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dreans made real.

who won't rest until wireless means
limitless. The vision is communications without
boundaries. And you're responsible for maki
the vision real. But you're not alone. Whether
you're trying to be first to market, reduce costs, or
improve customer service, Agilent Technologies
has a range of products and services to help
you deliver the next generation of wireless

technology. Who knows how far you'll go
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© Agilent Technologies, Inc. 2000

Agilent Technologies
Innovating the HP Way

Agilent Technologies is a new company
comprised of the former Hewlett-Packard
test and measurement, chemical analysis,
semiconductor components and medical
products businesses. wv

v.agilent.co
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Picoprobe eleva

For 17 years GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship.
and highly reliable products. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional

testing instruments.

Through unique modular design téch-
niques, hundreds of low frequency probe
needles and a variety of microwave probes
with operating frequencies from DC to 40,
67, or even 110 GHz can be cusiom
configured to your layout.

GGB INDUSTRIES,
Telephone (941) 643-4400

cards to a

higher level...

(..-110 GHz to be exact.)

Our patented probe structures provide the

precision and ruggedness you require for
both production and characterization
testing. And, only Picoprobe® offers the

lowest loss, best match, low. inductance
power supplies, and current sources on a
single probe card.

Our proven-probe card design technology
bility ‘with inking capabil-

allows full vi:
ity and ensures reliable contacts, even when

probing non-planar structures.

P.0. BOX 10958 -

INC. -

Not only do you get all the attractive
. but you get personal,

features mentione:
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs 10GHz 20GHz 40GHz|
[Insertion Loss 0.6dB 0.8 dB 13 dB
RetunLoss 22dB 18dB 15dB |

For technical as-
sistance, custom
product designs, or
off-the-shelf

c., al
(941) 643-4400.

NAPLES, FL 34101

b.com ¢ www.picop

E-mail

Fax (941)643-4403 ¢
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THE WORLD'S LARGEST SELECTION
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Mini-Circui
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Mini-Circuits...we’re redefining what VALUE is all about!



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

[JIMini-Circuits
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Primary loop delay filter assemblies
integrate high power cavity delay filters,
 couplers and isolators into a single co
module for performance improvement, spac
- savings and cost reduction.

Pending topology to prvvidé delay equalization. The filt
exhibit excellent delay and phase flatness in a miniatui
surface mount package. The 3G model measures a mei
1.5”L x 0.60”W x 0.4”H and can be mounted directly
your PWB with piclc and place machinery.

New! Buy K&L Filters over the
www.klmicrowave.
USA EUROPE

Phone: 410-749-2424 Phone: 44.(0) 1262 605500 MICROWAVE INCORPORATED
FAX: 4107492788 FAX:  44-(0)-1262 605504

www.kimicre m + Email: wir rowave.com
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DC to 8GHz $119

(up to +18.50Bm output)  From (1000 aty)

Mini-Circuits ushers-in a new era of technology and economy with ERA

monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and

flatter response. Characterized with S-parameter data, these amplifiers are very

easy to use. Simply sketch an interconnect layout, and the design is done.

And ERA's are engineered with wider bandwidths to eliminate your need for costly

{ compensation networks and extra gain stages. So, review your present design
| and replace with Mini-Circuits new ERA technology. Lower overall cost,
~ wide bandwidth, and lots to...gain!
Mini-Circuits...we’re redefining what VALUE is all about!
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INNOVATIVE

JFW Industries, Inc.

Specialists in Attenuation and RF Switching

CIRCLE 50 ON READER SERVICE CARD

Components

Now entering our fourth decade,
JFW Industries is a proven leader
in the design and production of
innovative RF solutions. Whether
your project calls for fixed attenu-
ators and terminations, manually
and electronically controlled
attenuators, RF switches, power
dividers or programmable RF test
systems and switch matrices;
JFW's dedicated customer service
and engineering personnel can
provide application specific com-
ponents and sub-systems at cata-
log prices with an off-the-shelf
attitude. For more information,
please contact us or visit our web

site at www.jfwindustries.com

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
1SO 9001 Certified
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AURY MICROWAVE'S
Automated Tunel' SYStemS are a powerful

combination of precision laboratory instruments and advanced application
software that can dramatlcally reduce costly device characterization and

measurement time.

. MTo8eBo2B
Tuner Controliel

250 MHz to 110 GHz

High Repeatability

High Stability 4mm
High Matching Range s
High Power >100W CW
GPIB Compatible Tuner Controller
¢ Harmonic Tuners

MT982B01 0.8-18.0 GHz
Automated Tuners i

«Windows® NT Compatible

* Highest
Gamma
Attainable

+ Absolute
Loop Stabili

MT999A Automated
Harmonic Tuner

SOFTWARE FEATURES

* Windows® 95/98/NT Compatible
Power Characterization

Noise Characterization

Dynamlc ¢ Dynamic Pre-matching for High

Pfe-MaiChing Power, Low Impedance Devices

Software * Swept Power/Current Load Pull
+ VSWR 51501 ¢ Harmonic Load/Source Pull

* Z<0.5 ohms

Independent Control of Harmonics
(Phase AND Magnitude)

IMD/ACP Measurement
Dynamic S-Parameter Blocks

Signal Synthesis Formats

: ' . (EDGE, WGN, GSM, NADC, PDC,
mMT1981D Pre'MatChlng PHS, cdmaOne-Fwd, cdmaOne-Rev,

3
pimh & Automated Tuner Two-Tone)

Dual Carriage Design Optimized for Very High ADS/ATS Load Pull Data Module
Matching Range over Cellular and PCS Frequency Bands

«150:1 Matching « High « Excellent formeeoalancontact
Range Power Repeatability Tel: (909)987-4715 » Fax: (909) 987-1112

Email: maury@maurymw.com

MéunﬁYﬁglgf?}NA’\\‘IE Visit us on the World Wide Web at
2560 mand Empe B Ok, CA 91764, USA http://www.maurymw.com
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TUTORIAL

A General Design Procedure for Bandpass Filters Derived
from Lowpass Prototype Elements: Part |
K.V. Puglia, M/A-COM Inc.

Detailed design procedure for bandpass filters derived from lowpass
prototype filters that have been synthesized for a unique filter parameter

SPECIAL REPORTS
RF & HYPER 2001 Technical Program

The technical program of RF & HYPER 2001, which will take place
January 16-18, 2001 in Paris, France, as well as a list of exhibitors

2000 Editorial Index
A complete listing of 2000 Microwave Journal articles organized by subject
and indexed alphabetically by author

TECHNICAL FEATURES
Behavioral Modeling of High Power Amplifiers Based on

Measured Two-tone Transfer Characteristics

Youngoo Yang, Jaehyok Yi, Joongjin Nam and Bumman Kim, Department
of Electronic and Electrical Engineering and Microwave Application
Rescarch Center, Pohang University of Science and Technology, Korea

An aceurate measurement and modeling technique for determining
two-tone transfer characteristics of high power amplifiers

3D FEM and EM Simulations for DRFs

hiun Sun, 1 of Electronic E:
Mmmm[ Tuipei Unisersity of Technology, Tuiswan, ROG:
and Jier-Chih Hsieh, Department of Engineering and System Science,
National Tsing Hua University, Taiwan, R()('

A high frequency structure simulator is used to compute the 3-I structure
of a microwave dielectric resonator (DRF) in a rectangular metallic
enclosure

APPLICATION NOTE

N of M s oy
Modulated Vector Network Analysis

Don Metzger, Modulation Instruments Division, Credence Systems Corp.

Using

An introduction to the modulated vector network analyzer (MVNA), a new
instrament for RF and microwave measurement

[Continued on page 12]
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Innovarive Mixers

.smaller size -better performance .lower cost  H0kHz 10 4200MHzZ <2 qu>

° Searching high and low for a better frequency AOE TG SEE N A
't mixer? Then take a closer look at the 3
innovative Innovative Technology built into Mini-Circuits
technology ADE mixers. Smaller size is achieved using
an ultra-slim, patent pending package with a profile as low as
0.080 inches (2mm) in height. Electrically, ADE mixers deliver
better performance than previous generation mixers through all
welded connections -and unique assembly construction which
reduces parasitic inductance. The result is dramatically improved high
frequency and IP2-IP3 performance. Plus, ADE's innovative package
design allows water wash to drain and eliminates
the possibility of residue entrapment. Another
ADE high point is the lower cost...priced from
only $1.99 each (gty. 10-49). So, if you've been
searching high and low for a mixer to exceed
expectations...ADE is #

ADE Mixers. Without

i 52 B
(‘nm fing g mer PG board is 0,320 0,200

3 o
Spacited mivanc.  “Patent Ponding.

lim-Cm:ults

PO.Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718) 3324661 For quick access (0 product information ses MINLGIRCUITS CATALGG & WEB SITE
Mh;{" The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS AL httpiwww. minicircuits.com
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QM1 Semi-Rigid Replacement Assemblies

fibre channe

RF and mi

SMA Right Angle

: Inlerconnect Snlutmns

Tensolite - QMI

be so ﬁlgld! . Tensalite-QMI is an advanced manufacturer
of 50Q and 75Q RF and Microwave

Interconnects and Cable Assemblies.
Including  Flexible, phase matched,
delay lines and cable harnesses.

Data sheets available at
www.qmiinc.com

1-800-362-FLEX

I
I

Tensolite )M
M RF/Microwave
Interconnects
A EHIEE Company
Richardson

>
Electronics w==
Engineered Solutions

1-800-RF-POWER =

microwave coax twisted pair cal
cable as

2mm HM del
trasound probes
type n

o Low Insertion Loss
o Oplimized YSWR

RF/Mlcrowave Coaxua| Cables

duld bl
DC to 40Ghz
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g and Custom
Tensolite-OMI RF/Microwave has an engineering staft
ready and able to provide an interconnect solution
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The fastest tools help us engineer the
finest waveguide components.

THE SHORTEST DISTANCE BETWEEN DESIGN AND DONE.
Our engineers are at the top of their profession.

And we make it our business to provide them
with the finest tools available. Aside
from employing proprietary MDL
soft- ware, they work with computerized de-
sign systems, utilizing SolidWorks to render 3-D
models and Ansoft HFSS to compute a full complement

of performance characteristics. Then our skilled professionals
manufacture, braze, finish, and test every product right here in
our plant. So design challenges become reality in impressively
little time.

CALL Us TODAY.

Quality from CAD to crate is what has made MDL the largest
manufacturer of high quality cast components and

waveguide packages in the world. Call an MDL specialist today at
1-800-383-4189 or visit us at www.micro-dev-labs.com.

WAVEGUIDE CAST BENDS & TWISTS

WAVEGUIDE FEED ASSEMBLIES

MONOPULSE COMPARATORS

ROTARY JOINTS

MICROWAVE FILTERS

ROTARY SWITCHES

WAVEGUIDETO COAX ADAPTERS

WAVEGUIDE PRESSURE WINDOWS

COMMERCIAL WAVEGUIDE ASSEMBLIES

Microwave Development Laboratories, 135 Crescent Road, Needham Heights, MA 02494
Fax: 781-453-8629 / e-mail: mdlsales@micro-dev-labs.com
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[ ———
SUPERnet 2001
January 14-17, 2001
Santa Clara, CA

Sponsor: Telecommunications Industry Associ-
ation (TTA). Conference Partner: International
Engincering Consort;

band network a reality. Conferences: TEC

ecutive Forum—Co
Additional
www.supermnet2001 cc
3866 or e-mail: info@supernet2001.com

s
International Symposium
on Advanced Packaging Materials:
Processing, Properties and Interfaces
March 11-14, 2001
Braselton, GA

Sponsors: IMAPS
aging and \an facts
and the Pac

E Components, Pack-
ring Technology Society
Rescarch Center, Ge orgia
ite of Teehnology. Participating Soci
eties: American Society of Mc The Ameri
can Ceramic Socicty, Society of Plastic Engi-
ncers and the Material Research Society. Top-
ics: adhesives, bumping materials and
processing, consumer electronic material is-
sues (cellular phones), integral passive m:
als, interfacial adhesion, manufacturing process
control, mechanics of materials, microwave
materials, on-chip interconnect materials, op-
toelectronies substrates, HET and dielectrics,
thermal management materials, and und
and encapsulant materials. Contact: D
1850 Centennial Park I 05,

888

464-

s
IEEE Sarnoff Symposium
March 21, 2001
Trenton, NJ

Spomsors: IEEE Microwave Theory and To
niques Society, IEEE Princeton Section, The
College of New Jersey (TCNJ) Student Branch
and the TC ring Department. Sym-
posium foc in wired and wi
communications un‘u Bemard D. Ge
Sarnoff Corp. Washington Rd., Princeton,
N 08540 (609) 7“, . fax (609) 734-2050
or e-mail: b.geller@icee.org

]
MIOP (The German Wireless Week)
May 8-10, 2001
Messe Stuttgart, Germany

Congress and exhibition is held in cooperation
with IEEE MTT/AP and VDE/ATG. Top
active/passive microwave components, anten-
nas/feeding networks/filters, MMICs, new
semiconductor technologics and materials.
modern CAD tools, simulation/linear and non-
Tinear modeling, field theory, mtegr

ation/as.

oy b A S Rt e

COMING EVENTS

sembly and mea-
surcments reliability, clectromagnetic compat-
bility, commercial/industrial subsystems/sen-
sors, MEMS, biological/medical applications,
quasi-optics, microwave, millimeter-wave an
terahertz photonics, optically controlled
phased-array antennas, optical comm

tions, optical sensors, optial meas

Christine \\\(]n \Ll\\(mi\ 0S|
+49 (0) 50 33 70 57, fax +49 (0) 50 33 79 44 or

e-mail: vesche@networkgmbh.de

2001 IEEE Radio Frequency Integration
Circuits Symposium

May 20-22, 2001

Phoenix, AZ

Original work in RFIC design, fabrication.
testing and packaging to support RF applica-
tions in areas such as wireless transceivers,
communications RFIC, emerging techuolo-

Florida RF Labs can match
your specific cable needs

Cable Types
Lab-Flex™ 080 - 335
LMR™ 100 - 1700
LMR™ 240 & 400 ULTRAFLEX
RG Flexible
Mil 17 Flexible
Semi-Rigid
Semi-Flexible
BJ047 / BJ085 / BJ141
T-Flex® 405 & 402
A,ab!e also available in:

RESPONSE FAX (888) 544-5594

7/16 DIN -

Connector Types
2.4mm
2.9mm
3.5mm
SSMA - BMA

SMA - 7mm - Precision N & TNC (18

TNC-TYPEN-C
4.1/9.5 DIN - SMC - SC (1

FLORIDA

Toll Free Voice (800) 544-5594

Websit

PO Box 899, Stuar

nww.rflabs.com
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[ No excuses. Give me
a definite delivery time. ]

Tight deadlines for test and measurement equipment? When a drop

dead delivery schedule is critical, TestMart—the precision instrumentation
industry’s new standard for credibility and reliability—brings you what you
need when you need it.

First, make an informed decision. Examine unbiased, detailed specs on over
16,000 products in more than 130 categories on our website. Buy, lease or
rent. It's your choice.

Next, take immediate ad ge of our secure, easy-t online commerce
features to get accurate delivery information. TestMart will tell you when you
will get your equipment, confirm that it’s on its way, and then get it to you on
time. You can also call toll-free or fax us to make TestMart your first choice
for everything test and measurement.

Now, go try it. We're ready when you are.

www.testmart.com

toll free 1-888-665-2765
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vices technology. A microwave exhibition, a
historical exhibit, the RFIC Symposium and
the ARFTG Conference will be held during
Microwave Week 2001. For symposium infor-
mation, contact: Sayfe Kiaci, tcchnical program
chair, Motorola Inc. (512) 996-4404 or e-mail
Sayfe@att.net

e o e
2001 IEEE MTT-S International Microwave
Symposium and Exhibition
May 20-25, 2001
Phoenix, AZ

Topics: research, development and application
of RF and microwave theory and techmiques.
Complete information on how to register for
as well as other important in-
an be fou www.ims2001.org.
ind hi -al exhibit,

the conferen
formation,
A microwave exhibition

the RFIC Symposium and the ARFTG Con-
Microwave

c will also be held durin
k 2001. For symposium info
tact: Vijay Nair, technical progr
torola Inc. (408) 413-5922, fax
or c-mail:vnair@ieee.org. For exhibition infor-
mation, contact: Kristen Dednah, Horizon
House Publications, 685 Canton St., Norwood,
MA 02062 (781) 769-9750 or e-mail:
Kdednah@mwjournal.com

e ——
2001 International Conference
on GaAs Manufacturing Technology
May 21-24, 2001
Las Vegas, NV

Conference focus: to support all aspects of
manufacturing from devices to final product
delivery. Topics: manufacturing, processing,
test and reliability, device technologies, optical
¢, competing technologies
uts and bolts™ i
¢ four-topic works
and exhibit 1l be featured at the confer-
ence. Additional information is ble at
www. gaasmantech.org or e-mail: info@
GaAsMantech.

devices, pacl
and materials.
sions, an intel

[ —
2001 Virginia Tech Symposium
on Wireless Personal Communications
June 6-8, 2001
Blacksburg, VA

Sponsors: Virginia Tech’s Mobile and Radio
Research Group (MPRG) and The Division of
Continuing Education. Topics: novel wireless
products, applications of DSP techniques to
wireless communications, propagation mea-
surement and prediction, diversity and nulti-
ple access techniques, simulation and perfor-
mance analysis of wircless systems, network is-
sues, supporting technologies for wirel
ness opportunities in wireless
telecommun ontact: Jenny Frauk,
MPRG/Virginia Tech, 432 NED, Mail Code
0350, Blacksburg, VA 24061 (540) 231-2971 or
c-mail: mprg@t.edu
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2001 International Microwave and
Optoelectronics Conference (IMOC)
August 6-10, 2001

Belem, Brazil

Sponsors: Brazilian Microwave and Optoelec-
tronics Society (SBMO) and IEEE. Call for
papers. Works addressing advancements and
describing innovations in the fields of mi-
crowave and optoclectronics. Al papers must
be in English and submitted via e-mail. Dead-

COMING EVENTS

Tine: February 2, 2001. Additional informa-
tion and a topic list are available at
Wiy imoc2001.com br. Short course given by
a group of specialists on a wide range of timely
and interesting subjects, as well as special ses-
sions on technological development and state-
of-the-art advancements will also be held dur-
ing TMOC 2001. Contact: Prof: Dr.-Ing. Joao
Tavares Pinho, general chair, PO Box 860!
66.075-900, Belem, Para, Brazil 55-91-211-
1299, fax 55-91-211-1977 or e-mail
info_imoc2001@amazon.com.br

The word is
circulating...

bout Microwave Development Company
line of custom waveguide circulators.

High power differential, dual

telecommunications
circulators are
available from
MDC in a varie

Let us
customize

and see why the word is
circulating about MDC.

MICROWAVE DEVELOPMENT COMPANY, INC.

Forty One Northwestern Drive
Salem, New Hampshire 03079
Sale:
E-Mail: microwav@mdc.usa.com
www.mdc-inc.net

(603)-870-6280 « Fax: (603)-870-6210
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Immediate Delivery
High Performance

Low Cost

Supermr Selection. e

Power Dividers
Couplers

Switches

Hybrids
Isolators/Circulators
Attenuators
Terminations
Oscillators

) .meli.com
1-800-333-MCLI (6254)
Fax: (727) 381-6116
Microwave
Communications
Laboratories Inc.
7255 30th Avenue North
St. Petersburg, FL 33710
http://www.meli.com

CIRCLE 63

HiGH SPEED INTERCONNECT
MopELING UsiNG TDR

B Topics: Operation and accu
sues for Agilent and Tektronix TDR
instruments, interconnect probing
and fixi m(eruume(l nmdthng and
model validation. Fee: $395

B Site: Portland, OR

B Date: January 1
B Contact: TDA Systems Inc., 11140
SW Barbur Blvd., Suite 100, Portland,
OR 97219 (503) 246-2272, fax (503)
246-

INTRODUCTORY

RF & MICROWAVES

B Topics: Introduction to the field of
RF and microwaves, S-parameters,
transmission lines, forward and re-
flected waves; RF and microwave test
equipment and measurements, com-
puter automated testing, calibration

techniques, and tips. Fee: 55()(1
B Site: Orlando, FL

Dates: January 18-19, 2001
B Contact: R.A. Wood Associates,
1001 Broad ite 450, Utica, NY
13501 (315) 217, fax (315) 735-
4328 or e-mail: RAWood@rawood.com.

RF POWER AMPLIFIERS,
CLASSES A THROUGH S
B Topics: This course provides a (le

es of RE power amplifiers and vl o
each class is used in today’s wireless

9
Wood Associates,
1001 Broad Suite 450, Utica, NY
13501 (315) 217, fax
4328 or e-mail: RAWood@rawood.com.

WiREeLEss DIGITAL
COMMUNICATIONS SYSTEMS:
COMPONENTS, SPECIFICATION,
TesT AND EVALUATION

B Topics: Coherent review of the ba-
sic parameters, specifications and test
criteria encountered in wireless digital
communications.

B Site: Research Triangle Park, NC
M Dates: January 20-31, 2001

B Contact: Anita Hellstrom, Organi-
zational Eife(t]\ene\\ Institute (800)
5 301) 871-4942 or e-mail:
Anita. Hellstrom@oei-edu.com.

WORKSHOPS & COURSES

CDMA [S-95 SYSTEM
OPERATION AND TECHNOLOGY

M Topics: An overview of the practi-
cal aspects of the 1S-95 (cdmaOne)
system.

M Site: Princeton, NJ

B Dates: February 14-16, 2001

B Contact: Anita Hellstrom, Organi-
zational Effectiveness Institute (800)
683-7267, fax (301) 871-4942 or e-mail:
Anita.Hellstrom@oei-edu.com. Addi-
tional information is available at
www.oei.edi.com.

RF TesT EQUIPMENT OPERATION
(LABORATORY COURSE)

B Topics: Latest RF test equipment,
including spectrum analyzers and sig-
nal ges nerators in a hands-on laborato-
ry environment, and measurement of
device RF characteristics, including
return and insertion loss, S parame-
ters and harmonics power. Fee: §595.

M Site: Mountian View, CA

B Date: February 20, 2001

B Contact: er Associ
San Antonio Circle, Bldg. E, Suite
280, Mountain View, CA 94040 (r50)

30

RF CMOS DesiGN
u Tnpn:s Tradeoffs in CMOS receiv-

8 and techniques
for dmelopmg MOS receiver de-
signs, with a heavy emphasis on
process requirements, isolation and
integration. A background in linear or
nonlinear circuit design is desirable.
B Site: Mountain View, CA

B Dates: March 1-2, 2001

B Contact: Besser Associate
San Antonio
280, Mountain Vie
949-3300, fax (65(}) 949-4400 or
e-mail: info@bessercourse.com.

CeraMIC TECHNOLOGIES

FOR MICROWAVE

B Topics: The most recent advances
in ceramic interconnect technology and
materials and processes for wireless
and other microwave applications.

Site: Denver, CO

Dates: March 26-27, 2
Contact: Samuel |. I[momu DuPont
Microcircuit Materials (919) 24

fax (919) 248-5715 or e-mail:
horowitz@usa.dupont.com.
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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

to ion 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.

EAGLER AR


http://www.eagleware

Fig. 1 Circuit topologies
of low pass prototype
filters. &

£=1.00

TUTORIAL

A GENERAL DESIGN
PROCEDURE FOR BANDPASS
FILTERS DERIVED

FROM Low PAss PROTOTYPE
ELEMENTS; PART I

andpass filters serve a variety of func-
Btions in communication, radar and in-
strumentation subsystems. Of the avail-
able techniques for the design of bandpass fil-
ters, those techniques based upon the low
pass elements of a prototype filter have yield-
ed successful results in a wide range of appli-
cations. The low pass prototype elements are
the normalized values of the circuit compo-
nents of a filter that have been synthesized for
a unique passband response, and in some cas-
es, a unique out-of-band response. The low
pass prototype elements are available to the
designer in a number of tabulated sources 123
and are generally given in a normalized for-
mat, that is, mathematically related to a
parameter of the filter prototype.
This article presents a general design pro-
cedure for bandpass filters derived from low
pass prototype filters, which have been syn-

=l &t ;
(&gt = 1.00

22

thesized for a unique filter parameter. A num-
ber of illustrated examples are offered to vali-
date the design procedure.

LOW PASS PROTOTYPE FILTERS

Low pass prototype filters are lumped ele-
ment networks that have been synthesized to
provide a desired filter transfer function. The
element values have been normalized with re-
spect to one or more filter design parameters
(cutoff frequency, for example) to offer the
greatest flexibility, ease of use and tabulation.
The elements of the low pass prototype filter
are the capacitors and inductors of the ladder
networks of the synthesized filter networks as
shown in Figure 1. This diagram also depicts

: mriety of functions in

_ communication, radar and.

[Continued on page 24]

K.V. PucLia
M/A-COM Inc.
Lowell, MA
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Mintature, Cavity, Comb,
Interdigital, Tubular & Waveguide
Chebycheo, Bessel, Gaussian, NEW E-7 FILTER FINDER DISK
Elliptic or Proprietary Response Complete Product Catalog to assist
with selection and ordering
(Disk is DOSWindowes compatible)

Connectorized, Surface Mount,
PCB Mount

Milliwarts to Kilowarts
50Q or 75Q
MIL.-E-5400, Class 3

RLC ELECTRONICS, INC.

83 Radio Circle, Mount Kisco, New York 10549 ® Telephone: 914-241-1334 © Fax: 914-241-1753
e-mail: sales@ricelectronics.com ® www.rleelectronics.com

180-9002 Certified

RLC is your complete Microwave Component source...
Switches, Couplers, Power Dividers, Terminations, Attenuators, DC Blocks, Bias Tees & Detectors.
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A\ Fig. 2 Low pass Chebyshev filter
prototgpe response,

the two possible implementations of

the low pass prototype filter topolo-
gies. In both cases, the network trans-
fer function is

where

s =0+ jo, the Laplace complex
frequency variable

Clearly, the transfer function, T(s), is
a polynomial of order n, where n is
the number of elements of the low
pass filter prototype.

The illustrated circuit topologies
represent a filter prototype contain-
ing an odd number of circuit cle-
ments. To represent an even number
of elements of the prototype filter,
simply remove the last capacitor or
inductor of the ladder network.

For purposes of illustration, an ex-
ample representing a Chebyshev fil-
ter is offered. The power transfer
function of the Chebyshev filter may
be represented by

T(f') = 10log(1 + ecos[ncos ()]}
for < 1.0
T(f') = 10log{1 + ecosh?[ncosh-1(f)]}
for f >1.0

and

where
rqp = inband ripple factor in decibels

These equations represent the
power transfer function of the

B ruroriaL

=6 Leg
12296H  1.2296H
c ¢ = g
17058 ¥ z,c‘sqo:’r mc1’os=’F
4 Fig. 3 Low pass prototype filter

schematic.

Chebyshev low pass prototype filter
with normalized filter cutoff frequen-
ey f of 1.0 Hz. A graphical represen-
tation of the power transfer function
of the Chebyshev low pass prototype
filter is shown in Figure 2.

The low pass prototype filter para-
meters for the low pass Chebyshev
filter example are

1.0Q
and
rgg =05

A schematic representation of the
prototype Chebyshev filter is shown
in Figure 3. The prototype elements
are from Matthaei, Young and Jones!
where the normalized cutoff ﬁequcn—
cy is given in the radian format ©'; =
1.0=2xf,.

If this five-section prototype filter
were constructed from available ta-
bles of elements and a circuit simula-
tion performed, the transfer function
would be exactly as represented in
the schematic. To construct the filter
at another frequency (1.0 GHz, for
example) and circuit impedance level
(Rg =50 Q), the element values must
be adjusted (de-normalized) in accor-
dance with

a By 1
Ry 71(10q
1
L= R.n 5 82
Ry on10?
Rg L
Cy==L 25
Ry 2x10° *
R 1
Lia = g1
® " Ry 2m10°
Ry 1

g5
Hn 2r10°

In addition to the tabulated data of
low pass prototype filter elements,
the values may be computed via exe-

[Continued on page 26]
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structure simulation
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linear & nonlinear
circuit simulation
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planar electromagnetic
field simulator
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system simulation
delivering system, circuit, electromagnetic simulation,

synthesis, and physical design in a single software suite. Streamline your product development
process using integrated schematic capture, simulation, layout, IC package modeling, and links to
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Handshaking between modules allows engineers to focus on critical components at any stage of
development. Each simulator can be used as a powerful, stand-alone tool, or in concert with others
for end-to-end high-frequency design. The Serenade Design Environment is built on Ansoft's core
electromagnetics technology; and offers accuracy, an easy-to-use Windows® interface, advanced
design utilities, and superior value.
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A\ Fig. 4 Chebyshev low pass filter
with a 1.0 GHz cutoff.

cution of the equations found in
Matthaei, et al.!, and repeated in Ap-
pendix A for convenience.

The schematic of the filter, which
was derived from Chebyshev, the low
pass prototype elements and the asso-
ciated frequency response are shown

www.lemex-components.com

America: 1.623.780.1995
Europe: +33 149 88 49 32

-10
8 LI

é -40
o 3
K £
<

-100

-5 4-3-2-1
NORMALIZED FREQUENCY f, {Hx)

4% Fig. 5 Chebyshev bandpass filter
transfer function.

in Figure 4. Note that the 0.5 dB in-

band ripple results in a return loss of

~10 dB as expected.

A low pass filter may be converted
to a bandpass filter by employing a
suitable mapping function. A’ map-
ping function is simply a mathemati-
cal change of variables such that a
transfer function may be shifted in

Only TEMEX makes it happen.

frequency. The mapping function
may be intuitively or mathematically
derived. A known low pass to band-
pass mapping function may be illus-
trated mathematically as

and f,, f) and f; represent the center,
lower cutoff and higher cutoff fre-
quencies of the corresponding band-
pass filter, respectively. If the substi-
tution of variables is made within the
Chebyshev power transfer function,
the power transfer function of the
corresponding bandpass filter may be
determined as shown in Figure 5
The schematic diagram of the
bandpass filter, which was derived
from the low pass prototype filter via
the introduction of complementary el-
ements and producing shunt and se-

[Continued on page 25]

TEMEX

MICROWAVE

Microwave Ceramic Materials » Capacitors »

Ferrite Devices « Diodes « VCO/PLL « Filters/Duplexers
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Shaping the
future of
wireless.
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M/A-COM provides an integrated digital voice and data
communications network solution to the Public Safety,
Transportation, Transit and Utilities Markets

Semzcondm im

Today the cellular telephone is used primarily as a mode
of voice based communication. M/A-COM provides semiconductor
products which will help transform today’s mobile phones
into tomorrow’s wireless voice and data terminals

szxd Wz&rezw NG

A

LMDS .uses high-powered radio signals to transmit voice,
video and data communications.It offers full two-way
symmetric and asymmetric communications between a single
base station point to various customer premise location
within a clear line-of-sight

Automotive

M/A-COM is a leader in the development of wireless
products designed to enhance automotive information and
safety. Applications include autonomous cruise control,
collision avoidance radar and GPS.
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i TUTORIAL

e

4. Fig. 6 Chebyshev bandpass
filter schematic,
L

E-4
Zin € Zn  OWEN

%c ;1. Yin

® -
& Fig. 7 Typical resonant circuit; (a) series
and (b) shunt resonators.

sired characteristic of the prototype
filter transfer function. These desired
characteristics might include a flat
amplitude response, maximum out-
of-band rejection, linear phase re-
sponse, Gaussian or other amplitude
response, minimum time sidelobes

and matched signal filters.

RF AND MICROWAVE
RESONATORS

RF and microwave resonators are
lumped element networks or distrib-
uted circuit structures that exhibit
minimum or maximum real imped-
ance at a single frequency or at multi-
ple frequencies. The resonant fre-
quency fy is the frequency at which
the input impedance or admittance is
real. The resonant frequency may be
further defined in
terms of a series or

shunt mode of reso-
nance; the series
mode is associated

input resistance at
the resonant fre-
quency, while the
shunt mode is asso-

ciated with large
values of resi

at the resonant fre-
quency. Some typi-
cal lumped and dis-

| 22 line (short) tributed resonators
are shown in Fig-

s e ure 7.
Azl ope) = Resonamrx may
= be d by
A8 line (short+C) E(w.e”,,e“mzen} their  unloaded
2 quality factor Q,,
; - which is the ratio of
Athgthon LI"‘ the energy stored to
the energy dissipat-
M2 WG line (short) (Eﬂ IEJ ed per ud(- of the
2 Ao resondnt frequency.

ries resonators, is shown in Figure 6.
This is a basic low pass to bandpass
transformation, and unfortunately
sometimes leads to component values,
which are not readily available or have
excessive loss. As described later, the
mapping function need not be consid-
ered as part of the bandpass filter de-
sign procedure. It is presented here as
a supplement to the filter theory.

It bears repeating that the low
pass prototype filter elements, that is,
the g-values, are the result of network
synthesis techniques to produce a de-

28

s are also
characterized with respect to their re-
actance o, or susceptance B slope pa-
rameters, which are defined, respec-
tively, as

_ 0, (o)
s
0=0,
and
o, o)
Bﬁ?‘) do
lo=a,

with small values of

These are important resonator para-
meters because they influence Q,
and the coupling factor between res-
onators in multiple resonator filters.
Table 1 provides the reactance and
susceptance slope parameters of
some common lumped element and
distributed resonators.

Q, may also be defined in terms of
the reactance or susceptance slope
parameter as

o

Qu =PRg,

where

Ry, = resonator series resistance
Ry, = resonator shunt resistance

Together these resistances represent
the resonator loss. The bandpass fil-
ter design examples will illustrate the
utility of the slope parameters.

In many bandpass filter applica-
tions, particularly those applications
where the filter is deployed at the
front end of a receiver, it is important
to know the Q, for the resonators in
order to accurately estimate the in-
rtion loss of the filter. The insertion
loss of a single transmission resonator
can be mathematically represented as

1+(2Q1f f"}

(@)
Qu
At f = fy, this equation may further
reduce to

L(f) =-10log

L(f)=~10log

1-10 2

Therefore, a measurement of the
single resonator insertion loss at the
resonant frequency L(fy) and the -3
dB bandwidth Af is sufficient to accu-
rately determine Q, of any resonant

[Continued on page 30]
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A Fig. 8 Asingle resonator at 1960 MHz.

structure. The loaded quality factor
Q may be determined from a mea-
surement of the resonant frequency
and the -3 dB bandwidth from the
equation

1942 1958
0.47
=
2
3
= X
= 4

1925 1935 1945 1955 1965 1975
FREQUENCY (MHz)

A Fig. 9 The single resonator’s measured
performance.

f
Q==
Q1 Af
where
Af = -3 dB bandwidth

This measurement technique may
also be employed to compare the
quality factors (Q,,) of different types
of resonant structures or as a method
of comparing various plating or man-
ufacturing techniques for the filter if
insertion loss is a critical parameter.

Factory Tested (VSWR/ Insertion Loss)
7-16 10 7-16, 1/2" Super Flexible
ompetitively Priced at $57

30 CIRCLE 117 ON READER SERVICE CARD

A\ Fig. 10 The single resonator’s
equivalent circuit.

Consider an example. A PCS1900
transmit filter was required with min-
imum insertion loss and minimum
size as critical design parameters.
Rectangular, coaxial A/8 resonators
were determined to offer the mini-
mum volume in an eight-resonator
filter consistent with the maximum
insertion loss requirement of less
than 1.0 dB at the center frequency
of 1960 MHz. A single resonator was
constructed of the type anticipated to
be used within the filter. The single
resonator is shown in Figure §.

A single resonator structure was
fabricated and plated with silver in
order to obtain the maximum Q.
The resonant structure was tuned to
the desired center frequency and the
insertion loss L(fy) and -3 dB band-
width were measured. The measure-
ment data is shown in Figure 9
where

L(fy = 1.950 GHz) = 0.533 dB
Af =14.50 MHz
Q, 2250.

In executing the measurement, three
notes of caution are required in the
interest of accuracy: The coupling
probes to the cavity should be equal
and minimized to avoid load and
source resistance across the res-
onator; the source and load SWRs
should be kept low; and the input
SWR at fy should be minimized to
avoid mismatch loss.

