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For 17 years GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products
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 custom
configured to your layout,

GGB INDUSTRIES,
Telephone (941) 643-4400 =

Our line of

irds 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
And, only Picoprobe®
low..inductance
power supplies, and current sources on a

festing. offers the

lowest loss, best match,
single probe card.

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

INC. - P.O.BOX 10958 -
Fax (941)643-4403 + _E-:mail

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

HJ
13dB|
15dB |

Typical Specs 10GHz 20GHz 40
Insertion Loss 0.6 dB 0.8 dB
[Return Lo dB_18dB

For technical
sistance. custom
product designs, or
off-the-shelf
delivery, call GGB
Industries, Inc., at
(941) 643-4400.

as-
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http://www.picoprobe.com

THE WORLp's L ARGEST SELECTION

SPLITTERS |
COMBIRS

ports
ms, and countless wireless applications. And all units come with

ability unit-to-unit and prodL n run to production r
ssed applications sur v r decision i

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




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

[ Mini-Circuits

©. Box 3 New York 1 (718) 934-4500 Fax (718) 61 INTERNET nitp://www.minicireuits.com

For detailed specs on all Mi
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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, spéc
savings and cost reduction.

Secondary loop miniature delay filters utilize a Pat
Pending topology to provide delay equalization.The il
exhibit excellent delay and phase flatness in a miniatui
surface mount package. The 3G model measures a m
1.5”L x 0.60”W x 0.4’H and can be mounted directly
your PWB with pick and place machinery.

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

KOL

USA EUROPE
Phone: 410.749-2424 Phone: 44-(0)-1262 605500 MICROWAVE INCORPORATED
FAX:  410-749-2788 FAX:  44-(0)-1262 605504 A

s@kImicrowave com i 3 TECHNOLOGIES COMPANY

elmicr com * E-mail: wit
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Innovarive Mixers
99

.smaller size .better performance .lower cost  H0kHZ 10 4200MHZ wirll oo

e Searching high and low for a better frequency ADENION IR NONS.
mixer? Then take a closer look at the
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 (qty.10-49). So, if you've been
searching high and low for a mixer to exceed
expectations...ADE is il ™

Comloss LRk
O

ACTUAL 575

ADE Mixers. ions Without tic Li

Camporent mountng e on customer o
~Speched micband.  -Patent Pending.

[ Mini-Circuits ), i

R0
PO Box 350166, Brookiyn, NewYork 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to productinformation 66 MINLCIRGUITS CATALOG & WEB SITE
”"mn Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www. minicircuits.com
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) PROVEN.

RF switches, power dividers
or programmable RF test
systems and switch
matrices; JFW's dedicated
customer service and engi-
neering personnel can pro-
vide application specific
components and sub-systems
at catalog prices with an off-
the-shelf attitude. For more
information, please contact
us or visit our web site at

JFW Industries, Inc. (317 87-1340 Toil free 1 (77) 8874539
- .

, Fax (317) 881-679
Specialists in Attenuation and RF Switching 31 . !
5134 G  Square Dr. « Indi lis, Indiana 46237

internet- http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
9001 Certified
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RY MICROWA

Allt()mated Tuner Sy temS are a powerful

combination of precision laboratory instruments and advanc

software that can dramatically reduce costly device characterization

measurement time.

High Power >100W CW_
e GPIB Compatible Tuner Controller
¢ Harmonic Tuners

SATHS

Load Pull System
* Windows® NT Compatible
* Highest
Gamma
Attainable
« Absolute
Loog

Dynamic
Pre-Matchin
Software

* VSWR >150:1

* 7Z.<0.50hms

2 o =
MT981D Pre-Matching
Automated Tuner
Dual Carriage Design Optimized for Very High
Matching Range over Cellular and PCS Frequency Bands

 150:1 Matching « High

Range Power
MAURY MICROWAVE

CORPORATIOM

CA 91764. USA

MT981D

* Excellent
Repeatability

2900 Inland Empire Bivd.. Ontaric

tion
and

1 appl

M1986B028
et

MT982B01 0.8-18.0 GHz
Automated Tuners

MT999A Automated
Harmonic Tuner

-

SOFTWARE FEATURES
¢ Windows® 95/98/NT Compatible

Power Characterization

Noise Characterization

Dynamic Pre-matching for High
Power, Low Impedance Devices
Swept Power/Current Load Pull
Harmonic Load/Source Pull
Independent Control of Harmonics
(Phase AND Magnitude)

IMD/ACP Measurement

Dynamic S-Parameter Blocks
Signal Synthesis Formats

(EDGE, WGN, GSM, NADC, PDC,
PHS, cdmaOne-Fwd, cdmaOne-Rev,
Two-Tone)

ADS/ATS Load Pull Data Module

For more information contact
our SALES DEPARTMENT at
Tel: (909)987-4715 + Fax: (909) 987-1112
Email: maury@maurymw.com
Visit us on the World Wide Web at
http://www.maurymw.com

CIRCLE 84 ON READER SERVICE CARD
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SPECIAL REPORT

CD Radio Promises Data and Audio Listening Relief
Ernest Rejman, Contributing Editor
Alook at digital audio broadcasting,
players in the CD radio arena

TECHNICAL FEATURES
A High Order Frequency Multiplier for Low Power Applications
D.R Lang, Comiech/EFData

A direct frequency multiplier suitable for high order, low power multiplier applications
SOLR Calibration for ded Coplanar Waveg:

Shay Gross, Lawrence P Dunleavy and Thomas M. Weller, University of South
Florida, Dept. of Electrical Engincering, Wireless and Microwave (WAMI) Program

Short-open-line-reciprocal (SOLR) calibration of grounded coplanar waveguide lines
using WinGal™ software
Effects of a Driver’s ACLR on Total ACLR

Sanggee Kang and Heonjin Hong, Electronics and Telecommunications Research
Institute; and Sungyong Hong, Chungnam National University

Effects of the adjacent-channel leakage ratio (ACLR) characteristics of a driver and
amplifier on total ACLR

TECHNICAL NOTES

Asymptoti ior of Cosine W

Raghavendra G. Kulkarni, Bharat Electronics, HMC Division

A comparison of the asymptotic behavior of even- and odd-cosine series windows
Distortions in Cascaded MMIC Power Amplifiers

Oleksandr Gorbachov and Yie-Der Shen, Hexawave Inc.

An experimental investigation of the influence of a second harmonic phase delay
between two cascaded GaAs MESFET MMIC power amplifiers on total distortion
A Dual Polarization, Ph: P d

Waveguide Bend System

John M. Seavey, Seavey Engincering Associates

populaly referred to as CD radio, and the major

Lines

A waveguide bend system that preserves amplitude and phase for all polarizations
over a very wide frequency range

SPECIAL REPORT

ISM vs. Spread Spectrum — Avoiding the FCC

Mitchell Lazarus, Fletcher Heald & Hildreth PLC

A look at industrial, scientific and medical (ISM) equipment and it relationship with
n

spread spectrum modulation under the Federal Communications Commission’s
(FCC) Part 15 rules

[Continued on page 12]

v
ON THE COVER

A broadband bias tee for optical
networking applications is
featured on this month’s cover
Cover art courtesy of
Inmet Corp.
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BLUE CELL

08106.7GHz .52,

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

Unleash extra performance from your higher frequency designs by Model  Level Fr
upgrading now to Mini-Circuits level O to level 17 (LO) Blue Cel™ mixers. MB:‘? % e
State-of-the-art automated manufacturing using multilayer thick film  weaso. .5
ceramic construction delivers superb temperature stability, low MBA
conversion loss, high repeatability, and very low cost per unit. This =
process also results in a phenomenally thin package standing only MBA.
0.070" high! Scoop the competition and upgrade to the next level MBA9 47

Freq. Price
Ho)  $ea.
5

MBA12 47
of performance in your higher frequency products...contact e
Mini-Circuits for Blue Cell™ mixers today. MBASOl 47 2

MBAGTI 47 2467

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

CJMini-Circuits  .® .=

G EADER SE

P.0. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MIN-CIRCUITS CATALOG & WEB SITE

",',“' The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http:/ /www. minicircuits.com
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SPECIAL REPORT

124 Acronyms and Abbreviations Used by the RF/Microwave

Industry
Frank Bashore, Microwave Journal staff

A bandy reference of acronyms and abbreviations used in Microwave Journal
technical articles

PRODUCT FEATURES

166 =rr Digital Attenuators in Plastic MLP Packages

M/A-COM

A family of digital attenuators that produce five- and six-bit formats with least
significant bit weights of 0.5 and 1 dB

178 High Efficiency L- and S-band Transmitters

Emhiser Research Inc.

Miniature airbormne telemetr i approach to
amplifier design and feature previously unalmm.«bk U(,vu»RF efficiencies

184 A 6 GHz Dual Fractional-N Frequency Synthesi

190 Mmuii

Conexant Systems Inc.
A frequency synthesizer IC that offers a 6 GHz (nax) operating frequency,
~80 dBe/Hz phase noise floor and 400 I1z or less step size

ge Dep d Collector Kly

Communications & Power Industries Canada Inc. (CPI Canada)

Multistage depressed collector Kystrons developed for C- and K-band commercial
satellite service that feature a collector efficiency of 60 percent or greater

194 A High Power LDMOS Transistor for Transmi

Press run for this issue is 58,605 copies

12

Applications
Philips Semiconductors

A unique ultra-high frequency lateral double-diffused metal-oxide semiconductor
(LDMOS) that cuts the cost of upgrading terrestrial transmitters for digital operation
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hasbeen designing phase shiffers
that continue 7o ou 1 partorm the con-

e Fition Whie man, )y companies have
i of mieros 1 pandother
o /ﬁ/“dﬂl‘e s ‘/yﬂ‘ 50’75
 haspatvected TraighLie—ohighy
reliable advancéd coaxial Technigue

That ensures

ememl// Tow inzeriion
1035 an r’yummf»ﬁ ﬁfﬁpﬁa@ and

frequency acciyacy - ¢
We wererecen #ypit 1o e test
Bygeus, Fomer; with auighe gpplica-
Tiay fhat required .20 fﬂér//‘}’e span; <1
ﬁ/ﬁmﬁfwér'cﬁa:ﬁid frwm;fw

] age offer today's test
eers and system desi z vantages over solid-state
logy. These rugged and 1 are capable of the h1ghest

and data phase in optical networks, compensate for component errors
in system architectures, to tune final phase in radar systems, and for
testing stability of DUT's in production test environments. Products are
offered independently or:in: the new Testkitz™ line where they are bun-
dled with a' difectional coupler, @ 90° hybrid, a 2-way power divider, a
lowpass filter,-and a manual: SPDT toggle switch in a'single box.

Visit our dedicated phase: shifters web site for all the details.

Sage —a legacy of proven results.

www.phaseshifters.com

podile

LABORATORIES, INC.
A Filtronic plc Company

11 Huron Drive; Natick, MA 01760- » 508-653-0844  Fax 508-653-5671
www.sagelabs.com
CIRCLE 157 ON READER SERVICE CARD
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YOU’RE PAYING FOR 100%o YIELD.

WHY NOT MAKE SURE YOU'RE GETTING IT?

No
cable

for 100% yield. So why not get
it? Only Dynawave tests ALL of
its RF and microwave cable
assemblies, delay lines, har-
nesses, and connectors for yield
and reliability, so you get what

you pi

codes insure that the proper tests
are conducted and that your

matter where you buy your even track every piece. You'd think
assemblies, you're paying that all this testing, tracking, and
bar coding would cost more. It
doesn't. In fact, overall you pay a
lot less.

Why take chances? When you do
business with Dynawave, you get
better product, better customer
service, and on time delivery for a
better price. Contact your rep for a
brochure, or call one of our cable

ay for. What's more, bar

production specs are met. We distributors listed below.

RG402 RG405 085 141 085 141
Conformable Conformable Flexible Jacketed  Flexible Jacketed

SMP X X X X X X
SMP Right Angle x X X b 4 X b 4
BUA X X X X X X
BMA Right Angle X X b 4 b4 x X
NG X X X X X X
Type N X X X X X X

1-800-886-7766 Mf“fe:w

1-800-755-6012

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

dynawave,

INCORPORATED
te, Haverhil
m | E-mail:

JSA
lynawave.com

CIRCLE 44 ON READER SERVICE CARD
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e
Eighth [EEE International Symposium
on Electron Devices for Microwave and
Optoelectronic Applications (EDMO 2000)
November 13-14, 2000
Glasgow, Scotland

Sponsors: The University of Glasgow, IEEE
UK&RI MTT-S tron Device Saciety, An-
tenuas & Propagation Society, Lasers and Elec-
tro-Optic Sociely joint chapter and the Scottish
chapter of the IEEE Lasers and Electro-Optics
Society. Topics: Advances in 111V transistors for
mm-wave applications; ligh speed laser diodes,
optical modulators and photodetectors: Si- and
SiGe-based devices for RF and optoclectronics
applications; modeling of microwave and apto-
electronic devices; wide bandgap devices for mi-
erowave and optoclectronic applications; novel
material optoelectronic and microwave
low distortion microwave devices for ¢
miser and power amplifier application
control of microwave and mm-wave devices; mi-
crowave and optoclectronic photonic crystal de-
vices; and components for fiber radio applica-
tions. Contact: [ain Thayne or Karen Mellvaney,
University of Glasgow, Department of Electron-
ics and Electrical Engincering, Glasgow G12
SLT, Scotland, UK +44 (0)141 330 3859/

fax +44 (0)141 330 6010 or c-mail: edmo@elec.
glaac.uk. Additional information is available at
wwwelec ghuacuk/edmo2000.

e
56th ARFTG Microwave Measurements
Conference: Metrology and Test
for RF Telecommunications
November 30 - December 1, 2000
Boulder, CO

| microwave measurements

Topies: Fundamer x
and microwave metrology, with a focus on wire-
less R telecommunications. Contact: Kate Retn-
ey, National Institute of Standards and Technol-
ogy (NIST) (303) 497-3652 or e-mail
remley@boulder.nist gov. Additional information
is available at www.arftg org.

2000 Asia-Pacific Microwave Conference
{APMC 2000)

December 3-6, 2000

Sydney, Australia

Sponsors: CSTRO Telecommunications and In-
dustrial Physics, [EF outh Wales and South
Australia sections and IEEE M’ S. Topics:
Computational electromagnetics, CAD, elec-
tromagnetic ficld theory, guided waves
EMC/EMLI, ferrite and solid-state devics
MMIC technology, medical/biological appli
tions of microwayes, microwave superconduc-
tivity, high speed digital ci nicrostrip
and planar antennas, microwave acoustics and
mea mmuum\ hphu\ devices and systems,
Jues, mic

mk(muhum phased- and active-array tech.
niques, mobile communications systems and
remote sensing. Contact: ICMS Pty Ltd. +61 2
9290 3366, fax +61 2 9290 4 or e-mail:
apmc@icms.com.au. Additional information is
available at www icms.aw/apme

1
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COMING EVENTS

e —
22nd Army Science Conference
December 12-13, 2000
Baltimore, MD

2000 IEEE International Electron Devices
Meeting (IEDM)

December 11-13, 2000

San Francisco, CA

Spousor: Assistant Secretary of the Army (Ac-

ion, Logistics and Technology). Topics
Advanced materials and manufacturing, micro-
electronics and photonics, advanced propulsion
technologies, engineering sciences, environ-
mental and geosciences, biomedical and be-
havioral sciences, force protection, high perfor-
e computing and simulation, soldier

REMOTE
POSSIBILITIES!

Nobody has as many
Cellular & PCS re-
mote termination
solutions.

Topics: Research breakthroughs in semiconduc-
tors and other electroy Contact: Phyllis
IED! d.

Suite 4008, Gaithersburg, MD 20877 (301) 5

0900, ext. H\i LL\\'X!H 0594 or e-mail: Pl
1. Additional

available at . ieee.org/conferencefi man

FLORIDA

Labs

Solution

Voice 5
Fax: (888) 544-5594

PO Box 899, Stuart, Florida 34995-0899
A S Ing

ies company
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[ Buy, sell, rent or lease.
It works for me.]

Get the test and measurement equipment you need when you need it. Test-
Mart—the industry’s leading information and commerce service—

is redefining the test and measurement marketplace.

Use our proprietary databases to call up unbiased, head-to-head product
comparisons. Examine detailed specifications on over 16,000 products in
more than 175 categories.

Then, take immediate advantage of TestMart’s secure, easy-to-use commerce
features to check product availability in real time before placing an order.
Our selection is unmatched in the industry. And, we’re open for business
around the clock. Visit testmart.com or call toll-free to make us your single
source for everything test and measurement.

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

www.testmart.com

toll free 1-888-665-2765
CIRCLE 182 ON READER SERVICE CARD
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tems, and sensors and information processing.
Science Conference Registra-
4011, fax (757) 357-5]

or e-mail: asc2000info@aol.com. Addi
conference information is available at
www.ase-2000.com.

International Symposium on Advanced
Packaging Materials: Processing, Properties
and Interfaces

March 11-14, 2001

Braselton, GA

Sponsors: IMAPS; TEEE Components, Pacl
aging and Manufacturing Technology Society;
and the Packaging Research Center, Georgia
Institute of Technology. Topics: adhesives
bumping materials and processing, consumer
electronic material issucs (cellular phones), in-
tegral passive materials, interfacial adhesion,
manufacturing process control, mechanics of
materials, microwave materials, on-chip inter-
connect materials, optoelectronics substrates,
HET and dielectrics, thermal management ma-
terials, and underfills and encapsulant materi-
als. Contact: IMAPS, 1850 Centennial Park
Dr., Suite 105, Reston, VA 20191 (888) 464-
6277 or (703) 758-1060, fax (703) 755-1066.
Additional information is available at
WWW.imaps.org

e
IEEE Sarnoff Symposium
March 21, 2001
Trenton, NJ

(‘all for papers. Spousors: IEE

EEE Princeton section, The College of New
]me» (TCN]J) student branch and TCN] engi-
neering department. Advances in wired and
wircless communications. Send abstracts
hard copy, electronically or via fax. Deadlin
October 31, 2000. Contact: Bernard D
Geller, Sarnoff Corp.. 201 Washington Rd.,
Princeton, NJ 08540 (609) 734-2629, fax (609)
-2050 or e-mail: b.geller@ieee.org.

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

Topics: Active/passive microwave components;
antennas/feeding networks/filters; MMIC:

new semiconductor technologies and materials
modern CAD tools; simulation/linear and non-
linear modeling; ficld theory; integration/
assembly and interconnect; microwave me
surements; reliability; electromagnetic com
ibility; commercial/industrial subsystems/sen-
sors; MEMS; biological/medical applications;
quasi-optics; microwave, millimeter-wave and
terahertz photonics; optically controlled
phased-array antennas; optical communica-
tions; optical sensors; optical measurements;
and microwave/optics. Contact: Christi;
Vesche, NETWORK-OSE GmbH +49 (0) 50
33 70 57, fax +49 (0) 50 33 79 44 or e-mail
vesche@networkgmbh.de.
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[——
2001 IEEE MTT-S International Microwave
Symposium and Exhibition
May 20-25, 2001
Phoenix, AZ

Call for papers. Research, development and

application of RF and microwave theory and

techniques. Technical papers for this sympo-
sium must be submitted via the IMS2001 Web
site (www.ims2001.org). Complete information
on how to submit a paper and register for the
conference, as well as other important infor-

COMING EVENTS

mation, can be found at the site. Deadline:
November 27, 2000. A microwave exhibition
and historical exhibit, the RFIG Symposium
and the ARFTG Conference will also be held
during Microwave Week 2001. For symposium
information, contact: V Nair, technical pro-
gram chair, Motorola Inc. (408) 413-5922, fax
(408) 413-5934 or e-mail:vnair@ieee.org. For
exhibition information, contact: Kristen Ded-
nah, Horizon House Publications, 655 Canton
St., Norwood, MA 02062 (781) 769-9
mail: kdednah@mwijournal.com

50 or e-

Tri-Band Plus 1

MDC is the leading supplier of Tri-band wave-
guide components in the industry. Our custom.
high power WRD 580 components include

couplers, adapters, termi

nations, and assemblies

which are used on most military and commercial
SATCOM platforms that transmit, . X. and Ki

frequency bands,

We have also -
developed WRD
584, a waveguid
thac allows
transmission

fC. X Ku
plus the
extended DBS
band. WRD 584 co

Please contact MDC for moi

infatmation.

MICROWAVE DEVELOPMENT COMPANY, INC.

Forty One Northwestern Drive
Salem, New Hampshire 03079

Sales: (603)-870-6280 * Fax: (603)-870-6210

E-Mail: microwav@mdc.usa.com
‘www.mdc-inc.net
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Precision
RF-Microwave Compnnents

Immediate Delivery
» High Performance
Low Cost
® Superior Selecti
0.005<726

Switches

Power Dividers
Couplers

Switches

Hybrids
Isplators/Circulators
Attenuators
Terminations
Oscillators

Filters

333-MCLI (6254)
Fax: (727) 381-6116
Microwave
Communications
Laboratories Inc.
7255 30th Avenue North
St. Petersburg, FL 33710
hitp:/www.mcli.com
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RF AND WIRELESs MADE SIMPLE
B Topics: RF waves and their ch:
teristics, converting numbers to deci-
bels, RF devices and how they work,
the block diagram of a complete wire-
less system, how voice and video sig-
nals are di and multiple access
technology in lay terms. Fee: $895.

B Site: Mountain View, CA

B Dates: November 14-15, 2000

M Contact: Besser Associates. 201
San Antonio Circle, Bldg. E, Suite
280, Mountain View, CA 94040 (650)
0, fax (650) 949-4400 or e-
il: info@bessercourse.com.

PHASED-ARRAY RADAR

B Topics: Principles and technology
of the phased- antenna as well as
overall system significance, design
and performance. Fee: $1470.

W Site: Stockholm, Sweden

W Dates: November 14-16, 2000

B Contact: Research Associates of
Syracuse (RAS), 6780 Northern Blvd.,
Suite 100, East Syracuse, NY 13057
(315) 463- x (315) 463-8261 or
e-mail: seminars@ras.com.

GUIDANCE, NAVIGATION
AND CONTROL:
THEORY AND APPLICATION

# Topi I’Jinciples of Inertial Navi-
gation Systems (INS), how INS errors
arise and grow with time, and how
other nav 1gnnou systems are integrat-
ed with an INS. Fe 5.
B Site: Atlanta, GA

B Dates: November 14-17, 2000

B Contact: Continuing Education,
Georgia Institute of Technology, At-
lanta, GA 30332 (404) 385-3502 or
e-mail: conted@gatech.edu.

DiGimaL CELLULAR
COMMUNICATION SYSTEMS:
GSM, CDMA, TDMA

B Topics: Digital systems, with em-
phasis on GSM and related systems
based on TDMA, such as 15-54, and
the evolving personal communications
systems, such as DCS1800. Fee: $1195.
B Site: Tempe, AZ

B Dates: December 4-7, 2000

B Contact: Arizona State University,
Coﬂvge of Engineering and Applied
nces, Center for Professional De-
velopment, PO Box 877506, Te
AZ 85287 (480) 965-1740, fax (480)
965-8653 or e-mail: asu.cpd@asu.edu.

WORKSHOPS & COURSES

HIGH SPEED INTERCONNECT
MopEeLING Using TDR

B Topics: Operation and accuracy is-
sues for Agilent and Tektronix TDR
instruments, interconnect probing
and fixing, and interconnect modeling
and model validation. Fee: $395.

B Site: Portland, OR

B Date: December 11, 2000

B Contact: TDA Systems Inc., 11140
SW Barbur Blvd., Portland, OR 97219
(503) 246-2 fax (503) 246-2282.
A registration Torm is available at
www.tdasystems.com/training htm.

FREQUENCY SYNTHESIS
TECHNOLOGY AND APPLICATIONS
IN WIRELESS SYSTEMS

B Topics: PLL circuits and their com-

analog and DSP pnnclp]cs and test
procedures and updated parts.

M Site: Mountain View, CA

M Dates: December 11-13, 2000

B Contact: Besser Associates, 201
Bldg. E, Suite

2A 94040 (650)
(650) 949-4400 or e-

PrAcTICAL DESIGN
OF INTEGRATED AND DISCRETE
WIRELEss CIRCUITS

B Topics: Finding the best circuit ap-
plmch and technology for transceiver
applications; comparing very compact
p inductor, transformer, auto-
transformer and balun designs with
their active counterparts; and the effec-
tiveness of MOS and bipolar dev
B Site: Copenhagen, Denmark

B Dates: December 11-15, 2000

B Contact: CEI-Europe, PO Box
910, $-612 25 Finspong, Sweden +46
75 70, fax +46 122 143 47 or
ei@cei.se.

e-m:

CERAMIC TECHNOLOGIES

FOR MICROWAVE

Topics: The most recent advances in

ceramic interconnect technology, ma-

terials and processes for wireless and

other microwave applications.

Site: Denver, CO

Dates: March 26-27, 2001

amuel |. lIr)rowm DuPont
il rials (919) 248-5752

or samuel.j.horowitz@usa.dupont.com.
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Ansoft HFSS

3D elec

Harmonica
linear & nonlinear
circuit simulation

Ensemble
planar electromagnetic
field simulator

Symphony
Ansoft's Serenade Design Environment wireless & wired
imulation
delivering system, g 3
ntl physical d gle e m ct development
process using integrated schematic capture, simulation, layout, IC package modeling, and links to
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— ULTRA-LOW ESR

ElA MICROWAVE CAPACITORS
new

o LOWEST ESR IN CLASS -
TYPICALLY 80 mQ @ 1 GHz

e HIGHEST WORKING VOLTAGE
ForR 0603 NPO

» BROADEST VALUE RANGE
» Low COST, WITH THE SUPERIOR

PERFORMANCE AND RELIABILITY
YOU EXPECT FROM ATC

i [NTRODUCING ATC’s 600S ULTRA-LOW
ESR CAPACITORS, DESIGNED AROUND RF
ND MICROWAVE APPLICATIONS TO SUP-
PORT REQUIREMENTS WHERE LOW LOSS
| AND HIGH PERFORMANCE ARE PARAMOUNT.

© CELLULAR BASE STATION EQUIPMENT
© HIGH Q FREQUENCY SOURCES
» BROADBAND WIRELESS SERVICES

# SATCOM
¢ POINT-TO-POINT / POINT-TO-MULTIPOINT
RADIO
SPECIFICATIONS
ATC SERIES 600 S
CASE SizE: 0603
CAP. RANGE: UP 0 100 PF
WVDC: 250V
e ESR @ 1 GHz: 80 mQ TYP.
American DIELECTRIC: NPO
Technical MARKING: EIA CopE
PACKAGING: TAPE & REEL PLUS OPTIONS

Ceramics OPTIONS: SPECIAL TESTING & PACKAGING




CIRCUIT DESIGNER’S NOTEBOOK

Fifective Capacitance vs Frequency

It is generally asstmed that the capacitance value
selecied from a vendor's talog i canstant over
frequency. This is essentially- irile for applications
with applied frequendies that are well below the ca-
adtors self-resonant frequency. However as the
operating frequency. approaches the capacitors self-
resonant frequency, the capadtance value will ap-
pear to: increase resulting in-an effective capaci-
tance {C¢) that is: larger ‘than the nominal capaci-
tance. This article will address: the'details of
effective capacitance as 2 function of the application
operating frequency. In order to illustrate this phe-
nomenan, a simplified lumped elément model-of a
capacitor cornected to 2 frequency Source operat-

g in @ network will be considered, as depided in

AF
| Source

Figure 1

Lumped Element Equivalent Model

This model has been seleded because {he effective
capacitance s largely a function of the net reac-
tance developed between the capaditor and its par-
asitic series indudance (Ls). The equivalent series
resistance ‘SR’ shiown in this. fllustration does not
have a significant effect ori the effective capaditarice.

Effective Capacitance:

The nominal capacitance value (Co) is established
by a measurement performed at TMHz. in typical
RF applications the applied:frequency is generally
much higher than the 1MHz measurement fre-
quency, hence at these frequencies the inductive re<
adance: (X} assodated with the parasitic setiés in-
dictance: L5} becomes significantly large es com-
pared 1o the capacitive reactance lX ). Figure 2

* impedancs

Frequency (GHz)

Figure2

Net Impedanice vs. Frequency

As llustrated in Figure1, the physical capacitor:
<an be represenied as ‘Co in‘series witf) Ls. The
impedance of the series of Caand L

From this relationship it cn be seen that as the
applied frequency-increases the denominator be-
comes smaller thereby vielding a larger effeclive
capacitance. At the capacitors series resonant fre-
quency the denominator goes to zero and the ex-
pression becomes undefined. The relationship: of
Ce vs frequency s a hyperbolic fundion as illus-
trated in Figure 3.

Example:

Consider an ATC TODA series 100pE capacitor.
Calaulate the effective capacitance (C) at 10MHz,
T00MHz, 500MHz, 900MHz, 950MHz.

Solution:: Calculate by using the relationship - *
G =Co/1= (270 Fo)* Ls Co: Refer to Table 1

can then be set equal to- Cr, which: may be re-
ferred 16 as-an “ideal equivalent’ capaditor. This
will ield the following equiation:

This will yield the following equation:
it 1o C)=~]1oC,
@ L=1/C==1/,
The refationship between the operating frequen-
 Fo and the effective capaditance C: an then be
st tated as:
C=C/1 =l
C=C/1-QnF
Where:
C, = Effective (apamuce
at the application frequency, (F)
C, = Nominal Capacitance at 1 MHz
. = Parasitic Indudance, (<)
= Operating Frequency, {Hz}

e

C, vs Frequency
AATC100A, 100pF

illustrates that there is . di inarease
in X; as compared to Xc with: increasing frequen-
cies. This results in‘an:effective capacitance thet is

greatet than the nominal capaditance: Hally at the - ©

capacitors series resonant frequency the fwo reac-
ance’s are equal and bpposite Vielding a net reac:
tance of zéro. The expression for C; becomes unde=
ined at this frequency.

Froquency (GHz)

Ejfedive (apaﬂ:ance e}
s, frequency vs Fu

ot 1
pasine Impedance, (€2} 1

Effective
Capacitance (Ce),
oF

|
013 -1 15913
023-{1576
0051-238 |
069- 0337 |
070 - 0.168

Relationship between F, C, and Z

Application Considerations:

Impedance matching and minimum drift applica-
tions such as filters and oscillators require special
attention regarding C:. For applicatians. below the
capacitors self-resonant frequency the: net imped-
ance will be capaditive {-]). whereas for applied
frequencies above resonance the net impedance
will be inductive (+]]. Operating above series res-
onance wil correspondingly: place the impedance
of the capacitor-on the indudtive side of the Smith
chart {+]). When designing for these applications
both C: and the sign.of the net impedance at the
operating frequency must be carefully considered.
In contrast, the majority of coupling, bypass and
DCblocking applications are usually not sersitive
10 the;sign of the impedance and Gn be capadi-
tive ot inductive, as fong as the magnitude of the

impedance i fow 2t the applied frequency. The -
effective capaditance will be very large and the net
impedarice will'be very low when operating close
to/resonance. At resonance the net impedance will
he equal the magnitude of ESR ‘and: the-capaci-

tance will be undefined. 5
Richard Fiore

St R Applications Engineer -
American Tectical Ceramics Corp

(GINEERS')
HOIC e/
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Fig. 1 The satellite version
of CD radio. W

SPECIAL REPORT

CD RADIO PROMISES
DATA AND AUDIO
LISTENING RELIEF

not elude Hank Williams™ laments about

cheatin’ love and his long-dead hound, or
are trapped in New York, Chicago or San
Francisco, irritated by bad reception when
trying to listen to your favorite radio station,
relief is on the way. It is coming in the form of
digital audio broadcasting (DAB), popularly
called CD radio, which, in its two incarnations
— terrestrial and satellite — will not only pro-

If while driving on the interstate you can-

vide some 100 channels of high quality fade-
and static-free audio, but data as well. (Figure
1 shows the satellite version of CD radio; its
terrestrial counterparts will use established
commercial broadcasting facilitie:

There are several major players in the CD
radio arena. Some, like Lucent and Delphi
Delco, are well known; others, like XM, Sirius
and DRE, are not, but will be. The parts
needed to begin nationwide service are either
in place or quickly coming together, and the
point of entry will not be the home but the au-
tomobile.

According to Ben Benjamin, senior vice
president of product management at Lucent
Digital Radio (LDR), Warren, NJ, ever since
the merger of LDR and USA Digital Radio
(USADR) into |B1qmt\ Digital, exer\’(hmg has
been going very well. “The merger is good for
us and the consumer, who we envision will
benefit from this type of radio,” he said,
adding that the technology can now be
bmught to market faster and more cost-effec-
tively: “Faster, because now a standard will be
adopted in the US much earlier than it would
have if we were competing. Cost-effectively,
because we'll get to higher run rates and bring
economies of scale to bear faster than if we
were competing.”

XM Satellite Radio, Washington, DC,
building a prototype digital satellite radio re-
ceiver. According to Richard Wormington, se-
nior vice president of engineering and opera-

[Continued on page 24]

ERNEST REJMAN
Contributing Editor
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2 t0 32 Way © 0.01 to 26 GHz ® Wide Bandwidths
Multiple Outputs ® Low Insertion Loss ® Low VSWR
Mbvowave Soadss, LA /[; avredd Wotos Wwéézﬂ%w&;

9 ///}W/'// myw/&)//'m V, Ol 100

Miniature, Surface Mount, Cellular (5800 - 900 MHz)

Flatpack and Connectorized PCS (1.8 - 2.0 GHz)
Excellent Phase and Amplitude Balance Standard (0.01 - 26 GHz)
Extremely High Isolation

Send for Our
SMA, N, BNC, TNC, or Pins Catalog loday!
50Q or 75Q

MI1.-E-5400, Class 3
180-9002 Certified

Custom Integrated Components

(Per Your Requirements) s
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.rlcelectronics.com

RLC 15 your complete Microwave Component source...
Switches, Filters, Couplers, Terminations, Attenuators, DC Blocks, Bias 1ees & Detectors.
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tion for XM, “We'll provide all this
technology license-free to our part-
ners to build AM/FM/XM radios so
that when you want to listen to us in
your car you just punch the XM but-
ton, and if you want to listen to an
FM radio sfation you punch the FM
button.”

Ken Erickson, product director of

North America Audio Business for
Delphi Delco, Kokomo, IN, is confi-
dent receiver development and
broadcast schedules will converge as
e\pe((vrl n
atellites up, and XM will get at
least one up this fourth quarter, and

schedule is set
at the point of
al hardware on the
receiver side in two months. Ever
thing’s reasonably on schedule, close
to the timing stated by both XM and
Sirius.”

DISPLAYS AND RECEIVERS

Delphi Delco is working with
General Motors and “others” it is not
yet prepared to name on a remote
box that will feed the audio signals

us already has one of

into the radio head. “From the user
interface viewpoint it's transparent —
just another band on the dial,” ex
plained Erickson. Although this new
technology’s first application will be
focused on music, there are a number
of data applications. “Newer radios
today typically have larger displays
with more text capability, so messages
will be shown there. If you had a sta-
tion panel such as '80s Oldies, that
could be on the first line, the song or
artist on the second.” In fact, depend-
ing on the service provider, there is a
string of messages that could be
shown on the display, including
where to buy the CD that is playing
Over the last few years the trend
has been to increase display content,
particularly in the case of cellular
phones. In the navigation world,
some displays are comparable to
cathode ray tubes in their capabili-
ties. This improvement has spilled
into personal digital assistants (PDA)
and, now, to radios. Ten years ago, a
typical display had a 3.5-figure capa-
bility, showing time and frequency,
and perhaps four icons at I»e&( ‘Now

24 CIRCLE 37 ON READER SERVICE CARD

you're seeing 8, 12, 2 x 12 with icons,
dot matrix displays to enable increa
ingly more graphics and text capabili-
ty,” said Erickson.

This graphic capability is not
cheap. “You pay a price,” admitted
Erickson. “The new base radios have
more graphics than the old ones, and
high end radios have significantly
more graphics capabilities still, with
sometimes a color LCD display, de-
pending on the OEM.” Although the
new radios will be rolled into the base
price of the car, disguising the cost,
the fact remains that, depending on
the content display capability, the
cost of the radios can have as much as
& 20-0-L price spread.

Bringing 2.5 GHz into the auto-
motive environment is a new field.
Indications are that both Sirius and
XM have done a fine job working out
compression techniques and fitting
considerable data into the bandwidth
the FCC has regnlated for them. The
hardware is being built and tested as
you read this. Obviously, beyond all
the computer simulation, design re-

[Continued on page 28]

CONDOR SYSTEMS

ANTENNAS

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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Introducing High Power
Linear Power Amplifier Modules
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In today’s competitve wireless environment “Time to Market” s a
very crucial factor for the success of a new product.
For Celular, PCS, and WLL cellstes, Sellex Phoenix Microwave

Frequency (MHz) 800-960 19301990 2300-2400 offers the largest selection of linear amplifier modules to accelerate your
Gain (dB.) 290 260 SR mul[»\umer power Ampth:l‘ designs.
el i SN G With our unmatched performance and delivery you not only reduce
Pout @ 1 dB. comp. (dBm.) 380 your design time bur also enhance your systems capability.
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jol Bt effecive linear amplifier modules customized to your requirements.
ACPR (30kHz BW)* -50.0 540 So from your initial design concepe to high volume production,
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Fmins s S e Call today: 215-723-6011 or e-mail us at info@phnixmw.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
intelligence techniques, to co-simulation with
electromagnetics, HARBEC does it all ... with a
powerful set of features that includes:

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

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

So Grab a Seat and Hold On!
With nonlinear modules priced at $4990, they're
going fast. And so will your design.

&

AGLEWARE,

4 RF and Microwave Design Software

Phone: +1 678-291-0995
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For Fine Line Etching
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Complex Plating/

Machining, Laser Cuffi
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including Plated thru Holes -
Modular Components Nationalf
Maryland MPC is your
orie source for M
Circult Boards.

MODULAR COMPONENTS
NATIONAL, INC.
02 Industry Court, PO B

Cn-mmpe.com
WWW.mC-mmpe.com

MARYLAND MPC LLC
well, MA 01854
441-0004
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views, peers reviews and progress
made, the proof of the pudding
should come out during the next
quarter, when real-life testing begins.
As Erickson put it, “Then the satel-
lites get turned on and we start dri-
ving cars to see whether we have a
saleable product, then do further de-
velopment.” There is still a list of mi-
nor action items being followed, such
as getting the right type of decoding
through software adjustment. How-
ever, as Erickson views it, “The proof
is when I turn that switch and hear
the music and get the data.”

THE STANDARDS QUESTION

There were three proponents for
in-band on-channel (IBOC): Digital
Radio Express (DRE), Milpitas, CA;
USADR (a consortium of broadcast-
ers); and Lucent Digital Radio. The
Lucent/USADR merger into iBiquity
Digital has as investors 15 of the na-
tion’s top 20 radio broadcasters, in-
cluding Infinity Broadcasting Corp.
of Viacom Inc. and Clear Channel
Communications Inc.

iBiquity will develop and commer-
cialize digital broadcasting technolo-
gy solutions, including Lucent’s per-
ceptual audio coder (PAC) audio
compression technology, to enable ra-
dio broadcasters to send audio and
data content via digital signals. These
signals will allow existing radio sta-
tions to transmit CD-quality audio
with crystal-clear reception plus wire-
less data for a variety of consumer ap-
plications, such as station and pro-
gram content, stock and news infor-
mation, local traffic and weather, and
much more, over existing radio fre-
quencies without degrading the
transmission of current analog pro-
gramming,

For a time, it appeared there
would be a drawn-out systems battle.
It was recognized that if IBOC was to
become a reality in a reasonable
timeframe, there had to be some
form of a grand alliance.

According to Norm Miller, DRE’s
president, no one knows what the
launch date is for IBOC. “This is the
$64 question,” he said, “when a sys-
tem will be finalized, deployed and
be production-ready. Particularly
with the merging of Lucent and US-
ADR, it means that there must be a
melding of both technologies to a
certain extent. With a consortium

they can move forward quickly; at
least there will be no opposition from
the marketplace — it'll be just like
digital TV, which only became reality
when a heavyweight consortium was
formed. The USADR alliance with
Lucent brings in the 600-pound goril-
la that creates the de facto standard
which then everyone follows.”

Automobiles will be first in field-
ing the technology, at least at the re-
ceiver end. IBOC proponents do not
propose subscription fees as part of
their model, and conventional broad-
casting will keep its current business
model, which is commercial revenues
driven. Once digital radio is estab-
lished and there is a low cost receiver,
the expectation is that the public will
slip into digital radio almost without
noticing it. The newer cars will have
it, as will new stereos and portables.

IBOC allows digital to co-exist
with analog. The listener still receives
the standard analog AM/FM signal,
so if he buys a new receiver and in-
stalls it in his car, there will be no dif-
ference as far as the analog stations
are concerned — he will get them as
he always has. When he switches to
the digital station format, audio quali-

will be improved but, more impor-
tantly, he will acquire the capability
to receive a powerful data channel
that can provide all sorts of cus-
tomized information — from real-
time traffic to stock quotes and news.
As it is defined now, the business
model shows that the standard audio
and news and conventional broad-
casting will continue being free. Not
so with the valuable, nationwide data
channel that provides a wireless data
ink into your car as well as to hand-
held devices.

TWO-WAY DATA
Although the downlink is one way,
it would be easy to couple it with an
uplink using cellular technology.
From a business model perspective
this works well because users down-
load data in a 10:1 ratio compared
with what they upload; therefore, us-
ing the more expensive cellular infra-
structure as an uplink would not be
prohibitive. The view is that down-
loading more data than needed is ex-
pensive. For instance, the service
supplier would pump out a flood of
stock or traffic information, and the
[Continued on page 30]
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user would program his receiver,
whether radio or PDA, to pick up the
stocks of interest or the traffic zones
he wants. Such a low cost, real-time
data download like this is ideal and, if
something more specific is required,
the user can always reach for his cel-
lular phone. The radio link for low
cost downloading could be networked
to work side-by-side with a cellular

link for uplinking.

SATELLITE REPEATERS AND IBOC
Satellite digital radio has two pro-
ponents: XM and Sirius. The FCC
has granted them licenses to use the
2.5 GHz frequency. However, satel-
lites still need to be orbited and earth
stations set up for the system to work.
On the other hand, TBOC uses the
current broadcast infrastructure —
approximately 14,000 radio stations in
the US divided 50/50 between AM
and FM. These stations already have
towers and transmitters and are
broadcasting signals. Converting over
to IBOC is not an expensive proposi-
tion and, practically overnight, it en-
ables these broadcasters to acquire a
digital terrestrial network across the
country. (Lucent Technology’s ap-
proach to CD radio, shown in Figure
2, lies in adding an IBOC module to
«\lstmg AM or FM transmitters in
operating commercial radio broadcast
facilities, providing them with digital

A Fig. 2 LDR approach to hybrid IBOC transmitter implementation.

capabilities for audio as well as a data
channel.)

It is interesting to review the de-
velopment of digital radio. At first,
broadcasters fought satellite radio,
fearing that it would ruin them.
When the FCC finally ruled that it
would grant licenses to XM and Sir-
ius, things began looking less bleak,
especially when it was realized that a
shortcoming of satellite digital radio
is its line-of_sight problem. In a met-
ropolitan area, there is what is known
as the “canyon effect.” If you park
under a shelter or drive through a
skyscraper-lined street, you may not
receive digital satellite radio.

