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For this IEEC 802.11a Signal, the overall EVM measurement 
is acceptabie bul viewing EVM versus time (lower left) and 
channel Iupper right) shows the effect o f a timing error.

The FSK error display can highlight the effects of 
unwanted frequency modulation, which may indicate 
the presence of spurious Signals in the modulator.

u.s. 1-800-452-4844, ext. 7882 
canada 1 -877-894-4414, ext. 7686

the qualification hurdle.

To learn more, please visit www.agiient.com/find/wn, 

where you can request a FREE CD-ROM packed with 

articles, solution guides, and application notes such as 

"RF Testing of Wireless LAN Products" and “Verifying 

Bluetooth Baseband Signals."

The original idea was simple: use wireless links to give the wired 

generation more mobility. 0 f course, turning Bluetooth and Wi-Fi 

into reality— without much time for analysis— has been anything 

but simple. Perhaps we can help.

Enhancing interoperabiiity. Many people attribute Wi-Fi's 

popularity to WECA testing that certifies device interoperabiiity. 

Those who've passed teil us the roots of success often reach back to 

eariy tweaks in their transmitter or receiver designs. For transmitters, 

error vector magnitude (EVM) versus time or channel is a measure 

of modulation quality that can highlight underlying Problems such as 

nonlinear distortion, phase noise and spurious Signals. Conversely, 

making receivers more forgiving of nonideal transmitters can eome 

from testing with impaired Signals— in hardware, Simulation or a 

System that links both.

Achieving certification. The Agilent Interoperabiiity Certification 

Labs and Agilent's network of test partners are ready to help, too: 

they've tested hundreds of Wi-Fi devices and can help you clear
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Picoprobe elevates probe cards to a higher level...

✓  \

( . . . 1 1 0  G H z  t o  b e  e x a c t . )

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 microwave 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 from DC to 40, 
67, or even ÏIO 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.

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

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22 dB 18 dB 15 dB

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

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

Click LEADnet at mwJoumal.com or Circle 33  on Reader Service Card

mailto:email@ggb.com
http://www.picoprobe.com
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Choose from thousands of off-the-shelf models trom Mini-Circuits, in stock and immediately available! From 2 and 3way 

to 48way; 0°,90°, 180°; 50&75 ohms covering 2kHz to 10GHz and beyond...all characterized with data and 
performance curves in our catalog and "The YONI Search Engine" at our web site. Mini-Circuits will also supply your 
special needs and custom designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched 
ports...all at catalog prices with rapid turnaround time. Case styles include surface mount, plug-in, flat pack, coaxial 
connectorized...and custom packages are no problem! Our super-miniature and ultra-low profile Blue Geil™ surface mount 
units provide excellent Solutions in cellular, cable, and countless wireless applications. Plus all units come with a 1 year 
guarantee and skinny 4.5 sigma performance repeatability. Add unsurpassed applications support and value pricing, 
and the decision is easy. Contact Mini-Circuits today! Mini-Circuits... we’re redefining what VALUE is all about!



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

□  Mini-Circuits US1 INT’L "
C IRCLE READER SERVICE CARD

P O Box 350166 Brooklyn, New York 11235^)003 (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

F 194 Rev DISO 9001 CERTIFIED

http://www.minicircuits.com
http://www.minicircuits.com


M D C  has taken

MDC offers 
high power, custom 
coaxial components for 
broadband airborne applications 
and for high power testing.

Directional couplers, combiners,
terminations and harmonie absorptive filters
are available for power levels from 100-1000 watts cw.

M D C  also specializes in broadband waveguide components.

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

Click LEADnet at mwjournal.com or Circle 5 2  on Reader Service Card
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K&L
M I C R O W A V E

A ^  DOVER) COMPANY

Minimum Size

K&L Microwave introducés its new M ini-Pack  
Compared to Standard comblines or interdigitals this new 
cavity filter offers considerable reductions in volume and 

weight. The M ini-P ack  ~ is available in a wide range of 
frequencies from 6 GHz to 18 GHz with up to 10 sections, 
making it ideal for military applications. By meeting and 

exceeding the requirements of most military filters, K&L is 
offering maximum performance in a complete package

«ä



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

RF
Components

In n o v a t iv e

JFW Industries, Inc.
Specialists in Attenuation and RF Switching

Tel (317) 887-1340 Toll Free 1 (877) 887-4539 
Fax (317) 881-6790
5134 Commerce Square Dr. • Indianapolis, Indiana 46237
Internet- http://www.jfwindustries.com 
E-mail- sales@jfwindustries.com 
ISO 9001 Certified

Click LEADnet at mwjoumal.com or Circle 4 2  on Reader Service Card

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


Short
cable length  

minimizes 
•s. loss!

On-Wafer Measurement Setup

Introducing
S o lid  S ta te  

T u n e r  T e c h n o lo g y  

For N o is.e  P a r a m e te r  
And L o a d  P u ll  
M e a s u re m e n ts

Manufactured
By

Maury Microwave

Certainty of first run success 
by accurate measurement.

• Ultra-fast Measurement
• Superior Repeatability
• Ideal for On-Wafer
• Unique Built-in Bias Circuitry
• Built-in LNA for Post Receiver
• In-Situ Calibration

A Turnkey Approach 
Common C++ Software Platform 
ADS/Microwave Office Data Format 
Application Specific Modules 
Multi-Mode System Architecture 
Fixture and Pad De-Embedding

There has neuer been a better time 
to call MAURY for a complete 

measurement solution; mechanical, 
solid state, or multi-mode.

t

MAURY MICROWAVE
C O R P O R A T I  O INI

www.maurymw.com
2900 Inland Empire «yd., Ontario, CA 91764 •  USA •  Tel: 909-987-4715 •  Fax:909-987-1112 •  Email: maury@maurymw.com

r
•0 : Agilent Technologies

1----- Channel Partner

For RF Device 
Measurement Solutions

Click LEADnet at mwjoumal.com or Circle 4 8  on Reader Service Card

http://www.maurymw.com
mailto:maury@maurymw.com
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A feedforward multi-carrier 
linear power amplifier with 60 W 

maximum average output is 
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The sch em a tic  and  la y o u t o f  
a LN A  c irc u it

P hone: +1 6 7 8 - 2 9 1 - 0 9 9 5

TEST LINK reads m e asu re d  data  and \ fe
co m pa re s  re su lts  w ith  y o u r  m o d e l ■&'

w w w .eaglew are.com

W in  W i t h  V 8 ' s P o w e r  C o m b i n a t i o

S -p ara m e te rs  s h ift s lig h tly  w h e n  
e le c tro m a g n e tic  e ffe c ts  are c o n s id e re d

A  1930-1990 M Hz LN A
fcourtesy: In fineon Technologies)

*
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The Right Mix To Win. GENESYS V8 com bines the  speed and 
fle x ib ility  o f c ircu it S im ulation w ith  the accuracy o f e lectrom agnetic  
S im ula tion , a llow ing  you to  qu ick ly  and easily use the best ana lysis to o l 
fo r  you r designs.

Say goodbye  to  trad itiona l softw are tha t is ted ious and e rro r prone 
w hen co m b in ing  EM S im ulation w ith  c ircu it S im ulation.

GENESYS makes it s im ple . Just ask GENESYS to  s im u la te  the  layou t 
w ith  the  harm onie  balance or s-param eter sim ulator. It au tom a tica lly  
runs EM S im ulation on the  layout, runs c ircu it S im ulation on the  lum ped  
elem ents, and d isp lays the  com bined response. Lets you  v ie w  the  e ffect 
o f layout parasitics qu ickly and easily. Even better, you can tune  the 
lum ped com ponents  to  com pensate fo r secondary e lec trom agnetic  
effects in real tim e .

So Grab a Seat and Hold On! And get the extra pow er, speed 
and accuracy o f EM -C ircuit co-s im u la tion . W ith  co -s im u la tion  packages 
s ta rting  at $6,450 US, yo u 'll be a w inne r every tim e.

sales@eagleware.com F A G L E W A R p
RF and M icrow ave D esign  S o ftw are  . M +

Click LEADnet at mwjournal.com or Circle 2 4  on Reader Service Card
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LOOKING AHEAD TO NEXT MONTH
January 2003: Radar/Antennas
The editorial highlight next month is radar and antennas. With the emer- 
gence of compact wireless local area networks and other miniature high fre- 
quency applications, innovative new antenna designs have become a necessi- 
ty. The January issue will feature some of these new trends and highlight 
some specific antenna designs aimed at the wireless market. A summary of 
the upcoming events at the Wireless System Design show to be held in San 
Jose in February will also appear.

Preis run for this issue is 52,512 copies Printed in the USA
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RF frequency range 
Insertion loss 
Isolation 
Input VSWR 
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Ratio
Ratio

Degrees
dB

RF frequency range 
Insertion loss 
Isolation 
Input VSWR 
Output VSWR 
Phase unbalance 
Amplitude balance

RF frequency range 
Insertion loss 
Isolation 
Input VSWR 
Output VSWR 
Phase unbalance 
Amplitude balance

RF INPUT PARAMETERS

2 Way Power Diuider - Model D 0 289

4 Way Power Diuider - Model D 0489

8 Way Power Diuider - Model D 0 8 8 9

■prfurther information, please contact 
John Pierro (631) 439-9137 or e-mail 

jpierro@miteq. com

100 Davids Drive, Hauppauge, NY 11781 
Tel: 631-436-7400 • Fax: 631-436-7431

w w w .m iteq.co i

Click LEADnet at mwjournal.com or Cirde 64  on Reader Service Card
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RF TRANSFORMERS

It used to be that small RF transformers with high end 
performance cost a lot, but not since Mini-Circuits 
introduced the ail ceramic leadless TC and high 
strength plastic leaded TCM families. Now you can 
get impedance ratios from 0.1:1 to 16:1 ohms 
with good return loss and broad bandwidths from 
0.3 to 2500MHz at price buster values. Plus, these 
ultra-small performers are all-welded and have 
solder plated leads for high reliability and solderability, 
excellently suited for your automated pick-and-place 
assembly operations. So have it both ways; high 
performance AND low price with Mini-Circuits 
TC and TCM surface mount transformers.

D etailed Performance Data &  Specs Online at. w w w .  m in i c i r c u i t s .  c o m / m o d e l

LEADLESS Ceramic Base
(actual stze) £} Ratio Freq. Ins. Loss* Price $ea.
MODEL & Config. (MHz) 1dB (MHz) (qty. 100)
TC1-1T 1A 0.4-500 1-100 1.19
TC1-1 1C 1.5-500 5-350 1.19
TC1-15 1C 800-1500 800-1500 1.29

TC1.5-1 1.5D .5-2200 2-1100 1.59
TC2-1T 2A 3-300 3-300 1.29
TC3-1T 3A 5-300 5-300 1.29

TC4-1T 4A .5-300 1.5-100 1.19
TC4-1W 4A 3-800 10-100 1.19
TC4-14 4A 200-1400 800-1100 1.29

TC8-1 8A 2-500 10-100 1.19
TC9-1 9A 2-200 5-40 1.29
TC16-1T 16A 20-300 50-150 1.59
TC4-11 50/12.5D 2-1100 5-700 1.59
TC9-1-75 75/8D 0.3-475 0.9-370 1.59

Dimensions(LxW): TC.15"x .15" TCM .15"x.16"

LEADS Plastic Base
(actual size) £2 Ratio Freq. Ins. Loss* Price $ea.
MODEL & Config. (MHz) 1dB (MHz) (qty. 100)
TCM1-1 1C 1.5-500 5-350 .99
TCML1-11 16 600-1100 700-1000 1.09
TCML1-19 1G 800-1900 900-1400 1.09
TCM2-1T 2A 3-300 3-300 1.09
TCM3-1T 3A 2-500 5-300 1.09
TTCM4-4 4B 0.5-400 5-100 1.29
TCM4-1W 4A 3-800 10-100 .99
TCM4-6T 4A 1.5-600 3-350 1.19
TCM4-14 4A 200-1400 800-1000 1.09
TCM4-19 4H 10-1900 30-700 1.09
TCM4-25 4H 500-2500 750-1200 1.09
TCM8-1 8A 2-500 10-100 .99
TCM9-1 9A 2-280 5-100 1.19

♦Referenced to midband loss.

ELECTRICAL CONFIGURATIONS
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The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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COMING EVENTS
Wireless Communications Association 
Technical Symposium 
January 13-15, 2003 
San Jose, CA

This ninth annual event will convene more 
than 1000 broadband wireless experts from 20 
nations, collocated for the first time with the 
plenary meeting of the IEEE 802.16 Working 
Group on BWA. For more Information, visit: 
www.wcai.com or contact: Colleen O’Reilly at 
colleen@wcai.com.

imaging. Topics include: surface and ground 
penetrating sensors, signal and data processing 
and propagation and modeling, material prop- 
erties and characterizations, and cross-cutting 
commonalities across subsurface and surface 
sensing applications. Additional information is 
available at http://ee.tam u.edu/subsurface- 
sensing-conference. For further information, 
contact: Cam Nguyen, Department of Electri- 
cal E ngineering, Texas A&M U niversity , 
College Station, TX 77843 (979) 845-6259 or 
e-mail: cam@ee.tamu.edu.

International Wireless Communications 
Expo (IWCE)
March 9 -15 , 2003 
Las Vegas, NV

This show plays host to more than 350 exhibit- 
ing Companies and 10,000 attendees in the 
two-way mobile Communications industry. 
Along with base station workshops, the IWCE 
conference program features the latest devel- 
opments in business, regulatory, public safety

7th International Commercialization 
of Military and Space Electronics 
Conference and Exhibition (CMSE) 
February 10-13, 2003 
Los Angeles, CA

This conference is organized by Components 
Technology Institute Ine. in cooperation with 
EIA/ECA, IEEE/CPMT and IMAPS. It will spe- 
cialize in COTS Systems, Subsystems, circuit 
boards and components while also emphasizing 
new technology, processes and design praetices. 
Emphasis will be placed on practical Solutions, 
new techniques and how to assess the risks of 
COTS and make cost-effective decisions that 
meet the mission requirements. Working groups 
and discussion sessions are planned on specific 
topics of concern to the industry. New issues 
identified by the delegates to the previous year’s 
conference will also be addressed. Topics in­
clude: design praetices, technology trends, appli­
cations, case studies/history, obsolescence man­
agement, radiation hardness, risk mitigation, se- 
lecting COTS and commercial suppliers, testing 
requirements and results, and constructive and 
destructive physical analysis. For further informa­
tion, contact: Dale Stamps or Leon Hamiter at 
(256) 536-1304 or e-mail: dale@cti-us.com or 
lhamiter@cti.us.com. Information can also be ac- 
cessed on-line at www.cti.us.com.

SATELUTE 2003 
February 26-28, 2003 
Washington, DC

This satellite conference and trade show fea­
tures satellite operators, end-users, manufac- 
turers, service providers, launch vehicle opera­
tors, teleports, consumer service providers and 
Wall Street financiers. For more information, 
contact: Cory Butler (301) 354-1669 or visit 
www.satellite2003.com.

International Conference
on Subsurface and Surface Sensing
and Imaging IV
March 2 -6 , 2003
San Diego, CA

This conference reports advances and progress 
in the research and development of subsurface 
and surface sensing and imaging techniques, 
sensors and applications, and addresses the 
technical barriers encountered in multiple do- 
mains of subsurface and surface sensing and

T e c h n o lo g y

Thermopad®

Custom
Engineering

Solutions
Reliability • Service • Support

The Thermopad“’ provides temperature 
compensation with versions from DC through i 
46 GHz. Thermopads are ideal for applications 
requlring a known amount o f attenuation change for a 
given temperature shift since their power dissipation 
varies linearly with temperature.

’atent #5,332,981

Resistive Products • I

Available in AIN and BeO, 
in several package options:
• Terminations - to 250 Watts, DC to 26.5 GHÏ
• Attenuators - to 5 Watts, DC to 18 GHz
• Rod Resistors - to 20 Watts, DC to 12 GHz

Smartload®

The Smartload® power sensing termination 
combines an RF termination with a signal 
detector in a small SMT passive device. Smartload® 
provides temperature compensated, linear, broadband 
performance and true RMS response. Ideal for 
broadband and multi-tone applications.

Patent
'#6,147,481

SloWave''

SloWave" SMT delay lines are ideal for feed 
forward amplifiers and other applications where 
phase alignment is required. The product is available 
in various delays from 3 to 20 nanoseconds and 
operates up to 2.7 GHz.

Since 1963, EMC Technology has been 
delivering custom engineered Solutions to the 
Telecom, Aerospace, Military, and Space markets.

e m c t.co m
ISO 9001 Certified 
A Smiths Group Company

For more product and technical 
information, please call:
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COMING EVENTS
and hom eland Security. F o r m ore in fo r­
mation visit: www.iwceexpo.com.

IEEE Sarnoff Symposium 
March 12, 2003 
Trenton, NJ

The conference includes an exhibition of eom- 
ponents, technologies, Systems and services, 
and also features tutorials. Topics: broadband 
wireless Systems, network security, satellite 
Communications, Signal processing for C o m m u ­

nications, microwave device technology, mod- 
eling and simulations, optical networldng, ul- 
trawideband Systems, VoIP and QoS, military 
Communications, 3G mobile Systems and wire­
less LANs, smart antennas and phase arrays, 
microwave photonics, and software radio. For 
additional program and registration informa­
tion, visit http://ewh.ieee.org/rl/princeton-cen- 
traljersey/Sarnoff_Symposium.htm or contact: 
Peter Zalud, symposium chair, Samoff Corp. at 
pzalud@samoff.com.

CTIA Wireless 2003 
March 17-19, 2003 
New Orleans, LA

With over 900 exhibitors, 500,000+ square-feet 
of space and nearly 40,000 attendees, this show is 
one of the largest and highly attended wireless 
shows in the telecommunication and Computing 
industries. This event draws not only a traditional 
wireless audience of network providers, carriers 
and manufacturers but also brings in the users of 
wireless such as health care, govemment, military 
and automotive. Live Well, Work Smart, Play 
Hard... Wireless Makes it Possible. For more in­
formation, visit the show Web site at www. 
CTIAshow.com, or e-mail: conventions@ctia.org.

IEEE International Symposium 
on Electromagnetic Compatibility 
May 11-16, 2003 
Istanbul, Turkey

Sponsors: IEEE EMC Society, URSI Commis­
sion E, IEE, EOARD, AEAI. This symposium 
will provide oppo rtun ities for EMC re- 
searchers, scientists, engineers and vendors to 
present the latest research results, discuss 
problems of current and mutual interest and 
exchange views and experience related to new 
EMC components, materials and equipment. 
Topics: research, development and applica­
tions on EMC and related disciplines. Main 
themes include designing for EMC, Signal in- 
tegrity, RF compatibility and spectrum engi­
neering, test and measurement methods, nu- 
merical modeling, and lightning and EMP in- 
teractions. For further information, visit www. 
ortra.com/emc2003. In addition, the sympo­
sium will be accompanied by a technical exhi­
bition related to EMC. For exhibition informa­
tion, contact: Eddie Rosen, ORTRA Ltd., 1 
Nirim Street, PO Box 9352, 61092 Tel-Aviv, 
Israel +972-3-6384444, fax +972-3-6384455, 
e-mail: emc2003@ortra.co.il or Elya B. Joffe, 
general chairman, eb.joffe@ieee.org.
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IEEE MTT-S International Microwave 
Symposium and Exhibition 
June 8 -13 , 2003 
Philadelphia, PA

This Symposium will serve as the centerpiece of 
Microwave Week 2003. Topics: research, devel­
opment and application of RF and microwave 
theoiy and techniques. In addition to IMS2003, a 
microwave exhibition, a historical exhibit, the 
RFIC symposium and the ARFTG conference 
will be held during Microwave Week 2003. The

technical sessions will run Tuesday through 
Thursday of Microwave Week. Workshops will 
be held Sunday through Tuesday, and the 
ARFTG Microwave Measurements Conference 
will be held on Thursday and Friday. For further 
information, contact: Richard V. Snyder, general 
chair, RS Microwave Co. Inc., (973) 492-1207, e- 
mail: r.snyder@ieee.org. For exhibition informa­
tion, contact: Kristen Dednah, Horizon House 
Publications, 685 Canton St., Norwood, M A  
02062 (781) 769-9750 or e-mail: kdednah@ 
mwjoumal.com.

The Right Switch fo r...

...the Right Application

* Over 28 Years of Proven Reliability
* Dedicated Customer Support
* SPST - SP1OT oo voU have our
* 50 ohm and 75 ohm new catalog?
* DC-26.5 GHz
* High Power
* Comprehensive Testing
* Custom Switch Solutions

DBP Microwave
(formerly DB Products, Inc)
253 N. Vinedo Avenue, Pasadena, CA 91107
626-449-3790 Fax: 626-449-7169
Sales and Information e-mail: inf0@dbp4switches.com
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Programmed Test Sources, Inc. 
Telephone: 978-486-3400 

Fax: 978-486-4495
e-mail: sales@ program medtest.com 

w w w .program m edtest.com

WORKSHOPS & COURSES
RF W ireless Engineering

■  Topics: Designed to give electrical 
engineers the specialized training that 
they need to achieve competence in 
RF and wireless engineering. Stu- 
dents learn practical skills, such as 
component selection and impedance 
matching network design.
■  Site: Atlanta, GA
■  Dates: January 27-31, 2003
■  C o n ta ct: Georgia Institue of 
Technology, 613 C herry Street, 
Swann Bldg., 3rd Floor, Atlanta, GA 
30332 (404) 385-3541.

A pplied RF Techniques 
in W ireless Systems

■  Topics: Introduction to RF, single- 
ended and balaneed S-parameters, im­
pedance matching, graphical and ana- 
lytical design methods, discrete and 
monolithic RF component models, 
Smith chart techniques, transmission 
lines and RF CAE, PCB materials.
■  Site: Nice, France
■  Dates: April 7-11, 2003
■  C ontact: CEI-Europe AB, PO 
Box 910, S-612 25 Finspong, Sweden 
+46-122-175 70, fax +46-122-143 47.

RF W ireless System Design 
Fundamentals
■  Topics: Digital wireless communi­
cation systems concepts and perfor­
mance limitations, system degradation 
due to RF components, wireless com­
munication system budget profiles, 
propagation losses and link budgets, 
cost vs. performance issues, and per­
formance of differing RF wireless sys­
tem architecture.
■  Site: Sunnyvale, CA
■  Dates: February 3-5, 2003
■  C on tac t: Besser Associates, 201 
San Antonio Circle, Building E, Suite 
280, Mountain View, CA 94040 (650) 
949-3300.

RF W ireless System Design 
Fundamentals
■  T opics: Combines theory with 
real-life examples to provide partici- 
pants with a complete foundation in 
digital communication techniques and 
their effects on RF circuit parame­
ters. Fee: $1145.
■  Site: Phoenix, AZ
■  Dates: March 10-12,2003
■  C on tact: Besser Associates, 201 
San Antonio Circle, Building E, Suite 
280, Mountain View, CA 94040 (650) 
949-3300.

Phased A rray Antennas for 
Communications and Radar
■  Topics: The presentation of the 
necessary theory, basic principles of 
Operation, components, and impor­
tant design parameters of phased ar­
ray antennas.
■  Site: Davos, Switzerland
■  Dates: March 17-21, 2003
■  C o n ta c t:  CEI-Europe AB, PO 
Box 910, S-612 25 Finspong, Sweden 
+46-122-175 70, fax +46-122-143 47.

Antenna Engineering
■  Topics: Presents the theory and 
practice of antenna engineering cov­
ering the range of antenna properties 
and types from basic to state-of-the- 
art. The antennas presented in the 
course cover a wide spectrum  of 
frequencies.
■  Site: Atlanta, GA
■  Dates: April 28-May 2, 2003
■  C o n ta c t :  Georgia Institu te of 
Technology, Continuing Education, 
PO Box 93686, Atlanta, GA 30377 
(404) 385-3501.

In t r o d u c t io n  
t o  E lec tr o m a g n etic  
COMPATIBIUTY DESIGN P rACTICES
■  Topics: Fundamentals of electro­
magnetic compatibility (EMC/EMI), 
and focus on the methodology of 
how to minimize EMC problems. At- 
tendees will be offered a hands-on 
personal consultation.
■  Site: Northbrook, IL
■  Dates: May 5-6, 2003
■ Contact: DLS Electronic Systems 
Inc. (847) 537-6400.

RF/M icrowave C ircuit 
Design: Linear/N onlinear 
Theory and A pplications
■  Topics: Enhance the design capa- 
bility of the RF or microwave engi- 
neer by introducing modern linear 
and nonlinear design techniques. 
Seeks to combine the theory and prac­
tice of modem, computer-aided high 
frequency circuit design with greater 
intuition and increased insight.
■  Site: Cambridge, UK
■ Dates: May 12-16, 2003
■ C o n ta c t:  CEI-Europe AB, PO 
Box 910, S-612 25 Finspong, Sweden 
+46-122-175 70, fax +46-122-143 47.
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S h a p e d  to meet y o u n e e d s . . .

Simulate Real-World Operating Conditions 
with Custom Noise and Interference Signals

Introducing Noise Com’s flexible, programmable
DNG7500 Digital Noise Generator.

The Noise Com DNG7500 generates programmable, 
user-specified, pseudo-noise and CW signal spectrums 
for RF, Microwave, and fiber-optic equipment testing. 
It provides the user with complete programmability 
of start and stop frequencies, brick-wall filters, tilt, 
and notch (stop-band) filtering—all with programmable 
frequency, bandwidth, and depth. Everything you 
need to precisely emulate real-world noise and 
interference conditions.

• Easily create custom waveforms usingthe DNG’s 
proprietary GUI Interface.

• Accepts spectral parameters of noise and signals.
• Converts spectral parameters into a waveform file.
• Edit and save the file on the DNG’s built-in hard drive
• Custom frequency Converters up to  40 GHz.

Take control of your test and measurement needs.
Call Noise Com for more information on the DNG7500 
Digital Noise Generator or other Noise Com products.

Noise Com 
E. 64 Midland Ave. 
Paramns, NJ 07652

DNG7500 Digital Noise Generator
Click LEADnet at mwjoumal.com or Cirde 74  on Reader Service Card

Phone: (201) 261-8797 
Fox: (201) 261-8339 
Email: info@noisecom.com 
Web site: www.noisecom.com
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A WIRELESS TELECOM GROUP COMPANY
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TUTORIAL

H igh Efficiency 
C lass B, E and F Power 
Amplifiers: The M agic 
of Parallel C ircuits

Modem commercial and military com­
munication Systems require high effi­
ciency, long term  operating condi­

tions. For this purpose, the power amplifiers, 
as final and highly current-consuming trans- 
mitter elements, are developed using the high 
efficiency class B, F or E modes of Operation, 
depending on the technical requirements. In 
class B Operation, which is a special case of 

class C with a conduc- 
tion angle of half a pe- 
riod, the collector volt­
age waveform is pure 
sinusoidal and h a r­
monies are present in 
the collector current 
only. In class F power 
amplifiers, the funda­
mental and harmonie 
load impedances are 
optim ized by using 
short-circuit termina­

tion and open-circuit peaking, in order to con- 
trol the collector voltage and current wave- 
forms to obtain maximum efficiency. In class 
E amplifiers, an efficiency improvement is 
achieved by realizing the on/off switching Op­
eration with special current and voltage wave- 
forms so that high voltage and high current do 
not exist at the same time. And if both collec­
tor voltage and current waveforms in an ideal- 
ized class E mode contain all of the harmon­
ies, then in class F only a certain amount of

AU th a t  is n e e d e d  to  design  a  
high e ffic ien cy  RF p o w e r  

am pU fier is th e  p ro p e r  ch oice  

o f  th e  p a ra m e te r s  o f  th e  lo a d  
n e tw o rk  p a ra U e l circu it.

harmonie content is needed for either collec­
tor voltage or current waveforms. For exam- 
ple, only odd harmonie components are nec- 
essary to realize the ideal collector voltage 
form, and even harmonies components to 
form the ideal current one. As a result, the im- 
pedance conditions are different when, for 
class F Operation, there is need to create zero 
or infinite impedance at any harmonie compo­
nent, whereas for class E Operation, all reac- 
tances at the harmonies should be negative.

At first glance, it looks like these high effi­
ciency Operation modes do not have anything 
in common with each other since it is neces- 
sary to provide different impedance condi­
tions as well as to apply different circuit de­
sign approaches. However, to approximate 
class F or E modes, it is enough to realize the 
required impedance conditions only for sever- 
al harmonies1 and, more importantly, to apply 
the same circuit design technique — one or 
several harmonically tuned parallel circuits or 
only one parallel circuit mistuned at the fun­
damental frequency. All that is needed to de­
sign a high efficiency RF power amplifier is 
the proper choice of the parameters of the 
load network parallel circuit.

[Continued on page 22]
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An d r e i G r eb en n ik o v  
M/A-COM Eurotec Operatiom 
Cork, Ireland
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Stop reinventing the wheel
We may already have your 
COUPLER design solution 
in our extensive 
design files.

Typical Coupler Specifications:
• Single and Dual Directional Couplers
• Frequency Range: 10 MHz to 40 GHz
• Accurate Coupling • Fligh Directivity
• Wide Bandwidths • Flat Response
• Fligh Power - Up to 500 Watts
• Low Insertion Loss & VSWR
• SMA, N, BNC, TNG or Pins
• Low IM Characteristics |  Tjj
• Stripline or Airline
• Surface Mount RLC’s high volume 

production capuhilitics keeps 
your project cost-effective 

and on ScheduleStandard or 
Custom Designs 
IS09002 Certified

RLC is your complete Microwave 
Component source . . .
Switches, filters, Power Dividers,
Couplers, Terminations, Attenuators,
DC Blocks, Bias Tees and Detectors.

Contact our Technical Service Department 
for more information whereyou will find 
a knowledgeable engineering staff, quick 
responses, short lead times and competitively 
priced quality products. Request RfC's catalog!

RLC ELECTRONICS, INC
83 Radio Circle, Mount Kisco, New York 10549 • Tel: 914-241-1334 • Fax:914-241-1753 

e-mail: sales@rlcelectronics.com • w w w .rlcelctronics.com
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QUIET DROS 
CLEAR

COMMUNICATION

The desire for low noise Dielectric 
Resonator Oscillators to enhance clear 
communication, spectral purity, contin- 
ues.Typical phase noise @ 100 KHz offset 
of -126 dBc/Hz for 10 GHz, -115 for 18 
GHz and -108 for 38 GHz are being 
measure on our production DROs. 
Harmonies measured between -50 dBc 
and -80 dBc. Spurious are less than -90 
dBc with -120 dBc available by request.

•  N o  P h a s e  H i t s
•  N o  M i c r o p h o n i c s

•  N o  D a t a  G a p s

•  N o  I n t e r r u p t i o n s

•  J u s t  C l e a r ,
R e l i a b l e  T r a n s m i s s i o n

Check the Lucix Website for outstanding 
features of our DROs, such as low power 
consumption, very small size, high output 
power, ultra stability. Teil us your special 
needs.

A t Lucix, we listen!

800 Avenida Acaso, Unit E 
Camarillo, CA 93012 

Tel: 805.987.6645 • Fax:805-987.6145 
www.lucix.com
Click LEADnet at mwjournal.com
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TUTORIAL
CLASS  B

The equivalent circuit of a class B 
power amplifier with a parallel reso- 
nant circuit is shown in Figure 1 , 
where C.'h is the blocking capacitance. 
The voltage and current waveforms for 
the active device operating in active 
and cut-off modes are also shown. The 
presence of an ideal parallel circuit, 
tuned at the fundamental frequency, 
leads to a sinusoidal collector voltage 
giving a sinusoidal current flowing into 
the load resistor R, while all harmonie 
curren t components are flowing 
through this parallel circuit having an 
infinite impedance at the fundamental 
and zero impedance at all harmonies. If 
the output device impedance at the re- 
quired output power level is different 
from a 50 Q load, then it is necessary to 
incorporate a matching circuit with the 
appropriate impedance ratio between 
the parallel circuit and the load.

Analytically, class B Operation can 
be written as

Consequently, in a common case

ic = Ifcoscot -  cosO) (4)
When cot = 0, the collector current 
has a maximum amplitude of

iC =  Imax =  1(1 — COS0) (5)

From Equation 3 one can obtain 
the following basic definitions: when 
0 > 90° then cos0 < 0, I() > 0 corre- 
sponding to class AB Operation; when 
0 = 90° then cos0 = 0, I() = 0 corre- 
sponding to class B Operation; when 
0 < 90° then cosO > 0, 1  ̂< 0 corre- 
sponding to class C Operation.

As a result, the periodic half-cosi- 
nusoidal output current ic could be 
represented as a Fourier series ex- 
pansion

ic = I0 + r j cosoot + I2cos2oot
+ I3cos3cot + ... (6)

where the DC, fundamental and har­
monie components can be obtained 
from

[ iq  + 1 cos cot, -0  < cot <  0 
{ 0, 0 < cot < 2n -  0

(1)

where

Iq = quiescent current 
I = fundamental current amplitude 
0 = conduction angle part of the RF 

current cycle, for which the 
device conduction occurs and 
determines the point in time 
when the collector current ic 
takes a zero value

At this moment

ic. = 0 = Iq + Icos0 (2)

and the conduction angle 0 can be 
calculated from

cos 0 = - _ 1
I

(3)

o f a class B power amplifier.

