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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. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional
testing instruments,

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

GGB INDUSTRIES,
Telephone (941) 643-4400 *

:

ards to a higher level...

(...110 GHz to be exact.)

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

inductance

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.BOX10958 -

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

[Typical Specs 10GHz 2
Insertion Loss 0.6 dB 0.8 dB

13dB
|RetunLoss  22dB 18dB 15dB

For technical as-

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

NAPLES, FL 34101

com *

Fax (941)643-4403 < E-mail

WWW. .com


mailto:E-maHemail@ggb.com
http://www.picoprobe.com

Designer’s Kit
for MMIC Amgllflers

DC to 8GHZ on/y ea kit

sorgy
gllncludes 9 dlfferent amplifiers, 10 of each model,

specification and performance data...plus a FREE TEST FIXTURE!
Open this “K1-GAL” Designer’s Kit from Mini-Circuits, and find a collection of 90 wideband GAL amplifiers for the low
evaluation price of only $99.95...a saving of over $120 off the 10 piece price. Then, Mini-Circuits adds a
Free Assembled Test Fixture, complete S-Parameters, highly informative GAL spec sheet including PCB layout and biasing
configuration, and a handy RF/IF Designer’s Guide. Contact Mini-Circuits for this all-in-one Designer’s Kit value today!
Mini-Circuits...we're redefining what VALUE is all about!

= = - - :
ini=-Circuits
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIR(
(W'T" The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS Al: www.minicircuits.com
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8GHZ from 99 nym

lower thermal resistance
better gain flatness
wide choice of gain
high IP3
high reliability*
2 year guarantee*
in stock!

TYPICAL SPECIFICATIONS AT 25

Toemal 0 Pree

DparicRangeA  Resst.  Operatng Power  Sea.
NF(dB; 1P3IdBm) 6jc,"CAW Curent(mA) Yot 125 Qty)

45 27 108 0 34 9%

40 27 128 4o 35 99

46 101 40 35 9

39 28 110 4 43 99

g51./25 -1 Top 5 33 99

122 118 45 36 % 70 52 149
144 135 40 34 9% 6 46 149
181 161 35 35 78 6 45 149
0 206 17.5 85 36 103 6 44 149

A a2 opl GAL4, -5, 6, -1 ot 1GHz.
neitons of the warranty published in our curent Designer's Guide. Complete specifications,
performar i reablity report avalabie on our web.
Designer’s Amplifier Kit K1-GAL : inciudes test board and 10 of each model
GAL-1,-2,-3,-4,-5,-6,-21,-33,-5 9

51 (90 pieces). Price only $99.95.

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

[ Mini-Circuits -“-%

P.O. Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
ot "The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
o
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The Powery i your: %8s On

At K&L Microwave we provide real solutions for real people.
As a global manufacturer and world leader in the production of RF
and Microwave filters, we can satisfy your requirements from the
most basic microminiature bandpass up to an integrated assembly.

K&L Microwave has the technology to enhance your position in the

global market by providing engineering solutions, technical support,

quality products and global logistics. Our next generation design will
help support your developing systems. Our recent capacity expansion
enables us to maintain our outstanding delivery performance as customer
demand increases.

WHETHER YOUR REQUIREMENTS ARE HIGH END MILITARY OR HIGH VOLUME
COMMERCIAL... K&L HAS THE POWER TO TURN YOUR IDEAS ON.

CIRCLE 47 ON READER SERVICE CARD
2250 Northwood Drive * Salisbury, MD 21801 * Phone: 410-749-2424 * Fax: 410-749-5725




WIDEBAND

HIGH IP3 MIXE:

+4104170Bm 10 569 e

Now you can obtain spectacular wideband IP3 performance at a value price With
Mini-Circuits team of MBA, ADE, and SYM mixers. Optimized to highest IP3
for a given LO diive, these affordable surface mount mixers range from 320Bm IP3
for +17dBm LO 5dBm IP3 for LO down to +4dBm. In term: tor
(IP3 Figure Of Merit as high as
intermodulation suppression from & 5900MHz while at the same
achieving low conversion loss and high isolation. You'l aiso be pleased to know
the Blue Call™ MBA model covers your higher frequency
designs with superb temperature stability, high
repeatability, and ultra-thin Q070" profie. Now, high IP3,
higher performance, and value pricing have merged.
The result is Mini-Circuits wideband high 1P3
mixers...the clear choice!
Mini-Circuits....we're redefining what VALUE is all about!

or

1.5 provid
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350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG
i The Design Enginoors Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At www.minicircuits.com
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http://www.mi

JFW Industries, Inc.

Specialists in Attenuation and RF Switching

JFW-understands that everyone’s RF testing
requirements are unigue. Through the
integration of attenuators, switches, matrix
switches, power dividers, couplers, isolators
and filter JFW can‘provide turnkey solutions to
complicated RF. prablems.. Applications range
from cell system fading émulation and cellular
traffic simulation-to automated switching and
testing; For more information, please visit the
RF Test-System"and Matrix Switch sections of
our websit at

www jfwindustries.com/system.htmi or

www jfwindustriesx ixchtml

Models are available with the
following features:

« Frequency ranges from: DC to'5 GHz
*:Electro-mechanical and:Solid-state systems

+ Blocking and Non-Blocking swmchmg systems
« Latching or non-latchin

« Control.interfaces to suit your oftware
(GPIB, R5232; TTL, Parallel). -

¢ Cuistom enclosures, conhectors, mountmg
configurations

« Expandable descgrﬁ
».Remote.and front=panel (cntrols
*Various attenuation ranges-and step. sizes
¢ 50:and 75 ohm versions

* CE approved

TeL (317) 887-1340 Toll Free 1 (877) 887- 4539
Fax (317) 881-6790 :
5134 Co indiana 46237

Internet- http://www.jfwindustries.com
E-mail- sales@)‘fwmdustnes com

.Qg‘n:mm Dr. » Indiahapoli

p

- 1509001 Certified.


http://www.lfwindustries.com/svstem.html
http://www.ifwindustrles.com/matrix.html
http://www.jfwindustries.com
mailto:sales@jfwindustries.com

Adapters and Connectors. .~
+ Over 80 different combinations of in-series an
A

= W i all
connectms, in sizes from WH430 to WR10
+ Coaxial connector gage kits for checking pin
location and depth prior to mating
* Precision includi
~ sliding and fixed terminations
- short circuits
~ precision mismatches
~ two-port standards and much, much more
Calibration Kits For
Vector Network Analyzers
» Coaxial calibration kits in all common
{and some not so common) connector sizes
« Waveguide kits from WR430 to WR10
= Wide variety of kit configurations including:
~ OSLT (coax) with sliding or fixed loads
~ SSLT (waveguide) with offset shorts or shims
~ TRL/LRL (coax and waveguide) "Tri-Kits"
+ Special configurations can be tailored to meet
your unique application requirements

Automated Tuner Systems
+ Automated tuners in decade and multi-octive
ranges from 0.25 to 110.0 GHz
* Windows® 95/98/NT ible system
for of powe
IMD/ACP, and noise characteristics of devices
Receiver Noise Instrumentation
and Standards
= A variety of noise figure meters to meet your
application and budget needs, including the fastest
and most accurate models available today
+ Solid state noise generators in several frequency
ranges, and broadband units from 0.1 to 26.5 GHz
« Cryogenic and heated terminations for hlghly
its and noise

Call today for a copy of our catalog'

Contact our Sales Staff for More Informatlon'
Tel: (909) 987-4715 » Fax: (909) 987-1112 » Email: maury @maurymw.com

MAURY MICROWAVE
CORPORATION
2900 Inland Empire Blvd., Ontario, CA 91764, USA

Go to www.mwrf.com and
Visit our homepage on the World Wide Web at:  Click on the Free Advertiser

Information icon.
http://www.maurymw.com
e « o 4 -8 8, B

"ADER SERVICE CARD
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EUROPEAN SUPPLEMENT

A Long Range View of Short Range
Wireless Systems
Richard Mumford, Microwave Journal European Editor

In-depth review of current European activity, worldwide expansion and
globally competing technologies within the field of short range wireless
systems

TECHNICAL FEATURES

Power Efficient MMIC Frequency Triplers

John E. Penn, Johns Hopkins University Applied Physics Laboratory
Presentation of an approach to optimize the power efficiency of an MMIC

frequency tripler

Hugh Speed Analym and Optimization
d| Filter
Usmg Slmpla Neural Architectures
A Mediavilla, A. Tazon, ] A. Pereda, M. Ldzaro, C. Pantaleon
and I. Santamaria, Dpto. Ing. Comunicaciones. ETSI Telecomunicacion,
University of Cantabria

Presentation of a simple and accurate neural architecture to facilitate the
design of waveguide bandpass filter structures

SiGe Power Amplifier ICs with SWR Protection

for Handset Apj

Joe Pusl, Srikanth Sridharan, Philip Antognetti, David Helms,
Anurag Nigam, James Griffiths. Kenneth Louie and Mark Doherty,
IBM RFIC Design Center

Detailed description of how SiGe technology is used to develop power
amplifier 1Cs for wireless handset applicati

TUTORIAL

On the Direct Conversion Receiver — A Tutorial

Ashkan Mashhour, William Domino and Norman Beamish,
Conexant Systems

A detailed look at the characteristics of the direct conversion recei

[Continued on page 12]

ON THE COVER

A new series of low cost, high
quality directional couplers is
featured on this month's cover
Cover art designed by Melvin Bick,
Mel Bick Adverhnn; Inc.;
photography by Stanly K. Patz,
Patz Imaging; computer graphics
by Frank Andriella,
Mel Bick Advertising Inc.;
courtesy of Mini-Circuits
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0.5102000MHz MIXERS

(ea. qty. 1000)

You can pay more for IF, RF, and microwave surface mount

“Typical Specifications: ADE-1  ADE-11X
frequency mixers...but why? Mini-Circuits patented ADE-1 and Frequency LO/RF (MHz) 0.5-500  10-2000
ADE-11X mixers are your total solutions for high performance, refiability, and Frequency LO/IF (MHz) DC-500  5-1000
value...and they cost only $1.69 each {quantity 1000), with prices even lower at LO Level (dBm)

higher quantities! Right from the start, we've embedded premium advantages 1P3 (dBm) 16 9
into these level 7(LO) mixers such as broad bandwidths within 0.5 to 2000MHz, Conv. Loss (dB) 5.0 71
low conversion loss, excellent L-R isolation, and IP3 as high as +15dBm typical. tﬁ ‘S?‘a“O"é‘éB) 55 %
Then there's our low profile surface mount friendly package with open cover P'” c:OSE:(:H(C(JN- )25) 2439 2.49

to allow water wash to drain, solder plated leads for excellent solderability,

i Dimensions: L .310"XW.220"xH Bl i112=
and au~werqeq connections which regur;(_e parasitic md‘uclance ar:d 2 year reliability guarantee.
improve reliability. In fact, _a 2 year reliability guarantee is included! 4 Ma *Specied ridoand unless ofherwise rotec
Be sure to specify Mini-Circuits ADE-1 and ADE-11X. Protected by U.S. patent 6133525,

The frequency mixers that make you more competitive!
Mini-Circuits...we're redefining what VALUE is all about!

Mini-Circuits
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI- C!RCU;T

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

ISO 9001 CERTIFIED F 348 Rev. Orig.
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Chipsets for Mit
Point-to-point Radios
Rayjtheon RF Components

Development of complete chipsets for point-to-point radios in the 23, 26
and 38 GHz bands

Low Phase Noise Voltage Tunable Oscillators
Paratek

Introduction to a new line of fast tuning, low phase noise voltage tunable
oscillators

Miniature, High Performance GPS RF SAW Filters
Sawtek Inc.

Introduction to a new GPS Rx surface acoustic wave filter designed to
address key performance specifications

DEPARTMENTS

15 ... .Coming Events
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Hand Formable
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SEMI-FLEX® tin filled wire braid hand formable cable assemblies are available
with many connector choices* to meet your specific application requirements.

-

e
oo
L

:
i

’ e

*Other connector terminations available, call factory.

Tensolite

A GG Company
RF/Microwave Assemblies

800-362-FLEX ¢ fax: 1-973-475-1583
www.tensolite.com

Richardson \ i
Electronics, Lid. / please contact our full-service distributors A g F:rggggg;‘:;‘!:!‘c g
1309002 Registered ¥ “Doityourself” - call Tensolite for cable 77\ firsto1irceinc.com
1-800-RF-POWER and connector price and availability. ;
gl b ds bl Selected options and lengths in stock for Nwa:rﬁgﬁ%vcv:gg‘%%ssﬁﬂ
www.rell.com immediate delivery from Tensolite’s CCR Registered on Pro/Net
Distributors: HUB Zone Cerified

e R e L


http://www.rell.com
http://www.tensolite.com
http://www.firstsourceinc.com

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

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

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

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

designers. The only approach up to the complex design challenges ahead: /-——

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

All you do is supply the three ingredients mentioned above. /‘J

To learn more about APLAC, why not download a student version

from our website wiww.aplac.com and contact us at APLAC Solutions.  4=& gi@ L A
APLAC Solutions Inc APLAC Solutions Corporation
320 Decker Dr, Suite 100, Irving, TX 75062 Tulkinkuja 3, FIN-02600 ESPOO, Finland
tel. 972-719-2562 tel. +358-9-540 450 00
wwwaplac.com  e-mail: sales@aplac.com www.aplac.com  e-mail: sales@aplac.com

The Freedom To Do Things Right.

el iU S R R
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2001 International Microwave and
Optoelectronics Conference (IMOC)
August 6-10, 2001

Belem, Brazil

Sponsors: Brazilian Microwave and Optoelec-
tronics Society (SBMO), IEEE. Additional in-
formation and a topic list are available at
wiww.imoc2001.com.br. Short courses given by
a group of specialists on a wide range of timel
and interesting subjects, as well as special se:
sions on technological development and state-
of-the-art advancements will also be held dur-
ing IMOC 2001. Contact: Prof. Dr.-Ing. Joao
Tavares Pinho, general chair, PO Box 8605-
66.075-900, Belem, Para, Brazil 55-91
1299, fax 55-91-211-1977 or
info_imoe2001@amazon.com.br.

e
2001 IEEE Radio and Wireless Conference
(RAWCON2001)

August 19-22, 2001
Boston, MA

Sponsor: 7 Microwave Theory and Tech-
niques Society (MTT-S). Topics: Third-genera-
tion (3G) and fourth-generation (4G) cellular,
wireless LAN, broadband fixed wireless, Blue-
tooth/Home RF/personal area networks, ultra-
wideband communications, modeling and sim-
ulation, active and passive device technology,

tem mbtumn For ddmnund uxtonmnun
visit http://rawcon.org. Contact: Michael §.
Heutmaker, general chair, Lucent Technolo-
gies, Princeton, N (609) 639-3116 or e-mail
heutmaker@lucent.com.

2001 IEEE Emerging Technologies
Symposium on Broadbas
Communications for the internet Era
September 10-11, 2001

Dallas, TX

Sponsor: IEEE, Dallas Section. Topics: Third-
neration cellular, LMDS, network planning
and management, Interet standards and pro-
tocols, wireless infrastructure, fiber optics,
WDM, optical CDMA, WLL, WLANS, Blue-
tooth, Software radio, systems-on-a-chip, em-
bedded processors, embedded ASICs,
MMICs, optoelectronics, MEMS, smart anten-
nas, digital signal processing, PDAs, Ad-hoc
networks, secure networks, mobile satellite
broadband-GEO, MEO and LEO, low power
integrated circuits, coding and modulation
schemes, digital subscriber loop, wireless digi-
tal subscriber loop, metro access networks, op-
tical ethernet, cable modems, streaming audio
and video servi

network architectures, business
other broadband access technologies. Contact:
Donald Butler, symposium chair, Southern
Methodist University (214) 768-3081 or e-mail:
dpb@engr.smu.edu

4th European Microwave Week
September 24-28, 2001
London, UK

Sponsors: Electronics Group of CMP Europe
on behalf of the European Microwave Associa-
tion, the GAAS Association and IEEE MTT,
The European Microwave Week will feature
three conferences, an exhibition and a host of
related workshops and short courses. GAAS
2001, the 31st European Microwave Confer-

FLORIDA

Lab

COMING EVENTS

ence and the 2001 Furopean Conference on
Wireless Technologies will all form compo-
nents of the event.

e —
34th IICIT Symposium
October 1-3, 2001
Anaheim, CA
Sponsor: Intenational Institute of Connector
and Interconnection ' lmo]uu\ Inc. (IICIT).

Aluminum
Nitride

Terminations

Voice (800) 544-5594
Fax: (888) 544-5594
Website: www.tflabs.com

“ 8851 S.W. Old Kansas Ave.
Stuart, Florida 34997

A Smiths company


http://www.imoc2001.com.br
mailto:info_imoc2001@amazon.com.br
http://rawcon.org
mailto:heutmaker@lucent.com
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Mimix

BROADBAND

We make the GaAs MMIC building blocks
for your outdoor box.

Mimix Broadband provides high performance GaAs MMICs
for broadband wireless access. Learn more about us at mimixbroadband.com.

CIRCLE 66 ON READER SERVICE CARD
Mimix Broadband 520 W. NASA Road One Webster TX 77598 U.S. 281.526.0536




Topics: RE/microwave i fiber
optics, high speed connectors, automotive, sur
face-mount technology, space and hi-rel appli-
cations, materials and test equipment. Four
technical tutorials focusing on interconnection
products and technology, and a marketing
are included as part of the symposium.
ation visit wwwiicit.org, Con-
Romeo, TICIT managing direc-
48,

tor, m()) 85

sm———
34th International Symposium
on Microelectronics
October 9-11, 2001
Baltimore, MD

Sponsor: International Microelectronics and

Packaging Society (TMA!
arrays, chip scale packaging, flip chip technolo-
gy, fine pitch soldering, chip-on-board design
process and characterization technology, lead-
free developments, conductive adhesives and
new inorganic materials developments, quality
and reliability, thick film technology, MEMS,

design for manufacturability, economics and
marketing, market and market trends, and
technology roadmaps and trends for
.\wmb\\

ctronic
For more information visit
MAPS,

-1060, fax HUS' 758-1066 or e-mail:
maps.org

s
GHz Interconnect Workshop
October 21-24, 2001
Chandler, AZ

Topics: Tnnovative applications and designs,
design and implementation considerations and
issues, software tools h)r design and slmul'\ﬂon

pac] nes and structures, advance-
ment in high frequency-compatible materials
materials testing and characterization, eircuit
fabrication and assembly considerations, sys-
tem and component reliability,
ume manuf ng

5(m er CA 95134 (4
{468 534-0768 or e-mail: david@recsern.com.

e
2001 IEEE GaAs IC Symposium
October 21-24, 2001
Baltimore, MD

Topics: innovative RFIC device and circuit
concepts, circuit design and fabrication, manu-
facturing technology and cost issues,
CAD/CAM/CAT tools and techniques, IC test-
ing and methodology, packaging technology,
anced device

tem L\mvh( ations (commercial and military),
and optoelectronic and OET For
more information, contac
1C Symoposinm c/o IEEE, Attn: Mary
mente, 445 Hoes Lane, Piscata

732) 981-

23+d Antenna Measurement Technigues
Association (AMTA) Symposium
October 21-26, 2001

Denver, CO

Sponsors: National Institute of Standards and
Technology, Ball Aerospace and Antenna Sys-
tems Technology Magazine. This annual event
is intended for people in the antenna and radar
cross section industries. The symposium con-

COMING EVENTS

sists of  four-day technical progran plus over
endors with exhibits. Contact:

ancis, 2001 AMTA Symposium c/o
NIST, Mailstap 813.0 5 Broadway, Boul-
der, CO 3030«) (303) 497-3321, fax (303) 497-
6665 or email: francis@boulder.nist.gov, or
Paul Kuleamkol 2001 AMTA Symposium /o
Ball \Hmpan & Technology Corp., MS
AMC, PO Box 1338, Nmm field, CO 80038
): 9 or e-mail

(303) 5 , fax
pholesni@Ball.com

Customized
filters at
catalog prices

DC has added to its custom

component line once again. We
now offer combline and interdigital
coaxial band-pass filters in addition

industry.
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&Y WORKSHOPS & COURSES

MEMS For COMMUNICATIONS —
From CoNCEPT TO PRODUCT

B Topics: The latest information on
MEMS technology and appl

in communications, with spe
formation on CoventorWare™ soft-

ware products and intellectual prop-
erty available from the company for

rapid development and integration of
MEMS into products.

B Site: Schaumburg, 1L,

B Date: July 12, 2001

B Contact: Gail Massari, senior

manager, marketing communications,
) ., 4001 Weston Parkway,

7513 (919) 854-7500 ext.
102 fax (919) 854-7501

CONNECTOR TESTING

B Topics: New testing strategies to
determine the performance levels
now evolving including new proce-
dures and how to establish efficient
and cost-effective test programs in-
cluding the dos, don'ts and cautions.

W Site: Detroit, MI

W Date: July 18, 2001

B Contact: Suzanne Romeo, execu-
tive manager, IICIT (800) 854-4248
or e-mail: sromeo@iicit.org.

SATELLITE COMMUNICATIONS
PAYLOAD AND SYSTEM DESIGN

B Topics: Understanding design and
: of modern satellite payloads
2 ms to meet the most demand-
ing service requirements of the private
and government sectors. Fee: $1295.

B Site: Los Angeles, CA

H Dates: July I 001

B Contact: UCLA Extension’s De-
partment of Engineering, Information
Systems and Technical Management,
Short Courses (310) 825-1047,
fax (310) 206-2815.

RF & MICROWAVE

FUNDAMENTALS

Understand the principles
e engineering, under-

take RF measurements using power

meters, spectrum analyzers, network

analyzers. Introduction to noise figure

and phase noise.

B Site: Winnersh, UK

B Dates: August 20-31, 2001

B Contact: Tracey Bull, Agilent

Technologies +44 118 927 6741,

fax +44 118 927 6862.

RF POWER AMPLIFIERS,
CLASSES A THROUGH $

B Topics: A detailed explanation of
the various classes of RE power am-
plifiers and wh cach class is used
in today’s wireless designs. Classes A
through S are defined and clearly ex-
plamed Feq
ite: Lake George, NY
: Septemb 2001

R.A. Wood Associates,
1001 Broad St., Suite 430,
Utica, NY 13501 (315) 735-4217,
fax (315) 735-4328 or e-mail:
RAWood@rawood.com.

7S

OPTOELECTRONICS ADVANCED

TECHNOLOGY WORKSHOP

B Topics: Optoelectonics packaging,

alignment, bonding and interconnect

issues, signal routing and integration,

optoelectronics case studies and ap-

plications, standardization issues and

needs.

M Site: Bethlehem, PA

B Dates: October 11-14, 2001

B Contact: IMAPS, 611 2nd St.,
E, Washington, DC 20002 (703)

IMAPS@

758-1060 or e-mail:

imaps.org,

W-CDMA AND UMTS SYSTEMS
OPERATION AND TECHNOLOGY

W Topic lear, comprehensive
presentation from the system intro-
duction through to W-CDMA and
UMTS standards, emphasizing the
system issues.

M Site: Rescarch Triangle Park, NC
M Dates: October 17-19, 2001

B Contact: Anita Iellstrom, Orga-
nizational Effectiveness Institute
(800) 683- < (301) 871-4942 or
e-mail: Anita, Hellstrom@oei-edu.
com. Additional information is avail-
able at www.oei-edu.com.

SPECTRUM ANALYSsIS
MEASUREMENTS
B Topics: Theory of operation, un-
derstanding specifications, dynamic
range, intermodulation, modulation
measurements (AM, FM, pulsed RF).
Includes practical lab sessions.
H Site: Win )
B Dates: October 18-19, 2001
Contact: Tracey Bull, Agilent
Technologies +44 118 927 6741, fax
362 or e-mail:
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A LONG RANGE VIEw
OF SHORT RANGE
WIRELESS SYSTEMS

he development of short range wireless sys-

tems, particularly Bluetooth and wireless lo-

cal area networks (WLAN) has captured the
industry’s imagination, if not the market that
was initially predicted. Bluetooth technology
originated in Europe, with early research and
development driven by European-based compa-
nies. In this special supplement Microwave
Journal reviews current European activity,
worldwide expansion and globally competing
technologies to discover whether going wire-
less comes with strings attached.

No wires — what an attractive proposition!
Consider the savings in cabling costs and flexi-
bility offered if an office’s computers were
served by a WLAN. Just imagine being able to
eliminate the tangled mass of wires currently
necessary to connect a PC, not just to the net-
work, but also to its peripherals such as the
keyboard, mouse and printer. Meanwhile, the
mobility of cellular and cordless technology
has promoted ideas for a generic short range
wireless access solution for various devices.

These are all desirable aims but the interest
in and development of short range wireless data
networking has not just been prompted by the
need to disentangle office chairs from trailing
wires. The real impetus has come from the de-
sire and expectation of individuals and compa-
nies to be able to access data and information
almost anytime, anywhere, any place. Laptop-

based users and broadband access in homes are
more of the elements converging to drive ideas
of a short range wireless access solution as
well. Ally that with the prospect of vast num-
bers of cell phones becoming Internet enabled
with users wanting to link up to laptops, head-
sets, hands-free kits and LAN access points,
and a lucrative market is assured provided that
the technology is available to implement it.
With such a large and untapped market there
has been no shortage of contenders vying to
provide that technology. This article looks at
two of the leading contenders, Bluetooth and
‘WLANS. Issues covered include how Bluetooth
has built on its European origins and early de-
velopment to capitalize on Europe’s Global
System for Mobile Communications (GSM) to
enable it and synergize with it, together with
the opportunities that 3G could offer. By map-
ping WLAN development and global deploy-
ment it is considered as both a competing tech-
nology and growth market in its own right.

BLUETOOTH: AN OVERVIEW
Since Ericsson originally devised the tech-
nology in 1994 Bluetooth has grabbed the

[Continued on page 24]

RICHARD MUMFORD
Microwave Journal European Editor

N AL St




CUSTOMIZED LOW PASS
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At Your Finger Tips

Smaller Package
Better Performance
Spurious Free

RLC Electronics’ computerized
Custom Low Pass Filters are
available to your specifications.
RLC units are available over

the pass band frequencies of

10 MHz to 26 GHz. Advanced
coaxial techniques and optimum
selection of component materials
assure low VSWR over the entire
pass band

RLC Electronics is ISO 9002
Certified.

« Computerized Custom Designs
Senand SLbC Miniature Low Pass and Band

« Impedance: 50 Ohms or 75 Ohms & 5
« Power Rating: 25 Watts average Pass Filters are also available.
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RLC is your complete Microwave Component source.
Switches, Filters, Power Dividers, Couplers, Terminations. Attenuators. DC Bloc

Bias Tees & Detectors



mailto:sales@rlcelectronics.com
http://www.rlcelectronics.com




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 RE and Microwave Design Software

Phone: +1 678-291-0995
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A\ Fig. 1 The (a) European

3G spectrum cost per country

and (b) WLAN spectrum at no cost.
imagination and most of the headlines.
The company continued working on
the project alone until February 1998,
when it shared its research with Nokia,
Intel, IBM and Toshiba to found the
Bluetooth Special Interest Group
(SIG). The main purpose of the SIG is
to protect the integrity of the technolo-
gy and control its development. It is
responsible for the certification
process that all devices must complete
before they can be acknowledged as
having a Bluetooth compliant product.
Without certification, a product cannot
claim to be Bluetooth-enabled or use
the Bluetooth trademark. The certifi-
cation process ensures that developers
keep to the standard and ensure inter-
operability.

The commercial specification,
Bluetooth 1.0, was issued in July 1999
and ratified in February of this year.
The growth of activity in the technolo-
gy is illustrated by the fact that there
are currently some 2000 companies
working on or developing products
based on this specification. From its
European origins — it is named after a
10th century Norwegian King —
Bluetooth has inevitably become of
global interest to both manufacturers
and potential users.

aa’

EUROPEAN SUPPLEMENT

BALL DEVICES IN A PICONET HOP TOGETHER

—TO FORM A PICONET: MASTER GIVES SLAVES ITS CLOCK AND DEVICE ID
BIT)

* HOPPING PATTERN

DETERMINED BY DEVICE ID (48-

® PHASE IN HOPPING PATTERN DETERMINED BY Cloo( .

B NON-PICONET DEVICES ARE IN STANDBY
B PICONET ADDRESSING
- ACTIVE MEMBER ADDRESS (AMA, 3-BITS)

— PARKED MEMBER ADDRESS (PMA, 8-BITS)

A Fig. 2 The piconet.
W Fig. 3 Bluetooth network topology.

B RADIO DESIGNATION

~CONNECTED RADIOS CAN BE MASTER OR SLAVE
RADIOS ARE SYMMETRIC (SAME RADIO CAN BE MASTER OR SIAVE)

[
-MAST[R CAN CONNECT TO 7 SIMULTANEOUS OR 200+ ACTIVE

SLAVES PER PICONET

~EACH PICONET HAS MAXIMUM CAPACITY (1 MSps)

UNIQUE HOPPING PATTERN/ID
W SCATTERNET
~HIGH CAPACITY SYSTEM

~MINIMAL IMPACT WITH UP TO 10 PICONETS WITHIN RANGE

~RADIOS CAN SHARE PICONETS!

The attraction is that Bluetooth can
offer low cost, small physical size
(single chip) and low power consump-
tion over throughput and range. Allied
to its capability to function in noisy ra-
dio environments and offer high trans-
mission rates. These features, together
with support for real-time traffic of
both voice and data, make it an attrac-
tive wireless networking technology
for personal digital ants (PDA),
cell phones and laptops.

Licensed spectrum is expensive, par-
ticularly in Europe (> $100 billion paid
for 140 MHz). A major appeal of Blue-

quency band, enabling worldwide com-
patibility. Figure I shows the European
3G spectrum cost vs. the WLAN spec-
trum (83.5 MHz in the 2.4 GHz band
and 455 MHz in the 5 GHz band) at no
cost. Bluetooth wireless technology op-
erates in a multiple piconet topology
(see Figure 2) that supports point-to-
point and point-to-multipoint connec-
tions. With the current specification, up
to seven slave devices can be set to com-
municate with a master radio in one de-
vice. As Figure 3 illustrates, several of
these piconets can be established and
linked logclhex in ad hoc scatternets to

tooth is that it operates at the
ally available unlicensed industrial, sci-
entific and medical (ISM) 2.4 GHz fre-

allow cc among conti

[Continued on page 28]
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with speed and flexibility.
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ly flexible configurations. All devices in
the same piconet have priority synchro-
nization, but other devices can be set to
enter.

Bluetooth’s baseband technology
supports both synchronous connection
orientated (SCO) links for voice and
asynchronous connectionless (AC) links
for packet data. Both utilize time divi-
sion duplex (TDD) as the access tech-
nique for full duplex transmission. Voice
coding is accomplished using a continu-
ously variable slope delta (CVSD) mod-
ulation technique, under which voice
packets are never retransmitted. The
master unit controls the link bandwidth

ROPEAN SUPPLEMENT

ROLL-OUT

The Bluetooth technical specifica-
tion may be clear, product roll-out less
s0. The marketing machines did their
job in creating awareness but in the
process raised expectations that have
yet to be fulfilled. All too quickly alle-
gations, particularly in the media, of
over hype and over elaborate market
forecasts were hitting the headlines.
However, last year saw a significant
number of product launches together
with the initial shipments of products
bearing the Bluetooth logo. There has
been consolidation for the first half of
this year with the end of 2001 seeing

and decides how much bandwidth to
give to each slave and slaves must be
polled before transmission.

An asynchronous channel that trans-
mits data can support an asymmetric
link of 721 kbps in either direction and
permit 57.6 kbps in return. For a sym-
metric link the channel can support
432.6 kbps. Since Bluetooth devices
can support three voice channels operat-
ing at 64 kbps, or one data channel, they
can achieve data rates of up to 1Mbps.
The Bluetooth 1.0 specification calls for
| mW transmitters with @ nominal an-
tenna power of 0 dBm to operate up to
10 m (line of sight). A higher power
transmitter of 100 mW (+20 dBm) in-
cluded in the specification will increase
the range to 100 m, although this will
require a separate PA antenna driver.
The compromise is increased costs and
power consumption.

Bluetooth utilizes frequency hopping
spread spectrum (FHSS) technology,
where the system will frequency hop
1,600 times a second, delivering short
time division multiplexed packets with
each hop. With spread spectrum hop-
ping, the sequence is random and the re-
ceiver must hunt down the chosen trans-
mission frequency after each hop. Be-
fore any connections in a piconet are
created, all devices are in standby mode
which allows for the device to listen on
32 hop frequencies defined for each
unit, for messages every 1.28 seconds.
The connection begins when one device
initiates a connection and becomes the
master of the piconet. A connection is
made by a page message if the address
is known, and if it is not then an inquiry
message followed by a page message is
sent. The devices synchronize and then
connect. At the point of connection each
device assumes a media access control
(MAC) address to distinguish them.

Frost & Sullivan forecasts global
shipments of Bluetooth-enabled prod-
ucts to reach over 11 million units in
2001, equaling $2.5 billion in rev-
enues, while Micrologic Research is
more conservative with its estimation
that the market will reach five million
devices in 2001 and 1.2 billion in
2005. Such variations in figures tend
to muddy the waters and emphasize
the unpredictability of the market, but
in such an embryonic technology this
is perhaps understandable.

This is a point made by Michael
Wall, research analyst at Frost &
Sullivan, who has stated: “Although
the delays in the development of
Bluetooth are beginning to prompt a
backlash from certain sections of the
media, industry observers have to
take the infancy of Bluetooth as an
industry standard technology into
consideration when assessing the
status of this marketplace. Apart
from Ericsson, the original pioneers,
even the most progressive develop-
ers were not attracted to the project
until 1998. Other mobile communi-
cations technologies such as the
GSM took longer to develop than is
being allowed for Bluetooth.”

Semiconductor chipset develop-
ment is a key element in the technolo-
gy’s progress, with a range of develop-
ment models emerging within the
Bluetooth semiconductor industry.
Two distinct manufacturing routes are
being taken. There are either those of-
fering complete integrated solutions
from the silicon wafer level to the con-
sumer product level or those providing
part of the sum of a chipset, that is,
baseband, radio and software.

[Continued on page 32]
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SILICON CHOICES

Debate continues over the most ef-
fective choice of silicon technology for
Bluetooth. The diversity of silicon tech-
nologies and solutions architectures be-
ing used has emphasized the software
protocol stack. It has become one of the
most crucial elements of the solution, es-
pecially with regards to achieving inter-
operability and will become increasingly
important as semiconductor companies
come closer to launching their products
onto the market.