A year after receiving their initial
license, XM and Sirius realized that
to enable themselves to offer a viable
service, they needed terrestrial re-
peaters for the major cities and ap-
plied to the FCC for an additional li-
cense. Again, broadcasters did not
like this, claiming that with repeaters
they were no longer a satellite broad-
caster but a terrestrial one. The FCC,
however, granted XM and Sirius a li-
cense to operate low power terrestrial
repeaters in metropolitan areas.

Thus, for satellite radio to work in
metropolitan areas, the signal must
be put through a repeater, providing
the listener with a terrestrial signal.
However, it should keep subscribers

[Continued on page 35]
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paying $9.95 a month for CD-quality
music from being annoyed by a signal
that keeps fading in and out while
they are driving, as is sometimes the
case with some FM stations. This ad-
dition increases cost but makes

system viable, assuming you are with-
in range of a repeater. It also brings
up the issue of how many repeaters
are needed for cities like Los Ange-
les, New York, San Francisco, Detroit
or Chicago.
IBOC’s overwhelming advantage is
its low implementation cost, and that
makes possible a digital data network
covering the US, capable of providing
valuable wireless data links into PDAs

Approximately 40 million other radios
are consumed in the US, ratcheting
this number up to a 50 to 60 million
yearly consumption. Clearly, some
are cheap, giveaway radios, but with a
market like car radios, boomboxes
and stereo tuners, a US 40-million-ra-
dios-per-year market is reasonable.
Obviously there is no question of vol-
ume — it exists.

In addition, there will be low cost
receiver chip sets implemented for
PDAs, laptops and ot}xers as add-on
modules. Those numbers are also sig-
nificant. Consider the case of the
PalmPilot, for instance, already a fair-
ly powerful Lomputanondl device

tomized for the user’s location, en-
abling him, for example, to find out
when the next bus will arrive at the
street corner where he is standing.
DRE has an alliance with Cue
Networks, Los Angeles, CA, and this
fall will bring in a digital carrier sys-
tem based on its IBOC technology
using the subcarrier spectrum, which
can be taken to market now without
any further FCC approvals. The fo-
cus will be on digital subcarriers, and
DRE is designing with them a plug-
in for the Handspring PDA, which is
expected to be available before
Christmas. The basic Handspring
unit costs ahout 8150 and tlu, user
a

and car radios- Here s the real-advan=
tage of true terrestrial digital radio.
For AM stations especially, the
IBOC conversion cost is relatively low
— in the $10,000 range — because
most broadcasters have relatively
modern transmitters. It just requires
an IBOC generator that is plugged
into the transmitter. The digital signal
is fed through the box into the main
transmitter as with subcarriers, where
a subcarrier box is put into the trans-
mitter, which already has a subcarrier
feed. FM’s case is somewhat more
complicated because IBOC requires a
linear amplifier, and many of the older
FM amplifiers are cmeme]\ nonlinear
IBOCS overwhélming advanfage is
its low implementation cost, and that
makes possible a digital data network
covering the US, capable of providing
valuable wireless data links into PDAs

sth-memory-and
Getting a small plug-in unit thh an
FM decoder that — whether it is
used for audio or not is immaterial —
provides a low cost data link capable
of feeding information into it be-
comes very attractive. It would be
possible to go a step further and add
a Global Positioning System (GPS)
chip to the module to prove location
information as well, permitting the
incoming datastream to be cus-

pendent supp]ners tlmt convert it into
a GPS nit or a cellular phone. Some
seven modules are available for it al-
ready. The module that Cue will de-
liver is a small FM radio with an
IBOC-based digital subcarrier unit,
and Cue will provide a host of datas-
treams for the unit.

Digital radio — whether satellite
or terrestrial — will bring a robust
wireless datalink to the mobile envi-

DAs, laptops and others as add-on
modules. Those numbers are also sig-
nificant. Consider the case of the
PalmPilot, for instance, already a fair-

ly powerful Lomputatwml “device
} i
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ind
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Digital radio — whether satellite
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wireless datalink to the mobile envi-
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A Fig. 3 Audio stream block diagram
g gr
for DAB, data tracking and control modes.

ronment, as shown in Figure 3. Many of the problems
with wireless are related to the mobile environment-par-
ticularly in the case of a vehicle traveling at 60 or 70 mph.
Present systems work well if the user is stationary or
moves slowly, but that is not a true mobile environment. A
moving automobile is a very demanding environment, and
few wireless datalinks are capable of feeding reasonable
amounts of information into it. With digital radio using the
broadcast infrastructure across the US, the technology
with which to provide a robust datalink in the mobile envi-
ronment will be available.

The wireless data link will also drastically reduce repe-
tition. A problem with harsh environments is that if the
bit error rate (BER) is too high, this must be met with re-
dundancy, consuming bandwidth. If a data system has 128
kb available but redundancy becomes necessary, this is re-
duced to 64 kb — half the bandwidth capability is lost.

LOOKING FOR COMMITMENT

The LDR/USADR merger came up with a unified de-
sign — a system developed at Bell Labs that uses a high
quality audio coder called perceptual audio coder (PAC).
According to Lucent’s Benjamin, PAC will be used be-
cause it allows efficient bandwidth use, always a challenge
when attempting to communicate through digital means.
PAC allows transparent CD quality at 120 kb. The chan-
nel consists of both the analog and digital signal in the
sideband, which Lucent refers to as a hybrid IBOC imple-
mentation because it contains both the analog and digital

36

signals. In that configuration, the digital signal is 25 dB
down from the analog signal at the center of the channel.
This provides an interesting challenge to receive the sig-
nal in the same coverage area as the analog signal requir-
ing a modicum of processing, which must be accom-
plished while maintaining CD quality.

Although everyone involved in digital broadcasting is
quick to point at partnerships with radio receiver manu-
facturers, the fact is that beyond those involved in supply-
ing car radios, there does not appear to be much gearing
up. All major manufacturers are looking at designing re-
ceivers for this technology, but not much seems to be hap-
pening. Sony is often mentioned; however, a call to the
company revealed that although it is “closely following de-
velopments,” it has no plans to go into production.

It appears no one is willing to commit or allocate re-
sources until there is a standard in place and some sort of
service has begun — production lines are expensive things
to keep idle. Receiver manufacturers will not get involved
until after having identified the production time and the
number of units that will be manufactured. All of this action
will be triggered by the FCC implementing a standard.
“Our expectation was that the standard would be adopted
by year’s end,” said Benjamin, This may not happen due to
purely political and bureaucratic reasons. One way or anoth-
er, there is going to be a change of administration in Wash-
ington and, as an industry insider confided, “We're seeing a
number of people from the FCC commission already begin-
ning to look for, and finding, other jobs.” A realistic alppraisal
indicates it would be surprising if a standard is in place be-
fore well into the first quarter of 2001.

Once the FCC adopts a standard, three major require-
ments must be fulfilled before service can begin on a com-
mercial scale. Obviously, the first one is getting a number of
digital stations up. Because of the relatively small costs in-
volved, it is likely they will appear in sufficient numbers, at
least in major markets, with large, readily available listening
audiences. According to Lucent, this change should take
place around the third or fourth quarter of 2001.

“We expect to have the major building blocks for re-
ceiver manufacturers to begin delivering product to the
marketplace around the first quarter of 2002, said Ben-
jamin. “A major element that must be provided is the 1C
that will allow them to build their radios in the compact
form necessary for integration into a car’s dashboard.” This
would meet the second requirement. The third most im-
portant requirement is exciting the prospective consumer
about the technology through demonstrations at a number
of shows and in markets in conjunction with broadcasts.
Everyone involved has fresh in his mind what happened to
stereo AM and there is no desire to repeat that debacle.

Lucent is working with “three of the major consumer
IC manufacturers,” which it declined to identify until that
arrangement can be disclosed. “They will determine
costs,” said Benj “Our of the i [
cost for such a system is that it will fit within the construct
of a $100 increment at the retail price level.” (This means
that, whatever its price is now, you will have to pay an ad-
ditional C-note for the boombox or tuner of your choice.)

It is expected that eventually satellite and terrestrial
broadcasting will merge. Because dashboard real estate is

[Continued on page 38]
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nnlikely to increase, there will not be
a second radio receiver there. Lucent
is already providing some of the sub-
ystems for the satellite broadcasters,
who are using PAC in both the Sirius
and XM satellites.

B

OFFSHORE DIGITAL

There are some countries, notably
Great Britain and Germany, where
digital broadcasting is alrcady taking
place. The European standard, Fure-
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ka 147, has been operational for three
years. However, digital radio has not
exactly set Europe on fire. One of the
principal reasons is that receivers run
about $1000

Future service providers in the US
are betting on TBOC for a different
outcome. “First, US receivers will
cost $100 or less in terms of in
mental cost,” said Benjamin. “Sec-
ond, we know that broadcasters have
spent considerable money and effort

-
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developing a brand following associ-
ated with their call signs. People
know their favorite stations™ call signs
and with IBOC that won’t change
They'll find the signal where it’s al-
ways been. With Eureka 147, the Eu
ropean listener must migrate to an
entirely different band and familiar-
ize himself all over again with where
to find the stations he wants.”

While volume will certainly bring
costs down in IBOC'’s case, the Euro-
pean receiver’s design elements are
different because it operates in S
band. As one climbs up in frequency,
cquipment tends to be more expen-
sive. “T'his is an advantage that has
made the proposed US system’s in-
cremental cost smaller — we’re oper-
ating in the same frequency band,”
pointed out Benjamin

Tt now appears that the European
and American systems will be incom-

but Lucent expects that once
s system begins service in the U
there will be offshore apphmlmm
Lucent is presently dealing with Eu-
ropean authorities, who, according to
the company, are actively considering
IBOC’s adoption.

THE DATASTREAM

As mentioned previously, if a
broadcaster has upgraded its equip-
ment over the years, or the equip-
ment is five years old or less, only a
small modification is required. For an
FM station, the upgrade cost would
mostly be a high power combiner.
The signal leaves the power amplifier
and is delivered into the antenna to
transmit; with today’s analog power
amplifier, the combiner is used to es-
sentially sum the analog and digital
paths, the latter being the second
path that would be coming into the
combiner. For an AM station, there
are relatively inexpensive digital-
ready exciter boxes for the transmit-
ter. Because of linearity require-
ments, modern AM equipment is al-
ready designed to accept a digital
system.

“Crucial data applications are
linked to the more efficient use of
time,” said Benjamin. “There are sit-
uations related to traffic and down-
loadable maps. We see the system
working as an adjunct to what is out
there already, in terms of GPS-type
guidance systems. We see in GPS

[Continued on p
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A Fig. 4 An example state-of-the-art CD radio facility.

that people need maps of very wide areas and often local
municipalities need to redirect traffic due to construction
or other factors such as traffic flow situations where a two-
way road becomes a one-way road.” This information
would be automatically updated in the system as the dri-
ver enters the vicinity.

Today, as commuters crawl to work, traffic reports
come in maybe every 15 minutes and emphasize heavily
traveled roads that may not be of interest. A driver who
might want to know about traffic that is beyond his or her
area could program the receiver to profile his or her inter-
ests, and it would only pick up information specific to the
route of interest, avoiding having to listen to all the other
broadcasts. These functions would not necessarily be
available as part of a subscription service, but rather be
made available free by present broadcast service
providers. However, other data such as sports scores and
stock quotes that people want instantaneously wherever
they may be, might be provided on a subscription basis.

These data could reach the user in audio or visual for-
mat. However, there are concerns linked to providing too
much visual input. Work is under way with the Consumer
Electronics Association to set boundaries on what to put
on a dashboard without dangerously distracting the driver.
A usage etiquette is being developed around how data can
be displayed without encumbering the driver.

SATELLITE RADIO GEARS UP

XM’s development plan is typical of digital satellite
broadcasting. “First you have to get a signal source pro-
gramming center,” said Wormington. “That is already un-
der construction at our new facility in Washington, DC.
Eighty-two studios, all modular, all digital, all tied togeth-
er by fiber optics — everything will be operational by
year’s end.” (Figure 4 shows an example of a state-of-the-
art facility under construction by XM.)
comes satellite transmission capability. In XM’s
case, this means 15 kW Hughes 702 satellites, the biggest,
most powerful commercial communications satellites
ever made. The first was orbited in the first quarter of
thi r, and the next one launches the first quarter of
next year.

Then come the repeaters to cover urban canyons. “We
have 1500, and their test deployment has begun,” said
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Wormington. “There’s a network set up in Pittsburgh that
we're running tests on, and full deployment will begin by
the first quarter of 2001. These will go in 70 cities to cover
the top 70 Arbitron markets. The number of repeaters
ranges from 200 in New York, down to four or five for a
place like Albuquerque. It is directly dependent upon the
urbanization level, and the amount of acreage that we
need to cover.”

All of this preparation is useless without fielded radio

receivers. “We don't produce radios,” said Wormington,
“but have a number of partners — people like Pioneer,
Sony, Alpine, Delco, Sharp, Mitsubishi and others. We
have a group in Florida whose sole purpose is building the
hardware reference platform: antenna, tuner, an ASIC for
channel decode and a DSP housing the software for the
service layer decode, decompression and encryption.”

XM is doing the engineering for a prototype radio ca-
pable of tuning into its system. The company has a work-
ing lab radio: satellite and repeater signals in, music out.
It is now in what it deseribes as the “chip fabrication
mode,” leading to converting the lab radio prototype into
chips. According to XM, these should be commercially
available during the second quarter of 2001, with
transmission beginning commensurate with receiver
availability.

SYSTEM SPECS

The signal is divided into an A and B side. The output
is 4 Mb, which can be thought of as 2 Mb per side, plus
padding and error-correction bits; thus, it is not a 4 Mb
signal when it is sent, but the data content is 2 Mb. The A
and B sides go to the satellites via an X-band uplink, re-
turning as an S-band downlink. Both links are time divi-
sion multiplex quadrature phase-shift keying (TDMQP-
SK)-modulated, going directly to the car. If the signal goes
through a repeater, the repeater does an in-band receive
and transmit with an amplification and change in the
modulation scheme, from TDMQPSK to coded orthogo-
nal frequency division multiplex (COFDM). The re-
peaters act as a single network, and the signal then is re-
peated out to the ¢

The same information content comes over cach of the
two satellites and through the repeater. The radio can re-
ceive all three signals and is indifferent to which one it re-
ceives. The receiver is smart enough to select the best sig-
nal on a BER basis. This process is transparent to the
user, who is unaware of which signal is being processed.
In fact, the radio may switch back and forth rapidly, de-
pending on signal quality.

The 1 repeaters are mostlv 2 kW, with approximately 10
percent of them slightly higher in power. In general,
about 70 percent of the repeaters will be on a tower,
monopole or building. Range is heavily dependent on en-
vironment. Placed on Mount Wilson in Los Angeles, a re-
peater might cover 20 miles. The same unit in New York
City might reach five blocks. XM has already signed leases
for 500 of the 1500 locations it needs, and the company
indicates the remaining leases are coming in at a rate of
200 to 300 per month.

The 4-Mb datastream is divided into 8-kb primary
channels, with every application working in some multiple

[Continued on page 42]
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of a primary channel. There is an
overhead allocation of 2 kb for each
channel, providing a way to do things
like sending information on stocks in
parallel with, and transparent to, lis-

A Fig.5 LDRs IBOC realization program time line.

other data sources such as GPS or
cellular, and integrate the systems.
“We'll be a part of it, but aren't plan-
ning on doing the whole package. We
don’t make the radlos just facilitate

tening to music. This capability is
used as what is called “program-asso-
ciated data” so that, for instance, the
artist and song title of the piece being
played appear on the display. What-
ever can be digitized can be dis-
played.

A digital system has many capabili
ties, but just because they are avail-
able, it does not follow that they will
be used. As Wormington puts it,
“We're a broadcast system — what
we send, we send to everybody. We
could use the system for point-to-
point applications, but it’s an ineffi-
cient way of using it, because it is like
taking a message and broadcasting it
over every radio station. Digitally it
can do a lot of things but from a
business point of view there are only
a few things we will concentrate on.
Right now, we're putting out 4 Mb of
data, and the bit doesn't care what it
translates to. In this case, we're hav-
ing it translate to music and talk. We
can do a lot with it; the question is
what we can make money on, and
right now music and talk are it —
that is our business plan.”

As for GPS or any other ancillary
data source, XM is not considering it.
“GM and Honda are very interested
in telematics, but our system is de-
signed to be a 4-Mb pipe to the car
and that’s it.” Wormington added that
a car radio manufacturer like Delphi
Delco might choose to implement
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their manufy

Like others, while admiring it,
Wormington believes the value lies
not in the technology, but in the im-
provement in programming. “People
are going to hear radio like they think
radio onght to be. Because we are na-
tionwide, we don’t have to appeal to a
broad audience in a narrow geo-
graphic area and can focus on very
narrow listener niches and provide
the music that they love. Before, you
could never have focused so exclu-
sively on specific demographic sec-
tors. People can make a business out
of providing for narrowly focused
musical tastes for $9.95 a month.”

Of course, the big question is what
the timeline is for an actual launch of
services, and there does not yet ap-
pear to be a definitive timeframe. Ex-
perts like DRE’s Miller believe that
by the time systems are finally ratio-
nalized, field-tested, fine-tuned and
taken to the receiver manufacturer
(who then, and only then, will gear
up for production), it may take as
long as two years. Figure 5 shows a
milestone chart for LDR’s IBOC re-
alization program.

BUT WILL THEY COME?

The movie 2001: A Space Odyssey
has one of the most inspired scenes in
film history. In it, man’s distant ape
ancestor tosses into the air in triumph
the bone tool that has given him su-

premacy over his environment and,
as it spins skyward, it transmutes into
a space vehicle in Earth orbit — an
elegant encapsulation of humanity’s
million-year arduous climb toward
civilization.

The concept of digital radio brings
to mind the culmination of that diffi-
cult evolution. While there is nothing
technologically revolutionary about i
the ingenuity and application of exist-
ing technologies — the marriage of
satellites, high frequency, terrestrial
repeating networks, large-scale inte-
gration on the IC side, decoding and
encryption techniques — to offer a
capability that did not exist before is
mind-boggling.

Some in the business wax poetical
about it, like Delphi Delco’s Erick-
son, “I frequently drive to the
foothills in Tennessee and Kentucky,
and go through several hours during
which it’s impossible to get a single
radio station. Now, for the first time,
people everywhere will be able to lis-
ten to the music and talk they want.
They'll have more choices and relia-
bility, as well as nationwide informa-
tion services. The technology’s
promise is its message.” ;

As Hamlet muttered, albeit in a
somewhat different context, “’Tis a
consummation devoutly to be
wished.” My satellite TV service
boasts 220 channels. When channel-
surfing, I am often awed by the in-
credible progress mankind has made
since that long-gone ape creature
tossed that bone on its way to the
stars. We have acquired the ability to
casually speed a radio signal off on a
46-thousand-mile journey, enabling
me to receive anywhere on the planet
and in the comfort of my own home,
two channels that regale me with I
Love Lucy in glorious black and
white, as well as Roseanne and The
Love Boat. Tt gives me three channels
that try to sell me things I do not
want or need, 20 that show me
movies that were old before I was
born, five that urge me to redecorate
my budoir and prepare a gourmet
meal, 16 that carry sports (often the
same event) and so on, ad nauseam.

CD radio promises enormous po-
tential, as did television and the Inter-
net. However, if past performance of
the use given to these resources is any
indication, the promise should be tak-
en with an extra hefty pinch of salt. B
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2We& 5W bc 1o 18GHz ATTENUATORS

Now you can buy SMA and TYPE-N attenuators off-the-sheif that combine world
renowned engineering expertise with high quality stainiess stee! construction and low cost.
Just specify Mini-Circuits BW fixed attenuators! Built tough to handle 2 or 5 watts
average with 125 watts peak power, these attenuators come in 1 to 40dB
precision attenuation values with high temperature stability and excellent
phase linearity for the broad DG to 18GHz band. Call Mini-Circuits and capture
this next generation of value for your system integration today!

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

20 SMA
52055

Models (Add Prefix BW-)

2WSMA SWSMA 5WTypeN  Nominal

Typo:Mae & Femel connecion. 812"

Attervation (dB)
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1 +0.40
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& =0.
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s 2060
10 80
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15 80
20 060
30 85
40 =085

connectors. 312" across hex flats

‘a0r0ss hex flats. Length:1.9°

At 25°C includes power and frequency varilions Up to 12.4GHz.
‘Above12.4GHz add 0,508 typ. 1o accuracy.

ALL VALUES IN STOCK
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THAAD System Raylheon Co. has been
awarded a contract
Development from Lockheed Martin Co.
to design, develop and
Contract Awarded anufactire thrce Engi-
neering and Manufacturing

TR

Development radars for
the Theater High Altitude
Area Defense (THAAD)
system. The award is val-
ued in excess of $1.4 B and
includes the hardware design, development and manufac-
ture of six Battle Management/Command, Control, Com-
munications and Information Tactical/Shelters Groups
and related engineering support.

The THAAD radar is an X-band, phased-array, solid-
state system. Using high power transmit/receive modules
and advanced signal processing and data processors, the
radar provides surveillance, detection, target tracking and
ssment of threats. The three radars awarded un-
der this contract are a follow-on to the successful two
THAAD User Operational Evaluation System radars pro-
vided to the TS Army in 1996.

The THAAD program is an integrated system consist-
ing of launchers, missiles, battle management and control,
and radars, and is the upper tier of the Army’s two-tier
theater missile defense concept. The higher altitude and
wide area protection furnished by the THAAD system i
terface with the lower tier Patriot Air and Missile Defense
system to provide a complete missile defense of critical
and high value assets.

UK to Seek he UK Defence Secre-

tary has notified the

Alternative to MR UK European partners in
_ the Medium Range Anti-

TRIGAT Anti-tank .,k Guided Wi Veapon sys-
5 tem (MR TRIGAT) collab-
Guided Weapon ..o, that the UK has de-
smsssmamn Cided not to proceed with

the Industrialization and
Production phase of the
program. The lack of
progress on the program since the UK indicated a willing-
ness to proceed last summer is cited as evidence that
there will be further and unacceptable delay and uncer-
tainty in the program whose service date is already 10
years later than originally planned. The Defence Depart-
ment has decided that the UK’s operational requirements
for a modern anti-tank weapon will be best met by an
alternative national program and is investigating such a
possibility.

MR TRIGAT is a crew-portable Medium Range Anti-
tank Guided Weapon system planned to replace MILAN in
the armed forces of the UK, France, Germany, the Nether-
Jands and Belgium. UK collaboration on the TRIGAT pro-
grams began in the mid-1970s, and the Full De\'elofpment
phase started in 1988 with an in-service date (ISD) of 1995.
The most recent ISD is 2005.
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FROM WASHINGTON

The Industrialisation and Production memorandum of
understanding (MoU) had been agreed to in 1998. The
UK, Germany and France signed the MoU in 1999, but the
Netherlands and Belgium have yet to do so. Aerospatiale
Matra Missiles was the prime contractor for the Industriali-
zation and Production phase; Matra Bae Dynamics was the
major UK subcontractor. To date, expenditures on MR
TRIGAT have been approximately £100 M. It is estimated
that procuring an alternative system to MR TRIGAT will
save more than that amount over 10 years.

Multiyear he US Army has award-

ed the Raytheon-Lock-

Javelin Anti-tank heed Martin Javelin Joint
Venture a $1.2 B multiyear

Weapon System  contract for the production

of Javelin anti-tank weapon

Contract Awarded S)'s]tems. The contiaie e
e te1ds over four years be-

ginning in 2000, and in-

(lud('s the delivery of

11,805 missiles, 2968 com-
mand launch units (CLU), 1990 student and field tactical
trainers, and other associated equipment. Javelin is cur-
rently in full-rate production under a multiyear contract
awarded in 1997, and is in service with US Army and US
Marine Corps units.

The Javelin medium-range, anti-tank missile system is
a one-man transportable and employable fire-and-forget
missile system that permits a single infantryman to engage
any armored vehicle at ranges up to 2.5 kilometers. Tt re-
places the wire-guided Dragon missile in Ranger and Spe-
cial Operations units, infantry and engineer battalions,
and armored scout platoons.

Raytheon, the leader of the joint venture, will provide
system engineering and support for the joint venture and
produce the CLU, missile guidance electronic unit and
system software. Its Missile Systems business unit in Tuc-
son, AZ will be the primary Javelin work site. Lockheed
Martin will provide missile engineering and production
support in its Orlando, FL facility; produce missile seek-
ers in Ocala, FL; and perform missile all-up-round assem-
bly in Troy, AL.

n a recent decision, the
Federal Communications

FCC Deci

Extends Approval Commission (FCC) sided
with AirCell Inc. and its 21

of AirCell Airborne  (cjlylar carrier partners and
3 ended a contentious pro-

Cellular Service ceeding between the Air-
oo Cll group and seven of the

US’ largest cellular services
carriers. The FCC’s deci-
sion reaffirmed AirCell’s
public safety benefits and the viability of its communica-
tion technology. In addition, the Commission extended
AirCell’s operating authority by an additional two years.

45



The dispute between AirCell and the group of cellular
carriers began in 1997 when the FCC’s Office of Experi-
mental Technology (OET) interrupted AirCell’s experi-
mental operations after appeals from several of the carri-
ers. Subsequent extensive FCC-supervised tests in July
1997 verified the non-interfering nature of AirCell’s tech-
nology, and the FCC OET lifted its restriction and per-
mitted AirCell to resume operations.

In late 1998, the FCC's Wireless Technology Bureau
granted AirCell and its partners a two-year exemption of
the FCC's prohibition on the use of cellular phones in air-
borne aircraft. Under that exemption, AirCell was able to
provide airborne cellular service to mobile terminals in-
stalled on general aviation aircraft using 800 MHz cellular
frequencies in cooperation with licensed carriers. In its
recent decision, the FCC found that there was no avail-
able evidence to support the claim that AirCell service is
likely to cause harmful interference with ground-based
cellular systems and ruled that the public safety benefits
associated with the AirCell system were substantial. The
ruling effectively extends the life of AirCell’s authority to
provide air-to- ground cellular service.

AirCell presently operates 84 cellular sites nationwide
and has partnerships with 21 cellular service providers.
The company plans to expand its network to approximate-
ly 150 sites and 25 service partners so that it can offer full
nationwide service.

1.623.780.1995
sales@temex-az.com
www.temex.ch
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NEWS FROM WASHINGTON

Global Hawk Areport from the Gener-

al Accounting Office

Advanced Concept (GAO), “Progress of the
B Global Hawk Advanced

8Y Concept Technology Dem-

onstration” (GAO/NSIAD-

Demonstration 00-78), reviews the results of
; the High Altitude Un-
Reviewe: manned Acrial Vehicle Ad-
muemmmssmn  vance Concept Demonstra-

tion with respect to the per-
formance and cost objectives of the program. To assess the
military utility of the Global Hawk, the US Air Force has
been demonstrating prototype aircraft since June 1999. To
date, the aircraft has demonstrated basic flying capabilities
but has not had sufficient testing to determine whether it can
fully conduct missions on a regular
basis. In October 1999, the Air Force reported prototype
flights at altitudes over 66,000 feet for more than 27 hours.
At the end of January, however, only 260 of 1200 planned
flight test hours had been completed. While it appears possi-
ble that the aircraft may meet its performance goals, its es
lating cost is a real concern. Neither the Department of De-
fense nor the Global Hawk contractor expects to achieve the
$10 M flyaway price goal for the second group of 10 produc-
tion vehicles. A July 1999 projection places that cost at $15.3
M, 8500 K higher than the July 1998 estimate. B
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Directional Couplers ICombiners |Dividers|90'/180" Hybrids

7 WHY SACRIFICE
PERFORMANCE
FOR BANDWIDTH?

5048 &
60 dB Couplers

Insertion Loss

40 d8

o I
1 L

ot
CE

80 MHz - 1000 MHz s
(Model €910 (5082 06200  (3908* (5027 |
Power (CW)  200W 500W  1000W  1500W 4000 W
Coupling (Nom.)  40dB 408 4048 50d8. 60dB
Flatness $03d8  *03dB  *05d8  *03dB  *0.3dB
2048
Insertionloss  0.2dB 0208 01548  0.1dB 0148
-25d8 VSWR (Mainline)  1.10:1 1.10:1 1.10:1 1.10:1 1.10:1
i Direct 2048 2048 208 20d8 2048
-30dB \ i J
80 MHz 1000 MHz *Werlatone's Mismatch Tolerant ™ Couplers are designed to operate continuously into an infinite load VSWR.
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POWER DIVIDERS

0.47 1010GHz o

21032Way . 49"

Looking for a “perfect fit" power divider for your
50 or 75 ohm design...fast ? Just call Mini-Circuits!
Our quick response and wide variety can provide
on-target performance to match your needs exactly.
That's because we've developed a vast inventory

of low cost/high value SMA, BNC, and Type-N connector-
ized units covering cellular, GSM, ISM, PCS, and satellite
bands. Select from 2 to 32way models, wide band units
and microstrip designs going down to 470MHz. And
Mini-Circuits power dividers are built tough to handle high
matched power with good VSWR, low insertion loss, and
high isolation between ports. For even lower frequency
applications, check out our family of torroidal
transmission line power splitters and combiners with
frequencies as low as 500Hz. If you're looking for a
better blend of usability and affordability, put the power
of Mini-Circuits to work for you today!
Mini-Circuits...we’re redefining what VALUE is all about!

No. Freq
Model ~ Of Models Range (GHz)

2WAY-0° 151 0.50-10.0
4 1.00-4.20
2 1.00-2.49
4 0.50-4.20
83 0.47-8.40
6 0.80-1.98
25 0.80-5.00
4 1.00-1.99
62 0.50-8.40
3 0.80-4.80
1 0.75-2.40
9 0.50-4.20
1 0.90-0.99
28 0.47-4.80
32WAY 1 0.95-1.76

For detailed model numbers, specifications,
and prices, consult our web site, RF/IF
Designer’s Guide, or cail Mini-Circuits.

[JMini-Circuits ..
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P.0.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product informalion see MIN-CIRCUITS CATALOG & WEB SITE
Mzl The Design Engineers Search Engine Provides ACTUAL Data Insiantly From MINI-CIRCUITS At www. minicircuits.com


http://www.minicircuits.cor

EADS Wins The European Aeronau-

tic, Defence and Space
(EADS) Co.’s Ulm, Ger-
many-based Airborne
tems unit has been award-
ed a US$11.9 M contract
by the US Navy (USN) that
covers the supply of com-
ponents for its AN/APG-65
radar programme. EADS’
connection with APG-65 is
based on the former DaimlerChrysler Aerospace’s licence
production of the radar for use in the Luftwaffe’s (Ger-
man Air Force) F-4 Phantom upgrade programme that
began during 1987. Work on the USN contract is expect-
ed to be completed during 2002.

US Radar Contract
EEEEETEEE

erman  contractor

Rohde & Schwarz
(R&S) has entered into a
joint marketing agreement
with US contractor Honey-
well that covers the promo-
tion of its M3AR (series
6000) military radio in the
North American market.
R&S describes the Multi-
band, Multimode, Multi-
role Airborne Radio (M3AR) as a software-driven device
that operates in the 30 to 40 MHz frequency range
and can transmit digitised voice and data at high
data rates. The equipment is further described as light-
weight and available in cockpit or separately controlled
configurations. Equipment control is by means of an
MIL-STD bus.

RES Signs

with Honeywell
on Joint Radio
Marketing Venture
RSN SR

South African tarting 1 September,
South African defence

Contractor electronics contractor GST
was expected to trade as

Re-brands  Grintck EWATION follow-

ing Grintek’s agreement

with the former Daimler-
Chrysler Aerospace with
regard to the merging of
their respective ground-
based signals intelligence
(SIGINT) and communications jamming business lines.
Now a part of EADS, DaimlerChrysler is understood
to have hived off its ground-based electronic war-
fare (EW) line into the new Ewation GmbH EADS
subsidiary. As currently structured, Ewation GmbH has a
staff of 500, and the combined Ewation/Grintek
EWATION product line (which includes power amplifiers
and HF/VHF communications jammers as well as SIG-
INT equipment) will be internationally trademarked as
MRCMR (Monitoring, Reconnaissance, Countermea-
sures) products.

R R I T S RPN A B I L g

INTERNATIONAL REPORT

Martin Streetly, International Correspondent
Australia Buys A: part of the US-Aus-

tralian government-to-
SIRFC  government Advanced In-
tegrated Aircraft Surviv-
ability Technology (ATAST)
programme, Australia has
procured an example of
ITT’s AN/ALQ-211 Suite
of Integrated Radio F:
quency Countermeasures
(SIRFC) with which to
conduct ongoing systems-related, co-operative research,
development and engineering with the US Army. ALQ-
211 was selected for AIAST because it represents a next-
generation modular, open architecture, integrated EW
system. As part of the effort, a digital model of SIRFC has
already been integrated into a UH-60 Blackhawk heli-
copter simulator by the Australian Defense Science and
Technology Organisation. The integrated model allows pi-
lots and engineers to work with SIRFC technology in the
areas of sensor fusion, threat warning, situational aware-
ness and electronic countermeasures. Launched during
1998, AIAST is expected to run until 2004.

UK Looks ™he UK Ministry of De-
fence has issued a re-

for New Fast quirement for a new fast jet
defensive aids suite (DAS)

Jet IMPC  , [age (the Integrated
Multi-Platform Counter-

measures (IMPC) system)
based on the Royal Air
Force’s (RAF) recent opera-
tional experience in the
Balkans and the Persian
Gulf. Analysts have sugcested that a key driver in the IMPC
programme is the service’s switch from predominantly low
level operations to those at medium altitude. Expressions of
interest in the programme were due by 29 September, with
the tight time scale reflecting the urgency being placed on
the effort and the likelihood of any IMPC solution selected
being based on off-the-shelf equipment. The new DAS will
include on- and off-board countermeasures (}wss‘ihlv includ-
ing towed active decoys) and a missile approach warner.

"As its name sugbest IMPC wﬂFEe applicable to a
number of airframes (effe he RAF’s Tornado, Har-
rier and, possibly, Jaguar strike aircraft) and is, therefore,
required to be modular to facilitate mission-specific fits

maximum utilisation of common system elements.
Likely bidders include BAE Systems, Northrop Grumman
and Thomson Racal Defence. The RAF's strike Tornados
are currently fitted with the Skyshadow radar jamming
pod, a BAE Systems radar homing and warning receiver,
and a BOZ 100 series countermeasures dispensing system
(CMDS) pod; its Harriers are fitted with a BAE Systems
Zeus integrated radar jamming and warning system to-
gether Wlf%] a CMDS. The Jaguar light strike aircraft car-
ries the Phimat CMDS pod and an updated variant of the
former Westinghouse ALQ-101(V) radar jammer.
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w1 cC icati he E Telecom-
munications Satellite

Satellite Set (EUTELSAT) Organisa-

5 oy tion’s W1 fixed and broad-

for Sep cast ications satel-
Ladech lite was scheduled to be

uNCh 1 unched aboard an Ariane

semmsmmmnm  [Ocket on 6 September.

Developed by Europe’s

multinational ~ Astrium

space conglomerate, W1
has a launch mass of 3250 kg and is equipped with a pay-
load comprising 28 transponders that operate in the 10.95
to 11.2 GHz and 11.45 to 11.7 GHz frequency bands.
Transponder applications include business communica-
tions, Internet-based services and television transmission
services, and the devices can be switched between fixed
(up to 20 transponders) and steerable (up to 12) coverage.
The fixed-coverage (termed fixed widebeam) footprint
takes in Europe, North Africa and the Middle East from a
10° East orbital location. Available channel bandwidths
are 40 Mz (four transponders), 54 MHz (eight), 62
MHz (four) and 72 MHz (12), and the vehicle uti! 32
m solar array that will still offer DC spacecraft power of 7
kW at the énd of the satellite’s 12-year design life. The
W1 bus is based on a variant of Astrium’s EUROSTAR
design, 31 examples of which have been procured to date.

INTERNATIONAL REPORT

HAI Encouraged Grcck aerospace con-

tractor Hellenic Aero-

to Develop space Industries (HAI) is

ot being encouraged to devel-

EW Capability , an EW capability fol-
lowing the Greek Ministry

of Defence’s decision to
procure a DAS for its F-16
Block 50 Plus aircraft from
national sources rather
than from the international
defence industry. Prior to this decision, Thomson-CSF,
Elisra and Raytheon were known to have been bidding for
the $200 M programme. Alongside this effort, HAL is also
involved in the upgrading of 10 existing Greek Mirage
2000 combat aircraft to the Mirage 2000-5 Mk 2 standard.
Here, the national contractor will undertake the necessary
work, which involves modifications to both the aircraft’s
radar and DAS. Sources suggest that the EW equipment
to be installed may incorporate elements from the
equipment package Thomson-CSF, Matra BAe Dy-
namics France and Italian contractor Elettronica have
developed for the Mirage 2000-9 aircraft being sup-
plied to the United Arab Emirates. Existing Greek
Mirage 2000s are fitted with a variant of the Thomson-
CSF/Matra BAe Dynamics Integrated Countermeasures
Suite.
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narda

rowave-east
an Ewnwunicaﬁnns company
It’s Narda to be precise.

ﬂsﬂ if we
 have a switc

in stock and

you'll get our

stock answer:

]

"Yes.

s easy for us to be so positive. Our
shelves are overflowing with the largest
number of stocked electromechanical
(SEM) switches in the industry. With more

than 40 different top quality switch types,

Narda covers everything from satellite,

cellular and wireless communications to

. avionics, ATE and military applications.

Narda gives you the best of both worlds:
he convenience of off-the-shelf availability

_ and lower cost. Along with this, you'll

benefit from the wide range of innovative,
proprietary features we've incorporated
into Narda switches, many of which

are patented.

In addition, you get more than an
assurance of Narda's quality and reliability.
You get our guarantee. Narda guarante
operation of one-million to two-million
cycles per switch position with virtually no
performance degradation.

Beyond all this, Narda has stocked up
on something else that's quite valuable.
Experience. Over the last 50 years, we've
satisfied thousands of customers.
Shouldn’t you be the next one? Call us at
631-231-1700.
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Finally, a reliable BeO alternative
well-suited for the environment.

w Anaren is proud to introduce its new RF Power family of Aluminum Nitride (ALN)
/ resistors and terminations.

Armor rugged. The innovative RF Power line offers armadillo-tough protection. Our unique
approach to thick-film AIN construction yields a reliable and safe component designed as
an alternative to the Beryllium Oxide (BeO) ceramic widely used today.

Multifunctional. RF Power resistors and terminations are available in a variety
of package styles and in most cases can directly replace our BeO products. Package
styles available include: surface mount, chip, flangeless, and flanged. These versatile
packages are well-suited for a number of RF and microwave applications including:
high-power amplifiers, isolators, absorptive filters, antenna feeds, and

power combiners.

Fit to perform. All RF Power components are 100% tested so you
know you are getting the performance and protection you need for all
your applications. And all are backed by Anaren’s comprehensive technical
and customer support.
For more information, contact us by phone: 1-800-5. 14 or e-mail: rfp com.
RF Power AIN — a Be0 alternative at a competitive price. Developed by RF Power
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New Consortium icrosoft Corp., DI-
RECTV Inc. and
Aims to Make TV THOMSON multimedia

have announced an alliance
to bring a new advanced
RCA® DIRECTV™ system
with the new Microsoft®
Ultimate TV™ service to
market. The RCA DS4290-
RE system with Ultimate
TV and DIRECTV service
is the first direct broadcast satellite (DBS) television plat-
form that integrates DIRECTV programming, digital
video recording, interactive television and Internet access
in one package. The package will permit viewers to watch
two shows on DIRECTV at the same time (picture-in-pic-
ture), watch one show while recording a second Al]d

More Personal
and Interactive

THE COMMERCIAL MARKET

some of its huxury vehicles and may extend their applic:
tion to a broader selection of Nissan and Infiniti vehicles
in the future.

Ford and QUALCOMM each own equity in Wingcast
under undisclosed terms. Cartell, a Michigan-based supplier
of telematics equipment to automakers, is a minority stake-
holder in the company. Initial Wingcast services will be av:
able in North America over cdmaOne™ digital wireless net-
works. Advanced offerings requiring high speed wireless data
will become available as third-generation cdma2000 and
wideband CDMA networks are |mpl(~mmted

First In-flight Air(]ell Inc. and Mo-

torola Inc. have an-
nounced the successful
completion of the world’s

Bluetooth

record more than 30 hours of digital-quality prog
for later viewing in their own personal lineup. Viewers
will be able to choose from more than 500 hours per week
of interactive television, respond to promotions with a re-
mote control, and send and receive ¢-mail.

The DS4290RE receiver incorporates two DIRECTV
satellite tuners and a hard disk drive for digital video
recording, In addition, it provides a digital audio output, a
standard V.90-capable modem for Internet communica-
tions and two USB ports that are planned to support
printers as well as keyboards and broadband network in-
terfaces such as DSL modems. The receiver package in-
cludes a digital satellite recciver, an 18-inch dish antenna
with dual- output LNB and a universal remote control.
The receiver with the two television services was expected
to be available for retail purchase by the last quarter of
this year,

ord Motor Co. and

QUALCOMM  Inc.
have announced the cre-
ation of Wingeast, a new
company to develop and
deliver wireless mobility
and information services
that will equip cars and
trucks with voice, enter-
tainment and safety ser-
vices and Internet access.
Ford cars and trucks will be the initial recipients of these
newly developed products and services. Ford expects that
more than one million of its vehicles will be so equipped
by the end of 2002, more than three million by 2003 and
virtually all of its cars and trucks by the end of 2004.

Wingcast expects to combine QUALCOMM’s CDMA
wireless technology with Fords telematics and consumer
experience to provide consumers with seamless access to
applications and services in their vehicles such as commu-
nications, information, navigation, entertainment, safety
and security. The company’s first offerings are scheduled
for introduction in late 2001. Nissan is also wor king with
Ford and QUALCOMM to bring Wingcast services into

New Venture
to Provide

Vehicle Telematics

Services
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Wireless Technology
Test is Successful

first in-flight test of Blue-
tooth wireless technology.
Current Federal Commu-
nications Commission
(FCC) rules prohibit the
use of personal cellular
phones while airborne due
to potential interference with terrestrial wireless net-
works, but AirCell has developed an FCC-approved in-
flight cellular link that avoids interference with terrestrial
cell sites. The systems rely on hard-wired handsets within
the aircraft that are widely deployed in commercial fleets.
The test combined Bluctooth technology links between
personal communications devices like “wireless phones
and laptops with the fixed AirCell air-to-ground link with-
in the aircraft. The system is expected to drastically re-
duce the cost of phone calls made while airborne and, at
the same time, provide a variety of advanced services such
as fax, e-mail and Internet access.

Globalstar lobalstar has intro-
duced its satellite tele-
Introduces Satellite phone service in Russia,

bringing wireless telecom-
munications service to vir-
tually the entire country
and introducing it into
nearly 40,000 communities
that presently have little or
no access to wireless or
wireline telephone service.
GlobalTel, the exclusive provider of Globalstar service in
Russia, will use its gateway in Moscow to offer basic tele-
phone services including voice and short messaging ser-
vice (SMS) and, in early 2001, will offer fax and data ser-
vice. Later this year, gateways in Novosibirsk and
Khabarovsk will be on line to provide service to central
and eastern Russia, respectively, expanding Globalstar’s
coverage to virtually the entire country from the Baltic
Sea to the Pacific Ocean. In addition to covering nearly all
of Russia’s land areas, Globalstar will provide service up to
200 miles off of the country’s coastlines to commercial and

Telephone Service
in Russia
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private maritime vessels as they travel outside the cover-
age area of traditional cellular and radio services.
GlobalTel will market Globalstar products and serv
through its regional providers and distribution network as
we! hrough its sales office in Moscow. Phone units are
being offered at prices starting at US$999, and call rates
within Russia range from USS1.19 to $1.99 per minute.