= — ƒ l(cos (Dt -  cos O)d(cot) = Iy0

(7)
-0

I l  =
e

— ƒ l(cos cot -  cos 0) cos cotd(cot j  = ly  j
-e

(8)
0

In = — ƒ l(cos cot -  cos 0j 
-0

• cos(ncüt)d(cot) = Iyn (o) (9)

where

y0 (©) = — (sin 0 - 0  cos 0 j

y i ( 0 ) = ~ ( 0 - sin  9 cos 0 j 

2 sin n0 cos 0 -  n cos n0 sin 0

n = 2,3,...

Consequently, in contrast to the 
class A Operation mode where 0 = 
180° and the DC current is equal to 
the quiescent curren t during the 
whole period, for the other above- 
mentioned operating modes with 0 <

[Continued on page 24]
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Exactly What You Need...Exactly When You Need It*
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Ultra broadband
Model Freq. Range Gain N/F Flatness 1 dB Comp. 3rd Order VSWR DC Current

GHz dB min dB max +/-dB pt. dBm min ICP typ In/Out max mA

JCA018-203 0 .5 -1 8 .0 20 5.0 2.5 7 17 2.0:1 250
JCA018-204 0 .5 -1 8 .0 25 4.0 2.5 10 20 2.0:1 300
JCA218-506 2 .0 -1 8 .0 35 5.0 2.5 15 25 2.0:1 400
JCA218-507 2 .0 -1 8 .0 35 5.0 2.5 18 28 2.0:1 4 50
JCA218-407 2 .0 -1 8 .0 30 5.0 2.5 21 31 2.0:1 500

Multi-octave amplifiers
Model Freq. Range Gain N/F Flatness 1 dB Comp. 3rd Order VSWR DC Current

GHz dB min dB max +/-dB pt. dBm min ICP typ In/Out max mA

JCA04-403 0 .5 -4 .0 27 5.0 1.5 17 27 2.0:1 550
JCA08-41 7 0 .5 -8 .0 32 4.5 1.5 17 27 2.0:1 550
JCA28-305 2 .0 -8 .0 22 5.0 1.0 20 30 2.0:1 550
JCA21 2-603 2.0-1 2.0 32 5.0 3.0 14 24 2.0:1 550
JCA618-406 6 .0 -1 8 .0 20 6.0 2.0 25 35 2.0:1 600
JCA618-507 6 .0 -1 8 .0 25 6.0 2.0 27 37 2.0:1 800

Medium-power amplifiers
Model Freq. Range Gain N/F Flatness 1 dB Comp. 3rd Order VSWR DC Current

GHz dB min dB max +/-dB pt. dBm min ICP typ In/Out max mA

JCA12-P01 1 .35-1 .85 35 4.0 1.0 33 41 2.0:1 1000
JCA34-P02 3.1 -3 .5 40 4.5 1.0 37 45 2.0:1 2200
JCA56-P01 5 .9 -6 .4 30 5.0 1.0 34 42 2.0:1 1200
JCA812-P03 8.0-1 2.0 40 5.0 1.5 33 40 2.0:1 1700
JCA1218-P02 12 .0 -18 .0 22 4.0 2.0 25 35 2.0:1 700

Low-noise octaveband LNAs
Model Freq. Range Gain N/F Flatness 1 dB Comp. 3rd Order VSWR DC Current

GHz dB min dB max +/-dB pt. dBm min ICP typ In/Out max mA

JCA12-3001 1 .0 -2 .0 40 0.8 1.0 10 20 2.0:1 200
JCA24-3001 2 .0 -4 .0 32 1.2 1.0 10 20 2.0:1 200
JCA48-3001 4 .0 -8 .0 40 1.3 1.0 10 20 2.0:1 200
JCA81 2-3001 8 .0 -1 2 .0 32 1.8 1.0 10 20 2.0:1 200
JCA1218-800 12 .0 -18 .0 45 2.0 1.0 10 20 2.0:1 250

Narrowband LNAs
Model Freq. Range Gain N/F Flatness 1 dB Comp. 3rd Order VSWR DC Current

GHz dB min dB max +/-dB pt. dBm min ICP typ In/Out max mA

JCA12-1000 1 .2 -1 .6 25 0.75 0.5 10 20 2.0:1 80
JCA23-302 2 .2 -2 .3 30 0.8 0.5 10 20 2.0:1 80
JCA34-301 3 .7 -4 .2 30 1.0 0.5 10 20 2.0:1 90
JCA56-401 5 .4 -5 .9 40 1.0 0.5 10 20 2.0:1 120
JCA78-300 7 .25 -7 .75 27 1.2 0.5 13 23 2.0:1 120
JCA910-3000 9 .0 -9 .5 25 1.3 0.5 13 23 1.5:1 150
JCA910-3001 9 .5 -1 0 .0 25 1.4 0.5 13 23 1.5:1 150
JCA111 2-3000 11 .7 -12 .2 27 1.4 0.5 13 23 1.5:1 150
JCA1 213-3001 12.2 -12 .7 25 1.4 0.5 10 20 2.0:1 200
JCA1415-3001 14 .4 -15 .4 35 1.6 1.0 14 24 2.0:1 200
JCA1819-3001 18 .1 -18 .6 25 2.0 0.5 10 20 2.0:1 200
JCA2021-3001 20 .2 -21 .2 25 2.5 0.5 10 20 2.0:1 200

*Delivery in 2 -4  weeks ARO.
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TUTORIAL
180° the DC current component is a 
function of the conduction angle 0.

The collector efficiency of a dass 
B power amplifier, with an output 
power P1; can be obtained from

n + _  1 I j  K. _  1 Vl e
P0 2 I0 2 Yo

where

(10)

£, = V/Vcc is the collector voltage 
peak factor

If £, = 1 and 0 = 90° then from Equa- 
tion 8 it follows that the maximum 
collector efficiency in class B Opera­
tion is

n = -  = 0.785 (11)
4

CLASS F
As can be seen from class B Opera­

tion, only one parallel circuit tuned at 
the fundamental frequency results in 
insufficiënt high efficiency operating 
conditions. Additionally, Equation 11 
represents the maximum ideal value, 
which is unrealizable in practice. 
Therefore, it is advisable to consider 
m ore efficiënt Operation modes, 
which can ideally provide 100 per­
cent collector efficiency.

First, consider the idealized load 
n e tw o rk  harm onie conditions for 
class F Operation2

where

Zi = R = —-^se-
^ Imax

Zn = 0£1 for even n 
Zn — °° Q for odd n (12)

R = load
n = harmonie component

The ideal voltage and current 
shapes corresponding to the imped­
ance conditions given by Equation 12 
are shown in Figure 2. Here, a sum of 
odd harmonies gives a square voltage 
waveform and a sum of even harmonies 
approximates a half-sinusoidal current 
shape. Based on the analysis of the 
square voltage and half-sinusoidal cur­
rent waveforms, it is necessary to pro­
vide a peaking of several current and 
voltage harmonie components in order 
to achieve a high value of power ampli­
fier efficiency. The better flattening of 
the voltage waveform provided by high 
order harmonie components, the less 
power dissipation is due to the flow of

ouqrut current when the output voltage 
is extremely small. To understand the 
common design principles and to cal- 
culate numerically the power amplifier 
efficiency depending on the appropri- 
ate number of the frequency harmonie 
components of voltage and current 
waveforms, it is advisable to use a de­
sign technique applied to class F ap- 
proximation with maximally flat wave­
forms.3’4

For example, an ideal class F am­
plifier with only the second harmonie 
voltage short-circuited and one third- 
harmonic current peaked realizes a 
maximum drain efficiency of 75 per­
cent. In this case, for maximum volt­
age waveform flatness, the funda­
mental and third-harmonic voltages 
should be out-of-phase as shown, and 
the optimum ratios between voltage 
and DC current and appropriate har­
monie components must be

^  8 Vcc
(13)

4
I l _ 3 l0 12 _ 3 Iq

(14)

However, as follows from Equation 
9, the current coëfficiënt y30 becomes 
negative only for conductance angles 
of 0 > 90° which means class AB Oper­
ation for a power amplifier with more 
than 50 percent duty cycle. There are 
also several other possibilities, like us-

Vc

Ak. Fig. 2 Voltage and current waveforms 
corresponding to class F mode; (a) ideal 
conditions and (b) with third harmonies 
out o f phase with the fundamental.

[Continued on page 26] 
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TUTORIAL
ing a slightly overdriven Operation 
with a non-sinusoidal collector current 
waveform, ineluding an out-of-phase 
third-harmonic, or using a non-sinu­
soidal driving Signal containing the 
third-harmonic at the required ampli­
tude. Nevertheless, in practice, due to 
the inherent active device nonlineari- 
ty, it is enough to choose a class AB 
mode with a small quiescent current, 
which is a compromise between pow­
er amplifier high efficiency and high 
gain Operation.

The load network design approach 
for a high efficiency power amplifier 
can be based completely on using par­
allel resonant circuits tuned at the re­
quired harmonie frequency compo­
nent. For example, to realize an ideal- 
ized collector efficiency of 88.4 
percent, it is necessary to incorporate 
an additional parallel circuit L3C3 real- 
izing the infinite impedance at the 
third-harmonic current component, as 
shown in Figure 3. In this case, a zero 
impedance at the second, fourth and 
higher harmonie components is as- 
sumed. The harmonie currents are 
flowing through the resonant circuit

L |C j tuned at the fundamental. Fur­
ther efficiency improvement up to 92 
percent can be made with the addition­
al resonant circuit L5C5 connected in 
series to the collector terminal and 
tuned at the fifth current harmonie 
component. At microwave frequencies, 
all these lumped parallel circuits con­
nected in series should be replaced by 
a quarter-wave transmission line short- 
circuited at the output. Such a circuit 
can ideally provide 1(X) percent collec­
tor efficiency, due to zero impedance at 
even harmonies and infinite impedance 
at odd harmonies. By having its charac- 
teristic impedance differ from the load, 
this transmission line can also realize 
the impedance transformation.

In reality, both extrinsic and intrin- 
sic transistor parasitic elements have 
a substantial effect on the efficiency, 
especially at high frequencies. First, 
it is necessaiy to take into account the 
main influence of the device output 
capacitance Cout, the collector capaci- 
tance Cc for a bipolar device, or 
drain-source capacitance C<js for an 
FET device. For a lumped-circuit 
power amplifier, in order to approxi-

K n o w le d g e * o n
s e m i c o n d u c t o r

Foundry

U D T
Linearity

IP 3-P 1dB =17.8dB

Low Noise
N Fm in=0.8dB , G a in=17 .5dB  at 3V, 4mA, f=2~8GHz 

Long Lifetime
150 m il. Hrs a tT j  = 125°C , Vce=3.5V, Jc=25KA/cm 2

HP (High Power) process available
BVceo>23V, <T=34GHz, fm ax=73G H z

6" InG aP  H B T  Foundry  S erv ice
www.knowledge-on.com | Inquiry to fsm@knowledge-on.com | P.: +82-63-839-1150

mate the ideal class F with harmonie 
impedance conditions of 7^ — Z3 =
Q and Z2 = O Q at the device output 
terminal by compensating the influ­
ence of Cout, it is also advisable to use 
an additional parallel circuit L2C2 
connected in parallel, as shown in 
Figure 4, where the series resonant

A  Fig. 3 Class F power amplifiers 
with different circuit realization 
(a), lumped parallel circuits (b) 
and quarter-wave transmission line (c).

(b)
A t Fig. 4 Different load networks 
fo r  class F power amplifiers; (a) lumped 
elements and (b) transmission line elements.

[Continued on page 28]
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TUTORIAL

A l Fig. 5 Equivalent circuit o f a class E power amplifier with (a) a basic load network, (b) lumped resonant circuit and (c) transmission line elements.

circuit L0C0 is tuned at the funda­
mental. As a result, the optimum ra- 
tios between the circuit elements can 
be calculated from4-5

L i = ~ T ------ ’
6 < C out

L 2 = | l 1, C2 = | c out (15)

In order to increase maximum ef­
ficiency up to 88.4 percent, it is nec- 
essary to provide a short-circuit ter­
mination for all even harmonie volt­

age and an open-circuit im pedance 
for the third-harmonic current. Such 
a class F Operation mode is easy to 
realize by using transmission lines in 
the output circuit when one of them 
is connected in parallel to the active 
device betw een the  ou tput device 
term inal and voltage supply. Such a 
circuit schematic is the dual to the 
one shown in the previous figure, 
w hen th e  transmission line is con­
nected in series, but is more accept- 
able for practical im plem entation 
since no additional losses are due to

B ro a d b a n d
m m m ■*'   in 1 0  DSVSL o w  N o is e  ar° 
M e d iu m  P o w e r

Model
Number

Frequency
Range
(GHZ)

Gain
(dB min)

Flatness 
(±dB  max)

Noise 
Figure 

(dB max)

P -ldB  
(dBm min)

IP3
(dBm)

tvp

DC Current 
(mA nom) 
+ 15 Vdc

AML300K3P3001 3 0 0 k H z  - 3 G H z 30 1.5 4.0— 20 30 370
AML001P1001 0.5 - 200MHz 10 0.5 5.5 3 0 - 48 450
AML0016P0901 0.01 - 6,0 9 0.5 6.5- 25 36 320
AML0016P2001 0 .0 1 -6 .0 20 1 3.2- 23- 36 480
AML0022P3601 0 .0 2 -2 .5 36 0.75 3.8— 20 30 250
AML012P3801 O N

» b 35 1 2.7 26 36 450
AML052L1501T 0 .5 -2 .0 15 0.5 0.9 9 18 65
AML0120L2403 0 .1 -2 0 .0 24 1.5 3.0— 17 27 250
AML0123L2101 0 .1 -2 3 .0 21 1.5 4 .0— 8 18 170
AML0518P3202 0.5 - 18.0 32 2.0 3.5 22 32 360
AML218P2504 2.0 - 18.0 25 1.5 3.5 22 32 320
AML618P3301 6.0 - 18.0 33 2 3.0 30 40 1040

L ’ Guaranteed from 200 MHz and up * *  Guaranteed from 2MHz and ut • * 'Guaranteed from 500 MHz and up Operational Voltage +5vdc J

*  n ,<

OPTIONS
I - Füll Military Specs 
I - Subassemblies with RF 

Umlter Input, Switches,
Bit Output, TTL Control, etc. j 

I - Open Ca nier Modules

Lommcatms
ÏOOO A v e n id a  A c a s o  C am arillo  CA, 9 3 0 1 2

Tel: 8 0 5 .3 8 8 .1 3 4 5  X 203  Fax: 8 0 5 .4 8 4 .2 1 9 1  E-m ail: sales@amlj.com
ISO  9001
Certified

the RF current at the fundamental 
frequency. Thus, for such a mi- 
crostrip power amplifier, it is quite 
enough to provide the following elec- 
trical lengths of the transmission lines 
at the fundamental frequency4-5

1— tan
3

03 =

(
-1

V

7t

~6

_____ 1 _

3Zo(0oC

(16)

where

Z0 = characteristic impedance of each 
microstrip line

CLASS E
Sw itched-m ode class E tuned  

power amplifiers are widely used in 
different frequency ranges and out­
put power levels beginning from sev­
eral kilowatts at low RF frequencies 
to approxim ately one watt at m i­
crowave frequencies. In such class E 
power amplifiers, the load network 
usually consists of a shunt capaci­
tance and a series inductance, which 
allow operating the transistor as an 
on-off switch under optimum values 
of load network elements.6 The ideal 
shapes of the collector current and 
voltage waveforms dem onstrate a 
condition when the high current and 
high voltage do not overlap simulta- 
neously, that minimize the power dis- 
sipation and maximize the power am­
plifier efficiency up to 100 percent. 
However, such a load network config- 
uration is not unique. For example, 
the switched-mode class E tuned 
power amplifiers with a parallel cir­
cuit, shown in Figure 5, can be an al­
ternative to the class E tuned power 
amplifiers with a shunt capacitance, 

[Continued on page 31 ]
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TUTORIAL
also realizing the high efficiency O p ­

eration mode.4"7 The load network 
with a parallel circuit consists of a 
parallel capacitance and a parallel in- 
ductance with an additional series fil­
tering circuit to provide a high level 
of harmonie suppression.

The basic circuit of a switched- 
mode tuned parallel-circuit class E 
power amplifier is shown in the dia­
gram. The load network consists of a 
parallel inductance L, a parallel ca­
pacitance C, a series L0C0 resonant 
circuit tuned at the fundamental fre­
quency (00 = lA EoCo and a load R. 
In a common case, a parallel capaci­
tance C can represent the intrinsic 
device output capacitance and the ex- 
ternal circuit capacitance added by 
the load network. The active device is 
considered to be an ideal switch that 
is driven in such a way as to provide 
the device switching between its on- 
and off-state operating conditions. 
The loaded quality factor QL of the 
series resonant L0 C0 circuit should 
be high enough for the output cur­
rent to be sinusoidal.

0 60 120 180 240 300 360

(c)

Jk  Fig. 6 Normalized collector voltage (a) 
and current (b) waveforms 
and (c) current through the load network 
capacitance for an idealized optimum 
class E amplifier.

MICROWAVE JOURNAL ■ DECEM RER 2002

The normalized collector (a) cur­
rent and (b) voltage waveforms for an 
idealized optimum parallel-circuit 
class E operating mode are shown in 
Figure 6. From the collector voltage 
and current waveforms, it follows 
that, when the transistor is tumed on, 
there is no voltage across the switch 
and the current ic consisting of the 
load sinusoidal current and an induc- 
tive current flows through the device.

However, w hen th e  tran s is to r is 
turned off, this curren t now flows 
through the parallel capacitance C. 
As a result, there is no nonzero volt­
age and cu rren t sim ultaneously , 
which means a lack of power losses 
and gives an idealized collector effi­
ciency of 100 percent.

The optimum load network para­
meters can be obtained from4 7

[Continued on page 33]
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TUTORIAL
L = 0.732 — (17)

co
0.685

(18)c -
coR

whereas the optimum load resistance 
for the specified values of supply volt­
age Vcc and output power Pout> taking 
into account that R = V |/2Pout, can 
be calculated from

V2R = 1.365—̂  (19)
Pr out

The phase angle between the fun­
damental frequency voltage and cur­
rent seen by the switch terminal is 
equal to

<)> = 34.244° (20)

which means that the load network is 
slightly mistuned with respect to the 
fundamental frequency and the val­
ues of the load network parameters 
should be chosen to create an induc- 
tive reactance at the fundamental fre­
quency and capacitive reactances at 
the harmonie components.

For high power or low voltage 
power amplifiers, it is very important 
to know how small the value of the 
required load resistance is, since the 
higher its value, the easier to provide 
impedance matching to a convention- 
al 50 Q. load. Thus, for the same out­
put power with the same supply volt­
age, the ratio between load resis- 
tances RW in class B, RT) in dass F 
and RT) in parallel-circuit class E can 
be written as4

For a microwave power amplifier, 
usually all the inductances in the out­
put matching circuit should be real- 
ized with transmission lines, in order 
to reduce the power losses. There- 
fore, for a parallel-circuit class E 
power amplifier, the parallel induc- 
tance L should be replaced by the 
short-length transmission line TLj 
with the optimum param eters ob- 
tained from

tan 6 = 0.732—  (23)
Zo

where

Z0 = characteristic impedance of the 
transmission line TLX 

0 = electrical length of the 
tramission line TL18

[Continued on page 34]

r (f) = 4 r (b)
n

(21)

R(e) = 2.729R® (22)

which clearly shows that, for parallel- 
circuit class E power amplifiers, the 
design output matching procedure 
can be significantly simplified. If the 
calculated value of the resistance R 
for the optimum parallel-circuit class 
E power amplifier is too small or dif- 
fers from the required load resistance 
Rl significantly, it is necessary to use 
an additional matching circuit to pro­
vide maximum output power to the 
load. In this case, the first series ele­
m ent of such m atching circuits 
should be an inductance to provide 
high impedance conditions for har­
monies.
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TUTORIAL
Thus, a parallel circuit, being a 

very simple electrical structure, in re- 
ality represents a powerful means for 
increasing power amplifier efficiency 
Operation. Therefore, in dass B, the 
load network contains a parallel cir­
cuit tuned to the fundamental fre- 
quency providing also sufficiënt har­
monie Suppression. In dass F, to ap- 
proxim ate a 100 percent collector

efficiency, one or several parallel cir­
cuits tuned at the harmonie compo- 
nents or a quarter-wave transmission 
line are used as the parallel circuit 
single-frequency equivalent. In dass 
E, it is enough to use a slightly mis- 
tuned parallel circuit having an in- 
ductive reactance at the fundamental 
frequency and capacitive reactances 
at the harmonie components. ■
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NEWS FROM WASHINGTON
Raytheon Delivers R a y th e o n  Co. delivered

■ ^ th e  first p roduction 
First Production Evolved SEASPARROW

Missile (ESSM) to the US 
Navy, defining the future of 
ship defense. “ESSM pro- 
vides improved ship self- 
defense capabilities against 
faster, lower, smaller and 
more maneuverable anti- 
ship missile threats as well 

as increased firepower,” said Capt. Ken Gräber, the 
NATO SEASPARROW project manager.

ESSM is an international cooperative upgrade of the 
RIM-7 NATO SEASPARROW Missile. SEASPARROW is 
already the most widely deployed ship-defense missile 
system in the world. The new missile will provide the pri- 
mary air defense for the Capital ships of the 10 participat- 
ing NATO navies. Discussions are under way to outfit the 
ships of at least six other navies as well. The program is 
managed by the NATO SEASPARROW Consortium, a 
32-year-old organization described as “NATOs largest and 
most successful cooperative weapons project.” Raytheon’s 
Missile Systems business unit in Tucson, AZ, is leading 
the team of 18 Companies from 10 countries in developing 
and producing this next generation SEASPARROW ship 
self-defense system. The other nations participating in 
ESSM’s development include Australia, Canada, Den­
mark, Germany, Greece, the Netherlands, Norway, Spain 
and Turkey. ESSM has the speed, agility and accuracy to 
engage threats to the launching vessel at maximum range 
and in the most challenging of conditions. The final phase 
of the missile’s flight test program is scheduled for the 
early spring of 2003 when performance with the AEGIS 
Fire Control System of the US Navy’s Arleigh Burke class 
of guided missile destroyers will be verified.

Evolved 

SEASPARROW 

to  US Navy

Air Force Security 
Forces personnel sup- 
porting Operation Endur- 

ing Freedom  have been 
equipped with the latest in 
Unmanned Aerial Vehiele 
(UAV) technology, the 
Force Protection Airborne 
Surveillance System 
(FPASS). The system al- 
lows security forces to see 

beyond base perimeters and can provide a rapid visual as- 
sessment of detected threats.

The Electronic Systems Centers Force Protection Sys­
tem Program Office recently completed delivery ol the 
initial Force Protection Airborne Surveillance System to 
deployed security forces personnel supporting Operation 
Enduring Freedom. “This system adds an enhanced layer 
of protection for bases around the world by allowing 
forces personnel to see beyond base perimeters,” said 
Colonel Howard Borst, director, Force Protection System 
Program Office.

Airborne 

Surveillance System 

Keeps Security 

Forces Safe

Each system consists of a ground station — computer, 
displays, recorder and communication equipm ent; six 
UAVs; a remote imagery viewing terminal; interehange- 
able payloads of color cameras and thermal imagers for 
day and night time imagery; in addition to transportation 
cases and launch equipment. “The system is not intended 
to be ‘baekpackable’ but it is easily transported by a gen­
eral purpose vehiele,” said Major John Crennan, Delay 
Denial Systems Division Chief. The UAV, dubbed “Desert 
Hawk” by Lt. General T. Michael Moseley, commander, 
9th Air Force and US Central Command Air Forces, is 
small in size, light weight and very simple to operate. The 
airframe is manufactured from damage resistant molded 
material that is designed for limited field repair. Desert 
Hawk is able to operate from a 100 X 100 m clearing with­
out a runway. “FPASS was specifically designed to be used 
by cops,” said Major Mike Giger, FPASS program manag­
er. “It extends the range that security forces can monitor 
without putting troops into harms way,” he said. “This sys­
tem is not intended to replace troops, it is a critical sur­
veillance tooi that will protect and save lives by providing 
essential real time information on potential threats,” said 
Borst. A two-man crew operates the system. To launch the 
UAV, operators use a bungee cord catapult. The system is 
powered by rechargeable batteries that have a one-hour 
life span or if available, can also be operated by using 
commercial AC power. The UAV is designed to fly pri- 
marily at altitudes of 300-500 feet and sends back to the 
operators’ real time overhead video data.

Loral Space and Commu­
nications announced  
that the US Navy’s Space 

and Naval Warfare Systems 
Command (SPAWAR) has 
awarded a Space Systems/ 
Loral (SS/L) team, led by 
Raytheon, a $40 M Com­
ponent Advanced Develop­
m ent (CAD) con tract to 
develop the US Navy’s $6 

B, next-generation, satellite-based mobile Communica­
tions system, the Mobile User Objective System (MUOS).

CAD is a 14-month effort aimed at reducing risk and 
advancing system design concepts that stem from MUOS’ 
recently completed 1999-to-2002 Concept Exploration 
Phase (CEP). SPAWAR tapped the Raytheon-SS/L team 
for CAD based on the team performance during the earli- 
er CEP program. The latest award reflects SPAWAR’s se- 
lection of two teams, which will work in parallel until 
2004, when one team will be selected to lead future 
MUOS efforts.

SS/L is part of a Raytheon-led team that also includes 
TRW Astro Aerospace and Honeywell. The two teams 
have been funded by SPAWAR to compete for a system 
design and development contract to be awarded in Janu- 
ary 2004, for construction of the first MUOS satellite, 
which will be launched in 2008. Subsequently, the MUOS 
Program Production and Deployment contract will be

Space System/Loral 

Selected for Navy's 

Communication 

System
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NEWS FROM WASHINGTON
awarded in mid-2006 and continue through 2023. As part 
of the newly awarded development program, SS/L will be 
adapting its liighly successful commercial 1300 spacecraft 
platform for the MUOS narrowband tactical Communica­
tions System.

“The combination of SS/L’s heritage satellite bus with 
the payload technology and expertise of our team mem- 
bers provides our government with cost-effective im- 
provements in its satellite Communications Systems,” said 
C. Patrick DeWitt, president of SS/L. “MUOS will ensure 
its users an uninterrupted communication link, without 
concern for the location, weather or local geography.”

MUOS will be a narrow band satellite communication 
(SATCOM) system that supports a worldwide, multi-serv- 
ice/multi-national population of mobile and fixed-site war 
fighter terminals. Its capabilities will provide a consider- 
able increase in througbput over the current Ultra High 
Frequency (UHF) Follow-on (UFO) narrow band satel­
lite Communications system. It will also provide greater 
flexibility through improved link performance for users 
such as Navy Seals and other special forces to operate in 
difficult environments. SS/L MUOS design is based on 
the Companys space-proven 1300 geostationary satellite 
platform, which has an excellent record of reliable Opera­
tion and is highly adaptable to a wide variety of payloads. 
Over the past 45 years, SS/L satellites have amassed well 
over 900 years of on-orbit services.

BAE Systems successful- 
Iy launched a 2.75" 
laser guided rocket using a 

unique mid-body, fin- 
mounted, guidance system, 
scoring a “bull’s-eye” hit on 
a small target more than 
three miles away from its 
launch point. The control 
test vehicle (CTV) was 
fired Sept. 29 at the Armys 

Yuma Proving Ground in Arizona for the Armys low cost 
precision kill (LCPK) program.

During the rockets flight, the CTV completed a series 
of preprogrammed flight maneuvers, demonstrating real- 
time aerodynamic control by the autopilot and inertial 
sensor. The test vehicle was launched with a fully integrat- 
ed guidance and control system and semi-active laser 
seeker to evaluate subsystem performance in flight. The 
shot followed extensive hardware in the loop testing at the 
Armys Missile Research and Development Engineering 
Center facility, Huntsville, AL. The LCPK program is an 
advanced technology development program to develop 
prototype laser-based 2.75" guidance sections. BAE Sys­
tems Inform ation and Electronic W arfare Systems, 
Nashua, NH, is working under a $5 M contract to design 
and develop the guided rocket. ■
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BAE Systems C41SR 

Delivers First
U
tro l,

K contractor BAE Sys­
tems Command, Con- 

Com m unications, 
Computing, Intelligence, 

Skynet 5 Terminals Surveillance and Recon-
naissance (C4ISR) has de- 
livered the first batch of six 
Talon satellite Communica­
tions terminals to Paradigm 
Secure Communications 
for eventual use in the 

UK’s Skynet 5 military Communications satellite system, 
In all, 15 such terminals will be acquired, with second and 
third tranches being scheduled for delivery during De­
cember 2002 and August 2003, respectively. Skynet 5 
(scheduled for introduction by 2010) is being procured via 
the UK’s Private Finance Initiative and will see (as a be- 
ginning) the transfer of the existing Skynet 4 from UK 
Ministry of Defence control to that of Paradigm. This 
transfer is scheduled to take place during mid-2003.

BAE Systems C4ISR describes Talon as being a light- 
weight, deployable terminal that is man-portable, makes 
use of carbon fibre in its construction and can be config- 
ured to operate in the C- (4 to 8 GHz), X- (8 to 12.5 
GHz), Ku- (12.5 to 18 GHz) and Ka- (26.5 to 40 GHz) 
bands. Here, the necessary changes are described as be­
ing simple and involving the introduction of frequency 
specific feed arms and some key electronic components. 
Talon is further noted as being fitted with either a 1.2, 1.9 
or 2.4 m antenna dish, with an X-band 1.9 m configura- 
tion noted as being able to deliver a G/T value of better 
than 21 dB/k. The Standard terminal includes all the func- 
tionality needed to support the required Communications 
link (including antenna control and tracking, frequency 
conversion and the requisite modem functions) and is 
packed in four modular cases that can include heaters and 
cooling elements as required. Again using the 1.9 m dish 
configuration as an example, the equipment can be set-up 
in wind speeds of up to 15 m/s, can be operated in winds 
of up to 16 m/s and will survive gusts of up to 27 m/s.

Billed as the most sensi­
tive gamma ray obser- 
vatory ever built, the Euro­

pean Space Agency’s (ESA) 
IN TErnational Gamma- 
Ray Astrophysics Laborato- 
ry (INTEGRAL) was 
launched into an eccentric, 
72-hour, 9000 to 155,000 
km orbit around the Earth 
on 17 October 2002. De­

signed to provide new insights into celestial objects such 
as black holes, neutron stars, active galactic nuclei and su­
pernovae, the 2 tonne INTEGRAL vehicle is equipped 
with a payload that includes a spectrometer (known as the 
SPectrometer on INTEGRAL — SPI), an imager (the 
Imager on Board the INTEGRAL Satellite — IBIS), an 
X-Ray monitor (the Joint European X-ray Monitor —

ESA Launches Most 

Sensitive Gamma 

Ray Observatory 

Ever Built

INTERNATIONAL REPORT
Martin Streetly, International Correspondent

JEM-X), an Optical Monitoring Camera (OMC) and an 
Integral Radiation Environment Monitor (IREM).

Of these, the SPI is designed to perform  spectral 
analysis of gamma-ray point sources and extended regions 
in the 20 keV to 8 MeV energy range, with a resolution of 
2.2 keV at 1.33 MeV. As such, the SPI device incorporates 
an array of 19 hexagonal, high purity, germanium detec­
tors that are cooled to an operating temperature of 85 K 
by a Stirling engine. A hexagonal coded aperture mask is 
located 1.7 m above the detection plane in order to image 
a 16° section of the sky with 2° angular resolution. In or­
der to reduce background radiation, the detector assem- 
bly is shielded by an anti-coincidence System that includes 
limiting the aperture to approximately 30° and the Provi­
sion of a plastic veto below the mask to further reduce the 
511 keV background. For its part, the IBIS provides fine 
imaging, source identification and spectral sensitivity to 
both continuüm and broad lines over the 15 keV to 10 
MeV energy range. Within the device, a tungsten coded- 
aperture mask is located 3.2 m above its detection plane 
and is optimised for high angular resolution. The IBIS de­
tector uses two planes, namely a 2600 cm2 front layer 
(made up of 4 X 4 X 2 mm pixels) and a 3100 cm2 back 
layer (9 X 9 X 30 mm pixels) that are 90 mm apart. The 
use of a two-layer detector allows photon paths to be 
tracked in 3-D as they scatter and interact with more than 
one element of the array. Events can be categorised and 
the device’s signal-to-noise ratio is improved by rejecting 
those responses (usually towards the high end of the ener­
gy range) that are unlikely to correspond to real celestial 
photons. The IBIS aperture is restricted by a lead shield- 
ing tube and is shielded in all other directions by an active 
scintillation veto System.

The JEM-X X-ray monitor Supplements the SPI and 
IBIS instrum ents and is used to detect and identify 
gamma-ray sources and in the analysis and Interpreta­
tion of acquired gamma-ray data. Accordingly, JEM-X 
takes readings simultaneously with those of the SPI and 
IBIS devices and provides imagery with arcminute an­
gular resolutions within the 3 to 35 keV prime energy 
band. Its baseline photon detection system consists of 
two identical high pressure imaging m icrostrip gas 
chambers (1.5 bar pressure and made up of 90 percent 
xenon and 10 percent methane), at a nominal gas gain 
of 1500. Each detector views the sky through a coded- 
aperture mask that is located approximately 3.2 m above 
the detection plane.

