremental change. And then there is the

Agilent E4440A It's the first of a series of performance spectrum analyzers that show what couldnt be
seen befare—the full performance of your design. With a certainty never before possible.

Because now you can fine-tune your measurement with 160 resolution bandwidth settings, and get
just the dynamic range you need. You can uncover spurs hiding in noise where they might not otherwise
be found, with -153dBm DANL up to 3 GHz. You can measure the power in adjacent channels with 0.35dB
accuracy. And stop having to over-design to make up for your test equipment.

To find out more about the E4440A and its new platform, call us or visit our web community. it's

the PSA as advanced as the things it measures.

Agilent Technologies

1-800-452-4844", Ext. 7310 ~* ¢ ™ |nnovating the HP Way

Windows is a registered trademark of Microsoft Corporation,
©2001 Agilent Technologies ADEP3464016/AMW *In Canada, call 1-B77-894-4414, Ext 7310

See us at Wireless Symposium - Booth #817
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OF NONLINEAR SIMULATION PERFORMANCE

Chipped Waveform with Small Capeckance.

A

WRih] fakvibon ol .

Power, Accuracy and Speed
That's what you get with Eagleware’s new
harmonic balance simulator, HARBEC . From
real-time tuning, to application of artificial
intelligence techniques, to co-simulation with
electromagnetics, HARBEC does it all ... with a

powerful set of features that includes:

Robust Simulation
- unlimited, arbitrary circuit topology
- wide range of nonlinear device models
(diodes, JFET, BJT, MOSFETS, MESFETS)
- wide range of sources (voltage, power,
current, waveform)
- DC analysis and optimization
- unlimited tone harmonic balance analysis
and optimization
High Performance Design
- Al performance optimization
- fast tuning
EM Co-simulation
Spice Model Import
Extensive Parts Library
Equations and Post Processing

And it's fully integrated into the GENESYS suite
of synthesis, S-parameter, electromagnetic and
physical design tools.

So Grab a Seat and Hold On!

With nonlinear modules priced at $4990, they're
going fast. And so will your design.

FAGLEWARE,

RF and Microwave Design Software

Phone: +1 678-291-0995

Fax: +1 678-291-0971

~ Circle 52
See us at Wireless Symposium - Booth #831



News

BRIEFS

* Vectron International, a sub-
sidiary of Dover Corporation, has
added two fully automated assem-
bly lines to its voltage controlled
crystal oscillator (VCXO) manufac-
turing facility in Hudson, NH. The
new lines will increase production
capacity by more than 60 percent.

* Andrew Insitute, the training
arm of Andrew Corporation, has
published its RF communications
curriculum for 2001. Included are a
new VSWR fundamentals course
and expanded classes in terrestrial
microwave systems installation and
connector attachment. Information
is available through the company’s
Web site, www.andrew.com.

¢ Amkor Technology has
announced plans to open its first
semicondutor assembly and test
manufacturing plant in Shanghai,
China. The 115,000-square-foot
facility will initially produce proces-
sors and controllers.

* EMCORE Corporation has
expanded its manufacturing facility
in Albuquerque, NM, adding 36,000
square feet of production and
cleanroom space.

* GEM Services has opened a
30,000-square-foot power semicon-
ductor assembly and test facility in
Shanghai, China. GEM plans to
reach full capacity of 1.1 billion
units per year by the end of 2001.

* EPCOS has opened a new
130,000-square-meter ferrite core
production plant in Sumperk,
Czech Republic.

* The International
Microelectronics and Packaging
Society (IMAPS) has moved into a
new world headquarters facility in
Washington, D.C.

Telematics to lead ITS growth

The telematics industry will be
one of the fastest-growing and most
lucrative segements of the intelli-
gent transportation systems (ITS)
industry over the next five years,
according to a new report from
Allied Business Intelligence.

The report predicts that the glob-
al in-vehicle information system
(IVIS) market will grow from about
$1 billion in 1999 to more than $8
billion by 2005.

“Many firms were taking a wait-
and-see attitude with IVIS,” said
ABI analyst Frank Viquez. “[But]
2001 will be seen as the year that
IVIS takes off.”

With approximately 1 million
subscribers at the end of 2000, a
viable market for IVIS has been

Persenal Telematics (IVIS) Marke
 Global Forecast, 19’99 2005

—-M'\:_-b.:.hm@-w-mw

_ TotalRévénﬁgs ($bilions) ;'

1999 2000 2001 2002 2003 2004 2005

Source: Allied Buslness Intellfgencs Inc

established, the report says. Several
large companies also plan to enter
the market in 2001, further driving
the industry.

Allied Business Intelligence is an
Oyster Bay, NY-based technology
research think tank.

Compames- =

‘amw@ammreless com
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Wireless technology
forum set for March

The Wireless and Microwave
(WAMI) program at the University
of South Florida will host “Wireless
and Microwave Technology 2001:
An Industry/Government/Education
Forum” on Saturday, March 24,
2001, at the Embassy Suites Busch
Gardens in Tampa, FL.

This interactive forum is
designed for the exchange of infor-
mation on the status and direction
of wireless and microwave technolo-
gy, and the educational and research
challenges now being addressed.
Activities will include technical pre-
sentations and panel sessions.

Further information is available
at http://ee.eng.usf.edu/WAMI.

QUALCOMM introduces
new CDMA architecture
QUALCOMM CDMA Techno-
logies, a division of San Diego, CA-
based QUALCOMM Inc., has intro-
duced radioOne™, a new technolo-
gy for Code Division Multiple Access
(CDMA) transceivers that uses Zero
Intermediate Frequency (ZIF) archi-
tecture for direct conversion of radio
frequency signals.

ZIF radios operate by converting
incoming RF signals directly to or
from baseband analog signals, elim-
inating a step in the process as well
as the need for large IF SAW filters
and additional circuitry.

QUALCOMM provides CDMA-
based products and services for digi-
tal wireless communications.

Nitronex introduces new
production capabilities

Nitronex Corporation has an-
nounced production of the indus-
try’s first gallium nitride-based high
electron mobility transistors (GaN
HEMTSs) on 4-inch silicon wafers.

The company is consistently
obtaining room temperature two-
dimensional electron gas motilities
exceeding 1,600 c¢cm2/Vs on these
HEMTs. These results were
achieved using Nitronex’s propri-
etary metal organic chemical vapor
deposition (MOCVD) growth equip-
ment and deposition process,
designed to reduce GaN crystal
defects by more than 100,000 times
versus conventional techniques.

Nitronex, based in Raleigh, NC,
supplies GaN-based materials, elec-
tronic devices, and photonic devices.



WORLD’S SMALLEST DUAL-BAND GELL
PHONE LNA + MIXER IC HAS HIGHEST IP3

SiGe IC in 5mm x 5mm QFN Package Sets New Industry Standard

The MAX2323 low-noise amplifier (LNA) plus mixer is designed for dual-band CDMA cellular phones and can also be used in dual-band TDMA,
GSM, or EDGE cellular phones. It includes all circuitry needed from the antenna to the IF filter in a miniature QFN package. The LNAs have
unprecedented input IP3 and the mixers have very high gain, which is essential to meet sensitivity goals. Both LNAs have switched gain states to
conserve power and increase dynamic range. The low-band LNA has three gain states for optimum IP3 margin in CDMA systems. The MAX2323
addresses dual-band, tri-mode applications, and the MAX2325 is a pin-compatible cellular-band version.

+ Over 26dB Overall Gain + Multiple Power-Saving Modes, Including a 17mA
+ <2.6dB Cascade PCS Noise Figure Paging Mode
(Includes 3dB Interstage Filter Loss) + Switchable LNA Gain
¢ Ultra-Small 28-Pin QFN Package + >+10dBm LNA IIP3 Adjustable to >+13dBm IIP3
CELLULAR
O
»me-l(—
PCS
SIE L] |4 4]
[ 7 P P G R thzz, Jzzz‘- v
B W ] . ‘
PCS = i 20 = =z - 1 y -2 = X
m —= O ~——f 1 COMAIF . — | | COMAIF
o ramwcll . o Elamed
g i H ! Inii . {] I
CELLULAR L =] 3 18 =13 18
. 4 4 i 1;; Vee . 4 : 17 jf‘ v,
_SLEEP—jS My _ g—emn TSLEEP-—:ls oo =l o
Gz_-:é ' $ 55:_' ; AMPS IF 627:(15 g g_{ ; AMPS IF
R ; = s (] R : £ —{n}-
! 8 5 L i o ) e
TL L1171 we I T I I
é éPCSLD é
vCo
CELLULAR LO
Very high input IP3 and the industry’s smallest package The cellular-band only MAX2325 is pin compatible
make the MAX2323 unique. with the MAX2323.
; — 2000 EDITION!
FREF Wireless Design Guide—Sent Within 24 Hours! e FU O 0

includes: Reply Cards for Free Samples and Data Sheets _ owoow

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Time

MAXIW

www.maxim-ic.com

MY Get Price, Delivery, and Pl

' Online at www.maxim-ic.cc

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

Distributed by Maxim Distribution, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, Elmo, Nu Horizans, and Zeus
Distributed in Canada by Arrow and Avnet Electronics Marketing.

MAXILA s aregistered trademark of Maxim Integrated Products. © 2001 Maxim Integrated Products.
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News

Osicom changes name
to Sorrento Networks

Osicom Technologies has changed
its name to Sorrento Networks
Corporation. The new name comes
from the company’s flagship optical
networking subsidiary.

Sorrento Networks, based in San
Diego, CA, supplies intelligent opti-
cal networking solutions for tele-
communications and other markets.

DragonWave formed
for broadband wireless

DragonWave Inc. has been creat-
ed to develop broadband radios for
the fixed wireless market. The new
company is based in Kanata,
Ontario, Canada.

The company plans to provide
high-speed wireless access over
broadband to compete with fiber-
opties broadband offerings.

The Best Way
To Stay
In Shape

Introducing Harbour Industries’
Sureform Coax, the easy forming, shape
holding alternative to semi-rigid coaxial
cables. Our proprietary “soldered braid”
yields low attenuation and the highest pos-
sible shielding effectiveness of any flexible
coaxial cable.

Harbour’s Sureform Coax allows routing
in extremely tight areas and can be used
with standard connectors for semi-rigid
coax. | 50 ohm constructions include SC401
(.2507), SC 402 (.141”), SC405 (.086"), and
$C50047 (.0477). 75 ohm constructions
include SC75141 (.141”), and SC75086

(.0867).

For complete information, contact your

Harbour

High Performance Wire

Harbour representative or call us at (802)
985-3311.

4744 Shelburne Road, P.0. Box 188
Shelburne, Vermont 05482

(802) 985-3311
www.harbourind.com

Circle 22
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Ericsson Cables AB changes name

Ericsson Cables AB has changed
its name to Ericsson Network
Technologies AB, to reflect a new
focus on expertise in telecommuni-
cations networks.

The company is a division of
Ericsson, a Stockholm, Sweden-
based supplier of systems, applica-
tions, mobile phones and other wire-
less products and services.

Wave ID created for RFID

A new company called Wave 1D
has been formed to put into com-
mercial use proprietary technology
developed at Pacific Northwest
National Laboratory. Partial financ-
ing will be provided by Battelle.

Wave ID, based in Richland, WA,
will create wireless communication
systems based on radio frequency
identification techniques developed
at the laboratory. These systems will
include RF tags, which are devices
that range in side from a grain of
rice to a credit card and can be
designed to identify, locate or moni-
tor items.

Magnet Applications formed

Following a management buyout,
the companies Magnet Applications
Inc., Magnet Applications Ltd. and
Arelec SA have been incorporated
into a new company, Magnet
Applications Group Ltd.

Based in Berkhamsted, UK, the
company manufactures magnets,
magnetic components, materials
and catches, as well as complete
metalworking and plastic injection
capabilities. ;

Rainbow announces reorganization

Rainbow Technologies has an-
nounced a company restructuring,
creating four new business units:
Spectria, Mykotronx, IVEA Tech-
nologies and Digital Rights Man-
agement Group. The reorganization
is designed to streamline continuing
company growth.

Rainbow, based in Irvine, CA,
provides security systems for tele-
communications.



49¢ CDMA CELLPHONE
LNA IS 60% SMALLER THAN SC70!

World’s First Dual-Gain SiGe IC in Ultra-Chip-Scale Package

The MAX2374 is the world’s first SiGe cellphone LNA packaged in an Ultra-Chip-Scale
Package (UCSP). It measures only Tmm x 1.5mm, which is 60% smaller than an SC70. It
includes an LNA with two gain states as needed for CDMA systems as well as bias and
shutdown circuitry. The input IP3 is adjustable using a simple external resistor.

ToP
_ LASER MARKING

+ Works for COMA, TDMA, PDC,
and GSM Phones P CONTING

SELF-ALIGNING
EUTECTIC

¢ 750MHz to 1000MHz Frequency SOLDER BALLS
¢ +5dBm to +9dBm IIP3
O O v
(Adjustable) & § T
¢ 7mA Supply Current e @D - e o
+ Gain: - | s | O—  O-HM— SHoN OFFI
15dB (High-Gain Mode)
1dB (Low-Gain Mode) ~ ~—>»—=
¢ 1pA Shutdown Mode
+ 1.5dB Noise Figure
PEE
The MAX2374, in the UCSP package,
e O U occupies only 40% of a 6-pin SC70’s area.
FREE Wireless Design Guide—Sent Within 24 Hours! AR UL O A TALOG

includes: Reply Cards for Free Samples and Data Sheets o oo-Row

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Time

W AXI/V

www.maxim=-ic.com

Get Price, Delivery, and Place Orde

* Online at www.maxim-ic.com

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.
Distributed by Maxim Distribution, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, Elmo, Nu Horizons, and Zeus.
Distributed in Canada by Arrow and Avnet Electronics Marketing

MAXI/W s a registered trademark of Maxim Integrated Products. © 2001 Maxim Integrated Products.
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News

BUSINESS AND FINANCE

Tegal receives orders
for plasma etch systems

Tegal Corporation has an-
nounced two orders for the compa-
ny’s plasma etch systems. Austria
Mikro Systeme International has
placed a repeat order for Tegal’s
6520 high-density plasma etch sys-
tem, while TELSA SEZAM, the

Czech Republic’s only semiconduc-
tor manufacturer, has ordered three
of Tegal’s 901le-recertified plasma
etch systems. The value of the
orders was not disclosed.

Tegal, based in Petaluma, CA,
manufactures plasma etch systems
used in the production of integrated
circuits and related devices.

Our site offers complete parameter
searches over three temperature
ranges of our cascadable amplifier
product line.

You can now send RFQs online

by adding amplifiers to your quote,
submitting custom specifications,
and adding your own file attach-
ments to your online quote.

View online and print Acrobat PDF
datasheets and outline drawings.

Download Cougar’s new cascading
software program, the only cascade
program in the industry that allows
the user to build a custom cascade.
Perform complete cascadable
amplifier searches within the
program as well.

View online and print Acrobat PDF
files of our microwave amps (up to
12 GHz) and other signal processing
components such as attenuators,
detectors, mixers and much more.

Visit our career opportunities page
and find your local Cougar

representative from our
world-wide sources.

For best viewing, use
Versions 4.0 or higher:

Interet Explorer-
Netscape NM

AOL
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Merrimac receives contract
for GPS retrofit program

Merrimac Industries Inc. has
been awarded a $1 million contract
from Lockheed Martin Corporation
for the Global Positioning System
(GPS) Antenna Retrofit Program.
The program is designed to enhance
the output power of older satellites
for better coverage and accuracy.

Merrimac, based in West Cald-
well, NJ, manufactures RF micro-
wave components, assemblies and
modules for the wireless telecom-
munications industry.

Motorola awarded contracts
for CDMA networks

Motorola Inc. has received two
new contracts to provide third gen-
eration (3G) Code Division Multiple
Access (CDMA) services and equip-
ment for several markets in the
United States.

* Under an agreement with
Alltel, Motorola will supply and
install ¢dma2000 1x standards-
based hardware and software in the
Phoeniz, AZ, area. Financial terms
were not disclosed.

* A contract with Sprint PCS
calls for Motorola to supply CDMA
equipment via Interoperatbility
Specifications (I0S) and edma2000
1x high-speed packet data to wire-
less networks in several Sprint PCS
markets. Deployment areas include
Chicago, IL, Chattanooga, TN,
Richmond, VA, and Cincinnati, OH.

Motorola, based in Schaumburg,
IL, provides semiconductors, inte-
grated communications solutions,
embedded electronic systems and
components.

Summit Partners invests
in Hittite Microwave

Private equity investor Summit
Partners has announced a $15 mil-
lion investment in Hittite Micro-
wave Corporation.

Based in Chelmsford, MA, Hittite
manufactures integrated circuits for
communications systems.
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News

BUSINESS AND FINANCE

Amplifier Research purchases Thermo Voltek

Amplifier Research has announced the acquisition of
Thermo Voltek Corporation, parent company of Kalmus
Corporation. Financial terms were not disclosed.

Under the agreement, Kalmus will operate as AR
Kalmus, with its facility remaining in Bothell, WA.
Amplifier Research, based in Souderton, PA, manufac-
tures RF power amplifers and other instruments for
EMC and RF testing.

Vectron International acquires Cinox
Vectron International, a subsidiary of Dover
Corporation, has announced the acquisition of Cinox
Corporation of Cincinnati, OH, a supplier of precision
quartz crystals. Financial terms were not disclosed.
Vectron, based in Norwalk, CT, manufactures fre-
quency generation and control products.

Spectrian sells UltraRF line to Cree

Spectrian Corp. has sold its UltraRF semiconductor
line to Cree Inc. Terms included stock considerations, a
supply agreement and a joint development agreement.

Spectrian, based in Sunnyvale, CA, manufactures
single-carrier and multi-carrier power amplifiers for
wireless infrastructure. Cree, based in Durham, NC,
produces semiconductor materials and devices based on
silicon carbide, gallium nitride and related compounds.

APW to acquire Lucent operation

APW Litd. has agreed to acquire the metal, plastics
and tooling manufacturing assest of Lucent Technolo-
gies’ Global Provisioning Center, located in Bydgoszcz,
Poland. Financial terms were not disclosed.

APW, based in Waukesha, WI, provides integrated
electronic enclosure systems.

IQE acquires Wafer Technology

IQE plc has announced the acquisition of UK-based
Wafer Technology Ltd., a supplier of III-V compound
semiconductor substrates and high purity polyecrys-
talline materials. Financial terms were not disclosed.

IQE, headquartered in Bethlehem, PA, is an out-
source supplier of epitaxial wafers for the compound
semicondutor industry.
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News

BUSINESS AND FINANCE

M/A-COM agrees to acquire Stellex

M/A-COM, a unit of Tyco Electronics, has announced
an agreement to acquire San Jose, CA-based Stellex
Microwave Systems Inc., a manufacturer of subsystems
and components for the defense and telecommunica-
tions industries. Financial terms were not disclosed.

M/A-COM, headquartered in Lowell, MA, provides
RF and microwave semiconductors, components and IP
networks for the wireless communications and defense
industries.

Cypress, International Microcircuits to merge

Cypress Semiconductor Corporation and Interna-
tional Microcircuits Inc. have announced they have
signed a merger agreement. The transaction is valued
at $125 million.

Cypress, based in San Jose, CA, provides integrated
circuit solutions for telecommunications, industrial
control and other markets. International Microcircuits,
based in Milpatas, CA, supplies frequency and timing
generators and EMI reduction circuits for a range of
applications.

Agilent aquires ATN Microwave

Agilent Technologies has completed the acquisition
of ATN Microwave Inc., a Billerica, MA-based provider
of microwave measurement solutions for wireless and
high-speed data communication applications. Financial
terms were not disclosed.

Under the agreement, ATN will operate as part of
Agilent’s component test business, which is headquar-
tered in Santa Rosa, CA.

Agilent, based in Palo Alto, CA, manufactures test,
measurement and monitoring solutions, as well as
semiconductor and optical components.

Microchip Technology, TelCom Semiconductor merge

Microchip Technology Inc. of Chandler, AZ, and
TelCom Semiconductor Inc. of Mountain View, CA,
have announced the completion of the companies’
merger, in a stock transaction.

Microchip Technology manufactures RISC microcon-
trollers for 8- and 16-bit embedded control applications.
TelCom Semiconductor supplies high-performance lin-
ear and mixed-signal integrated circuit solutions.
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A Logarithmic Spiral Antenna

for 0.4 to 3.8 GHz

This article reviews the design, simulation and measured performance of a broad-

band antenna

By Jesper Thaysen, Kaj B. Jakobsen and Jorgen Appel-Hansen

Technical University of Denmark

his article discusses a low-cost cavity
I backed coplanar-waveguide to coplanar-
strip fed logarithmic uniplanar spiral
antenna that covers a 9:1 bandwidth with a
return loss better than 10 dB from 0.4 to
3.8 GHz. The IE3D computer program is used to
predict the performance of the spiral antenna in
terms of radiation pattern and input impedance.
The obtained numerical results are in good
agreement with the experimental data. The spi-
ral antenna radiates from an active region that
is a frequency-dependent part of the structure.
The rotation of the radiation pattern as a func-
tion of frequency will also be discussed.

Frequency independent antennas

Frequency independent antennas are anten-
nas whose radiation pattern, impedance and
polarization remain virtually unchanged over a
large bandwidth [1]. Their electrical dimen-
sions, however, scale with frequency. Ideally, the
electrical size of such antennas would remain
constant over the entire electromagnetic spec-
trum. This ideal state requires that the loga-
rithmic spiral antenna be infinite to fulfill the
self-scaling and self-complementary conditions.
For a certain range of parameters, the logarith-
mic spiral antenna can be truncated and still
retain the properties of the infinite structures
over a very wide band. The practical frequency
independent structure is truncated, which lim-
its the antenna’s upper and lower frequency
limits [2, 3].

A broadband antenna could find wide appli-
cation in many systems. This article is a part of
the ongoing research at the Technical University
of Denmark in the area of stepped-frequency
ground penetration radar (SF-GPR) to detect
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buried non-metallic Anti-Personnel mines (AP-
mines) in a humanitarian mine detection sys-
tem [4].