CDMA-800 Al eport from the Cahn-
ers In-Stat Group,
and PCS-1900 “Towers, Towers, Every
where: 2000 Worldwide
Expected to Lead
Base Station Growth

Base Station Forecast,” es-
SRR

timates that the global
count of 800 and 900 MHz
cellular and 1800 and 1900
MHz PCS, PDC base sta-
tions will grow at a com-
pound annual growth rate
(CAGR) of 30.4 percent through 2004. During that peri-
od, the report predicts that CDMA-800 and PCS-1900 in-
stallations will grow at rates of 48.9 and 35.3 percent, re-
spectively, to lead the market. TDMA-1900 is expected to
be very close to the leaders in third place.

The report forecasts that the number of US base sta-
tions will grow 17.5 percent this year and, at that level, ac-
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count for the majority of new installations in the Americ-
as. Canada’s base station count is also expected to grow
this year but, since its high population centers already
have good coverage, no significant additional growth is
forecast. During the next four years, South America’s
share of the Americas market is expected to increase from
its current 21.8 percent to 50.2 percent. In Europe, the
current dominance of GSM/DCS-1800 is expected to lim-
it growth. Europe’s market share at the end of 2004 is
forecast to dex cent. The report notes fur-
ther that the sig year decline of analog in
Europe is likely to take it to the point of non-existence by
the end of 2001 and that DCS-1800 will be growing at a
faster rate than GSM-900.

In other areas, the study finds that Japan, with 8.6 per-
cent of total worldwide base stations in 2000, is likely to
e that share drop to 3.7 percent in 2004. Russia is iden-
tified as one of the few geographic areas to enjoy signifi-
cant analog growth, which is expected to peak in 2004 and
begin a moderate decline as digital technology begins to
replace it. The anticipated surge in new subscribers in
third-world nations is also expected to contribute to the
dynamic growth in base stations through 2004 and be-
yond. China, in particular, is expected to contribute heavi-
ly to this growth. For additional information, contact
Kirsten Skedd, Cahners In-Stat (450) 609-4534 or e-mail:
kskedd@instat.com.. W

~%/LABTECH |

i

visit our technical forum at
www.labtechnical.com
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NOW YOU CAN
WIN IN EVERY LANE!

For almost

fifty years, Advantest

as continuously led and

transformed technology with its forward-

looking, cutting-edge telecommunications m

uring
equipment. We offer a wide range of advanced
measuring instruments that go beyond state-of-the-art.
Take our R3267 spectrum analyzer, for example.
Depending on your IMT-2000 needs, you can software-

configure it to measure almost any third generation

mobile telephony standard: CDMA-2000, 3GPP, and
EDGE. You can also handle Bluctooth. So no matter
what standard the future brings, you can cover all the
bases. And, of course, you can also be assured of total
worldwide support—through our global partners
Rohde & Schwarz in Europe and Tektronix in the US.

Whatever tra

the world of mobile telephony

ultimately goes down, Advantest will keep you in the

winning lane.

2 spectrum analyzers fature a frequency span accuricy
within =1% in the §GHZ26.5GHz band, and a dynamic range o
154dBe/Hz (typ) in the 2GHz band. They are advanced instruments

designed 10 be configurable with virtually any 3G mobile telephony forma
the unique Digital Modulation Analysis option can measure W-CDMA,
3GPP. cdma2000, GSM/DECT/EDGE, PDC/PHS/IS-136. cdmaOne.
AMPS/ITACS/NTACS and Blaetooth.
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Marion E. Hines. a pioncer in microwave semiconduc-
tors and one of the “Grand Old Men” of the industry,
died on August 25. He was 82 years old.

Marion was born in Bellingham, WA and received
his BS and MS degrees in electrical engineering from
the California Institute of Technology. After serving in
the US Army Air Force during World War 1L, he was
employed on the technical staff at Bell Laboratories un-
til 1960, when he joined Microwave Associates Inc.
(now M/A-COM). He was still employed as a consul-
tant to M/A-COM when he passed away.

Marion was a prolific contributor. Ile published
more than 50 technical papers and was awarded more
than 40 patents. He published landmark papers on
semiconductor theory and circuits, ferrite devices, time
domain theory and analysis, mixer theory and many

practical circuit designs and devices. He was a Life Fel-

lo\\ of the IEEE and winner of the IEEE Lamme
Medal, as well as the Electron Devices Society ].J.
Ebers Medal, the IEEE Centennial Medal and the Mi-
crowave Theory and Techniques Society Microwave
Career Award. He won the MTT-S Microwave Prize
for best paper of the year in 1972 and again in 1978. He
is the only person to win it twice,

T am fortunate to have worked with Marion for 23
years. Over that time, he continually amazed me with
his intellectual curiosity, inventiveness and creativity.
He was responsible for many of the developments and
products that made the company successful, from so-
phisticated semiconductors to practical, low cost de-
signs for police radar detectors. During all of this, he
was a patient mentor to many of us. Above all, he was a
wonderful gentleman. He is already missed

Harlan Howe, Jr.
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INDUSTRY NEWS

B Anaren Microwave Inc., Syracuse, NY, has acquired
substantially all of the assets of Ocean Microwave
Corp., a privately held New [ersey-based manufacturer of
ferrite isolators and circulators. Anaren will operate the
Ocean Microwave business through its newly formed sub-
sidiary, Anaren Power Products Inc. The acquisition
will be accounted for as a purchase acquisition.

H VoiceStream Wireless Corp. has entered into a de-
finitive agreement to acquire Powertel Inc. The transac-
tion will substantially expand VoiceStream’s all-digital
GSM wireless coverage in the southeastern US.

B The Laird Group Plc (parent of APM Inc.) has an-
nounced pldn\ to acquire Instrument Specialties Co.
57 M plus debt. The acquisition was condition-
al on Laird Group shareholders” approval at a meeting
scheduled for August 2

H Frequency Electronics Inc. (FE1), Mitchel Field, NY,
has signed a definitive agreement to purchase Gilliam
S.A., a privately held Belgian company that develops and
manufactures wireline telecom synchronization, network
monitoring and power supply products. FEI will pay ap-
proximately $8.5 M in cash"and 200,000 shares of FEI
stock for the stock of Gilliam. The transaction was expect-
ed to close by the end of September.

® Iinois Superconductor Corp. (ISC) has consum-
mated its acquisition of Spectral Solutions Inc., pur-
suant to a merger agreement executed and announced in
May. Richard Herring, CEO of Spectral Solutions before
the merger, has been added to ISC’s board of directors.

M Spirent Communications, Eatontown, NJ, has ac-
quired InfoSOFT Technologies Inc., Ft. Worth, TX.
With the acquisition, Spirent now offers a full range of
wireless test and deployment solutions that enable
CDMA handset facturers and network operators to
quickly develop and roll-out next-generation products and
services.

B Alamosa PCS Holdings Inc. has signed definitive
agreements to merge Sprint PCS affiliates Roberts
Wireless C LLC and Washi

gon Wireless LLC into its operations. The (omlmwd
transactions will result in a new entity named Alamosa
Holdings Inc. and are expected to close by December 31.

B SandCraft Inc. has changed the company’s business
model to manufacture, market and distribute products for
the high performance needs demanded by the communi-
cations, consumer and office automation markets. The
company’s ultra-high performance MIPS-compatible cen-
tral processing units will be manufactured and marketed
under the SandCraft brand name. Previously, SandCraft
licensed intellectual property and designs.

[Continued on page 58]
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AROUND THE CIRCUIT

B TEMIC Semiconductors has changed its name to
Atmel Wireless & Microcontrollers to emphasize the
name of its European sharcholder. Along with the new
name, the company has introduced a new logo.

W Stratos Lightwave Inc. has acquired additional manu-
facturing space adjacent to its Chicago headquarters. The
60,000-square-foot building will be used to increase the
space dedicated to manufacturing gigabit-speed optical
transceivers and fiber-optic products.

B RF and microwave filter designer and manufacturer
K&L Microwave Inc.. a division of Dover Corp.. has ex-
panded its manufacturing facilities to include a new build-
ing that will make ay ailable 64,000 square feet of addi-
tional space.

B Superconducting RF product supplier Hlinois Super-
conductor Corp. will open a new office in Japan. The of-
fice will be headed by Derek Schneideman, former pres

dent and representative director of Gateway Japan KK.

B Space Electronics Inc. (SEi) has completed its acqui-
sition of Shason Microwave Corp.’s Instruments
Group. The addition provides SEi with the ability to offer
RF/microwave components and modules for satellite ap-
plications. The acquisition also includes a unique product
line of automated test equipment.

First in Line for.

Radio Monitoring, Radio Location

SIGINT, ELINT, DF, HF/VHF/UHF

B Unitek Miyachi Corp. has formed Unitek Miyachi
International Ltd. (UMI), a corporate holding company
that will oversee and coordinate strategy and business
planning, global product and marketing integration, next-
generation technology and product development, corpo-
rate finance and administration, and future acquisitions
for all of its business units. In related news, Unitek Miy-
achi has formed a new multinational accounts group,
which was necessitated by the company’s rapidly expand-
ing international sales growth and the need for dedicated
focus on the management of key global accounts.

B Advanced RF technology developer
Inc., San Diego, CA, has formed an adv
wireless communications experts to consult with the com-
pany’s executive management team on such matters as
business strategy, technical trends and regulatory devel-
opments.

B Bartley RF Systems Inc.. Amesbury, MA, has created
a new corporate logo to reflect its growth and current po-
sition in the wireless network equipment marketplace.
The new identity coincides with the company’s move to a
78,000-square-foot facility, which houses more than 250
employees, up from its original nine in 1995

B Motorola Inc. has moved its largest volume assembly
and test manufacturing facility for high power RF prod-
ucts from Seremban, Malaysia to Kuala Lumpur,
Malaysia. The move provides growth opportunities for

[Continued on page 60]
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manufacturing RF power devices that are required to
continue to meet the needs of customers and the wireless
market.

B IFR Systems Inc. has signed major distribution agree-
ments with LeCroy Corp.. Geneva, Switzerland, for dis-
tribution of test products in Europe. Under the partner-
ship, IFR will be the exclusive distributor for LeCroy’s
test and measurement products in Spain and Portugal,
while LeCroy will become a key distributor for IFR’s test
and measurement products in Ttaly.

M Richardson Electronics Ltd. has signed a worldwide
distribution agreement with ANADIGICS Inc. Under the
terms of the agreement, Richardson will become
ANADIGICS first distribution channel to market and sell
the company’s wireless, fiber, and cable and broadeast
RFIC product lines.

B E*TRADE Group Inc. has formed an alliance with
Sprint PCS to provide clear, mobile access to
E°TRADEs wireless trading capabilities and applications
via Internet-ready Sprint PCS phones and the Sprint PCS
Wireless Web.

infrastructure to support rising demand for Internet band-
width as well as emerging two-way digital cable services
have resulted in a strong demand for broadband solutions.

B First Source Inc., San Jose, CA, a national distributor
of RF, microwave, wireless, cellular and millimeter-wave
components, celebrated its fifteenth year in business at
the company’s annual sales meeting.

FINANCIAL NEWS

B Molex Inc. reports record sales of $614.6 M for the
fourth quarter, ended June 30, compared to $445.9 M for
the same period last year. Net income was $65 M
(33¢/share), compared to $50 M (26¢/share) for the fourth
quarter of 1999.

B Andrew Corp. reports record sales of $259.2 M for
the third quarter, ended June 30, compared to $186.1 M
for the same period last year. Net income was $20.9 M
(26¢/diluted share), pared to $14.7 M (18¢/diluted
share) for the third quarter of 1999.

B REMEC Inc. reports sales of $63 M for the second
quarter, ended July 28, compared to $47.3 M for the same
period last year. Net income was $3.2 M (7¢/diluted
share), compared to a net loss of $2.8 M (7 ¢/diluted
share) for the second quarter of 1999.

B RF Micro Devices Inc., G boro, NC, has collaborat-
ed with Atmel Corp.. San Jose, CA, to produce reference
designs based on the TEEES02.11b 11 Mbps wireless local
area network standard. Together, the companies are provid-
ing complete reference designs to qualified customers, in-
cluding schematics, layout files and bills of materials.

B Rogers Corp. has captured more than 90 percent of
the market in Taiwan for high frequency circuit materials
used in the manufacture of Ku-band low noise block
downconverters (LNB) in direct satellite TV systems. Tai-
wan has eight major LNB manufacturers who supply a
significant portion of the LNBs needed worldwide.

B SSB Technologies Inc.’s Stealth Microwave division
has received 1SO 9001:1994 certification for the design,
development and manufacture of microwave amplifiers
for the wireless communications industry.

B Universal Voltronics Corp., Mt. Kisco, NY, has
achieved full ISO 9001 certification.

B According to the recently published “Broadband-to-the
Home Services, Equipment and Components Market
Forecast,” residential broadband services revenue will
reach $175 B in 2009. The revenue obtained from provid-
ing all types of residential broadband services to North
America will grow from $48.1 B to $174.8 B during the
same period. This increase is in addition to narrowband
residential communications services revenue, which is ex-
pected to advance from $52.4 B to $130 B during the fore-
cast period.

B ANADIGICS Inc., Warren, NJ, has shipped more than
100 million broadband RFIC:s for cable systems and fiber-
optic networks. The increased development of fiber-optic

60

L CS Inc. reports record sales of $47.5 M for
the second quarter, ended July 2, compared to $30.5 M
for the same period last year. Net income was $6.6 M
(21¢/diluted share), compared to $2 M (8¢/diluted share)
for the second quarter of 1999.

B Cree Inc. reports record sales of $33.4 M for the
fourth quarter, ended June 25, compared to $18.3 M for
the same period last year. Net income was $11.4 M
(30¢/diluted share), compared to $4 M (12¢/diluted
share) for the fourth quarter of 1999.

B Norsat International Inc. reports sales of $27.5 M
for the second quarter, ended June 30, compared to $13.5
M for the same period last year. Net loss was $5.3 M (21¢/
share), compared to a net loss of $493 K (2¢/share) for the
second quarter of 1999.

B Robinson Nugent Inc. reports sales of $25.1 M for
the fourth quarter, ended June 30, compared to $18.9 M
for the same period last year. Net income was $1.7 M
(32¢/share), compared to $1.2 M (24¢/share) for the
fourth quarter of 1999.

B Alamosa PCS Holdings Inc. reports sales of $17.2 M
for the second quarter, ended June 30, compared to $35.1
K for the same period last year. Net loss was $12.9 M
(21¢/share), compared to a net loss of $4 M (8¢/share) for
the second quarter of 1999.

B SEMX Corp. reports sales of $12.67 M for the second
quarter, ended June 30, compared to §11.8 M for the
same period last year. Net income was $609 K (8¢/diluted
share), compared to $991 K (16¢/diluted share) for the
second quarter of 1999.

[Continued on page 62]
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B Ansoft Corp. reports sales of $8.7 M for the first quar-
ter, ended July 31, compared $6.9 M for the same period
last year. Net income was $202 K (2¢/diluted share), com-
pared to a net loss of $311 K (3¢/diluted share) for the
second quarter of 1999.

B Merrimac Industries Inc. reports sales of $5 M for
the second quarter, ended July 31, compared $5.1 M for
the same period last year. Net income was $40 K (2¢/di-
Iuted share), compared $82 K (5¢/diluted share) for the
second quarter of 1999.

B RF Micro Devices Inc. intended to offer, subject to
market and other conditions, $250 M of convertible sub-
ordinated notes due 2005 (plus an additional amount of
up to 850 M at the option of the purchasers) in a private
placement. The notes will be convertible into the compa-
ny’s common stock at the option of the holder, at a price
to be determined. The offering was expected to close in
August

icon Wave Inc. has completed its fourth round of
financing with nearly $52 M infused into the company.
The round includes new investments from 3Com Ven-
tures, Access Technology, Alps Electric Co. Ltd,, GTG
Ventures, Intersil Corp., MG T exus ((\pu.\lPdrt-
ners, Sands Brothers Venture Capital, Senvest Interna-
tional and SIDUS, and allows Silicon Wave to continue its

V=L RIC
CABORATORIES

A DOVER ) TECHNOLOGIES COMPANY

Quolﬂy System ISO 9001 Approved
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innovations, including highly integrated chips, systems
and software for Bluetooth wireless l(dm()log\

M MediaQ Inc. has u)mph ted its third round of venture
capital financing, securing $23.4 M. New investors in-
clude Weston Presidio Capital, El Dorado Ventures, Infi-
neon Tec ies, Accelerator Fund and ViVen-
tures. MeidaQ intends to use the capital to fund the de-
velopment of ICs for Web terminals/pads, hand-held
personal digital assistants, communicators and smart
phones.

CONTRACTS
B Raytheon Co.

Lexington, MA, has been awarded a
contract valued in excess of $1.4 B by Lockheed Martin
Co. to design, develop and manufacture three engineer-
ing and manufacturing development radars for the The-
ater High Altitude Defense System. The contract also in-
cludes the hardware design, development and manufac-
ture of six battle m.mq;,ympnl/cmmmmd control,
communications and information tactical/shelters groups
and related engineering support.

B Cree Inc., Durham, NC, has received contracts from
Asian and European customers totaling $70 M for
shipments through September 2001. Included in these
contracts is a onc-year purchase agreement with Osram
Opto Semiconductors GmbH and Co. for standard bright-
ness, high brightness and small chip silicon carbide li
emitting diodes and wafer products. The Osram ag

s
[Continued on page 64]
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AROUND THE CIRCUIT

ment is the largest product contract signed in the history
of the company.

B Andrew Corp.. Orland Park, IL, has received an ini-
tial $3 M order as part of a $23 M letter of agreement for
the development and supply of single-channel PCS-
TDMA linear power amplifiers to Lucent Technologies
Inc. Andrew was expected to deliver the first consignment
of prototype amplifiers to Lucent in September and will
move into full production at the beginning of 2001.

PERSONNEL

B Applied Epi Inc. has named Brett D. Heffes chief fi-
nancial officer. Most recently, Heffes was VP of corporate
development and treasurer for Department 56 Inc.

M Silicon Wave Inc. has elected Bruce Edwards and
Dave Rickey to its board of directors. Edwards currently
serves as president and CEO and is a member of the
board of directors at Powerwave Technologies, Irvine,
CA. Rickey is currently president and CEO of Applied
Micro Cireuits Corp.., San Diego, CA.

® Yahya Rah Samii and Anand Gopinath have
joined Altra Broadband Inc.’s board of technical directors.
Rahmat-Samii is the chairman of UCLA’s electrical engi-
neering departmem Gopinath is a professor of electrical
engineering at the University of Minnesota.

M Alamosa PCS Holdings Inc. has appointed Tony
Sabatino senior VP of engineering and network opera-
tions, and Loyd Rinehart senior VP of corporate finance.
Previously, Sabatino was the national RF engineering di-
rector at Sprint PCS; Rinehart was chief financial officer
at Affordable Residential Communications

B Lars Jehrlander has been appointed head of business
arca Allgon Systems. Previously, Jehrlander was VP of the
mobile communication business at Ercisson in Brazil.

B GIL Technologies has promoted Jerry Moran to the
newly created position of VP, global sales and marketing.
Previously, Moran was the regional sales manager for the
company.

i B Bernard Cahlander has been
named VP and general manager of
VertexRSI's Santa Clara, CA facility.
Cahlander will be responsible for the
overall direction of the facility’s sys-
tems business.

B GH?z Technology Inc. has appointed
Charles Leader VP, operations. Previ-
ously, Leader held senior positions in
manufacturing and engineering at Agi-
lent Technologies and Avantec Inc.

A Bernard Cahlander

M In preparation for its initial public offering, American
Microsystems Inc. has appointed Michael C. Reilly to
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the newly created position of treasurer. Reilly joins the
company from Anacomp Inc. and has more than 12 years
of experience in treasury management.

M Lindgren RF Enclosures Inc. has named Bob
Piemonte sales manager for industrial products.
Piemonte, a former Lindgren employee, brings 15 years
of sales and marketing experience to the company.

B Stellex Communications has ap-
pointed Bill Nicklin international sales
manager. Nicklin assumes responsibili-
ty for the sales of Stellex RF and mi-
crowave components through a net-
work of representatives and distribu-
tors in Europe, the Middle East, India
and Africa.

B Marconi Applied Technologies has
appointed Hal Spooner director, Sat-
com Operations. Previously, Spooner was the acting di-
rector of sales and marketing, regional sales manager and
product marketing manager at Litton Electron Devices.

A Bill Nicklin

B Stanford Microdevices has appointed Norm Hilgen-
dorf director of marketing for standard products. Prior to
joining the company, Hilgendorf was VP and general
manager of Richardson Electronics’ solid-state division
and business unit manager for wireless products.

& W ITT Industries, Cannon has named
: Lisa G. Blais general manager of its
C&K Components switch products
business. Most recently, Blais was
i C&K’s VP, sales and marketing.

B NEC Electronics Inc. has promoted
Omid Milani to assistant general man-
ager m‘ the Displays and Energy De-
ategic Business Unit. Previ-
Milani was senior manager of
the Flat Panel Displays Group at the company.

B Quad Systems Corp. has named
Brent A. Fischthal APS product man-
ager. Previously, Fischthal served as
product marketing specialist for Uni-
versal Instruments Corp.

B Wyle Electronics has named Dave
Hartman and Chuck Kunai division
managers for the company’s Min-
neapolis and Houston cE)msions re-
spectively. Hartman joined the compa-
ny as division manager in Houﬁton in 1999; Kunai most
recently served as the company’s south central region
strategic business manager.

A Brent A. Fischthal

B Micro Networks Corp. has appointed John N. Gau, Jr.
principal SAW design engineer. Gau joins the company
from TOKO America Inc.’s SAW Filter Design Center.

[Continted on page 6]
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AROUND THE CIRCUIT

B Aeroflex Laboratories has added James R. Guinaw to
the marketing and sales staff for Instrument Products.
Guinaw has held senior positions with Hassir Corp.,
Grumman Corp. and Telephonics Corp.

B BTC Electronic Components has named Kerry Hath-
away account executive in its Apopka, FL sales office.
Previously, Hathaway was with PCD as an inside sales
manager.

NEW MARKET ENTRY

B Universal Microwave Corp. (UMC) is a new company
formed to design and manufacture high performance
VCOs, ceramic resonator oscillators and synthesizers for
the wireless market. UMC is located at 2339 Destiny Way,
Odessa, FL 33556 (877) 375-9332, fax (727) 376-7271.

REP APPOINTMENTS

B Sprague-Goodman Electronics Inc., Westbury, NY,
has appointed Soquelec Telecommunications, Montre-
al. Quebec, Canada, to represent its products in Quebec,
Ontario and the Maritime Provinces. In addition, the
company added Di: d Ad: C

Norcross, GA, and Integra Electronics, ()mngc CA, to
its franchised distributor network

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

B mmWave Technologies Inc., Ottawa, Ontario, Cana-
da, has signed a vendor contract with Karl Suss America,
adding to its communication test and measurement
line card.

M Coleman Microwave Co., Edinburg, VA, has made
several new rep appointments, including Applied Tech-
nical Sales and Marketing, San Juan Capistrano, CA, to
cover Southern California; E. Reid Miller Corp.,
Saratoga, CA, to cover Northern California; and Lear
Associates, Richardson, TX, to cover Texas and
Oklahoma.

WEB SITE

B Murata Electronics North America has made avail-
able a free EMI filter selection simulator on its Web site
at www.murata.com. The noise suppression-measuring
service aids design engineers in the process of selecting
EMI filters by replicating the conditions of their circuit to
evaluate the performance of various filters.
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Fig. 1 The direct freque

multiplier’s schema

TECHNICAL FEATURE

A HiGH ORDER
FREQUENCY MULTIPLIER
FOR Low POWER

APPLICATIONS

rect frequency multipliers are com-
| monly used in applications where the
# added phase noise or circuit complexi-
ty of a phase-locked loop is undesirable. At
power levels above 1 mW, varactors or step re-
covery diodes can supply the needed power
directly, but generally require RF drive power
levels that are incompatible with the low cur-
rents and voltages in modern portable prod-
ucts. An injection-locked oscillator (ILO) can
supply the desired harmonic efficiently, but it
will continue to deliver output power at the
wrong frequency if the tuning is incorrect due
to aging, or if the input level becomes insuffi-
cient to lock the oscillator at the desired mul-

%Y tiple. There is no comparable threshold prob-

lem if an overdriven amplifier is used as a har-
monic generator; however, both the output
power and DC-to-RF efficiency are likely to
become impractically small for large values of
multiplication M

The circuit shown in Figure 1, along with
its conceptual model, avoids these problems.
Since no DC bias is provided for Q,, there is
no measurable RF output power when the
fundamental frequency input signal is re-
moved. The output is a damped sinusoid;
hence, the output power can be concentrated
in a few spectral lines clustered around the
desired harmonic, rather than in the wideband
comb spectrum characteristic of an impulse
generator or overdriven amplifier.

It is assumed that the input to a broadband
(impulse) frequency multiplier is a CW input
signal Aycos(2nFgt + ¢,) and that the output is
observed only after the DC bias terms at all in-
ternal nodes have reached their steady-state val-
ues. When the multiplier output is sampled at a
rate Fgyyp > 2FYy, its output frequency compo-
nents will be aliased down to the frequency
band from DC to Fy. The sampler output will

[Continued on page 70]
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BN TECHNICAL FEATURE

be limited to Fy provided the multiplier output consists of
only integral multiples of the input frequency and is free of
spurious (nonhar related) Stated an-
other way, the phase offset \alues ¢, in the multiplier output
spectrum A, cos(N2nF gt + ¢,) must be stationary between
successive cycles of the input reference signal.

An ILO consists of a (generally) narrowband oscillator,
which has an intrinsic or unlocked frequency Fyy, close to
the desired, locked output frequency F,. The ILO is pro-
vided with an additional input port for insertion of a refer-
ence signal Fg = Fo/M. When M = 1, the structure is
termed an injection-locked amplifier (ILA). When an ILO
is used as a multiplier, the reference frequency is injected
into the oscillator feedback loop with sufficient amplitude
to reset the @, terms between input cycles, and the ILO
output eﬂecmel\ consists only of Fo = MFg. Numerous
papers describe the design and adjustment of ILOs.!

The multiplier input signal at Fy, is nominally a square
wave from a CMOS or equivalent logic buffer used as a
low impedance voltage source. Since the duty cycle of
most system reference clocks is close to 50 percent, this
value is used in the analysis. The DC component of the
clock signal is blocked, and Ry allows forward bias of Q
only during the negative-going half of the reference cycle.
No general significance is claimed for the choice of the
collector for the grounded terminal of Q;. At the operat-
ing frequency used in the original design, this configura-
tion required a smaller load admittance transformation ra-
tio than alternate topologies evaluated.

The initial design procedure parallels that of any one-
port oscillator. The circuit elements are adjusted to meet
the minimum requirements for oscillation at Fg, as

1
mag[l"L]
ang[T | = —ang[T7 | @

where T, and T, represent the reflection coefficients of
the oscillator and load, respectively.

xt, the effects of the active and passive component
variations within the oscillator and load are examined to
verify that no reasonable combination of Iy, and 'y, near
i the Kurokawa criteria for steady-state oscilla-
5 These criteria are sufficient but not neces-
sary for steady-state stability at a specific frequency and
power level. When T, can be accurately represented as
impedance Ry, # jXp, (series resonant oscillator), the first
criterion is

[8x,(0) 3Rp(a) 3R,
| b A o

mag[l‘u @

Two empirically based simplifying assumptions generally
apply:

5Xp(4)

dA
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BRp(A
3A
Therefore,

>0 (active device gain compression) (5)

and

>0 for stable oscillation (7)

o)
When Ty can be represented as an admittance Gy, +
jBp, the shunt resonant counterpart of Equation 3 applies
such that

0
S0 SA S0 S|

The dual versions of the simplifying assumptions in Equa-
tions 4 and 5 are

>0 [or stable oscillation. (10)

10}

The criterion of Equation 3 is, for example, sufficient to
ensure that when an initial operating point [Po(Z).
F(Z;)] migrates to a new point [Po(Zp), Fo(Z5)] due
to a change in load impedance Z; ; = Z; + 8Z, the oscilla-
tor will return to [Po(Z;), Fo(Zy)] when 8Z = 0. (For ex-
ample, the oscillator tuning will not exhibit hysteresis or
moding)

The idealized categorization of an oscillator as essen-
tially series or shunt resonant may affect the choice of
load topology. Consider a series resonant oscillator termi-
nated with a shunt resonant load, where

Zp = Rp+jX -X¢

X
Q= i
= ‘};(r) atFy
Y, = Gp-jB+jBc
Qp o
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gcs M= A=0 xu-us,nxauxo
~0GH;, T=

LGA =0.796, us=u.ssz,ncc 2217,

CHed8 e8 08 comunen

LE=1.33/RE=0.810

ALL UNITS ARE ps, F, nH,

& Fig. 2 The B]Tnmxlmem model furlSﬁuz

TABLE |
MODEL'S SMALL-SIGNAL S PARAMETERS

e

mag[Syy] RMS error 0.0505 0.0141

angl8y] BM

At each frequency, the contribution to the not RMS value is:
mag[Sy] error del mag{Sy |
 angfSiy] error = (model .am[Skklf neasured ang:[

Now Yy is defined as the admittance of the previously
described network, measured at the shunt end, with only
Gy, removed. It is easy to verify that for arbitrarily closely
spaced frequencies F) and Fy. Q4 and Qg (Qy > Q) can
be determined such that Yyg; = Yy py; that is, oscillation is
possible on both frequencies. When Q,, < Qp, the slope of
SB(0)/80 is dominated by the shunt elements and no
frequency ambiguity exists. If the above exercise is re-
peated with a shunt resonant oscillator terminated with a
series resonant load, where Zy; is the impedance looking
into the load end with Ry removed and Q, and Qy, are as
previously defined, then frequency ambiguity exists for
Qp > Q4. and conversely. An example of a series topology
oscillator incorrectly terminated with a shunt resonant
load (and its resulting undesirable tuning behavior) is pro-
vided by Hamilton.6

The following design procedure is for a multiplier cur-
rently used in volume production for equipment qualified
over the —40° to +65°C environment. For this design, Fy =
72 MHz. N = 20 and Pg, 2 -15 dBm at F = 1440 MHz,
and the nominal current demand is 6 mA at +5 V. In the
end application, an inexpensive surface acoustic wave
(SAW) Eandpass filter was used to suppress the N < 19 and
N 2 21 harmonics. The SAW filter port impedance Z;, is
poorly defined outside of a narrow bandwidth centered on
the desired N = 20 harmonic.

72

enor () 7.36 283 2020
Frequency rauge for S -parameter matching = 0.2 to 4.0 GIlz 0.1 Gllz uq;,

ncasured mag[ml)/mpasured mag{‘:kk] )2

LGA = 0.796, LGB = 0.552, RCC.
CB - 7.84, CP = 0.428, CC = 0.56:
0310

4

Since the Spice parameters of the
MMBR901 bipolar junction transistor
(BJT) were not readily available, a modi-

. fied hybrid-pi bipolar model,? shown in
Figure 2, was created. In this model,
both D, and D, are ideal Si diodes with
negligible junction capacitance. With
both the base resistance and the dynam-
ic resistance of DI replaced by Ry, ele-

| ment optimization is used to force the
model’s small-signal S parameters to
match the published device S parame-
ters to an accuracy sufficient for the
time domun simulation. Figure 3 shows the BJTS linear
model. The model’s small-signal S parameters are listed in

Table 1.

With C, omitted, I'y, is quite accurately represented by
a shunt topology. A one-port Touchstone linear analysis of
the multiplier circuit verified that Re[Yp] > 0 from 100
MIIz to 10 GHz (excluding the operating band) and
Re[Ypy] + Re[Yy] < 0 within the operating band (1440 +
100 M11z) after optimization of TLIN, Cs, C; and Cj. As
with any active circuit, failure to verify that potentially un-
stable regions are confined to the desired frequency band
creates a risk of spurious signal generation. Although the
decision to insert C, at this port appears to be a violation
of the criterion in Equation 10, the specific broadband in-
put impedance of the SAW filter transformed through Cy
was sufficiently close to the required shunt topology T'
that stability was ensured.

Next, the multiplier is modeled using a time domain
simulator (such as PSpice) to verify output level, biasing
and drive margin. The ncgdnvr-golng transition of Vg at
the start of the on period defines the initial amplitude and
phase offset terms A, and ¢, for the sinusoidal burst.
During the off period, Qy is inactive and undesired contri-
butions to the stationary values of ¢,, are minimized to the
extent that the harmonic amplitudes A, decay to negligi-
ble levels between reference cycles. The net series im-
pedance of Cy. Ry and Ly is made large enough that the
[Continued on page 75]
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B TECHNICAL FEATURE

effect on Zpy is negligible, C, and R,
are adjusted so that the average cur-
rent through Q; does not exceed the
desired supply limit and the combina-
tion of C, and L, determines the RF
pulse width. Small changes (20 per-
cent or less) in the duty cycle have
very little effect on output power. For
the fractional pulse width ratio T,
used (0.27), the multiplier ontput
spectrum is wide enough that no tun-
ing or selection of TLIN or Cs is re-
quired. Some suggested limiting val-
ues of remaining components are list-
ed in Table 2

Figure 4 shows the output of a
PSpice simulation for the 1440 MHz
multiplier using the nonlinear BJT
model. For practical cases, modeling
the output burst envelope as a damped
exponential function is consistent with
both time domain simulations and
physical measurements. Equations 11
to 21 and Figure 5 define the parame-
ters used in the Fourier representa-
tions of both the baseband and RF

TABLE Il
MULTIPLIER COMPONENT VALUES

1B .

Ry VaibTouak

i Ly = 5Ry/(2nig)
Gy > ‘n‘l’\\'lPEAK/Vdd

1 L, < Ro/(2nFy)

2 05

g T

E~0.5

8 Wi e 200
TIME (ns)

& Fig. 4 PSpice simulation uflhe 1440 MHz
multipler wsing the nonlinear model.

Fig. 5 Parameters used in the exponential
envelope function. ¥

- Vil ((repotition rate)
Vimaxi2 —~

t=0 T

- T
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burst exponential function. If the avail-
able time domain simulator has dis-
crete Fourier transform capability, the
spectral output amplitudes can be eval-
uated directly. Tf not, the amplitude
and width of the RF output pulse en-
velope can be visually estimated and
Equations 11 to 21 applied to obtain
the harmonic amplitudes.
Tpw/T; = o 2.4464 =
pulse width ratio at Vmax/2

(11)

Wireless, PCS,

B =Tpw/(T,  2.4464) (12)
Baseband pulse:

Vmax=1/(2 ¢ B » exp(1))

Burst pulse

Vinax= 1/(B » exp(1)) (13
X,=me2emep (14)
Mag,, = /(1 + (X,)A2) (15)
Ang,, =2  ATAN2(1X,,) (16)

GSM & DCS

Base Station Solutions

“High'isolation
“Temperature
<ol nsal
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| TABLE Il
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. Fig. 6 An example of the burst

waveform. spectrum.

BI,, = Mag,, ® cos(Ang,,) an
BQ,, = Mag,, ® sin(Ang,)

m=71 9 P Fo=P (18)

where Fo is in units of cycles per T1 period
and t <=T).
Exponential burst waveform amplitude =
ZBL,, ® cos((t—Ty) @ (Fo+m) e 21/T;)
+XBI,, @ cos((t—Ty) ® (Fo—m) e 2/T;)
~-XBQ,, * sin((t—Ty) ® (Fo — m) e 2n/T,)
+ZBQ,, * sin((t-Ty) o (Fo+m) » 20/T;)
+1.0 @ cos((t — Ty) ® Fo ¢ 21/T)) (19)
Exponential baseband waveform amplitude =
0.5 + XBI,, ® cos((t - Ty) ® m ® 21/T))
+XBQ,, ® sin((t— Td) e m » 20/T;) (20)

The scaling constant 2.4464 in the fractional pulse
width expression is the difference between the two t
parameter values for which the pulse amplitude is half the
maximum value such that
0.500=[exp(1)t; ® exp(-t;)]

=[exp(1)ty ® exp(~ty)]

where

ty  =2.67834...

t,  =0.2319...

Assuming Ry = 50 Q, the power levels of the +m® side-
bands are then computed directly as

P(dBm) = 10log;o(1000°(Vpeak/Vmax)A2
o (B, A2 + BQ,,A2)/(50°2)) (1)

where Vpeak = 0.5 o (the measured or simulated peak-to-
peak RF output magnitude) and Vmax is defined by
Equation 13.

Note that Equations 11 to 21 are listed in a format that
is directly insertable into a spreadsheet such as Excel. An
example of the burst waveform is shown in Figure 6.
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4. Fig. 7 Measured vs. simulated output
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Both the calculated spectrum of the time domain sim-
ulation and the measured spectrum are plotted in Figure
7. The measured spectrum includes both the active multi-
plier contribution and the harmonics due to the square
wave reference waveform coupled directly through C,,
Cy Lyand Ry.

The phase noise of the above multiplier was evaluated
by comparing its performance with that of a 1440 MHz
brute force multiplier utilizing limiting diodes and gain
stages. Both multipliers were driven by the same 72 MHz
phase-locked crystal oscillator reference source; no signif-
icant difference between the output phase noise spectra
of the two multipliers was observed. The sideband levels
measured for both multipliers are listed in Table 3.

A direct ﬁ-equenq multiplier has been described that
is suitable for high order, low power multiplier applica-
tions. A modified model using PSpice was used to opti-
mize the required circuit component values and analyze
the multiplier’s performance. The resulting multiplier’s
phase noise performance compared favorably with a brute
force multiplier at 1440 MHz. B
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SOLR CALIBRATION
FOR GROUNDED COPLANAR
WAVEGUIDE LINES

This article examines short-open-line-reciprocal (SOLR) calibration of grounded
coplanar waveguide (GCPW) lines. The calibration is made possible by using the
WinCal™ software. The standards used for the calibration, including a knee type
of discontinuity, were measured and the resulis are described. The measured
standards are shown after the calibration process, and a measured 90° bend is

compared with predictions made by the Sonnet™ EM simulator. The results
confirm that SOLR is a valid calibration procedure.

he first step in any vector network ana-
lyze A) be measuremes he

well-known methods to
ment to the tip of the probes or to some refer-
ence plane away from the probes. Calibration
types such as thru, reflect. line (TRL); short,
open, load, thru (SOLT); and line, reflect,
match (LRM) have proved to be accurate and
relatively to perform, but with one com-
mon restriction: The probes must be in line.
The SOLR calibration makes no assumptions
about the transmission standard used other
than that it must be reciprocal (S;5 = Syy). A
significant advantage of this permutation of
the SOLT calibration is that it is applicable to
orthogonal prob stems where the thru

by Ferrero! and has been implemented in
Cascade Microtech’s WinCal software.2 Basu
and Hayden? provide a good overview of the
basics of this technique.
s article presents an effort to achieve an
able SOLR calibration on GCPW lines
using the WinCal software. Some basic theory
is given for those individuals interested in the
concepts behind the SOLR method, and the
f standard definitions is de-
alibration process, the
standards were measured and examined to ex-
plore calibration accuracy.
[Continued on page 50]

Suay Gross, LAWRENCE P. DUNLEAvVY
AND THONHS M. WELLER

standard is difficult to impl In an or-
thogonal probing environment, a transmission
line with a 90° bend suffices for the reciprocal
standard. The SOLR technique was suggested

Uni 'y of South Florida, Department
of Electrical Engineering, Wireless
and Microwave (WAMI) Program

Tampa, FL
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A\ Fig. 1 CCPW SOLR calibration standards.

Fig. 2 The GCPW line’s
(a) characteristic impedance
and (b) effective dielectric constant. §'
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CALIBRATION
STANDARDS
STRUCTURES

The calibration
standards structures
used in this research
(and shown in Fig-
ure 1) are the same
as those previously
presented by the au-
thors.# The four
standards are GCPW
lines fabricated on an FR-4 substrate
with an effective dielectric constant of
2.57 and a characteristic impedance of
92 Q. The actual characteristic imped-
ance of the lines was measured using
MultiCal™ and Cap™ software by
NIST and is shown in Figure 2.5
Those results showed a good compari-
son to predictions made using
Linecale™ software.9

One of the important issues of
SOLR calibration using the WinCal
software is to know exactly the capaci-
tance introduced by the open stan-
dard, the inductance introduced by
the short standard and the inductance
introduced by the load standard. The
models utilized for the three standards
are shown in Figure 3. The model el-
ement values were found through op-
timization to data measured using a
reliable TRL calibration. The opti-
mization process was accomplished
using EESof Series IV,6 and the re-
sults are shown in Figures 4, 5 and 6.

RESULTS

The calibration parameters were
computed and downloaded to a
Wiltron 360 VNA using WinCal, and
the various standards were re-mea-
sured, this time with SOLR calibra-
tion. The calibration process was re-
peated a number of times until the
results were consistent. No two cali-
brations can ever be identical due to
repeatability errors, noise and drift in
the system, but the results appeared
to be consistent and reliable.

The best way to examine the valid-
ity of a calibration is to measure the
same device under test using an addi-
tional calibration method and com-
pare the results. Since special struc-
tures that are required for any addi-
tional calibration methods were not
available, an alternative way to check
the validity of the SOLR calibration is
simply to observe the results and ex-
amine them with regard to the ex-

— MEASURED -+ MODELED

FREQUENCY (GHz)

A\ Tig. 4 Phase comparisons
Jor the open standard.

Fig. 5 Phase comparisons
Jor the short standard. W'

MEASURED —»- MODELED|

PHASE (°)

1 4
FREQUENCY (GHz)

Fig. 6 Magnitude and phase comparisons for
the load standard. W'

MEASURED -»— MODELED

5 b

I
w
A

MAGNITUDE (dB)

FREQUENCY (GHz)

T 4 6

o FREQUENCY (GHz)

pectod/ealculated values. This way it
can be determined if the calibration
is fairly accurate, but not how accu-
rate it is compared to any other
method.

[Continued on page 52]
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X
Ay

5
A

180

A Fig. 9 The load standard’s
Sy, measurement.

First, by looking at the measured
open standard data, as shown in Fig-

E o.
§ 0. ure 7, it can be seen that the reflect-
ED ed signal is less than +0.005 dB with a
g 4W‘M TlEd] Tk S o008 H Phase of 195.\: than 5% compared to an
T 3 oon0 ideal case of 0 dB/0° The same trend
01 23 45678910 N T is observed when the short standard
® FREQUENCY (GHz) o FREQUENCY (GHz) is ('\'ﬂmimtf]. Figure 8 shows that the
reflected signal is less than 20,011 dB
with a phase of 12° The results are
A\ Fig. 7 The open standard's A Fig. § The short standard's not as good as in the case of the open;
S;; measurement. 5,y measurement. the phase seems to be somewhat

higher than expected, but is still in an
acceptable range.