JEM-X itself is supported by the OMC which is used 
to observe optical emissions from INTEGRAL’s prime 
targets at the same time as those targets are being ob- 
served by the SPI, IBIS and JEM-X. The remaining in­
strument — the IREM — is described as performing a 
wide range of in-orbit radiation monitoring functions and 
downloading the acquired data via the INTEGRAL vehi- 
cle’s telemetry system. Overall, the satellite’s orbit is de­
signed in such a way as to keep it at an altitude of 40,000 
km or above for as long as possible in order to minimise 
background radiation effects from the Earth’s own radia­
tion beits. INTEGRAL’s unit cost is put at o 330 million in 
year 2000 values.
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INTERNATIONAL REPORT
Philips I »  order to meet upcoming 

I  US 2004 legislation and a 
Launches TPMS wider perceived global mar­

ket, Netherlands contractor 
Chip Solution Royai Philips Electronics 

has launched a chip-based 
Tire Pressure Monitoring 
System (TPMS) that pro­
vides the automobile driver 
with measurements of indi­
vidual tire pressures and no- 

tification of pressure/inflation problems as they arise. 
TPMS applications have major safety and cost implications 
in terms of tire-related accidents, levels of tire wear and 
fuel consumption values. Goodyear calculates that at any 
given time, one in five vehicular tires is under-inflated by as 
much as 40 percent. Such irregularities lead to significant 
alterations in road-holding and braking characteristics, a 
significant shortening of tire life and an increase in fuel 
consumption of roughly one percent for every three 
pounds/in2 of under-inflation.

The Philips TPMS uses a direct monitoring approach 
and takes the form of a Tire Module (TM) that broadcasts 
RF data to a central receiver. Each TM typically eompris- 
es an analogue piezo-resistive pressure sensor, a pressure 
sensor signa! conditioning chip and an RF transmitter 
unit. As applied to the tire, the TM has to withstand a

temperature range of from as low as -40° to as high as 
+150°C and acceleration rates of up to 2000 G. Function- 
ally, the signal from the pressure sensor is amplified and 
digitised and the full device calibrated and initialised. A 
P2SC signal processing chip picks up the signal from a 
sensor bridge, digitises it, measures chip temperature and 
performs all the required calibration and initialisation. 
The P2SC chip includes a field proven Reduced Instruc­
tion Set Computer (RISC) microcontroller core, mini­
mum power consumption and a wheel identification fea­
ture to solve issues of auto-rotation.

After calibration and initialisation, each tire sends its 
pressure data to the automobiles dashboard and a con­
troller recognises which tire the signal is coming from. A 
low frequency wake-up approach has been used for tire 
location and is described as providing immediate and reli- 
able identification. Small, 125 kHz wheel arch antennas 
are used to send the wake-up signal to the specific TM, 
which responds via the RF link. Each tire is woken up 
each time the ignition is switched on. Thereafter, tire 
pressure is checked at regulär intervals and in the event of 
a sudden pressure drop, a waming is relayed to the driver 
without the need to wake the system up. Looldng to the 
future, Philips notes that Bluetooth™ technology could 
have a TPMS application, as could inductive coupling on 
passive GHz technologies to overcome the need for inter­
nal batteries. ■

Test Cable Assemblies DC to 18GHz

Low cost, high quality, flexible test and interconnect cable assemblies
now in stock

NEXT DAY DELIVERY

Low loss, triple screen construction, Phase stable, SMA plug to SMA plug, N plug to N plug, 7mm to 7mm 
Standard lengths: 0.5, 1.0,1.5 and 2.0 Metres. *subject to availability.
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Manufacturers of custom RF cable assemblies (semi rigid and flexible), delay lines and passive microwave components
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S uper Fast 
Very H igh Isolation

S W I T C H

SPDT, DC-4.5GHZ From
$1 9 5  ^

~>m  t  e a . (W .ooo)

Very high isolation up to 65dB at 1GHz typical. Integral TTL driver with blazing fast 
10nsec switching speed. The ability to withstand severe operating temperatures 
ranging from -40°C to +85°C. That's what's great about Mini-Circuits wideband 
DC to 4.5GHz SPDT switches. But that’s not all! Reflective and 
absorptive configurations come in two different low profile plastic 
packages to suit your design layout requirements; the 3x3m m  
MCLP™ package w ith exposed m eta l bottom  for excellent grounding 
and heat dissipation, and  the industry S tandard SOIC-8. No matter 
which model you choose, you'll get strong performance and rugged 
reliability at a price that crushes the competition. Just check the 
specs, then contact Mini-Circuits today for our fast response!
Mini-Circuits...we’re redefining what VALUE is all about!

SPEC IFIC ATIO N S  (@ 

Model

1G H z)

Freq. In-Out Isol. Ins. Loss 1dB Comp. Price $ea.
(GHz) dB(typ) dB(typ) dBm(typ) (Qty. 10)

M3SW-2-50DR DC-4.5 60 0.7 25 4.95*
M3SWA-2-50DR DC-4.5 65 0.7 25 4 .95*
SWM-2-50DR DC-4.5 55 0.7 25 5.30
SWMA-2-50DR DC-4.5 65 0.7 25 5.30
Supply voltage +5V, -5V. TTL control. 
Switching time 10nsec (typ). 
Reflective ■ Absorptive ACTUAL SIZE

Detailed Performance Data &  Specs Online a t  www.minicircuits.com/switch.html

Q  Mini-Circuits US INT'H
CIRCLE READER SERVICE CARD

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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ISO 9001 
Certified

The world’s only 200-watt, 0.8 to 4-2 G H z, alLsolidstate amplifier. Exceptional linearity. Unequaled 
harmonie performance. 100% mismatch tolerant. Unbeatable technology and design. A n  advanced 
instrument for 200-watt testing, this is the amplifier o f choice for E M C  and linear wireless applications, 
with digital front panel displays and A R ’s famous three-year warranty. A n d  remember, every A R  product 
and system is backed by our world class “M ark of Performance.” Look for the 200T S1G 4 and 
our neiv 240-watt, .8 to 3 G H z 240S1G 3 a t www.am plifiers.com /m icrowave.asp.

Check O ut Our New Site With New Features!

Copyright© 2002 Amplifier Research. The orange stripe on AR products is Reg. US. Pat. &  Tm. Off.

USA 215-723-8181 or 800-933-8181 for an applications engineet
In Europe, call E M V -Munich: 89-614-1710 • London: 01908-566556 • Paris: 1-64-61-63-29 • Amsterdam: 31-172-423-003
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THE COMMERCIAL MARKET

While mobile handsets 
are expected to ac­
count for approximately 

two-thirds of the Bluetooth 
devices that will ship in 
2002, and cordless headsets 
will also be a growing cate- 
gory, Allied Business Intel- 
ligence’s (ABI) new Blue­
too th  report notes that 
there are significant oppor- 

tunities for Bluetooth semiconductor vendors in other 
markets, especially Computing.

ABI projects that Computing devices will account for 
21 percent of all Bluetooth-enabled devices that will ship 
in 2003, with a 27 percent share by 2007. The coming 
wave of Bluetooth cordless input devices including mice 
and keyboards will be an important factor in driving PC 
OEMs to embed Bluetooth functionality. Cordless Com­
puting peripherals have shown tremendous growth in re­
cent years and Bluetooth will increasingly displace IrDA 
and proprietary RF technologies as Bluetooth chipsets 
continue to drive down the cost curve and exhibit im- 
proved power efficiency

Bluetooth to  Ramp 

Up in M arket 

Outside o f Mobile 

Handsets

The Wireless Home

Network: 

Room for Multiple  

Wireless 

Technologies?

According to a report by 
IHn-Stat/MDR, over the 

last th ree  years, a very 
rapid wireless evolution has 
occurred in the home. In 
1999 and 2000, the ques- 
tion was whether IIomeRF 
or 802.11 would win in the 
home. In 2001, the main is­
sue was whether 802.11a 
(5 GHz Wi-Fi) or 802.11g 

(2.4 GHz Wi-Fi, higher speed version of 802.11b) would 
be the technology of choice for the connected home of 
the future. In 2002, the wireless home landscape has 
broadened, with a handful of solid wireless technologies 
showing significant potential for specific applications in 
the home.

The vision of wireless home networking in the future 
involves the PC cluster of devices (broadband modem, 
router/AP device, desktops, laptops, PDAs, Web tablets) 
becoming wirelessly connected to the entertainment clus­
ter of devices, i.e. audio and visual equipment such as 
TVs, DVD players, MP3 players, gaming devices and 
home theater devices such as high end displays and 
DVRs. Another step in networking the home is home au- 
tomation, i.e. being able to monitor temperature, security 
and white goods from a central location. Promising home 
wireless technologies include Wi-Fi, UWB (Ultra- 
W ideband), Zigbee (the core technology behind 
IEEE 802.15.4), wireless 1394, and mesh networking 
technology.

For the purpose of rapid data transmission across 
LANs, IEEE 802.11b has gained the hearts and minds of 
many residential end-users. 802.11b, now in its third year

of market shipments, has wowed the home market, push- 
ing HomeRF squarely out of the picture. Low end net­
working vendors were quick to enter the 802.11b market, 
bringing with their efforts the two most important fea­
tures of a home networking technology: (1) low cost and 
(2) easy configuration. Although the easy configuration 
feature may be arguable in some cases, most of the low 
end networking equipment vendors are in their second or 
third generation of 802.11b products and, after being 
blasted in many user reviews for configuration difficulties, 
have improved on their software significantly. Also, now 
Microsoft, the software giant himself, has entered the 
home 802.11b hardware fray, citing its user-friendly soft­
ware configuration layer as its main differentiator.

For the latest coverage of the dynamic home network­
ing market from In-Stat/MDR, check out: http://www. 
instat. com/catalog/Ncatalog.asp?id=99.

Given the down turn in 
the  sem iconductor 
equipment market, suppli- 

ers are now focusing more 
intently on the compelling 
opportunity ME MS fabri- 
cation is presenting, ac­
cording to In-Stat/M DR. 
There are some 60 MEMS 
fab/foundries, several hun- 
d red  start-ups (many of 

which have their own in-house prototyping and/or fabrica- 
tion facilities), as well as countless universities and gov- 
ernment labs worldwide researching MEMS technology. 
The high tech market research firm reports that contin- 
ued unit growth and device diversity, as well as this large 
potential customer base, is making the MEMS sector a 
progressively more attractive market for semiconductor 
equipment manufacturers.

“Equipment for MEMS fabrication is now more avail­
able than ever before, ranging from dual purpose (for 
both semiconductor and MEMS processing steps) to 
purely MEMS-specific,” says Mariene Bourne, a senior 
analyst with In-Stat/MDR.

One of the biggest competitive factors in the MEMS 
fabrication equipment market will come from the suppli- 
ers themselves — in the form of used equipment. While 
many start-ups may have funds to install in-house facili­
ties, they often purchase used, rather than new, equip­
ment. As a result, equipment suppliers are finding them­
selves buying their own old equipment to re-sell it to this 
particular market sector.

More semiconductor equipment manufacturers are in- 
volved in MEMS-specific equipment than would be ex­
pected. Several of the top suppliers now have divisions fo- 
cused solely on MEMS Solutions, and no doubt more will 
emerge in time. There are even several start-ups who 
have developed and are offering equipment specifically 
for the MEMS market. Toolsets range from those for de- 
position, lithography and etching, to wafer bonders, dry- 
ers and other equipment.

MEMS O ffe r  

a Possible 

Silver Lining 

for Semiconductor 

Equipment Suppliers

MICROWAVE JOURNAL ■ DECEMRER 2002 45

http://www


CTT
M ic ro w a v e

S u b a sse m b lie s
✓  Frequency Coverage from

0.5 to 40 GHz
\ l Subsystem Integration to 26 GHz 
ï/f Proprietary Component Library 
Z  MIC Thin-Film Based Design 

for High Reliability
✓  Military & Commercial Expertise

CTT integrated subassemblies are designed for 
flexibility to ensure ease of manufacturing by 
utilizing thin-film circuits that incorporate 
the latest in GaAs FET device 
technology.

These amplifier-driven 
assemblies are designed 
for use in applications 
including broadband EW 
Systems, as well as high 
power, high dynamic range 
radar Systems in addition to high 
reliability, cost-effective, commercial 
communication Systems and MW radios.

CTT Subsystems may indude the integration of 
detectors, couplers/power dividers, attenuators, 
limiters, switches, filters, mixers, LNAs, amplifier gain 
blocks, power amplifiers, oscillators, and equalizers.

CTT has the in-house design and manufacturing 
capabilities, skills and experience in performing the 
integration of Subsystems in a timely and cost- 
effective manner.

Our goal is to be the number one supplier 
of microwave amplifiers and subassemblies in 
the marketplace.

Give us a call today and find out how our products 
and service can support your success.

3005 Democracy Way, Santa Clara, CA 95054, 
Phone: 408-988-8521, Fax: 408-986-9097, E-mail: 
sales@cttinc.com

Click LEADnet at mwjournal.com 
or Circle 17 on Reader Service Card
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THE COMMERCIAL 
MARKET

Cellular

Infrastructure 

Manufacturers 

to  Face Tough 

18 Months

The to tal worldwide 
count of analog, 
CDMA, TDMA, GSM, 

PDC, PHS and UMT base 
stations will grow at a com­
pound annual growth rate 
(CAGR) of a mere 13.7 
percent through 2006, ac- 
cording to In-Stat/MDR. 
The high tech market re­
search firm finds that, dur­

ing this same period, UMTS will lead the growth with 110 
percent, with CDMA and GSM expected to come in at a 
not so very close second and third. All other air links will 
experience either flat or negative growth.

According to Ray Jodoin, director of In-Stat/MDR’s 
wireless research group, “Over the next 18 months, 
there might be significant short term delays due to 
equipment shortages and problems, as well as a signifi­
cant lack of funding. In addition, a considerable infra­
structure manufacturer retrenchm ent will also occur, 
and could lead to additional delays because of the ne- 
cessity to renegotiate contracts.” In Stat/MDR also re- 
ports that, one year from now, a minimum of two infra­
structure manufacturers, in each major market, will no 
longer be in business and that significant carrier consol- 
idation will also occur during this period. “While the 
forecast indicates year-to-year growth, 2002 and 2003 
should be viewed as extremely volatile,” says Jodoin. “If 
the carrier CAPEX continues to slip, 2002 and 2003 
new base station deployment will be down considerably 
from initial forecasts.”

In-Stat/MDR has alsofound that:
• In 2006, there will be only two major air links deployed 
on a worldwide basis; CDMA at 20.8 percent share of the 
market (SOM) and GSM at 69.2 percent SOM. UMTS 
will have only a 4 percent SOM at that time.
• GSM will dominate with almost 94 percent of de­
ployed European base stations in 2006. However, previ- 
ous rapid growth is beginning to ebb as subscriber growth 
diminishes.
• Base station developments in the US will experience a 
dramatic decline in 2003 as a result of not only the new 
order downturn that occurred in 2002, but also an antici- 
pated delay in the change over from TDMA to GSM. 
While activity will occur throughout 2003, Systems will 
not be operational until early 2004.
• Unlike North America, Latin America is expected to 
continue to depend heavily upon analog and TDMA 
through 2006. Unless there is a radical transitioning of 
TDMA to GSM-850, CDMA will be the primary air link 
at the end of the forecast period in Latin America.
• While PDC will still dominate the Japanese landscape 
in 2006, NTT DoCoMo and J-Phone will be making rapid 
market advances with UMTS. Based on current plans, all 
CDMA deploym ents will be upgraded to at least 
IxEV-DO in order to offer direct competition to UMTS 
data speeds. ■
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O u r  C o m m it m e n t . . .  
T h e  P e r fe c t  R e la t io n s h ip

You know us for designing and manufacturing the highest 
quality interconnect Solutions. O ur relationship w ill continue 
to flourish once you explore our comprehensive line of 
DSCC 9 4 0 0 7  and 94008  SMP products. DYNAWAVE's 
heritage products are compatible with other SMP connectors 
and the G ilbert Corning's GPO™.

W e supply a broad range of SMP products for cable assemblies, 
press-fit, screw-in, float mount, flange, hermetic and shroud types. 
If your interconnect applications require a modified SMP 
(O.l 35 dia.) or smaller connectors, DYNAWAVE offers SMP 
hybrid design options and a mature line of SSDP (0 .095 dia.) 
and DSSS (0.085 dia.) products.

Put your requirements in a trusted relationship today!

Dynawave designs, develops & manufactures 
RF & microwave interconnect Solutions. Our 
product diversity includes connectors, attenuators, 
adapters, delay lines, harnesses and low cost 
test & system cable assemblies.

135 W ard Hill Avenue PO Box 8224  
Haverhill, M A 01 835 
9 7 8 .4 6 9 .0 5 5 5  Fax: 9 7 8 .5 2 1 .4 5 8 9  
w w w .dynawave.com
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AROUND THE CIRCUIT
INDUSTRY NEWS
■ Endwave Corp. has acquired certain wireless infra- 
structure assets of Signal Technology Corp. s Wireless 
Group. The acquisition includes custom er contracts, 
equipment, inventory, product designs and other intellec- 
tual property, and key personnel needed for the ongoing 
Operation of the business unit. The purchase is expected 
to enhance Endwave’s focus on the commercial wireless 
infrastructure market.

■  Sirenza Microdevices has completed the acquisition 
of Xemod, a designer and supplier of RF amplifier mod­
ules for the wireless communication market. Xemod tech­
nology extends Sirenza’s power component product line 
to significantly higher power levels and operating voltages 
for wireless network equipment applications.

■  M-tron Industries Ine. has reached an agreement in 
principle to acquire the assets of Champion Technolo­
gies Ine., a manufacturer of crystals and ciystal oscilla­
tors, from US Bank. The financial details of the agree­
ment were not disclosed.

■  Superconductor Technologies Ine. and Conductus 
Ine. have signed a definitive agreement to merge the two 
Companies. The new Company will retain the Supercon­
ductor Technologies name, and will combine the talent, 
technologies and assets of the two Companies. In addition 
the Companies have secured firm commitments through 
existing shareholders and affiliated entities for a $15 M In­
vestm ent through a private placem ent in the combined 
Company, contingent upon the close of the merger.

■  Yokogawa Corp. o f America has acquired all of the
outstanding shares of stock of Measurementation Ine. 
from its affiliated holding Company, Yokogawa USA Ine. 
The Yokogawa Group began a relationship with Measure­
mentation in 1997 by purchasing an interest in the analyt- 
ical Systems integrator. Measurementation will operate as 
a separate division of Yokogawa Corp. of America.

■  Amphenol Corp.'s Industrial Operations Division
has completed the acquisition of the RADSOK® business 
un it o f K&K Stamping. RADSOK technology allows 
higher amperages to be used in electrical connectors with 
lower insertion forces, which helps to alleviate millivolt 
drop and associated tem perature rise.

■  Sensors Unlimited will purchase certain assets and ac­
cept certain liabilities from Finisar Corp.’s Sensors Un­
limited subsidiary for $6.1 M in cash. The new Company 
will assume the name Sensors Unlimited and the existing 
management team and employees will remain in place.

■  Anaren Microwave has opened an all-new facility in 
the Suzhou Industrial Park in Suzhou, China, near Shang­
hai. Called Anaren Communciations Suzhou Co. Ltd.,
the Operation will be staffed by both local talent and per­
sonnel relocating from the company’s headquarters in

East Syracuse, NY. In related news, the company’s re- 
cently acquired Almelo, Netherlands-based subsidiary 
Anaren Europe BV (formerly 5m Co.) has returned to 
full-scale Operation following a fire in July of 2001. The 
completely renovated plant features nearly $8 M in lead- 
ing-edge circuit board production equipment.

■ Mimix Broadband Ine. has relocated its corporate 
headquarters to a new facility in Houston, TX, where it 
will continue to operate an ISO 9001 certifïed manufac­
turing, assembly, test and management facility. The 
15,000-square foot facility includes a newly constructed 
Clean Room used for wafer probe testing of MMICs, die 
attaching and wire bonding.

■ K&L M icrowave Ine., a subsidiary of the Dover 
Corp., has opened a production facility in Nanjing, Chi­
na. The facility is located in the Nanjing Economie & 
Technological Development Zone, one of China’s major 
high technology industrial parks. The location allows for 
rapid movement of products to all paris of China.

■ Lamina Ceramics has opened a state-of-the-art manu­
facturing facility in Westampton, NJ, to increase produc­
tion of components, modules, circuit boards and packages 
utilizing the company’s proprietary LTCC-M technology. 
The 50,000-square foot facility will initially include two 
production lines.

■ Chipcon Group AS has opened a fully-owned sub­
sidiary, Chipcon Ine., in Cupertino, CA. The primary 
goal of Chipcon Ine. is to expand the presence of the 
Chipcon Group in the US and to intensify the sales and 
marketing of Chipcon products in North America.

■ RF Micro Devices Ine. and Jazz Semiconductor have 
agreed to enter into a strategie relationship for Silicon manu­
facturing and development. Under the agreement, RF Mi­
cro Devices will obtain a guaranteed, lower cost source of 
supply for wafers fabricated utilizing Jazz Semiconductor’s 
manufacturing processes, including SiGe, BiCMOS and RF 
CMOS. In related news, RF Micro Devices has begun high 
volume production shipments of two power amplifiers and a 
triple-band LNA/mixer to Sanyo for use in the new Sanyo 
SCP-4900 CDMA 2CXX) IX handset. Shipments began in the 
June quarter and have reached a multi-million dollar level.

■ Dow-Key M icrowave. a subsidiary of the Dover 
Corp., has entered into a strategie marketing and distrib- 
ution alliance with Teravicta Technologies to offer Ter- 
avicta’s RF MEMS switches worldwide.

■ Xanoptix and Tyco Electronics announced a multi- 
year, multi-million dollar joint strategie business agreement 
to promote Xanoptix’s XTM Series of optical transceiver 
products. The alliance enables the Companies to provide 
the next generation of parallel opties transceiver modules, 
utilizing optically integrated circuit technology with fused 
Silicon chips and high performance active opties.

[Continued on page 50]
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■ Spectrum Control and Littelfuse Ine. have entered 
into a teaming agreement. This agreement will create a 
synergism of the two organizations in the development of 
a series of integrated passive electromechanical Solutions.

■ Anritsu Co. has formed a partnership with Centro de 
Tecnologia de las Comunicaciones SA that creates a 
complete Bluetooth test solution incorporating Anritsu’s 
model ME7865A Bluetooth pre-qualification test system 
and a discounted qualification process through CETE- 
COM. a Bluetooth Qualification Test Facility. In related 
news, Anritsu’s model ME7808A broadband vector net- 
work analyzer (VNA) has eamed two marketing engineer­
ing awards from Frost & Sullivan. The awards recognized 
the product as the year’s most innovative test instrument 
overall as well as the top VNA, according to independent 
analysts who conducted extensive evaluations and re­
search on leading measurement instruments.

■ Advanced Analogie Technologies Ine. (Analogic- 
Tech) has entered into a distribution agreement with Future 
Electronics. Under terms of the new agreement, Future 
Electronics wül sell and support AnalogicTech’s entire Total 
Power Management product line, including its PowerMan- 
ager™ PowerLinear™ and SmartSwitch™ product families.

■ Ansoft Corp. has formed an educational partnership 
with Carnegie Mellon University's Center for Wireless

AROUND THE CIRCUIT

Broadband Single Layer 
Ceramic Capacitors

• Stable Performance From 1 Mhz - 40 GHz
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and Broadband Networking by donating advanced soft­
ware for the virtual design of high frequency technology. 
The in-land contribution, which begins a three-year partner­
ship between the two, includes an initial donation of Ansoft’s 
HFSS™ and Ansoft Designer™ packages as well as support. 
In related news, Ansoft launched a campaign to expand the 
use of its electromagnetic and electrostatic Simulation soft­
ware by offering a free subset of the company’s commercially 
available Maxwell 2D. The software, marketed at Maxwell 
SV, can be downloaded at www.ansoft.com/maxwellsv.

■ Texas Instruments Ine. (Tl) has been appointed to 
the board of directors of the Wi-Fi Alliance as the organi- 
zation’s latest sponsor member helping to promote and 
expand the global Wi-Fi market. TI has been a contribut- 
ing general member of the Wi-Fi Alliance since its acqui­
sition of Alantro Communications in September 2000.

■  The microwave antenna products formerly produced 
by TriPoint Global Communications' Mark Antenna 
business will be manufactured under the Prodelin brand. 
The Company will discontinue the use of the Mark Anten­
na name and brand.

AMI Semiconductor announced that its Operation in 
Belgium achieved ISO/TS 16949 certification. ISO/TS 
16949, coupled with customer-specific requirements, de- 
fines quality system requirements for use in the automo- 
tive supply chain.

■ Sprague-Goodman Electronics Ine. recently com- 
memorated its 30th anniversary with a celebration cere- 
mony at the company’s Westbury, NY, headquarters.

■ Cole Tubes Ltd. is offering to help customers of the 
precision drawn products manufacturer H Rollet and 
subsidiary Blackheath Tube. which went into receiver- 
ship on September 5, 2002.

FINANCIAL NEWS
■ Linear Technology Corp. reports sales of $142.01 M 
for the first quarter ended September 29, 2002, compared 
to $120.10 M for the same period in FY 2002. Net income 
was $53.8 M (17c/diluted share), compared to $45.2 M 
(140/diluted share) for the first quarter of last fiscal year.

■ RF Micro Devices Ine. reports sales of $119.7 M for 
the second quarter ended September 30, 2002, compared 
to $98.3 M for the same period in 2001. Net income was 
$6.5 M (40/diluted share), compared to $1.5 M (lq/dilut- 
ed share) for the second quarter of last year.

■ TESSCO Technologies Ine. reports sales of $70.4 M 
for the second quarter ended September 29, 2002, com­
pared to $62.0 M for the same period in 2001. Net in­
come was $1.2 M (260/diluted share), compared to $900 
K (200/diluted share) for the second quarter of last year.

■ REMEC Ine. reports sales of $53.5 M for the second 
quarter ended August 3, 2002, compared to $60.4 M for 
the same period in 2001. Net loss was $16 M (350/diluted 
share), compared to a net loss of $15.4 M (340/diluted 
share) for the second quarter of last year.

[Continued on page 52]
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G a a s  s w it c h  e s

S P D T  ♦  S P 4 T, 6 T, 8 T  ♦  D i v e r s i t y  ♦  M a t r i x

♦  Broadband to 15 GHz
+3V Diversity & T/R
Multi-Throws w/

Integrated Drivers
Reflective & Non-Reflective
Excellent Linearity, 

up to +65 dBm IP3
@ 10K PCS

A SELECTION FROM OUR BROAD GaAs IC SWITCH LINE

NEW !

NEW !

NEW!

PART FUNCTION
FR EQ U EN CY L O S S  / ISOL. P1dB U SD  @

N U M B ER RANGE (GHz) (dB) (dBm) 10K P C S

HMC197 SPD T DC - 3.0 0.4 / 28 30 $0.61

H M C284M S8G SPD T DC - 3.5 0.5 / 45 25 $0.68

H M C270M S8G SPD T DC - 8.0 1.2 / 48 23 $1.21

H M C347LP3 SPD T DC -15.0 1.6/44 23 CALL

HMC226 SP D T  T/R DC - 2.0 0.5/20 35 $0.40

H M C174M S8 SP D T  T/R DC - 3.0 0.5 / 25 39 $0.92

HM C224M S8 SP D T  T/R 5.0- 6.0 1.2/31 33 $1.29

HM C199M S8 BY-PASS DPDT DC - 2.5 0.3 / 25 23 $1.04

HM C427LP3 TR A N SFER DC - 8.0 1.3 / 42 26 CALL

H M C436M S8G D IVERSITY 5.1 - 5.9 1.0 / 23 30 $1.86

H M C241Q S16 SP4T DC - 3.5 0.5 / 45 25 $2.55

HMC345LP3 SP4T DC - 8.0 2.2 / 35 21 $7.10

HM C252Q S24 SP6T DC - 3.0 0.8/41 24 $2.65

H M C253Q S24 SP8T DC - 2.5 1.1 / 36 23 $3.66

HM C321LP4 SP8T DC - 8.0 2.5 / 35 23 $9.26

H M C276Q S24 4x2 MATRIX 0.7-3.0 5.8 / 33 26 $3.66

S E L E C T  P R O D U C T S  A V A IL A B L E  IN  D IE  F O R M . A L L  DATA IS  M ID -B A N D  T Y P IC A L .

A C T U A L  S IZ E
SOT26
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M S 0 P 8
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Q SO P16
29.4mm2

Q S24
52mm2

LP4
16mm2
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World Wide O ffices
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HMC Asia Co., Ltd. P h+82-2 559-0638 Fax+82-2 559-0639 asiaehittite.com

O R D E R  O N -L IN E :
w w w .  h i t t i t e .  c o m

M IC R O W A V E  C O R P O R A TIO N
Distributed in the Americas and Asia by Future Electronics Ph (800) Future-1, ext. 2754 Americas & ext. 5284 Asia www.futureeiectronics.com/rf
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■ Stratex Networks Ine. reports sales of $52.6 M for 
the second quarter ended September 30, 2002, compared 
to $60.9 M for the same period in FY 2002. Net loss was 
$4.4 M (5c/share), compared to $56.5 M (72p/share) for 
the second quarter of last fiscal year.

■  Cree Ine. reports sales of $48.8 M for the fïrst quarter 
ended September 29, 2002, compared to $43.2 M for the 
sam e period  in FY 2002. N et incom e was $3.9 M 
(50/share), compared to $6.5 M (90/share) for the first 
quarter of last fiscal year.

AROUND THE CIRCUIT
ditional contract with the Federal Aviation Administration 
(FAA) for Boonton’s 4530 series RF peak power meter, 
supporting the FAA’s latest projects on air traffic control. 
The power meter is utilized by the FAA for its newest 
beacon system, ATCBI-6, for transponder queries in air- 
planes.

Nurad Technologies has been awarded a contract by 
Lockheed Martin to provide antennas and radomes for 
the Peace Marble V F-16 program. Nurad, part of the 
Chelton Microwave Group, will design and develop this 
antenna suite, which will interface with the electronic 
warfare system.

PERSONNEL
CONTRACTS

■  Harry Cunningham and Jim 
Zanello have accepted Consult­
ing contracts with Thunderline- 
Z. After selling the co-owned 
Thunderline-Z business to the 
Fusite Division of Emerson in 
2000, Cunningham and Zanello 
will be working in consultative 
VP of sales and engineering 
roles. The two started Thunder­

line-Z in 1984. Terms and financial details of the contracts 
we re not disclosed.

▲ Harry Cunningham & Jim Zanello

■  Boonton Electronics, a wholly-owned subsidiary of 
Wireless Telecom Group Ine., has been awarded an ad-

w w w . c | m t l  . o o m

Battle Road • Heathfield ■ Newton Abbot ■ Devon TQ12 6XU ■ England 
Tel: +44 (0)1626 834222  Fax: +44 (0)1626 832994

M ic ro iu a u e  &  RF 
F ilte rs  &  Diple

• Point to Point Radio
• Broadband Wireless Access
• MMDS, IMDS, UMTS, GSM
• Satellite
• Frequencies from 

350MHz to 50GHz
• Band Pass, Low Pass 

and Band Reject
• High Accuracy, Tuning Free Designs
• With Excellent Temperature 

Stability

A N D R E W ,

q u a s a r
now part of the communicating 
world of Andrew

$  H
"TS?—T  EMS 54886

ISO 9001 and ISO 14001 approved

Terry Nisbet joined United Monolithic Semiconduc- 
tors (UMS) as chief operating officer. He will be a mem­
ber of the management board of UMS and his main tasks 
will be to help the Company adapt to the challenges of the 
market place, strengthen its position and to improve the 
Support UMS gives to customers.

■ Modelithics Inc. has named Jerry Schappacher to its 
Company board of directors. Shappacher brings more than 
20 years of engineering and entrepreneurial experience. 
He is the founder and current president of J-micro Tech­
nologies.

■ RF Micro Devices Inc. has appointed Frederick J. 
Leonberger to its board of directors. Leonberger is a senior 
VP and chief technology officer of JDS Uniphase Corp.

■  StratEdge announced that Ralph Nilsson has been ap­
pointed the new president of the company’s Taunton, 
MA, division. The Taunton Division designs and manufac- 
tures hermetic glass-to-metal seal, fiatpack, plastic equiva­
lent packages and metal packages for telecommunica- 
tions. Nilsson has 20 years of experience working in engi­
neering, m anufacturing and assembly, sales and 
marketing, operations, and quality control for microwave 
products.

■ MEMGen Corp. has appointed Kang Sun as VP, busi­
ness development. With 15 years of experience growing 
Companies and building strategie alliances worldwide, Sun 
will lead the company’s sales and strategie partnership 
efforts.

■ Paul Leo has joined Spectrum Con­
trol as director of new business develop­
ment for the new Spectrum FSY Mi­
crowave line of products. In this position 
he is responsible for all sales activities 
and business growth related to the com­
pany’s microwave product line. Prior to 
joining Spectrum, Leo was employed for 
over 17 years at K&L Microwave, most 
recently holding the position of director 
of new business development.

■ Analog Devices Inc. has appointed Serge Recoules as 
managing director of European sales and marketing. Re-

▲ Paul Leo
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AROUND THE CIRCUIT

coules will be responsible for leading the company’s Eu­
ropean sales effort, managing an experienced team of 
sales people across the region.

■  Link Microtek has promoted Stuart 
Hendry to the position of sales manag­
er. H endry joined the Company in 
1996 as sales manager for the North 
and Midlands.

■  C eram aseal has nam ed Grant 
Schräg its product development engi- 
neer at the New Lebanon, NY,-based 
facility. Previously, Schräg worked 
12 years with MDC Vacuum Prod­

ucts Corp. and more specifically the Insulator Seal 
Division.

A  Stuart Hendry

REP APPOINTMENTS
■  MICRO-COAX. Pottstown, PA, has appointed Pro- 
mark Electronics Inc. as its exclusive distributor for 
Canada. Promark will represent MICRO-COAX’s füll line 
of semi-rigid products.