In coaxial structures, such as coax cables, the
electrical wavelength is changed by a factor of

1

]
VEr

due to the dielectric constant of the isolator [5].
In antenna systems, dielectric loading can be
used with the same advantageous properties,
although the antenna is a radiating structure.
The resonant frequency of a patch antenna
could be reduced using a piece of dielectric
material placed on top of the antenna [5]. It is
also possible to reduce the size of the antenna at
a given resonant frequency.

Both the permittivity and the thickness of
the substrate influence the performance. The
loss in the material will alter the performance as
well, so material with low loss is preferable.
Thick substrates with a low dielectric constant
provide better efficiency and larger bandwidth
at the expense of larger element size. The same
results can be obtained using a thin structure
that has a higher dielectric constant, which is a
trade-off between efficiency and the physical
size of a given structure.

Dielectric loading seems to offer good possi-
bilities for reducing the physical size of an
antenna. It is therefore a very important design
technique to meet requirements for size and
resonance frequency for antenna design. IE3D
is used to determine the influence of dielectric
loading on the spiral antenna for various per-
mittivity values. A simple 1.5 turn spiral anten-
na is used to investigate the dielectric loading
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LOGARTIINING SPIRAL

effect and the radiation efficiency.

Composite materials offer good mechanical and elec-
trical properties and are available with dielectric con-
stants in the range of 2 to 20. The RT/Duroid is an exam-
ple of a composite with well-documented electrical,
mechanical and temperature stability, and is therefore a
popular material in planar antenna design. The disad-
vantages of this type of material are the availability and
the cost.

The substrate used for this article is the FR-4 sub-
strate, which is commonly used for printed circuits. The
FR-4 board is less expensive than commonly used
microwave substrates, such as RT/Duroid. This feature,
combined with the advantages of the uniplanar circuit,
makes this configuration suitable as a low cost wideband
antenna. Nevertheless, the loss is increasing as a func-
tion of frequency for the FR-4 substrate, and the dielec-
tric performance of the FR-4 could change from one
manufacture to another, and from batch to batch.

To aid the antenna design, the electromagnetic simu-
lation program (IE3D) computer program developed by
Zeland Software [6], was used to predict the perfor-
mance of the spiral antenna in terms of the radiation
pattern and the input impedance. The measured results
of the constructed antenna are compared to the simu-
lated results.

Selection of the antenna type

The larger the frequency range, the better the range
resolution is when using frequency-domain or time-
domain techniques. Thus, the use of a broadband anten-
na is essential for the signal and image processing in
order to improve the detection of non-metallic AP-
mines. Because of the signal processing, it is desirable to
make the sidelobes as small as possible.

The operating frequency range of the antenna for the
SF-GPR is from 0.4 to 3.8 GHz, which yields a band-
width of 3.4 GHz corresponding to a radar range resolu-
tion of about 40 mm in the soil. The lowest operation
frequency of 0.4 GHz is a compromise between the
ground attenuation and the antenna size, whereas the
feeding network sets the limit at the high frequencies.

Although a linearly polarized log-periodic antenna
has a wide bandwidth and is an attractive candidate, cir-
cular polarization is preferred to linear polarization for
several. If a linearly polarized antenna is used, the
strength of the reflected wave from an ohject will depend
on the azimuthal position of the antenna relative to the
object. Further, if the orientation of the transmitting
and receiving antennas is orthogonal, the mutual cou-
pling between the two linearly polarized antennas will
be reduced. As a result, the receiving antenna would
barely detect the reflected wave from the object.
Circular polarization, however, does not have such prob-
lems. For this reason, spiral antennas were selected [7].

Another advantage of circular polarization is that the
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reflected signal from the surface of the soil has the oppo-
site sense of polarization as compared to the incident
wave, because the ratio between the permittivity of soil
and air is larger than 1. Thus, the antenna does not
detect the reflected wave from the surface. However, the
reflected wave from the AP-mine has the same sense of
polarization as the incident wave because the permittiv-
ity ratio between mine and soil is less than 1. This
means that the only detected signal is the one reflected
from an object having a relative permittivity lower than
soil, for example, the AP-mines.

Among the spiral antennas, the conical spiral anten-
na radiates unidirectionally [8]. This unidirectionality of
radiation is required for radar applications. However, for
a conical spiral antenna, different frequency waves are
radiated from different active regions of the cone. This
gives rise to a problem for the range measurement,
because the distance to the object depends on the fre-
quency. This problem is reduced with the logarithmic
spiral antennas because their shape is not conical but
planar. However, the planar antennas have a bidirec-
tional radiation property [2, 3]. By placing an absorbing
material in a cavity behind the spiral antenna, the
antenna exhibits a unidirectional radiation pattern. The
disadvantage is that only half of the input power is
transformed into radiated power because of the presence
of the absorber. A specially designed reflector may also
be used.

The principle of the spiral antenna

The logarithmic spiral antenna was designed using
the equations r; = rpe®? and ry = rye?®-4), where r, and
ro are the outer and inner radii of the spirals, respec-
tively; ry and rye %% are the initial outer and inner radii;
a is the growth rate; and 0 is the angular position. To
obtain the most frequency independent radiation pat-
tern and the most constant input impedance, the dimen-
sions arery = 2.1 mm, e = 0.5rad™!, and §, = 1.3 rad =
75 degrees [2, 9].

With these design parameters, the width of the arms
are the same as the spacing between the arms, and the
structure is self-complementary, which gives the most
frequency independent parameters [2].

Good radiation patterns can usually be obtained with
as few as 1 to 1-1/2 turns of the spiral [2]. Thus, the spi-
ral antenna illustrated in Figure 1 consists of two equal
arms, each with a 1.5 turn. The ends of the two spiral
arms are truncated to produce the smallest physical
antenna for a given lower resonant frequency.
Alternatively, the end of the spiral arms can be tapered,
which will result in a more constant input impedance of
the antenna. The spiral antenna is fabricated on a 220 x
430 mm FR-4 substrate, with a thickness of 1.5 mm and
a relative dielectric constant (&) of 4.4.

When the antenna arms are very short compared to
one wavelength, the polarization is linear. As the fre-
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anenna placed on the FR-4 substrate. (b) Close
up picture of the balun placed perpendicular to the plane of the antenna and soldered
directly to the feed terminals on the spiral antenna.

A Fgre 1. (a) Nlustration of the spiral

form the impedance from 50 to
80 ohms [12]. The input imped-
ance of the spiral antenna is
found to be approximately
80 ohms. The wideband transi-
tion from CPW to CPS is
accomplished by using a slotted
radial patch. The patch repre-
sents a very wideband open cir-
cuit, which forces the field to be
primarily between the two
conductors of the coplanar strip
feed line. Two bond wires (not
shown in the figure) near the

@ ® s, (a1

0

discontinuity plane ensure that
the potential on the two ground

planes is equal [13]. The balun
structure was fabricated on a
small 16 x 43 mm RT/Duroid
substrate with a thickness of
0.785 mm and a relative dielec-

tric constant (g,) of 10.2.
Simulations on the balun
structure shown in Figure 2(a)
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A Figure 2. (a) Diagram of the coplanar waveguide (CPW) to coplanar strip (CPS) balun.
(b) Simulated reflection coefficient $,,-parameter for one balun with the CPS termi-

nated by an ideal 80 ohm resistor.

quency increases, the axial ratio decreases and the
polarization becomes elliptical. For frequencies at which
the arm lengths of the spiral antenna are greater than
one wavelength, or slightly less, the polarization is cir-
cular and the input impedance remains almost constant
as frequency varies [2, 9]. The spiral antenna is designed
to meet conditions where circular polarization is
required; thus. the minimum frequency is where the
electrical length of the arm is one wavelength. For the
antenna discussed here, the arm length is 0.52 m, which
results in a resonant frequency of 0.58 GHz. This reso-
nant frequency is likely lowered due to the dielectric-
loaded substrate.

Balun configuration

The logarithmic spiral shown in Figure 1 is a bal-
anced antenna and requires a balun to transform the
unbalanced coplanar waveguide (CPW) feed line to a
balanced coplanar strip (CPS) feed line for the logarith-
mic spiral antenna. In this article, the transition from
CPW to CPS is accomplished by using a wideband balun
[12]. This balun is a modified version of that in [11] and
has also been used in [3] and [13].

The balun shown in Figure 2 includes a four section
Chebyshev impedance transformer with a reflection
coefficient of I, = 0.05, which was designed to trans-
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with IE3D are performed by
substituting the antenna with
an ideal 80-watt resistor. The
results show that in the fre-
quency range from 0.1 to
3.85 GHz the simulated reflec-
tion coefficient, i.e., the S;;-parameter, is better than
-10 dB, as shown in Figure 2(b).

A more detailed description of the performance of the
balun can be found in [13].

Numerical and experimental results

When the electrical size of the structure becomes too
large, the benefits of using the IE3D are reduced. For
example, simulations on the entire spiral antenna struec-
ture are not possible within a reasonable amount of time
because of the limited computer capacity. To solve this
problem, the spiral antenna is broken up into smaller
parts, as illustrated by the different colors in Figure 3.
The electrical size of the spiral increases as the frequen-
cy increases. The entire structure is first simulated in
the frequency range from 0.1 to 1.4 GHz. Then, the frac-
tions of the two arms, which correspond to the blue
parts shown in Figure 1, are removed. Consequently,
simulations are performed in a frequency range that is
shifted upwards, that is, the influence of the blue parts
are neglected. However, inaccuracies can occur when the
currents on the arms that are removed are not negligi-
ble. A less effective way to solve this problem is to use a
faster computer.

The balun structure was fabricated and connected to
the fabricated prototype of the spiral antenna to verify
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A Figure 3. The spiral is broken up into smaller parts to
reduce the simulation time.

OO

A Figure 5. Simulated (a) and measured (b) impedances for
the CPW-fed spiral antenna. The measured results show
several loops in the Smith chart that are caused by a 0.4
m RG316U coaxial cahle connected to the CPW on the
balun. The circle shown in (b) indicates that every point
inside the circle has an impedance match better than —10 dB.

the performance. The reflection coefficient of the spiral
antenna, Sy, including the CPW- to CPS-feed network
is determined using an HP8720D network analyzer. The
experimental results are shown in Figure 4 for the CPW-
fed spiral antenna.

The measured and simulated results are shown in
Figure 4. The best agreement is achieved with large
reflection coefficients, i.e., for S;; > -10 dB. The mea-
sured bandwidth for a reflection coefficient better than
-6 dB is just slightly higher than the simulated. The
measured bandwidth is from 0.45 to 3.1 GHz, and the
simulated bandwidth is from 0.6 to 2.9 GHz. At a fre-
quency of 3.8 GHz, the measured impedance matching is
much better than the simulated. This may be due to par-
asitic coupling between the antenna and the balun.

The simulated input impedance of the spiral antenna
is 80 ohms. The measured and the simulated imped-
ances for the spiral antenna including the CPW- to CPS-
feed network is found to be matched to 50 ohms, as
shown in the Smith charts shown in Figure 5. Because
of the electrical length of the 0.4 m RG316U coaxial
cable, the measured impedance is mapped into the
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A Figure 4. Measured and simulated S;,-parameter for the
CPW-fed spiral antenna on FR-4 suhstrate material.

Smith chart as a spiral located around the center of the
Smith chart. This indicates that the spiral antenna,
including the feed structure, is close to being matched to
50 ohms.

Simulations of two identical spiral antennas placed
on two different substrates are made. The substrates
used are FR-4 with a relative permittivity of 4.4 and
ROHACELL with a relative permittivity of 1.06. The
simulated results state that the input impedance for the
spiral placed on the FR-4 is 80 ohms, whereas the
impedance for the spiral antenna placed on ROHACELL
is 130 ohms. This indicates that increasing the relative
permittivity on the substrate could lower the input
impedance. The result is in agreement with a recently
published spiral antenna with an input impedance of
61 ohms. This antenna was placed on a substrate with a
relative permittivity of 10.8 [11].

Cavity-backed spiral antenna

The planar logarithmic spiral antenna radiates in two
broad lobes whose directions are perpendicular to the
plane of the antenna. However, a unidirectional pattern
is preferred in order to detect reflections from one direc-
tion only; thus, a cavity is needed. An absorbing materi-
al and polystyrene foam with thicknesses of 130 mm and
40 mm, respectively, fill up the back of the constructed
cavity [14]. Figure 6 shows an illustration of the cavity.
The overall size of the cavity is 610 x 290 x 180 mm.

Figure 7 shows the experimental results for the CPW-
fed spiral antenna backed with a cavity. The measured
bandwidth for a reflection coefficient better than —10 dB
is from 0.4 to 3.8 GHz. The main reason for the extend-
ed bandwidth as compared to the S-parameters shown
in Figure 4 is the balun. In this case, the balun approach
shown in Figure 2 is applied, whereas the balun used in
the experiment in Figure 4 consists of a balun optimized
for an approach other than the fabricated spiral anten-
na. The observed ripple on the measured reflection coef-
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A Figure 6. Cross section illustration of the cavity backed
spiral antenna.

A Figure 8. Picture of the cavity hacked spiral antenna
mounted in the anechoic chamber.

ficient is likely to be caused by a mismatch with the
0.4 m RG316U flexible coaxial cable that is connected to
the CPW on the balun.

Limitations on available computer capacity make it
too time consuming to simulate the absorbing material
using IE3D. In Figure 7, the measured S;,-parameter
for the cavity backed spiral antenna can be compared to
the measured S;;-parameter for the spiral antenna
without a cavity. Little difference is observed in the S;;-
parameter for the spiral antenna with or without a cav-
ity. This result indicates that the radiation in the main
direction remains virtually unchanged in the presence of
the cavity.

Far-field radiation patterns

Anechoic chamber measurements in the Sperical
Nearfield Antenna Test Facility (SNATF) at the
Technical University of Denmark (DTU) are made in
order to measure the far-field radiation pattern and the
polarization. A picture of the spiral antenna situated in
the anechoic chamber is shown in Figure 8.

Two 6-cuts, measured at 0.8 GHz and 1.5 GHz, are
shown in Figure 9. Relevant far-field criterion is ful-
filled, so the measured data can be used directly, without
a near-field-to-far-field transformation.

40 - APPLIED MICROWAVE & WIRELESS

A Figure 7. Measured S,-parameter for the spiral antenna
with (red) and without (blue) a cavity.

From a theoretical point of view, the spiral antenna
has a broad bi-directional radiation pattern with the two
maxima perpendicular to the plane on which the spiral
antenna is located, the xy-plane, as shown in Figure 1.
Simulations performed without any absorbing material
have verified this pattern.

The measured radiation patterns shown in Figure 9
display a minor asymmetry of the main beam at both
frequencies. This asymmetry is caused by the asymme-
try in the CPS of the balun. At 0.8 GHz, the front to
back ratio is 10 dB. This ratio is increased to 15 dB at 1.5
GHz because the attenuation in the absorbing material
increases with the frequency.

At a frequency of 0.8 GHz, the simulated directivity is
5.6 dB, which is only 0.2 dB below the measured direc-
tivity estimated from the measured HPBW. In the fre-
quency range between 0.5 and 2.6 GHz, the directivity is
estimated to be in the range between 2.7 and 6.6 dB,
using the measured HPBW.

The antenna is designed to meet conditions where cir-
cular polarization is required. A commonly used criteri-
on states that the axial ratio should be less than 6 dB
[9]. The axial ratio shown in Figure 10 indicates that the
spiral antenna is circular polarized in the 6 = 0 degrees
direction at frequencies between 0.5 and 2.6 GHz. For
frequencies above 2.6 GHz, the axial ratio is not mea-
sured, but circular polarization is expected up to a cer-
tain frequency point where the size of the feed region,
1.e., the center of the spiral, becomes small compared to
the balun structure. This frequency limit is expected to
be near the frequency limit for acceptable S;;-parame-
ter, which is around 3.8 GHz (Figure 7). Above 3.8 GHz,
it is likely that the polarization ellipse becomes even
more elliptic.

The polarization ellipse is somewhat elliptical at a fre-
quency of 2.6 GHz, as shown in Figure 10(b). This phe-
nomenon can also be observed in Figure 9 as a difference
in the amplitude in the 8 = 0 degrees direction for the
measured 6-cuts.

For a frequency independent antenna, the radiation
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entation of the spiral antenna at frequencies of (a) 0.8 GHz and (b) 1.5 GHz.
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A Figure 10. (a) Measured axial ratio vs. frequency and (b) measured polarization ellipse at a fequency of 2.6 GHz.

(a) =0 (b)

~O
\\\\ . / | \(\

A Figure 11. Simulated radiation pattern at a ¢ cut for 6 =
60 degrees obtained at (a) 0.8 GHz and (b) 1.3 GHz.

should be unchanged at all frequencies, except for a
rotation around the polar axis [2]. The results from the
simulations of the radiation at a ¢ cut at two frequencies

42 - ApPPLIED MICROWAVE & WIRELESS

are shown in Figure 11. The radiation pattern is rotated
around the polar axis. The design equations for the spi-
ral antenna state that the relationship for the angle of
the rotation, A¢, as a function of the initial upper fre-
quency and the lower frequency, is given by
Ap=a " In(f, pper/fiower) 12], where a is the growth rate.
When using this equation, the theoretical angle of rota-
tion between 1.3 GHz and 0.8 GHz is 55 degrees, which
is in good agreement with the simulated angle obtained
from Figure 11. The simulated angle of rotation is 52
degrees. Therefore, it is very likely that the spiral
antenna radiates from an active region that is depen-
dent on the frequency of operation.

Note that for a theoretical model of the structure of
the spiral antenna there is no particular feeding point,
and the active region should begin at a frequency
dependent point on the antenna. The present result
seems to contradict the theoretical model. The view-
point of the theoretical model is in accordance with the
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A Figure 12. lllustration of the 1.5 turn coplanar strip fed
logarithmic spiral antenna. Simulation of the average cur-
rent distribution on the metallic surface of the spiral
antenna, by using IE3D. Red illustrates the highest cur-
rent intensity and blue illustrates the lowest current
intensity, both at 0.5 GHz.

rotation of the radiation pattern. The reason may be
that the region near the feed point contributes only a lit-
tle. Note that the measured rotation is 52 degrees and
the theoretical is 55 degrees between 1.3 GHz and
0.8 GHz. Since the region near the feed point con-
tributes, the rotation is less than expected from theory.
This aspect is examined [15]. There, Thaysen, et al, dis-
cuss the relation between the angle of rotation of the
radiation pattern and the position of the current active
region on the spiral antenna.

If the antenna is constructed so that the initial radius
1o is only a fraction of a wavelength and is excited from a
transmission line connected at the small end, a current
wave travels out from the feed point along the arms. As
the energy radiates, the amplitude of the current decreas-
es. This effect can be observed in Figure 12, where the
average current density is shown for a frequency of
0.5 GHz. This current distribution is calculated using
IE3D. The result shows that the average current density
is located symmetrically on the two spiral arms with the
highest current density at the feed point and at the edges.
Also, a slight decrease in current density as a function of
the distance from the feed points is observed and is indi-
cated by a shift in color from red to blue.

Conclusion

This article discussed the design and model of a spiral
antenna for the FR-4 substrate, and a balun for the
RT/Duroid substrate. The electromagnetic simulation
program IE3D has been used to simulate the perfor-
mance of the spiral antenna.

Good agreement was shown between the numerical
results and the measured results obtained using a net-
work analyzer in the frequency range from 300 kHz to 5
GHz. The measured reflection coefficient for the fabri-
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cated spiral antenna shows a slightly better perfor-
mance than the simulated results, which is most likely
due to computer capacity limitations. The measured
reflection coefficient is better than —-10 dB, over a 9 to 1
bandwidth from 0.4 to 3.8 GHz.

An inverse proportionality between the input imped-
ance and the relative permittivity of the substrate was
found. The simulations and the measurements of the
spiral antenna show that the radiation pattern and the
input impedance are essentially constant over a band-
width larger than 9 to 1.

Measurements in an anechoic chamber from 0.8 GHz
to 2.6 GHz are made showing an axial ratio of less than
3.3 dB and a directivity in the range between 2.7 and 6.6
dB. At a frequency of 0.8 GHz, the simulated directivity
is 5.6 dB, only 0.2 dB below the measured directivity.

From the simulated ¢ cuts at two different frequen-
cies, it is shown that the radiation pattern rotates
around the polar axis as a function of the frequency.

The simulated current distribution on the metallic
surface of the spiral antenna shows that the average
current distribution decreases as a function of the dis-
tance from the feeding point.

The constructed uniplanar spiral antenna and the
balun are well-suited for use in a stepped frequency
ground penetrating radar for humanitarian demining
because of the spiral’s wide bandwidth, circular polar-
ization, relatively small size, inexpensive cost and uni-
planar design. i

Acknowledgements
The authors would like to thank Radio-Parts Fonden,
Copenhagen, Denmark, for supporting this research.

References

1. PE. Mayes, “Frequency-independent Antennas and
Broadband Derivatives Thereof,” Proceedings of the
IEEE, Vol. 80, 1982: 103-112.

2. J.D. Dyson, “The Equiangular Spiral Antenna,”
IRE Transactions on Antennas and Propagation, 1959:
181-187.

3. J. Thaysen, et al, “Numerical and Experimental
Investigation of a Coplanar Waveguide-Fed Spiral
Antenna,” IEEE 24th QMW Antenna Symposium, 2000:
13-16.

4. J. Thaysen, et al, “Ultra Wideband Coplanar
Waveguide-Fed Spiral Antenna for Humanitarian
Demining,” 30th European Microwave Conference,
CNIT, La Defense, Paris, (October 2-5, 2000): 371-375.

5. D.M. Pozar, Microwave Engineering, 2nd Ed., New
York: John Wiley & Sons, 1998.

6. “IE3D User’s Manual, Release 6,” Zeland Software,
Inc., Fremont, CA, 1999.

