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©Agilent Technologies, Inc. 2000

made real.

To those who w on 't rest until w ire le ss means 

lim itless The Vision is Communications without 

boundaries. And you’re responsible fo r making 

the vision real. But you’re not alone. W hether 

you're trying to be first to market, reduce costs, or 

improve Customer service, Agilent Technologies 

has a range of products and serv ices to help  

you d eliver the next g en eration  of w ire le ss  

technology. W ho knows how far you'll go.

:s\.. Agilent Technologies
Innovating the HP Way

Agilent Technologies is a new Company 
comprised of the former Hewlett-Packard 
test and measurement,Chemical analysis, 
semiconductor components and medical 
products businesses. www.agilent.com
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Picoprobe elevates to a higher level...
(...110 GHz to be exact.)

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 
cuslom microwave probe cards continues 
our tradition of manufacturing exceptional 
testing Instruments.

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 
complctcd on time and with in budget.

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

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

Our patented probe struclures provide the 
precision and ruggedness you requirc for 
both production and characterization 
testing. And, only Picoprobe0 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 vvith inking capabil- 
ity and ensürcs reliable contacts, even when 
probing non-planar structures.

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

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

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


C hoose from over 55 0  Standard off-the-shelf models from 2way and 3w ay to  48w ay; 0°, 90°, and 
180°; 5 0  and 75 ohm s covering 2kHz to  10GHz. M ini-C ircuits will a lso supply your special needs and custom  
designs such as w ide r bandwidths, higher isolation, lower insertion loss and phase m atched ports...all a t ca tab g  
prices w ith rapid turnaround time. C ase styles include surface m ount, p lug-in, flat pack, and coaxial connectorized.. 
and sudtom  .case stylës are no  Problem! Super-m iniature and uftra-faw ïfro file surface m ount units provide exeêdent 
Solutions in cellular Communications, cable Systems, and countless w ireless appiications. And all units com e w ith a 
1 year guarantee and skinny 4 .5  s igm a perform ance repeatability unit-to-unit and production run to  production run. 
Add fast delivery, unsurpassed appiications support and value pricing, and the decision is easy. Call Min i-Circuits today!

M ini-C ircu its...we’re redefining what VALUE is all about!



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

□  M in i-C irc u its
l>0 Bcx 350166. BfOCk yr. I
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1  rim ary loop delay filter assemblies 

integrate high power cavity delay filters, JJ 

couplers and isolators into a single com pact** 

module for performance improvement, spacé 

savings and cost reduction.

S econdary  loop miniature delay filters utilize a Patent «  

Pending topology to  provide delay equalization.The filters _ 
exhibit excellent delay and phase flatness in a miniature 

surface m ount package. The 3G model measures a m ere ® 
l.5” L x 0.60”W  x 0.4” H  and can be mounted directly onto  

your P W B  with piek and place machinery.

N e w !  B u y  K & L  F i l t e r s  o v e r  t h e  w e b
w w w . k l m i c r o w a v e . c o m

USA
Phons; 410-749-2424 
FAX: 410-749-2788 

www.klmicrowave.c

EUROPE
Phone: 44-(0)- I262 605500 
FAX: 44-(0)-1262 605504

MICROWAVE INCORPORATED

E-mail: wireless@klmicrowave.i

http://www.klmicrowave.com
http://www.klmicrowave.c


AMPUFEo
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W  (UP tO +18.5dBm output) From f 0000 qty.)

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in 

amplifiers cover your appiications to 8GHz with higher gain, more output, and 
flatter response. Characterized with S-parameter data, these amplifiers are very 

easy to use. Simply sketch an interconnect layout, and the design is done. 
And ERA’s are engineered with wider bandwidths to eliminate your need for costly 

compensation networks and extra gain stages. So, review your present design 
and replace with Mini-Circuits new ERA technology. Lower overall cost, 

wide bandwidth, and lots to ...gain! 
Mini-Circuits...we’re redefining what VALUE is all about!

C3 Mini-Circuits
CHKLE READER SBWICE CARD
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In n o v a t iv e

JFW Industries, Inc.
Specialists in  A tte n u a tio n  a nd  RF S w itch ing

R F

C o m p o n e n ts
Now entering our fourth decade, 
JFW Industries is a proven leader 
in the design and production of 
innovative  RF Solutions. Whether 

project calls for fixed  a tten u - 
ators and term inations, m anually  
and electronically controlled  
attenuators , RF switches, pow er  
dividers or program m able 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.ifwindustries.com

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

5134 Commerce Square Dr. • Indianapolis, Indiana 46237

In te rnet- http://www.jfwindustries.com 
E-mail- sales@jfwindustries.com 
ISO 9001 Certified

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


MAURY MICROWAVE'S f O D B

Automated Tuner Systems are a powerful
combination of precision laboratory instruments and advanced application 
software that can dramatically reduce costly device characterization and
measurement time.

m HARDWARE
I FEATURES 
H  » s g i g

• 250 M Hz to  110 GHz
• H igh  R e p e a ta b i li ty
• H igh  S ta b ii ity
• H igh  M a tc h in g  R ange
• H igh  P o w er >100W  CW
• GPIB C o m p a tib le  T u n e r  C o n tro lle r
• H a rm o n ie  T u n e rs

ï  , '  ••

ctive Load Pull System

: 6« '
| | i | i p |  1 Loop Stabiiity

'-"V r £ (Proprietary
% 1  |; design)

1 • Independent
0  ‘ * Control of

Harmonies
MT925A

Windows® NT Compatibl 
• Highest

Dynamic
Pre-Matching
Software

• VSWR >150:1 
> Z < 0.5 ohms

MT981D Pre-Matching 
!1D *  Automated Tuner

Dual Carriage Design Optimized for Very High 
Matching Range over Cellular and PCS Frequency Bands 

• 150:1 Matching • High • Excellent 
Range Power Repeatability

SOFTWARE FEATURES
• W indow s®  9 5 /9 8 /N T  C o m p a tib le
• P o w er C h a r a c te r iz a t io n
• N o ise  C h a r a c te r iz a t io n
• D y n a m ic  P re -m a tc h in g  fo r H igh  

Pow er, Low Im p e d a n c e  D ev ices
• S w ep t P o w e r /C u r re n t  L o ad  P u ll
• H a rm o n ie  L o a d /S o u rc e  P u ll
• I n d e p e n d e n t  C o n tro l  o f  H a rm o n ie s  

(P h ase  A N D  M a g n itu d e )
• IM D /A C P M e a s u re m e n t
• D y n a m ic  S -P a ra m e te r  B locks
• S ig n a l S y n th e s is  F o rm a ts  

(EDGE, W GN, GSM, NADC, PDC, 
PHS, c d m a O n e -F w d , cd m a O n e-R e v , 
T w o-T one)

• ADS/ATS Load P u ll D a ta  M o d u le
For more Information contact 

our SALES DEPARTMENT at 
Tel: (909)987-4715 • Fax: (909) 987-1112 

Email: maury@maurymw.com

Visit us o n  th e  W o rld  W id e  W e b  a t  
http://www.maurymw.com
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22 A General Design Procedure for Bandpass Filters Derived 
from Lowpass Prototype Elements: Part I
KV Puglia, M/A-COM Ine.
Detailed design procedure for bandpass filters derived from lowpass 
prototype filters that have been synthesized for a unique filter parameter

S P E C I A L  R E P O R T S

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

82 2000 Editorial Index
A complete listing of 2000 Microwave Journal articles organized by subject 
and indexed alphabetically by author
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90 Behavioral Modeling of High Power Amplifiers Based on 
Measured Two-tone Transfer Characteristics
Youngoo Yang, Jaehyok Yi, foongjin Nam and Bumman Kirn, Department 
of Electronic and Electrical Engineering and Microwave Application 
Research Center, Pohang University of Science and Technology, Korea 
An accurate measurement and modeling teclinique for detennining 
two-tone transfer characteristics of high power amplifiers

106 3D FEM and EM Simulations for DRFs
Jwo-Shiun Sun, Department of Electronic Engineering,
Nat ional Taipei University of Technology, Taiwan, RÖC;
and Jier-Chih Hsieh, Department of Engineering and System Science,
National Tsing Hua University, Taiwan, ROC
A high frequency structurc simulator is used to compute the 3-D structure 
of a microwave dielectric resonator (DRF) in a rectangular metallic

A P P L I C A T I O N  N O T E

114 Measurement o f Modulated Scattering Parameters Using 
Modulated Vector Network Analysis
Don Metzger, Modulation Instruments Division, Credence Systems Corp. 
An introduction to the modulated vector network analyzer (MVNA), a new 
instrument for RF and microwave measurement
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Innovative M ixers

.smaller size ■better performance ■lower cost 50kHz to4200MHz 99

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

innovative Innovative Technology built into Mini-Circuits 
technology ADE mixers. Sm aller size is achieved using 

an ultra-slim, patent pending package with a profile as low as 
0.080 inches (2mm) in height. Electrically, ADE mixers deliver 
be tte r perform ance  than previous generation mixers through all 
welded Connections and unique assembly construction which 
reduces parasitic inductance. The result is dramatically improved high 
frequency and IP2-IP3 performance. Plus, ADE’s innovative package
design allows water wash to drain and eliminates 
the possibility of residue entrapment. Another 
ADE high point is the low er c o s t.. .priced from 
only $1.99 each (qty. 10-49). So, if you’ve been 
searching high and low for a mixer to  exceed 
expectations...ADE is it™

ADE Mixers...Innovations Without Traditional Limitations!

" Ä *

* .  a s

Q  Mini-Circuits 77

PO.Box 350166, Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access Io producl Information see MINI-CIRCUITS CATALOG 
Y h f i i  The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com

. m sm M &EM taäiBBEm

READER SERVICE CARD

F267 Rev,

http://www.minicircuits.com
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QMI Semi-Rigid Replacement Assemblies

Don’t be so Rigid!

i s

t  i
■  I

j  * 

1 -■ *  ?

Tensolite - QMI
Tensolite-QMI is an advanced manufacturer 
of 50Q  and 75Q  RF and Microwave 
Interconnects and Cable Assemblies. 
Including Flexible, phase matched, 
delay lines and cable harnesses.

D ata  s h e e ts  ava ila b le  at 
www.qmiinc.com

1-SM-362-FUX
Tensolite_________ SUIMSRF/Microwave

Interconnects

Semi-Flex

Available in 
.047, .006, .141. 250 

(Gable Types)

Flex I
t  Jaokatect v Polyurethane) 

Available I J i S S  
;  .047. .{586. .141, 

(Cable Types)

Semi-Flex II
(Aiaminum) 

Available in 
.086. .141, 

(Cable Types)

Q-Flex
{.Jacket FEP Blue) 

Available in 
.086, .141, .250 
' (Cable Types)

A EEEE Company

4
Richardson
Electronics

Engineered Solutions
1-800-RF-POW ER

Low Insertion Loss 

Oplimized VSWR 

Excellent Shielding Ettectiveness 

High Power Capability

Excellent Phase; Stability over Flex and Temperature

Standard configuration and Custom appiications 
Tensolite-QMI RF/Microwave has an engineering statt 
ready and able to provide an interconnect solution

______________cm cu 128 ON READER SERVICE CARD________

tw is te d  p a ir  c a t  
talies c a b le  ass i

i low  ske w  c a b le  f ib re  c h a n n e L p

m in ia tu re  c u s to m  c a b le  2mm™  
m  a n d  75 o h m  R F  a n d  m ic ro w a v f 

c a b le

m ic ro w a ve  coa x

2mm HM 2mm H 
u ltra s o u n d  p ro b e s

http://www.qmiinc.com


The fastest tools help us engineer the 
finest waveguide components.
T he sho rtest  dis tan ce  b etw e en  d esign  a n d  d o n e .

Our engineers are at the top of their profession. 

And we make it our business to  provide them 

with the finest tools available. Aside 

from employing proprietary MDL 

soft- ware, they work with computerized de­

sign Systems, utilizing SolidWorks to  render 3-D 

models and Ansoft HFSS to compute a full complement 

o f performance characteristics. Then our skilled professionals 

manufacture, braze, finish, and test every product right here in 

our plant. So design challenges become reality in impressively 

little time.

WAVEGUIDE CAST BENDS & TWISTS 

WAVEGUIDE FEED ASSEMBLIES 

MONOPULSE COMPARATORS 

ROTARY JOINTS 

MICROWAVE FILTERS 

ROTARY SWITCHES

C a l l  us to d a y .

Quality from CAD to crate is what has made MDL the largest 

manufacturer o f high quality cast components and 

waveguide packages in the world. Call an MDL specialist today at 

I -800-383-4189 or visit us at www.micro-dev-labs.com

WAVEGUIDE TO COAX ADAPTERS 

WAVEGUIDE PRESSURE WINDOWS 

COMMERCIAL WAVEGUIDE ASSEMBLIES

Microwave Development Laboratories. 135 Crescent Road, Needham Heights, MA 02494 
Fax: 781 -453-8629 / e-mail: mdlsales@micro-dev-labs.com

CIRCLE 66 ON READER SERVICE CARD
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SUPERnet 2001 
January 14-17, 2001 
Santa Clara, CA

Sponsor: Telecommunieations Industiy Associ­
ation (TIA). Conference Partner: International 
E ngineering C onsortium  (IE C ). Topics: 
cliange drivers, enabling technologies, market 
opportunities and deployment hurdles that are 
involved in making the next-generation broad­
band network a reality. Conferences: IEC Ex­
ecutive Forum—Communications Investor 
Focus. Additional information is available at 
www.supeniet2001.com. Contact: (312) 559- 
3866 or e-mail: info@supemet2001.com.

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

Sponsors: IMAPS, IEEE Components, Pack­
aging and Manufacturing Technolog)1 Society, 
and the Packaging Research Center, Georgia 
Institute of Technology. Participating Soci- 
eties: American Society of Metals, The Ameri­
can Ceramic Society, Society of Plastic Engi­
neers and the Material Research Society. Top­
ics: adhesives, bum ping m aterials and 
processing, consumer electronic material is­
sues (cellular phones), integral passive materi- 
als, interfacial adhesion, manufacturing process 
control, mechanics of matcrials, microwave 
materials, on-ehip intcrconnect materials, op- 
toelectronics Substrates, HEI and dielectrics, 
thermal management materials, and underfills 
and encapsulant materials. Contact: IMAPS, 
1850 Centennial Park Dr., Suite 105, Reston, 
VA 20191 (888) 464-6277 or (703) 758-1060, 
fax (703) 758-1066. Additional Information is 
available at www.imaps.org.

IEEE Sarnoff Symposium 
March 21, 2001 
Trenton, NJ

Sponsors: IEEE Microwave Theory and Tech- 
niques Society, IEEE Princeton Section, The 
College o f New Jersey (TCNJ) Student Brauch 
and the TCNJ Engineering Department. Sym­
posium focus: Advances in wired and wireless 
Communications. Contact: Bernard D. Geller, 
Sarnoff Corp., 201 Washington Rd., Princeton, 
NJ 08540 (609) 734-2629, fax (609) 734-2050 
or e-mail: b.geller@ieee.org.

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

Congress and exhibition is held in Cooperation 
with IEEE MTT/AP and VDE/ITG. Topics:

nas/feeding networks/filters, MMICs, new 
semiconductor technologies and materials, 
modem CAD tools, simulation/linear and non­
linear modeling, field theory, integration/as-

COMING EVENTS
sembly and interconnects, microwave mea- 
surements, rcliability, clectromagnctic compat- 
ibility, comrnercial/industrial subsysterns/sen- 
sors, MEMS, biological/medical appiications, 
quasi-optics, microwave, millimeter-wave and 
te rahertz  photonics, optically controlled 
phased-array antennas, optical Communica­
tions, optical sensors, optical measurements 
and microwave/optics related topics. Contact: 
Christine Vesehe, NETWORK-OSE GmbH 
+49 (0) 50 33 70 57, fax +49 (0) 50 33 79 44 or 
e-mail: vesche@networkgmbh.de.

2001 IEEE Radio Frequency Integration 
Circuits Symposium 
May 20-22, 2001 
Phoenix, AZ

Original work in RFIC design, fabrication, 
testing and packaging to support RF appiica­
tions in areas such as wireless transceivers, 
Communications RFIC, emerging technolo­
gies, IC design, integrated modules and func- 
tions, high frequency technologies and RF de-

Florida RF Labs can match 
your specific cable needs

C able  Types C o n n ecto r Types
Lab-Rex™ 080 - 3 35  2.4mm (so GHz)

LMR™ 100 - 1700 2.9mm (40GHz)
LMR™ 240 8 400 ULTRAFLEX 3.5mm (35 GHz)

RG Flexible SSMA - BMA (22 GHz - 34 GHz)
Mil 17 Flexible SMA - 7mm - Precision N 8 TNC (18 GHz)

Semi-Rigid TNC - TYPE N -C (11 ghz)
Semi-Flexible 7/16 DIN - 4.1/9.5 DIN - SMC - SC (10 GHz)

BJ047 /  BJ085 /BJ141 MCX (6 GHz)
7-F/ex® 4 05  8  4 02  BNC - SMB (4 GHz)

Cable also available in: Flugs & Jacks
Stainless Steel Armor & Weatherized Straight & Right Angle

Bulkhead & Flange Mount

QUICK RESPONSE FAX (888) 544-5594
Toll Free Voice (800) 544-5594 

nsai Website: www.rflabs.com

PO Box 899, Stuart, Florida 34995-0899
LabFlex is a trademark of Florida RF Labs, Inc.

n r rrx iR F R RF&OFR SFBVIfF f  ARtt 15

http://www.supeniet2001.com
mailto:info@supemet2001.com
http://www.imaps.org
mailto:b.geller@ieee.org
mailto:vesche@networkgmbh.de
http://www.rflabs.com


test

When l'll Get It

16,000 products in more than 130 categories on our website. Buy, lease or 
rent. It’s your choice.

Next, take immediate advantage of our secure, easy-to-use online commerce 
features to get accurate delivery information. TestMart will teil you when you 
will get your equipment, confirm that it’s on its way, and then get it to you on 
time. You can also call toll-free or fax us to make TestMart your first choice 
for everything test and measurement.

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

www.testmart.com

[ No excuses. Give me 
a definite delivery time. ]

First, make an informed decision. Examine unbiased, detailed specs on over

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

Tight deadlines fo r test and measurement equipment? When a drop

toll free 1 -888-665-2765

http://www.testmart.com


vices technology. A microwave exhibition, a 
historical exhibit, the RFIC Symposium and 
the ARFTG Conference will be held during 
Microwave Week 2(X)1. For symposium Infor­
mation. contact: Sayfc Kiaci, tcchnical program 
chair, Motorola Ine. (512) 996-4404 or e-mail: 
Sayfe@att.net.

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

Topics: research, development and application 
of RF and microwave theory and techniques. 
Complete information on how to register for 
the conference, as well as other important in­
formation, can be found at www.ims2001.org. 
A microwave exhibition and historical exhibit, 
the RFIC Symposium and the ARFTG Con­
ference will also be held during Microwave 
Week 2001. For symposium information, con­
tact: Vijav Nair, technical program chair, Mo­
torola Ine. (408) 413-5922, fax (408) 413-5934 
or c-mail:vnair@ieee.org. For exhibition Infor­
mation, contact: Kristen Dednah, Horizon 
House Publications, 685 Canton St., Norwood, 
MA 02062 (781) 769-9750 o r e-mail: 
kdednali@mwjournaI.com.

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

Conference focus: to support all aspects of 
nianufacturing from devices to final product 
delivery. Topics: nianufacturing, processing, 
test and reliability, device technologies, optical 
devices, packaging, competing technologies 
and materials. “Nuts and bolts” technical ses- 
sions, an intensive four-topic workshop, papers 
and exhibitors will be featured at the confer­
ence. Additional Information is available at 
w ww.gaasm antech.org or . mail in fo«  
GaAsMantech.org.

2001 Virginia Tech Symposium 
on Wireless Personal Communications 
june 6-8, 2001 
Blacksburg, VA

Sponsors: Virginia Tech’s Mobile and Radio 
Research Group (MPRG) and The Division of 
Continuing Education. Topics: novcl wireless 
products, applications of DSP techniques to 
wireless Communications, propagation mea­
surement and prediction, diversity and multi­
ple access techniques, Simulation and perfor­
mance analvsis of wireless Systems, network is­
sues, supporting technologies for wireless 
Systems and business opportunities in wireless 
telecommunications. Contact: Jenny Frank, 
MPRGA'irginia Tech, 432 NED, Mail Code 
0350, Blacksburg, VA 24061 (540) 231-2971 or 
e-mail: mprg@vt.edu.

COMING EVENTS

2001 International Microwave and 
Optoelectronics Conference (IMOC) 
August 6-10, 2001 
Belem, Brazil

Sponsors: Brazilian Microwave and Optoelec­
tronics Society (SBMO) and IEEE. Call for 
papers. Works addressing advancements and 
describing innovations in the fields o f mi­
crowave and optoelectronics. All papers must 
be in English and submitted via e-mail. D ead­

line: Februarv 2, 2001. Additional infonna- 
tion and a topic list are available at 
www.imoc2001.com.br. Short course given by 
a group of specialists on a wide range of timely 
and interesting subjeets, as well as special scs- 
sions on technological development and state- 
of-the-ait advancements will also be held dur­
ing TMOC 2001. Contact: Prof: Dr.-Ing. Joao 
Tavares Pinho, general chair, PO Box 8605- 
66.075-900, Belem, Para. Brazil 55-91-211- 
1299, fax 55-91-211 -1977 or e-mail: 
info_imoc2001@amazon.com.br.
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Seë énline Cataiog at: 
http://www.mcli.com

1-800-333-MCU (6254)
Fax: (727) 381-6116

Microwave 
Communications 
Laboratories Ine.

7255 30th Avenue North 
St. Petersburg, FL 33710 

http ://www.mcli.com

WORKSHOPS & COURSES
H ig h  Speed Interco nnect  CDM A IS -9 5  System
M o d elin g  U sing  TDR O peration  a n d  T ec h n o lo g y

■  Topics: Operation and accuraey is­
sues for Agilent and Tektronix TDR 
instruments, interconnect probing 
and fixing, interconnect modeling and 
model validation. Fee: S395.
■  Site: Portland, OR
■  Date: January 15,2001
■  Contact: TDA Systems Ine., 11140 
SW Barbur Blvd., Suite 100, Portland, 
OR 97219 (503) 246-2272, fax (503) 
246-2282.