■ Phase One Microwave Inc., Rocklin, CA, has made a 
series of rep appointments. Technology Marketing As­
sociates will handle the Carolinas, Tennessee, Mississip­
pi, Alabama, Georgia and general accounts in Florida, 
while Microwave Component Sources will handle spe­
cific target accounts in Florida. TriTex Technical Sales 
will cover Texas, Oklahoma, Arkansas and Louisiana, and 
Calin-Southwest will be responsible for Arizona, New 
Mexico and El Paso. Rep Sales will handle Utah, Col­
orado, Wyoming and eastern Idaho.

■ Plextek Ltd. has signed a UK distribution agreement 
with Admiral Microwave Ltd. Admiral will be promoting 
Plextek’s wide ranging electronics to microwaves design ex­
pertise and will now be in a position to offer a complete 
service to customers looking for system and RF Subsystem 
Solutions or an extended component characterization.

■ AMCOM Communications Inc. has made a series of 
representative appointments. E-Squared Marketing Inc. 
will handle New York/Long Island, northern New Jersey 
and Southern Connecticut. Internationally, Nexos Elec­
tronic Systems Sri will be the exclusive representative for 
Italy and Matec Electronique for France.

WEB SITE
■  PolarFab has launched a new, fully upgraded Web site 
at www.polarfab.com. Designed to provide technical and 
real-time manufacturing information to fab-lite, fables 
and independent device manufacturers, the site features 
an easy-to-use, secure customer access center for cus­
tomers to view current inventory status and testing data. 
The site also provides extensive technical information 
such as application notes for each of the company’s bipo­
lar and BiCMOS process technologies.
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TECHNICAL FEATURE

Understanding 
W-CDMA M odulation 
Quality M easurements

T here are many ways of characterizing 
W-CDMA transm itter performance. 
However, the Third Generation Part­

nership Project (3GPP) specifications require 
two measurements to verify the in-channel 
modulation quality of W-CDMA transmitters 
— error vector magnitude (EVM) and peak 
code domain power (peak CDE). This article 
explores the purpose behind these key trans­
mitter modulation quality conformance mea­
surements for W-CDMA user equipment, why 
they are important and the relationship be- 
tween them.

In constant-amplitude modulation schemes 
such as G aussian m inimum shift keying 
(GMSK), phase and frequency error are the 
metrics for modulation quality. However, this 
metric is not very effective for non-constant 
amplitude modulation formats that can also 
have errors in amplitude. The accuracy of 
non-constant amplitude modulation schemes 
such as quadrature amplitude modulation 
(QAM) and quadrature phase-shift keying 
(QPSK) can he assessed effectively by looking 
at the constellation of the signal. Signal im­
pairment can be objectively evaluated by tak- 
ing the displacement of each measured Sym­
bol from the reference position as an error 
vector (or phasor). The error vector is the vec­
tor difference between the measured and ref­
erence vectors, and the reference position is 
determ ined from a reference signal that is 
synthesized by demodulating the data bits 
from the received signal and remodulating 
these bits “perfectly.”

The EVM is defined as the square root of 
the ratio of the mean error vector power to 
the mean reference power, expressed as a per­
centage:

— •100%
->2

)

When evaluating the modulation accuracy 
of W-CDMA signals, it becomes evident that 
this definition of EVM, while sufficiënt for or- 
dinary QPSK or QAM, needs further elabora- 
tion. Questions arise such as whether EVM 
should be measured at the chip or at the Sym­
bol level, whether it should be measured for a 
signal with a single dedicated physical data 
ehannel (DPDCH) or with another channel 
configuration, and how the reference should 
be caleulated. As a result, there are three 
types of EVM measurements — QPSK EVM, 
composite EVM and Symbol EVM.

The EVM measurement deseribed in the 
3GPP specifications corresponds to a compos­
ite EVM measurement. Although QPSK EVM 
and symbol EVM are not required, they can 
be useful when designing and troubleshooting 
a W-CDMA transmitter. The differences and 
benefits of each EVM measurement are ex- 
plained below.

QPSK EVM
A W-CDMA uplink signal can consist of one 

dedicated physical control channel (DPCCH) 
and several DPDCHs. Each channel is binary

[Continued on page 59]

EVM:
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n=0
error vectorlw
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n = 0

M arta I glesias
Agilent Technologies 
Barcelona, Spain
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Look what our engineers have been up to!

Warning to traditional LNAs:
Meet your worst nightmare!
I t s  new. I t s  balanced. l t s  low noise. l t s  a compact 
surface mount. And i t  comes in a 50£2-matched, fuLLy 
integrated, highly-repeatable Xinger®-brand package...
In  o th e r  w ords, o u r  n ew  LNA offic ia lly  makes tra d itio n a l, 
d isc re te  LNA S o lu tio n s  d in o sa u rs :
•  Superior in p u t/o u tp u t return loss better than 20dB
•  Performance f i t  fo r a ll your DCS, PCS, and 3G apps
•  Measures only 1.0 x 0.65 x 0.10"

(25.4 x 16.5 x 2.6mm) -  a huge space savings 
over trad itiona l designs

•  No expensive PCB needed: Just use FR4 — 
and s t i l l  achieve an 0.8 dB noise figure with th is 
un it as your Is t  stage LNA!

•  Incorporates the latest, Agilent ePHEMT technology
•  Only requires a single, "positive" polarity supply 

voltage (nothing negative about th is  LNA!)
So, reduce your component count, vendor base, 
tim e-to-m arket, and headaches caused by "non-core" 
competencies... Switch to  a Xinger-brand LNA today 
by calling fo r a quick-quote —  or e-mailing 
xlna@anaren.com

4 ^ 2 ^  Let our Amitron unifs world- 
class LTCC service get you a 
prototype ASAP!
Need a dense m ultilayer network for a high-density, 
high-frequency app? Looking at a complex design 
fü ll o f interconnects? Our Amitron subsidiary w ill 
do the job  righ t —  and right quick!
•  $1 m illion in  new, world-class LTCC 

equipment manned by an experienced staff
•  200 mm form at capability
•  Established DuPont, Ferro & Fleraeus 

materials and Systems
•  Stringent process control guarantees performance
•  For added integration, we also offer:

-  High-performance, advanced etched 
photolithography conductor processing

-  Passive element tuning by YAG lasers
-  Gold and solder plating for robust manufacturing
-  100% continu ity  testing & brazing capabilities
-  Plus world-renowned microwave-circuit design 

and testing, by Anaren
To learn more about Amitron LTCC —  call the 
number below or e-mail ltcc@anaren.com

At 800/900 MHz, our way- 
easy-to-work-with circulator just 
got way-more-economical, too!
I f  you liked our revolutionary Xinger®-brand circulators 
b u t wanted a lower frequency, even lower-cost part... 
Fiere you go!
•  Now available in 800 and 900 MHz
•  SM package measures 1.0 x 1.0 x 0.299"

(25.4 x 54.4 x 7.59 mm) on tape and reel
•  Ideal f i t  fo r MCPAs/SCPAs
•  Delivery from m ultip le global manufacturing 

locations fo r added convenience
•  Low insertion loss o f 0.25 dB /typ
•  Low return loss o f 27 dB /typ
•  High isolation o f 27 dB/typ
•  Matched RF Power-brand term inations and 

attenuators ready to  go!
•  Cost-conscious assembly: Lead-free solder 

com patible to  265°, extremely repeatable, 
no machined heat-sinks, simple load-change 
fo r design reuse, and more!

Call fo r a quick-quote, app notes, and evaluation 
board —  or e-m ail 800xcirculator@ anaren.com.

'B-styLe" couplers from 
RF Power; The lowest-loss 
parts in their dass. Period.
Working on a high-power amp? Balanced 
amplifier? Signal d istribu tion  platform?
Have we got a high-power, very low-loss 
coupler fo r you!
•  True SM, on tape and reel — 

measures 1.0 x 0 .5" (25.4 x 12.7 mm)
•  Insertion loss as low as 0.15 dB!
•  Power handling from 100 to  300 Watts
•  Frequency ranges from 400 to  2300 MHz
•  Supports: UHF, AMPS, GSM, DCS, PCS, 

and 3G
•  Arrivés 100% tested, for best-possible-yield 
Call for a quick-quote —  or e-mail 
rfpbcoupler@anaren.com

/In a re n
What'll we think of ne x t?1

800-411-6596 > www.anaren.com
In Europe. call 44-2392-232392 > ISO 9001 certified
Visa/MasterCard accepted (except in Europe)
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GrooveTube Test Cable Products

Your Application ^
VNA High 

Performance  
Test Cable

MegaRED™  
Bench Test 

Cable

SightLine™  
Field & Prod. 

Test Cable

Superflex 
Low Loss Test j 

Cable

MegaPhase" Series VN Series TM  Series SL Series SF Series I
DC 4  GHz VN4 TM4 SL4 SF4
DC 8  GHz VN 8 TM8 SL8 SF8
DC 18 GHz VN18 TM18 SL18 SF18
DC 26 GHz VN26 TM26 SL26 SF26
DC 40  GHz VN40 TM40 SL40 I
DC 50 GHz VN50 TM50 SL50
M ax. Frequency 50 GHz 26.5 GHz
Inner Conductor Solid Stranded l
Dielectric Solid PTFE PTFE Tape
O uter Conductor Super-Flexible Copper GrooveTube® by MegaPhase® :
Finished Outer 
D iam eter

0.625 in. 
15.88 mm

0.285 in. 
7.24 mm

0.500 in. 
12.70 mm

0.285 in.
7.24 mm s

Ruggedization Metal Braid over 
Metal Armor Metal Braid Metal Braid over 

Metal Armor Metal Braid

O uter jacket PET Braid Polyolefin Neoprene Polyolefin )

Bend Radius 1.5 in. 
38.1 mm

0.5 in. 
12.7 mm

1.5 in. 
38.1 mm

0.5 in. 
12.7 mm

Flexibility Rating -  
Highest = 5 .0 4.0 4.5 4.0 5.0



TECHNICAL FEATURE
phase-shift keying (BPSK) encoded, 
assigned to either the I or the Q paths, 
and spread with an orthogonal variable 
spreading factor (OVSF) code. The in­
dividual BPSK channels for each path 
are typically added at this point, and 
the complex-valued chip sequence is 
hybrid phase-shift keying (UPSK) 
scrambled. The resulting chip se­
quence is then root raised cosine 
(RRC) filtered, and the result is ap­
plied to the QPSK modulator. Since 
multiple amplitude levels are applied 
to the I and Q paths of the modulator, 
the final constellation does not usually 
look like QPSK or any other known 
constellation.

However, there are a few channel 
configurations that map onto a QPSK 
constellation. A single DPCCH (or 
DPDCH), for example, results in a 
QPSK constellation after the HPSK 
scrambling. A signal with a DPCCH 
and a DPDCH at the same power level 
maps onto a 45° rotated QPSK constel­
lation. The rotation is caused by the 
complex scrambling. Since the receiver 
does not care about the absolute phase 
rotation, it effeetively sees a QPSK con­

stellation. The modulation quality of a 
single-channel signal (or other simple 
channel configurations) can be evaluat- 
ed at the scrambled chip level with a 
QPSK EVM measurement.

The QPSK EVM actually compares 
the measured filtered samples with the 
filtered samples for an ideal QPSK ref­
erence. The filtered sample reference 
signal is calculated by obtaining the 
ideal scrambled chips. The QPSK 
EVM measurement does not descram- 
ble and despread the signal into Sym­
bols and back into chips to calculate the 
reference. Consequently, the ideal 
scrambled chips that are obtained are 
really uncoded chips.

The signal under test is downcon- 
verted (the baseband I and Q Signals 
are recovered and sampled), and 
passed through an RRC receiver filter. 
In order to calculate what the ideal 
chips are, the measurement algorithm 
assumes that they are going to map 
onto a QPSK constellation, so the mea­
sured samples go through a decision 
process that can be considered a QPSK 
decoder. This process samples the chip 
timing and decides to which QPSK

state they correspond. This is equiva­
lent to obtaining the “ideal” chips. Like 
any other QPSK decoder, the algorithm 
assumes that the error will be small 
enough for the sample to fall onto the 
correct quadrant. Once the ideal un­
coded chips are obtained, they are 
QPSK encoded again (assigned to the 
reference QPSK States), and passed 
through a raised cosine (RC) filter that 
is equivalent to the filtering experi- 
enced by the measured signal.

The QPSK EVM measurement is 
the starting point for the RF engineer. 
Before all the baseband algorithms are 
ready, the RF designer can evaluate the 
performance of the RF section by ana- 
lyzing the trajectory of the baseband 
samples. Errors such as phase modula­
tion or in-channel spurious content can 
be detected by looking at displays such 
as the constellation, phase error versus 
time, or error vector spectrum. The 
QPSK EVM measurement can also 
identify I/Q errors and linear impair- 
ments in the baseband filtering.

The QPSK EVM measurement can 
also be used by the system integrator to 

[Continued on page 61 ]

WE COULD TRY TO MAKE OUR 
DIVIDERS LOOK MORE EXCITING.

(But their performance is excitement enough.)

Weil leave flashy product colors to those who lack the substance of Narda. For over 40 years, we've 
delivered products with such unmatched unit-to-unit repeatability that quality has become a Narda trade- 
mark. Just look at our dividers/combiners. They offer performance advantages in everything from superior 
isolation to excellent phase and amplitude balance. Ask about our custom capabilities, too. Call today at 
631-231-1700. You'll be pleased with our competitive prices. Delighted with the fast delivery. And thrilled 
with Narda's quality. Now, with excitement like that who needs to be wowed by the paint job?
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TECHNICAL FEA TURE
troubleshoot the design when other 
measurements are fading. This may oc­
cur, for example, if the spreading and 
scrambling algorithms or the synchro- 
nization algorithms are not working 
properly. A correct QPSK EVM mea­
surement will confinn that the problem 
does not occur in the RF section, so it 
must lie somewhere in the spreading or 
scrambling algorithms.

COMPOSITE EVM
Although measuring EVM for a 

signal with a single DPCCH (or other 
simple channel configuration) may be 
useful, in general the overall modula­
tion quality of the transmitter for any 
channel configuration is the point of 
interest. The constellation of this Sig­
nal will vary depending on its channel 
configuration. The composite EVM 
measurement evaluates the modula­
tion quality of the signal regardless of 
its channel configuration. To synthe- 
size a reference signal for the uplink 
signal, the active channels must be 
identified and despread to the encod­
ed bit level, and EVM is calculated 
only for the scrambled chip samples.

After the baseband I and Q signals 
are recovered and filtered, the signal is 
descrambled and the active channels 
are identified, despread and BPSK-de- 
coded to bits. The BPSK decoding 
refers to the assignment of “0”s and ‘T s  
for either the I or Q path depending on 
the Symbol amplitude values obtained 
for that path after the despreading. It 
actually corresponds to a bit detection 
process. The composite EVM measure­
ment algorithm does not perform the 
complete decoding (deinterleaving, 
etc.) of the encoded bits. Instead, the 
reference signal is built from those en­
coded bits assumed to be correct. So if 
errors occur during the signal coding 
and interleaving, they will not be re- 
flected in the measurement result.

In order for the measurement to 
identify the active channels and de­
spread the channels correctly, it must 
synchronize to the DPCCH pilot se- 
quence. A correct DPCCH pilot bit 
pattern is essential to make accurate 
measurements. As required by the W- 
CDMA 3GPP specifications, “the 
square root of the ratio of the mean 
power of the error signal to the mean

power of the reference signal” is com- 
puted and expressed as a percentage 
EVM. In other words, EVM is defined 
as the ratio of the RMS power of the 
error vector to the RMS power of the 
reference signal. The error vectors are 
calculated only for the samples at the 
chip times. The algorithm described in 
the specifications includes descram- 
bling and despreading of the signal, so 
it is suitable For measuring composite 
signals, and the specifications require 
an EVM measurement interval of one 
time slot.

The 3GPP specifications also de- 
scribe the channel configuration to per- 
form the modulation quality confor- 
mance test (EVM). The channel con­
figuration is the 12.2 kbps uplink 
reference m easurem ent channel, 
which consists of a D PD CH  and a 
DPCCH. The DPCCH is -5 .46 dB 
lower dian the DPDCH. The specifica­
tions require an EVM b e tte r  than
17.5 percent. The modulation quality 
test of the 12.2 kbps uplink reference 
m easurem ent channel, as required 
by the specifications, is shown in 

[Continued on page 63]
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TECHNICAL FEATURE
Figure 1. In addition to conformance testing, there are sev­
eral main applications for which the composite EVM mea­
surement (and its related displays and metrics) would be 
used instead of a QPSK EVM measurement.

EVALUATION OF THE QUALITY OF THE 
TRANSMITTER FOR A MULTI-CHANNEL SIGNAL

This is particularly important for RF designers, who 
need to test the RF section (or components) of the trans-

Fig. 1 Modulation quality test
of the 12.2 kbps uplink reference measurement channel. ^

mitter using realistic Signals with correct statistics. In gen­
eral, the peak-to-average power ratio of the signal increas- 
es as the number of channels increases. Ry measuring 
modulation quality on a multi-channel signal, the perfor­
mance of the RF design for W-CDMA uplink signals with 
different loading can be evaluated. An example of a com­
posite EVM measurement on a signal with the DPCCH 
and three DPDCHs is shown in Figure 2.
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E V M : 1 .9 0  7. rm s 

4 .1 8  y. pk 

P k  C D E :
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a t  C 2  <1> : I 
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F r e q  E r r o r :
- 6 2 . 4 9  H z
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T i w e  O f f s e t :
3 4 9 . 4 0  c h i p

I / Q  M e a s u r e d  P o l a r  V e c t o r

ftetive Channels: 3

flctive Channels: 2

Ak Fig. 2 Example of a composite EVM measurement on a signal 
with the DPCCH and three DPDCHs.
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TECHNICAL FEATURE
ANALYZING ERRORS THAT 
CAUSE A HIGH INTERFERENCE 
LEVEL IN THE SIGNAL

If the in terference level is too 
high, the QPSK EVM algorithm may 
not be able to determine the ideal 
reference. In this case, QPSK EVM is 
not accurate. The composite EVM 
measurement descrambles and de- 
spreads the signal, so it takes advan- 
tage of its spreading gain. The true 
reference is recovered even when the 
signal is well beyond the interference 
level that will cause multiple chip er­
rors. This allows system integrators to 
verify the minimum allowable modu­
lation quality of the transmitter in or­
der for the BTS (signal analyzer) to 
demodulate the signal in realistic 
field environments.

DETECTING SPREADING OR 
SCRAMBLING ERRORS

Depending on the degree of the 
spreading or scrambling error, the 
test equipment may show an inter- 
mittent or permanent unlocked con­
dition for the composite EVM mea­
surement. When this problem occurs,

the QPSK EVM measurement can be 
used to confirm that the rest of the 
transmitter is working as expected. If 
the scrambling or spreading error 
does not cause an unlocked compos­
ite EVM measurement condition, the 
error vector versus time display can 
be used to find the problematic chip. 
This is mainly useful to baseband en- 
gineers and system integrators.

SYMBOL EVM
Symbol EVM provides the con­

stellation and EVM for a specific 
code channel at the Symbol level, 
even in the presence of m ultiple 
codes. An impairment that affects 
symbol EVM will also affect the com­
posite EVM. For example, an ampli­
fier compression problem will appear 
both in the composite EVM and in 
the symbol EVM m easurem ent. 
However, because of the spreading 
gain, symbol EVM will attenuate the 
impairment. Symbol EVM is used be­
cause it provides the bridge between 
RF and the demodulated bits. Since 
it includes the spreading gain, it pro­
vides a measure of modulation quality

that determines the error rate for that 
code channel.

The relationship between symbol 
EVM and EVM at the chip level de- 
pends on the spreading factor. At low 
spreading factors (high data rates), 
chip modulation errors have a signifi­
cant effect on symbol EVM, but at 
high spreading factors, chip modula­
tion errors have very little effect on 
symbol EVM. In that sense, symbol 
EVM is particularly useful for base­
band engineers for evaluating symbol 
quality and analyzing how specific 
impairments affect the quality of ded­
icated physical channels at different 
data rates.

A nother advantage o f symbol 
EVM versus composite EVM is that 
the former typically provides analysis 
over longer periods of time. For the 
same amount of measurement points, 
the symbol EVM measurement cov­
ers longer periods of time than the 
single slot composite EVM confor- 
mance measurement. In the case of 
symbol EVM, the measurement in-

[Continued on page 67]
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TECHNICAL FEATURE
terval can usually be selected from 1 time slot to 30 or 60, 
depending on the number of frames captured. The time 
slot offset can also be selected.

For example, Figure 3 shows the code domain power 
and symbol EVM for a W-CDMA uplink signal with a 
DPDCH and a DPCCH and with a periodic phase insta- 
bility problem. The symbol EVM measurement is per-

Power

A  Fig. 3 Code domain power for a W-CDMA uplink signal 
with a DPDCH and a DPCCH and a periodic 
phase instability problem.

NS Ch Freq 1.95000 0Hz 
Code Doaain 36PP

R ef 0 .0 0  

10.00' 
d B /

i «

Ref-i.00 Symb Power:C3(l)
0.50 f l  
d B /
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Channel Power: -1.61 dBm 
tOPCH:

formed on the DPDCH for one time slot. Figure 4 shows 
the symbol EVM measurement for the following time 
slot. In this case, the symbol EVM result varies a lot from 
time slot to time slot (0.92 versus 8.67 percent), an indica- 
tion that the signal should be analyzed over a longer peri-

I / O  S y m b  P o l a r  V e c t o r :  C 3 ( l ) Code Number: C 3(l) 480 : : 
RMS EVM: . 8.67 7 rms
Pk EVM: . 18.73 ’/. pk
Magnitude Error: 0.76 7. rms 
Phase Error: 4.96 °  rms
Total Power: -0.53 dBrn
Channel Power: -1.64 dBm 
tDPCH:

JL Fig. 4 The symbol EVM measurement 
for the succeeding time slot.

NS Ch Freq 1.95000 6Hz 
Code Doaain 38PP
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TECHNICAL FEATURE
od of time. Figure 5 shows the phase error versus time 
display for the DPDCH over 15 time slots. The period of 
the interfering signal that is causing the phase problem 
can be calculated from this display. In this case, the inter­
fering signal is a square wave and its frequency is 400 Hz.

PEAK CDE
In W-CDMA Systems, the composite EVM measure­

ment has been supplemented by peak CDE, which speci- 
fies a limit for the error power in any one code. In the

NS Ch Freq 1.95860 6Hz 
Code Damain 38PP
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jtk Fig. 5 Phase error vs. time for the DPDCH over 15 time slots.
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case of phone conformance testing, this test is only re­
quired when multi-code transmission is provided. The 
phone must be configured with the UL 768 kbps refer­
ence measurement channel (which is the only UL refer­
ence measurement channel with two DPDCHs).

CDE is a projection of the error vector in the code do­
main. The projection of the error is interesting because it 
shows how the error power is distributed in the code do­
main. In general, Gaussian noise is distributed evenly 
throughout the code domain (both in active and inactive 
channels). Instead, transmitter impairments cause an un- 
even CDE distribution, where the larger errors concen- 
trate on active channels, or in the case of a few specific 
impairments, in certain inactive channels. The error pow­
er should be evenly distributed throughout the code do­
main (as Gaussian noise), rather than concentrated in a 
few codes to avoid code-dependent channel quality varia- 
tions.

One cause of unequal distribution of error power is LO 
instability. In essence, energy is lost from the active chan­
nels and appears in those channels with codes that are 
closely related to the active channel codes. In the case of 
OVSF codes, LO instability results in higher code domain 
noise for channels with the same codes as the active code 
channels but with different I/Q path. The error energy 
may also fall in channels consecutive to the active code 
channels, whether at the same or different I/Q paths, as 
shown in Figure 6 for a UL 768 kbps reference measure­
ment channel (one DPCCH and two DPDCHs) signal 
with an LO phase instability problem.

The algorithm to calculate the CDE first goes through 
the composite EVM measurement. As part of this mea­
surement, the error vector at the scrambled chip level is 
generated. This error vector is a composite error, so in or­
der to obtain the error energy for each code channel, the 
composite error must be projected onto the code domain. 
As requested by the W-CDMA user equipment (UE) con­
formance test specifications for the peak CDE test, the 
projection is only performed for a spreading factor SF = 4. 
The error will thus be projected onto the four code chan-

MS Ch Freq 1.90088 6Hz 
Code Donain 3GPP

Total Power:
Total Active Ch: 
DPCCH Power: 
DPCCH Beta:

- 1 . 6 1  d B m
-0.083 dBc 
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0.264

I Avg Active Ch:
I Max Inactive Ch: 
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-3.179 dBc
-36.241 dBc
-5.884 dBc
-58.033 dBc

DPDCH Beta: CI: 8.996 C3: 8.080 CS: 0.800 C2: 1.889 C4: 8.880 C6: 8.088

A  Fig. 6 Code domain power display for a signal (UL 768 kbps 
reference measurement channel) with a phase instability problem.

[Continued on page 70]
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TECHNICAL FEA TURE
nels at SF = 4, regardless of whether they are active or 
not. The peak CDE is then calculated from the code at 
SF = 4 that returns the largest error power relative to the 
composite reference signal. The peak CDE measurement 
is expressed (in decibels) relative to the power of the 
composite reference. The error must not exceed -15 dB.

Figure 7 shows the peak CDE measurement (in com- 
bination with the composite EVM) for the same signal

HS Ch Freq 1.95800 6Hz 
Mod Accuracy 36PP A v e ra g e s :  10 IGES

Rho: 0.39050 
E V M : 9 .3 9  7 rm s 

3 2 .3 3  7. pk

P k  C D E :

- 2 3 . 7 9  dB  

a t  C 2 ( l ) : i

Magriitud# Error i 
1.63 V. rms 

Pha$e Error:
6 . 3 2 °  rms 

Freq Error:
-61 .82 Hz

1/0 0 r i 9 i n Oftset:  
-33.3? dB 

T i »ie Offset:
-2336.51 Chip

1 / 0  M e a s u r e d  P o l a r  V e c t o r

Al Fig. 7 Peak CDE measurement (in combination 
with the composite EVM) for the UL 768 kbps 
reference measurement channel signal of Figure 6.

(UL 768 kbps reference measurement channel) with the 
phase instability problem described earlier. In this case, 
the peak CDE falls in an active DPDCH (Cch, 4,1 in I or 
C2(l): I), so this is the code channel that accumulates the 
highest error. CDE and peak CDE are mainly of interest 
to System engineers and baseband engineers to identify 
the code channel where the error occurs.

While this article has mainly described the two mea­
surements required by the 3GPP specifications, there are 
other measurements that also can provide useful informa­
tion. Information about these measurements, as well as 
additional information about the measurements discussed 
here, can be found in Agilent Application Note AN-1356, 
available at www.agilent.com/find/3G.

All the figures in this article were obtained from the 
Agilent E4440A PSA spectrum analyzer. The Agilent 
E4438C ESG vector signal generator was used to gener- 
ate the W-CDMA uplink signals. ■

Marta Iglesias holds her BSEE degree from the 
Universität Politecnica de Catalunya, Spain. She 
has perfomxed technical support for RF and 
microwave spectrum analyzers, and is currently 
a wireless industry marketing engineerfor 
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Communications industry.
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TECHNICAL FEATURE

A Fully-integrated 
5 GHz 0 .18  gm  
CMOS VCO for 8 0 2 .1 1 a 
WLAN Applications
This article presents a fully-integrated 5 GHz CMOS voltage-controlled oscillator 
(VCO) fo r  a U-NII hand 802.11a WLAN application. The VCO core circuit uses 
only PMOS fahricated with the 0.18 |xm 1P6M Standard CMOS process to obtain 
better phase noise performance since PMOS has a lower 1/f noise level than NMOS. 
The circuit measurement is performed using an FR-4 PCB testfixture. The pcnver 
consumption o f the VCO, excluding buffer amplifiers, is 8.1 m W  at VDD — 1.8 V.
The output frequency ofthe VCO variesfrom 5860 to 6026 MHz giving a 166 MHz 
tuning range. The phase noise is -95.6 dBc/Hz at a 300 kHz offset.

Di
Fig. 1 IEEE 802.11a 
and H1PERLAN frequency 
allocations; (a) 802.11a 
and H1PERLAN overlap, 
and (b) 802.11a upper sub- 
hand channel allocation.

Hl PERL A N

2 0  M Hz

m m
U -N II
/  "V
-n

(a) FREQ U EN CY  (GHz)

- 1 0 0  M H z-
2 0  M Hz

ue to the fast growing demand for 
broadband wireless Communications, 
the operating frequency is moving to- 

ward the 5 GHz U-NII band. With a maxi­
mum data rate of 54 Mbps, the IEEE 802.1 la 
wireless LAN (WLAN) Standard specifies a 
300 MHz allocation of spectrum in the 5 GHz 
range that is divided into three sub-bands, as 

shown in Figure l . 1 The lower 
and middle U-NII sub-bands, 
from 5.15 to 5.35 GHz, accom- 
modate eight channels in a total 
bandwidth of 200 MHz. The 
100 MHz bandwidth of the up­
per U-NII band, from 5.725 to 
5.825 GHz, accommodates four 
channels. The 100 MHz lower 
U-NII band is restricted to a 
maximum power output of 40 
mW, and the middle and upper 
sub-bands are restricted to 200 
and 800 mW, respectively. The 
802.11a WLAN frequency allo­
cation overlaps with HIPER- 
LAN from 5.15 to 5.3 GHz.

The proposed heterodyne 
transceiver architecture for an

2 0  M Hz

802.11a WLAN application (5.725 to 5.825 
GHz) is shown in Figure 2. In the receive 
mode, the RF (5.725 to 5.825 GHz) is down- 
converted to a 200 MHz IF with a high side 
LO (5925 to 6025 MHz). In addition, the cen­
ter frequency is translated to zero by a 200 
MHz LO to produce the I and Q baseband 
components. In the transmit mode, the I and Q 
baseband Signals are first upconverted to 280 
MHz and combined together, and then upcon­
verted to RF by a 6.005 to 6.105 GHz LO.

The advantage of combining baseband and 
the RF front-end on one single chip for cost 
savings is strongly desired for highly integrated 
systems-on-chip (SOC) applications. Recently, 
many RF circuits realized in the CMOS 
process have been reported and the 0.18 gm 
process is a good candidate for highly integrat­
ed SOC applications. The requirements of low 
power and low cost push the trend toward a 
single radio chip. A fully-integrated voltage-

Yuan-K ai C hu  
AND HUEY-Ru C h UANG 
National Cheng Kling University 
Taiwan, ROC
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I/Q DEMODULATOR

controlled oscillator (VCO) is one of 
the most important and challenging

▲  Fig. 3 A 5 GHz L-C tank CMOS VCO’s 
(a) circuit schematic and (b) layout.

building Blocks in an RF transceiver. 
With the demand for low power and 
low cost, an on-chip VCO with no ex- 
temal components is the best choice. 
However, the low Q on-chip passive 
components such as inductors will de- 
grade the VCO phase noise perfor­
mance.

This article presents a fully-inte­
grated 5 GHz VCO fabricated by a 
TSMC 0.18 pm Standard CMOS 
process. The VCO output frequency 
covers the 5925 to 6025 MHz range 
and is applicable to the front-end re­
ceiver with an IF of 200 MHz with a 
high side LO.

CIRCUIT DESIGN
The transistors flicker noise (1/f) is 

the cause of the phase noise near the 
carrier with a 1/f3 shape. In the 
CMOS process, the transistors 1/f 
noise is generally high, causing seri- 
ous degradation of VCO phase noise 
performance. However, the PMOS 
1/f noise is usually lower than for the 
NMOS by one order of magnitude. A 
low 1/f noise active port reduces not 
only the magnitude of phase noise in 
the 1/f3 and 1/f2 regions, but also low- 
ers the corner frequency between the 
1/f3 and 1/f2 regions. To obtain better 
phase noise perform ance, PMOS

transistors were used in the VCO 
core.2 The circuit and layout of the 
VCO, fabrica ted  by th e  0.18 pm 
CMOS process with a chip area of 
790 X  1020 pm2 including pads, is 
shown in Figure 3. The Agilent Ad­
vanced Design System (ADS) is used 
for design Simulation of the VCO. 
The cross-coupled connection of the 
PMOS transistors Mj and M2 form a 
positive feedback loop to provide 
negative resistance to compensate for 
the loss in the L-C tank circuit. The 
source and gate voltages of Mj and 
M2 are 0 V and VDD (1.8 V), respec- 
tively, w ithout any extra cu rren t 
source. This bias scheme reduces the 
transistor width requirement for the 
oscillation to start and maximizes the 
oscillator signal peak-to-peak ampli­
tude. The supply voltage for the 0.18 
pm Standard CMOS process is 1.8 V, 
which is fairly small. If the cross-cou­
p led  pair is biased via a cu rren t 
source, the allowable oscillator volt­
age swing will be further restricted 
and cause a poorer phase noise per­
formance. According to the Leeson- 
Cutler phase noise model, the phase 
noise, which is the ratio of single- 
sideband-noise to carrier, is inversely 
proportional to the signal power.2

[Continued on page 76]
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if(Aco) = 10log

1 +
COn

2QAco

1 FkT
2 P2
2] / \

1 +
Aco]/f3

Iaco
JV 1 1 /

(1)

For low supply voltage Operation, 
enlarging the voltage swing by remov- 
ing the use of a current source, which 
reduces the voltage headroom, is one 
of the most direct ways to improve the

phase noise performance, since the 
tank Q is primarily lim ited by the 
process. As shown in Figure 4 , the tail 
current source not only limits the VCO 
voltage swing but also degrades the 
phase noise performance as well. If the 
VCO differential pair is unbalanced, 
the common-mode node of the current 
source will oscillate at twice die oscilla- 
tion frequency. Through channel 
lengdi modulation, die noise from die 
current source will be upconverted to

H a rn ess  th e  POWER
1

G .T . M ic r o w a v e
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Phase Shifters
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twice the oscillation frequency. The up­
converted noise at twice die oscillation 
frequency enters the VCO core circuit 
and mixes with the fundamental fre­
quency, and results in phase noise at 
the oscillation frequency.