Next, the load standard is exam-
ined. Looking at the Smith chart rep-
resenting S of the load, as shown in
Figure 9. it is clear that the load re-
sembles a 50 Q resistor with a para-
sitic series inductance. By selecting a
single set of measured data from the
load, with a known frequency and the
normalized imaginary value, it is pos-
sible to calculate the value of the par-
asitic inductance such that

frequency at sampled data point
=10 GHz

. MY ey Load impedance at sampled data
“\ - § ? Wie point:
¢ . B E Resistor =50 (100756 +j1.52283) Q
o m . § : 0.378 +j76.141 Q
L Gl b 2 ¥ Bt (unnormalized)
KEY FEATURES APPLICATIONS X =joL (0= 2xf)
* 0603 & 0805 Sizes ¢ Mobile Communications s
¢ High Q/Low ESR * Wireless LAN & Modems i
* SRF’s o 17 GHz * GPS Receivers j | X Imlresiston)
» Low cost ¢ CATV/SAT TV : L= 2 iaoionm
5 o
3 951 Via Alondra Note that the measured resistance
TE m Sz of the load is 50378 Q compared to
hen i 50.4 Q. which was measured directly
W NS¢ twm*;qm on the resistor using an ohmmeter.

[Continued on page 4]
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~o~ MEASURE
SONNET slMuI.ATED

Using the Sonnet Suite EM simulator,”
the knee type of the previously shown
structure was simulated. The same
knee was measured with the SOLR
ibration and compared to the simu-

lated results. The Sy results are in a
good agreement through 6 GHz, with
some noticeable phase deviation above
that. The S,; results show tracking in
shape through the same frequency;
however, there is more loss in the mea-
sured data. It is surmised that the loss
is due to radiation and conductor loss-
es that were not accounted for in the

The measurement results show
that a good SOLR calibration using
GCPW lines is feasible. Orthogonal
on-wafer measurements were suc-
cessfully completed with an SOLR
right-angle calibration. The use of a

0
o .1
i
N e
e
g‘so i —
-35 T
-45 1
o N 2iisialin e i
) FREQUENCY (GHz)
EM si
< RS CONCLUSION
g g
-60
T i T R T
) FREQUENCY (GHz)

A\ Fig. 10 Sy, of a knee structure.

W Fig. 11 S,; of a knee structure.

~o~ MEASUREI
SONNET slMuuﬁb

bend in the orthogonal calibration
does not appear to cause significant
error. In the case where WinCal is
used for the SOLR computation, an
important step is to make sure that
accurate models for the standards are
in hand; otherwise, the calibration
will not succeed. It is crucial to make
sure that the optimized standard
models rely on an accurate reference
calibration to guide the process.
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Furthermore, the measured reac-
tance is 1.212 nH compared to 1.210
nH, the value of the series induc-
tance used in the load’s model. The
model for the load was based on a
TRL measurement and an optimiza-
tion process; the fact that both reac-
tances agree increases the confidence
in the SOLR calibration.

Perhaps the most interesting results
are those shown in Figures 10 and 11.
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EFFECTS OF A DRIVER'S
ACLR oN TotaL ACLR

The effects of a driver’s adjacent-channel leakage ratio (ACLR) on the total
ACLR have been tested to investigate the relationship between the ACLR of a
driver and a device under test (DUT). The ACLR test results show that the
degradation in ACLR is 4.1 to 4.5 dB when both ACLR values are the same. If
the difference in ACLR values between a source and a DUT is 12 to 12.5 dB, then

there is no degradation in total ACLR.

he capacity of a CDMA system is deter-
l mined in part by system noise and in-
terference. The system performances
are linked to adjacent-channel interference ra-
tio (ACIR) values. ACIR is defined as the ratio
of the total power transmitted from a source
to the total interference power affecting a vic-
tim receiver, resulting from both transmitter
and receiver imperfections. The imperfections
of the receiver and transmitter are adjacent-
channel selectivity (ACS) and ACLR, respe
tively. ACS is a me > of a receiver’s ability
to receive a signal at its assigned channel fre-
quency in the presence of a modulated signal
in the adjacent channel. Therefore, ACS is the
ratio of the receiver filter attenuation on the
assigned channel frequency to the receiver fil-
ter attenuation on the adjacent-channel fre-
quency. ACLR determines how much the
transmitted power is allowed to leak into the
first and second neighboring carriers. If the
ACLR is low, the efficiency of the spectrum
and the capacity of the system are decreased.
All transmitters contain nonlinear compo-
nents, such as amplifiers and mixers. The out-
put signals of a transmitter consist of ampli-
fied input signals and distortion signals caused
by the nonlinear characteristics of compo-
nents in the transmitter. Distortion signals
generated in nonlinear components are called
intermodulation distortion (IMD). ACLR di-

rectly relates to the linearity of a transmitter.
Even though the linearity of a transmitter is
high, if the purity of the input signal of the
transmitter is low, the purity of the output sig-
nal of the transmitter becomes low. In this ar-
ticle, the effects of an input signal’s ALCR on
the ACLR of the output signal of a transmitter
are presented. ACLR test results show how
the ACLR of the output signals of an amplifier
can be determined by the ACLR of the input
signal and amplifier.

The linearity of an amplifier for analog
transmitting systems is sufficiently represent-
ed as IMD and measured with a two-tone
IMD test. However, the real signal in a digital
mobile system has a different cumulative dis-
tribution function from that of tone signals.
Therefore, the linearity of an amplifier for a
digital mobile system should be tested using
an actual signal generated from the signal
source for the digital mobile system or the

[Continued on page 89

SANGGEE KaANG AND HEONJIN HONG

Electronics and Telecommunications
Research Institute (ETRI)

Taejon, Korea

SUNGYONG HONG

Chungnam National University

Taejon, Korea

MICROWAVE JOURNAL ® OCTOBER 2000



Sawtek now supplies RF and IF filters for COMA, all backed by the high-volume
capacity your growing markets demand. As CDMA fulfills the 2000 1x-3x RTT
promise, and 3G concepts set the stage
for still newer product designs, Sawtek
will be ready with aggressive R&D,
industry-leading engineering, plus

the production capacity you need

to beat the competition. For all your
RF and IF filter needs, rernember the

only name you need to know — Sawtek.

INCORPORATED

Visit our NEW website.

www.sawiek.com/mj

Phone (407) 886-8860
Fax (407) 886-7061

SAW FILTERS FOR CDMA ARCHITECTURES

PCS RF PCS / Cellular IF

855833 1880 Tx Split-band 855845 85.38 (1ix5mm)

855849 1880 Tx Full-band 855769 130.38 (3.8x3.8mm)

855817 1960 Rx 855871 183.6  (9x7mm)
855715 210.38 (5x7mm)

Cellular RF

855821 836.5 Tx Low-loss/high-rejection
855779 836.5 Tx Low-loss

855729 836.5 Tx High-rejection

855782 8815 Rx Low-loss

855728 881.5 Rx High-rejection

CIRCLE 160 ON READER SERVICE CARD






TECHNICAL FEATURE
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transmitter of the digital mobile sys-
tem in order to exactly measure the
linearity.

Recently, the adjacent-channel
power ratio (ACPR) of a transmitter
has been used for describing the lin
earity of the transmitter in a digital
mobile system. The measured ACPR
values are dependent on the resolu-
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Fig. 1 Base station output power spectrum mask.

tion bandwidth. Therefore, ACPR is
a meaningful value only with regard
to resolution bandwidth (RBW).
ACPR does not represent the real
power leaked into adjacent channels
because it does not include the per
formance of the receiving filter of a
victim receiver. However, ACLR in-
cludes the performance of the receiv-

You are looking for.

ing filter of a victim receiver. There-
fore, ACLR is used for describing the
linearity of a transmitter in the Third-
generation Partnership Project
(3GPP) specifications.

Figure 1 shows the spectrum
mask of a transmitter, described in
the 3GPP specification, according to
the output power of the transmitter.
The simulation results that compare
the ACLR measurement using a
raised-root cosine (RRC) filter with a
0.22 rolloff factor (with the ACPR
measurement using a 30 kHz RBW)
show that the difference between
cach measurement is 5.6 dB for a 5
MHz offset and 1.52 dB for a 10
MHz offset. Therefore, the ACLR
measurement is performed with a
proper instrument equipped with an
RRC filter with a 0.22 rolloff factor.

The ACLR requirements of a base
station described in the 3GPP specifi-
cations are 45 dB for ACLRI (mea-
sured at 5 MHz offset from the cen-
ter frequency of the assigned chan-
nel) and 50 dB for ACLR2 (measured
at £10 MHz offset from the center
frequency of the assigned channel) 1.2

Think TEMEX!
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2 Block diagram for ACLR testing.

Fig. 3 The W-CDMA signal used
Jfor testing the amplifier’s ACLR. ¥

Tx POWER = 11.14 dBm
~10 MHz = —67.56 dBc
-5 MHz = —63.21 dBc

5 MHz = —62.34 dBc

| 10 MHz = —67.63 dBc

— AMP1_OUT — AMP2_OUT

— AMP3_OUT —— AMP4_OUT
8,

§ -
g a5 /{/

A Fig. 4 ACLRI at the nmpl fer, output
port at +5 MHz offset.

Fig. 5 ACLRI at the amplifier’s output port
at -5 MHz offset. W

The ACLR requirements are derived
from the ACIR, causing a one per-
cent capacity loss in the system.?
However, ACLR2 has less of an ef-
fect on system performance than
ACLRI; therefore, this work focuses
on the relationship between the dri-
ver’s and the DUT’s ACLR1.

The high power amplifier mainly
determines the linearity of a trans-
mitter. The ACLR specifications de-
scribed in 3GPP require a linear
power amplifier. Even though a lin-
ear power amplifier has high ACLR,
the ACLR of the input signal of the
linear power amplifier is low, thus the
ACLR of the output signal of the lin-

90

ear amplifier also becomes low.
Therefore, the effect of the transmit-
ter’s input signal ALCR on the output
signal’s ACLR must be considered to
implement the transmitter. In addi-
tion, it must be determined that the
required ACLR of a signal generator
does not affect the ACLR of the am-
plifier in testing the ACLR of a pow-
er amplifier.

TEST RESULTS

Figure 2 shows the block diagram
for the ACLR test. The signal genera-
tor and transmitter tester meet the
requirements of 3GPP specifications.
The electrical performance of the
amplifier used in the ACLR test is
listed in Table 1.

/|

'S ACLR DEGRADATION (dB)

o

6 ACLR degradation
as a function of the difference between
an input signal and an amplifier’s ACLR
(input ACLR > amplifier ACLR).

Figure 3 shows the spectrum of
the wideband CDMA (W-CDMA)
signal used for the amplifier's ACLR
test. ACLRI of the signal is 62.34 dB
for +5 MHz offset and 63.21 dB for
—5 MHz offset. Figures 4 and 5 show
ACLR1 values at the output port of
the amplifier with respect to the
ACLR value of the input signal and
amplifier at 5 MHz offset, respec-

vely. In general, the nonlinear char-
acteristics of components are not sym-
metric to the center frequency of out-
put signals in the spectrum domain.
Therefore, measurements of the non-
linear characteristics are performed at
low and high frequency offsets from
the center frequency of output sig-
nals. The amplifier's ACLRI is con-
trolled by adjusting the bias voltage of
the amplifier. The controlled ACLR1
value of the amplifier for 5 MHz off-
set is 55.67, 50.55, 47.95 and 45.10
dB, respectively. In the case where
the amplifier’s ACLR1 is 55,67 dB,
the ACLR1 of the input signal must
be 47 dB above to meet the 45 dB
ACLRI requirement, If the amplifi-
er’s ACLRI is 47.95 dB, then the
ACLRI of the input signal must be 51
dB above to keep the ACLR1 re-
quirement in 3GPP. The controlled
ACLR1 amplifier values for -5 MHz
offset are 56.55, 51.50, 48.45 and
4572 dB, respectively:

The degradation in ACLRI ac-
cording to the difference between the
ACLR1 of the input signal and the
amplifier is presented. The data are
obtained using the ACLR1 values giv-
en in the previous two plots. Figure 6
shows the degradation in the amplifi-
er’s ACLRI when the ACLR1 OF the

[Continued on page 92]
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Fig. 7 ACLR@gmdamn
asa ﬁnwtlan of the difference between

an input signal and an amplifier’s ACLR
(amplifier ACLR > input ACLR).

input signal is better than the ACLR1
of the amplifier; Figure 7 shows the
case where the input signal is less
than the ACLRI of the amplifier. In
general, the ACLR of the input signal
is better than that of the amplifier.
The degradation from the amplifier’s
ACLRI is = 4.5 dB when both
ACLRI values are the same. If the
ACLRI of the input signal is 12 dB
above or better than the ACLRI of
the amplifier, then there is no degra-
dation in the amplifier’s ACLR.
Therefore, the ACLR1 requirement
of a signal generator used to measure
the ACLRI of an amplifier is approxi-
mately 12 dB greater than the ACLR1
of the amplifier. The data show the
degradation in the input signal’s
ACLRI when the ACLRI of the am-
plifier is better than that of the input
signal. In this case, the degradation in
the signal’s ACLR is approximately
4.1 dB when the ACLRI of the input
signal is the same as that of the ampli-
fier. If the ACLR1 of the amplifier is
12.5 dB greater than that of the input
signal, then there is no degradation
from the ACLRI of the input signal.
Thus, how much the ACLR degrada-
tion occurs in transmitters or ampli-
fiers can be predicted.

CONCLUSION

The effects of the ACLR charac-
teristics of a driver and amplifier on
total ACLR have been tested. The
ACLR test results show that the
degradation in ACLR1 is 4.1 to 4.5
dB when the ACLR of the input sig-
nal is the same as that of an amplifier.
If the ACLRI of the input signal is 12
t0 12,5 dB greater than that of an am-
plifier, then the total ACLRI is the
same as that of the amplifier. There-

fore, to measure the ACLR1 of an
amplifier, a signal source that has an
ACLR 12 to 12,5 dB higher than that
of the amplifier must be used. Test
results presented in this article are
useful for determining the required
ACLR specification of base station
transmitters that compose a base-
band modulator, frequency upcon-
verter and power amplifier to meet
3GPP ACLR requirements. These
ACLR test results also can be useful
for user equipment. B
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TECHNICAL NOTE

ASYMPTOTIC BEHAVIOR
OF COSINE WINDOWS

The asymptotic behavior of the even-cosine series windows presented here reveals

that the series has an asymptotic decay 6 dBloctave higher than the odd-cosine
series. The coefficients of the series are determined for the condition of maximum
asymptotic decay, and the frequency response plots of the series are given.

bandpass filter requires an impulse re-
ponse of infinite duration, which is unreal-
izable in practice. Truncating this infinite im-
pulse response after a certain time duration re-
sults in undesirable ripples (known as Gibb’s
ripples) in the passband and stopband. Win-
dows (finite even time functions), when multi-
plied with the infinite impulse response of the
ideal rectangular filter, tend to smooth the
Gibbs ripples in the frequency response; how-
ever, this improvement is at the cost of widen-
ing the transition width. A window is charac-
terized in the frequency domain in terms of its
mainlobe width, peak sidelobe response and
asymptotic decay. The widely used window
functions are the Dolph-Chebyshev window,
kaiser window, Gaussian window and cosine
windows. An exhaustive discussion on windows
has been provided by Harris! and Nuttall.2
The cosine windows comprise a wide range
of window functions, including the Hanning,
Hamming and Blackman windows, ! the cosine
temporal Wel].’hhngs 2 and the odd- and even-
cosine series.3 Nuttal? discusses the criteria
for maximizing asymptotic decay and minimiz-
ing the sidelobe peaks, along with the trade-
off in achieving one characteristic at the ex-
pense of the other. The odd-cosine series
functions presented by Malocha and Bishop?
are thc same as the cosine temporal weig
ings.2 with the coefficients of the series dete
mined by minimizing the sidelobe peaks. The

:[t is well known that an ideal rectangular

coefficients of the even- and odd-cosine series
functions are further refined in Kulkarni and
Lahiri* to obtain improved sidelobes. The
even- and odd-cosine series have an even and
odd number of kernels in their respective fre-
quency responses as described by Malocha
and Bishop.

This article presents the asymptotic behav-
ior of the even-cosine series and compares it
with that of the odd-cosine series. The find-
ings reveal that the even-cosine series has a 6
dB/octave higher asymptotic decay of the side-
lobes than the odd-cosine series.

ASYMPTOTIC BEHAVIOR
WHEN DECAY IS MAXIMIZED

The asymptotic behavior of the odd-cosine
series (or the cosine temporal wwghtings) has
been explained in past literature.2 The asymp-
totic behavior uﬁhe even-cosine series has not
been di 1 previously and is 1
here. For this purpose, the even-cosine series
is expressed in the time and frequency do-
mains as

N-1
th(t)= zbn cos & l J @

n=0

[Continued on page 98]
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where the time domain function, hys,
exists only in the interval from —T/2
to T/2. The coefficients b, are real
and positive and are determined by
the criteria applied on the sidelobes
of the frequency function Hy,.

The function Hy, is rearranged in
a convenient form for this discussion

zm(f):{"mgq
e D) )

n=0

[ 2 4
il Y
\_ i teTH!

after recognizing that the term [1 —
{(2n + 1)2/4T2f2}]-! has been ex-
pressed in a power series. Note from
Equation 3 that when the first term
in the series is not equal to zero such
that

by +1

3 (1) by (1) 20

n=0

the function decays as 1/f2, resulting
in a 12 dB/octave decay. Note that
the minimum asymptotic decay that
can be obtained with the even-cosine
series is 12 dB/octave; for cosine tem-
poral weightings? it is 6 dB/octave.
However, if

& n+l,

Y () ba(m+1)=0 @

n=0

and if the second term (numerator
part) is non-zero such that

N-1

3 (1) b, (20+1) 20

n=0

the function will decay as 1/f#, giving
a 24 dB/octave decay. In the same
way, if the first two terms in the pow-
er series vanish such that

§(~1)Mbn(2n+l): 0

n=0
N

1
S () b+’ =0 @)

n=0
and the third term is not equal to
[Continued on page 102]
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even-cosine series
up to four terms are
determined and
listed in Table 1
A.vymp!ntlc algng with mainlobe
PRI width, peak side-
(as) (dB/Odnve} lobe level and as-
ymptotic decay. The
frequency domain
plots of H,, to Hyp
are shown in Fig-
ure 1. Comparing
the asymptotic de-
cays of the even-
and odd-cosine se-
ries from the table,
note that for a given
N, the even-cosine
L1210 | series has a6 dB/oc-
tave higher decay of
sidelobes than the
odd-cosine series.
zero, as in With the condition of maximizing
asymptotic decay, the odd- and even-
R cosine series together can be repre-

n+l 5
> (1) ba(2n+1)° 20 sented by a single expression as
then the function will decay as 1/f5,

=0
L( \
by (t) = cos s (6)
{7
resulting in a 36 dB/octave decay

From the discussion on unique co-  where k assumes integer values.
efficients,# note that by = 1 and only ~ When k s odd, the even-cosine series
b, can be determined, leading to a is obtained; when k is even, the odd-
two-term even-cosine series. From  cosine series results. The window
Equation 5, only b; and by can be de-  function given in Equation 6 is called
termined, and a three-term cosine se-  the cosine powered window, or Han-

ries results. The coefficients of the  ning window.!

1,305, 145, 1135

Fig. 1 h«quenu, response of even-cosine series for maximum asymptotic delay for (a) N=1,
®IN=2,(c)N=3and (d) N=
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BN 7ECcHNICAL NOTE

ASYMPTOTIC BEHAVIOR
OF SIDELOBES
WHEN THE SIDELOBE PEAKS
ARE MINIMIZED

When the condition of minimizing
sidelobe peaks is used for determina-
tion of Luoff cients of the even-
series, then Equation 4 is not satis-

fied and the inequality expression
governing the coefficients

N-1

3 (1) b, (20+1)20

=0

prevails. The coefficients b, are given
in the literature. With these coeffi-

Function

0dd S

cients the asymptot-
ic decay achievable
is 12 dB/octave.
However, for the
criteria of minimiz-
ing sidelobe peaks,
the odd-cosine se-
ries presents a 6
dB/octave decay of
the sidelobes.2 Thus,
the even-cosine se-
ries has a 6 dB/oc-
tave higher decay of
the sidelobes when
compared with the
odd-cosine serics
Table 2 lists various
parameters along
with the asymptotic
decay of the side-
lobes for an even-

Asymptotic
Decay
(dB/Octave)

CORPORATION
An MCE Company
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and odd-cosine series for the condi-
tion of minimizing sidelobe peaks. The
values of peak sidelobes are obtained
using the results in the literature.#

CONCLUSION

The asymptotic behavior of an
even-cosine series has been present-
ed and compared with the odd-cosine
series. It was found that the even-co-
sine series has a 6 dB/octave higher
asymptotic decay than the odd-cosine
series. The coefficients of the series
were determined for the condition of
maximum asymptotic decay. The fre-
quency responses of the series up to
the fourth order were also shown.
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Fig. 1 The analyzed
circuit. W
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TECHNICAL NOTE

DISTORTIONS IN CASCADED
MMIC POWER AMPLIFIERS

This article presents an experimental investigation of the influence of a second
harmonic phase delay between two cascaded GaAs MESFET MMIC power
amplifiers (PA) on the total distortion characteristic. Two-tone intermodulation
distortion (IMD) products may vary by several decibels through the saturation
region, depending on the value of the series feedback source inductance used in

both stages. In addition, an improvement of several decibels in ACPR values at
moderate output power levels for digitally modulated standards may be reached

with the proper choice of a phase delay.

any methods exist for the lineariza-
Mtion of RF/microwave PAs.!~4 In

most cases, these methods are ap-
plicable to high power amplifiers taking into
account their cost, size, weight and power
consumption. For low- and mid-power
portable PAs, these issues can play a decisive
role in the choice of the required circuit.
Thus, PA circuit-level linearization techniques
may be more attractive to achieve low distor-
tion characteristics. 357 It is known that the
main source of IMD in a PA is typically the
cubic term of the PA transfer characteristic.
These distortions may be compensated for by
utilizing a second harmonic adjustment.343
This goal may be quite cas
achieved with discrete compo-
nents. However, purchased
MMIC utilization complicates
the task. This article describes a
simple way to adjust distortions
in a set of cascaded MMIC PAs.

PHASE-DELAYED
INTERSTAGE ADJUSTMENT

Figure 1 shows the interstage circuit be-
tween cascaded MMIC FET PAs. The only
transmission line length in the circuit may be
adjusted. It is known* that the PA output sig-
nal spectral purity may be improved by careful
adjustment of the gain and phase shift of the
second harmonic path. For maximum im-
provement, the power required for the second
harmonic should be high enough (7 dB below
that of the fundamental in the example?). It is
also known that the series source inductance
can decrease IMD in the PA and simultane-
ously facilitate a low noise amplifier (LNA) in-

[Continued on page 108]

OLEKSANDR GORBACHOV
AND YIE-DER SHEN
Hexawave Inc.

Hsinchu, Taiwan, R.O.C.

MICROWAVE JO!




You need to design communication systems

with speed and flexibility.

succeed with Sympho

multiplex, n

dulate, upconvert, filter, amplii

fy, transmit, receive, reverse
and recover. Symphony's end-to-end communication system design suite lets

you simulate your baseband, transceiver and channel with speed and flexibilty.

Make key architectural decisions and component ications at any stage of

your development. Optimize performance such as noise figure, BER,

ACPR, or SINAD with a comprehensive library of RF and
DSP behavioral models, along with
frequency, discrete-time
domain and mixed
mode analyses
Symphony provides
the speed and
power for
simulating systems
such as GSM, COMA
and 3G. As a part of

Ansoft's S

nade Design
Environment, Symphony provides a

seamless link to circuit simulation, 3D and planar

electromagnetics in a

Matlab co-simulation.

Design with speed and flexibility.

Discover the difference Symphony makes in your system

development and component specification.

For your free evaluati

opy of Symphony, or any of the tools in

Ansof ade Design Environment call 412-261-3200 or

send e-mail to info

CIRCLE 19 ON READER SERVICE CARD



mailto:info@ansoft.com

B TECHNICAL NOTE

lig. 2 IMD prodﬂclv
for the low inductance circuit.

Fig. 3 The high inductance circuit’s
(a) 'gain and (b) IMD products. W

izozz«uunaz
oumnvowm(nm)
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put and noise matching conditions
with increased in-band stability. Tak-
ing these issues into account, it can
be concluded that a drive MMIC PA
with bad linearity must be utilized
and the line length adjusted to
achieve the best total distortion char-
acteristics of the complete MMIC
set. The power produced by the final
stage of the drive PA and the gain of
the first stage of the second PA
should have sufficient values to
achieve this performance.

108

Aces (as)

A Fig. 4 ACPR for the high inductance
circuit.
MEASUREMENT RESULTS

Measurements have been per-
formed for a set of 3.5 GHz GaAs
MESFET MMIC PAs to evaluate
how much improvement of distortion
characteristics may be achieved. The
series feedback source inductance in
both stages may be varied due to the
non-via chip structures used.

First, the minimum possible in-
ductance values were chosen. Figure
2 shows the two-tone extreme inter-
modulation characteristics resulting
from adjustment of the line length
over a wide margin. The difference in
the line length between extreme val-
ues corresponds to a quarter-wave-
length at the second harmonic. Ac-
cordingly, the amplifier's small-signal,
single-tone gain is 42 dB at P1dB =
28.8 dBm and 40.7 dB at P1dB=29.7
dB. The drain bias voltage is 7V DC.

Next, both series inductances were
increased by two to three times. Both
drive and power MMIC PA stages
were tuned for the highest linearity
by operating as separate stages and
tested using wideband 50 Q input
and output transmission lines. These
two stages are combined through the
variable-length transmission line, and
the extreme values of the two-tone
gain and IMD for the complete set
are shown in Figure 3. Again, the
line length corresponds to a quarter-
wavelength at the second harmonic.
The single-tone P1dB values are
equal to 30.7 dBm for both cas
The input return loss values are bet-
ter than 14 dB for both stages.

A great difference in characteris-
tics is observed in the two data plots.
In the first case, the variation of IMD
products is quite small through the
entire range of output power. Only a
small difference can be observed for
high power levels. However, it can be

explained by an improvement of
matching conditions for the input
port of the power stage elevating
PIdB. (As a reference, the input r
turn loss value is 5 to 6 dB.) In the
second case, the variation of IMD
products is perceptibly high at mid-
power leveﬁ with clearly observed
sweet spots.6.7 At power levels close
to P1dB and at the saturation region,
the variation noted is very small. At
some power levels, the IMD product
difference reaches 5 to 7 dB. It
should be noted that the circuits have
different bias conditions. For both
>s, the gate voltages were adjusted
to achieve a maximum P1dB value.

Mid-power levels are important
for operating within digitally modu-
lated communication standards. Fig-
ure 4 shows the calculated results of
ACPR for the 4.096 Mchips wide-
band CDMA standard. Calculations
have been carried out taking into ac-
count only the IM3 (solid line) and
IM3 + IM5 (dashed line) influence.
The statistical drive signal has a loga-
rithmic-normal distribution with a 2
dBm RMS power value (a close ap-
prosimation of a one-user channel). A
2.5 dB improvement in ACPR value
is observed through a wide range of
output powers. This value corre-
sponds completely to the gain differ-
ence between the extreme cases. For
case 1, the analysis does not show any
difference in ACPR value with the
same output power back off. Com-
paring case 1 and case 2, a larger dif-
ference between adjacent IMD prod-
ucts for case 2 and more perceptible
sweet spots due to the frequency-de-
pendent negative feedback circuit
(out-of-band harmonic termination
adjustment®-11) are observed.

The drive stage for the set in case
2 was substituted for the low induc-
tance stage for the set in case 1 (with
less linearity). Improvements of 2 to
3 dB for IM3 and 5 to 7 dB for IM5
and IM7 were achieved at wide
enough power levels close to satura-
tion. Thus, the proposed MMIC set
has perceptibly improved the distor-
tion characteristics and spectral puri-
ty for CDMA signals without any 2
ditional filtering and amplifying
stages for the second harmonic.*
Note that no attempt was made to
reach the highest linearity by adjust-

[Continued on page 110]
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B 1ECHNICAL NoTE

ing the input and output matching
networks. The operation of the com-
plete set is similar to using predistor-
tion.! By using this approach, it was
determined that the first stage of a
power MMIC should have fairly low
gain to achieve better results. This
fact is in contrast to commonly used
design rules when the first stage of a
multistage PA is usually tuned for
high gain.

CONCLUSION

The method of adjustment of the
second harmonic phase delay be-
tween two cascaded MMIC PA stages
has been investigated. It was shown
that the choice of a drive stage with
bad linearity and a simple inductive
feedback circuit at the input of the
power stage allows the complete am-
plifier set to have an ACPR improved
by 2 to 3 dB through a wide range of
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the output power for digitally modu-
lated signals. This approach can be
used for portable low cost circuits in
different wireless communication
systems. M
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Fig. 1 Three configurations
of the waveguide bend
system. v

TECHNICAL NOTE

A DUAL POLARIZATION,
PHASE-COMPENSATED
WAVEGUIDE BEND SYSTEM

system that preserves amplitude and

phase for all polarizations over a very
wide frequency range. Although the idea for
this system appears to be very simple, the au-
thor has not seen a description of it published
in the microwave literature.

T his article describes a waveguide bend

BEND SYSTEM APPLICATIONS

This bend system finds applications in dual-
or circular-polarized microwave systems where
it is important to preserve the relative phase of
all field components through the bend system.
For example, in a reflector antenna, the bend
system can enable the orthomode transducer

(a) (b) (<)

112

or polarizer to be located away from the feed-
horn. This configuration is an advantage in cer-
tain antenna systems. Utilizing this bend sys-
tem, circular polarization can be propagated
with good axial ratio through the system, dual
linear polarizations can be propagated with
good cross-polarization isolation and complex
waveguide runs can be accommodated.

DESIGN DESCRIPTION

A waveguide with a square, circular or
quad-ridged cross section is used as the trans-
mission line. A carefully made waveguide of
this type can propagate orthogonal linear po-
larizations with good polarization isolation.
Each individual bend is made using this type
of transmission line.

The waveguide bend system consists of two
identical bends in cascade. The second bend is
joined to the first with a straight section of this
transmission line and rotated 90° with respect
to the plane of the first bend. The individual
bend angle can have any value. Figure 1

[Continued on page 114]
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A Fig. 2 Differential phase

of orthogonally polarized fields.

shows examples of three waveguide
bend configurations.

Each bend creates a differential
phase shift between the orthogonal
polarized fields. This differential
phase shift can reach very large val-
ues in practice. The amount of differ-
ential phase shift depends strongly on
the effective radius of curvature of
the swept bend, waveguide dimen-
sions and frequency. This effect can
seriously degrade the cross polari
tion of the microwave system. There
fore, a single bend in which orthogo-
nal polarizations propagate is not
used.

The second bend fully compen-
sates for this differential phase shift.
This result is due to the 90° rotation
of the second bend. (For example, a
vertical field undergoes an E-bend
and then an Il-bend; a horizontal
field undergoes an H-bend and then
an E-bend.) Therefore, the total dif-
ferential phase shift for both field
components is identical as long as the
two bends are identical and this sym-
metry is preserved.

Moment method analysis of a pair
of simple 90° mitered square wave-
guides demonstrates excellent differ-
ential phase shift and amplitude over
more than an octave bandwidth, even
though the impedance match of each
bend is not optimum. Figure 2
shows the phase differential of or-
thogonally polarized fields vs. fre-
quency for the bend configuration
depicted in Figure la.

IMPEDANCE MATCHING
AND MODING

Although the symmetrical arrange-
ment of the bend pair preserves the
differential phase shift, cach bend

also must be designed to have a good
impedance match and to control
higher order mode generation. This
capability requires swept or mitered
bends using good design practices.! If
the individual bends are poorly
matched or generate higher order
modes, amplitude and phase degra-
dation can occur.

POSSIBLE CONFIGURATIONS

This system can enable the wave-
guide run to change direction in
many ways. Possible structures in-
clude the use of four 90° bends with
the input on the +z-axis and the out-
put on a translated +z-axis (or —z-axis)
(Figure 1b), the use of four bends of
any angle for a general rotation of the
input on the +z-axis to any other
compound output angle and the use
of only two bends of any angle with
the input on the +z-axis and the out-
put at any compound angle above the
x-y plane (Figure 1c).

In the general case of two bends,
the planes of linear polarizations will
be rotated by the bend angle. A four-
bend system can compensate for this
polarization rotation. Circular polar-
ization axial ratio, sense and isolation
will not be changed by the bend
pairs. This effect can be utilized to
form a rotational joint.

CONCLUSION
A little-known, but interesting, mi-
crowave geometry has been present-
ed, which can be used in dual-polar-
ized or circular-polarized waveguide
runs. The waveguide bend system
can preserve amplitude and phase for
all polarizations over a wide frequen-
cy bandwidth. B
e
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SPECIAL REPORT

ISM vs. SPREAD SPECTRUM
— AvoIDING THE FCC

he Federal Communications Commis-
I sion (FCC) recognizes two types of de-
vices that intentionally emit RF energy:
communications equipment and everything
else. The first category includes AM/FM, TV,
point-to-point, satellite, cell phones, taxi ra-
dios, CB, garage door openers and anything
else that uses radio waves to convey intelli-
gence, broadly construed. The ev i
category is properly called indus
and medical (ISM}) equipment. It includes de-
vices used for heating, ionization of gases, me-
chanical vibration, particle acceleration, hair
removal and any other noncommunications
application of radio waves. Household exam-
ples include microwave ovens, jewelry clean-
ers and ultrasonic humidifiers. Industrial ap-
plications cover a wide range of cooking, heat-
ing and ionization devices.

CONTENDING FOR SPECTRUM

Both ISM and radio communications require
spectrum, and both obtain it from the FCC. For
decades after the FCC opened in 1935, enough
bandwidth was available to give exclusive alloca-
tions to all who wanted them. Isolating ISM into
bands of its own made particular sense, because
some ISM equipment generates high power ra-
dio noise that otherwise threatens sensitive
communications equipment.

As communications technologies evolved
toward higher frequencies, so too did ISM.
Today, 11 distinct ISM bands range from
7 MHz to 245 GHz. ISM equipment can
legally operate at any power level in these
bands. Indeed, ISM is the only FCC-regulat-
ed service having no in-band limits whatsoever
(other than RF safety limits). ISM equipment
is also permitted to operate outside the desig-
nated bands; however, there its RF emissions
are limited to relatively low levels.

The demand for spectrum has accelerated,
and now far exceeds the supply. During the
1980s, the FCC allocated the last available
frequencies below 1 GHz, and since then has
filled the gaps up to approximately 40 GHz.
Many applications prefer the 0.5 to 5 GHz
range, where antenna size, propagation and
cost factors are favorable for communications.
‘When demand continued to mount after all of
those frequencies were assigned, the FCC had
little choice but to require that services share
their spectrum allocations.

One form of sharing has been common-
place for decades. The FCC’s Part 15 rules

[Continued on page 115]
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have long allowed unlicensed com-
munications transmitters to operate
at low power throughout the spec-
trum, except for certain restricted
bands. Early examples included
garage door openers and remote-con-
trol toys and, later, cordless tele-
phones. Traditional Part 15 devices
operate at a few microwatts, with a
useful range of only a few meters.
The main benefit of Part 15 opera-
tion is flexibility. Where licensed

users must usually file with the FCC
to move or install a transmitter, a Part
15 user simply powers up the equip-
ment. But the flexibility comes at a
price. A Part 15 device must accept
incoming interference, no matter
how severe, from any other service.
Moreover, a Part 15 device must shut
down if it causes harmful interfer-
ence to almost any other service.
These rules discouraged applications

that require any significant reliability

Premiunt microwave components
since 1961

118 CIRCLE 85 ON READER SERVICE CARD

from using Part 15. Licensing was
slow and mconvemﬂll but it bought
protection from interference

SPREAD SPECTRUM ARRIVES

In 1985, the FCC approved
spread spectrum modulation under
Part 15. A spread spectrum transmit-
ter distributes its signal over more
spectrum than it otherwise would
need to carry the data payload. Be-
cause the spread-out signal puts low
average energy onto any one frequen-
cy, it causes little interference to oth-
er users. In addition, because the re-
ceiver is active over a wide band-
width, it is relatively immune to
interference from a conventional nar-
rowband transmitter.

The FCC authorized spread spec-
trum at the unprecedented (for Part
15) output power of 1 W and put it in
the 915, 2450 and 5800 MHz ISM
bands. These three bands, sometimes
called the “junk bands,” would be
crowded even without spread spec-
trum. They are heavily used by ISM,
including tens of millions of mi-
crowave ovens and industrial devices.
All three bands are allocated for ama-
teur use and for conventional Part 15
operations at milliwatt levels. A vehi-
cle location service operates through-
out the 915 MHz band. Various parts
of the 2450 MHz band are used for
local positioning, private land mobile
radio and downlinks in the Mobile
Satellite Service. The US government
has significant radar and military op-
crations in all three bands.

Spread spectrum radio was slow to
catch on. T]ﬁe FCC revised the rules
in 1990 and again in 1997, each time
opening new options for manufactur-
ers. Prices gradually came down,
while data rates went up to 2 Mbps.
The mid-1990s saw a developing
market in niche applications. The pic-
ture changed suddenly in 1998, when
an FCC rule interpretation pushed
data speeds to 11 Mbps. Overnight,
spread spectrum became competitive
with wire-in-the-wall office local area
networks.

Today, approximately $1.5 B worth
of spread spectrum wireless equip-
ment operates in every sector of the
economy, including retail, transporta-
tion, utilities, manufacturing, health
care and finance. Half the transac-

[Continued on page 120]
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tions on the New York Stock Ex-
change are mediated by spread
spectrum wireless termir Spread
spectrum Internet access offers
broadband speeds across 40 km dis-
tances. In consumer markets, spread
spectrum cordless phones are com-
monplace, and in-home video and au-
dio distribution systems will soon fol-
low. The Bluetooth spread spectrum
protocol will be incorporated into
most wireless phones, laptops, com-

Leading-edge ATE companies use
PTS Frequency Synthesizers in
their complex testing systems.
For clean signals, 0.1 MHz to
microwave with low jitter/

low noise and ps switching.

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

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

120

puter peripherals, personal digital as-
sistants and other consumer devices
beginning later this year.

g )

SPREAD SPECTRUM Vs. ISM
Although relegated to last priority
in the band, spread spectrum design-
ers achieve respectable levels of relia-
bility. Some of the applications listed
above demand it. Hospitals, stock ex-
changes and wireless phone compa-
nies (among others) are sophisticated

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

tip://www.programmedtest.com
e-mail: sales@programmedtest.com
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users who do not knowingly risk ser-
vice interruptions.

On the other hand, no one can
harden a communications receiver
against unlimited interference.
Equipment designers necessarily
make assumptions about the RF envi-
ronment in which their products will
operate. Not unreasonably, Part 15
designers assume an environment
populated with devices that comply
with the FCC rules. Spread spectrum
receivers today are reasonably well
insulated against interference from
other communications equipment
and from existing categories of ISM
devices, such as microwave ovens.
But they remain potentially vulnera-
ble to interference from new and dif-
ferent kinds of ISM equipment, such
as RF lights.

In principle, ISM’s priority in the
band protects it absolutely against
Part 15. However, in practice, the
ISM industry has expressed two fears
about the growth of Part 15 spread
spectrum. First, some are concerned
that spread spectrum may acquire
enough economic and political power
to impose limitations on ISM. Sec-
ond, some ISM vendors worry that
customers may reject ISM products
that interfere with spread spectrum
operation.

Both concerns are largely hypo-
thetical so far. The only ISM product
to date that raises any serious con
cern among Part 15 interests is RF
lighting. Spread spectrum interests
fear these lights will operate continu-
ously from positions overhead and
emit high levels of RF. Therefore,
some manufacturers have asked the
FCC to limit emissions from RF
lamps. Moreover, one lighting manu-
facturer has told the FCC that poten-
tial customers are avoiding the prod-
uct because they fear interference
into their spread spectrum equip-
ment. Other new ISM applications
may raise some of the same issues.

COMMON INTERESTS

Both ISM and Part 15 will benefit if
they can resolve the technical incom-
patibilities and competitive issues be-
tween them. However, they should do
it in private, away from the FCC. Part
15 has little to gain at the FCC, whose
rules make it unambiguously subordi-

[Continued on page 122]
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nate to ISM. No one expects the FCC
to regulate any ISM product out of ex-
istence, not even RF lights. In addition,
the FCC will not listen to Part 15 com-
plaints about interference from existing
ISM products that comply with the
rules. At most, the FCC might limit
new ISM products that pose exception-
al interference threats but, even then, it
will try to ensure that the products re-
main commercially viable.

The FCC also will not address
ISM’s concerns. If customers come to
believe they cannot use both ISM and
spread spectrum, the FCC will not
stop them from choosing spread spec-
trum. Although Part 15 devices must
accept ISM interference, Part 15 cus-
tomers do not. They are free to elimi-
nate the interference by rejecting ISM
products if they think it necessary to
protect their communications.

Instead of contending at the FCC,
both industries will achieve better re-
sults by negotiating directly with each
other. Together they can seek stan-
dards that permit ISM products to
operate properly, as well as provide
an RF environment hospitable to
spread spectrum operations. If com-
munications engineers can help to set
the characteristics of ISM equipment
in the vicinity, they can design sys-
tems that tolerate the interference
well. That in turn will enable ISM
vendors to assure customers that
their products will not degrade
spread spectrum performance.
spread spectrum industry can
those ISM marketing efforts by certi-
fying suitable ISM devices for com-
patibility with spread spectrum com-
munications devices.

In short, customers should not be
forced to choose between the two
types of products. Both industries
come out ahead if customers can buy
and use both successfully. B

Mitchell Lazarus
received his BSEE and
MSEE from McGill
University and MIT,
respectively, and his
PhD in experimental
psychology from MIT.
He also holds a law

ctown University
Currently,

Lazarusisa
telecommunications attorney with the firm of
Fletcher Heald & Hildreth PLC in Arington,
VA. He can be reached at (703) 812-0440 or
MLazarus@alum. MIT.edu.
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ACRONYMS

AND ABBREVIATIONS

USED BY THE

RF/MICROWAVE INDUSTRY

his list represents most of the acronyms

' and abbreviations used in Microwave
Journal technical articles and editorial
features during the last five years. The ever-
growing list has proven enormously useful to
our staff and should prove equally helpful to
our readers, who are continually bombarded
with new and confusing abbreviations for the
plethora of technical terms associated with the
RF/microwave industry. Although it has al-
ways been our policy to define all but the most
commonly used abbreviations within each arti-
cle, a central reference list can be quite help-
ful to everyone. The original acronym and ab-
breviation list was first published in the
February/March 1997 issues of Microwave
Journal, and our staff has received many posi-
tive comments and continued requests for

updates.