Alongside some of the big names a
number of smaller design services
companies have entered the Bluetooth
software market offering complete or
partial protocol stacks to semiconduc-
tor developers. In the same vein Blue-
tooth has offered a number of smaller,
highly innovative fabless semiconduc-
tor developers, such as Cambridge Sil-
icon Radio and Silicon Wave, an op-
portunity to build early market share
with fast time-to-market solutions.
Amongst the larger integrated Blue-
tooth developers, Philips Semiconduc-
tors has been the main player to offer
solutions in volume. It is expected that

Need a
Mixer?
Tired of
Waiting?

offer by the end of 2001.

Market success may be determined
by a chicken and egg combination of
chipset supply. Observers have warned
that restrictions in the supply of chipsets
to smaller product developers may
cause delays in the time-to-market of
new innovative applications that will
provide future revenue streams for
chipset suppliers. Despite such words of
caution Frost & Sullivan forecasts that
the total shipments of Bluetooth
chipsets will be over 956 million in
2006, and the total market for these
chipsets is predicted to be over $2.3 bil-
lion in 2006. Further up the value chain
from chipsets the early Bluetooth offer-
ings are fairly generic wireless network
access products, such as PC cards and
other add-on devices, together with ac-
cess points (AP).

Also, in Europe, a significant num-
ber of Bluetooth mobile phones were
launched at the CeBIT exhibition in
Germany in March 2001 with many
more expected over the summer. How-
ever, the market cocktail has become
more intriguing because of 3G market

Doublers
Multipliers
Converters

.005 to 40 GHz

Website: MarkiMicrowave.com
Phone: (408) 778-4200 Fax: (408) 778-4300

Email:

Mixers@MarkiMicrowave.com

developments. At a time when the
huge cost of 3G licenses is impacting
on the telecoms stock market and the
equipment required to roll-out Univer-
sal Mobile Telecommunication Sys-
tem (UMTS) networks has not yet
come to fruition, many of the servic:
planned for 3G mobile could be deliv-
ered by currently available technolo-
gies which operate in unlicensed (free)
frequency bands.

Mobile operators who have 3G li-
cense debts to service are under pres-
sure to maximize revenue of existing
data services, and demonstrate that the
market has the appetite for 2.5G and
3G services. Bluetooth mobile phones
could be one solution by allowing
users access to the Internet on their
PDA using the phone as a wireless
gateway. Ericsson, for instance, is pro-
moting the Bluetooth Local Informa-
tion Point (BLIP), which provides
Bluetooth access to the Internet, with-
in range of a BLIP access point. Such
developments will continue to keep
Bluetooth in the headlines and the
public eye.

WLAN

WLANS are emerging from the
wings as a strong contender to rival
Bluetooth. WLANS enable the Ether-
net cable from the wall outlet to a de-
vice (such as a PC) to be replaced by a
wireless link between an access point
and a wireless interface card that is ei-
ther part of the wireless device or
plugged into it. The technology is in
no way a newcomer, however. In f:
it was back in 1990 when, in the US,
the IEEE 802.11 Wireless Local Area
Networks Standards Working Group
was formed with the task of develop-
ing a global standard for radio equip-
ment and networks operating in the
2.4GHz unlicensed frequency band for
data rates of 1 and 2 Mbps.

Over a decade ago what the origi-
nal 802.11 standard did, to a degree,
was to help unify a confused WLAN
marketplace, which was crowded with
proprietary solutions. Although the
original specification supported three
different transmission media — fre-
quency hopping spread spectrum
(FHSS), direct sequence spread spec-
trum (DSSS) and infrared (IR) — the
major area of development has been
for DSSS. DSSS spreads the signal
over several frequencies, can switch

[Continued on page 36]
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channels to avoid interference and also
makes the signal harder to intercept
than standard wired Ethernet.

The IEEE 802.11 standard was
adopted in 1997. The modulation
scheme used when operating at the 1
Mbps rate is binary phase shift keying
(BPSK) where each symbol carries
one bit and one million symbols per
second (1 Msps) are transmitted. Thus,
with each symbol storing one bit, the
bit-rate achieved is 1 Mbps. Quadra-

ture phase shift keying (QPSK) is the
modulation scheme used to yield 2
Mbps. With this technique the system
is able to transmit two channels simul-
taneously, and although the symbol
rate is still 1 Msps with QPSK map-
ping two bits per symbol, the result
yields 2 Mbps. However, these data
rates of 1 Mbps and 2 Mbps are sig-
nificantly slower than the wired LAN
equivalents. This aligned with ques-
tions over interoperability and price,
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synthesized
LO sources
with:

— crystal controi

- ultra-low phase noise

> ps-switching

— multi-octave coverage

> fine resolution
— 0.1 MHz - 3.2 GHz

PTS HAS MANY DIFFERENT MODELS

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

Tel: 978 486-3400

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

limited take up and acceptance of the
standard as a viable option.

IEEE 802.11B

That all changed in September
1999 when the IEEE ratified a new
high rate standard for WLANs — IEEE
802.11b, which also goes under the
various guises of WiFi (Wireless Fi-
delity) and high rate wireless Ethernet
It is significant because it offers a top-
end data rate of 11 Mbps. Each access
point can support dozens of connec-
tions, although they all must share 11
Mbps of capacity. There can be three
access points working in the same
area, and each typically has an indoor
range of 90 m at 1 Mbps and 25 m at
11 Mbps. To achieve this higher data
rate the IEEE 802.11b specifies com-
plementary code keying (CCK) as the
modulation scheme. The technique
maps four bits per symbol to achieve §
Mbps, which allied to an increased
rate of 1.375 Msps yields a bit rate of
L1 Mbps. Therefore, while the number
of symbols sent per second hardly
varies from the symbol rate used for
IEEE 802.11 LANs, more bits per sec-
ond are sent. Also, as CCK is a DSSS
technique, 802.11b is backward-com-
patible with products that meet the
original 802.11 specification, enabling
802.11b standard products to interop-
erate with 802.11 compliant DSSS
products by falling back to 1 Mbps or
2 Mbps operation.

With an industry body to verify in-
teroperability and the inter ility
of 802.11b cards being assured, due to
there being just two silicon manufac-
turers worldwide using a similar MAC
layer specification, that deficiency in
the WLAN offering has been ad-
dressed. The increased bit rate of 11
Mbps has also dealt with the perfor-
mance issue with 802.11b being able
to match standard Ethernet for speed.
This has resulted in a renewed interest
in, and perhaps more importantly, in-
vestment in the development of
802.11b products by large players who
did not view any involvement in 1 to 2
Mbps products as a viable option.

Now, the benefits that WLANSs of-
fer in terms of mobility and flexibility,
allied to increased speed and the
falling costs of PC cards, has made it
an attractive option for the home mar-
ket where broadband access is grow-
ing for small businesses and particu-

[Continued on page 38]
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larly for the enterprise customer. Typi-
cal applications include the creation of
ad hoc LANs, the linking of portables
into a wired infrastructure, WLAN
bridging and in peer-to-peer networks
where PCs with wireless cards can ex-
change data directly. Alternatively, an
access point allows PCs to communi-
cate with fixed Ethernet topologies via
an Ethernet hub or switch port. Al-
though WLAN cards are still far more
expensive than ordinary cable-based
Ethernet cards, having a standard
means that all manufacturers move to
the same technology and prices come
down. Today there are cards at around
the $200 mark.

WIFI DEPLOYMENT

The key to the progress of WiFi is
its wide and global deployment, and
without any hype it has begun. Air-
ports as far afield as Europe, Japan,
Hong Kong and the US have installed
802.11b networks, with hotels and
conference centers also being prime
areas of development. Additionally,
with the increased use of laptops, the
natural synergy between their mobility

and the mobility offered by WLANs is
propelling the growth of 802.11b. Of-
fering mobility is going to be the key
to success of WiFi. For instance, when
users have a notebook, they want to be
able to use it in the office, at home and
on their travels without having to
swap cards. Only a wide deployment
of 802.11b will facilitate that.

Mobile operators also see WLANs
as a cheap and easy way to provide
high speed access to densely populat-
ed areas. Because they rely on very
short-range transmissions, users see
improved battery life, and with health
risks being a concern there is the
added advantage of lower power us-
age. Again, at CeBit there were a large
number of equipment suppliers show-
ing WiFi components in the form of
PC cards, universal serial bus (USB)
devices, access points and home gate-
ways. However, at present the Wire-
less Ethernet Compatibility Alliance
(WECA) only recognizes one test
house in the US for certification of
WiFi products with plans for a Euro-

nology to be viewed as truly global in
terms of development.

The key factor in the growth and
development of the WLAN market has
been the increased data rate of 11
Mbps being afforded by the 802.11b
standard. However, in October last
year the IEEE Standards Board ap-
proved P802.11g, a new project within
the IEEE 802.11 WLAN Working
Group to enhance the data rate of
‘WLANSs operating in the 2.4GHz fre-
quency band. The expectation is that
the data rates will be increased to
greater than 20 Mbps and the mission
of the task group is to review propos-
als. Areas of development currently
being undertaken which could afford
this ‘doubled data rate include a new

hnology that imp
the robustness of RF data transmis-
sions. It not only overcomes much of
the background RF noise and other
sources of interference but also pro-
vides better performance against mul-
tipath interference.

On the recelver side, advanced

pean test house to be soon.
Such expansion is vital for the tech-
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y used in concert
wnth these new modulation algo-
rithms will act to reduce the need to
retransmit data packets. This is im-
portant because when interference in
WLANS causes unrecoverable cor-
ruption of a reflected data stream or
noisy signals are discarded and are
retransmitted which slows the data
rate and interrupts the data flow, the
system is less reliable for real time
transmission. With advanced equaliz-
er technologies, reflected or noisy
signals are not simply discarded or
filtered out. Forward error correction
(FEC) algorithms can take corrupted
signals and reconstruct them, signifi-
cantly reducing retransmits.

Data rates of over 20 Mbps will
open up new applications for the in-
dustry to exploit. As might be expect-
ed, interest will most likely be led by
leisure applications. Faster transmis-
sion speeds will enable streaming
video for high definition television
and graphics for interactive gaming
while also providing the headroom to
accommodate new applications when
they come on stream. Businesses and
enterprises are always screaming out
for the means to transmit large
amounts of data quickly. Home au-
tomation will be another avenue by fa-
cilitating the interaction of heating,

[Coninued on page 40]
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and small- to medium-sized business
(SMB) segments together with the
growth of broadband. Despite the opti-
mistic outlook for the overall market,
particularly in the US, Western Europe
and Japan, IDC believes vendors will
have to overcome several obstacles,
including resolving standardization is-
sues, educating their partners, improv-
ing security and reducing prices so
that WLANSs are affordable for main-
stream segments.

lighting, air conditioning and xe&umy
systems.

THE WLAN MARKET

Such applications may be some
way off but the WLAN is a growing
market as the statistics show. Accord-
ing to the latest figures from IDC
worldwide WLAN equipment revenue
jumped 80% in 2000, breaking the $1
billion mark. IDC predicts that by the
end of 2005 the market will be ap-
proaching $3.2 billion. Demand, espe-
cially in the US, has been particularly
strong in vertical industries such as
education, retail and health care. In the
coming years, the market will see in-
creased use of WLANSs in the home

40

INTERFERENCE

The chipset market for 2.4 GHz
WLAN products is set to continue to
expand, although growth will not be as
high as for Bluetooth chipsets. Frost &

Sullivan anticipates direct sequence
802.11b chipsets to be in great de-
mand, predicting that the market for
them will be worth over $1.3 billion in
2006. This demand will be driven by
the growth in mobile computing and
by falling product costs.

Bluetooth and WLANs may have
differing profiles in terms of market-
ing and publicity but it is clear from
the market statistics and investment in
technical development that both are
technologies that are becoming estab-
lished and set to grow. However, can
they coexist technically? Tnterference
has been a topic of debate and concern
since the early stages of Bluetooth de-
velopment and to a certain extent it
has become a fear of the unknown.
‘What is known is that interference be-
tween 802.11b and Bluetooth devices
can occur. In the US the Federal Com-
munications Commission (FCC) re-
quires every device operating in unli-
censed bands to have a label stating
that it can cause interference. Howev-
er, what is not known is the potential
of the problem. The fact that the de-
vices operate in an unlicensed band
and projections of mushrooming mar-
ket growth for Bluetooth and 802.11b
is fueling concerns.

Although the level of concern may
turn out to be unwarranted, it has at
least grabbed the attention of wireless
standards groups, regulatory bodies
and wireless industry participants.
They are all well aware that if users do
experience interference problems it
will damage user confidence in the
technology. With so much investment
it is a risk that manufacturers, in par-
ticular, cannot take. Global technical
development work is being carried out
and standards are being addressed to
limit interference. In the US the IEEE
802.15.2 Task Group is coordinating
efforts, and the FCC has also put to-
gether a set of rules that allow multi-
ple devices to share the spectrum, pro-
viding room for considerable innov:
tion in building radios that can resist
interference.

Consequently, extensive research to
monitor the effect that WiFi and Blue-
tooth devices operating in the same
vicinity have on one another is under
way. Results do vary and Figures 4 and
5 are examples of a particular study to
illustrate the effect. However, what is
generally accepted is that if the anten-

[Continued on page 42]
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EUROPEAN SUPPLEMENT

(COEXISTENCE MECHANISMS FOI
COLLOCATED BLUETOOTH'™ & 802.11h

COLLOCATION W/O COEXISTENCE MECHANISM

working on develop-
ing a solution and
has  categorized
these various techni-
cal approaches into
a performance and
user experience hier-
archy, as shown
in Figure 6, with
each having their
strengths and limita-
tions. ‘Collocation
without a coexis-
tence mechanism’ is
relatively controver-
sial. It does have the
advantage of being a
rapid time-to-market

A Fig.6 Perfurnmnce hierarchy. (Source: Mobilian Corporation)

nas of the Bluetooth and WiFi devices
are kept over 2m apart, then there will
be graceful degradation of the two pro-
tocols, which will only be noticed by
very sensitive users. Move the two an-
tennas within a meter, however, and
there can be significant interference.
Interference really becomes a seri-
ous issue when both radios are inte-
grated into the same device with the
antennas close together. Examples of
when the two devices are collocated
(that is, separated by less than 10cm)
are in a combination PC card and lap-
tops or Internet appliances enabled
with both technologies. Also, it is be-
lieved that collocated products will
play an important role in devices such
as notebook PCs. An example is a
notebook that has a Bluetooth radio
integrated for connection to a PDA or
cell phone and at the same time has a
WiFi radio integrated for LAN access.

COLLOCATION

Coexistence is a major issue for
such applications and one which the
industry is striving to address with
standards bodies and wireless compa-
nies starting to develop and lobby for
a variety of coexistence approaches.
These vary from regulatory interven-
tion and special standards task forces
such as IEEE 802.15.2 to various tech-
nical approaches ranging from simple
device ‘collocation without any coex-
istence mechanisms’ to integrated sili-
con solutions covering the entire wire-
less sub-system.

Mobilian Corporation, together
with industry partners, is a company
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approach which pro-
vides a single-card
reference design
only. The close
proximity of the two radios with no
coexistence mechanism will likely
produce worst-case scenarios, and can
consequently result in significant
degradation to both radios’ perfor-
mance.

Dual-mode radio switching does
not require changes to the silicon, and
could be relatively quick to mzlrkel It
incorporates a i

tions in avoiding collisions with in-
coming packets. The resulting trans-
mission of one protocol during recep-
tion of the other causes loss of received
packets, interference and potential user
difficulties. This is caused by the tech-
nique’s dependence on the host operat-
ing system, which is generally non-de-
terministic in its response time (non-
real-time). Again, this approach does
not switch quickly enough to support
Bluetooth SCO links, and will also
have difficulties mitigating the inter-
ference from Bluetooth piconet mas-
ter/slave polling activities.

While Bluetooth adaptive hopping
certainly improves simultaneous per-
formance under limited penetration
scenarios, its widespread adoption will
likely require intervention from regu-
latory organizations and standards
bodies. Even under a fast-track pro-
gram, this can be a time-consuming
process. This time-delay exacerbates
the problem that the technique’s effec-
tiveness is compromised with higher
penetrations of WiFi systems and un-
modified Bluetooth devices. Adaptive
hopping will likely be initiated as an
optional Bluetooth profile, indicating
that modiﬁed devices will not use the
y in plconets with unmodi-

that requires that while one radio is
operational, the other is completely
suspended. The operation can be im-
plemented primarily in two ways. In
the first, the system simply shuts the
non-operating radio off with no signal-
ing to other nodes in its network. This
can result in difficulties for the net-
work and can drop performance levels
below that of simple * ion with-

fied devices. Further, in the presence
of more than one Bluetooth piconet or
WiFi network, adaptive hopping can
be counter productive to coexistence.
MAC-level switching is the most
effective of the modal/switching style
pp! , and provides per
levels approaching those in no-inter-
ference scenarios. It is a collaborative

out a coexistence * The

second method does signal other net-

between the two pro-
toco]s at the MAC level and managmg

work nodes that it is one
of its radios. Performance will still be
60 percent lower than that of unhin-
dered radios because of its modal na-
ture (one on/one off), but is better than
simply shutting the radios off. Neither
method supports switching while
Bluetooth voice (SCO) links are in
operation.

Driver-level transmit switching gen-
erally describes an approach in which
application transmit requests are medi-
ated at the driver level, thereby avoid-
ing simultaneous transmission. Intu-
itively, this approach degrades
throughput by some measure simply
due to its modal transmit structure.
More important, though, are its limita-

ly. Because MAC level switching i is
performed in the baseband, it is able to
switch between protocols at a much
faster rate than driver-level approach-
es. Consequently, it is able to mitigate
many of the problems that driver-level
switching cannot. MAC-level switch-
ing does not suffer from transmitting
signals into incoming receptions,
Bluetooth polling or operating system
latency. However, it is susceptible to
adjacent-channel interference and does
suffer noticeable degradation. Also,
because it is located in the baseband, it
has a longer development cycle than
driver-level approaches.

[Continued on page 44]
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Simultaneous operation provides
the ability to automatically detect all
available wireless networks, select the
ones needed and connect to them
seamlessly. By providing coexistence
in a highly integrated two-chip solu-
tion — an analog front-end chip and a
digital baseband chip - it allows si-
multaneous operation of the two pro-
tocols while eliminating interference
and maintaining reliability and perfor-
mance. Interference is a genuine con-
cern and, as has been illustrated, there
are measures that can be taken and in-
novative initiatives under development
to provide coexistence particularly for
collocated devices. The potential mar-
ket is too large and too lucrative for
every effort not to be made to ensure
smooth operation.

BLUETOOTH vs. WLAN
APPLICATIONS

Bluetooth and WLAN may be com-
peting in the same frequency band but
are they competing for the same appli-
cations? Due to its simplicity in not
having to be configured, low power,
short range and low cost Bluetooth
will be focused on small devices such
as PDAs and cell phones. To provide
access and synchronization of those
personal devices there will also be the
need for Bluetooth radios to be incor-
porated in access points and note-
books.

Another possibility that Bluetooth
affords is the deconstruction of de-
vices into individual components, al-
lowing for new form factors and de-
vice types. For instance, by having a
separate headset there is no longer the
need to include one in a cell phone,
which simply becomes a cellular re-
ceiver/transmitter interacting with the
cellular network, PDAs and laptops.
More long-term, a so-called killer ap-
plication for Bluetooth could well be
public access. It is all very well to
have synchronization between the

notebook, PDA or cell phone but,
when in an airport or shopping mall,
access to the Internet or information
about the local area would be valu-
able. For that to happen, though, there
is the chicken and egg situation where
a company is not going to deploy
Bluetooth enabled access points unless
there are significant numbers of de-
vices in the marketplace to use them
and vice versa. The same goes for the
providers of the information that users
will be seeking. Nevertheless, this is
an area actively being developed.

Public access is a definite applica-
tion for WLAN and, as has been men-
tioned, systems are already being
globally deployed in airports. Their
high data rate being comparable to the
wired Ethernet makes them particular-
ly suitable for the enterprise sector for
computer networking between PCs
and to take advantage of the trend to-
wards laptop mobility. Simplicity, low
cost and the facility for expansion also
make WLAN suitable for small office
home office (SoHo) implementation
and the expansion of the home broad-
band access market, particularly in the
US, also opens up opportunities.

THE 5 GHZ FREQUENCY BAND
Even if just a fraction of these ap-
plications for Bluetooth and WLAN
come to fruition, the narrow (80 GHz)
2.4 GHz band will soon become con-
gested. In anticipation of this, spec-
trum will play a crucial role in the de-
ployment of next-generation, high
speed WLANs and has prompted 1i-
censing authorities globally to allocate
large blocks of license free spectrum in
the 5 GHz band. As Figure 7 shows,
in Europe, a total of 455 MHz is avail-
able in the two blocks from 5.15 to
5.35 GHz and from 5.470 to 5.725
GHz. Similarly, the US has allocated a
total of 300 MHz in the two blocks of

[Continued on page 46]
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It's Sexier.
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What engineer wouldn’t get a little excited
over this performance package? The new
ergonomically-designed MG3690A series
synthesizer goes beyond delivering the widest
frequency coverage and the lowest phase noise
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its new Digital Down-Converter which adds
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be amazed how quietly it runs.
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spectrum at 5.15 to 5.35 GHz and
5.725 to 5.825 GHz. In Japan, one 100
MHz block at 5.15 to 5.25 GHz is be-
ing considered.

Again two different 5 GHz stan-
dards are being developed on either
side of the Atlantic with both specifi-
cations offering data rates of up to 54
Mbps, and therefore well placed to

EUROPEAN SUPPLEMENT

the signal during transmission and
provide synchronization. Synchroniza-
tion enables coherent (in-phase) de-
modulation. The two standards may
have this similarity but differ above
the physical layer with 802.11a gener-
ally viewed as simpler and less com-
plex, while HIPERLAN2 is more so-
isticated (or i di

specific time slots for a specific dura-
tion in transport channels. The mobile
terminal then sends data without inter-
ruption from other mobile terminals
operating on that frequency. A control
channel provides feedback to the
sender, indicating whether data was
received in error and whether it must
i The QoS delivered

provide high speed
services. Originating in the US the
IEEE 802.11a standard was ratified in
1999. The physical layer (PHY) is
based on orthogonal frequency divi-
sion multiplexing (OFDM) and shares
a common MAC layer with all IEEE
802.11 standards including 802.11b.
Alternatively the European
Telecommunications Standards Insti-
tute (ETSI) is developing high perfor-
mance radio LAN (HIPERLAN) stan-
dards as part of its Broadband Radio
Access Network (BRAN) initiative.
Under its remit is the development of
four standards — HIPERLANI,
HIPERLAN2, HIPERLink (designed
for indoor radio backbones) and
HIPERAccess (intended for fixed out-
door use to provide access to a wired

infrastructure).
The HIPERLANI Slandard which
is based on the well tech-

on your viewpoint) with wider scope.
HIPERLAN2

For HIPERLAN2, mobile terminals
such as a laptop or handheld devices
communicate with access points. To
provide continuous coverage, these ac-
cess points must have overlapping
coverage areas. Coverage typically ex-
tends 30 m indoors and 150 m in un-
obstructed environments. By utilizing
automatic frequency allocation (AFA)
access points monitor the HIPERLAN
radio channels around them and auto-
matically select an unused channel. A
mobile terminal, after association, will
only communicate with one AP at
each point in time, but if it receives a
better signal strength it can request to
be connected to another. When a mo-
bile terminal roams from the coverage
area of one access point to another, it

nique of Gaussian minimum shift key-
ing (GMSK) modulation, is complete
and was ratified in 1997. HIPERLink
and HIPERAccess, on the other hand,
are at the early stages of development.
Tt is HIPERLAN2 where current activ-
ity is focused.

The physical layers of both 802.11a
and HIPERLAN2 use OFDM modula-
tion to achieve high speed transmis-
sion rates. This multichannel spread
spectrum modulation technique allows
individual channels to maintain their
distance (or orthogonality) to adjacent
channels, enabling data symbols to be
reliably extracted and multiple sub-
channels to overlap in the frequency
domain for increased spectral efficien-
cy. For instance, in the spectrum allo-
cation for Europe, HIPERLAN2 chan-
nels will be spaced 20 MHz apart for a
total of 19 channels.

Both IEEE 802.11a and HIPER-
LAN2 specify an OFDM physical lay-
er that splits the information signal
across 52 separate sub-carriers. 48
provide separate wireless pathways for
parallel data transfer, while the re-
maining four are used as a reference to
disregard frequency or phase shifts of

s

ily initiates a handoff to the
new access point. The APs involved in
the handover ensure that established
connections over the air interface as
well as security associations are trans-
parently shifted from the old to the
new. Security support includes both
key negotiation, authentication (con-
ventions such as the network access
identifier (NAI) and X.509 can be
used), as well as encryption using
DES or 3-DES.

OFDM modulation can supply
transmission rates of 54 Mbps but this
can be dynamically adjusted to a low-
er rate by using different modulation
schemes depending on the prevalent
radio conditions. All traffic is trans-
mitted on connections, bi-directional
for unicast traffic and uni-directional
towards the mobile terminals for mul-
ticast and broadcast traffic. This ap-
proach makes support for quality of
service (QoS), implemented through
time slots, straightforward. QoS para-
meters include bandwidth, bit error
rate, latency and jitter. The original re-
quest by a mobile terminal to send
data uses specific time slots that are
allocated for random access. The ac-
cess point grants access by allocating

depends on how the HIPERLAN2 net-
work interoperates with the fixed net-
work; for example, if it is via packet-
based Ethernet, cell-based ATM or IP.

HIPERLAN2 operates as a seam-
less extension of other networks, so
wired network nodes see HIPER-
LAN2 nodes as other network nodes.
All common networking protocols at
layer 3 (IP and IPX, for example) will
operate over HIPERLAN2, permitting
all common network-based applica-
tions to operate, making the technolo-
gy both network and application inde-
pendent. Interoperation with Ethernet
networks is supported from the begin-
ning, but easy extensions also provide
support for ATM, PPP, IP and UMTS.
The standard has been specified with
the clear objective of achieving inter-
operability and the industry consor-
tium, HIPERLAN2 Global Forum
(H2GF), aims to run tests to verify in-
teroperability among products from
member companies.

The most obvious application for
HIPERLAN2 will be in the enterprise
LAN environment but networks can
also be deployed at ‘hot spot’ areas
such as airports and hotels, supplying
remote access and Internet services to
business people. Its ability to act as an
alternative access technology to 3G
cellular networks is also a key applica-
tion. As the high throughput and QoS
features of HIPERLAN2 support the
transmission of video streams in con-
junction with datacom applications,
HiperLAN2 has potential applications
in the home by creating a wireless in-
frastructure for home devices (for con-
necting home PCs, VCRs, cameras
and printers, for example).

HIPERLAN2 almost sounds too
good to be true and price-to-market is a
concern. For instance, the higher cost
of silicon for OFDM operation could
stall reasonably priced implementation.
At present, costs remain relatively high
for 5 GHz OFDM systems, mainly due
to the high linearity demands that it
places on the power amplifier in the

[Continued on page 48]
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transmitter and the low noise amplifier
in the receiver. Consequently, HIPER-
LAN2 products will likely cost more
than lower speed alternatives. Also,
some view the fact that HIPERLAN2 is
sophisticated and able to support a
wide range of applications not neces-
sarily as a selling point but as overkill
that comes at a price.

IEEE 802.11a

On the other hand, IEEE 802.11a,
due to its simplicity and maturity, rep-
resents lower costs and a faster time-
to-market. However, although 802.11a
and HIPERLAN2 have a near identi-
cal physical layer, they differ in the
MAC layer. Deficiencies include built-
in quality of service, guaranteeing per-
formance in work environments and
when streaming home video. There-
fore, efforts to close the MAC gap are
a priority. Moreover, whereas the
IEEE 802.11a and HIPERLAN2 both
meet US regulatory spectrum require-
ments, HIPERLAN2 is currently the
only 5 GHz WLAN that meets Euro-
pean interference avoidance restric-
tions. Conversely, HIPERLAN2 must
restrict the frequency range and power
for the US to comply with FCC rules.

The danger is obvious with the pos-
sibility that the US and Europe will
embrace two different standards. The
consequence that the corporates’ in-
ability to use one standard and benefit
from lower acquisition and support
costs could delay deployment of 5GHz
wireless LANs significantly. It is a se-
rious issue for global development be-
cause they are two incompatible
‘WLAN standards. Thus, if 802.11a
and HIPERLAN?2 wireless terminals
were operating in the same area, there
would be interference, no coexistence
and no interworking. Also, no roaming
would be possible if different access
points were deployed in different pub-
lic areas. The end user will be forced
to make a standards choice and the 5
GHz WLAN market is in danger of
being fragmented if different industry
players adopt different standards.

To avoid this several industry part-
ners have started a 5 GHz industry ad-
visory group. In the HIPERLAN2
ETSI BRAN group and 802.11a Fo-
rum there are sub groups specifically
looking at what is required to get to
one standard. At present, there is much
work to be done.

CONCLUSION

Over the last few years the short
range wireless data networking head-
lines have been dominated by Blue-
tooth, resulting in unreasonably high
expectations. What tends to be forgot-
ten is that, in relation to the develop-
ment of similar technologies, Blue-
tooth is still embryonic. It is also a
victim of its own potential. Articles on
the subject wax lyrical about the pos-

EUROPEAN SUPPLEMENT

tered test house in Europe will aid ac-
ceptance, certification needs to be
more widespread.

With the inevitability that the unli-
censed 2.4 GHz band will become
congested, the development of the 5
GHz band for next generation high
speed WLANS is vital. However, the
possibility of fragmentation, with sep-
arate standards being adopted in the
US and Europe is a real threat to glob-

sibility of being
Bluetooth-enabled to have the capaci-
ty to ‘talk’ to each other and the merits
of so-called ‘hidden computing” appli-
cations. These will allow synchroniza-
tion of laptops, PDAs and mobile
phones to automatically update calen-
dars, appointments and e-mail when
within range. Envisaged industrial ap-
plications include the wireless moni-
toring of transported goods and chemi-
cal processes.

However, most of the early applica-
tions are essentially cable replacement
or connection substitutes primarily
aimed at the cell phone and PDA mar-
kets. The industry needs to walk before
it can run so it should be, and to a great
extent is, concentrating on steady devel-
opment and addressing ways of ensur-
ing interoperability, standardization and
coexistence issues. Bluetooth has its
origins in Europe with its initial devel-
opment concentrated in Scandinavia,
and although it is truly a global technol-
ogy, that is where its early deployment
will be greatest. Bluetooth has attracted
all the key players, investment is con-
siderable and perhaps some of the hype
is justified.

On the other side of the coin and
the Atlantic, but in the same 2.4 GHz
unlicensed frequency band, the IEEE
802.11b (WiFi) WLAN standard has
been developed steadily without any
razzmatazz. Its high data rate, together
with the falling costs of PC cards, al-
lied to the mobility and flexibility it
offers has seen significant market
growth. It is well placed to benefit
from the rise in the use of laptops and
growth in home broadband access.
Globally, 802.11b networks are mak-
ing inroads in ‘hot spot” applications at
airports, conference centers and ho-
tels, and WiFi products are hitting the
market. Again, issues of interoperabil-
ity, coexistence and standardization
are being addressed. However, al-
though the establishment of a regis-

al develop and could delay de-
ployment significantly. A standards
war will benefit nobody, possibly un-
dermining confidence and making
manufacturers wary of significant
investment.

Going wireless has come with
some strings attached but short range
wireless systems have a long term fu-
ture. Tts ability to satisfy the industry’s
desire for seamless connectivity will
ensure continued market growth and
development.
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Mini-Circuits ushers in the next generation of high reliability S o B O

ERA MMIC amplifiers. Just check the specs! With an expanded
selection of models and gains, these HBT amplifiers cover
extensive commercial and military applications to 8GHz and
beyond. Instant access to S-parameter data, grounding and
biasing technigues on our web site makes ERA amplifiers very easy Ql: SM DE,}%%
to use. Simply sketch an interconnect layout, and the design is 0
done. And ERA's are engineered with broader bandwidths to
eliminate your need for costly compensation networks and
extra gain stages. So, review your present design and replace
with Mini-Circuits new ERA technology. Lower overall cost,
high reliability, and lots to...gain!
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US Army Lets Long RS Technologies has
received a contract to
Range Advanced provide Long Range Ad-

vance Scout Surveillance
Systems (LRAS3) for the
US Army’s High Mobility
Multipurpose Wheeled Ve-
hicles. The $8.7 M contract
was awarded by Raytheon
System Company’s Elec-
tronic Systems operation in
McKinney, TX and provides additional funding and added
scope to the LRAS3 program. Work for the contract will
be done at the companys DRS Optronics unit in Palm
Bay, FL.

The long range multi-sensor LRS3 provides real-time
detection, recognition, identification and pinpointing of
distant target locations for the US Army’s Scout vehicles.
It bridges the gap between systems now in the field and
the Future Scout and Cavalry System, and enables heavy
battalion and regimental scouts to conduct 24-hour reconi-
naissance and surveillance missions while remaining out-
side the acquisition and engagement range of threats.
Usually deployed on the M1114 HMMWYV in a mounted
configuration, it can also be used on tripodes during dis-
mounted missions. The system provides precise target lo-
cation by employing Second Generation Forward Looking
Infrared (FLIR), a global positioning system interferome-
ter, a laser range finder and a television camera.

The M1114 HMMWV Scouts are frequently deployed
to assist heavy battalion missions in remote areas with
rough terrain and difficult conditions where agility is a
primary requirement for supporting multi-pronged strate-
gies during ground conflicts. The vehicles provide light,
tactical, mobile platforms for command and control, spe-
cial purpose shelter carriers and special purpose weapons.

Surveillance Systems
Contract
PR

NEWS FROM WASHINGTON

achieve all the milestones required for a Low Rate Initial
Production decision in December 2000.

Forecast International expects the market to gain mo-
mentum during the next 10 years and forecasts a total
production of 3,500 aircraft in the class valued at $124 B
in the 2001-2010 period. Boeing is expected to lead the
field with deliveries of 600+ aircraft worth $27.6 B. The
Eurofighter consortium is expected to take second place
with sales of $21 B and the Lockheed/Boeing’s F-22 is ex-
pected to account for sales of $16.5 B.

