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market, the pressure increases to keep ahead of pace. Now, perhaps 

more than ever. choosing the right peopie to collabo.ate with is 

critica!. Consider someone who knows where the wireless world is 

heading. Agilem. We've been heavily invofved with the Standards 

boards since day one. And we're committed to giving you insight 

from which to base your design and manufacturing processes that's 

as sophisticated as your new iechnology. And Solutions that work 

together across disciplines. With worldwide support and expertise 

wherever your teams need it. Suddenly, those market Windows 

t seem quite so small. 0 r ':’ 8 fn S  m ä u 6  fö S *.



Picoprobe elevates probe cards to a higher level...
(...1 1 0  GHz to be exact.)

GGB INDUSTRIES, INC. • P.0. BOX 10958 • NAPLES, FL 34101
Telephone (941) 643-4400 • Fax (941)643-4403 • E-maHemail@ggb.com • www.picoprobe.com

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

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

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

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

For technical as- 
sistance, custom  
product designs, or 
o f  f  - 1 h c - s h e 1 f  
delivery, call GGB 
Industries, Ine., at 
(941) 643-4400.

Not only do you get all the attractive 
features mentioned. bul 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.

lOGIlz 20GHz 40GHz 
0.6 dB 0.8 dB 1.3 dB 
22 dB 18 dB 15 dB

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


▼ Includes 9 different amplifiers, 10 of each model, 
specification and performance data...plus a FREE TEST FIXTURE!

Open this “K1 -GAL” Designer’s Kit trom 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 speo sheet induding 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 al! about!

Designer Is Kit 
for MMIC Amplifiers

DCto8GHz J999i

. Box 350166, Brooklyn, N
4 f e £ T  n,9D«

□  Mini-Circuits
i York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information! 
n Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS Al: tvww
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IVWHC Ampiifiers

DCtö8GHZ f r o m 9 9
0

lower thermal resistance 
better gain flatness 

wide choice of gain 
high IP3 

high reliability*
2 year guarantee* 

in stock!
TYPtCAL SPECIRCATIONS AT 25°C:

M«a w  o . Ä  ™ ir  « b  H  s s s  E
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Designer’s Amplifier Kit K1-GAL: includes test board and Wofeach model 

GAL-1-2. -3. -4.-5, -6.-21, -33,-51 (90 pieces). Price only $99.95.
ining what VALUE is all about!

C^Mini-Circuits „■
y h * 'é  The Desi9n Engineers Search Engine Provides ACTUAL Data Instantly From
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The

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

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.



Now you can obtain spectacular wideband IP3 performance at a value price with 
Mhi-Qrcuits team of MBA, ADE, and SYM mixers. Optimized to deliver the highest IP3 
for a given LO drive, these affordable surface mount mixers range from 32dBm IP3 
fbr +17dBm LO power...to 15dBm IP3 for LO down to +4dBm In terms of E Factor 
(IP3 Figure Of Merit), these mixers go as high as 1.5 providing superior 
intermodulation suppression from 5 to 5900MHz while at the same time 
achieving low conversion loss and high isolation. You’II also be pleased to know 
the Blue Cell™ MBA model covers your higher frequency ■ 
designs with superb temperature stability, high I  
repeatability, and ultra-thin 0.070” profile. Now, high IP3, |  
higher performance, and value pricing have merged. j 
The result is Mini-Circuits wideband high IP31 
mixers...the clear choice!
Mini-Circuits...we’re redefining what VALUE is all about!

+4 to +17dBm L0
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□  Mini-Circuits
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information s< 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.mi
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Unique.

RF Systems
JFW understands that everyone's RF testing 
requirements are unique, Through the 
Integration of attenuators, switches, matrix 
switches, power dividers, couplers, isolators 
and filter JFW can provide tumkey Solutions to 
complicated RF Problems. Applications range 
from cell System fading emulation and cellular 
traffic Simulation to automated switching and 
testing. For more Information, please visit the 
RF Test System and Matrix Switch sections of 
our web sit at
www.lfwindustries.com/svstem.html or 
www.ifwindustrles.com/matrix.html.

Models are available with the 
following features:

• Frequency ranges from DC to 5 GHz

• Electro-mechanical and Solid-state Systems
• Blocking and Non-Blocking switching Systems

• Latching or non-latching designs
• Control interfaces to suit your software 

(GPIB, RS232, TTL, Parallel)
• Custom endosures, connectors, mounting 

configurations
• Expandable designs
• Remote and front-panel Controls

• Various attenuation ranges and step sizes
• 50 and 75 ohm versions

• CE approved

JFW
Specialists

Industries, Ine.
in Attenuation and RF Switching

T el  (317) 887-1340 Toll Free 1 (877) 887-4539 
Fax (317) 881-6790

5134 Commerce Square Dr. • Indianapolis, Indiana 46237
Internet- http://www.jfwindustries.com 
E-mail- sales@jfwindustries.com 
ISO 9001 Certified

http://www.lfwindustries.com/svstem.html
http://www.ifwindustrles.com/matrix.html
http://www.jfwindustries.com
mailto:sales@jfwindustries.com
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The M A U R Y  Product Line
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Coaxial and Waveguide Components, 
Adapters and Connectors
• Over 80 different combinations of in-series and 

between-series coaxial adapters
• Waveguide-to-coaxial adapters in all common coaxial 

connectors, in sizes from WR430 to WR10
• Coaxial connector gage kits for checking pin 

location and depth prior to mating
• Precision measurement components including

-  sliding and fixed terminations
-  s h o rt c irc u its
-  precision mismatches
-  tw o -p o r t  S tanda rds and m uch , m uch  m o re

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 compatible system software 

for accurate, de-embedded measurement of power 
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 highly 
accurate measurements and noise calibration

Call today for a copy of our catalogi

C o n ta c t o u r S a le s  S ta ff  fo r  M o re  In fo rm a tio n !
Tel: (909) 987-4715 • Fax: (909) 987-1112 • Email: maury@maurymw.com

M A U R Y  M IC R O W A V E
c ^ O f R F ^ O F ^ A - r i o r s j

2900 Inland Empire Blvd., Ontario, CA 91764, USA

Visit our homepage on the World Wide Web at:

h ttp  ://w w w . m aurym  w. com
_____________ no n  F nu pranFR sfrvut ra»n_____________

Go to www.mwrf.com and 
click on the Free Advertiser 

Information icon.

mailto:maury@maurymw.com
http://www.mwrf.com
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Richard Mumford, Microwave Journal European Editor 
In-depth review of current European activity, worldwide expansion and 
globaÜy competing technologies within the field of short range wireless 
Systems
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Presentation of a simple and accurate neural architecture to facilitate the 
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amplifier ICs for wireless handset applications

T U T O R I A L

114 O n th e  D irect C onversion  R eceiver — A Tutorial
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A detailed look at the characteristics of the direct conversion receiver

0N THE COVER

A new series o f low eost, high 
quality directional couplers is 
featured on this months cover

C over a r t  de sig n ed  by  M elvin Bick, 
M ei Bick A dvertis ing  Ine.; 

p h o to g rap h y  by  S tan ly  K. P atz , 
P a tz  Im aging; c o m p u te r  graphics 

by  Frank A ndriella ,
Mei Bick A dvertis ing  Ine.; 
c o u rte sy  o f  M ini-C ircu its

130
44Years

of Publishing Excellence

Microwave Journal (USPS 396-2.50) (ISSN 0192-622-5) 
is pnblislied ii.ontl.ly l.y Horizon House Publioations Ine.,

paitl al Norwóod, MA 02062 and additioimhSng 
offices.

Copyriglit Clearance Center providcd that the base fee of 

directly to thé Copyright Clearance Center, 222 Rosc- 

For govemment and/or cducational classroom use the

rate for this usc is 0.03 cents per page. Please specify 
ISSN 0192-6225 Mirrowave Journal International or

POSTMASTF.R: Send address corrections to Microwave 
Journal, PO Box 3256. Nortbbrook. IL 60065-3256. Snb- 
seription infovtnation: (847) 291-5216. This journal is is-

persons working in that part of the electionics indnstry 
including governmental and university installation, that 
deals with VHF througli Iight freqitencies. Othcr snb-

subscriptions, $355.00; back issues (ifavailalilc) and single 
eopies, $10.00 domestic and $20.00 foreign.

BPA
¥

Hori/.on House also publishes 
Tekcommunicationfi®

Jou rnal of Electronic Defense 
and

mmicalions Review International

[Continued on page 12]

10 MICROWAVE IOUKNAL ■ TUNE 2001



0.5to2000MHz MIXERS

O  Mini-Circuits

You can pay more for IF, RF, and microwave surface mount 
frequency mixers...but why? Mini-Circuits patented ADE-1 and 
ADE-11X mixers are your total Solutions for high performance, reliability, and 
value...and they cost only $1.69 each (quantity 1000), with prices even lower at 
higher quantities! Right from the start, we've embedded premium advantages 
into these level 7(LO) mixers such as broad bandwidths within 0.5 to 2000MHz, 
low conversion loss, excellent L-R isolation, and IP3 as high as +15dBm typical. 
Then there's our low profile surface mount friendly package with open cover 
to allow water wash to drain, solder plated leads for excellent solderability, 
and all-welded connections which reduce parasitic inductance and 
improve reliability. In fact, a 2 year reliability guarantee is included!
Be sure to specify Mini-Circuits ADE-1 and ADE-11X.
The frequency mixers that make you more competitive!
Mini-Circuits... we're redefining what VALUE is all about!

%

2 year reliability guarantee.
‘ Specified midband unless otherwise noted. 
Protected by U.S. patent 6133525.

i l " ' innovative technology

‘ Typical Specifications:
Frequency LO/RF (MHz) 
Frequency LO/IF (MHz)
LO Level (dBm)
IP3 (dBm)
Conv. Loss (dB)
L-R Isolation (dB)
L-l Isolation (dB)
Price $ea. (Qty. 25) 
Dimensions: L .310”xW.220"xH

1b t ï t  The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
F 348 Rev. Orig.

http://www.minicircuits.com
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Dependable

t !>•,!! •!
Hole Flange i  I _

Tensolite

Hand Formable
Cable Solutions

SEMI-FLEX® tin filled wire braid hand formable cable assemblies are available 

with many connector choices* to meet your specific application requirements.

a G32S0E ComPar|y

Jk Richardson 
v+/Electronics, Ltd.

IS09002 Registered
1-800-RF-POWER

www.rell.com

RF/Microwave Assemblies 
800-362-FLEX • fax:1-973-475-1583 
www.tensolite.com

please contact our full-service distributors

“Do it yourself ’ - call Tensolite for cable 
and connector price and availability. 
Selected options and lengths in stock for 
immediate delivery from Tensolite’s 
Distributors:

______________ rm n  m e n u  PCAPCP ctDWT fAPn_______

^  First Source Ine. %
1-800-225-7434

www.firstsourceinc.com
NationallyCertified Small, 
Woman-Owned Business 

CCR Registered on Pro/Net 
HUB Zone Certified

http://www.rell.com
http://www.tensolite.com
http://www.firstsourceinc.com
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Want to know the secret of succcss in the land o f Linux and Nokia? It’s AP1 AC. An industrial-strength 

Sim ulation technology that combines the functionality of Spice with the utiliry o f an advanced R1 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.

APLAC gives you something unique - the freedom to do things right.

All you do is supply the three ingredients mentioned above.

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

from our website www.aplac.com and contact us at APLAC Solutions. é 4  P  HL

APLAC Solutions Ine 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
www.aplac.com e-mail: sales@aplac.com www.aplac.com e-mail: sales@aplac.com

The Freedom To Do Things Right.

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


COMING EVENTS

2 0011nternational Microwave and 
Optoelectronics Conference (IMOC) 
August 6 -10 , 2001 
Belem, Brazil

Sponsors: Brazilian Microwave and Optoelec­
tronics Society (SBMO), IEEE. Additional in­
form atica and a topic list are available at 
www.imoc2001.com.br. Short courses given by 
a group of specialists on a wide range of timely 
and interesting subjects, as well as special ses- 
sions on technological development and state- 
of-tlie-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 55-91-211- 
1299, fax 55-91-211-1977 or e-mail: 
info_imoc2001@amazon.com.br.

2001 IEEE Radio and Wireless Conference 
(RA WCON2001)
August 19-22, 2001 
Boston, MA

Sponsor: IEEE Microwave Theory and Tech- 
niques Society (MTT-S). Topics: Third-gcnera- 
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 devïce technology, 
antennas, propagation and ehannel modeling, 
System performance and signal processing, and 
system architecture. For additional information 
visit http://rawcon.org. Contact: Michael S. 
Heutmaker, general chair, Lucent Technolo­
gies, Princeton, NJ (609) 639-3116 or e-mail: 
heutmaker@lucent.com.

20011EEE Emerging Technologies 
Symposium on Broadband 
Communications for the Internet Era 
September 10-11, 2001 
Dallas, TX

Sponsor: IEEE, Dallas Section. Topics: Third- 
generation cellular, LMDS, network planning 
and management. Internet Standards and pro- 
tocols, wireless infrastructure, fiber opties, 
WDM, optica! CDMA, WLL, WLANs, Blue- 
tootb, software radio, systems-on-a-chip, em- 
bedded  processors, em bedded 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 
Scheines, digital subscritier loop, wireless digi­
tal subseriber loop, metro access networks, op- 
tical ethernet, cable modems, Streaming audio 
and video services, wireless Internet, location 
based services, IP over WDM, new services, 
network architectures, business models and 
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, au exhibition and a host of 
related workshops and short courses. GAAS 
2001, the 3Ist European Microwave Confer­

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

34th IICIT Symposium 
O ctober 1-3, 2001 
Anaheim, CA

Sponsor: International Institute of Connector 
and Interconnection Technology Ine. (IICIT).

Envirätimmmy friendh/, 
non toxic " 
A lum fm w N ïiriie  
replacenienl for ) ;  9  •
BeO pnducts :

Terminations avmlable "  
up to 250 Watts

DC to 4 GHz ' iT Ü

IntermBpimed for ï m V i  
aniredttcedparasitic capae

paokamg a  
aimlable

Destgned& 
manufmtüred ~‘--- 
at Florida RE labs'
worïd. class ISÖ-9002 fuciiity

http://www.imoc2001.com.br
mailto:info_imoc2001@amazon.com.br
http://rawcon.org
mailto:heutmaker@lucent.com
mailto:dpb@engr.smu.edu


Mimix
BROADBAND

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

M im ix  B roadband provides high p e rfo rm a n c e  G aA s M M IC s  
fo r  broad band  w ireless access. Learn  m o re  ab o u t us a t  m im ix b ro a d b a n d .c o m .

CIRCLE 66 ON READER SERVICE CARD

Mimix Broadband 520 W. NASA Road One Webster T X  77598 U.S.



Topics: RF/iiiicrowave intercaonéedons, fiber 
opties, high speed conneetors, automótfve, sur- 
face-mount technology, space and hi-rel appli- 
cations, materials and test equipment. Four 
technical tutorials foeusing on interconnection 
products and technology, and a marketing 
seminar are included as part of the symposium. 
For more information visit www.iicit.org. Con­
tact: Suzanne Romeo, IICIT managing direc­
tor, (800) 854-4248.

23rd Antenna Measurement Techniques 
Association (AMTA) Symposium 
O ctober 2 1-26 , 2001 
Denver, CO

Sponsors: National Institute of Standards and 
Technolog)', 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 a four-day technical program plus over 
25 specialty vendors with exhibits. Contact: 
Mike Francis, 2001 AMTA Symposium c/o 
NIST, Mailstop 813.02, 325 Broadway, Boul- 
der, CO 80305 (303) 497-3321, fox (303) 497- 
6665 or email: francis@boulder.nist.gov, or 
Paul Kolesnikoff, 2001 AMTA Symposium c/o 
Ball A erospace & Technology Corp., VIS 
AMC, PO Box 1538, Broomfield, CO 80038 
(303) 533-7225, fax (303) 533-7379 or e-mail: 
pkolesni@ Ball.com.

34th International Symposium 
on Microelectronics 
O ctober 9 -11 , 2001 
Baltimore, MD

Sponsor: International Microelectronics and 
Packaging Society (IMAPS). Topics: ball grid 
arrays, chip scale packaging, flip chip technolo­
gy, fine pitch soldering, chip-on-board design 
process and characterization technology, lead- 
ï'ree 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 electronic 
assembly. F or more inform ation visit 
www.imaps.org/imaps2001. Contact: IMAPS, 
611 2nd Street, NE, Washington DC 20002 
(703) 758-1060, fax (703) 758-1066 or e-mail: 
IMAPS@imaps.org.

GHz Interconnect Workshop 
O ctober 21-24 , 2001 
Chandler, AZ

Topics: Innovative applications and designs, 
design and implementation considerations and 
issues, software tools for design and Simulation, 
interdependence of high frequency packaging 
requirements, MM IC and hybrid circuits, new 
packaging techniques and structures, advance- 
ment in high frequency-compatible materials, 
materials testing and characterization, circuit 
fabrication and assembly considerations, Sys­
tem and component reliability, and high vol­
ume manufacturing. Contact, David Light, 
program chairman, Tessera, 3099 Orchard Dri­
ve, San José, CA 95134 (408) 383-3671, fax 
(408) 894-0768 or e-mail: davidl@tessera.com.

20011EEE GaAs IC Symposium 
O ctober 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, 
reliability, advanced device applications, Sys­
tem applications (commercial and military), 
and optoelectronic and OEIC applications. For 
more information, contact: 2001 IEEE GaAs 
TC Symoposium c/o IE E E , Attn: Vlary 
Clemente, 445 Hoes Lane, Piscataway, NJ 
08855 (732) 562-5350, fax (732) 981-1203 or e- 
mail: m.e.clemente@ieee.org.

Customized 
filters at 

catalog prices
VI DC has added to its custom 

component line once again. We 

now offer combline and interdigital 

coaxial band-pass filters in addition 

to all types of waveguide filters for 

the communication i------«B*»

• .
II your system requires j 

competively priced 

coaxial or waveguide 

filters, please contact Ml

Let us customize your 

next filter. !

Forty One Northwestern Drive 
Salem, New Hampshire 03079 
Sales: (603)-870-6280 • Fax: (603)-870-6210 
E-Mail: microwav@mdc.usa.com
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... for

S T A I N L E S S  STEEL  
C O P P E R  & A L U M I N U M  

F L E X I B L E  & 
C O N F O R M A B L E  

P H A S E  M A T C H E D  
D E L A Y  LI NES  

W I R E L E S S  PREPS  
W I R E  H A R N E S S E S  

LO W LOSS

WORKSHOPS & COURSES
M E M S  for  C o m m u n ic a t io n s  -  
Fr o m  C o n c e pt  to  P r o d uc t

■  Topics: The latest information on 
MEMS technology and applications 
in Communications, with specific in­
formation on CoventorWare™ soft­
ware products and intellectual prop- 
erty available from the Company for 
rapid development and Integration of 
MEMS into products.
■  S ite : Schaumburg, IL
■  D ate: July 12, 2001
■  C o n t a c t :  Gail Massari, senior  
manager, marketing Communications, 
Coventor Inc., 4001 Weston Parkway, 
Cary NC 27513 (919) 854-7500 ext. 
102, fax (919) 854-7501.

C o n n e c t o r  Testing

■  Topics: New testing strategies to 
deterin ine the perform ance levels  
now evolving including new proce­
dures and how to establish efficiënt 
and cost-effective test programs in­
cluding the dos, don’ts and cautions.
■  S ite : Detroit, MI
■  D ate: July 18, 2001
■  C o n ta c t:  Suzanne Romeo, execu- 
tive manager, IICIT (800) 854-4248 
or e-mail: sromeo@iicit.org.

Satellite C o m m u n ic a t io n s  
Paylo ad  a n d  System  D esign

■  Topics: Understanding design and 
assembly of modern satellite payloads 
and Systems to meet the most demand- 
ing service requirements of the private 
and govemment sectors. Fee: 81295.
■  S ite: Los Angeles, CA
■  D ates: July 18-20, 2001
■  C o n ta c t :  UCLA Extension’s D e­
partment of Engineering, Information 
Systems and Technical Management, 
Short C ourses (310) 825-1047, 
fax (310) 206-2815.

RF & M icro w ave  
Fu ndam entals

■  Topics: Understand the principles 
of RF/microwave engineering, under- 
take RF measurements using power 
meters, spectrum analyzers, network 
analyzers. Introduction to noise figure 
and phase noise.
■  S ite: Winnersh, UK
■  D ates: August 29-31,2001
■  C o n t a c t :  Tracey Bull, A gilent 
T ech n o log ies +44 118 927  6741, 
fax +44 118 927 6862.

RF Po w er  A m plifiers,
C lasses A th ro u g h  S
■  Topics: A detailed explanation of 
the various classes of RF power am­
plifiers and where each dass is used 
in todays wireless designs. Classes A 
through S are defined and clearly ex- 
plained. Fee: 8800.
■  S ite: Lake George, NY
■  D ates: September 27-28, 2001
■  C o n ta c t :  R.A. Wood Associates, 
1001 Broad St., Su ite  450, 
Utica, NY 13501 (315) 735-4217, 
fax (315) 735 -4328  or e-m ail: 
RAWood@rawood.com.

O pto electro n ics A dvan c ed  
T e c h n o lo g y  W o r k sh o p

■  Topics: Optoelectonics packaging, 
alignment, bonding and interconnect 
issues, signal routing and integration, 
optoelectronics case studies and ap­
plications. Standardization issues and 
needs.
■  S ite : Bethlehem, PA
■  D ates: October 11-14, 2001
■  C o n ta c t :  IMAPS, 611 2nd St., 
N E, W ashington, DC 20002 (703) 
758-1060  or e-m ail: IMAPS@  
imaps.org.

W-CDMA a n d  U M T S  Systems 
O perat io n  a n d  Tec h n o lo g y

■  T o p ics: A clear, comprehensive 
presentation from the System intro­
duction through to W -CDM A and 
UMTS Standards, emphasizing the 
System issues.
É  Site: Research Triangle Park, NC
■  D ates: October 17-19, 2001
■  C o n ta c t:  Anita Ilellstrom, Orga- 
nizational E ffectiven ess Institu te  
(800) 683-7267, fax (301) 871-4942 or 
e-mail: A nita.IIellstrom @ oei-edu. 
com. Additional information is avail­
able at www.oei-edu.com.

Spectrum  A nalysis 
M easurem ents

■  Topics: Theory of Operation, un­
derstanding specifications, dynamic 
range, intermodulation, modulation 
measurements (AM, FM, pulsed RF). 
Includes practical lab sessions.
■  S ite: Winnersh, UK
■  D ates: October 18-19, 2001
■  C o n t a c t :  Tracey Bull, A gilent 
Technologies +44 118 927 6741, fax 
+44 118 927  6862 or e-m ail: 
tracey_bull@agilent.com.

mailto:sromeo@iicit.org
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When you use Noise Com’s UFX-NPR 
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If you need to test Noise Power Ratio w ithout a 
complex, tim e consuming set up, look to Noise Com ’s 
UFX-NPR Noise Power Ratio Test Set. We offer 
customers a trouble-free solution... NPR test capability 
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Backed w ith  15 years o f design experience the 

UFX-NPR is loaded w ith unique features:

• High Frequency capability up to 40 GHz.
• Wide Noise bandwidths up to 10 GHz.
• Superior measurement speed and notch depth.
• Self contained test solution. Calibration, 

configuration and set up not required.
• Automated measurement technique.
• Easy to use keypad or remote GPIB Control.
• Ongoing data storage within the Unit’s 

memory capacity.
• Test TWTA’s, Linearizers, Frequency Converters, 

Amplifiers, CATV applications, Fiber Optie Systems.

It’s simple and painless.......the Noise Com UFX-NPR.

Test Smarter!

Noise Com
E. 64 Midland Avenue 
Param us, NJ 07652 
Phone: (201)261-8797 
Fax: (201)261-8339
Email: info@noisecom.com 
Web site: www.noisecom.com
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OPEAN SUPPLEMENT

A Long  Range View 
of Short Range 
W ireless S ystems

f he development of short range wireless Sys­
tems, particularly Bluetooth and wireless lo- 

i 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 M icrowave  
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 o ffice ’s computers were 
served by a WLAN. Just imagine being able to 
eliminate the tangled mass o f 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 trading 
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 o f contenders vying to 
pro vide 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]

R ich ard  M um fo rd
Microwave Journal European Editor



CUSTOMIZED LOW PASS

CABLE FILTERS
At Your Finger Tips

• Computerized Custom Designs
• Pass Band; D C to fc
• Impedance: 50 Ohms or 75 Ohms
• Power Rating: 25 Watts average

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 V SW R over the entire 

pass band

RLC Electronics is ISO 9002  

Certified.

Miniature Low Pass and Band 
Pass Filters are also available.

RLC E L E C TR O N IC S, INC.
83 Radio Circle, M ount Kisco, New York 10549 • Telephone: 914-241-1334 • Fax: 914-241-1753 
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P o w e r C u r v e
OF N O N L I N E A R  S I M U L A T I O N  P E R F O R M A N C E
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Phone: +1 678-291 -0995

Power» Accuracy and Speed.
That's w ha t you get w ith  Eagleware's new  

harm onie balance sim u lato r, HARBEC™. From 

rea l-tim e tu n ing , to  applica tion  o f artific ia l 

in te liigence techn iques, to  co-s im u la tion  w ith  

e lectrom agnetics, HARBEC does it all ... w ith  a 

pow erfu l set o f features th a t includes:

Robust Simulation
u n lim ite d , a rb itra ry  c ircu it to po lo gy  

w ide  range o f no n linea r device m odels 
(diodes, JFET, BJT, MOSFETS, MESFETS} 
w ide  range o f sources (voltage, power, 
curren t, w ave form )

* DC analysis and op tim iza tion  
un lim ite d  tone harm onie balance analysis 
and op tim iza tion

High Performance Design
Al perform ance op tim iza tion

• fast tu n ing  
EM Co-simulation 
Spice Model Import 
Extensive Parts Library 

Equations and Post Processing

And it's fu lly  in tegra ted in to  th e  GENESYS suite 
o f synthesis, S-param eter, e lectrom agnetic and 
physical design too ls .

So Grab a Seat and Hold On!
W ith  nonlinea r m odu les priced at $4990, th ey ' 

go ing  fast. And so w ill yo u r design.

www.eagleware.

http://www.eagleware
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J k  Fig. 2 The piconet.

^  Fig. 3 Bluetooth network topology. 

■ RADIO DESIGNATION

SLAVES PER PICONET 
-EACH PICONET HAS MAXIMUM C 
-UNIQUE HOPPINC PATTERN/ID 

■ SCATTERNET
-HIGH CAPACITY SYSTEM 
-MINIMAL IMPACT WITH UP TO 1( 
-RADIOS CAN SHARE PICONETS!

GERMANY UK ITALY FRANCE
(a)

WLAN SPECTRUM AT NO COST

(b)

Ék Fig. 1 The (a) European 
3G spectrum cost per country 
and (h) 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 Specia l Interest Group 
(SIG). The main purpose o f the S1G is 
to protect the integrity of the technolo- 
gy and control its development. 1t is 
responsib le 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 com m ercial sp ec ifica tion , 
Bluetooth 1.0, was issued in July 1999 
and ratified in February o f 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 N orw egian K ing —  
Bluetooth has inevitably become of 
global interest to both manufacturers 
and potential users.