■  Topics: An overview of the practi­
cal aspects of the IS-95 (cdmaOne) 
System.
É  Site: Princeton, NJ
■  Dates: February 14-16, 2001
■  Contact: Anita Hellstrom, Organi- 
zational Effectiveness Institute (800) 
683-7267, fax (301) 871-4942 or e-mail: 
Anita.IIellstrom@oei-edu.com. Addi­
tional information is available at 
www.oei.edu.com.

Introductory 
RF & MlCROWAVES

■  Topics: Introduction to the field of 
RF and microwaves, S-parameters, 
transmission lines, forward and re- 
flected waves, RF and microwave test 
equipment and measurements, com­
puter automated testing, calibration 
concepts, RF and microwave test 
techniques, and tips. Fee: $800.
■ Site: Orlando, FL
■ Dates: January 18-19, 2001
■ Contact: R.A. Wood Associates, 
1001 Broad St., Suite 450, Utica, NY 
1.3501 (315) 735-4217, fax (315) 735- 
4328 or e-mail: RAWood@rawood.com.

RF Power Amplifiers,
Classes A  through S
■ Topics: This course prövides a de- 
tailed explanation of the various class­
es of RF power amplifiers and where 
each dass is used in todays wireless 
designs. Fee: $800.
■  Site: Orlando, FL
■  Dates: January 25-26, 2001
■  Contact: R.A. Wood Associates, 
1001 Broad St., Suite 450, Utica, NY 
13501 (315) 735-4217, fax (315) 735- 
4328 or e-mail: RAWood@rawood.com.

W ireless D igital 
Communications Systems: 
Components, Specification, 
Test and Evaluation

■  Topics: Coherent review of the ba- 
sie parameters, specifications and test 
criteria encountered in wireless digital 
Communications.
■  Site: Research Triangle Park, NC
■  Dates: January 29-31, 2001
■  Contact: Anita Hellstrom, Organi- 
zational Effectiveness Institute (800) 
683-7267, fax (.301) 871-4942 or e-mail: 
Anita. Hellstrom @oei -edu. com.

RF Test Equipment O peration 
(Laboratory Course)
■ Topics: Latest RF test equipment, 
including spectrum analyzers and Sig­
nal generators in a hands-on laborato­
ry environment, and measurement of 
devïce RF characteristics, including 
return and insertion loss, S parame­
ters and harmonies power. Fee: S595.
■ Site: Mountian View, CA
■ Date: February 20, 2001
■ Contact: Besser Associates, 201 
San Antonio Circle, Bldg. E, Suite 
280, Mountain View, CA 94040 (650) 
949-3300, fax (650) 949-4400 or e- 
mail: info@bessercourse.com.

RF CMOS D esign

■  Topics: TradeofFs in CMOS receiv- 
er designs, strategies and techniques 
for developing CMOS receiver de­
signs, with a heavy em phasis on 
process requirements, isolation and 
integration. A background in linear or 
nonlinear circuit design is desirable.
■  Site: Mountain View, CA
■  Dates: March 1-2, 2001
■  Contact: Besser Associates, 201 
San Antonio Circle, Bldg. E, Suite 
280, Mountain View, CA 94040 (650) 
949-3300, fax (650) 949-4400 or 
e-mail: info@bessercourse.com.

C eramic Technologies 
for M icrowave

■  Topics: The most recent advances 
in ceramic interconnect technology and 
materials and processes for wireless 
and other microwave applications.
Site: Denver, CO
Dates: March 26-27, 2001 
Contact: Samuel J. Horowitz, DuPont 
Microcircuit Materials (919) 248-5752, 
fax (919) 248-5715 or e-mail: samuel.j. 
1K )rowitz@usa. dupont.com.

18 CIRCLE 63 MICROWAVE IOURV- 1DECEMBER 2000

http://www.mcli.com
http://www.mcli.c
mailto:Anita.IIellstrom@oei-edu.com
http://www.oei.edu.com
mailto:RAWood@rawood.com
mailto:RAWood@rawood.com
mailto:info@bessercourse.com
mailto:info@bessercourse.com


Call us for

•Range Relocations
• Range Probe Service
• Range Operation Services
• Equipment Refurbishment and Upgrades
• Precision Mechanical Alignment

• Operation and Maintenance Training
• Software Maintenance Contracts
• Calibrations
• Repair and Maintenance Contracts 
•Warranty Repair

n  j r - r
Technologies
1 U 1

Ml Technologies 1-800-854-3660 -
e-mail: service@mi-technologies.com 

www.mi-technologies.com

Testwith Confidence
Antennas • PCS - Wireless - Automotive • Components • Customer Support - EMI/EMC • Industrial Controls -RCS • Radomes

Need the services of a Compact Range? Ml Technologies offers top-of-the-line Antenna 
and Radome testing services from .01 to 94 GHz in its large Anechoic Chamber.

Our Commitment: Ml Technologies' Customer Support is dedicated to your success.
Our full range of services is backed by the most responsive and knowledgeable team 
in the industry.

From warranty service to range moves, on-site training to full-service testing at our 
Range facilities, Ml Technologies offers the most comprehensive, responsive and 
flexible customer support program in the industry.

mailto:service@mi-technologies.com
http://www.mi-technologies.com




OF N O N L I N E A R  S I M U L A T I O N  PERFORMANCE

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

harm onie balance s im u la to r, HARBEC™ From 

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

in te lligence techn iques, to  co-sim u la tion  w ith  

electrom agnetics, HARBEC does it  all ... w ith  a 

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

Robust Simulation
un lim ited , a rb itra ry  c ircu it to po lo gy  
w ide  range o f non linea r device m odels 
(diodes, JFET, BJT, MOSFETS, MESFETS) 
w ide  range o f sources (voltage, power, 

curren t, w ave form )
DC analysis and op tim iza tion  
un lim ite d  tone harm onie balance analysis 

and op tim iza tion  
High Performance Design

AI perform ance op tim iza tion  

• fas t tu n ing  
EM Co-simulation 

Spiee Model Import 
Extensive Parts Library 
Equations and Post Processing

And it's fu lly  in tegra ted in to  th e  GENESYS suite 
o f synthesis, S-param eter, e lectrom agne tic  and 

physical design tools.

So Grab a Seat and Hold Qn!
W ith  nonlinear m odules priced a t $4990, th ey ' 

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

w w w .e ag lew are .

sales@ eaglew are.

http://www.eagleware


TUTORIAL

A General Design 
Procedure for Bandpass 
Filters Derived 
from Low Pass Prototype 
Elements: Part I

Bandpass filters serve a variety of Func­
tions in communication, radar and In ­
strumentation Subsystems. Of the avail- 

able techniques for the design of bandpass fil­
ters, those techniques based upon the low 
pass elements of a prototype filter have yield- 
ed successful results in a wide range of Appli­
cations. The low pass prototype elements are 
the normalized values of the circuit compo- 
nents of a filter that have been synthesized for 
a unique passband response, and in some cas­
es, a unique out-of-band response. The low 
pass prototype elements are available to the 
designer in a number of tabulated sources 12-3 
and are generali}' given in a normalized For­
mat, that is, m athem atically related to a 
parameter of the filter prototype.

This article presents a general design pro- 
Fig. 1 Circuit topologies cedure for bandpass filters derived from low 
ßters ^W Pr0tOUjPe Pass Pr°tetype filters> which have been syn­

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

LOW  PASS PROTOTYPE FILTERS
Low pass prototype filters are lumped ele­

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

Bandpass filters serve a 
variety o f functions in 
communication, radar and 
Instrumentation Subsystems.

[Conlinued on page 24]

K.V. PüGLIA 
M/A-COM Ine.
Lotvell, MA
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TUTORIAL

r(r) —

I T

M. Fig. 2 Low pass Chebyshev filter 
prototype response.

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

c i= 8 iT  T  C2 = Ss T C3 = S5
1.7058 F 2.5408 F 1.7058 F

Ä  Fig. 3 Low pass prototype filter 
schematic.

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

The low pass prototype filter para­
meters for the low pass Cheby^shev 
filter example are

R’o = 1.0 £2

where

s = <? + jco, the Laplace complex 
frequency variable

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

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

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

T (0  = 10log{l + ecos2[ncos_l(0]} 

for f  < 1.0

T(f') = lülogU +ecosh2[ncoslr1(f')]} 

for P> 1.0
and

where

r(]B = inband ripple factor in decibels

These equations represent the 
power transfer function of the

r.lB = 0-S
A schematic representation of the 
prototype Chebyshev filter is shown 
in Figure 3. The prototype elements 
are from Matthaei, Young and Jones1 
where the normalized cutoff frequen­
cy is given in the radian fonnat (0̂  =
1.0 = 2n f1.

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

_ H'o 1
C1

“ Ro
q bl 

27tl09
_  R0 1

“ R'o
Q §2 

2ïï109

C2 _ R,0
R0

1
------ ög3
2jtl09

_ R0 1
l 2

-R 'o
q §4

2jc109
_ R'o 1

Qj q g5
Ro 2ltl09

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

[Continued on page 26]
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TUTORIAL

/ / \ S
i \ \

-500 0.5 1.0 1.5 2.0
FREQUENCY (GHz)

é k  Fig. 4 Chebyshev low pass filter 
with a 1.0 GHz cutoff.

cution of the equations found in 
Matthaei, et al.1, and repeated in Ap­
pendix A  for convenience.

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

I —  L(fe)—  I ' M -  L(fa)-ÏÖ ]

NORMALIZED FREQUENCY fa (Hz)

Jm. Fig. 5 Chebyshev bandpass filter 
transfer function.

in Figure 4. Note that the 0.5 dB in­
band ripple results in a return loss of 
-10 dB as expected.

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

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

where

and f0, fj[ and f2 represent the center, 
lower cutoff and higher cutoff fre­
quenties of the corresponding band­
pass filter, respectively. If the Substi­
tution of variables is made within the 
Chebyshev power transfer function, 
the power transfer function of the 
corresponding bandpass filter may be 
determined as shown in Figure 5.

The schematic diagram of the 
bandpass filter, which was derived 
from the low pass prototype filter via 
the introduction of eomplementary el­
ements and producing shunt and se-

[Contimed on page 28]
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TUTORIAL

TABLE 1
RESONATOR SLOPE PARAMETERS

Resonator Type R eactance Stoper a Susceptance Slope, ß

Series IX

Shunt LC I
W.)L

Shunt it 2co0C

h'2 line (short) itZ0

X/'2 line (opent JtY0

X/8 line (short+C) -^•|cot0o+0„ esc2 90 j

a/4 line (short) 7tYn

A/2 VVG line (short)
( ï i ( e !

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

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

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

RF AND MICRO WAVE 
RESONATORS

RF and microwave resonators are 
lumped element networks or distrib- 
uted circuit structures that exhibit 
minimum or maximum real imped- 
ance at a single frequency or at multi­
ple frequencies. The resonant fre­
quency f0 is the frequency at which 
the input impedance or admittance is 
real. The resonant frequency may be 

further defined in 
terms of a series or 
shunt mode of reso- 
nance; the series 
mode is associated 
with small values of 
input resistance at 
the resonant fre ­
quency, while the 
shunt mode is asso­
ciated with Iarge 
values of resistance 
at the resonant fre­
quency. Some typi- 
cal lumped and dis- 
tributed resonators 
are shown in Fig­
ure 7.

Resonators may 
be characterized by 
their unloaded 
quality factor Q u, 
which is the ratio of 
the energy stored to 
the energy dissipat- 
ed per cycle of the 
resonant frequency. 
Resonators are also 

characterized with respect to their re- 
actance a  or susceptance ß slope pa­
rameters, which are defined, respee- 
tively, as

0)0 dx(0))|
a  2 da)

o ^d B W l
P 2 dco

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

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

where

Rse = resonator series resistance 
Rs}, = resonator shunt resistance

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

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

L,(f) = -10 log
1+ 2Qr

At f = f0, this equation may further 
reduce to

L(f) = -101og

So]ving for Qu, yields

Q, Qi

.1 -1 0  20

Therefore, a measurement of the 
single resonator insertion loss at the 
resonant frequency L(f0) and the -3 
dB bandwidth Af is sufficiënt to accu­
rately determine Q„ of any resonant 

[Continued on page 30] 
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£  Fig. 9 The single resonator’s measured 
performance.

Af

£  Fig. 8 A single resonator at 1960 MHz.

stmcture. The Ioaded quality factor 
Ql may be determined from a mea- 
surement of the resonant frequency 
and the -3  dB bandwidth from the 
equation

Q i =

Af = -3  dB bandwidth

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

PERFORMANCE
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Consider an example. A PCS1900 
transmit filter was required with min­
imum insertion loss and minimum 
size as critical design parameters. 
Rectangular, coaxial Ä78 resonators 
w7ere determined to offer the mini­
mum volume in an eight-resonator 
filter consistent with the maximum 
insertion loss requirem ent of less 
than 1.0 dB at the center frequency 
ol 1960 MHz. A single resonator was 
constructed of the type anticipated to 
be used within the filter. The single 
resonator is shown in Figure 8.

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

L(f0 = 1.950 GHz) = 0.533 dB 

Af = 14.50 MHz 

Qn 2250.

In executing the measurement, three 
notes of caution arc required in the 
interest of accuraey: The coupling 
probes to the cavity should be equal 
and minimized to avoid load and 
source resistance aer.oss the res­
onator; the source and load SVVRs 
should be kept low7; and the input 
SWR at f0 should be minimized to 
avoid mismatch loss.

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

Q„ = ßRsh

[Continued on page 34] 
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Êk. Fig. 12 The coupled }JS trammission 
line resonator’n (a) proximity coupled line 
and (b) equivalent circuit.

where

ß =

^ [c o t(e 0) + 0(, csc2(0o)j = 0.01S36

for 0O = — and Y(, = —  Mhos 
0 4 70

Rsll = 122.5 kß

This m easurem ent teehnique for 
estirnating the value of Qu is 
completely general and applies to 
lum ped elem ent and d istribu ted  
resonators.

RESONATOR COUPONS
Resonator coupling represents one 

of the most significant factors affect- 
ing filter performance. There are sev- 
eral methods to couple resonators. 
For ease of manufacturing and tim­
ing, a common resonator type and 
coupling method is generally prefer- 
able. Matthaei1 proposes what have 
been termed J (admittance) and K 
(impedance) inverters both to perinit 
a common type of resonator and to 
serve as coupling elements for the 
resonators.

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

and

kii+1 Ki.i+1
a

for shunt-type and series-type res­
onators, respectively, where the cou­
pling between the ifh and the itll+1 
resonators is represented by kj i+1.

A similar approach to the general 
design of bandpass filters eniploying 
common types of resonators proposes 
specific coupling elements in the case 
of lumped resonator bandpass filters 
or specific proximity methods of cou­
pling in the case of distributed res­
onator bandpass filters. To illustrate, 
consider the coupled rc-type of L-C 
resonators and the coupled Ä/8 trans- 
mission line distributed resonators 
shown in Figure 11.

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

k _ COpCrc _ (Q0CÏÏ _ CK 
K ~ ß 2(00C “  2C

In the case of the coupled A/8 trans­
missiën line resonators, the equivalent 
circuit shown in Figure 12 is useful in 
determ innig the coupling coëfficiënt. 
The coupling coëfficiënt may be deter­
mined from the capacitive matrix para­
meters associated with the coupled 
lines, that is, the capacitanee per unit 
length to ground CL and the mutual ca- 
pacitance per unit length between the 
conductors Cm, where V is die velocity 
in the dielectric medimn. The coupling 
coëfficiënt may be written as
, Ysh cot(e0)

c ß ■
cot(0o)

t y j« > t ( e 0) + eo csc2(0o)]

For the special case where 0O = Ti/4, 
the coupling may be written as

2Ysh

'  ' '
2 v C m 2Cm

)  L f)
Another very populär type of res­

onator, which is frequently used in 
microwave bandpass filters, is the 
quarter-wavelengtii resonator. Figure 
13 illustrates the coupling of sym-

[Continued on page 36]
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C C e

RESONATOR t RESONATOR 2

EXTERNAL
COUPUNG

Fig. 14 Lumped element symmetrical resonators.

É. Fig. 15 Symmetrical resonator's 
response.

m etrical X/4 resonators and the 
equivalent circuit. Note tliat X/4 res­
onators must be grounded at opposite 
ends to prevent the null coupling 
condition caused by cancellation of 
the electric and m agnetic field 
modes.

The coupling coëfficiënt for this 
configuration may be written as

k _  0)Cm _  t)Cm _ 4uCm _ 4Cm 
c ß Y0jt 7roCg nCg

A T

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

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

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

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

The amplitude response of any 
pair of symmetrical resonators may 
be represented by1

L^f j -  -10 log

In the equation, k is the coupling co­
ëfficiënt between the symmetrical 
resonators, Qu is the unloaded quality 
factor of each resonator and Qe is the 
extemal quality factor. The external 
quality factor is defined to differenti- 
ate the source and load coupling and 
loss from the losses associated vvith 
the individual resonators (Qu).

If the overcoupled condition is sat- 
isfied such that

it is possible to determine the re
onator coupling c<̂ efficiënt from

F-+ f L + J _ Y
t  4  .) m  q „ j

where f(), fa and fj, are subsequently 
defined.

The utility of tlie equations will be 
demonstrated by two examples. Con- 
sider the symmetrical, lumped ele-

EXTERNAL
COUPLING

Ce

EXTERNAL
COUPLING

___ _ ^  ^  c

" ‘ 1
j L| 1

: IW8 ±.c

— T  ......... ^
W

Yse = 
Ce vC; - :-/7us ^  .

7  f  ~

(»)

A m  y ( /x is

•fh*Cg

Jk Fig. 16 h/8 symmetrical coupled 
resonator; (a) schematic 
and (b) equivalent circuit.

ment resonators in the schematic 
shown in Figure 14 where two, 71- 
type, L-C resonators are coupled by 
the capacitor Cn, and the external 
source and load are coupled to the 
respective resonators by capacitor Ce. 
Note also the Qu of each resonator is

Q u = J r(00L

The following variables have been as- 
signed

^27tf0CeR s  ̂

1 I 9
fn = -

271 v LC

CL

27üf0L  

= 100 MHz

With the assigned variables, the 
amplitude response is shown in Fig­
ure 15. The two peaks in the ampli­
tude response correspond to the fre- 
quencies fa and f̂ . Using the assigned 
variables, the calculated coupling co­
ëfficiënt is kc = 0.05033.

A second illustrative example us­
ing coupled X/8 resonators is shown 
in Figure 16. An equivalent circuit 
representation of the coupled lines,

[Continued on page 38]
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Fig. 17 Symmetrical resonator’s response

external coupling and resonator loss is required in order 
to quantify the coupling factor.

The variables have been assigned as

0„ = ßR = *7— L  = 2250 
2r Ï  +  --

Qe =
50

Z0 tan 0O

1

27iZ0 tan0oC

k =  -
2Cm

With the assigned variables, the amplitude response is 
shown in Figure 17. The two peaks in the amplitude re­
sponse correspond to the frequencies fa and fb. Using the 
assigned variables, the calculated coupling coëfficiënt is kc 
= 0.01999. Part II explores how to use the preceding prin- 
ciples and data to design bandpass filters using a variety of 
lumped and distributed element resonators.
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2WAY-180C 2 1.00-2.49
3WAY 41 0.50-4.20
4WAY 83 0.47-8.40
5WAY 6 0.80-1.98
6WAY 25 0.80-5.00
7WAY 4 1.00-1.99
8WAY 62 0.50-8.40
9WAY 3 0.80-4.80
10WAY 11 0.75-2.40
12WAY 9 0.50-4.20
14WAY 1 0.90-0.99
16WAY 28 0.47-4.80
32WAY 1 0.95-1.75
For detailed model numbers, specifications, 
and prices, consult our web site, RF/IF 
Designer’s Guide, or call Mini-Circuits.

C3  M ini-C ircuits
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

YbfJ Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com

http://www.minicircuits.com


NEWS FROM WASHINGTON
Excalibur TPlie US Anny has award- 

I  ed Raytheon a $100 M 
Developm ent contract modification for 

the continued development 
Continued 0f t he Excaibur, XM9S2 

precision-guided, extend- 
ed-range artillery projectile 
program. The Excalibur 
family of guided missiles is 
designed to permit current 
and future Army and Ma­

rine Corps digitized howitzers to overcome the range dis- 
advantage they now have against many threat artiller)' Sys­
tems while gaining lethality improvements of three to six 
times against current projectiles.

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

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

Light Tactical ^Phe US Army’s Commu- 
I  nications and Electron- 

Vehicle Intercom  ics Command (CECOM) 
has awarded a contract to

Contract Awarded outfit the services light tac- 
tical vehicles with the Light 

m  Vehicle Variant (LV2) inter­
com system to a team com- 
posed of Northrop Grum­
man Corp. and BAE Sys­
tems. The award continues 

the two Companies’ long-standing relationship with 
CECOM during which time more than 10,000 vehicle in­
tercom Systems have been supplied for use on high mobili- 
ty multipurpose wheeled vehicles (HMMWVs) and others.

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

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

Ateam of four global In­
formation Companies 

has been assem bled by 
The Boeing Company to 
conduet a Global Position­
ing System (GPS) III 
study that will help define 
the path for the future of 
navigation and timing. 
Boeing will head a team 
com posed of Hughes 

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

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

Industry Team 

to  Conduet 

Global Positioning 

System III 

Architecture Study

A ir Force Awards

and Control 

M odernization  

Program Contract

■he US Air Force has se- 
lec ted  a Lockheed 

Command Martin-led team to mod- 
ernize its air, missile and 
space command and con­
trol (C2) Systems in a 15- 
year program valued at ap- 
proximately $1.5 B.