At this time, the US Air Force is still buying small
numbers of F-16s from Lockheed Martin, the company is
promoting the aircraft in international competitions and
its current backlog stands at more than 230 units. The se-
lection of the final contractor (or contractors) for the Joint
Strike Fighter is due in late 2001. The Eurofighter Ty-
phoon is in production and Greece has committed to up
to 90 aircraft. Dassault Aviation has delivered the first
Rafale Ms to France, it reports interest from several other
nations and will deliver the initial Rafale Bs to France in
mid-decade. Saab has a 28-unit order from South Africa
for its JAS Grippen and is selling it aggressively to some
castern European and Latin American prospects. The
T/A-50 advanced trainer designed by Samsung in collabo-
ration with Lockheed Fort Worth is scheduled to fly in
2002.

The report expects that Boeing and Lockheed will face
very stiff competition from a European industry offering
its Eurofighters, Rafales and Grippens. It also expects that
if its cost and performance targets can be met, the Joint
Strike Fighter will be very difficult to beat. For additional
information, contact: Bill Dane, Forecast International
(203) 426-0800, ext. 146.

Next Decade US A}mthz‘r new report
rom Forecast interna-

US Firms Face
European Challenge
as Fighter Market

Enters Transitional

Azew report from Fore-
ast International/
DMS, “The World Market
for Fighter/Attack/Jet
Trainer Aircraft — 2001-
2010.” finds, that while the
next generation of combat

Defense Electronics tional/DMS, “Overview of
the US Defense Electron-

Market to Rank o5 \arket,” forecasts that

= the next 10 years will be

With the Best the decade of production
Eessmsmmm 2"d procurement in that

market. Considering cur-
rent production alone, de-
fense electronics is predict-

Period #rcraft is moving into pro-
duction, timetable slip-
ssmmmmmmy  Pages have afforded manu-

facturers of current designs
opportunities to lobby for attrition buys from their own
governments and to offer their products on the interna-
tional market.

The Boeing F-15 is cited as the most obvious benefi-
ciary of these developments. The report notes that al-
though the program appeared to be in its final stages a
year ago, the US Air Force has ordered 10 more with
FY00-01 funds, Saudi Arabia wants another 24 and Ko-
rea’s airforce would like to use the F-15 to fill its F-X new
fighter requirement. Another small USAF F-15 buy is ex-
pected since the F-22, its intended replacement, failed to

ed to generate nearly $128 B in sales during the coming
10 years.

The study notes that ships, aircraft and vehicles are be-
coming too expensive to simply replace and increased em-
phasis will be placed on upgrading existing systems to ex-
tend their operational lives. The concept is much like
when a PC starts to get outdated, it is usually quicker and
cheaper to upgrade key components than go out and buy
anew system, The study finds that many of the “next-gen-
eration” defense electronics systems developed in the
1990s are now being built and deployed. With their pro-
duction runs expected to continue until at least 2015, the
US defense clectronics segment will be the healthiest and
most profitable of the entire US defense market.




Procurement is forecast to rise to $13.5 B in 2005 as
the newest versions of military electronics equipment be-
gin their deployments. The market is forecast to peak in
2006 and 2007 and decline thereafter to a level of approx-
imately $10.9 B in 2010. After 2010, emphasis and funds
will shift from production to the research and develop-
ment required for “future technology” systems. For addi-
tional information, contact: Richard Sterk, Forecast Inter-
national (203) 426-0800.

Tactical Air Control Teclmology acquired by
the US Air Force Elec-

Party Equipment tronics Systems Center,
5 Hanscom AFB has the po-
Modernized (cntial for increasing the
effectiveness of the Air

s

Force’s Tactical Air Control
Parties (TACP).

The TACP, typically a
two-man airman team,
works in an Army ground
unit directing close air support firepower toward enemy
targets on the ground. The TACP modernization program
involves four main products, a dismounted multi-band ra-
dio, a laser range finder, a computer software suite and a
vehicle-mounted package radio.

Ca
Oscillators » Mi

NEWS FROM WASHINGTON

The dismounted radio, the Manpack, is a multi-band,
multimode radio covering VHF, UHF and UHF SAT-
COM communications bands. The unit is also compatible
with the single Channel Ground and Airborne Radio Sys-
tem used by the Army. The Manpack takes the current
three radios and combines those into one. Last year, 221
Harris PRC-117F Manpack Radios were delivered to
TACP units. A contract for an additional 561 radios has
been let and the first 230 mits are scheduled for delivery
by July 2001. The radio upgrade has cost a bit more than
$10 M. The new Mark VIT Eyesafe Laser Range Finder,
which looks like a regular pair of binoculars, also en”
hances TACP capability by replacing previous range esti-
mates with precision coordinate information. When some-
one looks through the range finder, it emits a laser beam
onto the target, which bounces back and provides the ex-
act coordinates. Litton Laser Systems will build 184 units
at a cost of $9 M and deliver the first of these in March
2002. Paper maps will be replaced with continuously-up-
dated computer generated displays that will indicate the
user’s location, will display enemy coordinates using data
from the range finder and will track incoming aircraft. A
prototype hand-held computer will be evaluated for the
application. The entire dismounted systems package,
computer, radio and range finder will fit into a single
rucksack, Systems are scheduled to be fully deployed by
December of next year. B
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What Goes In
Comes Oht.

And Nothing More.

If you're testing a driver amp or other piece of wireless equipment, you know the value of “nada”.
Because AR “S” Series amps are uniquely linear, the output signal is nothing more than an amplified,
faithful representation of the amplifier’s signal input.

“S” Series amplifiers also offer newly improved third-order intercept points and reduced spurious noise
figures—so adjacent channel power is kept to a minimum. The required guard band between carriers is
minimized. And you get the most from the precious available RF spectrum. An unusually broad frequency
range accommodates cellular, PCS and Bluetooth frequencies as well as future frequency allocations.
They're the market's most ideal amplifiers for telecommunications multi-tone input test applications.

“S” Series amplifiers. 0.8 to 4.2 GHz. 1 to 200 watts.

“S” Series amplifiers are part of our microwave line found at www.amplifiers.com/ampmicro.cfm
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Rugged Stainless Steel Construction, High Repeatabilty, Miniature Size, Low Cost
and Off-The-Shelf Availabilty are some of the features that make Mini-Circuits “BW"
family of precision fixed attenuators stand above the crowd! This extremely broad
band DC to 18GHz series is available in 5 watt Type-N and 285 watt SMA coaxial
designs, each containing 15 modeis with nominal attenuation values from 1 0 40B.
Built tough to handle 125 watts maximum peak power, these high performance
attenuators exhibit excellent temperature stabilty, 1.15:1 VSWR typical, and cover a
wealth of applications including impedance matching, reducing power levels when testing
higher power amplifiers, wide band matching during intermodulation measurements,
and providing a 2W or 5W termination load for power amplifiers. Call Mini-Circuits
today and capture this next generation of performance and value!

Mini-Circuits...we're redefining what VALUE is all about!
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R & S Claims erman  contractor

Rohde & Schwarz

New Standards (R & ) is claiming that its
e newly launched FSU3 and

in High End  pgus spectrum analysers

set ‘new standards’ in dy-

Spectmm Analyzers namic range, measurement
ssmmmmmmmes  ACcUracy and speed within

high end equipments of
their type. In backing up its
claim, the company notes
an i displayed noise level of 158 dB (at 1 Hz

dwidth and with 1 dB ion of the input mixer
at 1’3 dBm) and a typical third-order intercept point of 25
dBm for the equipments, together with the ability to s
multaneously process signals with widely different levels
without mutual corruption. Again, the use of fast data
transfers using either an IEC/IEEE bus or an Ethernet
local area network, together with ‘optimised test routines,
are claimed to offer extremely high measurement speeds.
Here, the equipments are noted as being capable of 30
measurements per second in manual mode and as having
minimum sweep time and zero span values of 2.5 ms and
1 ps, respectively. In addition to all common test routines,
R & S notes that the FSU family also provides adjacent
channel power measurement as standard and resolution
bandwidths of up to 50 MHz. At resolution bandsidths of
up to 30 kHz, fast Fourier transform is available as an op-
tion, facilitating, it is claimed, the ability to take measure-
ments at speeds of up to 300 times those of equipments
using digital filters. The FS-K3, FS-K4 and FS-K5 soft-
ware packages support the FSU family (covering the 20
Hz to 3.6 GHz band in its FSU3 model and the 20 Hz to
8 GHz range with the FSUS device). Of these, the FS-K3
tool addresses noise figure, noise temperature and gain
measurement while the FS-K4 package automates phase
noise measurement over a complete offset frequency
range and determines residual frequency modulation. The
FS-K5 application firmware is designed for radio frequen-
¢y and modulation measurements.

lovenian telecommuni-
ations provider Tele-
com Slovenije has awarded
German supplier Siemens
Information and Commu-
nication Networks (SICN)
a contract covering the
supply of Digital Sub-
seriber Line (DSL) tech-
nology. Working with in-
country partner company
Iskratel, SICN will install and commission 20,000 asyn-
chronous DSL ports at 100 locations throughout Slovenia
during the course of 2001. Based on Siemens’ Attane
XpressLink DSL accesses multiplexer, the system will in-
crease the capacity of Slovenije’s existing copper wire
infrastructure in order to facilitate broadband data

Slovenian Provider

Picks Siemens
for DSL Technology
R

transport.

INTERNATIONAL REPORT

n the wake of the EP-3E
Hainan incident, ‘Inter-

Chinese Radar

Insight national Report” has re-
ceived insight into current
EEENNNSSEE  mainland Chinese radar

technology in the form of

details of the Type 2405

shipborne surveillance

radar. Developed by the

Nanjing Marine Radar In-

stitute (NMRI), the Type
2405 sensor is described as being a C-band (4 to 8 GHz)
multifunction equipment that is designed for shipboard
air and surface surveillance, target indication and anti-
shipping missile defence. The radar is equipped with a
cosecant? lightweight stabilised antenna that provides 50°
coverage and a sidelobe value of -30 dB. Stabilisation is in
both pitch and roll, and the equipment makes use of a
‘wideband, high power, transistor-travelling wave tube’
transmitter chain that incorporates solid-state modulators
and a wideband linear receiver. The Type 2405 is further
noted as making use of stable frequency synthesis, fre-
quency agility, digital moving target indication, constant
false alarm rate, sidelobe suppression and variable polari-
sation (horizontal and vertical). Data display is by means
of a colour raster terminal and the sensor’s antenna as-
sembly incorporates an integral identification friend or
foe array. At the -3 dB point, Ty 405 has an azimuth
beamwidth of 15° and the r is described as having
azimuth and range accuracy values of 0.3° RMS and 50 m
RMS, respectively. The type’s resolution values are given
as being 2° in azimuth and 150 m in range and its antenna
scans at the rate of either 15 or 30 rpm, depending opera-
tor selection. NMRI further notes that the Type 2405
antenna assembly (including its stabilisation platform)
weighs less than 520 kg and that its free space coverage
extends to an altitude and range of plus 9 km and plus 96
km, respectively.

'he French Air Force has
ordered a small quantity

French Air Force

Orders (thought to be four) of Gi-
raffe AMB radars for use in
Giraffe Radars ;, i :lvl‘vncn application.
Produced by Swedish con-
EMEIDTRERETIH

tractor Ericsson Microwave,
Giraffe AMB is a G/H-band
(4 to 8 GHz) 3-D active
phased array sensor that
was originally developed for
use in Sweden’s RBS 23 BAMSE and RBS 97 air defence
missile systems. System features include the ability to de-
tect targets from ground level up to an altitude of more
than 20 km, and automatic helicopter detection mode,
threat evaluation and automatic combat control functions,
and identification friend-or-foe Mk XII compatibility.
Alongside France, the Giraffe AMB radar is known to have
been procured by the Swedish Army (under the designa-
tion UndE 23) and Coastal Artillery arm. In this latter con-



text, the radar is a 2-D sensor, is mounted on a MOWAG
armoured command and control vehicle, and is designated
as the KAPRIS system.

Europe Creates A:;((‘r a protracted round

f negotiations, Euro-

Super Missile Entity pean contractor’s BAE Sys-
tems, the European Aero-
nautic, Defence and Space
(EADS) Company and Fin-
meccanica have agreed to
the establishment of the
pan-European MBDA mis-
sile group. To create
MBDA, the missile activi
ties of Matra BAe Dynamics, EADS Aerospatiale Matra
Missiles and the missile sector of Alenia Marconi Systems
are being amalgamated, with BAE Systems and EADS
cach owning 37.5 percent of the business and Finmecca-
nica holding the remaining 25 percent. At the point of its
creation, MBDA is undm‘stuud to have an orderbook val-
ued at Euro 13 billion (US$10.9 B), making it the world’s
second largest missile contractor after Raytheon Systems.
The new company is to be headed up by Matra BAe Dy-
namics’ current chief executive officer Fabrice Brégier,

INTERNATIONAL REPORT

with BAE Systems” Alan Garwood and Finmeccanica’s
Mario Di Donato being appointed chief operating
officers.

Looking to the future, EADS Deutschland is reported
as being extremely keen to see German contractor LFK
merge its missile business into the new entity. As current-
ly configured, EADS owns 70 percent of LFK and the
company would like to consolidate it with Germany’s oth-
er major airborne weapons manufacturer BGT. Dhiel
(BGT's parent company) does not favour this and EADS
is taking the attitude that if no LFK/BGT deal can be
struck by the third quarter of this year, it will go ahead
with rolling LFK into the MBDA group on its own.

The creation of MBDA has also impacted the BAE
Systems/Finmeccanica Alenia Marconi Systems (AMS)
joint venture. Here, AMS loses its missile business to
MBDA but gains BAE Systems’ Combat and Radar Sys-
tems subsidiary and will continue operating with a busi-
ness portfolio that encompasses radar, command and con-
trol systems, simulation and training systems, and air traf-
fic management systems. Balancing the two companies’
50 percent holdings in AMS is understood to have in-
volved Finmeccanica in further investment in the Euro
1.3 billion turnover organisation. Britain’s David Singleton
has been appointed chief executive officer of the revised
AMS with Antonio Bontempi as his deputy. W
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45W Average Four Carriers
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Introducing the PMLA1855-465FTC, a multicarrier amplifier
designed for the cost conscious operator. Capable of a four carri-
er 45W average output at 27V and 12.8A for an amazing 13%
efficiency. This performance allows the amplifier to be used in
tower-mounted applications as well as regular BTS and
repeaters. Using state-of-the-art LDMOS devices, the amplifier
delivers unequaled performance and all of this within a footprint
of only 300 by 185 mm (11.85 by 7.25").

Call today to arrange for a visit from one of our sales representa-
tives to give you a live demonstration of this or any other amplifier
you might be interested in. You can also visit
www.Amerdmp.com
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Will those who paid too much for their

Tt never pays to pay too much, Especially true in LMDS
and broadband wireless measurement.
If custom spend more unless they get
more, why s why Anritsu’s new
pectrum analyzer makes sense in
ost conscious enviro
The MS2668C comes wif igh SIN ratios

rtion characteristics you need.

MS2668-Series Spectrum Analyzers

i

Better value

is no laughing matter.
» Narrow resolution bandwidths.
 10Hz resoluition bandwidth.
o High-speed time domain sweep.
« Trigger/gate circuit.
» AN/FM demodulation w/speaker.
= Centronics interface.
- Sweep signal generator,

spectrum analyzers please stand up.

‘

lightweig} y
and durability buili-in. And a price that makes
MS2668C y on the budget as it is on your ba
does the job better for les:
s on them. Demand the highes
performance for the lowest cost- the MS266X-seri
spectrum analyzers from Anritsu. Call 1-800-ANRI

it www.us.antitsu.com today.

_/nritsu


http://www.us.anritsu.com

Latin America's
Cellular/PCS

THE COMMERCIAL MARKET

he Yankee Group re-
ports via Newsedge
that Latin America’s wire-

New All-silicon ewsedge reports that
Lucent Technologies
Chips for Wireless has announced the devel-

opment of an all-silicon
chipset for wireless base
stations. The announce-
ment was made at the re-
cent Solid State Circuits
Conference in San Francis-
co. These new chips will be
used in base stations that
receive signals from mobile devices, such as cell phones
and handheld computers. The receivers in use now typi-
cally have 10 to 20 GaAs chips compared to only three of
the new silicon chips. Lucent claims the new system is
100 times smaller at a cost savings of 10 to 100 times and
will have the effect of improving quality and lessening the
cost of wireless networks. The breakthrough is expected
to be deployed over the next four or five years.

Base Stations
B

Semiconductor Dﬁpite having pl. a
mited role during the
Foundries Bounce last semiconductor boom
of 1993 to 1995, the
Back to Lead the (oundry business has be-
come a primary industry
driver as IDMs and OEMs
become increasingly de-
pendent on outsourcing
manufacturing, The Cabhn-
ers In-Stat Group finds
that while the industry grew by 36.8 percent in 2000,
leading foundries grew even faster with the largest achiev-
ing growth rates in the 60 to 125 percent range.

Satisfying the approximately 500 to 600 fabless chip
start-ups that have emerged in the past decade will re-
quire foundries to produce more of the world’s chips over
the coming decade. “While the semiconductor industry
braces for much slower growth in 2001, the foundry seg-
ment is expected to outperform the industry as a whole
with foundry revenues expected to rise from $7.6 B in
1999 to $35.4 B in 2004,” said Steve Cullen, director of
In-Stat’s semiconductor s . They also find that both
Integrated Device Manufactures such as Motorola and
system OEMs are shifting more of their manufacturing to
third party foundries. Some IDMs are even converting
older fab plants into foundries. “With several fables chip
makers leaping into manufacturing, the industry’s well de-
fined functional segmentation lines are becoming
blurred,” said Curren. “Foundries will have a mojor im-
pact on the new hybrid semiconductor development strat-
egy.” In-Stat also projects that the foundry business will
become more geographically diversified over the next few
years, extending its reach into other parts of Asia as well
as the United States and Europe

A report “Foundries: Outsourcing the Semiconductor
Future” can be purchased from In-Stat at
www.instat.com/catalog/cat-si.htm#0101sf.

Industry
R

less mobile markets contin-
Subscribers to Pass cd their remarkable
growth trend over the
course of the last year,
reaching a regional average
growth rate of 58.6 percent
during 2000. Wireless pen-
etration increased from a
regional average of 10 percent at the end of 1999 to 15.6
percent by the end of 2000.

“Following such impressive growth rates in the past
years, the Yankee Group expects that growth will begin to
slow down in this sector. Our total cellular/PCS subscriber
forecast will reach an aggregate 2000-2006 compound an-
nual growth rate of 17.9 percent for the entire region, and
total wireless subscribers will more than double from 60
million at year-end 2000 to 162 million at the end of
2006,” said Cristiane Mahler of the Yankee Group’s Wir
less/Mobile Latin America Practice. “In such a capital-in-
tensive industr alability and critical mass are para-
mount for wireless operators to maintain profitability i
increasingly competitive environments. As such, there is a
major push by regional players to consolidate their region-
al positions with nation- and region-wide expansions, as
well as to streamline operations. This is illustrated
through Telephonica’s persistent attempts to gain a na-
tionwide footprint in Mexico’s wireless market and Tele-
con Italia Mobile’s pursuit to consolidate nationwide cov-
erage in Brazl and Venezuela.” Operators across the re-
gion are currently making important decisions with
respect to 2.5 and 3G network deployments. In the fourth
quarter of 2000, following NTT DoCoMo’s investment in
AT&T Wireless, the American company announced a con-
tract to deploy a GSM/GPRS network alongside its
TDMA infrastructure that will enable the rollout of ad-
vanced mobile data services to its customers. Following
this lead, several TDMA operators have announced con-
tracts to do the same. CDMA vendors expect that IxRTT
infrastructure will be available by mid-2001, with com-
mercial deployment soon after. For more information,
e-mail: hroach@yankeegroup.com

Ericsson Signs GSM, En’csson has been award-

cd a s of contracts
in China for GSM and mul-
tiservice network projects

Multiservice, IP

Backbone C. ts  including IP backbone con-
: & struction in Beijing and the
in China provinces of Shandong,

s Hebei and Yunnan. With a

combined value of more
than USD 400 Million, the
contracts further strength-

en Ericsson’s market leadership in China.
Beijing Ericsson Mobile Communications Company
Limited and Nanjing Ericsson Panda Communications

=0
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THE COMMERCIAL MARKET

Company Limited, Ericsson’s two major joint venture
companies in China, will deliver all related systems and
equipment. All contracts are being carried out with Chi-
nese partners.

Ericsson will supply Shandong Telecom with TP back-

bone routers for their inter-city broadband IP Networks.
This is a follow-up to a similar contract last year. Under an
agreement with China Telecom, Ericsson will also supply
routers for all nodes of China Telecom’s second data com-
munications expansion project. In a third agreement,
icsson will also supply similar equipment to Jiangsu Mo-
bile in addition to switches and ADSL equipment for
Liaoning Telecom.

In a GSM expansion contract with Shandong Mobile,
Ericsson will supply radio and switching infrastructure el-
ements, prepaid systems, network planning and opera-
tional support services as well as customer and project
support services. Ericsson is the sole supplier in the fast
growing GSM market in Shandong Province, which has a
population of over 90 million. A similar expansion con-
tract will supply ching and radio equipment, adding
GPRS and Mobile N services for Hebei Mobile. A fifth
GSM expansion project for Yunnan Unicom is scheduled
for completion in June of this year and a similar expansion
project for Hubei Mobile is scheduled for completion in
September. Additional contracts with Chongging Mobile,

Custon design and manufacture of RF/Microwave cavity fiters and diplexers
from 350MHz to 50GHz, with low Insertion loss and excellent Return loss.

High speed modeling and high accuracy machining produce new designs
within days, often without the need for any cumbersome tuning screws.
This improves reliability and stability in field use. Ideal for point to point radio, LMDS
and satelite communication applications.

Make Quasar your first choice for filters and diplexers.

Quasar

Quasar Microwave Technology Limited
Battle Road - Heathfield - Newton Abbot - Devon TQ12 6XU - England.
Tel: +44 (0)1626 834222 Fax: +44 (0)1626 832994
XeTi)

Jiangsu Mobile and Xinjiang Mobile are also in place. Ad-
ditional information is available on the Web at: www.erics-
son.com/press.

ETSI Completes T]e European Telecom-

munications Standards
Institute (ETST) has pub-
lished the first release of a
complete set of specifica-
tions for a mobile satellite
radio interface, known as
“GEO-Mobile Radio Inter-
face specifications (GMR).”
There are two variants of
the GMR standards in this
first release: GMR-1, led by HNS Hughes and adopted by
the Thuraya system, and GMR- 2, led by Lockheed Martin
Global Telecommunications, developed for the ASTA Cel-
lular Satellite System (AceS). The Thuraya system pro-
vides services in 99 countries spanning Eurup( North
and Central Africa, Middle East, Central Asia and the In-
dian Subcontinent. The A stem prov ervices
over an area covering India, na, Indonesia, as well as
most of South East Asia. More detail is available on the
ETSI Web site at: wwwetsi.org. B

First Specifications
for Satellite-based
PCS Systems
Eme—

WWW.

labtechcircuits
.com

Microwave PCB and MMIC
Packaging Solutions
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Full technology support and design
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ARE YOU IN
CONTROL-OF YOUR
WIRELESS SYSTEM?

With all the
new technolog;
for wireless connectivity —
including de facto global standards like Bluetooth”

not hard to be left dangling. You need the latest
spectrum and modulation measurement capabilitie
stay ahead. So come to Advantest! For almost 50 year:
we have been designing breakthrough electronic
measuring equipment and semiconductor test systems
for next-generation communications technologies. Our
R3267/R3273 spectrum analyzers are one example.
They can be software-configured to measure virtually
any third-generation mobile telephony standard:
dma2000 (3GPP2), W-CDMA (3GPP)
Bluetooth! And together with our partners Rohde &
Schwarz in Europe and Tektronix in the US, we bac
them up with total worldwide support. No matter
which way the wireless world goes, we can help

keep you in control

R3267 Spectrum Analyzer

For almost any 3G mobile telephony format!
The R326’ feat
within 1% in the 265 GHz band, and a dynamic range of
154dBe/He (typ.) in the 2GHz band. T
jth virtually 3G mobile telephony formar. The unique Di
Modul o sure Bluctooth, W-CDMA,
T PDC/PHS/1S-136,

a frequency

ey are designed to be configurzble
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INDUSTRY NEWS

B Endwave Corp. acquired M/A-COM’s Broadband
Wireless Business Unit (BBU), initiating a strategic rela-
tionship with Tyco Electronics and making Endwave the
most complete RF subsystem supplier for millimeter-
wave radio OEMs.

B Aeroflex Inc. has acquired TriLink Communications
Corp. for approximately 1.2 million shares of Aeroflex
common stock. This acquisition adds key optical compo-
nents to Aeroflex’s growing portfolio of proprietary fiber
optic modules

M Plexus Corp. has signed a definitive to ac-

AROUND THE CIRCUIT

B Tektronix Inc. has partnered with Telogy Inc. to pro-
vide a unique instrumentation trade-in program allowing
Tektronix customers to trade-in used test instrumentation
when purchasing new products from Tektronix. In related
news, RSoft Inc. has entered into an exclusive distribu-
tion agreement with Sony/Tektronix for sales and ser-
vices of its software products in Japan. Sony/Tektronix will
handle RSoft’s full line of software products for CAD and
simulation of both photonic devices and optical communi-
cation systems.

B GSI Lumonics and Melles Griot have agreed to work
together to mutually enhance their ability to supply man-
ufacturing solutions to fiber optic telecommunication

quire Qtron Inc. The acquisition will expand Plexus’
presence, cstablishing a manufacturing base in Southern
California’s fast-growing market.

B Alamosa Holdings Inc. has completed its merger with
Southwest PCS Holdings Inc. The acquisition increases
Alamosa’s licensed population by 2.8 million. Concurrent
with the acquisition of Southwest, Alamosa has also
gained the right to service additional territory from Sprint
PCS totaling approximately 115,000 residents.

‘B TRW has formed Velocium, a new company that will
provide very high speed InP and GaAs components and
other products for fiber optic and wireless telecommuni-
cations systems

HA d Hards (AHA) opened a
new design center in Portland, OR. The new center will
develop broadband wireless products based on the com-
pany’s patented Turbo Product Code (TPC) technology.

H Corning Cable Systems opened a new production fa-
cility dedicated to optical manufacturing services. The fa-
cility, approximately 20,000 square feet, is located in
Iickory, NC.

M First Source Inc. has opened a new Southern Califor-
nia sales office to provide additional local sales support for
the San Diego and Los Angeles areas.

B RIFOCS Corp. has relocated its Harsh Environments
Division, formerly known as Mil/Acro, into a new 8000
square-foot facility. The move to a larger manufacturing
space provides plenty of room for the division to expand.

B As part of a high volume production agreement,
Raytheon’s RF Components division will supply the
Hyundai Corp. with the RMPA 1951 GaAs HBT power
amplifier for the handset manufacturer’s TX-20B PCS
platform. Hyundai has earmarked the dualband tri-mode
TX-20B for the US CDMA market.

B StratEdge has contracted to assemble and test
TriQuint Semiconductor’s OC-192 broadband amplifiers
using patented, high performance StratEdge packages.

62

comp

B University College London (UCL) and Agilent
Technologies marked their partnership with the opening
of the Agilent Broadband Communications Laboratory.
The new lab will also play an integral part in UCL’s Mas-
ter’s program.

B Zentrix Technologies and the electrical and comput-
er engineering department of the University of Florida
have announced a collaborative partnership on circuit
packages. With this partnership, the University of Florida
will use Zentrix Technologies low ground inductance,
high performance CuPack® Circuit Packages to develop
RF and microwave circuits.

M Sprague-Goodman Electronics Inc. added Mouser
Electronics, Mansfield, TX, to its franchised dealer net-
work. Sprague-Goodman’s products are included in
Mouser’s on-line and nationally distributed print catalogs.

B Ansoft Corp. and Agilent Technologies Inc. have
signed an agreement in which Agilent has agreed to li-
cense its high frequency structure simulator (HFSS) soft-
ware product line to Ansoft. Under the agreement, Agi-
lent may also purchase up to 60 licenses of Ansoft HFSS.

B Taiyo Yuden Co. Ltd. announced that its Bluetooth™
Module is the first full module in the world to earn certifi-
cation for compliance with the requirements of Bluetooth
Specification Version 1.1. The company has certified two
variations of its Class 2 module, one with a USB interface
and one with a UART interface.

B Merrimac Industries Inc. announced that its sub-
sidiary, an Microcircuits Inc., has been awarded the
10 9002 ification from Factory Mutual Research.
The certification completes the company’s fourth and fi-
nal phase of its ISO certification initiative, with all of the
company’s facilities certified.

B dBm LLC has successfully completed its first year of
operations. During that year, the New Jersey-be
equipment manufacturer purchased the Satellite Link

[Continued on page 64]
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AROUND THE CIRCUIT

Emulator product line, and is now delivering an enhanced
version of the produc i
tomers. The company also

to Noise Generator product line.

B Labtech, a member of the Intelek group of companies,
has won the Queen’s Award for Enterprise, the highest
honor which can be bestowed upon a UK company.

FINANCIAL NEWS

B Motorola Inc. reports sales of $7.8 B for the first
quarter of 2001, compared to $8.8 B for the same period
last year. Net loss was $206 M (9¢/share) compared to a
net income of $481 M (21¢/share) for the first quarter of
2000.

B Andrew Corp. reports sales of $251.5 M for the sec-
ond quarter ended March 31, compared to $220.0 M for
the same period last year. Net income was $8.2 M
(10¢/share) compared to $17.3 M (21¢/share) for the sec-
ond quarter of 2000.

B Powerwave Technologies Inc. reports sales of $73.0
M for the first quarter ended April 1, compared to $103.9
M for the same period last year. Net loss was $9.5 M (15¢/
share) compared to a net income of $10.3 M (16¢/share)
for the first quarter of 2000,

64 CIDCIE 102 ON REANRER SEBVICE FADD

B TESSCO Technologies Inc. reports sales of $60.0 M
for the fourth quarter ended April 1, compared to $36.3
M for the same period last year. Net income was $220 K
(5¢/share) compared to $1.4 M (31¢/share) for the fourth
quarter of 2000.

B Cree Inc. reports sales of 853.37 M for the third quar-
tgr (nd( d March 25, compared to $29.53 for the same pe-
>t income was $13.72 M (18¢/diluted
<l|am) mmpaled to $5.96 M (12¢/diluted share) for the
third quarter of 2000.

B Advanced Power Technology rcports sales of $13.2
M for the first quarter ended March 31, compared to $9.6
M for the same period last year. Net income was $1.8 M
(19¢/diluted share) compared to $244 K (4¢/diluted
share) for the first quarter of 2000.

¥ Superconductor Technologies Inc. reports sales of
5 M for the first quarter ended March 31, compared to
S1.0 M for the same period last year. Net loss was $4.6 M
(26¢/common share) compared to $5.3 M (47¢/common
share) for the first quarter of 2000.

B Raytheon Co.’s Secure Mobile Anti-jam Reliable Tac-
tical Terminal (SMART-T) satellite communications
(SATCOM) program has received a three-year $49 M
award to develop, test and validate an advanced extremely
high frequency retrofit kit for installation on approximate-
ly 330 SATCOM ground terminals.

[Contintied on page 66]
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AROUND THE CIRCUIT

B Zeevo Inc. has closed a third round of funding with
$25.5 M in equity financing. The round is led by Dell
Ventures. Zcevo expects to use the money to expand
sales, marketing and operations talent for ramping its
product line, a Bluetooth SoC solution to production.

B Antenova has secured £3.4 M of venture capital to
fund its smart directional antenna technology for mobile
communications, from a consortium led by Cambridge
Gateway Fund. The funding round will allow Antenova
to develop prototypes of its product ideas

CONTRACTS

M LCC International Inc. has won a contract from Click
Vodafone to perform deployment and overall project
management services for phase three of the nationwide
Egyptian network. The $16 M, one-year contract exten-
sion is in addition to the Operations and Maintenance
contract awarded to LCC in October of 2000.

B M/A-COM SIGINT Products received the highest sin-
gle order for its Model 388 TF-to-Tape/Baseband convert-
er from Raytheon Systems Co. The models are expected
to be delivered later this year.

M Microwave Data Systems (MDS) Inc. received a fol-
low-on purchase order to supply additional LEDR point-
to-point radios for installation in the network of the
Brazilian telephone company, Telemar. This order is in
addition to the $7 M order received by MDS in February
for LEDR radios.

PERSONNEL

B Palomar Technologies Tnc. promoted Kevin Conlon
to chief operating officer. Conlon joined the company in
1997 as VP, sales and marketing,

B Advanced Hardware Architectures (AHA) appointed
Eric Kinneberg chief financial officer. Kinneberg comes
to AHA from Southern Era Resources, where he served
as VP of finance and chief financial offi

B The Board of Directors at Mimix Broadband has elect-
ed Charles Lee as chairman of the board. The election
represents a new position created by the Board. Lee
founded Charles Lee Enterprise in 1990 to facilitate
strategic alliances between America and Asia

B Denis P. Ritchie has joincd Microwave Device Tech-
nology Corp. as president. Most recently, Ritchie served
as director of marketing and sales for Analogic Corp.

M Aptix Corp. appointed Fuad Musa president; Amr
Mohsen continues as the company’s CEO and chairman.

gt

Most recently, Musa was president and CEO at Moscape,
a Magma company.

B Everett Charles Technologies (ECT) promoted
Patrick T. Flynn to president of the recently realigned
ECT equipment and services group. Flynn joined ECT
last year as group VP. In related news, the company ap-
pomted Joseph Baalman regional sales manager for the
northwest region. Baalman will be re: sponsible for ECT
Test Fixture Group sales including TTI product and In-
Circuit Pogos. Ryan McClusky also joined the company,
and will be responsible for in-circnit and functional fixture
sales in the north central region. Before joining ECT,
McClusky worked for Mahar Tool Co. as an account man-
ager for Daimler Chrysler.

B TriPoint Global Communications
promoted Pushp Kumar Sharma to
VP and chief information officer. Pre-
. viously, Sharma was VP, information
systems at the company.

. B TDK Semiconductor Corp. pro-
moted Barry Thompson from a di-
rector of engineering to VP of engj-
neering. Thompson will be responsi-
ble for leading the company’s engi-
neering teams in new product development and prod-
uct enhancements.