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 assistants (PDA), 
cell phones and laptops.

Licensed spectrum is expensive, par- 
ticularly in Europe (> $100 billion paid 
for 140 MHz). A major appeal of Blue­
tooth is that it operates at the internation- 
ally available unlicensed industrial, sci­
entific and medical (ISM) 2.4 GHz fre-

quency band, enabling worldwide com- 
patibility. Figure 1 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 together in ad hoc scattemets to 
allow communication among continual-

/ Continued on page 28]
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Make key architectura! decisions and component specifications at any stage of 

your development. Optimize performance such as noise figure, BER, 
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simulating Systems 
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and 3G. As a part of 

Ansoft's Serenade Design 
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seamless link to circuit Simulation, 3D and planar 

electromagnetics in addition to Matlab co-simulation.

Design with speed and flexibility.

Discover the difference Symphony makes in your System 

development and component specification.

For your free evaluation copy of Symphony, or any of the tools ii 

Ansoft's Serenade Design Environment call 412-261-3200 or

Encode, multiplex, modulate, upconvert, filter, amplify, transmit, receive, reverse 
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fee ls  th eft loom s there, th e  deadline. And no one 

pressure o f it like th e  pro ject manager. And while 

you may never be ab le to  com plete ly eradicate th a t 
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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 füll 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 
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 asymmetrie 
link of 721 kbps in either direction and 
permit 57.6 kbps in return. For a sym­
metrie 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 IMbps. 
The Bluetooth 1.0 specification calls for 
1 mW transmitters with a 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.

ROLL-OUT
The Bluetooth technical specifica­

tion may be clear, product roll-out less 
so. 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 o f 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 
significant predictions.

Frost & Sullivan forecasts global 
shipments of Bluetooth-enabled prod­
ucts to reach over 11 million units in 
2001, equaling $2.5 b illion 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 b illion  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 developm ent o f  
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 assessin g  the 
status o f  this m arketplace. Apart 
from Ericsson, the original pioneers, 
even the most progressive develop- 
ers were not attracted to the project 
until 1998. Other mobile Communi­
cations tech n o lo g ie s  such as the 
GSM took longer to develop than is 
being allowed for Bluetooth.”

Sem iconductor ch ipset develop ­
ment is a key element in the technolo- 
gy’s progress, with a range of develop­
m ent m odels em erg ing  w ith in  the 
B luetooth  sem iconducto r 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 o f the sum of a chipset, that is, 
baseband, radio and software.

[Continued on page 32]
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JCA0012-302 .01-120 31 
JCA0012-303 .01-120 30 
» 1 1 8 - 2 0 1 .  .1-18.0 22 
JCA01.18-202 .1-18,0 20 
JCA0118-203 .1-18.0 20 
JCAÖ118-301 .1-18.0 3t 
» 1 1 8 -3 0 2  .1-18.0 29 
JCA0118-303 .1-18.0 29 

*  Noise Figure is speoified above 300 Mhz 
**  Noise Figure is specified above 500 Mhz

4000 Via Pescaclor, Camarillo, CA 93012 

(805)445-9888 Fax: (805)987-6990
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SILICON CHOICES
Dcbate 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 dements 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 o f  smaller design services 
Companies have entered the Bluetooth 
software market offering complete or 
partial protocol Stacks to semiconduc­
tor developers. ln 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 Scmiconduc- 
tors has been the main player to offer 
Solutions in volume. 1t is expected that

a large number of Solutions will be on 
offer by the end of 2001.

Market success may be determined 
by a chicken and egg combination of 
chipset supply. Observers have wamed 
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 o f 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 gcncric 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

developm ents. At a tim e when the 
huge cost o f 3G licenses is impacting 
on the telecoms stock market and the 
equipment required to roll-out Univer­
sal Mobile Telecommunication Sys­
tem (UM TS) networks has not yet 
come to fruition, many of the services 
planned for 3G mobile could be deliv- 
ered by currently availablc 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 w ill continue to keep 
Bluetooth in the headlines and the 
public eye.

WLAN
W LANs are em erging 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 o f the w ireless device or 
plugged into it. The technology is in 
no way a newcomer, however. In fact, 
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 o f development has been 
for DSSS. DSSS spreads the signal 
over several frequencies, can switch

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

Email: Mixers@MarkiMicrowave.com
[Continued on page 36]

mailto:Mixers@MarkiMicrowave.com


w:
' from  COMPONENTS TO SYSTEMS:

A t o P l IF f ê f ê m S & G H z ,
• Octave to ultra-broadband
• Noise flgures trom 0.35 dB _
• Power to TO watts
• Temperatur© campensated
• Cryogenic

mixers to  wmz ;
• Single-, double-, and trïple-balanced
• Image rejection and l/Q
• Single-sideband, BPSK and QPSK modulators
• High dynamic range
• Active and passive frequency multipliers

SUBASSEMSUES TO 60 GHz
• integrated up/downconverters
• Monopulse receiver front ends
• PIH diode switches
• Ultra-miniature switch matrices
• Missite receiver front ends
• Swifched amplifier/filter assembiies

» E Q Ü E N C Y  S Ö O T ^ I É l I f f  
i b  40 g h z

• Free-running VCOs/DROs*4fjflf *
• Phase-locked cavity oscillatoiif;|
• Phase-locked coaxial resonators?
• Synthesizers for SATCOM
• Fast-tuning communication synthesizers:;,

S A T C O M  EÄ'R tiV sTATlCN  
E Q U IP M E N T  T Ö  Ka -.B A N D

• Synthesized up/downconverters
• Test ttanslators ^ S tBa
• INA Systems
• 1 :N redundancy units
• INMARSAT products
• FM modemsSIGNAL P R O * - ‘ *

.  logarithmrc amplifiers 
,  constant phase-limlting amplifiers 
,  frecfuency discrimlnators 
.  aGC/Vö c  amplifiers 
• j/G processors 
.  Digital M-V

TEL:(631)436-7400 
FAX:(631)436-7430 

100 Davids Drive, Hauppauge, NY 11703 
to t. www.mitegst':"



P A C K A G IN G



Shopping for the best in IC packaging?

Beware of plain brown wrappers -  look for the ones 

marked “RFMD" From single-chip leadless designs 

to multi-chip modules, we package for every purpose.

And there are no surprise packages.

Open any RFMD'*' package and you’ll find 

just what you want -  dependable, 

highly integrated components that deliver 

peak performance while conserving board space.

Shop around.. .then let us wrap something up for you.

Because good things come in RFMD packages.

Proprietary, State-Of-The-Art 
RF Integrated CircuitsSM

7 628  Th ornd ike  Road 
G reensboro, NC 2 74 09 -9 42 1

Phone 336.664.1233 
Fax 3 36 .93 1 .7 45 4

PACKAGING -  it sets us apart.

R F
MICRO DEVICES



INDUSTRY’S LARGEST INSTALLED BASE

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

synthesized  

LO sources

> crystal control 
-•» ultra-low phase noise 
- *  ps-switching

multi-octave coverage 
-► fine resolution 

» 0.1 MHz - 3.2 GHz

PTS HAS MANY DIFFERENT MODELS

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 8 
Mbps, which al lied to an increased 
rate of 1.375 Msps yields a bit rate of 
11 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 interoperability 
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 WLANs 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-

channels to avoid interference and also 
m akes 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 ( I 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,

IContinued 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
pean test house to be recognized soon. 
Such expansion is vital for the tech­

Inmet's wide variety of 1 and 2 Watt fixed attenuators makes it easy to find the one that's right for 
your application. With frequency ranges of DC to  50 GHz, and connector types of SMA, 2.9mm, N, 
7/16, F, BNC, TNC, GP0™ and 2.4mm why look anywhere eise? Data sheets available on website.

Manufacturer of Attenuators •Adapters • DC Blocks • Equalizers • Terminations 
300 Dino Drive • Ann Arbor, Mi 48103 USA • Phone 888-244-6638 or 734-426-5553 • FAX 734-426-5557 

Visit us on the Web at www.inmetcorp.com

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 
WLANs operating in the 2.4GHz ffe- 
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 
modulation technology that improves 
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 receiver side, advanced 
equalizer technology used in concert 
with 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 transm it large 
amounts of data quickly. Home au- 
tomation will be another avenue by fa- 
cilitating the interaction of heating,

[Continued on page 40/
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GPS Filter Amplifier General Specifications:

• Gain at 1575.4 & 1227.6 MHz: 25 dB minimum
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• Noise Figure: 1575.4 + /-  10 MHz & 1227.6 + /-
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- BASELINE 802.1 IbTHROUGHPUT
- WITH BLUETOOTH INTERFERERS 30 ft FROM 802.11b LAPTOP
- WITH BLUETOOTH INTERFERERS WITHIN 0.3 ft OF 802.11b LAPTOP

DISTANCE d BETWEEN 8

DISTANCE d BETWEEN BLUETOOTH DEVICES (ft)

lighting, air conditioning and security 
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 TDC 
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 WLANs in the home 
40_____________________________________

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 WLANs are affordable for main- 
stream segments.

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? Interference 
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 innova- 
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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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

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 
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 market. It 
incorporates a coexistence mechanism 
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 leveis 
below that of simple ‘collocation with­
out a coexistence mechanism.’ The 
second method does signal other net­
work nodes that it is suspending 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-

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 
functionality in piconets with unmodi- 
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 
approaches, and provides performance 
levels approaching those in no-inter- 
ference scenarios. It is a collaborative 
technique accomplished by exchang- 
ing information between the two pro- 
tocols at the MAC level and managing 
transmit/receive operations according- 
ly. Because MAC-level switching 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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Ék. Fig. 7 Spectrum allocation at 5 GHz.

Sim ultaneous Operation provides 
the ability to automatically detect all 
available wireless networks, select the 
ones n eed ed  and  connec t 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 mail, 
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 li- 
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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spectrum at 5.15 to 5.35 GHz and 
5.725 to 5.825 GHz. ln 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 
provide high speed communication 
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 — HIPERLAN1, 
HIPERLAN2, HIPERLink (designed 
for indoor radio backbones) and 
HIPERAccess (intended for fixed out- 
door use to provide access to a wired 
infrastructure).

The HIPERLAN1 Standard, which 
is based on the well-established tech­
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. 
It is HIPERLAN2 where current activ- 
ity is focused.

The physical layers of both 802.11 a 
and HIPERLAN2 use OFDM modula­
tion to achieve high speed transmis- 
sion rates. This multichannel spread 
spectrum modulation technique allows 
individual charmels to maintain their 
distance (or orthogonal ity) 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

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
phisticated (or complicated depending 
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 
automatically 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, authenti cation (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

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 
be retransmitted. The QoS delivered 
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, TP 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 alm ost 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 Hnearity demands that it 
places on the power am plifier in the

[Continued on page 48]
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transmitter and the low noise amplifier 
in the receiver. Consequently, HEPER- 
LAN2 products will likely cost more 
than lower speed alternatives. Also, 
some view the fact that H1PERLAN2 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 HIPERLAN2 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- 
sibility of consumer appliances 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 ran 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-

* o -

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 ffagmentation, with sep­
arate Standards being adopted in the 
US and Europe is a real threat to glob­
al development and could delay de­
ployment significantly. A Standards 
war will benefit nobody, possibly un- 
dermining confidence and making 
manufacturers wary of significant 
investment.

G oing  w ire le ss  has com e w ith  
some strings attached but short range 
wireless Systems have a long term fu- 
ture. Its ability to satisfy the industry’s 
desire for seamless Connectivity will 
ensure continued market growth and 
development.
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NEWS FROM WASHINGTON

DRS Technologies has 
received a contract to 

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 die LRAS3 program. Work for the contract will 
be done at the companvs 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 recon- 
naissance and surveillance missions while remaining out- 
side the acquisition and engagement range of threats. 
Usually deployed on the M1114 HMMWV in a mounted 
configuration, it can also be used on tripodes du ring 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 findcr 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.

US Army Lets Long 

R ange A dvanced 

Surveillance Systems 

C o n trac t

US Firms Face 

E uropean  C hallenge 

as F ighter M arket 

Enters Transitional

Anew report from Fore- 
cast In ternational/

DMS, “The World Market 
for Fighter/A ttack/Jet 
Trainer Aircraft — 2001- 
2010,” finds, that while the 
next generation of combat 

Period  aircraft >s moving into pro- 
duction, tim etable slip- 

WÊÊÜtÊÊÊKÊKÊM pages have afforded manu- 
facturers of current designs 

opportunities to lobby for attrition buys from their own 
govemments and to offer their products on the interna­
tional market.

The Boeing F-15 is cited as the most obvious benefï- 
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
reas airforce would like to use the F-15 to fill its F-X new 
fighter requirement. Another small USAF F-15 buv is ex­
pected since the F-22, its intended replacement, failed to

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 dass 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/Boeings 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 
eastern 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 Glippens. 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 Däne, Forecast International 
(203) 426-0800, ext. 146.

D efense E lectronics

M arke t to  Rank 

W ith th e  Best

N ex t D ecade US A  nother new report 
^ » fro m  Forecast intema- 
tional/DMS, “OverView of 
the US Defense Electron­
ics Market,” forecasts that 
the next 10 years will be 
the decade of production 
and procurem ent in that 
market. Considering cur­
rent production alone, de­
fense eleetronics is predict- 

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

The study notes that ships, aircraft and vehicles are be- 
eoming 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 
a new system. The study finds that many of the “next-gen- 
eration” defense eleetronics 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 eleetronics segment will be the healthiest and 
most profitable of the entire US defense market.



NEWS FROM WASHINGTON
Procurement is forecast to rise to SI3.5 B in 2005 as 

the newest versions of military eleetronics 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.

Tacticaf Air C on tro l ^Technology acquired by 
I  the US Air Force Elec- 

P arty  E qu ipm ent tronies Systems Center, 
Hanscom AFB has the po- 

M odernized tential for increasing the 
effectiveness of the Air 
Force s Tactical Air Control 
Parties (TACP).

The TACP, typically a 
two-man airman team , 
works in an Arrny ground 

unit directing close air support firepower toward enerny 
targets on the ground. The TACP modemization 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.

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 units are scheduled for delivery 
by July 2001. The radio upgrade has cost a bit more than 
S10 M. The new' Mark \T1 Eyesafe Laser Range Finder, 
which looks like a regulär pair of binoculars, also en- 
hances TACP capability by replacing previous range esti- 
mates with precision coordinate infonnation. When some- 
one looks through the range finder, it emits a laser beain 
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 conti nuously-up- 
dated computer generated displays that will indicate the 
users 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. ■
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W hat Goes In  
C o m e s O u t

And Nothing More.

1f  you’re testing a driver amp or other piece o f  wireless equipment, you know  the value o f “nada”.
Because AR “S” Series amps are uniquely linear, the output signal is nothing more than an amplified, 

faithful representation o f  the amplifiers 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. A n d  you get the most from  the precious available RF spectrum. A n  urm uaüy  brood frequency 
range accommodates cellular, PC S and Bluetooth frequenties as well as future frequency allocations.

T h ey’re the m arkets most ideal amplifiers fo r telecommumcations multi-tone input test applications.

“S ” Series amplifiers. 0 .8  to 4 .2  G H z- I to 200  watts.

“S ” Series amplifiers are part o f  our microwave line found  at www.amplifiers.com/ampmicro.cfm

ISO 9001 
Certified
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The Force Behind The Field.USA 215-723-8181 or 800-933-8181 tbr an applications engineer
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DC to 18GHz ATTENUATORS

Rugged Stainless Steel Constructen, High Repeatability, Miniature Size, Low Cost. 
and Off-The-Shelf Availability 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 2&5 watt SMA coaxial 
designs, each containing 15 models with nominal attenuation values from 1 to 40dB. 
Built tough to handle 125 watts maximum peak power, these high performance 
attenuators exhibit excellent temperature stability, 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!
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INTERNATIONAL REPORT

Germ an contractor 
Roh de & Schwarz 

(R & S) is claiming that its 
newly launched FSU3 and 
FSU8 spectrum analysers 
set ‘new Standards’ in dy- 
namic range, measurement 
accuracy and speed within 
high end equipm ents of 
their type. In backing up its 
claim, the Company7 notes 

an average displayed noise level of -158 dB (at 1 Hz 
bandwidm and with 1 dB compression of the input mixer 
at 13 dBm) and a typical third-order intercept point of 25 
dBm for the equipments, together with the ability to si- 
multaneously process signals with widely different leveis 
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 maniial 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 bandwidths 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 FSU8 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
cy and modulation measurements.

R & 5 Claims 

N ew  S tandards 

in High End 

Spectrum  Analyzers

Slovenian Provider Ä"lovenian telecommuni- 
J c a tio n s  provider Tele- 

Picks Siemens com Slovenije has awarded 
German supplier Siemens 

fo r  DSL Technology i nformation and Commu- 
nication Networks (SIGN) 
a contract covering the 
supply of D igital Sub- 
scriber 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 
transport.

C hinese R adar I n  the wake of the EP-3E 
iH ainan  incident, Tnter- 

Insight national R eport’ has re-
____________ ceived insight into current

mainland Chinese radar 
technology' in the form of 
details o f 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 
cosecant2 Iightweight 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 sensors antenna as- 
sembly incorporates an integral identification friend or 
foe array. At the -3  dB point, Type 2405 has an azimuth 
beamwidth of 1.5° and the sensor is described as having 
azimuth and range accuracy values of 0.3° RMS and 50 m 
RMS, respectively. The types 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’s 
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, respectively7

The French Air Force has 
ordered a small quantity 

(thought to be four) of Gi­
raffe AMB radars for use in 
an air defence application. 
Produced by Swedish con­
tractor Ericsson Vlicrowave, 
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 AM B 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-

French Air Force 

O rders 

G iraffe Radars



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

E urope C rea tes  A  fter a protracted round 
A ^ o f  negotiations, Euro- 

Super Missile Entity  pean contractor’s BAE Sys-
____________ tems, the European Aero-

1 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 
each owning 37.5 percent of the business and Finmecca- 
nica holding the remaining 25 percent. At the point of its 
creation, MBDA is understood 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,

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

Looking to the futnre, 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. Britains David Singleton 
has been appointed chief executive officer of the revised 
AMS with Antonio Bontempi as his deputy. ■
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in wireless networks
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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 12.8Afor an amazing 13% 
efficiency. This performance allows the amplifier to be used in 
tower-mounted applications as well as regulär 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").
Cali today to arrange for a visit from one of our sales representa­
t ie s  to give you a live demonstration of this or any other amplifier 
you might be interested in. You can also visit 
wnttnv.AmerAmp.com
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as measured after the BTS duplexer.
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Better value 
is no laughing matter.

■ Narrow resolution bandw idths.
> 10Hz resolu tion bandwidth.
• High-speed tim e  dom ain  sweep.
1 Trigger/gate circuit.
»AM/FM dem odulation w/speaker
> Centronics i nterface. , f  J  
i Sweep signal generator, /g fa ä

It never pays to pay too much. Especially true in LMDS 
and broadband wireless measurement.

If customers won’t spend more unless they get 

more, why should you? That’s why Anritsu’s new 
40GHz MS2668C spectrum analyzer makes sense in 
this cost conscious environment.

The MS2668C comes with the high S/N ratios 
and superior distortion characteristics you need. 

Versatility for a range of applications; development,

'M.J

manufacturing and field operations. A compact, 

lightweight design with Anritsu’s 30 years’ expertise 

and durability built-in. And a price that makes the 

MS2668C as easy on the budget as it is on your back. 

Simply no other analyzer does the job better for less.

This time, the joke’s on them. Demand the highest 

performance for the lowest cost- the MS266X-series 

spectrum analyzers from Anritsu. Call 1-800-ANRITSU 

ïsit www.us.anritsu.com today.

Anritsu

http://www.us.anritsu.com


THE COMMERCIAL MARKET“"ÉNw
N ew  All-silicon |k |e w se d g e  reports that 

1^1 Lucent Technologies 
Chips fo r  W ireless has announced the devel- 

, opm ent of an all-silicon
Base s ta tio n s  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- 
eally 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 breaktlirough is expected 
to be deployed over the next four or five years.

Despite having played a 
limited role during the 

last semiconductor boom 
of 1993 to 1995, the 
foundry business has be­
come a primarv industry 
driver as IDMs and OEMs 
become increasingly de- 
pendent on outsourcing 
manufacturing. The Gähn­
ers In -Stat G roup 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 Gullen, director of 
In-Stats semiconductor service. They also find that both 
Integrated Device Manufaetures 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 
F u tu re” can be purchased from In-S tat at: 
www. instat .co m/catalog/cat-si.ht m#0101 sf.

S em iconducto r 

Foundries Bounce 

Back to  Lead th e  

Industry

The Yankee Group re­
ports via Newsedge 

that Latin Americas wire­
less mobile markets contin- 
ued th e ir rem arkable 
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 subseriber 
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 Groups Wire- 
less/Mobile Latin America Practice. “In such a capital-in- 
tensive industry, scalability and critical mass are para- 
mount for wireless operators to maintain profitability in 
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 
w'ell as to streamline operations. This is illustrated 
through Telephonica’s persistent attenipts to gain a na- 
tionwide footprint in Mexicos wireless market and Tele- 
con Italia Mobiles pursuit to consolidate nationwide cov­
erage in Brazil and Venezuela.” Operators across the re­
gion are currently making im portant decisions with 
respect to 2.5 and 3G network deployments. In the fourth 
quarter of 2000, following NTT DoCoMos 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 eustomers. Following 
this lead, several TDMA operators have announced con- 
tracts to do the same. CD MA vendors expect that lxRTT 
infrastructure will be available by mid-2001, with com­
mercial deployment soon after. For more information, 
e-mail: hroach@yankeegroup.com.

Latin A m erica 's 

Cellular/PCS 

Subscribers to  Pass 

150 M illion by 2 0 0 6

Ericsson Signs GSM, 

M ultiservice, IP 

B ackbone C on tra  cts 

in China

■ricsson has been award- 
■ed a series of contracts

in China for GSM and mul- 
tiservice network projects 
including IP backbone eon- 
struction in Beijing and the 
provinces of Shandong, 

^ ^ ^ ^ 1  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

mailto:hroach@yankeegroup.com


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 IP 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, Er­
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 switching and radio equipment, adding 
GPRS and Mobile N services for Hebei Mobile. A fifth 
GSM expansion project for Yunnan Unicom is scheduled 
for eompletion in June of this year and a similar expansion 
project for Hubei Mobile is scheduled for eompletion in 
September. Additional contracts with Chongging Mobile,

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

■jpie European Telecom- 
I  munications Standards 

Institute (ETSI) has pub- 
Iished the first release of a 
complete set of specifica- 
tions for a mobile satellite 
radio interface, knowm 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 ASIA Cel­
lular Satellite System (AceS). The Thuraya system pro­
vides services in 99 countries spanning Europe, North 
and Central Africa, Middle East, Central Asia and the In­
dian Subcontinent. The AseS system provides services 
over an area covering India, China, Indonesia, as well as 
most of South East Asia. More detail is available on the 
ETSI Web site at: www.etsi.org. ■

ETSI C om pletes 

First Specifications 
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it's  not hard to  be left dangling. You need the latest 

spectrum and modulation m easurem ent capabilities to 

stay ahead. So come to Advantest! For almost 50 years, 

we have been designing break through  electronic 

measuring equipm ent and semiconductor test systems 

for next-generation Communications technologies. O ur 

R3267/R3273 spectrum  analyzers are one example. 

T hey can be software-configured to  measure virtually 

any  th ird-genera tion  mobile te lephony Standard: 

cdma2000 (3GPP2), W -C D M A  (3GPP) — even 

Bluetooth! A nd together w ith our partners Rohde & 

Schwarz in Europe and Tektronix in  the  US, we back 

them  up  w ith total worldwide support. N o m atter 

which w ay the  w ireless w orld goes, w e can  h e lp  

keep  y ou  in  co n tro l.

For almost any 3G  mobile telephony form at!

within ±1% in the 8GHz/26.5 GHz band, and a dynamic range of 
-154dBc/Hz (typ.) in the 2GHz band. They are designed to be configurablc

Modulation Analysis option can measure Bluetooth, W-CDMA, 3GPP, 
cdma2000, GSM/DECT/EDGE, PDC/PHS/IS-136, cdmaOne, 
AMPS/JTACS/NTACS, and others.

ADVANTEST
Japan: ADVANTEST CORPORATION +81-3-3342-7500, tmi@advantest.co.jp, http://www.advantest.co.jp/index-e.html Asia: Advantest (Singapore) Pte. Ltd. +65-274-3100, tmi@asp.advantest.co.jp
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Europe: ROHDE & SCHWARZ Engineering and Sale ; GmbH +49-89-4129-13711, http://www.rsd.de

Tektronix*
/

N̂orth America: Tektronix, Ine. +1-800-426-2200, http://www.tektronix.com
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INDUSTRY NEWS
■  Endw ave C orp . acquired M /A -C O M 's B ro ad b an d  
W ireless Business U n it (BBU) initiating a strategie rela- 
tionship with Tyco Electronics and maldng Endwave the 
most complete RF Subsystem supplier for millimeter- 
wave radio OEMs.

■  A eroflex  Ine. has acquired TriLink C om m unica tions 
C o rp . for approximately 1.2 million shares of Aeroflex 
common stock. This acquisition adds key optical compo­
nents to Aeroflex’s growing portfolio of proprietaiy fiber 
optie modules.

■  Plexus C orp . has signed a definitive agreement to ac- 
quire Q tro n  Ine . The acquisition will expand Plexus’ 
presence, establishing a manufacturing base in Southern 
California’s fast-growing market.

■  Alam osa H oldings Ine. has completed its merger with 
S o u th w est PCS H oldings Ine. 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.

'■ TRW has formed V elocium  a new Company that will 
provide very high speed InP and GaAs components and 
other products for fiber optie and wireless telecommuni- 
cations Systems.

■  A dvanced  H ardw are A rch itec tu res  (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.

■  C orn ing  C ab le  Systems opened a new production fa- 
cility dedicated to optical manufacturing services. The fa- 
cility, approximately 20,000 square feet, is located in 
Hickory, NC.

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

■  RIFOCS C orp. has relocated its Harsh E nvironm ents 
Division, formerly known as Mil/Aero, into a new 8000 
square-foot facility. The move to a larger manufacturing 
spaee provides plenty of room for the division to expand.

■ As part o f a high volume production agreement, 
R ay th eo n 's  RF C o m p o n e n ts  d iv ision  will supply the 
H yundai C orp . 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 CD M A market.

■  S t r a t E d g e  has contraeted  to assemble and test 
TriQ uin t S em iconducto r s OC-192 broadband amplifiers 
using patented, high performance StratEdge packages.
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"0 AROUND THE CIRCUIT
■  T ektronix  Ine. has partnered with Telogy Ine. to pro­
vide a unique instrumentation trade-in program allowing 
Tektronix customers to trade-in used test instrumentation 
when purchasing new products from Tektronix, ln related 
news, RSoft Ine. has entered into an exclusive distribu- 
tion agreement with S o ny /T ek tron ix  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.

■  GSI Lum onics and M elles G rio t have agreed to work 
together to mutuallv enhance their ability to supply m an­
ufactu ring  Solutions to fiber optie telecom m unication  
com ponent manufacturers.