AcC adaptive cruise control

ACIR adjacent-channel interference
ratio

ACLR adjacent-channel leakage ratio

ACMPA  aperture-coupled microstrip
patch antenna

Acp adjacent-channel power

ACPR adjacent-channel power rejection

ACPR adjacent-channel protection ratio

ACPW mmetrical coplanar
waveguide

ACW autonomous collision warning
(system)

ADC analog-to-digital converter

ADEOS advanced Earth observation
satellite

ADPCM  adaptive differential pulse-code
mugulation

ADS automatic debiting system
(auto toll collecting)

ADSL asymmetric digital subscriber
looy

AEGIS airborne early warning ground
integration system

AFP automatic frequency planning

AGC automatic gain control

Aicc autonomous intelligent cruise
control

AM amplitude modulation

AME average model error

AMF automated module fabrication

AML amplitude modulated link

AMPS Advanced Mobile Phone Service

AMR adaptive multirate codex

ANA automatic network analyzer

ANSI American National Standards
Institute

A0 acoustic-optical

APC American Personal
Communications system

API application programming
interface

APL airport pseudolites

AR axial ratio

[Continued on page 126]
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ARBF adaptive radial basis function

ARM antiradiation missile

ARMA autoregressive moving average

ARDIS Advanced Radio Information Service

ARFCN  absolute radio frequency channel number

ARO active resonator oscillator

ASAP Airborne Shared Aperture Program

Ascil American National Standard Code for
Information Interchange

AsIC application-specific integrated circuit

ASH amplifier-sequenced hybrid

ASK Jm])llt\ul? hift keying

ASTM -sting and Materials

AsV

ATC air traffic Conm»l

ATDE adaptive time domain equalizer

ATE automatic test equipment

ATM air traffic management

ATM asynchronous transfer mode

ATPC automatic transmit power control

Auc authentication center

AVI automatic vehicle identification

AVL automatic vehicle location

AVLN automatic vehicle location and navigation
system

AWG arbitrary waveform generator

AWG American Wire Gauge (standard)

AWGN additive white Gaussian noise

AWNV all weather and night vision system

BAW bulk acoustic wave

* Wireless M/W R/F Circuit Board Applications
* FR4 t0 Ceramic'Board Materials

~/» Complete: DPFM Review

o In-Hause Photo Plotting/Festing

\Enginee Inc,
1478 Glatlding Cout Milpi
Tel: 1:800°368-4PCH #iFax (108] 946-2246

BCD binary-coded decimal

BCH broadcast channel

BCM block-coded modulation

BER bit error rate

BERT bit error rate tester

BEM boundary element method

BFL buffered field-effect transistor logic

BFN beam-forming network

BiCMOS  bipolar compi’mentary metal-oxide
semiconductor

BIFODEL  binary fiber-optic delay line

BJT bipolar junction transistor

BLOS beyond line-of-sight

BOM bill of materials

BOR body of revolution

BPSK biphase-shift keying or binary phase-shift
BsCc station controller
BSS base station system
BSS broadcast lite service
BT bandwidth-time product
BTS base transceiver
BZ Brillouin zone
C/A clear and acquisition code (GPS)
C-AFM calibrated atomic force microscope
e

computer-aided engineering
CALLUM r:nmgined analog locked-loop universal
modulator
community antenna television

[Continued on page 128]
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CBCPS  conductor-backed coplanar stripline COHO coherent oscillator
CCA circuit card assembly com Component Object Model
cco charge-couple | device COMINT  communications intelligence
CCDF complementary cumulative distribution CONUS  continental United States
function COPsS complex operations per second
CCK complementary code keying CcoTs commercial off-the-shelf
CcCMT computer-controlled microwave tuner cpci compact protocol control information
CCPR co-channel power ratio CPFSK continuous phase frequency-shift keying
CDF cumulative distribution function cPM continuous phase mr)qlul ation
CDMA : division multiple access cpPs coplanar stripline
CDPD ollular digital packet data crPu central processing unit
CE Conformite Europeene cPw coplanar waveguide
(European EMC standard) CQFP  ceramic quad flat pack
CEPT Conference on European Posts and CRC ) undancy check
Telecommunications administrations CREAM  cosmic radiation effects and activation
CFC monitors
CFR CRTSSDA  cascaded reactively terminated single-stage
c/ carrier-to-interference ratio distributed amplifier
c/i carrier-to-intermodulation ratio csL coupled-slot antenna
cic controller in charge csMm umﬁnnod symbol matching
Ccim computer integrated manufacturing CSMA/CD carrier sense multiple access/collision
CMOs complementary metal-oxide semiconductor detection
CMRF combined mode resonator filter cso composite second order
CMS combined symbol matching csp chip scale package
C/N carrier-to-noise ratio cr cordless telephone
CNC computerized numerical control CcT-2 cordless telephone-second generation
CNR carrier-to-noise ratio CTB composite triple beat
CNS/ATM  Communication and Surveillance/Air Traffic CTE coefficient of thermal expansion
Management CcT™ conformal transformation method
COFDM  coded orthogonal frequency division multiplex [Continued on page 130]
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CTR

common technical regulations
chemical vapor deposition
continuously v thh-d(-!.x
continuous wave
constant width slot antenna
digital audio broadcast

gital-to-analog converter
demand-assigned multiple access
Digital Advanced Nob5 Phioas Service
data acquisition
Digital Advanced Wireless Service
digital beamforming
direct broadcast serv
direct broadcast satelli
direct-coupled field-effect transistor logic
Distributed Component Object Model
downconverting receiver
digital communication system at 1800 MHz
digitally compensated crystal oscillator
direct digital synthesis
dynamic clectronic bias system
Digital European Cordless
Telecommunications (1880 to 1900 MHz)
Digital Enhanced Cordless Telephony
(new name)
Defense Electronic Supply Center
direction finding

uted feedback
digital frequency discriminator
delLtmn mode field-effect transistor
te Fourier transf
crential Glohal Positioning System

double-heterojunction bipolar transistor
dual in-line memory mnd]ule
Deutsche Industrial \(Jnm
(German standards agen.
lecoy launch/recovery unit
or log video amplifier
mode operation
diffused mc-l‘\ll—o\n\w semiconductor
Defense Meteorological Satellite Program

Automatic Eutectic Die Attach

Stand Alone or In-Line

Increase yield and production capacity
for InP Laser Diode, Optoelectronic,
RF-SOE/T, and T/R module assembly
with the 3500-l.

® High Precision
B Adaptable to Multiple Processes
B Total Solution

Talk to the market leader-

contact Palomar Technologies.
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DMR
DMUX
DNL
DQPSK
DPHEMT

DPLL
DPSK
DRFM
DRO
DRRS
Ds
DsC
DSO
DsP

dual-mode r
demultiplex
dynamic nonlinearity

differential quadrature phase-shift keying
double heterojunction pseudomorphic lng}
clectron mobility transistor

digital phase-locked loop

differential phase-shift keying

digital radio frequency memory

dielectric resonator oscillator

digital radio relay system

direct sequence

differential scanning calorimetry

digital storage oscilloscope

(lmt‘\l \meprm sing

dire sequence spread spectrum
distance-to-fault

dual-tone multiple frequency

digital test oscﬂfmmpe

digitally tuned oscillator

discontinuous transmission

device under test

digital video broadeasting

digital wireless communications

electron beam lithography
electron backscatter (h]Hw “tion
European Comumunity

enhanced cellular base station

error correction code

embedded communication channel
emitter-coupled logic

electronic countermcasures

enhanced circuit switched data
electrodeposited
enhancement/depletion (mode)
electronic design automation
erbium-doped fiber amplifier

mced Data Rate for GSM Evolution
‘tronic discharge machining

and EFTA m unit

[Continued on page 132]
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EEC
EEPROM

E-FET
EFIE
EFTA

EGI

EGPRS
EGSM

EHF
EHTPS
EIA/TIA

EIN
EIR
EIRP
ELINT
EM
EMC
EMF
EMI

European Economic Community
electrically erasable programmable read-only
memory

enhancement-mode field-effect transistor
electric field integral equation

European Free Trade Area

(Austria, Finland, Liechtenstein, Norway,
Sweden and Switzerland)

embedded global positioning satellite inertial
navigation system

Enhanced General Packet Radio System
European Digital Extended Group Special
Mobi?e ¥

extremely high frequency (30 to 300 GHz)
extra high tension power supply
Electronics Industry Association/
Telecommunications Industry Association
equivalent il:Fut noise

equipment identity register

m%ecti\e isotropic radiated power
electronic inte[fngencv systems
electromagnetic

electromagnetic compatibility
electromotive force

electromagnetic interference
clectromagnetic radiation

European Norm (EMI regulations)
electronic news gathering

excess noise ratio

equivalent power-flux density

erasable programmable read-only memory
European radio message system

effective radiated power

clectrostatic discharge

equivalent series inductance

clectronic support measure

extended specialized mobile radio
electron spin resonance

equivalent series resistance

Extended Total Access C ication:
System (British cellular)

electronic toll collecting

embedded transmission line
electronically tuned RF (filter)

European Telecommunications Standard
European Telecommunications Standard
Institute

electronic toll and traffic management
European Union

equipment under test

European Telecommunications Satellite
extreme-ultraviolet

error vector magnitude

electronic warfare

future air navigation system

false alarm rate

fractional bandwidth

flip-chip assembly

Federal Communications Commission
frequency-division duplexing
fiber-distributed data interface

finite difference frequency domain
frequency division multiplex

frequency division multiple access
frequency domain reflectometry

FDTD
FEC
FEM
FEP
FER
FET
FFO
FFT
FH
FHMA
FHSS
FIR
FIT
FLC
FLOP
FLR
M
FMC
FMcw

FO
FOBP
FPLMTS

finite difference time domain

forward error correction

finite element method

fluoroethylene propylene

frame error rate

field effect transistor

fixed-frequency oscillator

fast Fourier transform

frequency lxoppin%

frequency hop multiple access
frequency-hopping \Fread spectrum
finite-duration impulse response (filter)
failures in time

ferroelectric liquid crystals

floating octal points

forward looking radar

frequency modulation

fixed mobile convergence (service)
frequency-modulated continuous wave
( mgar)

fiber optic

fractional out-of-band power

Future Public Land Mobile
Telecommunication Systems
field-programmable gate array

fixed radio access

free space

frequency-selective conducting surface
frequency-shift keying
fixed satellite service
frequency i
(;‘(‘;Lﬂ][' i System-aid
ground-based uu%nk:ntation systems
ground-based radar

grounded coplanar waveguide

geostationary earth orbit

Gaussian frequency-shift keying

Global Navigation Satellite System (Russian)
Global Maritime Distress Signal System
Gaussian minimurn shift k
Global Navigation Satellite S;
general-purpose interface bus
ground-penetrating radar

General Packet Radio Service

Global Positioning System/Satellite

Global System for Mobile Communications
Group Speciale Mobile (European GSM)
geostationary orbit

receive antenna gain divided by noise
temperature

graphical user interface

high speed anti-radiation missile
heterojunction bipolar transistor

high bit-rate digital subscriber line

high definition television

high electron mobility transistor

high elliptical orbit (satellite)

hybrid fiber/coax

heterostructure field-effect transistor

high frequency structure simulator

high gain antenna

HIPERLAN high performance local area network

HJFET
HLR

heterojunction field-effect transistor
home location register
[Continued on page 135]
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The trade show dedicated fo radiofrequencies, microwaves, m/m nﬂlmal fibre and their applications.

CNIT . PARIS-LA- ﬂffﬂlﬁ'f a7thedtion

A soaring market, an RF & Hyper Europe 2001 trade show testifying to
its growing European scope : 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 :
« Acycle on EMC to keep abreast of the latest advances in the

Get the hottest news standards and regulations.
WWW.BIrp.Com/RYREr oo e o e ot
« An innovation in 2001, high level conferences in partnership with the
magazines Journal® and ications®, covering such
technologies as microwaves, wireless and optical fibres applications in
Organised by the fields of Telecommunications.

% Bim/RF & Hyper Europe 2001 - 17, avenue Ledru Rollin - 75012 Paris - France * Phone : + 33 153 17 11 40 « Fax: +33 153 17 11 45+ E-mail : hyper@birp.fr

RequeSt for } 1 wish to receive : (2 My free invitation and the programme of the 3 conference cycles.
information S 0 A documentation to exhibit at RF & Hyper Europe 2001.

Company : Zip Code : City

First name : Surname : Country :

Function : Business activity :

Address : Phone Fax :

e-mail :


mailto:hypar@blrp.fr

B sPECIAL REPORT

HMIC hybrid microwave integrated circuit IMPATT  impact avalanche and transit time
HPA high power amplifier IMR intermodulation rejection
HPBW half power beam width msi international mobile subscriber identity
HSCSD  high speed circuit switched data INMARSAT International Maritime Satellite consortium,
HTS high temperature superconductor London
IBIC interface hus interactive control INS incrtial navigation system
1BOC in-band on-channel INTELSAT International Telecommunication Satellite
IBW instantancous bandwidth consortium, Washington
ic integrated circuit »P Internet Protocol
IDECM  integrated defense electronic 1PBO input power backoff
countermeasures ipc Institute for Interconnecting and Packaging
IDFT inverse discrete Fourier transform Electronic Circuits 3
DT interdigital transducer Ps integrated power systems
IEC International Electrotechnical Commission 1Q in P[hl\( /quadrature
IEP ideal electric plane IR infrared
IF intermediate frequency IRA impulse radiating antennas
IFB indirect feedback IRM image reject mixer
IFF identification friend or foe 1s-95 North American cellular standard
M instantaneous frequency measurement ISAR inverse synthetic-aperture radar
IGBT insulated gate bipolar transistor ISDN integrated services digital network
IGFET insulated gate field effect transistor Is!
liR infinite xmpu]s(* response (filter) Ism
ILA injection-locked amplifier (frequency bands)
Lo injection-locked oscillator 150 International Standards Organization
1] intermodulation ITs intelligent transportation systems
IMD intermodulation distortion ITM-2000 International Mobile Telecommunication
IMDN Intelligent Mobile Data Network 2000
IMEI international mobile equipment identity mu International Telecommunication Union
IMFET internally matched field-effect transistor ITU-R ITU Radio Communications Sector
mp intermodulation products [Continued on page 137]

Converging Technologies...
Emerging Solutions

Adlglts and waves converge at increasingly higher
processing speeds you need an expert to handle the
transition. As part of a new team of professionals, with a
heritage as a world power in engineering and manufacturing,
ITT Microwave Systems (formerly a division of Stanford Telecom)
has bolstered its standard products and capabilities to include

next generation DDS and DDR products. We support all

your emerging and
requirements and maintain a solid design library for general

purpose through high performance applications.

To tap into our latest solutions,

give us a call, or visit our web

&y |TTIndustries
4 Viciaia St
site at www.ittmicrowave.com.

ITT Indlustries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851
978-441-0200 + www.ittmicrowave.com
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source
Frequency Translators

FEATURES

« Output Frequencies up
to 656;5143 MHz

o Bel

Clock Frequency Translation

‘We are the One!

VE CT n o N 166 Glover Avenue, Norwalk, CT 06856

INTERNATIONAL |, 1-88-VECTRON-1 + Fax. 1-888-FAX-VECTRON
A DOVER ) TECHNOLOGIES COMPANY e-mail: vectron@vectron.com
v m www.vectron.com
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IVHS Intelligent Vehicle Highway System LTCC-M  low temperature co-fired ceramic
Jpc Japanese Digital Cellular on mcln& core
JEDEC  Joint Electron Device Engineering Council m Jinear time invariant
JFET junction field effect transistor LTSA linear taper slot antenna
JPEG Joint Picture Expert Group TP long-term predictor
(compression standard) Lur look-up table
KGD known good die LVDS low \vulmge differential signal
LAN local area network MAC medium access control
LAAS local area augmentation systems MAFET Microwave and Analog Front End
LAO LaAlO; (substrate) Technology project
LBC linked bound: MBA multi-beam antenna
Lc inductor/caps MBE molecular beam epitaxy
Lcc leadless chip MBPA multi-beam phased array
Lco liquid-crystal display MCE manufacturing cycle efficiency
LD laser diode MCF message communication function
LDMOS  laterally diffused metal oxide semiconductor MmcL microstrip constrained lens
LEC liquid encapsulated Czochralski Mcm multichip module
(semi-insulating substrates) MCM-C  multichip module with co-fired substrate
LEO low carth orbit (satellite) MCPA multicarrier power amplifier
LEP lumped element prototype MCPW  microstrip coplanar waveguide
LHCP left-hand circular polarization McT metal-oxide semiconductor-controlled
LIDAR light direction (mdl ranging thyristor
LINC linear amplification with nonlinear MDS multipoint distribution system
components MEADS  medium extended air defense system
LMCs locull multipoint communications system MEMS microelectromechanical system
LMDS local multipoint distribution system MESFET  metal-semiconductor field effect transistor
LMS location and monitoring services MEO medium earth orbit (satellite)
LNA low noise amplifier Mic microwave integrated circuit
LNB low noise block Mic monolithic integrated circuit
LNBF low noise block feed MIDAS multiple integration and defense
Lo local oscillator communications satellite network
LOS line of sight MM metal-insulator-metal (capacitor)
LPE lowpass equivalent Mmimic Millimeter-wave and Microwave Integrated
LPF lowpass filter Circuit (R&D program)
Lpi low probability of intercept MIPS million instructions per second
LRL line-reflect-line (calibration) MIR microwave impulse radar
LRRM line-reflect-reflect-match (calibration) MLA microwave link analyzer
LsB Jeast significant bit MLB multilayer board
LSG large-signal gain MLC main lobe clutter
Lst large-scale integration MLCM multilevel coded modulation
Lrcc low temperature co-fired ceramic [Continued on page 139]

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

A 1 GHz update rate and 32-bit resolution give the STEL-2375A the highest
performance of any digital synthesizer available. Originally designed for creating
high fidelity, long duration chirp waveforms in radar and guidance systems, its
uses are limited only by your imagination — particularly when coupled with our

stand alone 2375STF interface module and PC

Xy, ITT Industries
Microwave Systems
Enghsoerad fon life

compatible control software. Visit our web site

for all the details. www.ittmicrowave.com

7T Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 + 978-441-0200 * wwwittmicrowave.com
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MLDD
MMC
MMCA
MMDS
MmI
MMI
MMIC
MMV
MOCVD
moct
MODEM
MoM
MOs
MPEG
MPIE
MPM
mow
MQW-FP

Ms
MsB
MsBVW
MsC
MSFVW
Msi
MSK
MSMT
Mmsop
MsS
MsSW
Msw
MTA
MTBF

matched-line directional divider
metal-matrix composite

microwave mulﬂjup assemnbly
multichannel multipoint distribution system
man-machine interface

multimedia interface

microwave monolithic integrated circuit
millimeter wave

metal-organic chemical vapor deposition
mu]ti—ol&(‘r cancellation technique
modulator/demodulator

method of moments

metal-oxide semiconductor

Motion Picture Experts Group

mixed potential integral equation
microwave power module
multi-quantum well

multi-quantum well Fabry-Perot optical
transmitter

mobile station

most significant bit

magneto-static backward volume waves
mobile switching center

magneto-static f%mvan] volume waves
medium scale integration
minimum-shift keying
micro surface-mount technology
mini(micro) small outline pm‘kav?
mobile satellite system (service)
magneto-static surface waves
magnetostatic wave

microwave transition analyzer
mean time between failures
moving target detection

moving target indicator

mean time to failure

mean time to repair

minimum stability factor
multiplexed network for distributed
and interactive services (UK)
multiplexer

MVDS
NADC

NA
N-AMPS
NAVSTAR

NEC
NEMA

NFA
NGA
NGSO
NIC
NIST

NMC
NMOs
NMR
NMSE
NMT
NODS
NPR
NPRM
NQR

NSA

multipoint video distribution system
North American Dual-Mode (or Digital)
Cellular

numerical aperture

l\urro\vlmml{ Advanced Mobile Phone
System

Navigational Satellite Timing and Ranging
system

numerical electromagnetic code
National Electrical Manufacturers
Association

noiseless feedback amplifier

noise gain analyzer

nongeostationary orbit

network interface card (WLAN)
National Institute of Standards and
Technology

network management center

n-channel metal-oxide semiconductor
nuclear magnetic resonance

normalized mean square error

Nordic Mobile Telephone system

near obstacle detection system

noise power ratio

notice of proposed rule making

nuclear q\nd[r)uple resonance

nonreturn to zero

normalized site attenuation

near-field scanning optical microscopy
National Standards System Network
National Television Systems Committee
optical admittance diagram

open area test site

onboard unit

orthogonal code division multiple access
optically controlled phased-array radar
oven-controlled crystal oscillator
optoclectronic integrated circuit
original equipment manufacturer

orl Lhoqonq frequency division umlnplu

[Continued on page 141]

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 dBc/Hz at 10 KHz offset, and a spurious
output of <-50 dBc. The device measures 9.5” x 6.0” x 1.39" and utilizes

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

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

ITT Industries
Microwave Systems
Enginecred for e

11T Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 + 978-441-0200 » wwwittmicrowave.com
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From e
liwatts to
Megawatts o

@ TRAVELING WAVE TUBES
@ MAGNETRONS

@ PASSIVE COMPONENTS
@ LOW NOISE AMPLIFIERS
@ INTEGRATED MICROWAVE

-
Microwave
@ COMPLETE FRONT ENDS

FOR:

& AVIONICS
DEFENSE

& COMMUNICATIONS
MEDICAL
INDUSTRIAL.

om n n @ CUSTOM DESIGN PRODUCT DEVELOPMENT
@ WORLD CLASS CUSTOMER & PRODUCT SUPPORT

Shopping for microwave products couldn’t be easier. Marconi is world renowned as
the company with a wide range of components across the entire microwave spectrum.
Now with the integration of solid-state activities Marconi can offer even more

innovative integrated solutions for your requirements.

- USA

CANADA

one: (914] 592 6050
imile: (914] 592
ol free: 1-800 342 5

Telephon
Facsimile: (9051678 7726 Facsimile: +14 (011245 4
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OFHC oxygen-free high conductivity (copper) (portable computing)
OFs operational fixed service PDC personal digxtes cellular
OHI one-horn interferometer PDF probability distribution function
OoMC operations and maintenance center PDH plesiochronous-digital hierarchy
OMT orthogonal-mode transducer PDIP plastic dual-in-line package
00K on-off keying PDO packet data optimized
OPBO output power backoff PEBB power electronic building blocks
orip output power intercept point PEC perfect electrical conducting
OPLL optical phase-locked }()t)p PECL positive/pseudo emitter-coupled logic
OQPSK n% set quadrature phase-shift keying PECVD  plasma-enhanced chemical vapor deposition
osl open systems interconnection PEEC partial element equivalent circuit
OTDR optical time domain reflectometer PEP primary entry point
OTH over the horizon PEP peak envelope power
PA power amplifier PFD phase/frequency discriminator
PAA phased-array antenna PHEMT  pseudomorphic high electron mobility
PABX private automatic branch exchange transistor
PAC perceptual audio coder PHP personal handyphone, JPHP
PACS personal access communications system (Japan,1895.15 to 1905.15 MHz)
(US version of PHS) PHS personal handyphone system (Japan)
PACT personal air communications technology PHY hysical layer (WLAN)
PAE power-added efficiency PIC photonic integrated circuit
PAL programmable array logic PIM passive intermodulation
PAL phase-alternation line (video) PIN positive-intrinsic-negative (diode junction)
PAM pulse amplitude modulation pLCC plastic leaded chip carrier (molded plastic)
PAMR Public Access Mobile Radio pPLD programmable logic device
PAN public access network PLD pulsed laser deposition
PBG photonic bandgap PLF polarization loss factor
PBX private branch exchange PLL phase-locked loop
pPciI peripheral component interconnect (bus) PLMN private land mobile network
PCIA Personal Communication Industry PM phase modulation
Association PM polarization-maintaining (optical fiber)
pPcM pulse code modulation PMC perfect magnetic conducting
PCM process control monitor PMD polarization mode dispersion
PCMCIA  Personal Gomputer Memory Card PML perfectly matched layer
International Association PMOS positive metal oxide semiconductor
PCN personal communications network PMR Private Mobile Radio
PCs personal communication service PN pseudorandom noise
pcu power conditioning unit PNF planar near-field (range)
PD predistortion PON passive optical network
PD pulsed Doppler POCSAG  Post Office Code Standardization Advisory

PDA personal digital assistant Group (paging)

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 canit 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
outputs. Visit our web site for more details. '.HJSSQ‘ ?ﬁ?!‘%?
www.ittmicrowave.com e

available up to 20 GHz with several fixed frequency

ITT Industries, 59 Technology Drive, Lowel, MA 01851 =
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POF plastic optical fiber
POFs private operational fixed service
POs Post Office Protocol

POTS plain old telephone service
pPPM periodic permanent magnet (focused)
PPM pulse position modulation

PPs precise positioning service (GPS)

PQFP plastic qlmd flat pack
PR pseudorang
PRAS. i by orbitseeis

PRF pulse repetition frequency

PRN pseudorandom noise

PROM programmable read-only memory
PRT planar resistor technolog

PSA polysilicon self-aligned ( %:qwol ar transistor)
PsD power spectral density

PSK phase-shift keying

PSMM pilot strength measurement message
PSTN public switched telephone network
PTFE polytetrafluoroethylene

PTH plated-through hole

PTO

public te lecommunications o]p( rator
PTT post, telephone and telegraph (Europe)

PWM pulse width modulation

P1dB power 1 dB compression point

QAM quadrature (quaternary) amplitude
modulation

QIFM quadrature intermediate frequency mixer

QPSK quadrature phase-shift keying

QRNS quadratic residue number system

QsoP quality small outline package

Qwip qumnum well infrared photodetector

QWR

RACH S

RADAR  radio detection mul ranging

RAIM receiver autonomous integrity monitoring
(GPS)

RAM radar-absorbing material

RAM random access memory

RAP radar-absorbing paint *

RAS radio astronomy synthesis

RBC radiation boundary conditions
RBER residual bit error ratio
RBW resolution bandwidth

RCS radar cross section

RDS radio data system

RELP residually excited linear predictive coder
RF radio frequency

RFID radio frequency identification
RFMU radio frequency monitoring unit
RFS radio frequency simulator

RHCP right-hand circular polarization
RIE ve ion etch

RIN relative intensity noise

RISC reduced instruction set computing
RL rotating linear (antenna pattern)
RLL radio local loop

RMS root mean square

RNSS radio navigation satellite service

[Continued on page 144]

Plan to attend the 1EEE-APS Conference on Antennas and
agation for Wireless C munications (APWC’OOOP for

e developments

se of llm con-

engineers with an up-

lems and soluhom in antennas and

apidly expanding

O Smart Antennas

© Microstrip Antennas for Wirele:

o Antennas for PCS, WLL, WLA! RFID LMDS, GF
o Mobile Antennas and Vehicle Modeling .

© Human Interactions with Antennas

< Indoor/Outdoor Propagation

© Base Station Antennas

_* Smart Antennas

The Conference will feature twenty-minute presentations,
invited papers and an exhibition. The exhibition will in-
clude manufacturers of antennas and related components
for wireless systems and applications.
The following Short Courses will be offered:
Sunday, November 5: 1 py to 5 Py
* Microstrip Antennas

Dr. Rod Waterhouse
¢ Practical Considerations in the Design

of Antennas for Wireless Communications
Dr. Naftali Herscovici

* Tutorial on IE3D and Fidelity by ZelamlSoﬂware
Dr. Jian Zheng

Monday, November 6: 8 Au to 12 put
Modern Topics in Personal Col muhk.ﬂhm
Antennas: Design and Analysis Techniques

- Including Human Interaction
Prof. Yahya Rahmat-Samii

Prof. Christos Christodoulou
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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.
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

Tech n o logy system designed to simplify instru-

ment setup, speed calibration and

SO Far Adva nced’ s easurermentaceuracy Al

backed with a no-questions-asked,

You May 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
Fin ding Anyth i n g 1-800-ANRITSU or check out our
website at www.us.anritsu.com.
Anritsu’s New VNAs.

close- Light years ahead.

Linking =T
the

. /nritsu

Lightning Vector Network Analyzers
©2000 Anritsus Company Sales Offces: United Scates and Canada, 1-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446.111, Asia-Pacific 65-2822400, South America 55 (21)527-6922, huep://wwwanritsucom
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ROTHR relocatable over-the-horizon radar SGLS space ground link system

RP range processor SHF super high frequency

RRC raised-root cosine si ulating

RRE radar range equation sic ly implanted collector

RsSI mal strength indicator SIG Special Interest Group

RsU auto toll collecting) SIGINT  signal intelligence

RTD resistance-temperature detector (probe) SIM subscriber identity module

RTD roundtrip delay SINAD signal-to-noise and distortion (ratio)

RwoH reliability without hermeticity sip single inline package

RWR radar warning receiver SIR stepped impedance resonator

RX i sis signal in space

RZ SLE satellite link emulator

SA ! Y SLM spatial light modulator
(GPS error introduction/correction) SMi sample matrix inversion

SAR synthetic-aperture radar smp subminiature p

SAR search and rescue SmMp surface-mount pack

SAR specific absorption rate SMR specialized mobile radio

SAT supervisory audio tone SMS short message service

SATCOM  satellite communications SMT surface-mount technology
(Satellite Communications Agency, SNA scalar network analyzer
Department of Defense) SNIR signal-to-signal plus interference ratio

SAW surface acoustic wave SNR signal-to-noise ratio

SBAS satellite-based au%mentaﬁon system soi s|%20n on insulator

SBN single-sideband phase noise soic small outline integrated circuit

SCFL source-coupled tlleld effect transistor logic SOLR short-open-line-reciprocal (calibration)

scpi Standard Commands for Programmable soLT short-open-load-thru (calibration)
Instruments SONET  synchronous optical network

SCR iconductor-controlled rectifier (US telecommunications)

scsi mall computer standard/system interface sor small outline transistor

SDD symbolically defined device SP3 third-order suppression

SDH synchronous digital hicrarchy spc stical process control
(European telecommunication) sPi al peripheral interface

SDLA successive detection log amplifier SPRE satellite position reporting equipment

SDMA spatial division multiple ac sps .st;uuhu‘tllpnsitmning service (GPS)

SDR software-defined radio SPUDT single-phased unidirectional transducer

SDRAM  synchronous dynamic random access SRAM static random access memory
memory ss spread spectrum

SEAD suppression of enemy air defenses SSB single sideban

SEM anning electron microscope ssBW skimming bulk wave

SES ‘errored seconds ssD simultaneous signal detection

SFDR spur-free dynamic range 5SG small-signal gain

COMMUNICATIONS ANTENNAS

SEAVEY ENGINEERING offers: 51,000 Sq. Ft. Manufacturing Facility

* Manufacturing « Currently Ship 5,000 Antennas/Month
* Design/Development » CAD/CAM

* Anfenna Testing Services « Manufacturing Engineering
Testing Facilities: J.T. Delivery

.
* 100 - 4500 Ft. Outdoor Test Range * Fabrication & Machining
* Two Indoor Anechoic Test Chambers * CNC Machine Centers

* Heliarc Welding
.

—~ Waveguide Bending
v MANUFACTURING & DEVELOPMENT e
W Contact us for your anfenna manufacturing requirements. Front/Back Ratio

SEAVEY ENGINEERING ASSOCIATES, IQC. Subscriber Antenna

{ 28 Riverside Drive, Pembroke MA 02359 !
| E-Mail: ir -om e Web Site: http: na.com ~ Phone (781) 829-4740 e FAX (781) 8294590
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small-scale integration

shrink small outline package

shrink small outline transistor
solid-state power amplifier

single solufphdsc epitaxy

surface search radar

stable local oscillator

synchronous transport module

(1 STM =155 Mbps)

short takeoff, vertical landing (aircraft)
surface transverse wave

shared wireless access protocol
standing wave ratio

tape-augmented bonding

tactical air navigation system

Total Access Communications System
technical advisory group

towed active radar device

thallium barium calcium copper oxide

Traffic Alert and Collision Avoidance Syst

temperature coefficient of capacitance
hermal coefficient of expansion
channel

t

trellis-coded modulation
temperature coefficient of resistance
temperature-compensated crystal oscillator
time division dupfm

time domain duplex

time division multiple access
TDMQPSK time division multiplex quadrature

TRAK Microwave Lid

Acul coldrs not sho

e

TEC
TEM

ey

™

EEEEREEE IR

phase-shift keying

terminal Doppler weather radar
transverse electric

thermal electric cooler

transverse clectromagnetic
trans-European trunked radio (old name)
terrestrial trunked radio (new name)
thin-film transistor/technology

terrestrial flight telephone system
transmission line matrix

transverse magnetic

thermomechanical analysis
telecommunication management network
third-order intercept (point)
transmit/receive

Technical Regulations Application
Committee (of ETSI)

transimpedance amplifier

Technnfng\ Reinvestment Program (NIST)
thru-reflect-line (calibration)

transceiver

timeslot

tapered-slot antenna

thin small outline package

tangential signal sensitivity

true time delay

transistor-tra

TVRO teles
TWTA

DAMPS =
PCS1900
DCs1800
EGSM

= G3

e

w2

80 s 930
o

traveling-wave-tube amplifier

[Continued on page 147]

' ~
times it just isn't pretty.

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

TRAKS 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:

|

f

120
Atteniation (48]
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

requirements.

PA T

50
Retum Loss (d8]

So...is performance getting pretty ugly with your filter applications?

United States.

Ini

www.trak.com

JOURNAL ® OCTOBER 2000

Call TRAK today. Let5 talk about solutions.

We are experienced. w (

CIRCLE 185 ON READER SERVICE CARD

145



tay current with the at
titles in

EW 101: A First Course in
Electronic Warfare
David L. Adamy

m Brings together a sought-after
series of tutorials, from the Journal
of Electronic Defense, in one
comprehensive volume

m Includes new introductory and
supplementary material from the
author, giving you clear, concise and
well-illustrated examinations of
critical topics such as antenna
parameters, receiver sensitivity,
processing tasks, and search
strategies, LPI signals, jamming,
communication links, and simulation

m Defines key terms, explains how
and why particular technologies are
relevant to electronic defense, and
contains detailed charts, diagrams
and formulas that offer the practical
knowledge needed to apply specific
techniques in the field

Hardcover. Approx. 390 pp.
Available December 2000

SBN: 1-58053-169-5

Order Book No. MW001693  £61

Only £51 when you order
before November 30, 2000!

IH Artech House Books

)

Hultisensar

Multisensor Data Fusion and
Target Tracking
TECH REACH, Inc.

m Features a self-contained data
fusion short course on CD-ROM that
is suitable for self instruction or a
classroom setting, and is based on
the teachings of internationally
recognized expert Dr. David Hall

m Starts with fundamental material
and brings you to the leading-edge of
multisensor data fusion and target
tracking work currently underway

= Provides an introduction to data
fusion and target tracking; examples
of data fusion systems; an overview
of sensor technology and single
sensor processing; an examination
of sensor management; a look at
the role of man/human-in-the-loop;
and an assessment of the state of
the art

CD-ROM

Available January 2001
ISBN: 1-58053-140-7
Order Software No. MW001409
£340

Only £289 when you order
before December 31, 2000!

BOSTON » LONDON

46 Gillingham Street, London, SW1V 1AH, UK
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Electronic Warfare in the
Information Age
D. Curtis Schieher

m Delivers the latest concept:
threats associated with moder
electronic warfare (EW)and * & 2%
examines the newest radar and

communications threats b

= Gives you practical, "how-to - ¢
information on designing and
implementing ECM and ECCM
systems

= Guides in the development of
state-of-the-art ESM systems
designed specifically to exploit the.
vulnerabilities of modem radar,
identifies and evaluates the latest
ESM receiving equipment, and:
outlines advanced ECM met

Software d!
than 20 MATLAB® pro
help you solve the real-warld EW:
design problems presented at thi
of each chapter. One 3.5" IBM PC-
compatible diskette. £

Hardcover. 614 pp. 1999
ISBN: 0-83006-526-8
Order Book MW00526  £72
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B SPECIAL REPORT

™ transmit/transmitter VsB VMEDbus subsystem bus
uav unmanned aerial vehicles VSWR voltage standing wave ratio
UFMOP  unintentional frequency modulation WA voltage-variable attenuator
on pulse VXibus VMEDbus extension for instrumentation
um uni?orm impedance resonator WAAS wide area augmentation system
um unintentional modulation (GPS ground based)
umts Universal Mobile Telecommunications WADSP  wideband acquisition/digital signal
System (Europe) processing
U-Ni Unlicensed National Information WAN wide area network
Infrastructure wap Wireless Application Protocol
upr universal personal telecommunications WBMCS  wireless broadband multimedia
URE user range error communications systems
UsSAT nall aperture terminals W-CDMA  wideband code division multiple access
urc i Time, Coordinated wbom wavelength division multiplexing
uws ultrawideband WDDM  wavelength division demultiplexing
VANA vector automatic network analyzer WEP wired equivalent privacy
vBW video bandwidth WLAN wireless local area network
vco voltage-controlled oscillator WLL wireless local loop
vou video display unit XFCB extra-fast complementary bipolar
VHDL very high speed IC description language XPD cross-polarization discrimination
VISA virtual instrument software architecture XPIC cross-polar interference canceller
VLR visitor location register XpPoL cross-polarization level
vLSI very large scale integration YAG yttrium aluminum garnet
VMEbus  versa module Eurocard computer bus YBCO yttrium barium copper oxide
VNA vector network analyzer YIG yttrium iron garnet
VPN virtual private networks Y10 YIG-tuned oscillator
VSAT very small aperture terminal 3G third generation
VsB vestigial side band modulation 3GPP Third-generation Partnership Project

L
it's brilliant
) .
Its performance will make you shine too.
TRAKS compact delay lines offer stable performance with minimum
loss under all combinations of temperature and power. Custom

designed for high volume production, TRAKS delay lines are used in
linear, multi-carrier, feed forward amplifiers for wireless standards

including: G3 Delay Line Curve Insertion Loss Over Delay
12

2
= DAMPS 12.10) Insertion Loss. 04
1 s
= PCS1900 ' T
= G3
" a0
0 e s e w3y

TRAKS 12 ns delay line has an insertion loss of less than 0.5 dB and a
phase linearity of +/- 0. 5°, while handling up to 2000 Watts peak power
and sustaining a better than 20 dB return loss. With user specified delays
between 6 and 25 ns, TRAKS delay lines meet your most demanding
requirements.

So...do you want to put a shine on your performance?
Call TRAK today. Lets talk about solutions.

We are experienced.

v.trak.com
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he explosive growth of the Internet has
I ated an insatiable demand for com-
munications bandwidth by everyone,
from the Web-browsing individual in the
home office, to the multibillion-dollar corpo-
ration that is at a severe competitive disadvan-
tage without it. Although several broadband
access methods are now available, fiber optics
is still the primary vehicle for broadband con-
nectivity, particularly for communications traf-
fic over long distances. Even with the large
number of fiber-optic links already in place,
over 90 percent of the commercial buildings
in the US are still not served. This market rep-
resents an enormous opportunity for optical
networking system, module and component
manufacturers, and is the reason for the un-
precedented growth rates that are expected in
this market segment, some of which have al-
ready started to take shape.

Fiber-optic technology has made tremen-
dous progress in recent years with respect to
bandwidth and data capacity to support this
demand. Optical carrier (OC) systems have
quickly evolved from 2.5 Gbps (OC-48) to 5
Gbps (OC-96), and now 10 Gbps (0C-192)
systems have reached mass production levels,
which, not too long ago, were thought to be
impossible. However, the demand continues
to explode. Internet traffic is growing at a rate
of 200 percent per year and now exceeds the

A BROADBAND BiAS
TEE FOR OPTICAL
NETWORKING
APPLICATIONS

amount of voice traffic. In order to support
the necessary data applications, 40 Gbps (OC-
768) systems are already being developed and
prototyped for use in several long-haul and
transoceanic communications links.

However, 40 Gbps systems present entirely
new challenges because the overall speed and
performance of the components used in these
systems must be effectively increased four
times over existing 10 Ghps systems. In addi-
tion to the challenges associated with the opti-
cal components (such as laser diodes and pho-
todetectors), unique challenges also exist with
the RF/microwave components that are re-
quired to support these functions. Due to the
non-return-to-zero (NRZ) modulation meth-
ods used in these systems and the high fre-
quency performance needed to support the
desired data rates, RF/microwave components
must operate over an extremely broad fre-
quency range. ExumF]cs of passive compo-
nents that face this challenge are DC blocks
and bias tees that utilize frequency-dependent
components, such as capacitors and inductors.

The model 8810EF bias tce has been intro-
duced in response to the increasing market

[Continued on page 150]

INMET CORP.
Ann Arbor, M1
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PLL0930A 900-960 0.75° -130 . GSM

PLL1260A | 1230-1290 0.75° -123 l Terrestrial Radio

PLL1456A | 1420-1490 0.75° -125 l Wireless Local Loop

PLL2710A | 2670-2740 1.25° -117 MMDS/LMDS l
Your Next PLL OnlyA Phone Call Amlyl

r s _ Z~Communications, Inc.
o]

Learn more about Z-COMM’s PLL product
line by visiting our website: www.zcomm.com
for datasheets, outline drawings, tape & 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
CIRCLE 196 ON READER SERVICE CARD
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Fig. 1 Insertion loss and return loss
vs. frequency on a standard log scale. W

e S o
RETURN LOSS (dB)

G
53

A Fig. 2 Expanded high frequency detail.

demand for broadband RF/mi-
crowave components used in higher
data rate optical networking applica-
tions. The 8S10EF bias tee utilizes
24 mm connectors and is targeted to
operate over the 100 kHz to 50 GHz
frequency band. Since a low cost de-
ugn approach was the f()(.us from the

of product development,

150 g CIRCLE 38 ON READER SERVICE CARD

100k, 05 (i5p)

350Gt <30
SWB 2

t212 Gllz 1.3 (max)

. f>12GHz 1.8 (max)
DCvoltage (V) 16 (may)
DC cureént (mA) 250 (max)
Tsolation (dB)

f<14CHz > 40

f>14GHz >30
RF power (W) 5 (max)
RF connectors 24 mm
Dimensions (") 0.63 x 1.20 x 0.50

the 8810EF is priced very competi-
tively and can consequently be used
in the production of optical systems
and modules, as well as for test and
measurement applications.

CTT is deli

ering!
B 900 MHz - 80W
H 1.9 GHz - 80W
H 2.5-2.7 GHz - 40W
B Designs For:
* AMPS » TDMA
* CDMA ° GSM

A Fig. 3 DC-to-RF isolation performance.

Typical insertion loss and return
loss performance of the SSI0EF bias
tee is shown in Figure 1, where the
frequency is plotted on a log scale so
that the low frequency performance
is easier to distinguish. The graph
shows that the insertion loss at 100
kHz is still less than 0.5 dB and the
return loss is approximately 18 dB,
equating to an SWR of 1.3. Figure 2
shows the insertion loss and return
loss vs. a linear frequency range from
10 to 50 GHz. The 8810EF was de-
signed to handle 250 mA of DC cur-
rent so that it can be used to bias
higher current components (such as
transimpedance amplifiers) in addi-
tion to lower current components
(such as optical modulators). A sum-
mary of the product’s specifications is
listed in Table 1.

Figure 3 shows the typical isola-
tion performance of the bias tee be-
tween the DC and RF ports. The de-
vice typically exhibits better than 40
dB of isolation at the lower frequency
range and equals or exceeds 30 dB
over the entire 100 kHz to 50 GHz
bandwidth.

Although the 8810EF bias tce con-
sists of two female 2.4 mm connectors,
other sex configurations are available
(for example, male/female combina-
tions). There are also plans to offer
this bias tee with 2.9 mm connectors
for 40 GHz applications, as well as
with a variety of connectors used for
injecting the DC bias. The model
8810EF uses an SMA connector for
the DC bias; however, an SMC con-
nector can also be provided in addi-
tion to the option of two terminals for
voltage and ground. Additional infor-
mation on broadband bias tees and
other broadband components such as
DC blocks, DC blocking terminations
and attenuators can be obtained via e-
mail from clindberg@inmetcorp.com.

Inmet Corp.
Ann Arbur, m (734) 426-5553.