A Pushp Kumar Sharma

B Comtech Telecommunications Corp.’s New York sub-
sidiary, Comtech PST Corp., named Larry Konopelko to
the position of executive VP and general manager. Most
recently, Konopelko was VP and general manager of
MPD Technologies Inc

B GHz Technology Inc. appointed Michael Yam VP of
engineering. In this position, Yam will be focusing on ap-
plication support activities. Most recently, Yam has held
management posts at Globalstar LP, a consortium of in-
ternational telecommunication companies.

B Wolfgang Schmittseifer will become Rohde &
Schwarz’s managing director for marketing and sales in
North America, as of July 1. Schmittseifer will be respon-
sible for all corporate sales activities in the US and Cana-
da and for the cooperation with sales partners.

B Alpha Industries named Todd
Brown director of European sales. Pri-
or to joining Alpha, Brown held a vari-
ety of sales and marketing manage-
ment positions at MuRata, AMP and
RF Monolithi

_ W Andy Janes has been named the

ales manager of the Tensolite Preci-
sion Coaxial and Multi-conductor
Harnesses and Assemblies group in
couver, Washington. Janes has been at the Vancouver
for over 10 years supporting product sales and ap-
plication engineering.

A Todd Brown

[Continued on page 68]
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B Carlos E. Pedraza joined Times
Microwave Systems as regional sales
manager for Latin America including
Mexico. Previously, Pedraza was part
of the management team at Marped
Corp., a manufacturer of antennas
and distributor of Times cables in
Colombia.

B First Source Inc. has named Debi
Luce Southwest regional sales manag-
er. Luce comes to the company from Arrow/RF Vision.

A Carlos E. Pedraza

= B National Semiconductor Corp. ap-
pointed Nick Trickett-Bell regional
sales manager for the UK and Ircland.
Most recently, Trickett-Bell has been
responsible for the development and
management of the company’s major
account group in the region as well as
strategic business development.

M Sea-Port Technical Sales added

Steve Pennock to its Northwest sales
representation team. Formerly, Pennock was VP of sales
for Analysis Plus and prior to that sold software for Ansoft
Corp. and performed research for 12 years at Lawrence
Livermore National Lab.

A Nick Trickett-bell

. B ITT Industries, Cannon appointed
Roy Wang director of operations for
Cannon connector products in Asia
Wang will be responsible for directing
the region’s operational activities and
: lead employees in the areas of engi-
neering, materials, production and
quality control.

A iy g B Excellon Automation Co. promoted

Bob Bell to general manager mechani-
cal business unit. Most receutl) Bell served as Excellon’s
general manager of customer engineering. The company
promoted George Schmeltzer to general manager cus-
tomer engineering business unit to replace Bell. Previous-
ly, Schmeltzer was director of information technology for
the company.

B Melles Griot named Patricia Stub-
ban general manager for the Photonics
Components division in Irvine, CA.

tubban brings with her 19 years expe-
rience in operations and general man-
agement with an emphasis in produc-
tion and material control.

B BTC Electronic Components ap-
pointed Scott Korenstein account ex-
ecutive in its Raleigh, NC office.
Korenstein will manage strategic commercial accounts
with an emphasis on currently acquired product lines.

A Patricia Stubban
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B Gregory G. Finn has joined Antenna Specialists, an
Allen Telecom company, as a senior RF/antenna design
engineer. Finn will be responsible for the design and de-
velopment of antennas and antenna interface electronics
including prototyping, testing, documentation and coordi-
nation of release to production

WEB SITES

B Version 2 of www.testdesignonline.com has just
been launched. Users can now configure a complete test
station by selection from hundreds of products from lead-
ing manufacturers, and obtain an Excel spreadsheet com-
plete with prices, product descriptions, rack heights, links
to the data sheets of products selected and more. The site
is an ideal starting point for costing and configuring a test
system, and also provides technical notes that provide in-
formation on products, applications and test ideas.

B Jensen Tools has recently made a number of improve-
ments to its Web site, www.jensentools.com. The site now
offers secure online ordering, an improved search fum.»
tion, instant order processing, online order processin,
international customers, a stock status feature, dei.nled
order acknowledgements, express order shipping options,
online technical documents and free technical support.
Registered customers will also be able to save shipping
addresses and order history under a password-protected
login name for added convenience.

B Comsearch officially launched Datazone™ a reposito-
ry of standardized reports, studies and data products for
the telecommunications industry. Marketing, business de-
velopment, engineering or sales professionals can order
market intelligence reports, spectrum usage studies, and
technical and GIS data directly from the company’s Web
site, www.comsearch.com, to help them make informed
business decisions.

REP APPOINTMENTS

B CMC Wireless Components, Phocnix, AZ, has made
a series of rep appointments. Stewart Technology,
Danville, CA, will handle Southern California and Innov-
ative Marketing and Sales. Coppell, TX, will cover
Texas, while Micrel Associates, Rock Tavern, NY, will be
responsible for New York, New Jersey and Pennsylvania
and O & S Associates, New Bedford, MA, will handle
New England. BWS Microwave Marketing Inc. will
cover Atlanta, Florida, Georgia, North and South Caroli-
na, and Tennessee.

M Tyco Electronics’ M/A-COM has named First
Source Inc. as its national distributor for the full line of
M/A-COM components, including those manufactured by
its recent acquisition, the former Stellex Electronics.

B Sprague-Goodman Electronics Inc. appointed two
new sales representatives. Tekmar Sales, Rye Brook, NY,
will represent southern New York and northern New Jer-
sey, while Feller Associates, Highland Park, IL, will be
responsible for sales in northern Illinois and southern
‘Wisconsin.
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POWER EFrICIENT MMIC
FREQUENCY TRIPLERS

The design of an efficient frequency tripler for an S-/X-band communications
receiver is described. An approach for optimizing the tripler for best power
efficiency is presented. The tripler topology consists of the harmonic generator

circuit, a bandpass filter and an amplifier. A novel tunable filter to increase the
bandwidth of the tripler was fabricated and tested. Measured performance of an
X-band GaAs MMIC frequency tripler is shown versus simulations.

terrestrial satellites, have a limited

amount of power available. It is very ex-
pensive to accelerate each pound of the space-
craft to 17,600 mph or greater. Compared to
terrestrial communications equipment, space
communication systems place a higher priority
on small, lightweight and low power circuitry.
In cases where commercially available compo-
nents do not fit well with space communica-
tion designs, custom designed MMICs can of-
ten fit the small, lightweight and low power
circuitry requirements for space communica-
tions. A small low power S-/X-band receiver
was being developed under NASA Advanced
Technology Development (ATD) funds at
Johns Hopkins Applied Physics Laboratory.
An early prototype of the receiver included a
comme: frequency tripler module of sev-
eral cubic inches that consumed 1.4 W of DC
power. It was replaced with a custom GaAs
MMIC frequency tripler 54 by 54 mils square

S pacecraft in deep space missions, or even

dissipating 0.15 W resulting in an order of
magnitude improvement in weight, size and
power consumption. Using this custom GaAs
frequency tripler MMIC saved size, weight
and power consumption in an S-/X-band re-
ceiver module requiring a total 1.3 W of DC
power — less than the commercial tripler
module alone.

An approach to optimize the power effi-
ciency of an MMIC tripler is presented. It is
based on a topology suggested previously.!
There are three basic sections of the frequen-
cy multiplier: the harmonic generation sec-
tion, a filter section and an amplifier for the
third harmonic.

[Continued on page 72]

JonN E. PENN
Johns Hopkins University

Applied Physics Laboratory (APL)
Laurel, MD
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Figure 1 illustrates the relative
spectrum of the signal in each of the
three sections of the tripler. In the
harmonic generation section, multi-
ple harmonics are produced with a
nonlinear device (GaAs MESFET). A
filter section greatly attenuates the
strong fundamental and second har-
monics. Higher order harmonics
could be filtered in a bandpass sec-
tion, but the on-chip filter is required
only to filter out the first and second
harmonics such that the third har-
moni¢ dominates the final amplifier
stage. This topology works well for a
frequency tripler and could be used
for an efficient frequency doubler.
This topology of a harmonic genera-
tor (MESFET at pinchoff) and filter
section was used previously to pro-
duce an S-band to C-band frequency
doubler?

For this MMIC design, the har-
monic generation section uses a 300
pm FET (MESFET) in TriQuint's
TQTRX GaAs process. The bias of
the device is near pinchoff to
mize the nonlinear characteristics for
the third harmonic. This harmonic

generator also produces a very strong
first and second harmonic, which re-
quire filtering.

A high pass or bandpass filter is
used to attenuate the unwanted har-
monic components. The goal is to at-
tenuate the second harmonic enough
to keep it from saturating the output
amplifier. Additional off-chip filtering
can be added; however, on-chip fil-
tering is necessary to attenuate the
second harmonic by at least 20 dB.
The requirement to attenuate the
second harmonic while passing the
third harmonic makes this topology
inherently narrowband. Using a high-
er order filter section or a tunable fil-
ter could improve the bandwidth. A
tunable high pass filter to double the
pmmml bandwidth is described later.
he amplifier section is designed
to increase the third harmonic leyel
A narrowband amplifier could be de-
signed to provide additional filtering
of the undesired harmonics, or the
amplifier could be designed wide-
band with attenuation provided by
on-chip or external filter sections.
For these triplers, broadband effi-
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cient one-stage and two-stage ampli-
fiers were designed to amplify the de-
sired third harmonic (6.6 to 7.5
GHz). The two-stage amplifier was
also fabricated as a separate 5.5 to 8.5
EHZ efficient general-purpose ampli-
ier.

HARMONIC GENERATION

A nonlinear device is required to
generate harmonics of the input sig-
nal. For this design, a 300 um FET in
TriQuint's TQTRX process is nsed.
The device is biased around pinchoff
to enhance the nonlinear characteris-
tics. The device was designed for a
drain voltage of +5V but could also
operate at +3.3V. A +3.3V supply
tends to enhance the nonlinear char-
acteristics while lowering power con-
sumption. Bias near pinchoff is sup-
plied to the MESFET gate through a
resistor divider network decoupled
from the RF matching circuit
through a large inductor and large
decoupling capacitor. The input
matching network (IMN) to the 300
pm FET is centered around the fun-

Fig. 1 Relative spectrum
of tripler sections. W

[Continued on page 74]
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ig. 2 Biasing of the harmonic generator.

damental frequency (2.2 to 2.5 GHz),
while the output matching network
(OMN) is optimized for the third
harmonic (6.6 to 7.5 GHz). Figure 2
shows a simplified schematic of the
harmonic generator. To reduce risk,
the harmonic generation section used
the same proven, but narrowband,
design! retuned to a higher funda-
mental frequency of 2.2 to 2.5 GHz.
While the overall tripler is inherently
narrowband, it may be desirable to
design a broadband harmonic genera-

1
FREQUENCY (GHx)

FREQUENCY (GHz)
—2.00 —211 —2.22

g

26,

— 36

— —ay

-sf,

modifying, or tuning, the filter sec-
tion for each operating band.

The FET biased near pinchoff

very strong fund |

and second harmonic signals. Setting

the gate bias voltage has an effect on

the gain (or loss) of each harmonic

d in the FET. A typical re-
sponse (simulated) of the harmonic

ig- 3 Harmonic generation (1 to 5).

tor section. Flexibility could be
gained by broadbanding the harmon-
ic generator and output amplifier
while using the filter roll-off charac-
teristics to set the operating band of
the tripler. This would allow fabrica-
tion of tripler MMICs to cover a
large range of frequencies by only

-4 LE Ny R S S AR U R A

section is shown in Figure
3. Note the strong first and second
harmonics followed by a reasonable
third harmonic and progressively
weaker higher harmonics. The output
of the harmonic generator feeds into
the filter section.

THIRD HARMONIC FILTER

The filter section is very important
to the characteristics of the tripler
design and its bandwidth. This topol-
ogy could also be used for a doubler
by re-designing the filter to take ad-
vantage of the very strong second
harmonic. As a tripler, an ideal infi-
nite roll-off high pass filter would still
only allow for a 50 percent band-
width. The high pass roll-off of the
filter must be designed to pass the
third harmonic of the lowest frequen-
cy of operation but have sufficient at-
tenuation at the second harmonic of
the highest frequency of operation.
Additional filtering of undesirable
harmonics could be achieved in the
filter design, but the primary concern
is to ensure that only the third har-
monic saturates the final amplifier
stage. A high pass filter could be used
in place of the bandpass since the
harmonic generator already attenu-
ates higher order harmonics. The size
of the filter stage is important. High-
er order filters could theoretically im-
prove bandwidth but the addition of
“non-ideal” elements increases loss,
size and complexity.

The current bandpass filter design
provides a tripler bandwidth of ap-
proximately 15 to 20 percent. Exter-
nal filtering could be added to the
MMIC tripler to improve attenuation
of unwanted harmonics. Tuning the
passband frequency by replacing
some of the capacitor elements with
varactors can increase the bandwidth
of the tripler design provided that the
amf}?liﬁer and harmonic generator are
sufficiently broadband. The schemat-
ic of the bandpass filter is shown in

[Continued on page 78]
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Figure 4. For the tunable filter, two
fixed capacitors are replaced by vari-
able capacitors (varactors) plus some
resistors and additional capacitors to
supply the reverse bias voltage to the
varactors. Figure 5 shows the typical
response (simulated) of the fixed fil-

b

ig. 4 Bandpass (a) fixed
and (b) tunable filter schematics.

i

A Fig. 6 Tunable bandpm filter
simulation.

Fig. 7 Power output calculation
using approximate MESFET IV curves. W

ter section. Figure 6 shows the re-
sponse (simulated) of a tunable filter
where two of the four capacitor ele-
ments are replaced by reverse biased
diodes acting as varactors. The tuning
range of the variable filter is approxi-
mately 15 percent, which would dou-
ble the current tripler bandwidth.

EFFICIENT AMPLIFIER DESIGN

For space applications, size,
weight and power consumption are
key criteria for the communications
design. Given the limited availability
of commercial triplers, this was an ex-
cellent application for a custom
MMIC optimized for the frequency
and RF power requirements of the
system. The input signal level was as-
sumed to be 0 to +10 dBm, and the
output third harmonic level was ex-
pected to be as high as +10 or +13
dBm. The amplifier MESFETs were
sized to be power efficient, capable of
delivering +12 to +15 dBm. A two-
stage and a one-stage amplifier were
designed for the MMIC tripler. The
additional gain of the two-stage am-
plifier was desirable, but it is riskier
and more difficult to design a stable
two-stage amplifier than a single
stage one.

A successful MMIC tripler operat-
ing from 1.55 to 1.75 GHz was de-
siéned previously.! One of the trade-
offs in the original design was to oper-
ate a single stage amplifier at
saturation to maximize the gain (Tjygs ~
80 mA for a 300 um FET at +7V). That
design only had enough room for a sin-
> stage amplifier on the 54 x 54 mil
GaAs die, so DC power was sacrificed
for a higher output signal level. The
amplifier is the key component in this
architecture that affects power effi-
ciency. Since little power is consumed
in the harmonic generator section bi-
ased near pinchoff, the amplifier con-
sumes the bulk of the DC power.

The output stage

Imax Ve =40.5V.

Pout = (AV - AI)/8

of the amplifier was
sized based on the

IV curves for the

laN 0V FET device with
MAXIMUM CLASS A 5V power supplies,

BIAS - :
1.0V ®_POINT (Vg, = 5 V) plus a 2 dB margin.
LOAD LINE, Estimating the max-
20V, i imum RF output

Y T SR N P

A
 Va(V)

power (P avail-
able in Class A from
the device I-V
- curves is illustrated

in Figure 7. Given a fixed supply
voltage (V. V) and assuming a
knee voltage of 1V, the maximum
voltage swing is A V=2 X (V, - 1), in
this case AV = 8V. The maximum cur-
rent swing (Al = I, is proportional
to the device size. Assuming a fixed
voltage supply, and a sufficient device
breakdown voltage, the output power
is determined by the maximum cur-
rent swing, that is, device size.

AV
V ms (ZQ’E)
N

ms (2 JE)

Poue = Vims X Lins

For an I, greater than 100 mA,
P, is approximately +20 dBm for a
300 um FET for a +5V supply. That
would yield approximately +17 dBm
for a 150 pm FET. Hence a 150 pm
FET is chosen to provide 2 dB margin
for a +15 dBm output requirement.

A 150 pm FET operating at u‘)-
proximately Ipgg/2 could provide
about +15 dBm, while reducing the
bias to Ipgs/4 could provide at least
+12 dBm. To simplify the matching
design, 150 pm FETs were used for
the first and second stage amplifier.
Bias was made selectable so that the
final stage could operate at Ijyge/2 (20
mA) or Ipgg/4 (10 mA) depending on
the output power required, while the
first stage is operated at the lower
ias. S-parameters for the 150
e were not expected to vary
much b( tween Ipgg/2 and Tjyge/4, so
the amplifier could be custom config-
ured for either bias point. Even
though the design was intended for
45V, it works well with +3.3 and -5V
supplies. External resistors could be
used to optimize the bias for a 3.3V
system. A single stage amplifier was
designed for 10 or 20 mA bias at +5V,
while the two-stage amplifier con-
sumes an additional 10 mA for a bias
of 20 or 30 mA at +5V.

While the power efficiency of the
tripler is dominated by the power
consumption in the amplifier section,
optimizing the size of the FET in the
harmonic generator is necessary for
best overall efficiency. If the output
power requirement were reduced,

[Contined on page 817
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SELECT BIASASV1 = 1.25VORVZ
“osv

A Fig. 8 Bond pad selectable bias examples.

then not only should the FETs in the
amplifier be made smaller, but the
FET in the harmonic generator would
need to be made smaller to match the
levels required by the amplifier. At
some point, a compromise must be
made in customizing the design to a
specific requirement. It is important
to build-in design margins at the cost
of extra DC power in order to provide
for changing specifications during de-
velopment, or to make the design
flexible enough that it could be used
for other systems. Adding extra bond
pads to make the bias selectable is
one way to optimize a single MMIC
design for multiple requirements.
Figure 8 shows an example of modi-
fying the gate bias by connecting to
one bond pad or another. »\ttachmg to
the bond pad V1 provides a gate bias
voltage of —1.25 V for a lower drain
current, while attaching to V2 selects
a gate bias voltage of ~0.8 V for a
higher drain current. Note, the 500 Q
resistor also provides RF stability for
the MESFET.

AMPLIFIER DESIGN RESULTS

As mentioned, the amplifier has a
strong impact on the efficiency of the
overall tripler. MESFETS are sized
according to the design’s output pow-
er requirement plus some additional
margin. Ideally, a multi-stage amplifi-
er would have the MESFET size opti-
mized for each stage. To simplify the
matching circuit design, the same de-
vice (150 pm FET) was used for both
stages in a two-stage amplifier. The
first stage is run at a lower current
level (~Ipss/4), while the output stage
is biased for maximum class A output
power (~Ipgg/2). Matching circuits
are designed to be sufficiently broad-
band. Generally, one desires the band
of the amplifier to exceed the require-

ments for the tripler
operating range so
that any processing
variations in the
As fabrication
will still allow the
amplifier to meet
specifications. For
this design, addi-
tional bias points
were included that
can be selected by
bonding to different
pads when pack-
aged. Off-chip res
tors could be added to optimize the
bias points for a design that requires
less output power. Each stage of the
amplifier could be operated from a
low of about 15 to 20 percent Ijgs up
to 55 to 60 percent Ipgg for maximum
output power. At some point, it is
preferable to redesign the tripler with
smaller MESFETs optimized for a
lower output power requirement than
to use an existing design and operate
the MESFETs at too low a current
bias. Given the many available papers
on amplifier design and matching cir-
cuit design, a thorough step-by-step
explanation of this amplifier design
will not be given. Suffice it to say that
the design strives to trade-off gain,
stability, bandwidth, efficiency and
proper de-coupling of the DC bias
lines in the matching circuit design of
an amplifier.

LAYOUT

Since this was a development or
“proof of concept” project, multiple
ons of the tripler and amplifier
circuits were combined on a single
large die to maximize the knowledge
gained from a single fabrication cycle.
For a pmdmhon run, the two
tripler could be produced as a single
60 x 60 mil die. A single die of 120 x
120 mils using the Prototype Chip
Option (PCO) for TriQuint’s TQTRX
GaAs process was used. Four sepa-
rate designs were fabricated on one
prototype die. A single stage amplifi-
er/tripler (2.2 to 2.5 GHz) occupied
one quadrant, a two-stage amplifier/
tripler (2.2 to 2.5 GHz) occupied an-
other quadrant, a two-stage broad-
band efficient amplifier (5.5 to 8.
GHz) occupied one-eighth of the die
and the remaining three-eighths con-

[Continued on page 83]
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A Fig 9 CaAs MMIC tripler die layout
(120 X 120 mils).

[ SIMULATED — MEASURED

A Fig. 10 One-stage tripler’s measured vs.
linear simulated output match.

. [~ SIMULATED — MEASURED

jg. 11 One-stage tripler’s measured
vs. nonlinear simulated output maich.

tained a frequency tripler (1.7 to 2.1
GHz) with a tunable filter section.
ICED (IC Editors Inc.) was used for
the layout and design rule checking.
Figure 9 shows the actual chip with
one tripler (quadrant) wire bonded
into a test package.

MEASURED RESULTS

Simulated results agree well with
the measured results. Agilent EEsof’s
Libra program was used for simula-
tions using linear models from the
TQTRX foundry manual® and Tri-
Quint’s Own Model (TOM2 and
TOMS3) for nonlinear simulations.
For the harmonic generator FET, the

IMULATED — MEASURED

. 25

n

-stage amplifier’s measured
os. nonlinear simulated gain.

linear model with the lowest available
current bias (14 percent Iygq) was
used for simulations. For the one-
stage tripler, both the linear model
and the nonlinear model simulations
agree well with the output match, as
shown in Figures 10 and 11.

Linear and nonlinear simulations
for the two-stage amplifier vary a lit-
tle depending on whether the output
stage bias uses the Ipygy/2 bias or the
Ippsg/4 bias. For the input match, the
linear model at low bias (14 percent
Ipgs) for the 300 pm FET matched
the measured result very well. At the
higher third harmonic frequencies
the actual amplifier rolls off a little
lower in frequency than expected.
Still, the two-stage amplifier ha
about 20 dB gain from 5.5 to 8.5 GHz
and greater than +13 dBm output
power at 21 mA from the +5V supply.
Gain for the simulation and measure-
ment agrees well, though the gain
roll-off occurs slightly lower in fre-
quency than predicted, as seen in
Figure 12. The power output (> +13
dBm) agreed well with estimates
from the DC I-V curves and from
nonlinear sinulations.

Nonlinear simulations of the over-
all tripler predicted a third harmonic
output approximately 6 dB higher
than measured results. This corre-
sponds to the same difference as in
the original design.! Besides blaming
an overoptimistic nonlincar model,
the 6 dB error could also be due to
the narrowband match on the input
of the harmonic generator circuit.
The nonlinear model predicted a bet-
ter input match at the optimal fre-
quency for the tripler than the mea-
surements indicate. Possibly broad-
banding the harmonic generator in a
future design would create better

[Continued on page 84]
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INPUT FREQUENCY |

+3.3V (ma)

5V (ma)

A Fig 13 Two-stage tripler’s measured
output power vs. input power.

agreement with the nonlinear mod-
els. Figure 13 shows the third har-
monic power out versus power in at
2.2 to 2.4 GHz for the two-stage
tripler. Tables 1 and 2 list measured
performance for the single stage am-
plifier/tripler and the two-stage am-
plifier tripler operating at +3.3V with
a 2.3 GHz input signal. The MMICs
were packaged on a small aluminum
block with SMA connectors attached.
The measurements are calibrated at
the SMA connectors.

The tunable filter produced a tun-
ing range on the order of 250 MHz
from 1.75 to 2.00 GHz. While the tun-
able filter worked well, the current
harmonic generator design needs to
be broadbanded to fully utilize the ex-
tended tuning range. The tunable har-
monic generator and filter section
were tested with the 5.5 to 8.5 GHz
two-stage amplifier circuit while vary-
ing the control voltage. As shown in
Table 3, the peak performance of the
band shifts by modifying the control
voltage. Bandwidth at each control
voltage setting is approximately 250
MHz around the “peak” performance
point. This MMIC is also tested as a
packaged component.

The schematic of the variable filter
was shown previously. The tuning ele-
ment is a reverse biased diode formed
from a MESFET with source and
drain shorted together. Changing the
voltage of the reverse bias on the
diode modifies the capacitance from
gate anode to source/drain cathode
While the relative tuning range is de-
termined by the varactor GaAs pro-
cessing, the designer chooses the
nominal value of the variable capaci-
tance by specifying the MESFET
diode size. Two of the four capacitors

-5 v(mA) +3.3 V (mA)

P, Control Peak P,
(dBm) Voltage (V) (dBm)

on the fixed filter were replaced with
varactors to achieve a 15 percent
change in the roll-off frequency.
Three additional large capacitors were
added to supply the reverse bias con-
trol voltage to the varactors. The two

capacitors on the input and output of

the filter isolate the varactor bias from
the harmonic generator and amplifier.

CONCLUSION

An architecture for frequency
triplers (or doublers) in GaAs MMICs
has been described and fabricated.
Customization of the circuit can allow
for low power efficient operation in a
particular system. For space applica-
tions, size, weight and power con-
sumption are critical. Certainly, cus-
tomized MMICs with selectable bias
points can provide extremely small,
lightweight, low power solutions when
off-the-shelf components are not
available, or not suitable.
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HIGH SPEED ANALYSIS
AND OPTIMIZATION

OF WAVEGUIDE BANDPASS
FILTER STRUCTURES
USING SIMPLE NEURAL
ARCHITECTURES

At microwave frequencies, from about 7 to 60 GHz, inductive irises are very often used as coupling
networks between half-wavelength cavities in rectangular waveguides to develop very selective low

loss bandpass filters. This is due to the fact that symmetric and asymmetric metal inserts, along with
small tuning posts, are very easy to manufacture in large production volume. To facilitate the design
and optimization process, a simple and very accurate neural architecture is presented, which is easily

translated to a standard electrical equivalent circuit that reproduces in a wide range of iris aperture,

thickness and frequency. The proposed new models, although they can be embedded into any
commercial microwave software, have been easily implemented into MMICADS Comparisons have

been made for high order high frequency waveguide half-wave filters, showing an excellent agreement

with full three-di

ional (3D) electrc

speeds thousands of times faster.

R6

o the authors’ knowledge, none of the
I current commercial microwave aided
design (CAD) programs incorporate
models for useful discontinuities in rectangu-
lar waveguide, while they have models for the
standard TE10 waveguide transmission line.
This means that, for a microwave designer, the
waveguide world belongs to other kinds of
simulators based on hard numerical methods
— mode matching and finite elements where
the design and optimization cycles are still
very long.
In the case of planar structures (microstrip,
strip and coplanar lines), the microwave design-
er has a wide range of electrical models avail-

HP-HFSS® simulations along with computation

able (sometimes based on electromagnetic sim-
ulations) for almost any discontinuity in such
transmission media, and the designer can verify
or fine-tune his or her final design through the
use of accurate 2D and 2.5D planar electromag-
netic simulators. The same concept can be ex-
tended to the waveguide world for some useful

[Continued on page 85]
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well-known discontinuities such as  microwave bandpass filter design  (for example, bandwidth shift and in
symmetric and asymmetric shown in Figure 1 band attenuation). The second avail-
y The existing circuit models for  able solution, the use of full 3D elec-
waveguide inductive irises, starting tromagnetic simulators such as HP-
from Marcuwitz’s work,! are pub- s accurate, but unacceptable

lished elsewhere; however, most of  in computation time (several
them are developed in terms of re-  hours/days) when used for filter de-
cursive closed form equations coming  sign and optimization.

from electromagnetic pseudo quasi- Instead of searching for more pre-
static and full-wave approaches. Due  cise, and therefore more complicated
to the multimode dispersive nature of  closed form equations, the idea pro-
these electromagnetic discontinuities,  posed here is to use simple and accu-
the equations are not easily imple-  rate neural architectures to fit the scat-
mented into commercially available  tering parameters obtained by using a
circuit simulators. Furthermore, they  precise full 3D simulator for single and
are rather tedious and computation  double \n(lucme irises in re(tanguh\x

A Fig. 1 Symmetrical and asymmetrical

rectangular waveguide inductice iris. intensive, thus preventing an easy fil- ince the
ter analysis and op-  discontinuity of a single or double in-

timization process.  ductive iris of aperture D and thickness
Their frequency ac- T in a TE10 propagating rectangular
curacy for a single  waveguide behaves like a lossless sym-
iris is perhaps suffi-  metrical two port reciprocal network at
cient, but when us-  the reference planes P1 and P2, it is
g ing a high order fil-  enough to adjust a single two port para-

_ ter structure, the  meter at the output of the neural net-
scATIERING wATaIX ""“‘”s.':u’s‘"{" ‘}‘,‘J,{,‘,“"" propagation of the  work. For e applica-
¢ g ; , individual errors  tions, it is convenient to control the for-
A Fig. 2 Proposed equivalence between Ju i« through the filter  ward scattering parameter Sy; (easily
and neural structures. gives poor results  related to the traditional Z or Y para-
meters), and furthermore to use the
well-known properties of the scattering
matrix to derive the other Sij parame-
ters as

Sx (8

1)
At this point, it is evident that the
input parameters for a possible neural
structure should be the physical di-
mensions of the inductive iris, that is,
D and T, along with the waveguide di-
mensions (A and B) and the frequency
of operation. This primary strategy ex-
hibits some important disadvantages
because the standard waveguide di-
: mensions are defined for precise fre-
: quency bands where the TE10 is the

dominant propagating mode, and in a

GBEL Single Layer fivsi anproach & neural fopology
should be derived for each waveguide

eemmlc ca cltc rs band (which is not a general ap-
pa proach). However, if the scaling prop-

erties of the waveguide structures are

¢ Maximum Values in Small Chip Sizes considered, the normalised iris dimen-
 Temperature Stable (+15% -55 to +125°C) sions D/A and T/A can be used as in-

o Available with or without Borders put parameters, as well as the nor-

s e 5 malised frequency F/Fe, where Fe is

® Thin Film Terminations e Free Samples Available the cut-off frequency of the TE10

mode, as shown in Figure 2.

!maﬂsﬂnt@@hﬂﬁ‘mﬁom Furthermore, the range of the in-
put parameters should have some
camarilio california 808.3801188 101 rding the il wave.
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xt ha)
SPWL

NEURAL Y2 |z|
ARTCHITECTURE[ ™+
K-neurons :

Yn [n]

A Fig. 3 Ceneral SPWL neural architecture.

guide filter utilisation. The iris aper-
ture could vary from 0 to the maxi-
mum aperture A, that is, 0<D/A<1,
while a reasonable range for the iris
thickness T should be given by
0.01<T/A<0.25, Finally, the nor-
malised frequency band should be
1.2<F/F <2 in order to avoid unwant-
ed propagation modes. In conclusion,
this general strategy uses a single
neural architecture for the S,; para-
meter, and three normalised parame-
ters input data. It should be
enough for any given frequency band
where this kind of filter is applicable.

THE NEURAL ARCHITECTURE
From an intuitive point of view, a
neural network3 can be viewed as a
parallel distributed processor that ex-
hibits a natural ability for storing exper-

5 5
VoA E (mex)
for any output j=1to N
3" (M- X1~ X+ T
= {tN(cosh(:6))} iy

e Lcm(R)]

and  LCHY(!

imental knowledge and making it avail-
able for ulterior use. This knowledge is
acquired through dedicated learning al-
gorithms, along with a weighty in-
terneuron connection. The typical
neural networks, MLP and RBF fami-
lies, normally require a relatively large
number of neurons for a close fit to the
experimental data, Because the objec-
tive is to be highly competitive against
the pure electromagnetic simulation, a
new SPWL# has been chosen for this
particular problem.

The proposed SPWL model is an
extension of the well-known canoni-
cal piecewise linear model (PWL) de-
scri{m(l by Chua In its basic formu-
lation, the Canonical PWL model
performs any general nonlinear map-
ping F : RM 5 RN (M inputs and N
outputs) by means of the expression
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Y=F(X)=

K
A+BoXt Y Gyl oy, X > -y
k=1

(for K neurons) 2)
where
X(M) = input vector
Y(N) = output vector
AN), BONXM),_ -
M), G(N) = fitting vectors
Bi = scalar
<04, X> = inner product

This model divides the input space into
different regions by means of several
boundaries implemented by hyper-
planes of dimension M-1. It then con-
structs the function approximation by
means of a combination of hinging hy-
perplanes of dimension M. Such hing-
ing hyperplanes are the result of joining
two linear hyperplanes over the bound-
aries defined in?he input space.

It can be seen that the expression
inside the absolute value function de-
fines the boundaries partitioning the
domain space. This function controls
the transition between linear regimes
and, therefore, the Canonical PWL
model inherits some properties from
the absolute value function; it is con-
tinuous but not derivable along the
boundaries. Moreover, the second
and higher order derivatives are zero
except at the boundaries where they
are discontinuous, which is critical for
circuit optimization purposes. To
overcome this drawback, the substitu-
tion of the absolute value function is
proposed for a derivable function in
order to smooth the joint of hyper-
planes at the input space boundaries.
Several possibilities exist to smooth
the absolute value function allowing,
at the same time, a parametric control
of the “sharpness” of the transition.
The smoothing function is chosen as

(1) i Ln[cosh(‘{t)]

LCHYy| ()

where

Y = parameter that allows the
smoothness of the transition to
be controlled

The advantage is clear when one looks

for the derivative of Equation 3:

d/dt{LCHy (1)} = tanh(yt) which is the

activation function of a universal ap-

proximator such as the MLP. Figure 3

[Contined on page 92]
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shows a descriptive view of the pro-
posed SPWL model.

MODEL VALIDATION

The above description has been
applied to the electromagnetic struc-
tures, that is, both symmetric and
asymmetric irises. This model pro-
vides a smooth and derivable approxi-
mation that improves cansidperably
the performance of the Canonical
PWL model when it is applied to real
microwave devices, mainly in the op-
timization process. Moreover, it re-
quires a much smaller number of pa-
rameters and a lower computation
burden than other models commonly
used. Extensive full 3D electromag-
netic simulations have shown that the
proposed architecture, shown in Fig-
ure 4, is able to reproduce the two

port complex S,; parameter for a
wide range of input data - (0.01 < T/A
< 0.25), (0 < D/A < 1) and (1.2 <
F/F, < 2.0), thus covering most appli-
cations. In this case, a very good indi-
vidual iris fit by using a seven-order
SPWL is obtained; the maximum er-
ror in Sy; for any individual iris, when
compared with HFSS simulation, is
less than 0.02 in module and less than
9° in phase. Figure 5 shows as an ex-
ample the neural fitting parameters
for the symmetric iris case along with
a comparison between full 3D elec-
tromagnetic simulation and the neur-
al model for a relative large iris thick-
ness (T/A = 0.14) and for various iris
apertures D/A as a function of the
normalised frequency.