To further suppress the phase noise 
in the 1/f5 region, caused by the MOS 
1/f noise, the oscillation waveform 
must be made as odd-symmetric as 
possible.3*4 The 1/f noise of the active 
device will be upconverted to become 
1/f5 noise when the VCO waveform is 
not sufficiently odd-symmetric. There- 
fore, the waveform symmetry must be 
taken care of when designing a VCO, 
especially with such a high 1/f noise 
device as MOS.

The L-C resonator is formed by on- 
chip spiral inductors (LI and L2), 
p+/n-well junction varactors (Cv) and 
capacitors (Cl and C2). The Q-factor 
of the tank circuit is primarily limited 
by the inductor Q, which is approxi­
mately 10 at 5 to 6 GHz. The inductors 
are 2.5 tum, rectangular spirals using 
thick AlCu metal (Metal-6) and their 
inductance is approximately 2.3 nH. 
The series Connections, Cl-Cv and C2- 
Cv, resonate with LI and L2, respec- 
tively, to determine oscillation fre­
quency. The VCO output frequency is 
tuned by applying a control voltage of 
0 to 1.8 V at the n-well terminal of the 
reverse biased junction varactors. M3 
and M4 form open drain buffer ampli­
fiers in order to drive 50 Q test Sys­
tems, such as a spectrum analyzer.

MEASURED RESULTS
The VCO measurements are per- 

formed on an FR-4 PCB test fixture. 
The VCO chip is connected to the test 
board with aluminum bond-wires. The 
effects of the bond-wires and the FR-4 
test board are all taken into account in

Vdd

A  Fig. 4 Phase noise generated 
from the tail current noise.

[Continued on page 78]
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TECHNICAL FEATURE
the simulations. The bond-wires and 
the FR-4 test board do not affect the 
oscillation frequency and phase noise 
performance; they only lower the out­
put signal amplitude. The VCO core 
and each buffer amplifier dissipate 8.1 
mW and 22.5 mW from a 1.8 V supply, 
respectively. The measured oscillation 
frequency of the VCO is 5860 to 6026 
MHz when the control voltage varies 
from 0 to 1.8 V. The VCO tuning range 
measurement and Simulation results

are shown in Figure 5. The measured 
output power is approximately -4 dBm, 
as shown in Figure 6. The phase noise 
at a 300 kHz offset from the carrier is 
measured to be -95.6 dBc/Hz, as shown 
in Figure 7. The VCO phase noise 
measurement is performed when the 
applied control voltage is 0 V, which is 
when the VCO has its highest tuning 
sensitivity Kv0 (approximately 180 
MHz/V) and therefore where the mea­
sured phase noise is the worst. The free

Excellent e in Comnnmications
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T o  O n e  W a t t  a n d  B e y o n d !

9 U #  M M I C  A m p l i f i e r
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P1dB (dBm) Gain (dB) OIP3 (dBm)
ECP050 27 15 45
ECP100 31 12 49
ECP200 33 10 50

running measured phase noise perfor­
mance proves that the fully-integrated 
VCO is adequate for wireless Commu­
nications. When the VCO is used in fu­
ture 5 GHz frequency synthesizer ap­
plications, the phase noise can be fur- 
dier suppressed by the loop filter of the 
PLL frequency synthesizer. The output 
spectrum of the VCO is shown in Fig­
ure 8. The second harmonie is lower 
than the fundamental by 41.6 dBc,

M EAS UREM EN T
SIM U LA T IO N

0 .2  0 .6  1 .0  1 .4

CO N TRO L VOLTAGE (V)
1.8

A  Fig. 5 VCO output frequency 
vs. control voltage.

CO N TRO L VOLTAGE (V)

A  Fig. 6 VCO output power 
vs. control voltage.
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A  Fig. 7 Measured VCO phase noise.
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A  Fig. 8 VCO output spectrum.
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TECHNICAL FEATURE

A  Fig. f) The VCO test board.

TABLE 1
MEASURED PERFORMANCE OF A 5 GHz 0.18 um CMOS VCO

Control voltage/bias current 0 V to 1.8 V/4.5 mA
Buffer amp bias current (each) (mA) 12.5
Tuning range (MHz) 5860 to 6026
Tuning sensitivity (MHz/V) 50 to 180
Phase noise (with buffer amp) (dBc/Hz) -95.6 @ 300 kHz
Output power (dBm) -4
Chip area (including pads) (gm2) 790 x 1020

which implies that the VCO pull up 
and pull down waveform is highly odd-

symmetric. The photograph of the FR- 
4 PCB test fixture is shown in Figure
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9. Table 1 summarizes the measured 
performance of the designed 5 GHz 
CMOS VCO.

CONCLUSION
A fully-integrated 5 GHz L-C tank 

VCO, fabricated in a TSMC O.fS pm 
Standard CMOS process, is present- 
ed. M ade for an IE E E  802.11a 
WLAN application (5.725 to 5.825 
GHz), the VCO output frequency 
covers 5925 to 6025 MHz and is ade­
quate for the front-end receiver ap­
plication, with an IF of 200 MHz and 
a high side LO. The VCO core circuit 
uses only PMOS to achieve better 
phase noise performance. The VCO 
output frequency is tuned by on-chip 
p +/n-w ell junction varactors. The 
measurements are performed using 
an FR-4 PCB test fixture. The output 
frequency of the VCO is from 5860 to 
6026 MHz with a 166 MHz tuning 
range, and the phase noise is -95.6 
dBc/Hz at a 300 kHz offset. The 
VCO, excluding buffer amplifiers, 
consumes 8.1 mW at VDD = 1.8 V. 
The low power consumption of the 
VCO suggests that the 0.18 pm 
CMOS process is useful for 5 GHz 
WLAN applications.

ACKNOWLEDGEMENT
The authors would like to thank 

the Chip Im plem entation C enter 
(CIC) of the National Science Coun­
cil, Taiwan, ROC, for supporting the 
TSMC CMOS process. ■

Reference:
1. IE E E  Standard 802.11a: High Speed 

Physical Layer in the 5 GHz Band, 1999.
2. C.M. Hung, B.A. Floyd, N. Park and K.K. 

O, “Fully-integrated 5.35 GHz CMOS 
VCOs and Prescalers,” IEEE Transactions 
on Microwave Theory and Techniques, Vol. 
49, No. 1, January 2000, pp. 17-22.

3. A. Hajimiri and T.H. Lee, “Oscillator 
Phase Noise: A Tutorial,” IEEE Journal of 
Solid-State Circuits, Vol. 32, No. 3, March 
2000, pp. 326-336.

4. T.H. Lee, The Design of CMOS Radio-fre- 
quency Integrated Circuits, Cambridge 
University Press, New York, NY 1998.

8 0 Click LEADnet at mwjournal.com or Circle 101  on Reader Service Card MICROWAVE JOURNAL ■ DECEMBER 2002

http://www.wessexelectronics.co.uk
mailto:Sales@wessexelectronics.co.uk


m o s  &  D I V I D E R S

G aA s  H B T  M M IC s  for S ynthesizers to 4 0  G H z

w tö 2

HMC431LP4 
VCO + B u ffer A m p  
5 .5 -6 .1  G H z F  
+3 V @ 2 7 mA  
4x4m m  LP C C

v \< v ^

Low Power VOOs from

HMC432, 433, 434 
■f 2 ,4  o r 8
D C  - 8  G H z F in
+ 3 V  B ias  
S O T26 P ackag e

+3 V D ividers from

W K  PCS @ 10K  P C S

Standard Product Plastic SMT MMIC VCOs* 
NO EXTERNAL COMPONENTS REQUIRED! Standard Product Plastic SM T Dividers*

Part
Number

Output 
Freq. (GHz)

Phase Noise 
@ 100K Offset

VCO Output 
Power (dBm)

USD @ 
10K PCS

Part
Number

Freq.
(GHz)

Divide
Ratio

Phase Noise 
@ 100K Offset

USD @ 
10K PCS

HMC430LP4 5.0 - 5.5 -103 dBc/Hz +2 $7.00 HMC432 DC - 8.0 2 -148 dBc/Hz $2.21

HMC431LP4 5 .5 -6 .1 -102 dBc/Hz +2 $7.00 HMC364S8G DC - 12.5 2 -145 dBc/Hz $5.25

-110 dBc/Hz
$5.63

HMC437MS8G DC - 8.0 3 -148 dBc.Hz $8.94
5.8 - 6.8

(at C-band) HMC433 DC - 8.0 4 -150 dBc/Hz $2.48

HMC401QS16G 1 3 .2 -1 3 .5
-105 dBc/Hz HMC365S8G DC - 13.0 4 -151 dBc/Hz $5.25

(at Ku-band)
CALL

HMC438MS8 DC - 8.0 5 -150 dBc.Hz $8.94

HMC398QS16G 1 4 .0 -1 5 .0
-110 dBc/Hz

+6.0 CALL
HMC434 DC - 8.0 8 -150 dBc/Hz $2.77

(at Ku-band) HMC363S8G DC - 12.0 8 -153 dBc/Hz $5.25

*S E L E C T  P R O D U C T S  A V A IL A B L E  IN  D IE  F O R M . A L L  D A TA  IS  M ID -B A N D  T Y P IC A L .

Contact us to discuss your custom VCO ASIC & PLO Module requirements!

A C T U A L  S I Z E
SOT26
9mm2

MS8
14.8mm2

S 8
29.4m m 2

QS16
29.4m m 2

lp42 m16m m 2 i P *

Corporate H eadquarters
12 Elizabeth Drive, Chelmsford, MA 01824 
Ph (978) 250-3343 Fax (978) 250-3373 sales@hittite.com

W o r ld  W id e  O f f ic e s
HMC Europe, Ltd. Ph +44(0) 1256-817000 Fax +44(0) 1256-817111 europe@hittite.com 
HMC Deutschland GmbH P h+49 8031-97654 Fax+49 8031-98883 germany@hittite.com 
HMC Asia Co., Ltd. P h+82-2 559-0638 Fax+82-2 559-0639 asia@hittite.com

ORDER ON-LINE:
w w w . h i t t i t e . c o m

MICROWAVE CORPORATION
Distributed in the Americas and Asia by Future Electronics Ph (800) Future-1, ext. 2754 Americas & ext. 5284 Asia www.futureelectronics.com/rf

IS O  9001  
C e rtif ie d

Click LEADnet at mwjoumal.com or Circle 35  on Reader Service Card

mailto:sales@hittite.com
mailto:europe@hittite.com
mailto:germany@hittite.com
mailto:asia@hittite.com
http://www.hittite.com
http://www.futureelectronics.com/rf


TECHNICAL NOTE

A M easurement-based 
Behavioral Model 
for I / Q  RF Modulators
This article describes a nonlinear behavioral inodeling technique for application 
to I/Q modulated communication channels. The model data was gathered by 
independent measurements o f an I/Q modulator and amplifier, using vector 
signal generators and analyzers. Concatenating the models in Simulation and 
verifying by measurement validated the technique. The method was applied to a 
W-CDMA transmit chain. The resulting error vector magnitude (EVM) and 
adjacent channel leakage ratio (ACLR) levels predicted by Simulation closely 
matched the measurements.

The W-CDMA Standard expresses trans­
mit quality in terms of EVM and ACLR, 
and receive quality in bit error ratio 

(BER). These quality measurements are simple 
scalar numbers representing a very complicat- 
ed System. Modem Communications channels 
(still) consist of a number of concatenated func- 
tions such as baseband (BB) processor, DAC, 
modulator and amplifier. Each function con- 
tributes to the global figure of merit. A method 
needs to be found to capture the performance 
of each block in a behavioral model that, when 
concatenated, gives useful and accurate infor­
mation on the overall system performance. The 
behavioral model of each block may be gener- 
ated either from precise (circuit-based) Simula­
tion or by measurement.

An advantage of a behavioral model is the 
more compact representation it provides for a 
circuit, allowing the circuit to be simulated 
much more quickly, using less memory. This 
makes it more desirable for doing higher level 
circuit or system design. Since a component can 
be treated as a block and an equivalent circuit 
structure does not need to be known, it is po- 
tentially easier to generate a behavioral model 
than a circuit model. Another advantage is that 
a component vendor can supply a behavior

model to designers without giving away any in­
formation about the details of the device.

Behavioral models based on circuit Simula­
tion are limited to the accuracy of the underly- 
ing circuit model. However, a behavioral model 
may be based on measurements of the compo­
nent, and has the advantage of capturing the 
actual nonlinear performance of the device. In 
order to get models that are of more general 
purpose, the devices need to be measured with 
a more complex stimulus to more fully charac- 
terize their nonlinear behavior. Electronic sig­
nal generators (ESG) and vector signal analyz­
ers (VSA) can be used to generate these com­
plex test Signals, and capture the complex 
modulated response, from which the data to 
populate a behavioral model may be obtained.

This article extends the concept of behav­
ioral modeling by creating a model structure 
for baseband L/Q-to-RF modulators, along with 
using real-world measurements as a method for 
filling in the data for such a model.

[Continued on page 84]
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TECHNICAL NOTE

of the I/Q modulator model.

MEASURED M ODELED

100 1000 10,000 
FRE Q U EN C Y  (H i)

Ak Fig. 2 Frequency transfer function 
of 1 input to RF power out.

GRAY BOX MODELING
The term “gray box” is used to de- 

scribe a model whose structure is 
known, but the details are not. In this 
case, it is assumed that the model maps 
I/Q inputs to modulated RF Outputs, 
and the model details the transfer func­
tion. In this model, the linear distortion 
effects (such as filtering) are separated 
from the nonlinear distortion effects. 
Thus, the behavioral model for the 
nonlinear effects is required to be

A. Fig. 3 Total I/Q input waveform showing 
steps m 1/Q magnitude; (a) total range and 
(b) close up of the last 10 percent 
of the waveform.

memory-less. A memory-less assump- 
tion also implies a flat frequency re­
sponse, and no PM-to-AM conversion. 
The frequency response effects of tire 
input I/Q filtering will be represented 
by a linear frequency dependent ele­
ment before the nonlinear element.

F igure  1 shows the behavioral 
model for the modulator. The I/Q in­
put filters (which are caused by DC 
blocks and baluns in the test fixture) 
were evaluated using an ESC that has 
an arbitrary  waveform generator 

(AWG) for the base- 
band I/Q signals. A 
stepped sine wave 
was created for each 
of the I/Q inputs, 
and the output RF 
power measured on 
a VSA. F igure 2 
shows the frequency 
response of the I in­
put (Q is similar) as 
well as the modeled 
response for a filter 
function used in the 
behavioral model.

What is desired 
for the nonlinear 
transfer function is a 
function that de- 
scribes the RF out­
put amplitude and 
phase as a function^  Fig. 5 The behavioral model data. 
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Fig. 4 Output response showing 
compression at higher I/Q drive levels.

of the I and Q voltages. A simple way of 
doing this might be to drive a DC volt­
age into I, and measure the RF output 
(magnitude and phase) for various in­
put levels, then repeat the same mea­
surement for Q. However, I and Q may 
have some interaction, so the next level 
of stimulus to consider is setting I to a 
particular level, then vary Q over a 
range of values, while measuring the 
RF output; this would be repeated for 
a variety of I values. Unfortunately, 
from the I and Q input response, it is 
clear that the response goes to zero at 
DC (the I and Q are DC blocked).

A specialized drive of I and Q to 
measure the transfer function is re­
quired. After much experimentation, a 
pulsed DC signal was determined to be 
the best-suited drive. The magnitude of 
I and Q, (M = v/T2 + Q2)), is held con­
stant and the phase is changed in 170° 
increments until 36 data points (every 
10°) is obtained. By changing the phase 
170°, any charging of the blocking ca- 
pacitor is nearly removed by the next 
pulse. Figure 3 shows the input signal, 
as measured on a VSA using the I/Q 
baseband inputs. The pulse was filtered 
to maintain a frequency content consis­
tent with a W-CDMA signal, using a 
low pass filter of 2 MHz bandwidth. 
The spacing between pulses was set to 
allow any residual charge to leak off be­
fore the next pulse arrived. The last 
part of the stimulus is shown expanded, 
with I in yellow and Q in blue.

Figure 4 shows the output of the 
modulator, measured on a VSA using 
the RF input. The output modulated 
I/Q is compared to the input, and a 
transfer function is determined. This 
transfer function is used to populate a 
behavioral model that relates the in­
put I/Q (magnitude and phase) to the 
output RF envelope. Figure 5 shows 
the behavioral model data used as an 
input to the Simulation. A behavioral

[Continued on page 87]
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TECHNICAL NOTE
model Simulation was created and the 
original pulsed input was used as a 
Simulation stimulus. The response 
produced an output nearly identical 
to the measured output. Next, the 
m odel was stim ulated  with a W- 
CDMA signal, and the EVM re ­
sponse was obtained. As shown in 
F ig u re  6, th ere  was rem arkable 
agreement with an actual measure­
ment of EVM on the modulator. A 
similar process was used to character- 
ize an RF amplifier, with the charac- 
terization consisting of measuring the 
amplitude and phase compression 
from which a behavioral model of the 
amplifier was created.

I /Q  IN PU T  VOLTAGE (V)

A  Fig. 6 EVM comparison between 
measured and simulated data.

0 .1 4  0 .1 8  0 .2 2  0 .2 6  0 .3 0  0 .3 4  0 .3 8  
I/Q  IN PU T VOLTAGE (V)

A . Fig. 7 Simulated EVM with 
and without filter.

| SIMULATED MEASURED~|

I /Q  VOLTAGE (V)

A  Fig. 8 EVM of modulator 
and amplifier cascade.

The DC blocking of the I/Q is a 
result of the test fixturing. The goal 
was to determine the response of the 
modulator without the DC block, but 
such a measurement was not possi- 
ble. However, the filtering function in 
the simulator could be de-embedded, 
and a complex modulation signal ap­
plied to the resulting model. Figure 
7 shows the result of this experiment. 
The DC block has a strong effect on 
EVM, and it can be clearly seen that

the degradation of EVM of the mod­
ulator, although small, occurs at a 
much lower input drive that the pre- 
ceding figure would indicate.

Finally, the modulator and amplifi­
er were cascaded, both physically and 
in the Simulation, and the measured 
and simulated EVM of the cascaded 
pair was compared. Figure 8 shows

[Continued on page 88]
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TECHNICAL NOTE
this result. Similar comparisons were done for other mod­
ulated characteristics such as adjacent channel power ra­
tio (ACPR) and alternate channel power ratio, with good 
results.

CONCLUSION
For the first time, a method for creating measurement- 

based behavioral models has been presented as related to 
I/Q modulators. The model was validated using measure­
ments of W-CDMA Signals. Furthermore, the cascading 
of behavioral models was tested against a modulator and 
amplifier combination, and found to correctly predict the 
response to a complex modulated signal. ■
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I n n o v a t iv e  M ix m s

-smaller size.beiter performance. lower cost 50kHz to 4200MHz7 f 11 9 9
I  (ea. Qtv.1from  M  (ea. Qty.100)

i t Searching high and low for a better frequency 
mixer? Then take a closer look at the 

innovative Innovative Technology built into Mini-Circuits 
technology a d e  mixers. Smaller size is achieved using an 

ultra-slim, patented package with a profile as low as 0.082 inches 
(2mm) in height. Electrically, ADE mixers deliver better performance 
than previous generation mixers through all welded connections with 
unique assembly construction which reduces parasitic inductance. 
The result is dramatically improved high frequency and IP2-IP3 
performance. Plus, ADE’s innovative package design allows water 
wash to drain and eliminates the possibility of 
residue entrapment. Another ADE high point is 
the lower cosf...priced from only $1.99 each.
So, if you’ve been searching high and low for 
a mixer to exceed expectations...ADE is it“

ADE Mixers...Innovations Without Traditional Limitations!

ADE* TYPICAL SPECIFICATIONS:
Conv. Loss L-R Isol. IP3

MODEL LO Power Freq. Midband Midband @Midband Height Price ($ea.)
(dBm) (MHz) (dB) (dB) (dBm) (mm) Qty. 10-49

ADE-1L +3 2-500 5.2 55 16 3 3.95
ADE-3L +3 0.2-400 5.3 47 10 4 4.25
ADEX-KW­ +4 10-1000 7.2 60 16 3 2.95
ADE-1 +7 0.5-500 5.0 55 15 4 1.99*
ADE-1ASK +7 2-600 5.3 50 16 3 3.95
ADE-2 +7 5-1000 6.67 47 20 3 1.99*
ADE-2ASK +7 1-1000 5.4 45 12 3 4.25
ADE-6 +7 0.05-250 4.6 40 10 5 4.95
ADEX-10 +7 10-1000 6.8 60 16 3 2.95
ADE-12 +7 50-1000 7.0 35 17 2 2.95
ADE-4 +7 200-1000 6.8 53 15 3 4.25
ADE-14 +7 800-1000 7.4 32 17 2 3.25
ADE-901 +7 800-1000 5.9 32 13 3 2.95
ADE-5 +7 5-1500 6.6 40 15 3 3.45
ADE-5X +7 5-1500 6.2 33 8 3 2.95
ADE-13 +7 50-1600 8.1 40 11 2 3.10
ADE-11X +7 10-2000 7.1 36 9 3 1.99*
ADE-20 +7 1500-2000 5.4 31 14 3 4.95
ADE-18 +7 1700-2500 4.9 27 10 3 3.45
ADE-3GL +7 2100-2600 6.0 34 17 2 4.95
ADE-3G +7 2300-2700 5.6 36 13 3 3.45
ADE-28 +7 1500-2800 5.1 30 8 3 5.95
ADE-30 +7 200-3000 4.5 35 14 3 6.95
ADE-32 +7 2500-3200 5.4 29 15 3 6.95
ADE-35 +7 1600-3500 6.3 25 11 3 4.95
ADE-18W +7 1750-3500 5.4 33 11 3 3.95
ADE-30W +7 300-4000 6.8 35 12 3 8.95
ADE-1 LH +10 0.5-500 5.0 55 15 4 2.99
ADE-1LHW +10 2-750 5.3 52 15 3 4.95
ADE-1 MH +13 2-500 5.2 50 17 3 5.95
ADE-1MHW +13 0.5-600 5.2 53 17 4 6.45
ADE-10MH +13 800-1000 7.0 34 26 4 6.95
ADE-12MH +13 10-1200 6.3 45 22 3 6.45
ADE-25MH +13 5-2500 6.9 34 18 3 6.95
ADE-35MH +13 5-3500 6.9 33 18 3 9.95
ADE-42MH +13 5-4200 7.5 29 17 3 14.95
ADE-1H +17 0.5-500 5.3 52 23 4 4.95
ADE-1 HW +17 5-750 6.0 48 26 3 6.45
ADEX-10H +17 10-1000 7.0 55 22 3 3.45
ADE-10H +17 400-1000 7.0 39 30 3 7.95
ADE-12H +17 500-1200 6.7 34 28 3 8.95
ADE-17H +17 100-1700 7.2 36 25 3 8.95
ADE-20H +17 1500-2000 5.2 29 24 3 8.95
Component mounting area on customer PC board is 0.320'x 0.290V 
*Protected by U.S. patent 6133525. * 1 0 0  piece price.

□  Mini-Circuits
CIRCLE READER SERVICE CARD

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

ISO 9001 ISO 14001 CERTIFIED 267 Rev O

http://www.minicircuits.com
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MFC, VCO & VFC Series
Microstrip resonator based offering superb 
phase noise performance and bandwidth 
from optimized to over an octave 
frequency generation.
Frequency range: 40 MHz to 6100 MHz

TFC Series
Microstrip resonator based and miniature 
style package for optimized bandwidth. 
Frequency range: 100 MHz to 3000 MHz

Series 5
Dual isolated output with excellent 
phase noise and good stability 
Frequency range: 50 MHz to 1000 MHz 

(optimized bandwidths)

100 1 K 10K 1 0OK 1 M 1 0M

For additional information, contact Synergy's sales and application team.
201 McLean Boulevard, Paterson, NJ 07504 

Phone: (973) 881-8800 Fax: (973) 881-8361 E-mail: sales @synergymwave.com 
World Wide Web: www.synergymwave.com

http://www.synergymwave.com


A M inimalist 
Approach 
to Feedforward 
Multi-carrier 
Linear Power 
Amplifiers

COVER FEATURE

Atmospheric propagation attenuation is 
known to be higher in the 2.1 GHz 
band than in the cellular band. Thus, to 

overcome this performance disadvantage and 
to maximize cell coverage and capacity, Unity 
Wireless Systems first feedforward multi-car- 

Fig. 1 The Tornado rier linear power amplifier (MCLPA) product
feedforward MCLPA’s has been designed with a high 60 W maximum
block diagram. ▼

average output power. The new Tornado 
MCLPA has been developed to satisfy the 
emerging 3G W-CDMA market for applica­
tions requiring high power and high linearity 
at a relatively low cost.

The Tornado amplifier uses a classical 
adaptive control feedforward design (see Fig­
ure  1 ), where the main power am plifier 
(MPA) distortion components are extracted 
using carrier cancellation in Loop 1 and am- 
plified by the error power amplifier (EPA). 
The output distortion is then cancelled at the 
error cancellation coupler in Loop 2 (the error 
loop).

DIRECT DISTORTION CONTROL
The distinguishing features of the Tornado 

design include a patent-pending direct distor­
tion control (DDC) technology to control Loop 
2. This technique is a low cost, ultra high selec- 
tivity, high linearity frequency tunable power 
detector. The DDC circuit works specifically 
with CDMA-type modulation schemes, includ- 
ing W-CDMA, cdma2000 and IS-95, and pro­
vides a number of useful advantages.

[Continued on page 96]
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Who has the Right Angle 
on RF, Microwave

C.W. Swift & Associates, Inc., introducés S.G. McGeary Company’s high- 
frequency coaxial adapters. Right-Angle In-Series configurations are avail­
able in 2.4mm, 2.9mm, 3.5mm and SMA interfaces. Straight In-Series and 
Between Series configurations are available in 1.85mm, 2.4mra, 2.9mm, 
3.5mm, 7mm, SMA, SSMA, N & TNC Interfaces.

C.W. SWIFT & Associates, Inc.
RF, Microwave and mm-Wave Stocking Distributors

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

Click LEADnet at mwjournal.com or Circle 91 on Reader Service Card
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Fig. 2 Direct distortion control assemhly.

The DDC, shown in Figure 2, first measures the carri­
er frequenties and then directly minimizes the MCLPAs 
intermodulation distortion (IMD) at the expected IMD 
frequencies. In addition to allowing the cancellation to be 
controlled, it is also possible to perform equalization of 
any asymmetrie IMD components from the MPA, togeth- 
er with any asymmetrie cancellation performance in the 
error loop. Therefore, the DDC approach ensures that 
the best possible level of IMD performance is obtained at 
all times and under all conditions.

The DDC is able to select the frequencies diat are to be 
minimized, which means the error loops instantaneous can-

TABLE 1
KEY PERFORMANCE SPECIFICATIONS

Frequency range (MHz)
(any MCLPA can be used in any band, 
but only over 20 MHz instantaneously)
Average RF power output (dBm)
Multi-carrier intermodulation distortion (dBc 
with 1 to 4 W-CDMA carriers and 5 MHz

2110 to 2130 
2130 to 2150 
2150 to 2170 

47.8

-60
(Test Model 1 

with 64 DPCH)spacing (measured with rms detector, 30 kHz 
R/b, 100 kHz V/b, 0.5s sweep time)
RF gain (includes Variation due 
to frequency, power supply, 
temperature and unit-to-unit) (dB)

58 ±0.5

Input power supply range (V DC) 
Power supply efficiency (%)

26 to 30 (800 W)

(at maximum average RF output power 
and using Test Model 1 with 64 channels)

8

Operational ambient temperature range (°C) 0 to +50

RF connectors (front panel) Input SMA-F 
Output SMA-F

External monitoring and control RS 485
over power, over temp,

Alarms loop control feil, output,
VS WK, power supply

Mechanical dimensions
Height 8 rack-units
Width 4 units per 19" rack

Ak Fig. 3 Peak predistortion block diagram.

cellation bandwidth requirements are lower than that re­
quired with a fixed frequency pilot injection system, which 
improves produceability. The DDC method also does not re­
quire a pilot injection system, meaning there is no possibility 
of leakage or spurious at the MCLPA output. Having no pi­
lot injection also means that there are no error loop offsets 
due to pilot RF leakage. There is also marginal improvement 
in efficiency by not having to amplify and cancel a pilot Sig­
nal. Some pilot recovery schemes also require a tliird carrier 
cancellation loop that is not required in this design, thus fur­
ther improving produceability by eliminating the additional 
gain, phase and delay matching.

ANALOG PEAK PREDISTORTION
The analog peak predistortion method, shown in Fig­

ure 3, works by cancelling the main path RF with the out­
put from a limiting amplifier and provides both gain and 
phase correction of the MPA LDMOS soft limiting char- 
acteristics near P ldR . The effect of this correction 
method is that the MPA output power capability is in- 
creased by as much as 20 percent for the same level of ad- 
jacent channel leakage ratio (ACLR) or, altematively, for 
the same output power, the ACLR is improved by approx­
imately 3 dB. By compensating for the nonlinear gain and 
phase characteristics of the MPA in this way the ACLR is 
improved by reducing both the AM-to-AM and the AM- 
to-PM distortion components produced in the MPA.

EPA ENHANCED OUTPUT CARRIER POWER
Careful design of Loop 1 lined up together with pilotless 

control means that there is minimal noise and spurious load- 
ing on the EPA, and the total MPA distortion at the EPA out­
put is only approximately 0.5 W rms. This allows the output 
power capability of the EPA to be put to good use by supply- 
ing carrier power in phase with the MPA output. The tech­
nique is similar to cross cancellation, but the implementation 
is simple and non-adaptive because the carrier power being 
supplied is only around 10 percent of the total MCLPA out­
put power. The output contribution of around 5 W is approxi­
mately equal to the level of MPA carrier power that is typical- 
ly lost into the 50 Q load of the 10 dB error coupler.

KEY PERFORMANCE TARGETS
Table 1 lists the key performance specifications of the 

Tornado MCLPA. To improve propagation in the 2.1 GHz 
frequency band and maximize cellular Communications cov- 
erage, the amplifier was designed with a high 60 W (47.8 
dBm) maximum average output power.

[Continued on page 102]
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A broadband world requires broadband signal 
sources that offer low noise, linear tuning and load- 
insensitive performance. At Vari-L, we apply the same 
precision engineering and manufacturing to our 
WidebandVCOs as you have come to experience in 
our Narrow band VCOs. Excellent phase noise 
performance and tuning linearity enable consistent 
PLL loop bandwidths, settling time and low integrated 
noise. And, our widebandVCOs low frequency pulling 
will minimize your system phase error.

To find out howVari-L’s WidebandVCOs can be 
“a part in your future,” please visit our website at 
www.vari-l.com, or send an email to sales@vari-l.com.

Part Number Frequency
Range(MHz)

Tuning
Voltage

Typical 10 kHz 
Phase Noise B B Output

Power
Package Size

VC0790-600T 400-800 0.0-20.0 -102 dBc/Hz +5 V +3 dBm 0.5x0.5x0.18 in.

VC0790-1500T 1000-2000 0.0-20.0 -98 dBc/Hz +5 V +2 dBm 0.5x0.5x0.18 in.

VC0790-2300T 2100-2500 1.0- 4.0 -89 dBc/Hz +5V +3 dBm 0.5x0.5x0.18 in.

VC0793-600T 400-800 0.0 - 20.0 -104 dBc/Hz +12 V +7 dBm 0.5x0.5x0.18 in.
, VC0793-1500T 1000-2000 0.0-20.0 -99 dBc/Hz +12 V +7 dBm 0.5x0.5x0.18 in. ,

a

■ Actual data for VC0793-1500T -

0 ^ —̂ TunïPhase noise from HP3852 for 1000-2000 MHz VCO Y-(Tuning Sensitivity from HP3852 for 1000-2000 MHz VCO

e Noise 10 dB/ REF -60 dBc -102.25 dBc Modulation Sensitivity  -vs- Frequency

6 8 10 12 14 16 18
Tune Vo ltage  (Vdc)

vjssl
We Have A Part In Your Future

4895 Peoria Street
Denver, Colorado 80239

\ 'S* 3 0 3 . 3 7 1 . 1  560
fax 3 0 3 . 3 7 1 . 0 8 4 5

PRODUCTS

INCLUDE:

PLL Synthesizer Modules N arrow  Band V o ltag e  C ontro lled  O scillators

W i d e  B a n d  V o l t a g e  C o n t r o l l e d  O s c i l l a t o r s C o u p l e r s

^  sales @var i - l . com

V a r i

S O  9 0 0 1 C e r t  i f  i e d

Contact the Vari-L Sales Department for custom Solutions to your RF and microwave component assembly needs.

p a n y I n c . W W W

Click LEADnet at mwjoumal.com or O rd e  9 7  on Reader Service Card

http://www.vari-l.com
mailto:sales@vari-l.com


NEW! SAVE 15% NEW! SAVE 15% NEW!