The equivalent circuit of the single
resonator is shown in Figure 10.
Note that the circuit element, which
represents the resonator loss Ry, has
been included. The value of Ry, may
be determined with the aid of the
susceptance slope parameter 3 from

Qu=BRy,

[Continued on page 34]
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(b)

A Fig. 11 Coupled (a) m-type LC
resonators and (b) W8 distributed resonators.

Za=1Cy

()

4 Fig, 12 The coupled 1S transmission
line resonator’s (a) proximity coupled line
and (b) equivalent circuit.

where
B
i Lol( 0}4— 6y cscz(eu )} =0.01836
: n
fory == and Yy = — Mhus
i

or
Ry, =125k

This measurement technique for

estimating the value of Q, is

completely general and applies to

lumped element and distributed

resonators.
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A Fig. 13 The symmetrical 14 coupled
resonator’s (a) proximity coupled M4 line
and (b) equicalent circuit.
RESONATOR COUPLING

Resonator coupling represents one
of the most significant factors affect-
ing filter performance. There are s
eral methods to couple resonators.
For ease of manufacturing and tun-
ing, a common resonator type and
coupling method is generally prefer-
able. Matthaei! proposes what have
been termed | (admittance) and K
(impedance) inverters both to permit
a common type of resonator and to
serve as coupling elements for the
resonato:

e | inverters may be r

for shunt-type and series-type res-
onators, respectively, where the cou-
pling between the ith and the ith+1
resonators is represented by ki ;.

A similar approach to the general
design of bandpass filters employing
common types of resonators proposes
specific coupling elements in the case
of lumped resonator bandpass filters
or specific proximity methods of cou-
pling in the case of distributed res-
onator bandpass filters. To illustrate,
consider the coupled m-type of L-C
resonators and the coupled A/ trans-
mission line distributed resonators
shown in Figure 11.

In the case of the coupled m-type
L-C resonators, a series capacitor is
inserted between the resonators to
perform the coupling function, in
which case the coupling coefficient is

oy aie o
z B 20,C  2C

In the case of the coupled A/8 trans-
mission line resonators, the equivalent
circuit shown in Figure 12 is uscful in
determining the coupling coefficient.
The coupling coefficient may be deter-
mined from the capacitive matrix para-
meters associated with the coupled
lines, that is, the capacitance per unit
length to ground C, and the mutual ca-
pacitance per unit ’iength between the
conductors C,, where v is the velocity
in the dielectric medium. The coupling
coefficient may be written as

Vi cot(Ou) &
5 =
Yo cnt(eg)

k

ed as the admittance of the element
or the value of the characteristic ad-
mittance of a quarter-wavelength line
in the equivalent circuit that couples
the resonators. Similarly, the K in-
verters may be represented as the im-
pedance of the element or the value
of the characteristic impedance of a
quarter-wavelength line that couples
the resonators. This permits the gen-
eral expression of the coupling be-
tween resonators to be mathematical-
ly written as

and

Kiis1
ki1 =

Lo [eot(6) +6, cscz(eo)]

For the special case where 6, = 1/4,
the coupling may be written as

2Yy,

=
Yse[1+f2—}

20C,

m

Another very popular type of res-
onator, which is frequently used in
microwave bandpass filters, is the
quarter-wavelength resonator. Figure
13 illustrates the coupling of sym-

[Continued on page 36]
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CCr 2

RESONATOR 1

A\ Fig. 14 Lumped element symmetrical resonators.

9755 102.45

and may also be utilized in multi-res-
onator filters. That measurement tech-
nique will now be explored.

The amplitude response of any
pair of :ymmemcal resonators may

-1
= 0.

LYoy

o

3 A

S ian be represente
ST o L{£) = ~10log
95 97 99 101 103 105 B

FREQUENCY (MHz)

A Fig 15 Symmetrical resonator’s
response.

metrical /4 resonators and the
equivalent circuit. Note that A/4 res-
onators must be grounded at opposite
ends to prevent the null coupling
condition caused by cancellation of
the electric and magnetic field
modes. 3

The coupling coefficient for this
configuration may be written as

_VC, = Gy

= 4’Ucm - 4Cm
wC, nC,

For a given coupled line geometry,
the /4 lines offer closer coupling
than the comb-line configuration.

The input, output and adjacent
resonator coupling in a multi- e]ement
bandpass filter are the parameters
that determine the amplitude, phase
and SWR over the passband of the
filter. This statement understates the
importance of resonator coupling to
the bandpass filter parameters.

Recall that the elements of the low
pass prototype filter, from which the
bandpass filter is derived, determine
completely the characteristics of the
resulting filter. This fact will become
evident when the coupling between
resonators is disclosed to be a function
only of the fractional bandwidth and
the low pass filter prototype elements.
Fortunately, a measurement tech-
nique is available to verify the cou-
pling values of symmetrical resonators,

36

Tn the equation, k is the coupling co-
efficient between the symmetrical
resonators, Q,, is the unloaded quality
factor of each resonator and Q,, is the
external quality factor. The external
quality factor is defined to differenti-
ate the source and load coupling and
loss from the losses associated with
the individual resonators (Q,,).
If the overcoupled condition is sat-
isfied such that
k> 2 + L
Qe Qu
it is possible to determine the res-
onator coupling coefficient from

7 2
r -f,] ( Lot )
S —
fo Qe Qu
where f;, f, and f;, are subsequently
defined.
The utility of the equations will be
demonstrated by two examples. Con-
sider the symmetrical, lumped ele-

A Fig. 16 M8 symmetrical coupled
resonator; (a) schematic
and (b) equivalent circuit.

ment resonators in the schematic
shown in Figure 14 where two, m-
type, L-C resonators are coupled by
the capacitor Cp, and the external
source and load are coupled to the
respective resonators by capacitor C...
Note also the Q,, of each resonator is
R

@yl

u =

The following variables have been as-
signed

L
2nfyC.R, ) |2nfyL

= 100MHz

=0.050

2C

With the assigned variables, the
amplitude response is shown in Fig-
ure 15. The two peaks in the ampli-
tude response correspond to the fre-
quencies f, and fy,. Using the assigned
variables, the calculated coupling co-
efficient is k. = 0.05033

A second illustrative example us-
ing coupled M8 resonators is shown
in Figure 16. An equivalent circuit
representation of the coupled lines,

(Continued on page 38]
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A\ Fig. 17 Symmetrical resonator’s response.
external coupling and resonator loss is required in order
to quantify the coupling factor.

The variables have been assigned as

RY,

2
0
2nfoC.Rs ) |Z tan6

= 2250

1

fp=———— =1950MHz

i 2nZg tan 6,C ?
ke Co o

i 3
L“(1+§)

With the assigned variables, the amplitude response is
shown in Figure 17. The two peaks in the amplitude re-
sponse correspond to the frequencies f, and f;, Using the
assigned variables, the calculated coupling coefficient is k,
.01999. Part IT explores how to use the preceding prin-
ciples and data to design bandpass filters using a variety of
Tumped and distributed element resonators.
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3 NEWS FROM WASHINGTON

Excalibur he US Army has award-
ed R(mhoon a $100 M
Development contract modification for

the continued development
of the Excaibur, XM982
precision-guided, extend-
ed-range artillery projectile
program. The Excalibur
family of guided missiles is
designed to permit current
and future Army and Ma-
rine Corps digitized howitzers to overcome the range dis-
advantage they now have against many threat artillery s
tems while gaining lethality |mpr0wmeuts of three to six
times against current proj emles

The Global Positioning System/Inertial Measurement
Unit-guided 155mm artillery projectile program was re-
baselined and funded through a unique acquisition
process known as “Alpha contracting,” by which the Army
and Raytheon jointly determined the major program para-
meters of technical risk, schedule and cost. Following full
funding of the program for FY 2001, the Army reaffirmed
its objective to develop and field this class of precision-
guided projectiles to its interim, legacy and objective
force artillery units.

The first gun launches of the Excalibur guidance elec-
tronics were conducted during September of this year.
Two guidance packages were recovered using a Soft Re-
covery Vehicle projectile system in which gun launches at
15,000 gs are returned to earth by parachute for laborato-
ry analysis of their functioning. Programmed maneuver
flights are scheduled for next year.

Continued
s

Industry Team Ateam of four global in-
formation companies

to Conduct has been assembled by
The Boeing Company to
conduct a Global Position-
ing System (GPS) IIT

Global Positioning

System Il 1. that will help define
Architecture Study the path for the future of
navigation and timing.

e Bocing will head a team

composed of Hughes
Space and Management & Data Systems (M&DS) and
Raytheon Co.

The GPS IIT architecture study will assess mission
needs and requirements of the existing satellite-based
navigation system and will validate their achievability by
developing innovative architecture recommendations.
The program will evolve into the next-generation GPS
satellite, ground control and user equipment segments.
GPS 11 is expected to provide future users with unprece-
dented navigation and timing accuracy, system availability
and enhanced user services, particularly for civil users.
Work on the program, whose objective is to develop a
flexible solution which will satisty the needs of military
and civilian users for the next 30 years, was scheduled to

begin late this year.

Light Tactical he US Army’s Commu-
nications and Electron-
ics Command (CECOM)

has awarded a contract to

Vehicle Intercom

Contract Awarded it the service's light tac-
tical vehicles with the Light
AR

Vehicle Variant (LV2) inter-
com system to a team com-
posed of Northrop Grum-
man Corp. and BAE Sys-
tems. The award continues
the two companies’ long-standing relationship with
CECOM during which time more than 10,000 vehicle in-
tercom systems have been supplied for use on high mobili-
ty multipurpose wheeled vehicles (HMMWVs) and others.

Under the five-year, firm fixed-price, indefinite deliv-
ery/indefinite quantity contract, Northrop Grumman’s
Electronic Sensors and Systems Sector (ES3), based in
Baltimore, and BAE System’s Avionics Tactical Products
Division in Blackburn, UK, will provide an initial quantity
of 639 LV2 systems with deliveries scheduled for comple-
tion by June of next year.

The 1V2 intercom system consists of two units, a dual
full function crew station and a master control station. The
system is compatible with all current Army headsets includ-
ing the improved combat vehicle crewman active noise re-
duction headset. The LV2 provides full duplex intercom
communication and access to on-board radios. The system
can operate in hands-free or voice activated modes. Its ba-
sic configuration serves two-crew, two-radio installations,
but up to six radios may be connected to a system and a
maximum of eight crew members can be served.

Air Force Awards he US Air Force has se-

lected a Lockheed

Command  Martin-led team to mod-

ernize its air, missile and

and Control ,,ce command and con-

oo trol (C2) systems in a 15-

Modernization .. 1 oim valued at ap-
proximately $1.:

PIogeinContacs Under the Integrated

ssssssmemn Space Command and Con-

trol (ISC2) program, the
team will integrate approximately 40 systems into a com-
mon, ineroperable C2 information technology infrastruc-
ture, giving commanders at the North American Aero-
space Defense Command (NORAD) and US Space Com-
mand (USSPACECOM) a new flexibility to handle
mission responsibilities. ISC2 is to be a virtial command
center” providing warfighters a common operational pic-
ture of the global battlefield derived from shared real-
time data available anytime and anywhere in the world for
specified users.

The 1SC2 modernization will replace the Air Force’s
collection of older, stand-alone systems which function
well i ly but are not lessly coordi 1 to
give users comprehensive C2 capabilities and access to in-
formation. The new system will enhance commanders’ ca-




pabilities to synchronize their C2 operations and improve
strategic and tactical coordination among forces. A major
program challenge involves the migration of existing sys-
tems to the new ISC2 architecture without disrupting the
Air Force operations at Cheyenne Mountain, the location
of most of the NORAD and OSSPACECOM operations.

Lockheed Martin team members include The Boeing
Co., Aerojet, General Dynamics, DynCorp and Wang
Government Services for system integration and technol-
ogy partners, Computer Sciences Corp., Logicon/INRI,
Autometric Inc., Microsoft Corp., Cisco Systems, Oracle
Corp., AT&T, Neon and BEA Systems

UCAV Sy;tem Under a $131 M con-
tract shared by the

Py Defense Ad d Projects
Research Agency (DARPA)
and the US Air Force, the
Bocing Phantom Works
R&D division is developing
an Unmanned Combat
Aerial Vehicle (UCAV) ad-
vanced technology demon-
stration system. Following
completion of the manufacture and assembly of the major
system clements, including the first of two unmanned air

3.780.1995
les@temex-az.com
2mex.ch

NEWS FROM WASHINGTON

vehicles, a mission control center and storage container,
the system was recently previewed in a display in St.
Louis, MO.

Awarded to Boeing in March of last year, the pro-
gram is designed to prove the technical feasibility of
multiple UCAVs autonomously performing very dan-
gerous and high priority combat missions to augment
the manned fighter strike force. The first such mission
is the suppression of enemy air defenses. Considering
their small size, lack of pilot interfaces and training re-
quirements, reusability and long-term storage capabili-
ty, UCAVs are projected to cost up to 65 percent less to
produce than future manned fighter aircraft and up to
75 percent less to operate and maintain than current
systems.

The UCAV air vehicle has a stealthy, tailless, 27-foot-
long airframe with a 34-foot wingspan. It weighs 8000
pounds empty and can carry a 3000 pound payload. The
reconfigurable mission control station has satellite-relay
and line-of-sight communications links for distributed
control. Flight testing of the first vehicle is scheduled to
begin in the spring of next year. Testing of both air vehi-
cles in simulated suppression of enemy air defense mis-
sﬂu 15 sLhquch to bq:m in mid-2002. If the advanced

program is ful, the Air
Force could employ UCAV weapon systems some time af-
ter 2010. W
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The original minibend -
is now available with
SMP connectors; these
- 24 GHz assemblies
~ minibend’ W oxceed the require-
The environmentally ments of the DESC
sealed “all weather” specification for SMP
version of the original  and the interface

ﬁ,\eenyh nced version

. - inibend with
range from-55°Ct0  of the original minibend :1 xtne[ : d: d :equz: standards of
+125°C. - for lower loss and higher ) ZCY MIL-STD-348.

phase stability with
extended frequency
range to 26.5 GHz.

Astrolab’s expanded line of patented minibend cable assemblies

provide an excellent commercial-off-the-shelf (COTS) solution for your
cable assembly needs. The minibend was designed for use in low profile,
internal point-to-point interconnections between RF modules within
communications systems. The minibend readily replaces custom,
preformed semi-rigid cables with low cost, standard length flexible
cables. Minibend has been successfully integrated in commercial,
military and space applications.

The ease of installation of minibend reduces your assembly costs.
Our express stock delivery program on standard lengths allows you to
lower your inventory requirements. All minibend cable assemblies are
100% tested so you can be confident of their continuous performance

Call us at 732-560-3800 for more information on
the minibend product or visit our website at
www.astrolab.com
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From FM to cellular to satellite communication circuits, these
terminations end all...the broadband KARN-50, ROSE-50, and
ANNE-50 terminations from Mini-Circuits. Until now, microwave
terminations were usually very expensive, especially custom designs
for higher frequencies. But thanks to quantum leaps in design and
manufacturing technigues by Mini-Circuits, you could replace high

Actual Size

FOSE-50 ANNE-50

priced units with these versatile 50 ohm solutions and obtain
features such as low VSWR, usability to 20GHz, and rugged
construction to withstand severe mechanical vioration and shock,
from the low price of only $9.95ea.(qty. 1-9). And high quantity pricing
is even more amazing! Finally! Cost effective, high performance
microwave terminations...off-the-sheif! Call Mini-Gircuits today.
Mini-Circuits...we're redefining what VALUE is all about!

N Type Male Connector  SMB Plug Connector  SMA Male Connector  with 31/2" Chain & Cap
5119 qty.1-9 -9 $119 qty.1-9 $13% qty.1-9
5749 1y 1000 5743 qty. 1000 5949 qty. 1000
Freq Range RetumLoss | Freg. Range  Ratur L Freq. Re Retum Lc
Tz (B | e (e | e (e
DCto2 45 DCto2 45 DCto4 40
DCto4 <3 to4d 35 41010 30
DCto6 28 DCto6 28 10to 20 20
Note: Power ratings at 70°C: ANNE-50 and ROSE-50 is 0.50W, derate inearly

at0.005W/°C from 70°C fo .35W at 100°C. KARN-50 is 2W; erate fivearly

at 0.025W/°C to 1.25W at 100°C.
- - ®
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UK Mobiles Folln\\'ing a year-long,

government sponsored

to Carry Radiation enquiry, the UK has decid-
2 ed to include a radiation

Warnings Jevel warning on all new

mobile telephones from

2001 onwards and to leaflet
users on the wisdom of
children under 16 using
such devices for essential
communications only. The
concern over youth use of mobile telephones relates to
the high usage rate amongst British children and specula-
tion that the radiation emitted by mobiles could be harm-
ful to the young because of their thinner skulls (when
compared with adults), higher tissue conductivity (again,
when compared with adults) and developing nervous sys-
tems. In this context, it should be stressed that to date, no
conclusive evidence has been found to suggest that mo-
bile telephones are injurious to health. The UK’s Elec-
tronics Industry Federation supports the move (on the
grounds that it supports the general concept of providing
consumers with as much product information as possible)
and that Cenelec (the body responsible for mobile tele-
phone technical standards within Europe) intends to pub-
lish a standardised methodology for calculating specific
absorption ratings for mobile telephone handsets.

he European electron-

ics feature strongly in
the US Department of De-
fense’s Fiscal Year (FY)
2001 Foreign Comparative
Testing (FCT) programme.
Looking at some of the FY
01 FCT new starts and
continuations by service,
the US Army is to carry out
an FCT evaluation of non-
developmental communications antenna masts from man-
ufacturers in Finland (Mast Systems), France (LERC),
Germany (the Furopean Aeronautic, Defence and Space
(EADS) Company), Sweden (WIDE) and the UK (ARA
and Clark Mast Systems) in connection with its ongoing
digitisation programme. Elsewhere, the service will test
Thomson Racal Defence (UK) and Tadiran (Israel) signals
intelligence systems that are capable of detecting and lo-
cating conventional and low probability-of-intercept sig-
nals. Here, the programme is in connection with the
Prophet Ground effort and a major area of interest is the
two equipments’ ability to detect and locate frequency-
hopping radios.

For its part, the US Navy is continuing its evaluation of
a Raytheon Systems Ltd. (UK) anti-jam Global Position-
ing System (GPS) antenna (for use in day one strike war-
fare applications) and a stealth screening material devel-
oped E French contractor Societe Nouvelle des Ateliers
et Chantiers de Havre. Here, the material takes the form
of a wire mesh and is being tested as a method of match-

Europe Features

Strongly in FY 01
FCT Programme
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ing the radar cross section signature of the Remote Mine
Hunting Systems (RMHS) installed aboard the service’s
Arleigh Burke class destroyers to that of the ships struc-
ture around it.

US Air Force new starts include evaluation of an infra-
red/ultra-violet threat simulator produced by UK contrac-
tor Elettronica Systems Ltd. and an unattended ground
imager (for base security applications) developed by Is-
raeli contractor Seraphim Optronics. Programmes carried
over from FY 1999 include continuing trials of a large air-
craft infra-red decoy flare produced by German contrac-
tor BUCH Neue Technologie and a wideband klystron
power amplifier developed by UK contractor TMD Ltd.
In the first instance, the decoy flare trials are in connes
tion with the provision of an improved defensive aids ca-
pability for the C-17 strategic transport aircraft while the
power amplifier is being tested as a possible means of im-
proving power amplifier reliability in the AN/APY-1/2
search radar fitted aboard the Boeing E-3 Sentry Air-
borne Warning And Control System (AWACS) platform.

Lastly, the US Special Operations Command is to eval-
uate a series of lightweight, portable and/or hand-held
electronic warfare components that have been developed
by France’s Metravib, Sweden’s FLIR Systems and an as
yet unidentified Russian research institute. The effort is in
connection with the Command’s Joint Threat Warning
System that is intended to provide an all-weather detec-
tion capability against ground, air and, in particular, mar-
itime and riverine traffic.

Philips Teams thhcﬂunds contractor

Philips Semiconduc-

with WIDCOMM Inc. tors has formed a strategic
alliance with US contractor

to Develop  WIDCOMM Inc. to speed

up the development of
Bluetooth technology and
provide customers with a
complete range of Blue-
tooth solutions, supported
by a reliable support infra
structure. Bluetooth has been developed to provide a low
cost, radio-based, open standard technology for short-
range, cableless data transmission in applications such as
server to visual display units within an oi}%w environment.
As of this writing, the technology is noted as having
demonstrated its compatibility with a range of devices
that includes mobile telephones and laptop computers,
and as being capable of revolutionising connectivity in
‘many’ other electronic applications.

Current Philips Bluetooth (a trademark of Telefonak-
tiebolager L M Ericsson) products include the VWS26002
Bluetooth baseband processor, the Bluetooth developer’s
kit V 2.0 platform, the single chip UAA3558 transceiver
and the BGA2450 power amplifier. For its part,
WIDCOMM is described as a software and product de-
sign house that focuses on Bluetooth networking solutions
and has a product portfolio that includes Bluetooth full
protocol stack software, the BlueConnect expansion mod-

Bluetooth Products




ule, the BlueCard laptop card and the BlueShare personal
computer wireless adapter. Overall, the new alliance is in-
tended to provide customers with a one-stop resource
that can supply them with complete, optimised Bluetooth
solutions involving integrated circuits, software, system
design and support at all stages of development

Siemens Information
and Communication Mo-
bile has teamed with Chi-
na’s Academy of Telecom-
munications Technology
(CATT) and the Huawei
Technologies Company to
promote the use of Time
Division Synchronous
Code Division Multiple
Access (TD-SCDMA) technology in third generation mo-
bile communications networks originating in the People’s
Republic. The teaming agreement takes the form of a
Memorandum of Understanding (MoU) and builds on
work undertaken jointly by CATT and Siemens to develop
TD-SCDMA technology as a means of capitalising on a
potential Chinese telecommunications market of over 60
million Global System for Mobile communications (GSM)

German-Chinese Gmm“ contractor
Team Promotes
TD-SCDMA
RERRNEETFENS

INTERNATIONAL REPORT

subscribers. The main challenge being addressed is the
need to integrate symmetric circuit switched services
(speech and video) with asymmetric packet switched re-
quirements such as mobile Internet access. Here, the TD-
SCDMA approach is claimed to be able to meet the re-
quirement through the use of a Time Division Multiple
Access (TMDA) subsystem and an adaptive Code Divi-
sion Multiple Access (CDMA) component operating in
synchronous mode. Within this arrangement, the TMDA
segment handles transmission of different data in serial
(needed for packet-switched mobile Internet applica-
tions), while the CDMA element is used for the transmis-
sion of large numbers of signals in parallel (typically,
voice). Again, TD-SCDMA is billed as facilitating opti-
mum utilisation of allocated radio spectra by virtue of its
ability to operate in unpaired spectra.

In terms of the specific TD-SCDMA MoU referred to
above, the agreement foresees close cooperation in the in-
ternational promotion and standardisation of TD-SCD-
MA technology, the joint development of products and
the launch of pilot TD-SCDMA projects in China starting
in the early part of next year. Elsewhere, the three part-
ners (together with Motorola, Nortel and mobile
providers China Mobile and China Unicom) have found-
ed an international TD-SCDMA forum to foster adaption
of the technology by vendors, operators and national
regulators. M

Allow us to Propose Another
Salution

*RE SAW Filter

/) THOMSON-MICROSONICS 399, route des Crétes. BP 232 - 06904 Sophia-Antipolis. FRANCE

http/fwww.microsonics.thomson-csf.com  Tél (+33) 0492 96 40 00  Fax (+33) 04 92 96 30 25



http://www.microsonics.thomson-csf.com

witewound RF chip inductors
run circles around the competition

0402 (1005) i Higher Q Compared to non-wirewound chip coils, most
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Lucent Technologies
and Verizon Wireless
Sign $1.5B

Letter of Intent
e

erizon ireless and

Lucent Technologies
have signed a letter of in-
tent potentially worth up to
$1.5 B which names Lu-
cent as a primary supplier
of network infrastructure
to the newly-formed wire-
less venture. The agree-

THE COMMERCIAL MARKET

at very high speeds. The Geocast service is expected to be
available to DISH Network customers in the third quarter
of next year when it will begin to provide instant access to
personalized selections of information from local and na-
tional sources, entertainment and e-commerce offerings.

ment will allow the largest

US wireless carrier to in-
crease its coverage and capacity in key markets and to of-
fer third generation (3G) high speed mobile Internet and
other enhanced data and voice services to business and
residential customers.

The parties expect to enter into a purchase agreement
that would set the stage for continued close collaboration
begun with Bell Atlantic Mobile on commercializing next-
generation CDMA digital wireless technology for intro-
duction into the national Verizon Wireless network. Earli-
er this year, Lucent and QUALCOMM Inc. reported the
first live laboratory demonstration of the 3G data trans-
mission technology which was planned for initial deploy-
ment in Verizon Wireless' Philadelphia area network earli-
er this year. The technology supports peak data transmis-
sion rates of 153 kbs. When deployed, the technology will
have the additional benefit of doubling network voice ca-
pacity without the need for new basestations.

The letter of intent covers a broad range of Lucent
products including those supporting high speed data and
mobile Internet applications. Verizon Wireless is expect-
ing to deploy a variety of mobile Internet services includ-
ing intelligent network and unified messaging and two-
way Short Message Service Center (SMSC) service devel-
oped jointly with Telecommunications Systems of
Annapolis, MD.

choStar Communica-
tions Corp, and Geo-

Agreement

to Establish cast Network Systems Inc.

o A have signed an agreement
Personalized Delivery ,der which Geocast will
of lnteract: deliver its personalized

broadband services to PC
Broadband Services Uscrs via dedicated band-
width on one of EchoStar’s

rimary direct broadcast
satellites. The agreement
will permit Geocast to reach a nationwide audience and
allow DISH Network to deliver new PC services to its
subscribers.

Geocast will deliver content from EchoStars satellite to
DISH Network customers who have a DISH Network
satellite TV system with a GeoBox, a personal broadband
server, connected to their PC. The GeoBox contains a 40
gigabyte hard drive and will store the personalized content
delivered via DISH network at speeds up to 12 Mbs. The
GeoBox will permit PC users to receive and store high
quality audio, TV-like video images and software downloads

A L Sl s L SR e LR

Quad-band Antenna Rangesmr Wireless has
announced a quad-

Can be Embedded band antenna for notebook

Y computer applications

in Notebook hicl, cun be embedded in

: the notebook's hinge. The

Computer Hinge antenna supports three
e UYPes Of wireless service,

general packet radio ser-

vices (GPRS), Bluetooth

applications and 802.11A
unlicensed applications. The antenna supports both verti-
cal and horizontal polarization and provides hemispherical
coverage permitting the antenna to operate when the
notebook is open or closed and when it is in a docking sta-
tion or briefcase.

The antenna offers a peak gain of +1 dbi in the 900
MHz band, 0 dbi in the 1800 MHz band, +3 dbi in the 2.4
and 5.2 GHz bands. The unit weighs one gram and mea-
sures 131 X 7.8 X 1.5 mm.

European Arecent report from
Strategy Analytics based
Cell Phone Users on detailed interviews with
cellular users in six Euro-
to Abandon Fixed pean markets. Wirclecs
2000: European End-user
Market Dynamics, forecasts
that 40 percent of cellular
users in Western Europe ex-
pect to use their cellular
phones for all voice traffic in
the future. Only one third of those interviewed remained
convinced that they will still use fixed telephones. The report
also notes that cellular service pricing can contribute signifi-
cantly to this move. Pricing remains the most common com-
plaint of cellular users in the region and is responsible for 50
percent of subscriber churn.

The youth portion of the market is taking the lead in
depending solely on cellular phones. Almost 50 percent of
those in the 16-24 year age bracket are planning to aban-
don their fixed phone service while only one-third of users
over 45 have the same plans. The younger age group uses
short messaging services (SMS) and e-mail much more
heavily than the older segment, and are more comfortable
with the mobile phone for all forms of communications.
Pricing will ultimately determine how deeply the cellular
operators are able to convert users to cellular-only habits.
European cellular users are very willing to change ser-
vices in response to cost advantages. For additional infor-
mation, contact: Phil Kendall, Strategy Analytics, +44 0
1582 589813, fax: +44 0 1582 454828,

Telephone Service
b

a0



DBS to Reach new report from the
Yankee Group, Direct
25 Million  Broadcast Satellite: Growth
in New Directions, fore-
Subscribers by 2005 casts that, driven by the ad-
dition of local channels and

o o]

new services like Internet
access and interactive TV,
the Direct Broadcast Satel-
lite (DBS) subscriber count
in the US will grow to 25

million over the next five ye
The report notes that, lmmnmll\ DBS has been
strongest in rural areas without access to cable television and
among those seeking more movies, sports and improved pic-
ture and sound quality. Recent legislation permitting satellite
delivery of local stations has strengthened its ability to com-
pete with cable in urban and suburban markets. In addition,
new service offerings like high speed Internet access, satel-
lite receivers equippml with digital video recorders and In-
teractive TV will significantly contribute to its growth.
Among the reports findings, within households acquiring
DBS service during the first three months of this year, 70
percent have access to cable but only 17 percent subscribe to
cable. In that same group, only eight percent with local sta-
tion coverage by their satellite package also subscribe to ca-
ble. While satellite TV hardware prices have fallen from

54

requirements.
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$300 to 8150 this year, subscription prices have remained at
$40 per month. Customer satisfaction remains high with 79
percent of DBS subscribers recommending the service to
others. For additional information, contact: Kim Vranas, The
Yankee Group (617) 880-0214

$525 M Greater Nurtel Networks has re-

ceived contracts worth

China Wireless an estimated $525 M for

new wirel network

Contracts Awarded  },y;ild.out which is expected
to serve up to 17 million

subscribers in Greater Chi-
na, and will provide next
generation Wireless Inter-
net and data services.

The awards include $250
M for expansion of Chunghwa Telecom Taiwan-wide GSM
900/1800 MHz dual-band digital cellular network and $275
M in new networks and expansions by China Unicom in the
People’s Republic of China (PRC). More than 1900 new
GSM 90071800 MHz basestations will be installed in Taiwan
to support dual-band roaming and a General Packet Radio
Service (GPRS) software upgrade will support high speed
Wireless Internet services. The PRC work is concerned with
the implementation of GPRS infrastructure and software. B

netimes it just isn't pretty,

But with our filter performance, looks aren't important.

TRAK' TX/RX diplexers provide stable performance with minimum
loss under all combinations of temperature and power. Whether
supplied as a stand-alone filter or part of a combiner sub-system,
TRAKS diplexers are custom designed for high volume production
for major wireless standards including:

= DAMPS ol i 5
= PCS1900 ol |

= DC51800 ‘ \W {J \ |
= EGSM i\
= G3 0
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TRAKS 900 MHz diplexer has less than 1dB insertion loss and better than 20
dB return loss with up to 90 dB rejection at the diplexing junctions.
Maintaining an intermodulation of better than -105 dBm, while handling
200 Watts average power, these diplexers will satisfy your most demanding

s performance getting pretty ugly with your filter applications?
Call TRAK today. Let’s talk about solutions.

\We are experienced. rM
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‘ ARE YOU IN
{ - CONTROL OF YOUR
WIRELESS SYSTEM?

With all the
new technologies
for wireless connectivity
including de facto global standards like Bluetooth™" —
it's not hard to be left dangling. You need the latest
spectrum and modulation measurement capabilities to
stay ahead. So come to Advantest! For almost 50 yea
we have been designing breakthrough electronic
measuring equipment and semiconductor test systems
generation communications technologies. Our
spectrum analyzers are one example.
onfigured to measure virtually
any third-generation mobile telephony standa:
cdma2000 (3GPP2), W-CDMA (3GPP) — even
Bluetooth! And together with our partners Rohde &
chwarz in Europe and Tektronix in the US, we back
them up with total worldwide support. No matter
which way the wireless world goes, we can help

keep you in control.

o Analyzer

For almost any 3G mobile telephony format!

The R3 3 spectrum analyzers feature @ frequency span accuracy

within =1% in the Gl ange of
/Hz (5yp.) in the *n.u T T e deaiient i S At

il celphony format. The wigue mml
A,

cdm: \\Jm‘

PORATION +81- 0, o, http://wenwadvantest.cop/index-e html

Eirope: ROHDE & SCHVWARZ Engneering and Sales GmbH -+45-69-4129 1371, /v sd.de

Norih America: Tektronix, In. +1-8¢ 0, bt tekcom

The Bluetooth trademarks are owned by Telefonabeiebolages LM Ericson, Stveder Asia: Advantest (Singapore) Pte. Ltd. +65-274-3100, tmi@asp.advantest.cojp
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INDUSTRY NEWS

Frank Floyd Jr. died on October 16 after a long battle
with ALS. He was 62. He was the founder and manag-
er of the Massachusetts division of Standford Telecom
after spending 25 years working at MIT-Lincoln Lab-

oratories on the design and construction of communi-

cations satellites.

AROUND THE CIRCUIT

B Everett Charles Technologies (ECT), Pomona, CA,
has acquired Vitech Services B.V., Geleen, the Nether-
lands. The acquisition of Vitech will further augment
ECT's role as a global provider of PCB test services and
supply additional support to its worldwide customer base.
B REMEC Inc. has combined its Toronto-based
Nanowave operation with Ascentia, Dallas, TX, to form a
new advanced technology company that will design and
produne custom MMIGs, critical modules and integrated

for fiber-optic and broadband wireless
ions systems. REMEC owns a 75 percent

B 3M has entered into a definitive merger ag to
acquire Robinson Nugent Inc., New Albany, IN, for ap-
proximately $115 M, including the assumption of debt.
The merger is structured as a tax-free, stock-for-stock
transaction, in which each outstanding Robinson Nugent
common share will be exchanged for $19 of 3M common
stock, subject to certain caller provisions.

M New Focus Inc., a supplier of fiber-optic products for
next-generation optical networks under the Smart Optics
for Networks™ brand, has signed a definitive agreement
with JCA Technology Inc. under which New Focus will
acquire JCA in a transaction valued at $600 M. The merg-
er consideration is compnsed of $575 M of New Focus
common stock and $25 M in cash. The merger will be ac-
counted for as a purchase transaction and will result in
slgmh(am goodwill based on the underlying book value of
JCA’s assets.

¥ lllinois Superconductor Corp. (ISCO) has entered
into an agreement to acquire Lockheed Martin Canada’s
Adaptive Notch Filtering (ANF) business unit. The pur-
chase of the ANF business involves the acquisition by
Lockheed Martin Canada of 2.5 million shares of ISCO
common stock, and is subject to certain closing conditions.

B Heraeus Inc. is incorporating the former precious met-
als powders business activitics of PGP Industries into the
existing product line offered by its Circuit Materials Divi-
sion. The action follows upon the recent acquisition of se-
lected PGP assets by W.C. Heraeus GmbH & Co. KG. In
related news, the US-based Heraeus Inc., Circuit Materi-
als Division and the company’s PDF Group, Hanau, Ger-
many, have been awarded QS 9000 certification.

B TRAK Communications, a Tech-Sym company an-
nounced the acquisition of Tech-Sym Corp. by The Ver-
itas Capital Fund LP, a New York-based investment

ownership in the new company.

B EMS Wireless, a division of EMS Technologies Inc.,
is establishing operations in Brazil, to offer a complete
range of PCS/cellular basestation antenna products to the
fast-growing South American market. A wholly owned
subsidiary, EMS Wireless do Brasil, has been orgzuuzv(l
and is expede(l to begin manufacturing operations in Cu-
ritiba, Parana, Brazil in January of next year.

B Huber + Suhner Inc., Essex. VT, is investing $5 M in
construction and new equipment to expand its manufac-
turing facility by 43,000 square feet. The company has ex-
perienced tremendous growth in the past several years
necessitating the expansion.

B SEMX Corp.'s Materials Group has completed a fa-
cility expansion for its ceramic packaging operation, which
was acquired in April of this year by Polese Co., San
Diego, CA. The new Materials Group headquarters is
home to the ceramics division, which includes a modern
clean room and support facilities.