Circle No. 302
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Now up to 500mA DC current 100kHz-6GHz

With Mini- you can DC connect to the RF port of an active
it —<F propertie: I’\‘Oduh apply o an
ore! Using statistical p ol plus combining

ut saturation and
3 to1/4 the

Mini-Circuits...we're redefining what VALUE is all about! Jocies, FT Mosils Have Foedlhrough Termin

Ll M|n|-C|rcmts

P.0.Box 350166, Braokyn, New York {1235-0003 (718) 934-4500 Fax (718) 332-4661 For guick acoses to pmduc\m«ormuun




A Antenna Catalog
This 114-page catalog describes several anten-
nas, including omnidirectional, scetor, dual po-
larization, patch, parabola, Yagi, inverted, cel-
lular phone, ceramic, retractable, dual-band,
CT2 base station. half-wavelength sleeve di-
pole, dual-band magnetic and GPS. Product
photographs, characteristics, and electrical and
mechanical specifications are included. An en-
vironment test engine report, glossary and
companyproflear o provided
AGE Technology,
Chatsworth, CA (818) 718-1534.

Circle No. 310
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A Product Catalog

This 752-page catalog is a complete reference

riptions, specifi
tions, planning guides, technical data and sys-

AEl Fe Ve =

Functional Test Products

and Services Catalog

This 65-page catalog contains detailed informa-

tion on the company’s test system components,

accessories and support services, which can

help test ineers reduce the cost of building

test systems. Product descriptions, specifica-

tions and photographs are included

Agilent Technologies Inc.,

Palo Alto, CA (800) 452-4844, ext. 6494.
Circle No. 311

A Component Catalog

This 40-page catalog provides complete fea-

tures, specifications and applications for the

company’s full line of adapters, attenuators, ter-

minations and connectors. Components, inchud-

ing instrumentation-grade adapters, precision
from

tem planning soltware ation are provid-
ed. cover broadband antenna
products. PerforMax™ base station antennas,
\a]u[ ine® antennas and ISM, MMDS and
UNIL band passive products.
Andrew Corp.,
Orland Park, IL (800) 255-1479.
Circle No. 313
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high retum loss
DG to 65 GHz and precision terminations, as
well as microwave detectors, power dividers, RF
Innmn and bias tees, are highlighted
itsu Co.,
Micmwaﬂe Measurements Division,
Morgan Hill, CA (800) 267-4878.
Circle No. 314

A RF/Mi IMT:.

Selection Guide

This brochure includes all of the company’s

products from DC to 40 GHz, including thou-

sands of high performance, low cost RF, mi-

crowave and millimeter-wave products designed

for telecomumnications applications. The guide

is designed so the customer can quickly find the

right product for any requirement.

Alpha Industrie:

Woburn, MA (781) 935-5150.
Circle No. 312

A Test and Measurement Solution
Product Guide
This full-length product guide details power
meters, peak power meters, RF voltmeters,
VXI products and power sensors that can be
used in many commercial and military applica-
tions. Included are descriptions and specifica-
tions of the company’s fumily of peak power
meters/analyzers, including the n)ml(l 44004,
model 4500A and 4530 series.
Boonton Electronics Cos
Parsippany, NJ (973) 386-9696.

Circle No. 315
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AMPLIDYNE, INC.
“Amplifiers. .. Meeting the Demands
qt iqulav's Wireless Industry”

iiE

Multicarrier Linear Power Amplifiers
Amplidyne’s multicarrier amplifiers operate in the
NMT450, PCS1900 and DCS1800MHz bands.
Features:

* Plug-in Modular Construction

* Very Low Intermodulation Distortion

» High Efficiency
Amplidyne’s Products:

PCS/Cellular Communications

* NMT450 - 65W Modules

« Cellular - 50W Modules

* PCS - 40W Modules

* Single Channel

* TDMA

« Bi-directional Tower Top Amplifiers

Amplidyne’s AMPWAVE™
AmpDLink™ & AmpDNet™
HIGH SPEED WIRELESS INTERNET
SYSTEM SOLUTIONS

Amplidyne’s indoor/outdoor
wireless solutions provide your
total wireless internet access.

For additional information call Amplidyne today.

AMPLIDYNE, INC. Wireless Communications

com * Web:

59 LaGrange St., Raritan, New Jersey 08869 * Tel.: 908.253.



mailto:sales@amplidyneinc.com
http://www.amplidyneinc.c
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CATALOG UPDATE

A Wireless and Microwave Filter
Product Brochure
This eight-page brochure features m.u;nu( hlr
ters, receive filters, duplexers, 2.4/5.8 G
dio products, delay filers, integrated assem-
blies, combline cawt) filters, interdigital cavity
filters and waveguide filter products. An
overview of the company, product descriptions
and photos, and ordering and shipping infor-
mation are included.
ClearComm Technologies Inc.,
Salisbury, MD (410) 860-0500.

Circle No. 316

A Frequency Control

Product Catalog

This 96-page catalog features detailed informa-
tion on the company’s recently expanded line
of products. A complete listing of distributor
stocking standards is provided, with a policy

A Microwave Switch Catalog

This 16-page catalog features the company’s
i

various N and TNC connectorized
switches. Specifications, available options,
schematics, outline drawings and product pho-

tos are given for each component.

specifications, instructions on cons

part number, definitions and notes are also

provided,

DB Products Inc.,

Pasadena, CA (626) 449-3790.
Circle No. 317
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A Filter and Subsystem Catalog

‘This 96-page catalog features filters and sub-
systems from 30 kHz to 40 GHz. With a strong
emphasis on the wireless market, the products
include filters, duplexers, combiners, power di-
viders, couplers and subassemblies. Product

A Miniature Voltage-controlled
Oscillator Catalog

This 32-page catalog describes various ELCO
and EVCO series VCOs. Information on care,
chniques and assembly is inchided
catures, outline drawings and notes
Specifications, common questions, instructions
on creating a model number, and quote and or-
der information are also provided

[Emhiser Micro-Tech (EMT),

Verdi, NV (775) 345-0461.

Circle No. 318

A Custom Microwave

Cable Assembly Catalog

This cight-page catalog features SMA-M,
TNC-F bulkhead and SMA-M 90° cable as-
semblies. In-depth product descriptions, draw-
ings, specifcations, qmmmm performance
“insertion loss

that none of the standards is noncancellable phatos, electrical and specifica-
and ble (NCNR) to distril or tions, p mance curves and an
OEMs. reference section are included.
Fox Electronics, FSY Microwave Inc.
Fort Myers, FL (888) 438-2369. Columbia, MD (410) 381-5700.
Circle No. 319 Circle No. 320
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vs. froquency” graphs are included. A company
overview is also provided,
Kaman Aerospace Corp.,
Colorado Springs, CO (719) 635 6954.
No. 321
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A Isolator and Circulator Catalog

This 38-page catilog details a variety of isola-
tors and circulators available in coasial, wave-
guide, drop-in and surface-mount config
tions covering the 300 M1z to 40 GH7, fre-
quency range. General information, clectrical
specifications, mechanical specifications and
schematics are provided. A mail-back “request
for quote” form is included
M2 Global Technology Lid.,
San Antonio, TX (210) 561-4800.

Circle No. 322

A SiO; Cable System Broch

CATALOG UPDATE

A Automated Tuner System
Brochure

This 16-page brochure details the Jatest fea-
tures, options and applications available with
the company’s antomated tuner system. Fea-
tures include Windows* S/NT-compatible
software, dynamic prematching, interpolated
tuning and optimum parameter scarch. Also
featured are the prematch and harmonic
nthesis and post-analysis soft-
4 mm\ic tuner controller

Ontario, CA (909) 981 Y.
Circle No. 323

A Waveguide Subsystem

This six-page brochure features RF coaxial and
multiconductor transmission lines and SiO; ca-
ble and connector systems for nuclear applica-
tions and

2400 firey proof cables. Product pho-
well as fea-
fications, applications and full
descriptions. Installation and customer support
information is also provided

Meggitt Safety Systems Inc.,

Simi Valley, CA (805) 584-4100.

Circle No. 325
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and C Catalog
This 45-page catalog features various wave-
guide subsystems and components, including
flexible waveguide: plane bends; flange
adapters; tapered transitions; bulkhead flanges;
low, medium and high power terminations; E-
and H-plane tees; hybrid tees; coasial adapters:
standard gain horns: shorting plates: pressure
windows; waveguide {langes; and alloys
Mesa Mu.mu‘m/e Inc.,
San Diego, CA (800) 739-9173.

ircle No. 326

A RF, Microwave
and Millimeter-wave
Product Brochure

This brochure features information on DML
Microwave Ltd., Inmet, KDI/Triangle,
Metelics and Weinschel. Product offerings and
photos arc included for each company. A cor-
porate profile and description are also feu-
tured, as well as a worldwide design and manu-
factur
MCE Companies In
Ann Arbor, MT (734) 126 1230.

Circle No. 324

A Hand-formable Microwave
Cable Brochure

This six-page brochure features the UTIFORM
family of tin-dipped, hand-formable microwave
cables, economical alternatives to semirigid
and flexible cables. All mechanical and electri-
cal characteristics of the cables are provided in
easy-to-read charts. Graphs are also inchided
to illustrate the cables’ insertion loss, shielding
effectivencss and power handling,
MICRO-COAX,
Collegeville, PA (500) 223-2629.

Circle No. 327
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Yin and yang. Light and darkness. Technology

and the knowledge to use it While the latter may not seem cruc the average

- persan, to you it is life. Which is why we will be there. With the right technology. The

eed to give you the

right insight. At the right time. You'll get the attention yo!

, when

freedom you want. The commitment, frankly, you deserve. The support t

with ical i , yields bafence. Because, as we all know,

“without balance, you cannot stand alone

Agilent Technologies
Innovating the HP Way
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CATALOG UPDATE

A Voltage-controlled Oscillator
Short-form Catalog

This five-page catalog features a full voltage-
controlled oscillator selection guide, which lists
cach product’s ful] specifications by model num-
ber. Information on product applications, design
and performance, assembly and testing is pro-
vided, as well as package ontline drawings.
Modco Inc., Sparks, NV (800) 672-4552.
Circle No. 328

A Radar and RF Product Catalog
This 28-page catalog contains information on
radar systems and RF products, including the
AN/MPS-19 S-band mobile tracking system
designed for precision instrumentation tra
ing and drone control. Also featured are many
radar systems, RF packages and microwave
tubes. Test and engineering capabilities arc de-
scribed. Product photos and specifications are
provided
Radio Research Co. Inc.
Waterbury, CT (203) 753-5840.

Circle No. 331
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A Component, Network
and Instrument Catalog
This 648-page catalog offers the latest in high
performance comporents, networks and in-
struments. The company’s complete product
line appears in the catalog, and is presented in
six primary categories: wireless products,
clectromechanical RF switches, passive com-
ponents, active components, RF radiation safe-
ty products and power meters/monitors.
Narda-an L-3 Communications company,
Hauppauge, NY (631) 231-1700.

Circle No. 329

A Microelectronic Packaging
Solution Catalog
This catalog describes the company’s Plated
Copper on Thick Film (PCTF)™ proprietary
manufacturing process, which combines pat-
terned copper-plated images with air-fireable
thick films on ceramics for the manufacture of
metallized substrates, chip carriers and pack-
ages. Special featurcs, compatible assembly
methods and typical packaging solution exam-
ples arc also described.
Remtec Inc.,
Norwood, MA (781) 762-9191.

Circle No. 332

A Buried Single-layer Capacitor
Catalog
This six-page catalog features Buried Single
Layer™ capacitors and provides general size
information, capacitance ranges, available test
methods and characteristic graphs. Product
specifications, features, applications and a
“how to order” chart are also provided.
Presidio Components Inc.,
San Diego, CA (858) 578-9390.

Circle No. 330

A Coaxial Connector Catalog

This 120-page catalog features a full range of
standard and RF custom coaxial connectors,
including 400 new items. More than 2000
coaxial products, including cable assemblies,
connector kits, Unidapt” universal adapter

products, cellular products and hand tools, are
described. Product specifications and pho-
tographs are included

RF Connectors,

San Diego, CA (800) 233-1728

0r(858) 549-6340.

Circle No. 333
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new

breakthrough surface mount solution

2GHz-10GHz Performance!

Now, for the first time, you can use efficient
tape-and-reel production for microwave
applications using 2GHz-10GHz PIN an
Varactor diodes. The secret is

Microsemi's breakthrough Microwav:
& Monolithic Surface Meunt (MMSM)
o package. It's patent-pending flip-chip

design saves precious board space, too.
MMSM dimensions éi;e near microscopic:
& 0.020 X 0.040 X 0.015 inches!

" Call us at (978) 442-8600, or visit our web
& site, for%mplete MMSM specs as well as
o~ information on the full range of Microsemi’s

. microwa;:ye PIN, 2: MMSM™ package

ﬂ bs Varactor and Schottlggf N

diodes. Ceramic.

/ Glass. Chips.

Surface Mount.

&
@* Your éhoice.
M 4

actual size

You'll be impressed.

s

Microsemi

a network of semiconductor technology

CIRCLE 88 ON READER SERVICE CARD
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A Antenna Design
and Development Catalog
“This catalog presents hundreds of new anten-
nas along with standard products that are avail-
able from stock or for near-term delivery. Sec-
tions feature antcnnas, antenna feeds, special-
ized microwave components, microwave
subsystems and testing services.
Seavey Engineering Associates,
Pembroke, MA (781) 829-4740.

Circle No. 334

A RF/Microwave Component
Catalog
This 90-page catalog features the company’s
complete line of RF/microwave components
including bandpass filters, diplexers, coaxial
resonators and dielectric resonators. Product
specifications, application notes and technical
drawings are included
Trans-Tech Inc.,
Adamstown, MD (301) 695-9400.

Circle No. 337
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A Specialty Materials Catalog

This 16-page catalog details the company line
of specialty materials such as urethane foams,
electrohminescent lamps and inverters, indu-
flex laminates, PORON silicone materials,
R/flex flexible circuit materials, RT/duriod and
TMM high frequency circuit materials
RO4000 and RO3000 ligh frequency circuit

W:yov.ﬂm“

A Product Catalog

This catalog features solid-state amplificrs, fre-
quency converters, power dividers and instru-
mentation systems. Specifications, electrical
characteristics, product outlines, descriptions,

materials, elastomer and compos-

ite materials. Applications, markets, material

details and key properties are listed for cach

product

Rogers Corp., Rogers, CT (800) 774-9605.
ircle No. 335

te

A Coaxial Connector Catalog

This catalog details a wide range of RF coaxial
connectors and a linc of adapters and custom-
designed cable assemblics. 1t features quick-
disconnect connectors that correspond to LC,

C, S, BNC and TNC types, super-quick de-
sigs for sputtering, wafer processing and high
power applications, and quick-change types [c
use with wattmeters and other high power test-
ing and monitoring equipment

Tru-Connector Corp.,

Penborh, MA (s{m) 262-9878

or (978)

Circle No. 338

photographs, applications aud features are in-
clnded. Corporate information and descriptions
of the company facilities are also provided

Shason Microwave Coy

p.
Webster, TX (281) 526-0536.

A Thin-film Circuit Device
Catalog
This 12-page catalog features thin-film circuit
ubstrate
metallization
schemes, sheet resistor designs, plated thru
holes/slots, filled via products, layout
sign guidelines, and a checklist. Product speci-
fications, applications and outline drawings arc
included. A “request for quotation” form is also
provided
UltraSource Inc.,
Hollis, NH (603) 881-7799.

Circle No. 339

devices. Included in the catalog

and de-
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IN FILTER SYNTHESIS PERFORMANCE

Hi g h Pe rfﬂ rmance and Contro | . That's what you get with Eagleware’s new direct synthesis
filter program, S/FILTER™. From arbitrary transmission zero placement, to unequal termination impedances, to optimized
custom designs, S/FILTER does it all ... directly from your specified design criteria.

You're in control of response shape, element values and topology. So break free from normal filter design limits and:

- synthesize multiple solutions per design - apply transforms to create custom designs
- maximize realizability based on your goals - maximize economy: place zeros where needed

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

So Grab a Seat and Hold On! with modules priced at $2490, they're flying fast. And so will your design.
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A 2000 Product Catalog

This 16-page catalog features voltage-controlled
oscillators, ceramic resonator oscillators, phase-
locked loops, fixed-frequency oscillators and
synthesizers. An engineer’s notebook, applica-
tions notes, definitions, and tape-and-reel infor-
mation are included. Complete product descrip-
tions, specifications, applications, features and
photographs are provided.
Universal Microwave Corp.,
Odessa, FL (877) 375-9332.
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A Micr

and RF C t
and Subsystem Catalog

This 224-page catalog features microwave and
RF components and subsystems, including
coaxial fixed attenuators, terminations and loads,
phase shifters, programmable attenuators,
SmartStep components and subsystems, power
splitters/dividers, directional couplers and coaxi-
al adapters. Product descriptions, specifications
and photographs are included.

Weinschel Corp.,

Frederick, MD (800) 638-2048

or (301) 846-9222.
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CATALOG UPDATE

A C ;,: <, =af A (N
Catalog
This 13-page catalog features special frequen-
cy conversion and frequency generation mod-
ules. Product photographs, diagrams, schemat-
ics, performance specifications, performance
graphs, programming calculations and outline
drawings are included. Packaging and installa-
tion information is also provided.
Vari-L, Denver, CO (303) 371-1560.

Circle No. 341

A Microwave Product Catalog
This 12-page catalog features a company intro-
duction, business focus description, technology
overview and product descriptions, including
comb generators, crystal stabilized sources,
multi-channel sources, frequency multipliers,
frequency synthesizers and converters, re-
ceivers and microwave subsystems. Product
photographs, specifications and key features
are also provided.
Zeta, San Jose, CA (408) 434-3600.
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A 2000 Product Catalog
This 525-page catalog covers telecom and en-
terprise networks, multimedia and wireless. It
describes test solutions for development, man-
ufacture, installation, maintenance and repair
of systems and networks for transmitting
speech, data and images. A company overview
as well as product photographs, specifications,
applications and full descriptions are included.
Wavetek Wandel Goltermann,
Eningen, Germany +49 7121 86 1616.
Circle No. 342

A Engineer’s Survival Kit

This survival kit is intended for use with inter-
ference control and includes a variety of prod-
uct samples such as foam absorbers, MA-
GRAM and new EMI materials, as well as a
new capabilities brochure. These samples can
be used in prototyping the user’s next design.
ARC Technologies,
Amesbury, MA (978) 388-2993.
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A High Frequency Electronic
Design Automation Brochure
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Applied Wave Research In
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Dow-Key Microwave
Switch Matrix

Dow-Key Microwave’s Coaxial Switch
Matrices make it easy for you to meet the
demand for high speed, multi-source
information switching. Our Non-Blocking
Switch Matrix product line will enable you to
capture and redirect signals with
minimum distortion and maximum ease.

Dow-Key engineers focus on
providing optimized routing
designs and use our own low
insertion loss switches to deliver the
. cleanest signal from input to output
over the DC to 26.5 GHz range.
Whether your system requires the
highest level of reliability or must
meet the price demands of the
commercial market, Dow-Key will
_ design a customized Switch

Matrix to meet your needs with a

control interface to match your
L system whether it be a CANbus,

S-232, RS-422, or GPIB.

Our expertise and experience in
supplying matrices to secure
networks, SatCom, direction finding,
eavesdropping, broadcast, and ATE
provides you with a broad line of
products and optimized designs. We offer
remote control interface options and
premium components all carefully
assembled in a rugged, rack mount chassis.

For uniquely and superbly engineered
designs that meet and exceed market
demands, for unprecedented customer
service and on-time delivery, for the highest
quality product with unsurpassed reliability
at the right price, Dow-Key Microwave
is your solution.

DowKey° Microwave

ORPORATION
4822 McGrath Street Ventura, CA 93003
Tel: (805) 650-0260 * Fax: (805) 650-1734
Visit at www.dowkey.com.
A COMPANY
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RF DiGITAL
ATTENUATORS

IN PLASTIC
MLP PACKAGES

adband digital attenuators have been
B| ed to set power levels in RF and mi-
crowave circuits for many years. The
concept is to electronically switch resistive T
and TI networks to attenuate and control sig-
nals. In doing so, attenuators must have low
insertion loss, generate accurate (flat with fre-
quency) attenuation levels, maintain low input
and output SWR for all attenuation levels,
produce low spurious signals, consume low
DC power and switch very quickly. Although
the basic “switched pad” circuits are well
known and very useful, recent
developments in GaAs MMICs
and plastic packaging technolo-
gies have expanded operating
frequencies while reducing
physical size and costs.

Using this GaAs MMIC
base, a family of digital attenua-
tors producing five- and six-bit
formats with least significant bit
(LSB) weights of 0.5 and 1 dB
have been developed in various
package platforms. Initially, the

166

product line consisted of multichip GaAs
MMIGs and silicon-based CMOS application-
specific IC (ASIC) drivers packaged in ceram-
ic flatpacks. For example, the model AT-263
attenuator utilizes a five-bit, 1 dB LSB MMIC
in the RF path and two quad drivers to per-
form the interface for the TTL control signals.
Its sister component, the model AT-283, has
the same structure except the MMIC has a 0.5
dB LSB. The six-bit attenuators (models AT-
106 and AT-107) employ five-bit MMICs with
an additional dual-bit 16 dB MMIC connect-
ed in series to create the sixth bit. The 16 dB
MMIC can be wirebond configured to pro-
duce a most significant bit (MSB) of 16 or 32
dB as the application requires. Figure 1
shows the interior views of five- and six-bit ce-
ramic attenuators. For reference, the AT-106
attenuator with its four semiconductor chips
occupies a total package area (body and leads)
0f 0.450" x 0.650" (11.4 x 16.5 mm).

[Continued on page 168]
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B prRODUCT FEATURE

ceramic package. This path effectively be-
gins at the end wirebond and ends at the
PCB ground. Ceramic packages, with
their electrically grounded base and short
EGP lengths, produce excellent RF per-
formance up to 2.5 GHz. However, these
packages have higher costs compared with
- plastic small outline integrated circuit
(SOIC) devices, and that has resulted in

limited demand in high volume, low cost

applications.
To pursue the low cost attenuator

A Fig. 3 Cross scetion of an SOW package on a PCB.

Two important aspects for high frequency performance
are maintaining the impedance match for series (I/O) ports
and minimizing the shunt (GND) inductance. Unless the
MMIC designer specifically knows the final package in
which the MMIC will be placed, MMICs are designed as
stand-alone components. That is, the 1/O ports are designed
to look into 50 © networks while the die’s base and the sub-
strate it sits on
should be a low in-
ductance to
ground. For exam-
f ple, Figure 2
* shows the cross-

sectional view of

the effective
ground path (EGP)

for the MMIC in a

A Fig. 4 Sizes of the ceramic, SOW
and MLP packages.
W Fig. 5 Cross section of an MLP package on a PCB.

 wmesoND  Ecp(000T)
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T market, the family of attenuators was e;
panded to include SOW-16 and 24-lead
plastic packages. The AT65 series atten-

uators have reduced costs compared to the ceramic atten-

uators. However, the downside of transitioning to plastic
packages was an increase in insertion loss and SWR. The
additional lead inductance reduced the upper frequency
limit to 2 GHz. The 0.300"-wide SOW package has an

EGP that is approximately three times that of the ceramic

(0.143" vs. 0.500"), as shown in Figure 3. While the SOIC

plastic packages are perfectly acceptable for today’s GSM

and PCS telecommunication systems, they cannot support
tomorrow’s higher frequency applications or denser pack-
aging objectives.

PACKAGE SELECTION

To realize a low cost plastic attenuator for frequencies
beyond 2 GHz, the miniature leadless package (MLP) of-
fered by various package vendors was investigated. This
package platform offers low inductance I/O pads on a 0.5-
mum pitch. In addition, an exposed conductive center die
paddle provides improved RF grounding, which permits
operation at higher frequencies. Aside from the size re-
duction, the package’s main feature is that its cost is only
slightly higher than that of the plastic SOIC packages
Figure 4 shows the ceramic, plastic SOW and MLP pack-
ages of the digital attenuator family.

The MLP package, with its ability to have the lead-
frame and paddle soldered dircctly to the PCB, can pro-
duce an EGP that is 82 percent shorter than that found in
the referenced ceramic package. As shown in Figure 5,
the EGP is limited to the thickness of the 0.008" copper
leadframe. The outline for the 6.0 x 4.0 mm MLP pack-
age is shown in Figure 6.

'V Fig. 6 Outline of the MLP package.

[Continued on page 170]
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DIE DEVELOPMENT

Once the package format was se-
lected, developing ASICs and MMICs
to accommodate the MLP platform
became the next step. With typical
e footprints at 10 to 30 percent
SOIC packages, a total die
shrink for all internal components was
in order. The two drivers had to be
combined into a single hex driver, and
the single six-bit MMICs had to be de

veloped to replace the two MMICs in
the six-bit attenuators. Because new
MMICs were required, it was deter-
mined that they should be designed to
support much higher frequencies than
the previous devices. For this effort,
the upper frequency goal was in-
creased to 4 GHz. This range would
produce a respectable margin to en-
sure that the MLP attenuators would
operate to a minimum of 3 GHz.
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ASIC DRIVER

The MLP design effort began with
the development of the hex channel
ASIC driver, which meant increasing
the number of channels while reduc-
ing the die size. Adding two driver
channels was not an issue; however,
reducing the size of the (hr to the re-
quired area meant minimizing
drive capability. Specifications were
reduced from £25 mA to £1 mA with
the ability to drive 4 pF loads vs. the
original specification of 25 pF. By us-
ing smaller output FET junctions, the
hex driver was realized at a re-
spectable die size of 2.33 x 1.22 mm.

RF MMIC DEVELOPMENT

Four new MMICs were designed
using patented compensation tech-
niques.! Two five-bit, 1 dB LSB at-
tenuators were designed — one used
the standard 10-mil GaAs process,
while a second device was designed
with the advanced 4-mil GaAs via
process. Two six-bit MMICs (0.5 and
1 dB) were also designed with the 10-
mil proce:

The main difference between the
two GaAs processes is the method
used to connect the MMIC with cir-
cuit ground. In the 4-mil via process,
the ground returns are plated-
through vias. This configuration al-
lows the designer to use vias at spe-
cific ground points in the layout. In
the standard 10-mil process ground
points must be routed to 1/0 pads at
the edge of the die and wirebonded
to ground. The upside of the 4-mil
process is the extension of the upper
frequency limit. However, downsides
include lower yields associated with
thinner wafers and higher proc
costs due to the vias and ba
metallization process steps.

All of the GaAs MMICs were de-
ed with the aide of HP EEsof Se-
ries TV software and the company’s

5aAs MMIC design manual. Exten-
sive modeling was performed on all
designs to minimize insertion loss and
optimize the attenuation flatness of
the individual bits and their summa-
tion. During this process it was deter-
mined that the physical order of the
bits is very important to bt accuracy,
and must be optimized to minimize
sensitivity to external loading and bit
errors. For example, the optimum

[Continued on page 172]
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iy

A\ Fig. 7 The fice-bit, 1 dB, 4-mil, GaAs
MMIC layout.

physical order for the bits in the 4-
mil, five-bit attenuator is 16, 1, 2, 4
and 8 dB.
Another technique that lessened
the interaction of the bits was to add
25 pF decoupling capacitors to the
control lines on the larger bits. This
addition minimizes coupling between
the RF signals and control lines,
which improves the accuracy of the
bits. Tn addition, using the single
standard series FET cell for the in-
sertion loss path in the 16 dB bit lim-
ited the frequency performance. The
isolation of the single FET is too

10ss (dB)

— RF1-IL ~—— RF2-IL

— RFI-ATTEN — RF2-ATTEN
22

20

A Fig. 8 Performance of the 31 dB five-bit, 4-mil, GaAs MMIC.

close to the desired attenuation at
high frequencies. While a very small
FET could be used, its on resistance
would significantly increase the inser-

Hirose’s New Microwave Components

Hirose continues to enhance its half century of experience in radio-frequency devices by manufacturing
awide variety of leading edge microwave components.

‘These microwave components are now being used in a multitude of applications in servers, switching
stations, base stations, and in communication- satellte-, and location- equipment. By all standards, they
already meet our customers challenges and requirements for the next century,

+ Directional Couplers— Ceramic, with Connectors, Card. * Coil componenis— SMD, Relay Headers,
Flat pack, Hybrid. * Power Dividers/Combiners. * Mixers (double balanced).
Terminators— several types. ¢ Coaxial Switches, Line Stretchers, Variable Phase Shifters and Rotary Joints.
* Several Types of Terminators and Fixed Terminators.

Take advantage of Hirose':
microwave component experience!

USA. : Hir i A), Inc. | GERMANY : Hir

imi Vally, , 73760 Ostiidern -
(CAO0E5 + Phone; 1-805-522:7958 | Kemnat Phone: 46.711-460021
Fa 1:805-522:3217. Fax 497114360728

UKLTD.
Vincent Avene,
Crownhi, vmmm\esammmam
Phone: +44(0)1908 260616 » Fax: +44(0}1908 563309
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tion loss of the bit. To overcome this
dilemma, a series/shunt/series config-
uration was implemented. This struc-
ture allows the insertion loss to re-
main low while, at the same time, in-
creasing the isolation across the
series-switching FET elements. The
result is an extremely flat 16 dB bit.

In an effort to keep the die size as
small as possible, the impedance of
the internal transmission lines was in-
creased to 70 Q. This change allowed
the width of RF lines to be reduced
from 73 to 30 um while the SWR re-
mained less than 2 over most of the
band. The resultant die size was es-
sentially limited by the number and
position of the I/0 bond pads, and
not the internal circuitry. Figure 7
shows the die layout; Figure 8 shows
the measured results.

ASSEMBLY

Both the driver and MMIC dice
are attached to the grounded paddle
with epoxy. Unlike the ceramic and
SOW plastic devices that contain in-
ternal circuitry, interconnections be-
tween ASIC and MMIC dies utilize
direct die-to-die wirebonds. Exten-
sive testing has shown that this
method is an effective and reliable as-
sembly technique for interconnecting

die in small packages.

[Continued on page 174]
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selects the attenuation levels. Typical
switching speed is 35 ns with rise and
fall times of 5 ns.

The AT90-0001 attenuator contain-
ing the 4-mil via process die exceeded
expectations and is specified to oper-
ate to 6 GHz. While DC blocks are
not needed on the RF ports, 0.01 uF
decoupling capacitors are required on
each power supply line to ensure
switching speed performance. The
plastic MLP package measures 6.0 x
4.0 x 0.9 mm. Thirty-two 0.25 x 0.40
mm /O pads are set at 10 per long
side, six per short side on a 0.5 mm
. . pitch. The 2.8 x 4.8 mm center die
AT90-1107 i : pad must be soldered to the PCB to

L . - . ensure good RF performance.
e . . To accommodate single power
AT90-1283 supply systems, four single-supply
' (+5 V at 10 mA) attenuators are
presently in development. These de-
vices will use an internal GaAs
DC-DC converter to produce the re-
quired nc§ative voltage. The two pre-
viously referenced decoupling capaci-

PRODUCT DESCRIPTION and -5 V supplies at +6 and -1 mA

Table 1 lists the characteristics of ~ (max), respectively. Logic inputs are
the AT90-XXXX attenuator family. ~ TTL compatible. A logic 0 sets the
The initial product operates with +5  bits to reference loss while a logic 1 [Continued on page 176]
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Whether you are designing a Si RFIC for Bluetooth, a high performance GaAs
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coupling, and calculate antenna radiation
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_ TABLENI
AT90-0001 PRELIMINARY SPECIFICATIONS

Fraquency

Insertion loss (dB)

Attenation

Vee, Vee min to max
OVelogicOs 08V
~ Vee-21VelogicleVee

o Jec(m
lee (mA)

Fig. 9 A test board for the AT90-0001 W Fig. 10 The AT90-0001 attenuator’s measured performance on a test board.
attenuator. § , -

§
g
2 a1 T g o
4 B
E  EEE :g o, . B A
E : g - . ]
- - -
0. U 2y e e £ 2y g
FREQUENCY (GHz) . - FREQUENCY (GHz)
- —RFIAL  — RR2-IL . . o
tors must be increased to 0.1 pF, and —RF1-31dB  — RF2-31dB
a third 0.01 uF coupling capacitor is =
required between pins 23 and 21. 22 g3 150
Sample attenuators (AT90-XXXX) 18 ‘g B T AN N
andlor test boards (ATSXXCCTE) | & 7 g b D N
are available upon request. Table 2 - <s-""
lists the AT90-0001 31 dB, five-bit at- 0 1 23 4 5 o z 3 a2 5 &

tenuator’s preliminary specifications. FREQUENCY (GHz)  FREQUENCY(GH:)
A test board for the device is shown - -
in Figure 9. Figure 10 shows mea- -
sured results. Full data sheets con- Refe.oicia M/A-COM,
taining suggested PCB layouts are ; Lowell, MA (800) 366-2266.
: & DA 1. Shmuel Ravid, Alan R. Olsen and Gary E.
available on the company’s Web site St. Onge, “Electronic Attenuator,” US
at www.macom.com. Patent 5,281 928, Circle No. 305
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Mini-Circuits ushers-in a new era of technology and economy with ERA
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technical support. Shipped with
calforyour fee copy today.

[~ Mini-Circuits B

P.O Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www.minicircuits.com e senvce %0
For detailed specs on ail Mini-Circuis products fefor to « 760- pg. HANDBOOK » INTERNET » THOMAS REGISTER » MICROWAVE PRODUCT DATA DIRECTORY » EEM

ISO 9001 CERTIFIED S F214RevF




B proDUCT FEATURE

178

new line of miniature airborne teleme-
Atry transmitters has been introduced

that uses a proprietary approach to am-
plifier design and features previously unattain-
able DC-to-RF efficiencies. The breakthrough
design utilizes GaAs FETs in a u)nﬁgumnon
that eliminates the usual transmitter design
trade-off of a linear regulator (very poor effi-
ciency) vs. a switching regulator (electromag-
netic/RF interference problems).

In many telemetry applications, the trans-
mitter represents the major portion of the cur-
rent draw and becomes the determining factor
in flight time, range, battery size/weight, heat
d ation and other flight parameters. By
dmmahcall\ lowering the current draw re-
quirement, the new transmitter completely re-
sets this trade-off equation.

Another common situation requiring design
compromises is an existing system’s increased
data rate specification. For example, a require-
ment to double the data rate of an existing sys-
tem requires the pre-detect bandwidth of the
receiver to double. A 3 dB gain in received
power is needed for the link to maintain the
original range and bit error rate.

Since lowering the low noise amplifier
(LNA) noise figure by 3 dB is probably impos-
sible, the system deslgner is usually left with
the choices of increasing the gain of the trans-
mit and/or receive antenna(s) or increasing

'1

HiGH EFFICIENCY
L- AND S-BAND
TRANSMITTERS

the transmitter power. Assuming the existing
telemetry pack system represented an optimal
design prior to the introduction of this series
of transmitters, the designer’s choices are nar-
rowed even further to increasing the transmit
antenna gain (difficult due to flight con-
straints) or increasing the receive antenna gain
(usually very expensive).

The new line of ultra-high efficiency
(UHE) transmitters effectively solves this sys-
tem design dilemma. For examp]e doubling
the transmit power from 5 W (conventional
design) to 10 W (UHE) actually lowers the
current draw requirement and heat dissipa-
tion. Other link elements, including the trans
mit antenna, receive antenna and LNA, as
well as system elements, such as battery size
and heat radiators, remain unchanged.

Yet another situation posing a design
dilemma is one where higher RF power is not
needed, but more current is required for addi-
tional processing circuitry and, of course, no
additional supply current is available. In this
case, changing from a conventional 5 W trans-
mitter to a new UHE model frees up nearly 1
A of supply current.

[Continued on page 150]
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Thought you knew us?
Think again.

Yes, we're the same Thermax you know for the world’s best high-
temperature hookup wire and PTFE-dielectric RG cables.

But you might not know that we also make
high-performance coaxial cables—

the cutting-edge cable
technology you need for your
most demanding projects,
such as:

® MaxForm hand-formable cable,
for the performance of semi-rigid
cable without the complicated
bending tooling.

® ViaxFlex cable; the flexible
alternative to semi-rigid cable.

® Mobile Solutions flexible cables,
featuring expanded PTFE dielectric
for lower loss and greater stability.

® L TE high-speed cables, with Vp
up to 85%—50(2 and 75Q coaxial;
772, 1009, and 125Q twinaxial.

All, of course, with the reliable performance .,
at high temperature that’s always been
our hallmark.

Now you know us. Call or visit our website at
www.thermaxcdt.com for more information on
all our wire and cable products.

THERMAX/CDT

A subsidiary of CABLE DESIGN TECHNOLOGIES
(888) 761-7800 « FAX (718) 746-4190
www.thermaxcdt.com
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| W Fig. 2 Block diagram of the UHE L-/S-band transmitter.
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GaAs FET @ N
AMPLIFIER RF
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Frequency: 4 to 18 GHz

PERFORMANCE COMPARISON

Most conventional telemetry
transmitters are configured similar to
the block diagram shown in Figure
1. A phase-locked exciter generates
the RF carrier and determines the
modulation characteristics. This ex-
citer drives several cascaded linear
(class A) amplifier stages, which, in
turn, drive the power stage(s) operat-
ing in class C. The power stage(s) is
typically a silicon bipolar transistor.

In contrast to high power bipolar
transistors, high power GaAs FETs
are optimized for class A or AB rather
than class C operation. While a class
C stage is more efficient than a class
A or AB stage in terms of DC-to-RF
power conversion, the situation re-
verses when taking into account the
much higher gain Sy; of GaAs FETs.1
Typical L- and S-band GaAs FET
gains are 16 tol8 dB, as opposed to
approximately 8 dB for silicon bipolar
transistors. Therefore, the power-
added efficiency (PAE) of GaAs
FETs far exceeds the efficiency of a
class C silicon bipolar device.

100 Hz

1 KHz
10 KHz
100 KHz

- 86 dBc/Hz
-106 dBc/Hz
-118 dBc/Hz
-122 dBc/Hz
-135 dBc/Hz

Nexyn Corporation
n 678 Bend Drive
Sunnyvale,CA 94087

N
3]

Tel: (408) 732-0793
Fax: (408) 730-0378
Visit our website at www.nexyn.com

LOCK DETECT/
LINEAR REGULATOR

A block diagram of the new UHE
transmitter is shown in Figure 2.
The multiple class A bipolar driver
stages (two stages minimally, three
typically) and class C power stage are
entirely replaced by the new GaAs
FET amplifier. The high gain of the
GaAs FETs permits the removal of
several amplifier stages and their at-
tendant DC power losses.

The elimination of amplifier stages,
the increased GaAs FET RF power
out/DC power in efficiency (up to 70
percent) over silicon bipolar transis-
tors and the GaAs FET amplifier con-
figuration significantly reduce the total
current draw. In addition, the overall
transmitter efficiency increases as the
RF power output of the transmitter
increases since the overhead current
of the exciter represents a smaller per-
centage of the total current draw.

Performance comparisons between
the UHE line of telemetry transmitters
and conventional designs dramatically
demonstrate the advantages of the new

[Continued on page 182]
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1watt amplifier family, 10MHz to 4.2GHz ...from $895

Now is the time to rethink your design decisions!

If you require up to 1watt output for low distortion
intermodulation testing, broadband isolation, flat gain
over wide bandwidth, or if you need much higher output
levels from your signal/sweep generator or frequency
synthesizer, you can specify Mini-Circuits ZHL series
power amplifiers...priced from only $895.

Using ultra-linear Class A design, these state-of-the-art
amplifiers provide up to 40dB gain (+1.0dB flat), are
unconditionally stable, include overvolt: protection,
and can be connected to any load impedance
without amplifier damage or oscillation.

One week delivery...and, of course, one year guarantee.

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

lim-Cm:ults

P0,Box 350166, Brookyn, New York 11235-0003 (716) 934-4500 Fax (718) 3524681 For uick accessto product information 500 MINKGIFCUITS GATALOG &
'” ’ The Design Engineers Search Engms Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com
D2

SPECIFICATIONS
Frequenc)

ZHL-42
GHz 071042

ZHL-4240  ZHL-42W

0.01104.2

ZHL-4240W

Power Out @10B G, dBim mi
VSWR n/out, max
Noise Figure, dB, typ.

Fises (aty. 1-9)

$1095.00 $1495.00

27dBm, 10MHz to 700MHz
‘Below 100MHz NF increases to 15dB at 10MHz

£B SITE
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B UHE TRANSMITTER
[ CONVENTIONAL TRANSMITTER|

R
RF OUTPUT POWER (W)

B UHE TRANSMITTER
1 CONVENTIONAL TRANSMITTER

A Fig.3 current comy
transmitters. Figures 3 and 4 show the
decreased current draw and power dis-
sipation, respectively, while Figure 5
shows the increased transmitter effi-
ciency. Using these figures, the follow-
ing examples evaluate the replacement
of conventional telemetry transmitters
with the company’s new UHE line.

A change from a 10 W conventional
transmitter to a 10 W UHE series
transmitter with the same data rate re-

Drop-in ISolators = Girculators

B AMP, GSM, DCS, PCS, UMTS (3G) and
other frequencies available

B Low Insertion Loss < 0.25 dB

M High Isolation and Return Loss - better than -27 dB
B Power Handling > 100 watts (forward direction)
M Solid bodies with screwed-in lids

comparison.

sults in no reduction in range, a 60 per-
cent reduction in current and 67 per-
cent less power dlsup‘\hon Lhangml,
from a 5 W cc to

A\ Fig. 5 Transmitter efficiency
comparison.

al transmitter to a 10 W UHE series
transmitter with double the data rate
produces 1o range change but a 22

reent ion in current draw and

a 10 W UHE series transmitter with
the same data rate provides 41 percent
additional range with a 22 percent re-
duction in current draw and a 35 per-
cent reduction in power dissipation. A
similar change from a 5 W convention-

=T

T

Components Inc.

Call Us Today
Tel: (514) 428-8749

Fax: (514) 428-8757 o=
E-mail seles@sdp.ca b
www.sdp.ca —

S11 1 3627dB 2. -30.420B
S21 1 0156dB 2. 0.1620B
S22 1-3021d8 2 -38.73dB
S12 1 320408 2 -35.450B
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35 percent less power dissipation. A fi-
nal example is a change from a 2 W
conventional transmitter to a 5 W
UHE series transmitter with the same
data rate. This replacement results in a
58 percent increase in range, a 25 per-
cent reduction in current draw and a 38
reent reduction in power dissipation.
With standard input voltage levels
of +28 V 4 V, the frequency-agile
UHE 2 W design draws 400 mA
(max), the 5 W draws 750 mA (max)
and the 10 W draws 1.4 A (max).
Conventional frequency-agile teleme-
try transmitters draw 1.0, 1.8 and 3.5
Afor 2,5 and 10 W, respectively.

CONCLUSION
A new line of UHE telemetry trans-
mitters offers designers new choices for
system optimization. The transmitters
are available in 2, 5 or 10 W RF power
levels in the standard nine- or 11-cubic-
inch packages (2.5" x 3.5" x 1" or 2.5" x
33"x 1L.3"), and in 2 and 5 W RF pow-
er levels in the five- or six-cubic-inch
packages (2" x 3" x 0.8" or 2" x 3" x 1").
s
Reference
1. Tim Bambridge, “High Efficiency 5 W
S-band Telemetry Transmitter Using Galli-
um Arsenide Field Effect Transistors,”
Proceedings of the 1995 International
Tele metering Conference, Volume XXXI,
. Nevada, 30 Oct. 1995 to 02

Embhiser Research Inc.,
Verdi, NV (775) 345-2705.
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the RF/microwave industry...online

Showcase your company
for 12 full months with
an online Storefront...
_ compliments of
Microsoft and VerticalNet!
See site for details!
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les opportunities through
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A 6 GHz DuaL

FRACTIONAL-N
FREQUENCY

SYNTHESIZER

oday’s high performance radio systems
I require low power and fine step sizes as
well as the usual low phase noise, fast
switching and small size that have become
prevalent in modern portable communications
equipment. The model CX72302 direct digital
modulation fractional-N frequency synthesizer
has been designed to provide all of these char-
acteristics while featuring ultra-fine frequency
resolution and an on-chip crystal oscillator.
The new frequency synthesizer IC features a 6
GHz (max) operating frequency, 80 dBc¢/Hz
phase noise floor and 400 Hz or less step size,
making it ideal for very narrowband wireless
applications. This performance is a direct re-
sult of the on-chip low noise dividers and low
divide ratios provided by the IC’s high
fractionality.