U nder the Integrated 
g g m  Space Command and Con­

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

The ISC2 modernization will replace the Air Force ’s 
collection of older, stand-alone Systems which function 
well individually but are not seamlessly coordinated to 
give users comprehensive G2 capabilities and access to in­
formation. The new system will enhance commanders’ ca-
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pabilities to synchronize their C2 operations and improve 
strategie and tactical coordination among forces. A major 
program challenge involves the migration of existing Sys­
tems to the new ISC2 architecture without disnipting the 
Air Force operations at Cheyenne Mountain, the location 
of most of the NORAD and OSSPACECOM operations.

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

UCAV System |  I n d e r  a $131 M con- 
\ ^ t r a c t  shared by the 

Previewed Defense Advanced Projects
____________ Research Agency (DARPA)

and the US Air Force, the 
Boeing Phantom  Works 
R&D division is developing 
an U nm anned Combat 
Aerial Vehicle (UCAV) ad­
vanced technology demon- 
stration system. Following 

completion of the manufacture and assembly of the major 
system elements, including the first of two unmanned air

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

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

The UCAV air vehicle has a stealthy, tailless, 27-foot- 
long airframe with a 34-foot wingspan. It weighs 8000 
pounds empty and can carry a 3000 pound payload. The 
reconfigurable mission control station has satellite-relay 
and hne-of-sight Communications links for distributed 
control. Flight testing of the first vehicle is scheduled to 
begin in the spring of next year. Testing of botli air vehi­
cles in simulated suppression of enemy air defense mis- 
siles is scheduled to begin in mid-2002. If the advanced 
technology demonstration program is successful, the Air 
Force could employ UCAV weapon Systems some time af- 
ter 2010. ■

R e in ve n tin g  Rubidium
Beyond 0CX0 Performance with Our New Rb Qocks

With improved performance, higher stab ility, and lower 

power consumption, our new Rubidium Atomic Clocks mark 

another RSD breakthrough from TENEX. The patented Rb 

physics package minimizes volume while maintaining 

short and long term s ta b i l it y  performance. 

Perfect for Communications, navigation & 

Instrumentation uses. Plus, our RN0 

series i s  pin-compatible with 

OCXOs for easy Upgrades.

1.623.780.1995
sales@temex-az.com

Only TEMEX makes it happen. T E M E X

Crystals • Filters • X O s.  VCXOs • VCOs • 
TCXOs • OCXOs • Rubidium Atomic Clocks
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m in ib e n d 8
The original /  Jfc‘1.1

24 GHz SMA “  
v ; '
'bends-to-the-end'.

m in ib e n d “ k
The 40 GHz minibend 
with 2.92mm Plug 
connectors; now with 
extended temperature 
range from -55°C to 
+125°C

m in ibend* l
The enhanced Version 

of the original minibend 

for lower loss and higher 
phase stability with 

extended frequency 

range to 26.5 GHz.

m inibend* w
The environmentally 
sealed "all weather" 
Version of the original 
minibend with an 
extended frequency 
range to 26.5 GHz.

. :  f* %  m m

V."

m in ibend* s
The original minibend 
is now available with 
SMP connectors; these 
24 GHz assemblies 
exceed the require- 
mentsof the DESC 
specification for SMP 
and the interface 
Standards of 
MIL-STD-348.

Astrolab's expanded line of patented minibend cable assemblies 
provide an excellent commercial-off-the-shelf (COTS) solution for your 

cable assembly needs. The minibend was designed for use in low profile, 
internal point-to-point interconnections between RF modules within 

Communications Systems. The minibend readily replaces custom, 
preformed semi-rigid cables with low cost, Standard length flexible 

cables. Minibend has been successfully integrated in commercial, 
military and space applications.

The ease of installation of minibend reduces your assembly costs. 
Our express stock delivery program on Standard lengths allows you to 
lower your inventory requirements. All minibend cable assemblies are 

100% tested so you can be confident of their continuous performance.

Call us at 732-560-3800 for more information on 
* ' V  the minibend product or visit our website at

t l t y , 4%. '% www.astrolab.com

http://www.astrolab.com


DCupto20GHz TERMINATIONS from • -9

From FM to cellular to satellite communication circuits, these 
terminations end all...the broadband KARN-50, ROSE-50, and 
ANNE-50 terminations from Mini-Circuits. Until now, microwave 
terminations were usually very expensive, especially custom designs 
for higher frequencies, But thanks to quantum leaps in design and 
rranutacturing teohniojes oy Mini Grcuits. ycu could replaco mgn

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

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

N Type Male Connector SMB Plug Connector SMA Male Connector with 31/2" Chain &Cap 
S1l95qty.1-9 S995qty.1-9 $1195qty.1-9 S1395qty.1-9
S749 qty. 1000 $735 qty. 1000 $749 qty. 1000 S949qty.l000

C 3  M i n i - C i r c u i t s



UK Mobiles Following a year-long, 
ß_ govemment sponsored 

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

WarningJ ]evel warning on all new 
mobile telephones from 
2001 onwards and to leaflet 
users on the wisdom of 
children under 16 using 
such devices for essential 
Communications only. The 

concern over youth use of mobile telephones relates to 
the high usagc rate amongst British children and specula- 
tion that the radiation emitted by mobiles could be harm- 
ful to the voung because of their thinner skulls (when 
compared with adults), higher tissue conductivity (again, 
when compared with adults) and developing nervous Sys­
tems. In this context, it should be stres.sed tliat to date, no 
conclusive evidence has been found to suggest that mo­
bile telephones are injurious to health. The UK’s Elec­
tronics Industry Federation supports the move (on the 
grounds that it supports the general concept of providing 
consumers with as much product infonnation as possible) 
and that Cenelec (the body responsible for mobile tele- 
phone technical Standards with in Europe) intends to pub- 
Tish a standardised methodology for calculating specific 
absorption ratings for mobile telephone handsets.

Europe Features 

Strongly in FY 01 

FCT Programme

The European electron- 
kics feature strongly in 

the US Department of De- 
fense’s Fiscal Year (FY) 
2001 Foreign Comparative 

^  Testing (FCT) programme.
Looking at some of the FY 
01 FCT new starts and 
continuations by service, 
the US Army is to carry out 
an FCT evaluation of non- 

developmental Communications antenna masts from man- 
ufacturers in Finland (Mast Systems), France (LERC), 
Germany (the European Aeronautie, Defence and Space 
(EADS) Company), Sweden (WIDE) and the UK (ARA 
and Clark Mast Systems) in connection with its ongoing 
digitisation programme. Elsewhere, the service will test 
Thomson Racal Defence (UK) and Tadiran (Israel) signals 
intelligence Systems that are capable of detecting and lo- 
cating conventional and low probability-of-intercept sig­
nals. Here, the programme is in connection with the 
Prophet Ground effort and a major area of interest is the 
two equipments’ ability to detect and locate frequency- 
hopping radios.

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

INTERNATIONAL REPORT
Martin Streetly, International Correspondent

ing the radar cross section signature of the Remote Mine 
Hunting Systems (RMHS) installed aboard the services 
Arleigh Burke dass destroyers to that of the ship s struc- 
ture around it.

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

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

Philips Teams 

w ith  W ID C O M M  Ine.

to  Develop 

Bluetooth Products

structure. Bluetooth has bee

Netherlands contractor 
Philips Semiconduc- 

tors has formed a strategie 
alliance with US contractor 
WIDCOMM Ine. to speed 
up the developm ent of 
Bluetooth technology and 
provide customers with a 
complete range of Blue­
tooth Solutions, supported 
by a reliable support infra- 

ï developed to provide a low 
cost, radio-based, open Standard technology for short- 
range, cableless data transmission in applications such as 
server to visual display units within an office environment. 
As of this writing, the technology is noted as having 
demonstrated its compatibilitv with a range of devices 
that includes mobile telephones and laptop computers, 
and as being capable of revolutionising Connectivity in 
‘many’ other electronic applications.

Current Philips Bluetooth (a trademark of Telefonak- 
tiebolager L M Ericsson) products include the VWS26002 
Bluetooth baseband processor, the Bluetooth developer s 
kit V 2.0 platform, the single chip UAA3558 transceiver 
and the BGA2450 pow er am plifier. For its part, 
WIDCOMM is described as a software and product de­
sign house that focuses on Bluetooth networking Solutions 
and has a product portfolio that includes Bluetooth füll 
protocol stack software, the BlueConnect expansion mod-
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ule, the BlueCard laptop card and the BlueShare personal 
computer wireless adapter. Overall, the new alliance is in- 
tended to provide Customers with a one-stop resource 
that can supply them with complete, optimised Bluetooth 
Solutions involving integrated circuits, software, System 
design and support at all stages of development.

German contractor
Siemens Information 

and Communication Mo­
bile has teamed with Chi­
nas Academy of Telecom- 
munications Technology 
(GATT) and the Huawei 
Technologies Company to 
promote the use of Time 
D ivision Synchronous 
Code Division M ultiple 

Access (TD-SCDMA) technology in third generation mo­
bile Communications networks originating in the Peoples 
Republic. The teaming agreement takes the form of a 
Memorandum of Understanding (MoU) and builds on 
work undertaken jointly by CATT and Siemens to develop 
TD-SCDMA technology as a mcans of eapitalising on a 
potential Chinese telecominunications market of over 60 
million Global System for Mobile Communications (GSM)

German-Chinese  

Team Promotes 

TD-SCDMA

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

In terms of the specific TD-SCDMA MoU referred to 
above, the agreement foresees close Cooperation in the in­
ternational promotion and Standardisation of TD-SCD- 
MA technology, the joint development of products and 
the launch of pilot TD-SCDMA projects in China starting 
in die early part of next year. ELsewhere, the diree part­
ners (together with Motorola, N ortel and mobile 
providers China Mobile and China Unicom) have found- 
ed an international TD-SCDMA forum to fester adaption 
of the technology by vendors, operators and national 
regulators. ■

for wireiej
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wirewound RF chip inductors 
run drcles around the competition

Higher Q Compared to non-wirewound chip coils, most 
Coücraft parts have Q factors that are 50% to 150% higher.

Lower DCR Put as much as 3 times the current through 
our chip inductors thanks to their low DC resistance.

Highet SRF Ceramic construction shifts SRFs to much 
higher frequencies than multilayer or ferrite designs.

Tighter tolerance Precision manufacturing techniques let 
us consistently produce parts with 2% inductance tolerance. 
Our most populär values also eome in 1 % tolerance.

Better support From our engineer-friendly web site to our 
global manufacturing capabilities, Coilcraft is 
just plain easier to do business with. order your

Visit us at www.coilcralt.com for technical ' * » C C  
data, free samples, Simulation models and more. ” *™Pt.ES

the web

ORDER DIRECT
-322-2645

OVERN1GHT DELIVERY! CAllBY 5 CSI. Q c r tß c /u iftL
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THE COMMERCIAL MARKET

Verizon ’ireless and 
Lucent Technologies 

have signed a letter of in- 
tent pofentially worth up to 
$1.5 B which names Lu­
cent as a primary supplier 
of network infrastructure 
to the; newly-formed wire- 
less venture. The agree­
ment will allow the largest 
US wireless carrier to in- 

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

The parties expect to enter into a purchase agreement 
that would set the stage for continued close collaboration 
begun with Bell Atlantic Vlobile on commercializing next- 
generation CDMA digital wireless technology for intro- 
duction into the national Verizon Wireless network. Earli- 
er this year, Lucent and QUALCOMM Inc. reported the 
first live laboratory demonstration of the 3G data trans- 
mission technology which was planned for initial deploy- 
ment in Verizon Wireless’ Philadelphia area network earli- 
er this year. The technology supports peak data transmis- 
sion rates of 153 kbs. When deployed, the technology will 
have the additional benefit of doubling network voice ca­
pacity without the need for new7 basestations.

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

Lucent Technologies 

and Verizon Wireless 

Sign $1.5  B 

Letter o f In ten t

Agreement 

to  Establish 

Personalized Delivery 

of Interactive

■choStar Communica- 
■tions Corp. and Geo-

Broadband Services

cast Network Systems Inc. 
have signed an agreement 
under which Geocast will 
deliver its personalized 
broadband services to PC 
users via dedicated band- 
width on one of EchoStar’s 
primary direct broadcast 
satellites. The agreement 

will perinit Geocast to reach a nationwide audience and 
allow DISII Network to deliver new PC services to its 
subscribers.

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

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

RangeStar Wireless has 
announced a quad- 

band antenna for notebook 
com puter applications 
which ean be embedded in 
the notebook’s hinge. The 
antenna supports th ree 
types of wireless service, 
general packet radio ser­
vices (GPRS), Bluetooth 
applications and 802.11A 

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

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

Q uad-band Antenna  

Can be Embedded 

in Notebook  

Com puter Hinge

A recent report from 
Strategy Analytics based 

on detailed interviews with 
cellular users in six Euro­
pean markets, Wireless 
2000: European End-user 
Market Dynamics, forecasts 
that 40 percent of cellular 
users in Western Europe ex­
pect to use their cellular 
phones for all voice traffic in 

the future. Only one third of those inteniewed remained 
convinced that they will still use fixed telephones. The report 
also notes that cellular service pricing can contribute signifi- 
cantly to this move. Pricing remains the most common com- 
plaint of cellular users in the region and is responsible for 50 
percent of subscriber chum.

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

European 

Cell Phone Users 

to  Abandon Fixed 

Telephone Service



THE COMMERCIAL MARKET
DBS to  Reach A  new report front the 

^»Y ankee Group, Direct 
25 M illion Broadcast Satellite: Growth 

in New Directions, fore- 
Subscribers by 200 5  casts that> driven by the ad- 

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

million over the next five years.
The report notes that, historically, DBS has been 

strongest in rural areas without access to cable television and 
among those seeking more movies, sports and improved pic­
ture and sound quality. Recent legislation permitting satellite 
delivery of local stations has strengthened its ability to com- 
pete with cable in urban and suburban markets. In addition, 
new service offerings like high speed Internet access, satel­
lite receivers equipped with digital video recorders and In­
teractive TV will significantly contribute to its growth.

Among the reports findings, within households acquiring 
DBS service during the first tliree months of this year, 70 
percent have access to cable but only 17 percent subscribe to 
cable. In that same group, only eight percent with local sta­
tion coverage by their satellite package also subscribe to ca­
ble. While satellite TV hardware prices have fallen from

$300 to S150 this year, subscription prices have remained at 
$40 per mondi. Customer satisfaction remains higli with 79 
percent of DBS subscribers recommending the service to 
others. For additional infonnation, contact: Gm Vranas, The 
Yankee Group (617) 880-0214.

$525  M  G reat er IW I ortel Networks has re-
I  ^Iceived contracts worth 

China Wireless an estimated S525 M for 
new w ireless network 

Contracts Awarded build-out which is expected 
to serve up to 17 million 
subscribers in Greater Chi­
na, and will provide next 
generation Wireless Inter­
net and data services.

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

1  *
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M  But w ith our filter performance, looks aren't important.
BH TRAK's TX/RX diplexers provide stable performance w ith  m inimum 
B  loss under all combinations o f temperature and power. W hether 
m  supplied as a stand-alone filter or part o f a com biner sub-system, 
W TRAK's diplexers are custom designed fo r h igh volume production 
I  fo r major wireless Standards including:

Cs 900 MHz diplexer has less than 1 dB insertion loss and better than 20 
eturn loss w ith  up to 90 dB rejection at the diplexing junctions. 
itaining an intermodufation o f better than -105 dBm, w hile handling 
Watts average power, these diplexers w ill satisfy your most dem anding 
irements.

.is performance getting pretty ugly w ith  your filter applications? 
I TRAK today. Let's talk about Solutions.

W e are experienced,
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W ith all the

new technologies

for w ireless Connectivity

Bluetooth"

ARE YOU IN 
CONTROL OF YOUR 
WIRELESS SYSTEM?

For almost any 3G  mobile telephony form at!
The R3267/3273 Spectrum analyzcÊs feature a frcqucncy span accu: 
within ±1% in the 8GHz/26.5 GHz band, and a dynamic range 
-154dBc/Hz (typ.) in the 2GHz band. They are designcd to be configur 
with virtually any 3G mobile telephony format. The unique F' 
Modulation Analysis Option can measure Bluetooth, W-CI9MA, . 
cdma2000, GSM/DECT/EDGE, PDC/PHS/IS-136, 
AMPS/JTACS/KTACS, and others.

ADVANTEST
Japan: ADVANTEST CORPORATION +81-3-3342-7500, tm i@ advantest.co.jp, http://www .advantest.co.jp/index-e.html 

Europe: ROHDE & SCHWARZ Engineering and Sales GmbH +49-89-4129-13711, http://w w w .rsd.d e 
North America: Tektronix, Inc. +1-800-426-2200, http://www .tek.com  

Asia: Advantest (Singapore) Pte. Ltd. +65-274-3100, tm i@ asp.advantest.co.jp

mailto:tmi@advantest.co.jp
http://www.advantest.co.jp/index-e.html
http://www.rsd.de
http://www.tek.com
mailto:tmi@asp.advantest.co.jp
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INDUSTRY NEWS

Frank Floyd Jr. died on October 16 after a longbattle 
with ALS. He was 62. He was the founder and manag­
er of the Massachusetts division of Standford Telecom 
after spending 25 years working at MIT-Lincoln I Lab­
oratories on the design and construction of Communi­
cations satellites.

■  3M has entered into a definitive merger agreement to 
acquire Robinson Nugent Inc., Xew Albany, IN, for ap- 
proximately SI 15 M, including the assumption of debt. 
The merger is structured as a tax-free, stock-for-stock 
transaction, in which each outstanding Robinson Nugent 
common share will be exchanged for $19 of 3M common 
stock, subject to certain caller pro\isions.

■  New Focus Inc.. a supplier of fïber-optic products for 
next-generation optical networks under the Smart Opties 
for Networks™ brand, has signed a definitive agreement 
with JCA Technology Inc. under which New Focus will 
acquire JCA in a transaction valued at S600 M. The merg­
er consideration is composed of $575 M of New Focus 
common stock and S25 M in cash. The merger will be ac- 
counted for as a purchase transaction and will result in 
significant goodwill based on the underlying bock value of 
JCA’s assets.

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

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

■  TRAK Communications, a Tech-Svm Company an- 
nounced the acquisition of Tech-Sym Corp. by The Ver- 
itas Capital Fund LP. a New York-based investment 
firm. Sold at $30 per share, TRAK Communications is 
now a privately held Company, hut remains the parent 
management Company to its four subsidiaries: TRAK Mi­
crowave Corp., TRAK Microwave Ltd. (TRAK Europe), 
Tecom Industries Inc. and TRAK Ceramics Inc. (TCI).

■  Centurion Wireless Technologies Inc., Lincoln, NE, 
(formerly Centurion International Inc.) has acquired Xer- 
tex Technologies Inc.. Broomfield, CO, in a merger 
transaction. Xertex will operate as a division of Centurion 
Wireless Technologies.
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AROUND THE CIRCUIT
■  Everett Charles Technologies (ECT). Pomona, CA 
has acquired Vitech Services B.V., Geleen, the Nether- 
Iands. The acquisition of Vitech will further augment 
ECT’s role as a global provider of PCB test services and 
supply additional support to its worldwide customer base.

■  REMEC In c . has com bined its Toronto-based 
Nanowave Operation with Ascentia. Dallas, TX, to form a 
new advanced technology Company that will design and 
produce custom MMICs, critical modules and integrated 
subassemblies for fiber-optic and broadband wireless 
Communications Systems. REMEC owns a 75 percent 
ownership in the new Company.

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

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

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

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

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

■  Microwave Communications Corp. (MCC), Valen­
cia. CA, has completed recapitalization and alignment 
with Springboard Capital LLC, Los Angeles, CA, and 
London, UK. Part of this new partnership includes incor- 
porating the new Company and changing its name to Mi­
crowave Communications Co. Inc. It will continue to 
operate from its headquarters in Valencia.

■  Tanner Research Inc. and MOSIS have formed a 
strategie alliance that allows Tanner to offer quick-turn 
and low7 cost IC design and fabrication services. Under 
the partnership, Tanner has committed to provide design 
tools, services and IP products to customers, while 
MOSIS will provide prototyping and small volume pro- 
duction services.

[Continued on page 54] 
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♦ Very Small Step Sizes
♦ Low Phase Noise

000=0830

FN 4000 Series

FJPLL/FJPLH Series

For additional information, j.
contact Synergy's Sales and Application 
201 McLean Blvd., Paterson, New Jersey 
Phone: (973) 8 8 1 -8800 Fax: (973) 8 8 1 -! 
E-mail: sales@synergymwave.com M
V i . i»  . a h  c if J  ih  h t n r l l w w »  w n n w !

mailto:sales@synergymwave.com


■  Micronetics Wireless Inc. has entered into a strategie 
joint venture with Hollis Electronics Co. to co-develop its 
next generation Wave3G Communications Testing Platform.

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

■  NurLogic Design Inc. has signed an agreement with 
IBM to offer high performance Standard cell and I/O 
components to customers of IBM’s SiGe, 0.25-micron 
process technology. This technology is an ideal solution 
for building many of the essential chips used in wired and 
wireless Communications products.

■  Racal Instruments Inc., Irvine, CA, has formed a 
strategie alliance with PX Instrument Technology Ltd..
Bray, Ireland, for worldwide turnkey System integration of 
PX Instrument Technology’s PXI bus-based products. 
This agreement partners two members of the PXI Sys­
tems Alliance.

■  Windward Technologies Inc.. Tellumat Ltd. and 
Plessey have expanded their distribution agreement to 
have Windward distribute the Tellumat HighReach™ 
Narrow Band Microwave products and Plessey Spread 
Spectrum products in the US.

AROUND THE CIRCUIT
■  Motorola SPS and  Atm el have signed  a licensing 
agreem ent that will enable the Companies to provide a re- 
liable supply of RF BiCMOS technology.

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

■  NEC Electronics Inc. and Luxxon Corp. have signed a 
strategie alliance agreement to develop streaming multime­
dia Solutions for wireless Internet devices. The Solutions will 
accelerate the development and adoption of wireless devices 
and enable universal multimedia commmiication.

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

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

[Continued on page 58]

Call The Solutions Experts At Dielectric Labs
2777 Route 20 East, Cazenovia, NY 13035 
Ph: 315-655-8710 •  Fax: 315-655-8179
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ANNOUNCINGA
NEW PRODUCT UNE!