Nonlinear 
Microwave 

and RF Circuits
second edltlon

Nonlinear 
Microwave and RF 
Circuits,
2nd Edition

Stephen A. Maas

«*»u fiuowniu fstnsu
Microwave
Component
Mechanics

Harri Eskelinen and 
Pekka Eskelinen

Almudena Suärez

Nonlinear
Microwave
Circuits

Stability Analysis 
of Nonlinear 
Microwave 
Circuits

Almudena Suärez 
and Raymond 
Quéré

■ Revises the 1988 Artech House classic, 
offering you a comprehensive, up-to-date 
treatment of nonlinear microwave and RF cir­
cuits

■ Gives you a current, in-depth understand- 
ing of the theory of nonlinear circuit analysis 
with a focus on Volterra-series and harmonic- 
balance methods

■ Delivers practical guidance in designing 
nonlinear circuits and modeling solid-state 
devices for nonlinear circuit analysis by 
computer

■ Teaches how characteristics of such 
models affect the analysis of these circuits

Hardcover. Approx. 600 pp.
Available February 2003
ISBN: 1-58053-484-8
Order Book No. MW024849 $99/£69

Only $84/£58 when you order 
bef ore January 31, 2003

m Offers detailed guidance in the mechani- 
cal aspects of designing and manufacturing 
microwave components

■ Takes an interdisciplinary approach that 
combines design and manufacturing, mechan- 
ical and electrical design, and microwave com­
ponent performance and productivity

■ Explores the immediate connection 
between electrical and mechanical quality, 
allowing you to more easily arrivé at cost- 
effective Solutions and reduce the unneces- 
sary use of "double-tolerancing"

CD-ROM included! This interactive 
disc features several 3-D models, 
informative PowerPoint presentations, 

and dxf files of selected microwave compo­
nents for direct CNC-machining.

Hardcover. Approx. 410 pp.
Available February 2003
ISBN: 1-58053-368-X
Order Book No. MW023689 $89/£65

Only $75 £55 when you order 
bef ore January 31, 2003

m Provides you w ith an in-depth look at the 
very complex and often unforeseen behavior 
of nonlinear circuits

■ Presents detailed coverage of circuits used 
in power amplifiers, voltage-controlled oscil­
lators, frequency dividers, frequency multipli­
ers, self oscillating mixers, and phased- 
locked loops

■ Gives you insight into the design Solutions 
that nonlinear circuits offer, presenting expla- 
nations and detection techniques for many 
"anomalous" phenomena often encountered 
in practice

■ Helps you overcome common design diffi- 
culties such as stability analysis o f nonlinear 
regimes and the determination o f the stable 
Operation ranges of nonlinear circuits

Hardcover. Approx. 356 pp.
Available January 2003
ISBN: 1-58053-303-5
Order Book No. MW023039 $99/£69

T O  O R D E R ,  C O N T A C T  T HE  A R T E C H  H O U S E  O F F I C E  N E A R E S T  Y O U
US FAX Purchase orders and credit card orders to 1-781-769-6334 PFIONE Toll-Free 
1 -800-225-9977, ext. 4030 or 1-781-769-9750 E-MAIL artech@artechhouse.com 
UK FAX Purchase orders and credit card orders 24 hours a day to +44 (0)20 7630-0166 
PHONE +44 (0)20 7596-8750 E-MAIL artech-uk@artechhouse.com 
ONLINE www.artechhouse.com
All orders plus shipping/handling and applicable taxes.
All orders are backed by the Artech House 100%  Satisfaction Guarantee. If you’re not completeiy satisfied, 
you may return any book in new condition w ith  the invoice w ith in  30 days for a füll refund. Opened soft­
ware is not returnable unless detective. All prices subject to  change w ithout notice; discounts are net and 
are available only on order placed directly w ith  Artech House. Click LEADnet at mwiournal.com or Circle 8 on Reader Service Card

mailto:artech@artechhouse.com
mailto:artech-uk@artechhouse.com
http://www.artechhouse.com


W h e r e  w i l l  y o u  f i n d  t h e  t o p  f l o o r  p e o p l e  b e t w e e n  1 2 - 1 8  O c t o b e r ?  

I n  G e n e v a ,  a t  I T U  T e l e c o m  W o r l d  2 0 0 3 .

ITU TELECOM 
WORLD2003

Geneva
12-18 October

T h e  w o r ld 's  te le c o m m u n ic a tio n s  le a d e rs  in G o v e rn m e n t, F in an ce , M o b ile , 

S a te llite , B ro adb an d  and  Legal s e c to rs  w ill c o m e  to g e th e r  in G e n e v a  to  m a k e  

d ea ls , d isp lay  n e w  te c h n o lo g ie s , d is c u s s  p o lic ie s  an d  s h a p e  th e  fu tu re  o f 

th e  in d u s try . O rg an ized  by th e  In te rn a tio n a l T e le c o m m u n ic a t io n  U n io n , 

ITU T eleco m  W orld 2 0 0 3  o ffe rs  u n iq u e  a c c e s s  to  th e  key  p layers  in flu e n c in g  

o u r industry . In ad d ition , our w o r ld -c la s s  F o ru m  b rin g s  to g e th e r  th e  fin e s t  

m in d s  to  share  ins ights  and e x c h a n g e  id eas . J o in  th is  to p -q u a lity  g ro u p  and  

m a k e  b u s in ess  happen , w w w . i t u . in t /w o r ld 2 0 0 3

E L
Click LEADnet at mwjournal.com or Circle 3 8  on Reader Service Card

http://www.itu.int/world2003


COVER FEATURE
AVERAGE POWER

37.99 dBm
36.00%

10.0% 3 .5 8  dB
1.0% 6 .8 0  dB
0.1% 8 .73  dB
0.01% 1 0.00  dB
0.001% 10.85  dB
0.0001% —
PEAK 11.93 dB

MEASUREMENT BANDW IDTH 6 M Hz

jA. Fig■ 4 CCDF of a single W-CDMA 
carrier using Test Model 1 with 64 channels.

The Tornado MCLPA is specified to 
operate with one to four W-CDMA 
carriers using Test Model 1 with 64 
channels and no preclipping. By mea- 
suring the complementary cumulative

2090

M

2140
FREQUENCY (M Hz)

2190

**

2 09 0

(b)

2140
FREQUENCY (MHz)

2190

Ak Fig. 5 MPA ACLR performance 
at 47.8 dBm (60 W) and 25°C (a) without 
and (h) with feedforward cancellation.

distribution function (CCDF) for a sin­
gle carrier (see Figure 4) it can be seen 
that the peak-to-average ratio at 0.01 
percent probability is as high as 10 dB.

The peak-to-average ratio or crest 
factor (CF) is defrned as the quotiënt of 
peak envelope power (PEP) to average 
power (CF = PEP/Pav), where PEP is 
defined as the power of the carrier si- 
nusoid taken over one carrier period 
when its amplitude is at maximum and 
Pav is proportional to the mean value of 
die squares of the signal voltage over a 
long period of time. The required max­
imum average output power and the 
CF of 10 dB together determine the 
peak power capability and dimensions 
of the MPA, which for Tornado is 900 
W PldB.

LINEARITY PERFORMANCE
Using feedforward techniques the 

ACLR of the MPA output is typically 
improved by approximately 25 dB to 60 
dBc at the MCLPA output, as shown in 
Figure 5. Higher than 60 W output 
power levels would make satisfying the 
absolute power level requirements of 
the spectral emissions mask more prob- 
lematic and further linearization would 
very likely have been necessary unless 
the peak-to-average requirements of 
the input signal were relaxed.



EFFICIENCY
Efficiency has probably become the 

most important characteristic of an 
MCLPA as operators seek to reduce 
fixed operating eosts, and govennnents 
and corporations seek to satisfy the Ky­
oto accord on greenhouse emissions. 
Just five years ago, before the advent of 
LDMOS and other efficiency enhance- 
ments, a bipolar feedforward MCLPA 
might have had an efficiency of just two 
to three percent. Using LDMOS tran­
sistors and using the worst-case W- 
CDMA carriers and Test Model 1 with 
64 channels, Tornado aehieves an effi­
ciency of eight percent. However, using 
carriers with a more typical peak-to-av­
erage power of 8 dB, the MCLPA can 
be operated at 80 W average output 
power where the efficiency is close to 
10 percent.

Further efficiency improvements, 
yielding up to 12 percent efficiency, 
may be obtained by accepting a reduc- 
tion in ACLR performance of 5 dB and 
using the pre-feedforward architecture 
known as advanced cross cancellation. 
In this special case, the EPA has the 
same output power capability and char-

acteristics as the MPA, and is used to 
supply half of the output carrier power. 
The efficiency improvements are the 
result of 0.5 dB lower loss after the 
EPA compared to the MPA. Also, since 
the MPA and EPA are closely matched, 
the MPA provides very good predistor­
tion of the EPA, which further im- 
proves the overall efficiency of the EPA 
and MCLPA.

COST
It is a fact that today’s competitive 

economic environment calls for the 
minimum possible dollars per watt. 
This need has been addressed by using 
three techniques that maximize the 
output power for a given set of transis­
tors. These techniques include peak 
power predistortion, a high power, low 
loss filter delay line, and the use of the 
EPA to provide additional output carri­
er power in a similar fashion to cross 
cancellation. Feedforward amplifiers 
are also more cost-effective and more 
efficiënt at higher output power levels.

The cost of the bill of materials 
(BOM) was minimised by omitting 
any non-essential components. The

design was also simplified by reduc- 
ing a DSP board to just a single chip 
8051-based microcontroller. A com­
mon design for the EPA and driver 
power amplifier (DPA) was also used, 
and even something as small as the 
total num ber of high Q capacitors 
was minimised to reduce overall cost.

CONCLUSION
A minimalist approach in the Torna­

do MCLPA’s unique design has yielded 
an amplifier that has achieved high 
power output, excellent linearity per­
formance and low cost to satisfy today’s 
tough requirements for the emerging 
3G W-CDMA market. The Tornado 
MCLPA is available for demonstration 
on request, and the Companys efficiënt 
and flexible design and manufacturing 
capabilities are available to undertake 
custom designs for similar sophisticated 
requirements.
Unity Wireless Systems Corp., 
Burnaby, BC, Canada 
(604) 267-2712, 
www.unitywireless.com, 
sales@unitywireless.com.
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GaAs HEMT Process Technology

A TRW Company

It's Category 5 out there, with winds of more than 150 iniles per hour. And that carthat 
justflew by doesn't look like it's going much slower. It's performance so scary it will make 
the hair on the back of your neck stand on end.

Which, if you're a wireless Systems designer, is good preparation to experience our 
GaAs and InP technology.

Like GaAs amplifiers, mixers and multipliers for point-to-point and point-to-multipoint,
18GHz to 100GHz applications. HBT and HEMT MMICs. And the world's most efficiënt 
handheld power amplifiers. Because they're the world's only InP power amplifiers.
Which makes thern perfect to realize the power of 2.5G and 3G handset performance.

Hit our website to find everything you need to ride the storm of wireless innovation.
And don't worry, no one will hear you scream.

Click LEADnet at mwjournal.com or Circle 98 on Reader Service Card

Foundry Services

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


PRODUCT FEATURE

New Substrate 
Technology for 
High Performance 
Circuits 
and Systems

Anew Substrate technology has been de- 
veloped that addresses the dense com­
ponent placement, high heat dissipa-

, tion, harsh environments and high frequencies
Fis. 1 Multi-lmier . , . -.ï 1 • 1 c „  jLTCC-M construction. ▼ associated with high performance devices

SURFACE-MOUNTED  
ACTIVE DEVICE

BURIED
CAPACITOR

VIAS

BURIED
RESISTOR

METALLIZATION  
O N  CERAMIC

METAL
CORE

such as microwave amplifiers for base stations, 
broadband amplifiers designed into multi-me- 
dia networks, and high power microwave pow­
er combiners with on-board terminations. The 
new technology — low temperature co-fired 
ceramic on metal (LTCC-M) — utilizes a 
patented process that bonds ceramic to metal 
to deliver improved performance and reliabili­
ty at lower cost. An example of LTCC-M is 
shown in Figure 1.

The LTCC-M process shares some similari- 
ties to LTCC. However, LTCC-M honds a 
multi-layer “green tape” hoard to a Kovar or 
CuMoCu metal base using special materials 
and a 900°C firing process. The addition of 
the bonded metal base provides several advan- 
tages. For example, open cavities that extend 
down to the metal base can be created with 
LTCC-M to allow direct com ponent die 
mounting on the base (or one or two layers 
above). This eliminates the need to attach a 
fully packaged high power component on a 
large substrate-mounted heat sink, which re- 
quires machining of both the Substrate and 
sink in conventional LTCC processing. The 
metal core in an LTCC-M Substrate allows 
heat to be carried away from hundreds of 
watts of power dissipation with a thermal con-

[Continued on page 106]

Lamina Ceramics
Westampton, NJ
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L T C C . BLUE CELL™mms
Commercial, Military, and Industrial Use
Mini-Circuits proudly introducés MCA1, the world's first commercially available 
line of low temperature cofired ceramic (LTCC) frequency mixers! Highly reliable, 
extremely broad band, and very low in cost, these patent pending double 
balanced mixers have excellent electrical performance and are available in 
level 7, 10, and 13 (LO) m odels for your 300MHz to 6GHz designs. As for 
ruggedness and reliability, MCA1 mixers have all circuitry hermetically embedded 
inside the ceramic making them impervious to most environmental conditions. 
The process also gives you superior stability under temperature, high repeatability, 
and compact 0.065“ profile. They're ideal for the COTS program, as well as your 
commercial and industrial applications. So contact Mini-Circuits now. Our team is 
ready to handle your needs worldwide with quick shipments, custom designs, 
high volume production capability, and fast turn-around.

\ H Ä

from 10)

Typical Specifications

Model

MCA1-24  
MCA1 -42  
MCA1 -60  
M CA1-24LH  
M CA1-42LH  
M CA1-60LH  
M C A1-24M H  
M C A1-42M H  
M C A1-60M H

r Actual Size

LO
Level

(dBm)

7
7
7
10
10
10
13
13
13

Freq.
(MHz)

(dB)

3 00 -2 40 0  6.1 
1000-4200  6.1 
1600-6000  6.2  
3 00 -2 40 0  6.5  
1000-4200  6.0  
1700-6000  6.3  
300 -2 40 0  6.1 
1000-4200  6.2  
1600-6000  6.4

Conv. LO-RF 
Loss Isol.

(dB)

40
35
30
40
38
30
40
35
27

Price 
$ ea. 

(Qty. 10)

5.95
6.95
7.95
6.45
7.45
8 .45
6 .95
7 .95
8 .95

Mini-Circuits...we’re redefining what VALUE is all about! Detailed Performance Data & Specs Online at www. minicircuits. com/mixer2. h tmi

□  Mini-Circuits US i T W  INT’L I  

CIRCLE READER SERVICE CARD
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

385 RevAISO 9001 ISO 14001 CERTIFIED

http://www.minicircuits.com


PRODUCT FEA TURE

TABLE I
SUBSTRATE PROPERTY COMPARISON

Material
Property"

Lamina Ceramics LTCC-M 
„  CuMoCu 
Kovar (13/74/13)

Typical
LTCC

Typical HTCC 
Alumina

(96%)

Ceramic-
filled
PTFE

Typical
FR4

Fiberglass
Range ofpart 
dimensions (inches) up to 16 x 16 up to 16 x 16 up to 6 x 6 up to 6 x 6 up to 24 x 24 

typically
up to 24 x 24 

typically

Buried passives yes yes yes no no“ no“

Buried resistor 
toierance (%) ±10 ±10 ±10 to 30 n/a n/a n/a

High K tape yes yes no no no no

Ferrite tape yes no no no no no

Hermetic cavities yes yes yes yes no no

x-y shrinkage (%) ~±0.1 ~±0.1 -12.7 to 14.8 -15 n/a n/a

Thermal conductivity 
(W/m°C) 40 170 2 to 3 24.7 0.61 1.7

Expansion coëfficiënt 6.7 5.5 5.8 8.2 -1.7 to 24 13
(TCE) (ppm/°C) (up to 300°C) (up to 400°C) (up to 400°C) (up to 400°C) (up to 400°C) (up to 400°C)

Dielectric 
constant (er) 6.0 at 15 GHz 5.5 at 15 GHz 7.8 at 2 GHz 9 at 15 GHz 6.15 at 15 GHz 5.4 at 15 GHz

Loss tangent, 25°C 0.0015 at 15 GHz 0.0005 at 15 GHz -0.002 at 16 GHz 0.001 at 15 GHz 0.0025 at 15 GHz 0.032 at 15 GHz

Microstripline loss 0.3 at 12 GHz 0.17 at 12 GHz -0.2 to 0.5 at 12 GHz 0.25 at 12 GHz 0.4 at 12 GHz 1.5 at 12 GHz

#Some manufacturers offer buried resistors. See www.olnnega.coin 
0 0  Data eompiled from measurements, manufacturers product data and web sites

ductivity of 170 W/m°C. Further- 
more, high frequency loss as low as 
0.5 dB per inch of transmission line 
at 40 GHz is possible.

There are a number of other bene- 
fits associated with LTCC-M. Shrink- 
age in the x-y plane during firing is 
typical ly 0.1 percent, a significant im­
provement over LTCC, which has a 
typical shrinkage of 12.7 to 14.8 per­
cent. LTCC-M boards can be as large 
as 16" x 16" and have greater compo­
nen t density  than  LTCC boards, 
which are lim ited to 6" X 6" wafer 
sizes. The larger wafers allow multi­
ple populated circuits to be created 
in one pass through the furnace, 
which can then be cut from the fin- 
ished wafer. This capability lowers 
production costs because it reduces 
parts handling and other repetitive 
steps.

Production costs can also be saved 
in other ways using LTCC-M. To pro- 
tect against environmental exposure, 
LTCC Substrates often are placed in 
costly leaded Kovar packages. With 
LTCC-M, a hermetic package with 
lid can be produced for a savings of 
as much as 50 percent. LTCC-M also 
allows a variety of optical and electri-

1 0 6

cal connection options that simplify 
in tegration and reduce assembly 
costs.

LTCC-M PROCESS
All of this is made possible by an 

LTCC-M process that greatly reduces 
the number of production steps com­
pared to Standard LTCC. The first 
part of the process, production of a 
populated Substrate, is similar to the 
one used for LTCC parts, except that 
LTCC-M parts have a bonded metal 
base. Both LTCC and LTCC-M start 
with a roll of “green tape” however 
LTCC-M honds that tape to Kovar or 
CuMoCu. The populated multiplayer 
board is formed in a similar fashion to 
LTCC:
• Cutting the dielectric Substrate 
into blanks for each layer
• Punching via holes for Connections 
between Iayers
• Applying metallization, insulation 
and resistive pastes to each layer
• Bonding the Iayers
• Co-firing the “green” multiplayer 
assembly and metal base

Although both Substrates share 
many of the same processing steps, 
the LTCC-M technology has advan­

tages. One is that up to 24, 0.004" 
thick Iayers for tracés and buried pas­
sives are possible at a price as low as 
$2 per square inch per layer. For a 
given Circuit design, such layering al­
lows shrinkage in overall package di- 
mensions. This combination of char- 
acteristics cannot be duplicated with 
conventional LTCC technology A 
complete comparison of LTCC-M to 
LTCC and other Substrates can be 
seen in Table 1.

CONCLUSION
I Iigh performance Systems pose dif- 

ficult design problems, including cir­
cuit and system packaging. Conven­
tional Substrate technologies have been 
shown to either lack the performance 
or price point to meet the trend to- 
wards higher bandwidth and more fea- 
ture-laden products in smaller pack­
ages. The new LTCC-M technology 
serves as a solution for these high per­
formance circuits and Systems.

Lamina Ceramics,
Westampton, NJ 
800-808-LTCC (5822), 
www.laminaceramics.com.
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JS SERIES

TO 6 0  GHz

F E A T U R E S
•  Ease of design optimization

•  Proven JS amplifier technology

•  Superior noise and phase 
performance

•  All modules contain internal
regulation

M O D U L E  T Y P E S
Module sizes are
0.45" L x 0.40" 1Af x 0.1 T  H

U l t r a - B r o a d b a n d  A m p l i f i e r s  

M e d i u m  P o w e r  A m p l i f i e r s  

H i g h - G a i n  A m p l i f i e r s  

L o w - N o i s e  A m p l i f i e r s  

F r e q u e n c y  M u l t i p l i e r s  

H i g h - P a s s  F i l t e r s  

B a n d - P a s s  F i l t e r s  

P I N  A t t e n u a t o r s  

P o w e r  D i v i d e r s  

I n p u t  L i m i t e r s  

I F  A m p l i f i e r s  

C o u p l e r s

Compact assembly sizes fit most 
system applications

O P T I O N S

•  Combined isolated gain modules for 
up to 75 dB of total gain

•  Integrated filtering to reduce noise 
bandwidth and I.M. distortion

•  Oltra-low noise and medium power 
module pairings for high dynamic 
range

•  PIN attenuators to enhance system 
flexibility

•  Front-end RF limiters to protect 
against high level inputs

•  A single-broadband input can be 
diuided into multiple sub-bands

100 Davids Drive, Hauppauge, NY 11788 
TEL.: (631) 436-7400 • FAX: (631) 435-7470/436-7430

miteq.com

For additional information, please contact Rosalie DeSousa at (631) 439-9458 or send an e-mail to rdesousa@miteq.com.

Click LEADnet at mwjournal.com or Circle 66  on Reader Service Card

mailto:rdesousa@miteq.com


PRODUCT FEATURE

RF/M icrowave 
Manipulators 
for Precise 
Test Probe 
Measurements

In today’s fast paced semiconductor indus­
try maldng accurate and reliable measure­
ments at microwave frequencies is critical 

to successful product development operations. 
Microwave measurements enable engineers to 
characterize both the linear and nonlinear be­
havior of devices, providing critical perfor­
mance information. Precise probe contact is a 
necessity to obtain accurate test data. Precision 
microwave manipulators must be employed to 
properly position the probe contacts.

A series of new RF/microwave manipula­
tors has been introduced that feature direct 
leadnut coupled drives and a number of base 
choices including a magnetic-assisted vacuum 
base. The WAVE 100 and WAVE200 manipu­
lators, and the PLF/PLS probe head link arms 

Fig. 1 Magnetic-assisted are two critical elem ents that assure mi­
crowave system stability and 
probe planarity required for 
sensitive microwave circuit 
measurements. These rugged 
rectilinear manipulators have a 
lead screw pitch of 40 threads- 
per-inch and feature secure 
massive mounts to provide sta­
bility, even with sem i-rigid

coaxial cables attached to the probes. The 
rigid probe head link arms are available in two 
styles to permit simultaneous use of four 
probes, and theta and planarity adjustments of 
the probes are Standard.

FIVE DEGREES OF FREEDOM
The WAVE100 (left-handed) and 

WAVE200 (right-handed) manipulators are 
engineered with five degrees of freedom. The 
new manipulators feature five Controls that 
are readily available for fingertip adjustment 
to obtain the precise probe contact required. 
The Controls are up/down, forward/backward, 
side-to-side, planarity and 4° of theta control. 
Probing RF/microwave test stractures is now 
easier than ever. In addition to maximum posi­
tion control, the large 4.8" x 2.3" base is avail­
able in magnetic, magnetic-assisted vacuum, 
vacuum and mechanical lock mounts. The me- 
chanical lock configuration is easy to use, re- 
quiring no tools for setup. Figure 1 shows the 
manipulators magnetic-assisted vacuum base

[Continued on page 110]

M icrom anipulator  C o .
Carson Citij, NV
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W id e  B a n d w id th  F ilte r s  

L o w  R ip p le , L o w  G ro u p  D e la y

MARKER 2-1 
-200.625 MHz

S 21
REFO.Os 

A 1.0 ns/
2 1.4546 ns

S 21
0 REF 0.0 dB 
2 1.0 dB/
▼ 0.0615 dB

CENTER 8.000000000 GHz 
SPAN 0.750000000 GHz

Micro Lambda Wireless, Inc. offers 
"Next-Generation” YIG filters with 
extremely low passband ripple and 
low group delay covering the 6 GHz 
to 18 GHz frequency range. Designed 
to provide very wide passband 
bandwidths, these filters have been 
optimized for very low passband 
ripple over the 3 dB bandwidth while 
maintaining excellant group delay 
characteristics. Units are offered in 
1.7" square x 1.2” low profile packages.

MLFP BANDPASS FILTERS, L-SERIES
Available in multi-octive frequencies 
from 6 to 18 GHz. Units provide 3 dB 
bandwidths of 500 MHz minimum, while 
providing 1.5 dB maximum passband 
ripple over the center 85% of the 
3 dB bandwidth. Low group delay of 
better than 3 nSec is provided for all 
models. Units are available covering 
6 to 18 GHz, 8 to 18 GHz and 8 to 20 GHz 
tuning ranges. Off resonance isolation 
is 100 dB minimum for all models.

FEATURES

• Wide 3 dB Bandwidths
• Low Bandpass Ripple

• Low Group Delay
• Low Profile Package

"Look to the leader in YIG Technology "

l p  MICRO LAMBDA 
wm  WIRELESS, INC.

E9 9 1  NN
48041 Fremont Blvd. Fremont, CA 94538 • (510)770-9221 • sales@microlambdawireless.com • www.microlambdawireless.com

Click LEADnet at mwjouraal.com or Orde 50 on Reader Service Card

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


PRODUCT FEA TURE

E n d w a v e  is y o u r  s o u rc e  1 0 0  M H z  -  1 0 0  G H z
• S ta n d a r d  P ro d u c ts  a n d  C u s to m  C a p a b il i t ie s  •  Q u ic k  T urn  D e liv e ry

» C o m m e r c ia l  a n d  D e fe n s e  A p p lic a t io n s  •  IS O  9 0 0 1  C e r t if ie d

P o w e r  A m p li f ie r s  

. Freq. Range: 100 M H z 75 GHz 
N arrow band  and Broadband  

P1dB: Up to +30 dBm  
Gain: U p  to 44 dB 
VSW R: 2.0:1 (typ)
S M A , K a n d W G  Connectors

M u l t ip l ie r s
Active and Passive Options :m  
M ultip lication: X2 to X28  
O utput Freq: 100 M Hz 67 GHz 

Psat: U p  to +3 0  dBm  
Input Power: 10 to +10 dBm  (typ) 
S M A , K and W G  Connectors

U p / D o w n  C o n v e r te rs

5  -  67 GHz N arrow band v
Saturated or Linear Outputs J Ê C Ê Ê ^  
Pout to +30 dBm
Noise Figure 4 7 dB • o l l
IF Range to 5  GHz 
O ptional Internal LO
S M A , K and W G  Connectors h ^ * | j |  

O ptional G ain  Control & Power Detection

L o w  N o is e  A m p li f ie r s  

Freq. Range: 100 M H z 75 GHz 
N arrow band and Broadband  

S ingle and M ulti-O ctave  
Gain: U p  to 44 dB 

Noise Figure: As Low  as 2 .0  d ö j 
IP3: U p  to +32 dBm  
V SW R 2.0:1 (typ)
S M A , K and W G  Connectors

T ra n s c e iv e rs  

11 58 GHz in  Production
7 67 GHz Capabilities  
Low  Capacity [PDH| A  
High-C apacity  |SDH) *  
Internal or External LO 1  

Integrated or Discrete 
TX  and RX M odules

Y IG  O s c i l la to r s  

Freq. Range: 3  11 GHz
W id e  Tuning Range: +/- 1 GHz 

Low  Phase Noise:
105 dBc/Hz " 10KHz (typ) j  

-  128 dBc/Hz ^  10QKHZ (typ) 
Low  Pow er Consum ption  
Power Output: Up to +14 dBm  
S M A  or Board M o u n t Packages

S w it c h  C o m b in e r s

Freq. Range: 800 MHz 2.1 GHz £  \
Active or Passive Options  

2, 3  and 4 W ay  Configurations  
Power: Up to  800 Watts 
Loss: < .35  dB 

VSW R: 1.3:1 (typ)
Integrated Power Dividers and Couplers  
S M A , OSP, N andTN C  Connectors

Y IG  S y n th e s iz e r s  

Freq. Range: 3 - 1 2  GHz 

W ide  Tuning Range: +/- 1 GHz 
Low  Phase Noise:

-  100 dBc/Hz '•* 10 kHz (typ)
-  130 dBc/Hz 100KHZ (typ) 

Single and Dual O utput O ptions  
Robust M icrophonics Perform ance  
M ultip lication  to 67G Hz A vailable

C a ll E n d w a v e  a t  1 -8 8 8 -3 6 3 -4 2 8 3  f o r  a d d i t io n a l  in fo r m a t io n  o r  v is it  o u r  w e b  s ite  a t  

w w w .e n d w a v e .c o m  fo r  a  l is t  o f  d o m e s t ic  a n d  in te r n a t io n a l  s a le s  r e p r e s e n ta t iv e s .

Endw ave Corporation
990 A lm a n o r Avenue •  Sunnyvale, CA
408 522-3100 m ain •  408-522-3102 fax

e n d w a v e ’

configuration. This base style is an 
excellent choice for occasional use 
on stations not designed for micro­
wave work, as the magnetic base se- 
cures the manipulator from tipping 
and the addition of vacuum gives it 
rock-solid stability. Figure 2 shows 
the vacuum base. The manipulator 
assembly weighs four pounds and 
provides a secure foundation for the 
semi-rigid cables used in most ap­
plications. Each WAVE 100/200 ma­
nipulator requires a link arm to hold 
and extend the probe head to the de­
vice under test. These link arms ac- 
commodate probe stations where the 
chuck is below the platen or where 
the chuck is above the platen simply 
by using different mounting holes on 
the planarity face plate.

When combined with the rugged 
PLS (straight) and PLF (right an­
gle) probe head support arms the 
fixture can easily probe pad sizes of 
2 pm with precision planarity and 
theta alignment, and no probe V i­

bration. Figure 3 shows a possible 
four-probe test configuration using 
both WAVE 100 and WAVE200 ma­
nipulators with PLS and PLF arms.

The WAVElOO/200 manipulators 
are compatible with most manufac- 
tu re r’s probing stations, including 
Micromanipulator’s 9000 series with 
the RF Option for 12" wafers, 4000 
Tech Series, 6500 or 8000 series for 
4" 6" and 8" wafers. With the proper 
m anipulator base choice they can 
work with probe stations with or 
without the RF Option.

The WAVE 100/200 manipulators 
can support all manufacturers mi­
crowave probe heads, including the 
industry  leading Picoprobe® mi­
crowave probe head that can be used 
at frequencies up to 220 GHz, and 
features excellent insertion and re­
turn loss performance.

WAVE 100 and WAVE200 manipu­
lators are currently available with deliv- 
ery times ranging from six to eight 
weeks. Additional information may be 
obtained by visiting the Companys Web 
site at www.micromanipulator.com or 
by contacting die Companys sales staff.
Micromanipulator Co.,
Carson City, NV
(775) 882-2400,
info@micromanipuiator.com.

Circle No. 303
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RF —1|------- 1----------- RF+DC

Easily combines RF+DC Signals S
for your modulation or
test requirements. O

DC
Now up to 500mA DC current 100kHz-6GHz
With Mini-Circuits Bias-Tees, you can DC connect to the RF port of an active 
device without effecting its RF proporties...modulate a laser, apply DC to an 
amplifier output, and more! Using Statistical process control plus combinïng 
magnetics and microstrip, large DC currents may pass 
through the Bias-Tee without Saturation and 
degradation of performance. At 1/3 to 1/4 the 
price of competitive units, these new Bias-Tees 
are available in surface mount, pin, and 
connectorized models. So why wait, solve your 
connection Problems with Mini-Circuits Bias-Tees.

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

Model Freq Insertion Loss Isolation VSWR Price
(MHz) (dB Typ.) (dB Typ.) (Typ.) $ ea
fl-fu L M U L M U u 1 -9 qty.

AZFBT-4R2G 10-4200 0.15 0.6 0.6 32 40 50 1.13:1 59.95
a ZFBT-6G 10-6000 0.15 0.6 1.0 32 40 30 1.13:1 79.95
a ZFBT-4R2GW 0.1-4200 0.15 0.6 0.6 25 40 50 1.13:1 79.95
AZFBT-6GW 0.1-6000 0,15 0.6 1.0 25 40 30 1.13:1 89.95
AZFBT-4R2G-FT 10-4200 0.15 0.6 0.6 N/A N/A N/A 1.13:1 59.95
a ZFBT-6G-FT 10-6000 0.15 0.6 1.0 N/A N/A N/A 1.13:1 7 9.95
a ZFBT-4R2GW-FT 0.1-4200 0.15 0.6 0.6 N/A N/A N/A 1.13:1 79.95
AZFBT-6GW-FT 0.1-6000 0.15 0.6 1.0 N/A N/A N/A 1.13:1 89.95
★ ZNBT-6Q-1W 2.5-6000 0.2 0.6 1.6 75 45 35 1.35:1 82.95
■PBTC-1G 10-1000 0.15 0.3 0.3 27 33 30 1.10:1 25.95
■PBTC-3G 10-3000 0.15 0.3 1.0 27 30 35 1.60:1 35.95
■PBTC-1GW 0.1-1000 0.15 0.3 0.3 25 33 30 1.10:1 35.95
■PBTC-3GW 0.1-3000 0.15 0.3 1.0 25 30 35 1.60:1 46.95
•JEBT-4R2G 10-4200 0.15 0.6 0.6 32 40 40 39.95
•JEBT-6G 10-6000 0.15 0.7 1.3 32 40 40 59.95
•JEBT-4R2GW 0.1-4200 0.15 0.6 0.6 25 40 40 59.95
•JEBT-6GW 0.1-6000 0.15 0.7 1.3 25 40 30 69.95

L = Low Range M = Mid Range U = Upper Range 
NOTE: Isolation dB applies to DC to (RF) and DC to (RF+DC) ports. 
a SMA Models, FT Models Have Feedthrough Terminal ★ Type N. BNC Female at DC 
■ Pin Models »Surface Mount Models

□  Mini-Circuits 62 62
US IN T!