The IC’s ultra-fine step size is capable of
compensating for crystal oscillator drift or IF
filter drift using the proper temperature sens-
ing. As a result, a simple crystal oscillator may
be used as a reference as opposed to the
bulkier and more costly temperature-compen-
sated or oven-controlled crystal oscillators,
thus reducing parts count, size and associated
component costs. The IC’s fine step size can
also be used for Doppler shift corrections.

The crystal frequency is divided down by one
to 32 independent programmable dividers for
the main and auxiliary synthesizers. As a result,

reference crystals or oscillators up to 50 MHz
may be used with the CX72302 synthesizer.

The phase detectors operate at a maximum
speed of 25 MHz, thus permitting better phase
noise due to the lower division value. In addi-
tion, with the high reference frequency, the
loop bandwidth also is increased, resulting in
improved settling time and reduced in-band
phase noise. The lower in-band phase noise per-
mits the use of lower cost VCOs in the system.

The CX72302 synthesizer features a
patent-pending Frequency Power Steering™
circuit that assists the loop filter in steering
the VCO when the frequency is too fast or too
slow. In this configuration, acquisition times
up to five times faster than conventional
phase/frequency detectors can be achieved.
Typical switching times of less than 100 ps are
possible with a 10 MHz reference.

A combination of wide bandwidth, fine fre-
quency resolution and a three-wire, high
speed serial interface permits direct phase and
frequency modulation of the VCO. This capa-
bility supports any constant envelope or con-
tinuous phase modulation, meaning any ana-
log FM or digital FM, and can eliminate the

[Continued on page 186]
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d’s Smallest VCO!

ussP23

(ultra small scale pack:

frequency output
2300-2360 MHz

control voltage
0.5-2.5 vdc

supply bias
2.7 vdc @ 8mA, typ.

power output
0 + 3 dBm

second harmonic
-15 dBc, typ.

phase noise
-85 dBc/Hz @ 10 kHz (typ.)

‘ Actual Size: 0.2" x 0.2" x 0.063"
(5mm x 5 mm x 1.6 mm)

’COs are our Business!

Z~Communications, Inc.
-
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SERIAL
INTERFACE

AUXILIARY
PHASE/FREQ.
ETECTOR

AND
[CHARGE PUMP|
R|

YOU DON’T HAVE TO REINVENT THE WHEEL!
Compac has the largest selection of:
v High Quality Low Cost
v Full Custom Manufacturing
v Off the Shelf Shielded Enclosure
v Shielding Capabilities to 80 dB @ 20 GHz

From Prototype Thru Prodctian

Shielding Specialists
Tel: (631) 585-3400 * Fax: (631) 585-3534
Visit our Website: www.compac-rf.com
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LOCK DETECTION OR

need for in-phase and quadrature
digital-to-analog converters, quadra-
ture upconverters and IF filters from
the transmitter portion of the system.
Figure 1 shows the CX72302 IC’s
block diagram.

PERFORMANCE SPECIFICATIONS

The CX72302 synthesizer is de-
signed to operate over a —40° to
+85°C temperature range from a 3 V
DC supply and consumes 51 mW
(typ). Under power down operation
the device draws typically 10 pA of
current. The main VCO output fre-
quency range is from 800 MHz to 6
z, while the auxiliary VCO output
has a range of 400 to 1100 MHz. The
reference oscillator’s frequency can
be up to 50 MHz. The main fraction-
AN tuning Sep Si76 i5 Frof /210

(H

ref_main’
. while the auxil-
z€ i Fref 1,210 (Hz). Both
ain and auxiliary phase detec-
tors have a maximum operating fre-
quency of 25 MHz. The charge pump
output source current is in the range
of 125 to 1000 pA, and the sink cur-
rent is —125 to —1000 pA. The synthe-
sizer’s phase noise within the loop
bandwidth is —128 + 20log(N)

[Continued on page 185]
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SURFACE MOUNT VCO’s 12

Phaso  Hamariose Curent  Price
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The big news is Mini-Circuits miniature family of 50 to 2500MHz ROS
voltage controlled oscillators! Each unit is housed in a shielded
0.5"x0.5"x0.18" non-hermetic industry standard package for highly
efficient wash-thru capability, reliability, and cost effectiveness. Models
with “PV" suffix typically operate from a 5 volt power supply and
require 5V tuning voltage to cover the frequency range. This makes
them ideal for integration with monolithic PLL chips and commercial
synthesizers in the 180 to 1605MHz band. The series also features
broad band 12V models optimized for 50 to 2500MHz linear \umng up
to one octave band widths, and low phase noise.

Support your customers demands for smaller size and
better performance, switch to ROS VCO's today!

ACTUAL 8IZE

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

[ JAMini-Circuits

Model Freg. Fage Very
)

Max

ROS-205PV  180-210 5
ROS-285PV 245285 5
FOS-B60PV  640-680 5
ROS728PY 710738 5
ROS-900PV  810-900 5
ROS-960PV 5

oo

30S-2150W - 970
ROS-2160W.
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Ak;’ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com




BN proDUCT FEATURE

3 T T :
3 [
~5¢ MODULATION
%4 *-*-**
u
2
X
2 . =
i I o
3 % T
z 1
1090t 10° 10t 10’
FREQUENCY OFFSET (Hz)
A\ Fig. 2 The synthesizer’s typical phase

noise characteristics.

Fij
at 5.

3 The synthesizer’s spectral purity
5 GHz.

supplied in a 28-pin EP-TSSOP plas-
tic package that measures 9.7 x 6.4 X
1.1 mm high and is designed for sur-
face mounting to a PCB

APPLICATICNS

The CX72302 dual fractional-N fre-
quency synthesizer is part of a family
of similar devices that includes the
(CX72300 (2.1 GHz) and CX72301 (1.1
Gllz) synthesizers. The CX72302 de
vice is targeted for wircless local loop

PREQUENCY (2 khs/div)

(dBe/Hz), while the total spurious
power is ~70 dBc. Figures 2 and 3
show the deviee’s typical phase noise
and close-in spectral purity, respec-
tively, The CX72302 synthesizer is

~ 40 Gb/s Low-Pass SONET Filter
=" 10 Gb/s 14 and 20 dB Pick-Off Tees

40 Gb/s 6 dB Power Divider

40 Gb/s Bias Tees and DC Blocks

Call us for your 10 and
40 Gb/s design needs

Picosecond Pulse Labs P.0. B:

el: +3.303.4

olorado 80306 USA

Emall: inf
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'CONVENTIONAL MODULATION "

DIRECT MODULATION

A Fig. 4 Direct modulation vs. conventional modulation.

(WLL) and wireless local area network
applications, as well as local multipoint
distribution system, multichannel mul-
tipoint distribution system and mi-
crowave radio applications. Its features
are particularly useful in providing di-
rect digital modulation that significant-
i i a communications trans-
iminating D/A converters
RF and IF filters, mixers, buffer ampli-
fiers and costly temperature-controlled
crystal oscillators. Figure 4 shows an
example of a simplified transmitter
block diagram utilizing the CX72300-
series synthesizer as a direct digital
modulator. The other two models in
the family are targeted toward two-way
radios and pagers (CX72301) and mul-
timode cellular phone satellite hand-
sets, tuners, receivers and 3G/cellu-
lar/PCS base station applications
2300).

CONCLUSION

A 6 GHz dual fractional-N fre-
quency synthesizer IC is now available
that features ultra-fine step sizes, a
high reference frequency, low phase
noise, and fast switching and settling
times. The new device can greatly
simplify a digitally modulated trans-
mitter by implementing direct digital
modulation, and its use of an on-chip
crystal oscillator significantly reduces
component cost and system complexi-
ty. Additional information on this de-
vice :lll\l others in the synthesiz
ily may be obtained from the compa-
ny’s Web site at www.conexant.com.

fam-

Conexant Systems Inc.,
Nepean, Ontario, Canada
(613) 274-0922.
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Tap Into \cevleri

The CS2010 Wireless Test Set delivers an entirely new
level of power, speed and flexibility for power amplifier
and digital radio design. Essentially three products in
one, the modular CS2010W is an off-the-shelf “virtual"
test instrument that offers multi-carrier signal bili

I

For More Intelligent 3G Wireless Amplifier and Digital Radio Testing

modules, the VSA or VSG can be upgraded to provide
multi-path fading, smart antenna testing, bit error rate
testing and protocol testing.

Utilizing a unique architecture, the CS2010W offers a

at three levels of functionality:

y open test with selection of
functions (spectrum analysis, oscilloscope, digital pattern

CS2010 Vector Signal Generator RF, IF,
digital output. Performance exceeds any instrument on
today’s market - 50 times more memory (4,000MB), 5
times better resolution via 14 bit D/A's, and 9 dB
improvement in dynamic range.

€S2010 Vector Signal Analyzer RF, IF, b d and
digital input. Delivers the deepest acquisition memory
available - 4,000MB of seamless 14 bit capture.

CS2010 Vector Signal Generator/Analyzer All the
capability of the CS2010 VSA and the CS2010 VSG in
one package. By simply adding hardware and software

gener along with a series of digital and RF
multi-carrier waveform generation capabilities.

The CS2010W allows you to replace an assembly of
stand-alone test instruments with one box that does
everything, faster and better. At a price that makes you
market-competitive today and grows with your needs in
the future.

Whatever level you're involved at, your test capabilities
should be match your technology. Let us show you how
we can help. Check out the details at www.csidag.com
or call 888-274-5604 for more information.

CELERITY TEST INSTRUMENTS TAKE YOU THERE.

Celerity Systems

an{B communications company

10411 Bubb Road, Cupertino, CA 95014 « Phone (888) 274-5604 * www.csidaq.com
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Fig. 1 MSDC prime power
savings.

inding ways to operate satellite commu-
Fni(-atious (SATCOM) high power kly-

strons more efficiently has a double-
edged benefit. The SATCOM smitter uses
less prime power, saving uninterruptible pow-
er supply capacity, and the Klystron runs cool-
er, significantly improving its reliability. The
multistage depressed collector (MSDC) high
power klystron has been specifically designed
for SATCOM uplink applications and features
a collector efficiency of 60 percent or greater.
This improved efficiency permits a prime
power savings of two to three kilowatts when
operating at full power.
For low operating
powers under clear-sky

conditions, the prime

power savings could

amount to five to six

kilowatts.
Figure 1 shows the

o = now

prime power savings
vs. RF output power of

PRIME POWER SAVINGS (kW)
- & W o

05 1.0

190

RF OUTPUT (kW)

157720 25 the MSDC klystron
compared to a stan-

dard Klystron design.

MULTISTAGE
DEPRESSED
COLLECTOR
KLYSTRONS

Since most klystrons operate at low RF oper-
ating powers for intermodulation considera-
tion, the MSDC has the capability to provide
maximum savings at the most likely set of op-
erating conditions. Thus, the MSDC tube
runs cooler with the potential of a longer life-
time than its standard klystron cousins.

MSDC Kystrons have been developed for
both C- and Ku-band commercial satellite ser-
vice and feature a small, compact design and a
four-stage depressed collector configuration
specifically intended for satellite earth station
use. Utilizing collector depression the collec-
tor heat dissipation is much reduced, thus
lowering the required air flow for cooling.
This reduced air flow permits the use of small-
er AC power systems, especially in hot, humid
environments. Lower collector temperatures
are key to enhancing the klystron’s lifetime.

[Continued on page 192]

COMMUNICATIONS & POWER
INDUSTRIES CANADA INC.
(CPI CaNADA)

Georgetown, Ontario, Canada
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MIXED SIGNALS

Get wireless devices that speak both analog
and digital.

When your products have to do analog and digital

on  single chip, Samnoff IC design expertise can keep
everything clear. No crosstalk, no misunderstandings,
just open lines of communication

Look to Samoffs 50 years of innovation in wireless for
* A/D, D/A, DSP, and ASP macroblocks
o System-on-a-chip approaches

o High-density IC design

201 Washington Road
Princeton, New Jersey 08540-6449

amoff Corporation. All rights reserved.

Choose macroblocks to embed in your own circuits
or have us do a complete, fab-ready IC design. We'll
support you from concept to foundry and beyond.
Our ESD protection know-how will help you keep
yields up and failures down

We can supplement your in-house skills or execute the
complete project. Look to Samoff for superior technology,
fast tumnaround, and a track record for designs that
work on the first cut

Get straight talk on mixed signals at 609-734-2507. Or
check out our web site at www.sarnoff.com/ad/wireless.

_)SARNOEF*

Corporation
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Klystron models and their typical op-
erating characteristics. Both the C-
and Ku-band klystrons are mounted
with the collector up and use perma-
nent magnet focusing. The C-band
Klystrons’ RF input connector mates

equivalent, and the RF output con-
nector is a CPR 137 waveguide
flange. The Ku-band units” RF input
and output ports mate with UG-
419/U waveguide flanges. All models
require external air flow cooling

TABLE |
MSDC KLYSTRON TYPICAL CHARACTERISTICS
VKC2503B VKC25008 VKU25024
5850 t0 6.425
4 45 85 s5
Output power (W) 3350 3350 2500 2500
Gain (dB) 41 4 49 49
Beam voltage (V) 87 8.7 56 86
Beam current (A) 109 1.09 106 1.06
Body current (mA) 5 5 s 7
Heater current (4) 61 6.1 42 43
Heater voltage (V) 60 60 65 65
Table 1 lists the various MSDC  with a type-N plug, YG-21 D/U or ~ Communications

& Power Industries Canada Inc.
(CPI Canada),

Georgetown, Ontario, Canada
(9057877-0161.

Circle No. 301

Microwave Journal has an opening for a part-time Technical Editor.
Candidate should be an experienced microwave engineer
with good writing skills.

Contact: Harlan Howe, Jr. — Publisher
e-mail: hhowe @mwjournal.com
Phone: (781) 769-9750
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685 Canton Street, Norwood, MA 02062

an equal opportunity employer
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A HiGH POwWER
LDMOS
TRANSISTOR
FOR BROADCAST
TRANSMITTER
APPLICATIONS

igitization in the broadcast world is
paving the way for major new markets,
such as high spe ed Internet access and

mobile multimedia in-car entertainment, as

The BLFS61 transistor also provides excel-
lent ruggedness and linearity. In addition, un-
like competing devices the unit covers the en-
tire spectrum of bands IV/V, which are used

well as high definition TV and a huge exp
in program choice. With standards now in
place, as well as an increasing number of com-
mercial services and rapidly maturing technolo-
gy, broadcasters and service providers are keen
to push forward the move to digital transmis-
sion. A unique ultra-high frequency (UHF)
pm\'er lateral double-diffused metal-oxide
icond (LDMOS) transistor has been
de\ eloped that cuts the cost of upgrading ter-
restrial transmitters for digital operation.
Digital technology ‘enables terrestrial
broadeasters to simultancously increase rev-
enues and reduce costs; however, transmitter
equipment first must be adapted. The key re-
quirement is sufficient RF power — a need
addressed directly by the model BLF861 pow-
er LDMOS transistor. Designed specifically
for terrestrial transmitters, this new device of-
fers greatly improved output power and gain
over existing bipolar technology, dramatically
reducing the number of amplifiers required
and significantly reduci ving the cost per watt of

for TV t worldwide (470 to 860
MHz). This unique feature allows transmitter
manufacturers to offer maximum flexibility for
service providers, with transmission capability
for all broadcast channels. Overall, the
BLFS61 transistor’s many advantages meet all
transmitter manufacturers’” needs for reliable,
cost-effective solutions. Currently, the
BLFES61 is in volume production and is being
used by major broadcast transmitter manufac-
turers.

PRODUCT PERFORMANCE

The BLF861 device uses the company’s
LDMOST technology, which utilizes gold
metallization for reliable performance. Due to
the nature of LDMOST, no insulator is re-
quired; therefore, toxic materials (such as
BeO) are not used.

[Continued on page 201]
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MICROWAVE JOURN;

OCTOBER 2000



LDMOS Product Range for Avionics Applications

Golden
Innovations in
LDMOS Transistors
for Avionics

Philips Semiconductors, one of the world's
leading manufacturers of LDMOS
transistors, offers the world’s first complete
line up of LDMOS parts designed and
tested for Avionics applications.

The use of Philips Semiconductors
LDMOS transistors in Avionics amplifiers
improves design architecture by reducing
the number of transistors and surrounding
circuitry,

which leads

to overall g pH I ll ps
cost savings.

Philips LDMOS transistors show an
excellent thermal behavior, and an all-gold
metallization system ensures superb
reliability. LDMOS transistors from Philips
Semiconductors also ensure device
consistency in large volume production by
using automated die attach and wire
bonding equipment.

Plus, with a dedicated RF/microwave
business group, local market resources, and
the largest RF inventory in the world,
Avnet Electronics Marketing is uniquely
positioned to be your source for LDMOS
transistors.

Call Avnet Electronics Marketing to learn

more about using Philips Semiconductors

LDMOS transistors in pulsed Avionics
lications, 1-800-332-8638. Or visit the

i il et o
BLAIOT105 10801000 | Class-A 05
BLATON2 ClssAB_ | 20
BLAIOTI0 | 10301090 | 3 Class-AB 0
BLAIOTI200 | 1001090 3% | CassAB | 2w

Tost Conditions: Ths=25" C. t9=100ps, duty cycle=1%

Avnet Electronics Marketing gateway page
at www.em.avnet.com/rfm/avionics.html.

ET

=== electronics marketing

MORE POWER TO YouU
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r design 8¢ Co
ch support can't figures

In the time it takes to get an answer, you could download the real solution.
Miclﬁiave Office” 2000. This high-frequency design suite was built from

echnical support representatives. And if you ever do, you'll get an
exﬁz nced engineer who knows the software inside out and can answer
yéur questions quickly. Best of all, our schematic data
translators can even import existing Agilent EEsof Series
1V or ADS designs, so you won't lose all the valuable data
that you worked so hard to create. For more information,
visit www.mwoffice.com or call us at 310-726-3000.

Download g fully-functional 30-day tril (just 20MB)
www.mwoffice.com and start designing today.
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A Fig. 1 Output power over the UHF
band.
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A Fig. 3 Gain and efficiency
over the UHF band.
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A Fig. 4 IMD performance at 860 MHz.

The BLF861 transistor was de-
signed specifically for band IV/V
UHF transmitter applications, thus
p]acing severe pressure on the tran-
sistor design to achieve real broad-
band performance. By applying inter-

MICROWAVE IOURNAL = OCTOBER 2000

nal input and output matching, the
broadband performance is realized.
Furthermore, the target was to
achieve an output power of at least
150 W in CW operation. Figure 1
shows the unit’s output power over
the entire UHF band. Figure 2
shows the broadband circuit used
with the BLF861 device to achieve
the described performance. Apart
from output power, other important
requirements for an RF power tran-
sistor for TV transmitters are efficien-
¢y, gain (shown in Figure 3) and in-
termodulation distortion (IMD)
(shown in Figure 4).

THE NEXT STEP

The BLF861 transistor demon-
strates exceptional performance for
UHF transmitters. However, another
RF power LDMOS transistor, the
model BLF861A, is being introduced
for two compelling reasons. First,
LDMOST technology development is
an ongoing process that leads to signif-
icant improvements. One of these ma-
jor improvements is the I3, drift re-
duction — a well-known phenomenon
related to LDMOST devices. New
process improvements have signifi-
cantly reduced this I, drift. Second,
the device’s ruggedness was able to be
further improved. The existing
BLFS61 is able to withstand mismatch
conditions of an SWR of 10. However,
there may be failure situations in a
transmitter where abrupt source/load
mismatch conditions occur (for exam-
ple, a disconnected antenna). The new
BLFS861A device can withstand these
source/load failures under full power
conditions for a short period of time
with no thermal damage. This feature
has been implemented using an extra
process change.

From an applications point of
view, the differences between the
BLF861 and BLF861A are minimal.
This means that the BLF861A tran-
sistor can be substituted in a BLF861
application with only minor changes.
The company is now in the process of
industrializing the BLFS61A device
and plans to start volume production
in December.

Philips Semiconductors,
Eindhoven, The Netherlands
(800) 234-7381 (US)

or +31 40 27 82785.

Circle No. 304

Wﬁﬁ Our Hien-0,
Low Cost VARACTORS

For consistent tuning varactor
performance at commercial
prices, turn to Micrometrics.
Our SOT-23 devices are per-
ect for VHF/UHF channels.

. Working above 1 GHz? Try

_ one of our new HFSM (high
frequency) devices. They fea-
 ture rugged epoxy/alumina
 packaging and performance
up to 8 GHz.

Visit www.micrometrics.com
to request more information

nd samples.

MicroMetrics, Inc.
136 Harvey Road, Building C
Londonderry, NH 03053
603-641-3800 ¢ Fax: 603-641-3500
Www.micrometrics.com

888-641-SEMI
7 3164
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B SPDT RF Relay

The model RF 2X1 SPDT RF relay is designed
for remote switching of VHF signals. The unit
provides high isolation and low loss in the fre-
quency range from DC Lo 900 MHz, and isola-
tion is approximately 60 dB with an insertion loss
of approximately 0.5 dB, The switch is ideal for
Droadband or 1E control switching in cable and
wireless systems. Three I connector ports are
mounted on one side for ease of conncetion and
placementt. Eight-foot leads are provided for con-
trol vol and the power requirement is 30 mA
at 12V DC (approsimately 300 mW).
Alaun Electronics,
La Canda, CA (888) 810-0333.
Circle No. 216

B SP6T Radial Solid-state Switch
The model SWN-1140-6DR-DEC-SP reflec-
tive SPT radial solid-state switch works from

0.5 to 18.0 GHz

with an insertion
loss of < 1.0 dB
(typ) at 0.5 GHz
and < 2.45 dB at
18.0 GHz. Vidco
transient is < 320
mV at 300 MHz
bandwidth and
< 100 mY at 20 MHz bandwidth. SWR is bet-
ter than 2, and isolation is > 90 dB at 0.5 CIiz
and > 40 dB at 18 GHz. Switching speed is <
60 ns delay ON and < 40 ns delay OFF. Supply
voltages for the switch are +5 V at 31.3 mA and
~12 V at 44 mA. Weight: 2.0 oz. (typ). Size:
125" x 1.25" x 0.4'
American Microwave Corp. (AMC),
Frederick, MD (301) 662-4700.

Circle No. 217

@ SMA Phase-adjustable

Adapters and Connectors
The Comxicom 3993 phase adjusters offer 2
precise and M.mplb means of phase adjustment
B over [requency
ranges up to 18
Gliz A phase ad-
ustment nut that
locked into
place after setting
pm\mlec the user
with incremental
changes in elec-
trical length at
10°/GHz. The series is offered as an in-line
adapter or as a direct solder SMA plug for

202

semirigid cable. All models can also be speci-
fied for 4.0, 8.0 or 12.4 GHz operation. The
units eliminate cable trimuming and allow phase

NEW PRODUCTS

angled connectors feature blind mating boa
to-backplne RF connection and are pres:
ted \\ulx flat rock mulyw rhu system also fea-

matching to be done at the final prod
stages. The 3993-1 adapter operates to 18
GHz, with an adjustment range of 180°
and a maximum SWR and insertion loss of 1.30
and 0.42 dB, respectively. The 3993A adapter
operates at 4 GHz with an SWR of 1.10 (max)
and an insertion loss of 0.2 dB. The 3993-2 and
3993-3 phase-adjustable connectors have SMA
plugs for 0.141" and 0.086" semirigid cables
respectively. Their performance is essentially
the same as the adapters.

Coaxial Components Corp..

Islandia, NY (800) 553-9954

or (631) 234-4447.

Circle No. 220
B High Power Termination

The model 150-WI-FN high power termina-
tion was designed utilizing thermal imaging
photography to ensure even heat distribution.
Tt offers a power rating of 150 W (avg) at 25°C
and an impedance of 50 © (nom). The fre-
quency range and SWR are DC to 1 Gllz at
110 (max) and 1 GHz to 2.4 GHz at 1.25. N
female connectors are included, and the oper-
ating position is horizontal or vertical. Size:
48501 x 5.400" x 4.30" Weight: 2.5 Ib.
BCP (Bird Component Products),
Largo, FL (727) 547-8826.

Circle No. 219

B Mini Coax Connector System

‘The har-pak® min coax comector system is a

gh contact density modular connection sys-
tem using cutting-cdge back plane wiring tech-
niques. Excellent crosstalk characteristics make
the conncetors ideal for many applications in
the wireless telecom mark k. koted for its

tures
float l)la(e su]uhom lur hlmd mating of heavy
subassemblies. Price: $28 (100).

Harting Inc. of North America,

Elgin, IL (877) 741-1500.

Circle No. 223

H Miniature Monolithic
Crystal Filter
The model ATFN6024A monolithic crystal fil-
ter offers a miniaturized package size that does
E no( compromise
the performance
of the three- pol(-
cryslal i
housed within. Ir
is specifical
signed for use in
multimode
phone,  digital
TDMA, two-way
radio and telecommunications infrastructure
applications. I addition, the filter offers in-
creased functionality and operates in the 73 to
135 MHz frequency range. It can be cus-
tomized to operate at higher frequencies. Size:
3.8 x 3.8 mm.
CTS Corp., Elkhart, IN (800) 757-6686.
Circle No. 221

B 14-position Coaxial Switch
The model 5E1J-5808 14-position coaxial
switch developed specifically for the automat-
s » ed test equipment
market is best
d as a building
k to pmwde
various switching
solutions. Its most
typical appl
tons are switch
matrices  and
switchable filter banks. The SP14T switch is
normally open and has an operating voltage of
24 V DC over the DC to 13 GHz (upgradable
to 18 GH) frequency range. SWR is 1.6, inser-
tion loss is 1.6 and isolation is 50 dB (min)
Dow-Key Microwave Corp.
Ventura, CA (805) 650-0260.
Circle No. 222

I 30 A Power Relays
The AZ2700 seri

ower relays have the ca-
pacity to handle up to 8310 VA plus 4 kV di-
electric, making
them ideal for a
wide variety of
applications from
HVAC to UPS
tems to mi-
& crowave ovens
Mounting options
screw and panel
or 0.250" quick-

include PCB, l‘ Lu
mount. Ce

rugged, compact b
tions, the system is flexible und can accommo-
date a wide variety of cable assemblies, such as
SMA, SMB and N-type. The modules are
available in various sizes, offering two to 10
coax lines per module. Both the straight and

connect. Pr 9 1000)
American Zettler Inc.
Aliso Viejo, CA (949) 8315000,
Circle No. 218
[Continued on page 204]
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Focus on the Future of M

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 GHz!
ngh 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 Calibration
. - Support Most Transistor Packages
. - Extremely Low Loss

- High Power

|
|
|
|

970 Montee-de-Liesse, Ville St-Laurent, Quebec, H4T 1W7
E Tel: (514) 335 6227 Fax: (514) 335 6237

E-mail: info@focus-microwaves.com
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The model 12321 32 x 32 output solid-state
matrix switch features a DC to 24 MHz fre-
quency bandpass, crosspoint verfication, and

C and IEEE 488 interfaces. Typical ap-
PRODUCTS wllunrns of the non-blocking full fanout
switch include routing NTSC video, HF ante

B Solid-state Matrix Switch

na switching and automatic testing. Sizc:
% 19.00" x 25.00"

Matrix Systems Corp.,
Calabasas, CA (818) 22:

-2301.
Circle No. 226

W Low Cost Coaxial
Power Interconnect

The PowerDirect™ low cost coasial power in-

terconnect delivers high currents as close to

State-of-the-art

Quality Crafted,
Full Service —

Cable

emiri
and flexible assemblies which can be
hand formed. We alsa provide cable
assemblies to-clistomer specification.

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

C.) Utilizing ot
cable HCMC is prov»dmg Mminiature
interconnect components to meet
customer specified requirements for
surface mount applications on printed
circuits and microwave substrates.

Haverhill Cable and Manulaaurlng Corp.

s-mmgu Coaxial Cable Speﬂ-lln:

A1)

TEL (978) 372-6386 = FAX (978) 373-8024

P O. BOX 8222, Haverhill, MA 01835
www. haverhilicable.com

204 CIRCLE 59 ON READER SERVICE CARD

the integrated cir-
a5 possible
new power
istribution archi-
tecture provides
an extremely low

resistance path

from the power

source to m des-
y

Aus with a minimal requ
anly 0.11 square inches. P
ogy combines a high performance coasial inter
sptimal PCB layout pattern to

ductor devi

face and

routability. There

methods for the PowerDirect including plate-
h-hole serew and surface-meunt tech-

Cm:ls No. 224

® 50and 75 Q
Rotary Step Attenuators

The models MDC2017 (50 €) and MDC:
oty step attenualors offer the u

quency coverage:
step size and dy
namic  range
Dual concentric
attenuators arc
also  availab)
where the outer
control  knob
steps in either 0.1
or 1.0 dB steps,
depending on the
model. All units are available for pancl mount-
ing, or two or more units can be supplied cas-
caded for bench-top operation. Connecto
tions include SMA, N, BNC, TNC and F (

NY (800) 637-4353.
Circle No. 228

B Japanese Band CDMA Duplexer

rformance
s low in-

The model WSD-00179 high p
Japanese band CDMA duplexer off
sertion loss L.nd excellent selectivity in a small
size. It is configured with a transmit passhand
of 832 to 870 Mz and a receive passband of
887 to 925 MHz, and features 1.5 dB (max) in-
sertion loss and 15 dB (min) return loss within
each passband. The unit offers channel-to-
channel isolation of 70 dB (min), with trans-
mit-to-antenna rejection of 20 dB (min) from

[Contintied on page 206]
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DC to 810 MHz, 70 dB (min) from
Miiz and 50 dB (min) from 925 to
Antenna-to-receive rejection is 70 dB (min)
from DC to 870 MHz and 50 dB (min) from
1000 to 2775 Mllz. Applications include filter-
ing for pico, micro and macrocell base station
installations, and general-purpose handset or
equipment test systems. Size: 4.65" x 4.20" x
275" cxeluding type N-F connectors.
KL Microwave Inc.,
Salisbury, MD (410) 749-2424.

Circle No. 225

M International C-band
Bandpass Filter

The model 11383 international C-band wave-
guide bandpass [ilter is installed between a

s (P-68 Rated)
Conducto

rs
rior Environmental

206 CIRCLE 165 ON READER SERVICE CARD

television receive-only feedhom and the low
noise amplificr or low nofse black to suppress
strong out-of-band interference caused by ma-
rine or airport radar svs(ems The filter has an
insertion loss of 0.5 dB (typ) at the center fre-
quency and 1.25 B (max) (10 dB typ) at 3.6
and 42 GIIz Suppression is 25 dB (min) at
and 425 Gllz The flanges are rectangu-
CPR229G (grooved) and CPR-229F (flat).
The unit measures 5.375 inches long (flange to
flange) and is also available in lightweight alu-
minum construction (model 11383AL)
Microwave Filter Co. (MFC),
East Syracuse, NY (800) 448-1666
or (315) 438-4700.

Circle No. 227

B Ultra-thin Frequency Mixers
The model ADE-IMH ultra-thin 0.108" fre-
quency mixers cover the 2 to 500 Mz fre-
quency band. At
& midband, the
mixers have low
1 5.2 dB conversion
loss (typ) and
good 50 dB L-R.
45 dB L-T isola-
tion (typ). The
patent-pending and level 13 (LO).
h (10-49)

mixers ar
rice: $5.

Mini-Circuits,
Brooklyn, NY (718) 934-4500.
Circle No. 229

B Low Intermodulation Isolator
The model INA-0S08 isolator operates over the
869 to 894 MHz frequency range with an
insertion loss of
dB (max)
lation of
(min) and SWR of
1.2 (max). Inter-
modulation is <
~110 dBe and the
operating temp
ature range is —40° to +60°C. SMA [emale con-
nectors are provided. Size: 1.50" x 1.50" x 0.75!
Narda—an L-3 Communications company,
Folsom, CA (916) 351-4550.

Circle No. 231

B Miniature Transformers

This new family of miniature RF transformers is
avalable in  variey of fmpedance ratios and
operates over wide
frequency band-
widths from 500
kllz to 1.5 GHz
while maintaining
. aflat frequency re-
sponse. These small, surface-monnt transformers
are used to match impedances, step- np/vlep

down voltages and create olation,
iit from balanced to single uu!

constrained RE applica-
& cable modems, sct-top boxes,
less and cable network infrastructure equip-
e m and other high [requency communication
systems and Internet devices. The transformers
are available with and without centertaps in both
isolating configura-
tions. Size: 0.15" X 0.15" (3.81 x 3.81 mm,‘ Price:
99¢ (10,000),
Pulse, San Diego, CA (858) 674-8100.
Circle No. 232

[Continued on page 208]
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New integrated multi-chip
switch matrix products.

« Patented SMT “robust lead”
c¢irculator available for
pick & place automation.

New PHEMT switches and
converters for high

linearity, low current
applications.

cscanaza

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

Broad-based technologies

ﬁroviding reliable and
%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
Fax: 44.1344.300.020

W W W.nhacom.CcC o m
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B IMD-free Diplexer
The model W1840D diplexer was designed
free of intermodulation distortion (IMD)
Standard dual +43 dBm input signals produce
less thau - 140 dBe of IMD. The unit covers
full PCS bands with < 1.2 dB insertion loss
Band centers RX/TX isolation is > 90 dB. Re
turn loss on the W1S40D is > ~16 dB and pow-
. 50 W. SMA or type-N connee-
Lors are available. Size: 0"x9.0"

Wireless Technologies Con,
Springdale, AR (501) 750- wxb

#

World's Best
(+7dBm)

er capability s

B Single Junction Isolators
Thesc

mance

isolators

AMP. (

and provide bet.
ter than 25 dB
isolation, < 0.25

ase station comnl
filter subsy

ners, wny

r. They a

and havc

e designed u
a solid body

grine Semicond
Corporat

gle Supply CMOS RF Switches
E4220 (+21dBm) PE4230 (+31dBm)

Package Types
(G 2GHo)

1- 3.5GHz Divide by 2

Fixsd Dvido
Ra

Tolal iy Package Types
@3V (mA)

Ultra-Low Phase Noise Integ-N PLLs

16 (2.2GHz) P!

Operating

in Counter

6175 Nancy Ridge Drive
San Diego, ¢

0 (2.2GHz) |

23336 (3GHz)

Featires Packoge Typas
1 PLC
T
14 BC
)

Totall,  Package Types
(oAl

www.peregrine-semi.com

i L e R e FAR

of NdFeB
available on

serewed-in lid. D

igus are frec

nagnels. Large quantities are
short notice and at competitive prices
SDP Components Inc.,
Pointe-Claire, Quebec, Canada

(514) 428-8749.

Circle No. 233
M Bulk Cable Products

The Vital Links™ series flexible cables offer a
wide range of options spefically designed to

for_applic:
with demanding
specifications
The DB and SI

ations

ries is a cost-effec
tive, microporous PTFE cable group offering
much better flexibility and performance than
solid TPFE cables. The KW series is a flexible.
high power and ultra-low loss cable group.
KWS00 has a loss factor of onl dB/100 feet
at 1 GHz and can be formed by hand into a
four-inch-diameter loop without using special
mandrels or bending apparatus. The TP series
offers excellent SWR performance and low loss
for applications up to 50 GHz.

Semflex Inc., Mesa, AZ (800) 778-4401.
Circle No. 235

B Multilayer Chip Inductors
The HK series high Q-value multilayer chip ir
ductors reduce increase battery life ar
: improve overall
efficiency in cell
phones, pagers
notebook PCs
and other prod

ductors also fea-
ture 100 percent
silver internal conductors, advanced dielectric
ceramics and unique fabrication techn;
achieve superior price/performance character-
istics in small case sizes. They offer extremely
low DC resistance values, from 0.04 to 1.10 Q
typ). The series is surface mountable and
lable on tape and reel for high speed man-
turing, Price: 3¢ to 8¢ per picce (depend
ing on part) in OEM quantities.
Taiyo Yuden (USA) In
Schaumburg, IL (847)

s to

0888.
Circle No. 238

B RF Coaxial Connectors

es coaxial cor

ectors handles
up to 3000 V peak and is designed for high

voll semicon
ductor, wafer pro
cessing, sputter-
ing and rescarch
applications. The
connectors fea-

ture overlapping

lon dielectrics
leakage path
[Continued on page 210]
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which allows them to handle up to 3000 V
peak. Male and female designs for both semi-
rigid and flexible cables are available in
straight, right-angle and bulkhead configura-
tions. Manufactured in accordance with MIL-
STD-348 and MIL-C-39012 specifications, the
connectors can be made with TruLustre, silver-
or nickel-plated brass or aluminum shells, and
silver- or gold-plated brass, phosphor bronze or
beryllium-copper center conductors. Price:
$19.95 each, depending upon configuration

Tru-Connector Corp.,
Peabody, MA (800) 262-9878
or (978) 532-0775.
Circle No. 237

B High Power Stripline
Mountable Circulators

These high power, low loss tab-mount circula-
tors and isolators designed to protect solid-
state circuits are
available over a
10 percent mini-
mum bandwidth
in the 1 to 3 GHz
frequency range.
Various models
cover IFF, PCS

and quantity.
MICROWAVE

ssp CORPORATION

“Solid State of the Art” Satellite Microwave Technology

SSPA MICROWAVE CORPORATION is a recognized leader in the microwave solid
state power amplifier industry.

We have over 23 years experience in designing and manufacturing SSPAs for
telecommunications, aerospace and military applications worldwide.

SSPA Microwave Features

v SSPAs available as modules, indoor
rack-mount assemblies, or outdoor hub-
mount assemblies.

v Available frequency range of 1 GHz
to 18 GHz

v C-band SSPAs: Output power up to
300 W v Standard product line or customized
units for your particular specifications
v Ku-band SSPAs: Output power up to and needs
125W
v Competitive prices!
v Single or redundant systems.

Put our expertise and exfperience to work for you.
Call us today tor a quotation!

SSRE MICROWAVE CORPORATION
7420 Pacific Circle, Mississauga, Ontario, Canada L5T 2A4
Tel.: (905) 565-0558 <+ Fax: (905) 565-0588
e-mail: marketing@sspamicrowave.com
Website: http://www.sspamicrowave.com
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and radar bands. The units are rated at 300 W
CW and 3 kW peak power, and typically pro-
vide greater than 20 dB isolation, 0.2 dB loss
and 1.25 SWR. SMA connectors are an option.
Size: 1.25" x 1.33" x 0.75"
UTE Microwave Inc., Asbury Park, NJ
(732) 922-1009.

Circle No. 266

M High Frequency Coaxial
EMI Filters

The dual-polar series solder-in style high fre-
uency coaxial EMI filters are available in C-
and L-sections
and offer EMI
suppression from
1 MHz to 10
GHz. They are
ideal for the
satellite construc-
tion market, for
high volume usage in test and measurement
equipment and for microwave repeater appli-
cations. The dual C- and L-section filters re-
place two individual filters, decreasing the size
and weight of the systems in which they are
used, thereby reducing overall costs. The series
meets MIL-PRF-28861 standards and is of-
fered with a working voltage of either 50, 100
or 200 V DC and a minimum capacitance of
10,000; 2700 and 5000; or 100, 500 and 1000
PE, respectively. Price: $3 to $5 (1000).
Sierra-KD Components,
Carson City, NV (775) 887-5700.

Circle No. 236

AMPLIFIERS

B S-band, Solid-state
RF Amplifier

The model SSPA 2227-80 high power, S-band,
solid-state RF amplifier (SSPA) covers in
excess of 500
MHz of band-
width from 2.2 to
2.7 GHz. This
class AB SSPA of-
fers greater than
30 dB of gain and
a minimum of 70
W across the
band. Typical output power from 2.3 to 2.7
GHz is greater than 100 W. The amplifier of-
fers 35 percent efficiency (typ) across the band
with a noise figure of < 5.0 dB. Input/output
SWR is better than 2.0, and the unit operates
from+12 V DC over a —40° to +85°C tempera-
ture range. Size: 4.00" x 8.25" X 2.50"
Aethercomm Inc., San Marcos, CA (760)
598-4340.

Circle No. 240

B 3 V GaAs PA Driver Amplifier

The model RF2367 low noise CDMA/
TDMA/GSM PA driver amplifier has a fre-
quency range of 150 to 2500 MHz and is opti-
mized for operation in the DCS and PCS
bands for applications where low transmit
noise power is of concern. In addition to its use
as a DCS/PCS driver amplifier, the new IC can
also be used for a variety of applications in-
cluding WLAN or other wireless systems in the

[Continued on page 212]
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We know your

ontrol and test

I’f(jlll'l'(’l‘ll(’IITS.'

Fast, Accurate,

Cost effective.

For more than 40 years our customers have placed their confidence in our instruments, systems
and software for reliable, accurate and fast test and control performance.

From satellite and wireless communications to industrial controls, energy, transportation and
medicine, Ml Technologies’ instruments and software provide fast, accurate and cost effective
solutions across the test and measurement spectrum.

Want Proof?
« Our MI-1787 Microwave Receivers handle data at 10,000 measurements per second with more
than 90dB dynamic range
« 0ur MI-4190 Position Controllers are the most precise control units for zny motor-driven device you can buy
« Our MI-3100 Synthesizsd Sources offer a wide range of signal generation capabilities from .01 GHz to
more than 100 GHz
« Our open architecture MI-3000 Data Acquisition and Analysis Workstations lead the industry
n speed, accuracy, and flexibilty
« Our MI-3610 Amplitude Measurement Systems offer the fastest, most economical solutions for design
and production Ipeslmg of PCS and ere‘!’ess antennas available today ; N AT
Technologies

1AVAL.

MI Technologies 1-800-848-7921 &
e-mail: sales@mi-technologies.com

For fast, accurate, cost-effective control, test and measurement solutions contact MI Technologies.

www.mi-technologies.com

1dence

e . Autamative - Components - Customer Support - EMI/EMC « Industrial Controls - RCS - Radomes
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Low Noise Block(LNB)

Output rioy Range: 950~
Noise Figure: 1.5 dB at +25°C
Input Retur Loss: 18 B
 Conversion Gain; 58~62 dB
 Gain Fiatness: <1 dB
OmputVSWF{ <2.0:1 |moa750hm

isit our webslte al g

Best Quality 1S09001

Lowest Price =
Fastest Delivery Registered
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2.4 GHz ISM band. Operating from a single 3 V power supply, the
RF2367 features adjustable bias current, a high intercept point and pow-
er down control. The device’s performance at 1880 MHz includes 215
dB gain, +24 dBm ouput IP3 and 2.2 dB noise figure.
RF Micro Devices, Greensboro, NC (336) 664-1233.