■

HBT AMPLIFIERS WITH lnGaP GaAs Technology

♦  DC TO 7 GHz PERFORMANCE

♦  10 dB to ZO dB GAIN

♦  + 12 dBm to 24 dBm 
OUTPUT IdBcp

♦  LOW COST, HIGH RELIÄBILITY 
InGaP GaAs HBT PROCESS

P erfo rm ance  Tatole

HBT D a r lin g to n  
A mplifier

HBT A mplifier 
w /  Po w e r  D o w n

HBT D a r u n g to n  
A mplifier

HBT D river 
A mplifier  for WLL

HBT D river &  D u a l  
D river A mplifier

ï 1 - 12 dB Gain

f  ̂ 23 .  ̂,  
%  1 1  r

■ 1 1

HMC3I5 HMC323 & HMC324 HMC326MS8G

------------------------ •  -------------------------------- • -------------------------------- •

COMPLETE DATASHEETS &
7  ADDITIONAL AMPLIFIERS FOR 802.11,

UNII, & HipeRLAN RADIO PLATFORMS AVAILABLE ONLINE.

H i t t i t e
MICROWAVE CORPORATION

www.hittite.com
12 Elizabeth Drive Chelmsford, MA 01824 

Phone: 978-250-3343 ♦  Fax: 978-250-3373

http://www.hittite.com


AFS SERIES...
MORE THAN 
JUST LOW IMOISE

This is only a smalt sample of our extensive list of Standard catalog items. 
Please contact Dave Krautheimer at (631) 439-9413 or e-mail dkrautheimer@miteq.com 

for additional Information or to discuss your custom requirements.

i T s q
100 Davids Drive, Hauppauge, NY 11788 

TEL.: (631) 436-7400 •  FAX: (631) 436-7430 
------------------------------------- www.miteq.com

mailto:dkrautheimer@miteq.com
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Model
Number

Frequency
Range
(GHz)

Gain
(Min.)
(KB)

Gain
Flalness

(±dB)

Noise 
Figure 

(dB. Max.)

VSWR
Input

(Max.)

VSWR
Output
(Max.)

Output Power 
@ 1 dB Comp. 
(dBm, Min.)

Nom.
DC Power

(+15 V, mA)

MODERATE BAND AMPLIFIERS

AFS2-00700080-05-1OP-4 .7-8 80 0.50 0.45 1.5 1 1.5 ! +10 90
AFS2-00800100-05-1OP-4 .8-1 30 0.50 0.45 1.5 1.5 1 +10 90
AFS3-01200160-05-13P-6 1.2-1.6 40 0.50 0.45 1.5 1.5 1
AFS3-01400170-05-13P-6 1.4-1.7 40 0.50 0.45 1.5 1.5 +13
AFS3-01500180-04-13P-6 1.5-1.8 40 0.50 0.40 1.5 1.5 +13 150
AFS3-01500250-06-13P-6 1.5-2.5 36 0.50 0.60 2.C 2.0 1 +13 150
AFS3-01700190-04-13P-6 1.7-1.9 36 i . 0.50 : 0.40 1.5 1 4.5 1 +13 150
AFS3-01800220-05-13P-6 1.8-2.2 36 0.50 0.50 1.5 1 1.5: 1 +13 150
AFS3-02200230-04-13P-6 2.2-23 36 0:50 0.40 1)5 1 1.5 1 +13 150
AFS3-02300270-05-13P-6 23-2.7 34 0.50 0.45 1.5 1.5 1 +13 150
AFS3-02700290-05-13P-6, . ;2.7—2.9 32 0.50 0.50, 1.5 1.5 1 +13 150
AFS3-02900310-05-13P-6 ■ 2.9-3.1 ■ 32 0.50 0.45 • 1.5 1.5 1 . +13 150
AFS3-03100350-06-1 OP-4 3.1-3.5 29 0.50 0.6 1.5 1.5 1 +10 150
AFS4-03400420-06-13P-6 3.4—4.2 40 0.50 0.60 1.5 1.5 +13 225
AFS3-04400510-07-5P-4 4.4-5.1 30 0.50 0.70 1.5 1.5 +5 100
AFS3-04500480-07-5P-4 4.5-4.8 30 0.50 0.70 1.5 1.5 +5 100
AFS3-05200600-07-5P-4 5.2-6 30 0.50 0.70 1.5 1 1.5 1 +5 100
AFS3-05400590-07-5P-4 5.4-5.9 30 0.50 0.70 1.5 1.5 1 +5 100
AFS3-05800670-07-5P-4 5:8-6.7 30 ■ 0.50 0.70 1.5 1.5 1 +5 100
AFS3-07250775-06-5P-4 7.25-7.75 30 0.50 0.60 1.5 1.5 1 +5 100
AFS3-07900840-07-5P-4 7.9-8.4 30 0.50 : . 0.70 1.5 1.5 : +5
AFS4-0850096008-6P-4 85-9.6 32 : 0.75 ; 0.80 1.5 1.5 1 +5 125
AFS3-09001100-09-5P-4 r 9-41 26' ; 0.50 0.90 1.5 1 1.5 1 100
AFS4-09001100-09-5P-4 9-11 32 : 0.75 0.90: 1.5 1 1.5 1 : +5 125
AFS4-10951175-09-5P-4 10.95-11.75 32 0.75 0.90 1.5 1 1.5 1 +5 125
AFS4-11701220-09-5P-4 11.7-12.2 32 0.75 0.90 1.5 1.5 1 +5 125
AFS2-12201280-10-8P-4 2.2-12.8 14 0.75 1.00 1.5 1.5 1 +8 80
AFS4-12201280-10-12P-4 2.2-12.8 27 0.75 1.00 1.5 1.5 1 200
AFS4-12701330-13-1 OP-4 12.7-13.3 27 0.75 1.30 1.5 1 1.5 1 +10 175
AFS4-13201400-14-1 OP-4 13.2-14 24 0.75 1.40 1.5 1 1.5 175
AFS4-14001450-14-1 OP-4 * 14-14 5 24 :: 0.75 1.40 1.5 1 r.5 +10 175
AFS4-20202120-20-8P-4 20.2-21.2 ; 20 : : 1.00 2.00 1.5 1 : T.5 +8 175
AFS4-21202400-22-10P-4 .21.2-24 18 : 1.00 ; 2.2 20 1 2.0: 1 +10 100

Note: Noise figure increases below 500 MHz in bands greaterthan 0.1-10 GHz.



AROUND THE CIRCUIT

■  REMEC has received an initial deployinent order for 
hub anten nas for a wireless access System from Lucent 
Technologies. Tn related news, REMEC has been ac- 
cepted as an “Adopter” member of the Broadband Wire­
less Internet Forum (BWIF). The BWIF is a consortium 
of Companies that have joined together to establish and 
promote an open broadband fixed wireless Standard based 
on Vector Orthogonal Frequency Division Multiplexing.

■  The crew of NASAs Space Shuttle Discovery will install a 
EMS Technologies Inc. Ku-band Communications antenna 
during its mission to die International Space Station. The an­
tenna is capable of automatically tracking NASA’s Tracldng 
and Data Relay Satellite System communication satellites 
while transmitting at data rates up to 75 mbps.

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

FINANCIAL NEWS
■  STMicroelectronics Inc. reports sales of $2.04 B for 
the third quarter, ended September 30, compared to 
SI.27 B for the same period last year. Net income was 
S415.3 M (450/diluted share), compared to SI35.3 M 
(150/diluted share) for die third quarter of 1999.

■  Cree Inc. reports record sales of S37.6 M for the first 
quarter of FY 2001, compared to $20.7 M for the same 
period last year. Xet income was S12.66 M (340/diluted 
share), compared to $4.55 M (14c/diluted share) for the 
first quarter of FY 2000.

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

■  RF Industries Ltd., San Diego, CA, has been named 
one of the 200 Best Small Companies by Forbes magazine.

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

■  Superconductor Technologies Inc. reports sales of 
$1.6 M for the third quarter, ended September 30, com­
pared to $659 K for die same period last year. Net loss 
was $4.1 M (23c/share), compared to $2.9 M (430/share) 
for the third quarter of 1999.

[Contimu’d  on page 60]
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W orld ’s F irs t !

‘offer you the worid.
KM W  RF S w itc h e s
•  Compact Size
•  Superior Switching Time
• High Power Handling
• Field Proven Quality
KMW conducted an extensive 12-month product reliability study to 
perfect our Electromcehanical Switches. From this intensive K&D 
research, KMW switches evolved into a product with even higher 
reliability. In addition, more efficiënt methods of production were 
developed which cnables KMW to offer these switches at greatly 
reduced prices.

Special offer... SPDT Switch 
U pto 3GHz n ly  $69.99 a  to 2,999 pes)

■ SPDT Specification (KSW12OI2S000)

Frequency Range 1 DC~3GHz I 3 -8GHZ [ 8~12GHz 12.4-18 GHz
msertjon Loss (max.) 0 2 dB 0 3 dB 0.4 dB , 05 dB

~VSWRfrnax} “  1.15:1 J_3‘ ~  i J t  ‘ 5.1
Switching Time imax :• 1C ts

Ooeratmg Moöe TTL Laten ing with Sott Cut-Ofl & Indicating Circuitry
OiTension (VV"D*(ii 34.0-l3 4v.c0t!r _■ O -1 Co°n-:;tQ'__________________ SMA • SM Ai F;______________

Locations: Korea USA China Japan 

http://www.kmwinc.com

SP8T(w/term.)

DPDT

- , / U { T i »
i t k

2P3T

SPDT

http://www.kmwinc.com


AROUND THE CIRCUIT

■  Merrimac Industries Inc. and Micro-Multifiinction 
Modules (MMFM) have closed a private placement of 
common shares and warrants for aggregate cash proceeds 
of $4.6 M. The Company issued to the investors 360,000 
units at a price of $12.80 per unit, each unit consisting of 
a share of common stock and a three-year, non-re- 
deemable detachable warrant to purchase an additional 
share of common stock exercisable at a price of $21.25.

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

■  M urata Electronics North America announced 
record sales for its Contract Electronics Manufacturing 
(CEM) group. Formed in 1997, the group’s sales have 
risen from $30 M a year to nearly $175 M over the fiscal 
year ending March 31, 2000.

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

■  Gabriel, Scarborough, ME, was awarded a contract to 
supply 1000 26 GHz subscriber antennas to Israeli System 
provider Floware Wireless Systems Ltd., Yehuda, Israel. 
This award is the first stage of a much large r contract.

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

PERSONNEL
■ Microwave Journal welcomes 
Richard Mumford as European Editor. 
The creation of the new position ac- 
knowledges the European microwave in- 
dustry’s valuable contribution to the 
global market and Richard will be dedi- 
cated to reporting fully on the activity of 
European manufacturers, research insti- 
tutes, test houses and industry associa- 
tions. He began bis working career 
as an electrical engineering technician 

apprentice witli the Ministry of Defense in England before 
gaining a Bachelor of Engineering degree in Electrical and 
Electronic Engineering at the University of Wales Institute 
of Science and Technology (UWIST). Richard made the 
transition from engineer to journalist when joining INSPEC, 
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the technical information arm of the Institute of Electrical 
Engineers in London, using the experienee to gain a senior 
position at a business-to-business Publishing house where he 
spent 13 years editing and developing various engineering ti- 
tles. As Éuropean Editor, Richard is keen to develop new 
contacts and receive information on new products and ser­
vices, news items, and exhibitions and conferences relevant 
to the European microwave market. He will be commission- 
ing technical articles and looking to publish exclusive techni­
cal papers. If you can contribute in any of these areas then 
please contact: Richard Mumford, Microwave Journal, Hori­
zon House Publications, 46 Gillingham Street, London 
SW1V 1HH, UK. Tel: +44 20 7596 8700; Fax: +44 20 7596 
8739; Email: nnumford@mvyjoumal.com.

■  Incep Technologies, San Diego, 
CA, has named Jim 
president. Prev- 
iously, Kaskade was 
VP of m arketing 
and sales. In related 
news, the Company 
nam ed James E.
D ie tz  VP of m ar­
keting and sales.
Most recently,

Dietz was director of product manage­
ment for Teradata Systems at NCR 
Corp., San Diego, CA.

■  TRiMEGA Electronics LLC. turnkey provider of 
process critical materials, Systems and services for the 
worldwide electronics industry, has appointed Robert M. 
Nolan president.

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

■  The Andrew Corp. board of direc- 
tors eleeted Charles R. Nieholas to
the board and appointed him vice 
chainnan. Nieholas was formerly exec- 
utive VP, administration and finance, 
as well as chief financial officer.

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

■  IFR Systems Inc. has named Lynn 
K. Giles VP of human resources. Giles 
will serve on the 
com pany’s senior 
management team 
and participate in 
setting strategie di- 
rection for the Com­
pany, with responsi- 
bility for leading all 
global human re ­

source and organizational develop­
ment activities. In related news, the 
Company appointed Deborah Stockman marketing com-

[Continued on page 62]
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—► Electromagnetic engineers with a passionate disposition? At CST we've found this to be quite the norm. 

This attitude ensures our technical leadership in the field of 3D EM Simulation: The incorporation of 

the Perfect Boundary Approximation™ (PBA) technique allows an accurate modeling of curved surfaces 

while maintaining the unparalleled performance of the FI method in the time domain.

CST MICROWAVE STUDI0™'s typical applications include the Simulation of waveguides, couplers, filters, 

power Splitters, multiplexers, switches, planar structures, coax and multipin connectors, MMIC packages, 

RLC-extraction, and all kinds of antennas.

CST

CST. CHANGING THE STANDARDS.
CST of America, Inc. ■ Cambridge, Massachusetts • http://www.cst-am erica.com  
To request literature or a free demo CD, 6 1 7 -5  76 -58 57, orinfo@cst-america.com
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AROUND THE CIRCUIT

munications manager. Stockman brings 16 years experi- 
ence in marketing and marketing Communications to the 
Company, and most recently was with Newer Technolog)'.

■  Integration Associates, a leading supplier of semicon- 
ductor products for the Communications, medical, indus­
trial and automotive markets, has appointed Jan Nilsson 
VP, marketing. Previously, Nilsson served as director of 
marketing for Vishay Intertechnology Inc.’s Siliconix pow­
er IC and Telefunken infrared data Communications busi­
ness units.

■  Ml Technologies has announced a 
series of personnel appointments. John 
C. Wilber has been appointed VP of 
the Custom Systems business. Wilber 
is responsible for the overall develop­
ment of the Custom Systems business 
and the day-to-day 
m anagem ent of a 
nuinber of strategie 
program s for the 
Company, which re- 
quire the coordina- 
tion and integration 
of numerous prod­
ucts, Systems and 
services. Syed Tariq  ̂^  ̂
has been appointed 
VP of applications engineering. Most 
recently, Tariq served as the VP of en­
gineering. Finally, Jeffrey A. Ford­
ham has been nam ed VP of engi­
neering. Previously, Fordham was the 

engineering project manager at the Company.

■  VertexRSI has named Roge 
Wieting \T  and general manager < 
Rockaway, NJ fa­
cility. Wieting will 
be responsible for 
the overall direction 
o f the facility’s 
Electronics Prod­
ucts business. Most 
recently, W ieting

mKoger vvteung gerve<j  a{, y p  an f^

gene ml manager of the Vertex Control 
System Division (VCSD). In related 
news, the Company appointed Stephe 
ager, customer service. Previously, Coffey served in £ 
eW of managerial roles at CommScope Inc.

i A. Coffey i

■ Excellon Automation has appointed Jim Morrison di­
rector of market research and business development. 
Morrison brings 15 years of experience in manufacturing 
Solutions to the Company.

[Cunlinued on page 64]
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solid state switches are made to order for your 
dem anding broadband or m ulti-octave 
applications. Proven design tèchniques have 
yielded the highest speeds, lowest loss and 
highest isolation figures around. Thése 
switches are the best solution for today's EW 
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redundancy design applications, where low  
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to perform up 18 GHz with as much as 
6 kW of input power. Our innovative  
hybrid construction keeps them in the 
smallest packages possible.

For complete details call us, or visit our web site.
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10 Sonar Drive Woburn, MA 01801 
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AROUND THE CIRCUIT

■ TRAK Microwave Corp., a TRAK 
Communications Company, has named 
Craig Oldaker di-
rector of programs 
for TRAK M icro­
wave Subsystems 
business. Previous­
ly, O ldaker was 
manager of con­
tracts and market­
ing with Metrie Sys­

tems Corp., a sister subsidiary to 
TRAK Microwave. In related news, the 
Company appointed David Alonzi sales and marketing 
manager for the Timing product line. Alonzi will be re­
sponsible for the product sales, marketing and overall 
growth of TRAK Timing products. Most recently, Alonzi 
was national sales manager for Spectracom Corp.

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

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

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

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

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

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

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

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

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

NEW  MARKET ENTRY
■  Universal Microwave Corp. (U M C ) designs and 
manufactures high performance voltage controlled oscilla- 
tors, ceramic resonator oscillators and synthesizers for the 
wireless market. UMC is located at 2339 Destiny Wav, 
Odessa, FL 33556 (877) 375-9332, fax (727) 376-7271.

WEB SITES
■  Texas Instruments Inc. (Tl) has launched e-com- 
merce capabilities on its Web site, www.tiris.eom, offering 
customers an easy, convenient way to purchase its radio 
frequency identification products (RFIP) online. TI is ini- 
tially offering ten of its field-proven, low frequency RFID 
products.

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

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

■  M ic ro jo in  Inc . has launched its new Web site, 
www.microjoin.com. The site is quick to load, features a 
drop-down main menu bar, easy navigation, dynamic 
graphies and animation. Visitors are selt-guided through 
photos and informational tables along three patlis: appli­
cations, processes and products, to select the product or 
technology that fits their needs.
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In Partnership with:
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CNIT Paris la Défence from 16-18 January 2001
A  CONFERENCE DEDICATED TO EMERGING TECHNOLOGIES FOR THE COMMUNICATIONS MARKET
For the first time, two of the worlds Ieading technology magazines, Telecommunications® and Microwave Journal, join to- 
gether during HF & Hyper Europe 2001 to present a comprehensive industry conference covering three vital comrnunica- 
tion techniques: RF & Microwave Technology, Wireless Applications and Optical Technologies. The conference sessions 
are designed to provide engineers charged with implementing such technologies in Communications applications with the 
most up-to-date industry information and analvsis.
The conference tracks will cover:
RF  '&■ M icrow ave Technology  as it applies to telecommunieations, commercial applications and military applications. 
The track will focus on devices, Subsystems and Systems from the perspective of the design engineer.
W ireless A pp lica tions  for Communications techniques from antenna assemblies, base station architecture, microwave 
links and wireless broadband access up to 3G.
O ptica l Technologies covering components such as transmission, switehing, IC componentry, wide area network and 
long haul applications and IP requirements.

Conference Program Schedule
Time Room 1 Room 2

T u e s d a y

Room 1 Room 2

7:00-12:20
13:30

1500-15:45

1545-16:15

Registration 
Opening Plenary
OverView of Driving Tcchi 
Öpportunifies in Microwa' 
Technologies for the Comi 
Microwave 1 
The System Technologies 
Requirerncnts for 
Microwave Systems 
Coffee Break

16:15-17:05

ïologics, Market Directions and 
/c, Wireless and Optical 
muuications Industry

Wireless 1 17:10-18:00
Analysis of Signal Processing
Techniques

Coffee Break 16:1)0

Microwave 2 
High Power IC-like 
Design Methods

Wireless 2
The System Technologies 
and Requirements from 
GSM to 3G Migration 
Close of Conference Tue;

Optical 1
All Optical Networks -  
Defining and Partitioning 
tbc Hardware and Software 
Elements 
Microwave 3 
M icro/Millimeter-wave 
Transceivers for Mass 
Production

W e d n e s d a y

Room 2 \Room 1 Room 2 Time Room 1

7:00-8:30 Registration 12:20-1500 Lunch and Exhibition Flc)or Visit
8:30-9-20 Wïreless 3 Optical 2 15:00-15:45 Optical 4 Wireless 6

SAW Devices Supporting State-of-lhe-art irï Optical Optical Signal Processing Bluetooth and How to Co
GPRS/UMTS and Devices and Transmission to the Bluetooth
Improvement of Qualifikation
Linearity of TWT 15:45-16:15 Coffee Break Coffee Break

9:30-10:20 Wireless 4 Microwave 4
MMIC-based Amplifiers for Microwave and Photonic 
Satcllites Communications Applications of MEMs 

' and Integrated High Power 
Silicon MM IC

10:30-11:20 Optical 3 Microwave 5
Advances in Optical RF Front-end Architectures
Switehing and Cross
Connects

16:15-17:05

17:10-18:00

18:00

Microwave 7 
High Frequency 
Packaging Techniques 
Microwave 8 
Emerging Technology 
for High Power (> 100 W)

Close of Conference Wedi

Wireless 7
Frequency Allocations 
and Implications 
Optical 5
Theory and Techniques 
for Optical Networks

11:30-12:20 Wireless 5
NZIF Arcliitecture for 
GSM and Future Standard 
and F.DGE Radio

Microwave 6
Silicou/Germanium BiCMOS 
Processes and Circuit 
Techniques for RFICs

66 MICROWAVE JOURNAL ■ DECEMBER 2000



ndustry,
RF Connector, Cable Assembly and Resistive 
Products Division has over 40 years of proven 
high-quality performance, We design and 
manufacture RF coaxial connectors, cable 
assemblies, attenuators and terminations. 
From custom designs to Standard off-the-shelf 
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and transform ers. Let our experienced team of 
engineers fulfil! all your com ponen t design 
requirements. Call us at 727-541-5800.
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T h u r s d a y
tT m Room J Room 2 Time Room 1 Room 2 1
7:00-8:30 Registration 10:30-13:30 Closing Plenary Roiund Tablc
8:30-9:20 Optical 6 

Optical Network 
Monitoring, Rcstoration 
and Management

Wireless 8
Wireless LANs and System 
Level Simulation for 
Wireless Telephony

13:30

What the Future Holds in Microwave. Wireless and 
Optical Technologies for Communciations Applications 
Close of Conference

9:30-10:20 Microwave 9 Wireless 9
Test and Measurement 
for Microwave Systems

Monitoring and Tcsting 
of Wireless Networks

Preliminary Technical Program
Opening Plenary

Tuesday, 16 January, 13:30-15:00
OverView of Driving Technologies, Market 
Directions and Opportunities in Microwave, 

Wireless and Optical Technologies 
for the Communications Industry

Dr. Kai-Yeung (Sunny) Siu,
Chief Scientist, Raza Foundries, Inc. (US)
The Rebuilding of the Global 
Telecommunication Infrastructure

The explosive growth of internet traffic in re­
cent years lias sparked die rapid development of 
broadband Communications infrastructure. At 
the same time, deregulation of the telecommu- 
nication industry' worldwide lias created fiercc 
eompetition among new and existing carriers 
that have heen constantly looking for new ways 
to ent oosts and create more revenuc. This in 
turn has created a huge demaiul for new eoin- 
munication technologies and network equip- 
ment that provide tremendous bandwidth at low 
cost and enable new applications and services. 
This prcsentation discusses emerging broad­
band technologies and architectures, including 
optical nehvorks based on DWDM, broadband 
wireless technologies, and terabit switehing fab- 
ric with QoS guarantce.