■  U n iv e rs ity  C o l le g e  L o n d o n  (U CL) and A g ile n t  
T echnologies marked their partnership with the opening 
of the Agilent Broadband Communications Laborator)7. 
The new lab will also play an integral part in UCL’s Mas- 
ter’s program.

■  Z en trix  T echnologies and the electrical and comput­
er engineering department of’ the University  o f  F lorida 
have announced a collaborative partnership on circuit 
packages. With this partnership, the University7 of Florida 
will use Zentrix Technologies low ground inductance, 
high performance CuPaek® Circuit Packages to develop 
RF and microwave circuits.

■  S p rag u e-G o o d m an  E lectron ics Ine. added M ouser 
E lectronics, Mansfield, TX, to its franchised dealer net­
work. Sprague-Goodman’s products are included in 
Mouser’s on-line and nationallv distributed print catalogs.

■  A n so ft C o rp . and A g ilen t T ech n o lo g ies  Ine. 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.

■  Taiyo Y uden  Co. Ltd. announced that its Bluetooth™ 
Module is the first full module in the world to eam 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.

■  M errim ac  In d u s tr ie s  Ine. announced that its sub- 
sidiary, Filtran M icrocircuits Ine., has been awarded the 
ISO 9002 certification from Faetory Mutual Research. 
The certification completes the Companys fourth and fi­
nal phase of its ISO certification initiative, with all of the 
company’s facilities certified.

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

[Continued on page 64]
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AROUND THE C IRC UIT

Emulator product line, and is now delivering an enhanced 
version of the product as well as supporting existing cus- 
touiers. The Company also recently announced a Carrier 
to Noise Generator product line.

■  Labtech. a member of the Intelek group of Companies, 
has won the Queen’s Award for Enterprise, the highest 
honor which can bc bestowed upon a UK Company.

FINANCIAL NEWS
■  M o to ro la  Ine . reports sales of $7.8 B for the first 
quarter of 2001, compared to 88.8 B for the same period 
last year. Net loss was S206 M (90/share) compared to a 
net income of $481 M (21c/share) for the first quarter of 
2000.

■  A ndrew  C orp . 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 S8.2 M 
(100/share) compared to S17.3 M (21y/share) for the sec­
ond quarter of 2000.

■  Pow erw ave T echnologies Ine. 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 (150/ 
share) compared to a net income of $10.3 M (160/share) 
for the first quarter of 2000.

E u m
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■  TESSCO T echnologies Inc. reports sales of $60.0 M 
for the foiirth quarter ended April 1, compared to $56.3 
M for the same period last year. Net income was $220 K 
(50/share) compared to $1.4 M (310/share) for the fourth 
quarter of 2000.

■  C ree  Inc. reports sales of $53.37 M for the third quar- 
ter ended March 25, compared to $29.53 for the same pe­
riod last year. Net income was $13.72 M (180/diluted 
share) compared to $8.96 M (12o/diluted share) for the 
third quarter of 2000.

■  A dvanced  P o w er T echnology  reports 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 
(190/diluted share) compared to $244 K (40/diluted 
share) for the first quarter of 2000.

■  S u p e rc o n d u c to r  T echno log ies Inc. reports sales of 
82.5 M for the first quarter ended March 31, compared to 
Sl.0 M for the same period last year. Net loss was $4.6 M 
(260/common share) compared to $5.3 M (470/common 
share) for the first quarter of 2000.

■  R ay theon  C o .’s Secure Mobile Anti-jam Reliable Tac- 
tical T erm inal (SMART-T) satellite Com m unications 
(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.

[Continued on page 66]
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NEW PRESCALERS
W ith  IqGaPGaAs H B  T  T e c h n o lo g y !

4  DC T 0 13 GHz Perform ance

♦ Single Positive Suppty

♦  Setectable O utput Power 
Bias Option For Cttm

♦ W ide Input Power Window:
-15 to +10 dBm

♦ Ultra Low SSB Phase Noise: 
-145 to -f 53 dBclHz @ 100 KHz

♦ For High Volume VSAT, 
M icrowave Radio, and Optical 
Applications

Description Frequency 
Range (GHz)

SSB
Phase Noise 
@ 100 KHz

Part
Number

- 2 High Efficiency 
Med. Output Power

DC - 11.0 -148 dBc/Hz HMC361

DC - 10.0 -148 dBc/Hz HMC361S8G

+ 2
High Frequency 
High Output Power

DC - 13.0 -145 dBc/Hz HMC364

DC - 12.5 -145 dBc/Hz HMC364S8G

4-4
High Efficiency 
Med. Output Power

DC - 12.0 -149 dBc/Hz HMC362

DC - 12.0 -149 dBc/Hz HMC362S8G

44 High Frequency 
High Output Power

DC - 13.0 -151 dBc/Hz HMC365

DC - 12.5 -151 dBc/Hz HMC365S8G

4 8
High Efficiency 
Med. Output Pow

DC - 12.0 -153 dBc/Hz HMC363

DC - 12.0 -153 dBc/Hz HMC363S8G

• ---------------------------- • ------------------------------• ------------------------------• ------------------------------• ------------------------------ •
Divide-by-2 Divide-by-2 Divide-by-4 Divide-by-4 Divide-by-8

j jS l 1 1 m m
HMC361 HMC364 HMC362 HMC365 HMC363

HMC361S8G HMC384S8G HMC362S8G HMC385S8G HMC363S8G
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AROUND THE CIRCUIT
Most recently, Musa was president and CEO at Moscape, 
a Magma Company.

■  Z eev o  Inc. has closed a third round o f  funding with 
$25.5 M in equity financing. The round is led by Dell 
V e n tu re s . Zeevo expects to use the money to expand 
sales, marketing and operations talent for ramping its 
product line, a Bluetooth SoC solution to production.

■  A n te n o v a  has secured £3.4 M o f venture Capital to 
fund its smart directional antenna technology for mobile 
Communications, from a consortium led by C am bridge  
G atew ay  Fund. The funding round will allow Antenova 
to develop prototypes of its product ideas.

CONTRACTS
■  LCC In te rn a tio n a l Inc. has won a contract from Click 
Vodafone to perform deployment and overall project 
management services for phase three o f  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.

■  M /A-COM  SIGINT P roduc ts  reeeived the highest sin­
gle order for its Model 388 IF-to-Tape/Baseband Convert­
er from R aytheon  Systems C o. The models are expected 
to be delivered later this year.

■  M icrow ave D ata Systems (MDS) Inc. reeeived a fol- 
low-on purchase order to supply additional LEDR point- 
to-point radios for installation in the network o f the 
Brazilian telephone Company, Tele mar. This order is in 
addition to the $7 M order reeeived by MDS in February 
for LEDR radios.

PERSONNEL

■  E verett C harles T ech n o lo g ies  (EG T) p rom oted  
P a tr ick  T. Flynn to president o f  the recently realigned 
ECT equipment and services group. Flynn joined ECT 
last year as group VP. In related news, the Company ap­
pointed Jo sep h  B aalm an regional sales manager for the 
northwest region. Baalman will be responsible for ECT 
Test Fixture Group sales including TTI product and In- 
Circuit Pogos. Ryan M cClusky also joined the Company, 
and will be responsible for in-circuit and functiönal fixture 
sales in the north central region. Before joining ECT, 
McClusky worked for Mahar Tool Co. as an account man­
ager for Daimler Chrysler.

■  TriPoint Global Communications 
promoted P ushp  K um ar S h arm a to
VP and ch ie f in fo rm a tion  officer. Pre- 
viously, Sharma was VP, information 
Systems at the Company.

■  TDK Sem iconductor Corp. pro­
moted B arry  T h o m p so n  from a di- 
rector o f  engineering to VP of engi­
neering. Thompson will be responsi­
ble for leading the company’s engi­

neering teams in new product development and prod­
uct enhancements.

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

■  GHz Technology Inc. appointed M ichael Yam VP of 
engineering. In this position, Yam will be focusing on ap­
plication support activïties. Most recently, Yam has held 
management posts at Globalstar LP, a consortium o f in­
ternational telecommunication Companies.

■  Palomar Technologies Inc. promoted Kevin C on lon  
to chief operating officer. Conlon joined the Company in 
1997 as VP, sales and marketing.

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

■  The Board o f Directors at Mimix Broadband has elect- 
ed C harles Lee as chairman o f the board. The election 
represents a new  position created by the Board. Lee 
founded Charles Lee Enterprise in 1990 to facilitate 
strategie alliances between America and Asia.

■  Denis P. R itchie has joined Microwave Device Tech­
nology Corp. as president. Most recently, Ritchie served 
as director of marketing and sales for Analogie Corp.

■  W o lfg a n g  S c h m i t t s e i f e r  w ill b ecom e Rohde & 
Schwarz’s managing director for marketing and sales in 
North America, as o f  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.

■  A lpha Industries nam ed T o d d  
Brown director o f European sales. Pri­
or to joining Alpha, Brown lu id  a vari- 
ety o f  sales and marketing manage­
ment positions at MuRata, AMP and 
RF Monolithics.

1 A ndy  J a n e s  has been i ed  the
sales manager o f the Tensolite Preci- 

▲ <>Eß ! s ‘on koaxia l and M uili-eon d u ctor  
H arnesses and Assem blies group in 

Vancouver, Washington. Janes has been at the Vancouver 
facility for over 10 years supporting product sales and ap­
plication engineering.

■  Aptix Corp. appointed Fuad M usa president; Amr
Molisen continues as the company’s CEO and chairman. [Continued on page 68]
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AROUND THE CIRCUIT

■  C arlo s  E. P e d ra z a  joined Times 
Microwave Systems as regional sales 
manager for Latin America including 
Mexico. Prcviously. Pedraza was part 
of the management team at Marped 
Corp., a m anufacturer o f  antennas 
and distributor o f  T im es cables in  
Colombia.

tWoif Pedraza ® First Source Inc. has named D ebi 
Luce Southwest regional sales manag- 

e comes to the Company from Arrow/RF Vision.

■  National Semiconductor Corp. ap­
pointed N ick  T ric k e tt-B e ll regional 
sales manager for the UK and Ireland. 
Most recently, Trickett-Bell lias been 
responsible for the development and 
management o f  the company’s major 
account group in the region as well as 
strategie business development.

■  Sea-Port T echn ical Sales added  
S teve P ennock  to its Northwest sales 

representation team. Formerly, Pennock was VP o f sales 
for Analysis Plus and prior to that sold software for Ansoft 
Corp. and performed research for 12 years at Lawrence 
Live rm o re National Lab.

■  ITT Industries, Cannon appointed 
Roy W ang director o f operations for 

V Cannon connector products in Asia. 
Wang will be responsible for directing 
the rcgion’s operational activities and 
lead employees in the areas o f  engi­
neering, m aterials, production and 
quality control.

I  Excellon Automation Co. promoted 
B ob Bell to general manager mechani- 

cal business unit. Most recently, Bell served as Excellon’s 
general manager o f customer engineering. The Company 
promoted G eo rg e  S chm eltzer to general manager cus­
tomer engineering business unit to replace Bell. Previous- 
ly, Schmeltzer was director o f information technology' for 
the Company.

" l ü ä ä i j : Melles Griot named P atric ia  S ta b ­
il fV t*  b an  general manager for the Photonies 

C om ponents division in Irvine, CA. 
a  Stubban brings with her 19 years expe- 

• • rience in operations and general man-
agement with an emphasis in produc- 

:: iffflk- *; tion and material control.

■  BTC Electronic C om ponents ap- 
‘~Xi! pointed S c o tt  K orenste in  account ex- 

▲ atriaa tubban e c u jjye jn j^s RaJeigh, NC o ffice .
Korenstein will manage strategie commercial accounts 
with an emphasis on currently acquired product lines.

■  G regory  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 o f antennas and antenna interface eleetronics 
including prototyping, testing, documentation and coordi- 
nation o f release to production.

WEB SITES
■  Version 2 o f  w w w .te s td e s ig n o n l in e .c o m  has just 
been launched. Users can now configure a complete test 
station by selection from hundreds of products from leail- 
ing manufacturers, and obtain an Excel spreadsheet com­
plete with prices, product descriptions, rack heights, links 
to the data sheets o f products sefected 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.

■  Je n se n  Tools has recently made a number o f  improve- 
ments to its Web site, www.jensentools.com. The site now 
offers secure online ordering, an improved search func- 
tion, instant order processing, online order processing for 
international eustomers, a stock status feature, detailed 
order acknowledgements, express order shipping options, 
online technical doeuments and free technical support. 
Registered eustomers will also be able to save shipping 
addresses and order history under a password-protected 
login name for added eonvenience.

■  C om search  officially launched Datazone,™ a reposito- 
ry o f standardized reports, studies and data products for 
tlie teleeommunications 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 declsions.

REP APPOINTMENTS
■  CMC W ireless C om ponen ts . Phoenix, AZ, has made 
a series o f  rep appointm ents. S te w a r t  T e c h n o lo g y  
Danville, CA, will handle Southern California and Innov­
a t iv e  M a rk e tin g  a n d  Sales Coppell, TX, will cover 
Texas, while M icrel Associates. Rock Tavem, NY, will be 
responsible for New York, New Jersey and Pennsylvania 
and O  & S A ssociates, New Bedford, MA, will handle 
New England. BWS M icrow ave  M a rk e tin g  Inc . will 
cover Atlanta, Florida, Georgia, North and South Caroli­
na, and Tennessee.

■  T y co  E le c t r o n ic s ' M /A -C O M  has nam ed F irs t  
S ource Inc. as its national distributor for the full line of 
M/A-COM components, including those manufactured by 
its recent acquisition, the former Stellex Eleetronics.

■  S p rag u e -G o o d m an  E lec tron ics  Inc. appointed tw o 
new- sales representatives. T ekm ar Sales. Rye Brook, NY, 
will represent Southern New York and northern New Jer­
sey', while Feiler Associates. Ilighland Park, IL, will be 
responsib le fo r  sales in no rth e rn  Illinois and Southern 
Wisconsin.

http://www.testdesignonline.com
http://www.jensentools.com
http://www.comsearch.com
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Introducing Opti-Cap™ 
from DLI. Ultra Broadband 
Coverage From DC to Light.

At DLI, we want to make your engineering 
job easier. That’s why we’re introducing 
Opti-Cap™, an Ultra Broadband DC Block 
that saves board space and assembly cost 
in high-frequency amplifier modules. With 
its unique cap-on-a-cap “bridge” structure, 
Opti-Cap™ eliminates the need for certain 
discrete passives, simplifying board layout, 
and allowing pick-and-place assembly rather 
than costly handwork. Based on DLI’s 
proven Milli-Cap® technology, Opti-Cap™ 
offers an 0502 footprint, high Q, low series 
inductance, high value capacitance, and 
breakthrough coverage from 12 KHz to more 
than 40 GHz. In other words, from DC to Light.

For complete technical specs, and information on 
DLI's proven line of high O capacitors and thin film 
products, visit w w w .d i la b s .c o m

BENEFITS
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TECHNICAL FEATURE

Pow er  Effic iën t  M M IC  
Frequency T riplers
The design o f an efficiënt frequency triplerfor an S-/X-band Communications 
receiver is described. An approach for optimizing the triplerfor best power 
efficiency is presented. The tripler topology consists of the harmonie generator 
circuit, a bandpass filter and an amplifier. A novel tunable filter to increase the 
bandwidth o f the tripler was fabricated and tested. Measured performance o f an
X-band GaAs MMIC frequency tripler is

Spacecraft in deep space missions, or even 
terrestria l sa te llite s , have a lim ited  
amount o f 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 D evelopm ent (ATD) funds at 
Johns Hopkins Applied Physics Laboratory. 
An early prototype o f the receiver included a 
commercial 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

shown versus simulations.

dissipating 0.15 W resulting in an order of 
magnitude iinprovement 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 com m ercial 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.1 
There are three basic sections o f the frequen­
cy multiplier: the harmonie generation sec- 
tion, a filter section and an amplifier for the 
third harmonie.

[Continued on page 72]
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TECHNICAL FEATURE
Figure 1 illustrates the relative 

spectrum of the signal in each of the 
three sections o f the tripler. In the 
harmonie generation section, multi­
ple harmonies are produced with a 
nonlinear device (GaAs MESFET). A 
filter section great ly attenuates the 
strong fundamental and second har­
m onies. H igher order harm onies 
could be filtered in a bandpass sec­
tion, but the on-chip Filter is required 
only to filter out the first and second 
harmonies such that the third har­
monie dominates the final amplifier 
stage. This topology works well for a 
frequency tripler and could be used 
for an efficiënt frequency doubler. 
This topology of a harmonie genera­
tor (MESFET at pinehoff) and Filter 
section was used previously to pro- 
duce an S-band to C-band frequency 
doubler.®

For this MMIC design, the har­
monie generation section uses a 300 
gm FET (M ESFET) in TriQuint’s 
TQTRX GaAs process. The bias of 
the device is near pinehoff to rnaxi- 
mize the nonlinear characteristics for 
the third harmonie. This harmonie

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

A high pass or bandpass filter is 
used to attenuate the unwanted har­
monie components. The goal is to at­
tenuate the second harmonie 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 harmonie by at least 20 dB. 
The requirem ent to attenuate the  
second harmonie while passing the 
third harmonie 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 
practical bandwidth is described later.

The amplifier section is designed 
to increase the third harmonie level. 
A narrowband amplifier could be de­
signed to provide additional filtering 
of the undesired harmonies, or the 
amplifier could be designed w ide­
band with attenuation provided by 
on-chip or external filter sections. 
For these triplers, broadband effi­

ciënt one-stage and two-stage ampli­
fiers were designed to amplify the de- 
sired  third harm onie (6 .6  to 7.5  
GHz). The two-stage amplifier was 
also fabricated as a separate 5.5 to 8.5 
GHz efficiënt general-purpose ampli­
fier.

HARMONIC GENERATION
A nonlinear device is required to 

generate harmonies of the input sig­
nal. For this design, a 300 gm FET in 
TriQuint’s TQTRX process is used. 
The device is biased around pinehoff 
to enhance the nonlinear characteris­
tics. The device was designed for a 
drain voltage o f +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 pinehoff is sup- 
plied to the MESFET gate through a 
resistor divider network decoupled  
from th e RF m atching circu it  
through a large inductor and large 
d ecou p lin g  capacitor. T he input 
matching network (IMN) to the 300 
gm FET is eentered around the fun-

Fig. I Relative spectrum 
o f tripler sections. ^

HARMONIC GENERATION

0

#o 2f0 3f0 4f0 5f0
FREQUENCY

FILTER
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TECHNICAL FEATURE

Ak Fig. 2 Biasing o f the harmonie generator.

damental frequency (2.2 to 2.5 GHz), 
while the output matching network 
(O M N) is optim ized for the third 
harmonie (6.6 to 7.5 GHz). Figure 2 
shows a simplified schematic o f the 
harmonie generator. To reduce risk, 
the harmonie generation section used 
the same proven, but narrowband, 
design1 retuned to a higher funda­
mental frequency o f  2.2 to 2.5 GHz. 
While the overall tripler is inherently 
narrowband, it may be desirable to 
design a broadband harmonie genera-

FREQUENCY (GHz)
----2.00 — 2.11 — 2.22

4f0
5f0

Ak Fig. 3 Harmonie generation (1 to 5). 

tor sec tio n . F lex ib ility  cou ld  be  
gained by broadbanding the harmon­
ie  generator and output am plifier  
while using the filter roll-off charac- 
teristics to set the operating band o f  
the tripler. This would allow fabrica- 
tion  o f  trip ler MMICs to cover a 
large range o f  frequencies by only
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modifying, or tuning, the filter sec­
tion for each operating band.

The FE T  b iased near p inehoff  
generates very strong fundamental 
and second harmonie signals. Setting 
the gate bias voltage has an effect on 
the gain (or loss) o f each harmonie 
generated in the FET. A typical re­
sponse (simulated) o f the harmonie 
generator section is shown in Figure 
3. Note the strong first and second 
harmonies followed by a reasonable 
third harm onie and progressively  
weaker higher harmonies. The output 
o f  the harmonie generator feeds into 
the filter section.

THIRD HARMONIC FILTER
The filter section is very important 

to  the characteristics o f  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 o f  the very strong second  
harmonie. 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 o f the 
filter must be designed to pass the 
third harmonie of the lowest frequen­
cy of Operation but have sufficiënt at- 
tenuation at the second harmonie of 
the highest frequency o f Operation. 
Additional filtering o f undesirable 
harmonies could be achieved in the 
filter design, but the primary concem  
is to ensure that only the third har­
monie saturates the final amplifier 
stage. A high pass filter could be used 
in place o f the bandpass since the 
harmonie generator already attenu- 
ates higher order harmonies. 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 o f  ap­
proximately 15 to 20 percent. Exter- 
nal filtering could be added to the 
MM IG tripler to improve attenuation 
o f  unwanted harmonies. Tuning the 
passband freq u en cy  by replacing  
some o f the capacitor elements with 
varactors can increase the bandwidth 
of the tripler design provided that the 
amplifier and harmonie generator are 
sufticiently broadband. The schemat­
ic o f the bandpass filter is shown in

[Continued on page 78]
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TECHNICAL FEATURE
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-

Ä  Fig. 4 Bandpass (a)ßxed 
and (b) tunable filter schematics.

FREQUENCY (GH*)

k Fig. 5 Fixed bandpass filter Simulation.

Ék Fig. 6 Tunable bandpass filter 
Simulation.

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

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.

EFFICIËNT AM PURER DESIGN
F or space app lications, s ize , 

weight and power consumption are 
key criteria for the Communications 
design. Given the limited availability 
of commercial triplers, this was an ex­
c e llen t app lication  for a custom  
MMIC optimized for the frequency 
and RF power requirements o f the 
system. The input signal level was as- 
sumed to be 0 to +10 dBm, and the 
output third harmonie level was ex­
pected to be as high as +10 or +13 
dBm. The amplifier MESFETs were 
sized to be power efficiënt, 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 
tw o-stage am plifier than a single  
stage one.

A successful MMIC tripler operat­
ing from 1.55 to 1.75 GHz was de­
signed previously.1 One o f the trade- 
offs in the original design was to oper­
ate a single  stage am plifier at 
Saturation to maximize the gain (loss ~  
80 mA for a 300 gm FET at +7V). That 
design only had enough room for a sin­
gle stage amplifier on the 54 x  54 rnil 
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 harmonie generator section bi­
ased near pinehoff, the amplifier con- 
sumes the bulk o f the DC power.

The output stage 
of the amplifier was 
sized based on the 
IV curves for the  
F E T  d ev ice  w ith  
±5V power supplies, 
plus a 2 dB margin. 
Estimating the max­
im um  RF output 
power (Pout) avail­
able in d a ss  A from 
th e d ev ice  I-V  
curves is illustrated

in Figure  7. Given a fixed supply 
voltage (Vs = +5V) and assuming a 
knee voltage o f  IV, the maximum  
voltage swing is A V = 2 x (Vs -  1), in 
this case AV = 8V. The maximum cur­
rent swing (AI = Imax) is proportional 
to the device size. Assuming a fixed 
voltage supply, and a sufficiënt device 
breakdown voltage, the output pow?er 
is determined by the maximum cur­
rent swing, that is, device size.

Pont =  Vrrns X r̂ms

For an Imax greater than 100 mA, 
Pout is approximately +20 dBm for a 
300 (im FET for a +5V supply. That 
would yield approximately +17 dBm 
for a 150 gm FET. Hence a 150 gm 
FET is chosen to provide 2 dB margin 
for a +15 dBm output requirement.

A 150 gm FET operating at ap­
proxim ately Idss/ 2 could  provide  
about +15 dBm, while reducing the 
bias to Inss/4 could provide at least 
+12 dBm. To simplify the matching 
design, 150 gm FETs were used for 
the first and second stage amplifier. 
Bias was made selectable so that the 
final stage could operate at W 2 (20 
mA) or Ij)ss/4 (10 mA) depending on 
the output power required, while the 
first stage is operated at the lower 
IDSs/4 bias. S-parameters for the 150 
gm device were not expected to vary 
rnuch between IDSS/2 and Id $s/4, so 
the amplifier could be custom config- 
ured for e ith er  bias p oin t. Even  
though the design was intended for 
±5V, it works w'ell 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 in A at +5V.

While the power efficiency o f the 
tripler is dom inated by the power 
consumption in the amplifier section, 
optimizing the size o f the FET in the 
harmonie generator is necessary for 
best overall efficiency. I f  the output 
pow'er requirem ent were reduced,

[Continued on page 81 ]
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TECHNICAL FEATURE

A  Fig. 8 Bund pad selectable bias examples.

then not only should the FETs in die 
amplifier he made smaller, but the 
FET in the harmonie 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 die cost 
of extra DC power in order to provide 
for changing specifications during de­
velopm ent, 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 m ultip le requirem ents. 
Figure 8 shows an example of modi- 
fying the gate bias by connecting to 
one bond pad or another. Attaching to 
the bond pad VI provides a gate bias 
voltage o f -1 .25  V for a lower drain 
current, while attaching to V2 selects 
a gate bias voltage o f  -0 .8  V for a 
higher drain current. Note, the 500 D  
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 designs output pow­
er requirement plus some additional 
margin. Ideally, a inulti-stage amplifi­
er would have the MESFET size opti- 
mized for each stage. To simplify the 
matching circuit design, the same de­
vice (150 (irn FET) was used for both 
stages in a two-stage amplifier. The 
first stage is run at a lower current 
level (~IDSs/4), while the output stage 
is biased for maximum dass A output 
power (~Idss/ 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  
GaAs fabrication  
will still a llow  the 
am plifier  to m eet 
specifications. For 
th is design , add i­
tional bias poin ts  
were included that 
can be selected  by 
Ixmding to different 
pads w hen  pack- 
aged. Ofif-chip resis­

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 IDSS up 
to 55 to 60 percent IDSS for maximum 
output power. At som e point, it is 
preferable to redesign the tripler with 
smaller MESFETs optim ized 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 o f 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 o f  the DC bias 
lines in the matching circuit design of 
an amplifier.

LAYOUT
Since this was a development or 

“proof of concept” project, multiple 
variations o f the tripler and amplifier 
circuits were combined on a single 
large die to maximize the knowledge 
gained from a single fabrication cycle. 
For a production run, the two-stage 
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 (PCX)) 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 efficiënt amplifier (5.5 to 8.5 
GHz) occupied one-eighth o f the die 
and the remaining three-eighths con-

[Continued on page 83]
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TECHNICAL FEATURE

Ak Fig■ 9 GaAs MMIC tripler die layout 
(120 x  220 mils).
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J k  Fig. 10 One-stage tripler’s i 
linear simulated output match.
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.Jk Fig. 11 One-stage tripler’s tneasured 
vs. nonlinear simulated output match.

tained a frequency tripler (1.7 to 2.1 
GH/.) 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.