7.d. Thaysen, “Broadband Antennas,” Department of
Applied Electronics, Technical University of Denmark,
July 1999.



8. J.D. Dyson, “The Unidirection-
al Equiangular Spiral Antenna,”
IRE Transactions on Antennas and
Propagation, 1959: 329-334.

9. J. Thaysen, “Logarithmic
Spiral Antenna and Feed Network
for Application to Humanitarian
Demining,” Department of Applied
Electronics and Department of
Electromagnetic Systems, Technical
University of Denmark, Master
Thesis in Danish, March 2000.

10. K. Tilley, et al, “Coplanar
Waveguide Fed Coplanar Strip
Dipole  Antenna,”  Electronics
Letters, Vol. 30, 1994: 176-1717.

11. M-Y. Li, et al, “Broadband
Coplanar Waveguide-Coplanar
Strip-fed Spiral Antenna,” Elec-
tronics Letters, Vol. 31, 1995: 4-5.

12. J. Thaysen, et al, “Charac-
terization and Optimization of a
Coplanar Waveguide Fed Logarith-
mic Spiral Antenna,” IEEE AP-S
Conference on Antennas and
Propagation for Wireless Com-
munication, Waltham, MA, 2000:
25-28.

13. J. Thaysen, et al, “A Wideband
Balun — How Does it Work?,”
Applied Microwave and Wireless,
Vol. 12, No. 10, October 2000: 40-50.

14. R.G. Corzine, and J.A. Mosko,
Four-Arm Spiral Antennas, Artech
House, 1990.

15. J. Thaysen,

et al, “The

Radiation Pattern of a Logarithmic
Accepted for pre-

Spiral Antenna,”

Been online lately?

Visit AMW online and see how you
can subscribe or renew your
subscription to Applied Microwave
& Wireless magazine. Browse
through the archive and download
select articles to read. Read news in
the RF and microwave community,
or check our calendar of events for
conferences, short courses and

sentation at the 2001 URSI
International ~ Symposium  on
Electromagnetic Theory, Victoria,
British Columbia, Canada, (May
2001): 4.

Author information

Jesper Thaysen received his
M.Sc.E.E. degree from the Technical
University of Denmark, Lyngby, in
2000. He currently works as an elec-
tronic engineer at the Technical
University of Denmark. He can be
reached via e-mail at jt@iae.dtu.dk.

Kaj B. Jakobsen received his
M.Sc.E.E. degree from the Technical
University of Denmark, Lyngby, in
1986, and his Ph.D. from University
of Dayton, Ohio, in 1989. Currently
an associate professor at the
Technical University of Denmark,
he can be reached via e-mail at
kbj@iae.dtu.dk.

Jogrgen Appel-Hansen received his
M.Sc.E.E. degree and Ph.D. from the
Technical University of Denmark,
Lyngby, in 1962 and 1966, respec-
tively. Currently an associate profes-
sor at the Technical University of
Denmark, he can be reached via
email at jah@emi.dtu.dk.

All three authors can also be
reached at Department of Electro-
magnetic Systems (EMI), Bldg. 348,
Technical University of Denmark,

DK-2800 Kgs. Lyngby, Denmark;
Tel: +45 4588 1444; Fax: +45 4593
1634.

calls for papers. Authors and advertlsers can access aII the mformatlon
they need, including our deadlines and editorial calendar. Or, if you prefer,
you can simply contact one of our staff.

Enhance
Microwave
Performance

Registered
1509001

ECCOSORB®, Emerson & Cuming Microwave
Product's complete range of microwave
absorbing materials, effective in controlling
electromagnetic interferences from 0.6
through 75 GHz. Products Include:

o Cavity damping-surface current
absorbing elastomers & foams

¢ Broadband & tuned specular absorbing
elastomers & foams

¢ Lossy magnetic machinable rod & sheet
series for terminations & loads

We specialize in providing custom

shaped ECCOSORB® absorbing materials,
ECCOSTOCK®, dielectrics and ECCOSHIELD®
shielding products.

| EMERSON
& CUMING

ICROWAVE PRODUCTS
the recognized global leader in
microwave absorbing materials.
800-650-5740

28 York Avenue, Randolph, MA 02368
781/961-9600 o fax 781/961-2845

email: sales@eccosorb.com
www.eccosorb.com

Circle 23
See us at Wireless Symposium Booth #1233




ECHNICAINEEANTURE

Calculating Multi-

Element

Antennas Using Mathcad®

Here is a technique for mathematical analysis of antennas, using a
Yagi-Uda array of several elements as an example

By Néstor E. Arias
National University of Tucuman

linear antenna can be com-
Abined with another to obtain a
new antenna with more gain.
If there are more than two or three
elements used to build that antenna,
estimating the proper and mutual
impedances, excitation point and
gain becomes complicated.
Estimation of these variables
involves the use of exponential inte-
grals, and the number of calculations
necessary to form the matrix imped-
ance is equal to the number of ele-
ments taken by pairs. For example, in
the case of 15 elements, it is neces-

Zyn

sary to carry out 105 calculations
plus 15 more of their proper imped-
ances by means of the integrals as
those mentioned above. It is also necessary to
estimate the corresponding currents for matrix
calculation, which is essential for calculating
the gain. Because the number of calculations
necessary to estimate the necessary elements
can be numerous, and because of the exclusion
of any other parameters, the use of a mathe-
matical program is ideal for these calculations.

This article discusses a calculation method
using the Mathcad® program (we will use
Mathecad 7 Professional), which estimates and
plots radiation diagrams on the three planes of
space for multi-element antennas. The Mathcad
program will also obtain the excitation point
impedance.

Multi-element antennas

A thin linear antenna of an approximate
length of 1/2 can be combined with one or more
similar antennas to create a new type of anten-
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A Figure 1. Yagi-Uda antenna.

na with a different characteristic radiation than
that obtained with a single element.

Various types of multi-element antennas
exist, with groups defined by the way in which
the different elements are physically arranged,
and how they are excited with regard to phase
and amplitude.

A group of two linear antennas of an approx-
imate length of /2 successively distributed in
space, in parallel with one another and having a
single excited element constitutes the type of
antenna known as a Yagi-Uda (Figure 1). This
antenna features electromagnetic coupling of all
the elements of the system, which can also
include nearby physical elements, such as trees,
people, roofs and the ground. To simplify calcu-
lations, the antenna will be regarded in an
empty space free of strange couplings, and only
taking into account the antenna elements pre-
sent in that region.
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Array gain

It is necessary to calculate the impedance matrix [Z]
in order to obtain gain, the radiation patterns for each
plane of space and the excitation point impedance. For
each disposition of elements of the array, the matrix
impedance contains the proper and mutual impedances
of the system. The second element normally is excited,
so a column tension matrix [v] can be defined where
that second element is not zero.

[o]=[Z)x[1] - [1]=([2] " x[¢]

where I = [solve (Z, v).

The matrix [I] contains the currents of all the ele-
ments and therefore, it is possible to calculate the gain
on the space planes and the excitation point impedance.
The impedance is

(1)

z,=2 )

The array gain, relative to a half-wave dipole gain,
can be calculated through the currents in each of the ele-
ments. To calculate the array gain, it is necessary to
determine the actual excitation power of the array.

W=Re[(12)2(zi)] (3)
This power can be used, in turn, to excite a half-wave

length dipole which will serve as reference, with a 73-
ohm input impedance whose current is

_ W (4)

iOO \f %

Using the calculated values and applying the diagram
multiplication principle, the array gain in each plane is
represented in Equation 5. Equations 5(a) and 5(b)
(below) describe the XY and ZY planes. Gain in the X7
plane is

N

21

1
Gp!am' X7 — . fdiL
Loo 9

(5¢)

where the array gain is relative to the half-wave dipole.

Given two antennas of lengths /; and /, separated by
a distance d, as shown in Figure 2, the mutual imped-
ance Zj ; can be calculated as in Equation (6). There are
many references that include methods for calculation of
mutual impedances between linear elements of unequal
lengths. The method described by Cox [1] has been used
for this paper.

By successively applying the calculation in Equation
(6), all of the mutual impedances that are involved in a
system of N elements are obtained. The same equation
can be used to obtain the proper impedances by defining
[, = lyand d = 0.02, where d represents the width of an
element.

Program sequence
To develop a Mathcad program to perform these cal-

: ; ; "5 Elemento 1 Elemento 2
G = IICJU +Ize"ﬁ11'2 COS(Q)]+_“+1N7181511.N_1COS(@] +INe.fﬁ1|,N cos(¢) fdl
Lo 5 rl
where, 17 2
r0 i dz
¢ = Azimuth angle; .
B = phase constant;
ly9...11 y = distances of the elements to the origin;
I,...Ix = currents of the elements;
fd;; = diagram factor of the half-wave dipole; r2
N = the number of elements.

A Equation 5(a). Gain in the XY plane.

G =

Ilej() + Ig@jﬂl]’z cos(9) +. '+INflejﬁlLle cos(¢) + INe.lﬁla,N cos(¢)

ry = Vd? +2*

elevation N
Yoo

0 = elevation angle.

n= \;“‘dQ +(y -2)*

= V“Idz +(1, + 2:)2

A Equation 5(b). Gain in the ZY plane.
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A Figure 2. Two dipoles of different length.
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A Equation (6). Calculation of mutual impedances.

culations, the following steps have been followed:

Step 1. Necessary data

* Proper length

* Separation between elements
* Wavelength

* Number of elements N

Step 2.

* The program calculates a matrix (/) that contains the
data entered, the distances of the elements to the ori-
gin and the proper longitudes.

* The limit conditions for calculation of the integrals
with Equation (2).

Step 3.
* Matrix Z calculation.

Step 4.
¢ Definition of matrix v and calculation of the current
matrix.

Step 5.
* Calculation of power Wy and current i,

Step 6.
* Subroutine for the calculation of equations (5a), (5b)
and (5¢).

Step 7.
e Graphs on planes XY, YZ and XZ.

Figure 3 shows the radiation patterns relative to the
half-wave dipole in a 10-element antenna for the ZY ele-
vation and XY azimuth planes.

The Appendix shows the Mathead programs used to
perform these step-by-step calculations.

Conclusion

Any other value of N, length and separation between
elements may be used in the Mathcad calculation. Steps
in the optimization of the system to obtain maximum
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gain and the best situation in the forward-backward
relation must be performed manually.
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Appendix — Mathcad programs

=1 N:=10 =2
I 1= 1, =235 1, =2 1,518 1, (=16 <=Proper lengths
Data
lo 515 1y 4i=05 g gISU5 1 giS05 1y o i=05
L,=17 L =05 L 0515 1, (=15 I (=15 <== Separation of
Elements
I 'S21 by =05 1o o'=5 I ('S5 Data
A Step 1 of the Mathcad program.
Subroutines set; Matrix |
I=]je2
while j<N U=l foei 1.N uu i1 Qi =]fari 1.N
a <0+l for j 1.N while iSN for j 1.N
j =i
U ) je2 T T
jej+1 iy 1 J. - Qw it
a U while jSN Q. .«UU . otherwise
) UU, U -U. . t '
ie2 B Q Q. if i
while <N jeitl s
i i—it1 Q
uu
e E 4
n=2
=141 1120
J
Li=|fai I.N
for j 1.N
L -1 . if =
i
L. .0 ifij
ij
L=l
B JJ otherwise
ij
L

A Step 2 of the Mathcad program.
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“Look to the leader in YIG-Technology”

il

Jl“

48041 Fremont Blvd. Fremont, CA 94538

MICRO
LAMBDA, INC.

(510)770-9221

[ Radios

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offers YIG-Based
Frequency Synthesizers covering the
2-12 GHz frequency range. Designed
specifically for Digital Radio ODU’s and
harsh commercial environments, these
synthesizers offer excellent integrated
phase noise characteristics over carrier
offset frequencies from 10 kHz to

10 MHz.

Tunable bandwidths of either 2 GHz

or 3 GHz are available as standard
products. This results in fewer numbers
of synthesized sources required for a
variety of Digital Radio frequency plans.
Millimeter-Wave frequencies can easily be
obtained using frequency multipliers to
obtain output frequencies between

24 GHz through 44 GHz.

Applications include QAM and QPSK
modulated Digital Radio’s and a multitude
of general purpose applications.

FEATURES

» 2-12 GHz Frequency Coverage

« Excellent Integrated Phase Noise
Characteristics

» Compact Size

3-Line Serial Interface

» Low Prime Power

* 500 kHz Step Size

Internal Memory
(last frequency programmed - recall)

MLSL-SERIES SYNTHESIZERS

This series of synthesizers utilize an
external 1 to 50 MHz crystal reference
oscillator to generate tunable frequencies
covering the 2 - 12 GHz range. Output
power levels of +12 dBm to +15 dBm are
offered depending on frequency, with a
standard tuning step size of 500 kHz.
Input tuning commands are via 3-Line
Serial interface. The size of these
compact units is 2.5" x 2.5" x 1.0" without
mounting plate and consume less than

6 watts of prime power. The units have
an internal memory capability which
“recalls” the last frequency programmed
when the prime power is removed and
reapplied. Standard models include

2-4 GHz, 4-6 GHz, 5-7 GHz, 7-9 GHz and
9-11 GHz. Specialized frequency ranges
are easily implemented utilizing the
versatile synthesizer architecture.

h Cards

mcrolambda@aol.com  www.micro-lambda.com
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A Step 3 of the Mathcad program.
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Optimizing a Silicon Bipolar
LNA Performance for
Bluetooth Applications

By Olivier Bernard
California Eastern Laboratories

his application note
describes a low-noise
amplifier designed

for the specifications of the
Bluetooth RF standard.
The NE662M04 is NEC’s
latest generation of silicon
bipolar junction RF tran-
sistor, using a state-of-the-
art UHSO 25 GHz f wafer
process. It provides low-
voltage and low-current
performance and is suited
for low-noise mobile appli-
cations. The emphasis here
is on achieving a low-noise,
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high-gain performance
while keeping current con-
sumption at a minimum
and a fairly good input and output match.
General information, test results, circuit
schematic, board layout and billing of material
are enclosed as a reference. California Eastern
Laboratories also manufactures this circuit as
an evaluation board for quick turn-around
design cycles.

LNA design and matching network

The LNA is described in Table 1, and a
schematic is provided in Figure 1. In order to
achieve the specification and provide the appro-
priate matching, this design uses an inductive
emitter feedback through a high impedance
printed transmission line. All other matching
elements are lumped components.

The approximately 0.7 nH emitter induc-
tance provides a few advantages: It allows for
matching the device for minimum noise figure
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A Figure 1. NE662MO04 Bluetooth LNA schematic.

performance while keeping an acceptable input
matching, it enhances the in-band stability per-
formance of the LNA and, to a lesser degree, it
improves the linearity of the device. However,
the trade-off is reduced gain and the potential
for high frequency oscillations. The latter can
easily be negated by carefully choosing the out-
of-band matching.

The bias network is a simple base resistor
that will fix the current to 5 mA. In circuits
where temperature stability or reduced sensibil-
ity to manufacturing variations are more of an
issue, an active stabilization bias can be used
with commonly available electronic bipolar
transistors.

The input matching network comprises only
C, and L; and is set to achieve I'ypyp from a 50-
ohm input load. L, is also used as the choke that
brings the base current to the transistor and is
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Item Parameters Specifications Test Units Notes
LNA Section Results

1 Voltage 3 3 Vv Low Voltage
2 Current 5 mA Low Current
3 Operating Frequency 2400-2483.5 1930-1990 GHz US/European Bands
4 Gain 10 12 dB —
5 NF 1.5 1.3 dB Low Noise
6 Input IP3 0 3 dBm High IP3
T 1 dB Compression Point -5.0 0 dBm —-
8 Input VSWR (50 chms) 2.5:1 (-9.5dB) -10 — —
9 Output VSWR (50 ohms) 1.5:1 (-14 dB) -15 — —
10 Stability at all Frequencies Unconditionally Stable Unconditionally Stable e —
11 Operating Temperature —40to +80 -40 to +80 °C —_

A Table 1. Specifications and test results of the Bluetooth low noise amplifier.
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A Figure 2. Printed circuit board layout.

RF-grounded by C,. The long transmis-
sions line to and from C; are only addi-
tional DC chokes to bias the device. The
output matching is a simple capacitive
match through C; that provides a better
than 1.5:1 match. Ly is the RF choke
grounded through Cj; and further chok-
ing is provided by the printed inductive
transmission line. The circuit schematic,
layout and assembly drawing are shown
in Figures 1, 2 and 3. The bill of materi-
als, including manufacturers’ part num-
bers, is provided in Table 2.

The matching has been optimized for
the specific Bluetooth receiving band,
but the PCB board can be used in 2 wide
range of applications from 460 MHz to
about 3 GHz for a number of devices,
providing that an appropriate matching
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A Figure 3. LNA assembly drawing.

Part or Nomenclature or Material/
Qty. identifying no. description specification
1 TF-100413 . NE34018-eval test fixture block
1 LL 1608-FH5NBS L1 5.6 nH inductor Toko
1 LL 1608-FH15NJ L2 15 nH inductor Toko
1 LL 1608-FH2N7S L3 2.7 nH inductor Toko
: MCR03J303JK R1 0603 30 K ohm res Rohm
2 MCH185A121JK C2, C5 0603 120 pF cap Rohm
1 MCH185A4R7CK C1 0603 4.7 pF cap Rohm
2 MCH185A102JK C3, C4 0603 1000 pF cap Rohm
1 MCH185C300JK Cc7 0603 30 pF cap Rohm
1 881-6116 Ccé6 4.7 mF cap aux
1 NE662MO04 Ut IC NEC
2 2340-6111 TG P1 PIN header 3M
2 2052-1215-00 J1J2 OSM jack Omni Spectra
1 FD-100722 PCB NE622M04-eval fab drawing

A Table 2. LNA bill of materials.
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network is synthesized. The 2.4
GHz LNA performance results are
presented in Figures 4 through 6
and Table 3. |
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Clara, CA. He received his BSEE
and MSEE in RF design from
ESIEE, an engineering school in
Paris, France, and his MSEE in
Electrophysics from the University
of Southern California. He can be
reached at olivier.bernard@cel.com.
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Input Power | Output Power Gain Average C/IM3 TOI

(dBm) (dBm) (dB) (dBm) (dBc) (dBm)
IM3 Pavg-avg Pavg-avg

-30.00 -18.15 11.85 -88.57 70.50 17.18
-29.00 -17.20 11.80 -87.54 70.42 18.09
-28.00 -16.29 11.71 -80.97 64.59 15.91
-27.00 -16.22 11.78 —-78.80 63.50 16.45
—26.00 -14.20 11.80 -75.87 61.58 16.50
-25.00 -13.23 11.77 -72.48 59.16 16.27
-24.00 -12.24 11.76 -69.83 57.67 16.68
-23.00 -11.25 11.75 —66.67 55.33 16.33
-22.00 -10.25 11.75 -63.08 52.75 16.04
-21.00 -9.26 11.74 -60.93 51.66 16.57
-20.00 -8.28 11.72 -57.28 48.91 16.09
-19.00 -7.29 11.71 -54.46 47.09 16.17
-18.00 -6.34 11.66 -51.67 45.16 16.07
-17.00 -5.36 11.64 -48.44 42.83 15.80
-16.00 -4.40 11.60 -45.41 40.67 15.60
-15.00 -3.46 11.54 -42.37 38.59 15.51
-14.00 -2.57 11.43 -39.48 36.34 15.02
-13.00 -1.69 11.31 -35.86 33.58 14.52
-12.00 -0.86 11.14 -31.86 30.25 13.51
-11.00 -0.14 10.86 —27.81 26.83 12.45
-10.00 0.51 10.51 -24.15 23.66 11.34
-9.00 1.04 10.04 -21.04 21.00 10.46

* Frequency: 2.400 GHz

e Vp: 2999V ID = 5 mA
* Poyrat 1.dB: 168 dBm
* Gain at 1 dB: 10.744 dB

» Efficiency at 1 dB: 6.39 %
+ IIP3 at PIN = -21 dBm = +4.77 dBm
* Noise Figure at 2.4 GHz = 1.15 dB

A Figure 6. Linearity performance.
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A Table 3. Summary of power performance.




Our high-power chip terminations are now offered in AIN as
well as beryllium oxide in power ratings from 10 to 125 watts.
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Effects of Parasitics in Circuit

Simulations

Simulation accuracy can be improved by including parasitic inductances and

capacitances

By Robin Croston
California Eastern Laboratories

simulation can make the difference between

an accurate prediction of circuit perfor-
mance with minimal on-bench tuning and a
design that requires significant modification
after prototyping. This article discusses the
inclusion of parasitics in a low noise amplifier
designed for the Bluetooth RF standard using
the NE662M04, NEC’s latest generation of sili-
con bipolar junction RF transistor. (See
“Optimizing a Silicon Bipolar LNA Performance
for Bluetooth Applications” by Olivier Bernard,
in this issue on pages 56-60.)

California Eastern Laboratories provides this
circuit as an evaluation board to its customers.
Circuit schematics and measured versus simu-
lated data with varying levels of circuit com-
plexity graphically illustrate the effects of para-
sitics on the simulated results.

Including the proper parasitics in a nonlinear

NLM verification

The first step in any nonlinear simulation is
to confirm the validity of the nonlinear model at
the bias and frequency range of interest. This
should be performed to the manufacturer’s
measured S-parameter data. If the particular
bias of interest is not available, confirm the
model to the nearest available bias.