B Corning Frequency Control Inc., a division of Corn-
ing Inc., has begun construction on a 40,000 square foot
expansion of its operations facility in Mount Holly
Springs, PA. The expansion is scheduled for completion
carly next year.

B Ansoft Corp. has opened two Advanced Training
Centers and a new support office in Shanghai, China.
These new offices will a!ﬁ)w the company to increase the
number of highly trained engineers to develop next-gen-
eration RF, wireless and telecommunications products.

¥ Microwave Commumcahons Corp. (MCC) Valen-
cia, CA, has pleted ion and

with Springboard Capital LLC, Los Angeles, CA, and
London, UK. Part of this new partnership includes incor-
porating the new company ancF chang\ng, its name to Mi-
. Inc. It will continue to

firm. Sold at $30 per share, TRAK C ications is
now a privately held company, but remains the parent
management company to its four subsidiaries: TRAK Mi-
crowave Corp., TRAK Microwave Ltd. (TRAK Europe),
Tecom Industries Inc. and TRAK Ceramics Inc. (TCI).

EC ion Wireless Technologies Inc.. Lincoln, NE,
(formerly Centurion International Inc.) has acquired Xer-
tex Technologies Inc.. Broomfield, CO, in a merger
transaction. Xertex will operate as a division of Centurion
Wireless Technologies.

52

operate From its hmdquarters in Valencia.

B Tanner Research Inc. and MOSIS have formed a
strategic alliance that allows Tanner to offer quick-turn
and low cost IC design and fabrication services. Under
the partnership, Tanner has committed to provide design
tools, services and IP products to customers, while
MOSIS will provide prototyping and small volume pro-
duction services.

[Continued on page 51]
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AROUND THE CIRCUIT

B Micronetics Wireless Inc. has cntered into a strategic
joint venture with Hollis Electronics Co. to co-develop its
next g ion Wave3G C -ations Testing Platform.

B Analog Devices Inc. has signed an agreement with
Nortel Networks to mutually develop integrated optical
MEMS switching elements for Nortel’s high port-count
photonic cross connect switches.

B Nurlogic Design Inc. has signed an agreement with
IBM to offer high performance stand: rd cell and 1/0
components to customers of IB e, 0.25-micron
process technology. This te gy is an ideal solution
for building many of the essential chips used in wired and
wireless communications products.

L] Racal Instruments Inc., Irvine, CA, has formed a
iance with PX Instrument Technology Ltd.,
Bray, Ireland, for worldwide turnkey system integration of
PX Instrument Technology’s PXI bus-based products.
This agreement partners two members of the PXI Sy
tems Alliance.

ies Inc., Tell: t Ltd. and
Plessey have expanded their distribution agrecment to
have Windward distribute the Tellumat HighReach™
Narrow Band Microwave products and Plessey Spread
Spectrum products in the US.

Blocking Cap

iy

“As good as it gefs

B Motorola SPS and Atmel have signed a licensing
agreement that will enable the companies to provide a re-
liable supply of RF BiCMOS technology.

B TRW's new production line for indium phosphide (IP)
integrated circuits will include one of Temescal's latest
innovations in electron beam evaporation systems, the
model FCE-2700A. TRW's new facility is the world’s first
high volume InP production line.

B NEC Electronics Inc. and Luxxon Corp. have signed a
strategic alliance agreement to develop streaming multime-
dia solutions for wireless Internet devices. The solutions will
accelerate the development and adoption of wireless devices
and enable universal multimedia communication.

ilent Technologies Inc. and SynTest Technolo-
gies Inc. have signed a memorandum of understanding
(MOU) to provide chip design consulting services. Syn-
Test will initially work with Agilent customers as they de-
sign chips with multiple function blocks, which are capa
ble of being tested concurrently instead of sequentially,
resulting in a significant cost-of-test reduction.

S

B Alpha Industries is expanding its distribution relation-
ship with Insight Electronics to include Europe and
Asia. The partnership will allow Alpha to reach a greater
number of customers with enhanced efficiency and re-
sponsiveness. In related news, Alpha has been named to
Forbes magazine’s annual list of the 200 Best Small Com-
Alpha ranked 138th overall on the list,
which requires companies to exceed specific financial re-
quirements based on value and growth

[Continued on page 58]
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Frequency  Gain Gain Noise VSWR VSWR  Output Power Nom.
Mode! Range  (Min./Max.) Flainess ~ Figure Input Output @1 dB Comp. DC Power
Number (GHz) (0B)  («dB, Max) (dB. Max.) (Max) (Max.) (dBm.Min) (+15V, mA)
TEMPERATURE COMPENSATED AMPLIFIERS OPTIONS:
AFS3-01000200-15-TC-6 . 4 .0:
AFS2-02000400-15-TC-6 - X * CRYOGENIC
AF§3-02000400-15-TC-6 - 0:
AFS2-04000800-20-TC-2 0: * LIMITING
AFS3-04000800-18-TC-4 :
AF$2-02000800-40-TC-2 : ¢ VARIABLE
AFS3-02000800-30-TC-4 : GAIN
AFS2-08001200-30-TC-2 20
AFS3-08001200-22-TC-4 - v .0: ¢ LIMITER
AFS4-12001800-30-TC-8 : INPUT
AFS4-06001800-35-TC-6  6-18  22:26
AFS6-06001800-35-TC-8  6-18  30-34 o TTL
AFS4-02001800-45-TC-5  2-18  18-24 150 CONTROLLED
Note: All specifications guaranteed -54 to +85°C.
Many other frequencies, noise figures and gain windows are availabie.

* HIGH
DYNAMIC
RANGE

Frequency ~ Gain Gain Noise  VSWR VSWR Output Power  Nom.

Madel Range  (Min Max) Faness  Figwe  input Output @ 10B Comp. DC Power + EQUALIZED
Number (GHz)  (dB) (=08, Max.) (dB,Max) (Max) (Max) (dBm.Min) (+15V, mA) GAIN

HIGHER POWER AMPLIFIERS « BUILTIN TEST
AFS4-00050100-25-25P-6  0.5-2 5 :
AFS3-00100100-23-25P-6 1-1 : ¥ .
AFS3-00100200-2527P-6  .1-2 X 35{%%150
AFS3-00100300-25-23P-6 1-3
AFS3-00100400-26-20P-4 14 X
AFS4-00100600-25-20P-4 1-6 i X . * MILITARY
AFS4-00100800-28-20P-4 1-8 ! VERSIONS
AAFS4-00101200-40-20P-4 1-12
AFS4-00501800-60-20P-6 5-18 X . ¥ : 0 * SPACE
AFS5-00102000-60-18P-6 1-20 . . QUALIFIED
AFS3-01000200-20-27P-6 1-2 ?
AFS3-02000400-30-25P-6
AFS3-04000800-40-20P-4
AFS4-08001200-50-20P-4
AFS6-12001800-40-20P-6
AFS6-06001800-50-20P-6
AFS4-02001800-60-20P-6

“Noise figure degrades below 100 MHz. Please consult factory for details.
Note: Noise figures increase below 500 MHz in bands wider than .1-10 GHz.
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Frequency ~ Gain  Gain Noise ~ VSWR  VSWR  Output Power  Nom.
Wodel Range  (Min.) Flatess  Figure  Input  Output @ 1B Comp.  DC Power
‘Number (tB) ~ (=dB)  (dB Max) (Max) (Max) (dBm,Min) (+15V, mA)

MODERATE BAND AMPLIFIERS

AFS2-00700080-05-10P-4
AFS2-00800100-05-10P-4
AFS3-01200160-05-13P-6
AFS3-01400170-05-13P-6
AFS3-01500180-04-13P-6
AFS3-01500250-06-13P-6
AFS3-01700190-04:13P-6
AFS3-01800220-06- 13P-6
AFS3-02200230-04-13P-6
AFS3-02300270-05-13P-6
AFS3-02700290-05-13P-6
AFS3-02900310-05-13P-6
AFS3-03100350-06-10P-4
AFS4-03400420-06-13P-6
AFS3-04400510-07-5P-4
AFS3-04500480-07-5P-4
AFS3-05200600-07-5P-4
AFS3-05400590-07-5P-4
AFS3-05800670-07-5P-4
AFS3-07260775:06-5P-4
AFS3-07900840-07-5P4

© AF54-08500960-08-5P-4 -
AFS3-09001100-09-5P-4
AFS4:09001100-09-5P-4
AFS4-10951175-09-5P-4
AFS4-11701220-09-5P-4
AFS2-12201280-10-8P-4
AFS4-12201280-10-12P-4.
AFS4-12701330-13-10P-4.
AFS4-13201400-14-10P-4
AFS4:14001450-14-10P-4.
AFS4-20202120-20-8P-4
AFS4-21202400-22:10P-4

AFS3-00120025-09-10P-4
AFS3-00250050-08-10P-4
AFS3-00500100-05-10P-6
AFS3-01000200-05-10P-6
AFS3-01200240-05-10P-6
AFS3-02000400-06-10P-4

AFS3-08001200-09-10P-4.

AFS3:08001600-15-8P-4

AFS4-12002400-26+10P+4
&

AF
AFS4-18002650-28-8P-4

AFS1-00040200-12-10P-4
AFS3-00300140-08-10P-4
AFS2-00400350-12-10P-4
AFS3-00500200-08-15P-4
AFS3-01000400-09-10P-4
AFS3-02000800-09-10P-4
AFS$4:02001800-23-10P-4
*AFS4-06001800-22-10P-4
AFS4-08001800-22-10P-4

AFS3-00100100:
AFS3-00100200-10-151
AFS3-00100300-11-10P-4
AFS3-00100400-13-10P-4
AFS3-00100600-13-10P-4
AFS3-00100800-14-10P-4
AFS4-00101200-22:10P-4
AFS4-00101400-23-10P-4.
AFS4-00101800-25-10P-4
AFS4:00102000-30-10P-4 -
AFS4-00102650-40-8P4 © - -.1-26. 2.50

Note: Noise figure increases below 500 MHz in bands greater than 0.1-10 GHz.
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B REMEC has received an initial deployment order for
hub antennas for a wirel cess system from Lucent
Technologies. In related ne REMEC has been ac:
cepted as an “Adopter” member of the Broadband Wirc-
less Internet Forum (BWIF). The BWIF is a consortium
of companies that have joined together to establish and
promote an open broadband fixed wireless standard based
on Vector Orthogonal Frequency Division Multiplexing.

B The crew of NASA’s Space Shuttle Discovery will install a
EMS Technologies Inc. Ku-band communicz ations antenna
during its mission to the Interational Space Station. The an-
tenna is capable of automatically tracking NASA’s Tracking
and Data Relay Satellite System communication satellites
while transmitting at d. s up to 75 mbps.

B According to a new study by ElectroniCast Corp., the
global filter optic communication connector/mechanical
splice consumption is driven by a dramatic increa:
bandwidth demand beyond the limits of copper. The
sumption in 1999 was $716.5 M, and this value will in-
crease at an annual growth rate of 18.9 percent per year
over the next five years to $1.7 B in 2004.

B RF Industries Ltd., San Dicgo, CA, has been named
one of the 200 Best Small Companies by Forhes magazine

First in Line for.

Radio Monitoring, Radio Location

SIGINT, ELINT, DF, HFIVHF/UHF

B Advanced Power Technology has received the Boe-
ing International Space Station Exceptional Company
Performance Award. The award recognizes outstanding
performance by companies from across the US that pro-
vide the products and services to support the Internation-
al Space Station.

FINANCIAL NEWS

B STMicroelectronics Inc. reports sales of $2.04 B for
t)u third quarter, ended September 3
B for the same period last year. Net i

3 M (45¢/diluted share), compared to $135.3 M
diluted share) for the third quarter of 1999.

37.6 M for the hnl
M for the s
period last year. Net income was $12.66 M (34(/d|lun .l
share), compared to $4.55 M (14¢/diluted share) for the
first quarter of FY 2000.

B Cree Inc. reports record sales of

B Microwave Power Devices Inc. reports sales of
$13.008 M for the third quarter, ended September 30,
compared to $16.417 M for the same period last year. Net
income was $277 K (3¢/diluted share), compared to
$345 K (3¢/diluted share) for the third quarter of 1999,

B Superconductor Technologies Inc. reports sales of
$1.6 M for the third quarter, ended September 30, com-
pared to $659 K for the same period last year. Net loss
was $4.1 M (23¢/share), compared to $2.9 M (43¢/share)
for the third quarter of 1999,

[Continued on page 60]

Global Communication

TELECOM, PCS, GPS, PCN, DECT, WLAN, ORBCOMM, SINCGARS WHIPS

Visit Our Website: http:/www.ara-inc.com

Ask us about our Telescopic Masts and Positioners for your Antenna Systems

ARA

Antenna Research

For more information about our products, please contact us at 1-877-ARA-SALE
E-mail: sales@ara-inc.com ¢ Phone: 301 937-8888 * Fax: 301 937-2796
11317 Frederick Avenue, Beltsville, MD 20705 USA
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AROUND THE CIRCUIT

the technical information arm of the Institute of Electrical
Engincers in London, using the experience to gain a senior
position at a business-to-business publishing house where he
spent 13 years editing and developing various engineering ti-

B Merri hatstias Tnc i Micro:M :
Modules (MMFM) have closed a private phcement of
common shares and warrants for aggregate cash proceeds
of $4.6 M. The company issued to the investors 360,000
units at a price of $12.80 per unit, each unit consisting of
a share of common stock and a three-year, non-re-
deemable detachable warrant to purchase an additional
share of common stock exercisable at a price of $21.25.

B llinois Superconductor Corp. has received a $5 M
equity investment from Elliott Associate LP and another
institutional investment firm under common manage-
ment. This investment took the form of a common stock
purchase at $2.75 per share.

M Murata El ics North A i d
record sales for its Contract Electronics Manufacturing
(CEM) group. Formed in 1997, the group’s sales have
risen from $30 M a year to nearly 8175 M over the fiscal
year ending March 31, 2000

CONTRACTS

B M/A-COM SIGINT Products, Hunt Valley, MD, has
been awarded a contract by the Naval Surface Warfare
Center (NSWC), Virginia Beach, VA, to supply a large
quantity of collection microwave receivers over a five-year
period. Under the terms of the contract, SIGINT Prod-
ucts will supply an estimated 30 to 45 receivers per year
for use in the US Navy’s Cluster Spectator, Cluster Snoop
and Cluster Robin microwave collection systems. Finan-
cial terms of the contract were not disclosed.

B Gabriel, Scarborough, ME, was awarded a contract to
supply 1000 26 GHz subscriber antennas to Israeli
provider Floware Wireless Systems Ltd., Ychuda, Ts
This award is the first stage of a much larger contract.

B Gulfstream Aerospace Corp.. a wholly owned sub-
sidiary of General Dynamics, has selected EMS Tech-
nologies Inc., Atlanta, GA, to supply universal radomes
for its IV-SP aircraft. The radomes support both direct
broadeast television and satellite communications, and
will be installed for customers who elect those options. Fi-
nancial terms were not disclosed.

PERSONNEL

W Microwave Journal welcomes
Richard Mumford as European Fditor.
The creation of the new position ac-
knowledges the European microwave in-
dustry’s valuable contribution to the
global market and Richard will be dedi-
cated to reporting fully on the activity of
European manufacturers, research insti-
tutes, test houses and industry associa-
tions. He began his working career
as an electrical engineering technician
apprentice with the Ministry of Defense in England before
gaining a Bachelor of Engineering degree in Electrical and
Electronic Engineering at the University of Wales Institute
of Science and Technology (UWIST). Richard made the
transition from engineer to journalist when joining INSPEC,

60

A Richard Mumford

tles. As European Editor, Richard is keen to develop new
contacts and receive information on new products and ser-
vices, news items, and exhibitions and conferences relevant
to the European microwave market. He will be commission-
ing technical articles and looking to publish exclusive techni-
cal papers. If you can contribute in any of these areas then
please contact: Richard Mumford, Microwave Journal, Hori-
zon House Publications, 46 Gillingham Street, London
SWI1V 1HH, UK. Tel: +44 20 7596 8700; Fax: +44 20 7596
8739; Email: rmumford@mwjournal.com.

B Incep Technologies, San Diego,
CA, has named Jim Hjerpe Kaskade
president. Prev-
iously, Kaskade was
VP of marketing
and sales. In related
news, the company
named James E.
| Dietz VP of mar-
keting and sales.
Most  recently,
Dietz was director of product manage-
ment for Teradata Systems at NCR
Corp., San Diego, CA.

—
A Jim Hjerpe Kaskade

A Jim Dietz

B TRIMEGA Electronics LLC, turnkey provider of
process critical materials, systems and services for the
worldwide electronics industry, has appointed Robert M.
Nolan president.

B Paratek Microwave Inc. has appointed Peter Nohren
chief operating officer. Most recently, Nohren was VP of
broadband networks for Ericsson.

B The Andrew Corp. board of direc-
tors elected Charles R. Nicholas to
the board and appointed him vice
chairman. Nicholas was formerly exec-
utive VP, administration and finance,
as well as chief financial officer.

B East Coast Microwave Distributors
Inc. has promoted Betsey Ginz to VP
of sales. Previously, Ginz served as the
company’s top outside sales person.

¢ M IFR Systems Inc. has named Lynn
K. Giles VP of human resources. Giles
+ will serve on the
company’s senior
management team
and participate in
setting strategic di-
rection for the com-
pany, with responsi-
bility for leading all
global human re-
source and organizational develop-
ment activities. In related news, the
company appointed Deborah Stockman marketing com-

A Lynn K. Giles

A Deborah Stockman

[Continued on page 62]

MICROWAVE JOURNAL » DECEMBER 2000


mailto:nnumford@mvyjoumal.com

Burn out
or burn with passion?

CST. Cl THE STANDARDS
T 1 r €

617-576-58
4 £ ac oM DEANED SERVICE CARD


http://www.cst-america.com
mailto:orinfo@cst-america.com

AROUND THE CIRCUIT

cations manager. Stockman brings 16 years experi-

P
ence in marketing and marketing communications to the

r
company, and most recently was with Newer Technology

B MI Technologies has announced a
series of personnel appointments. John
C. Wilber has been appointed VP of
the Custom Systems business.
s responsible for the overall develop-
ment of the Custom Systems busin
and the day-to-day
management of
number of strategic |
programs for the §
company, which re-
quire the coordina-
tion and integration
| of numerous prod-
ucts, systems and
services, Syed Tariq
has been appointed
VP of applications engineering. Most
ntly, Tariq served as the VP of en-
gineering. Finally, Jeffrey A. Ford-
ham has been named VP of i
neering, Previously, Fordham was the
engineering project manager at the company.

Sy
A John C. Wilber

Tarig

B Int
ductor products for the communications, medical, indus-
trial and automotive markets, has appointed Jan Nilsson
VP, marketing. Previously, Nilsson served as director of
marketing for Vishay Intertechnology Inc.’s Siliconix pow-
er 1C and Telefunken infrared data communications busi-
ness units

ation Associates, a leading supplier of semicon-

M VertexRSI has named Roger L.
Wieting VP and gener: \I manager of its
Rockaway, NJ fa- =
cility. Wieting will
be responsible for
the overall direction
of the facility’s
Electronics Prod-
ucts business. Most
recently, Wieting £
served as VP and
general manager of the Vertex Control
System Division (VCSD). In related
news, the company mem .d Stephen A. Coffey man-
ice. Previously, Coffey served in a vari
roles Jt CommScope Inc.

A Stephen A, Coffey

M Excellon Automation has appointed Jim Morrison di-
rector of market research and business development.
Morrison brings 15 years of experience in manufacturing
solutions to the company.

We have the Speed yom }&%{i
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B TRAK Microwave Corp., a TRAK
Communications company, has named
Craig Oldaker di g i
rector of programs
for TRAK Micro-
wave subsystems
business. Previ
ly, Oldaker was
manager of con-
tracts and market-
ing with Metric Sys-
tems Corp., a sister subsidiary to
TRAK Microwave. In related news, the
company appointed David Alonzi sales and marketing
manager for the Timing product line. Alonzi will be re-
sponsible for the product sales, marketing and overall
growth of TRAK Timing products. Most recently, Alonzi
was national sales manager for Spectracom Corp.

A Craig Oldaker

A David Alonzi

B NEC electronics has named Yukio Kabeya general
manager of the company’s Automotive Strategic Business
unit, Dallas, TX. Kabeya transferred from the company’s
3rd System LSI division in Japan, where he was a senior
manager of the System LSI Operations unit.

B Lambda Electronics Inc. has appointed Jeffrey M.
Frank general manager. Previously, Frank was in a similar
position with Deltec Electronics.

B Taconic has promoted Suzanne Seymour to internal
sales manager of the Advanced Dielectric Division
(ADD). Previously, Seymour held various positions in
manufacturing, quality and technical sales within the
ADD business.

M Champion Technologies has named Cor van den
Heuvel European sales and marketing manager. Cor
blilq,,\ a background in the electronics industry to Cham-
pion, having held several product management positions
with ACAL Netherlands.

B ITT Industries, Cannon has named
Mark Page manager of cable assem-
blies. Page was business operations
and product marketing manager at
Thomas & Betts Corp.

B Micro Networks Corp. has appoint-
ed Timothy E. Flynn corporate con-
troller. Flynn will assume the responsi-
bility of cost accounting, budgeting and
financial reporting for the company.

REP APPOINTMENTS

B Universal Microwave Corp., Odessa, FL, has named
three firms to represent its products in the US. dBm
Technical Sales will cover New England. Youngewirth
& Olenick will cover Arizona and New Mexico, while Tri-
onic Associates will cover Long Island, Metro New York
and New Jersey.

A Mark Page

64

M SV Microwave® Inc., West Palm Beach, FL, and its
Commercial Products Group has appointed new repre-
sentatives and distributors to sell its microwave products
in the North American territories. Blackhart Sales Inc.
will cover Arizona, New Mesico, Clark County, Nevada
and El Paso County, Texas. CTC Sales Corp. will cover
Oregon, Washington and British Columbia and Micro
Sales will handle Ohio, Indiana, Ilinois, Kentucky, West
Virginia and Michigan. NGW Sales Inc. is the representa-
tive for Arkansas, Louisiana, Oklahoma and Texas, while
Wavelink Associates will cover Florida, Georgia, Alaba-
ma, Mississippi, Tennessee and South Carolina.

B Brush Wellman's Powder Metal Products group
has appointed several new manufacturing representatives
due to increased market demand for copper/tungsten heat
sinks in telecc ication and lectronic applica-
tions. The group has expanded its reprcscntatmu in the
US to include Scientific Devices, Flourtown, PA, M&S
Sales, Palatine, [, Dossett Industrial Sales, Burleson,
TX, Micro Marketing. Apopka, FL. O&S Sales, New
Bedford, MA, and Charles Reed Enterprises, Placentia,
CA. Additional sales support offices are located in Japan
and Europe.

NEW MARKET ENTRY

B Universal Microwave Corp. (UMC) designs and
manufactures high performance voltage controlled oscilla-
tors, ceramic il and synthesizers for the
wireless market. UMC is located at 2339 Destiny Way,
Odessa, FL 33556 (877) 375-9332, fax (727) 376-7271.

WEB SITES

H Texas Instruments Inc. (T1) has launched e-com-
merce capabilities on its Web site, www.tiris.com, offering

an easy, €0 ient way to purchase its radio
frequency identification products (RF! 1P) online. T1 is ini-
tially offering ten of its field-proven, low frequency RFID
products.

B BURLE INDUSTRIES INC. has launched an updated
International Web site, www.burle.com, that offers conve-
ient purchase of its most popular Power Tube and Chan-
neltron® products over the Internet. The site offers thou-
sands of pages of technical data, and contains an e-com-
merce system that allows products to be purchased in US
and Euro dollars.

B Berkeley Nucleonics Corp. (BNC) has launched ver-
sion 1.5 of its corporate Web site, www.berkeleynucleonics.
com. The BNC site now offers user-specific online training
seminars on nuclear spectroscopy systems, new product ap-
plication content and a fast-link to the customer service
department.

B Microjoin Inc. has launched its new Web site,
www.microjoin.com. The site is quick to load, features a
drop-down main menu bar, easy navigation, dynamic
graphics and animation. Visitors are self-guided through
photos and informational tables along three paths: appli-
cations, processes and products, to select the product or
technology that fits their needs.
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CNIT Paris la Défence from 16-18 January 2001

A E T0 FOR THE COMMUNICA"ONS MARKET

For the first time, two of the world’s leading technols gazi ications® and Mi e Journal, join to-

gether during RF & Hyper Europe 2001 to present a 1 industry conf covering three vital communica-

tion techniques: RF & Microwave Technology, Wireless Applltdhom .md Optlul Te(hnulog The conference sessions
I

are designed to provide engi charged with impl ing such te applications with the
most up-to-date industry information and analysis.
The conference tracks will cover:
RF & Microwave Technology as it applies to tel ications, commercial applications and military applications.
The track will focus on devices, subsystems and systems from the perspective of the design engineer.
Wireless Appli for ications techniques from antenna assemblies, base station architecture, microwave
links and wxrek‘ss broadband access up to 3G.

tical Te logies covering co such as t issil itching, IC comp 1y, wide area network and

long haul apphc‘muans and IP requm-mems

Conference Program Schedule

TUESDAY
Room 1 Room 1 R 2
0 Registration Microwave 2 Optical 1
o Pl High Power IC-like All Optical Networks —
Opeathg Henay Design Methods Defining and Partitioning

Overview of Driving Te le()lcmu Market Directions and
fireless and Optical
nnmmunnn« Industry

the Hardware and Software
Elements

I710-1800 Wircless 2 Microwave 3

The System Techmologies  Micro/Millimeter-wave
and Requirements from  Transceivers for Mass
GSM to 3G Migration Production

Close of Conference Tuesday

Wireless 1
Analysis of §
Teinies

iignal Processing

Coffee Break

WEDNESDAY
Tive Room 1 Room 2
. Lunch and Exhibition Floor Visit

Room 2

Optical 2 15:00-1545 Optical 4
evices Supporting  State-of-the-art in Optical ~ Optical Signal Processing  Bluetooth and How to Go
GPRS/UMTS and Devices and Transmission to the Bluetooth
Tmprovement of o Qualification
Linearity of TWT 16:15  Coffec Break Coffee Break
9:30-10:20  Wireless 4 Microwave 4 i 7
L i Elinas 05 Microwave 7 Wireless 7
MMIC-based Amplifiers for Mic e and Photonic High Frequsacy T Ao
mmunications — Applications of MEMs Packaging Techniques and Tmplications
d High Power
Silicon MMIC 17101500 Microwave 8 Optical 5
s Emerging Technology Theory and Techniques
3 ? poruRaveD for High Power (> 100 W) for Optical Networks
ances in Optical ront-cnd Architectures ~ Amplifiers
Switching and Cross : :
1800 Close of Conference Wednesday

Connects

11 30—1" 20 Wireless 5 Microwave 6
NZIF Architecturc [or Silicon/Germanium BiCMOS
GSM and Future Standard  Processes and Cirenit
and ED( Techniques for RFICs
Performa
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RF Connector, Cable Assembly and Resistiy
Products Division has over 49 years of pmVe,C]
high-quality performance. we design and
manufacture RF coaxial connectors, cable
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From custom designs to standard off-the-shelf
products, we can meet the most demanding
requirements of the aerospace, defense
electronics, satellite and wireless communication
markets. Call us at 561-840-1800.

Commercial Products Gron

Our C'ommercml Products Group specialize
in “high-volume, custom-designeq~ paﬁﬁivz
microwave components for the Wireless and
broadband markets. Our Competitively priced
products include mixers, 1Q modulators and
demodulators, directional couplers, power
splitters, phase shifters, attenuators, hybrids
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requirements. Call us at 727-541-5800.
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Room 2

10:30-13:30 ~ Closing Plenary Round Table

URSDA'
iTivie Room 1 Room 2 TimE Room 1
700-8:30  Registration
830-9:20  Optical 6 Wireless §
Optical Network Wireless LANs and System Optical
Monitoring, Restoration  Level Simulation for 13:30.
and Management Wireless Telephony
9:30-1020  Microwave 9 Wireless 9

Test and Measurement
for Microwave Systems

Monitoring and Testing
of Wireless Networks

What the Future Holds in Microwav. \\m-|ess and

for C

Close of Conference

Preliminary Technical Program

Opening Plenary
Tuesday, 16 January, 13:30-15:00
Overview of Driving Technologies, Market
Directions and Opportunities in Microwave,
Wireless and Optical Technologies
for the Communications Industry
Dr. Kai-Yeung (Sunny) Si
Chief Scientist, Raza Fuumlnev, Inc. (US)
‘The Rebuilding of the Global
“Telecommunication Infrastructure
The explosive growth of Intemet traffic in re-
of

Bertrand Clesca,
Product Manager, Optical Networking,
Alcatel Optics Group (France)
Benefits and Challenges of the Optical
Networking Layer

This presentation offers an overview of the
current sfatus o wavelengh diison unﬂuplmng
(WDM) transmission systems and
short-term evolution: an mtroduction u( upm.ﬂ
protection and the increase in the transport ca-
pacity. Bunpnn m move to wavelength ronting,

cent years has sparked the rapid
bmsdbnml communications m(mstmmm At

ts [or the optical lay-
o uduuml dmll( ngﬁw related to optical swit

the same time, of the

nication industry worldwide has crea led fierce
competition among new and existing carriers
that have been constantly looking for new ways
to cut costs and create more revenue. This in
turn has created a huge demand for new com-
munication technologies and network equip-
ment that provide tremendous bandwidth at low
cost and enable new applications and scrvices.
This presentation discusses emerging broad-
band technologies and architectures, including
optical networks based on DWDM, broadband
wireless technologies, and terabit switching fab-
ric with QoS guarantee.

Closing Plenary
Thursday, 18 January, 10:30~13:30
What the Future Holds in Microwave,
Wireless and Optical Technologies
for Communications Applications
Jim Crescenzi,
Principal Scientist, UltraRF (US)

Progress in microwave technology in sup-
port of wireless infrastructure has far surpassed
the predictions of most observers, and there is
no end in sight! New technology has been de-
veloped on a demand-pull basis, which is in
great contrast to the defense era of the 1980s.
The greatcst progress has been made in hand-
set technology. where transceiver functions
have become more cfficient, wider bandwidth,
lower cost and more integrated. The battle for
dominance in material technology between Si
SiGe and T11-V compounds (GaAs, pHEMTs,
ete.) will continue unabated, although it ap-
pears that SiGe has the momenturn in its favor.

This presentation discusses base station is-
sues and progress in component technology
and cost structures and their applications.
Professor Ke Wu, Ecole Polytechnic Montreal

68

and manage
et nt of optical cross- conmus are presented.

Microwave 1

techniques is reported with the relevant pro-
duction flow and time chart, manufacturing
cost and gross profit percentage.

Mare Rocchi, CTO, OMMIC

Millimetrewave and High Speed Optical
Interfacint Circuits ~ Which Technologies for
the Future? PHEMT, MIEEMT or InP?

Microwave 4
Wednesday, 17 January, 9:30-10.20
Microwave and Photonic Applications

Ms

Dr. Hector De Los Santos, Principal Scientist,
Microcosm Tenhnolaglex (Us)

and
b\‘lems (MEMS] Devmcs
for

Tussday, 16 Jamuary, 15
m

C ication Systems

The Syste
for Microwave Systems
J.P. Bardon & F. Vignaud, Temex
rowave 2
Tuesday, 16 January. 16:15-17:05

An overview of micromachined and micro-
clectromechanical systems (MEMS) devices
for use in microwave/wircless communication
systes is presum ed. A typical wireless com-
unications system front-end block diagranm is

for Portable RF/MW Power Amplifiers
John Sevic (US)

icrowave 3
Tuesday, 16 January, 17:10-18:00

g identifying the target-
ed for replacement by micromachined or
MEMS devices. These devices are described
focusing on the unique methods required for
successful design, and the miniaturization, cost
luction, increased performance and novel

for Mass Production
David Miller,
Director of Engineering, EESA (US)
Optimization of the Production Processes
Aimed at a More Profitable Business

cnabled by these devices. Among
the specific devices described are microma-
chined transmission lines, high Q inductors,
cavity resonators, thin film bulk acoustic res-
onators (FBAR) and microclectromechanical
varactors, low loss switches and high Q miero-

in the Module

This session describes the techniques
adopted in EESA Inc., which allows the mass
production of microwaye transceivers at very
competitive prices with good gross profit fig-
ures. The session describes the involvement of
engineering not just in the product develop-

I vibrating resonators.
rowave 5
Wednesday, 17 January, 10:30-11:20
RF Front-end Architectures
Thomas Miller, Dipl.-In
DaintlerChrysler Rmanh Ulm (Cermany)
1 I receiver

ment but also iu the design of the
ing processes to assemble and test the units. A
ption of the manufacturing software tools
dP\(lopt ed by engincering and used in produc-
tion to make the tuning and testing of the
modules automatic is discussed. The impact of
this approach on designiug more complex

and
xulw(\u re presented, including the d-rect
conversion and superl
up-down mixing con
sampling receivers. Each of these receiver
chitcctures will be discussed regarding their
suitability for bhigh dynamics, phase-truth,
log or digital mod schemes and the d

-

modules, the efficiency of the
processes and the finances of the company is
also reported. Finally, a couple of examples of
units designed and presently tested with these

sign of multimode/multistandard recciver ar-

nentals of the main er-
[Continted on page 70]

chitectures, The funda
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The Marketing Guy Said No.
The Test People Said No.
The Applications Engineer Said No.
The Designers Said Maybe.

But Shep Said Yes.

It doesn't always make sense to give customers move than they think they need. After all, if testing for
PCS and wireless happens right now at 0.8 to 1.9 GHz, it makes sense to do an amp that tests there. No unwanted
extras. No stress on anyone’s budget. At least that's what the experts say.

But here’s wisdom: things are changing so fast in the wireless world, there's little logic in manufacturing or buying
anything that meets only immediate needs. Only a brain donor would bank on an amp with a really
narrow band. A more righteous approach gives you room at the top— extra band you're gonna be glad you have
in the test room, where performance counts. And tomorrow, when the rules are rewritten.

Shep knows this. He knew it all along. That's why he insisted AR "S" Series amplifiers each offer
bandwidth from 0.8 to 4.2 GHz and power from 1 to 200 watts, in increments just right for your application. With
low harmonics. And other extras, like IEEE 488 and RS 232 interface for remote operation.

For frequency response to 40 GHz, ask about our other brainchild —"T" Series amplifiers
0.8 to 40 GHz, 15 to 2000 watts.

Don "Shep" Shepherd. Visionaire. President, Amplifier Research.

www.amplifiers.com/@ /mj-shep 150 9001
Certified

Copyight© 2000 Al Reeach.The range e ou AR podocts  Reg US. Pt & T OF

n - AMPLIFIER®
RESEARCH

o0 800-933.8181 for an applications cogineer The Force Behind The Field.

'~ Munich: 89-614-1710 * London: 01908-566556 * Paris: 1-64-61-63-29 ¢ Amsterdam: 31172423000
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CATIR S T P
ror sources such as the influence of phase
noisc, filtering, group delay variations in the
reception path and nonlinearitics will be
briefly explained. Since nearly every modern
receiver uses analog-to-digital conversion
somewhere in the reception path, the influ-
ence of faulty time and amplitude discretisa-
tion will be prescuted. Some important types
of analog-to-digitat-converters and their abili-
ties to sample baseband signals or TF signals
will be presented.

For RF- and 1F-sampling reccivers, digi
signal processing influences the desig
RI* hardware. Cost elfective digital parts mﬂ

lead to specific structures in the RF part.
These structures, as well as actual possibilities
in the digital signal processing, are presented
and discussed. The presentation closes with re-
alized cxamples of digital receivers for differ-
ent standards.