Although it is very easy to show
how the proposed method accurately
_Mits the frequency

behaviour of an in-
dividual inductive
ris, when designing
high order mi-
crowave filters, the
propagation of the
individual errors
could be important,
especially for very
narrow bandpass fil-
ters. This fact is a

A\ Fig. 4 Dedicated neural architecture for symmetric

and asymmetric waveguide irises.

Fig. 5 Single symmetrical iris validation. &

higher level test of
the validity of the
approximation. For
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FILTER 1
PHYSICAL DIMENSIONS (mm)
WAVEGUIDE:

A=111 5-356 T=03
p1 D2
317 2.06

DJ u L2
1.88 4.58 sos 509

FREQUENCY
F=336 F2=355

[ s —s, sewi]
| 524 HFSS — s, SPWL |

BW- 19 (5.5%)

= TN,
&
30 31 32 33 34 35 36 37 38

FILTER 2
PHYSICAL DIMENSIONS (mm)
WAVEGUIDE:

A=711 B=356 T-09
FILTER

o1 D2 D3NGL 2oy
3.71 251 233 614 6.77 6.82

FREQUI RANGE (GHz)
F=289 F2-29.6 BW=0.7(2.4%)

20| )

sij (dB)

30
40|

27 28 29 30 31 32 33 34 35
FREQUENCY (GHz)

A\ rig. 6 Model validation through filter
implementation.

this reason the neural architecture has
been implemented easily into MMI-
CADS by using its MDL capability
along with the (Iu\nlnl!t) in working
with electrical model
ables. The individual i
by using fundamental
guides (available in any simulator). At
least for symmetric iris structures, and
for these half-wave filters, it is not
necessary to take into account high
order connecting modes. Up to 21
different multi-section Chebyshev/
Butterworth bandpass filters in differ-
ent waveguide bands were tested, al-
ways showing very good agreement

94

and local vari-

Pl

TGREIN)

2P PORT FOR P MODES

Z

2P

1

[
#
=)

INDUCTIVE IRIS 1 NETWORK

2P PORT FOR P MODES
Pi2

f

A\ Fig. 7 Multimode structure for an iris-hased waveguide filter.

W Fig. § TE,,and TEy structure for an iris-based waveguide filter:

LSIRIA

with full 3D electromagnetic simula-
tions and having a computing simula-
tion time more than 1000 times faster
than any conventional analysis.
Furthermore, the filter optimization
process takes only a few seconds. This
is due to the fact that the chosen
algorithm is not only very fast but
also continuous in its high order
derivatives.

Figure 6 shows the general struc-
ture for microwave half-wave filters
that use double inductive irises in a
waveguide environment. For validation
purposes, WR22 Ka-band waveguide
(26.5 to 40.0 GHz) is chosen, where
two very different N =5 (6 iris discon-
tinuities) Chebyshev bandpass filters
have been designed and optimized.
Filter 1 uses s\'mmetnul irises having
moderate (0.3 mm) thickness, with a
center frequency at f, = 34.55 GHz
and having a fractional bandwidth of
5.5 percent. Conversely, Filter 2 is a
very narrow band waveguide filter (2.4
p(-xgent fractional bandwidth) cen-
tered at f, = 29.25 GHz that uses very
thick (0.9 mm) irises. For both cases,
all the physical dimensions are shown
in the figure. In terms of analysis, HP-
HFSS means full 3D electromagnetic
simulation and SPWL means neural
clectrical equivalent circuit simulation.
Note that the model implementation is
extremely robust, even for very narrow
filters, and it is difficult to distinguish
between the two simulations.

HIGH ORDER TE10 + TE20
IRIS CONNECTION

From a general point of view, a
waveguide having P modes should be
considered the connecting media be-
tween successive discontinuities, that is,
ity should be described
2P-port characterised
its generalized multiport scattering
matrix SQPx2P), as shown in Figure 7.
Since the structure of a symmetric iris
exhibits perfect symmetry, only odd
modes can be excited at the discontinu-
ity, that is, the first high order mode to
be considered is the TE30. Multimode
electromagnetic simulations show that
for half-wave waveguide filters that use
symmetric iris structures, it is enough
to consider only the first connecting
mode TE10, as can be seen from the
results obtained for the filters using
symmetric iri

Unfortunately, this is not the case
for half-wave waveguide filters that
use asymmetric iris structures where
the above approach is not accurate
enough. Due to the non-symmetrical
nature of these discontinuities, a non-
negligible contribution of the TE20
mode along with an insignificant con-
tribution of the remaining high order
connecting modes can be expected.
Extensive filter simulations corrobo-
rate this assertion and the final filter
structure is shown in Figure §.

[Continued on page 7]
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At this point it should be kept in
mind that the generalized scattering
matrix for the first two modes of a
single iris is a 4x4 matrix having some
special properties.” The S, = S5 and

3 = S3; elements belong to the
propagating mode TE10; they have
the matrix properties \hn\\l\ in Equa-
tion 1. The terms Sy, = 5
S3p and S5 = Sy;
the propagating TE10 mode with the
evanescent TE20 mode. After manip-
ulation of the scattering properties
they can be related in a simple man-
ner, as shown in Equation 4

IS 112

or

“)

Finally, mode matching simula-
tions show that the terms
and Sy, = S5 can be made
out any loss of accuracy because
these elements relate to evanescent
modes only.

ELECTROMAGNETIC FILTER STRUCTURE

FILTER USING ASYMMETRIC IRIS

PHYSICAL DIMENSIONS (mm)
WAVEGUIDE:
B=10.16
FILTER
D1 D2 D3 UL £}
12.85 10.28 9.81 13.37 14.92 15.07
FREQUENCY RANGE (GHz)
F1=10.75 F2=11.45 BW=0.7 (6.3%)

A=22.86 T=3

=541 SPWL + TE;q
~—S11 SPWL + TEjo + TEzg ~— Syy HFSS
~—521 SPWL + TE;o
521 SPWL + TEyo + TEzo Sz, HFSS
i {
£ /i A
T s
&
=% =] T
0! I [
9.5 10,0 105 110 115 12.0 125
FREQUENCY (GHz)

A Fig. 9 HFSS vs. SPWL-TE
and SPWL-TE g + TEs, comparison

In conclusion, the only need is to
develop an extension of the initial
neural network that has as outputs the
magnitude and phase of S;;,
with Sy, for example. The remaining
elements of the 4x4 scattering matrix
can be deduced from the above equa-
tions. This SPWL architecture is easi-
ly converted into a standard electrical
equivalent circuit and implemented
into any circuit simulator and then
used in the same manner as the ele-

along

ment “bend” or “step” in microstrip,
for example. The final point is to build
an electrical model for the evanescent
20 waveguide mode; however, th
is not a problem because its Z matr
is well-known in the literature.

As a validation example of the
aforementioned theory, Figure 9
shows a comparison for an X-band (6
percent BW) half-wave filter that
uses S

asymmetric iris structures. As
shown, it is almost impossible to dis-
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tinguish between the multimode
HFSS simulation and the proposed 4-
port SPWL approach. The differ-
ences are in the range of the mechan-
ical tolerances. However, there is a 1
percent frequency shift when using
the simple 2-port SPWL approach,
which is unacceptable for a 6 percent
filter bandwidth, thus confirming the
dual mode assumption.

CONCLUSION

A very simple and extremely accu-
rate SPWL neural architecture for in-
ductive iris in electromagnetic struc-
tures has been presented. In order to
cover the whole microwave range,
normalized physical dimensions and
frequency have been used as input
parameters to the network. Model im-
plementation has been accomplished
through the use of standard electrical
equivalent circuit structures. Model
validation has been achieved for very
different high order microwave filter
applications, always showing excellent
agreement when compared with the
well-known accuracy of a full 3D elec-
tromagnetic simulator. Since the
neural architecture is continuous in its
high order derivatives, the filter opti-
mization process can easily be accom-
plished. Finally, simulations have
shown that the proposed strategy is
more than 1000 times faster than any
commercially available electromag-
netic simulator, thus allowing the mi-
crowave engineer to really minimize
the microwave filter design proces
without loss of accuracy. B

[ —
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Fig. 1 Wireless protocol
road map.

= IBM POWER AMPLIFIER DEVELOPMENT AREAS

SIGE POWER AMPLIFIER ICS
WITH SWR PROTECTION
FOR HANDSET APPLICATIONS

growth in the wireless communications in-

dustry, placing a tremendous demand on the
semiconductor industry for integrated circuits.
For example, DataQuest projects the total mar-
ket for semiconductors in wireless handsets
alone to grow to approximately $35B by the year
2004. As wireless communication standards
evolve to the next generation, the largest growth
in services is projected in the area of integrated
voice and data networks, which provide Internet
protocol-based connectivity.

As a result of the increase in bandwidth-in-
tensive wireless services, new demands will be
placed on the semiconductors that support RF
subsystems in wireless portable devices. Specifi-
cally, RF semiconductor components will re-
quire higher operating speeds, higher lincarity
(particularly at reduced supply voltages), better
efficiency and higher levels of integration. The
availability of multifunction, mixed-signal ICs
with considerable RF system content will be-
come even more critical. SiGe bipolar comple-
mentary metal-oxide semiconductor (BICMOS)
technology has recently received a lot of atten-
tion as a suitable technology for RF/analog and
mixed-signal applica-
tions.! However, until
now, SiGe has not been
considered a suitable
technology for power
amplifier (PA) applica-
tions, primarily due to
the lower breakdown
voltages of SiGe NPN
devices compared to
their GaAs HBT
counterparts.

Iu recent years there has been enormous

This article describes how SiGe technology
has been used to develop a family of five PA
ICs that address all major protocols for wire-
less handsets as they evolve from the present
to 3G requirements. The evolution to these
newer protocols will occur alongside the pre-
sent ones, resulting in continued demand for a
wide variety of power amplificr types. The
roadmap in Figure 1 shows how the family of
SiGe power amplifiers discussed in this article
cover the evolving protocol requirements.

There are a large number of handset stan-
dards worldwide that have varying RF re-
quirements, but they can all be placed into
two categories from a transmit amplifier point
of vie urated or linear operation. The
analog (AMPS) and TDMA (NADC, GSM
and DCS) standards fall into the saturated PA
category because they have little or no modu-
lation envelope. For these cases, the PA can
be operated near or at saturation and still
meet system requirements. The CDMA and
W-CDMA standards have a larger modulation
envelope (peak to average ratio) and require
the PA to operate in a more linear region in
order to meet requirements. This higher lin-
carity is usually obtained by running the PA

[Continued on page 102]
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backed-off from saturation at the expense of lower power
added efficiency (PAE).

For all handset standards (saturated or linear), there is a
requirement that the PA survive at high load SWR condi-
tions under full power RF drive. This is due to the varied en-
vironment that the handset must operate in and to be pre
pared for an antenna fault. During this test, very high voltage
or current swings are created on the power transistors as the
phase of the load is varied. In many cases, PAs without a pro-
tection scheme, regardless of the process technology used,
will fail catastrophically under this condition due to high cur-
rent, high voltage or oscillation.

The family of SiGe PA TCs described here address all ma-
jor handset standards and have SWR protection circuitry on-
chip that enables them to pass industry standard ruggedness
tests while having competitive output power (P,,), PAE,
gain and linearity, as well as necessary control functions.

TECHNOLOGY

The SiGe BiCMOS technology used in this work has a
number of advantages in the design of radio frequency in-
tegrated circuits (RFIC). The extensive menu of devices
available, including NPN, NPNHB (high breakdown),
PNP, NMOS, PMOS devices, 4 types of diodes, 2 types of
capacitors, 5 types of resistors and scalable inductors, per-
mit a wide variety of RF circuits with a high level of inte-
gration to be realized. Table I summarizes the devices of-
fered in the SHP/AM process.!

Continued on page 104]
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The resulting potential for high lev Processing is done on 8" (200 mm)  to those of high breakdown GaAs
els of integration is excellent ina BIC-  wafers. This gives a cost advantage ~ HBTS2, and therefore gain per stage is
MOS process. Single-chip transmit  over GaAs where processing is donc similar, while comparable PAE and
ICs with functionality from baseband on 4" (100 mm) wafers (4 times  linearity are observed.3 Although the

modulation to the PA output are  greater area per wafer for SiGe BiC-  substrate electrical parasitics are high-
planned in the near future, Later in ~ MOS). Yield in Si BICMOS is gener-  er for Si than for GaAs, the use of P-
time, the possibility exists for full  ally superior to GaAs, further adding  substrates combined with thick con-
transceiver ICs with the PA function  to the cost advantages ductor and oxide layers has enabled
incorporated. This is especially feasi- SiGe HBT devices offer many fea-  low loss matching networks. The ther-
ble for lower power systems such as  tures that are favorable for PAs. Cut-  mal resistance of Si is lower than for
Bluetooth. off frequencies 7 and [, are similar  GaAs and results in lower device op-

erating temperatures. SiGe HBTs
have lower base-emitter turn on volt-
age (0.8 Vvs. > 1V for GaAs HBTs),
which allows lower voltag
and more transistors to be
tween supply rails. Additionally, bias
circuits in Si technologies are superior
since more accurate bias reference

‘
circuits can be constructed which give

PROVIDING INTERCONNECT SOLUTIONS constant currents over supply voltage

and a flat temperature characteristic.
There are two different types of
the high breakdown NPN HBTs
(NPNHB) offered: V,,, = 5.5 V or
8 V. depending on the prox,c s choice.
A summary of high breakdown device
characteri s given in Table 2.
Many PA applications require an
analog efficiency/gain control voltage to
adjust the current in the PA. The BiC-
MOS process allows for the design of
control circuitry that gives a logarithmic
collector current vs. linear control volt-
age response over a wide dynamic
range, which is superior to what is at-
tainable in competing technologies.
Prior to IC design, RF measure-
ments were made on NPNHB transis-
tors having emitter areas from 300

> From GPPOTM to 7/16 and every type in between — um? up to 6000 pm? in order to deter-
JSM Electronics stocks: SV Microwave, Telegéirtner, mine what DC and RF current densi-
Radiall & Gilbert Engineering. ties were appropriate for the various
handset standards. Load-pull data was
> From RG-6 to RG-405 JSM Electronics stocks: taken to determine power, PAE and
EZ Form Cable & Belden. linearity for a given emitter arca. For
an NPNHB device, 74 percent PAE
> TSM Electronics also stocks: was measured at 0.8 mW/um? under
Fixed Attenuators GPO™, SMA and N Types,
Terminations-GPO™, SMA and N Types, ~ TABLEll
Adapters-In-Series and Between Series, HicH mm HETs
Cable Assemblies—6" increments %5 e
Process
980 NORTH COUNTY ROAD 427 B
LONGWOOD, FLORIDA 32750

BV (V)
PHONE: 888-FONEJSM O
FAX: 407-831-0087 e

s (GHz)
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(ONE MATCHING
ELEMENT OFF-CHIP) . -
BIAS AND SWR | |
PROTECTION
CIRCUITRY

A Fig. 2 Block diagram of the two-stage power amplifier.

CW drive. With an I1S-95 CDMA signal, 48 dBc adjacent
channel power rejection (ACPR1) is observed at 42 per-
cent PAE and 0.2 mW/um2.

PA DESIGN

Once measurements of the NPNHB PA devices were
complete, it was possible to proceed with the RFIC de-
sign. Five similar designs were completed in order to cov-
er all of the major handset standards. Figure 2 shows a
block diagram of the PA IC. An additional pre-driver
stage (not shown) is included on personal communica-
tions services (PCS) designs.

GaAs MMIC Amplifiers

# HighGain 35 dB.

o With 50 ohriyinput.

Biasing

For a PA, it is generally desired that the circuit draw a
fixed current over the temperature range so that flat out-
put power is obtained (at the expense of gain flatness) over
temperature. To achieve this, a bandgap reference circuit
is created which provides a constant reference voltage over
temperature that is also invariant to fluctuations in supply
voltage. To start, a proportional to absolute temperature
(PTAT) current is created and used to drive a diode-con-
nected-transistor/resistor combination. If the voltage con-
tribution from each is correct, a reference voltage equal to
the bandgap of the material ( 1.2V for Si) is createdd This
voltage is buffered and then placed across a current set re-
sistor, which gives a bandgap current. If an external voltage
control of current is required, that voltage is applie i
node. This results in a linear I, vs. characteristic. If
alog L. vs. Vol characteristic is required (such as for
GSM and DCS), a linear-to-log converter is placed on this
node along with a number of other changes. This bandgap
current is then mirrored at the positive rail and then fed
into an NPN current mirror for the RF device. The base-
emitter voltage from this mirror is fed into an op-amp that
drives an RF bias choke that is connected to the RF de-
vice’s base. The op-amp is designed to provide a low im-
pedance (< 1Q) out to approximately 10 MHz, which re-
duces the regeneration of beat frequencies encountered in
the modulation, resulting in good ACPR. The use of op-

[Continued on page 108]
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A Fig. 3 Die photograph
of the NADC/AMPS SiGe power amplifier.

TABLE Il
| PA IC MEASURED RESULTS (V.. 3.4 V) |

PAE ACPR I

ot Gain
(dBc)

(dBm) (dB) (%)

NADCS00 295 30 45 28
AMPS 315 28 33 wa
CDMAS00 285 28 37 48
AMPS 35 97 50
CDMAIOO 200 28 35 47
WODMAS (9707 98 ka1 oy
GSMY00 35.0 32 54 wa

DCS1800 30 45 a

amps rather than a large capacitor on
the DC side of the RF choke has the
advantage of fewer components re-
quired e‘(lmual]\ on the board and
keeps on/off switching times of the PA
to a minimum.

RF Path

This portion of the design starts at
the output match and proceeds to-
ward the input of the amplifier. The
off-chip output match has a low pass
topology and utilizes 0402 type sur-
face-mount components. The device
load-pull data obtained previously
was used to determine the optimum
load impedance, Z; . required for a
given power level. For comparison,
this number was also determined us-
ing the Cripps method? with excel-
lent agreement. This method involves
determining Ry, based on load-line
analysis and lumping the device out-
put capacitance, C,, into the output
matching network such that the cur-
rent generator of the transistor drives
a load which is completely real at the
center of the frequency band once
the network is constructed. C, con-

B TECHNICAL FEATURE

— +85°C —25°C — -40°C

= 55
g — 54
e = 53
Z 39 — 52
S 51
i 50
& 33 Trower e g
S 31— T
"g 29) T 7
S =1 Ja%
820 830 840 850
FREQUENCY (MHz)
A Fig. 4 CW frequency and temperature

performance of the NADC/AMPS
potcer amplifier.

sists mostly of the large collector
trace-to-substrate capacitance as well
as the collector-emitter overlap ca-
pacitance from traces tying alternate
collectors and emitters together in
the multi-row output device. This ca-
pacitance, together with the collector
bias inductor, forms a tank circuit
that (ideally) yields flat real load im-
pedance over the operating band-
width, which in turn gives flat output
power. The value of C, can be tai-
lored in the layout.

Optimization of C, was also per-
formed in concert with emitter
grounding considerations. Due to the
fact that the low cost SiGe process for-
goes the substrate vias used in many
GaAs processes, emitter downwires
are required for HBT grounding. Care
is taken, particularly in the PCS de-
signs, to minimize the inductance asso-
ciated with these connections in order
to maximize power gain. Power cell
topologies for cellular and PCS bands
were independently optimized, result-
ing in slightly different architectures.

The interstage network designs
used a high pass topology, with the fi-
nal shunt-L element serving as the
bias inductor for the driver (1st) stage.
The driver transistor and its load im-
pedance is determined in a manner
similar to what was done previously
for the output stage, but this time the
gain of the output stage has to be tak-
en into account in order to determine
the amount of power required from
the driver. Once this is determined,
the output transistor is biased such
that it is at a current in between that
which it draws at quiescent and that
which it draws with RF drive. The
same techniques used on the output
match design are then used to reach
the desired interstage impedance.

Finally, the driver transistor is
added to the circuit and biased in a
similar manner to the output device.
The input match is high pass with the
first series-C element on chip. A sin-
gle shunt-L is placed off chip to com-
plete the 50 Q match.

SWR Protection

A protection scheme for the SiGe
PA is required if the amplifier is ever to
encounter a non-50 © load on its out-
put. At phases where a high SWR load
creates a high voltage condition, the
breakdown voltage of the NPNHB de-
vices is not alone sufficient for reliable
operation. The effective breakdown
voltage must be enhanced for this con-
dition. At phases where a high SWR
load creates a high current condition,
the devices can be damaged from too
much dissipation, particularly if the du-
ration of a high voltage signal swing ap-
proaches the C-B transit times.® Novel
circuit techniques are used to realize
the SWR protection scheme.

A die photograph of one of the
PAs is shown in Figure 3. The fin-
ished die size of all of the PAs is 1.4 x
1.4 mm (the only exception is the
GSM PA, which is 1.6 x 1.4 mm due
to the higher output power require-
ment for this standard).

Packaging

MLF/QFN surface-mount packag-
ing is standard. For all PAs, the 20-
lead, 4 x 4 mm package is used. Mod-
ules (non-ceramic) with 50 Q inter-
faces have also been devel ]npv(l which
occupy less than 36 x 36 mm? of print-
ed circuit board mounting area.

MEASUREMENTS

Measured results for three of the
ilable SiGe PA IC designs to date
resented. Three additional designs
showing target specs will be reported
All PA ICs were fabricat-
ed in the standard SHP/AM process.
All measurements are corrected to the
FR4 test board SMA connectors.

RF Measurements
Table 3 gives a summary of PA RF
results to date. These results show ex-
tremely competitive PA RF perfor-
mance for all major US/Korea hand-
set standards. Target specs for the de-
signs to be evaluated are shaded.
Figure 4 shows the CW perfor-
mance of the NADC/AMPS PA over
[Continued on page 111]
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5 CDMA power amplifier temperature and frequency at 3.6 V,

5 o 2 e i while CDMA PA performance is
30 = at 28.5 dBm output level. shown in Figure 5. :
_ ] The handgap—refemm-.hms scheme
g o foriaiof gives the family of amgllﬁers an ex-
& 10/ = ClS et o call tremely flat P, and PAE characteristic
2 \ X and (b) its emitter region. W over temperature. Lowering the supply
3 from 3.4 V to 2.9 V (minimum voltage
- EE I T2 condition) lowers the saturated output
@5 735 w5 935 1035 power from 31 dBm to 30 dBm.
) FREQUENCY (MHz)

Ruggedness (SWR) Testing

The PA ICs described here with-
stand industry standard load SWR
tests (SWR = 10 at all phases, V. = 5
V) under RF drive sufficient to satu-
rate the PA. Without the protection
circuitry, results show the PA would
fail catastrophically. These results
were obtained using the standard
NPNHB V,,, = 5.5 V)
technology along with the on-chip
SWR protection circuits.

CHPWR  -16.75 dBm
ACPUP  -51.27 dB
ACP LOW

ALTST UP  -60.40 dB.
ALTS1 UP  -57.98 dB

‘OUTPUT POWER (dBm)
. ES
2

S

Thermal Testing
Thermal measurements were made
on the output device of the SiGe PA.
The results are shown in Figure 6 for a
[Continued on page 113]
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multirow power cell and for a close
view of the emitter region. The mea-
surements were obtained under full RF
drive and a base temperature of +85°
C. The Si substrate provides a higher
thermal conductivity than GaAs (1.5 vs.
0.46 W/em °C).7 For the production
SiGe IC thickness of 200um, the junc-
tion temperatures in a standard QFN
package have been shown to be less
than 125°C at full CDMA power. This
is considerably less than what is ob-
srved for PAs in GaAs thinned to 100
wm (two times thinner, but with three
times lower thermal conductivity).

s

CONCLUSION

SiGe PAs are a compelling alterna-
tive to GaAs HBT PAs for a variety of
reasons. The NPN device RF perfor-
mance is on par with other technolo-
gies, and PA IC performance is com-
petitive. Si technology has an advan-
tage for high volume production
because wafers are larger and process
yields higher, which should lead to
better availability and lower cost. Bias

n Industries, 1Re
9324 Topanga Canyon Bive:
A 9(311

reference and control circuitry is
more accurate due to more sophisti-
cated schemes that are possible in
BiCMOS. There is a clear path to
higher integration in a BICMOS
process that is not possible in GaAs
due to lack of a good selection of de-
vice types and lower yields.

To these authors” knowledge, this
is the first time that SiGe PAs have
withstood industry standard rugged-
ness tests. This performance allows
the PAs to be used in handset appli-
cations, which was not previously
possible.
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..direct conversion receivers,
which integrated with the
(T TR T E R [ T il an article by D.G

sections of the transceiver,
have the potential to reach
the “one-chip radio” goal.

TUTORIAL

ON THE DIRECT
CONVERSION RECEIVER —

A TUTORIAL

Increased pressure for low power, small form factor, low cost and reduced bill of
materials in such radio applications as mobile communications has driven
academia and industry to resurrect the direct conversion receiver. Long
abandoned in favor of the mature superheterodyne receiver, direct conversion has
emerged over the last decade or so thanks to improved semiconductor process

technologies and astute design techniques. This article describes the

characteristics of the direct conversion receiver and the issues it raises.

‘ 7er much like its well established super-
heterodyne receiver counterpart, first
introduced in 1918 by Armstrong,! the

origins of the direct conversion receiver

(DCR) date back to the first half of last centu-

ry when a single down-conversion receiver

was first described by F.M. Colebrook in

1924.2 and the term

homodyne was ap-

plied. Additional de-
velopments in 1947 led
to the publication of

Tucker,3 which fir
coined the term syn-
chrodyne, for a recei
er which was designed
as a precision demodu-
lator for measurement
equipment rather than
a radio. Another paper by Tucker in 19544 re-
ports the various single down-conversion re-
ceivers published at the time and clarifies the
difference between the homodyne (sometimes
referred to as coherent detector) and the syn-
chrodyne receivers — the homodyne receiver
obtains the LO directly (from the transmitter,
for example), whereas the synchrodyne receiv-
er synchronizes a free-running LO to the in-
coming carrier.

Over the last decade or so, the drive of the
wireless market and enabling monolithic inte-
gration technology have triggered research ac-
tivities on direct conversion receivers, which
integrated with the remaining analog and digi-
tal sections of the transceiver, have the poten-
tial to reach the “one-chip radio” goal. Be-
sides, it favors multi-mode, multi-standard ap-
plications and thereby constitutes another step
towards software radio.

The present article refers to several recent
publications>$ which provide a thorough sur-
vey and insight, and display renewed interest
in direct conversion receivers. Overcoming
some of the problems associated with the tra-
ditional superheterodyne and being more
prone to integration, DCR has nevertheless an
array of inherent challenges. After a brief de-
scription of alternative and well-established
receiver architectures, this article presents the
direct conversion reception recEniquc and
highlights some of the system level issues as-
sociated with DCR.

[Continued on page 116]
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A Fig. I The superheterodyne receiver.
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TRADITIONAL
RECEPTION TECHNIQUES
The Superheterodyne Receiver

The superheterodyne or hetero-
dyne receiver is the most widely used
reception technique and finds nu-
merous applications from personal
communication devices to radio and
TV tuners. It has been used exten-
sively and is well understood. It
comes in a variety of combina-
tions,”59 but essentially relies on the
same principle — the RF signal is
first amplified in a frequency selec-
tive low noise stage, then translated
to a lower intermediate frequency
(IF) with significant amplification
and additional filtering, and finally
down-converted to baseband with ci-
ther a phase discriminator or straight
mixer, depending on the modulation
format. This technique is illustrated
in the schematic of Figure 1.

The use of a superheterodyne
technique entails several trade-offs.
Image rejection is a prevailing con-
cern in this architecture. During the
first down-conversion to IF, any
wanted activity at a frequency spaced
at fip offset from the LO frequency
{f,,0) on the opposite side of | , from
the desired RF channel, will produce
a mixing product falling right into the
down-converted channel at fi,. In
practice, a RF bandpass filter, usually
a surface acoustic wave (SAW) de-
vice, is utilized to perform band se-
lection ahead of the low noise ampli-
fier (LNA), while a second filter fol-
lows the LNA to perform image
rejection. If these filters are identical
they share the burden of the two
functions. But some amount of image
rejection must follow the LNA, for
without it, the LNA’ noise figure will
effectively double due to the mixing
of amplified image noise into the TF
channel. Instead of the RF SAW fil-
ter, other passive filtering technolo-
gies such as dielectric or ceramic res-
onators can also be featured. The
higher the IF, the more relaxed the
requirements on the cut-off frequen-
¢y of the image reject filter. Once at
the IF, the presence of an interfering
signal in the vicinity of the channel
mandates sharp filtering around the
channel; this filtering is performed
after the first mixer by the channel
select filter, which is also often an IF

[Continued on page 115
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is that of a carefully
engineered balance
among several vari-
ables, including the
rejection provided
by the various fil-
ters, frequency
planning and linear-
ity of the active
stages. Dual IFs

CHANNEL

ion).

complicate the frequency planning,

e selectivity required of the two
aforementioned filters (in terms of
fractional bandwidth) makes them
unsuitable candidates in the foresee-
able future for integration, due to the
low Qs of current silicon processes,
and have to be implemented by bulky
off-chip components. The IF channel
filter in particular requires high Q

for its impl

provide additional room to
with filter selectivity, but somewhat

reson: p
the higher the IF, the lesser the fil-
ter’s fractional bandwidth (that is, its
ratio of bandwidth to center frequen-
cy), necessitating ever-higher Q. This
igh Q requirement is most common-
ly met by the use of piezoelectric
SAW and crystal filters. This intro-
duces additional constraints, as those
filters often require inconvenient ter-
minating impedances, and matching
y impinge on such issues as noise,
gain, linearity and power dissipation
of the adjoining active stages. The
narrower the fractional bandwidth,
the more likely the filter’s passband
shape will exhibit an extreme sensitiv-
ity to variations in matching element
values. Additionally, the specificity of
the IF filter to the bandwidth of the
signal and hence the standard used
makes superheterodyne receivers un-
suitable f}; multi-standard operation.
Nonetheless, superheterodyne is
known for its high selectivity and sen-
sitivity.

Image-reject Receivers
Alternatively, by smart use of
trigonometric identities, the image
can be removed without the need of
any post-LNA image-reject filtering.
This is the principle of image-reject
receivers$10, the flxrst of which is the
Hartley architecture, introduced in
192811 Tt makes use of two mixers
with their local oscillators in a quad-
rature phase relationship; this sepa-
rates the IF signal into in-phase (I)
and quadrature (Q) components. It
then shifts the Q component by 90°
before recombining the two paths,
where the desired signal, present in
both paths with identical polarities, is
reinforced, while the image, present
in both paths with opposite polarities,
is cancelled out. The dual of the
Hartley architecture, known as the
Weaver image-reject receiver,!2
achieves the relative phase shift of
one path by 90° by the use of a sec-
[Continued on page 120]
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A\ Fig. 3 The Hartley image-reject architecture.

A Fig. 4 The Weaver image-reject architecture.

ond 1O enroute to another IF or to baseband. The same
result is achieved. However, the reliability of these re-
ceivers heavily depends on the accuracy of the I/Q paths,
that is, the gain and phase imbalance between the two
branches. Figures 3 and 4 show diagrams of the Hartley
and W image-reject architectures, respectively (high
frequency mixing pmduv are removed by low- ]um filter-
ing — not shown on figures).

Low IF Single Conversion Receiver

Low IF single conversion, shown in Figure 5, is an off-
spring of the DCR. Its main purpose is to protect the re-
ceiver from all the DC-related problems that pertain to
DCR, while retaining the DCR’s benefit of elimination of
high Q IF filters. As its name indicates, instead of directly
converting the signal to baseband, the LO is slightly offset
from the RF carrier, typically one to two channels. The
low IF means that the fractional bandwidth of the IF
bandpass filtering is large, making it possible to imple-
ment it with low Q components. The IF SAW or crystal
filter needed in the high IF case can be replaced with an
active RC filter or other filter suitable for low frequency
operation, that is also conducive to silicon integration.

e

A\ Fig. 5 Low IF single conversion receiver.

4. Fig. 6 Wideband IF with double conversion.

The low IF signal may be translated to baseband through
another mixer, or preferably, in the digital domain follow-
ing analog-to-digital (A/D) conversion. Of course, this
comes at the expense of faster and higher resolution A/D
converters. If the IF frequency is equal to only one or two
channel widths, then it is not possible to provide image
rejection at RF, as the RF filter must be wide enough to
pass all channels of the system. In this case, all image re-
jection must come from the quadrature down-conversion
to the low IF, which itself resembles the Hartley architec-
ture, once the baseband conversion is added.

Wideband IF
with Double Conversion

This architecture, shown in Figure 6, is very similar to
the superheterodyne configuration. In this case, the first
mixer utilizes an LO that is at a fixed frequency, and all
channels in the RF band are translated to IF, retaining
their positions relative to one another. The second mixer
utilizes a tunable LO, thus selecting the desired channel
to be translated to baseband. A subsequent lowpass filter
suppresses adjacent channels.

[Gontinued on page 122]
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A Fig. 7 The direc

ronversion receiver.

(C}
A Fig. 8 DC offset mechanisms.

DIRECT CONVERSION RECEIVERS

Direct conversion reception, shown in Figure 7, and also
referred to as homodyne, or zero-IF, is the most natural so-
lution to receiving information transmitted by a carrier.
However, it has only been over the past decade or so that
this type of reception has found applications other than
pagers.% Direct conversion reception has several qualities
which makes it very suitable for integration as well as multi-
band, multi-standard operation, but there are severe inher-
ent obstacles that have for a long time kept it in the shadow
of the superheterodyne technique.

First, the problem of the image has been eliminated,
since the IF is zero and the image to the desired channel
(for all but single-sideband signals) is the channel itself.
Then, only one local oscillator is required, which means
only one phase noise contribution. The need for the bulky
off-chip filters is consequently removed. Filtering now
only occurs at low frequencies (baseband) with some am-
plification, which means less current consumption than at
higher frequencies (to drive device parasitics), fewer com-
ponents and lower cost. Practically, however, strong out-
of-band interference or blocking signals may need to be
removed prior to down-conversion in order to avoid de-
sensitizing the receiver by saturating subsequent stages, as
well as producing harmonics and intermodulation terms
which will then appear in the baseband. Such a filter may
be placed after the LNA for example. DCR, however,
brings its own set of issues.