Figures 1 through 4 confirm that the model is
appropriate at the circuit design bias of 3 volts,
5 mA and over a frequency range of 0.1 to 12
GHz. The model also matches measured gain
performance at 2 volts, 10 mA and 2 GHz to bet-
ter than 3 percent error and P45 performance
at the same bias to 7 percent error. Modeled
NF i, deviates from measured data by a 4 per-
cent error at a device bias of 2 volts, 5 mA and
the application frequency of 2.4 GHz. This
information indicates that the transistor is mod-

05
0.2
0oloo  foe2
0.2
0.5

Frequency 0.1 to 12.0 GHz

-1.0
Frequency 0.1 to 12.0 GHz

A Figure 1. Measured vs. modeled S;; for the
NE662M04.
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A Figure 2. Measured vs. modeled S,, for the
NE662MO04.
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The Eclipse series of antennas ()ff(“rS the benefits of spatial
antenna diversity in easy to install, integrated packages. Antenna
spacing, and mounting are no longer random variables. They
are fixed and their values can be designed into the in-building
or campus wireless system before installation. Radiating elements

are fixed at proper spacings so that their pattems are not skewed
away from common coverage areas. Eclipse includes both
omnidirectional and directional antenna solutions in frequencies
from 1.7GHz. to 5.8 GHz.

SOLAR
(52402D5)

! H-Plane
H-Plane
E-Plane

TH& "Solar" omnidirectional antenna includes two, vertically
polarized antennas offering 2.5 dBi of gain in a convenient, ceiling
e 3" X 5" X 1" (2.4 GHz) package. "Solar" is perfect for
Aum and ceiling mounted access points as well as

§240208 80°

Omnidirectional

UNIVERSE
(S2406DSP)

H-Plane
H-Plane
E-Plane

"Universe" is a versatile antenna design including two vertically
polarized 6.5 dBi directional antennas in a 4.75" X 6.5" X 0.8"
(2.4 GHz.) package. This design can be mounted to any interior
+ or exterior surface and can be supplied with an articulating mount
[ allowing the user to direct energy into a specific coverage area.

Model

52406DSP
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PANORAMA
405135D5 (dual)

H-Plane
H-Plane
E-Plane

"Panorama’ includes two wide H-plane, vertically polarized 5 dBi ]
directional antennas offering 140 degrees of H-plane beamwidth :
in one convenient indoor/foutdoor package. Antenna package size

is6" X 7" X 2.5". Panorama offers the user wide, directional pattern
coverage and eliminates the pattern (im,raddlaun common to the .
use of wall mounted omnidirectional antennas.

Model

SR2405135DS

GALAXY
(51.2402D5 (dual)

H-Plane
H-Plane
E-Plane

"Galaxy" is a unique antenna packagin
mounted directly to an access point
platform and will provide usable coverage

ess
It offers 2 dBi of gain and is vert;cally polarized. Package
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dimensions are 2.5" X 45" X .5

Model

SL2402DS

Eclipse....spatial diversity antennas that exceed your expectations
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A Figure 3. Measured vs. modeled S,, for the NE6G62MO04.

eled correctly for this application and if the rest of the
circuit is properly represented, the goal of minimum
tuning of the prototype should be achieved.

Simple circuit simulation

The design used to illustrate this example is a low
noise amplifier optimized for the Bluetooth RF stan-
dard using the NE662MO04 [1]. California Eastern
Laboratories provides evaluation boards, a description
file, the circuit schematic and a board layout. To
demonstrate the effects of including parasitics in circuit
simulations, the circuit schematic in Figure 5 as imple-
mented in the HP-EEsof Series IV Libra simulator
(Figure 6) was compared to data measured on the eval-
uation board. Transmission line lengths are measured
on the evaluation board. Figures 7 through 9 summa-
rize the results of simulating the circuit without includ-
ing board parasitics. It is apparent that the actual cir-
cuit is not properly represented by the schematic shown
in Figure 6.

A Figure 4. Measured vs. modeled S, for the NEG62M04.

Advanced modeling

To improve the accuracy of the simulation, various
techniques are used. One important parasitic to include
is via holes. The via holes take into account the induc-
tive loss through the substrate to ground. While these
inductances are small — 40 to 60 pH/mm of substrate
thickness [2] — they can significantly alter simulation
results when not included. As with all parasitic effects,
the higher the operation frequency of the circuit, the
greater the effect of the parasitics.

More accurate models of the actual transmission lines
are used to account for the discontinuities at the junc-
tions of different width microstrip lines. This disconti-
nuity also occurs where discrete components are sol-
dered to the board. Such junctions have scattering
matrix representations that depend on the widths of the
microstrip [3] and take into account the width-depen-
dant inductances and capacitance of the junction. The
long transmission lines (TL2 and TL3 in Figure 6) on
either side of the device are broken into two sections and
a t-line is used where the
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shunt components are placed
(TL9, TEE2, TL2, TL3, TEE1,
and TL10 in Figure 10). The
circuit in this example is fairly
simple. For more involved cir-
cuits, more elaborate model-
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may be needed. The degree of
complexity of all parasitic
modeling will depend on the
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cuit and how important it is to
model the response of the cir-
cuit to higher order tones.

A The third step is to model
30kQ the discrete passive compo-
nents with more accurate rep-

A Figure 5. Evaluation board circuit schematic.
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resentations. The active
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A Figure 6. Simple circuit simulation schematic.

-1.0
Frequency 0.1 to 4.0 GHz

Freguency 0.1 to 4.0 GHz

-1.0

A Figure 7. Simulation of S,, for the simple circuit.

device model has already been confirmed to be appropri-
ate. There are several different choices to model the pas-
sives. Where available, actual measured S-parameters in
the form of Touchstone formatted files (*.s2p) can be
used. Information available on the passive devices will
vary according to the manufacturer.

If yield analysis needs to be simulated on the circuit,
measured data is not a good option. Another choice is a
model of the device that includes the parasitics present
in the component package. Figures 11 and 12 illustrate
the models for the capacitor and the inductor used in the
final simulation.

A third option is to use the lossy lumped element
models available in the simulator being used. Figure 13
is an example of a capacitor with @, as implemented in
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A Figure 8. Simulation of S,, for the simple circuit.

Frequency 0.1 to 4.0 GHz

A Figure 9. Simulation of S, for the simple circuit.
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A Figure 10. Final simulation schematic.
| the Agilent-EESof Series IV Libra simulator [4].
vl high-frequency applications where very accurate model-
2 . . . . .
-0 ing of passive components is required, passives should
be measured on the substrate that will be used and mod-
= _ { els should be developed from this characterization [5].
poRT o pes ¥ VY g AT Some parasitics are not accounted for in this simula-
et e e :" P tion. Elements not in the RF path, such as the bias resis-
tor R; and the DC blocking capacitors are represented
A Figure 11. Gapacitor model schematic. by ideal elements. The RF chokes, printed on the circuit
board as meander lines, are represented by a straight
transmission line. Simulating a more complex circuit
. I I . does not improve the measured versus modeled perfor-
g mance. The final simulation circuit with added para-
sitics is shown in Figure 10. The much improved mea-
sured vs. simulated results are shown in Figures 14
o TAAY A - I = through 16 and Table 1.
purt 1 R-0s0 t-L Peri=2
& Conclusion
n n By carefully modeling all of the elements of a circuit,
: - a design can be simulated that can be used to accurate-
A Figure 12. Inductor model schematic. ly predict circuit performance. This allows circuit
designers to gain an edge in trimming the design cycle in
both cost and time. |
G
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Parameters Test Simulation
LNA Section Specifications | Results| Results Units
Voltage 3 3 3 vV
Current 5 5 5 MA
Operating
Frequency 2400-2483.5 2400 2400 MHz
Gain 10 12 13.1 dB
NF 1.5 1.4 1.5 dB
1 dB Compression
Point -5.0 -0.5 -7.6 dBm
Input VSWR
(50 Ohms) 251 (-9.5dB)| -9.3 =11 dB
-1.0

Frequency 0.1 to 4.0 GHz OUtpm VSWR

(50 Ohmes) 1.51(-14dB) | -15.3 -16.5 dB

A Figure 15. Simulation of §,, for the final circuit.

A Table 1: Specifications, test results and simulation results of the

Bluetooth low noise amplifier.
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Amplifier Linearization Using
Adaptive Digital Predistortion

The need for greater linearity can be addressed at the digital coding level

By Shawn P. Stapleton
Agilent Technologies

he emphasis on higher data rates and
I spectral efficiency has driven the wireless
industry towards linear modulation tech-
niques, such as quadrature phase shift keying
(QPSK), quadrature amplitude modulation (64
QAM) and multicarrier configurations.
Although these linear modulation techniques
provide good spectral efficiency, they produce a
signal with a fluctuating envelope that gener-
ates intermodulation distortion (IMD) at the
system’s power amplifiers. Most of the IM
power appears as interference between adjacent
channels, which requires the use of highly linear
power amplifiers.

One way to compensate for these nonlinear
distortions is linearization of the power amplifi-
er via predistortion. In most applications, lin-
earization is a more desirable approach than
backing off a Class A amplifier, which lowers
power efficiency and increases heat dissipation.
Recently, active linearization has emerged as a
critical technology in modern wireless commu-
nications systems that addresses this problem.

Adaptive digital predistortion, in which the
adaptation mechanism is based on the differ-
ence between the desired modulation and the
power amplifier’s output, is one linearization
technique that is well-suited to baseband appli-
cations that employ digital signal processors
(DSPs). A digital predistorter provides signifi-
cant IMD reduction over low to moderate band-
widths, while continuously adjusting for compo-
nent drift and power variations. This predistor-
tion technique operates independently of the
chosen modulation scheme.

This article introduces the concepts of power
amplifier linearization and digital predistortion,
looking in detail at the complex gain-based look-
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up table technique of digital predistortion. An
actual simulated example of this approach is
also demonstrated.

Linearization overview

Over the years, a number of linearization
technologies have been developed. Predistortion
has been the most common approach deployed
in new systems today. With predistortion, a non-
linear module is inserted between the modulat-
ed input signal and the primary power amplifier
stage. The nonlinear module generates IMD
products precisely in anti-phase with the IMD
products produced by the power amplifier, theo-
retically removing any out-of-band emissions
caused by the power amplifier.

Another common approach is feed-forward
linearization, which is the only strategy that
simultaneously offers wide bandwidth and good
IMD suppression. The price for this perfor-
mance is high complexity. In addition, automat-
ic adaptation mechanisms are essential for
maintaining performance regardless of vari-
ables such as temperature and component drift.

Of the two alternatives, RF predistortion is a
better choice for many applications. It offers
minimal complexity with reasonable IMD reduc-
tion over moderate bandwidths. The primary
limitation of this method is the difficulty in
acquiring accurate RF functional models.

Cartesian feedback, a relatively low complex-
ity approach, also offers reasonable IMD sup-
pression, but stability problems with this line of
attack limit bandwidth to a few hundred kilo-
hertz, as well as restrict accuracy.

Linear amplification using non-linear compo-
nents (LINC) techniques convert the input sig-
nal into two constant envelope signals, which
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tude and phase of the input signal.
The amount of predistortion applied
is controlled by updating values in a
look-up table with the interpolated
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output signal. Theoretically, the

A Figure 1. Design of the digital predistorter.

result is only the distortion (that is,
the IMD components) added by the
power amplifier.
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The spectral response of the digital
predistorter can be observed at vari-
ous nodes using two-tone input sig-
nal, as shown in Figure 2. Once opti-
mized, the complex gain adjuster
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Predistorter

Quadrature

Modem Modulator

\J

Amplifier

Power (predistorter) should exhibit nonlin-

Or>0
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' Local
N ’ \

Quadrature |

Adaptation

ear characteristics that are exactly
the inverse of the power amplifier,
This can be confirmed by observing
the spectral growth characteristics of
the predistorter at the input node to

Demodulator|

the power amplifier. Ideally, the IMD
products detected at this node will
have the same amplitude as the dis-

A Figure 2. Spectral response of the digital predistorter at various nodes, using

a two-tone input signal.

are amplified by Class C amplifiers and then combined
before transmission. In addition to being complex, LINC
designs are particularly sensitive to component drift.
Dynamic biasing is similar to predistortion except
that the work function is based on the power amplifier’s
operating bias. Dynamic biasing is notably limited in its
ability to suppress adjacent channel interference.

Digital predistortion

Digital predistortion possesses two advantages. First,
the correction from the nonlinear module is applied
before the power amplifier where high power insertion
loss is less critical. Second, significant IMD reductions
can be achieved. The primary disadvantages of digital
predistortion are its relative complexity and bandwidth
limitations tied to the accuracy and computational rate
of the specific DSP used in the system.

The linearizer circuit in Figure 1 creates a predistort-
ed version of the desired modulation. The predistorter
includes a complex gain adjuster that directs the ampli-
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tortion generated when the two tones
are passed through the power ampli-
fier, but in anti-phase. The adaptation
process quickly adjusts the look-up
table entries to minimize distortion.

Design techniques

There are three generic approaches to digital predis-
tortion: complex vector mapping lookup, complex gain
lookup and Cartesian feedback. The complex vector
mapping technique uses interpolated input vectors that
are maintained in a look-up table generated by adding
an error vector to compensate for AM/AM and AM/PM
distortions. The complex gain approach multiplies the
input signal by an optimized complex gain vector stored
in a look-up table, which is indexed by the envelope of
the input signal. Finally, Cartesian feedback is a less
complicated approach that does not require a look-up
table, but tends to be less stable.

Conventional adaptation techniques for the digital
predistorter use a gradient signal that is based on con-
tinually computing the gradient of a three-dimensional
power surface that represents the difference (i.e., the
error signal) between the input signal and the scaled
output signal. Adjacent channel interference power is
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minimized when this error signal is com-
pletely suppressed. Since the gradient is
continuously being computed, no amount
of constant misadjustment is required.

Two different gradient estimation
methods are commonly used. Linear con-
vergence is a technique that uses a first
order feedback loop, while the alternate
secant method estimates the gradient
using a process based on Newton’s classi-
cal method.

Complex gain look-up predistorter
An example of the complex gain look-
up technique is illustrated by the circuit

A Figure 3. The complex gain look-up table.

4 Quadrant of I-

Vd(o = Vm(o)- | V(o]
scaling T —
Ve () Va(t) Vm(t)

— —
Va(t ? Ve(t ? [Ve(t)| = scaling error
ZVe(t) = rotation error
B
vm(t)
7 >
rotation |

A Figure 4. The complex gain function stored in the look-up table is
the scaling and rotating error applied to the input vector by the
power amplifier.

in Figure 3. The input signal is multiplied
by a gain signal stored in RAM. This gain
value is dependent on the input signal
envelope, which is quantized to a finite
number of entries. (64 in this example). These
entries are optimized by computing the difference
between the input signal and the output of the
power amplifier. Provided that feedback delay has
been accounted for, the resulting difference will
contain only the distortion component. A number
of techniques are available to adaptively compen-
sate for the feedback delay, operating in the time
or frequency domains. Updating the RAM look-up
table is accomplished using either linear conver-
gence or the secant method.

The gain function multiplied with the modu-
lated input signal is a complex quantity that is
based on the envelope of the input signal, which
is required to compensate for the AM/AM and
AM/PM distortion generated by the power ampli-
fier. The look-up table entries are derived from
the error vector that remains after subtracting

a1
o

[s]
8

the input signal from the power amplifi-
er output, and can be stored in either
polar or rectangular format. The power
amplifier’s distortion can be expressed
as a scaling and rotation of the input
vector, as seen in Figure 4. This function
may be stored in either polar or rectan-
gular format.

Digital predistorter simulation example
Now we will simulate a real digital pre-

distorter based on the complex gain look-

up table technique. Figure 5 presents an

= 5 4:
Q- —
D{;_D_}“ a-u o-

Or

example of just such as circuit.

a The linear convergence technique is
used to adjust the look-up table entries to
minimize ACPI (adjacent channel power

A Figure 5. Circuit schematic for the example digital predistorter simulated interference), and an adaptation coeffi-

in the Agilent Advanced Design System.
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cient value of -0.1 is selected to enable



rapid optimization. A 64-entry look-up table is
chosen to quantize the input envelope. A rectan-
gular format is used for table entries. Timing
clocks are used to read and write to the look-up
table RAM. For our input, a 25 MHz wide, 10-
tone modulated signal centered at 800 MHz is
used. Finally, it is assumed that all passive com-
ponents, such as power splitters and combiners,
are ideal.

The error signal derived from the difference
between the input and output signals is scaled by
the adaptation constant and the result is latched
in data registers (Figure 6). The index for the
RAM is established by passing the input envelope
through an A/D converter. The in-phase and
quadrature signals are stored in their respective
look-up tables. The fixed-point summation pro-
vides the update for the new table entry based on
the previous value at the corresponding index.

The plots in Figure 7 compare the envelope of
the input signal with the corresponding look-up
table for gain magnitude. Thus, only a nominal
amount of gain is required to compensate for the
AM/AM compression that occurs due to the power
amplifier.

Finally, we can assess the performance of our
digital predistortion circuit, as shown in the plots
in Figure 8. Observe the spectral growth that
occurs using a digital predistorter. Adjacent chan-
nel power is spread over a wider bandwidth, but
mask requirements can be met more readily.

Signal Envelope

Conclusion

Adaptive digital predistortion is a maturing
technology, now making the jump from the realm
of research to system development. The digital
predistorter example we have discussed in this
article exhibits the expected level of performance
that can be achieved using linearization. The next
stage consists of system-level simulations, which
would provide a solid starting point for an actual
implementation, where designed components can
then be integrated into a system. |
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RF power amplifier

LCF Enterprises has developed a
200 watt RF power amplifier that
covers the frequency range from 1

to 30 MHz and 45 dB of gain (Part

# 30-1-200-45-R). Features include
automatic current limiting, forced-
air cooling, current meter, over-cur-
rent and thermal protection.

LCF Enterprises

Circle #156

High-frequency power
amplifier
MITEQ introduces a new high-

frequency power amplifier in the
26.5 to 32.5 GHz range. The AMF-

8F-265325-80-29P features an out-
put power of +30 dBm typical (+29
dBm minimum), 8.0 dB typical

noise figure and 30 dB minimum ;
gain. The amplifier is available

with various electrical options and
an assortment of connector combi-
nations.

MITEQ, Inc.

Circle #157

2-watt amplifier

Microwave Solutions has
released the MSD-2489701 2-watt
amplifier for use in military or com-

mercial test platform applications
at 500 to 2000 MHz frequency

range. This amplifier has a gain of
30 dB and has been designed with
soft board technology and uses dis-
crete hermetically sealed gallium
arsenide transistors.
include an internal voltage regula-

tor and operate at -12 VDC and
provide over voltage and reverse- |

polarity protection.
Microwave Solutions, Inc.
Circle #158

High voltage RF MOSFETs

Advanced Power Technology |

announces the introduction of a
new line of high voltage rugged RF
MOSFETSs. To address the needs of
semiconductor manufacturers and
CO,, laser and MRI equipment
manufacturers, APT has developed
a new process for making RF ampli-
fier MOSFETs that doubles the
available SOA. Typical operating
voltages range between 150 and
300 volts. Minimum gain is 13 dBat
65 MHz. Prices for the ARF460A/B
is $22 each in quantities of 10,000
pieces or more.

Advanced Power Technology, Inc.
Circle #159

Dual-band cellular phone

receiver _

Maxim Integrated Products has |
developed a dual-band cellular |
phone receiver that is designed for
CDMAOne, CDMA2000, CDMA 1X

and CDMA 1XEV applications. The
unit contains all functional blocks
needed for a dual-band receive
front end. It also contains the LO
divider and dual LO buffer ampli-

All units

fiers to drive the transmitter.
Prices start at $3.51 per unit.
Maxim Integrated Products

Circle #160

High-speed communications

Micrel Semiconductor announces
the release of three new devices for
high-speed communications: the
SY10EP16V 3.3 volt/5 volt differ-
ential receiver; the SYI0EP58V 3.3

* volt/5 volt 2:1 multiplexer; and the

SY10EPO1V 3.3 volt/5 volt 4-input

7 2.5GHz

ECL Pro”

3.3V/5V

MiCREL

DIFFERENTIAL RECEIVER

OR/NOR gate. The new devices are
offered in SOIC-8 packaging and in
tiny MSOP-8 packaging. They are
priced starting at $5.94 in quanti-
ties of 1,000 or more.

Micrel Semiconductor, Inc.

Circle #161

Low saturation transistors
Zetex has introduced two series
(ZXT10 and ZXT11) of ultra-low
saturation transistors in SOTZ23
and SOT23-6 packages. The tran-
sistors combine characteristics of a

T

matrix design with the power dissi-
pation capabilities of the SOT23-6
package. This enables the devices
to be operated with increased cur-
rent ratings so that short term,
high load switching transients can
be more easily accommodated.
Offered in operating voltages rang-
ing from 15 to 50 volts, the series
offers saturation voltages as low as
75 mV at 1A, continuous collector
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Microwave Waveguide Components 8

Where reliability and quality are paramount.

Quasar are Europe's leading manufacturer of high quality

flexible/twistable waveguide, from WG8 (WR430) to

WG24 (WR19) with flanges and jackets manufactured for

customer specific applications.

@ Fixed and Variable Attenuators

@ Cross Guide and Broadwall Directional Couplers

@ Broadband Waveguide Horns

@ Fixed and Sliding Load Termmattons

@ Rigid Waveguide

@ Tee Junctions

@ Coaxial and Taper Transitions

@ Filters & Diplexers \

@ Couplers, Splitters and Combiners

@ Rotary Vane Attenuators :

Designed and manufactured in our purpose buit factory in the FPRE

UK to 1S09001 fast lead times and at low cost. Just take a &

look at our NEW “On-Line catalogue” on our NEW website,
Whatever the application rely on Quasar.

Quasar

Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England
Tel: +44 (0)1626 834222
Fax: +44 (0)1626 832994
Email: sales@qmtl.com

See our NEW WEBSITE w
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current ratings of up to 4A, with peak currents to 12A,
and typical gains of 300 minimum. Units are sold in
10,000 piece quantities from $0.14 to $0.17 each.