Closing Plenary 
Thursday, 18 January, 10:30-13:30 

What the Future Holds in Microwave, 
Wireless and Optical Technologies 
for Communications Applications 

Jim Crescenzi,
Principal Scientist, UltraRF (VS)

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

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

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

This presentation offers an OverView of the 
current status of wavelength division multiplexing 
(WDM) transmission Systems and discusses 
short-term evolution: an introduetion of optical 
protection and die increase in the transport ca- 
pacity. Benefits to move to wavelength routing, 
dassification of cross-connects for the optical lay­
er, technical challenges related to optical Switch­
ing technologies and supervision and manage­
ment of optical cross-connects are presented. 

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

The System Technologies and Requirements 
for Microwave Systems 

J.P. Bardon 4? F. Vignaud, Temex 

Microwave 2 
Tuesday, 16 January, 16:15-17:05 

Efficiency and Linearity Enhancement Methods 
for Portable RF/MW Power Amplifiers 

John Serie (US)

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

Micro/Millimeter-wave Transceivers 
for Mass Production

David Miller,
Director o f Engineering, EESA (US) 
Optimization of the Production Processes 
Aimed at a More Profitable Business 
in the Microwave Module Manufacturing 

This session deseribes the  techniques 
adopted in EESA Inc., which allows the mass 
production of microwave transceivers at very' 
competitive prices with good gross profit fig- 
ures. The session deseribes the involvement of 
engineering not just in the product develop­
ment but also in the design of the manufactur- 
ing processes to assemble and test the units. A 
deseription of the manufacturing software tools 
developed by engineering and used in produc­
tion to makc the tuning and tosting of the 
modules automatic is discussed. The impact of 
this approach uil deslgning more complex 
modules, the efficiency of the manufacturing 
processes and the finanees of the Company is 
also reported. Final ly. a couple of examples of 
units designed and presently tested with these

techniques is reported with the relevant pro- 
duction llow and time chart, manufacturing 
cost and gross profit percentage.
Marc Rocchi, CTO, OMMIC 
Millimetrewave and High Speed Optical 
Interfacint Circuits -  Which Technologies for 
the Future? PHEMT, MIIEMT or InP?

Microwave 4
Wednesday, 17 January, 9:30-10:20 

Microwave and Photonic Applications 
of MEMs

Dr. llector De Los Santos, Principal Scientist, 
Microcosm Technologies (US)
Mieromaehined and Microelectromechanical 
Systems (MEMS) Devices 
for Microwave/Wireless 
Communication Systems

An overview of mieromaehined and micro- 
clcctromechanical Systems (MEMS) devices 
for use in microwave/wirclcss communication 
Systems is presented. A typical wireless Com­
munications System front-end block diagram is 
highlighted identifying the components target- 
ed for replaccm ent by mieromaehined or 
MEMS devices. These devices are described 
focusing on the unique methods required for 
succcssful design, and the miniaturization, cost 
reduction, increased performance and novel 
architectures cnabled by these devices. Among 
the specific devices described are microma- 
chined transmission lines, high Q inductors, 
cavity resonators, thin film bulk acoustic res­
onators (FBAR) and microelectromechanical 
varactors, low loss switches and high Q micro­
mechanica! vibrating resonators.

Microwave 5
Wednesday, 17 January, 10:30-11:20 

RF Front-end Architectures
Thomas Muller, Dipl.-lng.,
DaimlerChrysler Research, Ulm (Germany) 

The fundamental receiver architectures and 
structures are presented, including the direct 
conversion and superheterodyne receivers, an 
up-down mixing concept, the IF  and direct 
sampling receivers. Each of these receiver ar­
chitectures will be discussed regarding their 
suitability for high dynamics, phase-tmth, ana­
log or digital modulation scliemes and the de­
sign of multimode/multistandard receiver ar­
chitectures. The fundamontals of the main er- 

(Continued on page 70]
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The Marketing Guy Said No. 
The Test People Said No.

The ApplicationsEngineer Said No. 
The Designers Said Maybe.

But Shep Said Yes.
It  doesnt always make sense to give customers more than they th ink they need. A fte r  all, i f  tesangfor 

PCS and wireless happens right now at 0.8 to 1.9 GH?, it makes sense to do an amp that tests there. N o  unwanted 
extras. No stress on anyone’s budget. A t  least that’s what the experts say.

B u t here’s wisdom: éings are changmg so fast in the wireless world, there’s little logic in m anufacturing or buying 
anything that meets only immediate needs. O n ly a  brain donor would bank on an amp w ith  a really 
narrow band. A  more righteous approach gives you room at the top— extra band youre gonna be glad you have 
in  the test room, where performance counts. A n d  tamorrow, when the rules are rewritten.

Shep knows this. He knew it  a ll along. T h a t’s why he insisted AR "S" Series amplifiers each offer 
bandwidth from  0.8 to 4-2 G H z  and power from  l to 2 0 0  watts, in  increments jus t right fo r  you r application. W ith  
low  harmonies. A n d  other extras, like IE E E  488 and RS 232 interface fo r  remote Operation.

For frequency response to 40  G H z, ask about our other brmnehild -"T" Series amplifiers 
0.8 to 40 G H z , 15 to 2000 watts.

D on "Shep" Shepherd. Visionaire. President, Am plifie r Research.

w ww .am plifiers.com /@ /m j'shep  IS09001
Certified

Cl# n m p u F i o n

n e s o n n m

USA 215-723-8181 or 800-933-8181 for an applications engineet
In Europe, call EMV- Munich: 89-614-1710 • London: 01908-566556 • Paris: 1-64-61-63-29 • Amsterdam: 31-172-423-000

The Force Befund The Field.

http://www.amplifiers.com/@/mj'shep
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m iite c li M illimeter-Wave Technology & Solutions

1 COMPONENTS & ASSEMBLIES • HiGH-ReLIABILLTY PROGRAMS & SYSTEMS 
• Custom Products • SATCOM Technology Center

.millitech.

Microwave 6
Wednesday, 17 January, 11:30-12:20

Silicon/Germanium BiCMOS Processes 
and Circuit Techniques for RFICs

Vida Ilderem, Motorola (US)
A Low Cost 90 GHz SiGc:C BiCMOS 
Technology for RF/IF Applications

Silicon germanium (SiGe) technology is fast 
becoming the technology of choice for various 
wireless applications. SiGe offers tlie opportu- 
nity for integrating a high performance HBT 
with CMOS analog and digital functions on a 
single chip along with all the nccessary passives 
for RF/IF applications.

This presentation reports on a 0.35 urn 
SiGe: C BiCMOS designed for RF/IF applica­
tions. This technology supports a suite of pas­
sives including seven resistors, 1.6 fF/um2 
MIM cap, 4 fF/um2 doublé poly capadtor, var- 
actors and electroplated copper inductors. The 
advantages of carbon for the SiGe HBT will be 
reviewed. A peak fj/fmax of 48/90 GIIz is ob- 
tained for this typical HBT device. This tech­
nology provides excellent liigh performance at 
low bias current for low power applications. A 
40 GHz fmax at 20,uA is obtained on the opti- 
mized minimum device. The high base doping, 
eombined with the low collector-base capaci- 
tance, gives the high fmax/fT ratio.

Microwave 7
Wednesday, 17 January, 16:15-17:05 

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

The issues that face the designer of MMIC 
multi-chip modules in the 18 to 100 GIIz fre- 
quency range will be discussed. Modeling and 
Simulation will be considercd in detail, includ­
ing modeling of the extemal interface and indi- 
viduial mm-wave module components and 
modeling and Simulation of the module as a 
stand-alone unit. Other areas that will be dis­
cussed are design for test and design for inanu- 
facture. A design study of a Ka-band up- and 
dowTi-convcrter unit based on MMICs will be 
used as an illustration.
Alain Michel, Application Engineer, Ansoft 
Modeling the Parasitic Effects of Low Cost 
Packages on High Frequency Integrated 
Circuits with Ansoft EM Tools

Many high frequency circuit designers base 
their simulations on 50 Q terminations. The 
parasitics associated with low- cost packagcs can

IContinued on page 72]

ror sourees such as the influence of phase 
noise. filtering, group delav variations in the 
reception path and nonlincarities will be 
brielly explained. Sinee nearly every modern 
receiver uses analog-to-digital conversion 
somewhere in thé reception path, the influ- 
ence of faulty time and amplitude discretisa- 
tion will be presented. Some important types 
of analog-to-digital Converters and their abili- 
ties to sample baseband Signals or TF signals 
will be presented.

For RF- and IF-sampling receivers, digital 
signal processing influences the design of the 
RF hardware. Cost effective digital parts will

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

Dr. Heinrich Daembkes, President and CEO, 
United Monolithic Semiconductors 
(UMS) (France)
Broadband Wireless Communication 
Systems: Influence of Architectures 
and Packaging Concepts of mm-wave 
Front-ends on Time-to-Market and Cost

Broadband wireless radio links are today’s 
best choice for connecting the users to veiy 
broadband backbones as a result of cost and 
time to use advantages. Emerging new Systems 
such as LMDS, MVDS and VSAT will find 
their way to a volume market only if the cost 
for the custorrier premises entity (CPE) is suf- 
ficiently low. The RF-front-end today repre- 
sents a major portion of the cost. By the use of 
higher integration concepts (MFCs), zero tim­
ing architectures and low cost surface mount 
packaging technologies the cost of RF-front- 
ends wil! be redueed by a factor of more than 
tw'O versus today’s status. An exarnple will be 
given using the UMS family o f packaged 
LMDS MMICs.

W BI Wide Band Isolator
• Broad Bandwidth
• Low Insertion Loss
• Compact Size
• Cryogenic or Room 
Temperature Applications

• Ideal for Radioastronomy
> Space Qualifiable
> Manufactured Exclusively 
by Millitech
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Now there are three things 
you can absolutely count on.

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

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

NEXT GENERATION* Assemblies
NEXT GENERATION vector 

network analyzer cables are the industry 
Standard for precision test applications 
through 65GHz. They provide superior 

accuracy and repeatability for critical 
test measurements. NEXT GEN- 

assemblies ensure 
superior phase and loss stability 

in a crush-proof, torque 
resistant housing, with an 
autolimiting bend radius. 
Quick tumaround for 
Standard length assemblies, 
25” and 38”, is also 
available.

1 (800) 445-GORE
in North America or

+49/9144-6010

Gore Microwave Test 
Assemblies...
A Sure Bet.

in Europe
Visit our website at: www.gore.com
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make this simpiilication yield undesirable re- 
sults. Ansoft’s products offer inanv ways of ana- 
lyzing packagc effects on circuit perfonnancc, 
providing designers an opportunity to compen- 
sate for clcctromagnetic effects. This presenta- 
tion deseribes the old mcasure and fit metliod 
for packagc characterization and a new, more 
powerful design methodology for synthesizing 
circuits, rapidly simulating them, and fully veri- 
fying tlierri accounting for all of the parasitic 
effects to prevent having to redesign. A differ­
ential VCO circuit is designed and simulated 
using this new methodology. By combining a 
rigorous verification procedure that accounts 
for all of the high frequency parasitic effects,

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

Microwave 8
Wednesday, 17 January, 17:10-18:00 
Emerging Technology for High Power 

(>100W) Amplifiers
Dr. Fred Myers, Manager,
RF and Foundnj Div., Caswell Technology, 
Marconi Caswell (UK)

High power, high efficiency solid state am­
plifiers are essential for the Operation of many 
Systems. The existing devices (MESFETs,

For the Broadest Line of 
DTOs • VCOs • DROs 

Standards and Specials 
0.5 to 18 GHz

Low
Cost

From 
the people

_  High _  
Accuracy

Brochure today!

G E N E R A L  M I C R O W A V E
<3 herley: Company

Genera! M icrowave Corporation 
425 Smith Street •  Farmingdale, NY 11735-1106 

TEL: 631-630-2000 • FAX: 631-630-2066 
http://generalm icrowave.com

HEMTs and HBTs) have many parameters 
that differ but are all essentially limited to 
around 10W of power at 10GHz. It has been 
known for some time that wide band-gap semi- 
conductors will allow a quanturn leap in power 
capability. Compounds baset! on gallium ni- 
tride (GaN) and Silicon Carbide (SiC) offer at 
least an order of magnitude improvement.

Caswell Technology, UK. has been working 
for several years on wide band-gap semicon- 
ductors. This work is supported by a number of 
agencies (Company, UK MoD, European 
Union and BNSC) and is addressing the range 
of activities nccessary to develop devices. In 
conjunction with various European partners, 
development efforts tut' ünderway in material 
growth. theoretical modchng, process technol­
ogy, circuit design and packaging.

The material base chosen for this work is 
GaN. This material and its heterostmetures is 
less mature then SiC but offers theoretically 
better performance. There is also a large effort 
worldvvide to mature the material base driven 
by the optical requirements for short wave­
length lasers. It is expectcd that the microwave 
applications will feed off this activity. Tliis pre­
sentation offers an overview of the w'ork at 
Caswell in these areas and compares these ae- 
complishments with world results.

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

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

The dynamic range of the network and analyz­
er is a critical parameter in a large variety of de- 
viee measurement situations. The various defini- 
tions of dynamic mnge are explained here. This 
paper provides a description of a network analyz­
er receiver block diagram that allows for maxi­
mum dynamic range. The use of mixers vs. sam­
plers is considered. Ways to reduee noise floor 
are explained and compared in tenns of their im­
pact on dynamic range and their effect on mea- 
s11rement speed. Adcïitionally. test set confignra-

John McManus, IFR 
To be announced.

Wireless 1
Tuesday, 16 Januanj. 15:00-15:45 

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

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

[Continued on page 75]
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More power equals 
more freedom .

Introducing the SXT-289. A new 
wideband GaAsHBT power amplifier.
Stanford Microdevices introducés the SXT-289 — the 
perfect driver amplifier for today’s and tomorrow’s 
advanced communication infrastructure equipment.

^  With power to spare, giving you freedom from 
design constraints. this amplifier was designed and 

W m  manufactured using state-of-the-art GalliumArsenide 
heterojunction bipolar transistor (GaAs HBT) 

process technology. These devices are ideal for use as a 
driver stage for power amplifiers installed in cellular PCS 
infrastructure equipment and conform toTDMA, 
CDMA and PCS 1900 modulation Standards. The SXT-289 
operates from a single 5VDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89 
with backside ground.
For more information on the SXT-289 or any of our 
other products, visit our website today and expcrience 
RF Innovation from Stanford Microdevices.

f c *

STRNfOHD
MICRODEVICES

www.stanfbrdmicro.com • 800-764-6642

http://www.stanfbrdmicro.com


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

Sim ula tion technology that combines the functionality of Spiee with the utility of an advanced RF simulator. 

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

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

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

3G, Bluetooth, and beyond.

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

All you do is supply the three ingredients mentioned above.

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

from our website www.aplac.com and contact us at APLAC Solutions. IL<

APLAC Solutions Inc APLAC Solutions Corporation
320 Decker Dr, Suite 100, Irving, TX 75062 Tulkinkuja 3, FIN-02600 ESPOO, Finland

tel. 972-719-2562 tel. +358-9-540 450 00
www.aplac.com e-mail: sales@aplac.com www.aplac.com e-mail: sales@aplac.com

The Freedom To Do Things Right.
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The MS-2000 uses an internal oscillator and dual upconverter blocks to 

provide a flexible, low cost alternative to YIG based exciters. This stand-alone de­

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

phase noise spec of -82 dBc/Hz at 10 KHz offset, and a spurious 

output of <-50 dBc. The device measures 9.5" x 6.0" x 1.39" and utilizes 

the PC digital interface. Other options are available. . , . . . .
X JTT Industries

Visit our web site for more details. Microwave Systems
WWW. ittmicro wave.com Engmcered for afe

Wireless 2
Tuesday, 16 January, 17:10-18:00 

The System Technologies and Requirements 
from GSM to 3G Migration

Jean Christophe (J-C.) Neman, Motorola 
3C Creates New Requirements for BST 
Power Amplifier

The third gencratio« of mobile phone Stan­
dards will introducé more complex modulation 
schemcs to gain spectral efficiency and in- 
crease the data rate at the user interface. Some 
considerations about the W-CDMA signal’s 
random nature and characterization (CCDF, 
code domain . ) will be discussed. Definition of 
System speeifications and measurements, and 
the need for linear BST power amplifiers to 
limit the distortion will also be presented.

A new LDMOS family is introdiiccd to ad­
dress this application. A nonlinear model is 
used to simulate the LDMOS devices under 
complex signal conditions. Validation and ehar- 
acterization, the influence of the Quicscent 
current ou intermodulation/ACP. pulse mea- 
surements, CCDF measurements and signal 
clipping influence will be shown. Different W- 
CDM A line-ups: single carrier, dual carrier and 
multi-carrier will be presented.
Martin Hallerdt. Ericsson. France

The history of 3G Standardization, new fea­
tures of mobile Communications in the third 
generation, UMTS System requirements, new 
System requirements in UMTS networks and 
UMTS migration scenarios for GSM network 
operators will be presented.

Wireless 3
Wednesday, 17 January, 8:30-9:20 

SAW Devices Supporting GPRS/UMTS 
and Improvement of Linearity of TWT

Gerhard Fischerauer, Epcos
SAW Devices Supporting Advanced Handset
Technologies

Topics covered in this presentation include 
progress in SAW com ponent technology 
(miniaturization, cnhanced fimctionalities, in- 
tegration, packaging) and filters for advanced

MICROWAVE JOURNAL ■ DECEMBER 2000

cellu lar phone Systems (GPRS, CDMA, 
UMTS).
Francis Payen and Georges Faillon,
Thomson Tubes

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

MMiC-based Amplifiers 
for Satellite Internet Services and Integrated 

High Power Silicon MMICs
Cordon Railton, Pascal! Electronics

Topics covered in this presentation include 
expansion in broadband services for video, ln-

transpouders in the K and Ka bands; and di- 
rect-to-home provision demands for consmner- 
priced microwave network clements. MMIC- 
based amplifier technology with innovative 
muld-layer circuit techniques are required, 
geared to low cost volume production. Tradi­
tional discrete packaged GaAs FET approach- 
es fail to meet the performance and cost de­
mands at these higher frequendes. Transmis­
sion powers required are in the 1 to 10 W 
range. However, the MMICs available are lim­
ited to approximately I W for linear applica­
tions. Circuit power combining techniques are 
required. An examplc of an 18 GHz 4 W com- 
bined MMIC amplifier for point to point or 
Satellite uplinks is presented, along with a dis- 
cussion of RF line-up, circuit techniques and 
thermal considerations. A brief example of an 
18 GHz VSAT transceiver used for Internet 
services with L-Band IF input is described, 
and o the r frequencies and trends are

Gérard Bouisse, Principal Staff Engineer, 
Motorola Semiconducteur, Toulouse

This paper presents the different technical 
aspects of fully integrated high power Silicon 
MMICs for wireless base stations in die 0.9 to 
2.2 GIIz arena. Motorola’s Silicon MOSFET 
LDMOS technology, and more specifically its 
integrated version HVIC, is presented. The 
technical challenges linked to high power Sili­
con multi-stage power amplifiers are emplia-

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

Wireless 5
Wednesday, 17 January, 11:30-12:20 

NZIF Architecture for GSM and Future 
Standard EDGE Radio Performance

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

This presentation covers wireless multime­
dia applications and RF technology roadmaps. 
The NZIF architecture is described and a 
NZIF transceiver implemcntation Ls discussed. 
An RF and PA produc t roadmap for wireless 
applications is offered to pave the way to 3G. 
Heikki Heliste, Nokia 
EDGE Radio Performance

8-PSK modulation, Incremental Redundan- 
cy. Link Adaptation, Radio Link and Network 
Performance (based ou simulations).

Wireless 6
Wednesday, 17 January, 15:00-15:45 

Bluetooth and How to Go 
to the Bluetooth Qualification

Stefan I n f  Ericsson Microelectronics
What parts are necessary in a complete 

Bluetooth implementation? A single or multi- 
chip approach and the proccss technology to 
achieve it. Cost and performance aspects of a 
radio module vs. a discrete solution.
Michel Binaud, Rohde and Schwarz 
Bluetooth Qualifications and Speeifications 

Qualification I, II and IV are described and 
Specification Status IV is covered.

[Continued on page 77]

Dual Channel LMDS Synthesizer Denvers 
YIG performance w ithout the YIG price tag
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Wireless 7
Wednesday. 17 January. 16:15-17:05 

Frequency Allocations and Implications
To be announced.