DC Offsets

In direct conversion, as the signal of interest is convert-
ed to baseband very early in the receive chain, without
any filtering other than RF band-selection, various phe-
nomena contribute to the creation of DC signals, which
directly appear as interfering signals in the band of inter-
est, as shown in Figure 8

The LO may be conducted or radiated through an un-
intended path to the mixer’s RF input port, thus effective-
ly mixing with itself, producing an unwanted DC compo-
nent at the mixer output. Worse still, this 1O leakage may
reach the LNA input, producing an even stronger result
This effect presents a high barrier against the integration
of LO, mixer and LNA on a single silicon substrate, where
numerous mechanisms can contribute to poor isolation.
These include substrate coupling, ground bounce, bond
wire radiation, and capacitive and magnetic coupling.

Conversely, a strong in-band interference signal, once
amplified by the LNA, may find a path to the LO-input
port of the mixer, thus once again producing self-mixing.

Some amount of LO power will be conducted through
the mixer and LNA (due to their non-ideal reverse isola-
tion) to the antenna. The radiated power, appearing as an
interferer to other receivers in the corresponding band,
may violate emissions standards of the given system. It is
important to note that since the LO frequency is inside
the receive band, the front-end filters do nothing to sup-
press this LO emission. Additionally, the radiated LO sig-
nal can then be reflected by buildings or moving objects
and re-captured by the antenna. This effect, however, is
not of significant importance compared to the aforemen-
tioned LO self-mixing and blocking signal self-mixing.

The leakage of LO or RF signals to the opposite mixer
port is not the only way in which unwanted DC can be
produced. Any stage that exhibits even-order nonlinearity
will also generate a DC output. This is covered in more
detail later.

Whether or not the DC product will desensitize the re-
ceiver depends on the type of system. Obviously it is
preferable to AC couple at the mixer output to eliminate
the DC. Some modulation schemes, such as frequency
shift keying (FSK) used in paging applications, show little
degradation if low frequency components of the spectrum

[Continued on page 124]
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A\ Fig. 10 BER improvement with DSP-
based DC offset cancellation.

are filtered out, as shown in Figure
9. However, other modulation
schemes present a peak at DC, and
capacitive AC coupling will lead to
significant information loss, hence
considerably degrading the bit error
rate (BER). In TDMA systems such
as GSM, there is no significant low
frvquency spectral peak, but it still

becomes impossible to AC couple.
Th because of the conflicting re-
quirements on an AC coupling capac-
itor in a TDMA system — the capaci-
tor must be large enough to avoid
causing a wide notch at DC, but it
must be small enough that all tran-
sients settle out upon power-up of the
receiver (every frame) before data re-
ception begins.

In TDMA receivers that cannot be
AC coupled, the idle timeslot (just
before reception) can still be put to
good use by storing the value of the
offset in a capacitor and then sub-
tracting it from the signal path during
the burst. This is exactly the same
method that is normally used to cor-
rect DC offsets occurring at the sec-
ond mix of superheterodyne TDMA
receivers, where this mix goes to
baseband (in that case the only prob-
lem causing DC is LO self-mixing).
In this method the value of DC pro-
duced by the receiver is obtained in a
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A\ Fig. 11 Second order intercept point (IP2).

pre-measurement prior to the receive
burst. It is important when using this
method that the signal path prior to
the mixer be opened during the DC
pre-measurement to prevent any
large blocking signals from affecting
the result. Variable or wandering off
sets are most often induced by block-
ing signals, which can appear at any
time. These offsets cannot be correct-
ed by the measurement-and-subtrac-
tion process, because the blocking
signals may appear during the mea-
surement and not during the burst, or
vice-versa. For blocking-induced DC,
the most effective measures are the
elimination of self-mixing paths and
the maximizing of linearity to prevent
the DC to begin with. Failing these,
there is still the possibility of DC cor-
rection after-the-fact in the digital
signal processing occurring at base-
band.

Digital signal processing (DSP)
techniques can be used to remove
the DC offset in TDMA systems in a
way that cannot be duplicated in the
analog domain — a full timeslot of
the received signal can be buffered,
the mean of which is determined and
then removed from each data point
of the signal. The resulting signal has
zero mean. For systems such as
GSM, an unwanted result of this is
that any DC that is part of the signal
will be lost, but the typical effect of
this is minimal. Figure 10 illustrates
the use of such a method for a typical
GSM receiver. This technique can be
further refined by tracking the mean
over portions of the burst, allowing
the detection of sudden interferers or
blockers and cancelling their DC
product only where it occurs. Careful
layout can also improve isolation.

Nonlinearities

As mentioned previously, another
problem for the DCR is nonlinearity.
Just as with the superheterodyne re-
ceiver, the DCR exhibits spurious re-
sponses. For the superheterodyne
these occur at RF input frequencies
where N(RF) + M(LO) = IF, while
for the DCR they occur where
N(RF) - M(LO) = 0. When a block-
ing signal’s carrier falls on one of
these spurious frequencies, the signal
is translated to baseband with an at-
tendant shift in its bandwidth, depen-
dent on the spurious order.

More importantly, however, large
blocking signals also cause DC in the
direct conversion receiver, whether on
a spurious frequency or not. The DC
is produced at the mixer output and
amplified by the baseband stages. It is
due primarily to second-order nonlin-
earity of the mixer, characterized by
the second-order intercept point (IP2)
and second-order intermodulation
(IM2). It can be alleviated by extreme-
ly well-balanced circuit design. How-
ever, the mixer and LNA used to re-
quire a single-ended design because
the antenna and a hypothetical prese-
lect filter were usually single-ended.

In most systems, the third-order
intermodulation is of importance as it
usually falls in-band, in the vicinity of
the signals of interest, and is charac-
terized by the third-order intercept
point (IP3). In direct conversion, sec-
ond-order nonlinearity becomes criti-
cal, as it produces baseband signals,
which now appear as interfering sig-
nals in the down-converted desired
signal. IM2 is measured by the IP2.
P2 is defined in the same manner as
1P3, as shown in Figure 11. Either a

[Continued on page 126]
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A Fig. 12 1Q demodulator imperfections; (a) gain imbalance
and (b) phase imbalance.

two-tone, or single tone test can be performed, and the
IP2 is defined by extrapolating the f:)w frequency beat
tone in the former or the DC component in the latter, un-
til it intercepts the fundamental curve. To illustrate the
case of a single tone test, the input signal is

x(t) = Acost(ot).

Assuming a nonlinearity modeled by a polynomial

y(x) = aprage® +agd+..

y(x) = alf\cos(mt)+a2,\2 &;ﬁt)ﬂ
= aQ;xZ +M+% (20t) +...
.BE‘ fundamental

It can be seen that the DC component due to the second-
order nonlinearity is growing with twice the slope of the
fundamental on a logarithmic scale. At the intercept
point,

Due to the doubled slope of the second-order product,

IIP2="Pin + A with A = Pout — IM2
Noise
Low frequency noisel* becomes a great concern in a
DCR, as signifi ain is allocated to b d stages

after the mixer. Weak signal levels of a few millivolts in
baseband are still very vulnerable to noise. This requires
stronger RF stage gain to alleviate the poor noise figure of
baseband blocks, but of course this must be traded against
the linearity problems, just described, that accompany
higher RF gain.

Flicker noise, or 1/f noise, is the major baseband noise
contributor. Associated with a flow of direct current, it has
a spectral response proportional to 1/f. In RF circuits, 1/f
noise tends to be modulated onto the RF signal, and in
the case of a mixer with baseband output, 1/f noise sees
especially high conversion gain. In practice, flicker noise
becomes an issue for MOS devices more than bipolar, and
is modeled as a voltage source in series with the gate. 1/f
noise complicates the use of MOS transistors for RF cir-
cuits, since the main method of reducing it in MOS is to
increase the transistor’s size, which increases the device
capacitance, adversely affecting RF gain. For this reason
it is preferable to use bipolar t for DCR mixer

126

designs. Tn the first baseband stages after the mixer, it be-
comes possible to use MOS devices, as the transistor-size
trade-off is feasible at low frequencies.

1/Q Mismatches

Due to the high frequency of the LO, it is not possible
to implement the 1Q demodulator digitally. An analog 1Q
demodulator exhibits gain and phase imbalances between
the two branches, as well as the introduction of DC off-
sets. Such imperfections distort the recovered constella-
tion. Assuming o and ¢ are the amplitude and phase mis-
match, respectively, between the quadrature ports of the
demodulator, and the complex signal incident upon it
have in-phase and quadrature components I and Q, then

Tout = (Icos(@t) + Qsin(awt)) * 2cos(wt)
out = (Icos(ot) + Qsin(wt)) © 2(1 + o)sin(wt + 0)

Filtering out the high frequency terms yields

Tow =1
Qo = (1+ 0)(-Ising + Qcoso)

Figure 12 shows how this affects a given constellation
diagram. In DCR systems, however, the 1Q matching is
not as critical as in image-rejection architectures. Rather,
it is only important insofar as the accuracy of the modula-
tion is concerned.

Analog and digital (DSP based) calibration and adapta-
tion methods have been described so as to correct for
these imbalances.15

CONCLUSION

The direct conversion receiver is an attractive yet chal-
lenging receiving technique. It has been fully ap-
plied to devices such as pagers, mobile phones, PC and
internet wireless connectivity cards, and satellite re-
ceivers, etc. in a variety of process technologies and in-
creasing integration levels. It is poised to appear in many
more applications in the near future.
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Fig. I Block diagram
of a directional couples

130

ver expanding applications of RF and

microwaves for wireless and cable ap-

plications have revived the develop-
ment efforts of components at these frequen-
cies. There is a continuing demand to reduce
size and cost, and to improve performance
and quality at the same time. To satisfy these
goals, a new series of directional couplers has
been introduced to meet the demands of the
market. These couplers measure 0.15" x 0.15"
% 0.15" and are designed for assembly using
automated pick and pluc«: machines

WHAT CONSTITUTES
A DIRECTIONAL COUPLER

The block diagram of a directional coupler
is shown in Figure 1. It consists of a ferrite
transformer, a resistor and a capacitor. The
ferrite transformer is wound on a balun core
and works as a four-port device. By proper se-
lection of R and C, a three-port directional
coupler is realized.

~ COUPLER
CONSTRUCTION
Couplers working in
the 5 to 2000 MHz fre-
quency range and hav-
_ ing multiple-decade
bandwidths are tradi-
 tionally constructed us-
ing ferrite cores. This
provides the requisite
bandwidth in a small

Low CosT
DIRECTIONAL
COUPLERS

volume. Traditional ferrite-based couplers are
housed in a package measuring 0.25" x 0.31" x
0.20" The company has introduced a series of
couplelsl 2 that require an external component
on the user’s motherboard. This reduces the
cost, but the size of the device is only slightly
reduced to 0.19" X 0.25! For higher frequency
applications, an additional capacitor is required,
and it increases the In the new approach,
the resistor and itor are integrated into a
er hoard using Blue C el technology.
shrinks the overall area of the coupler to
0.15" % 0.15" and the height to less than 0.15"

The transformer is mounted on the top of
the board, and all connections from the trans-
former to the base are made by welding. This
procedure helps to ensure the preciseness of
the assembly, with resulting high performance
repeatability, and prevents any disconnection
during reflow at the user’s site. All connections
from top to bottom metal layers are accom-
plished using filled vias. The transformer used
in this series of couplers employs a patented
technique? to obtain flat coupling over the
band.

COUPLER PERFORMANCE
As an example, the model DBTC-13-5-75
(shown in the photograph) is a coupler designed

[Continued on page 132]
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nology. The unit operates over the 5 to

1000 MHz frequency range with g

nominal coupling of 13.2 0.5 dB (md

— DBIC-13-5-75 —TCD-13-4-75|

@ 1.9¢
< 13 | a flatness of 0.6 dB. The model TCD-
3 ::n i 13-4-75 is a coupler that requires ex-
2 110 ot ~ ternal components. A comparison is
E 09 i [ ] made between these two couplers in
é 97 . TR the subsequent data plots to show the
O T e, mw‘:ﬂ IM:') 1800 performance advantages of each. Fig-
. eEQUENCY (MHs) o ure 2 shows the insertion loss of the

couplers. The insertion loss is similar
in both cases and is typically 1 dB. Fig-
ure 3 shows the directivity vs. frequen-
cy, which is typically 20°dB over the
band. Note the improvernent over the
TCD-13-4-75 device. Figure 4 shows
the coupling vs. frequency, which is
typically 13.3 dB to 1000 MIiz for the
new coupler. Figure 5 shows return
loss vs. frequency at all three ports,
which is typically 20 dB (1.2 SWR)
for input and output. Although the
coupled-port return loss is lower than
that of the TCD model, for most appli-
cations this return loss performance is
not important. Table I lists the
DBTC-13-5-75 directional coupler’s
complete electrical specifications along

A Fig. 2 The coupler’s insertion loss.

— DBTC-13-5-75 — Tcb- 13.475]

2

i

=

A Fig. 5 Return loss.

TABLE |

Model 7
SWR

M u
Typ. Min. Typ. Min.

For coupl
wrange (§ 0 10 1;) » nid range (10 £ to fy/2) » U=upper range (f/2 1o fy)

[Continued on page 134]
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CONCLUSION

A series of miniature couplers has
been developed using Blue Cell™
technology and ferrites to realize
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ture will save much needed PCB area
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Fig. 1 A simplified

CHIPSETS

FOR MICROWAVE
AND MILLIMETER-
WAVE POINT-TO-
POINT RADIOS

oint-to-point, point-to-multi-point and
Plucal multi-point distribution system

(LMDS) radios have emerged as cost-
effective alternatives to optical fiber for high
speed data transmission links serving small-
and medium-size commercial properties, as
well as being suitable for cellular and pcr\on(nl
communications networks. However, a major
problem facing the designers of such radio
systems is that no manufacturer has been able
to supply all of the high performance MMICs
needed to build a complete transceiver. Re-
cently, complete chipsets for point-to-point ra-
dios in the 23, 26 and 38 GHz bands have
been developed and manufactured. All of the
chipset components use Raytheon’s high per-
formance 0.25 um PHEMT processes, and al-
leviate problems associated with multi-manu-

millimeter-wave radio block facturer solutions such as inconsistent operat-

diagram. W

136

ing frequencies, power levels and bias require-
ments. The new RRFC chipsets have been de-
veloped with the system designer in mind and
the 23, 26 and 28 GHz chipsets are designed
to work together with a minimum of addition-
al components. All of the MMICs have been
designed to function together as a complete
system and have several features allowing
rapid radio design. The operating fy requency
range and power level of each chip is consis-
tent with successive chain components, which
means, for example, that the low noise ampli-
fier (LNA) can drive the mixer dircctly and
the output frequency of the LNA matches the
RF input frequency range of the mixer. Each
buffer amplifier has been designed with a sa
urated output power performance optimized
for driving the multiplier and mixer circuits
over a wide range of operating conditions. All
of the active components utilize the same 4 V
drain bias rail, which simplifies power supply
requirements and reduces overall module
cost. These features mean that the module de-
sign cycle time can be significantly reduced al-
lowing manufacturers to launch new products
in the fastest possible time.

Figure 1 shows a simplified block diagram
of a typical system architecture applicable to

[Continued on page 135]
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23, 26 and 38 GHz radios. Table 1
lists all of the available radio compo-
nents by part number and includes a
brief description. The benefits of a
chipset designed from the perspec-
tive of the entire system using a com-
mon technology are also presented.

RECEIVER CHAIN COMPONENTS
Low Noise Amplifiers

Each of the radio chipsets has a
dedicated LNA designed specifically
for use in point-to-point type systems.
These amplifiers are manufactured
using the 0.25 um low noise PHEMT
process which results in a combina-

W Fig. 2 Example of a rec

ver chain for a 38 GHz microwave radio.

Chipset

2326
3
38
232
38
202
38
23
2
38
23/26/38
38

tion of excellent small-signal perfor-
mance, low noise figure and high
power capability.

The RMWL26001 device is a single
chip LNA that covers the 21 to 26.5
GHz frequency range allowing the
same MMIC to be used in both the 23
and 26 GHz chipsets. Typical noise fig-
ure performance is 3.1 dB with 22 dB
small-signal gain and return losses bet-
ter than 10 dB. The RMWL26001 has
also been designed to have a P1 dB >
10 dBm, which means that the mixer
can be driven directly without the
need for extra amplifier components.
The RMWL38001 chip provides simi-
lar performance in
the 37 to 40 GHz
- frequency range.
Typical noise figure
performance is 2.7
dB with 22,5 dB
~ small-signal gain.
The return losses are
better than 10 dB
with 12 dBm output
* power at the 1 dB

A Fig. 3 The RMWL26001 L)
on-wafer performance.

A Fig. 4 The RMWL38001 LNA’s on-wafer
ig.
performance.

gain compression point. The
RMWL26001 and RMWL38001 de-
vices both operate on Vpyq =4.0 V. Fig-
ure 2 shows the MMICs in a typical
receiver configuration. Figures 3 and
4 show the small-signal and noise per-
formance of the RMWL26001 and the
RMWL3800L, respectively.

Upconverter
and Downconverter Components
High performance mixers are vital
components in point-to-point radio
systems and two mixers have been de-
signed covering the 23/26 GI1z and 38
GHz bands. Each mixer is a single-
balanced FET diode mixer, offering
low conversion loss and high isolation,
and the same component can be used
as either an upconverter or a down-
converter, thus reducing the number
of different ICs required. The FET
diodes are fabricated using the same
0.25 mm process that is used for the
amplifiers, and the mixers also offer
the major benefit of requiring no DC
bias. The RMWM26001 device covers
the 23 and 26 GHz radio bands, and

(Continued on page 140]
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Figure 5 shows its on-wafer perfor-
mance. Figure 6 shows the conver-
sion loss for the RMWM38001 mixer
covering the 38 GHz band.

TRANSMITTER CHAIN
COMPONENTS
Power Amplifiers

The power amplifier is the heart of
any microwave radio system and of-
ten other system components are se-
lected based on the specification of

The most advanced package
for 3D microwave design

Applications include
* Waveguide components
© Antennas

* Resonators

® Microstrips

© Microwave heating

For further information contact:

the power amplifier. In keeping with
the overall aim of producing com-
plete radio chipsets, three power am-
plifiers have been designed covering
popular point-to-point radio bands.
Each amplifier uses the same 0.25
pm PHEMT process and the same 4
V bias voltage as the other active
components thus simplifying trans-
mitter power supply requirements.
The RMWP23001 power amplifier
covers the 21 to 24 GHz frequency

band, with 22.5 dB small-signal gain,
a 1 dB compressed output power of
23.5 dBm and an OIP; of 33 dBm.
The RMWP26001 amplifier covers
the 24 to 26.5 GHz range with similar
performance. The RMWP38001 is
for the 38 GHz radio bands with a
small-signal gain of 22 dB, a P1dB of
22 dBm and an OIP3 of 30 dBm (37
to 40 GHz). All of the power ampli-
fiers include integrated power detec-
tors that can be connected to contin-
uously monitor output power and aid
fault detection. The performance
of RMWP23001 and RMWP26001
devices is shown in Figure 7.

~— DOWNCONVERTER |
MODE, IF = 2.6 GHz |

— UPCONVERTER
MODE, IF = 4.07 GH

A Fig 5 The RMWM26001 mixer’s
on-wafer performance.

'DOWNCONVERTER MODE, IF = 5 GHz |
UPCONVERTER MODE, IF = 5.1 GHz

A Fig. 6 The RMWM3S001 mivers
on-wafer performance.

Fig. 7 Measured on-wafer performance of
the RMWP23001 and RMWP26001 power
amplifiers. W

——RMWP23001—5S GAIN
—— RMWP26001—-55 GAIN
~—— RMWP23001—-P1dB
-~ RMWP26001—P1dB

e
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Figure 8 shows the performance of
the higher frequency RMWP38001
part. Additional off-the-shelf power
amplifiers can be used if higher out-
put powers or improved linearity are
required. An example is the
RMPA39100 power amplifier, which
is capable of 1 W over the 37 to 40
GHz frequency mnge

o e

3R e
FREQUENCY (GHz)

A Fig. 8 Measured on-wafer performance
of the RMWP38001 power amplificr.

— RMWD38001—55 GAIN
— RMWD24001—S5 GAIN
~—— RMWD38001—P1dB
~— RMWD24001—P1dB

3
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A Fig. 9 The RMWD38001 and

RMWD24001 amplifier’s measured on-wafer

performance.

TYPICAL TRANSMITTER CHAIN

A Fig. 10 Example of a transmitter chain for a 26 GHz

microwave radio.

A Fig. 11 Example of the LO chain architecture used

in the 23 GHz radio chipset.

Driver Amplifiers

Two driver amplifiers have been
designed for use in the radio chipsets
covering the 23/26 and 38 GHz radio
bands, respectively. The RMWD-
24001 device has a frequency range
of 21 to 26.5 GHz with greater than
21 dB of small-signal gain and a 1dB
d output power of 17 dBm.
in the 37 to 40 GHz fre-
quency range is provided by the
RMWD38001 amplifier, which has a
small-signal gain of greater than 23
dB and an P1 dB output power of 18
dBm. Both of these parts have return
losses better than 10 dB and also in-
corporate FET diode power detec-
tors to allow continuous monitoring
of the output power. This power de-
tection feature can be used in a con-
trol loop to ensure that the optimum
output power is always used. Figure
9 shows the performance of both the
driver amplifiers and Figure 10
shows the MMICs in a typical trans-
mitter chain using the RMWM26001
device as an upconverter.

LOCAL OSCILLATOR CHAIN
COMPONENTS
Buffer Amplifiers

Each of the transmit and receive
chains in the 23/26 GHz and 38 GHz
chipsets utilize buffer amplifiers to
amplify the LO signal to drive the fre-
quency doublers/triplers and the mix-
ers. In the 23/26 GHz chipsets the
RMWB12001 and PMWB24001
buffer amplifiers
cover the 8.5 to 12
and 17 to 24 GHz
(RMWB24001) fre-
quency ranges, re-
spectively. The 38
GHz chipset uses
three buffer ampli-
fiers with the
RMWB04001 de-
vice providing low
frequency buffer
amplification (3.5 to
4.0 GHz), the
RMWBI11001 am-
plifier covering the
10.5 to 11.7 GHz
band and the
RMWB33001 de-
vice covering the 32
to 35 GHz range.
All of the buffer am-
plifiers are designed
to be operating into

compression, but can be operated
backed off as well, allowing them to
be used as linear amplifiers. Typical
buffer amplifier performance is small-
signal gain > 20 dB and saturated out-
put power in the 17 to 20 dBm range.
A power detection circuit is incorpo-
rated onto each amplifier MMIC al-
lowing power monitoring or fault de-
tection. An exa

chitecture is s

Figure 12 shows the RMWB11001
and RMWBI12001 performance. Fig-
ures 13 and 14 show the perfor-
mance of the RMWB24001 and
RMWB33001, respectively.

~—— RMWB12001—S5 GAIN
| — RMWB11001—55 GAIN
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§ | ~— RMWB11001—P3dB.
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A Fig. 12 Measured on-wafer performance
of the RMWB11001 and RMWBI12001 buffer

amplifiers.
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A Fig. 13 The RMWB24001 amplifier’s
on-wafer performance.
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A Fig. 14 On-wafer performance
of the RMWB33001 ampli
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UMS, your “one stop” supplier of SMD packaged Integrated
Circuits covering the Broadband Wireless requirements from
very Low Noise to High Power.

united
monolithic

semiconductors ..
succeeding together

Call 1-800-737-6937 to find out how Richardson can
support your wireless and microwave programs
Solutions or visit www.rfpowernet.com/ums.asp
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Frequency Doublers and Triplers

Frequency conversion compo-
nents are used in both the 23/26 and
38 GHz radio chipsets in the LO
chains. These provide multiplication,
from the low frequency LO signal
typically around 3 to 4 GHz up to the
17 to 24 GHz signals required in the
23/26 GHz radios and 33 GHz need-
ed for the 38 GHz chipset.

Each of the doublers and triplers
are passive components that do not

require bias and all use the same
PHEMT process as the amplifier cir-
cuits with the FETs configured as
diodes. The RMWT04001 device is a
tripler MMIC that has an input fre-
quency range of 2.8 to 4.0 GHz and
an output frequency range of 8.4 to
12 GHz. The RMWW12001 and
RMWT11001 components have input
frequency ranges to match the output
of the RMWT04001 with output fre-
quency ranges of 17 to 24 GHz and

TRIMMER
CAPACITORS

ww.VoltronicsCorp.com

IF ONE OF OUR THOUSANDS OF

. 15 Measured on-wafer performance
of the RMWWI2001 and RAWTI11001
devices.

32 to 35 GHz, respectively. Figure
15 shows the typical performance of
the RMWW12001 and RMWT11001
as measured on-wafer. The conver-
sion gain (f, to 2f; or 3f) is plotted as
a function of input frequency f;.

CONCLUSION

A complete solution for the rapidly
expanding point-to-point and point-to-
multi-point radio markets has been de-
veloped. In order to remain competi-
tive designers must be able to produce
new radio designs with improved per-
formance in the shortest possible time.
The chipsets described here cover sev-
eral of the most important frequency
bands in use and offer complete solu-
tions for both receivers and transmit-
ters. A complete chipset offers many
advantages over the traditional ap-
proach of using many different ven-
dors. These include identical supply
rails, matched frequency and power
performance, uniformity of fabrication
processes, single vendor qualification,
simplified design requirements and re-
duced module design time. These
components can either be used as a
stand-alone radio, or coupled with the
company’s successful RMPA product
line, such as the RMPA39100 compo-
nent that offers 1 W of output power
in the 37 to 40 GHz frequency range.

All of the products di: d here
are available as 100 um thick MMIC
die with 50 Q input and output ter-
minations in both sample and pro-
duction quantities. Additional infor-
mation is available at the company’s
Web site at www.raytheon.com/micro
or contact Brian Reardon at
brian_g_reardon@rrfc.raytheon.com.

Raytheon RF Components,
Andover, MA (978) 684-8663.

Circle No. 300
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SURFACE MOUNT

4kHz to 2200MHz .. 193, .

What makes Mini-Circuits your single source for surface
mount RF transformers? Variety, availability, performance,
and price! From wide band transformers with low droop and
fast risetime capabiliies for pulse applications, to a particular
impedance ratio from 1:1 through 1:36 specified for a wide
range of impedance coverage, we will work with you on your
design challenges. Tangible benefits such as very high
dielectric breakdown voltage, excellent amplitude and phase
unbalance for balanced to unbalanced applications, and
easy to use surface mount package styles make Mini-Circuits

4 Mini-Circuits

PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fa

1AM o WEB QITE «

surface mount transformers a great value. Our new ADT
transformers are changing the face of RF transformer design
with patent pending i ™ Innovative Technology delivering
small size, low cost, and better performance. This same
leading edge transformer expertise can also develop your
custom designs at catalog prices. So, simplify your transformer
search...Big Time! Capitalize on the quality, design know-how,
and off-the-shelf variety from Mini-Circuits. Call today!

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

INT'L
LE READER SERVICE CARD.
x (718)332-4681 INTERNET http://www.minicircuits.com

EEM « MICROWAVE PRODLICT DATA DIRECTORY » WWW.RFGLOBALNET.COM


http://wWW.minicircuitS.com
http://WWW.RFGLOBALNET.COM

AWR

The balance of power has shifted. The lumbering software of the past has
finally met its match—a more agile, more accurate high frequency design

¥

solution. Microwave Office 2001. It can literally double your productivity
over legacy design tools. And the precision of its models now makes first-
pass success a reality. No EDA software is more powerful or intuitive either.
Simple optimizations are a snap. It's easy to customize.
And you get regular timely upgrades. Moreover, our
schematic data translators import existing Agilent EEsof

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

at wwwm and info, visit www.mwoffice.com or call us at 310-726-3000.
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BN proDUCT FEATURE

riven by the VCO market's insatiable

l ’m\vd for lower phase noise and wider
tuning ranges, a new line of voltage
tunable oscillators (VTO) has been introduced
with superior performance in these areas. The
new VTOs operate at fundamental frequen-
cies with no inherent spurious responses or
subharmonics. The oscillators feature fast tun-
ing, low power consumption and software

Fig. 1 VIO phase noise at
10.5 GHz (resolution

bandwidih 10 kiz). 'y control

; VTO PERFORMANCE
X The featured VTO operates
at 11 GHz with phase noise at
g -2 T ~106 dBe/Hz at 100 kHz offset,
W gl 1 illustrated in Figure 1. The
; § i oscillator has a tuning range of
: i 600 MHz (5.4 percent band-
3 -80) width), as shown in Figure 2.
o0 Other performance specifica-
=500 500 tions include a tuning linearity
of 2.8 percent and output pow-

er of 0 dBm, with harmonics at
~26 dBc and no detectable spu-

Low PHASE NOISE
VOLTAGE TUNABLE
OSCILLATORS

rious outputs. In addition, its pushing factor is
essentially zero. The new VTOs are packaged
ina 1.0" X 1.0" x 0.375" (26 x 30 X 15 mm3)
housing with SMA connectors for RF output
and control input.

£
3
IIJI‘

A\ Fig. 2 VIO tuning range.

[Continued on page 154]
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FOWEK

For PCS, TV,

(715840 CT-1325N _ CT-1615-5 (1-3833-5
FregMiz 170210 470-860 470-860 2.7-2.9GHz
(Full Band) (4 Units) (4 Units)
Isol/dB min 20 20 20 20

dBMax 03 025 03 0.25
VSWR_ 1.5 1.25 1.25 125
Power (AV) 3.0kw 500 W 250w 100w
(PR 10.kw 1.5 kw 500w 500w
Connectors  Din 7/16 N Tabs Tabs

Size S-ax51/a  2-3axe-1sine 2x2:58  1-taxi-1ax3j

UTE PRODUCTS:

MOKL

* Broadband Units

* Common Band Devices
* High Isolation Units

* Multiport Devices

« Drop-In Devices

UTE Microwave devices lets you put lots of power thru with minimum
loss. Our low loss designs and peak power capabilities help put your
products on the cutting edge in critical applications.

Find out more of UTE's total capability - many standard catalog units
from stock - special designs to your specs - just visit our website and
click www.utemicrowave.com to review our catalog listings. You'll be just
a step away from having the technical data - now - and the full support
of UTE Engineering.

Contact Len Nilson at: UTE MICROWAVE, INC., 3500 Sunset Ave.,
Asbury Park, N... 07712 PHONE: 732-922-1009 FAX: 732-922-1848
e-mail: info@utemicrowave.com

 Wireless/PCN Devices

o High Power Cellular/Paging

« High Power Industrial/Medical
 TEM/Guide Isolators

* Waveguide Junctions

* High-Power TV Units e UHF Devices
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Cavity Filters
Diplexers
Multiplexers
Delay Lines

Dual Bands
Our Specialty

Large Stock
Ready to Ship

No NRE for
Custom Designs

1000’s of Designs

Tel: (501) 750-1046

Toll Free (877) 420-7983
Fax: (501) 750-4657

Web: www.duplexers.com
email: wireless@ipa.net
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PARASCAN MATERIALS

The VTOs are enabled by the
patented Parascan™ family of materi-
als. These are voltage tunable dielec-
tric materials, which allow the oscilla-
tors to tune over broad frequency
ranges through the application of a
DC electric field. Parascan materials
are ceramic and draw virtually no cur-
rent (< 5 pA), and thus consume very
little power. The key features of this
technology in VTO applications are its
high Q factors, wide tuning range and
linear performance. The availability of
this technology in various form factors
also enables the design of different
topologies. Being passive devices with
no discernible noise sources, these
tunable dielectric capacitors are excel-
lent candidates for tunable oscillator
applications.

The new VTOs are designed to
fully exploit the properties of the
Parascan materials. Some design con-
siderations and the intended benefits
are outlined in Table 1.

BENEFITS

With pricing comparable to varac-
tor-tuned oscillators, OEMs will ben-
efit from the enhanced performance
of the new VTOs. Tuning and fre-
quency range is comparable to YIG
oscillators, while spectral purity is ap-
proaching that of dielectric resonator
oscillators. Switching speed is similar
to varactor-tuned oscillators. Synthe-
sizer design is made easy due to the
fast linear tuning and the options of

High output power, reliabls oscllaior bver
frequency band of interest and ambient
temperature range, 7ero spurious oseillations

pulling factor

low voltage/low current control, sub-
harmonic outputs and integral phase
locked loop (PLL) amplifiers. The
very best features of all competing
VCO technologies are equaled or im-
proved in these VTOs.

IN THE FUTURE

The initial VTO product results in-
dicate that additional improvements
are achievable in subsequent models.
The possibilities include fundamental
frequencies in the 20 to 30 GHz
range, multiplied outputs up to 40
GHz, tuning ranges beyond 20 per-
cent, better phase noise, higher spec-
tral purity, and surface mount, drop-
in and connectorized packaging.

Additional information on the new
VTOs and other products including
tunable filters, diplexers, delay lines
and electronically scanning antennas
can be obtained from the company’s
Web site at www.paratek.com or via
e-mail at etrf@paratek.com

Paratek,
Columbia, MD (443) 259-0140.

Circle No. 301
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SURFACE MOUNT V(CO0’s . 12%

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 capabilty, 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 SZE

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

P.0.Box 350166,

2]

ROS-1200W
ROS-1700W

ROS 2160W

+Phase Noise: SSB at 10kHz offset, dBc/Hz.

[ IMini-Circuits

Brooklyn, New York 11235-0003 (716) 934-4500 Fax (718) 332-4661 For quick access 1o product information see MINI-CIRCUITS CATALOG & WEB are
227 " The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

Freg. Fange

6121200
7701700

70-2150
1160-2160

b CaG ke Fa

3

Current  Price
e otage GrA S
TV Mex. (5

588888 88888
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+Specified to fourth.
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Fig. 1 The filter’s passband
insertion loss.

ocation-based products using Global

Positioning Satellite (GPS) signals ¢
poned to revolutionize wireless s

1

I entation of federally molnlv
\nhacnber location requirements is fueling the
rush to market. Meanwhile, manufacturers
lan to capitalize on the presence of GPS-en-
abled mobiles by developing new consumer-
oriented software applications

and next-generation hardware

that will make purchasing goods
and services through wireless

devices commonplace.