Zetex

Circle #162

Product-on-chip

Embedded Wireless Devices announces the first
members of its e8000 Valhalla family of product-on-chip
solutions for wireless multi-point communication
devices — the e8720e and e8715e. The new chips are
complete wireless products that include multiple base-
bands, proprietary digital signal processor and micro-
processor unit, baseband controller, flash memory, ana-
log interface and EWD’s eMOS embedded operating
system. These devices handle multiple baseband proto-
cols for a broad range of wireless applications.
Embedded Wireless Devices, Inc.
Circle #163

SIGNAL PROCESSING

Broadband directional couplers

Krytar has made available the 202050010 broadband
directional coupler from 0.5 to 50 GHz. Nominal cou-
pling is 13 dB with a
frequency sensitivity
of around 1.2 dB.
Minimum directivity
is 14 dB from 1 to 20
GHz and 10 dB from
20 to 40 GHz.
Maximum VSWR is
1.5:1 from 1 to 20
GHz and 1.7:1 from 20 to 40 GHz. Couplers are avail-
able with the choice of 2.4 mm or K female connectors.
Krytar
Circle #165

Solid state switch

American Microwave Corporation introduces an
ultra broad band, low insertion loss, reflective solid
state switch that works from 3 to 24 GHz with an inser-
tion loss of less
than 1.8 dB at 3
GHz to less than
4.5 dB at 24 GHz.
The unit features
a switching speed
of less than or
equal to 45 nS
ON and less than
or equal to 35 nS OFF, a video transient of less than or
equal to 225 mV peak to peak at 300 MHz bandwidth




Products

and less than or equal to 95 mV |
peak to peak at 20 MHz bandwidth.
American Microwave Corp., Inc.

Circle #164

PCB mounted filters

BSC Filters has expanded its
range to include lumped element
filter design and manufacture.

PCS diplexer. Standard dual +43
dBm input signals produce less
than -140 dBc of IMD. Other fea-
tures include an insertion loss of
less than 1.2 dB, band centers
RX/TX isolation greater than 90
dB, a return loss of greater than
-16 dB and a power capability of
greater than 50 watts.

Wireless Technologies Corp.

Circle #168

TEST EQUIPMENT

High frequency filters
Faraday Technology has recently
extended its capability to supply fil-

e ;

Frequencies range from below 10
MHz to 3 GHz and attenuation at
80 dB. Delivered as either a PCB,
surface mounted or connecterized
unit with unit size of 10 mm profile,
filters are custom designed to indi-
vidual specifications.

BSC Filters

Circle #166

ters up to 18 GHz. Faraday has
solutions for support on rapid filter
prototyping or large volume pro-

Dual range synthesizer

duction. PCS diplexer Programmed Test Sources has
Faraday Technology, Ltd. Wireless Technologies has intro- = released a versatile dual-range fre-
Circle #167 duced the Model W1840D IMD-free = quency generator that has a broad

INNOVATIVE.
RF Components

Now entering our fourth decade,
JFW Industries is a proven leader
in the design and production of

innovative RF solutions. Whether

systems and switch matrices; JFW's
dedicated customer service and
engineering personnel can provide
application specific components

your project calls for fixed attenu-
ators and terminations, manually
and electronically controlled
attenuators, RF switches, power
dividers or programmable RF test

and sub-systems at catalog prices
with an off-the-shelf attitude. For
more information, please contact
us or visit our web site at

www.jfwindustries.com

JFW Industries, Inc.

Specialists in Attenuation and RF Switching

TeL (317) 887-1340 » Toll Free 1 (877) 887-4539 » Fax (317) 881-6790
5134 Commerce Square Dr. » Indianapolis, Indiana 46237

Internet- http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
ISO 9001 Certified
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coverage from 1 to 250 MHz and
allows 5 to 20 us switching between
any two frequencies with a resolu-
tion of 1 hertz. Output is 13 dBm

and spurious outputs are -70 dB
referenced to +13 dBm. The PTS
250SX-51 is available with remote

control and manual controls if

desired.
Programmed Test Sources, Inc.
Circle #169

Portable spectrum analyzer

IFR Systems announced the
2399 portable spectrum analyzer,
aimed at a wide range of applica-
tions including mobile communica-

tion service workshops, base sta-
tion installation, repair and main-
tenance, as well as broadcast TV
and education. The unit covers a
frequency range from 9 kHz to 2.9
GHz and is user-friendly. The ana-
lyzer is priced at $9,600.

IFR Systems, Inc.

Circle #170

Field strength analyzer
TEGAM has
released the Model
7500 field strength
analyzer, a portable
instrument  that
combines the func-
tionality of a graph-
ic RF spectrum
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analyzer, frequency counter and
tunable RF monitor in a single,
hand-held instrument. This unit is
meant for a wide range of RF signal
analysis, detection and verification
tests. Applications include mobile,
PCS, cellular and cordless phones,
antenna tuning, field strength,
commercial radio and TV broad-
casting, amateur, aeronautical,
satellite and marine radio. The list
price for this analyzer is $2,195 in
the U.S. or $2,415 for export.
TEGAM, Inc.

Circle #171

WIRELESS SYSTEMS

ValuLine antennas

Andrew Corporation has extend-
ed its ValuLine range of terrestrial
microwave antennas with the
release of 1.2 meter and 1.8 meter

diameter antennas available in
shielded and unshielded version in
the following frequency bands:
5.925 to 6.425 GHz, 6.425 to 7.125

GHz, and 5.925 to 7.125 GHz. The

1.2 and 1.8 meter antennas can be
integrated directly with the radio
outdoor unit.

Andrew Corporation

Circle #172

MMIC LMDS receiver

Spacek Labs has released the
MM25-6LNA integrated receiver
consisting of a low noise amplifier,
mixer and LO doubler-amp. The
RF frequency range is 20 to 30

GHz. The LO frequency range is 10
to 156 GHz at -4 to 0 dBm, and the
IF range is DC to 5 GHz. This

receiver can be used for narrow-
band LMDS or full-band, multi-
channel radiometer applications.
Spacek Labs

Circle #173

Point-to-multipoint hub
Galleon Corporation introduces

a scalable, cost-effective point-to-

multipoint hub for broadband wire-

This

less access communications.
system starts with a single radio
transceiver at the hub with cover-
age flexibility of 2, 4, 8 or 16 sec-

tors.
Galleon Corporation
Circle #174

- Does your company
~ have a new product?

et us know about it, S0 we
. tell our readers!
‘Send your new product releasés

with a color photograph if availal
to: .

 Applied Microwave & Wireles
630 Pinnacle Court
Norcross, GA 30071

Or e-mail to: amw@amwireless.col
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DCTO 3GHz MMIC AMPLIFIER HAS
GOOD DYNAMIC RANGE

The DC to 3GHz ERA-33SM ampilifier is
part of a highly reliable family of broad band
MMIC amplifiers from  Mini-Circuits.
Typically at 2GHz (25°C), this low cost
GaAs model provides 17.4dB gain, 13.5dBm
maximum power output (at 1dB comp.)
and 3.9dB NF/28.5dBm IP3 for good
dynamic range. The ERA series contains 9
surface mount models covering DC to
8GHz and beyond. S-parameter data,
grounding, and biasing techniques available
on our web site.

RE TRANSFORMERS HAVE 4:1
IMPEDANCE 10 TO 1900MHz

Broad band TCM4-19 surface mount RF
transformers from Mini-Circuits operate in the
10 to 1900MHz band with 4:1 impedance
ratio. Referenced to midband loss (1.0dB
typ), insertion loss is 1dB from 30MHz to
700MHz, 2dB in the 20 to 1000MHz range,
and 3dB band wide when operated within
-20°C to +85°C (max.). Open case design
has plastic base with solder plated leads,
and applications include cellular and PCS.
Maximum RF power is 250mW.

[-IMini-Circuits

FEATURED PRODUCT

HIGH IP3 MIXER DELIVERS ON
COST AND PERFORMANCE
Mini-Circuits has announced a
breakthrough low cost high IP3
frequency mixer for the 1819 to
1910MHz (RF) frequency band. Typically,
the HUD-19SH boasts very high 38dBm
IP3 with extremely high 38dB L-R, 36dB
L-I isolation and conversion loss of
7.5dB. This level 19 mixer requires no DC
biasing, and the noise figure displayed is
the same as the conversion loss. The result
is lower overall system noise figure. Ideal
for PCS and communications systems.

2165 TO 2650MHz VCO EXHIBITS
LOW PHASE NOISE

Mini-Circuits new ROS-2650 voltage
controlled oscillator features 21656MHz to
2650MHz broad band tuning from a miniature
0.5"x0.5"x0.18” industry standard surface
mount package. The VCO targets ISM
applications delivering low -101dBc/Hz SSB
phase noise typical at 10kHz offset, good
27-36MHz/V typical tuning sensitivity, and 0.5
to 19 minimum to maximum tuning voltage.

FROM
$149.95

750 TO 1300MHz ELECTRONIC LINE
STRETCHER SIMPLIFIES VCO TEST
Mini-Circuits has added model ELS-1300
to their family of 110 to 1300MHz electronic
line stretchers. This novel unit automates
VCO load-pull measurements by providing
electronically adjustable phase range of the
signal to better than 360 degrees across
the entire 750 to 1300MHz band, and is
voltage controlled (1-25V) for automated
applications. The 3 port device features
return loss of 10 to 12dB typical and input
power is 10dBm maximum. Patent pending.

FROM
$6.95

BROADBAND 6.3dB COUPLERS
COVER 200 TO 1300MH:z
Mini-Circuits announces off-the-shelf
availability of their new 200 to 1300MHz
ADC-6-13 directional couplers. These
broad band 50 ohm units provide a nominal
6.3dB+0.5dB coupling value with good
+0.9dB (typ) flatness for cellular and
VHF/UHF receiver applications. Housed in
a miniature 0.112" (max. height) water
washable package, these 1W couplers
typically exhibit low 1.8dB mainline loss,
good 17dB directivity, and excellent 1.3:1
VSWR. Value priced.

vs 1000 110

CIRCLE READER SERVICE CARD

P.O. Box 350166, Brookiyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
H The Design Engmeers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
=4

ISO 9001 CERTIFIED

F 338 Rev. Org.



Products

Products introduced at the 2001 Wireless Symposium

Low jitter VCXO0s

Vectron International has intro-

duced a series of new low jitter |
VCXOs that are available at fre- |

quencies from 1.02 to 170 MHz.

Other features include +3.3 or |

+5.0 volt options, 14 mm x 9mm J-
type package and CMOS or PECL
outputs. Typical jitter performance

is less than 0.5 ps rms (12k Hz to 20

MHz) at the output frequency for |

the CMOS version and less than 1
ps rms for the PECL option.
Vectron International

Circle #175

Monolithic chip

Analog Devices has developed
the AD8302 monolithic chip,
designed to accurately measure
gain and phase difference between
two independent signals up to 2.7
GHz. The device provides the user
with system-level performance in a
single monolithic IC. Enabling
designers to build into their sys-
tems diagnostic capabilities that
can monitor performance and diag-
nose signal purity from within the
system, this chip is expected to pro-
duce a wide range of applications
outside of the cellular basestation
market. Prices start at $15.50 in
quantities of 1,000.
Analog Devices
Circle #176

25-watt load

Bird Component Products has
released the Model 25-CT-FA 25-
watt conduction cooled load for vol-
ume production applications. This
piece is compact, with a 50-ohm
load and a frequency range and
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VSWR of DC to 1 GHz at 1.15:1
maximum and 1 to 3 GHz at 1.25:1

maximum. SMA female or male |

connectors are standard, but cus-
tomer-specified semi-rigid or flexi-
ble cable connections are also avail-

able. The 1 to 10 piece price is $70 |

each.
Bird Component Products
Circle #177

SMT toroidal-core
compensated chokes

Sprague-Goodman FElectronics
has added a new size surface mount
toroidal-core transformer to the
two sizes already offered in their
catalog. The new models measure
8.5 x 6.0 x 4.5 mm in a pick-and-

placeable liquid crystal polymer
plastic housing. The series is char-
acterized as current compensated
chokes with inductance values from
11 to 4700 uH. The chokes operate
from -40 to 125 degrees C. Pricing
in quantities of 5,000 for models

with inductance values up to 470
uH is $1.43 each; higher inductance
value models are $1.53 each.

Sprague-Goodman Electronics
Circle #178

Mobile station test set
Agilent Technologies has intro-
duced the E6393A mobile station
test set for network equipment
manufacturers, network operators,
and service centers that test and
repair faulty mobile phones. The
set is upgradeable for cdma2000
capabilities and provides repair and

calibration tools to troubleshoot
faults, adjust mobile phones to
manufacturers’ specifications and
help service technicians cope with
the growing number of mobile
phones coming into repair centers.
The mobile station set is available
for $19,100.

Agilent Technologies, Inc.

Circle #179

SPDT switch

Dow-Key Microwave introduces
the 406HJ-330332-1 high-power




: WS you to use the same gain
block in multiple applications to reduce your
overall part count. Get the performance you
_expect at the value you need from WJ.

Make The Call
R i Get more details today. Call our toll free
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IN FILTER SYNTHESIS PERFORMANCE
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You're in control of response shape, element values and topology. So break free from normal filter design limits and:
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= synthesize multiple solutions per
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« maximize realizability based on your goals
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SPDT pulse latching switch that
addresses insertion loss, weight and
size limitation issues. This switch
features an input connector that
can be mated directly with a 50-
ohm glass feed through and can
provide a direct connection between
the switch and the hermetically
sealed filter assembly. Other specifi-
cations include a frequency range of
.240 to .320 GHz, a VSWR of 1.20:1,
an insertion loss of .10 dB and an
isolation of 70 dB.

Dow-Key Microwave Corp.

Circle #180

GaAs HBT linear variable
gain amplifiers

RF Micro Devices introduces
three new GaAs HBT linear vari-
able gain amplifiers: the RF2376,
RF2377 and RF2381. Operating
from a single 2.7 to 3.3 volt power
supply, all three amplifiers feature a
50 dB linear gain control range,
high linearity, high gain and a low
noise figure.

RF Micro Devices, Inc.
Circle #181

Hand-held spectrum
analyzer

Anritsu Company introduces the
MS2711A fully functional handheld

spectrum analyzer that provides
field engineers and technicians
with unprecedented measurement
flexibility in field environments and
applications requiring mobility.
Featuring a rugged, lightweight,
battery-operated design, the ana-
lyzer enables users to locate, identi-
fy, record and solve communication
system problems quickly without
sacrificing measurement accuracy.
The analyzer is priced at $7,000.
Anritsu Company

Circle #182

SiGe front end

Atmel Wireless & Microcon-
trollers has released a new integrat-
ed front end for family radio and
remote control applications in the
frequency range of 400 to 500 MHz.
The T0980 is manufactured in SiGe
technology and provides increased
efficiency, small size and improved
functionality for smaller, high-per-
formance end products with

extended operating time.
Consisting of a low-noise amplifier
and power amplifier that can be
switched off to save power, the front
end has an LNA with a gain of 19
dB. Pricing starts at $1.80 each in
10,000-piece quantities.

Atmel Wireless & Microcontrollers
Circle #183

Reverse thread TNC

RF Connectors introduces its
new reverse thread TNC. This piece
achieves compliance in three ways:
reverse, or left-handed threads;
reverse polarity, or gender; and the

RT-1203-1X

use of metric threads rather than
the unified standard. The 50-ohm
connector is designed for use with
RG-8/X or LMR-240 low-loss cable
and has a nickel-plated, machined
brass body, Teflon insulation and
gold-plated contact.

RF Connectors

Circle #184

Dual Channel LMDS Synthesizer Delivers

MS-2000

YIG performance without the YIG price tag

The MS-2000 uses an internal oscillator and dual upconverter blocks to

provide a flexible, low cost alternative to YIG based exciters. This stand-alone

device requires just a 50 MHz reference frequency and + 12 VDC. Features

include a phase noise spec of -82 dBc/Hz at 10 KHz offset, and a spurious

output of <-50 dBc. The device measures 9.5” x 6.0” x 1.39” and utilizes

the I’C digital interface. Other options are available.

Visit our web site for more details.
www.ittmicrowave.com

ITT Industries

Microwave Systems
Engineered for life

ITT Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 « 978-441-0200 * www.ittmicrowave.com

See us at Wireless Symposium - Booth #1830
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Transceiver and System Design for Digital Communications by Scott R. Bullock
This second edition on spread spectrum transceiver design offers updated coverage of the latest
advancements involving broadband and home networking systems. New coverage includes: power
line communications (PLC), phone line network alliance (PNA), and Bluetooth.

Subject areas include:

* Transceiver Design  Transmitters

* Keceivers * AGC and PLL

* Demodulation * Probability and Pulse Theory

* Multipath * Systems vs. Jammers

* Global Navigation ¢ Direction Finding and Interferometry

* Broadband and Home Networking

ISBN 1-884932-46-0 ...........

Small Signal Microwave Amplifier Design by Theodore Grosch

This book explains classical and modern techniques for designing small signal high frequency
amplifiers with practical design examples. Linear network theory and transmission line principles SMALL
provide the foundation for an in-depth discussion that includes broadband amplifier design and low- SIGNAL
noise techniques. An excellent reference for modern S-parameter design techniques. MICROWAVE

. . . . . . AMPLIFIER
An excellent reference book for RF and microwave designers, as well as a textbook for senior and DESIGN

graduate engineering students.
288 pages, ISBN 1-884932-06-1 ....................Order NP-31 $69.00

Instructors: Solutions to the design problems are available in an accompanying solutions book,
Small Signal Microwave Amplifier Design: Solutions.

ewt YT 72 pages, ISBN 1-884932-09-6 Order NP-32 .....$19.00
298

s \
:nd save

Text book and Solutions set Order NP-33 ..... $80.00

Radio-Electronic Transmission Fundamentals by B. Whitfield Griffith, Jr.

This classic volume, one of the best textbooks of electromagnetic concepts and RF circuits, is reprint-
ed here for the first time since its original publication in 1962. Hailed for its clear and concise expla-
nation of antenna, transmission lines and RF networks from the perspective of electromagnetic field
theory, this edition is highly recommended for graduate students and engineers who want the most
understandable presentation of radio concepts. The straightforward discussion of the underlying prin-
ciples, concepts and components remains timeless. Topics include:

¢ Electrical Networks
e Transmission Lines
* Radio Antennas

* Radio Transmitters

For information or to order contact:
Noble Publishing Corporation

630 Pinnacle Court, Norcross GA 30071
Tel: 770-449-6774 * Fax: 770-448-2839
www.noblepub.com

Circle 39

648 pages ISBN 1-884932-13-4

v%?h %%
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Order NP-34 .....$75.00

European Customers: Please order through
American Technical Publishers

Tel: +44 (0) 1462 437933

Fax: +44 (0) 1462 433678

www.ameritech.co.uk




Products

SMB coaxial loads

MECA offers the 468-2 efficient,
low power 50-ohm load that is
designed for cost-effective WLAN
and DCS/PCS/3G applications
using SMB connectors for space-
limited applications or when rapid
connection is desired. The termina-
tion is an SMB plug termination
that is suited for low power applica-
tions that dissipate 1 watt average
power. Maximum VSWR is 1.10:1 to
1 GHz, 1.15:1 to 5 GHz and 1.25:1
to 6 GHz.
MECA Electronics, Inc.
Circle #185

Improved performance
Keithley Instruments has intro-

duced two new systems designed to

improve measurement performance

while reducing the cost of environ-
mental stress screening in product
development, QA/QC and produc-

tion applications: Models 7708 and
2700. Both systems provide a low
per-channel cost for the acquisition
of thermocouple temperature data
with automatic cold junction com-
pensation. Both also come with
ready-to-use software for easy sys-
tem configuration, data logging and
analysis.

Keithley Instruments, Inc.

Circle #186

W-CDMA power amplifier

Celeritek has announced the
availability of a new W-CDMA
power amplifier for wireless data
transmission at 3.5 GHz. The

WLV

CMM3566-LC is intended for use in
subscriber units and base stations
that operate in the 3.45 to 3.50 GHz
frequency range. Typical features
include operation at 7.0 volts, 30 dB
gain at operating output and +24
dBm linear output power.

Celeritek, Inc.

Circle #187

Power MOSFETs

Siliconix, a subsidiary of Vishay
Intertechnology, has released a pair
(Models

of power MOSFETSs
Si4894DY and
Si4404DY)
aimed at core
voltage
DC-DC con-
verters in
high-perfor-
mance note-
book comput-
ers. The new : it
devices will allow designers to
improve the efficiency of notebook
power conversion designs.

Siliconix

Circle #188

Commercial PLL

Vari-L Company has released the
PLL400-915 PLL that generates
frequencies from 902 to 928 MHz,
with a 200 kHz step size. The unit
typically requires 18.5 mA of cur-
rent from a 5.0 volt supply voltage.
Typical phase noise at 100 kHz off-
set is —131 dBc/Hz, and the typical
phase noise at 100 kHz offset is
—131 dBc/Hz. Phase detector spuri-
ous suppression is typically -82
dBc. Typical output power is 3.7
dBm, and second harmonic sup-
pression is typically -13.3 dBe, and

Generate Custom Chirp Waveforms at 1 GHz Clock
Speeds with our Direct Digital Chirp Synthesizer

A 1 GHz update rate and 32-bit resolution give the STEL-2375A the highest

performance of any digital synthesizer available. Originally designed for creating

high fidelity, long duration chirp waveforms in radar and guidance systems, its

uses are limited only by your imagination — particularly when coupled with our

stand alone 2375STF interface module and PC

compatible control software. Visit our web site

for all the details. www.ittmicrowave.com

., ITT Industries
Microwave Systems

Engineered for life

ITT Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 « 978-441-0200 * www:.ittmicrowave.com
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cally —27 dBc.
Vari-L Company, Inc.
Circle #189

third harmonic suppression is typi-

RF shielding cans
Photofabrication Engineering
has released a photochemically
etched RF shielding can with a
patented, easy access removable
cover. This design allows users to
replace or repair internal compo-
nents without damaging the sur-
rounding shield. An etched line on

RF leakage. The tab connecting the
lid to the RF shield can be snipped
and resoldered quickly. |
Photofabrication Engineering, Inc.
Circle #190

RF power transistor

UltraRF  has released its
UPF18060 discrete RF power tran-
sistor, designed for reliable perfor- |
mance. The transistor has a fre-
quency band of 1.805 to 1.880 and
is rated for a minimum 60-watt
output power. It is ideally suited for
CDMA, TDMA, GSM and multicar-
rier power amplifiers in Class A or
Class AB operation.
UltraRF
Circle #191

Coax test cahles

Tyco Electronics announces the
availability of TESTLINE 18 coaxi-
al cables that provide cost-effective
capability without compromising
electrical performance characteris-
tics. Available in SMA to SMA,
SMA to type N and type N to type
N configurations, the cables can be
ordered in .5, 1, 2 and 3 meter
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lengths. Shielding effectiveness is
greater than 100 dB, and propaga-
tion velocity is rated at 76 percent
C. The operating temperature
range is —55 to +125 degrees C.
Tyco Electronics Corporation

Circle #192

Low jitter VCXO0s

CTS announces a new line of
miniature surface mount VCXOs

. that exhibit low jitter properties

(Model 333). Packaged in a stan-
dard 9 x 14 mm hermetically sealed

SMT ceramic package, the new
VCXO operates on +3.3 VDC or +5
VDC. All oscillators are available in
frequencies including 77.76 MHz
and 155.52 MHz.