Wireless 8
Thursday. 18. January, 8:30-9:20 

Wireless LANs and System Level Simulation 
for Wireless Telephony

Wynne Davies, Cordless Consultants
Users have waited a long time for a decent 

wireless LAN. Although wireless LANs have 
been around for ten years, they have all, in the 

and without cxception, been high cost and 
performance. However, all that changed in 

November 1999 when the IEEE in tlie US rat- 
ified a new high rate Standard for wireless 
LANs. The industry is already planning the 
next generation of higher speed wireless LANs. 
Tn one case alone: IIIPERLAN, a high perfor­
mance radio LAN that offers more than 20 
Mbps, the Standard was forinally completed, 
approved and ratified in 1997. Furthermore 
there are other developments afoot offering 
the potential to deliver 50 Mbps and above. 
This paper will ehart the developemnt of wire­
less LANs, from the early days of high cost and 
low performance products through to today’s 
high performance and low cost Solutions. De­
velopments withiri the Euroepan Telecommu- 
nications Standards Institute in relation to 
HIPERLAN 1 and IIIPERLAN 2 will be con- 
sidered, as well as the work of the IEEE with 
regard to the 802.11 suite of wireless LAN

Heiki Bekorten,
Customer Service Di rector, Aplac 
Using Cireuit-level Simulation of RF 
Components in Combination with System 
Level Simulation in APLAC

The unique features of the APLAC RF Cir­
cuit Simulators programming language inter­
face are exploited. An amplifier is analyzed on 
a circuit level. and a model of it is constructed 
and used in a system level Simulation. This 
w'ork is from the world of wireless telephony

but the principles ean be applied to any cir-

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

Monitoring and Testing of Wireless Networks
Guenther Klenner,
Strategie Marketing Manager,
Dave Adams, Product Specialist Air Interface 
Test Systems, Acterna Wireless Network 
Division (Germany)

The transition from test and measurement 
to test and management. Test instruments are 
described that are good for network deploy- 
ment and maintenance on-site. Fixed test Sys­
tems that ean audit a wireless network like a 
subscribcr are discussed, and scalable test Sys­
tems with fixed, mobile and automous probes 
for tlie future are described.
Benoit Deschamps, ANF

Optical 1
Tuesday, 16 January, 16:15-17:05 

All Optical Networks -  
Defining and Partitioning the Hardware 

and Software Elements
Paul Uesenberg, Director Strategie 
Marketing, ZettaCom (US)
Optical Silicon

Some bclieve that the more optical net- 
working advances, the more electronic Switch­
ing fabrics and protocol processors are rc-
quired. This presentation arïalyzcs the require-
ments that the i•xploding Iiatemet and[ optical
layers put on the “interm ediarv” eh;ctronic
components. Hc>w price-pcrfonnance. market
necd and mark.:;t acceptan agether.
and why Silicon is required to offer :services
with acceplable, deternmustic QoS levels over
an all-optical transport infrastructure.
Doug Arent, Director o f Stretegic Marketing, 
Network Photonics (US)
Gigabit Level Services for the Metro Using 
Wavelength-routed All Optical Networks

This presentation discusses the opportunitv 
for competitive data-oriented carriers to offer 
flexible gigabit level services built around third 
generation metro DWDM networks. This ses­
sion shows the evolution of DWDM transport 
from “dumb” point-to-point systems to “intelli­
gent” wavelength-routed systems offering high 
bandwidth, service flexibility, dynamic provi- 
sioning and reconfiguration" Solutions to the 
all-optical engineering challenges commonly 
posed are liighlighted.

Optical 2
Wednesday, 17 January, 8:30-9:20 

State-of-the-Art in Optical Devices
Gary Bjorklund, CTO,
Nanovation Technologies (US)

Smaller, more rcliable and lower cost opti­
cal components art; necessary for dense wave­
length division nmltiplexed (DWDM) optica! 
fiber communication to be fully deploved on 
the metro scale. Integrated opties technology is 
emerging as a strong contendcr for supplving 
such improved optical components. Using the 
silica-on-silicon materials system, integrated 
optical circuits that combine taps, Splitters, 
wavelength mux/demuxers and switches can be 
fabricatcd on a single chip. Switches based on 
hybrid MEMS/silica technology have considcr- 
ablc promise in terms of latching capability, 
power consumption, high contrast and wide 
optical bandwidth. Although switehing speeds 
are limited to tlie millisecond time scale. cxcit- 
ing components such as single chip optical 
add/drop multiplexers can be envisioned. Us­
ing die InP materials system, sub-nanosecond 
switehing speeds eau be achievcd and active 
optical devices such as lasers, amplifiers and 
photodctectors can lx- included. Challenges for 
the practical implementation of silica-on-sili­
con and TnP-bascd integrated optical compo­
nents are discussed.
Dr. Adrian Janssen, Chief Technologist,
Nortel Networks HPOC (UK)

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

Modular DD5 Concept Cuts Delivery Time on 
High Performance Wideband SynthesizersWideband DDS

If you're looking for a synthesizer with super fast switehing, high tuning resolution, 

and ultra high spectral purity, but can*t wait -  call ITT. Direct Digital Synthesis concepts 

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

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

modules which can be interchanged quickly without readjustment. Designs are 

available up to 20 GHz with several fixed frequency . .
X . ITT Industries

Outputs. Visit our web site for more details. X O r Microwave Systems

www.ittmicrowave.com fOTi,ie
978-441-

http://www.ittmicrowave.com
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demands in transmission density. This is likely 
to continue* in the foreseeable future with the 
accompanying evolution o f optical devices to 
provide appropriate functionality. The ability to 
achievc a high degree of network flexibility, 
and sufficiënt optical precision to enable very 
high data transmission into the terabit regime 
is dependent on the evolution of a number of 
new technologies. Optical device Solutions, 
which allow data to be routed by wavelength 
control or by optical switehing, are now keen ly 
sought. This presentation will give some per­
spective into the role of these technologies and 
point towards possibilities for future devices.

A number of strategies are being adopted to 
reduee oosts of manufacture as the network ex- 
pands closer to the end user. The advances in 
precision manufacturing using automation and 
the possibilities for integration and hybridiza- 
tion will be discussed.

Optical 3
Wednesday, 17 January, 10:30-11:20 

Advances in Optical Switching 
and Cross Connects

Dr. Vivek Tandon, Business Development 
Director, Kijmata (DK)

As the demand for bandwidth, fueled by the

of'DWDvi optical networking Companies sup- 
posedly offering unique Solutions to contend 
with this growth continue to expand. One of 
the inain challenges for these Companies is 
where and how to obtain the opto-electronie

components in quantities neccssary to build 
their DWDM systems.

The manufacturing of discrete components 
for the DWDM industry has lx;en reasonably 
siiccessful to date. However, the requirement 
for higher speeifications (such as increased 
number of wavelengths and lower insertiou 
losses), larger volumes of these building blocks 
and increased integration of functionality, die- 
tate the nced for new volume manufacturing 
techniques to be employed.

Tlüs presentation foeuses on the use of planar 
manufacturing teclmiques to develop devices 
such as array waveguide grating variable optical 
attenuators and thenno-optic switches. It will 
compare the advantages ( )f AWG’s with that of 
traditional tliin film filters and fiber Bragg grat- 
ings. In addition, the different planar manufac­
turing teclmiques including flame hydrolysis dc- 
position and plasma-enhanccd chemical vapor 
deposition, and their relativ« advantages and dis- 
advantages, are examimxl. The use of silica-on- 
silicon versus silicon-on-silicon is also disciLssed. 
Finally, the presentation explores the ability' of 
developing a host of other vital DWDM compo­
nents including variable optical attenuators and 
thermo-optic switches.

Dr. Narda Ben-Horin, Business Development 
Manager, Lynx Photonies (Israel)
Smart Photonic Switching for Intelligent

Optical Communications technology is the 
only solution for next generation unlimited
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bandwidth Intcmet-oriented carrier networks. 
llowever, when' most long-haul Communica­
tions transport is today condueted optically, 
most of the switching-routing is electronic, 
thus requiring optical-to-eleetrieal switehing 
and then clcetrical-to-optical signal conversiou 
each time it has to be routed. This has becomc 
a major bottleneck in unleashing the full po­
tential of DWDM enabled optical networks.

Multiple technologies are being adopted to 
develop optical switches, which will be capable of 
switehing the optical signal without OEO conver­
siou. Probably the most reliable method is based 
on integrated opties that is already vvidoly de- 
ploycd for other types of optical devices.

With the maturity of integrated opties tech­
nology, smart photonic switch modules are now 
being developed which take integrated opties 
to the next generation. These devices intro­
ducé novel features in multiple levels of the 
switch module and enable unique functionali­
ty’s that are mandatory for cost-cffcctive, effi­
ciënt optical networks. Manufacturing of these 
devices is straightforward using established 
semi-conductor methodology and world-class 
contract manufacturen; with large volume ca-

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

Optical Signal Processing and Transmission
Steven Borley, Senior Photonics Engineer, 
Marco,ü Caswell (DK)
Tuneable Laser -  a Key Enabling Technology
for Adv anced Optical Networks

This pre sentation offers a statie-of-the-art
review exanlining current and future tuneable
laser devices, and characterization and control
issues associated with the semiconductor tune-
able laser are discussed. How the a’/ailahility of
widely tune,iiblc lasers affect the w'
networks ai•e designed is examim ■cl, and the
likely deplc>yment of widely tuneable lasers
witltin access, LAN and trunk networks is eval-

Jung-Chih (J.C.) Chaio, Product Une 
Manager, Chorum Technologies (VS)
Optical Signal Processors

To increase the network management and 
control flexibility' in the next generation VVDM 
optical networks, optical signal processors are 
essential to dynamically condition and regulate 
the WDM Signals passing through cross con­
nects or add/drop inultiplexers. In the long 
haul, metro or access networks, optical signal 
processors, including optical switches, attenua­
tors, power equalizers and dispersion compen- 
sators. are used to manage the photons in or­
der to match the system requirements. In this 
presentation, several different technologies 
and devices for optical signal processing will be 
discussed.

Optical 5
Wednesday, 17 Januanj, 17:10—8:00 

Theory and Techniques for Optical Networks
Dr. Jernj Bautista, Vice President Technology 
and CTO, Wavesplitter Technologies (US)

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

[Continued on page 80]
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RO4 0 0 0
circuit board 
materials 
fabricate like 
epoxy glass, but 
perform like 
PTFE.

There’s no need to sacrifice 
high frequency perfor­
mance for the ease of 
fabrication you get 
from epoxy glass. 
R04000 series

making thern a perfect 
performance upgrade from FR- 
4 for wireless and high speed digital 
applications. And they don’t cost 
a bündle, either.

In tro d u c in g  flam e 
r e ta rd a n t  R 0 4 3 5 0  .

With all the processability 
and performance characteris- 
tics of R04000, new RO4350 
is for those who require high 
performance and a UL 94V-0 
rating without the drawbacks of

laminates are FR-4 and PTFE.
rigid and tough 

like epoxy glass, with
low Z axis expansion Property Units R04003 RO4350

and tight control of Die/ectric Constant, ê @10GHz 3.38 3.48
dielectric constant Dissipation Factor @10GHz 0.002 0.004

and thickness. Their Water Absorption % 0.06 0.06
Tg °C >280 >280

low loss tangent CTE-Z Axis ppm/°C 46 50

yields better Dimensional Stability mils/in. <0.3 <0.5
Flexural Strength KPSI 28 31

performance in high 
frequency designs.

Flammability Rating NA 94VO

In tro d u c in g  
ROGERS EXPRESS, 
th e  n e w  S ta n d a rd  in 
c u s to m e r  s e rv ic e !

We’rc bringing customer 
service and support to a new 
level with Rogers Express, it’s 
the new industry Standard for 
express delivery and quick 
response to meet your needs.

Call fo r  m ore  
in fo rm ation .

For 35 years, Rogers 
has been developing 
cutting edge high 
frequency materials for a 
wide range of applica­
tions, and backing them 
with great customer 
support.

E-mail or call us 
for more infonnation 
and free samples.

ROGERS
CIRCLE 110 ON READER SERVICE CARD

Rogers Corporation Microwave Materials Division • 100 S. Roosevelt Avenue, Chandler, AZ 85226 • Tel: 480-961-1382 FAX: 480-961-4533
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platform. This platform allows lor device llexi- 
bility without tlie typical increased manufac­
turing or development oosts. Advaneed fused 
fiber'technology is critical for next generation 
optical amplifiers including Raman amplifiers, 
as well as dense interleavcr products. Botli of 
these applications are critical for enabling to- 
morrow’s DWDM systems where higher bit 
rates and narrowcr channcl spaeing provide 
the required bandwidth. The range of devices 
that can be made from PLC and fused-fibor 
platform technologies include array wave- 
guides, switches and optical add/drop multi- 
plexers, dispersion eompensators, high power 
pump combiners and channel interleavers. 
Henry Yaffe, CTO, Yafo Networks (US)

Transmission Limitations Due to Optical 
Fiber Degradations

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

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

Optical Network Monitoring,

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

This presentation covers transparent trans­
mission of ATM, IP and fractional gigabit Eth­
ernet, and transmission distances from urban 
rings (metro) to long haul (2500 km+). Optical 
platforms for tomorrow’s data rates (40 Gbits) 
are described, and optical services delivered 
from C l EN A's Optical Services Platform  
CoreDirector are presented. Product families 
to fit all needs, managed under a services um- 
brella are discussed. along with optical dial- 
tone, bandwidth on demand from automated 
IP routers, as well as network management 
from Web browser technologies.
Jean-Francois Rousselet, Daussault DA
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AMPLIFIERS

MLS-375/250-70
MLS-550/500-70
MLS-1000/500-70
MLS-2000/1000-70
MLS-3000/2000-70
MLS-5000/2000-70

Broadband RF and Microwave

:

* M IC Tectunolftfy:

* tflg li S en s itiv ity

* Fast R isc T im es

* S m a l !  $ i z e

J
' L '  j M

The MLS series is the newest edition to M ITEO’s line of . . . .  m
high-perform ance logarithm ic amplifiers. Utilizing the latest MIC  
(microwave integrated circuit) technology, these logarithmic amplifiers achieve  
exceptional performance in packages as small as 1.8 square inches. The design uses low- 
noise gain blocks and the sam e proprietary detection circuitry as the MLIF series to achicve  
ultrawide operational bandwidths. Increased sensitivity and video rise tim es as fast as 2 ns 

are available.

For additional information, 
please contact Boris Benger 
at (631) 439-9402, 
fax (631) 439-9540 or 
e-mail bbenger@miteq.com

( j j jV v i l T S m
1 0 0  Davids Drive 

Hauppauge, N Y  1 1 7 8 8  
TEL: (6 3 1 )  4 3 6 -7 4 0 0  •  FAX: (6 3 1 )  4 3 6 -7 4 3 0  

w w w .miteq.com

Model
Num bers

Operational Input
Frequency Dynamic Tangential Video Rise Fall Recovery

Range Range Sensitivity Flatness Time Time Time
(M H z) (dBm) (dBm) (dB) (ns) (ns) (ns)

mailto:bbenger@miteq.com
http://www.miteq.com
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Peiyiember when choicer were eary?..,when all you had +0 deelde war whedher do play all day, or fake  a 
nap...back when “die’’ war jurd a Liddle League icore, and ru«etr «eand leaving dhe “K" oud o f cad?

fawdek and Inderril are /viaking choicer eary again widh dhe new PRIfM® 1,5 WLAN chipred feaduring 
fawdek'r new low-lorr fAW fild er in idr mallerd LMP ever, fawdek’r new 5AW fild er ir 50 percend m aller 
which alro Meanr id'r lerr expenrive, The new Inderril chipred alro boardr a lower pard cound and an even 
rmpler derign layoud. Pavingr like dhad really add up and could jurd earn you a gold rdar f m  dhe 
accounding depardmend in dhe bargain.

Anyway you look ad id, fawdek and Inderril have jurd ma de life a lod earier, Thad way, you can rpend 
lerr dme rweading dhe dedailr and more dme daking credid fo r farder dm e-do-rxarked durnaround 
and a leaner BOM.

Make dhe rimple choice doday and

Frequency Bandwiddh Package Pard
(.MHz) (MHz) fae Number
374.0 17.0 5X5m 855818
574.0 17.0 h5m 8551,55

derign rooie free dioie fo r yourrelf, 

(awiek.„
Your Total £AW Elution!

[ " iS A W T E K
---- J  IN C O R P O R A T E D

w w w ,faw Tek.coM

(401) 886-8860

VmT JawTek aT boofh *111? aT The Wireleff Jyinpofii/M, 
February 1 H 5 ,1001, in Jan Jofe, California,

ConTacT InTerfil aT 
www,inTem?.coivi/prifM

PRIfM® ir a recjirtered 
drademark of Interril.
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EDITORIAL INDEX
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Klappenberger, Albert J. and William B. Lurie 

Kopp, Bruce A., Elizabeth A. Ouellette

“Thermal Design Considerations for Wido 
Bandgap Transistors,” No. 6, p. 110.

Kulkarni, Raghavendra G.
“Asymptotic Behavior ol'Cosine Windows,"
No. 10, p. 96.

Lin, Fu-Ling, Shin-Fu Chen and Huey-Ru Chuang
' Effects of RF-circuit Nonlinear Distortion on 
DigitaUy Modulated Signals in Wireless 
Communications,” No. 9, p. 126.

Mahler, Bruce P.
“Integral Resistors in High Frequcncy Printed 
Wiring Boards,” No. 2, p. 108.

Odyniec, Michal

Statistical Description of Signals,” No. 7, p. 96. 
Parnes, Michael

“The Correlation Between Thennal Resistance 
and Characterislic Impedance of Microwave 
Transmission Lines," No. 3, p. 82.

Rambabu, K., KS. Keerti, M. Ramesh 
and A.T. Kalghatgi

"Properties of Various Coupling Apertures,”
No. 8, p. 120.

Staudinger, J.
“Applying Switelied Cain Stage Concepts to 

CDMA Power Amplification,” No. 9, p. 152.

"Clock Recovery at Gigahit-pcr-sccond Data 

Wild, Werner

Interferers in Dual-band Systems,” No. 9, p. 200.

■ INSTRUMENTS/MEASUREMENTS 

Allen, J. Wayde
“Swileked-conpler Measurements for Higli

“Improving Accuracy and Rcliahility 

‘Three-Sampler Network Analyzer Calibi-ations.”

CTT Wireless is delivering!
■ 900 MHz -  80W
■ 1.9 GHz -  80W

-| 12.5-2.7 GHz -  40W
■ Designs For: 

TDMA • GSM
j  CDMA • WC DMA

STATION

rm cifss
zimmsmmm

3000 Tasman Drive 
Santa Clara, CA 95054 
Phone: 408 388-2999 

-mail: wireless@cttinc.com 
Visit our web site: www.cttinc.com

—

LaMeres, Brock J. and T.S. Kalkur
“Time Domain Analysis of a Printed Circuit 
Board Via," No. 11, p. 76.

Mashhour, Ashkan and Assaad Borjak
A GSM EDCE Error Vector Magnitude 

Estimation Platform for RF1G/ASK ? Evaluation,” 
No. 4, p. 70.

Metzger, Don
"Measurement of Modulated Scattering 

Analysis," No. 12, p. 114.
Muha, M.S., C.J. Clark, A.A. Moulthrop 
and C.P. Silva

‘Accurate Meastiremont of Wideband Modulated 
Signals,” No. 6, p. 84.

Roussy, Georges, Bernard Dichtei 
and Haykel Chaabane

“A Simple and Efficiënt VVaveguide Calibration 
Procedure for a Vector Network Analyzer”
No. 3, p. 122.

Smolyansky, Dima A. and Steven D. Corey
“Characterization of Differential Intereonnects 
frorn Time Domain Refloctomctry 
Measurements,” No. 3. p. 68.

■ PRODUCT FEATURES 
Advantech, Advanced Microwave

" A Flyaway Tri-band SATCOM SSPA ” No. 9.
p. 262.

Aethercomm Inc.
“Broadband Power Amplifiers for 600 MHz 
to 4.5 GIIz System Applications," No. 12, p. 132. 

Agilent Technologies
“A Novel Design Approach for tut RF VNA,"
No. 9, p. 228.

Am com Communications Inc.
“Plastic-packaged FETs for High Power

AML Communications Inc.
“A Versatile Mnltilevel Amplifier for PCS

Signals,” No. 2, p. 170.

" A Single Gable for Base Station Main Feeder

Applied Wave Research (AWR)
‘A Multilevel Design Environment for Wireless

Blue Cell Technology
“High Performance, Low Cost, Surface-mount

CirQon Technologies Corp.
"High Power, Low Cost Ceramic Quadrature 
Couplers,” No. 1, p. 220.

“Klystron High Power Amplifiers"for SATCOM

Communications & Power Industries Canada Inc. 
(CPI Canada)

No. 10, p. 1.90.

“A 6 GHz Dual Fractional-N Frcquency 
Synthesizer” No. 10, p. 184.

Dow-Key Microwave Corp.
“CANbus-operated Switch Matrices,”
No. 9, p. 2.50.

Elektrobit Ltd.
"Digital Baseband Simulation in Design 
Verification,” No. 3, p. 146.

[Continued on page 86]
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GaAs

SW1TO&S
DC-2.5GHz Immediafe Delivery from ^a.(qty.lOOO)

Finally! SPDT absorptive, reflective, and transfer switches
that appeal to  your techmcal side, and business side as well! It’s 
Mini-Circuits GaAs switches...providing outstanding performance 
features such as very high isolation (up to 60dB), superfast 3nsec 
switching speed, and excellent compatibility with surface mount 
soldering techniques. Additionally, these switches are built 
extremely tough and are immediately available from stock with a 
guarantee to ship within 1 week. From only $2.45 ea. (qty.10), 
this top-of-the-line value is priced with your bottom line in mind!
To order, contact Mini-Circuits with your requirements today. 
Mini-Circuits... we’re redefining what VALUE is all about!

RSW-2-25P
(Reflective)

MSW in S0IC 8 p'

RO.Box 350166, Brooklyn, New York 
Design En

C3  M in i-C ircuits “ "■ ■ ■ ■ CIRCLE READER SERVICE OW
11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE 
ers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com

F 174 RevF

http://www.minicircuits.com
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EMC Technology Inc.
“A VSWR Meter Using a Power Sensing 
Termination," No. 11, p. 176.

Emhiser Research Inc.
"High Efficiency L-and S-band Transmitters,” 
No. 10. p. 178. '

EZ Form Cable Corp.
“A Snap-on Adapter for SMA Connectors,”
No. 8, p. 134.