One of the most critical and

W Fig. 2 Attenuation vs. frequency.

ATTENUATION (dB)

3
g,
3
.

\ essential elements of GPS re-

\ ceiver design is filtering at the

_ RF stage. RF filters must be ca-
pable of providing ultra-low in-
sertion loss to minimize signal
recovery errors. Such errors can
result in a loss of signal that
could have dire consequences

il I in E911 situations. Superior at-

LT tenuation is also vital at key fre-

ITI quency ranges occupied by

ToalE] transmitters operating in all

ji A D major voice and data protocols
including AMPS, CDMA,

— PTRTTS 782542 TDMA, GSM and PCS. Size is

another critical element for de-
signers who look for a way to

MiniATURE, HIGH
PERFORMANCE GPS
RF SAW FILTERS

include the additional GPS receiver chain on
already crowded PC boards.

A new GPS Rx surface acoustic wave (SAW)
filter is designed to specifically address key per-
formance specifications by providing typical in-
sertion loss of just 1.3 dB and typical attenua-
tion of 50 dB at the critical 824 to 869 and 1640
to 1926 frequency ranges. Figures I and 2
show the filter’s typical insertion loss and atten-
uation vs. frequency, i he model
855969 SAW filter is centered at 1575.42 MHz,
with a bandwidth of 2.4 MHz for top perfor-
nce. In addition, its 3.0 x 3.0 x 1.2 mm? sur-
face-mount package is 94 percent smaller than
the current ceramic alternative, making it easy
to incorporate into any PCB application. The
product also features a mnpl(‘ 50 Q single-end-
ed source and load configuration, and requires
no impedance matching for operation at 50 Q .

Additional information may be obtained from
the company’s Web site at www.sawtek.com on
the “What's New” page, or phone for data sheets
and full specifications. Purchase information
may be obtained from Avnet Electronics Mar-
keting at (800) 332-8638 or visit Avnet’s Web site
at www.em.avnet.com.

Sawtek Inc.,
Orlando, FL (407) 886-8860.
Circle No. 303
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SAWTEK GIVES

Sawtek...Your Total SAW Solution!
Location-based products using Global
Positioning Satellite (GPS) signals will
revolutionize wireless service by allowing
carriers to locate subscribers during
emergencies. Handset frequency spurs
concem designers because losing locator
signals could have dire consequences.
Sawtek’s new GPS RF SAW filters alleviate
this concern with 45-50 dB typical attenuation
over the 824-869 and 1640-2000 MHz
frequency ranges. Sawtek also delivers
superior insertion loss — 1.3 dB typical, all in
a package 94% smaller than the ceramic
alternative. Get the size, sensitivity and
insertion loss advantage, only with GPS RF

SAW filters from Sawtek.

£ INCORPORATED
www.sawtek.com

Phone: (407) 886-8860 « Fax: (407) 886-7061
E-Mail: info@sawtek.com

YOU DIRECTION

=—=AVNET

==== electronics marketing
www.em.avnet.com
Phone: (800) 332-8638

Avmet and the Avmet ogo are regitered trademarks of Avet, Inc.
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® Pulse Generators & Drivers
This Web site provides data sheets and pric-
ing for 500 models of pulse generators, laser
diode drivers, impulse generators, amplifiers
and delay generators, with rise times as low
as 40 ps, PRF to 250 MHz and amplitudes
t0 3000 V. The site also includes a paramet-
ric search engine to assist the user looking
for the perfect instrument.

Actech Electrosystems Ltd..

PO Box 5120, STN. F,

Ottawa, Canada K2C 3

3H4

www.avtechpulse.com

=
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Exceftence in Wireless F

® Filters and Filter-based
Products

This Web site features the company’s filter
and filter-based products, including trans-
mit, receive and delay filters as well as du-
plexers and multiplesers. The site
vides company news, new products, specifi-
cations, company literature, a request for
quote page and contact information for sales
representatives

Clearcomm Technologies LLC,

600 Beam Street, Salisbury, MD 21501

WWW.

clearcommtech.com

WEB UPDATE

® Software Tools

This Web site supports and markets the
companys software tools for the simulation
of electromagnetic fields in the tin
CST MICROWAVE STUDIO
DESIGN STUDIO™ and MAFIA 4 have
benefited from over 20 years experience in
the area of numerical field calculation, and
have established the company as a leader of
CAE software houscs.

CST of America Inc.
8 Grove Street, Suite 203,

Wellesley, MA 02452

www.cst-america.com

® Solid-state, Low Noise and
Power Amplifiers

This Web site provides a variety of technical
and corporate information, including prod-
uet data sheets and technical articles (in .pdf
format) for the company’s comprehensive
product line of ferrite isolators, circulators,
solid-state low noise and power amplifiers

Other features include links to other MCE
companies, a Java-script navigation bar and a
keyword search.

DML Microwave Ltd..

ndlers Way, Temple Farm Industrial,

Est Southend on Sea, Essex, SS2 5SE UK

WWWw.
dmimicrowave.com

® On-line Marketplace for
Quotes and Informati

@ RF to Millimeter-wave

This new Web site provides a neutral mar-
ketplace that opens cach potential user to
the broadest range of fixture vendors that
can be found in one place. The site provides
a simple and logical path for selecting multi-
ple or single vendors to match one’s needs
Users can also make judgments on pricing,
delivery and features based upon an objec-
tive source

FixtureForum.com,

a service of Interconnect Devices Inc.,
5101 Richland Ave.,

Kansas City, KS (913) 342-5544.

I d Circuits
ludes the full line of stan-
.pdf format, in-

This Web site

dard product data sheets

mixer spur chart calculator, as well as appli-
cation notes and other topics of interest
Over 100 MMIC die, ceramic pac kaged die
and plastic packaged die products are fea-
tured covering DC to 40 GHz.
Hittite Microwave Cos

12 Elizabeth Dr., Chelmsford,

www.FixtureForum.com
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“Shiva’s Line”, one of the most outstanding
routes in the Himalayas

SMP - Designed for
Misalignments

The SMP connector series from Rosenberger
provides new directions in high-frequency
technology.

A broad product line - straight and right
angle connectors for a wide assortment of
cables. Connectors for bulkhead, PCBs and
surface mount. Extremely small dimensions.
Applications up to 40 GHz.

And, best of all, board-to-board connections
that allow for radial and axial misalignment
using special SMP bullets.

Needless to say Rosenberger SMP coaxial
connectors are very robust and reliable with
excellent electrical characteristics.

Contact Rosenberger and ask for our
brandnew SMP catalog.

Discover more: www.rosenberger.de, www.rosenbergerna.com . FRIECRe—

Rosenberger Hochfrequenztechnik GmbH & Co.

B R L S
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® News and New Products
This Web site details the latest news and
new product developments at the company,

ity and contact information), and a new and
standard products section that features
scroll-through tables with links to .pdf data
sheets.

Inmet Corp.,

300 Dino Drive, Ann Arbor, MI 48103

www.inmetcorp.com

® Waveguide Products
and Capabilities

This Web site includes information on the
company’s waveguide products and capabili-
ties, including filters, diplexers, circulators,
Gumn oscillators, double-ridge components
and comparators. The site also provides de-
scriptions and photographs for manufactur-
ing processes, design capabilities and test f

c
Microwave Development Co. (MDC),

41 Northwestern Drice,
Salem, NH 03079

www.mdc-inc.net

Phase
| Defectors
4

WEB UPDATE

® Sampling Phase Detectors
This new Web site was launched to comple-
ment the company’s main Web site. The site
allows designers to review data, outline
drawings and electrical specs on sampling
phase detectors, a series of resin encapsulat-
ed products ideal for phase lock VCO and
DRO designs.

MicroMetrics Inc.,

136 Harcey Rd., Building C,
Londonderry, NH 03053

www.
phasedetectors.com

z

RJR PoLYMERs, INC..

Telephone: 510.638.5901

s mmpoimesoom
P /ﬂff/ﬁﬂl/l/ 500f/7 #2626
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« Operating Bands

¢ |deal for Wirelesé”
Applications

* 12 \olt Operation

s Optimized Bandwidth/Tuning
Speed Combination

TYPICAL PHASE NOISE AT 2 GHz
(2 MHz Step Size)

Swi(chng speeb’i
Output power : FREGUENCY OFFSET FROM CARRIER (Hz]
Output p?wer Qaria(«T 2dBmn.
n band spurs = 70 dBc min.
"~ Harmonics & 0dBe
e See graph e - For
Reference " Internal or external i . additional
External reference | : L information,
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WEB UPDATE

Melexis

and Subsystems
This new Web site outlines the compani
overall design and manufacturing capabili-
ties of RE/microwave components and sub-
systems as well as a brief description and
links to its five operating companies: DML
Microwave, Inmet, KDI/Triangle, Metelics
and Weinschel. Other features include key-
word search, Java-script sitemap, new prod-
ucts, company news and events section that
includes the latest news, technical articles
and links to upcoming events.
MCE Companies Inc.,
310 Dino Drive, Ann Arbor, MI 48103

3 P
and Subassemblies

Visit this Web site to discaver how the com-

pany became the largest independent pro-

ducer of waveguide components and sub-

assemblies in the microwave industry. In ad-

dition, learn more about waveguide bends

and twists, directional couplers and mono-

pulse comparators, rotary joints, microwave

ilters, rotary switches, and waveguide shut-

ters and waveguide pressure windows.

MDL Inc.,

135 Crescent Road,

Needham Heights, MA 02494

WWwWWw.

mcecompanies.com

T ———
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® Mu:rawave Dlodes
and Capacitors

This Web site delivers a variety of technical
and corporate information, including prod-
uct data sheets and other technical informa-
tion for the company’s extensive product line
of microwave diodes and capacitors. Other
features include product outline drawings in
pdf format, an on-line sales representative
search, links to other MCE companies, a
Java-script navigation bar and a keyword
search.

Metelics Corp.,

975 Stewart Drive,

Sunnyvale, CA 94086

www.metelics.com

WWW,
micro-dev-labs.com

©® Test and Measurement
Information

This Web site is updated with a new user in-
terface and features that enable ease of ac-
cess to the company’s wide variety of test
and measurement products and services.
[l lesign also offers easier navigation,
quick acces m product and app plication in’
formation, news and upcoming events, and a
download page that incorporates all of the
company’s available free software and litera-

ture in a concise download section
IFR Systems Inc.,

10200 West York Street,
Wichita, KS 67215

® Ad d ISM/SRF RFICs

This Web site features advanced ISM/SRD
RFICs, integrated IR sensors with signal
cundmomng Hall-effect sensor ICs, inter-
face ICs and ASIC systems-on-a-chip to
Q59000 standards for the automotive, mdm
trial and consumer industries. The compa-
ny's products are recognized for their inno-
vation and have become favorites with de-
sigiers worldwide because they are zble to
simplify

Melexis

41 Locke Road, Concord, NH 03301

www.melexis.com

® RF and Microwave
Components and Subsystems
This Web site ontlines the company’s custom
design capabilities as well as its extensive
prodict line of RF and microwave compo-
nents and subsystems by providing a variety
of technical and corporate information, in-
uding product data sheets and technical ar-
ticles in .pdf format. Other features include
an on-line sales representative search, links
to ather MCD companies, a Java-scripts nav-
igation bar and a keyword search.
I/Triangle Corp.,
60 S«mth Jefferson Road,
Whippany, NJ 07981

www.kditriangle.com
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20-32GHz

Low Noise Amplifier
The P35-5114-000-200 is a 20-32GHz three-stage low nolse amplifier, Access to all
three gate ports is provided to allow application specific biasing. Manufactured using
Caswell Technology's 0.2um pHEMT technology, the circuit provides 21dB gain and
a noise figure of 2.2dB @ 28GHz. It also exhibits excelient temperature performance
(1dB noise figure variation -50°C to +75°C). DC power consumption is 48 mA. This
circuit is available now in die form,

P35-5117-000-200
Low Noise Amplifier
3 Stage - 20dB gain

P35-5118-000-200
Low Noise Amplifier
2 Stage - 15dB gain

Increasing its range of milimetre wave amplifers, Caswell Technology has recently
i not one but two new low noise amplifiers designed for use at 38GHz. Both
designs affer a competitive noise figure of typically 3dB 1

The new two-slage and three-stage LNA's are designed for point-to-point and
ONMM“DOYN applications and offer 1508 and 20dB of gain respectively. As
‘part of ous popular mm wave ampiifer range, both designs are manufactured using
Caswelfs 0.24m pHEMT process. ‘Sampies are now available in die form.

swell

z
Driver Amplifier

The is & 20-26GHz

amplifier. Access to both gate
ports s provided to alfow application specific biasing. Manufactured using Caswell
Technology's 0.2um pHEMT technology, the circuit provides 1208 gain and an output
power of 23dBm at the 1dB gain compression point. DC power consumption is

140 mA @ 5V, This circuitis available now in die form.

P35-5126-000-200
25-30GHz

Driver Amplifier
The is @ 25-30GHz driver amplifier. Access 1o both gate
ports is provided to allow application specific biasing. Manufactured using Casweil
Technology's 0.2m pHEMT technology, the circuit provides 10dB gain and an outpu

powe of 22dBm at the 1B gain compression point. DC power consumplion is
140 mA @ 5V. This circuit Is available now in die form.

P35-5140-000-200
20-40GHz

Driver Amplifier
Caswell Tsc.hnclogy has introduced the P35-5140-000-200, a mm-wave driver

smpiifier covering the 2040 GHz frequency range with impressive typical valties
for gain and saturated output power of 20dB and 21dBm respectively.

lementing Caswaell's existing range of mm-wave amplifiers in this band, the
55 140000200 s aseree 722016 m and requires a modest operating
piof less h\an ZODmA at 4.5V Vdd. :

is dosigned with & wide ange of broadbend ireless



and Solutions

This completely redesigned Web site is user-
friendly and has special features such as o
line quiote requesting, RMA returns and co
tomer feedback, along with representative
information, new product information, new
product datasheets and company-wide capa-
biliies.

Millitech LLC,

29 Industrial Drive East,

Northampton, MA 01060

® Interactive Web Site Tools

This Web site has been updated to include
several new interactive features intended to
streamline search and design tasks. Visitors
to the site now have access to instant prod-
t information, parametric and integrated
search cupabilities and custom design on-
line. The integrated search capabilities of
the site allow the user to search the compa-
ny pages, on-line catalog and pdf product
pages and sales representative database with
one request.

Spectrum
8031 Avon
(814) 474-1571.

www.
spectrumcontrol.com

Components
This new Web site presents technical speci-
fications on a wide range of miniature pas
sive components, inchiding precision thic]
and thin-film chip resistors, capacitors, met-
/glass side wall packages, custom thick-film
hybrid circuits and multichip modules for a
2 variety of wircless applications.
Systems Inc.,
20 David Rd., PO Box 69,
North Attleboro, MA 02761

716 Conpectors

This satellite Web site is ically de-

WEB UPDATE

B s

® Agile Precision Frequency
Sources

This Web site provides complete technical

specifications for the company’s PTS fre-

ncy synthesizer line. With easy. fast and

remote programming, the synthesizers are

vital in advanced measurement or produc-

tion systems and also serve as stand-alone

test equipment

Programmed Test Sources (PTS) Inc.,

9 Beaver Brook Road,

Littleton, MA 01460

WWW.
programmedtest.com

@ Microwave and RF

signed for engineers looking to spec 7-16
connectors, Tt offers 4 quick reference guide
to a complete selection of TRU’s leading
edge 7-16 plugs, jacks, receptacles, combina-
tions and cable assemblies. A 12-page cata-
Tog can also be downloaded.

Tru-Connector Corp.,

245 Lynnfield St., Peabody, MA 01960

WWWwW.
7-16connectors.com

Comp and Sub
This Web site delivers a varicty of technical
and corporate information, including prod-
struction manuals, techni-
cal articles, an on-line sales representative
search engine and links to other MCE com-
panies’ sites. A Java-applet navigation bar
and a keyword site search are also included.
Weinschel Corp.,
5305 Spectrum Drive,
Frederick, MD 21703

www.weinschel.com
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Specs are what you are given...

brilliance is what you give back. -

begin with Ansoft HFSS

Design microwave transiti: connectors, gui IC packaging, on-

chip components, antennas, antenna feed networks, and EMI compliance.

Success is something that engineers, the world over, are realizing with Ansoft's
High Frequency Structure Simulator (HFSS). They recognize that using 3D
electromagnetic simulation to extract electrical parameters is the right solution
for tough design challenges. Ansoft HFSS is preferred because the intuitive
interface simplifies design entry, the field solving engine automatically converges
to accurate solutions, and the powerful post-processor provides unprecedented

insight into electrical performance.

And now with Optimetrics™, the new
parametric analysis and optimization
module, Ansoft HFSS is the most
powerful electromagnetic design tool

on the market

For a free evaluation copy of Ansoft HFSS

or any of the tools in Ansoft's Serenade

Design Environment call 412-261-3200 or

Use Ansoft HESS to
send e-mail to info@ansoft.com. calculate and optimize
fields and s-parameters


mailto:info@ansoft.com

COMPONENTS

B 100 W AIN Termination
The model 100-
s alternat

ST-FN utilizes aluminum ni-
¢ to BeO substrates in an ef-
fort to remain
more environ-
mentally friendly.
The unit has a
frequency range
of DC to' 3 GHz
and SWR at DC
to 1 GHz is 1.1
(max), 1 to 3
Glz at 1.15
(max). The power
Tating is 100 W
average and con-
nectors available

. N TNC and 7/16.
ponent Products (BCP),
Largo, FL (727) 547-8826.

Circle No. 216

center conductor leads formed at right angles
to, or coplanar with, the bottom of the copper
outer jacket. This improves installation onto
thru-hole or surface-mount circuit boards. Im-
pedance ranged from 5 to 125 Q and cable
sizes v fom 0.008" to 0.750" to meet a vari-
ety of application requirements.
MICRO-COAKX,
Pottstown, PA (800) 223-2629.
Circle No. 222

B 20 dB Directional Coupler

The model JDC-20-5 50 Q broadband direc-
tional roup[er operates over the 50 to 1500
MHz frequency
range with 20.5
(£0.5) dB nomi-
nal coupling value
with $0.75 dB
maximum  flat-
ness. Insertion
loss is low at
dB (typ) and directivity is 22 dB (typ) at mid-
band. The all-ceramic surface-mount device is
cquipped with solder plated J leads for superior

int

5

B Chip and Wire Dipl:
This 12DLH1-900-L chip and wire d\ple\er is
designed as a high volume, high performance,
B low unit cost solu-
tion for wideband
le

1.8 dB passband

loss, 1.7 SWR and
V50 dB rejection at
ve: 51 % 13X 9 mm

wx |v|(| 1000 MHz.
ngineering,

Punland. ME (207) 797-4588.

Circle No. 218

B Bandpass Filter
The model FDR10-4 small size bandpass filter
is designed for clock recovery circuits in OC
192 10 gbps t)pncal communications architc

tures. Operating at 10 Gz, the bandpass filter
offers maximum insertion loss of 0.7 dB, SWR
of L1 (max), frequency stability of 14 ppm/°C
and power handling of 10 W (max). SMA fe-
male conneetors are standard, but alternate
connector or pin requirements can be satisfied
DGl Size: 283" X 0,

1 Electronics Inc.
Axhland MA (508) $81-9293.
Circle No. 219

B Semi-rigid Cables
These semi-rigid cables offer outstanding
shielding and insertion loss characteristics. The

i
bles impro
tem performance
and increases talk
time,  making
them extremely
well suited for
transmitting am-
plified ~signals

J across printed cir-
cuit boards used in cellular phones and other
wircless devices. The cables are designed with

egrity over Appli-
catons include cllular sl smnp]mL Size
>< 23" Price: $17.95 (1 to 9).

Mini-Cire:
Bmoklt/vl, NY (718) 934-4500.
Circle No. 223

B Bandpass Filter

et
e Gt 2T
1133237

The model 14042 bandpass filter is used to
prevent PCS interference at the ENG receive
site. Tt passes the entire ENG band (1990 to
2500 MHz) and the unit provides stopband re-
jection of 25 dB (min) at 1910 MHz and 2550
Mllz, with a passhand insertion loss of 1.0 dB
(max). The impedance is 50 Q with standard N
connectors. Tt is designed for indoor use, but
can be provided as a te I ature compensated
unit. Size: 6.0" x 2.0"
Microwave Filter Co. ln

East Syracuse, NY (800) 1451666
or (315) 438-4747.

Circle No. 224

B High Performance,
Lightweight Aluminum Cables

The Mini-Loss Plus™ semi-rigid cable is avail-
able with a soft, lightweight aluminum outer
conductor and features low attenuation and
dramatically higher thermal phase stability,
ideal for critical radar and satellite appl.luuuxh
The cable’s jacket material is made of 1100 alu-
minum and provides a cable that is 40 percent
lighter and significantly easier to form. Mini-
Loss Plus is supplied with an unplated tube,
for use with crimp-on connectors or with high
purity tin p]nLinr' for conventional connectors.
Precision Tu
Salisbury, MD (410) 546-3911.

Circle No. 225

NEW PRODUCTS

igh Frequency
RF Chip Resistors

standard case sizes 0402 khmng 3535, The se-
ries is offered with single surface or wrap
around terminations, and a variety of termina-
tion materials for solder mount, epoxy bound
or wire bond applications. Construction mater-
ial consists of cither an alumina or heryllia
body with a proprietary resistor clement for
optimum performance. The devices are opti-
mized for 50 Q characteristic impedance using
special manufacturing techniques to reduce
SWR. Power ratings for the RF Series range
from 50 mW to 200 W, with a low return loss
to 20 GHz. Price: $1 each in production quan-
tities. Delivery: 12 to 14 weeks (ARO).
State of the Art Inc. (SOTA),
State College, PA (800) 458-3401.

Circle No. 226

B Ceramic Diplexer
The model 930073 ceramic diplexer operates
in the 2.4 Gliz band. Channel BW is 10 MH:
and insertion loss is 2.5 dba. The 10 dB BW is
75 MHz and TX/RX isolation is 22 dB. The
d.\plé‘xpr offers 2 poles per channel and Bl
MT package is standard. Options in-
stom lrcq\\cncn es and rejection points.
10" x 047" x 031"
Integrated Microwave Corp.,
San Diego, CA (858) 259-2600.

Circle No. 221

B Miniature Diplexer

The model W2446D miniature IMD free
diplexer is designed for video reception and
transmission in the UMTS band. Standard +43
dBm input test signals produces < ~100 dBm
of IMD signals. Insertion loss is <1 dB and re-
turn loss is better than —17 dB. Tx to Rx isola-
tion is > 65 dB. Power handling is > 100 W
CW and peak power rating is > 1.5 kW. Type N
connectors are standard and SMA connectors
optional. The W2446D operates from —40° to
+70°C. Size: 1.2" x 2.0" X 5.0" Price: < $150.,
Wireless Technologies Corp.,
Springdale, AR (501) 750-1046.
Circle No. 229
[Continued on page 168]




Focus

microwaves

> Premétching* and Harmonic

» Fundamental waveguide tuners, 26.5 - 110 GHz

# Advanced Load Pull and Noise measurement software
» VNA TRL calklts, 0.1 - 50 GHz.

tems in operation worldwzd

Phone: +1.514.335.6227 Fax: +1.514.335.6287
www.focus-microwaves.com
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NEW
PRODUCTS

B Bandreject Filter

The model EWT-41-001 bandreject filter of-
fers a center frequency of 14250 Mllz and a
3 dB (max) bandwidth of 2000 MHz. Rejection
from 14000 throngh 14500 M1z is 50 dB
(min) while insertion loss is < L0 dB (typ) DC
to 12750 MHz and 15750 to 22000 MHz. SWR
is 15, The EWT-41-0001 aperates over a -55°
t0 +85°C temperature range.
Eastern Wireless Telecomm Inc. (EWT),
Salisbury, MD (410) 749-3800.

Circle No. 220

B Solderless Connectors

These “EZ” solderless TNG and N type connec-

rs are designed for the company’s LMR-
0 low loss coe
al cables. The high
quality connectors
(models EZ 0-
T™ and
NM) have knurled

coupling nuts and
crimp-style outer contact attachment rings.
Adding to the family of EZ solderless connectors,
these connectors are well suited for use at the up-
frequency bands of 2.4 and 5.8 GHz be-
ofits low loss and low SWR.
imes Microwave Systems,

Wallingford, CT (203) 949-8424.

Circle No. 227

Tune free
Diplexers 13-38 GHz

GENERAL

This antenna diplexer is designed with fixed center frequencies
for the 13-38 GHz radio link band. The unit consists of a receiver
filter, a transmitter filter and a three port junction. All the three
ports are waveguide types. The mechanical interface is custom

designed.
TEMPERATURE RANGE

Specified performance will be fi
-40 to +80 Degree Centigrade.

COST EFFECTIVE

led in the temperature range

* State of the art of manufacturing process
® Tune free
 SSL design

FREQUENCY RANGE
Covering 13, 15, 18, 23,

26, 28 and 38 GHz

Sivers Ima AB

Box 1274
Torshamnsgatan 9
SE-164 29 Kista/Stodl
Sweden

kholm

Phone: 6
Fax +46 (0)8 751 92

B RF Coaxial Connectors
The HM SMA- and TNC series of RF

um\m] umn(uorx can now be manufac-
tured with Fluo-
roloy® H dielec-
trics, which allows
them to operate at
up to 5000 W and
temperatures to
200°C, depending
upon connector
type. Configura-
ons  include
straight, right angle and bulkhead connectors in
both male and female designs for use with semi-
rigid and flexible cables. Price: from $35 de
pending on configuration and quantity.
Tru-Connector

Peabody, MA (dvu) 2629878

or (978) 532-0775.

Circle No. 228

AMPLIFIERS

B Broadband Amplifier

The model ABA3100 high performance bal-
anced linear amplifier is targeted for residen-
tial gateway, set-top box and other digital inter-
active cable devices. It is a MMIC offering in-
dustry-leading noise and linearity performance
in a cost-effective GaAs solution. The single-
supply design delivers 12 dB gain across a wide
50 to 860 MHz bandwidth. Its balanced design
leads to superior, reliable performance, resull-
ing in a second order output intercept point of
+60 dBm. The device also is characterized by
its high linearity and low distortion while
demonstrating a noise figure less than 3.2 dB
across the bandwidth. The ABA3100 also
serves as a low noise amplifier for use in ad-
vanced digital set-top boxes. The device com-
pensates for the loss in signal level within the
set-top box. Price: $5 (10,000)
ANADIGICS, Warren, NJ (908) 668-5000.
Circle No. 230

B SMT Medium Power Amplifier
The model HMC300LM1 broadband surface-
mount medium power amphlmr features an
SMT millimeter-
wave package, a
gain of > 15 dB
broadband perfor-
mance, saturated
output power of
+24 dBm and a positive supply of 5 to 7 V. The
amplifier operates from 6 Vaq and a —0.35 V,
gate bias and requires no external RF nmt(]mw
components and minimal DC bypass compo-
nents. A 0.25 um power pHEMT process is used
to achieve efficient gain and output power per-
formance and requires high volume surface-
mount re-flow assembly techniques, which can
be used to mount the amplifier to the end user's
PCB. The LM1 package eliminates the need for
‘wire bonding or die attach mounting,
Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343.
Circle

No. 231
B Low Noise Amplifiers

These modules are the first four products in a
family of low noise amplifier (LNA) modules that
combine high integration levels and exceptional
noise figure performance. The new LNAS span
the 800 MHz to 6 GHz frequency range, and are

[Continued on page 170]




Low Phase Noise

Fastest
FN3000 series

FN4000 Series :

JPLL/FJPLH Series v

For additional information,

contact Synergy's Sales.and’Applicatio
201 McLean Blvd., Paterson, New Jerse:
Phone: (973) 881-8800. Fax:(973)'88
E-mail: sales@synergymwave.com

ICROWAVE CORPORATY
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NEW
PRODUCTS

targeted for systems such as broadband wireless
s equipment, cellular basestations and infra-
structure equipment for emerging LAN, 802.11a,
802.11b and Bluetooth applications. Providing
noise figure performance as low as 0.65 dB, the
new modules are designed to serve as complete
drop-in solutions that require no external compo-

plementations. Price: $2 to $3 (10,000).
Intarsia Corp., Fremont, CA (sm) 354.5201
233
B Multi-carrier Power Ampliﬁer
The model QBS-425 power amplifier provides
35 dB of gain for up to 4 GSM carriers. Using
adaptive feedforward technology, the amplifier
achieves high efficiency with low intermodula-
tion distortion for the GSM/EDGE modula:
tion formats. The unique design of the QBS:
495 eliminates the need for external high pow
er combining. Additionally, these amplifiers
features cm\f‘gumb]r alarms (over power, over
temperature and SWR) and the output port is
isolator protected. The amplifiers mount in a
standard 19” equipment rack.
REMEC Q-bit,
Palm Bay, FL (800) 226-1772.
Circle No. 236

8 Low Noise VHF Amplifier
The model 1035 LNA is designed to provide a

+18 dB gain at 100 MHz with a noise floor of
175 dBe/Hz at 10 kKHz. Standard supply volt-

age is +15 V DC with +12 V DC as an option.
The model 1035 is especially suited for instru-
mentation applications where noise is impor-
tant. Connectors are SMA female. Other fre-
quencies are available upon request. Price:
350. Delivery: 6 weeks (ARO)
Techtrol Cyclonetics Inc.,
New Cumberland, PA (717) 774-2746.
ircle No. 237

M RF Power Amplifier
The model A020 high performance 120 W RF
power amplifier covers the frequency range
™ from 290 to 320
MHz and 35 dB of
gain and high eff-
ciency. The ampli-
fier is also avail-
able as an AC full
amplifier system, Features include a
current limiting, forced-air cooling, curr
ter, over-current and thermal protection.
nectors are SMA female. The DC module fea-
tures 35 dB gain (typ), 55 percent efficiency, 28 V
DC power and 120 W CW (typ) output power:
Size: 4.8'x 20" x 1.0" Weight: 1 Ib,
LCF Enterprises,
Post Falls, ID (208) 457-0292.
Circle No. 234

W 35 dB, 2800 MHz
Low Noise Amplifier

The model PA-38 low noise amplifier (LNA)
operates at 2800 MHz center frequency (£100
MHz), but there are many other frequency
ranges also available. The amplifier has a m
mum gain of 35 dB and a maximum noise fig-
ure of only 1.5 dB. This LNA uses £15 V DC
power supplies. Size: 1.85" x 0.75" x 0.40"
Planar Monolithics Industries,
Frederick, MD (301) 662-4700.

Circle No. 235

ANTENNAS

B Adjustable Sector Antenna

The model MSP24013MB adjustable 2.4 GHz
sector panc] of
wireless data net-
works by provid-
ing technically su-
perior  perfor-
mance and a
field-adjustable,
multiple beam-
width  design
One of these
models can be
field adjusted to
cover horizontal
L nwidths of
45° 60° 90° or
120° with an
SWR of less than
L5 and outstand-
ing front-to-back
ratio  perfor-

12 LANCASTER COUNTY ROAD

+ Power Dividers

10 9001 CERTIFIED
Visit our web site at http://wuww.rec-usa.com to see our latest new products.

OTHER PRODUCTS

* Isolators/Circulators .

+ Transmitter Combiners

HARVARD, MA 01451 « 978/772-7774 TEL* 978/772-7775 FAX

Av: ble in Frequencies
Starting at 400 MHz

High Volume Production
Capacity

Can Be Delivered on Tape
and Reel

MMDS/WLL Tranceivers

+ Receiver Multicouplers




microwave-east

an ‘Emmuniwﬁons company

It’'s Narda to be precise.

in stock and

 you'll get our

stock answer:

g "Yes!

- It'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:

- the 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 guarantees
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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y designed

mance. This antenna was espe
for wireless broadband applications whe:
g of a geographical sector is necessary

cov-

MA;
Hanover Fnrk IL
(630) 372-6800.

5.65 to 5.95 fre
ques with
23.6 dBic of gain
and SWR of 2.0
The antenna has
an axial ration of
2.0dB and is designed for datalink applications
Seavey Engineering Associates Inc.,
Pembroke, MA (781) §29-4740.

Cirele No. 239

HARDWARE

B High Gain Mi ip A
model PCA18-56C/X low P
it, flat plane antenna operates over

ADVANCED

TECHNOLOGY
ROUP.

INC.

1506002
|ceaFiED)

u P ic BNC Crimper
CTB-1 pneumatic hex die benchtop crimp
nded for the installation of BNC

THE HIGHEST QUALITY
HYBRID AND
MICROELECTRONIC
PACKAGES AT
COMPETITIVE PRICES

ATG offers fast delivery, compeitive prcing and
consistently high quality. Our *Design Adopiation
Formulo’ gives us the abiliy fo work quickly and
eficienty 10 build fhe most cost effective part o
meet your specifications. Our streamiined
manufocturing and highly motivated people
aliow us fo keep costs down and quality high
by the continual monfforing of parts through
in-coming, in-process and final inspections.

AT Is your dedicated source for:

Hybrid Packages » Power Packages

» Microwave Packages » Fiber Optic Packages
 Dual In-line Headers « Sow Packages

« Unibody Packoges « T0-46, T0-5, T0-8 Headers

CALL US TO DISCUSS YOUR REQUIREMENTS.

101 Roundhill Drive * Rockaway, NJ 07866 Tel: 973-627-6955 Fax: 973-627-5980 Email: fmhanusatg@aol.com

coaxial connec-
tors. It consistent-
ly produces quali-
ty crimps while
speeding installa-
tion efficiency
m(] reducing

repetitive motion injurics The Tightweight and

fully portable crimper can be actuated by hand
or a foot pedal, and operates at 32 cycles per
minute. The CTB-1 meets MIL-C-2:
quirements for BNC crimp connectors. It r
qt‘um a regulated, filtered and lubricated

si air supply. Price: $2800 (includes the
foot activation switch and one die-set).
Trompeter Electronics,
Westlake Village, CA (800) 952-2629.

Circle No. 240

INTEGRATED
CIRCUIT

B GaAs MMIC Receiver
he model XR1000 GaAs MMIC re

eiver is on a

single chip and is a three stage low noise am-

< PR plifier followed by

i [ - IO an image reject
fundamental mixer
using Lange cou-

§ hlﬁa

v Phgan:

plers to improve
bandwidth. Using
0.15 micron gate
length GaAs
pHEMT device
technology, the re-
ceiver covers the
17 to 27 GHz
range. The receiv-
er has a small sig-
nal conversion gain of 10 dB (typ) with a noise
figure of 35 dB (typ) and 15 dB (typ) image re-
jection across the band. The XR1000 provides
equipment designers with a highly integrated
product to facilitate the design process and is well
suited for wireless communications applications
s millimeter-wave point-to-point radio,
LMD, SATCOM and VSAT applications
Mimix Broadband Inc.,

Webster, TX (281) 526-0536.