CTS Corporation

Circle #193

MMIC power amplifier
Fujitsu Compound Semiconduc-
tor announces the expansion of its
GaAs MMIC power amplifier prod-
uct line with Models FMM5803X,
FMM5805X, FMM5806X and

FMM5807X. All are millimeter- |
wave, high power MMIC amplifier |

| | products covering the 17.5 to 31.5
| GHz frequency band with output

power ranging between 26 to 31
dBm. These new devices are
designed for point-to-point or
point-to-multipoint radiolink and
LMDS applications.

Fujitsu Compound Semiconductor, Inc.
Circle #194

Triaxial connectors
Tru-Connector has released a
full line of triaxial connectors that
are designed for applications
requiring the g
removal of
noise radiation
or cross-talk.
These connec-
tors are
designed for
triaxial cables
that are essen-
tially coaxial -
cables with an added outer shield
that lowers groundloop interfer-
ence and eliminates radiated noise
or cross-talk. Prices start at $14.95,
depending on style, size and quanti-
ty.
Tru-Connector Corp.
Circle #195

Resistors, terminations
and attenuators

American Technical Ceramics
introduces a new line of resistors,
terminations and attenuators
designed for microwave and RF
applications. The product line can
be used in applications from DC to
40 GHz with power handling capa-
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bilities from .1 to 1000 watts. All
components exhibit low VSWR and
capacitance, are non-magnetic and
contain no lead.

American Technical Ceramics

Circle #196

Coaxial surge protectors

CITEL offers a new line of coax-

nas, GPS and satellite systems.
They provide protection against
lightning surges and electrical
transients. Various connectors are
offered, including N, BNC, TNC,
SMA and 7/16. The protectors are
available for any power from 5 to

1000 watts and any frequency from

DC up to 4 GHz.

CITEL, Inc.
Circle #197

ial surge protectors for wireless sys-
tems, microwaves, radios, anten-
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RF LDMOS transistors
Motorola introduces a new fami-
ly of RF power plastic LDMOS
devices optimized for 1.0 GHz base
station applications. MRF9045MR1
is the first product in the family to
be unveiled. Capable of handling up
to 45 watts PEP the transistor is a
single-ended RF power device oper-
ating at 28 volts. The device pro-
vides efficiency and linearity per-
formance for linear base station
applications up to 1 GHz.
Motorola, Inc.
Circle #198

Linear amplifier

RF Micro Devices introduces the
RF2186 high-power, high-efficiency
linear amplifier for 3V handheld
systems. It is designed for use as
the final RF amplifier in handsets,
spread spectrum systems and other
applications in the 1920 to 1980
MHz band. The amplifier is also
compatible with existing second
generation (2G) and next genera-
tion (2.5G) systems. Operating
from a single 3-volt power supply,
the device delivers 27 dBm linear
output power, 31 dB linear gain and
35 percent linear efficiency.
RF Micro Devices, Inc.
Circle #199

Visit us at
Wireless Symposium
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Coax-to-Waveguide Adapters Meet
Needs of Communications Equipment

By Richard M. Kurzrok, PE
RMK Consultants

screws were originally developed for full

waveguide bandwidths with maximum
VSWR specifications of 1.25. Subsequently,
adapters with factory-adjusted tuning screws pro-
vided full waveguide band coverage with lower
VSWR. For some satellite and terrestrial commu-
nications equipment, the need for coax-to-wave-
guide adapters involves smaller usable band-
widths of 500 to 800 MHz with a maximum
VSWR of about 1.10. This is usually achievable
via the factory-tuned configuration. This article
presents approximate information for the devel-
opment of coax to waveguide adapters suitable for
many applications. Note that different approach-
es will be needed for high-power applications.

Coax to waveguide adapters without tuning

Coax-to-waveguide adapter configuration
The coax-to-waveguide adapters have several
significant parts:

« Housing using rectangular waveguide tubing
» Standard waveguide flange

« Metallic end plate

« Coaxial probe assembly with modified coaxial

Waveguide Flange
(Silver Solder to Housing)
g Waveguide
/Housmg ‘
End Plate
- - — = = — — — = [— == (Silver Solder
to Housing)
Waveguide
width | B e o
NP
™~
Dr & Tap Through
Y I N — Top Wall of
Housing for
- COAX Adapter
< E >
TOP VIEW
< / i !
9
G
P &;- 7 ClL
. 4 . ¥
Dr & Tap Through
—— — Bottom Wall of
(A Housing for
«——B—> Tuning Screws
< c (4 Holes)
Datum
BOTTOM VIEW

adapter, probe and hardware
e Tuning screws with hardware (except for set
screws)

The coax-to-waveguide adapter design details are
shown in Figure 1. The coaxial probe assembly for SMA
connectors is also used in waveguide bandpass filters
with coaxial interfaces [1]. Applicable details will not be
repeated here. New probes must be designed when using
SSMA connectors. The top broad wall of the waveguide
housing is tapped for a modified female to female coaxi-
al adapter. The bottom broad wall of the waveguide con-
tains four tapped holes for metallic tuning screws. For
small quantity fabrication, most metallic parts are of
copper alloys. Stainless steel hardware is preferred for
durability.

CGoax-to-waveguide adapter mechanical dimensions

Typical mechanical dimensions for various rectangu-
lar waveguide sizes are shown in Table 1. Tuning screw
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A Figure 1. Coax-to-waveguide adapter design details.

sizes and recommended coaxial connectors are shown in
Table 2. For the larger size waveguides, bulkhead
feedthrough coaxial adapters are needed to increase the
adjustment ranges. These preliminary dimensions
might require modifications when design objectives
include optimization.

Coax-to-wavequide adapter alignment
Coax-to-waveguide adapter alignment uses a stan-
dard coaxial reflectometer of adequate directivity. The
swept frequency input is applied to the coaxial port. The
waveguide port should be terminated in a load with a
VSWR that is less than 1.02. Different size probes and
different probe insertion depths provide a cut and try
situation when used with the tuning screw array.
Typical probe depths are near one half the waveguide
height while typical tuning screw penetrations are about
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one quarter waveguide WG Size A

B C D E F G

height. Sometimes, one or

WR-229 0.625

0.812 1.000 1.312 2.500 0.438 0.312

more of the tuning screws are

\WR-137 0.375

0.500 0.625 0.812 2.000 0.281 0.187

not used. After alignment is

WR-112 0.312

0.406 0.500 0.656 1.500 0.219 0.156

completed, the coaxial probe
assembly and the tuning

WR-90 0.250

0.340 0.475 0.610 1.250 0.187 0.125

0.312 0.375 0.500 1.125 0.187 0.125

0.250 0.312 0.437 1.000 0.187 0.125

0.219 0.281 0.406 1.000 0.156 0.093

screws can be staked to the WR-75 | 0.250
housing with epoxy. WR-62 | 0.187

WR-51 0.156
Conclusions WR-42 0.125

0.187 0.250 0.375 1.000 0.125 0.093

Coax-to-waveguide adap-
ters for low power communi-

Note: For E, tolerances are plus or minus 0.005. All other tolerances are plus or minus 0.002.

cations applications can be A Table 1: Coax to waveguide adapter mechanical dimensions.

developed readily using these

recommended dimensions as

a starting point. There are useful technological
overlaps with some waveguide bandpass filters.
For manufacturing in substantial quantities,
other fabrication methods, such as dip brazed
aluminum, aluminum casting, or electroforming
can be used. [ |
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Waveguide Tuning Coaxial
Size Screws Connectors

WR-229 #10-32 SMA Bulkhead Feedthrough

WR-137 #8-32 SMA Bulkhead Feedthrough

WR-112 #6-32 SMA

WR-90 #4-40 SMA

WR-75 #2-56 SMA

WR-62 #2-56 SMA

WR-51 #1-72 SSMA

WR-42 #0-80 SSMA
Note: SMA adapters have 0.250 to 36 UNS-2A threads, and SSMA
adapters have 0.190 to 36 UNS-2A threads.

A Table 2: Coax to waveguide adapter tuning screws and
coaxial connectors.
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Amplitude Equalizer Uses Reactively

Loaded T-Pad

By Richard M. Kurzrok, PE
RMK Consultants

or a small range of amplitude slope, a reactively
loaded T-pad attenuator can provide continuous

equalization at intermediate frequencies. The cir-
cuit can be adjusted for both positive and negative
slopes. Return losses are usable and adjustments are
quite simple. The equalizer is implemented using low-
cost components.

Equalizer circuit description

The basic circuit for a 75-ohm T-pad attenuator is
shown in Figure 1. By replacing the grounded shunt
resistor with a larger resistor in parallel with a lossy res-
onant circuit, the adjustable amplitude circuit of Figure
2 is obtained. The potentiometer R5 and the variable
capacitors C1 and C2 are adjusted for the desired equal-
ization slope around the 70 MHz center frequency.

In the frequency range of 70 MHz plus or minus 18
MHz, the amplitude equalizer is assembled using a
singly clad epoxy glass PC board that is 1/16 inch thick.
The PC board is mounted on four 1/4-inch diameter x 4-
40 male/female standoffs that are fastened to a Bud CU-
124 die-cast aluminum box. To adjust R5, C1 and C2 for
desired amplitude slope, the cover of the enclosure must
be temporarily removed.

The fixed resistors are 1/4-watt composition with 5
percent tolerance. The potentiometer is a single turn
Cermet unit. The fixed inductor is a four turn 1/4-inch
diameter air core solenoid (mounted parallel to the PC
board) using number 18 AWG magnet wire. The capaci-
tors C1 and C2 are adjustable ceramic units with less
than one turn of adjustment range. The optional fixed
capacitors C3 and C4 are used to improve the return loss
of the BNC female connectors and associated wire leads
to the PC board.

Equalizer performance

The equalizer unit is capable of providing +2-1/2 dB
amplitude slope over the 36 MHz [F bandwidth, cen-
tered at 70 MHz. The variable components adjust the
magnitude and direction of the amplitude slope.
Absolute equalizer insertion losses are typically 6 to 10
dB. Return losses, within the rated range of adjustment,
are in excess of 20 dB when the input and output BNC
connectors are properly matched. This matching might
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R1 R2
330 33Q
R3 Insertion
68.8 Q Loss=8.2 dB
A Figure 1. T-pad attenuator schematic.
R1 R2
330 33Q
R4
R3 47Q
100 Q
R5
— ) 1KQ —— C4
L 3ci —Aca
100 10-60 71_?0»60
MH pf pf
v

A Figure 2. Adjustable amplitude equalizer schematic.

not be necessary if the 50-ohm BNC connectors are
replaced by 75-ohm BNC connectors.

Conclusion

A relatively simple adjustable amplitude equalizer
can be realized providing a modest range of amplitude
slopes and usable return loss. Equalizer adjustments are
continuous rather than discrete. Low cost components
are used throughout. |
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Frequency Properties of a Reverse
Biased Thick Switching PIN Diode

A review of PIN diode behavior in a large-signal environment

By Lioudmila Drozdovskaia
Villanova University

munications systems, PIN diodes and sever-

al types of transistors are used as controlled
components for different control devices such as
switches, attenuators, and phase-shifters [1]. In
many cases, Si or GaAs PIN diodes are the
devices of choice because of their good
power-handling capability. Forward-biased PIN
diodes exhibit low impedance; reverse biased
ones exhibit high impedance and provide good
bandwidth performance.

Although PIN diodes have been used widely
in different applications for the last 40 years [2,
3], many of their properties are not well under-
stood. One of these less understood properties is
the reverse-biased state in a large-signal envi-
ronment. The reverse-bias voltage is used to
keep a high-impedance PIN diode in a low-dis-
tortion state. In this case, the PIN diode has a
large RF or microwave voltage and a DC
reverse-bias voltage applied to it. This DC volt-
age prevents any detection effects and, there-
fore, reduces the harmonic distortions produced
by the PIN diode, especially in an RF or
microwave high-power regime [2-7]. It is very
important to determine correctly the required
reverse DC bias voltage.

This article discusses experimental data and
theoretical results of the required DC bias volt-
age estimated by different mathematical and
physical models.

In modern wireless RF and microwave com-

PIN diode under DC reverse-bias voltage
Experimental data [2, 3, 5, 8] has shown that
the applied DC reverse-bias voltage depends on
the frequency of the input RF or microwave
power, as shown in Figure 1. The first area (f <
f1) is where the minimum required DC reverse
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A Figure 1. Minimum Pin diode DC hias voltage ver-
sus frequency.

bias voltage V|, is the peak RF voltage across the
diode V,,: V; # V,,. In the second area (f > f3),
the minimum required DC reverse bias voltage
V, may be much smaller compared with the RF
or microwave peak across the diode: Vy <<V, .

The low-frequency area (f < f}) is based on
the properties of the classical detector [2, 3, 6],
because the switching PIN diode behavior is
similar to it. However, there are different sug-
gestions regarding the second area (f > f5). The
first and simplest explanation is based on an i-
region transit time of electrons and holes [2, 3,
6]. This approach may explain the reduction of
the reverse DC bias voltage with the frequency
increase for the short PIN diodes when the i-
layer is less than the depleted region in the non-
biased state (above the punch-through).
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(b) Vo/Vm

the required DC reverse
bias voltage also drops

1.0
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. =150 1m

MA

e

W=1501m

Si PIN-diode Viu=50V with frequency (Figure
1). The transit time
effect provides the full
absence of any detection
effects in PIN diode
with the further fre-
quency increase.

A program based on
the isothermal drift-dif-
fusion model of a semi-
conductor structure was
also implemented for
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simulation and determi-
nation of the required
DC reverse bias voltage
[12]. This program

A Figure 2. Required DC reverse hias voltage versus frequency for PIN diodes with different i-

layer thickness. (a) V,, = 20 V; (b) V, = 50 \.

However, for the thick PIN diodes, where the i-layer is
longer than the depleted region, this explanation is not
sufficient [7, 9].

Another explanation [7, 9] is based on the multilayer
impedance model [10, 11]. This model takes into account
the fact that the i-region of the PIN diode below the
punch-through consists of undepleted and depleted
regions (for details of this model, see the Appendix).
Each region can be represented [10, 11] as the shunt
configuration of resistance and capacitance. The proper-
ties of the frequency-dependent impedance divider
formed by these regions should be taken into account to
explain the characteristic shown in Figure 1.

The depleted region resistance of the unbiased thick
PIN diode is much greater than the resistance of the
undepleted region. When the reverse DC voltage is
applied to the PIN diode, most of it drops across the
depleted region. At the same time, applied AC voltage is
divided between two regions according to the properties
of the frequency-dependent impedance divider [10]. At
low frequencies (f < f;), divider behavior is defined
mainly by the depleted region resistance and the AC
voltage is across the depleted region. At the high fre-
quencies (f > fy), its behavior is determined by the
capacitances of both regions.

In the case of the thick PIN diode, the depleted region
capacitance is greater than the undepleted one and the
AC voltage is across the undepleted region at high fre-
quencies. AC voltage applied to the depleted region caus-
es detection effects. To prevent it, the DC reverse bias
voltage is necessary. The required DC voltage value
should be at least equal to the amplitude of the AC volt-
age applied to the depleted region. But the AC voltage
across the depleted region decreases with frequency, so
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numerically solves
one-dimensional conti-
nuity equations for elec-
trons and holes, the
Poisson equation and the total current equation.

Experimental measurements

The measured required DC reverse bias voltage data
were taken using the experimental setup described in
[8]. The input RF signal was generated with a power CW
transponder that was allowed to reach the amplitude of
several tens of volts in the waveband of several mega-
hertz. As a device under tests, the shunting different
PIN diodes with the return path were used. The DC cur-
rent rectified by the diode was monitored as a measure
of merit of the diode nonlinearity. The current value of
10 mA was chosen as the sufficient experimental para-
meter of the low nonlinearity and low harmonic distor-
tion when a reverse bias voltage was applied to the PIN
diode.

The silicon PIN diodes used in the experimental mea-
surements had different i-layer thicknesses: W
20 mm, 70 mm and 150 mm. Figure 2 illustrates the
measured minimum necessary DC reverse-biased volt-
age (V,), keeping PIN diodes in the low nonlinearity and
low harmonic distortion state against frequency. The
measurements were performed for all types of diodes,
with the RF amplitude across the diode (V) of 20 V
[Figure 2(a)] and 50 V [Figure 2(b)]. The shapes of the
curves are in accordance with the experimental curve
shown in [5] for the thick PIN diode and theoretical dis-
cussions in [6-9]. Figure 2 shows that when the i-layer
thickness increases, the area with the diminished
required DC reverse bias voltage shifts to the lower fre-
quencies.

Figure 3 shows the required DC reverse-bias voltage
against frequency with a different input RF voltage
amplitude. The silicon PIN diode with the i-layer thick-
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Vo/Vm

1.0
- Si PIN-diode W=150 m

A Figure 3. Required DC reverse-hias voltage versus fre-
quency of a 150 um PIN diode with a different input RF
voltage amplitude.

Vo/VIm g piN diode W=150 m, V=50V
using
1.0 expression [6]
0.8
- A
0.6
4 measured
0.4
A
7 drift-diffusion
0.2 model
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1 10 100
f, MHz

A Figure 4. Computed and experimental results [9].

ness of 150 mm was under test. Figure 3 clearly shows
that the area with the diminished voltage shifts to the
higher frequencies while the applied RF voltage ampli-
tude increases.

Computer simulation results and discussion

Three different mathematical and physical models
were used to estimate the necessary DC reverse bias
voltage to keep the PIN diode in a low-distortion state.
Computed results based on these models are verified

110 - AprpLIED MICROWAVE & WIRELESS

with experimental RF performance data.

The silicon PIN diode with p*-n-n* structure and
the i-layer width of 150 pm was used in simulation. The
other parameters of the diode were: cross-section of 3.14
x 1072 em?; i-layer doping level of 5 x 1012 ¢m3; and elec-
tron and hole lifetimes of 107 s. The diode doping pro-
file was assumed to be abrupt, with acceptor p* and
donor n* concentrations of 5 x 101% em™ and 1 x
102° cm3, respectively.

The distortion factor was used as a nonlinearity and
a distortion figure of merit in calculations with a
drift-diffusion model [7]. The distortion factor value of
10~ was chosen as the permissible low level of harmon-
ic distortions. The effective threshold voltage Vg of
0.1...0.2 V plays the same role in the multilayer imped-
ance PIN diode model (see the appendix). In both mod-
els, it provides a DC current generated by the PIN diode
of several microamperes. This is in agreement with the
experimental parameter of the low nonlinearity and low
harmonic distortion that have been used in the mea-
surements.

Figure 4 compares the measured and computed
required reverse bias DC voltage V,, [9]. The computed
results based on the isothermal drift-diffusion model of
a semiconductor structure (green line) provide the bet-
ter agreement with the experimental data, but the use
of this model requires a lot of time. Computed data
based on the analytical expressions (red line) [6], taking
into account only the i-region transit time, shows qual-
itative agreement but overestimates the required DC
reverse bias voltage in a wide frequency range. The
accuracy of this expression is decreased for the PIN
diodes with the i-layer thickness exceeding the depleted
region width.

The multilayer impedance model, considering transit
time and effects of the field distribution inside the
i-layer, produces a compromise between the computa-
tional time and accuracy. It provides more precision esti-
mation (blue line) than the model [6] and it does not
require significant computation time like the drift-diffu-
sion model [12]. The expressions for the minimum
required reverse DC bias voltage estimations, using this
model, are shown in the Appendix.

Conclusion

A reverse-bias state of the PIN diodes with different
i-layer thicknesses were under experimental considera-
tion in this article. Several mathematical and physical
models were used to estimate the necessary DC reverse-
bias voltage to keep PIN diodes in a low-distortion state.
The multilayer impedance model, considering the elec-
tric field distribution inside the i-layer, provides the
trade-off between the computational time and accuracy.
It allows engineers and designers of microwave control
devices to obtain more precise estimations of the
required reverse DC bias voltage. |
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The impedance multilayer model of a PIN diode [7,
10] is based on the notion that the i-region of the diode
below punch-through consists of undepleted and
depleted regions (Figure Al). The depleted region
width W; and capacitance C; of a reverse- -biased PIN
diode are defined using the expressmns

uj W, )
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Appendix

A Figure A1. Multilayer model of the PIN diode.

|
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Wi, = depleted region width of non-biased diode, V), =
built-in potential, V;; = DC reverse bias voltage, e =
single charge, N = i-layer doping level, g; = silicon
dielectric permittivity, S = diode cross-section area.
The value of depleted region resistance R; was assumed
to be about 1 to 2 Mohms.

The undepleted region capacitance C; and resistance
R; are

C = £;S (5)
' W—WJ—
R._p(W—WJ-) (6)
! S
where
__1 (7)
P= ()

p = i-layer bulk resistance, W = i-layer width, u = the
majority carrier mobility.

The equivalent circuit of the diode according to this
model is shown in Figure A2. There are also parasitic
elements such as inductance L,, contact or passive
regions resistance R, and package capacitance C;, (in
the case of packaged PIN diode).