Fractus SA
"New Fractal .Antennas for Compact and 
Versah le Telecommunication Services,”
No. 1, p. 196.

FSY Microwave Inc.
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Atnplifier for Wireless Applications,”
No. 6, p. 156.

Gore, W.L. & Associates Inc.
“Space-qualilied 1.2 mm Fiber Optie Gable.” 
No. 7, p. 156.
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“A Low Löss Dielectric for High Frequency 
HDI Substrates and PCBs,” No. 12, p. 138! 

Heraeus Inc.
“A Low Loss LTCC Sutern for Wireless 
Applications,” No. 11, p. 190.

Hittite Microwave Corp.
“Broadband DC to 4 GHz Digital Attenuators 
with High Accuracy,” No. 6, p. 146.

IFR Systems Inc.
“A Vector ModiJator to Convort Analog Signal 
Generators to Digital Formats,” No. 11, p. 194.

Infineon Technologies AG
"Ultra-high Linearitt GaAs Mixers,”
No. 5, p. 354.

LPKF Laser G Electronics
“A Multilayer Press for Bapid PCB Prototype 
Fabrication,” No. 5, p. 368.

M/A-COM
“RF Digital Attenuators in Plasüc MLP
Packages,” No. 10, p. 166.

“Microwave Quick Connect/Disconnect Coaxial 
Connectors,” No. 3, p. 160.

MAXRAD Inc.
“WLAN Directional Panel Antennas with 
Superior Gain arid Small Size,” No. 1, p. 232. 

Microwave dB
“A High Stability Phase-locked Source for QAM 
Radio Applications,” No. 1, p. 214.

MTI-Milliren Technologies Inc.
"An ültra-high Stabihty Miniature OCXO,"
No. 5, p. 380.

Murata Electronics North America
“Air Ultraminiature Switch Connector for Testing 
Wireless Equipment,” No. 9, p. 254.

MX-COM Inc.
“FM/FSK ICs for a Complete UHF Radio 
Transceiver,” No. 1, p. 206.

Oscilloquartz SA
“A GPS Module for CDMA and UMTS 
SynchronizationNo. 2, p. 186.

Paratek Microwave Inc.
"Electronically Tunable RF Filters for LMDS 
Frequenties,” No. 5, p. 384.

for optical Communications applications, the 881 OE has less than 3dß of insertion loss at 50GHz and 
handles 250mA of bias current, with a DC-RF isolation betterthan 30dB across the frequency band. 
The 8810 Series will also offer alternative connector types for both the RF and DG Connections.

im e i
C O R P O R A T IO N

Manufacturer of Attenuators •Adapters • DC Blocks • Equalizers • Terminations
300 Dino Drive • Ann Arbor, Ml 48103 USA • Phone 888-244-6638 or 734-426-5553 • FAX 734-426-5 

Vlsit us on the Web at www.lnmetcorp.com

Philips Semiconductors
“A High Power LDMOS Transistor for Broadcast 
Transmitter Applications,” No. 10. p. 194.

Protek Inc.
“A 10 MHz to 1 GHz Spectrum Analyzer 
Adapter." No. 3, p. 156.

Applications.” No. 9, p. 258.

Diodes and a Passive GaAs MMIC ii 
S MT Package,” No. 11, p. 168.

RF Micro Devices Inc.
“A PA Driver for Split-band PCS Applications,’ 
No.2,p. 190.

“Voltage-controlled STW Oscillators for 
Commercial Applications,” No. 8, p. 144. 

STMicroelectronics Inc.
“LDMOS Transistors for FM Broadband 
Applications,” No. 2, p. 180.

“Miniature SMD Quadrature Hybrids

“Organic Ceramic Microwave Substrate 
Materials.” No. 7, p. 176.

“A PC-based Instrument for Microwave 
Amplifier Stability Measurements,” No. 

TestMart
“A Web-hased Test Equipment Locator,

Spread Spectrum Radio,” No. 3, p. 152. 
Xpedion Design Systems Inc.

“New EDA Tools to Accelerate RF and Wireles 
Design Cycles,” No. 7, p. 152.

■ SPECIAL REPORTS 

Bashore, Frank
“A Review of the 1999 Wireless Workshop,”
No. 1, p. 136.

Bashore, Frank
“IMS 2000: A Boston Blockbuster.” No. 8, p. 92. 

Bashore, Frank
“Acronyms and Abbreviations Used by the 
RF/Microwave Industry,” No. 10, p. 124. 

Büffler, Charles R. and Per O. Risman
"Compatibility Issues Between Blnetooth and 
High Power Systems in the ISM Bands,”
No. 7, p. 126.'

[Continued on page 88j
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Design microwave transitions, connectors, waveguides, IC packaging, on- 

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

Success is something that engineers, the world over, are realizing w ith  Ansoft's 

High Frequency Structure Simulator (HFSS). They recognize that using 3D

electromagnetic Simulation to  extract electrical parameters is the right solution

fo r tough design challenges. Ansoft HFSS is preferred because the intuitive 

interface simplifies design entry, the field solving engine automatically converges 

to  accurate Solutions, and the powerful post-processor provides unprecedented 

insight into electrical performance.

And now w ith Optimetrics™, the new

parametric analysis and optimization

module, Ansoft HFSS is the most

powerful electromagnetic design tooi

on the market.

For a free evaluation copy of Ansoft HFSS

Ansoft's Serenade

Design Environment call 412-261-3200 or
Use Ansoft HFSS to 

calculate and optimize 
fields and s-parameters

send e-mail to  info@ansoft.com.

Specs are what you are given...

brilliance is w hat you give back.

begin with Ansoft HFSS

CIRCLE 9 ON READER SERVICE CA
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No. 10, p. 116. P 8
McClelland, Stephen

B,“ f f 4W‘r,I,ss t o *

“Bluetooth Puts Bite on Mobile 

‘CD Radio Promises Data and Audio Listening
' ” .............p. 22.

RF & Hyper 2001 Technical P

I SYSTEMS

Relief,” No. 1

Jensen, O.K., T.E. Kolding,
C.R. Iversen, S. Laursen, R.V. Reynisson,

“RF Receiver Requirements
for 3G W-CDMA Mobile Equipment,”
No. 2, p. 22.

P ro d u c ts  T h a t  M a k e  
a Wartel of Difference
Your Soune for Step Attenuators...

From our new solid-stote series to designing complex attenuation matrixes,
Weinschel offers a wide selection of Programmable Attenuators that make a 
world of difference in your test or Subsystem applications.
R elay  S w itch ed  (3 2 0 0  & 1 5 0  S eries)
•  Choice of frequency Ranges {de-1.2,2,4,18, & 26.5)
•  Optional TTL Drivers & SmartStep" Models
•  3200 Series; Options for Frequencies to 2.5 GHz & higher \
•  Phase Compensafed & 75 Ohm Designs /'
•  Latching & Non-Lakhing Designs
•  Custom designs our specialty!
Model No. FREQ(GHi) ATTN (dB) Celk

New Solid-State Switched (4200 Series)
•  Designed for Wireless/Celkilar RF Simulation 

& Test Applications
•  Pin & GaAs Switched Designs
•  High IP3 & Higher Power Designs

152 for de 26.5 GHz 
Phase Compensafed Model 
Lotthing Model

Weinschel
An MCE Company

5305 Spectrum Drive, Frederick, Maryland 21703-7362 
800-638-2048 •  Tel: 301-846-9222 • Fax: 301-846-9116 
e-mail: sales@weinschel.com •  Web: www.weinschel.com

Xu. 2, p. 120.

■ TUTORIAL SERIES

Stations,” No. 6, p. 10(1

“Thé ABCs of Device Biasing,” No. 11, p. 136.

“The Measurement of Group Delay Using a 
Microwave System Xnalyzer,” Xo. 8, p. 106. 

Jones, Renee Z. and Bruce A. Kopp
“Duplexer Considerations for X-band T/R 
Modules," No. 5, p. 348.

“The Basics of Print Reciprocal 
Dividers/Comhiners,” Xo. 9, p. 108.

“Multilayer Prototype and Series Production,” 
No. 7. p. 144.

Puglia, K.V.

Wright, Helen
“Testing Digital Communications Transmitters

■ WIRELESS SYMPOSIUM 
AND EXHIBITION

2000 Wireless/Portable by Design Exhibition

No. 1, p. 142.
2000 Wireless/Portable by Design Show Guide

No. 1, p. 158.
2000 Wireless/Portable by Design Exhibitors

■ 2000 MTT-S INTERNATIONAL MICROWAVE 
SYMPOSIUM

“Boston: Where It All Began,” No. 5, p. 60.

Xo. 5, p. 176.
Norcross, Amy E.

“Attending the Conference,” No. 5, p. 32. 
Thoren, Glenn

“Welcome to the International Microwave 
Symposium 2000," Xo. 5, p. 24.

2000 IEEE MTT-S Exhibition Guide
Xo. 5, p. 82.

2000 IEEE MTT-S IMS Technical Program
No. 5, p. ISO.

2000 IMS Exhibitors
No. 5, p. 168.
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W h ica •; r:
very töw: intermodulation distoftiön and enhariced: 
dynamic range, look into Synergy’s  new line pf U r‘ 

.... f  :>r i. - " o d e b  fcre.. a . : : \
specialized frequency band widths covering UHF, Cellular, PCS * 
arid I SM bands: Additional features are tow conversion loss and ’P k  
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Behavioral M odeling 
of High Power 
Amplifiers Based 
on M easured Two-tone 
Transfer Characteristics
Multi-stage high power amplifiers generally have a large memory effect and high 
nonlinearity. The usual AM-AM and AM-PM measurement data cannot descrihe 
the large distortion characteristics in the presence c f  the Systems large memory.
A more accurate amplifier behavioral modeling method based on two-tone 
transfer characteristics is presented and the measurement Setup for these 
characteristics is described. The measured data are modeled using the 
conventional AM-AM and AM-PM model to fi t the measured amplitudes and 
phases o f the fundamental, third-order intermodulation (IM3) andfifth-order 
intermodulation (IMS) components. This is a quasi-memoryless model. However, 
it provides a better description o f memory effects and an accurate presentation of 
highly nonlinear characteristics than the same quasi-memoryless model based on 
the single-tone transfer characteristics.

It is very useful to simulate the System level 
performance of power amplifiers using a 
simple behavioral or mathematica! model. 

Class A power amplifiers have normally beeil 
treated with the assumption of a memoryless 
(representation of AM-AM characteristics 
only) or quasi-memoryless. (complex represen­
tation of both AM-AM and AM-PM character­
istics) System.1-6 However, accurate character- 
ization and modeling of very high power am­
plifiers with an output power of over a few 
hundred watts are very difficult beeause of 
their high nonlinearity and large memory ef­
fects. Tin; single-tone transfer characteristics 
(measured AM-AM and AM-PM characteris­
tics) cannot properly describe the nonlinearity

of these high power amplifiers beeause they 
have no memory Information. However, the 
two-tone nonlinear transfer characteristics in- 
cluding the amplitude and phase responses of 
the fundamental, ÏM3 and IM5 components 
contain the highly nonlinear proporties and 

[Coniimed on page 92]
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are representative of the amplifiers 
large memory. I lener\ the behavioral 
model based on two-tone transfer 
characteristics can reasonably prediet 
the integrated average distortion for 
non-constant envelope signals (for ex- 
ample, n/4  QPSK and 16 QAM sig­
nals). For most high power ampli­
fiers, the behavioral model based on 
single-tone transfer characteristics 
cannot even accurately prediet the 
simple response of the amplitudes of 
the 1M3 and IM5 in the two-tone 
test. W. Bosch, et al., reported on a 
case where a predistortion linearized 
amplifier with improved AM-AM and 
AM-PM characteristics did not pro- 
vide any enhancement over two-tone 
intermodulation nonlinearity.7 There- 
fore, a more accurate behavioral 
model based on two-tone characteri- 
zation with phase information would 
be a botter choice for modeling of 
multi-stage high power amplifiers.

This article presents an accurate 
measurement and modeling tech- 
nique for determining the two-tone 
transfer characteristics of high power 
amplifiers. For the measurements, 
the amplifier output is down-convert- 
ed to an intermediate frequency and 
the relative phase is measured by 
comparison with a reference signal. 
The relative phases of the harmonie 
terms of a very low frequency ampli­
fier are 0° or 180c. A low power GaAs 
MESFET amplifier at 750 kHz is 
used for the reference intermodula­
tion (IM) generator. The measured 
two-tone data have been fitted to the 
conventional model of AM-AM and 
AM-PM distortion characteristics. A 
500 W dass AB multi-stage power 
amplifier is used for measurement 
and modeling. The measurement set-
Fig. 1 Conventional IM3 characteristics vs. 
tone spacing for a two-tone input case in the 
presence o f a large memory effect. ▼

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

WHY TWO-TONE 
CHARACTERIZATION?

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

The IMD Variation for different 
tone spacings due to large-time-con- 
stant memory effeets is mainly caused 
by the thermal time constants of the 
high power amplifiers.7’8 Generally, 
IM3 Variation characteristics for vari- 
ous tone spacings are shown in Fig- 
u re  1 , based on the results of Lu, et 
al.8 From the graph, IM3 drastically 
decreases and settles down as the 
tone spacing (Af) is increased. Hence, 
the single tone characteristics, which 
can be treated as asymptotically zero 
tone spacing, cannot represent the 
average distortion of a high power 
amplifier with a large memory. On 
the other hand, the two-tone charac­
teristics with proper tone spacing 
(750 kHz in this experiment) better 
represent the nonlinear behavior of 
power amplifiers. Therefore, the be­
havioral model based on properly 
measured two-tone transfer charac­
teristics will prediet the integrated 
adjacent channel emission character­
istics of the high power amplifier 
when it is applied to the modulated 
signals (for example, WCDMA, 
CDMA-2000).

MEASUREMENT 
OF THE TWO-TONE 
TRANSFER CHARACTERISTICS

A four-stage amplifier is built for 
Koreas wireless local loop (WLL)

CIRCLE 103
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A .  Fig. 2 dass AB high power amplifier module fo r  measurement and modeling.

band of 2.37 to 2.40 GHz. Its final 
stage consists of fonr balanced 130 W 
LDMOS FETs (Motorolas MRF- 
21120 RF LDMOS FET). It is a 
push-pull-type configuration with 
dass AB Operation. The otlier three 
stages are arranged to drive the final 
stage amplifier. The peak output 
power at the 1 dB gain compression 
point is approximately 500 W and the 
overall gain is 44.5 dB. The opera­
tional average output power is 45 W 
for a WCDMA signal with a chip rate 
of 8.192 Meps. F ig u re  2  shows a 
line-up diagram of the main amplifier 
used for measurement and modeling.

The measurement Setup is shown 
in F ig u re  3. This Setup requires a 
two-tone signal generator, a vector 
network analyzer, a two-input power 
meter and two spectrum analyzers. 
The reference IM generator is Agi- 
lents ATF21186 low power MESFET
94

and operates at a center frequency of 
750 kHz. At this low frequency the 
memory effect of the device can be ig- 
nored beeause its nonlinear capaci- 
tances arc nearly open-circuited and 
the propagation delay is negligible. 
Hence, the device has no AM-PM 
characteristics and its fundamental, 
IM3 and 1M5 components show' no 
phase variations with input power lev- 
el changes. This characteristic is veri- 
fied with two-tone harmonie Balance 
Simulation using the large signal mod­
el of the device. F igure 4 shows the 
results of this Simulation. The phases 
of the fundamental, IM3 and IM5 Sig­
nals are constant throughout input 
power level changes up to the ldB 
gain compression point. The funda­
mental and IM5 signals have equal 
phase and IM3 is 180° out of phase 
beeause the third-order volterra series 
coëfficiënt (gm3) has a negative sign.

| »»» FUNDAMENTAL »»» IM3 —  IMsj

-42 - 38.34 30 26 ~22 ~18
Pin (dßm)

A l Fig. 4 Simulated relative phases 
o f fundamental, IM3 and IMS o f reference 
IM generator vs. two-tone input power level 
at 750 kHz center frequency.

The two-tone input signal, which 
has a tone spacing of 100 kHz, is 
tapped to the reference path. The 
tone spacing is carefully chosen to 
consider the transient response of 
TMD with tone spacing in the two- 
tone signal and the integrated adja- 
cent channel power (AGP) con- 
tributed by different delta-frequen- 
cies in the CDMA signal. The main 
path signal passes through the step 
attenuator for input power level con­
trei, and is then coupled to power 
meter A for monitoring the input 
power. The main amplifier output 
signal is attenuated and coupled to 
power meter B for monitoring the 
output power and to the spectrum 
analyzer for relative power measure­
ments of IM3 and IM5. The vector 
modulator, which consists of a vari­
able attenuator and variable phase 
shifter, is used to adjust the ampli­
tude and phase of the fundamental, 
IM3 or IM5 components of the out­
put signal in order to cancel the cor- 
responding reference signal compo­
nent at the adder.

Finally, the output signal and the 
reference signal are down-converted 
to approximately 750 kHz. The down- 
converted reference signal is ampli- 
fied by the reference TM generator 
and the reference IM terms are gen- 
erated. The output and reference Sig­
nals are canceled using an analog 
adder circuit. This low frequency part 
may well be shielded to block out en­
vironmental noise. The vector net­
work analyzer measures the required 
phase Variation of the vector modula­
tor for the cancellation by reading the 
phase o f S2]. The mechanica! RF 
switch connects and disconnects the 
loop without breaking calibration.

[Continued on page 96]
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A l. Fig. 5 Measurement sequence flow  chart.

The complete flow of the mea­
surement sequence is shown in Fig­
u re  5. For initialization, the vector 
network analyzer port 1 is connected 
to a 50 Q load and the main path is 
connected to the vector modulator by 
a meehanical RF switch, the two-tone 
input is on and the input step attenu­
ator is set to an appropriate starting 
power level. The input and output 
powers are read from the power me­
ter and the relative amplitudes of the 
fundamental, IM3 and IM5 signals 
are acquired from the spectrum ana­
lyzer. Next, the vector modulator is 
adjusted to cancel the fundamental, 
IMS or IM5 components. After the 
adjustment has been completed, the 
two-tone input is turned off at the 
signal generator and the RF switch 
changes the Connection of vector net­
work analyzer port 1 to the vector 
modulator and the main path to a 50 
£2 load in order to measure the rela­

tive phase Variation of the vector 
modulator. After reading the phase* of 
S2i from the vector network analyzer, 
the RF switch connects the main 
path to the vector modulator, the 
two-tone input is switched on, and 
the input step attenuator is set to in- 
crease the input power level.

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

BEHAVIORAL MODELING USING 
AM-AM AND AM-PM FUNCTIONS

The measured two-tone character­
istics are fitted to the general quadra-

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

Vout(t) =
A[vin(t)] • exp{j • 0[vin(t)]} (1)

where
vin(t) = input envelope signal 

of power amplifier 
vout(t)= output envelope signal 

of power amplifier

In this experiment, the AM-AM 
distortion function is modeled using a 
modified sine series from the work of 
A. Leke and J.S. Kenney5 and the 
AM-PM distortion function is a ratio­
nal polynomial. AM-AM and AM-PM 
functions used in this experiment are 
represented as

■ ''[% (')]  =  «o X  °»
n=1,2.3...

• sin[(2n -1 ) • |  • vto (t)] (2)

< % „ « ]  =

I , .  0 ,2l’. f - ---------------------  (3)
1 + c0 • I>,„(r)2 + c, •V„(r)4

where

= input scaling factor 
a11 = AM-AM expansion

parameters
bn, c0 and Cĵ  = AM-PM expansion 

parameters

To extract the model parameters, all 
of the AM-AM and AM-PM coeffi- 
cients are optimized to fit the mea- 
sured amplitudes and phases of the 
fundamental, IM3 and IM5 simulta- 
neously throughout the input power 
level range. As the nonlinearity and 
memory effect of the amplifier in- 
crease, more amplitude and phase 
modulation coeffieients are required 
to fit the measured data. Twenty-sev- 
en parameters are used to represent 
amplitude modulation and 16-para- 
meters, including c0 and cq, to repre­
sent phase modulation of the dass 
AB 500 W high power amplifier.

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

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

MODELING RESULTS
Figure 6 shows the spectra of the 

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

--- BEFORE CANCELLATION
—  AFTER CANCELLATION

A  Fig. 6 Measured spectra o f amplifier 
output before and öfter caneellation;
(a) fundamental caneellation 
and (b) IM3 caneellation.

path and reference path are perfectly 
matched. But the relative phase error 
range can be drastically reduced (to 
±1.5°) when the amplitude mismatch 
between the two branches is about 
1.7 dB and a 15 dB caneellation is 
maintained. To obtain highly accurate 
m easurem ent data of the relative 
phases of fundamental, IM3 and IM5 
components, a proper amplitude mis­
match condition should be applied.

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

To verify this model, the measured 
and modeled adjacent channel power 
ratios (ACPR) of a WCDMA signal 
are compared. To accurately prediet 
the ACPR of the high power ampli­
fiers, an exact modeling of the ampli-

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

CONCLUSION
A new, accurate method for mea- 

suring and modeling two-tone trans­
fer characteristics has been presented 
to take into account the memory ef­
fect of high power amplifiers. For 
phase measurement, a reference IM 
generator at a very low frequency was 
used. The two-tone harmonie balance 
Simulation shows the accuracy of the 
relative phase of the reference IM 
generator. The complete measure­
ment setup and sequence have been 
described. For the experim ent, a 
multi-stage high power amplifier with 
500 W peak envelope power and 44.5 
dB gain was employed. The relative

—  FUNDAMENTAL, MODELED
• • FUNDAMENTAL, MEASURED
— -IM3, MODELED 
vy  IM3, MEASURED 
--- IM5, MODELED
* * IM5, MEASURED

A l Fig. 7 Measured and modeled two-tone 
transfer characteristics o f high power 
amplifier; (a) amplitude and (b) phase.

| MODELED --- MEASURED |

FREQUENCY (GHZ)

Ak Fig. 8 Measured and modeled WCDMA 
responses with a chip rate o f 8.192 Mcps 
and average output o f 45 W

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

These measured two-tone ampli­
tudes and phases have been modeled. 
The model accurately represents high 
nonlinearities and rapid phase varia- 
tions of a liigh power dass AB amplifi­
er. A WCDMA measurement and Sim­
ulation have been conducted for veri- 
fication. The measured and modeled 
ACPRs are in agreement. This nonlin­
ear behavioral model of a high power 
amplifier is very useful for the design 
of various predistortion Iinearizers and 
for the Simulation of the amplifier Sys­
tems incorporating various digital and 
analog control circuits. ■

References
1. K.G. Gard, II.M . Gutierrez. and M B. 