Dr. Heinrich Daembkes, President and CEO,
United Monolithic Semiconductors

(UMS) (France)

Broadband Wireless C ‘ommunication
Influence of Architectur
ckaging Concepts of mm-wave
Front-ends on Time-to-Market and Cost

WBI Wide Band Isolator

* Broad Bandwidth

* Low Insertion Loss

* Compact Size

« Cryogenic or Room
Temperature Applications

n:‘*‘éisitt‘&rf’

* |deal for Radioastronomy

« Space Qualifiable

» Manufactured Exclusively
by Millitech
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Broadband wireless radio links are today’s
best choice for connecting the users to very
broadband backbones as a result of cost and
time to use advantages. Emerging new systems
such as LMDS. MVDS and VSAT will find
their way to a volume market only if the cost
for the customer premises entity (CPE) is suf-
ficiently low. The REF-front-end today repre-
sents a major portion of the cost. By the use of
higher integration concepts (MFCS), zero tun-
ing architectures and low cost surface mount
packaging technologies the cost of RF-front-
ends will be reduced by a factor of more than
two versus today's status, An cxample will be
given using the UMS family of packaged
LMDS MMICs.

Microwave 6
Wednesday, 17 January, 11:30-12:20
Silicon/Germanium BiICMOS Processes
and Circuit Techniques for RFICs
Vida Ilderem, Motorola (US)
A Low Cost 90 GHz BICMOS
Technology for RE/IF Applications
Silicon germanitum (SiGe) technology is fast
becoming the technology of choice for various
wireless applications. SiGe offers the opportu-
nity for integrating a high performance HBT
with CMOS analog and digital functions on a
single chip along with all the necessary passives
for RF/LF applications.
This presentation reports on a 0.35 um
SiGe: C BICMOS designed for RF/IF applica
upports a suite of p
sives including seven resistors, 1.6 [F/ur
MIM cap, 4 fF/um? double poly capacitor, va
actors and electroplated copper inductors. The
advantages of carbon for the SiGe HBT will be
reviewed. A peak f/f,, of 48/90 GII7 is ob-
tained for this typical HBT device. This tech
nology provides excellent high performance at
low bias current for low power applications. A
40 GHz f,,,, at 20uA is obtained on the opti
mized minimum device. The high base doping,
with the low collector-base capaci
mar/ Tatio.

combine
tance, gives the

Microwave 7
Wednesday, 17 January, 16:15-17:05
Millimeter-wave Packaging

David Lynch, Design Engineer,
Farran Technology
Millimetre-wave MMIC Multi-chip Module
Design

The issues that face the designer of MMIC
multi-chip modules in the 18 to 100 GIz fre
quency range will be discussed. Modeling and
simlation will be considered in detail, includ
ing modeling of the estenal interface and indi-
viduial mm-wave module components and
modeling and simulation of the module as a
stand-alone unit. Other arcas that will be dis.
1 for test and design for x

Ka-band
down-converter unit based on MMICs \\yH be
used as an illustration.
Alain Michel, Application
Modeling the Parasitic Effects of Low Cost
Packages on High Frequency Integrated
Circuits with Ansoft EM Tools

Many high frequency circuit designers basc
their simulations on 50 Q terminations. The
parasitics associated with low cost packages can

ngineer, A

[Continued on page 72]




Now there are three things
you can absolutely count on.

) _ E—— ;
3 3 o \ncot Gore Microwave Test
“a“\“ - Assemblies...
A Sure Bet.

1 Gore offers a wide variety of cable assem-
, bly options to meet your test equipment and
{  network analyzer needs. For over 20 years
Gore has provided reliable and dependable
microwave test assemblies to the industry.

PHASEFLEX™ Assemblies
PHASEFLEX assemblies provide superior
phase and amplitude stability in a rugge-
dized, flexible package. Phase matched and
replaceable interface options are available in
configurations operating from DC to
26.5GHz. Off-the-shelf assemblies are
available on your doorstep within days for
standard configurations in 24", 36", and 48”
lengths.

NEXT GENERATION® Assemblies
Gore’s NEXT GENERATION vector
network analyzer cables are the industry
standard for precision test applications
through 65GHz. They provide superior
accuracy and repeatability for critical
test measurements. NEXT GEN-
ERATION assemblies ensure
superior phase and loss stability
in a crush-proof, torque
resistant housing, with an

, autolimiting bend radius.
Quick turnaround for
standard length assemblies,
25” and 38", is also
available.

1 (800) 445-GORE

in North America or

+49/9144-6010

in Europe
Visit our website at: www.gore.com

we

Croative Technologies
Worldwido
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make this simplification yield undesirable re-
sults. Ausoft’s products offer many ways of ana-
lyzing package effects on circuit performance.
providing designers an opportunity to compen-
sate for clectromag ects. This presenta-
tion describes the old measure and fit method
for package characterization and a new, more
powerful design methodology for synthesizing
circuits, rapidly simulating them, and fully ve
ving them accounting for all of the para
effects to prevent having to redes
eatial VGO circuit 1s designed and simulated
using this new methodology. By combining a
rigorous verification procedure that accounts
for all of the high frequency parasitic effects,

a/herley/company

you
drust...

General Microwave Corporation
425 Smith Street » Farmingdale, NY 11735-1106
TEL: 631-630-2000 * FAX: 631-630-2066
http://generalmicrowave.com

along with tools that accelerate the initial de-
process, high frequency circuit engincers
can successfully minimize their designs more
quickly and casily than ever before.

Microwave 8
Wednesday, 17 January, 17:10-18:00
Emerging Technology for High Power
(>100W) Amplifiers

Dr: Fred Myers, Manager,
RF and Foundry Div., Caswell Technology,
Marconi Caswell

High power, high cfliciency solid state am-
plifiers arc essential for the operation of many
systems. The existing devices (MESFETS,

2 CIRCIE 20 ON READER SFRVICE CARD

HEMTs and HBTs) have many parameters
that differ but are all essentially limited to
around 10W of power at 10GHz. It has been
known for some time that wide band-gap semi-
conductors will allow a quantum leap in power
capability. Compounds based on gallium ni-
tride (GaN) and silicon carbide (SiC) offer at
least an order of magnitude improvement.
Caswell Technology, UK, has been worl
for several years on wide band-gap semi
ductors. This work is supported by a number of
agencies (Company, UK MoD, European
Union and BNSC) and is addressing the range
of activities necessary to develop devices. In
conjunction with various European partnes
development efforts arc tinderway in material
growth, theoretical modeling, process technol-
ogy, circuit design and packaging.
The material base chosen for this work is
GaN. This material and its heterostructures is
less mature then SiC but offers theoretically
better performance. There is also a large effort
worldwide to mature the material base driven
by the optical requirements for short wave-
length lasers. It is expected that the microwave
applications will feed off this activity. This pre-
:vmmv‘nn offers an overview of the work at
Caswell in ¢ reas and mmp.\ns these ac-
vt rahs Wt skl el

Microwave 9
Thursday, 18 January, 9:30-10:20

Test and Measurement for Microwave Systems
Jin Bains, Agilent
An Improved Network Analyzer
for Measuring High Dynamic Range
(> 100 dB) Devices with Speed and Accuracy

The dynamic range of the network and analyz-
er is a critical parameter in a large variety of d
vice measurement situations. The various defir
tions of dynamic range are cxplained here. This

mum dynamic range. The use of mixers vs. sam-
plers is considered. Ways to reduce noise floor
are explained and compared in terms of their im-
pact on dynamic range and their effect on mea-
surement speed. Additionally, test st configura-
tions that maximize dynamic range are described.

John McManus, IFR
To be announced.

Wireless 1
Tuesday, 16 January, 15:00-15:45

Analysis of Signal Processing Techniques
Jean-Yves Moliner, Texas Instruments

Analysis of signal processing techniques
(Signal Processing Applications and technology
for wireless handsets and infrastructures) is
presented. A description of a wireless digital
cellular handset general block diagram and 2G
handsets baseband architecture is offered
along with typical DSP algorithms in 2G hand-
sets. 2G handset performance evolution and
2G-t0-3G evolution: mobile voice to mobile
multimedia processors evolution (performance,
power consumption) is presented. Multimedia
applications are described and the Open Mul-
timedia Applications Platform (OMAP) is dis-
cussed. In addition, supporting process tech-
nologies, wireless infrastructure solutions and
-t0-3G infrastructure evolution are present-
ed, and the presentation concludes with DSP
for wireless applications.

[Continued on page 75]
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More power equals

more freedom.

Introducing the SXT-289. A new
wideband GaAsHBT power ampl
Stanford Microdevices introduces the SXT-289 — the
perfect driver amplifier for today’s and tomorrow’s

advanced communication infrastructure equipment.

er.

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)

proc 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 SVDC supply and offers exceptional

technology. The:

linearity performance in a small form-factor plastic SOT-89
side ground

with ba
For more information on the SXT-289 or any of our
other products, visit our website today and experience
RF Innovation from Stanford Microdevices.

13 (4Bm) — P18 (@Bm) — 821 (08

1700 2500
Mz

Typical device performance. Bias =5V @ 110mA typ.

* STANFORD
MICRODEVICES

www.stanfordmicro.com « 800-764-6642

 Gopyrisht 2000 Stanford Microdevices, Stanford Microdevices is a regisered tradermack of

inford Miccodevices, Other trademarks ar the property of thelr respective holders. All rghts reserved



http://www.stanfbrdmicro.com

‘Want to know the secret of success in the land of Linux and Nokia? It’s APLAC. An industrial-strength

simulation technology that combines the functionality of Spice with the utility of an advanced RF simulator.

APLAC, and only APLAC, provides the accurate IC- and board-level models and precise methods to

analyze non-linear circuit behavior demanded by top RF and analog =

deeioiee ThebAIotn S esath i tohe comiplex destdrichnllenaee ahead: 7—-

3G, Bluetooth, and beyond. ﬂ
APLAC gives you something unique - the freedom to do things right. N

All you do is supply the three ingredients mentioned above. SO
To learn more about APLAC, why not download a student version

from our website w ‘HWRH com and contact us at APLAC Solutions.

APLAC Solutions Inc APLAC Solutions Corporation
320 Decker Dr, Suite 100, Trving, TX 75062 Tulkinkuja 3, FIN-02600 ESPOO, Finland
el. 2 tel. +358-9-540 450 00

www.aplac.com www.aplac.com  e-mail:

The Freedom To Do Things Right.
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Wireless 2
Tuesday, 16 January, 17:10-18:00
The System Technologies and Requirements
from GSM to 3G Migration

Jean Chistophe (J.C.) Nanan, Motorola
3G Creates New Requirements for BST
Power Amplifier

The third gencration of mobile phone stan-
dards will introduce more complex modulation
schemes to gain spectral efficiency and in
crease the data rate at the user interface. Some
considerations about the W-CDMA signal's
random nature and characterization (CCDF,
code domain...) will be discussed. Definiti r
system specifications and measurements.
the nced for lincar BST power amplifiers to
limit the distortion will also be presented

A new LDMOS family is introduced to ad-
dress this application. A nonlincar model is
used to simulate the LDMOS devices under
complex | conditions. Validation and char-
acterization, the influence of the Quicscent
current on intermodulation/ACE, pulse mea-
surements, CCDF measurements and signal
clipping influcnce will be shown. Different W-
CDMA line-ups: single carrier, dual carrier and
multi-carrier will be presented
Martin Hallerdt, Ericsson, France

The history of 3G standardization, new f

tures of mobile communications in the third
new

generation, UMTS system requircments
system requirements in UMTS netwoy
UMTS migration scenarios for GSM ne

ators will be presented.
Wireless 3
Wednesday, 17 January, 8:30-9:20
SAW Devices Supporting GPRS/UMTS
and Improvement of Linearity of TWT
Gerhard Fischerauer, Epcos
SAW Devices Supporting Advanced Handset
Technologies

Topics covered in this presentation include
progress in SAW component technalogy
(miniaturization, enhanced functionalities, in
tegration, packaging) and filters for advanced

(ululu phone systems (GPRS, CDMA,
UMT

Francia Pagen enil Coorpes Fulllon

Thomson Tubes

Wireless 4
Wednesday, 17 January, 9:30-10:20
MMIC-based Amplifiers

for Satellite Internet Services and Integrated

igh Power Silicon MMICs

Gordon Railton, Pascall Electronics
Topics covered in this prese
expansion in broadband service:
ternet and mobile commy
transpouders in the K and Ka bands; and di-
rect-to-home provision demands for consumer-
priced microwave network clements. MMIC-
based amplifier technology with innovative
multi-layer circuit techniques are required,

geared to low cost volume production, Tradi-
[ approach-
e performance and cost de-

mands at these higher frequencics. Transmis-
sion powers required are in the 1 to 10 W
range. However, the MMICs available are lim-
ited to approximately 1 W for linear applica-
tions. Gircuit power combining techniques are
ired. An P\umph of an 18 CHz 4 W com-
bined MMIC amplifier for point to point or
Satellite uplinks is presented, along with a dis-
cussion of RF line-up, circuit techniques and
thermal considerations. A bricf example of an
18 GHz VSAT transceiver used for Internet
services with L-Band IF input is described,
and other frequencies and trends are
discussed

Gerard Bouisse, Principal Staff Engincer,
Motorola Semiconducteur, Toulouse

This paper presents the different technical
aspects of fully integrated high power silicon
MMICs for wircless base stations in the 0.9
2.2 GHz arena. Motorola’s silicon MOSF]
LDMOS technology, and more specifically its
integrated version HVIC, is presented. The
technical challenges linked to high power sili-
con multi-stage power amplifiers are empha-

sized and solutions to these new problems are
proposed. The performance of two circuits, a
three-stage 30 W 900 MHz power amplifier
and a three-stage 10 W 1.8 GHz, using the
proposed solutions, demonstrate the design
concept

Wireless 5
Wednesday, 17 January, 11:30-12:20
NZIF Architecture for GSM and Future
Standard EDGE Radio Performance

Yvan Droinet, International Product
Marketing Manager, GSM RF Products,
Philips Semiconductors
NZIF: An Innovative Architecture for Highly
Integrated Multi-mode RF ICs

This presentation covers wireless multime-
dia applxun«m\ and RF technology roadmaps.
The NZIF architecture is deseribed and a
NZIF transceiver implementation is discussed.
An RF and PA product roadmap for wireless
applications is offered to pave the way to 3.
Heikki Heliste, Nokia
EDGE Radio Performance

8-PSK modulation, Incremental Redundan-
nk Adaptation, Radio Link and Network
nance (based on simulations|

Wireless 6
Wednesday, 17 January, 15:00-15:45
Bluetooth and How to Go
to the Bluetooth Qualification
Stefan Lof. Ericsson Microelectronics

What parts are necessary in a complete
Bluetooth implementation? A single or multi-
chip approach and the process technology to
achieve it. Cost and performance aspects of a
radio module vs. a discrete solution
Michel Binaud, Rohde and Schwar
Bluetooth Qualifications and Specifi
Qualification T, 11 and 1V are des
Specification Status IV is covered.

tions
ibed and

[Continued on page T7]

Dual Channel LMDS Synthesizer Delivers
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 de-

vice requires just a 50 MHz reference frequency and = 12 VDC. Features include a

phase noise spec of -82 dB¢/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 'C digital interface, Other options are available.

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

ITT Industries
Microwave Systems
Enginesred fo e

ITT Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 + 978-441-0200' wwwittmicrowave.com
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We're making your products
easier to find on the Web

rfcoaxialconnectors.com is an Identity Domain™ Satellite Site built
for TRU Connector Corporation. Our goal is
{0 help companies like TRU become known for
the products they manufacture. Built around
our collection of over 2,000 Wireless and
Telecom domain names, our Satellite Sites
offer an intuitive way for engineers to find
products. And to guarantee effectiveness, they
are registered with all major search engines,
launched in our engineering

network, and announced to the trade press.
Visit identitydomain.com to see how

Satellite Sites can make you the preeminent

dot com of your product categories.

ff’

iDentity
Domain

A Service of Strand Marketing, Inc.
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Wireless 7
Wednesday, 17 January, 16:15-17
Frequency Allocations and Implications
To be announced.

Wireless 8
Thursday, 18, January, 8:30-
Wireless LANs and System Level Simulation
for Wireless Telephony

Wynne Davies, Cordless Consultants

Users have waited a long time for a decent
wireless LAN. Although wireless LANs have
been around for ten years, they have all, in the
past and without exception, been high cost and
low performance. However, all that changed in
November 1999 when the IEEE in the US rat-
ified a new | rate standard for wireless
LANs. The industry is already planning the
next generation of higher speed wireless
In one case alone: HIPERLAN, a high perfor-
mance radio LAN that offers more than 20
Mbps, the standard was formally completed,
approved and ratified in 1997. Furthermore
there are other developments afoot offering
the potential to deliver 50 Mbps and above.
This paper will chart the developemnt of wire-
less LANS, from the carly days of high cost and
low performance products through to today’s
high performance and low cost solutions. De-
velopments within the Euroepan Telecommu-
nications Standards Institute in relation to
HIPERLAN 1 and HIPERLAN 2 will be con-
sidered, as well as the work of the TEEE with
regard to the 802.11 suite of wireless LAN
standards.
Heiki Rekonen,
Customer Service Director, Aplac
Using Circuit-level Simulation of RF
Components in Combination with System
Level Simulation in APLAC

The unique features of the APLAC RF Cir-
cuit Simulator’s programming language inter-
face are exploited. An amplifier is analyzed on
a circuit level, and a model of it is constructed
| simulation. This
cless telephony

AN,

and used in a system le
work is from the world of wi

but the principles can be applied o any cir-
cumstances

Wireless 9
Thursday, 18 January, 9:30-10:20
Monitoring and Testing of Wireless Networks
Guenther Klenner,
Strategic Marketing Manager,
Dave Adams, Product Specialist Air Interface
Test Systems, Acterna Wireless Network
Division (Germany)

The transition from test and measurement
to test and management. Test instruments are
described that are good for network deploy-
ment and maintenance on-site. Fixed test sys-
tems that can audit a wireless network like a
subscriber are discussed, and scalable test sys-
tems with fixed, mobile and
for the future are described
Benoit Deschamps, ANF

automous probes

Optical 1
Tuesday, 16 January, 16:15-17:05
All Optical Networks -
Defining and Partitioning the Hardware
and Software Elements

Paul Liesenberg, Director Strategic
Marketing, ZettaCom (US)
Optical Silicon

Some believe that the more optical net-
working advances, the more electronic switch-
fabrics and protocol processors are rc-
quired. This presentation analyzes the requirc-
ments that the t\"plodlv\: Internet and optical
layers put on the “intermediary” electronic
components. How price-performance, market
need and market acceptance come together,
and why silicon is required to offer services
with acceptable, deterministic QoS levels over
un all-optical transport infrastructure.
Doug Arent, Director of Stretegic Marketing,
Network Photonics (US)
Gigabit Level Services for the Metro Using
Wavelength-routed All Optical Networks

This presentation discusses the opportunity
for competitive data-oriented carriers to offer
flexible gigabit level services built around third
generation metro DWDM networks. This ses-
sion shows the evolution of DWDM transport
from “dumb” point-to-point systems to “intelli-
gent” wavelength-routed systems offering high
band
sioni
all-optical engineering challenges commonly
posed are highlighted

lwidth, service flexibility, dynamic provi-
g and reconfiguration. Solutions to the.

ical 2
Wednesday, 17 January, 8:30-9:20
State-of-the-Art in Optical Devices

Gary Bjorklund, CTO,

Nanovation Technologies (US)

Smaller, more reliable and lower cost opti-
cal components are nccessary for dense wave-
length division multiplexed (DWDM) optical
fiber communication to be fully deployed on
the metro scale. Integrated optics technology is
emerging as a strong contender for supplying
such improved optical components. Using the
silica-on-silicon materials system, integrated
optical circuits that combine taps, splitters,
wavelength mux/demuxers and switches can be
fabricated on a single chip. Switches based on
hybrid MEMS/silica technology have consider-
able promise in terms of latching capability,
power consumption, high contrast and wide
optical bandwidth. Although switching speeds
are limited to the millisecond time scale, excit-
ing components such as single chip optical
add/drop wultiplexers can be envisioned. Us-
ing the InP materials system, sub-nanosecond
switching speeds can be achicved and active
optical devices such as lasers, amplifiers and
photodetectors can be included. Challenges for
the practical implementation of silica-on-sili-
con and InP-based integrated optical compo-
nents are discussed
Dr. Adrian Janssen, Chief Technologist,
Nortel Networks HPOC (UK)

In the last few years optical networks have
been developing in response to ever-growing

Modular DDS Concept Cuts Delivery Time on
High Performance Wideband Synthesizers

If you're looking for a synthesizer with super fast switching, high tuning resolution,
and ultra high spectral purity, but can't wait — call ITT. Direct Digital Synthesis concepts

have been combined with microwave mix/divide circuits to achieve the most ad-

vanced performance available. Best of all, these synthesizers are built from generic

modules which can be interchanged quickly without readjustment. Designs are

available up to 20 GHz with several fixed frequency

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

ITT Industries
Microwave Systems
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demands in transmission density. This is likely
to continue in the foreseeable future with the
accompanying evolution of npuml devices to
provide appropriate functionality. The ability to
achieve a high degree of network flexibility,

and sufficient optical precision to enable very
high data m\nsmission into the terabit regime
is dependent on the evolution of a number of
new technologies. Optical device solutions,
which allow data to be routed by wavelength

songht. This presentation will give some per-
spective into the role of these 1 and

components in quantities necessary to build
their DWDM systems.

The manufacturing of discrete components
for the DWDM industry has been reasonably
successful to date. However, the requirement
for higher specilications (such as increased
number of wavelengths and lower insertion
losses), larger volumes of these building blocks
and increased integration of functionali
tate the need for new vohime manufacturing
techniques to be employed.

This prssen(dhuu fuunes on the usc of planar
to develop devices

paint towards possibilities for future devices.

A number of strategics are being .:dupml to
reduce costs of manufacture as the network
pands closer to the end user, The advances in
precision manufacturing using automation and
the possibilities for integration and hybridiza-
tion will be discussed.

Optical 3
Wednesday, 17 January, 10:30-11:20
dvances in Optical Switching
and Cross Connects
Dr. Vivek Tandon, Business Development
Director, Kymata (UK)

As the demand for bandwidth, fueled by the
Internet, continues unabated, so the numbers
of DWDM optical networking companies sup-
posedly offering unique solutions to contend
with this growth continue to expand. One ur
the main chall for these

such as array waveguide grating, variable optical
attenuators and thermo-optic switches. It will
compare the advantages of AWG' with that off
traditional thin film filters and fiber Bragg grat-
ings. In addition, the different planar manufic-
turing techniques including flame hydrolysis de-
position and plasma-enhanced chemical vapor
deposition, and their relative advantages and dis-
advantages, are exained. The use of silca-on-
silicon versus silicon-on-silicon is also discussed.
Finally, the presentation explores the ability of
developing a host of other vital DWDM compo-
nents including variable optical attenuators and
thermo-optic switches.

Dr. Narda Ben-Horin, Business Development
Manager, Lynx Photonics (Israel)

Smart Photonic Switching for Tntelligent
Optical Network

where and how to obtain the opto- elmmxm
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tical technology is the
only solution for next generation nnlimited
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bandwidth Intemet-oriented carricr networks.
However, where most long-haul communica-
tions transport is today conducted optically,
most of the switching-routing is electronic,
thus requiring optical-to-electrical switching
and then electrical-to-optical signal conversion
each time it has to be routed. This has become
a major bottleneck in unlcashing the full po-
tential of DWDM enabled optical networks.
Multiple technologies are being adopted to
develop optical switches, which will be capable of
switching the optical signal without OEO conver-
sion. Probably the most reliable method is based
on integrated optics that is already widely de-
‘ployed for other types of optical de
With the maturity of integrated optics tech-
nology, smart photonic switch modules are now
being developed which take integrated optics
to the next generation. These devices intro-
duce novel features in multiple levels of the
switch module and enable unique functionali-
ty’s that are mandatory for cost-cflective, effi-
cicnt optical networks. Manufacturing of these
devies is straightforward using cstablished
1

commu manufacturers with large mlmne ¢

pacif

Optical 4
Wednesday, 17 January, 15:00-15:45

Optical Signal Processing and Transmission
Steven Borley, Senior Photonics Engineer,
Marconi Caswell (UK)
‘Tuneable Laser — a Key Enabling Technology
for Advanced Optical Networks

This presentation offers a state-of-the-art
review examining current and future tuncable
laser devices, and characterization and control
issues associated with the semiconductor tune-
able lascr are discussed. How the ay
widely tuncable lasers affect the w
networks are designed s examined, and the
likely deployment of widely tuneable lasers
within access, LAN and trunk networks is eval-
uated.
Jung-Chih (J.C.) Chaio, Product Line
Manager, Chorum Technologies (US)
Optical Signal Processors

To increase the network management and
control flexibility in the next generation WDM
optical networks, optical signal processors are
essential to dynamically condition and regulate
the WDM signals passing through cross con-
nects or add/drop multiplexers. In the long
haul, metro or access networks, optical signal
processors, including optical switches, attenua-
tors, power equalizers and dispersion compen-
sators, are used to manage the photons in or-
der to match the system requirements. Iu this

ion, several different

and devices for optical signal processing will be
discussed.

(o] 15
Wednesday, 17 January, 17:10--8:00
Theory and Techniques for Optical Networks
Dr. Jerry Bautista, Vice President Technology
and CTO, Wavesplitter Technologies (US)

A review of current state-of-the-art optical
devices based on planar lightwave circuits
{PLC) and advanced fused fiber technology is
offered. Planar lightwave circuits allow com-
plex optical functions for high channel count
DWDM systems to be integrated on a silicon

[Continued on page 80]
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platiorm. This platform allows for device flexi-
bility without the typical increased manufac-
turing or development costs. Advanced fused
fiber technology is critical for next generation
aptical amplifiers including Raman amplifiers,
as well as dense interleaver products. Both of
these applications are critical for enabling to-
morrow’s DWDM systems where higher bit
rates and narrower channel spacing provide
the required bandwidth. The range of devices
that can be made from PLC and [used-fiber
platform technologies include array wave-
guides, switches and optical add/drop multi-
plexers, dispersion compensators, high power
pump combiners and channel interleavers.

Transmission Limitations Due to Optical
Fiber Degradations

These degradations may be better under-
stood and therefore managed if we examine
the nature of these degradations and their cor-
responding effects. This presentation examines
two major sources of optical degradations: po-
larization mode dispersion and chromatic dis-
persion. These effects and methods to manage
them in order to achieve high speed, high qual-
ity transmission are discussed.

Optical 6
Thursday, 18 January, 8:30-9:20

Tan Clark, Senior Systems Engineer,
CIENA Europe (UK)

This presentation covers transparent trans-
mission of ATM, TP and fractional gigabit Eth-
emet, and transmission distances from urban
rings (metro) to long haul (2500 kin+). Optical

rms for tomorrow’s data rates (40 Gbits)
are described, and optical services delivered
from CIENA's Optical Services Platform
CoreDirector are presented. Product families
to fit all needs, managed under a services um-
brella are discussed, along with optical dial-
tone, bandwidth on demand from automated
IP routers, as well as network management

Optical Network Monitoring, from Web browser technologies.
Henry Yaffe, CTO, Yafo Networks (US) ion and Jean-Francois Rousselet, Daussault DA
o8 o .
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TECHNICAL FEATURE

BEHAVIORAL MODELING
OoF HiGH POWER
AMPLIFIERS BASED

ON MEASURED TWO-TONE

TRANSFER CHARACTERISTICS

Multi-stage high power amplifiers generally have a large memory effect and high
nonlinearity. The usual AM-AM and AM-PM measurement data cannot describe

the large distortion characteristics in the presence of the system’s large memory.
A more accurate amplifier behavioral modeling method based on two-tone
transfer characteristics is presented and the measurement setup for these
characteristics is described. The measured data are modeled using the
conventional AM-AM and AM-PM model to fit the measured amplitudes and.
phases of the fundamental, third-order intermodulation (IM3) and fifth-order
intermodulation (IM5) components. This is a quasi-memoryless model. However,
it provides a better description of memory effects and an accurate presentation of
highly nonlinear characteristics than the same quasi-memoryless model based on

the single-tone transfer characteristics.

performance of power amplifiers using a
mple behavioral or mathematical model
Class A power amplifiers have normally been
treated with the assumption of a memoryless
(representation of AM-AM characteristics
only) or quasi-memoryless (complex represen-
tation of both AM-AM and AM-PM character-
istics) system.!-6 However, accurate character-
ization and modeling of very high power am-
plifiers with an output power of over a few
hundred watts are very difficult because of
their high nonlinearity and large memory ef-
fects. The single-tone transfer characteristics
(measured AM-AM and AM-PM characteris-
tics) cannot properly describe the nonlinearity

It is very useful to simulate the system level

of these high power amplifiers because they
have no memory information. However, the
two-tone nonlinear transfer characteristics in-
cluding the amplitude and phase responses of
the fundamental, TM3 and IM5 components
contain the highly nonlinear properties and

[Continued on page 92]
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are representative of the amplifier’s
large memory. Hence, the behavioral
model based on two-tone transfer
characteristics can reasonably predict
the integrated average distortion for
non-constant envelope signals (for ex-
ample, n/4 QPSK and 16 QAM sig-
nals). For most high power ampli-
fiers, the behavioral model based on
single-tone transfer characteristics
cannot even accurately predict the
simple response of the amplitudes of
the IM3 and IM5 in the two-tone
test. W. Bosch, et al., reported on a
case where a predistortion linearized
amplifier with improved AM-AM and
AM-PM characteristics did not pro-
vide any enhancement over two-tone
intermodulation nonlineari
fore, a more accurate behavioral
model based on two-tone characteri-
zation with phase information would
be a better choice for modeling of
multi-stage high power amplificrs
This article presents an accurate
measurement and modeling tech-
nique for determining the two-tone
transfer characteristics of high power
amplifiers. For the measurements,
the amplifier output is down-convert-
ed to an intermediate frequency and
the relative phase is measured by
comparison with a reference signal.
The relative phases of the harmonic
terms of a very low frequency ampli-
re 0° or 180° A low power GaAs
FET amplifier at 750 kH is
for the reference intermodula-
tion (IM) generator. The measured
two-tone data have been fitted to the
conventional model of AM-AM and
AM-PM distortion characteristics. A
500 W class AB multi-stage power
amplifier is used for measurement
and modeling. The measurement set-

Fig. 1 Conventional IM3 characteristics vs.
tone spacing for a two-tone input case in the
presence of a large memory effect. W

M3 (dBm)

1

10 100 1k 1ok
AF (2-F1) (iiz)

100k

B TECHNICAL FEATURE

up and sequence are described and
the measured and modeled results
are also shown.

WHY TWO-TONE
CHARACTERIZATION?

The output signal having a memo-
1y effect is determined by both the
real time input signal and the previ-
ous input signals, and it causes a dras-
tic variation of the nonlinear behavior
of power amplifiers. The effects of
nonlinear behavior due to memory
effect are an asymmetric IM spectra
between lower (2f1-f2 for IM3) and
upper (2£2-f1 for IM3) components
and IMD characteristic variation for
different tone spacings (Af). The
asymmetry of the IMD spectra is not
discussed in this article because it can
be avoided by proper stage matching
(to avoid multiple reflection) and
well-designed bias circuits (low fre-
quency harmonic termination — re-
sistive or short).

The IMD variation for different
tone spacings due to large-time-con-
stant memory effects is mainly caused
by the thermal time constants of the
high power amplifiers.”.S Generally,
IM3 variation characteristics for vari-
ous tone spacings are shown in Fig-
ure 1, based on the results of Lu, et
al.8 From the graph, IM3 drastically
decreases and settles down as the
tone spacing (Af) is increased. Hence,
the single tone characteristics, which
can be treated as asymptotically zero
tone spacing, cannot represent the
average distortion of a high power
ampli%icr with a large memory. On
the other hand, the two-tone charac-
teristics with proper tone spacing
(750 kHz in this experiment) better
represent the nonlinear behavior of
power amplifiers. Therefore, the be-
havioral model based on properly
measured two-tone transfer charac-
teristics will predict the integrated
adjacent channel emission character-
istics of the high power amplifier
when it is Apphed to the modulated
signals (for example, WCDMA,
CDMA-2000).

MEASUREMENT
OF THE TWO-TONE
TRANSFER CHARACTERISTICS

A four-stage amplifier is built for
Korea’s wireless local loop (WLL)
[Continued on page 94]
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Class AB high power amplifier module for measurement and modeling.

[specTRUM
ANALYZER

A~
DELAY LINE

A Fig. 3 Measurement setup for two-tone transfer characteristics.

band of 2.37 to 2.40 GHz. Its final
stage consists of four balanced 130 W
LDMOS FETs (Motorola’s MRF-
21120 RF LDMOS F CItis a

push-pull-type configuration with
class AB operation. The other three
stages are arranged to drive the final
stage amplifier. The peak output
power at the 1 dB gain compression

overall gain is
tional average output power i
for a WCDMA signal with a chip rate
of 8.192 Mcps. Figure 2 shows a
line-up diagram of the main amplifier
used for measurement and modeling.

he measurement setup is shown
in Figure 3. This setup requires a
two-tone signal generator, a vector
network analyzer, a two-input power
meter and two spectrum analyzers.
The reference IM generator is Agi-
lent’s ATF21186 low power MESFET

9%

and operates at a center frequency of

750 kHz. At this low frequency the
memory effect of the device can be ig-
nored because its nonlinear capaci-
tances are nearly open-circuites CF
the propagation delay is negligi
Hence, the device has no AM-PM
characteristics and its fundamental,
IM3 and IM5 components show no
phase variations with input power lev-
el changes. This characteristic is veri-
fied with-two-tone harmonic balance
simulation using the large signal mod-
el of the device. Figure 4 shows the
results of this simulation. The phases
of the fundamental, IM3 and TM5 sig-
nals are constant throughout input
power level changes up to the 1dB
gain compression point. The funda-
mental and TM5 signals have equal
phase and IM3 is 180° out of phase
because the third-order volterra series
coefficient (gm3) has a negative sign.

42 3834 30 26 -22

Pin (dBm)

-18

A Fig. 4 Simulated relative phases

of fundamental, IM3 and IMS of reference
IM generator vs. two-tone input power level
at 750 kHz center frequency.

The two-tone input signal, which
has a tone spacing of 100 kHz, is
tapped to the reference path. The
tone spacing is carefully chosen to
consider the transient response of
IMD with tone spacing in the two-
tone signal and the integrated adja-
cent channel power (ACP) con-
tributed by different delta- -frequen-
cies in the CDMA signal. The main
path signal passes through the step
attenuator for input power level con-
trol, and is then coupled to power
meter A for monitoring the input
power. The main amplifier output
signal is attenuated and coupled to
power meter B for monitoring the
output power and to the spectrum
analyzer for relative power measure-
ments of IM3 and IM5. The vector
modulator, which consists of a vari-
able attenuator and variable phase
shifter, is used to adjust the ampli-
tude and phase of the fundamental,
IM3 or IM5 components of the out-
put signal in order to cancel the cor-
responding reference signal compo-
nent at the adder.
he output signal and the
reference signal are down-converted
to appro\unat ly 750 kHz. The down-
converted reference signal is ampli-
fied by the reference IM generator
and the reference IM terms are gen-
erated. The output and reference ¢ sig-
nals are canceled using an analog
adder circuit. This low frequency part
may well be shielded to block out en-
vironmental noise. The vector net-
work analyzer measures the required
phase variation of the vector modula-
tor for the cancellation by reading the
phase o i
switch connects and disconnects the
loop without breaking calibration.

[Continued on page 96]
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INMTIALIZE

VNA TO 50 0
1. TWO-TONE INPUT —> ON

1. SWITCH —> MAIN PATH TO VECTOR MODULATOR,

3. INPUT STEP ATTENUATOR —> i

READ

1. MAGNITUDE OF EACH SPECTRAL COMPONENT
FROM SPECTRUM ANALYZER
2. INPUT, OUTPUT AVERAGE POWER FROM POWER METER

ADJUST VECTOR MODULATOR TO CANCEL IM3, IM5
OR FUNDAMENTAL COMPONENTS

1. TWO-TONE INPUT —> OFF

VECTOR MODULATOR

2. SWITCH —> MAIN PATH TO 50 0, VNA TO

B

READ PHASE OF 5, FROM VNA

NO

2. TWO-TONE INPUT — ON

1. SWITCH —> MAIN PATH TO VECTOR MODULATOR, VNA TO 50

3. INPUT STEP ATTENUATOR —> i -1

STOP AND CALCULATE MEASURED DATA t -

A Fig. 5 Measurement sequence flow chart.