MEA5UREO RESULTS
Simulated results agree well with 

the measured results. Agilent EEsofs 
Libra program was used for siniula- 
tions using linear models from the 
TQTRX foundry manual2 and Tri­
Q u in t’s Own M odel (TO M 2 and 
TOM 3) for nonlinear sim ulations. 
For the harmonie generator FET, the

J k  Fig. 12 Two-stage amplifier’s measured 
vs. twtüinear simulated gain.

linear model with the lowest available 
current bias (14 percent IDSS) 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 IDSS/2 bias or the 
Idss/4 bias. For the input match, the 
linear model at low bias (14 percent 
Id s s ) f°r the 300 gm FET matched 
the measured result very well. At the 
higher third harmonie frequencies, 
the actual amplifier rolls o ff a little 
lower in frequency than expected. 
Still, the tw o-stage am plifier has 
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 w ell, though the gain 
roll-off occurs slightly lower in fre­
quency than predicted, as seen in 
Figure 12. The power output (> +13 
dBm ) agreed w ell w ith estim ates  
from the DC I-V curves and from 
nonlinear simulations.

Nonlinear simulations o f the over­
all tripler predicted a third harmonie 
output approximately 6 dB higher 
than measured results. This corre- 
sponds to the same difference as in 
the original design.1 Besides blaming 
an overoptimistic nonlinear model, 
the 6 dB error could also be due to 
the narrowband match on the input 
o f  the harmonie 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 harmonie generator in a 
future design w ould create better  

[Continued on page 84]
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TECHNICAL FEATURE

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

agreement with the nonlinear mod­
els. Figure 13 shows the third har­
monie power out versus power in at
2.2 to 2.4  G H z 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 paekaged 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 o f 250 MHz 
from 1.75 to 2.00 GHz. While the tun­
able filter worked well, the current 
harmonie generator design needs to 
be broadbanded to fully utilize the ex- 
tended tuning range. The tunable har­
monie 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 o f 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 
paekaged component.

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

TABLE I
ONE-STAGE TRIPLER IN PACKAGE (2.1 to  2.5 GH*)

TABLE II
TWO-STAGE TRIPLER IN PACKAGE (2.2 to  2.5 GH*)

TABLE III
TUNABLE TRIPLER IN PACKAGE (1.7 to  2.0  GH*)

Pin
(dBm) Voltage (V)

Peak Pout 
(dBm)

Loss/Gain 
(dB)

+8 0,5 6.7 {5.4 GHz) -1.3 (5.4 GHz)

+8 1,5 7.1 (5.7 GHz) -0.9 (5.7 GHz)

+8 2.0 4.3 (6.0 GHz) -3.7 (6.0 GHz)

on the fixed filter were replaced with 
varactors to achieve a 15 percent  
change in th e ro ll-o ff 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 harmonie generator and amplifier.

CONCLUSION
An arch itecture for frequency  

triplers (or doublers) in GaAs MMICs 
has been described and fabricated. 
Customization o f the circuit can allow 
for low power efficiënt Operation in a 
particular system. For space appliea- 
tions, size, weight and power con­
sumption are critical. Certainly, eus- 
tomized MMICs with selectable bias 
points can provide extremely small, 
lightweight, low power Solutions when 
o ff-th e -sh e lf com ponents are not 
available, or not suitable.
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TECHNICAL FEATURE

H ig h  Speed A nalysis

AND OPTIMIZATION
of W aveguide  Bandpass 
Filter  Structures 
U sing  Sim ple  N eural 
A rchitectures

At microwave frequencies, from about 7 to 60 GHz, inductive irises are very often used as coupling 
networks between half-wavelength caüties in rectangular tvaveguides to develop very selective low 
loss bandpass filters. This is due to thefact that symmetrie and asymmetrie metal inserts, along with 
small tuning posts, are very easy to manufacture in large production volume. Tofacilitate 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 o f iris aperture, 
thickness and frequency. The proposed new models, although they can be embedded into any 
commercial microwave software, have been easily implemented into MMICADf Comparisons have 
been made for high order high frequency waveguide half-wave filters, showing an excellent agreement 
with füll three-dimensional (3D) electromagnetic HP-HFSS® simulations along with computation 
speeds thousands o f times faster.

To the authors’ knowledge, none o f the 
current commercial microwave aided 
design (CAD) programs incorporate 

models for useful discontinuities in rectangu­
lar waveguide, while they have models for the 
Standard TE 10 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 o f electrical models avail-

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 sorne useful

/  Continued on page 88]
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TECHNICAL FEATURE
well-known discontinuities such as 
symmetrie and asymmetrie irises for

FRONT VIEW
SYMMETRIC ASYMMETRIC

■ W rB W B
SIDE VIEW

Jk. Fig. I Symmetrical and asymmetrical 
rectangular waveguide inductive iris.

m icrowave bandpass filter design  
shown in Figure 1.

The existing circuit m odels for 
waveguide inductive irises, starting 
from M arcuwitzs work,1 are pub- 
lished elsewhere; however, most of 
tliem are developed in terms o f  re- 
cursive closed form equations coming 
from electromagnetic pseudo quasi- 
static and füll-wave approaches. Due 
to the multimode dispersive nature of 
diese electromagnetic discontinuities, 
the equations are not easily imple- 
mented into commercially available 
circuit simulators. Furthermore, they 
are rather tedious and computation

(for example, bandwidth shift and in 
band attenuation). The second avail­
able solution, the use o f full 3D  elec­
tromagnetic simulators such as HP- 
IIFSSf2 is accurate, but unacceptable 
in com putation  tim e (several 
hours/days) when used for filter de­
sign and optimization.

Instead of searching for more pre- 
cise, and therefore more complicated 
closed form equations, the idea pro- 
posed here is to use simple and accu­
rate neural architectures to fit the Scat­
tering parameters obtained by using a 
precise fiill 3D simulator for single and 
double inductive irises in rectangular 
waveguides. Since the electromagnetic 
discontinuity of a single or double in­
ductive iris of aperture D and thickness 
T in a TE 10 propagating rectangular 
waveguide behaves like a lossless sym­
metrical two port reciprocal network at 
the reference planes PI and P2, it is 
enough to adjust a single two port para­
meter at the output of the neural net­
work. For microwave filter applica- 
tions, it is convenient to control the for- 
ward scattering parameter S2i (easily 
related to the traditional Z or Y para­
meters), and furthermore to use the 
well-known proporties of the scattering 
matrix to derive the other Sij parame­
ters as

S x (S°)T = I (1)

At tliis 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 TE 10 is the 
dominant propagating mode, and in a 
first approach a neural topology  
should be derived for each waveguide 
band (w hich is not a general ap­
proach). However, if the scaling prop- 
erties of the waveguide stmetures are 
considered, the normalised iris diinen- 
sions D/A and T/A can be used as in­
put parameters, as well as the nor­
malised frequency F/Fc, where Fc is 
the cu t-off frequency o f the TE 10 
mode, as shown in Figure 2.

Furthermore, the range o f the in­
put param eters should have som e  
constraints regarding the usual wave- 

[Continued on page 90]
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yn [ ry-i ,nd LCHyfel = (LN(a..h(-.e))) ly

£ k  Fig. 3 General SPWL neural architecture.

guide filter utilisation. The ins aper- 
ture could vaiy from 0 to the maxi­
mum aperture A, that is, 0<D/A<1, 
while a reasonable range for the iris 
th ick n ess T sh ou ld  b e given  by 
0 .01< T /A < 0 .25 . F inally, th e nor- 
malised frequency band should be 
1.2<F/FC<2 in order to avoid unwant- 
ed propagation modes. In eonclusion, 
this general strategy uses a single  
neural architecture for the S2] para­
meter, and three normalised parame­
ters as in p u t data. It shou ld  be  
enough for any given frequency band 
where this kind o f filter is applicable.

THE NEURAL ARCHITECTURE 
From an intuitive point o f view, a 

neural netwerk3 can be viewed as a 
parallel distributed processor that ex- 
hibits a natural ability for storing exper­

imental knowledge and making it avail­
able for ulterior use. This knowledge is 
acquired through dedicated leaming al- 
gorithms, along with a w eighty in- 
terneuron connection. The typical 
neural networks, MLP and RBF fami­
lies, normally require a relatively large 
number o f neurons for a close fit to the 
experimental data. Because the objec- 
tive is to be liiglily competitive against 
the pure electromagnetic Simulation, a 
new SPWL4 has been chosen for this 
particular problem.

The proposed SPWL model is an 
extension o f the well-known canoni- 
cal piecewise linear model (PWL) de- 
scribed by Chua.5 In its basic formu- 
lation, the C anonical PWL m odel 
performs any general nonlinear map- 
ping F : RM -> RN (M inputs and N 
Outputs) by means o f the expression

A + B . X + £ c k|< a k, X > - ß k|
k=l

(for K neurons) (2)
where
X(M) = input vector
Y(N) = output vector
A(N), B(NxM),
a k(M ),C k(N) =  fitting vectors
ßk =  scalar
< ak,X> = inner product
This model divides the input space into 
different regions by means of several 
boundaries im plem ented by hyper- 
planes of dimension M -l. It then con- 
structs the function approximation by 
means o f a combination o f hinging hy­
perplanes of dimension M. Such hing­
ing hyperplanes are the result of joining 
two linear hyperplanes over the bound­
aries defined in the 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
ti nuous 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 optim ization  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 o f 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” o f the transition. 
The smoothing function is chosen as

Ln[cosh(yr)|
LCHy(t) = — L — L-AI (3)

where
y =  parameter that allows the 

smoothness o f the transition to 
be control led

The advantage is clear when one looks 
for the derivative o f  Equation 3: 
d/dx{LCHY (t)} = tanh(yr) which is the 
activation function o f a universal ap- 
proximator such as the MLP. Figure 3 

[Continued on page 92]
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TECHNICAL FEATURE
of the pro-

MODEL VALIDATION
The above description has been  

applied to the electromagnetic struc- 
tures, that is, both symmetrie and 
asymmetrie irises. This model pro- 
vides a smooth and derivable approxi- 
mation that improves considerably 
the perform ance o f  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 o f 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

Ä  Fig. 4 Dedicated neural architecture fo r  sym 
and asymmetrie waveguide irises.

Fig. 5 Single symmetrica! iris validation.

port com plex S2i param eter for a 
wide range o f  input data - (0.01 < T/A 
< 0.25), (0 < D/A < 1) and (1.2 < 
F/Fc < 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 S2i for any individual iris, when 
compared with HFSS Simulation, is 
less than 0.02 in module and less than 
2° in phase. Figure 5  shows as an ex- 
ample the neural fitting parameters 
for the symmetrie 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 o f  the 
normalised frequency.

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

fits th e  frequency  
behaviour o f  an in­
dividual inductive  
iris, when designing 
high order m i­
crowave filters, the 
propagation o f  the 
ind ividual errors 
could be important, 
especially  for very  
narrow bandpass fil­
ters. This fact is a 
higher level test o f  
the validity o f  the  
approximation. For

Al =+0.5313133 
B il =-0.0224248 
B 1 2 = -0.0307383 
B13 = -  0.0096260 
C11 =+2.0500217
0 2  = 0.0034359
0 3  =-4.8298888
0 4  = -0.1482995
0 5  =-1.5116727
0 6  =-4.3496077
0 7  = + 0.1129634

A2 =+72.029501 
B21 =-6.3434002 
B22 = -  118.99504 
B23 = -  33.658561 
C21 =-64.315213 
C22 = -  18.128299 
C23 =+289.59198 
C24 = + 57.938470 
C25=+92.329060 
C 2 6 = -403.68554 
C 27=r 47.962584

= -0.1471183 
= + 1.1227934 
= -0.3671070 
= +4.1136844 
= 0.1056092 
= +0.2939928 
= +0.2864985 
+ 0.0385768 
-0.3388533 

= +0.7186874 
= +0.1528574 
-0.0087490 
-0.2991391 
-2.2288361

+ 0.4822774 
-0.2073612 
+ 0.6221584 

0.0607542 
- 1.0709634 
-0.7017891 
+ 1.0711678
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A  Fig. 6 Model validation through filter 
Implementation.

this reason the neural architecture has 
been implemented easily into MMI- 
CAD6 by using its M DL capability 
along with the flexibility in working 
with electrical model and local vari­
ables. The individual irises are joined 
by using fundamental TE10 wave- 
guides (available in any simulator). At 
least for symmetrie 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/ 
Buttenvorth bandpass filters in differ­
ent waveguide bands were tested, al- 
ways showing very good agreement

with full 3D  electromagnetic simula­
tions and having a eomputing 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 symmetrica! irises having 
moderate (0.3 mm) thickness, with a 
center frequency at fu =  34.55 GIIz 
and having a ffactional bandwidth of
5.5 percent. Conversely, Filter 2 is a 
very narrow band waveguide filter (2.4 
percent fractional bandwidth) cen- 
tered at fQ = 29.25 GHz that uses very 
thick (0.9 mm) irises. For both cases, 
all the phvsical dimensions are shown 
in the figure. In terms o f analysis, HP- 
HFSS means fiill 3D  electromagnetic 
Simulation and SPWL means neural 
electrical 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 o f  view, a 
waveguide having P modes should be 
considered the connecting media be­
tween successive discontinuities, that is, 
the discontinuity should be described 
as an electrical 2P-port characterised 
by its generalized multiport scattering 
matrix S(2Px2P), as shown in Figure 7. 
Since the structure of a symmetrie iris 
exhibits perfect symmetry, only odd 
modes can be exeited at the discontinu­
ity, that Ls, the first high order mode to 
be considered is the TE30. Multimode 
electromagnetic simulations show that 
for half-wave waveguide filters that use 
symmetrie iris structures, it is enough 
to consider only the first connecting 
mode TE 10, as can be seen from the 
results obtained for the filters using 
symmetrie irises.

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

[Continued on page 97]
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TECHNICAL FEATURE
At this point it should be kept in 

mind that the generalized scattering 
matrix for the first two modes o f a 
single iris is a 4x4 matrix having some 
special properties.7 The Sn = S33 and 
S13 = S31 e lem en ts  b e lon g  to the  
propagating mode TE10; they have 
the matrix properties shown in Equa- 
tion 1. The terms S]4 = S41 = S23 = 
S32 and S12 = S2i = S34 = S43 relates 
the propagating TE10 mode with the 
evanescent TE20 mode. After manip- 
ulation o f the scattering properties 
they can be related in a simple man- 
ner, as shown in Equation 4.

S,4 =
~jS12 - S ltS12

In conciusion, the only need is to 
develop an extension o f  the initial 
neural network that has as Outputs the 
magnitude and phase o f  S3i> along 
with S14, for example. The remaining 
elements of the 4x4 scattering matrix 
can he 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

ment “bend” or “step” in microstrip, 
for example. The final point is to build 
an electrical model for the evanescent 
TE20 waveguide mode; however, this 
is not a problem because its Z matrix 
is well-known in the literature.

As a validation  exam ple o f  the  
aforem entioned theory, F igure 9 
shows a comparison for an X-band (6 
percent BW) half-wave filter  that 
uses asymmetrie iris structures. As 
shown, it is almost impossible to dis-

Wireless, PCS, GSM & DCS
Base Station Solutions

—i S » —s j A (4)

Finally, m ode matching simula­
tions show that the terms S22 = S44 
and S24 = S42 can be made zero with­
out any loss o f  accuracy b ecau se  
these elements relate to evanescent 
modes only.
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TECHNICAL FEATURE
tingu ish  b etw een  the m ultim ode  
HFSS Simulation and the proposed 4- 
port SPWL approach. The d iffer- 
ences are in the range o f the mechan- 
ieal tolerances. However, there is a 1 
percent frequency shift wben 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 
tlirough the use o f 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 o f a full 3D  elec- 
trom agnetic sim ulator. S ince the  
neural architecture is eontinuous in its 
high order derivatives, the filter opti­
mization process can easily be accom­
plished. Finally, sim ulations 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 process 
without loss o f accuracy. ■  * 1

References
1. N. Marcuwitz, Waveguide llandhook, 

McGraw-IIill.
2. I1P-HFSS “Full 3D Electromagnetic Sim­

ulator and Optimi/er,” Agilent Technolo­
gies Product.

3. Simon Hayldn, Neural Networks: A Com- 
prehensive Foundation, Macmillan Pub­
lishing Co., IEEE Press, 1994.

4. M. Läzaro, I. Santamaria, C. Pantaleon, A. 
Mediavilla, A. Tazón and C. Navarro, 
“Smoothing the Canonical Piecewise Lin­
ear Model: An Efficiënt and Derivable 
Large-signal Model for MESFET/HEMT 
Transistors,” Accepted for publication in 
IFF.E Transactions on Circuits and Sys­
tems I: Fundamental Theory and Applica­
tions.

5. L.O. Chua and A.C. Deng, “Canonical 
Piecewise-linear Modeling,” IEEE Trans. 
Circuits Syst., Vol. 33, No. 5, 1986, 
pp. 511-525.

6. MM IC AD is a commercially available Mi­
crowave Circuit Analysis and Optimization 
Software from OPTOTEK Ltd.

. H. Ilaskal, “Matrix Description of Wave­
guide Discontinuities in the Presence of 
Evanescent Modes.” IEEE Transactions on 
Microwave Theory and Techniques, March 
1964, pp. 184-188.

A. Mediavilla
graduated with honors 
in 1978 and received 
his doctor o f physics 
degree in  1984, hoth 
from the University o f 
Canlahria, Santander, 
Spain. From 1980 to 
1983 he was ingenieur 
stagiaire at Thomson- 
CSF. Corheville,
France. He is currently 

n the Communications engineering 
departrnent at the University o f Cantabria. He 
has wide experience in analysis and 
optimization o f nonlinear microwave active 
devices and circuits in both hybrid and 
monolithic technologies. His current research 
fields are on active microwave circuits, mainly 
in the area o f nonlinear modeling ofhigh 
power Ga As devices and their application in 
large-signal computer circuit design.

Antonio Tazón 
Puente graduated in 
1978 and received his 
doctor o f physics 
degree in 1987, both 

I » from the University of 
Cantalma, Santander, 
Spain. From 1991 to 
1993 he was a 
professor in the 
departrnent of 
electronics at the 

University o f Cantabria, and since 1996 he has 
been a professor in the departrnent of 
communication engineering, also o f the 
University o f Cantalma. In 1985 and 1986 he 
carried out stages at the 1RCOM departrnent 
(University o f tArnoges, France), working in 
nonlinear modeling and load-pull techniques.
He has participated in Spanish and European 
prqjects in the nonlinear modeling (Esprit 
project. 6050 MANPOWER) and microwave 
and millimeter-wave communication circuits 
and Systems (Spanish Project PlanSAT,
European Project CABSINET). He has carried 
out research on analysis and optimization of 
nonlinear microwave active devices and 
circuits in hoth hybrid and monolithic 
technologies. Currently his main research 
Interests are the active microwave circuits, 
mainly in the area o f linear and large-signal 
modeling and smaü-signal intennodulatum o f 
GaAs and SiGe devices and their applications 
in nonlinear computer design.

JoséA . Pereda
received his licendado 

** % degree in 1989 and his
jgtfggpi * * doctoral degree in 
m  wm. j  ;  ;  j  995, both in physics, 

iS« from the University of 
Cantabria, Spain, ln 

• *' 1989 he joined the 
electronics departrnent 
at the University of 
Cantabria, and in 1996 
he became an assistant

professor in electromagnetism in the 
Communications engineering depariment. His 
research interests include electromagnetic field  
theory and numerical methods for solving 
electromagnetic problems.

Marcelino Läzaro
received his

engineer degree from  
the University o f 
Cantabria, Spain, in 
1996. Thai sameyear 
he joined the 
Communications 
engineering 
departrnent at the 
University o f 

Cantalma, where he is currently pursuing his 
doctoral degree. His research interests include 
digital Signal processing, nonlinear modeling 
and neural netivorks.

Carlos Pantaleon
received his 
telecommunication 
engineer degree and his 
doctoral degree from  
the Universidad 
Politécnica de Madrid 
(UPM), Spain, in igyo 
and igg4, respectively. 
In iggo he joined the 
Communications 
engineering 

departrnent at the University o f Cantabria, 
Spain, where he is currently an associate 
professor. His research interests include digital 
Signal processing, nonlinear Systems and neural

Ignacio Santamaria
received his 
telecommunication 
engineer degree and his 
doctoral degree from  
the Universidad 
Politécnica de Madrid 
(UPM), Spain, in 1991 
and 1995, resjiectively. 
In 1992 he joined the 
Communications
engineering 

departrnent at the University o f Cantabria, 
Spain, where he Ls currently an associate 
professor. His research interests include digital 
Signal processing, nonlinear Systems and neural 
networks.

W hat CAN YOU FIND AT 
www.mwjournal.com? 

J ob O pportunities.  Whv sift 
tlirough the waves of newspaper 

classifierfs'to Bikl ydakttèkf * 
Position? :Eocus votic iiärch  

on the jobs listodTh the 
Microtckwt*Jourfml On-line 

Help Wairtcd Classifieds.

http://www.mwjournal.com


1
RÜ jHBhi Jfe
r *   ̂ v ! l i
Ï f ï  1

m  lAf f f  a

S 9 |  j?«. S  jÊjk

from $4,250*

Agilent 33250A

• 80 MHz bandwidth for sine and square waves
• Arb sample rate of 200 MSa/s and 

memory depth of 64k points

• Creates pulses up to 50 MHz quickly and accurately

• Includes modulation, GPIB, RS-232, and a 3-year warranty

www.agilent.com/find/waveform

There are easier decisions than choosing the Agilent 33250A Function/ 

Arbitrary Waveform Generator, but not many. Not when, at such low cost, 

you can get an 80 MHz waveform generator that can produce Standard 

waveforms, arbitrary waveforms and pulses. That has sweep, burst, mod­

ulation and external clock reference. And comes from Agilent Technologies. 

Now in one instrument, you have all the flexibility you need to complete 

your design. Along with an easy-to-use graphical color display/interface 

and built-in help system. Should you ever require it, you also have the 

help of another engineer, just by callïng our toll-free number. For more 

Information on the Agilent 33250A, you can call for a data sheet, or visit 

our web site for an interactive overview. With nearly double the perform­

ance and the same price as its nearest competitor, it’s one decision you 

shouldn't have to think twice about. D rß a m S  m a d ß  TBSl.

\Cv Agilent Technologies

U
L

X

http://www.agilent.com/find/waveform


TECHNICAL FEATURE

Si G e Pow er  A m plifier  IC s 
w it h  SW R Pro tectio n  
for H andset A pplications

This article describes how SiGe technology 
has been used to develop a family o f 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 o f power amplifier types. The 
roadmap in Figure 1 shows how the family of 
SiGe power amplifiers discussed in this article 
cover the evolving protocol requirements.

T h e re  a re  a la rge  n u m b e r  o f  h a n d se t Stan­
d a rd s  w o rld w id e  th a t  h a v e  v a ry in g  R F  r e ­
q u ir e m e n ts ,  b u t  th e y  c an  all b e  p la c e d  in to  
tw o c a te g o rie s  from  a  tra n s m it a m p lifie r  p o in t 
o f  v iew : s a tu r a te d  o r  l in e a r  O p e ra t io n . T h e  
a n a lo g  (AMPS) a n d  TDM A (N ADC, GSM 
a n d  DCS) S tandards fall in to  th e  sa tu ra te d  PA 
cate g o ry  b e c a u se  th e y  h ave  little  o r  n o  m o d u - 
la tio n  e n v e lo p e . F o r  th e s e  case s , th e  PA c an  
b e  o p e r a te d  n e a r  o r  a t S a tu ra t io n  a n d  s ti ll 
m e e t  System  re q u ire m e n ts .  T h e  CDMA a n d  
W-CDMA Standards h ave  a  la rg e r  m o d u la tio n  
e n v e lo p e  (p ea k  to  a v erag e  ra tio ) a n d  r e q u ire  
th e  PA to  o p e ra te  in  a  m o re  lin e a r  r eg io n  in  
o r d e r  to  m e e t  req u ire m e n ts . T h is  h ig h e r  lin- 
e a r ity  is u sua lly  o b ta in e d  b y  ru n n in g  th e  PA

[Continued on page 102]
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In recent years there has been enormous 
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 1 arges! growth 
in services is projected in the area of integrated 
voice and data networks, which provide Internet 
protocol-based Connectivity.

As a result o f 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 leveis of Integration. The 
availability o f multifunction, mixed-signal ICs 
with considerable RF System content will be- 
come even more critical. SiGe bipolar comple­
mentair metal-oxide semiconductor (BiCMOS) 
technology has reeently received a Iot of atten- 

F ig .l Wirekss protocol ticMJ as a suitablc technology for RF/analog and 
road map. ▼  . n . i ..r  T mixed-signal applica­

tions.1 However, until 
now, SiGe has not been 
considered a suitable 
technology for power 
amplifier (PA) applica­
tions, primarily due to 
the lower breakdown 
voltages o f  SiGe NPN  
devices com pared to 
their GaAs HBT  
coimterparts.

= IBM POWER AMPLIFIER DEVELOPMENT AREAS
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TABLE I
SiGe BiCMOS DEVICES

NPN SiGe HBTs
Standard

High
breakdown

fT/fmta = 47/70 GIIz, 
BVc|k) = 10.5 V 

ft/fiJlax = 28/65 GHv, 
BVdj0= 14.4 V

FETs
NFET

PFET

0,39 mm,
gni,sat = 195 mS/mm 

Lcff=0.38 mm, 
gm.sat = 103 mS/mm

LPNP Gated LPNP gm/IC = 7.9 mS/mA

Diodes

Schottky

PIN
ESD

Vf = 0.31 V 
Cj =1.2 fF/mm2 
Cj -  0.25 fF/mm2 
2000 V protection

Capacitors MIM
MIS

C = 0.7 fF/mm2 
C = 1.5 fF/mm2

inductor Thick iast metal L = 1.0 nH,
Q = 17 at 5 Gllz

Resistors

Poly Si 
Poly Si

Single crystal Si 
Single crystal Si 
Single crystal Si

Rsh(a 'sq) TCR(ppmTI 
220 -75 
340 -275 
25 1940 
8 2050 

1750 300

(inapprox.20lots)
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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. Düring this test, very liigh 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 scheine, regardless of the process technology used, 
will fail catastrophically under this condition due to high cur­
rent, high voltage or oscillation.

T h e  fam ily of SiGe PA TCs described  h e re  address all m a­
jo r  h a n d set Standards a n d  have SWR p ro tec tion  c ireu itry  on- 
ch ip  th a t enables th e m  to  pass in d u stiy  Standard  ruggedness 
te sts  w h ile  h av ing  c o m p e titiv e  o u tp u t p o w e r  (Pout), PAE, 
gain a n d  linearity, as w ell as necessa iy  con tro l fnnctions.

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 o f devices 
available, including NPN, NPNH B (high breakdown), 
PNP, NMOS, PMOS devices, 4 types of diodes, 2 types of 
capacitors, 5 types o f resistors and scalable inductors, per- 
rnit a wide variety o f RF circuits with a high Ievel of inte- 
gration to be realized. Table 1 summarizes the devices of- 
fered in the 5HP/AM process.1
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■  TECHNICAL FEATURE
The resulting potential for high lev- 

els of Integration i.s excellent in a BiC- 
MOS process. Single-chip transmit 
ICs with functionality from baseband 
m odulation to the PA output are 
planned in the near future. Later in 
tim e, the possib ility  exists for full 
transceiver ICs with the PA function 
incorporated. This is espeeially feasi- 
ble for lower power Systems such as 
Bluetooth.