This model also takes into account the transit time
effect. It leads to the reduction of the voltage across the
depleted region V; in 1/F(6,) times. Here, F(0)) is the
empirical function of the non-zero carrier transit time
threw depleted region. This depends on diode geome-
try, semiconductor material properties, RF or
microwave input power and applied DC reverse bias
voltage [10].

When the diode is under DC zero or reverse bias
voltage, R; >> R,;. Therefore, DC voltage across the
PIN diode is applied directly to the depleted region (to
p*-n junction). Applied AC voltage is divided between
two regions in an i-layer according to the properties of

R
+ L HE Y
v, | ST C, C,
cV | —
e d
R L,

A Figure A2. Equivalent circuit of a PIN diode.

the frequency-dependent impedance divider formed by
depleted and undepleted regions. It was assumed that
pT-n junction does not produce harmonic distortions
when the total voltage across the depleted region is less
than the effective threshold voltage V, .4 This value was
assumed to be about 0.1...0.2 V. This condition is writ-
ten as [7]:
Vi-VosV,igr (8)
Finally, we can estimate required reverse bias DC
voltage V,, (for L, = 0, and R, = 0) as:

-1
R. 1+j2zfC,R;
Vo=V xFlO,|xl+=tx—— "1 _vV
0 =Vn 2 F(®,)x R, T+jenfCr,|
where f is the operating frequency, V,, is the RF or

microwave amplitude across the diode. Taking into
account Equations (1) and (2), we can see that
Equation (9) is the nonlinear equation, with V, : V, =
F(Vy), and should be solved iteratively.
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Food Irradiation and the
Microwave/RF Market

RF and microwaves can provide the energy source for eradicating

microorganisms in food

By Harold Hansen
Hamilton Sundstrand Space Systems

of the public consciousness because of

recent incidents of food-borne illness that
have resulted in product recalls, illnesses and
even death. More than 25 years of scientific
study has shown that food irradiation is a
proven and safe technology that could eliminate
many of these concerns. According to recent
studies, the public’s reluctance to use irradiated
food is steadily shrinking [1].

The issue of food safety is in the forefront

Irradiation and microwaves/RF

What does this have to do with microwave
and RF technology? One of the most promising
methods of irradiation, electron beam process-
ing, uses high power microwaves to generate the
high-energy electrons. The machine that pro-
duced high-energy electrons is called an RF
Linear Accelerator, or linac. Contained within
linacs are familiar RF devices, such as pulse
transformers, circulators, waveguides, mag-
netrons and klystrons. Although the term “lin-
ear accelerator” calls up images of large, com-
plex systems, much of a linear accelerator looks
similar to the “line type” modulators and RF
sources used in 1950s-style radar systems.

Presently, the largest market for linear accel-
erators in the world is for use in radiation ther-
apy. These machines are complex and extremely
expensive. The accelerator systems that are
used in electron beam processing are less com-
plicated and significantly less expensive. The
potential market for electron beam systems
could be large. Under the proposed model of on-
line, in-plant irradiation, a market potential
exists for thousands of these systems to be
installed in the U.S. In addition, because these
systems will operate almost continuously, there

118 - APPLIED MICROWAVE & WIRELESS

will be a large demand for spare parts.

The challenge is in reducing the price of these
electron beam systems. This challenge can be
met by looking to microwave and RF manufac-
turers to build a large portion of the systems.
Manufacturers with experience in radar and
other high-power systems could easily and effi-
ciently build these systems. With cold war bud-
gets greatly reduced, this could represent a sig-
nificant way of leveraging radar experience into
a new commercial market.

This article is divided into three sections. The
first section presents an overview of irradiation
and the practical issue of specifying an electron
beam processor based on product requirements.
The second section discusses the linear acceler-
ator. The third section is a cost analysis of a typ-
ical application: irradiation of hamburgers.

Food irradiation through the use of electron
beam processing, which requires high-power
microwaves to generate high-energy electrons,
is a potentially large market. The development
of commercial competition will result in both
the technological and economic innovation that
will make this process a reality and, ultimately,
lead to a safer food supply.

Irradiation sources

The most useful way of characterizing an
irradiation process is by looking at how the radi-
ation is produced. Irradiation can be character-
ized as either “isotope-based” or “accelerator-
based.” In isotope-based irradiation, the source
of the radiation is a radioactive material called
an isotope. An isotope has an unstable nucleus.
As the material attempts to achieve a steady
state, it releases energy in the form of radiation
(alpha, beta and/or gamma particles). The two
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most common isotopes used in irradiation of food are
cobalt 60 (Co-60) and cesium 137 (Cs-137). Both of these
isotopes emit gamma rays.

In accelerator-based irradiation, the source of radia-
tion is an accelerator. Again, linac is the most common
type of accelerator for food irradiation. Linacs use
microwaves to create very high electric fields within a
wave guide structure. These fields are used to accelerate
electrons. The accelerated electrons can either be
applied directly to food (electron beam processing) or
converted into X-rays and then applied to the food (X-
ray processing)

Gamma rays and X-rays are high-energy photons.
When high-energy photons are released as part of the
decay of an isotope, they are called gamma rays. When
high-energy photons are produced in an accelerator,
they are called X-rays. For all practical purposes, the
gamma ray and the X-ray are identical. However, there
is a difference in the spectrum of the energy for the pho-
ton: the energy in gamma rays tends to be in discrete
levels or bands, while X-rays are broad spectrum.

The linear accelerator is capable of producing both
electrons and X-rays. The primary particle in the linac is
the electron, which can be converted into an X-ray
through the use of a conversion target. The conversion
from electrons to X-rays is very inefficient, with more
than 90 percent of the accelerated electron’s energy lost
in the conversion process as heat. Electrons have a low
mass and therefore penetrate only a shallow distance,
while X-rays have a very heavy mass and can penetrate
a very far distance. Since electrons travel only a short
distance, they lose their energy over a short distance and
therefore produce very high-dose rates. X-rays, on the
other hand, travel over a long distance, releasing their
energy over along path resulting in a low-dose rate.

Specifying an electron heam system

There are two basic types of irradiation: gamma/X-ray
and electron. They have different characteristics and
therefore are not generally interchangeable. Certain
applications lend themselves to gamma/X-ray, while oth-
ers lend themselves to electron. To specify an electron
beam system, we will focus on the attributes of the spe-
cific product. While this determination may look simple,
it is important for determining feasibility and basic
machine parameters.

The first step in specifying an e-beam system is the
determination of the electron beam characteristics
required for that application. The basic determiners are
required dose (rads), desired throughput (Ibs./hr) and
product presentation (primarily thickness). This infor-
mation may be used to determine the beam energy and
the beam power.

Customers will almost always specify required dose
levels. This information, combined with throughput
requirements, defines how much beam power is
required. The dose requirements are defined through
rigorous application testing carried out by the customer;
however, there are government regulations that specify
maximum dose allowable.

The next important piece of information supplied by
the customer is the required throughput (Ibs/hr). Given
this information and the required dose from the previ-
ous step, an estimate of required beam power can be
made. The required beam power is determined using the
fundamental definition of dose [2]. Then Equation (1)
can be used to estimate beam power:

TxD

=" (1)

7920 x £
where P = beam power in watts; T = throughput in
Ibs./hr; D = total dose in Gy; and & = efficiency (.33 typ-
ically). The efficiency factor, &, is used to account for the
fact that not all the electrons lose all of their energy in
the product.

The penetration, or range, of an electron is very shal-
low. The energy of the system should be designed so that
the electrons have enough energy to penetrate the prod-
uct. If the energy is too high, most of the electrons (and
their contribution to the total dose) will pass right
through the product and efficiency will drop.

The penetration or range of an electron can be calcu-
lated by using Equation (2):

E=185xRxp+24 (2)
where E = energy of beam in MeV; R = range in cm
p = density of product in grams/cc.

After determining dose, throughput and product
thickness, the basic parameters required of the electron
beam system are known. The next step is to look at the
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A Figure 1. Block diagram of a basic linear accelerator.
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resonant charging circuit, a
high current switch, a pulse
forming network and a pulse
transformer.

The function of the RF
subsystem is to produce a
burst of high-energy
microwave energy that is
applied to the resonant accel-
erating structure to create
the high electric fields
required to accelerate the
electrons. The heart of the
RF subsystem is the RF
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A Figure 2. Basic circuit configuration of the modulator.

source, which is typically
either a magnetron or a kly-
stron, depending on the
power requirements. Figure

Magnetron

3-port

Wave Guide Circulator

Bidirectional
Coupler

Diode
Detectors

Accelerating Structure

RF Load

3 shows a magnetron-based RF subsystem,
and Figure 4 shows a klystron based RF
subsystem. Normally, if the source is a kly-
stron, an RF driver is used to drive the kly-
stron, although it is possible to operate the
klystron in self-oscillating mode. A 2, 3 or 4
port isolator is always used, depending on
the power levels, and several RF loads are
also present. In addition, several couplers
are used to detect signals and as part of the
AFC system (not shown but always there).
Most accelerators will operate in an S-band
of 2998 MHz, but some high power units
(<100 kW beam) operate in L-band.

The design comes together in the accel-

Scan
Hom

A Figure 3. Magnetron-based RF subsystem.

chosen electron beam system and develop some simple
operating models.

Electron beam accelerators

As with most modulators, high voltage is required.
Most commercial accelerators use a brute force method
of generating high voltage: step-up transformer, recti-
fiers and capacitors. Some accelerator designs use
switch mode power supplies for the high voltage power
supply. Whichever technology is used, the regulated volt-
age should be in the range of 10 to 20 kV. The supply
must be capable of driving the dynamic load, i.e., a line
type modulator, and be capable of surviving transient
short circuit conditions as part of normal operation.

The modulator design used almost exclusively in
every commercial linac in the world is a derivation of the
line type modulator. The function of the modulator is to
convert high voltage into high voltage pulses (typical
pulse width is fixed with a range of 5 to 20 us). The basic
circuit configuration is shown in Figure 2. It contains a
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erating structure subsystem, whose heart is

the accelerating structure, consisting of a

resonant microwave device with resonant
cavities. The microwave energy sets up a very high elec-
tric field within this structure. When an electron is syn-
chronized and injected into this structure, it can be
accelerated to very high energies. The key elements of
an accelerating structure are the electron gun, the RF
window(s) [3], the buncher section, the relativistic sec-
tion and the electron window/target. The electron win-
dow is actually a transmission target: electrons pass
directly through with only a small energy loss. Often,
the electron beam is then scattered, using a scattering
foil, or scanned using magnetic deflection.

The required power in the beam is calculated as fol-
lows. Going backwards into the system, there is some
insignificant power loss in the window [4]. The first
heavy hitter is the accelerating structure. For a stable
operation, the power in the beam should not exceed the
average power in the field. Therefore, we assume that
the power beam is equal to the power in the field. The
next heavy hitter is the efficiency of the RF source; mag-
netrons are 50 percent efficient, whereas klystrons are
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typically between 30 and 40 percent effi-
cient. The high voltage sub-system is typ-
ically 75 to 80 percent efficient. Add
power for the other sundry subsystems
and we can see that the efficiency defined
as power beam/power utility is 10 to 15
percent maximum.

Beam energy is important because it
sets penetration. Beam energy is general-
ly a function of the structure design. In
the design of an accelerating structure, a
compromise is made between the struc-
ture’s physical length and required peak
power (MW) to achieve a specific output
beam energy. The availability of high
peak power and high average power RF
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sources (magnetrons and klystrons) usu-
ally means that a structure is designed for
operation between 500 kW and 2 MW of
peak power in the acceleration fields, leaving an equal
amount of power left for the beam. Some accelerating
structure designs allow for variation of energy [5], which
can cause inefficiency. The best results are achieved
when a structure is designed to operate at maximum
efficiency at the required beam energy.

Economic analysis

An example: a meat processor has requested an elec-
tron beam irradiator to treat hamburger patties. The
customer wants to treat 1 million lbs/week to a dose of
1.5 kGy. Hamburger patties (r = 1.5 gram/cc) are 0.5
inches thick (1.27 em) and will be presented on a flat
conveyor belt before packaging.

First, determine the required beam power. Assuming
that production is 120 hrs/week (6 days/week, 20
hrs/day), 1 million lbs/week 8333 lbs/hr. Using
Equation (1):

p= 8.333 lbs / hr x 1500
7920x.33

= 5260 watts (1)

Next, we determine required beam energy using
Equation (2):

E =(185x127 cmx 15 grams / cc}+.24 = 3.76 MeV (2)

Increase this to the next highest integer energy, 4 MeV.

Based on these calculations at 4 MeV, a 5300-watt sys-
tem would meet the customer’s requirements. How
much would this process add to the overall cost of the
hamburger? The most practical presentation would be
to relate these costs as a function per pound. The time
value of money is ignored to simplify the analysis.

At 5300 watts, the system could be either a mag-
netron- or klystron-based system. The cost of such a sys-
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A Figure 4. Klystron-based RF subsystem.

tem would be about $500,000. Assuming a five-year
analysis period, this translates to a cost of $100,000 per
year. We will assume that the plant operates 120 hours
per week and 50 weeks per year, which is 6,000 hours
per year. At $100,000 and 6000 hours per year, the
hourly cost is $16.60. With a throughput of 8,333 lbs/hr,
that translates to a machine cost of $0.002 per pound.

Installation costs would include the radiation shelter
and any modifications to the conveyor system. This is
estimated at $100,000. Over five years, that is $20,000
per year. The cost per pound is $0.0004. The utility costs
are primarily electricity. If the worse case efficiency is 10
percent, for a 5.3 kW beam, we need 53 kW utility power.
The yearly consumption is 318 kW hours per year. At a
cost of $0.1 per kilowatt-hour, that is $31.80 per hour, or
$0.004 per pound.

Spare parts and service will be conservatively esti-
mated at 50 percent of the purchase price of the system.
The most costly item in the system is the klystron,
which costs about $20,000 and has a lifespan of about
10,000 hours. Other parts will need replacement, but
their cost is relatively low. $250,000 over five years is
$50,000 per year. At 6,000 hours per year, that translates
to an hourly cost of $8.30 and a cost per pound of
$0.001. Labor is conservatively estimated at $200,000
per year. This means an hourly cost of $33.30 and a per
pound cost of $0.004.

The total cost per pound that this process would add
to the hamburger is $0.002 for the system, $0.0004 for
the installation, $0.004 for the utility, $0.001 for the
spare parts and $0.004 for the labor, a total of $0.011 per
pound. This analysis shows that the cost of this process
to the hamburger is about $0.01 per pound.

Conclusion
Irradiation is a proven process, and electron beam
processing will eventually represent a large portion of
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the irradiation market. The most common source for
electron beams is linear accelerators. Presently, these
are being built by medical electronics companies for
radiation therapy and are very expensive. In addition,
these units are designed for therapy applications, which
is significantly different from electron beam processing.
For a unit to be viable, it has to be designed with the
electron beam application as the end application.

As was shown, a large portion of a linear accelerator
is very similar to radar and microwave equipment of the
past. Manufacturers from both the commercial and mil-
itary markets are qualified to build such systems, both
from the technical standpoint of high reliability, con-
stant operation and from the economic standpoint of
having the infrastructure and production experience.
Irradiation represents a potentially large market, and
with decline the other high-power microwave applica-
tions, this could help lessen the adverse effects.
Ultimately, the result will be a safer food supply. [ ]
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Bluetooth™ and IEEE 802.11
Lead the Way in WLAN Growth

Here are notes on products, technologies and industry news

surrounding recent WLAN developments

Ericsson Microelectronics announces volume
production of Bluetooth™ modules

Ericsson Microelectronics announced in
November 2000 that it had shipped 100,000
Bluetooth devices and that volume production
would commence in December. The PBA 313 01
Bluetooth radios are FCC/ETSI type approved
and conform to existing specifications, including
the suggested 1.1 standard. The radio modules
are intended for applications such as mobile
phones, PC cards, PDAs and other laptop and
mobile phone accessories.

To implement its Bluetooth strategies,
Ericsson Microelectronics has consolidated
internal activities, combining related skills and
resources under a single management structure.
Ericsson Microelectronics
Tel: 1-877-374-2642
Internet: www.ericsson.com/microelectronics
Circle #200

Philips introduces 2G Bluetooth controller IC
The “Blueberry” PCF87750 baseband con-
troller from Philips Semiconductors embodies
the company’s systems-on-silicon approach to
IC design. Blueberry incorporates the Philips
Bluetooth Core, based on the Ericsson core,
with enhanced voice path, operating as a link
controller, including ciphering, scrambling, CRC
checking/generation and FEC encoding/decod-
ing. The chip combines the Bluetooth core with
an advanced ARM/RISC processor, multiple I/O
interfaces and a full analog-to-digital CODEC.
The IC’s 384 kbytes of Flash memory and 64
kbytes SRAM fill program memory require-
ments. The RF interface is simplified with on-
chip GFSK pulse shaping, RSSI measurements
and an 8-bit D/A converter. The Blueberry can
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be combined with Philips’ TrueBlue radio mod-
ule or with the UAA3558 radio IC to create a
complete system. A comprehensive developer’s
kit (model BByK) is available to help speed
product development.

The next generation of Bluetooth products
planned by Philips includes dedicated devices
for headset/audio or data only and other deriva-
tives of the company’s technology.

Philips Semiconductors

Tel: 1-800-234-7381

Internet: www.semiconductors.philips.com
Circle #201

Texas Instruments offers royalty-free licensing
for IEEE 802.11g technology

In an effort to satisfy growing demand for
standards-based WLAN technology, Texas
Instruments will offer royalty-free licenses
under TI patents required for implementation
of IEEE 802.11g, pending ratification of TI’s
proposal for this extension of IEEE 802.11b.
The new standard proposed by TI doubles the
data rate of IEEE 802.11b-based products to 22
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Mbps in a manner that is fully back-
ward-compatible with existing prod-
ucts. The higher data rate will
enable higher-performance wireless
data products with standards-based
interoperability. New applications
possible with 22 Mbps include
streaming video and HDT.

Texas Instruments Inc.

Internet: www.ti.com

Circle #202

Bluetooth measurement systems
aid wireless connectivity

Agilent Technologies has intro-
duced Bluetooth measurement solu-
tions to help designers create new
products using this short-range
wireless  connectivity  system.
Products in Agilent’s Bluetooth
measurement family include the
Agilent ESA-E series spectrum ana-
lyzers, the Agilent E1852A

State-of-the-art
Quality Crafted,
Full Service —

Cable
Manufacturing

A.) HCMC manufactures and stocks
fully tested standard straight semi-rigid
and flexible assemblies which can be
hand formed. We also provide cable
assemblies.to clistomer specification.

B.) HCMC has design and engineering
capabilities to produce custom delay
lines to meet specific packaging and
performance requirements.

C.) Utilizing our manufactured

cable HCMC is providing miniature
interconnect components to meet
customer specified requirements for
surface mount applications on printed
circuits and microwave substrates.

Haverhill Cable and Manufacturing Corp.

Semi-Rigid Coaxial Cable Sp

TEL (978) 372-6386 = FAX [978) 373-8024
P O. BOX 8222, Haverhill, MA 01835
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Bluetooth Test Set and the Agilent
ESG-D series signal generator with
a Bluetooth option. The Bluetooth

e o o

package for the ESA-E spectrum
analyzers is priced starting at
$8,900; the E1852A test set is priced
at under $18,000; and the Bluetooth
option for the ESG-D signal genera-
tors is priced at $14,390. All prod-
ucts were expected to be available by
February 1.

Agilent Technologies Inc.

Tel: 1-800-452-4844, ext. 7307
Internet: www.agilent.com/find/bluetooth
Circle #203

Intersil, Silicon Wave to develop
dual-mode WLAN system

To address the issue of two major
short-range wireless data systems,
Intersil and Silicon Wave have
announced that development is
underway for dual-mode WLAN
solutions that allow portable devices
to be connected to a company LAN or
to companion devices. The initial
platforms offered will be Cardbus32
and MiniPCI, containing a fully com-
pliant Bluetooth radio and a WECA
Wi-Fi™ certified IEEE 802.11b-com-
pliant radio. An additional goal is to
employ dynamic switching to allow
both radios to share a common
antenna. Teams from both compa-
nies are working to develop a refer-
ence design that will permit manu-
facturers to move quickly to imple-
ment dual-mode systems on a PCM-
CIA card or MiniPCI card.
Intersil
Internet: www.intersil.com
Circle #204
Silicon Wave
Internet: www.siliconwave.com
Circle #205
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Single-chip Bluetooth solution uses
CMOS technology

Cambridge Silicon Radio (CSR)
offers a single-chip Bluetooth solu-
tion, the BlueCore™01. BlueCore01
combines a fully integrated 2.4 GHz
radio, baseband and microcontroller
in one CMOS chip. Together with

solution. The chip uses CMOS tech-
nology for the 2.4 GHz radio, a key
to one-chip design of radio and base-
band circuits. BlueCore01 includes
USB interface support. Few external
RF component are required, permit-
ting rapid design of a circuit board
containing the BlueCore01.

Flash ROM containing the CSR
Bluetooth software stack, it provides
a fully compliant Bluetooth design

Cambridge Silicon Radio
Internet: www.csr.com
Circle #206

REMEC uses highly automated, artificial
intelligence software to design sector

hub antennas with elevation patterns that
approximate cosecant? elevation shapes.
This pattern provides electrical "down-tilt"
insuring that all subscriber terminals will

get uniform coverage. Spillover into adjacent
cells is minimized and better than 40 dB

of cross-polar rejection is achieved.

For optimum frequency reuse and maximum
capacity, choose Sectorshape antennas

for your fixed wireless base stations.

Elevation

Relative Power (dB)

2
Elevation (deg)

The Total Microwave Solution
Email inguiries to sales@remecmagnum.com

Visit-our website at www.remec magnum.com

1-877-667-3632

REMEC Magnum, Inc.
1990 Concourse Drive
San Jose, CA 95131
Fax 408.432.1551

R EMEL

Building solutions
through teamwork.