The complete flow of the mea-
surement sequence is shown in Fig-
ure 5. For initialization, the vector
network analyzer port 1 is connected
to a 50 Q load and the main path is
connected to the vector modulator by
amechanical RF switch, the two-tone
input is on and the input step attenu-
ator is set to an appropriate starting
power level. The input and output
powers are read from the power me-
ter and the relative amplitudes of the
fundamental, IM3 and IM5 signals
are acquired from the spectrum ana-
lyzer. Next, the vector modulator is
adjusted to cancel the fundamental,
IM3 or IM5 components. After the
adjustment has been completed, the
two-tone input is turned off at the
signal generator and the RF switch
changes the connection of vector net-
work analyzer port 1 to the vector
modulator and the main path to a 50
Q load in order to measure the rela-
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tive phase variation of the vector
modulator. After reading the phase of
Sy from the vector network analyzer,
the RF switch connects the main
path to the vector modulator, the
two-tone input is switched on, and
the input step attenuator is set to in-
crease the input power leve

This sequence is repeated for the
fundamental, IM3 and IM5 phase
measurement until the output power
of the main amplifier is saturated.
The measured data provide the rela-
tive phase variations of the funda-
mental, IM3 and TM5 components of
the main amplifier. The reference
IM3 phase offset of 180° is de-em-
bedded from the measured relative
phase of IM3.

BEHAVIORAL MODELING USING

AM-AM AND AM-PM FUNCTIONS
The measured two-tone character-

istics are fitted to the general quadra-

ture AM-AM and AM-PM nonlinear-
ity model. The nonlinear transfer
function of the power amplifier is for-
mulated as

Voul(t) =
Alviy(®)] * explj * @lvi, (O]} (1)
where
vi(t) = input envelope signal
of power amplifier
Vout(t)= output envelope signal

of power amplifier

In this experiment, the AM-AM
distortion function is modeled using a
modified sine series from the work of
A. Leke and J.S. Kenney> and the
AM-PM distortion function is a ratio-
nal polynomial. AM-AM and AM-PM
functions used in this experiment are

represented as
A= va)+ Y, a
n=1,2,3.

esinf(2n-1)eev, ()] @)
v, (1)]=

2

T+cq o,

by ev, (1)

+e 0w, (1)

12

3)

where

= input scaling factor

AM-AM expansion
parameters

= AM-PM expansion
parameters

t
S
ay
by, ¢pand ¢,

To extract the model parameters, all
of the AM-AM and AM-PM coeffi-
cients are optimized to fit the mea-
sured amplitudes and phases of the
fundamental, IM3 and IM5 simulta-
neously throughout the input power
level range. As the nonlinearity and
memory effect of the amplifier in-
crease, more amplitude and phase
modulation coefficients are required
to fit the measured data. Twenty-sev-
en parameters are used to represent
amplitude modulation and 16-para-
meters, including ¢, and ¢;, to repre-
sent phase modulation of the class
AB 500 W high power amplifier.

The rather large number of para-
meters used in this experiment is es-
sential for accurately predicting the
substantial nonlinearity of the multi-
stage class AB high power amplifier.
Tt may require more parameters to fit

[Continued on page 101]
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the rapidly changing data than that
based on single-tone transfer charac-
teristics. It means that the single
tone-based model cannot provide an
accurate description of the highly
nonlinear characteristics and the re-
sults may be very sensitive to the
measurements, model functions and
function parameters. The model pa-
rameters are optimized in Agilent’s
Advanced Design System (ADS) us-
ing the symbolic defined device
(SDD) function

MODELING RESULTS

Figure 6 shows the spectra of the
output before and after cancellation
by the vector modulator at an average
output power of 50 dBm for funda-
mental and IM3 cancellation. To
measure the relative phases, more
than 30 dB cancellation has been
achieved for the fundamental compo-
nents. A 30 dB cancellation provides
approximately a £1.8° phase error
range, if the amplitudes of the two
branches are perfectly matched
However, for IM3 and IM5, the can-
cellation cannot reach as high as 30
dB at a low input power level due to
the noise floor level of the spectrum
analyzer. In the case of 15 dB cancel-
lation, for example, the relative phase
error range is increased to more than
£10° if the amplitudes of the main

BEFORE CANCELLATION
AFTER CANCELLATION

S e ) bt
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A Fig. 6 Measured spectra of amplifier
output before and after cancellation;

(a) fundamental cancellation

and (b) IM3 cancellation
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path and reference path are perfectly
matched. But the relative phase error
¢ can be drastically reduced (to
5°) when the amplitude mismatch
between the two branches is about
1.7 dB and a 15 dB cancellation is
maintained. To obtain highly accurate
measurement data of the relative
phases of fundamental, IM3 and IM5
components, a proper amplitude mis-
match condition should be applied

raj

Figure 7 shows the measured and
modeled amplitude and phase char-
acteristics of the high power amplifier
under test. The two-tone average out-
put powers of the fundamental, IM3
and IMS5 signals are plotted in Figure
7(a). The measured and modeled rel-
ative phases are plotted in Figure
7(b). The first measurement point of
fundamental is set to zero phase and
the others are calculated to have rela-
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tive values. As the power level ap-
proaches the saturation point, the
phases of IM3 and IM5 vary greatly.
The measured and modeled two-tone
characteristics are in agreement

To verify this model, the measured
and modeled adjacent channel power
ratios (ACPR) of a WCD
are compared. To accurate
the ACPR of the high power ampli-
fiers, an exact modeling of the ampli-
tudes and phases of the fundamental,

IM3 and IM5 components is in-
evitably required. A WCDMA signal
with a chip rate of 8.192 Mcps and
average output power of 45 W is used
for the verification. The measured
data are compared with the simulated
data in the WCDMA co-simulation
setup of the ADS using data flow and
envelope simulations simultaneously.
As shown in Figure 8, the measured
and modeled ACPRs have a very sim-
ilar trend.
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CONCLUSION

A new, accurate method for mea-
suring and modeling two-tone trans-
fer characteristics has been presented
to take into account the memory ef-
fect of high power amplifiers. For
phase measurement, a reference IM
generator at a very low frequency was
used. The two-tone lmrmunu bala
simulation shows the a
relative phase of the reter nce IM
generator. The complete measure-
ment setup and sequence have been
described. For the experiment, a
multi-stage high power amplifier with
500 W peak envelope power and 44.5
dB gain was employed. The relative

~— FUNDAMENTAL, MODELED
* » FUNDAMENTAL, MEASURED
— IM3, MODELED

¥V IM3, MEASURED

— IM5, MODELED

# # M5, MEASURED

388888

Poue (dBm)
2o

L
b
X3

&

Pia (dBm)

Pin (dBm)
A Fig. 7 Measured and modeled two-tone

transfer characteristics of high power
amplifier; (a) amplitude and (b) phase.

MODELED — MEASURED
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e

g 16 Vi
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G
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8 2315 2385 2.395
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A Fig. § Measured and modeled WCDMA
responses with a chip rate of 8.192 Mcps
and average output of 45 W.

[Continued on page 104]
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phases of fundamental, IM3 and IM5
components were measured. The
measured data of IM3 and IM5 are
very smooth and continuous, and vary
greatly as the power level approaches
the saturation output power.

These measured two-tone ampli-
tudes and phases have been modeled.
The model accurately represents high
nonlinearities and rapid phase varia-
tions of a high power class AB amplifi-
er. A WCDMA measurement and sim-
ulation have been conducted for veri-
fication. The measured and modeled
ACPRs are in agreement. This nonlin-
ear behavioral model of a high power
amplifier is very useful for the design
of various pred.lstomun linearizers and
for the simulation of the amplifier sys
tems incorporating various digital and
analog control circuits.

References

1. K.G. Gard, ILM. Gutierrez and M.B
Steer, “Characterization of Spectral Re-
growth in Microwave Amplifiers Based on
the Nonlinear Transformation of a Com-
plex Gaussian Process,” IEEE Transactions
on Microwate Theory and Techniques, Vol.
47, No. 7, July 1999, pp. 1059-1069.

2

>

H.M. Gutierrez, K.G. Gard and M.B.
Steer, “Spectral Regrowth in Microwave
Aupplifiers Using Transfomiation of Signal
Statistics,” IEEE MTT- International Mi-
(rﬂuuu Symposium Digest, June 1999,
p. 985

% Wu, H. Xiao and F. Li, “Linear Rl
Power Amplifier Design for CDMA Sig:
nals: A Spectrum Analysis Approach,” Mi-
crowave Journal, Vol. 41, No. 12, Decem-
ber 1998, pp. 2240,

C.J. Clark, G. Chrisikos, M.S. Muha, A.A
Moulthrop and C.P. Silva, “Time-domain
Envelope Measurement Technique
Application to Wideband Power Amplifier
Modeling,” IEEE Transactions on Mi-
crowate Theory and Techniques, Vol

No. 12, December 1998, pp. 2531-2540.

A. Leke and J.S. Kenny, “Behavioral Mod-
eling of Narrowband Microwave Power
Amplifiers with Applications in Simulating
Spectral Regrowth,” [EEE MTT-S Interna-
tional Microwave Symposium Digest.,
1996, pp. 1385-1385.

S. Chen, W. Panton and K. Gilmore, “Ef-
fects of Nonlinear Distortion on CDMA
Communication Systems,” IEEE Transac-
tions on Microwave Theory and Tech-
niques, Vol. 44, No. 12, December 1996,
pp. 2743-2750.

W. Bosch and G. Gatti, “Measurcment and
Simulation of Memory Iiffects in Predist
tion Linearizers,” IEEE. Transat /wn) 08 Mi-
crowave Theory and Techniqu 37,
No. 12, December 1989, pp. 1¢

S

GBBL SLC CAPACITORS

© Maximum Values in Small Chip Sizes
* Temperature Stable (x15% -55 to +125°C)

® Thin Film Terminations

* [Available with or without Borders |

® Free Samples Available

931 Via Alondra
Camarillo, CA 93012
Tel (805) 389 1166 Fax 1821

uw%nmiﬂmm

104 CIRCLE 51 ON READER SERVICE CARD

8. K. Lu, PM. Mclntosh, C.M. Snowden and
RD. Pollard, “Low-frequency Dispersion

IEEE MTT-S International Microwave
Sympositim Digest, 199, pp. 1373-1376.

Yo ng
received his BS degree
in electronic
engineering from Han-
Yang University and is
currently working
toward his PhD degree
at Pohang University of
Science and
Technology, Korea. His
research inlerests
include linearization
techniques and behavioral modeling of the high
potwer amplifiers, large signal modeling of the
microwave devices and RFIC design

Jaehyok Yi received
his MS degree in
electronic and dlectrical
engineering from

Pohang Unicersity of
Science and
Technology, Korea in
1999, Currently, he is
in a PhD course in the
department of
electronic and electrical
engineering, His
research interests include the design of high
power amplifiers and linearization of potwer
amplifiers

Joongjin Nam
‘receied his BS degree
in electronic
engineering from
Kwangicoon
Unicersity, Koreain
1995. He received his
MS degree in electronic
and élecirical
engineering from
Pohang University of

Tu’nu)]ug_/ Korea in 2000,
working toward his PhD. Nas
interests include large signal device modeling
and high power amplifier circuit design

Bumman Kim
received his PhD
degree in electrical
engineering from

previous experiences
include being a
member of t
technical staff at GTE
Labs Inc. and a senior

‘ 1 member of the
technical staff at Central Research Labs at
Texas Instruments. Since 1989, Kim has been a
professor of electronic and electrical
engineering at Pohang University of Science
and Technology. His research interests include
RF power amplifiers, RF and mm-wage IC
design and BT fabrication.

MICROWAVE JOURNAL ® DECEMBER 2000



COMPONENTS & ASSEMBLIES ¢ HIGH-RELIABILITY PROGRAMS & SysTEmS ¢ CusTomM ProDUCTS * SATCOM TECHNOLOGY CENTER

LEGENDARY

MILLIMETER-WAVE TECHNOLOGY & SOLUTIONS

Ata time when the communications revolution

is catapulting new technologies and players

into the arena at alarming rates, it's good to
know that you have Millitech to count on.
Our millimeterwave technologies are proven
and seasoned, but our focus is on the applica-
tions of the future. Count on us for the stability

that only a legend can provide.

millitech’

Perfection:

-

There is no substitute.
' www.millitech.com

CIRCLE 71 ON READER SERVICE CARD




106

TECHNICAL FEATURE

3D FEM anD EM
SIMULATIONS FOR DRFs

Three-dimensional (3D) fullwave analysis of a microwave dielectric resonator
filter (DRF) in a rectangular metallic enclosure is presented. By using a 3D
finite-element method (FEM) to perform numerical simulations, parameters and
predictions that are difficult to measure but actually affect the performance of a
microwave DRF can be accurately determined. In the process, a significant
phenomenon was uncovered. The numerical results are in agreement with the

expen'menml measurements.

ue to its desirable properties such as
D small size, low cost and good tempera-

ture stability, a DR not only acts as a
thuencv determination element but also of-
fers high stability.!:2 Analysis methods of the
inner clectromagnetic properties of applied
DR devices such as the perfect magnetic con-
ducting wall method,? the moment method
based on the surface integral techniques*3
and general mode matching approaches®.7
have been studied. Although the E-field and
H-field attributes inside a microwave DRF
are hard to observe, an accurate analysis of the
overall inhomogeneous structure is ine:
required for practical design and appli
considerations.

With the advancement of computer hard-
ware and software, numerical tecl]:niqucs en-
able us to perform more rigorous and compli-
cated analysis on 3D structures. Two- and
three-dimensional finite-element methods ap-
plied for microwave DRF simulation have
been previously reported 59 In those articles,
DRFs coupled by coaxial probes were numeri-
cally simulated in the TMg;5 mode with a
cylindrical DR placed along the central axis.
In addition, a 3D FEM simulation of a DR
coupled to microstrip lines in a DRF was
studied by Chuang, et al.1° for various dielec-
tric constants.

This article deals with excitation in the
TE;5 mode, the highest Q value among all
resonant modes of a cylindrical DR coupled to
microstrip lines. The “Ansoft* 3D FEM CAD
tool of the high frequency structure simulator
(HFSS) was used to compute the 3D struc-
ture of the DRF.

DRF DESIGN AND FABRICATION
PROCEDURES
The coupling coefficient between DRs and
the external coupling Q factor of a resonator
to a microstrip line have been clearly de-
scribed by Sun, et al. 2 The design and fabrica-
tion procedures of a DRF are briefly de-
scribed as follows: First, the size of metal cavi-
ty and DRs are chosen from bandpass filter
(BPF) specification requirements; next, the
theoretical external Q and coupling coeffi-
[Contintied on page 108]
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& Fig. 1 The top view of a DRF
in a metallic cavity.

A Tig. 2 FEM with 15292 meshes
of i rlm nm- structure.

cients of the desired BPF are deter-
mined, along with the external Q val-
ues and coupling coefficients (g
finally, the DRF is assembled in"the
metallic cavity.

The top view of the DRF, shown in
Figure 1, indicates two DRs coupled
to two ctr‘ught microstrip lines in a
rectangular metallic enclosure. The
parameters of the designed DRF are
listed in Table 1. Element values of
the designed DRF are g, = 1.0000, g;
= 1.0378, g, = 0.6745 and g3 = 1.5386
with coupling parameters of Q. ;, =

58.38, kyp = 0.02125 and Q yy =

58.38.2 where Qi1 Qg oy and kyy are
the external Q factors at the input and
output ports and the coupling coeffi-
cient between two DRs, respectively.

DRF 3D FEM SIMULATIONS

Generally speaking, it is required
to divide the structure into triangular
two-dimensional (2D) or tetrahedron
(3D) subdomains for EM analy:
FEM was applied to solve Maswells
equations of the 3D-structured DRF.
The FEM tool of Ansoft HFSS for
3D-structure computation was car-
ried out on an HP-9000/735 with a
PA-RISC7100 CPU and a 99 Mz
clock rate. Figure 2 shows the FEM
with 15292 meshes that models the
DRF 3D structure. Figure 3 shows
the E-field distribution parallel to the
X-Y plane of the DRF with two
straight microstrip couple lines. It is
clear to see that the E-field distribu-
tion is not symmetrically centered on
the circular plate of the DR di-
electrics. Its simulated S; and Sy, re-
sults are shown in Figure 4, which
indicates the broaden area of rejec-
tion slope on the sideband.
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ig. 3 E-field distribution of DR
with two DRs coupled to two straight
microstrip lines.
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A Fig. 5 Structure of DRF
with the coupled microstrip in an arc shape.

A Fig. 6 Current distribution on surfuce
of the substrate.

A Fig. 7 E-field round symmetrical
distribution of the DRF with the coupled
microstrip configuration.

After altering its coupling configu-
ration as shown in Figure 5, the fil-
ter’s performance is greatly improved.
Current distribution on the substrate
surface of the DRF is shown in Fig-
ure 6, and Figure 7 illustrates the E-
field distribution as being almost a
symmetrical circle enclosed around
the center of DR ceramics. This ef-
fective phenomena of the E-field and
1-field distribution indicates that a
coupled microstrip line with its arc
shaped open-end induces a better
symmetrical E-field distribution than
just a straight microstrip couple line.
It improves the performance of the
DRF by allowing most of the E-field
energy to be symmetrically stored in
the high Q dielectric resonator. Fig-
ure 8 shows the H-field vector distri-
bution seen from a cutaway surface

A Fig. 8 H-field vector distribution
of the arc-shaped microstrip of the DRE.

— 511 MAG — 5,1 MAG, SIMULATED
— 521 MAG, MEASURED
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A\ Fig. 9 Comparison between
the measured and simulated results
of the DRE.

parallel to y-axis of the DRF. It obvi-
ously demonstrates that the magnetic
field vector distribution is the H-field
coupling of the TEg;5 mode that op-
erates like a magnetic dipole mode
with magnetic coupling in between.
Figure 9 shows the simulated data
which is better than the previous per-
formance and in agreement with the
measured results.

CONCLUSION

This article has presented a 3D full-
wave analysis of a microwave DRF in a
rectangular metallic enclosure. By us-
ing 3D FEM for numerical simula-
tions, the device’s field and current dis-
tribution can be visualized in a physical
structure to abet the design process.
The EM analysis permits accurate pa-
rameters and predictions to be deter-
mined that are difficult to measure and
important for a microwave DRF de-
signer to understand. The article also
investigated the 3D electromagnetic
and current distributions of the de-
signed DRF with different couple con-
figurations. It was discovered that the

[Continued on page 112]
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o
Small Blus for performance of the DRF is improved by altering the mi-

L crostrip coupling structure to an arc shape. The E-field dis-
l an e tribution is mostly a symmetrical circle shape around the
center of the DR. Obviously, most of the E-field energy is

stored in the high Q dielectric resonator in this way. The nu-

Y.
merical results of the microstrip DRF are in agreement with
experimental performance. M
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MEASUREMENT OF
MODULATED SCATTERING
PARAMETERS USING
MODULATED VECTOR
NETWORK ANALYSIS

new architecture for RF and microwave
Ameasurrmom has recently been intro-

duced. The first instrument based on
this architecture is called the modulated vec-
tor network analyzer (MVNA™). The MVNA
shares some similarities with traditional vector
network analyzers (VNA), which use sinu-
soidal stimuli to measure scattering parame-
ters. The MVNA also has the ability to mea-
sure S-parameters, but can do so using modu-
lated waveforms.

The concept of modulated S-parameters is
new to the test and measurement world. The
traditional VNA could not use real world sig-
nals, that is stimulus matching the end use of
the device under test. Because of this draw-
back there has been some confusion about
what modulated S-parameters mean. This arti-

cle introduces the concept of
b,  modulated S-parameters. How-

Sun

ever, before discussing them, it
is best to start with traditional
(sinusoidal) S-parameters.

s SINUSOIDAL VECTOR
NETWORK ANALYSIS
Figure 1 shows the four S-

2, parameters for a two port de-
vice. The S-parameters are

transfer functions which generally have differ-
ent complex values at different frequencies.
These functions of frequency describe how
the device modifies input waveforms (a; and
ay) and produces output waveforms (b; and
o).

Mathematically, the four S-parameters are
defined as

20

Sit T
“2la, =0

3 b,

Sg1 = =4
420, =0

Thus, Sy, is the ratio of b; to a; when ay is
zero, and similarly for the other S-parameters.

In order to account for the non-ideal prop-
erties of the measurement instrument and
various cables and fixtures connecting the in-
strument to the device, a model accounting

[Continued on page 116]
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A Fig. 3 The process of measuring and computing modulated

and sinusoidal S-parameters.

for these errors is introduced. Figure
2 shows a six-term forward error
model for a VNA. The reverse error
model is similar, but with slightly dif-
ferent names for the error terms. In
this model the measured waveforms
have an M subscript, while the actual
waveforms at the device have an A
subscript. The S-parameters of the
device are also denoted with an A
subscript to distinguish them from
the measured S-parameters. The
terms beginning with an E are the er-
ror terms, which are used to model
the non-ideal properties.

Through a process called calibra-

termined. The various terms in the er-
ror model are assumed not to vary over
time or power level. They are assumed
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to model a system, which is linear. If
the instrument, cables or fixtures are
nonlincar then the error model will not
be a good representation.

Figure 3 shows the flow of mea-
suring and computing S-parameters.
The arrows represent physical or
mathematical operations while the
boxes represent results.

The VNA applies a sinusoid of a
known frequency at point a;y;. Mea-
surements are made at points by and
byyg. Measurements made in this man-
ner are called forward measurements.
A sinusoid of the same frequency is
then applied at point a5y and mea-
surements made at by and bay.
Measurements made in this manner
are called reverse measurements.

These forward and reverse mea-
surements are then combined mathe-

matically in a process called ratioing
to produce measured S-parameters
(for example, Sy;yp).

The effects of the various error
terms in the six-term forward error
model can then be removed by a
process called vector error correc-
tion. The results of vector error cor-
rection are the actual S-parameters of
the device (for example, S;7).

Once the S-parameters have been
determined for one frequency, the
frequency can be changed and the
measurement and mathematical
process repeated. The end result of a
VNA measurement of a two port de-
vice is the four S-parameters with the
effects of the instrument and connec-
tions removed. These four transfer
functions are complex functions of
frequency.

MODULATED VECTOR
NETWORK ANALYSIS

An MVNA operates similarly to a
VNA in that it applies a stimulus at
point apy in the forward error mode
However, in this case the stimulus i
not a sinusoid of a single frequency.
but rather a modulated waveform
with a continuum of energy spread
around a carrier frequency. In order
to produce this modulated signal, the
sinusoidal source of the VNA is re-
placed by a modulated source. In the
case of the MVNA, the source most
frequently used is a synthesized RF
signal generator with the I/Q modula-
tor driven by two high speed arbitrary
waveform generators; however, any
modulated or unmodulated RF signal
can be applied.

On the measurement side, wide-
band receivers replace the narrow-
band receivers of a VNA. Each receiv-
er in the MVNA is a high speed tran-
sient digitizer with 15 MHz of usable
bandwidth. Where the VNA must
move from frequency to frequency
making measurements at cach, the
MVNA can capture up to 15 Mz of
frequency content at a time.

Thus, modulated S-parameters are
computed very similarly to sinusoidal
S-parameters. The primary differ-
ence being the MVNA’s ability to
compute S-parameters at multiple
frequencies based on a single acquisi-
tion rather than rej l)mm\e stepped
frequency measurements.

[Continued on page 118]
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BN AppLICATION NOTE

THE USEFULNESS
OF MODULATED S-PARAMETERS

The ability to measure S-parame-
ters under modulated stimuli can be
quite valuable, particularly for de-
vices that behave differently under si-
nusoidal or modulated stimuli. Am-
plifiers operating near their compres-
sion point are a particularly good
Appli( ation of the MVNA because the
gain Sy and input match Sy, can be
functions of the excitation type. One
classic problem is to tune the input
match and gain of an amplifier using
a sinusoidal VNA, and then use the
device to amplify a modulated signal.
The careful tuning of the input
nhmlnuﬂ duomphshed using the si-
S alidated because the
match is different when using the
modulated signal. By contrast, the
MVNA allows tuning of the input
match and gain of the amplifier using
the waveform of interest.

For devices with signal character-
istics varying with power or time, the
MVNA offers a clean means of deter-
mining the S-parameters using the

i mhuv%,.m i

waveform of interest. Devices which
do not benefit from measurements
on an MVNA are passive devices or
devices operating linearly. Thus, ca-
bles, connectors, filters and attenua-
tors do not exhibit different S-para-
meters when measured with sinu-
soids or modulated waveforms. This
fact is somewhat comforting, actually,
for it shows that modulated S-para-
meters are the same as sinusoidal S-
parameters in cases where the excita-
tion source should not matter.

CONCLUSION

The ability to measure S-parame-
ters under modulated stimuli can be
quite valuable in analyzing the behav-
ior of active devices, particularly
those for which high linearity is a de-
sirable performance characteristic.
The MVNA allows accurate measure-
ment of device characteristics under
real world signal conditions. That is,
the test stimulus matches the intend-
ed use of the device. The process of
calculating modulated S-parameters
is similar to the traditional method

except for the data acquisition receiv-
er bandwidth, B
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INSERTION LOSS (dB)

1 AS196-307 insertion
loss and isolation vs.

frequency. W

tors, phase shifters and other GaAs and

silicon devices are shrinking dramatically
as suppliers are challenged to develop new
process and packaging techniques. Customers
are demanding that new devices operate with
a higher degree of linearity and maintain per-
formance at low battery voltages, while still
driving integration up and costs down.

Alpha Industries is responding to these mar-
ket demands.
GaAs ICs and silicon discretes used in current
wireless, broadband and third-generation (3G)
designs, the company is integrating multiple
functions into components that cost less and
take up less space on a PCB. For example, the
new 25 mm? model AA107-310 digital attenua-
tor replaces two separate components previous-
ly requiring over 100 mm? of board space. This

represents a four-to-one reduc-
tion in real estate.

Switc]\es, attenuators, directional detec-

I ]

This article describes some of

——{Jm J|Jz .
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combining the company’s core
competencies in circuit design,
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velopment to demonstrate the

a leading manufacturer of
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company’s ability to provide the technology
needed to support the next generation of wire-
less and broadband applications.

BASE STATION INNOVATIONS
RF GaAs IC Switches

Significant package size reduction has been
achieved on many RF GaAs IC switches. The
model AS196-. 307

high isolation GaAs SPDT

coder (shown in thn photo above) is packaged
in a 4 x 4 mm leadless plastic chip carrier
(LPCC-16) exposed-pad package. Very high
isolation is achieved by soldering the exposed
paddle directly to the PCB ground. Lead in-
ductance is reduced from 2 nH (1 nH/lead) to
approximately 0.4 nH (0.2 nH/lead).

The AS196-307 7 requires only a positive sup-
ply voltage (Vi = 3 to 5 V) and one CMOS-
compatible control line (Ve =0 to 3/5 V). A
logic 0 is equal to 0 to 0.5 V while a logic 1 is
equal to 3.5 to 5 V with V. Insertion
loss is approximately 1 dB, I/O SWR < 1.4 and
isolation 55 dB up to 2 GHz, 40 dB at 4 GHz
and 30 dB at 6 GHz, as shown in Figure 1

[Continued on page 12

ALPIA INDUSTRIES INC.
Woburn, MA

MICROWAVE 101

NROTAMRER 23000



/H\*"

Nn::l::dlfgr Fr?]el‘l’-lezl)lcy (ll'mmﬁi‘, (dBc/HSzSg;?l!)\;JkHz) 00 1200 an'a‘::ncyzl:o;ngem 2800 |
PLL0930A 900-960 0.75° -130 . GSM
© 5ol PLLIZ60A | 1230-1290 0.75° 128 : l Terrestrial Radio
PLL1456A | 1420-1490 0.75° -125 l Wireless Local Loop
| PLL2710A | 2670-2740 K25 -117 MMDS/LMDS I
Your Next PLL Only A Phone Call Away!

e noise perforﬁinnea Take a lo loa
. WLL and LMDW k

tﬁme t‘%he Suu éé-i

F , 5 Learn more about Z-COMM’s product 3
= Z~C0mmumcatl(}ns, Inc. line by visiting our website: Www.zcomm.com
for datasheets, outline drawings, fape & reel
specifications and application notes as well as
our complete product catalog.

9939 Via Pasar » San Diego, CA 92126 » TEL: (858) 621-2700 * Fax: (858) 621-2722 * www.zcomm.com * sales@zcomm.com

PR E 189 A BEARED CEMACE FADR


http://www.zcomm.com
http://www.zeomtn.com
mailto:sales@zeomtn.com

W COVER FEATURE

These characteristics make the
AS196-307 switch ideal for applica-
tions requiring high isolation such as
in 2G, 3G, base station LO switching,
U-NII time division duplex trans-
ceivers and WLL radios.

Digital Attenuators

New packaging is also reducing
the size of voltage variable digital at-
tenuators. For example, a silicon
ASIC serial-to-parallel converter has

been integrated with a GaAs attenua-
tor IC in a single micro lead frame 5
x 5 x 1 mm exposed-pad package
(MLF-32). Figure 2 shows the atten-
uator’s pinonut diagram. The model
AA107-310 attenuator takes up just
25 mm? on a PCB. Older designs re-
quired two separate packages taking
up over 100 mm?.

The AA107-310 attenuator is a 5-
bit device with 0.5 dB steps to 15.5
dB total attenuation with low inser-

127 A ek i et e R

tion loss and high bit accuracy, as
shown in Figure 3. It is designed for
use as a gain control element in the
IF sections (< 500 MHz) of base sta-
tion radios and is to be used with a
reverse path amplifier in broadband
systems. Insertion loss is 1 dB, bit ac-
s < $0.3 dB and SWRis < 1.4
below 500 MHz.

The silicon ASTC performs serial-
to-parallel data conversion eliminating
the need for individual bit control.
Only three inputs are required: serial
clock and data, and latch enable. The
reset pin can be tied high for truth
table control or low for master reset to
the insertion loss state. A single posi-
tive supply voltage (Vog =5 V) and
three external capacitors are required,
one for Ve bypassing, one for a
charge pump (C;, C;) and one for
negative voltage holding. An on-chip
negative voltage generator (f = 600
kHz) allows direct control of a stan-
dard GaAs attenuator IC eliminating
the need to float ground connections.

The model AA109-310 is another
new digital attenuator that integrates a
silicon ASIC serial-to-parallel convert-

0.025 uF

2
X
GND

05dB — 2.0dB — 8.0 dB
— 1.0dB — 4.0dB — 15.5 dB

A Fig. 3 AA107-310 attenuation accuracy
vs. frequency at 25°C.

[Continued on page 124]



http://www.kditnangfosom

You are on a power trip

you design amplifiers and every last dBm counts.

rely on Harmonica

You don't want any surprises when the part that performed so well during

simulation is built and tested. No shifted gain. No premature saturated power

or unaccounted spectral regrowth...and certainly no oscillations

Successful amplifier designs demand optimal ACPR, power, IP3, nonlinear
stability and yield. That's why many engineers are turning to
Harmonica, the most powerful high-frequency circuit design solution
available for the PC desktop. With physics-based distriouted
models and a time-tested
BESHSENERE  |rmonic Balance engine,
Harmonica delivers superior

power and

functionality. And as a part of
Ansoft's Serenade Design

Environment, Harmonica

offers seamless links to
ut, system simulation,

electromagnetics, and third-party tooks

After all, every dBm counts.

Discover the difference Harmonica makes in the
design of amplifiers, mixers, osdllators, flters,
matching networks and other components in

your wireless design

For your free evaluation copy of Harmonica or
any of the tools in Ansoft's Serenade Design
Environment call 412-261-3200

or send e-mail to info@ansoft.com.


mailto:info@ansoft.com

providing totally new ways
of steering beams of
millimeter waves...

Millimeter Wave Scanning Antennas

» Frequencies: > 94 GHz, 77 GHz, 60 GHz...
» Beamwidth: 0.3 deg - 5.0 deg

* Gain: 30dB-40dB

e Scan angle: up to + 45 deg

» Scan speed: up to 100 frames per second

AR P S
Azimih (deg)

Elevation (e

Measured data @ 77 GHz

Key Features
=« Scan (Az): continuous & linear « VSWR: 1:1.2
» Scan speed: 20 frames/sec ¢ Gain: 34 dB
» Az side lobe level: <-15dB e Weight: 1.6 Ib
* Az beam widt *Size: 9" x 4" x 2.5"
 El beam width: = Scan range: 20 deg
s B R S
Tel: 310-212-7808
Fax: 310-212-7726

: LSadovnik@aol.com

www.waveband.com

WaveBand Corporation
375 Van Ness Ave., Suite #1105
Torrance, CA 90501

124 LAl et VR HEL 2 A S e

COVER FEATURE

TABLE |
AV111-12 ELECTRICAL SPECIFICATIONS AT 25°C

Frequency (GHz) 0.50 10

Insertion loss (0 mA coutrol current) (dB) 10 15

Attenuation at 1.2 mA control current 175 215
(900 Mz} (dB)

SWH all ports 95 18

Inpnt third-order intercept (dBum} 437 0

Relative phase shift up to 20 dB - 10
attennation® {7}

Group delay (ns} 04 09

“When built with external components.

er with a GaAs attenuator IC. It is a 5-bit device with 1 dB
steps to 31 dB total with low insertion loss and high bit ac-
curacy. It is designed for use as a gain control element in the
RF sections (> 500 MHz) of base station radios. Insertion
loss is 2 dB, bit accuracy is < 0.5 dB and SWR is < 1.8.
The silicon ASIC performs the same function for this
device without the negative voltage generator. The GaAs
IC is floated on-chip eliminating the need for a negative
voltage. The package is the same as the AA107-310 device

High Dynamic Range
Voltage Variable Attenuators

A family of GaAs FET-based low cost, low current,
high dynamic range voltage variable attenuators (VVA) has
also been developed. Applications are as gain control ele-
ments in low power, wireless and broadband systems.
They are controlled with a single positive voltage (3 to
5 V) with linear attenuation vs. voltage. Dynamic range is
greater than 35 dB. Models AV105-12, AV109-73 and
AV110-73 are typical of these devices

Low Distortion
Voltage Variable Attenuators

The distortion performance of the traditional GaAs
FET-based VVA is a primary limitation in large signal han-
dling at base stations. The company’s solution is based on
its GaAs passive IC quadrature hybrid structure technolo-
gy, low distortion «mum PIN diode design and the small
footprint SOIC-8 package

The new HIP3™ attenuator
product line (nmprvw(l of mml(-lx AV101-12 and AV111-
12 (0.8 to 1.0 GHz) 2 and AV112-12 (1.7 to 2.0
GHz), and AV113. .3 GHz) covers the wireless
Dbands.

For example, the AV111-12 VVA operates at between
0.8 to 1.0 GHz, integrates two silicon PIN diodes and a
quadrature hybrid, and operates with an IP3 guaranteed
better than 37 dBm. This performance is approximately a
20 dB improvement over a GaAs MMIC-based VVA. Oth-
er performance specifications are cqually impressive, with
an attenuation range higher than 20 dB and a 1.5 dB in-
sertion loss. The AV111-12 is ac tually a current-controlled
attenuator, but it achieves its specified dynamic range
with no more than 1.2 mA. Table 1 lists the AV111-12

[Contined on page 126,
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A Fig. 4 AVIOI-12 typical attenuation
2 yp?
vs. current, and attenuation os. frequency.

126

ATTENUATION (dB)

COVER FEATURE

L 4
0080 0.85 090 695 100

FREQUENCY (GHz) AS193.78

P =345 dBm

0.35

o TABLE Il
5 o
. 05 , PERFORMANCE TRADE-OFFS .

I S o (|| Insertion Loss Isolation H,, Hy at 900 MHz
> —— 1 | at 900 MHz (dB) at 900 MHz (dB) Ve = 2.7V (dBc)
20

25 ,\\4{‘ b T0to 75
1.