Processing is done on 8" (200 mm) 
wnfers. This gives a cost advantage 
over GaAs where processing is done 
on 4" (100  m m ) w afers (4 tim es  
greater area per wafer for SiGe BiC- 
MOS). Yield in Si BiCMOS is gener- 
ally superior to GaAs, further adding 
to the cost advantages.

SiGe HBT devices offer many fea­
tures that are favorable for PAs. Cut- 
off frequencies fT and fmax are similar

to those o f  h igh breakdown GaAs 
HBTs2, and therefore gain per stage is 
similar, while comparable PAE and 
linearity7 are observed.3 Although die 
Substrate electrical parasitics are high­
er for Si dian for GaAs, the use o f P- 
substrates combined with thick con­
ductor and oxide layers has enabled 
low loss matching networks. The ther­
mal resistance o f Si is lower than for 
GaAs and results in lower device op- 
erating ternperatures. SiG e HBTs 
have lower base-emitter turn on volt­
age (0.8 V vs. > 1 V for GaAs HBTs), 
which allows lower voltage Operation 
and more transistors to be stacked be- 
tween supply rails. Additionall}7, bias 
circuits in Si technologies are superior 
since more accurate bias reference 
circuits can be constructed which give 
constant currents over supply voltage 
and a flat temperatu re characteristic.

There are two different types o f  
th e h igh breakdow n N PN  HBTs 
(N PN H B) offered: Vceo = 5.5 V or 
8 V, depending on die process choice. 
A siim mary7 o f high breakdown device 
characteristics is given in Table 2.

Many PA applications require an 
analog effieiency/gain control voltage to 
adjiisf the current in die PA. The BiC- 
MOS process allows for the design of 
control cireuitry that gives a logarithinic 
collector current vs. linear control volt­
age response over a w ide dynamie 
range, which is superior to what is at- 
tainable in competing technologies.

Prior to IC design, RF measure- 
ments were made on NPNIIB transis­
tors having em itter areas from 300 
pm2 up to 6000 pm2 in order to deter- 
mine what DC and RF cuiTent densi- 
ties were appropriate for the various 
handset Standards. Load-pull data was 
taken to determine power, PAE and 
linearity for a given emitter area. For 
an NPNHB device, 74 percent PAE 
was measured at 0.8 mW/pm2 under
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TABLE II
HIGH BREAKDOWN NPN HBTs

5HP 5B0

ß 100 100

BV(ibo(V) 14 20

B \;w  (v) 5.5 8.0

]>eak' fT (GHz) 28 19

peak X ,  (GHz) 65 .50
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TECHNICAL FEATURE

JL Fig. 2 Block diagram o f the two-stage power amplifier.

CW drive. With an IS-95 CDMA Signal, 48 dBc adjacent 
channel power rejection (ACPR1) is observed at 42 per­
cent PAE and 0.2 mW/gm2.

PA DESIGN
Once measurements o f the NPN HB 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 o f the major handset Standards. Figure 2 shows a 
block diagram o f the PA IC. An additional pre-driver 
stage (not shown) is included on personal Communica­
tions services (PCS) designs.

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 o f 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 eon- 
tribution from each is correct, a reference voltage equal to 
the bandgap of the material ( 1.2V for Si) is created.4 This 
voltage is buffered and then placed abross a current set re- 
sistor, which gives a bandgap current. If an external voltage 
control o f current is required, that voltage is applied to this 
node. This results in a linear Icc vs. Vcontroj characteristic. If 
a log Icc vs. Vcontroi characteristic is required (such as for 
GSM and DCS), a linear-to-log Converter is placed on this 
node along with a mirnber o f 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
vices base. The op-amp is designed to provide a low im- 
pedance (< IQ) 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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TECHNICAL FEATURE

A  Fig. 3 Die photograph
o f the NADC/AMPS SiCe power amplifier.

TABLE I II
PA IC MEASURED RESULTS (Vcc -  3.4  V)

amps rather than a large capacitor on 
the DC side o f the RF choke has the 
advantage o f fewer components re­
quired externally on the board and 
keeps on/off switching tinies o f the PA 
to a minimum.

RF Path
This portion of the design starts at 

the output match and proceeds to- 
ward the input o f the amplifier. The 
off-ehip output match has a low pass 
topologv and utilizes 0402 type sur- 
face-mount components. The device 
load-pull data obtained previously  
was used to determine the optimum 
load impedance, ZT 0pt, required for a 
given power levei. For comparison, 
this number was also determined us­
ing the Cripps method5 with excel­
lent agreement. This method involves 
determining R( opt based on load-line 
analysis and lumping the device out­
put capacitance, CQ, into the output 
matching network such tliat the cur­
rent generator o f the transistor drives 
a load which is completely real at the 
center o f  the frequency band once 
the network is constnicted. C0 con-

| +85 C ----25°C------ 40 c |

A Fig. 4 CWfrequency and temperature 
performance o f the NADC/AMPS 
power amplifier

sists m ostly o f  the large collector  
trace-to-substrate capacitance as well 
as the collector-emitter overlap ca­
pacitance from tracés tying altemate 
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 o f  C() can be tai- 
lored in the layout.

Optimization o f  CQ was also per- 
form ed in concert with em itter  
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 cellulair 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 elem ent serving as the 
bias inductor for the driver (Ist) stage. 
The driver transistor and its load im­
pedance is determined in a marmer 
similar to what was done previously 
for the output stage, but this time the 
gain o f the output stage has to be tak­
en into account in order to determine 
the amount o f  power required from 
the driver. Once this is determined, 
the output transistor is biased such 
that it is at a current in betw7een 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 scheine for the SiGe 

PA is required if the amplifier is ever to 
encounter a non-50 Q 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 sufficiënt for reliable 
Operation. The effective breakdown 
voltage must lx: enhanced for this con­
dition. At phases where a high SWR 
load creates a high current condition, 
the devices can be damaged from too 
rriuch dissipation, particularly if  the du- 
ration o f a high voltage signal swing ap- 
proaches the G-B transit times.6 Novel 
circuit techniques are used to realize 
the SWR protection scheme.

A die photograph o f  one o f  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 S tandard).

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 D  inter­
faces have also been developed, which 
occupv less than 36 x 36 mm2 of print- 
ed circuit board mounting area.

MEASUREMENTS
Measured results for three o f  the 

available SiGe PA IC designs to date 
are presented. Three additional designs 
showing target specs will be reported 
upon shortly. All PA ICs were fabricat- 
ed in the Standard 5HP/AM process. 
All measurements are corrected to the 
FR4 test Ixxird SMA connectors.

RF Measurements
Table 3 gives a summary o f 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 GW perfor­
mance o f the NADC/AMPS PA over

[Continued on page 111]



AMPS

CDMA

CDPD

EDGE

GPRS

GSM900

NPCS

RADAI

TETRA
UMTS

As dem and in  th e \vire 1 essnele  co i nniunicacions induslry nears 3G  

protocols. precision  en g in eer in g  and m anufacturing b eco m e  essential 

to  the success o t R F  design engineer». W e ö l e t  a van ety  o f  precision  

com m ercia l V C C K  PI Ls. ,u?cU^F Passive' C om p on en ts  designed  to  in ect  

the s tiin gen t needs o fto d a C s a n d to m o r r o w \ wireless applications 

T o.lin d  but k b w  

Va r i: -L ca n ‘ ha vc a : 

part in  your futnre,’.’. 

please v is it  our website  

or send us an em ail 

at sa les@ v a n -l.co m .

WCDMA

We Have A  Part in  YourFuture

4895 p« Wideband RF TransformersPLL Synthesizer Modules
Denver, Colorado 80239 Power Dividers/CombinersVoltage Controlled 0 seiIlator

IS09001 CertifiedPROUDLY MADE IN THE USA

id RF component assembly i

r.  #

■4 *

j ' r n ! 5  *
V

*% % J

mailto:sales@van-l.com


CHIN NAN

O u r g o a l is to p ro v id e  
excep tio n a l va lu e  to you, our 
loyal customers, through design  
o p era tin g  effic iency, in tegrity  
and service.

Distributor & Agency Welcome



Tecom  Industries, Inc. 
9324 Topanga Canyon Blvd. 
Chatsworth. CA 91311

Phone: 818.341.4010 
Fax: 818-718.1402 
www.trak.com

TECHNICAL FEATURE
temperature and frequency at 3.6 V, 
w h ile  C D M A  PA p erform ance is 
shown in Figure 5.

The bandgap-reference bias scheme 
gives the family o f amplifiers an ex- 
tremely flat Pout and PAE characteristic 
over temperature. Lowering the supply 
from 3.4 V to 2.9 V (minimum voltage 
condition) lowers the saturated output 
power from 31 dBm to 30 dBm.

Ruggedness (SWR) Testing
The PA ICs described here with- 

stand industry Standard load SWR 
tests (SWR = 10 at all phases, Vce = 5 
V) under RF drive sufficiënt to satu- 
rate the PA. Without the protection 
circuitry, results show the PA would 
fail catastrophically. T hese results 
were obtained using the Standard 
5H P/A M  (N P N H B  Vceo = 5 .5  V) 
technology along w ith the on-chip  
SWR protection circuits.

Thermal Testing
Thermal measurements were made 

on the output deviee o f the SiGe PA. 
The results are shown in Figure 6  for a 

[Continued on page 113]

Fig. 5  CDMA power amplifier 
^  (a) S-parameters

and (b) ACPR (-50 dBc) 
at 28.5 dBm output levei.

Fig. 6 Thermal map o f the 
(a) multi-row power cell 
and (b) its emitter region. ^
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TECHNICAL FEATURE
multirow power cell and for a close 
view o f the emitter region. The inea- 
surements were obtained under füll 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/cm °C)J For the produetion 
SiGe IC thickness of 200um, the junc- 
tion temperatures in a Standard QFN 
paekage have been shown to be less 
than 125°C at full GDMA power. This 
is considerably less than what is ob- 
served for PAs in GaAs thirmed to 100 
jim (two times thinner, but with three 
times lower tliermal conductivity).

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 volum e produetion  
because wafers are larger and process 
yields higher, which should lead to 
better availability and lower cost. Bias

reference and control circuitry is 
more accurate due to more sophisti­
cated schem es that are possible in 
BiCMOS. There is a clear path to 
high er  in tegration  in a BiCM OS  
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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O n  the  D irect 
C onversion  Receiver  —  
A T uto rial
Increased pressure for low power, small form factor, low cost and reduced bill o f 
matenals in such radio applications as mobile Communications has driven 
academia and industry to resurrect the direct conversion receiver. Long 
abandoned in favor o f 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.

ery much like its well established super­
heterodyne receiver counterpart, first 
introduced in 1918 by Armstrong,1 the 

origins o f  the d irect 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  
hom odyne was ap­
plied. Additional de- 
velopments in 1947 led 
to the publication o f  
an a rtic le  by D .G . 
Tucker,3 w hich first 
coined the term syn- 
chrodyne, for a receiv­
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 
differencc between the homodyne (sómetimes 
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-n inning L O  to the in- 
coming carrier.

...d irect conversion receivers, 
which in tegrated  with the  
rem aining analog and  digital 
sections o f  th e  transceiver, 
have th e  po ten tia l to  reach  
th e  "one-chip radio" goal.

Over the last decade or so, the drive o f 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 
publications5-6 which provide a thorough sur- 
vey and insight, and display renewed interest 
in direct conversion receivers. Overcoming 
some o f 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 o f  alternative and well-established  
receiver architectures, this article presents the 
direct conversion reception technique and 
highlights some o f the system levei issues as­
sociated with DCR.

[Continued on page 116]
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IMAGE-REJECT CHANNEL-SELECT

> Fig. 1 The superheterodyne receiver.

4-Lead SMT Range , .a', P1dB IP3 P1d8 P1dB
Mlcro-X MPGA (GHz) <dB> (dBm) (dBm) (dBm) (dBm)

NB8-3GC' NBB-302 00-12 12 +13.7 .27 1 .14.0 .13 3
; NBB-301 NBB-303 0C-8 12 .13.1 +27.1 +13.7 ----

MB8-31Q * N88-312 DC-tö iZ TBD TBO TBÖ —

NDA SERIES: HBT Dislributed Amplifiers with AGC Control
2 GHz 2 GHz 60 GHz

(GHz) (dB) r.QD rioo . .
(dBm) (dBm) <d8> <mA>H  (V>

29+36 4.5.2.?MOA-210 ’ NDA-212 DC-17 6 +12.2 +272 +13.0 +9.5
NOA-211 NDA-213 DC-15 S +12.2 +27.2 +13.C +9.5 ^
NOA-310’ NOA-312 DC-15 9 +14.5 +284 +14,S +105 55 28+42 4.7,23

NDA-313 DC-13 9 +14.5 +28.4 +14.9 +10.5 5.5 28 + 42 4.7.2.9
NDA-322 DC-15 9 +16.0 >299 +16.3 +U.S ;5.5 24+40 4.7.4.0

•106 50 29‘ 36 4.7,9 9s. NDA-412 OC-11 +14.6 +28.8

NBT SERIES: Microwave GalnP/GaAs Discrete HBT

Frequency „  , Current c . Reveree 
Range GainH21 Isolation cfL E
(GH?) (dB> (dB) G” “ e (dB) <dB* M.
OC-12 24 20 400 .28 1 7 25
nc-<2 25 20 100 -28 1.7 25

4 series of chip orpackaged parts only 
yn Board Designs available upon request

DC-12
ded in NDA se, 
d Evaluation B

TRADITION AL 
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 w ell u n derstood . It 
com es in a variety  o f  com bina- 
tions,7-8’9 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 interm ediate frequency  
(IF) with significant am plification  
and additional filtering, and finally 
down-converted to baseband with ei­
ther a phase discriminator or straight 
mixer, depending on the modulation 
format. This technique is illustrated 
in the schematic o f  Figu re 1.

The use o f  a su p erh eterod yn e  
technique entails several trade-offs. 
Image rejection is a prevailing con­
cern in this architecture. Düring the 
first down-conversion to IF, any un- 
wanted activity at a frequency spaced 
at *if offset from the LO frequency 
(fL0) on the opposite side o f fL() from 
the desired RF channel, will produce 
a mixing product falling right into the 
down-converted channel at f IF. In 
practice, a RF bandpass filter, usually 
a surface acoustic wave (SAW) de­
vice, is utilized to perform band se- 
lection ahead o f the low noise ampli­
fier (LNA), while a second filter fol- 
low s th e  LNA to  perform  im age  
rejection. I f  diese filters are identical 
they share the bürden o f  the two  
functions. But some amount o f image 
rejection must follow the LNA, for 
without it, the LNAs noise figure will 
effectively double due to the mixing 
of amplified image noise into the IF  
channel. Instead o f die 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- 
cy of the image reject filter. Once at 
the IF, the presence o f an interfering 
Signal in the vicinity o f  the channel 
mandates sharp filtering around the 
channel; this filtering is porformed 
after the first mixer by the channel 
select, filter, which is also often an IF

[Continued on page 118]
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iSk Fig. 2 Image rejection and selectivity
in a superheterodyne receiver (high-side LO injection).

SAW filter. Figure 2 shows this filter­
ing process. Essentially, the exercise

is that o f a carefully 
engineered balance 
among several vari­
ables, including the 
rejection provided  
by th e various fi l­
ters, freq u en cy  
planning and linear­
ity o f  th e  active  
stages. D ual IFs 

provide additional room to maneuver 
with filter selectivity, but somewhat
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complicate the frequency planning.
The selectivity required o f  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 o f current Silicon processes, 
and have to be implemented by bulky 
off-chip components. The IF channel 
filter in particular requires high Q 
resonators for its implementation —  
the higher the IF, the lesser the fil­
ters fractional bandwidth (that is, its 
ratio o f bandwidth to center frequen­
cy), necessitating ever-higher Q. This 
high Q requirement is most common- 
Iy m et by the use o f  p iezoelectric  
SAW and crystal filters. This intro­
ducés additional constraints, as those 
filters often require inconvenient ter- 
minating impedances, and matching 
may impinge on such issues as noise, 
gain, linearity and power dissipation 
o f  the adjoining active stages. The 
narrower the fractional bandwidth, 
the more likely the filters passband 
shape will exhibit an extreme sensitiv- 
ity to variations in matching element 
values. Additionally, the specificity of 
the IF filter to the bandwidth o f the 
signal and hence the Standard used  
makes superheterodyne receivers un­
suitable for multi-standard Operation. 
N o n eth e le ss , su p erh eterod yn e is 
known for its high selectivity and sen- 
sitivity.

Image-reject Receivers
A lternatively, by sm art use o f  

trigonometrie identities, the image 
can be removed without the need of 
any post-LNA image-reject filtering. 
This is the principle o f image-reject 
receivers810, the first o f which is the 
Hartley architecture, introduced in 
19281.1 It makes use o f  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 can ce lled  out. T he dual o f  the  
Hartley architecture, known as the 
W eaver im a g e-reject r ece iv er ,12 
achieves the relative phase shift o f  
one path by 90° by the use o f  a sec- 

[Continued on page 120]
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Êk Fig. 4 The Weaver image-reject architecture.

ond LO enroute to another IF or to baseband. The same 
result is achieved. However, the reliability o f  these re­
ceivers heavily depends on the accuracy o f  the I/Q paths, 
that is, the gain and phase imbalance between the two 
branches. Figuren 3 and 4 show diagrams o f die Hartley 
and Weaver image-reject architectures, respectively (high 
frequency mixing products are removed by low-pass filter­
ing —  not shown on figures).

Low IF Single Conversion Receiver
Low IF single conversion, shown in Figure 5, is an off­

spring o f 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 o f elimination of 
high Q IF filters. As its name indicates, instead o f directly 
converting the signal to baseband, the LO is slightly offset 
from the RF carrier, typical ly one to two channels. The 
low IF means that the fractional bandwidth o f 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.

V

—

s —

.1 1 1  J L
, Fig. 5 Low IF .tingle conversion r

^ /  RF BAND- IMAGE-
SELECT REIECT WIDEBAND

J k  Fig. 6 Widebund IF with double convertion.

The low IF signal rnay be translated to baseband through 
another mixer, or preferably, in the digital domain follow- 
ing analog-to-digital (A/D) conversion. O f 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 o f the System. In this case, all image re­
jection must come from the quadrature down-conversion 
to the low IF, which itself resembles the Ilartley 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 seeond mixer 
utilizes a tunable LO, thus selecting the desired channel 
to be translated to baseband. A subsequent lowpass filter 
suppresses adjacent channels.

[Continued on page 122]
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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 o f reception has found applications other than 
pagers.13 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 o f  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 bulk)/ 
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 harmonies 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 o f issues.

DC Offsets
In direct conversion, as the signal o f  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 o f DC signals, which 
directly appear as interfering signals in the band o f inter­
est, as shown in Figure 8.

The LO may be conducted or radiated through an un- 
intended path to the mixers RF input port, thus effective- 
ly mixing with itself, producing an unwanted DC compo­
nent at the mixer output. Worse still, this LO leakage may 
reach the LNA input, producing an even stronger result. 
Tliis 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 o f 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 o f 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 o f 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 o f the spectrum 

[Continued on page 124]
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Jk. Fig. 9 High pass filtering o f modulation
spectrum.
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are filtered out, as shown in Figure 
9. H ow ever, o ther m odulation  
Scheines present a peak at DC, and 
capacitive AC coupling will lead to 
significant Information loss, hence  
eonsiderably degrading the bit error 
rate (BER). In TDMA systems such 
as GSM, there is no significant low 
frequency spectral peak, but it still 
becom es im possible to AC couple. 
This is because o f 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 tim eslot (just 
before reception) can still be put to 
good use by storing the value o f  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 o f superheterodyne TDMA 
receivers, w here this mix goes to  
baseband (in that case the only prob- 
lem causing DC is LO self-mixing). 
In this method the value o f DC pro- 
duced by the receiver is obtained in a

J k  Fig. 11 Second order intercept point (1P2).

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-m easurem ent 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-subtrae- 
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 o f self-mixing paths and 
the maximizing of linearity' to prevent 
the DC to begin with. Failing these, 
there is still the possibility o f  DC cor- 
rection after-the-fact in the digital 
signal processing occurring at base­
band.

D igital 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 tim eslot o f  
the received signal can be buffered, 
the mean o f which is determined and 
then removed from each data point 
of the signal. The resulting signal has 
zero  m ean. For system s such  as 
GSM, an unwanted result o f this is 
that any DC that is part of the signal 
will be lost, but the typical effect of 
this is minimal. Figure 10 iilustrates 
the use o f such a method for a typical 
GSM receiver. This technique can be 
further refined by tracking the mean 
over portions o f  the burst, allowing 
the detection o f  sudden interferers or 
blockers and cancelling  their DC  
product only where it occurs. Careful 
layout can also improve isolation.

Nonlinearities
As mentioned previously, another 

problern for the DCR is nonlinearity. 
Just as with the superheterodyne re­
ceiver, the DCR exhibits spurious re- 
sponses. For th e superheterodyme 
these occur at RF input frequencies 
where N(RF) ±  M(LO) =  IF, while 
for th e D C R  th ey  occu r  w here  
N(RF) -  M(LO) = Ó. When a block- 
ing sign als carrier falls on one o f  
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 o f the mixer, characterized by 
the second-order intercept point (IP2) 
and second-order interm odulation  
(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 o f 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
ca!, as it produces baseband signals, 
which now appear as interfering sig­
nals in the down-converted desired  
signal. IM2 is measured by the IP2. 
IP2 is defined in the same manner as 
IP3, as shown in Figure 11. Either a 

[Continued on page 126]
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Model
No,

Of Models Range^GHz)

2WAY-00 151 0.50-10.0
2WAY-900 4 1.00-4.20
2WAY-180C’ 2 1.00-2.49
3WAY 41 0.50-4.20
4WAY 83 0.47-8.40
5WAY 6 0.80-1.98
6WAY 25 0.80-5.00
7WAY 1.00-1.99
8WAY 62 0.50-8.40
9WAY 3 0.80-4.80
10WAY 11 0.75-2.40
12WAY 9 0.50-4.20
14WAY 0.90-0.99
16WAY 28 0.47-4.80
32WAY 1 0.95-1.75
For detailed model numbers, specifications, 
and prices, consult our web site, RF/IF 
Designer’s Guide, or call Mini-Circuits.

2 to3 2 W a y J 49”
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bands. Select from 2 to 32way models, wide band units 
and microstrip designs going down to  470MHz. And 
Mini-Circuits power dividers are built tough to handle high 
matched power with good VSWR, low insertion loss, and 
high isolation between ports. For even lower frequency 
applications, check out our family of torroidal 
transmission line power Splitters and combiners with 
frequencies as low as 500Hz. If you’re looking for a 
better blend of usability and affordability, put the power 
of Mini-Circuits to work for you today! 
Mini-C ircuits...we’re redefining what VALUE is all about!

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information see MINI-CIRCUITS CATALOG & WEB SITE 
The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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CONSTELLATION \ j |  I j j

Ä  Fig. 12 I() demodulator imperfections; (a) gain imbaUmce 
and (b) phase imbaUmce.

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

x(t) =  Acost(cot).

Assuming a nonlinearity modeled by a polynomial

y(x) -  ,a'1x +  a 2x2 + a 3x3 + ...

a„A2 / v a 2A2 - \
=  —  -----h a !A  COS(C0t) +  —^ — COS(2COtJ +  ...

DC fundamental

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

a 2A 2
2

Due to the doubled slope o f the second-order product, 

IIP2 = Pin + A with A = Pout -  IM2

Noise

Low frequency noise14 becomes a great concern in a 
DCR, as significant gain is allocated to baseband stages 
after the mixer. Weak signal levels o f 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 o f 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 o f 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 o f MOS transistors for RF cir­
cuits, since the main method o f reducing it in MOS is to 
increase the transistors size, which increases the device 
capacitance, adversely affecting RF gain. For this reason 
it is preferable to use bipolar transistors for DCR mixer

designs. In 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.

I/Q Mismatches
Due to the high frequency of the LO, it is not possible 

to implement the IQ demodulator digitally. An analog IQ 
demodulator exhibits gain and phase imbalances between 
the two branches, as well as the introduction o f DC off­
sets. Such imperfections distort the recovered constella- 
tion. Assuming a  and <j) are the amplitude and phase mis­
match, respectively, between the quadrature ports o f the 
demodulator, and the complex signal incident upon it 
have in-phase and quadrature components I and Q, then

Iollt =  (Icos(cot) +  Qsin(cot)) •  2cos((0t)
Qout =  (Icos(cot) +  Qsin(cot)) •  2(1 + a)sin(cöt +  (j))

Filtering out the high frequency terms yields 

ôut — J
Qout =  (1 +  a)(-Isin(J) + Qcos<|))

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

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 successfully ap­
plied to devices such as pagers, mobile phones, PC and 
internet w ireless Connectivity cards, and satellite re­
ceivers, etc. in a variety o f process technologies and in- 
creasing integration levels. It is poised to appear in many 
more applications in the near future.
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COVER FEATURE

Low  Cost

D irectional

Couplers

E ver expanding applications o f RF and 
microwaves for wireless and cable ap­
plications have revived the develop­

ment efforts o f 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 new7 series o f directional couplers has 
been introduced to meet the demands o f the 
market. These couplers measure 0.15" x  0.15" 
x 0.15" and are designed for assembly using 
automated pick and place machines.

WHAT CONSTITUTES 
A DIRECTIONAL COUPLER

The block diagram o f a directional coupler 
is shown in Figure 1. It consists o f a fcrrite 
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 o f R and C, a three-port directional

COUPLER
CONSTRUCTION

Couplers working in 
die 5 to 2000 MHz fre­
quency range and hav­
ing m u ltip le-d ecad e  
bandwidths are tradi- 
tionally constructed us­
ing ferrite cores. This 
provides the requisite 
bandwidth in a small

F 5 c

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 
couplers1’2 that require an extemal component 
on the users 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 size. In the new7 approach, 
the resistor and capacitor are integrated into a 
multi-layer board using Blue Cell™ technology. 
This shrinks the overall area o f the coupler to 
0.15" x  0.15" and the height to less than 0.15"

The transformer is rnounted on the top of 
the board, and all Connections from the trans­
former to the base are made by w'elding. This 
procedure helps to ensure the preciseness of 
the assembly, with resulting high performance 
repeatability, and prevents any disconnection 
during reflow at the users site. All Connections 
from top to bottorn metal layers are aeeom- 
plished using filled vias. The transformer used 
in this series o f couplers employs a patented 
technique3 to obtain flat coupling over the 
band.

COUPLER PERFORMANCE
As an example, the model DBTC-1.3-5-75 

(shown in the photograph) is a coupler designed

[Continued on page 132]
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JL  Fig. 2 The coupler’s insertion loss.

A  Fig. 3 Directivity.

—  DBTC-13-5-75 TCD-13-4-75]

A  Fig. 4 Coupling.