CIRCLE READER SERVICE CARD

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: http://www.minicircuits.com

ISO 9001 CERTIFIED F 164 Rev B

http://www.minicircuits.com


WEB UPDATE

#  Microwave Products
This Web site enables customers to efficient- 
ly gather information from the company’s 
products catalog. Visitors can easily access 
detailed part descriptions, images and draw- 
ings o f all th e  com pany’s GPO™  and 
GPPO™ Standard products. It also features 
product information, assembly instructions 
and recommended tools. Pull-down menus 
provide quick navigation through the Com­
pany overview, literature requests and tech­
nical information sections.
Coming Gilbert Engineering,
5310 West Camelback Road,
Glendale, AZ 85301

w w w .c o rn in g .c o m /
co rn in g g ilb e rt

9  Microwave Transmission Line 
Products

This Web site makes it easier to locate and 
download information on the company’s füll 
line of microwave transmission line products 
designed for use in commercial, military and 
space applications. The site has been re- 
designed with improved functionality fea­
tures and increased literature download ca­
pability so visitors can now easily download 
data sheets, application notes and other lit­
erature in PDF format.
M1CRO-COAX,
206 Jones Blvd., Pottstoxcn, PA 19464

w w w .m ic ro -co ax .c o m

#  Commercial and Defense 
Products

This Web site details the Companys design 
and manufacturing capabilities for commer­
cial and defense products from 100 MHz to 
100 GHz. Product information and down- 
loadable data sheets for LNAs, PAs, multi­
pliers, up/down Converters, oscillators, syn­
thesizers, transceivers and switch combiners. 
Endwave Corp.,
.9.9O Almanor Ave., Sunnyvale, CA 94085

w w w .end w ave .co m

9  Antenna and Radome 
Products

This updated and expanded Web site pro­
vides detailed information on antenna and 
radome products, technology and capabili­
ties. Specific technical information is provid- 
ed for airbome antennas for electronic war- 
fare and communication, navigation and 
identification applications. The site also pro­
vides antenna and radome design aids and 
engineering data.
Nurad Technologies Inc., 
a division of Chelton Microwave Corp., 
3310 Carlins Park Drive,
Baltimore, MD 21215

w w w .nurad .org

•  Antennas
In an effort to optimize marketing Commu­
nications and shorten its new product launch 
cycle, the Company has launched a new Web 
site. The site is now the central point for the 
company’s marketing activities, including 
public relations, direct mail, up-to-date 
product catalogs, on-line advertising and 
other key supporting activities.
MAXRAD Ine.,
4350 Chandler Drive, 
llanover Park, 1L 60133

w w w .m axrad .com

9  RF Microwave Substrate 
Materials

This Web site features a new, faster-loading 
and easier to navigate look. Featured are 
product data tables, brochures, processing 
guides, technical bulletins and comparative 
tables. Information on all of the company’s 
comprehensive Substrate materials is avail­
able in the products section of the site, in­
cluding the model N9000 RF microwave 
Substrate material.
Park/Nelco-Neltec,
1420 West 12th Place, Tempe, AZ 85281

w w w .p arkn e lco .co m
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G o r e  M i c r o w a v e  C o a x i a l  T e s t  A s s e m b l i e s . . .

A  S u r e  B e t .

Gore Microwave Coaxial Test Assemblies:
• NEXT GENERATION® Assemblies: Precise for Critical Measurements
• PHASEFLEX® Assemblies: Stable and Repeatable
• Operating Frequencies: DC to 65 GFIz
• Superior Phase and Amplitude Stability
• Accurate and Repeatable Measurements
• Ruggedized Assemblies
• Quick Delivery for Standard Configurations

Innovative Solutions, Defining Technology...

Creative Technologies 
Worldwide

w w w .g o ree lec tro n ics .co m /in fo /testl 1 800 4 4 5 -G O R E

© W. L. Gore & Associates, Inc. 2001. GORE, NEXT GENERATION, PHASEFLEX, and Design are trademarks of W. L. Gore & Associates, Inc. 

Click LEADnet at mwjournal.com or Circle 9 9  on Reader Service Card

http://www.goreelectronics.com/info/testl


WEB UPDATE

#  RFICs for Wireless
Communications Applications

This redesigned Web site focuses on enhancing 
customers’ Web experiences. The site features 
an on-line product guide providing customers 
access to the Companys extensive product port­
folio and support documentation, such as data 
sheets, application notes, block diagrams, pack- 
aging types and performance details. It also in­
cludes a search engine that enables customers 
to search the product guide by product family, 
application, Standard or part number.
RF Micro Devices Inc.,
7628 Thorndike Rd.,
Greensboro, NC 27409

w w w .rfm d .c o m

O Precision Coaxial Connectors
This site has recently been upgradet! and 
features descriptions, specifications and 
drawings of the company’s füll line of preci­
sion coaxial connectors. Included are 1.85, 
2.4, 2.9 and 3.5 mm series. Products are 
available for cable connectors, receptacles 
and adapters (both in-series and between se­
ries). A form requesting custom designs is 
also available.
S.G. McGeary Co.,
525 Gus Hipp Blvd., Suite A,
Rockledge, FL 32955

w w w .sgm cgeary.com

O Programmable DC Power
Supplies

This Web site features enhanced user-friendly 
features, providing visitors with greater techni­
cal content and graphie presentation. The home 
page features a product of the month, along 
with a breakdown of information available on 
the site. Users will find direct links to products, 
Company news and information, sales and serv­
ice support, and the Companys new system out- 
sourcing service. A complete section on articles, 
application notes and manuals is also available. 
Soremen, a division of Elgar,
9250 Brown Deer Road,
San Diego, CA 92121

w w w .sorenson .com

•  RF Feedthrus and Packaging
Solutions

This new Web site features a monthly prod­
uct release of advanced feedthrus and direct 
Seal and soldered assembly packaging Solu­
tions. It is set up for electrical and mechani- 
cal engineers looking for the latest housing 
components and modular packaging Solu­
tions. The site also offers a com plete 
overview of the Companys glass-to-metal RF 
feedthrus and packaging Solutions and offers 
an easy Fast Quote form for submitting ap­
plications.
Thunderline-Z,
11 Hazel Dr., Hampstead, NH 03841

w w w .Thunderlm ez.com

O Test Solutions
This Web site features the Companys test So­
lutions, which can help customers get to 
market with next generation wireless de­
vices. The Company supports a broad range 
of innovative test Solutions, services and sup­
port for components, devices and base sta­
tions. The wireless industry Web site fea­
tures more informaiton on aecelerating the 
delivery of users’ wireless products.
Agilent Technologies,
295 Page Mill Rd., Palo Alto, CA 94306

w w w .a g ile n t.c o m /
find /w ire less
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U M T S  /  C D M A - 3 G  B a n d

2 1 1 0  t o  2 1 7 0  M H z  

E x c e p t i o n a i  P h a s e  N o i s e  

C o m p a c t  S i z e

O p t i m i z e d  R e f e r e n c e  S i d e b a n d s

For add itiona l information, contact S ynergy 's  sa les a nd  app lica tion  team.
201 M cLean Boulevard, Paterson, N J 07504  

Phone: (973) 881-8800 Fax: (973) 881-8361 E -m ail: sa les@ synergym w ave .com  
World Wide Web: h ttp ://w w w .synergym w ave.com

NUCRONNKME CORPORM \OU
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Are you toying around with outdated layout tools that make you anything but 
agile? Have you considered switching to  Microwave Office™ 2002? It was designed 
from the ground up to support complex layout problems like LTCCs, MMICs and 
RFICs, not to mention dense PCBs— with advanced capabilities like design rule 
checking, 3D views, and the industry’s only truly unified database. Which means 
you’ ll never have to  deal with those problematic design 
synchronization steps or back annotations that can ruin your 

day. It also comes with manufacturing interfaces like Gerber, DXF and GDSII that actually work! Stop playing 
around, and start getting your designs out in no time flat. Make the switch to  Microwave Office 2002.
Download a 30-day evaluation from www.mwoffice.com or call us at 310-726-3000 for more information.

M icrow ave

Office 2002

Click LEADnet at mwjournal.com or Circle 6 on Reader Service Card

http://www.mwoffice.com


I n t e r n a t i o n a l  M i c r o w a v e  S y m p o s i u m  

P h il a d e l p h ia , P ennsylvania  
I E E E  M i c r o w a v e  T h e o r y  

a n d  T e c h n i q u e s  S o c i e t y  W m *
Liberty Through Microwaves

A-Alpha Waveguide Co.
Accent Optical Technologies 
Accumet Engineering Corp.
ACE Technology 
Advance Reproducdons Corp. 
Advanced Control Components 
Advanced Power Technology RF 
Aeroflex Inc.
Aerowave Inc.
Aethercomm Inc.
Agile Materials & Technologies 
Agilent Technologies 
Air Precision/Sivers 
AKON Inc.
Aliner Industries Inc.
AMCOM Communications Inc. 
American Technical Ceramics 
Ametek Specialty Metal Products 
AML Communications Inc. 
Amplifier Research 
Amplifonix 
Amplitech Inc.
Analog Devices Inc.
Anaren Microwave Inc.
Andrew Corp.
Anritsu Company 
Ansoft Corp.
Antenna Software Ltd.
Aplac Solutions Inc.
Applied Thin-Film Products 
Applied Wave Research Inc.
ARC Technologies 
Arlon
Artech House 
Ascor Incorporated 
Assemblies Inc.
Astrolab Inc.
Atlantic Microwave 
Avalon Equipment Coro.
Avitronies (a division of Grintron) 
Avnet RF & Microwave 
BAE Systems 
Barry Industries 
Base Station/Earth Station 
Besser Associates Inc.
Bomar Interconnect Products Inc. 
Boonton Electronics 
BroadWave Technologies Inc. 
C-MAC MicroTechnology 
C.E. Precision Assemblies Inc,
CAD Design Services 
California Eastem Lai 
CAP Wireless 
Carleton U 
Cascade Mi<
Celeritek Inc 
Celerity System!
Cemex Inc.
Channel Microwave Corp.
Chelton Microwave 
China Wireless Technologi«
Cirexx Corp.
ClearComm Technologies 
Coilcraft Inc.
Coleman Microwave 
Com Dev Ltd.
Commercial Microwave Technology 
Communication Techniques Inc. 
Communications & Power Ind -  

Ontario
Compac Development Corp. 
Compex Corp.
Component Distributors Inc. 
Connectronics Inc.
Continental Microwave & Tool Co.
CoorsTek
Coretec
Coming Gilbert Inc.
Coming Intelli Sense 
Cougar Components 
Coventor Inc.
CRC Press

Credence Systems Corp.
Cree Microwave Inc.
CST of America Inc.
CTT Inc.
Cuming Microwave Corp.
Custom Cable Assemblies Inc.
Datum -  Inane
DBP Microwave
Delta Electronics Mnfg Corp.
Diamond
Discovery Semiconductors 
DiTom Microwave Inc.
DLI (Dieletric Laboratories)
Dorado International Corp.
Dow-Key Microwave 
Ducommun Technologies Inc. 
DuPont Microcircuit Materials 
Dynawave Inc.
Eagleware Corp.
Echptek
EE -  Evaluation Engineering 
EiC Corp.
Elcom Technologies Inc.
Electro Rent Corp.
Electronic Component News 
Elisra Electronic Systems Ltd.
Elva-1 Ltd.
EMC Technology Inc.
Emerson & Cuming Microwave Prod. 
EMF Systems 
Emhiser Micro-Tech 
Endwave Corp.
Ericsson Microelectronics 
ETS -  Lindgren 
Excelics Semiconductor Inc.
EZ Form Cable Corp.
F&K Delvotee Inc.
Farran Technology, Ind.
FCT Electronics 
The Ferrite Company In 
Filtel Microwave Ino 
Filtran Microcircuit!
Filtronic Solid State 
First Technok 
Flexco MjpiiÉ eJnc.
Flori

s Inc.
Management 

icrowave Inc. 
itsu CompoundJ 

’ujitsu MicroelectÄja^gfnerica 
G.T. Microwai 
Gaiser To«
Gavish Inc.

Technologies Cofj 
lustries jncj 

Solution TdÉÉfct̂ JlÉJcl. 
"ga-tronics

W. L. Gore & A.miciates In 
Gowanda Electronics 
Harbour Industries 1 
Haverhill Cable & Mil 
HCC Industries Inc.
Herley Industries 
Herotek Inc.
Hexawave Inc.
High Frequency Electronics 
Hitachi Metals America Ltd.
Hitachi Semiconductor America 
Hittite Microwave Corp.
Huber + Suhner 
Hybond Inc.
IEEE Microwave Magazine 
IKE Micro
IMI Printed Circuit Boards 
IMST GmbH
In-Phase Technologies Inc.
Infineon Technologies 
Innovative Micro Technology (IMT) 
Inphi Corp.
Integra Technologies Inc.
Integrated Microwave Corp.

International Manufacturing Svcs. 
Interpoint, A Crane Co. Company 
Ion Beam Milling Inc.
ITT Industries 
IW Inc.
Ixion Technologies 
J MicroTechnology Inc.
JCA Technology, 

a NEW FOCUS Company 
Jersey Microwave 
JFW Industries Inc.
Johanson Manufacturing Corp. 
Johanson Technology Inc.
Johnson Components Inc.
Johnstech International Corp.
Jye Bao Co. Ltd.
K&L Microwave Inc.
Keithley Instruments Inc.
Kemac Technology Inc.
Keragis 
Kevlin Corp.
Knowledge°on Inc.
Krytar Inc.
KW Microwave Corp.
Kyocera America Inc.
Labtech Limited 
Lamina Ceramics Inc.
Laser Process Mfg. Inc.
Laser Processing Technoloj 
Linearizer Technology |
Litron Inc.
Logus Microwave Corp.
Lorch Microwav̂
LPKF La
Li icas/Signaträfe C.'dl
Lug_

ld2 Gjfbal Technology Lt^
Mann Microwave Cojj 
MCE Technologie;
MCE/DML M i^ ^ fL f c
MCE/Inme*__
M CE^PjJtePated Pro« 

IDJflesistor Pr£< 
ta lie s  Corp 

WeinscheJ 
Technolq"

MECA Bfectron© Inc.
Mega*®Äiit Inc. 

uSc 
SafeJ 

(SC All
Merrimac Indi 
MetijÜK Inc.

itemational Corp. 
ologies

!A Microwave Corp. 
lician GbR 

Micralyne Inc.
Micro Lambda Wireless Inc. 
Micro-Coax Inc.
Micro-Mode Products Inc. 
Microlab/FXR 
MicroMetrics Inc.
Micronetics Wireless 
Microphase Corp.
Microsemi Corp.
Microsource Inc.
Microtech Inc.
Microwave Comm. Labs Inc. 
Microwave Development Co.Inc. 
Microwave Development Labs Inc. 
Microwave Device Technology Corp. 
Microwave Devices Inc.
Microwave Dynamics 
Microwave Innovation Group 
Microwave Journal 
Microwave Product Digest 
Microwave Solutions Ltd.
Microwave Technology Inc. (MWT) 
Mid-Atlantic RF Systems 
Millitech, LLC

Mimix Broadband 
Mini-Circuits 
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NEW PRODUCTS
COMPONENTS
■  Surface-mount Balun
This miniaturized Version of the Companys 2.4 
GHz Xinger-brand surface-mount balun has an 

insertion loss of 
0.35 dB (max),  
making it an ideal 
com panion for 
802.11b and 
802.11g access 
point and embed- 
ded WLAN 
ch ipsets. O th e r 
advantages in- 
clude op tim iza­
tion for im ped- 
ance m atching 
and guaran teed  

phase and amplitude performance.
Anaren Microwave Inc.,
East Syracuse, NT (315) 432-8909.

Circle No. 2 1 6

■ DPDT Switch
The model HMC436MS8G low insertion loss, 
+3 V double-po le  double throw  (D PD T) 

switch is designed 
for 802.1 l a / Hi -  
perLA N  WLAN 
and UNII  point- 
to -p o in t/m u lti-  
po in t 5.1 to 5.9 
GHz applications. 
It is an integrated 
antenna diversity 
and transm it/re- 
ceive switch that 
provides 1 dB in­
sertion loss while 
handling up to 

+30 dBm RF input power from 0/+3 V DC 
control inputs. Port-to-port isolation is over 20 
dB with better than 20 dB return loss on any 
port. Packaged in a low profile, 1 mm high 8 
lead MSOP surface-mount package, the switch 
is ideally suited for 802.11a and access point 
front-end Switching.
Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343.

Circle No. 2 1 8

■ Single Layer Capacitors
The Maxi-Plus Series of single layer capacitors 
exhibits a dielectric constant of 30,000. They 

feature X7R tem­
perature charac- 
teristics and are 
ideal for decou- 
pling around elec- 
tro-optical ampli­
fiers and trans-im- 

pedance amplifiers. The series is also designed 
to operate in the millimeter bands with an ultra 
low equivalent series resistance specifically for 
the RF/microwave, optical and cellular market. 
Exhibiting a very high or non-definable self-res- 
onant frequency, these capacitors feature ultra- 
wide band capabilities. The high dielectric con­
stant featured in the Maxi-Plus Series allows for 
a compact package that is 60 percent smaller 
than previously offered packages. The series

features capacitance values from 100 to 10,000 
pF. Typical measurement coëfficiënt for these 
capacitors is ±15 percent over the operating 
temperature range from -55° to +125°C. Rated 
from 50 V, the series is offered in length and 
width size ranges from 0.010” to 0.100" with 
custom sizes available.
AVX Corp.,
Myrtle Beach, SC (843) 946-0414.

Circle No. 2 1 7

■  TETRA Hybrid Combiners
The model WSC2-00015 and WSC4-00014 
TETRA band high power transmit hybrid com­

biners allow ei- 
ther two carriers 
to be com bined 
onto a single 
transmission line 
with the WSC2- 
00015 or four 
carriers with the 
WS C 4 - 0 0 0 1 4 .  
With an operat­
ing frequency 
band of 380 to 
430 MHz, these 
combiners offer 

low insertion loss of 3.7 dB (max) (WSC2- 
00015) and 7.2 dB (max) (WSC4-00014) and 
high transmit input to input isolation of 40 dB 
(min) for the WSC2-00015 and 60 dB (min) for 
the WSC4-00014. Minimum power handling is 
specified as 25 W CW TETRA carriers per in­
put for either 2:1 or 4:1 models. Passband re­
turn loss is specified at 15 dB (min) at all ports. 
Operating temperature range is -30° to +50°C. 
KirL Microwave Inc.,
Salisbury, MD (410) 749-2424.

Circle No. 2 1 9

■  Capacitive Feedthrus

These feedthrus are designed for eliminating 
noise and frequency interference in discoidal 
capacitance filtering applications such as in 
modulators, switches, amplifiers, filters, multi- 
function assemblies and other active devices. 
Utilizing premium glass and proprietary sol­
dering techniques, the series of single pin de­
sign styles can be custom manufactured for 
unique applications up to 300°C. These her­
m etic capacitive feedthrus are designed to 
meet or exceed MIL-F-28861 by providing a 
guaranteed hermeticity of IxE-8 cc/sec at 1 
atm or better. Capacitance values range from 5 
to 27,000 pF with tolerances as tight as ±10 
percent. They are ideal for designers seeking 
ultra-pure DC Signals at higher frequencies. 
They eliminate the need for extemally mount- 
ed capacitor chips, freeing board and/or pack­
age space.
Thurule rline-7,
Hampstead, NH (603) 329-4050.

Circle No. 2 2 5

■  Mixer

The model M2-0243 mixer covers 2 to 43 GHz 
with a 400 MHz to 43 GHz IF. Designed for 
fiber-optic clock-recover/acquisition applica- 
tions requiring an ultra-broadband IF, the unit 
is a unique triple-balanced mixer design, avail­
able in 2.92 mm connectorized outline. Local 
oscillator drive levels are +12 to +15 dBm. Typ­
ical conversion loss is 10 to 20 dB.
Marki Microwave Inc.,
Morgan Hill, CA (408) 778-4200.

Circle No. 221

■  Semi-rigid Cable Connectors
These 2.8 mm male and female connectors are 
designed for RG-405 (0.085) semi-rigid cable.

Available in both 
d irec t so lder or 
solder clamp at- 
tachm ent, these 
designs exhibit 
low SWR and 
perform  to 40 
GHz. O ther 2.9 
mm connectors 
are available for 
0.085 low loss, 
0.118 and 0.141 

diameter semi-rigid cable. The connectors fea­
ture a DC to 40 GHz frequency range and 
SWR of 1.25 (max), and are air dielectric and 
mechanically compatible with SMA and 3.5 
mm connector series.
S.G. McCeary Co.,
Rockledge, EL (321) 636-0909.

Circle No. 223

■  BMA Connectors
The BMA Series connectors feature a high in- 
tegrity push-on SMA interface that is suitable 

for dense modu­
lar connector ar- 
rays requiring fast 
and reliable Con­
nections. This 
line of high fre­
quency BMA 
connectors has 
been expanded to 
fit many types of 
cables including 
sem i-rigid sizes 
from 0.0865" to 
0.1410" and flexi­

ble cables from 0.190" to .240" with crimp and 
solder attachment. The connectors accommo-

[Continued on page 122]
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Patent Protected Technology
■ Harmonie Tuners • High SWR (Prematching) Tuners
Low Loss Test Fixtures * On Wafer Solutions m Focus

microwaves
Our Technology stands out

At Focus, we have been deveioping metrology we closely pursue our
and manufacturing Load Pull and Noise customer's requests and have always
measurement Systems since 1988. N early  succeeded in providing Solutions to their 
1000 Focus tu ners  a re  serving in various requirements.
R & D  an d  p ro d u c tio n  labs  w orldw ide . Our staff of Engineers and Technicians

We use proprietary, patented designs will assist you through the entire process
and software. Our fundamental and from the procurement to the installation
harmonie programmable tuners reach and successful Operation of your
from 0.2 to 110 GHz and have gained a measurement system.
reputation of precision and dependability. Focus system users teil us that our
Over 120 application, product and customer support has been a key selling
technical notes support our products. feature when choosing our products.

Focus is recognized for our Innovative
Technology and Dedication to our Detailed information about Focus and
Customer's needs. Because of our its products can be found at:
specialization in Load Pull and Noise w w w .focus-m icrow aves.com

Focus M icrow aves Inc.
1603 St. Regis Dollard-Des-Ormeaux, Montreal, Q uebec H9B 3H7
Tel: 1(514) 684-4554 Fax: 1(514) 684-8581 Email: info@ focus-m icrowaves.com

Click LEADnet at mwjournal.com or Circle 31 on Reader Service Card

http://www.focus-microwaves.com
mailto:info@focus-microwaves.com


NEW
PRODUCTS

date a maximum of 0.60" (0.120" custom) axial- 
and ±0.020" radial misalignment. Designed for 
DC to 22 GHz applications, these 50 £2 con­
nectors have a 1000 Vrms dielectric withstand- 
ing voltage and 5000 megohms insulation resis- 
tance. Price: from $12.45 each.
TRU Corp., Peabody, MA (800) 262-9878.

C ircle No. 2 2 6

AMPLIFIERS
■  Power Thin Film Amplifier

The model AML618P3301 low noise, 1 W 
wide band amplifier operates in the 6 to 18 
GHz frequency range and provides 33 dB 
(min) gain with an output power at 1 dB gain 
compression of +30 dBm (min). Noise figure is 
below 3 dB across the entire bandwidth. Input 
and output SWR is 1.8 nominal. Operating at 
+15 V DC this amplifier draws 1050 mA (typ) 
current. Internal DC regulator, reverse voltage 
protection and field removable SMA (f) con­
nector shells are Standard. Modules are also 
available as carrier mounted Substrates. Size: 
2.00" X 0.75'! Delivery: 10 days (ARO).
AMD Communications Inc.,
Camarillo, CA (805) 388-1345.

C ircle No. 2 2 7

■  Low Noise Amplifier
The model NLC00361 low noise power ampli­
fier is designed for mobile Communications 

Systems operating 
from 1920 to 1990 
GHz. The gain at 
room  tem p era ­
ture is 25 dB with 
noise figure over 
operating temper­
ature range of 1.2 

dB (max). The output third order intercept 
point at 10 dBm output power/tone at room 
temperature is 35 dBm (min). 1 dB compres­
sion point at room tem perature is 18 dBm
(typ)-
Nextec Microwave & RF Inc.,
Santa Clara, CA (408) 727-1189.

Circle No. 2 2 9

■  Broadband
Laboratory Amplifier

The model TPT5001200-6 broadband labora­
tory amplifier is a linear, class A lab unit cover­

ing 500 to 1200 MI Iz, producing a typical pow­
er of 38 dBm at 1 dB compression with 25 dB 
of gain. The 6 W amplifier offers typical IP3 of 
48 dBm, input and output SWR < 2 and prime 
power of 110 V AC. Size: 6.00" x 5.50" x 3.25". 
Transistor Power Technology Inc., 
Huntington, NY (631) 491-0265.

Circle No. 231

ANTENNA
■  Broadband

Dual Linear Antenna
This broadband dual linear antenna was de­
signed for polarization diverse applications. 
High power handling and good isolation help 
with power on target and good polarization pu- 
rity. The antenna is capable of functioning in 
airbome environments without degradation. It 
features SWR of 2.5 (max), port-to-port isola­
tion of 25 dB (min) and operates over the 6 to 
18 GHz frequency range.
Nurad Technologies Inc., 
a division of Chelton Microwave, 
Baltimore, MD (410) 542-1700.

Circle No. 2 3 3

INTEGRATED
CIRCUIT
■  Quadrature Modulator
The model AD8349 I/Q quadrature modulator 
is designed to enable a single-stage upconver- 
Sireci Un Conversm SOS MM H 21 SHi
'=tf=c

a  §H’ 1,08349
sion for w ire­
less infrastruc- 
ture equipment. 
The device cov­
ers the 800 MHz 
to 2.7 GHz band, 

allowing designers to specify the AD8349, and 
to standardize on it across multiple operating 
bands and cellular Standards. It is designed to 
ease direct upconversion for CDMA, WCD- 
MA, GSM EDGE and TDMA transmitters. A 
direct upconversion architecture significantly 
reduces the cost compared to traditional multi- 
stage IF approach. The noise floor is specified 
at -156 dBm/Hz and the PldB output com­
pression point is specified at +5 dBm, thereby 
allowing the user to attain a higher output for a 
given adjacent channel power. With improved 
quadrature accuracy of 0.2 dB and phase bal- 
ance of 0.5°, this component achieves a side- 
band rejection  of -4 2  dBc. Price: $4.50 
(10,000).
Analog Devices Inc.,
Norwood, MA (800) 262-5643.

Circle No. 2 3 4

MATERIALS
■  High Reliability,

FR-4 Epoxy Material
The N4000-11 series of laminate and prepreg 
materials are being introduced to provide 
printed circuit board fabricators with a next- 
generation, high Tg FR-4 product that is de­
signed to meet the difficult performance speci­
fications currently being proposed by a variety

of multinational OEMs. The N4000-11 is de­
signed to provide a conductive anodic filament 
resistant, dimensionally stable material with su­
perior therm al performance. With a Tg of 
175°C, these materials are designed for use in 
a broad range of printed circuit board applica­
tions requiring very low Z-axis expansion, out- 
standing thermal stability and superior hole- 
wall integrity. The material also features im­
proved process latitude when compared to 
similar high Tg dielectric materials currently 
under investigation for their thermal superiori- 
ty. This material set is recommended for high 
density  designs in the netw ork storage, 
telecommunications infrastructure, enterprise 
server, and Internet Connectivity segments. 
Park Electrochemical Corp., 
iMke Success, NY (516) 354-4100.

Circle No. 2 3 5

■ Copper-manganese-nickel 
Alloy

Wieland-LV7 is a copper-manganese-nickel al­
loy with an almost silvery color. Its Chemical 
composition is Ni 20 percent, Mn 20 percent 
and Cu balance. The material has a good corro- 
sion resistance (comparable to lead-free nickel- 
silvers) and excellent formability, joining (braz- 
ing, soldering) and plating characteristies. High 
strength and outstanding spring properties are 
achieved by special heat treatment. Stress relax- 
ation at 150°C is less than 20 percent. It is also 
cost-effective, and ideal for special electrical 
applications such as high frequency connectors. 
Wieland Werke AG,
Ulm, Germany +49 (0) 741 9440.

Circle No. 236

SERVICE
■ Aluminum Nitride 

Clean Via Technology
This newly developed process renders laser 
drilled vias in aluminum nitride (AlN) slag- 

free. Clean Via 
T e c h n o l o g y  
(CVT™) creates a 
perfectly  clean 
AlN grain struc­
tu re  on laser 
drilled via walls. 
Exposing this V ir­

gin grain structure provides strong mechanical 
footholds as well as a chemically active surface 
for Chemical bonds. This proprietary process 
makes it possible for both thick and thin film 
Circuit manufacturers to use laser drilled AlN 
with a degree of success previously not possible. 
PTM Industries,
Portlend, OR (800) 462-0439.

Circle No. 2 3 7

SOFTWARE
■ Simulation Software
Version 1.1 o f APLAC Simulation Builder 
(ASB) is designed for the Mentor Graphics de­
sign frameworks. It enables seamless Coopera­
tion of the APLAC Simulator and M entor 
Graphics Design Architect, RF Architect and 
PowerLogic. ASB connects directly to frame-

[Continued on page 124]
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MNAAMPUnBS
M M I C s  f r o m  5 0 0 M H z  t o 5 . 9 G H z  $ ] 3 5

as low  as f  ea. (qty. 1000)

Biasing
Configuration

O  DC SUPPLY 

7.8

RF IN20-

~  & PADDLE

Built-ln RF Choke, Resistors, Bypass & Coupling Capacitors
S im p lify  you r 50 0 M H z to  5 .9G H z 
designs w ith M ini-C ircuits easy to  use 
M N A am plifiers. W ith  DC b lock ing  
capacitors and a biasing ne tw ork built- 
in, all you do is d rop  the am plifier in p lace on 
your PC board, connect, and the jo b  is done! 
There's no biasing to  figure out and no external 
com ponents to  connect. B roadband, low 
and high pow er m odels offer 10 to  23dB  
(typ) gain, 7 to  18dBm  (typ) pow er output, 
and m ore than 40dB  isolation, w h ich makes 
them  terrific fo r use as an isolator. But these

amplifiers go on to  feature a m inuscule 
3x3mm MCLP™ SM package with 
exposed metal bottom for excellent 
grounding and heat dissipation. If

you're looking for versatility, M N As operate  
from  a +5V to  2.8V DC supply, m aking them  
indispensable for use in to d a y 's  m iniature 
battery operated hand-held devices. A nd  if 
y o u ’ re lo o k in g  fo r  v a lu e , p r ic e s  s ta r t  
from only $1.60 ea. (qty. 30 ). So s im p lify  
your design, your manufacturing, and your 
life with M ini-C ircuits a ll-in -one M N As!

Detailed Performance Data Online a t www. minicircuits. com!amplifier. h tml

MODEL Freq. DC Gain Pwr. Out
(GHz) Volts Midband 1dB Comp. $ea.

(V) (dB) Typ. (dBm) Typ. (qty. 30)

MNA-2 0.5-2.5 5.0 12.8 17.7 1.90
2.8 11.5 12.9

MNA-3 0.5-2.5 5.0 16.2 11.4 1.60
2.8 15.2 9.7

MNA-4 0.5-2.5 5.0 16.6 17.0 1.90
2.8 14.6 13.4

MNA-5 0.5-2.5 5.0 22.8 12.2 1.60
2.8 21.4 10.1

MNA-6 0.5-2.5 5.0 23.5 18.0 2.25
2.8 21.5 14.1

MNA-7 1.5-5.9 5.0 17.2 15.6 2 .25

Am plifier D esigner’s Kits
K 1-M N A : 10 of ea. MNA-2, 3, 5, 6 .. .$69.95
K 2-M N A : 10 of ea. MNA-2, 3, 4, 5, 6, 7 .. .$99.95
Application note for PCB layout included.