2% e

X7R
1000pF

THEIRS

0
=55°C 25°C 125°C

BREAKTHROUGH
TECHNOLOGY

New Single Layer Capacitors

F= 036 =

e Higher Cap ¢ Smaller Size
e Higher Q ¢ Border is Standa
¢ Patent Pending
1SO 9001 Registered
MIL-PRF-55681 Qualified at ‘S’ Level

MIL-PRF-123 Qualified
MIL-PRF-49470 Qualified

(&) PRESIDIO COMPONENTS, INC.
7169 Construction Court, San Diego, CA 92121

Voice: 858-578-9390 Fax: 800-538-3880
www.presidiocomponents.com
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VVA's electrical specifications. Fig-
ure 4 shows the AV102-12 VVA’s
typical attenuation vs. frequency
characteristics.

HANDSET INNOVATIONS
RF GaAs IC Switches

Device integration and packaging
are critical in handset switches. The

AS190-73, AS191-73 and AS193-73
family of PHEMT SPDT switches
provide extremely high linearity at
low control voltages for handset ap
plications. Table 2 lists the perfor-
mance trade-offs for each part. These
parts all have the same package,
pinout and truth table.

The model AS198-306 is a new
high power PHEMT SPAT switch
with integrated silicon 3:5 decoder in
a MLF-16 4 x 4 mm exposed-pad
package. The switch has excellent lin-
earity performance at low voltages.
Typical second- and third-order har-
monics are 65 dBc at 900 MHz and 3
V. Designed for dual-band handset
applications, the AS198-306 has low
TX path insertion loss (0.6 dB at 900
MHz) and good RX isolation (25 dB
at 900 MHz), as shown in Figures 5

—
~0.¢ D T
- .Y
g0
= v
-1.21— A
g '
=1
-
0 0.5 10 15 2.0 25

FREQUENCY (GHz)

5 AS198-306 insertion loss
quency.

[Continued on page 128
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No matter where you buy your
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for 100% yield. So why not get
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nesses, and connectors for yield
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you pay for. What's more, bar
codes insure that the proper tests
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even track every piece. You'd think
that all this testing, tracking, and
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and 6, respectively. The integrated
silicon decoder reduces the number
of positive control lines to three. If
used in the 2:4 configurations two
control lines can be used.

Directional Detectors

Another innovation combines pas-
sive circuit design and semiconductor
technology in a monolithic structure
that integrates a GaAs directional
coupler with GaAs Schottky diodes
for use as a broadband detector used
as an automatic gain control element
The model DD01-92 directional de-
tector is packaged in a single mini
ture SC-88 (six lead SC-70) plastic
package and operates from 650 MHz
0 2.4 GHz. The DD01-92 may be
conveniently temperature compen-
sated due to the closely matched pair

= —n]

T
Fnﬂ)umcv(am)

. 6 AS195-306 iolation vs. frequency.

of Schottky diodes. The monolithic
construction of the detector consists
of two Schottky diodes and a termi-
nated directional coupler. This prod-
uct features both small size and low
cost, making it appropriate for high
volume handset applications.

Figure 7 shows the detector’s cir-
cuit configuration, and Figures 8 and
9 show the device’s differential de-
tected voltage, and insertion and re-
turn losses vs. frequency, respectively.

IN DEVELOPMENT

A variety of new control products
are currently in development to mect
market demands for smaller, more re-
liable devices. These new products
include RF diodes in chip-scale pack-
aging, vector modulators, amplitude
phase shifters and low distortion digi-
tal attenuators.

Chip-scale Packaging
of RF Diodes and GaAs RF ICs

To meet the market demand for
smaller components, the company is
developing the technologies to pro-
duce virtually package-less devices
that will be compatible with current
pick-and-place insertion techni

(0.7 mm) per side and smaller than
15 mils (< 0.4 mm) in height. This
marks a significant height reduction
compared to the widely-used 0.7 mm
height of the SC-79 package.

Because of its low parasitics, chip-
scale PIN diodes in switch and atten-
uator circuits show a significant im-
provement in frequency performance
in comparison with plastic-packaged
parts. A primary limitation to the per-
formance of a broadband control cir-
cuit working above 5 GHz has been
the parasitic package inductance of
the plastic-packaged PIN diodes. The
inductance of the chip-scale PIN
diode is expected to approach 0.1 nH
compared to 0.7 nH for the SC-79
package shown in Figure 10.

The company’s smallest present
GaAs RF IC switch package is the
X 2.0 mm footprint of the SC-70. The
chip-scale version reduces this area to
1 5 % 1.0 mm. This package is lead-
less with backside land grid contacts.
The lower package inductance yields

Using cost-efficient, batch- scale | pro-
cessing, which eliminates the need
for wire bonding, chip-scale technol-
ogy creates surface-mountable diodes
with dimensions of less than 30 mils

__11009'
B A

4
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7 DDO01-92 circuit configuration.
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A Fig. 9 DDOI-92 insertion loss
and return loss.

A Fig. 10 Chip-scale package diagram.
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PHASE CONTROL

A Fig. 12 Amplitude and phase shifter circuit diagram.

higher switch isolation and frequency
response. Future chip-scale plans
also include Schottky and varactor
diodes, as well as integrating multiple
semiconductors — including ampli-
fiers, switches and driver circuits —
on a discrete chip.

VECTOR MODULATOR

A series of vector modulators are
in development to cover the wireless
bands. These devices utilize existing
monolithic quadrature hybrids, pow-
er dividers, FETs and PIN diode
chips to create devices designed to
adjust the phase and amplitude of an
RF signal. This results in a very small
(1 ecm2) BGA module. Vector modu-
lators are similar to I & Q modula-
tors, but unlike some basic monolith-
ic T & Q modulators, they provide a
linear path for the RF signal. With a
vector modulator, the RF signal is not
amplitude-limited because the output
RF power is always proportional to
the input RF power. This feature is

130

widely used in feedforward or feed-
back loops of multi-channel power
amplifiers to cancel distortion. The
new vector modulator design has ap-
proximately 15 dB loss and an accura-
cy of better than 4° over a control
range of 10 dB. Figure 11 shows the
vector modulator’s block diagram.

Amplitude and Phase Shifter

An amplitude and phase shifter
(APS), shown in Figure 12, is also in
development. This small (1 cm?2) ball
grid array module will accomplish the
same task as a vector modulator, but is
less complex and operates with less
loss (9 dB). Amplitude variation is
1dB over 360° of phase shift. The APS
is controlled by separate phase and
amplitude signals whereas the vector
modulator is controlled by separate in-
phase and quadrature control signals.

Low Distortion Digital Attenuator
Six-bit attenuators for both the
wireless infrastructure and broad-

band markets are under development
as well. They feature a least signifi-
cant bit of 0.5 dB with a total attenua-
tion of 31.5 dB. This broadband, high
linearity device is designed to achieve
greater than 60 dBc second harmonic
performance at a 5 MHz fundamen-
tal frequency.

CONCLUSION

Due to manufacturers looking for
a differentiating advantage in a grow-
ing, complex market, the current gen-
eration of wireless and broadband de-
vices will probably be obsolete in a
year or two. One mobile telephone
company is even promising new sub-
scribers a replacement phone every
two years. Handset product features
are blurring as multimedia devices
take on the roll of handsets and hand-
sets incorporate features of multime-
dia devices.

The next generation of handsets
— already under development —
may contain three or four radios op-
erating in the cellular, PCS and 3G
spectrum, while incorporating Blue-
tooth functionality. Building compo-
nents for products like these lever-
ages the company’s strengths in ad-
vanced semiconductor and hybri
process technology, innovative circuit
design and modeling, and state-of-
the-art packaging.

Alpha’s capabilities go beyond man-
ufacturing highly reliable RF
ICs, discrete semiconductor devices
and passive components. Working
with leading handset and base station
cequipment manufacturers, the compa-
ny is creating the innovative solutions
needed to implement a new genera-
tion of wireless devices and has
demonstrated its ability to integrate
multiple components and functions in
ever-smaller packages. With its proven
high volume, low cost production ca-
pabilities, innovative products to meet
the growing demand for ultra-high
speed, high capacity, data and voice
wireless communications are being
developed. For additional information,
visit the company’s Web site at
www.alphaind.com.

Alpha Industries Inc.,
Woburn, MA
(781) 935-5150.

Circle No. 300
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new line of medium and high power
&‘ broadband amplifiers has been intro-
L A duced that covers the 600 MHz to 4.5
GH? frequency bands. All of the power ampli-
fiers (PA) offer medium to high gain with ex-
cellent linearity and moderate noise figures
These units are designed to be used in any
commercial or military system where high re-
liability and excellent performance are re-
quired. In addition, the amplifiers are ideal for
laboratory testing. The lowest output power
amplifier, model SSPA-0.8-4.5-5.0, has use-
able gain and power from 800 MHz to 4.5
GHz, making it one of the only compact
broadband amplifiers on the market that of-
fers this type of performance. There are five
amplifiers in the series and they vary in output
power from 1 W to greater than 100 W. The
smallest bandwidth covered is 500 MHz with
a typical output power of greater than 100 W.
Al of the amplifiers are packaged in very
rugged and compact housings. The medium
and high power units operate from 12 V DC
power supplies. These units can be configured
with an external shutdown as a separate op-
tion. Standard options on all models include
internal input and output short circuit and
open circuit protection, reverse polarity pro-
tection, internal over-current protection and
SMA female connectors.
Proprietary circuit design techniques are
used to achieve the amplifier’s broadband gain

BROADBAND

POWER AMPLIFIERS
FOrR 600 MHz

TO 4.5 GHz SYSTEM
APPLICATIONS

and power responses. The design methodolog
utilized in the power amplifiers enables con
pact housing sizes that fit conveniently on
bench top or in a system’s shelter. One com
pact amplifier can now be used for all lowe
microwave frequency testing needs. The thre:
model SSPA0.8-4.5-5, SSPA0.6-2.0-20 an.
A0.8-3.2-10 medium power amplifiers ar
all multi-octave amplifiers that standout be
e of their pricing, bandwidth and compac
size. The two model SSPAL -80 an
SSPA2227-80 high power amplifiers cover th
frequency ranges of 1.7 to 2.7 GHz in 5(
MHz increments. These units are unique b
cause of their high power and broadband ga
in such a compact unit. What further sets the
amplifiers apart from other PAs is the fact th
they can be used as linear amplifiers for d
manding multi-carrier applications or they c.
be used as pulsed power amplitiers for high «
ficiency data transmission. Their mechanic
enclosures utilize heat sinks that are integ
with the housings to ensure excellent heat flc
that in turn ensures long-term reliability.

The first amplifier in the series, moc
A-0.8- has useable gain and pow
across an 82 pmc(nl bandwidth. This PA |
the broadest bandwidth of any amplifier in t]

[Continiied on page 13
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TABLE | TABLE Il
SSPA-0.8-4.5-5.0 SSPA-0.6-2.0-20
~ TYPICAL PERFORMANCE TYPICAL
FROM 1.0 TO 4.5 GHz AT 25°C FROM 1.0 TO 2.0 GHz AT 25°
 Min Tp Max
Smallsignal gain (dB) 20 22 % Small-signal gain (dB) = 48 50 52
Saturated output Saturated output -
paver (W) - power (W) e
Input SWR B Tnput SWR 110 135 15
ltipdson, . MR8 2 =
- Output SWR 110 125 15
Tnput SWR : -
8614 G 15 20 30 Supplyvoltage (VDC) 10 12 135
% uiescent current (A) 65 70 73
. e e
e OIP3 at 15 GHz with a -
Wt SWR 1 Mz spacing at P, 50 52 54
WOshdcmy 108 30 30 SCI. =39 dBm (dBm)
Supplyvoltage VDC) 10 12 135 Noise figure (dB) 40 B
Quiescentcurrent (A) 20 22 25
AlMHz twotone. | 45 46 48 oHENAL GAN
spacing (dBm)
3a=
Fig. 1 SSPA-0.8-4.5-5 small-signal gain =
and saturated output power 2%
ts. frequency at 25°C. ¥ L8 =
x \TURATED POWER

MALL-SIGNAL GAIN

10 15 20 25 30 35 40

0]

06 08 1.0 1.2 14 1.6 1.8 2.0
FREQUENCY (GHz)

A\ Fig. 2 SSPA-0.6-2.0-20 small-signal gain

and saturated output power

vs. frequency at 25°C.

plifier’s typical performance and Fig-
ure 1 shows the unit’s small-signal

(6hz)
series. The amplifier is ideal for
bench top testing because it covers
many of the popular military and
commercial bands. It can be used as a
linear or saturated amplifier in most
medium power applications. It i
competitively priced and meets virtu-
ally all medi
This amplifier is unique because of
the very wide bandwidth it achieves
at a very competitive price. The am-
plifier delivers a minimum output
power of 1 W from 1 to 4.5 GHz with
a maximum output power of 5 W.
Typical gain is greater than 20 dB.
The output third-order intercept
(OIP3) at 2.5 GHz with a 1 MHz
two-tone spacing is 46 dBm at 25°C.
Input/output SWRs are typically less
than 2.0 from 1.5 to 4.5 GHz. This
unit is offered in a housing that is 4"
X 6" x 2 including the heat sink with
four through holes in the bottom cov-
er for mounting, Table 1 lists the am-

134

n power testing needs.

gain and saturated output power vs.
frequency at 25°C.

The second amplifier in the series,
model SSPA-0.6-2.0-20, has useable
gain and power across a 70 percent
bandwidth. This model delivers a
minimum output power of 8 W from
1 to 2 GHz and was designed to be a
laboratory amplifier for all testing re-
quirements between 600 MHz and
2 GHz that require high gain and
medium output power. The amplifier
functions very well in high linearity
applications where a high compres-
sion point is required. The amplifier
is ideal for varying envelope modula-
tion types and is also well suited for
constant envelope modulation where
saturated power is desired. Maximum
output power is 26 W across the band
with a typical gain greater than 45
dB. The OIP3 at 1.5 GHz with a 1
MHz two-tone spacing at a 39 dBm
single carrier level (SCL) is 52 dBm
at 25°C. Input/output SWRs are less
than 1.5 from 1 to 2 GHz. The unit is

- TABLE 1l
SSPA-0.8-3.2-10

FROM 1.0 TO 3.2 GHz AT 25°C

Min Typ Max
Small signal gain (dB) 28 32 35

s”;‘jwc‘?‘f‘?;",;‘*i’“‘ 5ialiwe
Toput SWR 110 120 20
Output SWR 110 120 20
Supplyvoltage (VDC) 10 12 135

Quiescent current (A) 65 67 7
OTP3 at L5 Glizwitha
1Mz, spacing at P,,, 45 46 48
SCL =39 dBm (dBm) ,

Noise figure (dB) 4 5 6

offered in a housing that is 4.00" x
8.25" x 2.00" including the heat sink
with six through holes in the bottom
cover for mounting. Table 2 lists the
amplifier’s typical performance and
Figure 2 shows the small-signal gain
and saturated output power vs. fre-
quency at 25°C.

Model SSPA-0.8-3.2-10 has use-
able gain and power across a 75 per-
cent bandwidth. This amplifier was
designed as a bridging amplifier be-
tween models SSPA0.8-4.5-5 and
SSPA0.6-2.0-20. This amplifier is used
when more power than the broadest
band model and more bandwidth
than the 20-W unit is required. Simi-
lar to the other units, this model
works very well with constant or vary-
ing envelope modulation schemes.
The amplifier stands out from other
PAs because of its price and broad
bandwidth. The PA is ideal as a labo-
ratory amplifier for all medium power
testing requirements between 1 and
3.2 GHz, and is well suited for many
commercial and military systems. The
amplifier delivers a minimum output
power of 5 W from 1 to 3.2 GHz and
a maximum output power of 12 W
across the band. Typical gain is
greater than 28 dB. The OIP3 at 2.45
GHz with a 1 MHz two-tone spacing
at a 35 dBm SCL is 46 dBm at 25°C.
Input/output SWRs are less than 2.0
from 1.0 to 3.2 GHz. This unit is of-
fered in a 4.00" x 8.25" x 2.00" hous-
ing, including the heat sink. Table 3

[Continued on page 136]
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205000 90
i designers demand for achieving high system

150

100
performance goals. Ultra-wideband models 1/4?7 2
deliver gain ranging from 9 to 40dB and IP3 e gg

i up to +32dBm. But beyond the performance AL a0

and rehab\My built into these miniature 12V amplifiers lies  zxi2rs 30,0

another important feature, the low price...from only $99.95! i:‘L e igg

Call now for fast delivery. NOTES:

1.Typlcalat 18 compression,
Mini-Circuits...we’re redefining what VALUE is all about! 2. ZKL dynamic range specified at 1GHz

3. Allunits at 12V DC.

[ Mini-Circuits

P.O. Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.. mlmcuculls com
For quick access to product information see MINI-CIRCUITS CATALOG & WE SITE + EEM « MICROWAVE PRODUCT DATA DIRECTORY + WWW.RFGLOBALNET.COM

E22RevD


http://wWW.minicirCUitS.COm
http://WWW.RFGLOBALNET.COM

B propUCT FEATURE

GAIN (dB)
&

Pout (dBm}

TR TR E R T TR
FREQUENCY (GHz)

A Fig. 3 SSPA-0.8-3.2-10 small-signal gain
and saturated output power
os. frequency at 25°C.

lists its typical performance and Fig-
ure 3 shows the small-signal gain and
saturated output power vs. frequency
at 25°C.

Model SSPA-2227-80 is a high
power, S band solid-state power am-
plifier (SSPA) with 500 MHz of band-
width. This PA deliver. i

Suiall-signal gain (dB) 32 34 36
Saturated output .

ottt 70 100 140
Input SWR . 15 20
Outpit SWR 13 20

Supplyvoltage (VDC) 12 120 135
Quiescent current (A 90 110 120

OIP3 at 1.5 GHy with &
1 MHz, spacing at P, 56 58 60

SCI 9 dBm (dBm}
Noise figure (dB) 35 45 50
Efficiency (%) 30 3

 Small-signal gain (dB) 30 32 35

- Saturated output -

LW 70 100 150
Tnput SWR 15 15 30
Output SWR 135 15 030

Supply voltage (VDC) 12 125 135
Quiescent current (A) 90 110 120
OIP3at 1.5 GHz witha
1 MHz, spacing at P, 57 60 62
SCL =239 dBm (dBm,
Noise figure (dB) 35 45 50
Efficiency (%) 0 B

output power of 100 W from 2.3 to
2.7 GHz and has a small-signal gain
of 30 dB minimum across the full
band. The OIP3 at 2.5 GHz with a 1
MHz two-tone spacing at a 47 dBm
SCL is 58 dBm at 25°C. Input/output
SWRs are less than 2.0 from 2.2 to
2.7 GHz. What makes this PA unique
is that it can be operated as a pulsed
amplifier or CW amplifier. In the
pulsed mode, the amplifier has a typi-
cal efficiency of 35 percent. In the
CW mode, the amplifier has out-
standing linearity that makes it ideal
for multi-carrier systems or demand-
ing complex modulation schemes. An
added feature of this amplifier is that
all of the power and bandwidth is
available in a very compact size. Ver-
sions of this amplifier are flying on
NATO and US fighter aircraft utili
ing its excellent pulsed characteri:
tics. Other versions of this amplifier
are being used in multi-carrier
ISM2400 systems. This unit is offered
in a housing that is 4.00" x x
2.50", including the heat sink. The
amplifier’s typical performance is list-
ed in Table 4 and its small-signal
gain and saturated output power vs.
frequency is shown in Figure 4.
The last amplifier in the series is
model SSPA-1722-80, a high power
PA with 500 MHz of bandwidth.
Again, this amplifier stands out be-
cause of its ability to operate cither
CW or pulsed. In the CW mode, this
PA is an extremely linear amplifier
with an OIP3 of 60 dBm typical. In
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A Fig. 4 SSPA2227-80 small-signal gain
and saturaled output power
vs. frequency at 25°C.
the pulsed mode, this model func-
tions as a high efficiency amplifier.
An extra bonus is that all of this band-
width and power comes in a very
compact assembly. The amplifier de-
livers a minimum output power of 80
W from 1.7 to 2.2 GHz. Typical out-
put power from 1.8 to 2.1 GHz is
greater than 110 W, and its small-sig-
nal gain is 30 dB minimum across the
full band. The OIP3 at 2.0 GHz with
a 1 MHz two-tone spacing at a 47
dBm SCL is 60 dBm at 25°C.
Input/output SWRs are less than 2.0
from 1.7 to 2.2 GHz. This unit is of-
fered in a housing that is 4.00" x 8.25"
x 2504 including the heat sink. Fig-
ure 5 shows small-signal gain and s
urated output power vs. frequency at
25°C and Table 5 lists its typical
performance.

The new line of broadband, medi-
um and high power amplifiers offers
users a one-PA solution for their en-

— SATURATED POWER — GAIN
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A Fig. 5 SSPAI722-80 small-signal gain
and saturated output power

vs. frequency at 25°C.

tire laboratory or system test needs.
Amplifier users can now buy one unit
to cover multiple bands, while enjoy-
ing medium to high power with very
good gain. The two 100 W units can
be used as linear or high efficiency
PAs in applications from 1.7 to 2.7
GHz. The solid-state power ampli-
fiers cover all of the lower microwave
frequency bands used by cc .
and military systems. All of the mod-
els are manufactured with the highest
quality to ensure long-term reliability
and come with a one-year warranty.
Data sheets for the SSPAs can be eas-
ily downloaded at the company’s Web
site at www.aethercomm.com.

Aethercomm Inc.,
San Marcos, CA (760) 598-4340.
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New integrated multi-chip
switch matrix products.

Patented SMT “robust lead”
circulator available for
pick & place automation.

New PHEMT switches and
converters for high
linearity, low current
applications.

Advanced global automation
technology and fab capacity
to meet today’s market demand.

Broad-based technologies
ﬁrovidin§ reliable and
1§h performance integrated
utions for the aerospace
and defense industries.

North America
Tel: 800.366.2266
Fax: 800.618.8883

Europe/Middle East/Africa
Tel: 44.1344.869.595 Te
Fax: 44.1344.300.020

W W W.macom




W proDUCT FEATURE

A Low Loss

DIELECTRIC FOR
{ HIGH FREQUENCY
- HDI SUBSTRATES

AND PCBs

continues to require denser circuitry

and higher /O count chip packages to
meet ever growing performance require-
ments, These new requirments can only be
satisfied with multilayer PCBs incorporating
RF and microwave, as well as digital signal
processing circuitry on the same high density
interconnect (HDI) multilayer cireuit board.
These multilayer PCBs are used in applica-
tions from Bluetooth modules to base stations
and consist of thin dielectric layers intercon-
nected with microvias. The dielectric layers
are sequentially laminated on FR-4 or other
conventional cores to make up the mixed sig-
nal multilayer PCB. One dielectric that has
been proven in the industry as a high speed
prepreg is now seeing significant growth in
HDI applications. Speedboard® C prepreg is
being used as a low loss HDI dielectric that
improves the performance of
these controlled impedance,
high speed digital, RF and mi-
crowave PCBS by making them
thinner, lighter and faster. The
product is comprised of ex-
panded polytetrafluoroethylene
(ePTFE) that has been impreg-
nated with a modified BT resin.
The air space inside the ePTFE
is replaced with resin and the
ePTFE membrane becomes

rl Y he wireless telecommunications market

Fig. 1 Speedboard C

prepreg with FR-4 co

138

the carrier or delivery system for the resin
The conformable ePTFE toughens the dielec-
tric, improving reliability and enabling excel-
lent surface planarization for high density fine
lines and spaces.

Speedboard C prepreg has traditionally
been used as a bonding sheet to bond together
the inner layer core material in multilayer
PCBs. Ultimately, the resin flows, fills and
bonds during the lamination process the same
as a conventional glass-based thermoset
prepreg. Speedboard C is also an excellent
choice to replace thermoplastic fluoropolymer
bondfilms and fusion bonding processes in
PTFE microwave PCBs.

MATERIAL PROPERTIES

Speedboard C material features a low di-
electric constant of 2.6 and a low loss tangent
of 0.0036 that is stable over frequency and
temperature. It utilizes standard thermoset
processing as opposed to fusion processing.
The material forms thin bonding layers and
features a controlled flow and fill, as shown in
Figure 1.

Multiple plies of prepreg can be used to
obtain a wide range of dielectric thickness for

[Continued on page 145]

W.L. GORE & ASSOCIATES INC.
Newark, DE
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BLUE CELL

08106.7GHz .52,

-low conversion loss -thin profile -superb temperature siability -low cost

Unleash extra performance from your higher frequency designs by Modk Modei
upgrading now to Mini-Circuits level O to level 17 {LO) Blue Cel™ mixers.
State-of-the-art automated manufacturing using multilayer thick film
ceramic construction delivers superb temperature stability, low
conversion loss, high repeatability, and very low cost per unit. This
process also results in a phenomenally thin package standing only
0.070" high! Scoop the competition and upgrade to the next level
of performance in your higher frequency products...contact
Mini-Circuits for Blue Cell™ mixers today.

"
MBA-120H
MBA. 1Mt

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

BLUE CELL'

97

Protected by
INTL'SE

4 Mini-Circuits

P.0.Box 350166, Brookyn, New York 11235-0003 (718) 834-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
/7" The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At http://www.minicircuits.com




Download a ful-functional 30-doy trol (just 20M)
- www.mwoffice.com and start designing today.

giour design s plex
N tech support can't figuresitiot

In thetime it takes to get an answer, you could download the real solution.
Microwave Office” 2000. This high-frequency design suite was built from
the ground up with an interface so intuitive you may never have to talk to
our technical support representatives. And if you ever do, you'll get an
experienced engineer who knows the software inside out and can answer
your questions quickly. Best of all, our schematic data s

translators can even import existing Agilent EEsof Series

IV or ADS designs, so you won't lose all the valuable data —N_

that you worked so hard to create. For more information,

visit www.mwoffice.com or call us at 310-726-3000. Office 2000
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BN prODUCT FEATURE

TABLE |
SPEEDBOARD C PROPERTIES

Dielectric constant® (1 MHz to 10 GHz)
Loss tangent® (1 MHz to 10 GHz)
Dielectric strength (V/mil)

Glass transition temperature (°C)

CTE (X, Y, Z) (35 to 125°C) (ppm/°C)
Thermal conductivity (W/m°C.
Flammability

Outgassing

ssed thickness (.
Resin content (%

*Stable over temperature rarige 20° to 200°C

26
0.0036
> 1000
220
58
029
UL VO
NASA approved
35,56, 85
7

controlled impedance layers. In addi-
tion, the material is fully compatible
with all laminates and affords very
fast laser drilling speeds. Table 1 lists
Spe edboard C prepreg properties.

THE LAMINATION PROCESS
The standard hydraulic lunination
recommended for cyanate resin sys-

tems is used for normal lamination us-
ing Speedboard C prepreg, Two high
throughput temperature cycles have
been used for the prepreg, depending
on the glass transition temperature of
the inner layer core materials or other
process considerations. Vacuum lami-
nation is recommended and cooling
under pressure is preferred. g

with a 2 mil laser drilled blind via.

Speedboard prepregs are excellent
materials for via processing in HDI-
type PCBs, as shown in Figure 2
Reliable laser microvias as small as 25
wm (1 mil) have been drilled using
harmonic YAG, CO, and excim
lasers. The thin, uniform, all org:
nature of the prepreg allows for rapid
and clean lasing of vias. No plasma
treatment of the via is necessary prior
to copper metallization. However, if
mechanical holes are drilled, plasma
or sodium etching is recommended
for those holes.

Continued on page 146]

CONDOR SYSTEMS
ANTENNAS

EVERYWHERE YOU
& WANT TO GO

SPACE

Launch Vehicle to Satellite

AIRCRAFT

Helicopter to Super Sonic

LANDBASED

‘Quick Reaction Mobile to Large Fixed Site

SHIP

Fast Patrol Boat to Aircraft Carrier

SUBSURFACE

Submarine to Deep Submersible

/ CONDOR

SYSTEMS

2133 Samaritan Drive, San Jose, California 95124
Tel (408)879-2236, Fax (408)377-6892 www.condorsys.com
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PRODUCT
FEATURE
PERFORMANCE BENEFITS

Several distinct performance ben-
efits are derived from the use of
Speedboard C prepregs. Its low di-
electric constant reduces signal delay
and off designer increased elec-
trical line lengths for FR-4 construc-
tion. The reduced effective dielectric
constant also yields a thickness reduc-
tion for FR-4 boards, thus allowing
greater overall layer density, thinner
board (onﬁtruchon and reduced
weight.

The Iu\\er dielectric constant al-
lows the velocity of propagation to in-
crease significantly over an all FR-4
solution, and Speedboard C prepreg
can be combined with all types of
laminates to lower the effective di-
electric constant of the PCB. The
material’s lower loss tangent results in
significant reductions in signal atten-
uation, and the lower dielectric con-
stant permits wider line widths for a
given transmission impedance, thus
maximizing tract cross-sectional area
and reducing skin effect. In general,
Speedboard C combines the electri-
cal benefits of PTFE with the
processability of thermoset resins.

CONCLUSION
Mixed dielectrics are becoming
opular in today’s microwave and
higli)l speed digital PCBs. The use of
Speedboard C prepreg, whether as a
prepreg or an outerlayer HDI dielec-
tric, for critical signal routing while
using low cost FR-4 for non-critical
layers in multilayer PCBs provides a
good solution for these applications.
Additional information may be ob-
tained from the company’s Web site
at www.gore.com.

W.L. Gore & Associates Inc.,
Newark, DE (800) 445-4673.
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Www.us.anritsu.com

[ ]
|
| 1-800-ANRITSU

Anritsu’s Lightning VNAs:

The Next Generation.

Go ahead, look around out there.
You'll be hard pressed to find anything
like Anritsu’s “C” Series VNAs.

‘i Covering 40 MHz to 65 GHz, their

| technology is simply unmatched

anywhere in the VNA universe.
Featuring sleek, single-unit,

bench-top designs. A faster power
sweep that accelerates distortion and
gain compression measurements.
Plus, an internally controlled AutoCal

1
Tech nology | system designed to simplify instru-

ment setup, speed calibration and

SoFar Advanced’ e

backed with a no-questions-asked,

You M ay Need 3-year warranty.
For a closer look at the new
A Little Hel p Lightning “C” Series, including our
. new 50 GHz and 65 GHz units, call
Fi n d i ng Anyth i n g | 1-800-ANRITSU or check outour
|  website at www.us.anritsu.com.
Anritsu’s New VNAs.
close- | Lightyears ahead.

Linking
the

___/nritsu

Lightning Vector Network Analyzers
©2000 Anritsu Company Sales Offices: United States and Canada, 1-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South
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@ RF and Microwave
Components

This Web site offers a broad range of cate-

gories from which to browse: Employment

Opportunities, Block Diagrams and Associated

Productions, Parametric Search Capability,

New Information, Application Notes, Product

Data Sheets and View by Market. The site will

be continually updated, adding technical mar-

ket data and application notes during the next

phase of site construction.

Alpha Industries Inc.,

20 Syloan Rd., Woburn, MA 01801

www.alphaind.com

® Antenna Products
and Services

This Web site contains information on EMC

products, digital communications, RF and

antenna systems, HF products, GSA prod-

ucts and antenna accessories. In addition

new press releases, literature reques

uct inquiries/specifications, tradeshow infor-

mation and employment opportunities are

featured.

Antenna Research Associates (ARA),

11317 Frederick Ave.,

Beltsville, MD 20705

www.ara-inc.com

This Web site details software products for
the simulation of 3-D EM fields in the time
domain. The company’s simulators use the
proprietary PBA and FI methods and spe-
cialize in accurate simulation of high fre-
quency problems on a PC in a Windows-
based environment.

CST of America Inc.,

123 Mount Auburn St., Suite 200N,
Cambridge, MA 02138

www.cst-america.com

RF and Microwave Products

Visit this Web site to leam more about this

leader in the design and manufacture of

cost-effective RF and microwave cable as-
semblics, delay lines and harnesses for the
wireless, commercial communications and
military defense markets. Get information
on the company’s state-of-the-art mannfac-
turing facilities, product reliability and cus-
tomer satisfaction.

Dynavwave Inc.,

135 Ward Hill, Ilm*erhlll MA 01835

www.dynawave.com

WEB UPDATE

® Digital Broadband Test

This Web site specializes in fest and mea-
surement equipment offering state-of-the-
art broadband, deep memory signal genera-
tion and analysis. Instrumentation is provid-
ed to the wireless, space and defense
markets.

Celerity Systems,

an L-3 Communications company

10411 Bubb Rd., Cupertino, CA 95014

www.csidag.com

@ Electrical Test Products

and Services
This Web site features electrical test prod-
uets and services, including semiconductor
test products, barc-board automatic test sys-
tems, Pogo® spring contacts, and bare and
loaded PCB test fixtures. Corporate manu-
facturing, service and support facilities are
150 registered with locations worldwide.
Everett Charles Technologies,
700 East Harrison Avenue,
Pomona, CA 91767

www.ectinfo.com
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How Do | Make Blueto

Use the Integrated AS
Using DuPont

An integrated ASIC?
Inexpensive??
Tell me more!!!

National Semiconductor

leads the way in Bluetooth,
Cell Phone and other wireless
applications in applying
LTCC to integrated wireless
modules. National’s latest
advances in LTCC
manufacturing technology,
combined with DuPont’s
advances in Green Tape™,
Fodel® Compositions and thick
film conductor materials, have
established a new low-cost
standard for wireless modules.

LOW-COST LTCC

LTCC is the least expensive
alternative for your RF wireless
design. Consider that the LTCC
raw material is inorganic (earth
oxides) versus the alternatives —
organic (oil). Also, the process

is scalable in panel size as the
manufacturing volume increases,
thereby drastically reducing cost
per square inch.

LTCC has the highest passive
integration capability of any
active/passive component
board-level system. More passive
components in the LTCC and
not on top of the module,
resulting in less space utilized
and the lowest system cost
solution.

GREEN TAPE™  FODEL®

Application Profile
W

ICLTC
Green Tape

THE INTEGRATED ASIC

With the capability of DuPont’s
Fodel® fine-line technology,
active components can be flip-
chip mounted to the LTCC
module. The high frequency
characteristics of the entire

vertical structure can be modeled,
and performance optimized. Also,

results have shown higher-
yielding DC interconnects,
improved Q on edge-coupled,
edge-sensitive structures, and
more consistent electromagnetic
results in RF structures. The
resultant module performance is
optimized, space minimized, and
the resultant cost 25% to 50%
below competing technologies.

LTCC has come to lead the
wireless revolution, and offers
the lowest-cost, smallest-size,

BIROX®
CIRCLE 30 ON READER SERVICE CARD

DIFFUSION PATTERNING™

eless Products Small and Inexpensive??

Modules from National Semiconductor
and Fine-Line Technology.

and highest-performance solution
to your wireless design. National’s
LTCC foundry technology offers
you the fastest design-to-volume
format. Proto cycle times in less
than seven days, flexible manu-
facturing lines accommodating
design and capacity changes
without delivery interruption,
30-day ramp to volume — all this
plus complete assembly and test
services that support the full line
of DuPont Green Tape™ products.

National: Doing what we do

best — prototype turns in 7 days;
state-of-the-art technology; and
low-cost/high-volume QS9000
manufacturing.

For more information,
call National at
(949) 380-2054 or visit the
National LTCC website at
http://www.national.com/ltcc.

National
Semiconductor®

od
a|

ONT:

LUXPRINT®
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R 1o M Wave
iC Gosmonre & Mooutss

Elirve Micrawave Coaroration

® RF to Millimeter-wave
Integrated Circuits

This Web site includes the full line of stan-
dard product data sheets in .pdf format,
parameters of selected products, a mixel
spur chart caleulator, as well as application
notes and other topics of interest. Over 100
MMIC die, ceramic packaged die and plastic
packaged die products are featured covering
DCto 40 G Hz

Hittite Microwave Corp.