A Fig. .5 Return loss.

for 75 O applications using this tech­
nology. The unit operates over the 5 to 
1000 M Hz frequency range with a 
nominal coupling o f 13.2 ±0.5 dB and 
a flatness of ±0.6 dB. The model TCD- 
13-4-75 is a coupler that requires ex­
terna! components. A comparison is 
made between these two couplers in 
the subsequent data plots to show the 
performance advantages of each. Fig­
ure 2 shows the insertion loss o f 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 improvement over the 
TCD-13-4-75 device. Figure 4  shows 
the coupling vs. frequency, which is 
typically 13.3 dB to 1000 MHz for the 
new coupler. Figure 5  shows return 
loss vs. frequency at all three ports, 
which is typically 20 dB (1.22 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 im portant. Table 1 lists the  
DBTC-13-5-75 directional couplers 
complete electrical specifications along

TABLEI
ELECTRICAL SPECIFICATIONS

Typ. Max.
M

Typ. Max.
U

Typ. Max.
L

Typ. Min.
L

Max.
MU

Max.

9-4 5-1000 9.0±0.5 +0.5 1.2 2.0 1.2 1.8 1,5 20 21 17 18 n 15 1.30 0,5 1.0

10-4-75 5-1000 10.5+0.5 10 7 1,5 2.2 1.4 2.0 15 2.0 21 16 20 13 i 16 1.30 0,5 1 0

12-4 5-1000 12.2±0.5 ±0.9 09 1,3 0.7 1.3 1.1 1.6 ; 33 §§s 21 14 15 1.30 0,5 1.0

13-4 5-1000 13.010.5 10.6 0.7 1,3 0.7 1,3 1 1 1.6 If 17 18 13 13 1,30 0.5 1.0

5-1000 13.210.5 ; 10.6 0.9 1.4 1.0 1.5 1 1 1.6 21 17 19 18 1.30 0.5 1.0
13-5-75 1000-

1500 13.610.5 ±0.8 1.4 2.2 17 S B
5-1000 16.3+0,5 ±0.7 1.2 2.0 1.0 1.5 1.1 16 22 16 21 13 20 1.30 10 1.0

16-5-75 1000-
1500 16,510.5 ±0.7 1.3 1.9 19 - 1.30 1.0 1.0

50-1000 17.010.7 ±0.9 0.9 14 20 13 1,30 - 2.0

17-5
1000-
1500 17 7+0.9 + 1.0 1.0 1.5 20 10 1.30 - 20

1500-
2000

18.011.0 ±0.8 1.1 1,6 14 1 1 1-30 :I j l 20

18-4-75 5- 1000 18,210.5 ±0.7 0 8 1.5 OS 1.4 10 1.6 25 16 21 14 15 - 1 . 3 0 1.0 10

20 4 20-1000 20.410.6 ±0.8 0.3 1.0 0.4 1.0 0.7 1.3 21 13 21 14 16 1.20 10 10

’Foi•coupk 'd port SWR above 500 MHz. 1.6 t\p
1 = low range (fj, 'to 10 fL • M = inid range (10 fL to f U = ripper range (fv /2' to fu)

[Continued on page 134]
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with specifications for nine additional 
couplers in both 50 and 75 ß  imped- 
ances.

CONCLUSION
A series o f miniature couplers has 

been developed using Blue Cell™  
technology  and ferrites to  realize  
their extremely small size. This fea­
ture will save much needed PCB area 
for users. These units utilize a patent- 
ed technique to realize a very flat 
coupling response and are suitable 
for autom ated pick and place. All 
units are supplied in an AT790 case 
style and are priced at $1.99 each in 
25 piece quantities.
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■ Rs of 2.5 Ohms
■ Vb of 7 Volts
■ Operating Freq up to 12GHz
■ Handles 10 Watts of RF power
■ Patented hermetic flip chip
■ Flip Chip is tape and reel compatible

APPLICATIONS
■ ISM Band Antenna Switching
■ 802.11a 5GHz antenna switching
■ MMDS and LMDS Antenna Switching
■ 3G Fixed Microwave Infrastructure
■ 2.4GHz High Frequency Switches

UPP1001

FEATURES
■ 100, 200, and 400V verslons
■ Patented Powermite Surface Mount
■ Low Bias Current requirements
■ High Zero Bias Impedance
■ 0.75 Ohm resistance
■ 1.6 pF Capacitance rating
■ Handles 2.5 Watts of RF power
■ Füll metal bottom eliminates flux 

entrapment in automated;

APPLICATIONS
■ Two way radio antenna switch
■ High density Wireless messaging

www. Microsemi. com/rf

Microsemi

USB6B1
-  ESD I/O Port Protection

FEATURES
■ Single and Two-Line protectior
■ Stand-Off 5.0 Volts max
■ Breakdown 6.0 Volts min
■ Clamping 9.8 Volts max
■ Capacitance 5 pF typical
■ Temp Coëfficiënt 3mV/°C ma:
■ IEC-6000 ESD compliant

APPLICATIONS
■ PDAs USB Port Protection
■ Data line Protection

m

SMP6LCXX fpP*
— T1 /Ethernet Line Protection

FEATURES
■ Rugged 600 Watt device
■ 10/1000ps surge protection
■ Breakdown 6.0-13.3 Volts min
■ Clamping 9.6-19.9 Volts max
■ Capacitance 30 pF typical
■ Peak Pulse Current 10 Amp max
■ Standby Current 300jiA max

APPLICATIONS
■ T1/E1 Protection
■ Data line Protection

Visit our web site fo r all our TVS 
devices, data sheets, and 

application notes: 
www. Microsemi. com/tvs

Microsemi

The MWS W-CDMA is a high-éfficiency 
linear amplifier targeting 3V mobile 
handheld systems. The device is 
manufactured in an advanced InGaP/ 
GaAs Heterojunction Bipolar Transistor 
(HBT) RF IC fab process. It is designed 
for use as a final RF amplifier in 3Volt 
W-CDMA and CDMA2000, spread 
spectrum systems, and other linear 
applications in the 1800MHz to 2000MHz 
band. There are two 16-pin package 
versions for this power amplifier. One is 
a 3mm x 3mm chip scale package 
(CSP) with external input/output match 
and the other is an internally I/O

FEATURES
■ Single 3V Supply, 70mA Idle Current
■ 27 dBm Linear Power Output
■ 26 dB Linear Gain
■ 40% Linear Efficiency
■ 70mA Idle Current
■ 3mm 16 Pin MLP or Flip Chip

APPLICATIONS
■ 1920-1980 MHz W-CDMA Handsets
■ 1850-1910 MHz CMDA2000 Handsets
■ Spread Spectrum Systems

M R F5812
Surface Mount Bipolar RF 
Mobile Radio Transistor

Designed for high current, low power, 
low noise amplifiers up to 1.0 GHz.
Braad MRF Series can cover 
applications ranging from 2MHz to 4GHz.

FEATURES
■ Low noise: 2.5dB @ 500 MHz
■ Associated gain: 15.5 dB @ 500 MHz
■ Ftau: 5.0 GHz @ 10 V, 75 mA

APPLICATIONS
■ Two way radio power amplifiers
■ High density wireless messaging

Microsem i
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PRODUCT FEATURE

C hipsets 
for M icrowave

AND MlLLIMETER- 
WAVE POINT-TO- 
poiNT Radios

Point-to-point, point-to-multi-point and 
local m ulti-point distribution system  
(LMDS) radios have emerged as eost- 

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 personal 
Communications networks. However, a major 
problem facing the designers o f  such radio 
Systems is that no manufacturer has been able 
to supply all o f the high performance MM ICs 
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 o f the 
chipset components use Raytheons high per­
formance 0.25 prn PHEMT processes, and al- 

Fig. 1 A simplified leviate problems associated with multi-rnanu-
millimeter-wave radio block facturer Solutions such as inconsistent operat- 
diagram. ▼

ing frequencies, power levels and bias require­
ments. The new RRFC chipsets have been de­
veloped with the system designer in rnind and 
the 23, 26 and 28 GHz chipsets are designed 
to work together with a minimum of addition­
al components. All o f  the MMICs have been 
designed to function together as a complete 
system  and have several features allowing  
rapid radio design. The operating frequency 
range and power levei o f each chip is consis­
tent with successive chain components, which 
means, for example, that the low noise ampli­
fier (LNA) can drive the mixer directly and 
the output frequency o f the LNA matches the 
RF input frequency range of the mixer. Each 
buffer amplifier has been designed with a sat­
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 
requirem ents 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 138]
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Rise above the noisy crowd and simplify your 
next wireless design with the world's first family 

of high performance, low insertion loss CMOS 

RF switches. Their exceptional >36dB isolation 

at 1 GHz and a CMOS/TTL compatible, single- 
pin control Iets your wireless systems clearly 

perform better. Get clearer Communications 

from Sapphire CMOS technology. For details 

visit our web site or call 858-455-0660.

PE4230 High Power
RF Switch

PEREGRINE



PRODUCT FEATURE

TABLE I
MICROWAVE RADIO SUBSYSTEM COMPONENTS

23, 26 and 38 GHz radios. Table 1 
lists all of the available radio compo­
nents by pait number and includes a 
brief description. The bene fits o f 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 o f  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 pm low noise PHEMT 
process which results in a eombina-

tion o f excellent small-signal perfor­
m ance, low  noise figure and high  
power capability.

The RMWL26001 device is a single 
chip LNA that covers the 21 to 26.5 
G Hz frequency range allowing the 
same MM IC 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 PI 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 G Hz 
frequency range. 
Typical noise figure 
performance is 2.7  
dB w ith 22 .5  dB 
sm all-signal gain. 
The return losses are 
better than 10 dB 
with 12 dBm output 
power at the 1 dB

A Fig. 3 The RMWL26001 LNA’s 
on-wafer performance.

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

gain com pression  point. The 
RMWL26001 and RMWL38001 de­
vices both operate on VDS = 4.0 V. Fig­
ure 2 shows the MM ICs in a typical 
receiver configuration. Figures 3 and 
4 show the small-signal and noise per­
formance of the RMWL26001 and the 
RMWL38001, 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 GHz 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 
o f  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 o f requiring no DC  
bias. The RMWM26001 device covers 
the 23 and 26 GHz radio bands, and

lContinued on page 140] 
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PRODUCT FEATURE
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 C H A IN  
C O M PO N EN TS 
Power Amplifiers

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

the power amplifier. In keeping with 
the overall aim o f  producing com ­
plete radio chipsets, three power am­
plifiers have been designed covering 
populär 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

Applications include
•  Waveguide components

•  Antennas

•  Resonators

•  Microstrips

•  Microwave heating

For further information contact:

V  VECTOR FIELDS

Vector Fields Inc
1700 North Farnsworth Avenue, Aurora, II60505, USA 
Tel: (630) 851 1734 Fax: (630) 851 2106 
Email: info@vectorfields.com 
Web: http://www.vectorfields.com

The most advanced package 
for 3D microwave design

band, with 22.5 dB small-signal gain, 
a 1 dB compressed output power of
23.5 dBm and an OIP3 o f  33 dBm. 
The RMW P26001 amplifier covers 
the 24 to 26.5 GHz range with similar 
perform ance. The RM W P38001 is 
for the 38 GHz radio bands with a 
small-signal gain o f  22 dB, a PI dB of 
22 dBm and an OIP3 o f  30 dBm (37 
to 40 GHz). All o f  the power ampli­
fiers include integrated power detec­
tors that can be connected to contin- 
uously monitor output power and aid 
fault detection . T he perform ance  
o f  KMWP23001 and RMWP2600I 
d ev ices  is show n in F igure 7.

RF INPUT/OUTPUT FREQUENCY (GHx)

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

i-wafer perfor

Fig. 7 Measured on-wafer performance o f 
the RMWP23001 and RMWP26001 power 
amplifiers. ▼

[Continued on page 142]
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PRODUCT FEATURE
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 
requ ired . An exam ple is the  
RMPA39100 power amplifier, which 
is capable o f 1 W over the 37 to 40 
GHz frequency range.

25

T
19 3

1 “0
< ’ 5
z
2 io

3 5

1
37 38 39 4o'W 

FREQUENCY (GHï )

A  Fig. 8 Measured o 
ofthe RMWP38001 pow

mfer performance 
r amplifier

----RMWD38001 —SS GAIN
----RMWD24001—SS GAIN
—  RMWD38001—PldB 

RMWD24001 —PI dB

— I

▲  Fig. 9 The RMWD38001 and 
RMWD24001 amplifier’s measured on-wafer 
performance.

i the 23 GHz radio chipse

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 RM W D- 
24001 device has a frequency range 
of 21 to 26.5 GHz with greater than 
21 dB o f small-signal gain and a ldB  
compressed output power of 17 dBm. 
Coverage in the 37 to 40 GHz fre­
q u en cy range is provided  by th e  
RMWD38001 amplifier, which has a 
small-signal gain o f  greater than 23 
dB and an PI dB output power o f 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 o f  both the 
driver am plifiers and F igure  10  
shows the MM ICs in a typical trans- 
mitter chain using the RMWM26001 
device as an upconverter.

LOCAL OSCILLATOR CHAIN
COMPONENTS
Buffer Amplifiers

Each o f  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 
R M W B12001 and PM W B24001  

buffer am plifiers  
cover the 8.5 to 12 
and 17 to 24 G Hz 
(RMWB24001) fre­
quency ranges, re­
spectively. The 38 
G H z ch ip set uses 
three buffer ampli­
fiers w ith the
RM W B04001 d e ­
vice providing low  
frequency buffer  
amplification (3.5 to 
4 .0  G H z), the
RM W B11001 am­
plifier covering the
10.5 to 11 .7  G H z  
band and the
R M W B33001 d e ­
vice covering the 32 
to  35 G H z range. 
All o f the buffer am­
plifiers are designed 
to be operating into

com pression, 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 MMIG al­
lowing power monitoring or fault de­
tection. An example o f  LO chain ar­
chitecture is shown in Figure 11. 
Figure 12 shows the RMWB11001 
and RMWB12001 performance. Fig­
ure» 13 and 14 show  the perfor­
m ance o f  th e R M W B24001 and 
RMWB33001, respectively.

Al  Fig. 12 Measured on-wafer performance 
ofthe  RMWB11001 and RMWB120OI buffer 
amplifiers.

A  Fig. 13 The RMWR24001 amplifier’s 
on-wafer performance.

A  Fig. 14 On-wafer jterformance 
ofthe  RMWB33001 amplifier.

[Continued on page 144]
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UMS, your "one stop" supplierof SMD packaged Integrated 
Circuits covering the Broadband Wireless requirements from 
very Low Noise to High Power.

Richardson
Electronics

Engineered Solutions

united
monolithic 

semiconductors .. •'**
succeeding together

Call 1-800-737-6937 to find out how Richardson can 
support your wireless and microwave programs 

or visit www.rfpowernet.com/ums.asp
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PRODUCT FEATURE
Frequency Doublers and Triplers

F requency conversion  com p o­
nents are used in both the 23/26 and 
38 G Hz radio ch ipsets 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 MM1C that has an input fre­
quency range o f 2.8 to 4.0 GHz and 
an output frequency range o f 8.4 to 
12 G H z. T he RM W W 12001 and  
RMWT11001 components have input 
frequency ranges to match the output 
of the RMWT04001 with output fre­
quency ranges o f 17 to 24 GHz and

TRIMMER
CAPACITORS
WWW. VoltronicsCorp .com

V oltron ics^
CORPORATION

The Trimmer Capacitor Company

100 Ford Road • Denville, NJ 07834 
973.586.8585 « Fax: 973.586.3404 
e-mail: info@voltronicscorp.com

| — RAI WW12001 —  RMWT11001 |

z  -10
V3

INPUT FREQUENCY (GHz)

A  Fig. 15 Measured on-wafer performance 
ofthe  RMmV12(X)l and RMWT11001

32 to 35 GHz, respectively. Figure 
15 shows the typical performance of 
the RMWW12001 and RMWT11001 
as measured on-wafer. The conver­
sion gain (f0 to 2f0 or 3f0) is plotted as 
a function o f input frequency f0.

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 o f 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 o f using many different ven­
dors. These include identical supply 
rails, matched frequency and power 
performance, uniformity o f fabrication 
processes, single vendor qualification, 
simplified design requirements and re- 
duced m odule design tim e. T hese  
components can either be used as a 
stand-alone radio, or coupled with the 
Companys suecessful RMPA product 
line, such as the RMPA39100 compo­
nent diat offers 1 W o f output power 
in the 37 to 40 GHz frequency range.

All o f the products discussed here 
are available as 100 pm thick MMIC 
die with 50 Q input and output ter- 
minations in botn sample and pro- 
duction quantities. Additional infor- 
mation is available at the Companys 
Web site at www.raytheon.com/micro 
or con tact Brian R eardon at 
brian_g_reardon@rrfc.raytheon.com.

R ay theon  RF C o m p o n en ts , 
A ndover, MA (9 7 8 ) 6 8 4 -8 6 6 3 .

Circle No. 300

mailto:info@voltronicscorp.com
http://www.raytheon.com/micro
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SURFACE MOUNT

RF TRANSFORMERS
off-the-shelf models...

4kHz to 2200MHz
What makes Mini-Circuits your single source for surface 
mount RF transformers? Variety, availability, performance, 
and price! From wide band transformers with low droop and 
fast risetime capabilities for pulse applications, to a particular 
impedance ratio from 1:1 through 1:36 specified for a wide 
range of impedance coverage, we will work with you on your 
design challenges. Tangible benefits such as very high 
dielectric breakdown voltage, excellent amplitude and phase 
unbalance for balanced to unbalanced applications, and 
easy to use surface mount package styles make Mini-Circuits

surface mount transformers a great value. Our new ADT 
transformers are changing the face of RF transformer design 
with patent pending i t " 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!

P.O. Box
O  Mini-Circuits

350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://wWW.minicircuitS.com 
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The  part o f Goliath is now being played by David,

The balance of power has shifted.The lumbering software of the past has 

finally m et 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. N o  EDA software is more powerful or intuitive either. 

Simple optimizations are a snap. It ’s easy to customize.

And you get regulär timely Upgrades. Moreover, our 

schematic data translators im port existing Agilent EEsof 

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

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

M icrow ave

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

http://www.mwoffice.com
http://www.mwoffice.com




PRODUCT FEATURE

Low  Phase N oise 
Voltage Tunable

OSCILLATORS

Fig. I VTO pha.se noise at 
10.5 GIlz (resólution 
handwidth 10 kHz). ▼

D riven by the VCO markets insatiable 
need for lower phase noise and wider 
timing ranges, a new line o f voltage 

tunable oscillators (VTO) has been introdueed 
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 tim­
ing, low  power consum ption and software 
control.

VTO PERFORMANCE
The featured VTO operates 

at 11 GHz with phase noise at 
-106  dBc/Hz at 100 kHz offset, 
as illustrated in Figure 1. The 
oscillator has a tuning range o f  
600 MHz (5.4 percent band- 
width), as shown in Figure 2. 
Other performance specifica- 
tions include a tuning linearity 
of 2.8 percent and output pow­
er o f  0 dBm, with harmonies at 
-2 6  dBc and no detectable spu­

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

Ék Fig. 2 VTO timing range.

[Continued on page 154]
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MORE
POWER

w ith  UTE's NEW  
lineup of isolators 
and circulators 
you can pack a  lot 
of high power 
performance into 
your designs.

For PCS, TV, 

CELLULAR 

and RADAR

CT-1584-D CT-1325-N CT-1615-S CT-3833-S
Freq/MHz 170-210 

(Full Band) 
20

470-860 
(4 Units) 

20

470-860 
(4 Units) 

20

27-2.9 GHz 

20

Ins. Loss
0.3 0.25 0.3 0.25

VSWR 1.25 1.25 1.25 1.25

Power (Av) 
(Pk)

3.0 kw 
10. kw

500 w 
1.5 kw

250 w 
500 w

100 w 
500 w

Din 7/16 N Tabs Tabs

Size 5-1/4 X 5-1/4 2-3/4x2-15/1 2 X 2-5/8 1-1/4 X 1-1/4 3/4

UTE Microwave devices Iets 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 füll support 
of UTE Engineering.

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

UTE PRODUCTS:
• Broadband Units
• Common Band Devices
• High Isolation Units
• Multiport Devices
• Drop-ln Devices

• Wireless/PCN Devices
• High Power Cellular/Paging
• High Power Industrial/Medical
•  TEM/Guide Isolators
• Waveguide Junctions
• High-PowerTV Units •  UHF Devices

http://www.utemicrowave.com
mailto:info@utemicrowave.com


Low er C ost M icrow ave C irqu itiy

THÏN FILM 
P Ê R F Ö R M A N C iI

PRICING
20% - 50%

C O S T  S A V IN G S

Cavity Filters

Diplexers

I Multiplexers

Delay Lines

| Dual Bands 
Our Specialty

Large Stock 
i 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

PRODUCT FEATURE

TABLEI
DESIGN CONSIDERATION5 AND INTENDED BENEFITS

Deiign Strategy Performance Param eter A ffectad

Mierostrip structure Easeof mamifaeturing, small stze, loweost

Resonator topology allowing tuning 
ränge and Q-factor to be optimized Tuning range and linearity, phase noise and Q

Low noise active devices Low phase noise

Optimal tenninations of the aetive 
device at low frequencies Low 1/f component of the phase noise

Optimal tenninations of the active 
device at RF frequencies

High output power, reliable oseillation over 
frequency band of interest and ambient 

temperature range, zero spurious oseillation s

Circuit topology Low pulling factor

Integral ainplifier Low control voltage (0 to 12 V) or 
PLL loop ainplifier ineluded j

Fundamental Operation No subharmonics .1

Alternative: multiplied and fundamental Outputs No prescaling required in PLL j

PARASCAN MATERIALS
T he VTOs are en ab led  by the  

patented Parascan™ family o f materi- 
als. These are voltage tunable dielec- 
tric materials, which allow the oscilla­
tors to  tune over broad frequency  
ranges through the application o f a 
DC eleetric field. Parascan materials 
are ceramic and draw virtually no cur­
rent (< 5 pA), and thus consume very 
little power. The key features o f this 
technology in VTO applications are its 
high Q factors, wide tuning range and 
linear performance. The availability of 
this technology in various fonn factors 
also enables the design o f 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 o f 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, OE Ms will ben­
efit from the enhanced performance 
o f  the new VTOs. Tuning and fre­
quency range is comparable to YIG 
oscillators, while spectral purity is ap- 
proaching that o f  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 o f

low voltage/low current control, sub- 
harmonic Outputs and integral phase 
locked loop (PLL) amplifiers. The 
very best features o f  all com peting  
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 
freq u en cies 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 Companys 
Web site at www.paratek.com or via 
e-mail at etrf@paratek.com.

P ara tek ,
C olum bia, MD (4 4 3 ) 2 5 9 -0 1 4 0 .

Circle No. 301

W hat can  you  find at 
w w w .m w journa l.com ?

FREE O n - u n e  B u y w 's  G uide .
Use this invaltiable reference 

source for locating Companies, their 
products .iri(! services. Is \our 

conipany in thé;gu§fé?'
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http://www.duplexers.com
mailto:wireless@ipa.net
http://www.paratek.com
mailto:etrf@paratek.com
http://www.mwjournal.com


S U R fA C E  M O U N T  V O T s J B »
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 
efficiënt wash-thru capability, reliability, and cost effectiveness. Models 
with “PV” suffix typically operate from a 5 volt power supply and 
require 5V tuning voltage to cover the frequency range. This makes 
them ideal for Integration with monolithic PLL chips and commercial 
synthesizers in the 180 to 1605MHz band. The series also features 
braad band 12V models optimized for 50 to 2500MHz linear tuning, 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 SIZE
Mini-Circuits...we’re redefining what VALUE is all about!

ROS-205PV 180-210 
ROS-285PV 245-285 
ROS-660PV 640-660 
ROS-725PV 710-725 
ROS-900PV 810-900

ROS-1600PV 1520-1 
ROS-1605PV 1500-1

150-280 16

ROS-1000V 900-1000 12

ROS-1121V 1060-1121
ROS-1410 850-1410
ROS-2500 1600-2500

ROS-2150VW 970-2150 25

12 20 12

20 12 20

12 40 24

et, dßc/Hz. **Specified tt

C g Mini-Circuits
PO Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product informatio 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: wi

89
CIRCLE READER SEFMCS CARD 

see MINI-CIRCUITS CATALOG & WEB SITE 
v. minicircuits. com
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PRODUCT FEATURE

M iniature; H igh 
Performance GPS 
RF SAW Filters

Location-based products using Global 
Positioning Satellite (GPS) Signals are 
poised to revolutionize wireless service. 

Implementation o f federally mandated mobile 
subscriber location requirements is fueling the 
rush to market. Meanvvhile, manufacturers 
plan to capitalize on the presence o f GPS-en- 

Fig. 1 Thefilter’s passband 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 o f the most critical and 
essential clem ents o f GPS re- 
ceiver design is filtering at the 
RF stage. RF filters must be ca- 
pable o f providing ultra-low in- 
sertion loss to minimize Signal 
recovery errors. Such errors can 
result in a loss o f  Signal that 
could have di re consequences 
in E911 situations. Superior at- 
tenuation is also vital at key fre- 
q u ency ranges occu p ied  by 
transm itters operating in all 
major voice and data protocols 
in c lu d in g  A M PS, C D M A , 
TDMA, GSM and PCS. Size is 
another critical element for de­
signers who look for a way to

FREQUENCY (MHz)

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 o f just 1.3 dB and typical attenua- 
tion o f 50 dB at the critical 824 to 869 and 1640 
to 1926 frequency ranges. Figuren 1 and 2 
show the filters typical insertion loss and atten- 
uation vs. frequency, respectively. The model 
855969 SAW filter is centered at 1575.42 MHz, 
with a bandwidth o f 2.4 MHz for top perfor­
mance. In addition, its 3.0 x  3.0 x  1.2 mm3 sur- 
face-mount package is 94 percent smaller than 
the current ceramic alternative, making it easy 
to in corporate into any PCB applieation. The 
product also features a simple 50 D  single-end- 
ed source and load configuration, and requires 
no impedance match ing for Operation at 50 Q .

Additional information may be obtained from 
the Companys Web site at www.sawtek.com on 
the “Whats New” page, or phone for data sheets 
and füll 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.

Saw tek  Ine.,
O rlando , FL (4 0 7 ) 8 8 6 -8 8 6 0 .

Circle No. 303

http://www.sawtek.com
http://www.em.avnet.com


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 

concern 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.

SAWTEK GPS RF SAW FILTER 855969
• Excellent attenuation^ Up to Sé dB (typical)
• Superior insertion loss.-1.3 d8 (typical)
*: Small size= 3x3 m nf -  94% smailer than cerarpi

[■ ■ S A W T E K
ü IN C O R P O R A T E D
w w w .s a w t e k . c o m

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

A V N E T
eiectronics marketing

w w w .e m . a v n e t . c o m
Phone: (800) 332-8638

http://www.sawtek.com
mailto:info@sawtek.com
http://www.em.avnet.com


WEB UPDATE

w w w . a v t e c h p u i 5e . c o m

Exct'llïuce in Wireless Fiber Tedmpfag?