□  Mini-Circuits* US V  IN T H  

CIRCLE READER SERVICE CARD
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

371 rev. AISO 9001 ISO 14001 CERTIFIED

http://www.minicircuits.com


...Y o u r C areer
Director of Engineering: A manufacturer of RF/Microwave components in the DC-60 
GHz range, is looking lor a seasoned, degreed and energetic Microwave Engineer to run a de- 
velopmental team. Responsibilities include the creation of new products and the administra- 
tion ol the Engineering Department. Experience should include the design-for-production ol 
Microwave & RF Filters.
Regional Sales Manager: The position entails planning the growth within the designated 
sales territories, aggressive customer interaction, including quotation follow-ups, and all 
phases ot account service. Approximately 20% travel expected as well as the management of 
outside sales representatives. The Company supports the selling function with engineering 
expertise and a high level ol consistent quality.
Product Engineer: Responsible for performing complete electrical characterization on new 

products including worst-case analysis, resolve correlation issues, support on-going sample test, set specification 
compliance matrix, monitor product flow, work on yield improvements and maintain up-to-date documentation. Re- 
quires BSEE/MSEE with 3 to 5 years experience as a product engineer. Experience in RF design/product/applica- 
tion helpful.
Process Engineer-lll-V Material: Responsible lor fabrication and monitoring progress ot HEMT/water lots, in­
cluding making pass/fail decisions. Develop new processes by running fabrication experiments including Stepper 
Lithography. Etching, E-beam Metallization, Dielectric Deposition and Annealing for HEMT devices and circuits. 
Assist with process documentation and test database management. Demonstrated capability to develop photolitho- 
graphic processes, processing experimentation and experience with managing process flow. Minimum BS +2-5 
years of experience or MS +0-3 years ol experience in semiconductor device tabrication/process development pre­
ferred. Degrees should be in EE, Chemical Engineering, Materials/other Physical Sciences. Familiarity with testing 
and interpretation of test results of FETs a plus.
RFIC Designers: Hands-on engineers specializing in GaAs, Si, SiGe etc. circuit design. Design centers are lo­
cated throughout the ÜS and internationally. The Companies we represent will sponsor citizenship. All our Client 
Companies are successful RFIC technology leaders. All levels ot engineering technology positions are open. De­
sign, applications, project engineering, manufacturing/production. BSEE or equal experience minimum.
Device Engineer: The position is responsible for designing GaN-based HEMTs. Working closely with wafer pro­
cessing engineers and product engineers, the Device Engineer translates product requirements into HEMT designs 
using available process rules. Extraction of linear and nonlinear device models. Analysis of DC, microwave and 
thermal characterization data to optimize device design. Design of process control monitor (PCM) structures. Inter­
face with CAD engineer in layout and mask generation.
Power Amplifier IC Design Engineer: Responsible tor carrying a design from concept through manufacturing 
and providing sufficiënt engineering documentation to fully describe the circuit, specifications and performance, 
Requires BSEE/MSEE with 5 to 10 years commercial design experience, preferably dealing with power amplifiers; 
experience with Silicon Bipolar, GaAs MESFET, or GaAs HBT integrated circuits; familiarity with test equipment re­
quired for amplifier test and characterization; and experience in wireless Systems such as cellular, cordless or ISM- 
band equipment.
Principal Engineer Power Amps: Principal Engineer, with minimum 10 years experience designing high pow­
er RF Amplifiers using GaAs FETs, HBTs and LDMOS from 2 to 10 GHz, with power levels of 10 to 300 W lor com­
mercial amplifiers. Circuit design and Simulation background using Agilent ADS or Microwave Office. Demonstrat­
ed expertise in the field. Prefer experience with Linear PAs: feedforward, predistortion for CDMA, W-CDMA. Must 
have the ability to lead a team. MSEE/PhD.
Antenna Design Manager: Microwave antenna Systems Company, concentrating on advanced technology prod­
ucts for the wireless Communications industry, is seeking a talented RF Engineer to lead its team. This hands-on posi­
tion requires a minimum of 5 years practical design, test and analysis experience. Responsibilities include design, test 
and development of existing and future products.
SR Statt T/R Modules: You w ill join a development team designing microwave monolithic transmit/receive 
modules. Qualified applicants will have experience in microwave receiver technology, specifically in GaAs FET 
MMIC applications. Requires a BSEE (MSEE preferred) and 5+ years directly related experience.
Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products. Circuits to be designed 
include: power amplifiers, driver amplifiers, LNAs, mixers, IF amplifiers, buffer amplifiers. RF frequencies are 900 
and 1800 MHz. Circuitry will be designed for advance MMIC wafer process technologies.
Regional Field Sales: Aggressive individuals to create and serve new accounts. Positions are located through­
out the U.S.A. An engineer who wants to enter sales world is acceptable. Base salary, Commission and car. With 
experience with one ollhe lollowing: LNAs, VCOs, power amps, mixers and frequency synthesizers.
Filter Design Engineer: MS. Minimum 3  years experience in the design and development of Broad Band, 
comb-line, strip line, interdigital, low pass and high pass filters, multiplexers, diode switches (phase slufters) at­
tenuators and microwave subsystems desirable.
Senior RFIC Design Engineer (Tx/Rx): Responsible lor all phases of the product development from product deti- 
nition to device qualification of the RF and mixed signal functions included in highly integrated, low-power, low-volt- 
age wireless transceivers (transmitter and receiver). Activities include system study, architectural definilion, leasibilily, 
block specification and the detailed circuit design including Simulation, layout and laboratory characterization.
Sr. Synthesizer Engineer: The ideal candidate will have a BS in Electrical Engineering and five years experience in the 
design of RF and microwave synthesizer products. In particular, he or she should have hands-on design experience with 
VCOs, frequency/phase detectors, dividers, phase lock amplifiers, mixers, quadrature search circuitry, combline filters 

and multipliers. Familiarity with design techniques that permit low microphonics 
and minimum phase hits are a musl. In addition, experience in the use of commer­
cial and/or custom PLL chips and microcontrollers would be an advantage. 
Applications Engineers: Responsible for providing customers with RF 
technical product support at the RF system and component level; participating 
with new Standard and custom RFIC product development; developing applica­
tion notes and data sheets. Requires BSEE/MSEE with minimum 3 years RF de- 
sign/product experience, strong RF/Microwave measurement skills; design ex­
perience with analog and digital modulation schemes (AMPS, GSM, TDMA, 
CDMA); strong writlen and customer relation skills.
Principal Analog/Mixed Signal IC Design Engineer: Lead projects from 
product definition to production release. BSEE, MSEE 7+ years experience in ana- 

log/mixed signal IC design. Lead design engineer in the development ol highly integrated analog/mixed signal IC Solu­
tions for wireless and broadband lelecom applications. Specific experience in CMOS/BiCMOS design with development 
of PLL/lrequency synthesizers, A/D and D/A conveders and conlinuous time filters desirable.
Senior RF IC Design Engineer: BSEE, MSEE. 10+ years experience in integrated circuit development with 5 
years in RFIC development. Preter experience in Si, GaAs and CMOS. Demonstrated record of product develop­
ment success. Specific experience in LNAs, mixers, up and down-conveders, filters and AHDL models is desired. 
Experience with products lor CDMA, GSM, DECT, Bluetooth or other wireless applications highly desirable.

Visit our Website at wwvv.micsearch.com

AA ■ ■  ■ n  COMMUNICATIONS 
4 1 1  I Y I  I  W  P I  W  EXECUTIVE SEARCH
We specialize in the placement o f wireless, RF, microwave Communications 

professionals both nationally and internationally

35 New England Business Center Ste. 205 
Andover, MA 01810

Call Collect: Tel: (978) 685-2272 • Fax: (978) 794-JOBS

CDCDCD 
C D  C D  C D  
O C D C D  
C D  C O  C D

NEW PRODUCTS
works schematic database, and reads out netlist information that can be 
completely tailored to create a specific netlist. The software features mul­
tiple mapping library support, better mapping error reporting, support for 
measurement templates and an online help system. With its foundation on 
proven PCB design Systems, ASB eliminates additional interfaces, data­
base conversion and error prone manual re-design of RF blocks.
APLAC Solutions Corp., Helsinki, Finland +358-9-54045000.
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SOURCES
m ocxo
The model FTS501AH oven compensated crystal oscillator (OCXO) 
meets stratum level accuracy requirements for telecommunications ap­

plications, making it ideal for use in base 
stations, telecom  sw itching, GPS and 
LAN/WAN applications as well as in test 
and satellite equipment. It offers a fre­
quency stability of ±250 ppb over the 0° to 
70°C temperature range and an overall ac­
curacy of ±4.6 ppm for all conditions over 
10 years. The frequency range of the new 
OCXO is 10 to 40 MHz. Supply voltage is 
5.0 V, with 3.3 V available, and control volt­

age is 0.5 to 5.0 V. Storage tmperature range is -40° to +85°C. Price: $68 
(1000). Delivery: eight weeks (ARO).
Fox Electronics, Fort Myers, FL (888) 438-2369.
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m Tcxo
The VC-TCXO HFX series temperature-compensated crystal oscillator 

■ase performance for GSM and CDMA prod­
ucts. The small size, coupled with several 
new features, enables engineers to produce 
high perform ance compact designs for 
GSM and CDMA products, such as mobile 
phones and handheld devices. The series 
also employs analog transistors to reduce 
phase noise, which improves effective data 
rates on handsets. The frequency in pro­
duction has also been trimmed, yielding 

high accuracy rates. Additional benefits include low current consump- 
tions and a built-in DC blocking capacitor. The series also features mea­
surement technology that guarantees more tem perature points for 
greater frequency stability. Size: 3.2 x 2.5 x 1.2 mm.
Murata Electronics, Smyrna, CA (770) 436-1300.
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(TCXO) is designed to i

■ S-band VCO
The model V844ME02 S-band VCO is designed for the point-to-point ra­
dio market. This device covers from 3430 to 3610 MHz within 0.5 to 

4.5 V DC of control voltage while covering 
180 MHz bandwidth with an average tuning 
sensitivity of 87 MHz/V. The VCO also real- 
izes spectral purity of -88 dBc/Hz (typ) at 
10 kHz from the carrier. It will strengthen 
any phase-locked loop (PLL) with its 1.1:1 
linearity over frequency and temperature 
and suppresses the second harmonie to bet­
ter than -15 dBc. The V844ME02 draws 18 
mA off a 5 V DC supply and fumishes the 
end user with 2.25±1.25 dBm of output 
power into a 50 Q load and is guaranteed to 
operate over the extended commercial tem­
perature range of -40° to +85°C. It is fur­

ther heightened by pushing less than 1 MHz within 5 percent of the 
nominal supply voltage and pulls less than 8 MHz with a 14 dB return 
loss, any phase. Size: 0.50" x 0.50" x 0.13'! Price: $15.95 each.
Z-Communications, San Diego, CA (858) 621-2700.
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■ Phase-locked Oscillator
This 20 GHz phase-locked oscillator locks to a 
5 MHz reference input in a single loop. Its low 
power consumption, along with its compact 
size, sturdy structure and low phase noise offer 
an attractive solution for various defense appli­
cations. The unit offers 20 GHz output fre­
quency, +12 dBm (min) output power, an oper­
ating temperature range from -45° to +75°C, 
+12 to +24 V DC, < 400 mA power consump­
tion and < -120 dBc phase noise at 100 kHz 
offset. Size: 2.25" x 2.25” x 0.62".
Elcom Technologien Inc.,
Rockleigh, NJ (201) 767-8030.
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SUBSYSTEMS
■ Solid-state Power Supply
The PowerMod™ high voltage, solid-state 

reliable switching 
technology at 
high voltage and 
high power in a 
rack-mount unit 
for use in manu­
facturing and lab- 
oratory applica­
tions. It features 
up to  200 kHz 
switching speeds 

with < 1 percent voltage regulation, < 1 per­
cent ripple and maintains regulation when the 
load is changing. Capable of operating in con­
stant voltage mode, constant current mode, or 
constant power mode, this switching power 
supply is offered in 30 and 40 kW 19" units. 
Providing full over-voltage and over-current 
protection and high immunity for Operation 
near pulse discharges, the PowerMod supports 
demanding applications such as magnet con­
trol, ion implantation, magnetron heating, 
lasers, electron beams and HF transmitters. 
Price: $36,000 (30 kW) and $50,000 (40 kW). 
Diversified Technologies Inc.,
Bedford, MA (781) 275-9444.
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■ Low Profile Power Supply

This new series of the Companys PowerBank 
family of low profile power supplies adds pow- 
er-factor correction capability. From inputs of 
115/230 V AC, it provides up to six config- 
urable main Outputs and two low power auxil- 
iary Outputs. D esignated  PowerBank 
PB15056PFC, output power is 1200 W at 110 
V AC and 1500 W at 220 V AC. This unit is de­
signed with 19” rack applications in mind, but 
it can also be used as a stand-alone box. Many 
mounting options make it suitable for a variety 
of applications. Internal fans provide cooling. 
Size: 16.84" x 12.60" x 1.75". Price: $1.42/W 
(100). Delivery: one to eight weeks.
Northwest Power Integrations (NPI), 
a Vicor Integrations Architect,
Milwaukie, OR (503) 652-6161.
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164, Gin Yin St., Shu LinCity, Taipei Hsien 23804. Taiwan 
Tel: 886-2-2683-7387 E-mail: dvina@ms26.hinet.nef
Fax: 886-2-2682-2039 http://netcity.hinet.net/dvina

D V IN A  C O ., L T D .
Fiber Optical Components  
LNB Waterproof Connector 
CATV Connector
C NC Lathe Machining Components  
Stamping Parts

WAVEGUIDE & COAXIAL 
SWITCH SPECIALISTS

©

SWITCH OVER TO:

SECTOR MICROWAVE 
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 11729 
(631) 242-2300 • FAX: (631) 242-8158 

Request your “ RF Switch Slide Guide” Today!
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P o w e r f u !  P e r f o r m a n c e  
P r e c is io n  T e c h n o lo g y
R o tary **» p  A H «n u al«r*
Excellent Repeatability and Switch Life 
Flexible Design Configurations 
Very Competitive Prices 
High Accuracy 
Wide Frequency 
Low VSWR

C o n t a c t  U s  f o r  
O f f - t h e - s h e l f  &  
C u s to m  N e e d s  
8 0 0 -3 4 4 -2 4  12 
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T R IL IT H IC
W IR E L E S S  DIVISION

w w w . T r i l i t h i c W i r e l e s s . c o m

Orde 95

Personal
Probe

Station
Very Low Cost 
High Function

A compact full featured, modestly priced, manually operated probe station 
developed for engineers and scientists.

Measure Microwave, RF and DC parameters of Semiconductor Devices, 
Packages and Assemblies with NIST traceability.

•  BenchtopSizefdft2) •  Vacuum chuck •  X-Y-0 stage •
•  X-Y-Z probe positioners «Top Plate Z-lift «Vacuum Accessory M anifold* 

•  7X-40X Stereo Zoom Microscope •  Adjustable Halogen Illuminator •  
•Vacuum Accessories •  Compatible with 40GHz+ probes •

•  Adapter Kits for Thermal Chucks and Probe Cards •

•Test wafers, Substrates, packages and surface mount components»

I  P r o b e  S t a t i o n

J microTechnology
3744 NW Bluegraas PI 

Portland, OR 97229 
(503) 614-9509 

<503) 531-93251FAXI 
www.jmicrotechnology.com

On E v e r y  B e n c h

HI-PERFORMANCI 
THERMAL PIATEORM TEST SYSTEMS
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w w w .o a m h o tp la to a .c o m  P h o n »  1 -8 0 0 -7 3 5 -8 4 7 3  

E-m ail: a a lo a@ oaah o tp la to a .com  F ax  1 -8 0 0 -3 1 7 -8 4 3 0

Environmental Stres» Systems, Int.
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To see one's work in print 
is the rightful reward o f every 
Creative engineer and scientist. 
The editors o f M icrow ave J o u r­
n a l  invite you to  subm it your 
technical manuscripts for con- 
sideration  to  be published in 
o n e  o f  our upcom ing issues. 
Technical articles, application  
notes and tutorial articles based 
on the monthly editorial themes 
are e n c o u r a g e d . E d itorial 
them es include wireless, radar 
and antennas; RF com ponents 
and Systems; test and measure­
ment; amplifiers and oscillators; 
se m ic o n d u c to rs  and MMICs; 
comm ercial applications; IVHS 
and ITS; dual technologies; Com­
m unications and PCN; passive 
com p onents; and control d e ­
vices, modulation and DSP.

D esign  fe a tu r e s  should  
c o n ta in  n ew  and in n o v a tiv e  
technical ideas o f  practical use 
and in terest to  our predom i- 
n an tly  e n g in e e r in g  read ers. 
Papers should be 14 to  16 dou- 
ble-spaced pages and contain 8 
to 12 visual aids in the form of 
sketches, graphs, photographs 
or tables.

Papers should be submitted 
to the attention of the Technical 
Editor and w ill be review ed  
promptly by our Editorial Review 
Board prior to acceptance. Arti­
c les o u ts id e  o f  th e  m onthy  
themes also will be considered.

S e n d  all  m a t e r ia l  t o :
M icrowave J o u rn a l 
685 Canton Street 

Norwood, MA 02062  
(781) 769-9750  

Fax (781) 769-5037  
e-mail fbashore@mwjournal.com

NEW LITERATURE
■ DC/DC Converter Guide

This 29-page catalog is completely user/appli- 
cations-oriented. Each of 425 Standard prod­
ucts is listed according to its output configura­
tion (single, dual, triple, etc.), its output volt­
age (from 1 to 48 V), its output current (up to 
40 A), its input voltage range (typically cen- 
tered around 3.3, 5.0, 12.0, 24.0 or 48.0 V) and 
then its package.
DATEL Inc.,
Manafield, MA (508) 339-3000.

Circle No. 200

■ Product Brochure

This brochure features the Companys model 
ELCO-MPR-208/408-00 wideband VCO. The 
VCO tunes a 2000 to 4000 MHz octave from 0 
to 24 V. Product information including com­
mon instrum entation/telecom m unications 
specifications, packaging information and per­
formance characteristics are included.
Emhiser Micro-Tech,
Reno, NV (775) 345-0461.
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■ RFIC/MMIC Product Selection 
Guide

This selection guide contains a reorganization 
of over 190 products by market Segments, 
broadband DC-6 GHz, cellular/PCS/3G, mi- 
crowave/millimeter-wave and fiber opties. Ap­
plication block diagrams, package information 
and a new section entitled “Specialty Products” 
are also included.
Hittite Microwave Corp.,
Chelmsford, MA (978) 250-3343.

Circle No. 202

■ Power Supply Catalog 
and Handboor

This 164-page power supply catalog features a 
revised and updated applications handbook 
and glossary, as well as füll specifications on 
the Companys current products. Included are 
specifications of many new products, including 
bipolar, four quadrant power supplies.
Kepco Inc., Flmhing, NY (718) 461-7000.
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■ M illimeter-wave Technology 
and Solutions

This 41-page catalog features the company’s 
millimeter-wave products and services, such as: 
antennas and quasioptical products, mixers and 
detectors, oscillator and amplifier products, 
multiplier products, control components, fil­
ters and ferrite products, passive waveguide 
products, and test and measurement products. 
Millitech LLC,
Northampton, MA (800) 664-5548.

Circle No. 204

■ CD-ROM Catalog

This CD-ROM catalog includes new products, 
updated datasheets with more comprehensive 
information and measurement curves, applica­
tion notes, and a complete listing of the compa­
ny’s international sales representative network. 
Mimix Broadband Inc.,
Webster, TX (281) 526-0536.
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■ LC and Crystal Filters Brochure

This brochure features an extensive line of 
cost-effective crystal filters in all polynomials 
from 100 kHz to 300 MHz with fractional 
bandwidths of 0.002 to 3 percent, LC RF fil­
ters in all polynomials from 1 kHz to 2.5 GHz, 
and crystal-based frequency discriminators 
from 100 kHz to 80 MHz.
NetWork Sciences, c/o Sierra Microwave 
Marketing Technology,
Citrus Heights, CA (916) 339-0170.
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■ Analog/M ixed Signal Foundry 
Services Brochure

This four-page brochure is an easy reference 
guide for Companies that are evaluating out- 
sourced foundry services to reduce the time- 
to-market volume to bring new products to 
market. The company’s history and core com- 
petencies are also included as well as a brief 
overview of the bipolar and BiCMOS wafer 
fabrication technologies.
PolarFab, Bloomington, MN 55425.
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■ Broadband Wireless Components

This 132-page product catalog for microwave 
components provides information on the com­
pany’s products, including detailed data sheets 
on mixers, VCOs and microwave frequency 
sources for commercial telecommunications, In­
strumentation, defense and spaee applications. 
REMEC Broadband Wireless,
Milpitas, CA (408) 432-9898.
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■ Specialty Materials Brochure

This new product capabilities brochure offers 
an array of specialty materials including high 
frequency circuit materials, Iaminates, pho- 
toimageable Covercoats, high performance 
foams, busbars, EL lamps and drivers, elas- 
tom er components, nitrile floats, nonwoven 
materials, and moldable composite materials. 
Rogers Corp., Rogers, CT (860) 774-9605.

Circle No. 209

■ Connectors Catalog

The connectors featured in this catalog offer a 
high contact reliability due to their design and 
the selection of materials as well as their surface 
treatment, providing excellent eorrosion resis- 
tance. For all connector sizes listed the Company 
supplies measuring equipment, including direc- 
tional couplers, terminations, attenuators, high 
power loads as well as switches.
Spinner GmbH,
Munich, Germany +49 89 126 01 257.

Circle No. 210

■ Engineering Bulletin

The engineering bulletin (SG-207F) deseribes 
the company’s line of microwave Sapphire PIS­
TONCAP® trimmer capacitors. It adds data for 
a new wide lead Version of the vertical surf ace- 
mount series. The other series include two 
configurations and five more mounting styles 
to suit all RF structures.
Sprague-Goodman Electronics Inc., 
Westbury, NY (516) 334-8700.

Circle No. 211
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11 GHz Direct Modulation 
Microwave Fiber Optie Link
• Small Size
• Bandwidth to 11 GHz
• Low Noise Figure
• Plug-In Optical Connector
• No External Control Circuits Required
• Custom Configurations Available

Applications Include:
• Antenna Remoting
• Local Oscillator Remoting
• Interfacility Communication Links
• Aircraft and Shipboard

TRANSMITTER

LASER BIAS  LOOP 
TEMPERATURE CONTROL LOOP 
VOLTAGE REGULATION

PHOTODIODE BIAS 
VOLTAGE REGULATION

PHOTO- 
, DIODEOPTICAL

ISOLATOR

For additional information, contact 
Dan Sundberg at (631) 439-9269 or e-mail dsundberg@miteq.com

mu uavius urive
Hauppauge, NY 11788 

TEL.: (631) 436-7400 « FAX: (631) 436-7430
miteq.com

Click LEADnet at mwjournal.com or Circle 6 7  on Reader Service Card
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THE BOOK END
■  W ireless C o m m u n ica tio n s —

Principles a n d  P ra c tice , S eco n d  E dition

Theodore S. Rappaport
Prentice Hall PTR 
707 pages; $92 
ISBN: 0 -1 3 -0 4 2 2 3 2 -0

■  F eedforw ard  L inear Pow er A m plifiers

Nick Pothecary
Artech House Inc.
204 pages; $99, £73  
ISBN: 1 -5 80 5 3 -02 2 -2

T he second edition of this book has been written to ini- 
tiate the neweomer to wireless personal Communica­

tions, one of the fastest growing fields in the engineering 
world. Technical concepts which are at the core of design, 
implementation, research and invention of wireless com­
munication Systems are presented in an order that is con-

ducive to understanding 
general concepts, as well as 
those specific to current and 
evolving wireless communi­
cation Systems and Stan­
dards. The text continues to 
evolve and has been updated 
and modified since its first 
edition, making it a useful 
book for practicing engi­
neers, as well as for re- 
searchers, and graduate and 

undergraduate students. The second edition contains 
dozens of new homework problems and examples, as well 
as up to the minute technical details of the many emerg- 
ing wireless Standards throughout the world.

Chapter 1 demonstrates the historie evolution of the 
wireless communication industry and documents the rapid 
growth of cellular radio. Chapter 2 provides an overview of 
the major modern wireless communication Systems of the 
2 Ist Century. Chapter 3 covers the fundamental cellular ra­
dio concepts and demonstrates the principle of trunking ef­
ficiency. Chapter 4 presents radio propagation path loss, 
link budgets and log-normal shadowing. Chapter 5 covers 
small-scale propagation effects such as fading, time delay 
spread and Doppler spread. Chapter 6 provides extensive 
coverage of the most common analog and digital modula­
tion techniques used in wireless Communications and 
demonstrates tradeoffs that must be made in selecting a 
method. Channel coding, adaptive equalization and anten­
na diversity concepts are presented in Chapter 7. Chapter 8 
provides an introduction to speech coding. Chapter 9 intro­
ducés time, frequency and code division multiple access as 
well as more recent multiple access techniques such as 
packet reservation and space division multiple access. 
Chapter 10 describes networking considerations for wide 
area wireless communication Systems. Chapter 11 unites all 
the material from the first nine chapters by describing and 
comparing the major existing, second generation cellular, 
cordless and personal communication Systems throughout 
the world.
To order this book, contact: Prentice Hall PTR, 
Upper Saddle River, NJ 07458 (800) 922-0579.

"...this book  has 

been written to 

initiate the 

neweomer to 

wireless personal 

Communications. . ."

W ith the evolution of existing and new Standards for 
mobile communication Systems and wireless multi­

media services, the quantity and complexity of the Signals 
to be transmitter! from a single location is increasing. 
There is a growing need for amplifiers that amplify all 
types of Signals without adding significant distortion and 
are capable of operating over a wide bandwidth at poten- 
tially high levels of output power.

The general subject of this book is linear amplification 
for radio frequency transmitters. Specifically, the book is 
concerned with the use of feedforward as a linearization 
technique for radio frequency power amplifiers and is pri­
marily aimed at engineers and technicians but is suitable 
for anyone wishing to leam about linear amplifiers in gen­
eral, and feedforward in particular.

Chapter 1 begins with an overview of feedforward tech­
niques and includes an introduction to a typical radio system 
for cellular, PCS, or 1MT-2000/UMTS Systems. Some con­
cepts specific to Operation at 
radio frequencies are also dis- 
cussed. In Chapter 2, a math- 
ematical-based approach is 
used to discuss amplifier in- 
put-output characteristics, 
signal modulation formats, 
signal envelopes, peak-to-av- 
erage ratios and Statistical 
analysis. Power amplifiers and 
system design are discussed 
in Chapter 3; topics include —— •
transistors for RF power amplifiers, amplifier efficiency and 
class of Operation, intermodulation performance and system 
design issues such as combining RF Signals. The concept of 
a linear amplifier is introduced and practical examples are 
given for different system configurations. Chapter 4 reviews 
different linearization techniques including feedback (RF 
feedback, envelope feedback, Cartesian loop and polar loop 
feedback), RF synthesis, envelope elimination and restora- 
tion, predistortion and feedforward. The discussion on feed­
forward includes the principles of Operation, signal cancella­
tion and loop control; dual-loop feedforward is also de- 
scribed. In Chapter 5, a detailed analysis of feedforward 
performance is given, with topics such as gain, input/output 
match, noise figure, broadband signal cancellation, error 
amplifier performance and system efficiency.
To order this book, contact: Artech House Inc., 685 
Canton St., Norwood, MA 02062 (781) 769-9750  
ext. 4002; or 46 Gilligham St., London SW1V 1HH, 
UK +44 (0) 207 596-8750.

"The g en era l 
su b jec t o f  th is  
book  is lin ea r  

a m p lifica tio n  for  
ra d io  frequ en cy  

tra n sm itters . "

Dan Masse is a member ofthe Microwave Journal stajf.
Dan Massé
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live well  work smart play hard—WIRELESS makes it possible

To live well,
24 carat, first-class, top  drawer, TU take them 
both " well. You have to  work fo r it.

Whether you have seen it on BBC, CNN, in the 
Wall Street Journal, Wireless Week & RCR— when 
it's news in wireless, it's out o f CTIA WIRELESS.

In wireless that means knowing what's hot and 
happening on the horizon; gizmos that would 
make James Bond's head spin. One show, 
CTIA WIRELESS, with over 1,000 exhibitors, 
has more wireless and mobile computing product 
announcements than any other.

Cashmere, silk, mahogany, platinum, single malt. 
Distinctions o f living well. M iniature, sleek, sexy, 
connected, m ulti-functional. D istinctions o f how 
wireless makes it possible.

CTIA WIRELESS 2003 is where you start.

CTIA WIRELESS 2003
Hosted by

March 16, 2003 Pre-Convention Seminars < C T IA
8mb8ii March 17-19, 2003 Exhibits, CTIA Educational Sessions & Special Interest Seminars

www.ctiashow.com
Register NOW and save up to $345

Click LEADnet at mwjournal.com or Circle 16 on Reader Service Card

http://www.ctiashow.com
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EUROPEThe trade show dedicated to radiofrequendes, 
microwaves, w ire less, optical fibre and their applications.

A Strategie gathering!
Despite market fluctuations, 
the RF & HYPER EUROPE trade show
is staying right on course, never losing sight 
o f its mission; which is to  showcase the 
latest technological advances and innova- 
tions in Radio frequencies, Hyper frequen­
cies, Wireless and Fiber Opties.

•  8,000 sq.m of exhibition space, 
featuring 200 exhibitors, so visitors 
can DISCOVER the most recent 
developments;

•  EMC conferences to GET AN UPDATE on 
the latest guidelines and Standards being 
enforced;

•  Conferences w ith more tangible applica­
tions for a better UNDERSTANDING;

•  And keep in mind the Antenna zone and 
the Recruiting area.

RF & HYPER EUROPE is without doubt the 
most widely attended meeting of its kind, dra- 
wing numerous visitors and nearly 
5,000 highly qualified professionals and exhi­
bitors: those with the most expertise.

Find inform ation 2 4  hours a day at:

w w w . b i r p . c o m / h y p e r

1,2 & 3 APRIL 2003 - PARIS EXPO - PORTE DE VERSAILLES

Organised by : 11, rue du Perche - 75003 Paris - France - Tél. : + 33 1 44 78 99 30 - Fax : + 33 1 44 78 99 49 - e -m a il : hyper@ birp .fr

1 E Q U E s T F O R  I N F O R M A T I O N

1 wish to receive : □ free invitation(s) to RF &HYPER EUROPE 2003 and the Programme of conferences.
□  a subscription kit for exhibiting on RF &HYPER EUROPE 2003.

lompany: Postcode: City:

:irst name: I  Country:

iurname: Business activity:

ob Title: Phone:

Vddress: Fax:

E-mail:

Giek LEADnet at mwjoumal.com or Circle 8 0  on Reader Service Card
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We believe it is also a human right.

At the International Telecom munication Union (ITU), w e  believe that no hum an  right, including the  right to  

com m unicate ,  can  survive u n le s s  it is m ade  real and relevant. A s  the  United N ations  specialized  a g e n c y  for 

te lecom m unications, it is our m ission  to bring the benefits  o f  information and  com m u nication  tech n o lo g ie s  to  

a s  many of  the world 's  people a s  possible. This is w hy our 189 M em ber S t a t e s  and 660 private sec to r  m em b ers  

work together to s e t  universal te lecom munication S tan d ard s , e stab li sh  international a g r e e m e n ts  and  prom ote  

global developm ent. Everyone h a s  the right to com m unicate .  We help g ive  them  the m ean s .  w w w .itu .in t

Helping the  w orld  com m unicate

Click LEADnet at mwjournal.com or Circle 3 9  on Reader Service Card

I n t e r n a t i o n a l
T e l e c o m m u n i c a t i o n
U n i o n
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Easy as ABS!
Adaptive Band Synthesis for 
3D Planar EM Simulation
With Sonnet's NEW Adaptive Band Synthesis (ABS) technique, you can achieve detailed Simulation 
results in a small fraction of the tim e required by po in t-by-po in t EM Simulation:

1. You enter Start and Stop Frequencies
2. Sonnet's ABS fills in the rest of the band

for you with the shortest Simulation possible
ABS uses the smallest num ber of discrete EM Simulation samples possible, and provides a broadband S-, 
Y- or Z-parameter data sweep, cutting overall Simulation tim e dramatically and filling  in the fine spectral 
behavior w ith  no reduction in accuracy! And it's reliable and stable fo r bandwidths exceeding lOOx. 
Compare the results below between measured and calculated using an ABS sweep based on 4 discrete 
EM analysis frequencies on the left, and a füll discrete frequency by frequency Simulation on the right.

ABS Simulation data based on 4 discrete EM analysis 
frequencies and measured data

300-point Discrete EM analysis 
and measured data

-<  Current density computed by Sonnet 
8.0. Smoothly varying current density 
along with edge current singularities are 
evidence of highly accurate EM 
Simulation results.

For sales and evaluation information, please contact

INI E T

Superconducting Filter
—Superconductor Technologies, 

courtesy Dr. George Matthaei.

Toll-free in North America 877.776.6638 
Phone: 315.453.3096 

p ß E E j  Fax: 315.451.1694

It's n o t jus t a dem o, it's real software.
D ow nload Sonnet Lite— A f u l l y  func tiona l EM solver.

visit us at vwvw.sonnetusa.com
1020 Seventh North Street, Suite 210 

Liverpool, NY 13088 USA
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Follow the Path of Least Resistance.

• contact resistance of <0.1 Q on aluminum pads
• probe device pads down to 50 x  50 pm
• 40, 50, 67 or 110 GHz versions
• GSG, GS/SG

Introducing the Infinity Probe for high-performance, high-frequency device 
characterization and modeling. This revolutionary probe combines extremely 
low and stable contact resistance on aluminum pads with unsurpassed RF 
calibration and measurement accuracy to give you highly reliable and 
repeatable measurements in less time. The Infinity Probe achieves this 
incredible performance through the merging of Cascade Microtech’s thin film 
technology and its 20-year RF probing expertise. The Infinity Probe is part 
o f the family of turnkey RF probing Solutions from Cascade Microtech, 
the Company that made on-wafer, high-frequency probing possible.

How can you resist?
For a personal tour, visit us at: www.cascademicrotech.com/infinityprobe
Or call 503-601-1000 or 1-800-550-3279 (USA & Canada).
Japan: 03-5478-6100. Europe: +44 1295-812828.

• 100 to 250 pm pitch

‘Cv Agilent Technologies

Channel Partner

©2002 Cascade Microtech, Inc. The Cascade Microtech logo and 
Infinity Probe are trademarks of Cascade Microtech, Inc.

CASCADE'
M I C R O T E C H

CIRCLE 11: HAVE A SALES ENGINEER CONTACT ME 

CIRCLE 12: SEND INFORMATION ON INFINITY PROBES

I n n o v a t in g  T es t 

T echno log ies®

http://www.cascademicrotech.com/infinityprobe