12 Elizabeth Dr., Ch?l"wfnrd, MA 01824

® Waveguide Components
and Subassemblies

Visit this Web site to discover how the com-
pany became the largest independent pro-
ducer of waveguide components and sub-
assemblies in the microwave industry. In ad-
dition, learn more about waveguide bends
and twists, directional couplers and
monopulse comparators, rotary joints
crowave filters, rotary switches, and wave-
guide shutters and waveguide pressure win-

Needham Heughta7 JIA 02494

micro-dev-labs.com

150

@ DDS and C:

Subsystems Products

This redesigned Web site features informa-
tion on a new, innovative synthesizer that has
been added to the company's growing line of
DDS and Communication subsystems prod-
ucts. The MS-2000 is a high performance,
dual channel synthesizer deswmd for the
wireless market. This Ku-band ex
tures low phase noise and spuriou
ideal for LMDS s ms

ITT Microwave Syst

59 Technology Dr Lou-eﬂ MA 01851

www.ittmicrowave.com

@ Sampling Phase Detectors
od to e

This new Web sitc was ]aun(

allows designers to rev
drawings and electrical s
phase detectors, a series of resin encapsulat-
ed products ideal for phase lock VCO and
DRO designs.

MicroMetrics Inc.,

136 Harvey Rd., Building C,
Londonderry, NH 03053

Www.

phasedetectors.com

Instruments and Components
This Web site showcases a product line of
over 4000 microwave instruments and com-
ponents, including the Maury/PAF Active
Load Pull System, Automated Tuner Systems
(ATS) and Windows-compatible system soft-
ware. Product information and technical data
is found throughout the site. A large library of
downloadable (,pdf) application notes and
frequently asked questions (FAQs) are among
the most popular site areas
Maury Microware Corp.,

2900 Inland Empire Blvd.,
Ontario, CA 91764

® Custom Microwave
Components

This Web site includes information on the

company’s waveguide products and capabili-

ties, inclnding filters, diplexers, circulators,

Gunn oseillators, double-ridge components

and comparators, as well as custom appli

tions and standard product information. De-

scrptions and photographs are displayed for

processes, design

and test facilities.

Microwave Development

Company Inc. (MDC),

41 Northwestern Dr., Salem, NH 03079
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We make
_precision

9418

Loosing patience with an instrument on your

bench because it's too slow? Why not try our
new Vector Network Analyzer ZVM, with
measurement times down to 500 us per point
or a dynamic range of more than 130 dB.

After all, it performs measurements on any
kind of frequency-converting devices like syn-
thesizers, mixers and receivers
at little effort. Its versatile han-
dling of swept harmonics,
intermodulation and spurious

measurements on amplifiers

&
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and mixers will amaze even the seasoned

professional.

Thanks to special calibration techniques for
wafers and test fixtures, together with de-
embedding functions, ZVM offers undreamed
of advantages in design and production of
amplifiers and filters. Highlight minimum cost
and maximum precision in the
way you develop and produce
your components and systems —
try ZVM.

Just ask for full details.

Discover more: www.rohde-schwarz.com
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WEB UPDATE

TRomPETER ELECTRONICS

® High Reliability Coaxial BNC
Connectors

This Web site features the companys line of
RF coaxial, triaxial and twinaxial intercon-
nect products, cross-connects, patch panels
cable assemblies and related tools. It offers
ronic commerce capabilities such as on-
line quotations and direct order placement,
as well as product line drawings. specifica-
tions and pricing

Trompeter Electronics,
31186 La Baya Drive,
Westlake Village, CA 91362

® Electronically Scan: @ High Frequency Laminates
Antennas This Web site provides information about
! =
‘This Web site features new information on the high frequency laminates for RE and mi
e e R A O crowave applications such as cellular and

configurable Wireless Networks) antenna, the £QS basefratons poEs A s, Low
; lab I noisc blocks for direct broadcast systews,

nic
scanniag antenna. These revolutionary anen- patchl antanngs and g perforhance, high
specd digital circuits.

nas enable increased cap: nd data rates 6
for wireless networks. Electronically Tunable Rogers Corp., £
: Microwave Materials Division,

100 S. Roosevelt Ave.,
Chandler, AZ 85226

www.rogers-corp.

com/mwulindex.htm www.trompeter.com

L' 3 Call for Book and Software Authors

You can enhance your professional prestige and eam
substantial royalties by writing 2 book or a software

package. With over 400 titles in print, Artech House is a
Itadmg publisher of professional-level books in microwave,
radar, and telecommunications. We are secking to publish
new microwave engineering books and software in such areas
as wireless communications, microwave and RF device
design, advanced radar and antenna design, semiconductors,
electromagnetic anal

We are currently seeking potential authors among engineers
and managers who feel they can make a contribution to

the literature in their areas of expertise. If you have

o et published technical papers, conducted professional seminars,
Q\;ei 2% \,‘06\\‘ or solved important real-world problems, you are an

o o ; excellent candidate for authorship.

ol

We invite you to submit your manuscript or software
proposal for review. For a complete publications catalogue
ISO SD01/CERTIFIED and Author’s Questionnaire please contact:

a S T RO L B § INC. Dr Julie Lancashire

Artech House Books
DESIGNERS AND MANUFACTURERS OF HI-REL 46 Gillingham Street

@g& ), MICROWAVE COMPONENTS AND ASSEMBLIES Landon SWIVATARL Ui
Tel: +44 (0)20 7596 8750

4 Powder Horn Drive, Warren, NJ 07059-5105 jlancashire @artechhouse.co.uk

Tel: 732.560.3800  Fax: 732.560.9570
http://www.astrolab.com ~ Email: sales@astrolab.com I Artech House Books wo:ron - conson
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» Operating Bands
From 1 - 15 GHz

e ldeal for Wireless
Applications

¢ 12 Volt Operation

o Optlmlzed Bandwidth/Tuning
Speed Combination

TYPICAL PHASE NOISE AT 2 GHz
(2 MHz Step Size)

8

Bak
.
:
:

PHASE NOISE (dBo/Hz)
&
o

SPECIFICATIONS
MODEL SLS SERIES
Frequency  1-15GHz
Frequency step size 200 kHz to 10 MHz
Tunrrﬁwge Upﬂ{naw octave
Switching speed s00pst 1K gk 100K
Output power 10.dBm min. ) FREQUENCY CFFSET FROM CARRIER (Hz)
Outpmwer variation +2 dB min. I
In ba;v’d spurs. 2 70dBcmin.
Harmonics 3 20 dBo B
Phase noist 5 See qraph T e For
Reference A - Internal or external ) £ additional
External reference e " RRAD information,
Frequency 5/10 MHz please contact
HoNe o Sias i Stan Eisenmesser at
Frequency control % BC or blnary (631) 439-9152 or

DC power requirement +15 07 +12 volts, 200 mA 3 ;
seis @, J
2 yolts, 500 mA enmesser@miteq.com

Operating (empeiralure -10 to *en"c - g
Size 57 X6.5" x0. X y \

* Acquire time depends on step size (low as 25-jis):

=

Rl
IT=60G)
100 Davids Drive
Hauppauge, NY 11788

= . T . X
www.miteq.com g  eax: (631 436.8018/436.7430
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COMPONENTS

B Surface-mount Voltage
Variable Attenuator

The model AVS50M2-A2 18 to 40 GHz broad-
r-wave voltage umhlo attenua-

band millimet

33 dB attenuation
* range and low in-
sertion loss, It is
designed for use
in  millimeter-
wave communica-
tions and sensor
systems as a vari-
able attenuation
stage in the receiver or transmitter chain when
wide dynamic range and high linearity are re-
quired. In addition, the attenuator is ideal for
high volume millimeter-wave applications su
as point-to-point and point-to-multipoint wire
less communications systems. The rugged, ro-
bust packaging provides excellent electrical
performance and a high degree of environ-
mental protection for long-term reliability.
Price: $14.13 (10,000)
Alpha Industries Inc.,
Woburn, MA (781) 935-5150.
Circle No. 216

B Solid State Transfer Switch
The model SWN-218-TRA Options 160M,
LVT10MV, PAM solid state transfer switch
works from DC to
3 GHz (usable to
4 GHz) with in-
sertion loss of
< 0.8 dB at 40
MHz7 and < 1.5
dB at 3 GHz
Switching speed
is < 10 ns ON and
< 10 ns OFF.
Video transient is
< 37 mV peak to peak at 300 MHz and <5 mV
peak to peak at 20 MH. Isolation is > 70 dB at
40 MHz and 2 40 dB at 3 Gliz. Phase and am-
plitude are matched to within +0.1 dB and +4°,
respectively, between port to port from 40
SWR is 1.6 (typ). power supply

mA, with other supply volt-
vailable. Weight: 2.5 oz. Size: 1.50" x
150" x 0.75'
American Microwave Corp.,
Frederick, MD (301) -4700.

Circle No. 217

M Low Loss Porcelain
RF/Microwave Capacitors

The AQ serics of low loss porcelain capacitors

is designed for RF/microwave applications
ranging from 10
MIiz to 4.2 Cliz,
and includes
0603 size chip for
space-constrained

applications
These capacitors
grain, high density,

, which is imper-
vious to moisture and featurcs internal palladi-

are cl terized by a fine
high purity diclectric mate

154

um electrodes. The AQ series is ideal for appli-
cations in the microwave range requiring high
current carrying capabilities, low ESR, high se-
ries resonance and stability under the stress of
changing voltage, frequency and temperaturc
They feature capacitance values from 0.1 to
5100 pF. rated voltage is from 50 to 500 V DC,
with a temperature coefficient of 90 20
ppu/°C or 0 £30 ppm/°C. Operating tempera-
ture is to+125°C.
AVX Corp.,
Myrile Beach, SC (843) 946-0414.
Circle

No. 218

M High Power Coupler

The model 100-AC-FFN-20 100 W coupler
features a frequency range of 800 to 2500
MHz, coupling at 20 dB and 20 dB (min) di-
rectivity making it ideal for cellular and PCS
applications. Insertion loss of 0.25 dB (exclud-
ing power coupler) and 0.3 dB thruline. SWR
is 1.15 (max) for the primary and secondary
line, while frequency scnsitivity is £1.0 dB
(max), and reflected power depends on the ex-
temal load used. The operating temperature is
up to 105°C. Weight: approximately 8 oz.
Price: $175 (1 to 10). Delivery: four weeks
(ARO)
Bird Components Products (BCP),
Largo, FL (727) 547-8826.

Circle No. 219

M Six-way Broadband Wilkinson
Power Divider/Combiner
The model P6W-10-1 six-way broadband
Wilkinson power divider/combiner was specifi-
cally developed to
meet industry de-
mands for greater
performance in
the company’s in-
tegrated assem-
blics. The device
offers a multi-oc-
tave qud\udln
and high re
ty to meet strin-
gent requircments
for test equipment. It is designed to cover pre-
sent and fature wireless frequency ranges, offers
excellent RF performance and has very low IM
properties (~100 dBc). It operates over a 0.5 to
4.0 GHz frequency range, with insertion loss of
1.45 dB (may), isolation of 18 dB (typ) and am-
plitude balance of 0.5 dB (max)
Dow-Key Microwate Corp.
Ventura, CA (805) 650-0260.
Circle No. 221

NEW PRODUCTS

B High Responsivity

10 Gbps Optical Receiver
The model R402HR low noise PIN+TIA u
cal receiver has a conversion gain of 475 VAV
(at 1550 nm). This [iber-optic pigtailed compo-
nent serves the standard 0C-192/STM-64
telecommunications market with sensitivity of
—20 dBm and bandwidth of 30 kIlz to 8 GHz.
Featuring low ripple, low group delay and low
electrical return loss, the device provides de-
signers of telecommunications systems with
the signal level nceded for driving filter, AGC
or limiting amplificr stages. With a
board footprint of 13 18 mum, it saves consid-
erable space over discrete photodiode and am-
plifier models.
Discovery Semiconductors Inc.
Princeton Junction, NJ (609) 275-0011.

Circle No. 220

B High Performance
Coaxial Cable

The model RG393 IMAX high performance
coastal cable has a stranded silver-plated copper
center conductor, solid PTFE diclectric, two
silver plated copper braids and au FEP jacket.
The cable is manufactured with great consider-
ation given to performance over the intermedi-
ate frequencies from 400 MHz to 3 GHz. It is
swept for SWR with improved performance
and attenuation is lower than maximum levels
allowed in the MIL-C-17 specification
Harbour Industries,
Shelburne, VT (802) 985-3311.
Circle No. 222

B Wire Matrix
The

del 10046 wire matrix operates over the
MIIz frequency range and routes
233 multiwire buus
such as RS-2
Poles are smlc)wd
in groups of 25
with bi-directional
cnulml program-
g and remote
] pmmnmm.u T has sl ot Bt
and features R C 468 inter-
fams Typical switching applications include RS-
serial data lines, TEEE-4558 parallel data
|mu modem to computer data luu oS, twis
pair for Kelvin measurcments in
tercom switching and computer to peri
switching, Size: % 19.00" x 17.00"
Matrix Systems Corp.,
Calabasas, CA (818) 222-2301.
Circle No. 224

B Unequal Power Splitter

The model DG-34FN unequal way power split-
ter is designed to split a signal between two out-
puts in a 4:1 ratio, covering all [requencies from
800 to 2200 MHz. In addition, unlike direction-
al couplers and capacitively coupled devices, it
also provides DC continuity to both outputs.
This allows the powering of remote amplificrs

[Continued on page 156]
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- For more information as well as technical literature
related to Focus-Microwaves and its products, visit
_ our webslte at:

WWW. focus-udcrnwau .com

Prematching and Harmonic Tuners

+ 0.2 to 50 GHz Coaxial Multioctave
+ 26.5 to 110 GHz Waveguide

- Accurate and Reliable

+ SWR to 200:1

- Selective Harmonic Tuning - up to 60 Gl'lzl
- High Power

Load Pull and Noise Software

« The Most Advanced Test Software Available
Includes S-parameters, IV curves, TRL,
Plots, and More...

- Windows Load Pull and Harmonic Testing

Software, Calibrations, Graphics, HPVee,

LabView, ADS...

VNA TRL Calibration Kits

- 0.1 to 50 GHz
- APC-7, N, 7/16, 3.5, K, 2.4
» Accurate and Reliable

» Very Easy to use

Manual Tuners

- Multioctave, 0.4 to 50 GHz
- High SWR

- Highly Repeatable

+ Prematching Capability

Transistor Test Fixtures

Modular, TRL Callbratlon
pport Most Tr

Extremely Low Loss

- High Power

| 970 Montee-de-Liesse, Ville St-Laurent, Quebec, HAT 1W7
3 Tel: (514) 335-6227 Fax (514) 335-6287

E-mail: info@focus-microwaves.com |
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without additional wiring and systems using an-
teunas and Leaky-Line, where low loss and
complete reliability are essential. An input SWR
of less than 1.25, passive intermodulation below
~140 dBe and insertion loss below 0.1 dB will
appeal to system designers trying to meet tough
performance criteria. When compared to most
conventional power dividers, the DG-54FN is
more ruggedly constructed, has no resistors to
burn out and reflects less power back to the
transmitter. The shape allows simple attachment
to pole or wall using the clip provided, and the

upier
It G

hex-style N connectors allow consistent tighten-

ing to a specified torque.

Microlab/F.

Livingston, NJ (973) 992-7700.
Circle No. 267

B Low Cost Termination

The model 50T-19 covers a frequency range of
DC to 2000 M1z and has a SWR of 1.2 (min)
This unit will handle 1 W (average) power at
> and 1000 W peak. The operating temper-
ature range is -20° to +100°C. It is available
with BNC male RF connectors.

JEW Industries Inc.

Indianapolis, lmlumu (877) 887-4539

or (317) 887-1340.

Circle No. 223

j2r Divielz

Conyzniz

B High Power Two-way Splitter

The model ZAPD-20 10 W power splitter is
designed to split a signal two ways with 0° in
the 700 to 2000 MHz frequency range. Band
wide, insertion loss is very low, 0.3 dB (typ,
above 3 dB) uud isolation is excellent at 30 dB
(typ), while maximuin amplitude and phase un-
balance is 0.4 dB and 3 respectively. This
50 @ coaxial unit is housed in a tough metal
qmppml with SMA-female connectors.

Mini
Bmukll(nv NY (718) 934-4500.
Circle No. 225

B Low Cost, Type-N
Directional Coupler

The model 3151 low cost, type-N directional

coupler for PCS and cellular applications offers

high directiity and extremely low intermodu-

lation. It is available in 10, nd 30 dB cou-

pling values and offers exceptionally low inser-

tion loss. Price: $59. Delivery: stock

Narda,

an L-3 Communications company,

Hauppauge, NY, (631) 231-1700.
Circle No. 226

B Adaptive Differential Pulse
Code Modulation Codec

The model ML7029 single-rail adaptive differ-
cntial pulse code modulation (ADPCM) codec
is ned to serve high volume, cordless
phone and wireless local loop handset applica-
tions. Itis a good fit for this market segment as
it allows design (-‘ngmeen to partition for opti-
mal cost without sacrificing value-added func-
tionality while masimizing battery life. The
ML7029 operates from a 3 V power supply,
complies with ITU-T G.711 and G. 726 with
parametrically specified enhanced frequency
sampling rates of 16 and 21 kHz The codec is
available in a 30-pin plastic SSOP with tight
0.65 mm pin pltch Pnco $2.80 (100,000)
Oki Semiconductc
Sunnycale, CA (408! 737-6347.

Circle No. 227

[Continted on page 155]
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B Band Reject Filter

The model MRI43DD multi-octave band re-
ject filter consists of cight stages covering the
frequency range of 2 to 8 GHz. At 2 Gllz, the
30 dB rejection bandwidth is 9 MHz, at 5 GLiz
the 50 dB rejection bandwidth is 20 MHz and
at § GHz the 60 dB rejection bandwidth is 30
M1z The out of band insertion Toss is 1.5 d
(typ) and the tuning sensitivity is 24 MHzAnA
(typ). The unit is integrated with a 12 bit digi-
tal driver to tune the full frequency range. The
operating temperature is ~54° to +85°C and
the filter is built to MIT-E-5400 specifications.
Size; 1.7"x 17" x 17"

ig Inc.,
Santa Clara, CA (408) 985-0843.
Circle No. 228

W Specialized Interface
Adapters and Connectors
This line of specialized interface adapters and
comeetors were developed i sespose t 1
EEtet #28 quirements of
FCC Part 15.203
and comply in
three ways: re-
verse polarity, or
T gender: reverse
S181 or left-handed
I & e
use of metric rather than Unified Standard
threads. The RT-1227, TNG Male to TNG F
male right-angle adapter, is one of these com-
pliant parts. It features left-hand, or reversed,
threads at both ends; nickel-plated body: gold-
plated contact and pin: an(l Teflon industies.

RF Connectors, a division of RF Industries,
San Diego, CA (800) 2301725
or (858) 549-6340.

Circle No. 229

W Surface-mount Toroidal-core
Compensated Chokes

These surface-mount toroidal-core transfc
ers come in a pmk and-placeable liquid cryst
polymer plastic
Tousing, are
able for reflow
and vapor phase
soldering, and are
supplied on carri-
er-and-reel. The
ries is characterized as current compensated
chokes with inductance values from 11 to 4700
WH, but RF or pulse transformer models can
be provided. The cb
125°C, and are well suited for applications
such as EMI isolation in switching power sup-

s

nd other filtering requircments. Pri
5000, for models with inductance values
up to 470 uH), $1.53 (5000, for higher induc-
tance vahues). Delivery: 10 to 12 weeks.
Sprague-Goodman Electronics Inc.,
Westbury, NY (516) 334-8700.

Circle No. 230

B Directional Coupler
The model CPL/17BE-08S7 directional cou-
pler can be used to monitor or match pow:
stablish branch
als, feedback
or signal sam-
pling. The device
has good phase
inversion with re-
spect to input and
low isertion loss
at 1.0 dB (max)
In addition, the coupler has directivity of 12
dB (min) at 4 to 740 MHz and § dB at 750 to
1000 MHz, retun loss of 16 dB (min), imped-
ance of 75 Q. md a umplm;, flatness above
dB. Size: 0.30" x
TRAK Mwmluwe C
Tampa, FL (813) 901- 7200,
Circle No. 231

M Military Filter and Input
Attenuator Module

The military filter and input attenuator module
(M-FIAM)'is a modular, DC input front-cnd
providing transient protection, inrush current
limiting and EMI filtering in a single. minia-
ture package. The M-FIAM enables designers
to meet the conducted emissions requirements
of MIL-STD461E, the transient requirements
of MIL-STD-704E and the environmental test
requirements of MIL-STD-810. It also pro-
tects system hardware from potentially damag-
ing cffects of inrush current. The M-FIAM
cepts an input voltage of 180 to 375 V DC, and
delivers output current up to 3 A. Size: 2.28" x
2.20" x 0.54" Price: $105 (100).
Vicor Corp., Andover, MA (800) 735-6200.
Circle No. 232

[

B Miniature Diplexer

The model W2446D miniature IMD free
diplexer has two standard +43 dBm input test
signals and produces < ~100 dBm of IMD sig-
nals. It offers 60 MIlz DCS/UMT bandswidth
and insertion loss is 1 dB. Return loss is better
(h'\n ~17 dB and Tx-to-Rx isolation is > 65 dB.

Lyp

connectors are standard, but SMA
s are optional for low power applica-
tions. The operating temperature is from —40°
to +70°C. Size: 10" X 20" x 5.0°
Wireless Technologies Corp.,
Springdale, AR (501) 750-1046.

Circle No. 233

AMPLIFIERS

H IP Telephony
Reverse Path Amplifier

The model ARA3000 reverse path amplifier is
targeted specifically for residential gateway and
1P tolephony applications, and comperates for
noisy reverse paths that can plague t

systems and allows cable operators to re-
diagnose and isolate noise ingress prob-
lews. It is also capable of amplifying signal lev-
els from the house insuring highly reliable
upsllmm data transmission, even over a lossy
$7.75 (1000).

ca-

. Pric
ANADICICS In, 5
Warren, NJ (908) 668-5000.

Circle No. 234

B Driver Amplifier
MM3020-BD increased data
awplifier is designed for ex
nal [iber-optic
modulators tar-
geting  higher
bandwidth appli-
cations and data
rates greater than
13 Ghps. Tt gives
fiber-optic sys igners a unique combina-
(e araad frequency coverage along
with an improved eye diagram, flat response
and very low internal jitter. It is a precision
PHE GaAs MMIC, medium power, +23
dBm amplifier and operates from 30 kHz to 30
GHz with a linear 10 dB gain response. Low
internal jitter make:
high speed digital data applications. Output
voltage is 7.5 V (typ) peak-to-peak

The model
30 GHz, driv

Celeritek Inc.,

Santa Clara, CA (408) 986-5060.
Circle No. 235
B 500 W VHF Radio Booster

The m()dr‘] BHE27157-500 VIIF radio booster
the 20 to 150 MILz frequency
range with 500 W/
(min) of output
power. This rug-
gedized power
amplifier is pow-
ered from vehicu-
lar 220 32 V DC
ower and can
-20° to +55°C temperature

operate over the
range with 100 percent condensing humid
Output power is measured and controlled
motely, as are the AM and FM 1\!(0nml|c le

1
X 19.00°

(onhroh Weight: 150 Ib. Size:
X 26,

Coml ch PST,
Melville, zw (631) 777-8877.
Circle No. 236

B Tri-band Power Amplifiers

‘This family of global standard for mobile com-
munications (GSM) power amplifiers (PA) are
designed to enable mobile phones that can be
used around the world. They operate in the
900, 1800 and 1900 MHz bands, providing a
singular solution for all networks using GSM,
Also, the PAs process twice as much informa-
tion as traditional GSM PAs to support cmerg-
ing data services, such as Internet l:mw\mg
online shopping, video messaging and other in-

[Continued on page 160]
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teractive high bandwidth applications. Size: 9"
X 11" Price: $4.85 (10,000).
Conexant Systems Inc.,
Newport Beach, CA (800) 854-8099.
Circle No. 237

ANTENNAS

B Distribution Antenna Interface

terfuce is design requency bands from
FM broadcast (88 to 108 MHz) to P 00
to 2000 MHz). This new interface enables
mumple‘ communication devices for radiati

cms. The DAL s 100 peree

Need Switching?

M SYSTEVS M MODULES

M MATRICES B COAXIALL W AUDIO
M DIGITAL B SOLID STATE

W HARD CONTAGT,

If we
don’t

-
-
-
-

ok AR B0Y

2304, m:
“ E-Mal tech@matrixsystems.com

We Speclahte In Specials

140 e BN

transmission line filters and type-N conmector
ports. This advanced interface unit offers the
user the capability of providing multiple ser-
vices including all municipal operations on a
single antenna system with the ability to add
bands as their systein grows. The DAI features
a maintenance friendly wodular construction
field proven NEMA-4 environ-
wmental enclosure, requires 0o AC power and
supports power levels up to 50 W per band.
The operating temperature is ~30° to 60°C
Weight: 120 Ib. Size: 36" x 30" x 12!

Aerocomm,
Englewood Cliffs.

code domain power, transmit power, adjacent
ehannel power, oceupied bandwidth td spuri-
ous emissions, the unit is d r-
ing basestations and mobile and basestation
amplifiers at both the rescarch and develop-
went and production stages. '
transwitter tester covers the 9 kHz to 7.8 GHz
frequency band and features an analysis band
width of 20 MHz and measures transmit power
to an accuracy +0.4 dB. Adjacent channel pow.
er is —68 dBc at 5 MHz offset and ~75 dBe at
10 MHz offset. The built-in power meter mea-
sures a froquency range of 10 MHz to 3 Gllz,
and power levels of +40 to ~20 dBrm. Ampli-
tude measurements can be made down to ~60
dBm at 20.6 dB accuracy. Frequency/modula-

VJ (201) 227 0066.
ircle No. 238
® D il R, bl
Wireless Networks
Family of Antennas

The DRWiN™ family of antennas for the wire-
less communications markets includes the first
commercially available electronically scanning
antenma. This unique antenna, with the ability
to be reconfigured from a very broad 120°
beam to a narrow 2° beam that can be scanned
across the full seetor, enables dramatic increas-
es in network capacity, reliability and noise di
crimination. The DRWiN antennas focus all of
their power into a smaller volume directed at
the selected subseriber to provide higher data
rates, greater throughput or longer range. This

eam can then be refocused on each subscriber
g service in any random sequence. Tt

tba

acquire subscribers requesting new servi
other benefit of the family is that multiple
beams may be operated independently at the
same [requency within the same sector.
Paratek Microwave Inc.,
Columbia, MD (443) 259-0140.

Circle No. 239

DEVICE

B GaAs PHEMT

TM mv.leI MRFC35010 unmatched. 3.5 GHz,
3aAs discrete transistor is designed
fm In oadband wireless access infrastructure
applications in the S-band frequency range. It

tion s ents are made with 1 percent
(typ) modulation accuracy and origin olfsct ac-
curacy of £0.5 dB. Code domain analysis is
conducted with power measurement accu
of +0.1 dB and error measurement accuracy
405 dB. A trausmitter power control measure-
ment function allows relative power per slot
and Go/No Go evaluation to be made

Anritsu Co.,

erhanlson X (800) 267-4878

or (972) 644-1777.

Circle No. 242

B Quadrature Digital
Upconverter
The model AD9S57 highly integrated 200
Msps 14-] lm qlh\dmmm digital upconverter
(QDUC) features
breakthrough
functionality and
superior dynamic
performance for
broadband com-
munications and
wireless infra-
structure applica-
tions. The single-chip, mised-signal QDU
tes a high speed direct digital synthe
14-bit DAC, digital filter, clock multiplier cir-
cuitry and user programmability in an 80-lead
LQFP. It accepts complex L/Q input data, up-
samples the data, quadraturc-modulates the
data onto a carrier and outputs a frequency-ag-
ile modulated carrier in the analog domain. Su-
perior dynamic performance makes the unit
ideal for humlllmnd/ ble modem return path
and cellular b Generat-

is available in a bolt-down, h etic pack-
age suitable for use as a driver stage in a broad-
band wircless local loop basestation amplifier
Non-hermetic packaging is utilized for cost
savings, and the use of a non-hermetic package
has been validated by performing a highly ac-
celerated stress and temperature test on bare
Gas die under normal operating voltages.
Price: $7:
Motorola SPS In
Tempe, AZ (480) 413-5353.

Circle No. 240

INTEGRATED
CIRCUITS

B 3GPP Solution

The model MSS608A is a single instrument
that mmhnm a transmitter tester, power me-
ter and spectrum analyzer for the analysis of
3GPP WCDMA signals. With the ability to
perform modulation analysis, and measure

0 80 MHz digital output from a sin-
its 80 dB narrowband spuri-

ed to upconvert GMS
CDMA, spread :p(umm OFD:!
and any other complex modulation format

De:
Wllmmgtan .’\l‘\ (800) 262-5643.
Circle No. 241

B WLAN Chipset
The model AR5000 fast, low powe
delivers true radio-on-a-chij

and provides the first two-chip, all CMOS ml-
to-end solution for next-generation 5 G
wireless LANs. Operating at speeds up to 7
Mbps, the chipset enables ubiquitous, econom-
ical connections in the home and office be-
tween devices such as personal computers,
printers and access points. It is compliant with
the IEEE’s new 802.11a 5 GHz wircless LAN

[Continued on page 162]
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SURFACE MOUNT

4kHz to 2200MHz ..*1

What makes Mini-Circuits your single source for surface
mount RF transformers? Variety, availability, performance,
and price! From wide band transformers with low droop and
fast risetime capabilities for pulse applications, to a particular
impedance ratio from 1:1 through 1:36 specified for a wide
range of impedance coverage, we will work with you on your
design challenges. Tangible benefits such as very high
dielectric breakdown voltage, excellent amplitude and phase
unbalance for balanced to unbalanced applications, and
easy to use surface mount package styles make Mini-Circuits

[ —JMini-Circuits

TRANSFORMERS

5

ty.1-9)

surface mount transformers a great value. Our new ADT
transformers are changing the face of RF transformer design
with patent pending #f ™ Innovative Technology delivering
small size, low cost, and better performance. This same
leading edge transformer expertise can also develop your
custom designs at catalog prices. So, simplify your transformer
search...Big Time! Capitalize on the quality, design know-how,
and off-the-shelf variety from Mini-Circuits. Call today!

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

PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com
For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE » EEM » MICROWAVE PRODUCT DATA DIRECTORY * WWW.RFGLOBALNET.COM
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standard, and includes an enhanced turbo
mode. Pric
Actheros Communications nc.,
Sunnycale, CA (408) 773-5200.
Circle

No. 243

B Low Current Downconverter
The model MD39-0048 low cost, highly linear
integrated circuit downconverter is designed
for use in PCS band RF systems. It integrates
an on-board LNA, miser, LO buffer, RF ampli-
fier and output buffer in a miniature 4 mm
MLF package. The unit meets stringent linear-
ity and low current requircments of PCS-band
CDMA handsets, as well as the 15-98 CDMA
linearity requirements for the US and Korean
PCS bands. The MD59-0049 offers continuous
control of current and gain by application of a
control yoltage, which enables the unit to oper-
ate over a wide range of input signal power and
further minimize current draw and maximize
battery life using real time gain control. It
operates with an RF output frequency be-
tween 1.8 and 2.0 Gz and has a low noise fig-
ure of 2.3 dB, very low current draw (20 mA in
high gain mode) and an iuput IP3 of -8 dBm
(typ). The device requires an LO signal of only
~10 dBrn.
M/A-COM, Lowell, MA (500) 366-2266.
Circle No. 244

@ High Power Amplifier MMICs

The model TGA1135B and model TGA1172
millimeter-wave, high power amplifier MMIC
products cover the
18 to 32 GHz
frequency band.
Through the use
of advanced 0.
micron gate length
PHEMT GaAs
production process technology, these devices
both provide the smallest available physical size
er watt output power and lowest costs per watt
of output power in this frequency range. These
units provide equipment designers with an eff
cient, one-watt source of millir
for use in wircless communication products sucl
as point-to-point or point-to-multipoint radios,
satellite communication earth stations and space-
craft payloads. Frequency bands include the 18,
23 and 26 GH. rowave bands and 24, 28 and
31 GHz LMDS bands, as well as the 18 and 30
GHz Ka-band satellite communications bands.
Price: $49 TGA1135B (1000); 850 TGA1172
(1000). Delivery: 12 weeks (ARO).
TriQuint Semiconductor Inc.,
Hillshoro, OR (503) 615-9000.
Circle No. 245

B 77 GHz FS Radar Chipset

The chipset includes two multifunction
MMICs: a 19 GHz VCO including a 18 to 35
GH_ frequency multiplier and a 13 dBm 77
GHz power amplifier including 2 38 to 76 GHz
frequency multiplier. The devices have been
developed taking into account the industrial
and environmental constraints of Automated
ACC radar manufacturers. They provide inter-
nal self-biasing with only two voltages to apply,
+45 V and 45 V; and are designed for auto-
matic pick and plice and wire bonding equip-

ment, thus are less sensible to assembly disper-
sion. The MMICs operate over —40° to +100°C
and are optimized to work together and be an
overall cost-cffcetive solution.
United Monolithic Semicondutors (UMS),
Orsay, France 33 1 69 33 02 11.

Circle No. 246

MATERIALS

B Thermal Vias

The refined PowerPlug™ technology cosis
of solid, copper plated via fills used in the fab-
rication of metallized ceramic substrates, chip
carriers and packages. This development al-
lows circuit and package designers to signifi-
cantly improve the thermal and electrical para-
meters of microclectronic packages. Thermal
resistance as low as 2°C/W can be achieved,

the base dielectric. designers and fabricators
can form, mold, bend and even insert-mold it
in a plastic injection process. The flexible man-
ufacturing also allows for custom designs of
pancl size, thickness and copper clad. 1t is
available in standard cireuit board panel sizes
of 12! x 18" and 18" x 24°
Sheldahl Inc.
Northfield, MN (507) 663-547

Cvdc No. 249

SOFTWARE

B Design and Simulation Tool
APLAC Version 7.6 design and simulation tool
includes a fast RFIC module, which is useful
when the designer has to deal with hundreds of
active components, along with few passive
components. A variety of new and improved
semiconductor and passive component models
arc included as well. In addition, a Simulation
Definition Wizard has been added in order to
simplify the ion of analysis definitions.
Nonlinear simulations can be specified even
without any knowledge of APLAC language
synitax.
APLAC Solutions Oy,
Helsinki, Finland +358 9 5404 5010.
Circle No. 250

B EM Simulation Software

CST MICROWAVE STUDIO™ Version 2.1

includes aver 250 new featurcs, options and
which have beer

expanding maximum operating
and power limits. The solid via plugs have high
thermal conductivity (200W/CxM) as well as an
electrical resistance as low as 0.38 mQ.
Remtec Inc.
Norwood, JIA (781) 762- 9191

No. 247

H Silicone Press Pads
BISCO™ Silicone press pads are designed to be
used in the lamination of multilayer printed
circuit boards,
flexible circuits
and liquid crystal
display (LCD)
modules. These
pads offer 25 to
100 times longer
life than lr.\dxuoml pads and save time at the
press. They consist of a reinforcement layer
made of fi Fl)erglass cloth that is encased between
two layers of calendared silicone rubber. Stan-
dard thickness is 1/16" and the material is sup-
plied in widths up to 36" The pads are offered in
0 gra 1SCO HT-1500 Solid Silicone and
BISCO HT-1510 Solid Silicone. The former is a
eneral purpose material that can be used at
temperatures of 300° to 350°F and Pt of
0 to 400 psi, while the latter is a high perfor-

Rogers Corp., Rogers, CT, (800) 237-2065.
Circle No. 2-

B High Frequency Circuit Material
The ComClad™ HF high frequency circuit
material consists of Noryl® plastic material as
the base dielectric and Tas excellent electrical
permmwlu for use in microwave and RF ap-

plications. Tt has a diclectric constant of 2.6, a
dxmpmm\ factor of .0025 and is rated at a con-
tinuous operating temperature of ~40° to
+85°C. The material uses a common plastic as

over the past six months. The palette of solver
modules has also been extended to include a
frequency domain solver available as a beta test
version. Among the new features are adaptive
mesh refinement, SAR calculation, improved
import options, extended healing capability, ex-
tended dynamic SPIC extraction, surface im-
pedance, plane waves, 2D profile editor, multi-
pin port modes, human data sct interface,
anisotropic materials, RCS calculation and
many new VBA functions and commands.
Computer Simulation Technology (CST),
Darmstadt, Germany +49 (0) 6151 7303 0.
Circle No. 251

B Microwave Design Software
Concerto Version 2 combines the universally
accepted Finite Difference Time Domain
method with a unique conforming mesh tech-
nique, and has already proven to be a success
converting increasing numbers of customers
from the older, slower packages. Version 2 in-
cludes a number of new features to increase
this package’s capabilities in EMC and radar
cross sections. In addition, enhancements to its
already impressive capabilities in microwave
component and antenna design have been in-
corporated. The new version includes plane
wave excitation, enabling the user to define a
plane wave and study the reflections and dif-
fractions due to complex objects in its path
nain advantage of this new feature is in
EMC simulation, where a planc wave can be
directed at a structure from a distance to de-
termine the radiation reaching sensitive pares
of the device.