Circle 63

See us at Wireless Symposium
Booth #1239
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Software alliances assure compati-
bility of Bluetooth modules

Socket Communications has
announced alliances with
BSQUARE Corporation, Classwave
Wireless Inc. and lesswire AG.
BSQUARE’s WinDK extension for
Bluetooth allows developers to sim-
plify interface issues by using exist-
ing Win32 applications. Classwave’s
Polyphony Servers offer turnkey
solutions for network operators by
routing information to mobile

phones over cellular networks and to

Bluetooth devices over the Internet.
lesswire offers the LocalNavigator,
an integrated platform of software
and hardware components that sup-
ports location-aware services. These
alliances will allow greater capabili-
ties in Socket’s plug-in cards and
modules.

Socket Communications, Inc.

Internet: www.socketcom.com

Circle #207

Convenient coverage data collec-

tion for IEEE 802.111 systems
Wireless Valley Communications

offers the LanFielder, with pushbut-

-

SEREERANAQREEASEATERTEN
OTTITH, - L TN
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T Bk

MEASUREMENT DATA

®>= 1000000 bps

® 1000000 to 835733 bps
B35733 to 671467 bps

® 671487 to 507200 bpe

507200 to 342933 bps

® 342333 to 178667 bps

178667 ta 14400 bps

ton installation and remote perfor-
mance to evaluate actual coverage



High Performance Drivers

Demand for high linearity in communication
systems is accelerating.

Cross the finish line first with the new SPA GaAs HBT
MMIC amplifiers with exceptional linearity, long life and
on-chip active bias circuitry keeping performance flat
over process and temperature variation. Operating at
850 MHz, 1950 MHz and 2150 MHz, the SPAs are
perfect for driving power amplifiers in cellular, PCS,
WLL, UMTS, CDMA and W-CDMA infrastructure
equipment.

The SPAs, powered with a single positive supply
voltage to reduce part count, offer typical output
third-order intercept points of +48 dBm. These
integrated circuits provide intermodulation
performance previously achieved only through costly
discrete assemblies.

) -.thde: Current
) WO (ima)

SPa-1108 | 510.960
SPA-1208 | 1930-1990 m

7

www.stanfordmicro.com
Circle 86

New SPA series is available in plastic SO-8
packages with backside metallization for
improved thermal path.

Drive your design performance to higher
levels with the new high linearity SPA
amplifiers from Stanford Microdevices. For
more information, call our toll free number or
Email us at info@stanfordmicro.com

Stanford Microdevices Inc. (SMDI), with desigr
centers throughout the U.S. and Canada, is a leadinc
supplier of RF components for the communicatior

equipment industry

* STHNfORD
MICRODEVICES

Delivering RF Innovation

1-800-764-6642

See us at Wireless Symposium - Booth #1319
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for all IEEE 802.11, 802.11a and
802.11b high speed IP networks.
LanFielder runs on a lightweight
pen-based computer and interfaces
with all popular lightweight
receivers and PCMCIA Wi-Fi WLAN
modem cards.

Wireless Valley Communications

Tel: 1-540552-8300

Internet: www.wirelessvalley.com
Circle #208

Leading-edge ATE companies use

PTS Frequency Synthesizers in
their complex testing systems.
For clean signals, 0.1 MHz to
microwave with low jitter/
low noise and ps switching.

Says David Derian, Product
Manager, Teradyne Wireless/RF:

“PTS has been a key vendor to
Teradyne for years, with highly
successful products that have
allowed us to become the leader
in wireless ATE. PTS products
have superior specifications and
fast settling times, helping to
enable our test systems to have
the fastest throughput and best
test economics in the industry.”

Circle 70
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PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road
Littleton, MA 01460

Tel: 978 486-3400

Fax: 978 486-4495
http://www.programmedtest.com
e-mail: sales@programmedtest.com

Bluetooth radio module

Bluetronics offers the IRMBB2
fully integrated Bluetooth radio
module incorporating Broadcomn’s
Bluetonium BCM2001B CMOS chip.
The module includes an integrated
patch antenna, bandpass filter,
switch, two baluns, the radio chip
and necessary decoupling capacitors.
The module offers a cost-effective
solution for implementing a
Bluetooth-enabled portable device.
Bluetronics
Tel: +46 11 26 41 00
Internet: www.bluetronics.com
Circle #209

SiGe LNA for Bluetooth and PCS

RF Micro Devices has introduced
the RF2472, a SiGe low noise ampli-
fier for 2.4 GHz applications, includ-
ing Bluetooth. In this band, the part
has a noise figure of 1.5 dB and more
than 14 dB gain. The device is also
characterized for operation at 1.9
GHz and can be used in other appli-
cations from DC to 6 GHz. The
RF2472 is offered in a SOT-5 pack-
age and is priced at $0.39 in quanti-
ties exceeding 10,000.
RF Micro Devices
Internet: www.rfmd.com
Circle #210

Bluetooth protocol analyzer
evaluates radios and networks
Tektronix announces the BPA100
Bluetooth Protocol Analyzer, incor-
porating a SIG
qualified radio,
baseband and
host stack. The
instrument
permits a wide
range of per-
formance and
compatibility
evaluations of
Bluetooth
radios and net-
works. The BPA100 was acquired by
Tektronix from Digianswer. U.S.
pricing is $24,950.
Tektronix, Inc.
Internet: www.tektronix.com/bluetooth
Circle #211




You have

guestions...

How many microvolts is —85 dBm at 50 ohms?
What is the spectral content of QPSK?
What the resistor color code and standard values?

How do digital IIR and FIR filters work? Professional
What mixer spurs result from 70 MHz RF

and 18.1 MHz LO?
How does an active filter work? h a s i " e

How do I wind a 120 nH inductor? I
What capacitor resonates with 2.2 yH at 10.7 MHz? u n swe rs ®
What VSWR corresponds to 12 dB return loss?

What's the effect of reducing Q from 300 to 100?
What is Miller effect?

How do | perform two-port transformations?
How is bias set on bipolar transistors and FETs?

What are the basics of SPICE analysis?

What do all those noise parameters mean?

How do I make a 700 Hz active bandpass filter?

What are Maxwell’s equations?

Can | graph the sin(x)/x curve?

What dimensions do I need for a 50 ohm microstrip?
How do I match 25 +j40 ohms to my 75 ohm system?
Where can 1 find a review of Kirchoft’s Laws?

How much antenna gain does my system need?
How do I bias a BFR91 or 2N2222 transistor?

Will I get bad crosstalk between lines on my p.c. board?
Can I perform basic transfer function math?

How can a beginner learn about components at RF?
What's the difference between linear and non-linear?
What is the capacitance of two 1x1 cm plates spaced 1 mm?
Why do we use feedback?

I know RF, but where can I find digital basics?

Can I do vector to scalar conversons?

ELEKTA

Professiong

i Fnowlodgs.p, e

What is the AC impedance of a parallel R-C network? SPECIAL OFFER
What is a conductor’s skin depth at 900 MHz?
What do those thermal resistance numbers mean?

Can I visualize the field lines between capacitor plates?

What is the mismatch loss of a 5.22:1 VSWR? shipped FREE within US and Canada

How do I simulate a darlington pair amplifier? ($12’9', ng;pp:d'wosstjy:;de)
. IS er expires

What are the resistor values for a 50 ohm 6 dB pad? P

Should I use a pi or tee matching network in my circuit?
For information or to order contact:
Noble Publishing, 630 Pinnacle Court, Norcross, GA 30071

B Tel: 770-449-6774 * Fax: 770-448-2839
PUBLISHING www.noblepub.com * Dealer inquiries invited

Circle 39



Product Spotlight

- Your Connection to Quality

WaVEgUide Hardware and Software Solutions

CoaxStrip 5400

ble Assembhes

vP "”’l,,f

Semi-Rigid Cable Assemblies
Custom built on CNC Benders, with our design
software available to customers. Our 141 SMA
assemblies offer 19dB return loss to 33 GHz.

Flexible Coax Cable Assemblies
RG types, Conformable, LMR, or THlex. Our
new SRC-316 offers 20% lower loss than RG316
with 90dB shielding!

Contact us at:
Phone: (707) 573-1900

(= HERALD

@ Rigorous EM field analysis based software
(WindowsNT/98/2000) is available for design and
analysis of all types of waveguide filters (E-plane,
iris, dual iris, asymmetrical iris, evanescent mode
LPF, BPF, bandstop dual mode), Diplexers (E-Tee,
H- Tee and Blfurcated common Junctlon)

* R|gorous EM field analy3|s based desagned
low-loss Waveguide Ceramic Block and air
cauvity filters are available for applications in 900
MHz to 50 GHz frequency band.
Consulting services are available for:

@ Development of custom software for

waveguide component and circuit design
@ Development of waveguide hardware

For your specific needs contact eWAVE
Customer Service: Email:ewavel@qwest.net

Coaxial Cable Stripping Machine

The Schieuniger CoaxStrip 5400 performs multiple stage
strips on a variety of wire and
cable types, from discrete wire
to triaxial cable. The unit can
process maximum cable diam-
eters of 11 mm (0.44") 0.D.,
ably priced and overall maximum stripping
lengths of 40 mm (1.58"). The
increased capacity makes it
possible to process all common
coaxial cables on the market,
including larger RG8, RG11 and
RG213 types. The 5400 is
equipped with a Graphical User
Interface (GUI), a high-resolution monochrome display that
allows users to view a schematic diagram of the cable end,
complete with programmed dimensions.

Schieuniger, Inc.
87 Colin Drive = Manchester, NH 03103
Tel: (603) 668-8117 = Fax: (603) 668-8119

 Fax: (707) 573-1999 Tel: (505) 792 3878 Fax: (505) 792 0827 | www.schleuniger.com
_ www.SRC-Cables.com ; See us at Nepcon West, Booth # P1453
Circle 250 Circle 251 Circle 252

GUIDE & COAXIAL :
TCH SPECIALISTS

Frequency Multipliers

Radio Link
Design Software

Path Topology, Profile Analysis, Link
Budget, Muitipath, Frequency & Space
Diversity, Rain, Reflections, Repeaters.

Complete your project with
Interference Analysis

« ITU-R / Bell Labs propagation models
* Highly productive and user-friendly
+ Customized Equipment / Antenna Libraries

Website: www.radioengineering.it
Download your Herald copy
for a 30-day Free Trial

Radio Engineering Services, Torino, Italy
e-mail: herald@radioengineering.it
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SWITCH OVER TO:

SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 11729
631-242-2300 * Fax: 631-242-8158

www.sectormicrowave.com

Circle 254

www.wilmanco.com
Tel (805) 523-2390

wmﬂﬂlmﬂ Fax (805) 529-0892

Circle 255

Our Product Spotlight section allows you
to show off your company’s products or ser-
vices in an economical 1/9 page color ad. Ads
may be sent camera ready, or we’ll make up
an ad for you! All you’ll need to provide is a
product photo, company logo and a descrip-
tion of the product or service you want to
advertise.

Our Classifieds section is the place to
advertise career opportunities, consulting
services, used test equipment and just about
anything else. Special Classifieds rates are

How to place Product Spotlight and Classified ads

available and are agency-commissionable if
material is supplied. Or, if you prefer, our
staff can make up the ad for you. Classified
display ads are available in color or black and
white in standard ad sizes, or in black and
white by column inch.

For more information on advertising in
these two sections, please contact Aileen
Kronke, Applied Microwave & Wireless, 630
Pinnacle Court, Norcross, GA 30071; Tel:
770-449-6774; Fax: 770-448-2839; E-mail:
amw(@amwireless.com.
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— A Probe Station On Every Qernch

Very Low Cost ~—
High Function

A compact full featured, modestly priced, manually operated probe station
developed for engineers and scientists
Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

* BenchtopSize(<1#t*) » Vacuum chuck » X-Y-@ stage *

* X-Y-Z probe positioners *Top Plate Z-lift «Vacuum Accessory Manifolde
= 7X-40X Stereo Zoom Microscope ® Adjustable Halogen lHluminator »
*Vacuum Accessories ® Compalible with 40GHz+ probes &

* Accessories for Thermal Chucks and Probe Cards ®

*Test wafers, microstrip packages and surface mount componenis®

@wmwﬁ

J microTechnology
3744 NW Bluegrass Pl
Partland, OR 97229
(602) 614-9509
503) 531-9325 (FAX]
waow jmicroteehnology.com
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Classifieds

RF
Engineer

SCI Systems, Inc, a multinational
electronics engineering and manufactur-
ing services provider has an excellent
career opportunity for an RF Engineer.

Typical assignments would include
designing circuits for low noise receivers,
low and medium power transmitters,
frequency synthesizers and baseband
detection and filtering. Frequencies vary
from audio through 5 GHz. These designs
will be used in various customer
applications such as Satellite
Transceivers, GPS Receivers, RFID
Systems, RF Heating, Wireless LAN and
Remote Data Acquisition.

The successful candidate will have a
BS EE/Physics and 7+ years of
experience in RF circuit design for Two-
way Radio, Satcom, Radar or similar
applications. An MS degree and
experience with Eagleware "Genesys 7"
isa plus.

Serving a diversified and GROWING
customer base, these opportunities are
available in Huntsville, Alabama, one of
the leading technology centers of the
South. For additional information, go to
our web-site www sci.com, To apply for
this position, send your resume (with
salary requirements) to:

SCI SYSTEMS, INC.
Professional Staffing
P.O. Box 1000 « Huntsville, AL 35807
FAX: 256-882-4804
Email: staffing@sci.com
EOE M/V/F/D

" RE/MICROWAVE
SOFTWARE DEVELOPMENT & MARKETING
ATLANTA, GA

Eagleware Corporation, located in NE Atlanta, is seeking experi-
enced engineers, software developers and marketing personnel to
accommodate the company’s rapid growth. We offer a competitive
salary and exceptional benefits.

POSITIONS AVAILABLE:

* Director of Application Engineering e+ Simulation Model Developer
* Director of EM Products » System Simulation Developer
* Director of Product Marketing » EE Software Developer

* Applications Support Engineer * Quality Assurance Manager

Eagleware, founded in 1985, is a successful, entrepreneurial software
firm that develops, distributes, and supports RF and microwave design
software.

Job descriptions are available on our web site, www.eagleware.com; or,
send a resume to jobs@eagleware.com.

FAGLEWARE

RF and Microwave Design Software

635 Pinnacle Court, Norcross, GA 30071

FAX: 678-297-0971
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2001 Editorial Calendar

Ad Closing

Materials

Due

Editorial Emphasis

Special Coverage &
Bonus Distribution*

February

March

April

May

June

July

August

September

October

November

December

January 2

February 1

March 1

April 2

May 1

June 1

July 2

August 1

September 3

October 1

November 1

January 9

February 8

March 8

April 9

May 8

June 8

July 9

August 8

September 10

October 8

November 8

Wireless Data
Antenna Systems
Microwave Materials

Designing for 3G
RFICs
Receiver Design

Broadband Wireless
Fiber Optics
Wireless Test Methods

Wireless Internet Access
Couplers & Combiners
IF Circuits

Part 15 Wireless Devices
Cables & Connectors
5 GHz Design Techniques

Digital Broadcasting
Transistors
Filter Design

Wireless Consumer Electronics
Oscillators
Diode Circuits & Tehcnology

Satellite & Space Systems
Spectrum & Network Analysis
Using CAD/CAE in Design

Microcells & Picocells
Capacitors & Inductors
Digital Modulation

Industrial RF & Microwaves
Attenuators & Terminations
Baseband Circuits

New Wireless Technologies
Filters
Frequency Synthesizers

Wireless Symposium

CTIA Wireless 2001

NAB Convention
MTT-S Preview

MTT-S International
Microwave Symposium

IEEE AP-S Symposium

RAWCON 2001

PCIA
European Microwave

* Additional shows and conferences may be added. We also attend several smaller conferences and meetings, but only

the major events are listed above.
Deadlines for News, Calendar and New Products are two weeks before ad closing dates shown above.

Note that editorial coverage will include many topics not mentioned above! Applied Microwave & Wireless publishes
articles on many products and technologies relating to RF design methods, microwaves, wireless systems, and specific
product areas.
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2001 . . :
Ao orsse International Microwave Symposium

Phoenix, AZ
[EEE Microwave Theory and Techniques Society
May 20-25, 2001

MARK YOUR CHALENDHAR NOW

T0 ATTEND THE

2001 IEEE MTT-S International
Microwave Symposium & Exhibition
May 20-25, 2001

Phoenix Civic Plaza

May 20-25, 2001

 FEATURING TECHNICAL SESSIONS AND WORKSHOPS
FOR WIRELESS, COMMERCIAL AND MILITARY APPLICATIONS.

B ICs for Wireless Communications W Transistor Power Amplification

B Microwave Vehicular Technology B Nonlinear Modeling and Analysis
B CAD Design Methodology B Measurement Theory and Techniques
B Power Devices and MMICs ® High Power Sources and Control
@ Wireless Communication Systems B Low Noise Receivers
and Technoiogies W Manufacturing, Production and Packaging
® Power Amplifiers for Wireless Applications B Advances in Hybrid Technology
B Subsystems for Commercial Communications B Millimeter and Submillimeter Wave Technology
il Biologic‘al Effects and Medical Applications B Monolithic Technology
B Signal Generation, Frequency Conversion B Active and Quasi-optic Arrays
and Control Circuits s B Lightwave Technology and Techniques
B Filters and Multiplexers : B Superconductivity Technology
B Ferrite Components ' B Microwave Digital Processing

B Guided Waves and Propagation Characteristics M Full Guest Program — Bring the Family!

In addition to the outstanding Symposium, visit the World's Largest Microwave Exhibition,
featuring more than 400 industry innovators displaying their newest wireless and commercial products and services.
Once again this year, industry representatives will be presenting application and marReting seminars on the exhibition floor
which will be open to all attendees.

: L1  Yes, [ would like additional information on attending MTT-S "01. Please send it to: :
| Name Title I
I Organization :
I Address I
: City State Zip Code :
I Country Telephone |
| |
I I

Microwave Journal®, 685 Canton St., Norwood, MA 02062 m FAX: 781-769-5037

Access MTT-S On-Line at Microwave Journal® via http://www.mwjournal.com.



Guest Editorial

E-Commerce Increases Efficiency of
Test and Measurement Purchasing

By Peter M. Ostrow
TestMart

been through dramatic changes in the past few
years. Manufacturers are challenged to find more
effective and efficient ways to reach and serve their cus-
tomers. Users of the equipment are following new rules

The venerable test and measurement industry has

customers the power to make informed purchasing deci-
sions. Customers who may be skeptical of a manufac-
turer’s own comparisons will have more confidence in
this neutral data.

Rule #4: Convenient and secure — price and avail-

to locate general-purpose and specialized
test equipment in a cost-efficient and
timely manner. Distributors, brokers and
independent manufacturers’ sales repre-
sentatives are redefining themselves and
reassessing the value they create and the
costs associated with their businesses.

This note describes TestMart, an
innovative answer to those needs — a
“Net marketplace” where buyers, sellers
and all interested members of the test
and measurement industry meet to
exchange information and conduct busi-
ness. This new e-commerce marketplace
creates a new set of rules for the mar-
keting, purchase, use and sale of test
equipment, whether it is new, demo or
reconditioned and available for sale,
lease or rent.

The new rules

Rule #1: Universal — serves all man-
ufacturers and customers. The Internet
has become nearly universal. Almost
every manufacturer has a Web site and
their customers use the Web frequently.
TestMart complements manufacturers’
other marketing activities with addition-
al information and convenient order pro-
cessing. Customers have full access to
product, price and availability informa-
tion without needing to be a “major
account.”

Rule #2: Affordable — lower cost dis-

Peter M. Ostrow is
President and CEO of
TestMart. Before joining the
company, he was Senior Vice
President at Narrowline, an
Internet advertising transac-
tion and research company.
He has held positions at The
New York Times and
Prudential Securities. He has
a BAin Chinese Language
from Washington University
and an MBA from New York
University.

TestMart is located at 851
Traeger Avenue, San Bruno,
CA 94066, Tel: 650-624-0525;
Fax: 650-624-0535; E-mail:
info@testmart.com; Internet:
wwuw.testmart.com.

ability on line. Providing a central online
source of reliable ordering information
is the primary mission of TestMart.
Price and availability data is updated in
real time using secure and controlled
remote access. A customer can gather
the necessary data and complete a
secure transaction at one site.

Rule #5: Specialized community.
TestMart is also a source of information
and ideas from leading publishers and
analysts for the entire industry.
Customers can visit the site frequently
to keep up with news, application notes,
white papers and reference libraries.
Links to other resources make TestMart
a valuable entry point for anyone need-
ing test and measurement information.

Rule #6: A secondary market for asset
management. Customers can explore
rental and lease options on the site when
equipment is only needed for a short
time or when they prefer not to own.
The site also offers a unique low-cost
outlet for used and excess inventory,
with a full-service secure ordering sys-
tem, a significant improvement over
most auction and brokerage activities.

A test and measurement marketplace
TestMart has been specifically
designed to meet the needs of the test
and measurement marketplace. It serves
the leaner, more focused manufacturers

tribution channel. E-commerce is powerful, but main-
taining a viable Web site can be expensive, stretching
tight budgets in large companies and beyond the reach
of many smaller ones. TestMart allows any manufactur-
er to participate in a best-in-class e-commerce system.
Rule #3: Neutral — reliable, unbiased product com-
parisons. TestMart presents normalized unbiased data
that lends product exposure to manufacturers and gives

140 - APPLIED MICROWAVE & WIRELESS

who must reach large numbers of new customers locat-
ed throughout the world. It satisfies customers with
convenient, reliable access to product data, with accu-
rate price and availability information. It supports wise
asset management with a viable secondary market for
both buyers and sellers. TestMart is accessible to every-
one with an interest in test and measurement. The Web
address is www.testmart.com. |
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Our Expertise — Coaxial Assembly Technology.
We have been supplying RF and microwave interconnection
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airborne military electronic systems
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