•  F ilters and  F ilter-based  
P roduc ts

This Web site features the Companys filter 
and filter-based products, including trans- 
mit, receive and delay filters as well as du- 
plexers and multiplexers. The site also pro- 
vides Company news, new products, specifi- 
cations, Company literature, a request for 
quote page and contact information for sales

Clearcomm Technologies LLC,
600 Beam Street, Salisbury, MD 21801

W W W .
c learcom m tech .com

f  So ftw are  Tools
This Web site supports and markets the 
Companys software tools for die Simulation 
of elcctromagnetic ficlds in the time domain. 
CST MICROWAVE STUDIO,™ CST 
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 liouses.
C ST o f  America Ine.,
8 Grove Street, Suite 203,
Wellesley, MA 02482

w w w .cst-am erica.com

#  S o lïd -s ta te , Low N oise and  
P ow er Ampfifiers

Tliis Web site provides a variety of technical 
and corporate information, including prod­
uct data sheets and technical articles (in .pdf 
format) for the Companys 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.,
Chandlers Way, Temple Farm Industrial, 
Est Southend on Sea, Essex, SS2 5SE UK

W W W .
dm lm icrow ave.com

•  O n -lin e  M arke tp lace  fo r
Q u o te s  an d  In fo rm ation

This new Web site provides a neutral mar- 
ketplace that opens each potential user to 
the broadest range of fixture vendors that 
eau 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 inake judgments on pricing, 
delivery and features based upon an objec-

EixtureForum.com, 
a service o f Interconnect Devices Ine., 
5101 Richland Ave.,
Kansas City, KS (913) 342-5544.

•  RF to  M illim eter-w ave 
In te g ra te d  Circuits

This Web site includcs the füll line of Stan­
dard product data sheets in .pdf format, in­
cluding S-parameters of seleeted products, a 
mixer spur chart calculator, as well as appli- 
cation notes and other topics of interest. 
Over 100 MMIC die, ceramic packaged die 
and plastic packaged die products are fca- 
tured covering DC to 40 GHz.
Ililtite  Microwave Corp.,
12 Elizabeth Dr., Chelmsford, MA 01824

w ww.FixtureForum .com w w w .hittite .com

http://www.avtechpui5e.com
http://www.cst-america.com
http://www.FixtureForum.com
http://www.hittite.com


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 ailow 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.

C J l O f O e l e f ö  n t f MV U i i C L d

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

Rosenberger Hochfrequenztechnik GmbH & Co.
DD n c n  Tit+mrvninn

http://www.rosenbergerna.com


WEB UPDATE

•  N ew s a n d  N ew  P roduc ts
Tliis Web site details the latest news and 
new product dovelopments at the Company, 
including corporate information (sales, qual- 
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, M I 48103

w w w .inm etcorp .com

t W aveguide P roduc ts
an d  C apabilities

This Web site includes information on the 
company’s waveguide products and capabili- 
tics, including filters, diplexers, circulators, 
Gunn oscillators, doublc-ridge components 
and comparators. The site also provides de- 
scriptions and photographs for manufactur- 
ing processes, design capabihties and test fa-

Microwave Development Co. (MDC),
41 Northwestern Drive,
Salem, NH  03079

w w w .m dc-inc.net

RJR P o l y m e r s , I n c ,
Telephone: 510.638.5901

http://www.inmetcorp.com
http://www.mdc-inc.net


SIS SERIES

200 kHz to  10 MHz

www.miteq.com

SYNTHESIZERS

■ Acquire tim e depends on step size (low  as 25 j f t j t

SPECIFICATIONS
MODEL

Frequency

• 1 2  Volt Operation

• Optimized Bandwidth/Tuning 
Speed Combination

TYPICAL PHASE NOISE AT 2  GHz 
(2  MHz S te p  Size)

Frequency step size 

Tuning range 

Switch ing speed 

O utput power 

Output power Variation 

In band spurs 

Harmonies 

Phase noise 

Reference 

External reference 
Frequency 
Inpu t power 

Frequency contro l 

DC power requirem ent

Operating tem perature 

Size

Up to  half octave 

500 ps* 

lO  dBm min.

±2 dB min.

70 dBc min.

For 
additional 

information, 
please con tac t  

Stan Eisenmesser a t  
( 6 3 1 )  4 3 9  9 1 5 2  o r  

seisenm esser@ m iteq .com

^ j y w i i x s m
■ 1 0 0  Davids Drive

Hauppauge, l\IY 1 1 7 8 8  
TEL.: (631) 436-7400  

FAX: 1631) 4 3 6 -9 2 1 3 /4 3 6 -7 4 3 0

• Operating Bands 
From 1 - 1 5  GHz

20 dBc __

See graph 

Internal o r external

• Ideal for Wireless 
Applications

BCD o r binary

+15 o r  +12 vo lts, 200  m^
5.2 vo lts, 500 mA

http://www.miteq.com
mailto:seisenmesser@miteq.com


WEB UPDATE

•  R F/M icrowave C o m p o n en ts
an d  Subsystem s

This new Web site outlines the Companies 
overall design and manufacturing capabili- 
ties of RF/microwave components and Sub­
systems as well as a brief description and 
links to its fïve operating Companies: DML 
Microwave, Inmet, KDI/Triangle, Metelics 
and Weinschel. Other features include key- 
word search, Java-script siteinap, new prod­
ucts, Company news and events section that 
includes the latest news, technical articles 
and links to upcoming events.
MCE Companies Ine.,
310 Dino Drive, Ann Arbor, M l 48103

W W W .

m cecom panies.com

•  M icrow ave D iodes
an d  C apacito rs

This Web site delivers a varicty of technical 
and corporate information, including prod­
uct data sheets and other technical informa­
tion for the Companys extensive product line 
of microwave diodes and capacitors. Other 
features include product outline drawings in 
.pdf format, an on-Iine sales representative 
search, links to other MCE Companies, a 
Java-script navigation bar and a keyword 
search.
Metelics Corp.,
975 Stewart Drive,
Sunmjvale, CA 94086

$  W aveguide C om ponen ts  
an d  Subassem blies

Visit this Web site to discover how the Com­
pany became the largest independent pro­
ducer of waveguide components and sub­
assemblies in the microwave industry. In ad- 
dition, leam more about waveguide bends 
and twists, directional couplers and mono- 
pulse comparators, rotary joints, microwave 
filters, rotary switches, and waveguide shut- 
ters and waveguide pressure Windows.
MDL Ine.,
135 Crescent Road,
Needham Heights, MA 02494

W W W .

m icro-dev-Iabs.com

•  Test a n d  M easu rem en t
In fo rm ation

This Web site is updated with a new user in­
terface and features that enable ease of ac- 
cess to the Companys wide variety of test 
and measurement products and services.: 
The new design also offers easier navigation, 
quick access to product and application in­
formation, news and upcoming events, and a 
download page that incorporates all of the 
Companys available free software and litera- 
ture in a eoncise download section.
IFR Systems Ine.,
10200 West York Street,
Wichita, KS 67215

_ ’ m r g‘j\ fhi' °
•  A dvanced  ISM/SRF RFICs
This Web site features advanced ISM/SRD 
RFICs, integrated IR sensors with Signal 
conditioning, Hall-effect sensor ICs, inter­
face ICs and ASIC systems-on-a-chip to 
QS9000 tandards for the automotive, indus­
trial and consumer industries. The Compa­
nys products are recognized for their inno- 
vation and have become favorites with de­
signers worlchvide because they are able to

41 Locke Road, Concord, NH  03301

www.m elexis.com

•  RF and  M icrow ave
C o m p o n en ts  a n d  Subsystem s

This Web site outlines the Companys custom 
design capabilities as well as its extensive 
product line of RF and microwave compo­
nents and Subsystems by providing a variety 
of technical and corporate information, in­
cluding product data sheets and technical ar­
ticles in .pdf format. Other features include 
an on-line sales representative search, links 
to other MCD Companies, a Java-scripts nav­
igation bar and a keyword search. 
KDI/Triangle Corj>.,
60 South Jefferson Road,
Whippany, NJ 07981

www.metelics.com www.ifrsys.com www.kditriangle.com

http://www.melexis.com
http://www.metelics.com
http://www.ifrsys.com
http://www.kditriangle.com
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P35-5114-000-2« 
20-32GHZ 
Low Noise Amplifier

20-26GHz 
Driver AtnpSifier

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

The P35-5123-000-200 is a 20-26GHz two-stage driver amplifier. Access to both gate 
ports is provided to allow application specific biasing. Manufactured using Caswell 
Technology's 0.2pm pHEMT technology, the circuit provides 12dB gain and an output 
power of 23d8m at the 1dB gain compression point. DC power consumption is 
140 mA @ 5V. This circuit is available now in die form.

P35-5117-000-200 P35-5118-000-200
Low Noise Amplifier Low Noise Amplifier 
3 Stage - 20dB gain 2 Stage - 1 5dB gain

P35-5126-000-200 
25-30GHZ 
Driver Amplifier
The P35-5126-000-200 is a 25-30GHz two-stage driver amplifier. Access to both gate 
ports is provided to ailow application specific biasing. Manufactured using Caswell 
Technology's 0.2pm pHEMT technology, the circuit provides 10dB gain and an outpu! 
power of 22dBm at the 1d8 gain compression point. DC power consumption is
140 mA @ 5V This circuit is available now in die form

tncreasing its range of millimetre wave ampiifiers, Caswell Technology has recently 
launched not one but two new low noise ampiifiers designed for use at 38GHz. Both 
designs offer a competitive noise figure of iypicaily 3dB I!

The new two-stage and three-stage LNA's are designed for point-to-point and 
point-to-muitipoint applications and offer 15dB and 20dB of gain respectiveiy. As 
part of our populär mm wave amplifier range, both designs are manufactured using 
CaswelFs 0.2pm pHEMT process. Samples are now available in die form.

P35-5140-000-200 
20-40GHZ 
Driver Amplifier
Caswell Technology has mtroduced the P35-5140-000-200. a mm-wave driver 
amplifier covering the 20-40 GHz frequency range with impressive typical values 
for gain and saturated output power of 20dB and 21 dBm respectiveiy.

^ a s w e l l

Marconi Caswell Limited,
Casweil, Towcester, 
Northamptonshire, NN12 8EQ 
e-mail: caswell.sales@marconi.c<

Complementing Caswell's existing range of mm-wave ampiifiers in this ban 
P35-5140-000-200 die measures 1.72 x 0.76 mm and requires a modest oi 

than 2Q0mA at 4.5V Vdd.

RF designers wrth an opportumty t(
volume purchase benefits.

Telephone: * 44 (0) 1327 350581 Fax: + 44 (0) 1327 356775 Website: wmcasweütechnologyMW» Casw&H Technology is the trading mm of Marconi Caswell Umried which is a whoHy owned subsidiary of Marconi pk



WEB UPDATE

#  M illim eter-w ave T echnology 
an d  Solu tions

This completelv redesigned Web site is user- 
friendly and has special features such as on­
line quote requesting, RMA returns and Cus­
tomer feedback, along with representative 
information, new product information, new 
product datasheets and companv-wide capa- 
bÜities.
MiUitech LLC,
29 Industrial Drive East,
Northampton, MA 01060

w w w .m illitech.com W W W .
M ini-Systemslnc.com

•  In te rac tiv e  W eb Site Tools
This Web site has been updated to include 
several new Interactive features intended to
streamline search and desi n tasks. Visitors
to the site now have aceess to instant prod-
uct information, parametri
search eapabilities and cu tom design on-
line. The integrated searc 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 Control Ine.,
8031 Avonia Road, Fairview, PA 16415 
(814) 474-1571.

W W W .

spectrum con tro l.com

•  7 16 C onnec to rs
This atellue Web sit.■ ;s speeiliealb de'-
signed for «-r uit»ers look ng to spec
conneCtOrs. 1* offers a q.rie relcler.ee „de
to a omplete select on 1 T hl s Ie;, line
edge Ha(-Is s, com ina-

r.d eablc avsemblit v \  12-pag, ata
log can also be downloaded. 
Tru-Connector Corp.,
245 L ynnfield St., Peabody, MA 01960

W W W .
7 -1 6connecto rs.com

ILU |." , WfiêBAiUfO TfST SflüRCfS. IIC.

#  A gile Precision  F requency
Sources

This Web site provides complete technical 
specifications for the Companys PTS fre­
quency 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) Ine.,
.9 Beaver Brook Road,
U ttleton, MA 01460

W W W .

program m ed test.com

£  M icrow ave an d  RF
C o m p o n en ts  an d  Subsystem s

This Web site delivers a variety' of technical 
and corporate information, including prod­
uct data sheets, instruction manuals. teclmi- 
eal 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. 
W eimchel Corp.,
5305 Spectrum Drive,
Frederick, MD 21703

w w w .w einschel.com

http://www.millitech.com
http://www.weinschel.com


Design microwave transitions, connectors, waveguides, 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 tooi 

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 

send e-mail to info@ansoft.com.
Use Ansoft HFSS to 

calculate and optimize 
fields and s-parameters

mailto:info@ansoft.com


COMPONENTS
■  100 W AIN Termination

■  Chip and Wire Diplexer
This 12DLH1-900-L chip and wire diplexer is 

high performance, 
low unit cost Solu­
tion for wideband 
wireless local loop 
Systems. The 
diplexers specifi­
cations include 
1.8 dB passband 
loss, 1.7 SWR and 
0 dB rejection at 

800 and 1000 MHz. Size: 51 x 13 x 9 mm. 
ComNav Engineering,
Portland, ME (207) 7.97-4588.

Circle No. 218

■  Bandpass Filter
The model FDR10-4 small size bandpass filter 
is designed for clock recovery circuits in OC 
192 10 gbps optica! Communications architec­
tures. Operating at 10 GHz, the bandpass Alter 
offers maximum insertion loss of 0.7 dB, SWR 
of 1.1 (max), frequency stabilily of 14 ppm/°C 
and power handling of 10 W (max). SMA fe- 
male connectors are Standard, but altemate 
connector or pin requirements can be satisfied 
upon request. Size: 2.83" x 0.67" x 0.87'! 
Compel Electronics Inc.,
Ashland, MA (508) 881-9293.

Circle No. 219

■  Semi-rigid Cables
These semi-rigid cables offer outstanding 
shielding and insertion loss characteristies. The 

design of the ca­
bles improves Sys­
tem performance 
and increases talk 
tim e, making 
them  extrem ely 
well su ited  for 
transmitting am- 
plified Signals 
across printed cir­

cuit boards used in cellular phones and other 
wireless devices. The cables are designed with

center conductor leads formed at right angles 
to, or coplanar with, the bottom of the copper 
outcr jacket. This improves installation onto 
thru-hole or surface-mount Circuit boards. Im- 
pedance ranged from 5 to 125 ß  and cable 
sizes vary from 0.008" to 0.750" to meet a vari­
ety of application requirements.
MICRO -COAX,
Pottstown, PA (800) 223-2629.

Circle No. 222

20 dB Directional Coupler
ie model JDC-20-5 50 ß  broadband direc- 

'Upler 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 0.5 

dB (typ) and directivity is 22 dB (typ) at mid- 
band. The all-ceramic surface-mount device is 
equipped with solder plated J leads for superior 
mechanical integrity over temperature. Appli­
cations include cellular Signal sampling. Size: 
0.28" x 0.31" x 0.23'! Price: $17.95 (1 to 9). 
Mini-Circuits,
Brooklyn, NY (718) 934-4500.

Circle No. 223

■  Bandpass Filter

The model 14042 bandpass filter is used to 
prevent PCS interference at the ENG receive 
site. It passes the entire ENG band (1990 to 
2500 MHz) and the unit provides stopband re­
jection of 25 dB (min) at 1910 MHz and 2580 
Milz, with a passband insertion loss of 1.0 dB 
(max). The impedance is 50 ß  with Standard N 
connectors. It is designed for indoor use, but 
can be provided as a temperature compensated 
unit. Size: 6.0" x  2.0" x 2.0"
Microwave Filter Co. Inc.,
East Syracuse, N Y (800) 448-1666 
or (315) 438-4747.

Circle No. 224

■  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 applications. 
The cable’s jacket material is made of 1100 alu- 
rninum 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 plating for conventional connectors. 
Precision Tube,
Salisbury, M D (410) 546-3911.

Circle No. 225

NEW  PRODUCTS
■  High Frequency 

RF Chip Resistors

The RF Series of compact, lightweight resis- 
tors is ideal for use in RF and microwave appli­
cations. The components are available in 14 
Standard case sizes 0402 through 3838. The se­
ries is offered with single surface or w'rap 
around tenninations, and a variety of termina- 
tion materials for solder mount, epoxy bound 
or wire bond applications. Constmction mater­
ial consists of either an alumina or beryllia 
body with a proprietary resistor element for 
optimum performance. The devices are opti- 
mized for 50 ß  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 o f  the A rt Inc. (SOTA),
State College, PA (800) 458-3401.

Circle No. 226

■  Ceramic Diplexer
The model 930073 ceramic diplexer operates 
in the 2.4 GHz band. Channel BW is 10 MHz, 
and insertion loss is 2.5 dba. The 10 dB BW is 
75 MHz. and TX/RX isolation is 22 dB. The 
diplexer offers 2 poles per channel and handles 
5 W CW SMT package is Standard. Options in­
clude eustom frequencies and rejection points. 
Size: 1.10" x 0.47" x 0.31". 
lntegrated Microwave Corp.,
San Diego, CA (858) 259-2600.

Circle No. 221

■  Miniature Diplexer

The model W 2446D miniature IM D 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 Ls <1 dB and re­
turn loss is better tiran -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]



Prem atching Tuner
High pow er, 0 . 8 - 7  GHz

Harm onie Load Pull System 1.8 - 18 GHz
Compact, user friend ly  Operation

Prematching* and Harmonie* coaxiai tuners, 0.2  - 50 (6 5 ) GHz 

Fundamental waveguide tuners, 2 6 .5  - 110 GHz 

Advanced Load Pull and Noise measurement software 

VNA TRL calkits, 0.1 - 5 0  GHz

Manual tuners (with prematching options), 0.4 - 50  GHz 

Modular, low loss, high power test fixtures*

US patents pending H a rm o n ie  S o u rc e  &  L /P  S o ftw a re
In tu i t iv e  O p era tio n  w ith  u n iq u e  o p tio n s

Tunërs, TRL Calkit & Transistor Test Fixture
A com plete m easurem ent solu tion__________________________  '________

rocus
microwaves

Experience the cutting-edge precision and state of the art 
features included in every Focus product:

Phone: +1 .514.335 .6227  Fax: +1 .514.335.6287
w w w .fo cu s-m icrow aves.com

Focus Microwaves offers complete measurement Solutions 
for high power, harmonie & noise testing; on-wafer or in 
fixture. Over 400 Systems in Operation worldwide.

http://www.focus-microwaves.com


PRODUCTS
■  Bandreject Filter
The model EWT-41-001 bandreject filter of­
fers a center frequency of 14250 MHz and a 
3 dB (max) bandwidth óf 2000 MHz. Rejection 
from 14000 through 14500 MHz is 50 dB 
(min) while insertion loss is < 1.0 dB (typ) DC 
to 12750 MHz and 15750 to 22000 MHz. SWR 
is 1.5. The EWT-41-0001 operates over a -55° 
to +85°C temperature range. 

jKantern Wireless Telecotnm Inc. (EWT), 
Salisbury, MD (410) 749-3800.

Circle No. 220

NEW
■  Solderless Connectors
These “EZ” solderless TNC and N type connec­
tors are designed for the Companys LMR- 

240 low loss coaxi- 
al cables. The high 
quality connectors 
(models EZ-240- 
TM and EZ-240- 
NM) have knurled 
coupling nuts and 

crimp-style outer contact attachment rings. 
Adding to die family of EZ solderless cormeetors, 
these connectors are well suited for use at the up­
per ISM frequency bands of 2.4 and 5.8 GHz be- 
cause of its low loss and low SWR.
Times Microwave Systems,
Wallingford, CT (203) 949-8424.

Circle No. 227

-SIVCRS

Tune free
Diplexers 1 3 -3 8  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 fulfilled in the temperature range 
-40 to +80 Degree Centigrade.

COST EFFECTIVE

• 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 Phone: +46 (0)8 703 68 00
Torshamnsgatan 9 Fax: +46 (0)8 751 92 71
SE-164 29 Kista/Stockholm 
Sweden

■  RF Coaxial Connectors
The HN-, N-, SC-, SMA- and TNC series of RF 
coaxial connectors can now be manufac­

tured with Fluo- 
roloy* H dielec- 
trics, which allows

up to 5000 W and 
tem pera tures to 
200°C, depending 
upon connector 
type. Confmira- 
tions include 

straight, right angle and bulkbead connectors in 
both male and fernale designs for use with semi­
rigid and flexible cables. Price: from $35 de­
pending on configuration and quantity. 
Tru-Connector Corp.,
Peabody, MA (800) 262-9878 
or (978) 532-0775.

Circle No. 228

AMPLIFIERS
■  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 MM1C offering in- 
dustry-leading noise and linearity performance 
in a eost-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, result- 
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

■  SMT Medium Power Amplifier
model HMC300LM1 broadband surface- 

mplifier 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 VA] and a -0.35 \' 
gate bias and requires no external RF matching 
components and minimal DC b)pass compo­
nents. A 0.25 gm power pHEMT process is used 
to achieve efficiënt gain and output power per­
formance and requires high volume surface- 
mount re-flow assembly teehniques, which can 
be used to mount the amplifier to the end user’s 
PCB. The LM1 package eliminates the need for 
wäre bonding or die attach mounting.
Hittite Microwave Corp.,
Chelmsford, M A (978) 250-3343.

Circle No. 231

■  Low Noise Ampiifiers
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]
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For additional information, 
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NEW
PRODUCTS

access equipment, cellular basestations and infra- 
structure equipment for einerging LAN, 802.11a, 
802.11b and Bluetooth applications. Providing 
noise figure performance as low as 0.65 dB, tlie 
new modules are designed to serve as complete 
drop-in Solutions that require no external compo­
nents. The new modules replace traditional im- 
plementations. Price: $2 to $3 (10,000).
Intarsia Corp., Fremont, CA (510) 354-6301.

Circle No. 233

■  Multi-camer Power Amplifier
The model QBS-425 power amplifier provides 
35 dB of gain for up to 4 GSM carriers. Using 
adaptive feedforward technology, die amplifier 
achieves high efficiency with low intermodula- 
tion distortion for the' GSM/EDGE modula- 
tion formats. The unique design of the QBS- 
425 eliminates the need for external high pow­
er combining. Additionally, these ampiifiers 
features configurable alarrns (over power, over 
temperature and SWR) and the output port is 
isolator protected. The ampiifiers mount in a 
Standard 19” equipment rack.
REMEC Q-bit,
Palm Bay, FL (800) 226-1772.

Circle No. 236

■  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 dBc/Ilz at 10 kHz. 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.

Circle No. 237

■  RF Power Amplifier
The model A020 high performance 120 W RF 
power amplifier covers the frequency ränge 

from 290 to 320 
Milz and 35 dB of 
gain and high effi­
ciency. The ampli­
fier is also avail­
able as an AC full 

amplifier System. Features include automatic 
current limiting, forced-air cooling, current me­
ter, over-current and thermal protection. Con­
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 2.0” x 1.0'! Weight: 1 lb.
LCF Enterprises,
Post Falls, ID (208) 457-0292.

Circle No. 234

■  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 mini­
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
■  Adjustable Sector Antenna
The model MSP24013MB adjustable 2.4 GHz 

performance of 
wireless data net- 
works by provid­
ing technically su­
perior pe rfo r­
mance and a 
field-adjustable, 
m ultiple beam- 
vidth design. 
One o f these 
models can be 
field adjusted to 
cover horizontal 
beamw idths of 
45°, 60°, 90° or 
120° with an 
SWR of less than 
1.5 and outstand- 
ing front-to-baek

[Continued on page 172]
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flsk if uue
have Q switch
in stock and
you'll get our
stock onswer:

easy for u s to be so  positive. Our 

shelves are overflovving with the largest 

of stocked eiectromechanical 

(SEM) switches in the industry. With more 

than 40 different top quality switch types, 

Narda covers everything from satellite, 

wireless Communications to 

avionics, ATE and military applications. 

Narda gives you the best of both worlds: 

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 
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cycles per switch Position with virtually no 

performance degradation.
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satisfied thousands of Customers.
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PRODUCTS
mance. This antenna was espeeially designed 
for wireless broadband appücations where eov- 
erage of a geographica! sector is necessary. 
MAXRAD,
Hanover Park, IL  
(630) 372-6800.

Circle No. 238

■  High Gain Microstrip Antenna
The model PCA18-56C/X low profile, light- 
weight, flat plane antenna operates over the

NEW
5.65 to 5.95 fre­
quency ränge with 
23.6 dßic of gain 
and SWR of 2.0. 
The antenna has

2.0 dB and is designed for datalink applications. 
Seavey Engineering Associates Inc., 
Pembroke, MA (781) 829-4740.

Circle No. 239

HARDWARE
■  Pneumatic BNC Crimper
The CTB-1 pneumatic hex die benchtop crimp 
tool is intended for the installation of BNC

THE HIGHEST QUALITY 
HYBRID AND 
MICROELECTRONIC 
PACKAGES AT 
COMPETITIVE PRICES
ATG offers fast delivery, competitive pricing and 
consistently high quality. Our 'Design Adaptation 
Formula' gives us the ability to work quickly and 
efticiently to build the most cost effective part to 
meet your specifications. Our streamlined 
manufacturing and highly motivated people 
allow us to keep oosts down and quality high 
by the continual monitoring of parts through 
in-coming, in-process and final inspections.

ATG is your dedicated source for:
Hybrid Packages • Power Packages
• Microwave Packages • Fiber Optie Packages

• Umbody Packages • TO-46, TO-5, TO-8 Headers 

CALL US TO DISCUSS YOUR REQUIREMENTS.

101 Roundhill Drive • Rockaway, NJ 07866

coaxial connec­
tors. It consistent­
ly produces quali­
ty crinips while 
speeding installa­
tion efficiency 
and reducing fa- 
tigue and risk of 

repetitive motion injuries. The lightweight 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-22520/5 re­
quirements for BNC crimp connectors. It re- 
quires a regulated, filtered and lubricated 95- 
120 psi air supply. Price: $2800 (includes the 
foot activation switch and one die-set). 
Trompeter Electronics,
Westlake Village, CA (800) 982-2629.

Circle No. 240

INTEGRATED
CIRCUIT
■  GaAs MMIC Receiver
The model XR1000 GaAs MMIC receiver is on a

fbDowed by 
an image reject 
fundamental mixer 
using Lange cou- 
plors to improve 
bandwidth. Using 
0.15 micron gate 
length GaAs 
pH EM T device 
technology, the re-

17 to 27 GHz 
ränge. The receiv-

nal conversion gain of 10 dB (typ) with a noise 
figure of 3.5 dB (typ) and 15 dB (typ) image re­
jection across the band. The XRl(XX) provides 
equipment designers with a lfighly integrated 
product to facilitate die design process and is well 
suited for wireless Communications applications 
such as millimeter-wave point-to-point radio, 
LMDS, SATCOM and VSAT applications.
Mimix Broadband Inc.,
Webster, TX (281) 526-0536.

Circle No. 241

MATERIALS
■  Vinyl-based Weatherproof 

Coating for Foam 
Microwave Absorbers

The low cost, weatherpnxif eoating CERSEAL 
coating is designed for the ECCOSORB® AN 
and LS fbam products 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 unskirmed polyurediane foams offering 
excellent resistanee to fluids, Chemicals and pe- 
troleum products. CERSEAL adds durability 
to foam products and imparts abrasion as well 
as puncture resistanee.
Emerson Cuming Microwave Products, 
Randolph, MA (800) 650-5740 
or (781) 961-9600.