Vector Fields Lid.,

Kidlington, Oxford, UK

+44 (0) 1865 370151.

Circle No. 252

[Continued on page 164]




Imagine the possibilities.

Introducing our newest NGA
InGaP HBT amplifier family with
low thermal resistance for higher
reliability and improved linearity
with broader bandwidth.

Stanford Microdevices introduces the NGA-100 through
¢ 0600 Series InGaP HBT amplifiers designed for
b today’s and tomorrow’s advanced communication
& 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 scries are

biased with a single voltage and provide wide
bandwidth, high gain and exceptional linearity.

For more information on these new InGaP amplifiers,
visit our website today. Imagine the possibilities with
RF innovation from Stanford Microdevices.

NGA - InGaP MMIC 50 Ohm Gain Block Amplifiers

FreqRange| Vd d Gain | PidB | IP; Thermal

Model (GHz) ™) | ma)| (@) |(@Bm)|(dBm)|Resistance rcw
86| taiB0t Al sea]t 8203031 Fine0 st 2]

NGAzse| 0160 | 40 | 500] 165|152 [3201 120
i 1450F 25871 1 RALIIT Y

60 | 50 | 800 w48 [ 183 | 3951 118
H6DE R 1| SBDR L B0.0 §2 AGATEARORNBAS T SRaREI LI

NG/ -6.0 59 | 800 | 118 | 195 | 375 121

Data at 1 GHz and is typical of device performance.

STANFORD
MICRODEVICES

www.stanfordmicro.com « 800-764-6642
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SOURCES

B SMD Voltage-controlled
Crystal Oscillator

The EV scries of ceramic surface-mount
VCXOs is ideal for applications such as digital
subscriber line (DSL), cable modems and
ATM/SONET/SDH. It is available for 3.3 or 5
V operation with a frequency range from 1.024
to 52.000 MHz. Features include absolute pull
range up to 100 ppm, tri-state function, com-
mercial or industrial temperature range and
linearity up to 10 percent. Tube or tape an
reel packaging is available. Size: 5.00 x
1.95 mm. Delivery: stock to 12 weeks.
Ecliptek Corp.
Costa Mesa, CA (800) 325-4783.
Circle No. 253

B Voltage-controlled Oscillator

The model SMVI6T9A surface-mount, low

profile package VCO is designed for demm!rl-
ing wircloss lo

ing systems lhn

compact pack-

ged device has

vide quick inte-
gration into
PLLs, It will generate frequencies between
1678 and 1680 M1z within a control voltage
range of 0 o 3V DC allowing the error voltage
to be taken directly from the 1Cs charge punp
circuitry. Drawing only 6 wA of current from a
2.7V DC supply, the unit saves valuable PCB
space through its subminiature sive. It exhibits
spectral purity of ~87 dBe/Hz (typ), at 10 kllz
from the carrier and is specified to operate
over the extended commercial temperature
range of -30° to +85°C. Furthermore, this de-
ce provides the end user -5 +2 dBm of out-
put power into a 50 © load and suppresses the
sccond harmonic to better than -9 dBe. Size:
0.3"x0.3" x 0.8" Price: 815.95.
*Z-Communications Inc.,
San Diego, CA (858) 621-2700.
Circle No. 254

SUBSYSTEMS

B Co-channel FM Demodulator

‘The Platinum 111 demodulator is a new con-
cept to M communications wherchy tw
et e
multancously and separated from cach other

withont distortion, crosstalk or beating. The re-
ceiver operates with dual carrier inputs from
20 to 500 MHz and produces the choice of
four outputs, the dominant signal, the subdom-
inant signal, the linear addition of the two
modulations and the standard
Multipath and quasi-synchronous signals sim-
ply add up and improve the reception. Separa-
tion starts when one carrier is =10 dB (typ)
different from the other. The sub-dominant
carrier can be recovered down to —20 dB be-
low the stronger carrier. Power supplies are £6
VDC at 160 mA Size: 160 X 100 X 10 mm.
Ampsys Electronics Ltd.,
Paisley, Scotland +44 (0) 141 848 3444.
Circle No. 255

l 1/Q Vector Modulators

74 Serics of VQ vector modulators are
de:wgned for today’s more demanding system
applications. The modulators feature 60 dB dy-
namic range of attennation and 360° phase
control in three broadbands, covering the 2 to
GH frequency range. The 73-Series offers
12-bit T and Q digital control for high resolu-
tion and the T4-Series units offer analog con-
trol with comparable RF performance.
All modcls incorporate multiple bi-phase
attenuator sections to provide in excess of
60 dB attenuation range at any frequency
They are capable of the full 360° phasc range
at any attenuation level. The units aperate over
the —34° to 100°C range. Weight: < 12 oz. Size:
43

Ceneral Microwave,

a Herley Industries Inc. company,
Farmingdale, NY (631) 630-2000.

Circle No. 256

W AC-DC Switching
Power Supplies

The low profile SC150
switching power supplies

ries of AC-DC
ble source of
power for com-
p\\l( T )wnpll('r

+12 V at 200 mA (max). This receiver can be

used for narrowband LMDS or full-band mul-

ti-channel radiometer applications.

Spacek Labs Inc.,

Santa Barbara, CA (805) 564-4404.
Circle No. 258

SYSTEM

B Wireless LAN LMDS Solution
The model PPC-10/37000-L basestation for
wircless point-to-multipoint LAN connectivity
is a 40 GHz wircless building-to-building link
for multiple Ethemnet LAN connectivity. It is a
transparent, software-free wireless transceiver,
designed to connect two or more Ethernet
LANs. Used in conjunction with the model
PPC-10/37000-B LAN-to-LAN bridges, the
system provides a true LMDS wireless solution
for wide arca Ethernet network connectivi
‘The nietwork will pass all Ethernet-type proto-
cals, inchuding TP, TPX and AppleTalk with full
duplex throughput at standard Ethernet 10
Mbps in each direction. The network is much
more cost-cllective than using, s-qumlem mn|~

ced op-
tical cable installation or bandwidth ]imil:n.in}u
of copper pairs. The wireless system can be
quickly deployed to cost-effectively deliver any
kind of traffic, such as data, Internet, voice
video or multimedia services.

ELVA-1 DIl"tmeLer-Imre Division,

St. Petersburg, Rus:

+7 812 325 58 58 ext. 282

Circle No. 259

TEST EQUIPMENT

cmmw, point-of-
sale and test and
measurement
equipment in a
package that fa-
cilitates multiple sourcing, In addition, thou-
sandls of other models are casily configured de-
Tivering up to four output voltages of 1.8 to
48 V. Additional Nexibility is provided through
the low profile height of the unit that enables
the SC130 to casily fit in 1U racking applica-
tions. The series meets UT.1950, CSA950 and
EN60950 regulations, and accepts DC inputs
from 130 to 360 V. Price: $129 (100).

Lambda, an Invensys company,

San Diego, VA (800) 526-2324.

Circle No. 257

B MMIC LMDS Receiver
The model )

doupler-amp. The
RF  frequency
ran 0 to 30
GHz, the LO f
quency range is
10 to 15 Gz at
~4 to 0 dBm and
the IF range is
DC to 5 Cllz.
5 dB (max).
3 bias is +8 to

SSB noise figure is 3.0 dB (typ),

RF to IF gain is 20 dB (typ), DY

The Bellcore SmartRack is a 19" rack that
houses the transient generators used to tes

phenomena test-
ing with the pre
of single button.
Software and a
coupling/decou-
pling matrix allow
series’ of tests
to be sequenced
and  executed
without engaging
and disengaging
the EUT. Other
options include
configuring the
system for ESD
testing for Section 2, Section 9 [rame, surge
and EFT tests. Tt can be operated from a front
panel or remotely from a Windows-based

v on Windows
T and it generates complete

95, 98, 2000 or
reports,
Amplifier Research (AR),
Souderton, PA (215) 723-8181.

Circle No. 261

[Continued on page 166/
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800-448-1666 + 315-438-4700
Fax: 315-463-1467
Toll Free Fax: 888-411-8860
http:/iwww.microwavefilter.com
micsales@microwavefilter.com
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ALUMINUM DIP BRAZING

COMPLEX WAVEGUIDE
ASSY, TUNING AND TESTING
PASSIVE W/G COMPONENTS

TEE, TWIST, TERMINATION
CUSTOM ENCLOSURES
LIGHTWEIGHT THIN WALL
EMI/RFI/PRESSURE SEALED
HEAT EXCHANGERS
THIN FIN, AIR & LIQUID

TEXAS
BRAZING
INC.

400 E. HWY 80
Forney, TX 75126
FAX 972-552-3706 PH 972-226-9724
E-mail_tbi sales@usa.net

(CIRCLE 132
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B Noise Figure Analysis Tool

Th( models NS974A and A additions to the

FA serics noisc figure analyzers

itive user interface
that makes it casy
§ to characterize
amplifiers and fre-

s quency converting
devices. Measuring 6.7 to 36.5 GHz in a single
instrument eliminates the nced for a separate
downconverter, and accurate and repeatable re-
sults allow tighter specification of device perfor-
mance. The NS974A operates over the 10.0
Mz to 6.7 GHz range with noise figure uncer-
tainty of < 0.15 B, while the NS975A operates
from 10 MHz to 26.5 GHz with < 0.15 dB noise
figure uncertainty

Vs
"'[TSAT

Ku to L-band Transceiver, 2 W

Completely Integrated, total weight 2 kg
+ HPC,OMT, TRE, LNC.
* Microcontroller
Two cables Interfac
+ RxTF 10 MHz ref and 24 DG
* Tx, HPA on/off
For more information:
0373 60 » Fax: +47 23 03 73 61
e-mail: info@sat.no
www.tsat.no

Tel: +4

CIRCLE 68
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SATELLINK, INC.
3525 MILLER PARK DR
GARLAND, TEXAS 75042
FAX (972) 487-1204 PH (972) 487-1434
E-mail: info@satellink.com

CIRCLE 136

WAVEGUIDE & COAXIAI
SWITCH SPECIALISTS

SWITCH OVER TO:

imi) SECTOR MICROWAVE
INDUSTRIES, INC.
999 Grand Bivd,, Deer Park, Now York 117229

(516)242-2300 - Fax: 516-2
Request your "RF Switch slide bu ide today\

Agilent Tech Lid.,
Amstelveen; The Netherlends
020 547 7225.
Circle No. 260

B Wireless and Satellite
Spectrum Analyzer

The model PSA-S6A wireless spectrum analyzer
includes the company’s proven microprocessor
frequency control technology, attractive multi-
function backlit LCD and antomatic digital fre-
quency lock (DFL). It covers a frequency range
between 5 and 7 GTIz in spans of 1000MHz
(typ), in accordance with option selected and cus-
tomer specification. The spectrum analyzer with
option 001 covers the 5.5 to 6.5 GHz frequency
range for cconomical analysis of satcllite uplink
band. The model with option 002 covers the 5.1
to 6.1 GHz band for wireless communications.
‘The choice of frequency coverage, amplitude and
frequency accuracy, and high sensitivity (-95
dBm) of the PSA-86A combined with its low cost
make these analyzers an ideal choice where
portability and cconomy are required. Price
$2975. Delivery: stock to 2 woeks,
AVCOM of Virginia Inc.,
Richmond, VA (804) 794-2500.
Circle No. 262

M Test Set for Wireless Amplifier
and Digital Radio Test

The model CS2010W virtual test instrument for
power amplifier, software-defined digital radio
and digital signal encoder applications has mem-
ory of 4000 MB, resolution via 14-bit D/As and
cellent dynamic range, It essentially offers
three prmluul\ m one with various functions,
which may include multi-carrier. multi-standard
signal generation through VSS software, digital
IF and IQ transmit and receive with interface

£

[Continued on page 165]
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Radar Systems Performance
Modeling
G. Richard Curw Consultant

m Explains how to evaluate the per-
formance of radar in system tasks,
and helps you quantify the impact of
radar operation on system perfor-
mance

m Presents equations, computation
methods and data for modeling radar
operation and performance at the
system level, provides systems-level
radar modeling tools for hoth the an-
alyst and programmer, and fumnishes
insight on how to use the models in
system analysis

m Focuses on ground-based pulsed
monostatic radars, including phased
array, reflector dish, and hybird con-
figurations, and discusses other
types of ground, air and space-based
radars

Software Included! One
H 35" diskette featuring Visu-

al Basic modules and equa-
tions that can be used for calculating
many of the parameters discussed in
the book. These can be used for
radar analysis in Excel spreadsheets,
or form the basis for program mod-
ules

Hardcover. 353 pp. 2001
ISBN: 1-58053-095-8
Order Book No. MW000953
£68

CRISP: Complex Radar Image
and Signal Processing - Soft-
ware and User's Manual
August W. Rihaczek, Stephen J.
Hershkowitz, Richard L. Mitchell,
Robert H. Mitchell

m Helps you quickly apply the tech-
nology of Complex-Image Analysis
in solving any radar problem involv-
ing high resolution of man-made
targets

= Allows you to form a focused im-
age of a radar target and to measure
the locations and characteristics of
scatterers on the target

m Features a user-friendly graphical
interface with a built-in help utility,
and can be used with one-dimen-
sional or Doppler profiles

System Requirements: Windows 95,
NT, or 98; 200 MHz proces-
sor, 32 MB RAM; 100 MB
disk space: CD-ROM drive.

User's Manual 100 pp. 2000
ISBN: 1-58058-054-0

Order Software No. MW000549
£168

PN

Order both book and software for just £229
Nos. MWQ00549 and MWOO0819.

cn

BOSTON « LONDON

46 Gillingham Street, London, SW1V 1AH, UK

» dor Book o Mvvuooaw‘

House Books

Target Identification :
August W. Rihaczek, and Stephen
Hershkowitz

w Examines target identification:

solve today's real-world radar.chaf* £5%;
lenges, and describes improved:tegh+ ".. 3
nology and methods for mpiemenim
target identification solutions applié-=
ah\e to complicated man-made: té -

srivae
w Includes examples teken entifely <&
from real target data, and teaches:

an approach to complex targetragal
that improves resolution byafac(
of two in each dimension, ef
more accurate measurements int
radar applications

==

Hardcover. 762 pp. 2000 i
ISBN: 1-58053-081-8

v

%
i

b

;‘a'n +44 (0)20 7596-8750
&DO a.m-5:30 p.m.

EMAIL
artech-uk@artechhouse.com
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It's not about WHETHER

broadband wireless is taking off.
But HOW.

nBand Communications is fueiing the future
of the multi-billion dollar broadband
wireless communications market. How? With
a revolutionary programmable architecture that is
light years ahead of fixed-function ASICs.

Join our New San Diego Design Center to
lead a revolution.

As a Prindpal RF Systems Engineer, yourwill
lead an RF product developrent team fron
concept thiough production, hire a team and
puttogether an RF laboratory for prototypé -
development and production testaf wireless
products in'the 2:30 GHz range. Seeking MSEE,
pioven track record, 8+ experience with
wireless systems inluding transceiver design *
and performance evaluation and technical.
agility in all phases of RF design. Strong
communications background is desired.

Please vist ol website for more details
wwwinband.com
Email: jobs@nband.com.

nBand i an Eaual Opportunty Employer

WHAT CAN YOU FIND AT
www.mwjournal.com?

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

Is your company
in the directory?

APPLICATIONS ENGINEER

This position reports to VP of Sales/Marketing
Position supports sales/marketing und works
lem with engineering, Must possess well-
developed persanal, technical and sales skills, and

experience in Microwave wiarket.

Manitors Microwa t, develops designs,
«v\dwurk with all (Iepn’(uwvm and with our
supplier and customer base. Position is aware of
our competitors and recomments competitive
strategies.

Position performs design mods. on cable assern-
blies, and may assemble prototypes. Heishe also
addresses customers” technical iguires, i
product truining, product applications and prol-
lem resolution.

REGIONAL SALES MANAGER

dppliats will have 5+ years expericnce in sales

of passive microwave devices such as cable as-
Rean AR el T
dergrad degree required. Position will manage
sales rep. force in Eastern US. Position reports to
VP of Sales/Marketing. Requires domestic travel
Strong customer service orientation and out-
standling verbal und written communication skill
reqired

Please reply to,
HR Manage:

PO Box 20463, Mesa, AZ §5277-04¢
or E-Mail to: customerservice@semlex.com

SALES
MANAGER

Communication Solutions Inc.. a grow-
ing govermnent contract manufacturer lo-

ated in the Baltimore, Maryland area
sccks full-time Sales Manager with 5-10
years experience to promote and sell our
Droducts into a defined SIGINT commu-
nity customer base to include the US Gov-
crnment, Maryland and Virginia prime
contractors and International custorners
Other responsibilities will include manag-
ing assigned distributors and sales repre-
sentatives, developing sales plan, working
with management to develop marketing
strategics and new product definitions,
creating data sheets, and preparing quota-
tions and technical proposals. Excellent
team environment and support. lent
benefits and opportunity for growth.
Some travel is required. BSEE preferred.

Please forward résumé to:

Conmmumications Solutions Inc.
PO Box 43350

Baltimore, MD 21236-0550
www.comsol-inc.com

R
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capabilities to proprietary back planes. The
2010W is an off-the-shell solution that offers
multi-domain generation and analysis at differ-
ent levels of lun(l]umﬂ.\t\ to meet different bud-
get and performance reqmmnem
Celerity Digital Broadband Test,
a division of L-3 Communications,
Cupertino, CA (888) 274-5604.

Circle No. 264

B Synthesized In-circuit
LCR/ESR Meter
The model 885 lightweight, bmm powes
handheld, Smﬂ\esvzd in- it LCR/ESR me-
% u 'r can be used to
| test components
at frequencies up
B 0 10 k7. It of-
B fers a large variety
of measurement
parameters such
as Z, L, C, DCR
ESR. D, Q and ¢
and a wide range
of test conditions
uulunl\nu 100 and
and

kHz, 1 Vims, 0.25 Vrns and () 1)0 \nm Nt

tures DC resistance measurement, recharg

able battery/AC power, 0.

racy, a large, easy-to-read dual LCD displa

fully auto/manual sclection and

sponse. The model 885 comes complete with
ruction manual, battery, SMD surface-

monnt probe and carry case. Price: $549.

BK Precision Corp.,

Placentia, CA (714) 237-9220.

Circle No. 263

Transponder Test Set

The model TF transponder test set re-
sponds to the militarys need for greater fight
oty, and

aimed at f1
line and be:
testing of trans-
ponders and in-
terrogators, and
can test both
identification
iend or foe
(LFF) transpon-
ders and IFF in-
teregators. It is
also capable of
testing enhanced traffic alert collision avoid-
tems (ETCAS). The 1FF-701Ti allows
user control of pass/fail parameters using RS-
232 communications port and provides capa-
bility for storing IFF Mode 4 codes for use
during transponder testing. Price: $19.995. De-
livery: 4 weeks.

IFR Systems Inc., Wichit
2352 or (316) 522-4981.

., KS (500) 835-

Cirele No. 278

B Protocol Analysis Solution
The model K1297-G20 is one of the first tools to

tion System (UMTS) and already supports te

[Continued on page 170]
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ing and monitoring of diverse second generation equipment. UMTS sup-
ports the combination of voice, video and data in next-gencration mobile
communication infrastructures. Adding the UMTS standard to its K1297-
G20 protocol analyzer allows telecommunications equipment designers to
develop and test, and network operators to deploy features such as global
roaming and Internet access. This feature puts this analyzer in the main-
stream of 3G development and deployment. The instrument delivers full
support of the UMTS L interface signaling protocols towards the circuit-
switched and packet-switched domain. Among other duties, it can simulate
the Radio Network Controller via the Iu interface while verifying the func-
tions of the UMTS mobile switching center (and vice versa), allowing inde-
pendent development of the two elements. Price: $188,000, including
hardware and software for the simulation, emulation and monitoring pack-
ages; $123,000 for the monitoring package option.

Tektronix Inc., Beaverton, OR (503) 627-2001.
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TOMORROW'S TALENT TODAY!

Solid State Microwave, a Raytheon laboratory, has immediate
openings in the following areas for our EI Segundo, Calforia facilty:

MMIC DESIGN

We're looking for top notch, highly qualified candidates to take on
exciting challenges involving development of Monolithic Microwave
Integrated Circuits (MMICs) for next generation radar and communi-
cation systems. Requires a degree in Electrical Engineering or
Physics and specific background in modeling, simuiating and laying
out MMIC chip components covering everything from low noise and
power ampiiiers to switches, mixers and phase shifters. Must have
experience with CAD tools such as Agilent Eesof's Libra/ADS,
Cadence, Sonnet and HFSS.

MICROWAVE TEST ENGINEERING

We have excellent opportunities for individuals able to generate soft-

ware programs to control test equipment and design automated test

equipment (ATE) for Microwave Integrated Circuits (MICs) and
Modules.

5, VODs, Filers i si-f-De-at CMOS lchnoigy. Proven iy ]
ork wih

you into 2

Have good
communication skls. Be esuls-viented and have potntal n Manager ol in 2-3 years.

n
BSEE plus 5 years or MSEE plus 3 years (MSEE of PhD pelered).

ViSIT OUR WEBSITE AT WWW.MICSEARCH.COM

‘“ I c R COMMUNICATIONS

EXECUTIVE SEARCH
We specialize in the placement of wireless, RE, microwave communications
feslonls bot gecionally ol simmationelly
35 New England Business Center Ste. 205
Andover ,MA 01810
Call Collect: Tel: (978) 685-2272  Fax: (978) 794-JOBS
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For consideration, fax resume to (310) 647-4012.

Or email resume to: mriabucha@west.raytheon.com, or mail to:
Raytheon, Human Resources, 2000 E. El Segundo

Bivd., MS: EO/EO1/C111, El Segundo, CA 90245. The

We are proud to be an Equal Opportunity Employer. reason
Proof of U.S. citizenship required.
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Get Connected.

Conference: February 12-16, 2001
Exhibits: February 13-15, 2001
San Jose Convention Center ® San Jose, CA
www.WirelessPortable.com

Produced by: a Ibnton

to miss. ...

The power of a wireless world fies in the ability
to take information out of the air, effortlessly,
with just a click. That's how you're designing it

And the marketplace wants even more of it,

tight now. This demand for more features and ap-
plications forces you to keep pace with the
possivilities. Where can you go to test your
theories, see the latest engineering, design and
development resources, and make the contacts you
need to stay on-schedule and under budget?

Wireless/Portable
Symposium & Exhibition.

You'll make 5,000 live connections with colleagues
who think and imagine as you do. With over 170
conference sessions and 400 leading vendors
Wireless/Portable is your chance to link up with
the brightest design and development minds.

The tools you need to influence the next phase

of wireless connectivity are here for the taking


http://www.WirelessPortable.com

ERRATUM

In “Stabilization of RF Parameters
of Injection-locked Pulsed IMPATT
Oscillators,” a technical feature by
L.V. Kasatkin and N.F. Karushkin
that appeared in the September issue
of Microwave Journal, there were
several typographical errors. The text
describing Figure I should have
read: For a diode temperature 6 =
500 K the bias current density is Jy =
16 kA/em? and current compensation
in the described temperature interval
is achieved by decreasing the current
density in the limits of 12 < J, < 16
kA/em?; the different colors in the
data plot correspond to fixed voltage

amplitudes at the diode terminals of

U,, =10, 15 and 20. Also, the correct
Figures 2 and 4 appear below:

B Propuct BROCHURE
This six-page brochure deseribes integrated a

semblies, converter assemblics, log IFs, filter
banks and switch filter banks. Product pho-
tographs are provided. Descriptions of the
company’s manufacturing and engincering
processes are included, as well as a company
Tnission statement,
AKON, San Jose, CA (408) 432-8039.

rcle No. 200

B CeLLuiar/PCS CataLoc

This 48-page catalog, CEL-6006, details vehicu-
Jir fed tion o o power in-building re-
peater kits. It features many new products for
dual-band/PCS and dual-system cellular/
GPS applications, as well as the rec
leased EAC-501™ in-building repeater kit. Mo-
bile antenna additions include the “On-Class™
cellulu/PCS 3 dBd/mity gain antenna
Antenna Specialists,

an Allen Telecom company,
Cleveland, OH (440) 349-8400.

Circle No. 201
B RF FEEDTHROUGH BROCHURE
‘This four-page brochure features the compa-

ny's full line of RF feedthroughs, both singl
and dual conductor. The feedthrough ratings
are classified by frequency and amperage in or-
der to meet all of the various parameters for
different appli

Lerum aseal,
Vew Lebanon, NY (800) 752-7325.
Circle No. 202
B PRODUCT DATASHEET

his data sheet features the model 6150 laser
trimming system, which offers small spot sizc.
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flexible and easy use, along with
the speed and precison nevded for e d
1 signal devices and sensors. The
Iudes a photograph and product
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B FLexisLe MICROWAVE CABLE ASSEMBLIES
CaraLoe

This 21-page catalog featurcs UTIFLEX* minia-

ture low loss, low loss, ultra low loss and ultra-

light cable asscmblios. Product deseriptions,

Potistown, PA (610) 495-0110.
Circle No. 206

B Probucr CataLo6
This 16-page catalog, Analytical Test Stations
and Accessories, provides product photos and
short summmaies of the company's more popu-
lar products. The 300 mm probe station, the
9000 Sexies, 8000 Series, 6000 Seric

The Micromanipulator Co.,
Carson City, NV (800) 967-4358.
Circle No. 207

W Propucr LiNe CATALOG
This 96-page product line catalog featuring test
and measurement products can be downloaded
from the firm’s Web site, www.bkprecision.com,
or is available by contacting an authorized dis-

tributor. It features over 50
products, and is an ideal s
use by electrical and clectronic field service, de-
pot service and engineering/Ré&D personnel.
BK Precision Corp.,
Placentia, CA (714) 237-9220.
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B Propuct DATA SHEET

This data sheet details the 25 dBi gain DRWIN ™
clectronically scanning antenna. The antenna f
tures adaptive beam patterns, rapid beam hop-
ping, software control aud low power consump-
tion. The data sheet provides a phiotograph, prod-
uct Dﬁn\mr benefits, applications and

description, as well as &
Electro Scientific Industries Inc., (ESI),
Portland, OR (503) 641-4141.
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W MASTER SOURCEBOOK CATALOG

This 300-page catalog features thousands of
products [rom leading manufacturers, includ-
ing many items that are new to the industry. Tt
features an extensive seleetion of tool kits.
es and carts, test equipment, hand, power and
specialty tools, wire and cable, soldering equip-
ment, computer and LAN products

Jensen Tools Inc.,

Phoenix, AZ (800) 426-1194

or (602) 453-3169.
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B PC-AseD MEASUREMENT AND CONTROL
SOLUTION BROCHURE

This six-page brochure details manufacturing
test and measurement, OEM, and factory au-
tomation and machine control solutions. Prod-
uct descriptions, photographs and applications
are provided, along with a chart comparing
each product’s price, general functions, electri-
cal mcasurements and physical measurements
Keithley Instruments In
Cleveland, OH (888) 534-5453.

Circle No. 205

. as well as | sraphs
Paratek Microwave Inc
Columbia, MD (443) 259-0140.

Circle No. 209

B EMC CompONENTS CATALOG

This 256-page EMC components catalog pro-
vides detailed technical data on a broad range
of filters, chokes and rpp(hl\mu]JA components.
Product information includes current ratings,
TEC compliance, differential and common
mode attenuation, optional versions and instal-
lation instructions. Isertion loss diagrams and
mechanical schematics are also provided.
Schaffner EMC Inc.
Edison, NJ (732) 225-9;

Circle No. 210

B Propuct BROCHURE
This 15-page brochure deals with applications
of the ANT-20 advanced network tester in
SONET networks up to the OC-192 hierarchy
level. It provides product descriptions, pho-
tographs. sample test sequences and results,
and screenshots, as well as some solutions to
typical test problems using the ANT-20.
Wavetek Wandel Goltermann
Eningen GmbH and Co.
ingen, Germany +49 7121 86-1616.
Circle No. 211
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A soaring market, an RF & Hyper Europe 2001 trade show testifying to
its growing Eurapean ssope : just enough to offer a concentrate of skills in
meeting again this year the main players in the fields of components,
instrumentation, test, software...

THE PROGRAMME FEATURES 3 CONFERENCE CYCLES :

« A cycle on EMC to keep abreast of the latest advances in the
standards and regulations.

« A cycle of conferences animated by the exhibitors.

« An innovation in 2001, high level conferences in partnership with the
magazines Microwave Joumnal® and Telecommunications®, covering such
tachnologies as microwaves, wireless and optical fibres applications in
the fields of Telecommunications.
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B Electr tic Simulati
FDTD Method

Using the

Dennis M. Sullivan

IEEE Press
165 pages; $89.95
ISBN: 0-7803-4747-1

his book is not a theoretical explanation of finite-differ-

ence-time-domain (FDTD) simulation. Instead its main
purpose is to enable the reader to learn how to do three-di-
mensional electromagnetic simulation using the FDTD
method. It is aimed at those
engineers and students that
would like to learn to do
FDTF simulation in a reason-
able amount of time.

The book is structured as
a tutorial where every chap-
ter addresses an additional
level of complexity. That is,
the text starts with one-di-
mensional simulation and
progresses to two- and
three-dimensional examples.
Also, the analysis starts with free space, then progresses to
dielectric material, lossy dielectric material and, finally,
frequency-dependent material.

The first chapter covers one-dimensional simulation in
free-space. A step-by-step introduction to the FDTD
method is provided with appropriate example problems to
be solved. Chapter 2 presents some advanced concepts
within the one-dimensional simulation framework. The use
of flux density in the simulation is described, providing ad-
vantages for later simulations involving frequency-depen-
dent materials. Chapter 3 introduces two-dimensional sim-
ulation, beginning with a simple point source for an exam-
ple. Then absorbing boundaries are described, along with
their implementation into the FDTD program.

Chapter 4 covers three-dimensional simulation. Here,
the simulation becomes considerably more difficult. Chap-
ter 5 provides two examples to illustrate the use of FDTD,
the characterization of a stripline antenna and the calcula-
tion of the far field of an aperture antenna using a time do-
main transformation. The final chapter describes using
FDTD for other types of simulation (other than electro-
magnetics). Examples are provided for acoustic simulation,
and simulation of the Schroedinger equation, the heart of
quantum mechanics. Appendix A describes the use of the Z
transform when dealing with digital signals.

The book is written as a tutorial for either course work
or self study. Each chapter contains a concise explanation
of an essential concept and instruction on its implementa-
tion into computer code.

To order this book, contact: (The Institute of
Electrical Engineers) Inspec Dept., IEEE Operation
Center, P.O. Box 1331, Piscataway, NJ 08855-1331
(908) 562-5553.

MICROWAVE TOIRN TADED onnn

THE BOOK END

B Microwave Materials and Fabrication
Techniques

Thomas S. Laverghetta

Artech House Inc.

287 pages; $83, £57

ISBN: 1-58053-064-8

his third edition of the book provides much needed up-

dates with regard to microwave materials, computer-
aided fabrication tools, plating processes and other areas
driven by the recent boom in commercial wireless mi-
crowave applications and the advances in materials and
processes resulting from that effort. The intention remains
the same: to educate the microwave circuit designer in ma-
terial and fabrication techniques, so as to avoid problems in
converting theoretical designs to practical hardware.

Follumng a brief introductory chapter, Chapter 2 de-
scribes the latest laminate and substrate materials and
their properties. This area has seen some of the most dra-
matic changes with the development of new materials to
meet the commercial demands of the wireless market.
Chapter 3 discusses metals used in fabrication and re-
mains largely as before.

S|gmﬁcant changes have been made to update the
chapter on microwave artwork. Here the methods used to
generate the artwork have improved significantly and
Chapter 4 describes the lat- o
est computer-aided methods
to go from circuit design to
board fabrication automati-
cally. Chapter 5 covers etch-
ing and plating, and contains
new material on plated-
through-hole fabrication
techniques with regard to
the newer materials. Chap-
ter 6 on bonding techniques
has remained largely un-
changed except for the addi-
tion of some newer solders
and epoxies in use today.
The final chapter on mi
crowave packaging primarily deals with stripline, mi-
crostrip and suspended substrate circuit configurations,
and describes the techniques used to implement effective
external packaging of those circuits.

The many appendices have also been updated where
appropriate, and provide useful reference data for design-
ers including selected data sheets for some of the circuit
material referred to in the text. In general, the book is a
good reference text for designers involved in the develop-
ment of practical microwave circuit products.

To order this book, contact: Artech House Inc., 685
Canton St., Norwood, MA 02062 (781) 769-9750,
ext. 4002; or 46 Gillingham St., London SW1V 1HH,
UK +44 (0)20 7596-8750.

Frank Bashore
Frank Bashore is a member of the Microwave Journal staff
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New Daico Wireless Amplifier
High performance in a small package.
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We listened, we’re delivering

You asked for it: an advanced high performance, high power,
high efficiency amplifier for wireless infrastructure that handles
DCS 1800 and PCS 1900. Our answer is the first in a series of new
generation amplifiers that work with a whole scheme of modern
modulations: COMA, W-CDMA, GSM, TDMA and TETRA. These
new high performance Daico amplifiers are not only the smallest
on the market, we guarantee their extraordinary reliability and

environmental stability.

Commercial price, military quality

We know the wireless infrastructure and short of doing a custom

job for you, our new amplifier demonstrates how we can

apply award winning military expertise to commercial market

economics. Daico’s new amplifier is exclusive to wireless,
featuring advanced multi-tasking components that make its

X-Y dimensions the smallest available. The smaller number

§ of components not only shortens assembly and testing times,
§ itlowers the costs. If you need a military quality amplifier
% priced for your competitive environment, check us out. Find
euviessust oUt how we will work with you during system integration
by calling or faxing your requirements. You've never seen an
amplifier so small, with such high performance, reliability and

efficiency. And yes, we're delivering.

Industrie

We've Got Your Bases Covered"

1070 East 233rd Street Carson, CA 90745
Tel: 310-507-3242  Fax: 310-507-5701
Web: www.daico.com
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So nothing
will stand
between

you and your
measurements.

Agilent Technologi
Innovating the HP Way

Channel Partner

©2000 Cascade Microtech, Inc. The Cascade Microtech logo an
Air Coplanar are trademarks of Cascade Microtech, Inc

RF and Microwave Probes

i

The probe you buy is only as reliable as the company that stands behind it.
Cascade Microtech is not just the world's largest manufacturer of
probes; we also produce probe stations, probe cards, accessories, and
software used in analytical testing and R&D characterization of
semiconductor devices on-wafer.
All of our probes have one thing in common, our no-compromise
Air Coplanar™ probe technology. This innovation plus our years of

extensive probing experience and superior manufacturing techniques,

g you accurate the first time...every time. What's
more, our probes are available in the industry's most comprehensive range
of tip configurations and mounting styles to fit your needs.

Most important, when you need answers, Cascade Microtech is
there for you with leading-cdge solutions to your tough probing challenges
and the superior application support you just can't get from a probes-only
discounter.

Find out more at www.cascademicrotech.com.

Or' call 503-601-1000 or 1-800-550-3279 (USA & Canada).

Japan: 03-5478-6100. Europe: +44 1295-812828.

CASCADE

MICROTECH

Innovating Test
Technologies
CIRCLE 21: HAVE A SALES ENGINEER CONTACT ME

CIRCLE 22: SEND INFORMATION ON ACP PROBES
SEE US AT WIRELESS SYMPOSIUM, SAN JOSE, BOOTH 1214
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