Circle No. 241

MATERIALS

B Vinyl-based Weatherproof
Coating for Foam
Microwave Absorbers
The low cost, \\\.athupmufumkmﬂ CERSEAL
coating is designed for the ECCOSORB® AN
and LS foam prodcts line. This new coating is
used in high humidity environments and helps
to prevent moisture uptake, which can drasti-
cally affect the performance of an unprotected
absorber. The vinyl-based coating is sprayed on
to seal unskinned polyurethane foams offering
excellent resistance to fluids, chemicals and p
troleum products. CERSEAL adds durability
to foam products and imparts abrasion as well
as puncture resistance.
Emerson & Cuming Microwave Products,
Randolph, MA (800) 650-5740
or (781) 961-9600.

Circle No. 242
‘ontinued on page 174]




DC TO 20GHz TERMINATION HAS

SMA MALE CONNECT(

Mini-Circuits ANNE-50 is a broad band E

DC to 20GHz precision termination
exhibiting return loss of 40dB typical up
10 4GHz and 20dB typical from 10 to
20GHz. This low cost, off-the-shelf 50 ohm
solution is capable of a broad range of
applications that might otherwise require a
more expensive custom design, including
cellular and satellite communications.
Power rating is 0.50W to 70°C ambient.
Actual test data available on the Mini-Circuits
web site at www.minicircuits.com.

2WAY “DO-IT-YOURSELF” SPLITTER
DELIVERS COST SAVINGS

The TCP-2-25 from Mini-Circuits needs
only a commercially available 475 ohm
external chip resistor, and a complete 200
to 2500MHz 2way-0° power splitter is
realized. Designed to lower costs through
automated manufacturing, this rugged 50
ohm spilitter typically exhibits 18dB isolation,
0.6dB insertion loss (above 3.0dB), and
0.8dB amplitude, 6 degrees phase unbalance.
The 50/75 ohm “do-it-yourself TCP famiy
contains 3 units for operation within the 5
to 25600MHz band.

[JMini-Circuits

AL family of nine different
MIC ampilifiers operating

K1-GALtontains 10 of ea. model for a total
of 90 units, a free assembled test fixture,
& complete specification and performance
data. Amplifier features include InGaP HBT
technology, miniature SOT-89 package,
low thermal resistance for high reliability,
and up to 18.2dBm (typ) output power.
IN STOCK.

DC TO 6000MHz FIXED ATTENUATOR
SERIES IS COST EFFECTIVE
Mini-Circuits VAT family is a very low
cost, wide band DC to 6000MHz fixed
attenuator series delivering nominal
attenuation from 1 to 10dB in 1dB steps,
plus 12,15 ,20, and 30dB. Equipped with
SMA Type Male/Female connectors, the
rugged unibody construction measures
only 1.42" long (.312" across hex flats)
and can handle 0.5 watt power (at 70°C
ambient). Ideal for impedance matching
and signal level adjustment applications.

10 TO 2000MHz LEVEL 7 MIXER IS
PRICE/PERFORMANCE VALUE

Mini-Circuits has introduced a very low
cost high performance frequency mixer
for the broad 10 to 2000MHz band.
Typically at midoand, the ADE-11X displays
low 7.1dB conversion loss, 9dBm IP3,
and excellent L-R/L-| isolation of 37dB
typical. This patented mixer is housed in a
low profile 0.112" SM package with solder
plated leads for excellent solderability
and has all-welded connections for
improved reliability. The low $1.99 price
includes a 2 year reliability guarantee.

1450 TO 1900MHz VCO

OPERATES FROM 5V SUPPLY
Mini-Circuits new ROS-1900V is a 1450
to 1900MHz voltage controlled oscillator
housed in a miniature 1/2"x1/2" aqueous
washable surface mount package. The
VCO offers linear tuning (tuning voltage is
0.5-20V) with low -104dBc/Hz SSB phase
noise typical at 10kHz offset, 8dBm typical
power output, and operates from a 5V
(nominal) supply. Ideal for integration with
monolithic PLL chips and commercial
synthesizers. Available off-the-shelf.

o
P.O. Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access (0 product information see MINI-CIRCUITS cAmoe &WEB SITE

W' The Design Engineers Search Enaine Provides ACTUAL Data instany From MINICIRCUITS At wwmi

ircuits.com



http://www.minicircuits.com

A
NEW
PRODUCTS

B Dielectric Materials

‘The MICROLAM family of dielectric materi-
als are built upon expanded PTF
that are impregnated with various filled res
to meet different application requirements
The MICROLAM 200 dielectric material is
engineered with an extremely low loss tangent
(0.0036 through 10 GHz), making it an ideal
material for high frequency, laser HDI printed
wiring boards or RF module applications
MICROLAM 400 is isotropically matched to
copper, allowing fabrication of reliable, fine-
pitch chip package substrates. MICROLAM
600 is ideal for use in build-up layers due to its
outstanding reliability, increased laser drilling
spmuls and excellent microvia hole quality
Gore & Associates Inc.,

Z\ewark, DE (800) 445-4673.

SOURCES

B Low Cost SMD VCXO

‘The SMD 1605 series of oscillators covers a

frequency range of 1.0 to 66.0 MI1z with a fre-

quency and tem-

perature stability

of £50 ppm (max)

over a tempera-

ture range of 0°

to +70°C. Two

ranges of pullabil-

ity are offered as

well, 50 ppm

with a control

voltage of 1.65 V DC £1/5 V DC and supply

voltage of 3.3 V DC and £100 ppm with a con-

trol voltage of 25 V DC £2,0 V DC and a sup-

ply voltage of 5.0 V DC. The package height

makes this oscillator ideal for ultra small pe-

ripheral application where low cost is also im-

portant. Automated mounting by pick and

place machines us well as re-flow soldering are

accommodated. Siz Price: $2.50
each (10,000). Delives hln‘jweek;(&l(())
ILST America, Reno, NV (888) 355-4574.

Circle No. 232

B Cavity-stabilized
Millimeter-wave Oscillators

The CIDO se of cavity-stabilized millime-
ter-wave oscillators produce fine spectrum res-
olution and low
phase noise with
high output pow-
er and frequency
stability.  The
models are avail-
able in waveguide
bands from 26 to
150 GHz. The solid-state, IMPATT-based de-
sign combines the extended frequency range
and output power of IMPATT technology with
the stability and phase noise characteristics as-
saciated with cavity-stabilized Gunn sources.
The CIDO configuration consists of a wave-
gmdc cavity IMPATT oscillator coupled to a
high Q. high order mode cylindrical Invar cavi-
ty. A low pass EML filter and current stabilizer
are included for trouble-free operation and an
isolator is integrated into the output. The mod-

174

els are supplied mounted on a finned heatsink
nd can maintain their operating frequen
hin a few megahertz over the 50° to +80°C
temperature range.
Gilland Electronics Inc.,
Los Gatos, CA (800) 480-3391.

Circle No. 246

B Compact TCXO

The F 07 seri Os matches the
smaller sized, industry standard footprint re-
quired for portable
and ireless
equipment. The
oscillators are ideal
for SMD applica-
tions with tight
space constraints.
These oscillators
7e the industry’s standard pinout config
tion and require a 3.0 V' power supply: They have
a frequency range of 125 to 20.0 MHz and fre-
quency stability is +2. ppm over the operating
temperature range of -30° to +85°C. Storage
temperature range is —0° to +85°C. The TCXOs
have a current drain of less than 2 mA, and
ture a low phase noise of less than ~140 dBo/Hz
at 100 kHz. Size: 7 x 5 mm. Price: 1000). De-
livery: stock.
Fox Electronics.
Fort Myers, FL 1888) 438-2369.
Circle No. 245

B VCO Modules
These four new VCO modules are targeted at
the high growth, dual-band tri-mode CDMA/
PCS cellular handset industry. The model
ATXN1032A and model KXN1458A small, low
cost, dual-band oscillators are designed for
both low current drain to extend battery life,
and industry-leading phase noise performance
for improved call handling. The model
ATXN1013A is a small dual-band VCO/PLL
module designed to minimize phase noise and
reduce lock times to less than 1 ms for im-
proved data transmission integrity. Model
ATXNI014A is a small dual-band synthesizer
module that provides performance advantages
similar to the ATXN1013A, but by inchuding
the company’s TCXO tochnology, i further re-
duces cellular handset size, component count
and total cost.
CTS Corp., Elkhart, IN (630) 924-3525.
Circle No. 244

B 200 MHz VCXO

The model VC-8000 voltage controlled crystal
oscillator (VCXO) uses an inverted-mesa
5 & quartz crystal to
ombine higher
frequency, lower
noise, increased
stability, wider
pullability range
and faster on/ofl
times than is pos-
sible with an ordi-
nary quartz crystal. The VCXO works as a sig-
nalenhancing filter for a synchronous commu-
nication systems that imbed their own content
data, clock and error correction data. The wnit
acts like a high Q filter, re-ger Vlr‘m(mg the in-
coming signal “from scratch.” The units nar-
row bandwidth does not allow noise, jitter or
other perturbations to get through, resulting in
a newly re-generated signal, free of noise. The
VC-8000 provides a voltage controlled output
frequency up to 200 MHz with < 1 picosecond

d an overall frequency stability of £30
are available at any desired output
y ) MHz, but specifying
popular frequencies has a favorable effect on
price and delivery. Price: $39 to $49 (10,000)
Delivery: 8 to 10 weeks (ARO).

Raltron Electronics Corp.,

Miami, FL (305) 593-6033.

Circle No. 248

B Programmable Oscillators
The PrO™ $8002C series of surface-mount
programmable oscillators features one of the
industry’s widest range of frequencies (1 to
MH2) and operating voltages (3.0, 3.3 and 5.0
V). The oscillators are designed to better serve
the needs of electronics OEMs and can be pro-
grammed by local distributors to meet the im-
mediate needs of design engineers in a matter
of 24 to 48 hours. Operating at 3.0 and 3.3 V
the series keeps period jitter to noise-free level
of 50 ps (max) 33 to 90 MHz, 100 ps (max)
33 MHz and 167 ps (max) 1 to 5 MHz.
programmable S8002C offers precise rise and
fall times, tight symmetry and frequency stabil-
ity (25, +50 or +100 ppm over all conditions)
approaching that of conventional oscillators.
SaRonix, Menlo Park, CA (650) 470-7700.
Circle No. 249

These two ultra miniature surface-mount
TCXOs comprise outstanding stability perfor-
mance and excellent shock and vibration per-
formance to optimize the performance and
quality of all wireless products. These products
are available with £1 ppm frequency stability,
frequency range from 10 to 26 M11z screened
for perturbations and excellent temperature
stability performance for low cost. Wireless ap-
plications include Bluetooth, 3G, GPRS and
EDGE cellular phones, wireless modems, two
way pages, microwave wireless, GPS and many
wireless apphcauons The oscillators have foot-
prints of 7% 5 mm and 5 x 3 mm,
Rakon Lt
Auckland, New Zealand +649 573 5554
Circle No. 247

®m vco

The model CLVI540E voltage controlled oscil-
lator (VCO) is designed for the microwave ra-
dio market
device utilize:
patented desig
techniques to d
liver omdgualled
SSB phase noise
performance to-
gether with supe-
rior harmonic
suppression. It
generates frequencies between 1520 to 1565
Mz within 0.5 to 4.5 V DC of control voltage
with an average tuning sensitivity of 23 MHz/V.
The VCO exhibits a remarkably clean spectral
signal of ~110 dBe/Hz (typ), at 10 kHz from
the carrier while attenuating the second
monic to better than ~20 dBc. The CLVI540E
operates off a 5 V DC source while drawing
4 mA (typ) and is designed for the tough-
est outdoor applications as it is specified to op-
erate over the commercial temperature range
of 40° to +55 re: 050" % 0.50"  (
Z-Communications Inc.,
San Diego, CA (858) 621-2700.
Circle No. 250
[Continued on page 176]
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BIVIiA. BMzZ.
Connectors & cnmnnnenls

Features

s Offers the advantage of slide-on mating while
providing superior microwave performance
¢ Unique spring-loading mechanism allows for

axial and radial misalignment
e Increased package densities
¢ Quick connect/disconnect
 Lower applied cost
 First QPL source for Mil PRF-31031

Configurations

¢ Semi-rigid and flexible cable connectors

¢ Hermetic versions and adapters

¢ Fixed and floating versions 7

e Low profile

 High power

» Stripline and microstrip
launchers

* Adapter

¢ Terminations

Typical Applications

* Radars and sensors

¢ Integrated avionics

* Missile systems

* Navigation systems

¢ Automated test equipment
* Satellite communication

¢ Wireless/broadcast

N MICROWAW

RF Connectors & Components

3301 Electronics Way, West Palm Beach, Florida 33407
Phone: 561-840-1800 ¢ FAX: 561-842-6277 Mail: sales@svmicro. com
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VISIT OUR WEBSITE AT WWW.MICSEARCH.COM

‘“ M I c R COMMUNICATIONS

EXECUTIVE SEARCH
We specialize 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: Tel: (978) 685-2272 » Fax: (978) 794-JOBS

The T gerics of low cost: Sitace At ht'que cy synthesizers is ¢
tom designed for broadband miser LO applications. This product fea-
tures fixed frequency or programmable
outputs in bands from 50 to 2700 MHz,
with up to octave bandwidths. At 1 GHz
frequency output, phase noise characteris-
tics are ~98 dBc/Hz at 10 kHz offset and
120 dBe/Hz at 100 kHz offset. Packaged
in 0.75" square surface-mount housing, the
LX series is ideally suited for use in broad-
band wireless communications systems.
EM Research Inc.,
Citrus Hm-rhln, CA {916) 722-4266.

Circle No. 253

SUBSYSTEMS

B Vector Modulators

The VM series of eight-chip, PGA packaged vector modulators can be
casily integrated in- to b..u-q.nmn MCPA applications to increase band-
width efficiency and support high speed
data transmission for 2.5 G 3 stems. The
vector modulator offers mof of phase con-
trol and a large linear amplitude adjust-
ment range. With the new VM multi-chip
module platform, mixed technologies can
be integrated in the same package to pro-
duce high performance products that cover
MA. Typical performance characteristics include

AMPS through W-

MOTIVATED, HIGH TECH PROFESSIONALS
A dynamic, rapidly growing start-up company, Mimix
Broadband, is now interviewing for the following
opportunities:

X Regional Sales Manager (7+ years)
Successful candidate will have extensive experience building
sales territories, managing sales reps and a proven track
record for producing revenue growth. Relevant experience in
the RF/Microwave components industry is required.

X Senior RF Design Engineer (8+ years)
Investigation, design and development of MMIC-based
microwave circuits and modules used in the promotion and
application of the company's line of MMIC components,

% RF Engineer (3+ years)

Knowledge of or experience with RF/Microwave integrated
circuits o 40 GHz using micro-strip techniques. Experience
with power amplifiers, low noise down converters, filters,
couplers and hybrids. Ability to use computer aids such as
HP ADS, Microwave Office, Protel, or MathCad.

We offer a competitive salary and comprehensive
benefits package. For consideration, please email
resumes to srehm@mimixbroadband.com.

Mimix Broadband is an Equal Opportunity Employer.

Mimi

BROADBAND
520 W. NASA Road One, Webster, TX 77598



mailto:srehm@mimixbroadband.com

< 15 dB insertion loss, 10 dB of phase stable
amplitude adjustment range and > 40 dB of
maximum attenuation
Alpha Industries,
Woburn, MA (871) 935-5150.

Circle No. 251

B Millimeter-wave Tuner
The model C$-5106 tuner is  cost-eflective,
high performance solution for receiving signals
in millimeter-wave frequency bands. It fea-
ssemblies that allow
the user to simply externally remove and re-
place front-end modules in the field. Modules
are available for any 3 or 6 GH7 segment in the
18 to 40 GHz frequency range. The tuner has a
tuning resolution of 10 kHz with IF outputs at
either 140 MHz or 70 MHz center frequency.
An FM demodulated video output is available
as an option if desired. The CS-5106C can also
be supplied with front panel control or with a
computer GUI for RS-232 control. Both AC
and DC input power versions are available.
Communications Solutions Inc.,
Baltimore, MD (410) 344-9000.
Circle No. 252

B RGB Video Matrix

The model 12055 video matrix features a fre-
range from DC to 120 MHz with RS-

C and IEE interfaces. The unit is
non-blocking and full fanout with front panel
keypad control and LCD display. It recalls 40
configurations and offers crosspoint v
tion. The 12055 is ideal for switching RGB
video from any of eight workstations to up to
cight combinations of monitors and printers.
Size: 5.0" x l‘)()‘ x25.0"
Matrix Syster
Calabasas, CA (818) 222-2301.

Circle No. 262

TEST EQUIPMENT

B Carrier to Noise Generator

= &

The CNG sets t-\umm‘[\ accurate C/N rations
between the users signal and internally generat-
ed Gaussian noise. The product is offered in
models for 70/140 MHz, CATV and a Imquem‘\
agile version covering 1 to 6 GHz, and is conpat-
ible with ll modlation forma

spectrums, A propr
trolled solid-state attenuator desi !
provides 0015 dB resolution. Output power can
be set between 0 and ~110 dBm. The instrument
is available with 1 or 2 channels and is control

lable via GPIB and a user-friendly front panel

The chassis is 19" rack mountable 3U height.

dBm LLC, Wayne, NJ (973) 709-0020.
Circle No. 256

B Handheld Battery Operated
Spectrum Analyzer

The model 401A Personal Spectrum Analyz-
er™ covers 1 to 1024 MHz and is intended for
both bench top and field use. It is ideal for the
measurement of harmonic and spurious emis-
sions, identification of unknown or unwanted
signals, signal monitoring, field strength mea-
surements and EMC pre-compliance testing.
The unit makes EMC pre-compliance testi
simple and straightforward. The 401A can
monitor emissions from the very begimning of
the design process, because the spec line is
right on the screen. If an unwanted emission is
at or above the Iine, the designer knows he ha
an issue to investigate immediately. The spec
mnn analyzer has a sensitivity of -95 dBm.

Three frequency markers are available for sig-
nal identification. Tncluded with the spectrum
analyzer is the model P101A active e-field
probe for troubleshoating and EMC meastire-
ments. Price: $2995. Delivery: stock.
Bantam Instruments,
Sunnyrale, CA (510) 610-2633.

Circle No. 255

M Internet-ready Satcom
Spectrum Analyzer

The model P9116 Satcom spectrum analyzer op-
erates remotely from any location via Internet,
LAN or modem. It includes a virtual spectrum
analyzer front panel that lets you view and con-
trol your spectrum displ

third party software or hardware required. The
P9116 is a full-features spectrum analyzer that
covers the 100 kllz to 1.6 GHz frequency range.
The instrument’s rugged industrial chassis in-
cludes a complete Pentium PC and Windows
NT operating system. ‘The unit has outstanding,
accuracy repeatability and speed.
Morrow Tethywloglea Corp. (MTC),
Largo, FL (727) 531-4000.

Circle No. 258

W RF Digitizer

The model 2319E RF digitizer for 2G, 25G and
3G digital cellular testing is ideal for conversion
of broadband radio frequency signals into high

quality, digitized data for external processing in a
personal computer. When combined with an op-
tioual high power digital signal processing card
and company software, the 2319E can be used as
a substitute basestation receiver during carly re-
search and development phases of new mobile
phones. The unit is a benchtop or rack-mounted
instrment and operates across a wide frequency
range and provides a generous 20 MHz digitiza
tion bandwidth sufficient to capture four UMTS
radio channels. The instrument provides high
quality conversion of complex modulated RF sig-
mals into digitized data. The choice of output in-
terface is determined by the bandwidth requirc
ments of the application, selected from low,
medium or high speed options. The 2319 fea-
tures a 500 MHz to 2.5 GHz frequency range.
W input power handling, 12 bit ADC resolution,
phase noise of ~121 dBe/Hz and sensitivity of
~153 dBm/Hz. Price: $31,351.

IFR Systems Inc.,
Wichita, KS (800) 5:

-2352

Circle No. 257

B FCC Spurious
and Harmonic Test Kit

This spurious and harmonic test kit is designed
for use with popular spectrum analyzers. Each
ains four
mixers providing
continuing cover-
age from 40 to
0 GHz. Each
mixer is equipped
with an appropri-
ate horn antenna
" for accomplishing
the FCC desired radiated spurious level mea-
surement.
Oleson Microwave Labs,
Morgan Hill, CA (408) 779-2695.
Circle No. 259

B EMI Test Receiver
with Spectrum Analysis

“The EPSI EMI test receiver with spectrum ana-
Iyzer functionality combines the precision of a
test receiver and the high speed of a spectrum
analyzer in a single unit. Tt allows precompliance
and diagnostic measurements to be carried out
fast and precisely in development to ensure that
products are developed in Line with EMC stan-
dards. The two models available operate in the
frequency range from 9 kllz to 3 Gllzor up to 7
Gz and are designed for commercial standards

In addition to manu
allows semi-antomatic and fully

ntomatic EMI
measurements with the aid of predefined tables
and EMI software, Spectrum analyzer functions
can be called at a keystroke.

Rohde & Schwarz GmbH & Co. K,
Munich, Germany +49 89 4129-13
Circle No. 260

[Continued on page 17]
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* COAXIAL Surge
Suppressors for PCS,
GPS, RF equipment

* AC Protector UL 1449

* TI/E Protection

 SURGE ARRESTER
GAS TUBES
> Voltage from 75 V.
103000 V
> Available in Surface
Mount

CIRCLE 21

FILTERS AND DIPLEXERS

UP TO 40 GHz
High Performunce High Quality

s
FILTEL MICROWAVE INC.
wam &uhoc. Canada, J7VSVS
455-6082/FAX:

SSPA RADIO LINK

TWT REPLACEMENT KITS

1007 Whitehead Road Ext. Trenton, NJ 08638
Tel: 609-538-8586 - Fax: 609-538-8587
Email: sales@ssbiech. com

Visit us on the Web: waw.ssb

WVMIICIRO- DS |

SPECIALISTS IN
CUSTOM DESIGNED
SATELLITE SWITCHES

SPACE WAVEGUIDE SWITCHES

SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Blud,, Deer Park, New York 11729

(631) 242-2300 + FAX: (631) 242-8158 » Telex: 673-2151
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HI-THERM'™
ALUMINUM NITRIDE
Literature details
Carborundum Hi-Therm™
Aluminum Nitride high
performance ceramic
substrates and components
for advanced thermal
management applications
such as microelectronic
packages and
semiconductor silicon
wafer processing. Provides information on Hi-
Therm™ Aluminum Nitride’s excellent thermal
conductivity and electrical properties. Hi-Therm™
ceramics have thermal conductivities cight times
higher than alumina and approaching beryllia at
r temperatures.

Contact:

Saint-Gobain Advanced Ceramics Corp.

Microelectronics Group
2050 Cory Road
Sanborn, NY 14132
716-731-9200
www.carbo.com
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NEW
PRODUCTS
B Basestation Field Tool

The NetTek™ compact, modular basestation
field tool is designed to simplify routine ficld
installation and
maintenance mea-
surement tasks in
wireless networks.
It enables installa-
tion and mainte-
nance technicians
to quickly and reli-
ably verify basestation functionality, even under
adverse field conditions. The NetTek basestation
field tool consists of a multi-standard measure-
ment module, the YBT250. It addresses GSM,
15-136 and CDMAOne standards and performs
the most common diagnostic tests needed for on-
site basestation transmitter verification. Price:
$12,495. Delivery: 10 weeks.
Tektronix Inc.,
Beaverton, OR (800) 426-2200.
Circle No. 261

DynamicWave Telecom, In

| Traveling Wave Tube |
| Traveling Wave Tube Amplifier

Ka Band 26.5 GHz - 40.0 GHz

| Other modeis available are L Band hrough KBand.
| Theseare a continued high performance,
qualty, and fiel-tested models. ‘

1962 West Corporate Way
‘ Anaheim, California 92801
Tel: 714-502-0100 Fax: 714-502-6910
E-mail: sales@dynamicwave.com
Web-site: www.dynamicwave.com
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Personal
Probe
Station

Very Low Cost
High Function

e oace sation

A Probe Station On Every Bench
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B Buugroor™ CD-ROM

This Bluetooth Solutions CD-ROM provides
valuable technology literature, application notes
and product information to engineers develop-
ing and manufacturing ICs, modules and host
devices incorporating the Bluetooth technology
Agilent Technologies,
Berkshire, UK +44 (0) 1189 276 524.
Circle No. 200

B New ProDUCTS AND TECHNOLOGIES
CaTALOG

This “What's New at AVX for 2001” catalog of-
fers valuable information on this year's new
products and technologics. The catalog high-
lights information on the company’s products,
including capacitors, capacitor arrays, filters
thin film devices, ferrites, timing devices, con-
nectors dHLl circuit protection devices
AVX Cq
Myrile Bem‘h SC (843) 946-0414.

Circle No. 201

B GAAs SEMICONDUCTOR COMPONENT
CatALOG

‘This 10-page catalog features the companys line
of GaAs semiconductor products for broadband
ss and fiber-optic communications. True:
Triangle™ power amplificr modules and Wide-
Fiber™ driver amplifiers are detaled. Product
outline drawings, photographs, specifications,
features and applications are provided
Celeritek,
Santa Clara, CA (408) 986-5060.
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wire

B MICROWAVE SYNTHESIZER LITERATURE
This datasheet and brochure detail the low cost
model 12000A microwave synthesizer. The
datasheet provides detailed product specifica-
tions while the brochure covers the synthesizer’s
advanced digital architecture, frequency switch-
ing speed, frequency ramp sweep technique,
modulation capabilities and reliability figures.
Ciga-tronics Inc.
San Ramon, CA (925) 325-4650.
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W New Propuct CATALOG
This product catalog addresses technical specifi-
cations, design details, custom products and de-
signer kits for the company's four major cate-
gories of inductors including surface-mount RF
inductors, surface-mount power inductors, lead-
ing RF inductors and leaded power inductors.
Gowanda Electronics.
Gowanda, NY (716) 532-2234.

Circle No. 204

W Data SHEET
This two-page data sheet features coaxial res-
onators made with modern, high performance
ceramic dielectric materials. The coaxial TEM
resonators are an ideal choice when cost, size
and stability are important. Applications in-
clude dielectric resonating oscillators, VCOs,
llular and wireless communications,
pass/bandstop filters

Integrated Microwave
San Diego, CA (858) 25

600.
Circle No. 205

NEW LITERATURE

B Probuct CatALOG

This latest edition of the company’s Catalog 119
offers thousands of new products, more brand
name manufacturers than ever and uniquie new
customer services. The newly expanded product
section in the catalog showcases 16,000 new
products and 25 new manufacturers. In all, t
company stocks 150,000+ products from more
than 300 quality » turers.
Newark Electronics,
Chicago, TL (800) 463-9275.
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B SpeciALTY MATERIALS CATALOG

“This 16-page catalog details the companys line
of specialty materials such as urethane foams,
clectroluminescent lamps and inverters, indu-
flex laminates, PORON silicone materials,
R/flex flexible circuit materials, RT/duroid and
TMM high frequency circuit materials, RO4000

components and composite materials,
Rogers Corp., Rogers, CT (800) 774-9605.
Circle No. 207

B RF/Microwave Propucts CATALOG

This age catalog details the RF and mi-
crowave product line including low loss flexible
cable assemblies through 50 GHz, high stability
flexible assemblies, VNA cable assemblies, quick-
connecting test adapters, solid PTFE se
assemblies and RF coxial cable assemblies.
Storm Products-Microwave,
Hinsdale, IL (630) 323-9121.

cle No. 208

B HiGH PERFORMANCE CABLE
AND INTERCONNECT SYSTEMS CATALOG

This 10-page catalog features the company's
Ligh density cable assemblies, RF/microwave
assemblies and connectors, precision coaxial
and multi-connector hamesses and asscmblies,
and high performance wire and cable. Product
photographs, descriptions, applications and
features are provided
Tensolite, a Carlisle company,
Andover, MA (800) 362-3539.
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W TecHNICAL BULLETINS
“This series of custom air flter pm(lun( mhnm
bulletins are intended for EOM desi
can use the technical data when mnm erin,
thermal management options in electronics ‘\ml
industrial equipment. The five bulletin s
features air filter modules used in air cooling of
electronics Ap]\hu\‘mm dual EMI honeycomb,
].n\mn 1, polyfold, quadrafoam and uni-foun.
Universal Air Filter Co.,
vauget 1L (618) 271-7300.
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W Low Noise RF MobuLes
‘This 11-page catalog features Blue Tops™ RF
modules, including amplifiers, frequency mu
tipliers and dividers. Product descripti
photographs, features, line drawings, specific
tions and schematics are provided
Wenzel Associates Inc.,
Austin, TX (512) 450-1400.
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B Modulation and Coding
for Wireless Communications

Alistair Burr

Prentice Hall/Pearson Education
352 pages; $79

ISBN: 0-201-39857-5

ireless communications have become one of the

most rapidly growing industries in the world. This
book is concerned with the principles of modulation and
coding as they apply to wireless systems and with actual
modulation and coding schemes found in modern wireless
systems. Here, the term coding refers to error control
coding and in particular to forward error correcting cod-
ing. Other very important
types of code, such as
speech/video coding and
cryptography are outside of
its scope.

It was developed from
notes used by the author to
teach several university
courses. It is essentially a
textbook addressed to senior
undergraduates and master’s
candidates. It will be also
useful to practicing commu-

wce ? nications engineers to pro-
vide access to more advanced topics in this area and give
practical guidance in developing and applying the
schemes described. Each chapter, in addition to a full de-
scription of the subject concerned, offers several exam-
ples, a set of problems to check the reader’s understand-
ing and an extensive bibliography.

The book is divided in two streams. The first one con-
sists of three chapters on advanced modulation tech-
niques: principles of linear modulation, modulation for
nonlinear systems and modem design. The other one cov-
ers forward error correction coding for another three
chapters: principles of FEC wdmg cyclic block codes
and convolutional codes. A discussion of coded modula-
tion techniques follows and a chapter is devoted to modu-
lation and coding on multipath channels.

While modulation and coding are often the subject of
heavy mathematical developments, the author has kept
the mathematical content of the book to a minimum and
makes use of graphical and verbal explanations to illus-
trate the concepts.

Modulation and coding in wireless systems is a rapidly
evolving field and it is often difficult to keep up with ad-
vanced techniques. The book is complemented by a com-
panion Web site hosted by Pearson Education at
www.booksites.net/burr which will include a variety of
materials to supplement the book.

To order this book, contact: Prentice Hall, PO Box
11073, Des Moines, IA 50336 (800) 947-7700.

THE BOOK END

B Radar Systems Performance Modeling

G. Richard Curry
Artech House Inc.
336 pages; $99, £68
ISBN: 1-58053-095-8

his book addresses the need of system analysts for

radar models. It provides and explains equations, com-
putational methods and data for modeling radar perfor-
mance at the system level, and provides insight on how to
use the models in system analysis. The radar models de-
scribed can be used by system analysts to evaluate systems
that include radars, and by modelers and programmers in-
volved in simulating the performance of radars in systems.

The book is aimed at engineers and mathematicians
who are not radar specialists. While a general engincering
and mathematical background is assumed, no specialized
radar engineering or advanced mathematics are required.
In developing and describing the models, the book gives
the reader a basic understanding of radar principles. This
provides useful background for analysts and program-
mers, and it can also serve as a reference for radar engi-
neers. Most of the models in this book can be found in or
derived from materials in
standard radar texts. The
radar material needed by
system modelers is collected
and presented in a concise
format with guidance for us- @
ing it in system analysis. A
comprehensive bibliography
is provided in each chapter
for those interested in more details on any toplL

The book opens with a brief overview of radar opera-
tion and applications, followed by a discussion of func-
tional radar models and their software representations.
Chapters 2, 3 and 4 discuss radar configurations, radar pa-
rameters and radar waveform characteristics. The radar
equation, detection, search modes and measurements are
the subjects of chapters 5 to 8. Environment and mitiga-
tion techniques are covered in chapter 9, while chapter 10
radar countermeasures and counter-counter-

are given in chapter 11.

The custom software functions described in the book
and supporting material are provided on a computer disk.
The disk contains three files: the radar functions de-
scribed in the book, an Excel file which contains an exam-
ple of each of the custom radar functions and an Excel file
which contains the spreadsheet analysis solutions to the
example problems.

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 (o)zo 7596-8750.

Dan Massé
Dan Massé is a member of the Microwave Journal staff.
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High-Performance
IF / RF | Microwave Solutions

Control Products / Amplikfie‘ri/‘ Super Components

/ Contract Manufactﬁring

Our superior quality products
are integrated into virtually
every major radar, navigation,
communications, avionics, &

satellite system in the world,

 Please contact us with your

Now offering Contract Manufacturing on our military hybrid

d dis of-the-art production lines. Simple or complex
assemblies, we will optimize your designs for superior value in
performance and reliability.

Providing- .
Superior Quality and Perf
Custom and Standard Prog ¢

DAICO Industries, Inc.

1070 Eass 233rd Street ey
Carson, CA 90745 USA www.aaico.com
tel: 310.507.3242
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So nothing
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you and your
measurements.

... Agilent Technologies
Innovating the HP Way

Channel Partner
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RF and Microwave Probes

The probe you buy is only as reliable as the company that stands behind ic.
Cascade Microtech is not just the world's largest manufacturer of
probes; we also produce probe stations, probe cards, accessories, and
software used in analytical testing and R&D characterization of
semiconductor devices on-wafer.
All of our probes have one thing in common, our no-compromise
Air Coplanar™ probe technology. This innovation plus our years of
extensive probing experience and superior manufacturing techniques,
the first time...every time. What's

you accurate
more, our probes are available in the industry's most comprehensive range
of tip configurations and mounting styles to fit your needs.

Most important, when you need answers, Cascade Microtech is
there for you with leading-edge solutions to your tough probing challenges
and the superior application support you just can't get from a probes-only
discounter.

Find out more at www.cascademicrotech.com.

Or call 503-601-1000 or 1-800-550-3279 (USA & Canada).

Japan: 03-5478-6100. Europe: +44 1295-812828.

CASCADE
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Innovating Test
Technologies
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