Circle No. 241

ANTENNAS

B Indoor/Outdoor Antenna

The model DB794CM5N-KU indoor/outdoor ceiling-mount, single-
monopole, corner reflector antenna features high directional gain with
reliable coverage of up to three bands, including GSO1800, PCS1900
and U \ITS fuqm ncies in the 1710 to 2200 MHy. range. The antenna
red for high capacity pedestrian venues that re-
ice and/or data communications. Typical applica-
tions include walkways. concert halls and convention centers. Its light
weight and compact size allow the DB794CM5N-KU to be inconspicu-
ously situated mdanrc with mmnml disruption to its surroundings
Weight: 0.5 Ib. Size: 5.0" x5.0" x 5.0

Decibel Products, Dallas, TX (214) 631-0310.

Circle No. 242

B High Gain Directional Panel Antenna
The model PCW24-01518-BFL 18 dBi panel antenna covers the 2.4 to
2.5 GHz [requencies and provides 15° of horizontal and vertical
beamwidth. Size: 15.75" x 15.75" x 4.00"
HD Communications Corp.,
Systems Group, Ronkonkoma, NY (631) 585-9661.

Circle No. 265

B Microwave Heater Horn

del 0023-800 high power horn for use in industrial microwave
hmung operates at 2450 MHz and features a special throat
geometry that creates waveguide modes for

1y uniform near-field power density. In

s to be heated or drie
pl ioai s ot i it he aper-
ture and heating occurs much more uni-

formly than with a standard horn, eliminat-
+ ing hot spots and optimizing process con-
trol. The 0023-800 is designed for sample
dimensions up to 12" square, though S
sample dimensions can be accommodated on order. SWI
Seavey Engineering Associates Inc.,
Pembroke, MA (781) 829-4740.

DEVICES

B Mini; Ultra-flat Schottky De

Y
These miniature ultra-flat detectors wutilize & zero-bi
The microwave power is coupled direetly to the
RN

i ng
| . Sonie
+ sition mismatches. The

and a flat,

smooth output over a
bandwidth. Op-

able include

e or positive
output, choice of three
output connectors and
operation to 26.5 GHz.
The detectors operate
over a 001 to 18.5 GHz frequency range with 100 mW input power

MICROTWAYE TAIMRNAL 8 ACTARTR SINMY
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nax). The operating temperature range is

55° to +100°C with video resistance of 5000

Q (nominal).

RLC Electronics Inc.,

Mt. Kisco, NY (914) 241-1334.
Circle No. 244

B Low Capacitance, High Voltage
Schottky Diode
The model SMS: 40 V, 0.6 pF RF
Schottky diode is designed fon use as a level
etector in wire-

]x‘» handsets and
for general-pur-
poseswitching
applications. It is
packaged in the
surface-mount

miniature SC-79 package, and is desi

low cost, high volume applications. Price:

100,000
Alpha Industries,
Woburn, MA (781) 9:

5150.
Circle No. 243

B Detector

The model STZ500 detector for

INTEGRATED
CIRCUIT

B Common Mode Logic IC

\_\\\\k

wor -0 Gbps

XNOR ELLTES 4

The model SY5581 AnyGate™ Common Mode
Logic (CML) IC can be configured as any of the
nine most common two-input logic functions,
providing unparalleled Oexibility for designers of
ultra-high speed systems. It is capable of being
AND, NAND, OR, NOR,
XOR, XNOR, DELAY TION or 2 MUX
Operating from a wide valtage range of 23 to 5.
\. the outputs are guaranteed to toggle to at least
5 GHz. The part uses CML logic levels rm all
Y40 and & compatiblo with logaéy PEC and
LVDS interfaces. Price: $10.80 (1000+). Dell\r
ery: stock to eight weeks (ARO).
Micrel Inc., San Jose, CA (108) 944-0800.
Circle No. 247

PROCESSING
EQUIPMENT

cations and wireless applications operates over
the 0.01 to 18.0 GHz [requency rnge. It has a
positive output polarity and a video load of > 1
MQ. In addition, the STZ500 handles an input
e of 0t0 20 dlsm over a temperature range
5° to +12
Signal Tec hnology California Operation,
Sunnyvale, CA (408) 773-3744.
Circle No. 245

HARDWARE

B Crimp Tools
The models CT-400/300 and CT-240/200/100
crimp tools are designed to work with LMR
cables size 400

and smaller. The

CT-400/300

works with all

LMR-400 and

LMR-300 cables

nd crimp-style

comnectors while the 0/100 is com-
patible with all LMR-240, LMR-200 and
LMR-100 cables and crimp-style connectors
Crimp dics are integral with both tools. LMR
cables are flexible inking low loss RF
transmission line cables that utilize easy-to
mectors and are suitable for use as

feeders, system jumpers and intercon-

icrowave Systems,
Wallingford, CT (203) 949-8424.
Circle No. 246

L y
and Manufacturing System

integrated assembly system
provides a comprehensive all-in-one solution
for the precision manufacturing of microdis-
pla y ). With
LCD dimensions as large as 2' square, it s well
suited to the manufacturing of personal and
projection microdisplays and LCDs for person-
al electronics displays, wearable computers,
head-mounted displays and mobile phones. By
performing parallel operations, the system pro-
duces throughputs as high as 250 units per
hour (material presentation and process de-
pendent). The 7323 tightly integrates tacking,
alignment, bonding and unloading operations
Designed for use as either a complete stand-
alone production cell or as part of an overall
automated production environment, the sys-
tem uses a flexible Windows NT*-based pro-
gramming and control environment
MicroJoin, Poway, CA (858) 877-2100.
Circle No. 249
[Continued on page 214]
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8 Solder Stencil Capal
for PCB Production

A solder stencil capability has been added to
the company’s environmentall sy

tems for the production of prototype circuit
boards. Stencils ensure the upplication of pre-
cisely defined amounts of solder paste to PC
boards for optimum SMD connections, replac-
ing compressed air techniques that often result
in bubbles and bridges. A typical stencil can be
produced in less than 10 minutes, which allows

~ General Microwave Corporatlon
425 Smﬁh Street » Farmingdale, NY 11735-1198
TEL: 631-630-2000 * FAX: 631-630-2066
http://www.GeneralMicrowave.com

it to be used for short run prototyping work in
design labs. Stencils accommodate pads as
small as 10 mils in diameter with a minimum
pitch of 20 mils between pad centers. Stencil
thickness can be selected in the range from 3
to 5 mil. To complete the assembly; a ZelFlex
stretching frame is included to mount the sten-
cil for precise positioning, A low cost ¥
place system is also available to automate com-
ponent assembly
LPKF Laser & Electronics,
Wilsonville, OR (500) 345-5753.

Circle No. 248

H Automated Installation System

The C
signed for automat

NDO™ installation system is de-
. rapid and accurate in-

294 e e e el

EMI gaskets. Tt is
intended for high
volume application
of EMI shielding
gaskets, protective

acoustic  covers
- and thermal inter-
face prodcts used
in hand-held
portable devices. The system is the fastest tech-
nique available for EMI g(m\(upph(m(m with
installation rates of up to 12 cycles per minute.
With a compact design, it can be integrated with
automated munhb Tines to minimize or elimi-
nate labor content.

W.L. Gore Associates,

Newark, DE (302) 738-7880.

Circle No. 258

SOFTWARE

B Harmonic Balance Simulator

The HARBEC harmonic balance nonlincar
simulator allows the designer to specify any
mm\lw—r of ﬁmd amental tones for analysis and
EM, linear and nonlir
cuits. The engine also uses artificial intelli-
gence techniques to find and incorporate the
best convergence strategy. Tn the GENESYS
design environment, EM, lincar and nonlinear
circuit co-simulation is nearly transparent. Be-
hind the scencs, GENESYS automatically rec-
ognizes the lumped components, removes
thvm adds internal ports and runs the EM
i port data are transparent-
v» uwlmlwl in a circuit theor
the intial design s comple
he interactively
Teally pitfalzad e Lok <ped TE eapalility
brings the accuracy of EM simulation to the
design of nonlincar cireuits. Price: $4990
Eagleware, Norcross, GA (678) 291-0995.
Circle No. 25

cir-

B Guided Scalar
Measurement Software

This guided scalar measurement software al-
lows the 6800 series scalar and system micro-
: wave analyzers to
be configured so
that unskilled op-
erators can simply
and precisely per-
form Lumplv\ or

surements

lows the uuhlm\on(( to be customized <m
short-run production measurcments on com-

ponents, assemblies and subsystems, for cable
and waveguid
and ships and for radio link f

it i fe A S L S s Sl


http://www.GeneralMicrowave.com

ing. The software also allows for sensitive mea-
. such as frequency, to be
t up, the software uses a
series of screens to guide the operator in: se-
lecting the pre-defined measurement or test
such as insertion loss, return loss or fault loca-
tion; setting the relevant measurement aptions
for accessories; calibrating the instrument; con-
neceting the device under test; and carrying out
the desired measurement. Price: $990.

IFR Systems In

Wichita, KS (800) 835-2352

or (316) 522-4981.

Circle No. 251

B RF Analysis Software

SpurFinder 2.02 helps a designer to evaluate
various frequency conversion schemes and
provides a quick idea of the pre-selection and
post-selection filter rejection requirements for
the conversion scheme. It also draws a mixer
spur chart showing the output frequencies of
all mixer spurious products for a gi ge of
frequencies. The latest version includes many
improvements, such as the new Slider Bar,
which lets the user slide a cursor across the in-
put frequency range, and a table displays the
output miser spurious products and their fre-
quencies in real time. The designer can also
use this program to pick the couversion
scheme with the best spurious performance.
Price: $129 or $29 for an upgrade to Version 2
R.A. Wood Associates,

Utica, NY (315) 735-4217.

Circle No. 252

SOURCES

iature OCXOs

The 270 donble oven controlld crystal oscillator
(OCXO) ser

formance  and

draps into a stan-

dard European

CO-08 footprint.

Available with an

output [requency

between 48 und 90 MH and utilizing a ful-size
TO-8 quartz resonator, the oscillator performs to
for Stratum 11 and Tle,

applications. The device

operates over a =30° to +70°C temperature
range with steady-state power consumption of

sinewave (into a 50 © load)
and ~80 dBe spurious levels. The 270 se-
s is also ideal for phase noise related issues,
delivering ~100 dB/Hz at a | Hz offset and
455 dB/Iz at a 10 kHz offset for a 5 Milz
mit. Size: 423" x 1071 0,765
MTLillren Technologies Ine.
Newburyport, MA (978) 465-6064.
Circle No. 253

B Surface-mount DTCXO

The QED 110-AH/BH digital compensation

ystal oscilla-
tor (DTCXO)
achieves a stabili-
ty of 0.4 PPM
over the operat-
ing temperature
range of —40° to
+85°C. Designed
for use in test
equipment and man-pack and handset military

S R el A I U O N

radios, the unit operates with a supply voltage
0f 3.3 VDC (5 V upon request). It is available
in a frequency range from 1.25 to 110 MHz,
and current compensation is as low as 4 mA for
the 3.3 V models, depending on frequenc
The phase noise floor is ~150 dBc/Hz and the
overall phase noise performance is matched to
the [requen ability achieved. The
QED 110-AH/BH has a low aging rate, which
in the first year is < £1 PPM (typ) and 4 PPM
(typ) total aging in 10 years. Size: 0.79" x 0.51"
x0.39!

TEMEX Components,
Phoenix, AZ (623) 780-1995.
Circle No. 254

SUBSYSTEMS

M 1-Q Vector Modulator

The model 73281 1-Q vector modulator oper-
ates over a frequency range of 6 to 18 GHz and
includes an enhanced modulation rate of > 50
MHz via 12-bit ECL control inputs for both I
and Q channels. In addition, its high perfor-
mance characteristics include an attenuation
range exceeding 60 dB, with variation of ampli-
tude vs. temperature of 0.04 dB/°C (max). Op-
erating over a temperature range of ~40° to
+70°C, the unit provides a full 360° of phase
shift, absolute insertion phase accuracy vs.

frequeney of +15° and a variation of phase vs.
nmpmtun £2°C (max). Size: 6.00" x 3.12"

Geneml Microwave Cor
Farmingdale, NY (631) 630 -2000.
Circle No. 255
B Low Cost, High Performance
Synthesizers

The CFS$ HP scrics synthesizers feature phase
noise of ~100 dBe/Hz at 10 kHz offset at C
band, as well as a tunable C band or Ku band
and a fixed L band. The units are built with a
low profile construction and can be fitted with
a parallel or serial interface. Applications in-
clude use in dual-conversion up- and down-
convey nu)
Miteq
Hauppauge, NY (631) 436-7400.

Circle No. 256

[Continued on page 216]
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Celeritek’s
NEW
HBI Amplifics
modules,

IGHLY. INTEGRATED SOLUTION
,i.r AR EFFicient Power
500HM MarcH
SINGLE, POSITIVE SUPPLY
_ Operation as Low as 3.2v
_ InGap HBT TecHNoLOGY.
_ 6mm SoUARE PACKAGE
175 The Boarb Space

Celeritel’s Truelriangl

cupozso CHP1232
DigitaAnaiog Ce Digial PC:

824-849 MHZ 1.85-1.91 GHZ

Output Power: | 285 dBm 28.0 dBm

. Linear Efficiency

3236 Scott Boulevard
Santa Clara, CA 95054
Ph: (408) 986-5060 * Fax: (408) 986-5095
e-mail: truetriangle @celeritek.com
www.celeritek.com
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B Digital Microwave Radio
The 3000 series SONET/SDH digital mi-

OC-3s in the 6 GHz band. This makes the ra-
dio one of the highest capacity long-hanl mi-
crowave products on the market and offers
network operators a complete solution by ac-
commodating OC-3 needs with the lexibility
to transport up to 48 DS3s or 134£ DS1s. The
radio also [eatires & modular design, various

TEST EQUIPMENT

B RF Vector Network Analyzers

“The PNA series RF vector network analyzers
combines fast measurement speed, low noise,
dmunu range and comprehensive automation

systems excellent th

ference ratio and standard automatic transmit
ter control, syrichronization flexibility, ad-
vanced operation, aduinistration, maintenance

nd It is an entirely new family of
instruments designed to exploit state-of-the-art
technologies and incorporate the Windows
2000 Professional operating system, which

crowave radio features the XPIC (cross-polar-
ization interference cancellor) technology that
allows transmission on both the horizontal and
vertical polarity of any given frequency paix,
making it possible to transmit up to 16 155 MB

and provisioning, as well as low power con-

Tinks the measurement environment with the
sumption and conveetion cooling

nvironm he instruments combine
fast sweep speeds, wide dynamic range, low
3 four measurement receivers with
Circle No. 257 direct access and 9 GHz frequency coverage.
The Windows operating system provides the
full power of network connectivity and allows
designers to use a varicty of tools for automat-
ed test, such as COM/DCOM and program-
ming languages, as well as Microsoft™ applic
tions for the post-processing of measurement
data.
Agilent Technologies,
Palo Alto, CA (800) 452-4822, ext. 7127.
Circle No. 259

noise.

Find the right RF
connector, right now.

B Direct Receiver Access Models
‘The models M$4622C and MS4623C dire
ceiver access (DRA) models are members
company’s Scorpion® family of vector network
measurement 5\((9”\& (VNMS). Both allow in-
1 testing amplifiers not con-
ly handled l»\ other models and use

a s connsetars for i
w oo
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“DO-IT-YOURSELF” 10dB COUPLER
LOWERS COSTS

Mini-Circuits TCD-10-1W-75 needs only a
commercially available external chip resistor,
and a complete 10 to 750MHz 75 ohm
directional coupler is realized. Designed for
automated manufacturing to lower costs,
this rugged “do-it-yourself” SM coupler
provides 10.5dB +0.5dB nominal coupling
(£0.7dB max. flatness) with 1.4dB mainline
loss and 18dB directivity typical midband.
The 50/75 ohm TCD family contains 9 units
with 9 to 20dB coupling for 5 to 1000MHz.

ULTRA-THIN 0.07" MIXER
PERFORMS 1600 TO 3200MHz

The MBA-18L level 4 (LO) frequency mixer,
part of Mini-Circuits patented family of
Blue Cell” mixers, operates over 1600MHz
to 3200MHz with 24dB L-R, 16aB L-|
isolation and low 6.5dB midband conversion
loss (all typ). The Blue Cell™ mixer series
delivers a unique combination of performance
repeatability, low conversion loss, superb
temperature stability, thin profile, and very
low cost. This model is ideal for satellite,
GPS, WLAN, and PCMCIA applications.

[JMini-Circuits

SW TYPE-N ATTENUATORS
FORDC TO 18GHz

Mini-Circuits family of broadband DC to
18GHz precision fixed attenuators contain
15 models with nominal attenuation values
from 1 to 10dB plus 12, 15, 20, 30, and
40dB. Built tough to handle 5W average
with 126W peak power, these small
1.90" units exhibit high temperature
stability, outstanding phase linearity, and
excellent VSWR. Equipped with stainless
steel Type-N Male/Female connectors.
Model number is BW-NXW5 substituting

X with desired value.

CELLULAR BAND AMPLIFIER

1S LOW NOISE SOLUTION
Mini-Circuits announces a new 25dBm
(typ. output at 1dB comp.) medium high
power 50 ohm amplifier ideal for cellular
applications in the 800 to 900MHz band.
The ZQL-900MLNW typically displays
ultra-low 1.2dB noise figure and high
+41dBm IP3 to suppress intermodulation
products. Gain is 27dB (+1.8dB flatness)
and VSWR is 1.3:1 in/1.4:1 out (all typ).
This tough built coaxial amplifier is
equipped with SMA-Female connectors
and operates within -40°C to +70°C (max.)

612TO 1200MHz VCO HAS
LINEAR TUNING

Mini-Circuits ROS 1200W voltage controlled
oscillator performs in the 612 to 1200MHz
band targeting cellular and test equipment
applications with low -139dBc/Hz SSB
phase noise typical at 1MHz offset, wide 3dB
modulation bandwidth typical at 20MHz,
and 26-68MHz/V (typ) tuning sensitivity.
Housed in a miniature 0.5"x0.5"x0.18"
industry standard surface mount package,
typical power output is 10dBm. Harmonics
is -28dBc typical (specified to the fourth).

BROADBAND 2WAY SPLITTER
SPANS 20 TO 3000MHz

Designed to split a signal 2ways 0°, the
1 watt (max. input as splitter) ZAPD-30
power splitter from Mini-Circuits covers
the broad 20 to 3000MHz frequency
band. This SMA-Female coaxial unit
displays 0.1dB amplitude and 1 degree
phase unbalance (typ), plus low 1.1dB
insertion loss (above 3.0dB) and 16dB
isolation typical at midband. Housed in a
rugged metal case, applications include
UHF TV/DTV, aircraft radio navigation,
and PCS/Cellular/GSM. Value priced.

%
w'ee
oRaLE F

s

P.0.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access o product information see MINI-CIRCUITS CATALOG & WEB SITE

My

The Design Enginesrs Search Engine Provides ACTUAL Data instantly From MINI-CIRCUITS At: www.minicircuits.com
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an external test set selected by the user. In addi-
tion, they have the ability to measure nonlinear
effects in mixers, enhanced antenna meas

ments over the GPIB and high power
fiers, making them both complete high perfor-
mance measurement solutions. The MS4622C
provides measurement capabilitics from 10
Mz to 3 GHz and the MS4623C provides the
same measurement capabilities from 10 MHz to
6 GHz. Both can include a second synthesizer
for ease in intermodulation distortion and multi-
ple test port measurements. Price: $28,500 for

the M84622C and $33,500 for the MS423C.

Delivery: six to eight weeks (ARO).

Anritsu Co,

Microwave Measurement Division,

Richardson, TX (800) 267-4875.
Circle No. 260

B Handheld Microwave Oven
Leakage Meter

T]\e modef HI-1801 microwave oven sur

pul)hL health agencies and servic
to check for microwave leakage. Durable, com-
pact and portable, the instrument is not sus-
ceptible to damage caused by excessive fields.
The HI-1801 provides 2450 MHz frequency
response with 0 to 10 mW/em? and 1 dB ac-

High Resolution Telecom
Custom Components
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on mefal part:

urrun" , Coils and Inductors with 5-mi
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icron features.
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978/658-6100 * FAX: 978/657-7765 + 800/261-2557
E-Mail: metsales@dre.com « WEE: hitpt//www.drc.com

& e e e e SO CSV LR TR E

curacy. Response time is 2 to 3 scconds and

maximum ;mwmr density 2 W/emg continuous.

Size: 2.87" x

Holaday Tlimiss Inc.,

Eden Prairie, MN (877) 465-2329.
Circle

No. 271
B Photodiode Meter

The model 2500 photodiode meter is designed
for testing of laser diode modules (LDM), and
has the capability for very fast low level current
measurement, optical power measurement and
extended voltage output. Tt also provides more
targeted functionality for testing and control-
ling LDM than any comparable instrament
The model 2500 has a space-saving footprint
and has been fine-tuned to provide the essen-
tial features, high speed and repeatable perfor-
mance needed for efficient production testing
in the rapidly growing LDM industry. The
built-in picoammeter can resolve currents as
low as 10 femtoamps, which supports more
precise dark current measurement. The archi-
tecture of the model also supports greater
measurement flexibility and includes a built-in
210 V/£100 V voltage source that offers the ex-
tended range needed to power a variety of
user-selected photodetectors, including large-
area and avalanche types. Software drivers for
LabVIEW™ and LabWindows™CVI are avail-
able with the model 2500 for easier develop-
ment of test programs and test software pack-
ages. Price: $7995. Delivery: four to six wecks.
Keithley Instruments Inc.
Cleveland, OH (888) 534-8453.

Circle No. 261

B Power Meter
Thc model 9000B low cost

. high performance
power meter uses a diode-based power
sensor and can
measure power
s from —39 to
+20 dBm and
cover frequencies
from 100 kHz to
40 GHz. The
power meter is
SSES completely port-
able and can be used for swept measurement.
It is designed to offer excellent measurement
speed at all power levels, auto zero and dB rel-
ative mode, and operation on internal re-
chargeable batteries that offer greater than 12
hours of operation, and includes an internal
fast battery charger. The 9000B has a built-in
50 MHz, 0 dBm reference oscillator and V/dB
output port for swept scalar measurement sys-
tem and awsiliary display and bus reading when
used with a DVM.

Krytar,
Sunnyvale, CA (408) 734-5999.
Circle No. 262

[Continued on page 222]
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a Wide Range of
Quality Attenuators

Step-Rotary / Continuously Variable / Fixed Coaxial

Designed by KMW for consistency and stability, these Attenuators will be your first choice for
building wireless communication system applications

B Step-Rotary Attenuators

roduct Code No. KAT.

Operating Type Make-Befort

Frequency Range DC - 3GHz DC - 3GHz
Insertion Loss (Max.) 0.2dB 0.2dB

KAT2DO45A000 VSWR (Max.) 11511 1151
KAT1DO45A002

Incremental Attenuation
Range (dB)

0-1 0-~10

Attenuation Step (dB) 02 1

Nominal Impedance 50 ohm

1/0 Port Connector SMA(F) / Right Angle SMA(F)

Average Power Handling W @ 2GHz

Temperature Range -30°C ~ +80°C

Dimension (inch) 1.925*1.567*2.224

= P singee ) DC ~ 1GHz ~ 2GHz 2~ 3GHz
Insertion Loss (Max.) 0.15dB 0.3dB 0.3508
VSWR (Max.) 1.251 1.250 1.25:1
Attenuation Range (Min.) 13dB @ 2GHz
Nominal Impedance 50 ohm
1/0 Port Connector SMA(F) / SMA(F)
Average Power Handling 2W @ 2GHz / 25°C, without Heat-Sink
Temperature Range -55'C ~ +85°C
s

KAT1304CA001

H Fixed Coaxial Attenuators are available
N-type, SMA-type Connectors

13921 Artesia Blvd., Cerritos, CA 90703-2202

1-800-8320-KMW * www.kmwinc.com
.
tel: 562-926-2033 » fax: 562-926-6133 RF & Microwave Products
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SSPA RADIO LINK
TWT REPLACEMENT KITS

$> Stealth Microwave
Rt 58 g

7 Whitah
80

ad Road Ext. Trent

8-8586 * Fax: BO
Email

Visit us on the

CRCLE 171

800-448-1666 + 315-438-4700
Fax: 315-463-1467
Toll Free Fax: 888-411-8860
http:/fwww.microwavefilter.com
e-mail:

* COAXIAL Surge
ressors for POS,
RF equipment
rotector UL 1449
* TU/EL Protection

\GE ARRESTER
TUB
> Valtage from 75V

> Available in Surface:
Mount

ICITEL, Inc.
Tel: (305) 621-00:

250-290 Mhz
Coaxial

25dBisolation
0.4dB ins.loss

2.0-23 GHz
Drop-in w/
Internal Load
20dBisolation
0.5dB ins.loss
100 MHz-19.5 GHz COAX/DROP-IN
ISOLATOR / CIRCULATOR

Aerocomm Thailand
89 Intamara 41, Sutthisaran Rd. Dindang
Bangkok 10320 THAILAND

= e Ha

serocomminaland. com thcom

JAPAN: Amtechs Corp. 81-3-56450-5311

)
"ZTSAT

Ku to L-band Transceiver, 2 W

£9

Completely Integrated, total weight 2 kg
* HPC,OMT, TRE INC.
+ Microcontroller
Two cables Interfac
* Rx IE 10 MHz ref and 24 DC
* Tx, HPA on/off
For more information:
Tel: +47 23 03 73 60 « Fax: +47 23 03 73 61
emal:info@isat.n0

FILTERS AND DIPLEXERS

UP TO 40 GHz
High Performance, High Quality
t Low Cost

at Low Cosl
FILTEL MICROWAVE INC.
342 Almé Vincen

Vaureul-Dosion, Quebec, Canada, JTVSVS
TEL: (450) 455-6082/FAX; (450) 4245819

CIRCLE 2

SPECIALISTS IN
CUSTOM DESIGNED

__ SATELLITE SWITCHES =
SPACE WAVEGUIDE SWITCHES

SECTOR MICROWAVE
INDUSTRIES, INC.

@

999 Grand Blvd., Deer Park, New York 11729

(516) 242-2300 + FAX: (516) 242-8158 » Telex: 673-2151
 Coax & Mairix Switch Assemblies Available

CIRCLE 188

Personal
Probe
Station

Very Low Cost
High Function
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J microTechnology

A Probe Station On Every Bench
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sV MICRowvE

RF Connectors » Cable Assemblies * Resistive Products

As a leader in the microwave industry, our
RF Connector, Cable Assembly and Resistive
Products Division has over 40 years of proven
high-quality performance. We design and
manufacture RF coaxial connectors, cable
assemblies, attenuators and terminations.
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.

gV MICRowVE

Commercial Products Group

Our Commercial Products Group specializes
in “high-volume, custom-designed” passive
microwave components for the wireless and
broadband markets. Our competitively priced
products include mixers, IQ modulators and
demodulators, directional couplers, power
splitters, phase shifters, attenuators, hybrids
and transformers. Let our experienced team of
engineers fulfill all your component design
requirements. Call us at 727-541-5800.

wWww.svmicrowave.com
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ViISIT OUR WEBSITE AT W'
COMMUNICATIONS
‘“ MICR O ey

Vie speciatize in the placement of wireless, RE, microwave communications
professionals both nationally and internationally

35 New England Business Center Ste. 205
Andover , MA 01810
Call Collect: Tek: (978) 685-2272 ¢ Fax: (978) 794-JOBS
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B Cellular Phone Production
Test System

The TSTI00 cellular phone production test system is a ready-to-go solu-

tion for the mass production of mobile phorics to both present and up-
coming standards. Thv m(L;thd open sy
tem plmmm 31 slots for
cards based on Compaul’(vl and PXI in-
dustry standards. The software library with
GSM, CDMA and AMPS scquences covers
all common mobile radio prochction tests.
The TS7100 is compact and easily integrat-
ed into existing production lines.
Rohde & sdmm GmbH and Co.,

Munich, Germany
+49 89 4129-13779.

Circle No. 263

@ Rugged Temperature Probe
This rugged temperature probe provides high accuracy temperature
sensing under the harshest conditions. The integrated stain eel sen-
sor well/hernetically sealed connector is
Tesistant to moisture, vibration, mechanical
shock, temperature shock an
vironments. It is available in both thermis-
tor and Pt RTD clement versions; several
options are available for connector type and
probe style
Sensor Scientific Inc.,
Fairfield, NJ (973) 227-7790.
Circle No. 264

Xemod, Inc is a dynamic, closely-held, pre-IPO designer/manufacturer of semicondu

tors for the wireless industry, with needs in Tempe, AZ and in Sunnyvale, CA. They seek|
Engineers with this experience:
SR. RF/RF DESIGN ENGINEERS

To desig/develop amplifier circuitry to 3.56Hz. Senior Engineers need a BSEE and 8+
years, including extensive RF/Microwave circuit design experience, and should be famil-
{ar with various modulation formats used in commercial wireless appiications. RF Engi-
neers need a BSEE and 2+ years related experience, with LDMOS a plus. Both levels re-
quire knowledge of RF CAD tools, good analytical skils and solid bench experience.

R. RFIC DESIGN ENGINEER
To take a hands-on role leading the development of a new line of RFIC products for the|
wircless infrastructure market, covering baseband processing to RF power amplifers.
BSEE, or equivalent, and 5+ years related experience is required, which must include|
knowledge of RFIC CAD tools; experience with LOMOS is a plus.

SR. DEVICE ENGINEER

Experienced with process/device simulation software (Suprem, Pisces, etc), and who|
can perform device layout utilzing layout software (L-Edit preferred). You should be abl
o work with foundries to provide support with parameter extraction of the devices, and|
be able to write technical cocumentation of newly developed test chips. BS in Engineer-|
ing or Physics (MS preferred), with 3+ years related experience and good communica-

tion skills required.

SR. PACKAGING ENGINEER
To lead the effort to develop new, cost-effective, high performance packaging for high
[volume commercial manufacturing. This will involve: defining new materials, mechanical|
design, analysis, and testing of the packages. BSME, or equivalent, and 8+ years related
experience, including RFIC/hybrid packaging design, and familiarity with common analy-
sis tools and CAD packages.
For more on these great job opportunities at XEMOD, or to apply on-line, visit
www.aztechjobs.com, o send your resume fo:

4131 N.24th St, Phoenix, AZ 85016
ZTECH email: resumes@aztechjobs.com.
Recruitment Co. Call 800.790.8710 + Fax 602.955.9639

www.aztechjobs.co
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More po

wer equals

more freedom.

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

With power to spare, giving you freedom from
" design constraints, this amplifier was designed and

manufactured using state-ofthe-art Gallium Arsenide

heterojunction bipolar transistor (GaAs HBT)
process technology. These devices are ideal for use as a
driver stage for power amplifiers installed in cellular PCS
infrastructure equipment and conform to TDMA,
CDMA and PCS 1900 modulation standards. The SXT-289
operates from a single 5VDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89
with backside ground.

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

3 (@Bm) 148 (@Bm) 521 (48)
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Typical device performance. Bias =5V'@ 110mA yp.

STANFORD
MICRODEVICES

‘www.stanfordmicro.com * 800-764-6642

© Copyright 2000 Stanford Microdevices. Stanford Microdevices is a registered tmdemark of Stanford Microdevices, Other trademrks ae the property of their respective holders, Al ights reserved.
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In “The Design of Intermediate Linear Phase Band-
pass Crystal Filters in Semilattice Form,” a technical fea-
ture by Mark Mell that appeared in the August issue of
Microwave Journal, Tables 2 and 3 contained several er-
rors. The corrected tables appear below. In addition, in
Appendix C a j term was missing in the first Ya(s) equa-
tion. It should read

1.730769s% + 0.4267183 —
Yl = :
s” + 1.331361s —jﬂ.57b’9231s‘ - j0.4267183

In the same issue in the article “A Simplified Approach
to Determining AM/PM Conversion Coefficient in Mi-

ERRATA

crowave Low Noise Amplifiers and Systems” by Maurice
Toolin, the definitions for S; and S, on page 82 should
read

) = voltage amplitude of PyoutA normalized to PA

Sy = voltage amplitude of PsimA normalized to PA

Also, PyoutA(Pout — Poout) is recorded as 30.5 dB. On
page 90 in Appendix A, the final equation should read

K,(°/dB) = 132log ‘[

B + G - Pint
10

Ll =g sompanic:
npany in irectory?
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Thickness
mm (inch )

Width
mm (inch )

Gore Part Number

Richardson Part #

025 (0010)
05 (0020)

320 (0.125)

20 (0.125)
6 35 (0.250)
950 (0.375)
12.70 (0.500)

EDR-05-010-0125-SC
EDR-05-020-0125-SC
EDR-05-020-0250-SC
EDR-05-020-0375-5C
EDR-05-020-0500-5C

€010-0125-8C-50
€020-0125-8C-50
€020-0250-SC-50
€020-0375-SC-50
€020-0500-SC-50

10 (0.040)

320 (0.125)
6.35 (0:250)
950 (0.375)
12.70 (0.500)

EDR-05-040-0125-SC
EDR-05-040-0250-SC
EDR-05-040-0375-SC
EDR-06-040-0500-SC

C040-0125-SC-50
C040-0250-5C-50.
C040-0375-SC-50
040-0500-SC-50

(

(

320 (0.125)

6.35 (0.250
(

9.501 (0.375)

EDR-05-060-0125-SC
EDR-05-060-0250-SC
EDR-05-060-0375-SC
EDR-05-060-0500-SC

C060-0125-SC-50
€060-0250-SC-50
C060-0375-8C-50
C060-0500-C-50

320 (0.125

EDR-05-080-0125-SC

C080-0125-SC-50

)
)
1270 (0.500)
)
)

6.35 (0.250)

EDR-05-125-0250-SC

C125-0250-SC-50
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Want more information

from Microwave Journal
advertisers? Now you can
request it online. It's as
easy as a click of a mouse!
Here's all you have to do:
1. Simply log onto

our Web site,

WWw.mwjournal.com.
2. Click on the LEADnet™"

Reader Service icon.
3. Request your

information

(by advertiser name,

circle number

or product type).
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B Propuct BROCHURE

This six-page brochure features EMI shiclding
products, such as EMI gaskets, conductive sil
cones, conductive yarn over elastomer gaskets,
wire mesh gaskets, elastomer gaskets, combi-
nation gaskets, EMI shielding tape, shiclded
windows, air vent panels and metallized fab-
ries. Product photographs, descriptions and
contact information are include

Advanced Performance Materials (APM),
St. Louis, MO (800) 843-4556

or (314) 344-9300.

Circle No. 200

B MICROMACHINED INTEGRATION
TECHNOLOGY BROCHURE

This brochure on pmintegration™ (microma-
chined integration) technology shows the ben-
efits and applications of the Tatest technology
and products being released. It includes infor-
mation on the umlsolation™ (micromachined
isolation) 1C-based approach to digital isola-
tion, as well as the pumRelay™ (micromachined
relay) technology
Analog Devices Inc.
Wilmington, MA (800) 262-5643.

Circle No. 201

B RF DEsiGN MobuLE BROCHURE
This four-page brochure describes the compa-
ny’s RF design module, which extends model-
ing capabilitics to high frequency anal
Screen shots, characteristics, features and a list
of supported operating systems ar included.

C Solutions Corp.,
Helsinki, Finland +358 9 5404 5000.
Circle No. 202

W ELeCTRONIC COMPONENT SUPPLIER
BROCHURE

This brochure features the company’s new logo
and contains a list of its product line, suppliers,
MIL specs and clients. A company profile, cat-
alog request form, contact information and a
distributor update are also included.
BTC Electronic Components,
Raleigh, NC (800) 526-2828.

Circle No. 203

B CompaNY BROCHURE
This four-page brochure provides an overview
of the newly formed company and its products.
Focused on providing various semiconductor
system solutions for communications electron-
ics, the company offers wireless communica-
tions solutions, network access solutions, digital
infotainment solutions, personal imaging solu-
tions and personal computing solutions. Con-
tact information is lurludcd
Conexant Systems
Newport Beach, CA (amo) 854-5099.

Circle No. 204

W Propuct DATA SHEET
‘This two-page data sheet describes a variety of
procurement products for distribution, purchas-
, outsourcing, supply management and kitting.
Product photographs and overviews and a lsting
of the compaay’s prodict e re inchded
Delaire Ut
wnmqmm NJ (732) 528-4520.

Circle No. 205

NEW LITERATURE

B CrysaL OsCILLATOR DATA SHEET
This two-page data sheet features the model
FE-101A OCXO subminiature oven-controlled
commercial quartz crystal oscillator. The unit
warms up to stabilized frequency in less than
two minutes with temperature stability of 5 x
1075 at 50°C. Full specifications, technical
highlights, available options and an outline
drawing are included
Frequency Electronics Inc.,
Mitchel Field, NY (516) 794-4500.

Circle No. 206

B SEMICONDUCTOR DATA SHEET

This data shect provides information on the
company’s S- and L-band radar products as
well as its avionics and MOSFET products.
Part number, frequency band, ouput power,
valtage and pulse width/duty factor are listed
The sheet also includes the company’s mission
statement and quality policy.

Integra Technologies Inc.,

El Segundo, CA (310) 606-0855.

ircle No. 207

B REFERENCE GUIDE
‘This 12-page reference guide (Connecting Multi-
ple Converters, PowerPage™ 44) describes how
to connect multiple DC-to-DC converters to
make complete power supply systexms. The guide
also details some cautionary areas such as switch-
ing [requency synchronization and controlling
multiple power systems with a single switch.
Powerc
Chatsworth, CA (800) 866-3590.

Circle No. 208

W Propuct BROCHURE

‘This four-page brochure features dielectric res-
onators, ferrite materials and dielectric sub-
strates. Product photographs, descriptions, and
a company and facilities overview are included.
Product applications and contact information
are also liste
TRAK Ceramics Inc. (TCI),
Hagerstown, MD (301) 766-0560.

Circle No. 209

B RF CONNECTOR CATALOG

This 12-page catalog features the company's
full line of QDS scries quick disconncet RE

for use with

semiconductor and test equipment. The prod-
uet line combines the performance of tvp\ -N
connectors with a fast on/off capability that
mates securely without bayonets or threaded
mts. Technical drawings, product descriptions
and specifications are included
Tru-Connector Corp.

Peabody, MA (soo) 2629878

or (978) 532-0775.

Circle No. 210

W Propuct BROCHURE

This six-page brochure features devices, build-
ing blocks, jammer amplifiers, command trans-
mit systems, communications products, replace-
ment amplifiers and special applications. Prod-
uct photographs, descriptions and specifications
are included, as well as a company overview.
Zeta, a division of Sierra Networks Inc.,
San Jose, CA (408) 434-3600.
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B Handbook of CDMA System Design,
Engineering and Optimization

Kyoung Il Kim

Prentice Hall PTR

252 pages plus CD ROM; $80

ISBN: 0-13-017572-2

CndL division multiple access (CDMA) has become a
preferred choice of the wireless telecommunications
industry. This book is the result of recent efforts by many
members of the technical staff of Bell Labs at Lucent
ngmologxes Inc. to study CDMA technology as it applies
to cellular or PCS. The text
summarizes the work that
has been developed and ap-
plied to the design and de-
ployment of 1S-95 CDMA
systems, and provides an in-
depth discussion of various
engineering guidelines for a
multitude of real-world i
sues involved in the des
deployment and optimiza-
tion of 18-95 CDMA systems
and networks. The goal is to
aid the reader in under-
standing the types of issues
involved in engineering suc-
cessful CDMA mobile communication systems and the
guidelines required to deal with those issues.

To make the book more useful for those readers inter-
ested in cell planning, a demonstration version of Cellular
Engineering 4 (CE4), a CDMA coverage prediction soft-
ware tool developed at Bell Labs, has been included. Us-
ing this software, readers can obtain hands-on experience
in CDMA cellular engineering techniques as well as in
the design and analysis of CDMA networks. The North
American PCS CDMA system operating at 1800 MHz is
the example used for the discussions. However, almost all
of the discussions are equally applicable to both 1.8 GHz
and 850 Mz systems if appropriate modifications for fre-
quency-related values are made.

The book begins with a CDMA overview and a sum-
mary of CDMA concepts and operations, then covers
spectrum coordination, pilot assignment, mobile station
and paging, and handoff issues. Tt continues with
discussions of link budgets, capacity, coverage, traffic en-
gineering and antennas. The appendices provide a sample
RF design process, an outline of RF optimization proce-
dures and RF coverage predictions using CE4.

The book is easily understood, with clear, helpful
graphics and minimal complex math. Tt provides practical
guidelines for individuals interested or engaged in the en-
gineering and optimization of CDMA networks.

To order this book, contact: Prentice Hall, PO Box
11073, Des Moines, 1A 50336 (800) 947-7700.

228

THE BOOK END

B Advanced Techniques for Digital
Receivers

Artech House Inc.
430 pages plus software; $119, £82
ISBN: 1-58053-053-2

his book presents new electronic, electro-optic and su-

perconductor digitization methods and emphas
high resolution, symmetrical number system (SNS) tech-
niques that can be applied to a variety of receiver compo-
nents, architectures and receiver subsystems. The book is
appropriate for senior undergraduate and first-year gradu-
ate students, and contains a disk with MATLAB/
SIMULINK programs that may be used for problem ex-
ercises that appear at the end of each chapter.

Chapter 1 presents the concepts of time domain and fre-
quency domain signals and systems. Linear time-invariant
systems are discussed and filtering concepts are introduced.
Chapter 2 presents a brief overview of analog receiver archi-
tectures. New digital receiver techniques are investigated,
and radar, infrared, satellite ground station, Global Position-
ing System and electronic warfare receivers are described.

Chapter 3 explains the signal conversion process. Both elec-
tronic and optical circuits are
emphasized, as well as the
concept of coherent sam-
pling. Chapter 4 describes the §
parameters used to measure
the dynamic performance of
the s|gm1] conversion process.
Transfer functions of the digi-
tal-to-analog and analog-to-
digital converters (ADC) are
presented.

Chapter 5 provides a de-
tailed overview of high per-
formance signal conversion
architectures, including full-flash, two-step and folding
ADCs, electro-optical digital antennas, time interleaved
digitizers and pipelined ADC architectures. Chapter 6
discusses oversampling theory and sigma-delta modula-
tion, and describes first- and second-order modulators.
Chapter 7 presents the theory of digital RF memories;
Chapter 8 covers the application of superconductor tech-
nology to amplitude-analyzing and sigma-delta ADCs.

Chapter 9 offers a complete discussion of SNS theory
and Chapter 10 discusses SNS undersampling discrete
Fourier transform receivers and their advantages. The final
chapter presents phase-sample, direction-finding antenna
theory. A two-channel example is shown and experimental
results are demonstrated.

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 meniber of the Microwave Journal staff
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FEATURES:
- Broadband operation
« Minimal variation in
conversion loss

+High IP3 and 1 dB
compression versus LO
power
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RF/LO Input Frequency Range

IF Output Frequency Range

Conversion Loss
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Third Order Intercept Point
\' 1 dB Col n;esslon Point

For further:information, please contact Mary Becker
at (631) 439-9423 or e-mail mbecker@miteq.com

'\ 100 Davids Drive - Hauppauge, NY 11788
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www.miteg.com
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The probe you buy is only as reliable as the company that stands behind it.
Ca

probes; we also produce probe stations, probe cards, accessories, and

cade Microtech is not just the world's largest manufacturer of

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,
guarantees you accurate measurements...che first cime...every time. What's
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and the superior application support you just can' get from a probes-only
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New Daico Wireless Amplifier
High performance in a small package.

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: CDMA, 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,

y 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,

'\ it lowers the costs. If you need a military quality amplifier

'\. priced for your competitive environment, check us out. Find
1.98 Mz

B .«4.}1 out how we will work with you during system integration
TSI

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.
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