"fei: 973-627-6955 Fox: 973-627-5980 Email: fmhanusatg@ool.c Circle No. 242
[Cmtinued on page 174]



DC TO 20GHz TERMINATION HAS 
SMA MALE CONNECTOR 
Mini-Circuits ANNE-50 is a braad band 
DC to  20GHz precision term ination 
exhibiting return loss of 40dB typical up 
to 4GHz and 20dB typical from 10 to 
20GHz. This low cost, off-the-shelf 50 ohm 
solution is capable of a braad 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.

AMPUFIER 
TEST FIXTURE
family of nine different 

ampiifiers operating 
8GHz band are now 
ir’s kit form. Kit number 

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

IN STOCK.

2WAY “DO-IT-YOURSELF” SPUTTER 
DELTVERS 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 Splitter 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 family 
contains 3 units for Operation within the 5 
to 2500MHz band.

10 TO 2000MHz. LEVEL 7 MIXER IS 
PRICE/PERFORMANCE VALUE 
Mini-Circuits has introduced a very low 
cost high performance frequency mixer 
fo r the braad 10 to 2000MHz band. 
Typically at midband, the ADE-11X displays 
low 7.1 dB conversion loss, 9dBm IP3, 
and excellent L-R/L-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.

DC TO 6000MHz. FfXED ATTENUATOR 
SERIES IS COST EFFECTIVE 
M ini-C ircuits VAT family is a very low 
cost, wide band DC to 6000MHz fixed 
attenuator series de livering 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 w att power (at 70°C 
ambient). Ideal for impedance matching 
and Signal level adjustment applications.

C3 Mini-Circuits E READER SEFMCECARD
P.o. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For c 

9 f e w f  The Design Engineers Search Engine Provides ACTUAL Data Inst

http://www.minicircuits.com


PRODUCTS
■  Dielectric Materials
The MICROLAM family of dielectric materi- 
als are built upon expanded PTFE structures 
that are impregnated with various fillcd rcsins 
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 diilhng 
speeds and excellent microvia hole quality.
W.L. Gore i ’ Associates Inc.,
Newark, DE (800) 445-4673.

Circle No. 243

NEW

SOURCES
m Low Cost SMD VCXO
The SMD 1605 series of oscillators covers a 

of 1.0 to 66.0 MHz with a fre-

of ±50 ppm (max)

to +70°C. Two 
ranges of pullabil- 
ity are offered as 
well, ±50 ppm

V DC and supply 
of 3.3 V DC and ±100 ppm with a con­

trol voltage of 2.5 V DC ±2.0 V DC and a sup­
ply voltage of 5.0 V DC. The package heiglit 
makes this oscillator ideal for ultra small pe- 
ripheral application where low cost is also im-

ng by pi
place machines as well as re-flow soldering are 
accommodated. Size: 5 x 7  mm. Price: $2.50 
each (10,000). Delivery: 6 to 8 weeks (ARO). 
ILSI America, R eno,N V  (888) 355-4574.

Circle No. 232

eis are suppnea mountea on a 
and can maintain their operating frequency 
within a few megahertz over the -50° to +80°C 
temperature range.
Gilland Electronics Inc.,
Los Catos, CA (800) 480-3391.

Circle No. 246

■  Compact TCXO
The FOX307 series of TCXOs matches the 
smaller sized, industry Standard footprint re- 

quired for portable 
and wireless 
equipm ent. The 
oscillators are ideal 
for SMD applica­
tions with tight 
space eonstraints. 
These oscillators 

try’s Standard pinout configura- 
tion and require a 3.0 V power supply. They liavc 
a frequency ränge of 12.8 to 20.0 MHz and fre­
quency stability is ±2.5 ppm over the operating 
temperature range of -30° to +85°C. Storage 
temperature range is —40° to +85°C. The TCXOs 
have a current drain of less than 2 mA, and fea­
ture a low phase noise of less than -140 dBc/Hz 
at 100 kHz. Size: 7 x 5  mm. Price: $7 (1000). De­
livery: stock.
Fox Electronics,
Fort Myers, FL (888) 438-2369.

Circle No. 245

e the indus

■  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 lifo, 
and industry-leading phase noise performance 
for improved call handling. The model 
ATXM013A is a small dual-band VCO/PLL 
module designed to ininiinize phase noise and 
rcducc lock times to less than 1 ms for im­
proved data transmission integrity. Model 
ATXNI0I4A is a small dual-band synthesizer 
module that provides performance advantages 
similar to the ATXN1013A, but by including 
the Company s TCXO technology, it further re- 
duces cellular handset size, component count 
and total cost.
CTS Corp., E lkhart, IN (630) 924-3525.

Circle No. 244

■  Cavity-stabilized
Millimeter-wave Oscillators

The CIDO series 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 stabüity and phase; noise characteristics as- 
sociated with cavity-stabilized Gunn sources. 
The CIDO configuration consists of a wave­
guide eavity IMPATT oscillator coupled to a 
high Q, high order mode cylindrical Invar cavi- 
ty. A low pass EMI filter and current stabilizer 
are included for trouble-free Operation and an 
isolator Ls integrated into the output. The mod-

■  200 MHz VCXO
The model VC-8000 voltage eontrolled crystal 
oscillator (VCXO) uses an inverted-m esa 

quartz crystal to 
com bine higher 
frequency, lower 
noise, increased 
stability, wider 
pullability range 
and faster on/off 
times than is pos- 
siblc with an ordi- 

nary quartz crystal. The VCXO works as a sig- 
nal-enhancing filter for a synchronous commu- 
nieation Systems that imbed their own content 
data, clock and error correction data. The unit 
acts like a high Q filter, re-generating the in- 
coming signa! “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 eontrolled output 
frequency up to 2(X) MHz with < 1 picosccond

ppm. Units are available at any desired output 
frequency from 65 to 200 MHz, but specifying 
populär frequencies has a favorable effect on 
price and deliverv. Price: S39 to $49 (10,000). 
Delivery: 8 to 10 weeks (ARO).
Raltron Electronics Corjy.,
Miami, FL (305) 593-6033.

Circle No. 248

■  Programmable Oscillators
The PrO™ S8002C series o f surface-mount 
programmable oscillators features one of the 
industry s widest range of frequencies (1 to 125 
MHz) and operating voltages (3.0, 3.3 and 5.0 
V). The oscillators are designed to botter 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) 5 to 
33 MHz and 167 ps (max) 1 to 5 MHz. The 
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

■  Ultraminiature TCXOs
These two u ltra m iniature 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 Milz, sereened 
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 inany 
wireless applications. The oscillators have foot- 
prints of 7 x 5 mm and 5 x 3  mm.
Rakon Ltd.,
Auckland, New Zealand +64 9 573 5554

Circle No. 247

U  VCO
The model CLV1540E voltage eontrolled oscil-

dio market. This 
device utilizes 
pa tented design 
techniques to de- 
liver unequalled 
SSB phase noise

gether with supe-

suppression. It 
generates frequencies between 1520 to 1565 
Milz within 0.5 to 4.5 V DC of control voltage 
with an average tuning sensitivity of 23 M1 Iz/V. 
The VCO exhibits a remarkably clean spectral 
Signal of -110 dBc/Hz (typ), at 10 kHz from 
the carrier while attenuating the second har­
monie to better than -20 dBc. The CLV1540E 
operates off a 5 V DC sourcc while drawing 
only 24 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 +85°C. Size: 0.50" x 0.50" x 0.22'!
Z-Communications Inc.,
San Diego, CA (858) 621-2700.

Circle No. 250  
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NEW  PRODUCTS
■  Surface-mount Frequency Synthesizer
The I.X series of low cost, surface-mount frequency synthesizers is 

l^designed for broadband mixer LO applications. Tins product fea

! c  •
V

°CoS& ,

» fixed frequency or programmabh 
Outputs in bands from 50 to 2700 MHz, 
with up to octave bandwidths. At 1 GHz 
frequency output, phase noise charaeteri; 

s j  rsgn 'M B  tics are -98 dBc/Hz at 10 kHz offset and
J  1 X  120 dBc/Hz at 100 kHz offset. Packaged
-  u C ^ ° s r hl 0.75“ square surface-mount housing, the

LX series is ideally suited for use in broad­
band wireless Communications Systems.
EM Research Inc.,

Citrus Heights, CÄ  (916) 722-4266.
Circle No. 253

SUBSYSTEMS
■  Vector Modulators
The VM series of eight-chip, PGA packaged vector modulators can be 
easily integrated in- to basestation MCPA applications to increase band­

width efficiency and support high speed 
data transmission for 2.5 G Systems. The 
vector modulator offers 360° of phase con­
trol and a large linear amplitude adjust- 
ment range. With the new VM multi-chip 
module platform, mixed technologies can 
bc integrated in the same package to pro- 
duee high performance products that cover 

AMPS through W-CDMA. Typical performance characteristics include

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 buildinc 
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.

X  RF Engineer (3+ years)
Knowledge of or experience with RF/Microwave integrated 
circuits to 40 GHz using micro-strip techniques. Experience 
with power ampiifiers, 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 
résumés to srehm@mimixbroadband.com.

Mimix Broadband is an Equal Opportunity Employer.

Mimix
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

■  Millimeter-wave Tuner
The model CS-5106C tuner is a cost-elfective, 
high performance solution for receiving signals 
in millimeter-wave frequency bands. It fea­
tures plug-in front-end assemblies that allow 
the user to simplv externally remove and re- 
place front-end modules in the field. Modules 
are available for any 3 or 6 GHz segment in the 
18 to 40 GHz frequency range. The tuner has a 
tuning resolution of 10 kHz with 1F Outputs at 
either 140 MIIz or 70 MHz center frequency. 
An FM dernodulated video output is available 
as an Option if desirod. The CS-5106C can also 
Ik1 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

■  RGB Video Matrix

The model 12055 video matrix features a fre- 
quencv range from DC to 120 MHz with RS- 
232C and 1EEE-488 interfaces. The unit is 
non-blocking and full fanout with front panel 
keypad control and LCD display. I t recalls 40 
configurations and offers crosspoint verifica- 
tion. The 12055 is ideal for switching RGB 
video from any of eight workstations to up to 
eight combinations of monitors and printers. 
Size: 5.0" x 19.0" x 25.0".
Matrix Systems,
Calabasas, CA (818) 222-2301.

Circle No. 262

TEST EQUIPMENT
■  Carrier to Noise Generator

The CMC sets extremely accurate C/N rations 
between the uscr’s signal and intemally generat- 
ed Gaussian noise. The product is offered in 
models for 70/140 MHz, CATV and a frequency 
agile version covering 1 to 6 GHz, and is compat­
ible with all inodulation formats, including pulsed 
spectrums. A proprietary microprocessor con- 
trolled solid-state attenuator design intemally 
provides 0.015 dB resolution. Output power can 
be set between 0 and -110 dBm. The instrument 
Ls 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

■  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 harmonie and spurious emis- 
sions, identification of unknown or unwanted 
signals, signal monitoring, field strength mca- 
surements and EMC pre-compliance testing. 
The unit rnakes EMC pre-compliance testing 
simple and straightforward. The 401A can 
monitor emissions from the very beginning of 
the design process, because the spec line is 
right on the screen. If an unwanted emission is 
at or above the line, the designer knows he has 
an issue to investigate immediately. The spec­
trum analyzer has a sensitivity o f -95 dBm. 
Three frequency markers are available for sig­
na! identification. Ineluded with the spectrum 
analyzer is the model P101A active e-field 
probe for troubleshooting and EMC measure­
ments. Price: 82995. Delivery: stock.
Bantam Instruments,
Sunnyvale, CA (510) 610-2633.

Circle No. 255

■  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 Iets you view and con­
trol your spectrum display in real time with no 
third party software or hardware required. The 
P9116 is a fuU-features spectrum analyzer that 
lovers the 100 kHz to 1.6 GIlz frequency range. 
The instruinent’s rugged industrial chassis in­
cludes a complete Pentium PC and Windows 
NT operating system. The unit has outstanding 
accuracy repeatability and speed.
Morrow Technologies Corp. (MTC), 
largo, FL (727) 531-4000.

Circle No. 258

■  RF Digitizer

The model 2319E RF digitizer for 2G, 2.5G and 
3G digital cellular testing Ls 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
tional high power digital signal processing card 
and Company software, the 2319E can be used as 
a substitute basestation reeeiver during carly re­
search and development phases of new- mobile 
phones. The unit is a benchtop or raek-mounted 
instrument and operates across a wide frequency 
range and provides a generous 20 VIIIz digitiza- 
tion bandwidth sufficiënt to capture four L'.MTS 
radio channels. The instrument provides high 
quality conversion of complex modulated RF sig­
nals into digitized data. The choice of output in­
terface is determined by the bandwidth require­
ments of the application, selected from low, 
medium or high speed options. The 2319 fea­
tures a 500 Mllz to 2.5 GHz frequency range, .50 
W input power handling, 12 bit ADC resolution, 
phase noise of -121 dBc/Hz and sensitivity of 
-153 dBm/llz. Price: $31,351.
1FR Systems Inc.,
Wichita, KS (800) 835-2352 
or (316) 522-4981.

Circle No. 257

■  FCC Spurious
and Harmonie Test Kit

This spurious and harmonie test kit is designed 
for use with populär spectrum analyzers. Each 

kit contains four 
mixers providing 
conti nuing cover- 
age from 40 to 
220 GHz. Each 
mixer is equipped 
with an appropri-

for accomplishing 
the FCC desired radiated spurious level mea-

Oleson Microwave Labs,
Morgan Hill, CA (408) 779-2698.

Circle No. 259

■  EMI Test Reeeiver 
with Spectrum Analysis

The EPS1 EMI test reeeiver with spectrum ana­
lyzer functionality combines the precision of a 
lest reeeiver and the high speed of a spectrum 
analyzer in a single unit. It allows precompliance 
and diagnostic measurements to be carried out 
(ast 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 kHz to 3 GIIz or up to 7 
C llz and are designed for commercial Standards, 
lu addiüon to manual measurements, die ESPI 
allows semi-automatic and fully automatic EMI 
measurements with the aid of predefined tables 
and EMI software. Spectrum analyzer functions 
can be cal led at a keystroke.
Bolide l '  Schwarz GmbH ir Co. KG, 
Munich, Germany +49 89 4129-13779.

Circle No. 260  
[Continued on page 178]
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NEW
PRODUCTS

H Basestation Field Tool
The NetTelc™ compact, modular basestation 
field tooi is designed to simplify routine field 

Installation and 
maintenance mea­
surement tasks in 
wireless networks. 
It enables installa-

nance technicians 
to quicldy and reli- 

ably verify basestation functionality, even under 
adverse field conditions. Tlie NetTek basestation 
field tooi consists of a inulti-standard measure- 
ment module, the YBT250. It addresses GSM, 
IS-136 and CDMAOne standanls and performs 
the most common diagnostic tests nceded for on- 
site basestation transmitter verification. Price: 
$12,495. Deliveiy: 10 weeks.
Tektronix Inc.,
Beaverton. OR (800) 426-2200.

Circle No. 261

Ka Band 26.5 GHz - 40.0 GHz
(10 Watts Output Power)

Other models available are L-Band through K-Band. 
These are a continued high performance,

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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NEW LITERATURE Get
■  Bluetooth™ 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 276 824.

Circle No. 200

■  N ew Products and Technologies 
Catalog

This “What's New at AVX for 2001” catalog of­
fers valuable information on this year’s new 
products and technologies. The catalog bigh- 
lights information on the Companys products, 
including capacitors, capacitor arrays, filters, 
thin film devices, ferrites, timing devices, con-

AVX Corp., 1
Myrtle Beach, SC (843) 946-0414.

Circle No. 201

■  GaAs Semiconductor Component 
Catalog

This 10-page catalog features the Companys line 
of GaAs semiconductor products for broadband 
wireless and fiber-optic Communications. True- 
Triangle™ power amplifier modules and Widc- 
Fiber™ driver ampiifiers are detailed. Product 
outline drawings, photographs, specifications, 
features and applications are provided. 
Celeritek,
Santa Clara, CA (408) 986-5060.

Circle No. 202

■  M icrowave 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 synthesizers 
advanced digital architecture, frequency switch- 
ing speed, frequency ramp sweep technique, 
modulation capabilities and reliability figures. 
Giga-tronics Inc.,
San Ramon, CA (925) 328-4650.

Circle No. 203

■  N ew Product Catalog

This product catalog addresses teclmical specifi­
cations, design details, custom products and de­
signer kits for the Companys 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

■  DataSheet

This hvo-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, 
pagers, cellular and wireless Communications, 
and bandpass/bandstop filters.
Integrated Microwave,
San Diego, CA (858) 259-2600.

Circle No. 205

■  Product Catalog

This latest edition of the companv’s Catalog 119 
offers thousands of new products, more brand 
name manufacturers than ever and unique new 
customer services. The newly expanded product 
section in the catalog showcases 16,000 new 
products and 25 new manufacturers. In all, the 
Company stocks 150,000+ products from more 
than 300 quality manufacturers.
Newark Electronics,
Chicago, IL  (800) 463-9275.

Circle No. 206

■  Specialty Materials Catalog

This 16-page catalog details the company’s line 
of specialty materials such as urethane foams, 
electroluminescent lamps and inverters, indu- 
flex laminates, PORON silicone materials, 
R/ficx flexible circuit materials, RT/duroid and 
TMM high frequency circuit materials, R04000 
and R03000 high frequency circuit materials, 
elastomer components and composite materials. 
Rogers Corp., Rogers, CT (800) 774-9605.

Circle No. 207

■  RF/M icrowavc Products Catalog

This 72-page 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 semi-rigid

Storm Products-Microwave,
Hinsdale, IL (630) 323-9121.

Circle No. 208

■  H igh Performance Cable

and Interconnect Systems Catalog

This 10-pagc catalog features the company's 
high density cable assemblies, RF/microwave 
assemblies and connectors, precision coaxial 
and multi-connector hamesses and assemblies, 
and high performance wire and cable. Product 
photographs, descriptions, applications and 
features are provided.
Tensolite, a Carlisle Company,
Andover, MA (800) 362-3539.

Circle No. 209

■  Technical Bulletins

This series of custom air filter product technical 
bulletins are intended for EOM designers, who 
can use the technical data when considering 
thermal management options in electronics and 
industrial equipment. The five bulletin series 
features air filter modules used in air cooling of 
electronics applications: dual EMI boneycomb, 
polyester, polyfold, quadrafoam and uni-foam. 
Universal Air Filter Co.,
Sauget, IL  (618) 271-7300.

Circle No. 210

■ Low N oise RF M odules

This 11-page catalog features Blue Tops™ RF 
modules, including ampiifiers, frequency mul­
tipliers and dividers. Product descriptions, 
photographs, features, line drawings, specifica­
tions and schematics are provided.
Wenzel Associates Itic.,
Austin, TX (512) 450-1400.

Circle No. 211
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THE BOOK END
■ Radar Systems Performance Modeling■ Modulation and Coding 

for Wireless Communications
Alistair Burr
Prentice Hall/Pearson Education 
352 pages; $79 
ISBN: 0-201-39857-5

G. Richard Curry 
A rtech House Inc.
336 pages; $99, £68 
ISBN: 1-58053-095-8

Wireless Communications have become one of the 
most rapiilly growing industries in the world. This 

book is concerned with the principl.es of modulation and 
coding as they apply to wireless Systems and with actual 
modulation and coding Scheines found in modern wireless 
Systems. Here, the term coding refers to error control 
coding and in particular to forward error correcting cod­

ing. O ther 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 masters 
eandidates. It will be also 
useful to practicing Commu­
nications engineers to pro- 

vide access to more advaneed topics in this area and give 
practical guidance in developing and applying the 
Scheines described. Each chapter, in addition to a full de- 
scription of the subject eoncemed, 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 o f  three chapters on advaneed modulation tech- 
niques: principles o f linear modulation, modulation for 
nonlinear Systems and modem design. The other one cov­
ers forward error correction coding for another three 
chapters: principles o f FEC coding, cyclic block codes 
and convolutional codes. A discussion o f  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 coneepts.

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  W eb site  h osted  by Pearson E d u cation  at 
www.booksites.net/burr which wall include a variety o f  
materials to supplement the book.
To order this book, contact: Prentice Hall, PO Box 
11073, Des Moines, IA 50336 (800) 947-7700.

"This book is 
concerned with the 
principles of 
modulation and 
coding as they 
apply to wireless 
Systems..."

This book addresses the need of System analysts for 
radar models. ït provides and explains equations, com- 

putational methods and data for modeling radar perfor­
mance at the System level, and provides insiglit 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 engineering 
and mathematical background is assumed, no specialized 
radar engineering or advaneed mathematics are required. 
In developing and describing the models, the book gives 
the reader a basie understanding o f 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. T he . V  ,
radar m aterial n eeded  by |  ü o o k
System modelers is collected addresses the need
and presented in a concise ï ;  t " »* • '• ■
format with guidance for us- o f System analysts
ing it in system analysis. A m o d e U  „
comprehensive bibliography flfTj I'r .
h prm idrtI in t-aeli chapter ' '
for those interested in more details on any topic.

The book opens with a brief overview o f radar Opera­
tion and applications, followed by a discussion o f  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 
discusses radar countermeasures and counter-counter- 
measures. Finally some radar performance modeling ex- 
amples 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 o f the custom radar functions and an Excel file 
which contains the spreadsheet analysis Solutions to the 
exatnple problems.
To order this book, contact: .4rtech House Inc., 685 
Canton St., Norwood, MA 02062 (781) 769-9750, 
ext. 4002; or 46 Gillingham St., London SW1V 1HH, 
UK +44 (0 )20  7596-8750.

Dan Masse is a meniberof the Microwave Journal si

http://www.booksites.net/burr




I
g
C

I
6,137,138

Page No.

121 ........
......170 .......

. 301-519-3660 

. .978-772-7774

Fax

301-519-2447
978-772-7775

Web/E-Mail Address

.3 4 -3 5  . . . . .  
. 116 
. 143 

.160

336-664-1233 
—  704-5969060 
.. 1-800-RFPOWER 
.. ,510-638-5901 

.914-241-1334 
»49-89-41293115

336931-7454

630-208-2550

914-241-1753
+49-89-41293115

www.rfiiitro.com

www.rjJpdvmen.com 
www.rlcelectnmics.com

178
»49-8684-184) 
716731-9200

+49-8684-18-499
" ï ï S T "

123,175. . 
63,107.169 . 

.52.134 .

407-886-8860 
631242-2300 
»46-8-7036800 

* 49-89-354-804-0 
.516-334-8700

800-764-6642 
800-458-3401 
609-538-8586 

.. .212-317-7201 
— 561-840-1800 
. 973-881-8800 

623-780-1995 
.800-362-FLEX 

.. 888-283-8444 
408-243-2654 
978-532-0775 
310-814-5749 

. 800-337-6642 
732-922-1009 
303-371-1560 
630-851-1734 

. 973-586-8585 
44-20-7338-4461 

845-279-6187 
501-750-1046

-951-4401 
-748-7: $60

302- 846-3888
407- 886-7061 
631-242-8158 
+46-8-7519271

+49-89-354-804-90
516-334-8771
360-426-5912

814-355-2714
609-538-8587
212-308-6575
561-842-6277
973-881-8361

973-475-1583
813-80630IX)
408- 243-2674 
978-531-6993 
310-812-7011

732-922-1848
303- 3714)845 
630-851-2106 
973-586-3404

44-20-7430-2622
845-279-7404
501-750-4657
650-813-2447
408-748-7366
858-621-2722

Visit Microwave Journal on  th e  W eb a t  www.mwjournal.com

JOURNAL
July 2001 

ISSUE

^  Radar Vehide Detectors 

^  Adaptive Feedforward Linearizer 

► Planar Antipodal Slot Antennas

► SALES REPRESENTATIVES

Harlan Howe, Jr., Publisher Ed Johnson, Associate Publisher

microwave j o u r n a l

K im  DEVrro, Traffic A dministrator

Carl Sheffres 
National Sales Mgr.

Tel: (781)’769-9750 
FAX: (781) 769-5037
csheffres@mwjounial.cx) 
Tim O’CalIaghan 
Eastem Reg Sales Mgr

Associate Publisher 
PO Box 5962 
Ocala, FL 34478-5962

nkln Media Pty. Ltd.
0 Scenic Highway 
rrigal NSW 2260, Australi

http://www.rfiiitro.com
http://www.rjJpdvmen.com
http://www.rlcelectnmics.com
http://www.mwjournal.com
mailto:csheffres@mwjounial.cx


High-Reliability 

High-Performance 

IF  /  RF /  Microwave Solutions

D C  t o  18 G +

C o n tro l  P ro d u c ts  /  A m p lif ie rs  /  S u p e r  C o m p o n e n ts  

C o n tr a c t  M a n u fa c tu r in g

Our superior quality products 

are integrated into virtuaüy 

every major radar; navigation, 

Communications, avionics, &  

satellite system in the ivorld.

Please contact us with your 

custom requirments.
Now offering Contract Manufacturing on our military liybrid 

and discrete state-of-the-art production Unes. Simple or complex 

assemblies, we w ill opümizeyour designs fo r  superior value in 

performance and reliability.

Providing-
Superior Quality  and Performance in all o f  our 
Custom and Standard Products and Services.

D A1CO  Industries, Ine.
1070  E ast 2 3 3 rd  Street 
Carson. CA 90745 USA 
te l: 3 1 0 .5 0 7 .3 2 4 2  
fax: 310.507.5701

&  D A I C O  I n d u s  t r i  es w w w .  d a i c o .  c o m

CIRCLE 25 ON READER SERVICE CARD



RF and Microwave Probes

We stand 
behind our 
Solutions.

On-wafer measurements 
demand the best

probe. Unlike genera!- 
purpose probes that 
tradeoff electrical

productie« ruggedrtess, 
Cascade Microtech 
probes deiiver metrology

So nothing 
will stand 
between 
you and your 
measurements.

The probe you buy is only as reliable as the Company that stands behind it.
Cascade Microtech is not just the world's largest manufacturer of 

probes; we also produce probe stations, probe cards, accessories, and 
software used in analytical testing and R&D characterization of 
semiconductor devices on-wafer.

All o f our probes have one thing in common, our no-compromise 
Air Coplanar™ probe technology. This innovation plus our years of 
extensive probing experience and superior manufacturing techniques, 
guarantees you accurate measurements...the first time...every time. What's 
more, our probes are available in the industry's most comprehensive range 
of tip configurations and mounting styles to fit your needs.

Most important, when you need answers, Cascade Microtech is 
there for you with leading-edge Solutions to your tough probing challenges 
and the superior application support you just can't get ffom a probes-only 
discounter.

Find out more at www.cascademicrotech.com.
O r call 503-601-1000 or 1-800-550-3279 (USA & Canada).
Japan: 03-5478-6100. Europe: +44 1295-812828.

Agilent Technologies
Innovating the HP Way

Channel Partner

©2000 Cascade Microtech, Ine. The Cascade Microtech logo and 
Air Coplanar are trademarks of Cascade Microtech, Ine.

CASCADE' Innovating Test 
Technologies

CIRCLE 18. HAVE A SALES ENGINEER CONTACT ME 
CIRCLE 19: SEND INFORMATION ON ACP PROBES

http://www.cascademicrotech.com