Stcer, “Characterization of Spectra! Rc- 
growth in Microwave Amplifiers Based on 
the Non linear Transformation of a Com- 
plex Gaussian ProcessIEEE Tramactions 
an Microwave Theorij and Techniques, Vol. 
47, No. 7, July 1999, pp. 1059-1069.

2. H.M. Gntierrez, K.G. Gard and M.B. 
Stcer, “Spectral Regrowth in Microwave 
Amplifiers Using Transformation of Signal 
Statistics,” IEEE MTT-S International Mi­
crowave Symposium Digest, June 1999, 
pp. 985-988.

3. Q. Wu, H. Xiao and F. Li, “ Linear RF 
Power Amplifier Design for CDMA Sig­
nals: A Spectrum Analysis Approach,” Mi­
crowave Journal, Vol. 41, No. 12, Decem­
ber 1998, pp. 22-40.

4. C.J. (dark, G. Chrisikos, M.S. Muha, A.A. 
Moulthrop and C.P. Silva, “Timc-domain 
Envelope Measurement Technique with 
Application to Wideband Power Amplifier 
Modeling,” IEEE Transactiom on Mi­
crowave Theory and Techniques, Vol. 46, 
No. 12, December 1998, pp. 2531-2540.

5. A. Lekt; and J.S. Kenny, “Behavioral Mod­
eling of Narrowband Microwave Power 
Amplifiers with Applications in Simulating 
Spectral Regrowth,” IEEE MTT-S Interna­
tional Microwave Symposium Digest. 
1996, pp.1385-1388.

6. S. Chen, W. Panton and R. Gilmore, "Ef­
fects of Nonlinear Distortion on CDMA 
Coinmunication Systems," IEEE Transac­
tions on Microwave Theory and Tech­
niques, Vol. 44, No. 12, December 1996. 
pp. 2743-27.50.

7. W. Bosch and G. Gatti, "Measurement and 
Simulation of Memory Effects in Predistor­
tion Linearizcrs,” IEEE Transactiom on Mi­
crowave Theory and Techniques, Vol. 37, 
No. 12, December 1989, pp. 1885-1890.

GBBL SLC CAPACITORS
• Maximum Values in Small Chip Sizes
•  Temperature Stahle (±15% -55 to +125°C)
•  Thin Film Terminations____________

•  \Available with or without Borders
• Free Samples Available

931 Via Alondra 
Camarillo, CA 93012 
Tel (805) 3891166 Fax 1821

v ^ w ^ ä ^ h ^ n s Q n l ^ t e j u c ^ p g y . G o r r i

8. K. Lu, P.M. Mclntosh, C.M. Snowden and 
R.D. Pollard, “Low-frequency Dispersion 
and Its Inftuencc on The Intermodulation 
Performance of AlGaAs/GaAs HB Ts,” 
IEEE MTT-S International Microwave 
Symposium Digest, 1996, pp. 1373-1376.

Youngoo Yang
received kis BS degree 
in electronic 
engineering from Han- 
Yang University and is 
airrently working 
toward his PhD degree 
at Pohang University of 
Science and 
Technology, Korea. His 
research interests 
include linearization 

techniques and behavioral modeling of the high 
power amplifiers, large signal modeling ofthe 
microwave devices and RFIC design.

Jaehyok Yl received 
\ h i v  MS di _i •.■ in

jSH Iff . 7. •< 7ronic um /. beire -ul
engineering f wm

I M p M W M j M  Pohang University of 
Science and 
Technology. Korea in 
1999.
in a PhD course in the 

? , i . department o f
'• ■ e lxhvnu  und electrical

m È Ê Ê E m m  p e e r i n g .  His 
research interests include the design ofhigh 
power amplifiers and linearization o f power 
amplifiers.

Joongjin Nam
received his BS degree

engineering from  
Kwangwoon 
University, Korea in 
1998. He received his 
MS degree in electronic 
and electrical 
engineeringfrom 
Pohang University of 
Science and 

Technology. Korea in 2000. Currently, he is 
working toward his PhD. NanTs research 
interests include large signal device modeling 
and high power amplifier circuit design.

Bumman Kim
received his PhD 
degree in electrical 
engineeringfrom 
Ca megje-b lellon 
University. His 
previous experiences 
include being a 
member o f the 
lechnical staff at GTE. 
Labs Inc. and a senior 
member ofthe 

lechnical staff at Central Research Labs at 
Texas Instruments. Sinne 1989, Kim has been a 
professor o f electronic and electrical 
engineering at Pohang University o f Science 
and Technology. His research interests include 
RF power amplifiers, RF and mm-wave IC 
design and HBTfabrication.

104 CIRCLE 51 0N READER SERVICE CARD MICROWAVE JOURNAL ■ DECEMBER 2000



Components & Assemblies • High-Eeliability Programs & Systems • Custom Products • SATCOM Technology Center

LEGENDARY
M i l l i m e t e r - W a v e  T e c h n o l o g y  & S o l u t i o n s

At a time when the Communications revolution

is catapulting new technologies and players 

into the arena at alarming rates, it's good to 

know that you have Millitech to count on. 

Our millimeter-wave technologies are proven 

and seasoned, but our focus is on the applica­

tions of the future. Count on us for the stability 

that only a legend can provide.

millitech



W m m . TECHNICAL FEATURE

3D  F E M  a n d  E M
SlMULATIONS FOR D R FS
Three-dimensional (3D) fullwave analysis of a microwave diélectric resonator 
filter (DRF) in a rectangular metallic enclosure is presented. By using a 3D 
finite-element method (FEM) to perform numerical simulations, parameters and 
predictions that are dijficult to measure but actually affect the performance o f a 
microwave DRF can be accurately determined. In the process, a significant 
phenomenon was uncovered. The numerical results are in agreement with the 
experimental measu rements.

D ue to its desirable properties such as 
small size, low cost and good tempera- 
ture stability, a DR not only acts as a 

frequency determination element but also of­
fers high stability.1-2 Analysis methods of the 
inner electromagnetic properties of applied 
DR devices such as the perfect magnetic con- 
ducting wall method,3 the moment method 
based on the surface integral techniques4'5 
and general mode matching approaches6-7 
have been studied. Although the E-field and 
H-field attributes inside. a microwave DRF 
are hard to observe, an accurate analysis ofthe 
overall inhomogeneous stmeture is inevitably 
required for practical design and application 
considerations.

With the advancement of computer hard­
ware and software, numerical techniques en- 
able us to perform more rigorous and compli- 
cated analysis on 3D structures. Two- and 
three-dimensional finite-element methods ap­
plied for microwave DRF Simulation have 
been previously reported.8-9 In those articles, 
DRFs coupled by coaxial probes we re numeri- 
cally simulated in the TMois mode with a 
cylindrical DR placed along the central axis. 
In addition, a 3D FEM Simulation of a DR 
coupled to mi crostrip lines in a DRF was 
studied by Chuang, et al.10 for various dielee- 
tric constants.

This article deals with excitation in the 
TE()15 mode, the highest Q value among all 
resonant modes of a cylindrical DR coupled to 
microstrip lines. The Ansoft® 3D FEM CAD 
tooi of the high frequency stmeture simulator 
(F1FSS) was used to compute the 3D struc- 
ture of the DRF.

DRF DESIGN AND FABRfCATION
PROCEDURES

The coupling coëfficiënt between DRs and 
the extemal coupling Q factor of a resonator 
to a microstrip line have been clearly de- 
scribed by Sun, et al. 2 The design and fabrica- 
tion procedures of a DRF are briefly de- 
scribed as follows: First, the size of metal cavi- 
ty and DRs are chosen from bandpass filter 
(BPF) specification requirements; next, the 
theoretical external Q and coupling coeffi- 

[Continued on page 108]
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TECHNICAL FEATURE

A  Fig. 1 The top View o ftt DBF 
in a metallic cavity.

TABLE 1
THE ORF PARAMETERS

N umber of DRs 2

DR e, 36

DR height (mm) 2.72

DR radius (mm) 3.43

Substrate e,. 9.8

Substrate height (mm) 0.835 i

Inner dimensions (mm) 25 4x18.3x9 .0  !

Microstrip line width (mm) 0.635

A Fig. 2 FEM with 15292 meshes 
o f the DBF stmeture.

cients of the desired BPF are deter- 
mined, along with the extern al Q vul­
nes and coupling coefficients (k, j+1); 
finally, the DRF is assembled in the 
metallic cavity.

The top view of the DRF, shown in 
Figure 1, indicates two DRs coupled 
to two straight microstrip lines in a 
rectangular metallic enclosure. The 
parameters of the designed DRF are 
listed in Table 1. Element values of 
the designed DRF are go = 1.0000, g3 
= 1.0378, g2= 0.6745 and g3 = 1.5386 
with coupling parameters of Q(, jn = 
58.38, k12 = 0.02125 and Qc out =

Hirose’s New Microwave Components
Hirose continues to enhance its half centun' of experienoe in radio-frequencv devices bv manufacturing 
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58.38,2 where Qc in, Qe out and ki2 are 
the external Q factors at the input and 
output ports and the coupling coëffi­
ciënt between two DRs, respectively.

DRF 3D  ¥£Nl SIMULATiONS
Generally speaking, it is required 

to di vide the stmeture into triangulär 
two-dimensional (2D) or tetrahedron 
(3D) subdomains for EM analyses. 
FEM was applied to solve Maxwells 
equations of the 3D-structured DRF. 
The FEM tool of Ansoft HFSS for 
3D-structure computation was car- 
ried out on an IIP-9000/735 with a 
PA-RISC7100 CPU and a 99 MHz 
clock rate. Figure 2 shows the FEM 
with 15292 meshes that models the 
DRF 3D structure. Figure 3 shows 
the E-field distribution parallel to the 
X-Y plane of the DRF with two 
straight microstrip couple lines. It is 
elear to see that the E-field distribu­
tion is not symmetrically centered on 
the circular plate o f the DR di- 
electrics. Its simulated Sn  and S2i re- 
sults are shown in Figure 4, which 
indicates the broaden area of rejec- 
tion slope on the sideband.

r

A  Fig. 3 E-field distribution o f DBF 
with two DRs coupled to two straight

r~
-

4 -
7.0 7.5 8.0 8.5 9.0 9.5 10.0

FREQUENCY (GHz)

A Fig. 4 S j, and S21 o f the DBF 
with two straight microstrip configuration.

108 CIRCLE 43 ON READER SERVICE CARD

[Conlinued on page 110] 

MICROWAVE JOURNAL ■ DECEMBER 2000



95

Easily combines RF+DC signa 
for your modulation or 
test requirements.

DC
Now up to 500mA DC current 100kHz-6GHz
With Mini-Circuits Bias-Tees, you can DC opmeet to the RF port of an active 
device without effecting its RF properties,..modulate a laser, apply DC to an 

more! Using Statistical process control plus combining

1  I  i l l !  ‘ Ü i
:

CP Mini-Circuits
X 35̂ 5 ^ klyn' New YOrk ! 1235-0003 <718> 934-4500 Fax (718) 332-4661 For quick access to product Information see ly



J O ! /R  N M
m u m m !

g H  m ic ro w a v e

Tb sèe one's work in print 
ïs the rightful re ward o f every 
Creative engineer and scientist. 
The editors of Microwave Jour­
nal invite you to  submit your 
technica! manuscripts fo r con- 
sideration to  be published in 
one o f our upcommg issues. 
Technical articies, appfïcation 
notes and tutorial articies based 
on the monthly editorial themes 
are encouraged . E d ito ria l 
themes include wireiess, radar 
and antennas; RF components 
and Systems; test and measure- 
ment; amplifiers and oscillators; 
sem iconductors and M M ICs; 
commercial applications; IVHS 
and ITS; dual technologies; Com­
munications and PCN; passive 
components; and control de- j 
vices, modulation and DSP.

Design fea tu res  should 
conta in  new and innovative  
technica! ideas o f practical use 
and interest to  our predom i- 
nantly  en g in eerin g  readers. 
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 submit- 
te d  to  th e  a t te n tio n  o f  th e  
Technical Editor and will be re- 
viewed promptly by our Editori­
al Review Board prior to accep- 
tance. Articies outside o f the  
monthy themes also will be con- 
sidered. j

S e n d  a u  m a t e r ia l  t o :
Microwave Journal 
685 Canton Street 

IMorwood, MA 02062  
f781) 769-9750  

Fax (781) 769-5037

110

TECHNICAL FEATURE
1 ■ T P

I; : —' l ' l  ' p

•

A  Fig. 5 Structure ofDRF
with the coupled microstrip in an are shape.

A  Fig. 6 Current distribution on surface 
o f the suhstrate.

A  Fig. 7 E-field nmnd symmetrical 
distrihnlion o f the DRF unth the coupled 
microstrip configuratüm.

After alte ring its coupling eonfigu- 
ration as shown in Figure 5, the fil­
ters performance is greatly improved. 
Current distribution on the Substrate 
surface of the DRF is shown in Fig­
ure 6, and Figure 7 illustrates the E- 
field distribution as being almost a 
symmetrical circle enclosed around 
the center of DR ceramics. This ef- 
fective phenomena of the E-field and 
II-field distribution indicates that a 
coupled microstrip line with its arc- 
shaped open-end induces a better 
symmetrical E-field distribution than 
just a straight microstrip couple line. 
It improv'es the performance of the 
DRF by allowing most of the E-field 
energv to be symmetrically stored in 
the liigh Q dielectric resonator. Fig­
ure 8 shows the II-field vector distri­
bution seen from a cutaway surface

FREQUENCY (GHï)

A Fig. 9 Comparison between 
the measured and simulated restdts 
o f the DRF.

parallel to y-axis of the DRF. It obvi- 
ously demonstrates that the magnetic 
field vector distribution is the H-field 
coupling of the TE015 mode that op- 
erates like a magnetic dipole mode 
with magnetic coupling in between. 
Figure 9 shows the simulated data 
which is better than the previous per- 
fonnance and in agreement with the 
measured results.

CONCLU5ION
This article has presented a 3D full- 

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

[Conlinued on page 112] 
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performance of the DRF is improved by altering the mi­
crostrip coupling structure to an arc shape. The E-field dis- 
tribution is mostly a symmetrical circle shape around the 
center of the DR. Obviously, most of the E-field energy is 
stored in the high Q dielectric resonator in this way. The nu- 
merical results of the microstrip DRF are in agreement with 
experimental performance. ■
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Measurement of 
M odulated Scattering 
Parameters using 
M odulated Vector 
N etwork Analysis

APPLICATION NOTE

Fig. 1 S-parameters 
fo r  a two port device.

A nevv architecture for RF and microwave 
measurement has recently been intro- 
duced. The first instrument based on 

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

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

cle introducés the concept of 
b2 modulated S-parameters. How-

--------- ---- • ever, before discussing them, it
;, • is best to start with traditional 

(sinusoidal) S-parameters.

S"  SINUSOIDAL VECTOR 
NETWORK ANALYSIS

______  _ Figure 1 shows the four S-
a2 parameters for a two port de­

vice. The S-param eters are

transfer functions which generally have differ­
ent complex values at different frequencies. 
These functions of frequency describe how 
the device modifies input waveforms (ax and 
a2) and produees output waveforms (bj and
b2).

Mathematically, the four S-parameters are 
defined as

Thus, Sjj is the ratio of b^ to when a2 is 
zero, and similarly for the other S-parameters.

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

[Continued on page 116]
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a W id e  R ange o f

Quality Attenuators
Step-Rotary /  Continuously Variable /  Fixed Coaxial

Designed by KMW for consistency and stability, these Attenuators will be your first choice for build­
ing wireless communication System applications

Step-Rotary Attenuators
Product Code No. KAT2DO4SA000 KAT! D04SA002

Operating Type Make-Before-Break

Frequency Range DC -  3GHz DC -  3GHz

Insertion Loss (Max.) 0.2dB 0.2dB

VSWR (Max.) 1.15:1 1.15:1

Incremental Attenuation

Attenuation Step (dB) 0.2 1

Nominal Impedance 50 ohm

I/O Port Connector SMA(F) /  Right Angle SMA(F)

Average Power Handling 1W@2GHz

Temperature Range -30"C -  +80°C

Dimension (inch) 1.925*1.567*2.224

Continuously Variable Attenuators

Product Code No.

Attenuation Range (Min.) 

Nominal Impedance

I/O Port Connector

Temperature Range

2W @ 2GHz /  25°C, without Heat-Sin

■  Fixed Coaxial Attenuators are available
N-type, SMA-type Connectors



APPLICATION NOTE

SINUSOIDAL
S-PARAMETERS

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

Through a process called calibra- 
tion, the complex values of the error 
terms as functions of frequency are de- 
termined. The various terms in the er­
ror model are assumed not to vary over 
time or power levcl. They are assumed

MODULATED
S-PARAMETERS

to model a System, which is linear. If 
the instrument, cables or fixtures are 
nonlinear dien the error model will not 
be a good representation.

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

The VNA applies a sinusoid of a 
known frequency at point a1M. Mea- 
surements are made at points bj^j and 
b2M- Measurements made in this mari­
ner are called forward measurements. 
A sinusoid of the same frequency is 
then applied at point a2M and mea­
surem ents made at b 1M and b2M. 
Measurements made in this mariner 
are called reverse measurements.

These forward and reverse mea­
surements are then combined mathe-

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

The effects of the various error 
terms in the six-term forward error 
model can then be removed by a 
process called vector error correc- 
tion. The results of vector error cor- 
rection are the actual S-parameters of 
the device (for example, S11A).

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

MODULATED VECTOR 
NETWORK ANALYSIS

An MVNA operates similarly to a 
VNA in that it applies a stimulus at 
point a]M in the forward error model. 
However, in this case the stimulus is 
not a sinusoid of a single frequency, 
bu t rather a modulated w^aveform 
with a continuüm of energy spread 
around a carrier frequency. In order 
to produce this modulated Signal, the 
sinusoidal source of the VNA is re- 
placed by a modulated source. In the 
case of the MVNA, the source most 
frequendy used is a synthesized RF 
Signal generator with the I/Q modula­
tor driven by two high speed arbitraiy 
waveform generators; however, any 
modulated or unmodulated RF Signal 
can be applied.

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

Thus, modulated S-parameters are 
computed very similarly to sinusoidal 
S-parameters. The primary differ- 
ence being the MVNAs ability to 
eompute S-parameters at multiple 
frequencies based on a single acquisi- 
tion rather than repetitive, stepped 
frequency measurements.

[Continued on page 1 IS]

A .  Fig. 3 The process o f measuring and computing modulated 
and sinusoidal S-parameters.



S U R fO C E  M O U N T  V C a s J tt»
The big news is Mini-Circuits miniature family of 50 to 2500MHz ROS 
voltage controlled oscillators! Each unit is housed in a shielded 
0.5”x0.5”x0.18” non-hermetic industry Standard package for highly 
efficiënt wash-thru capability, reliability, and cost effectiveness. Models 
with “PV” suffix typically operate from a 5 volt power supply and 
require 5V tuning voltage to cover the frequency range. This makes 
them ideal for integration with monolithic PLL chips and commercial 
synthesizers in the 180 to 1605MHz band. The series also features 
broad band 12V models optimized for 50 to 2500MHz linear tuning, up 
to one octave band widths, and low phase noise.
Support your Customers demands for smaller size and 
better performance, switch to ROS VCO’s today!

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

ROS-205PV 180-210 
ROS-285PV 245-285 
ROS-660PV 640-660 
R0S-725PV 710-725
ROS-900PV 810-900 
ROS-960PV 890-960 
ROS-1000PV 900-1000 
ROS-1435PV 1375-1435 
ROS-1600PV 1520-1600 
ROS-16C5PV 1500-1605

200-380 16 
300-525 17 
485-765 16

RCS-1121V 1060-1121
ROS-1410 850-1410

ROS-2500 1600-2500

ROS-2150VW 970-2150 25

z offset, dBc/Hz.

12 20 
12 20 
12 22

17 12 25 19
14 12 25 21

12 40 24
12 40 24

C3 Mini-Circuits
P.O.Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product informal 

y b » s i  The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: i

:r~
* MINI-CIRCUITS CATALOG & WEB SITE



! APPLICATION NOTE
THE USEFULNES5 
OF MODULATED S-PARAMETERS

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

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

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

CONCLUSION
The ability to measure S-parame­

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

except for the data acquisition receiv- 
erbandwidth. ■

Don Metzger is the
founder o f the 
Modulation
Instruments division of 
Credence Systems Ine., 
and serves as the 
division’s CTO. He 
holds a PhD in 
electrical engineering 
from  the University of 
Colorado with 
specialization in

electromagnetic field's. In the past he has heen 
a consultant to Anritsu in the areas o f 
calibration and digital Signal processing. He is 
the inventor o f Anrtvtu’s Auto Cal line of 
calibration units for vector network analyzers 
and was the lead developer o f the time dornain 
processing used in Ariritsu’s network analyzers.
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At Bird Component  Products we take 
pr ide in our excel lent  cus tomer service.  
Our  t e c h n i c a l  s ta t t  is a l w a y s  rea dy  to

identify practical Solutions to your product needs and our engineering turnaround on 
new products is one of the best in the industry. From new products to our proven 
designs, we are determined to exceed your expectations.

Cellular and PCS Frequency Ranges Standard and Custom Applications
v- Attenuators v Divider / Combiners

•  convection and conduction cooled •  rugged weather-tight available
•  low intermodulation distortion •  many configurations available

v Terminations ✓  Couplers
•  convection and conduction cooled •  compact and cost effective
•  low intermodulation distortion •  ideal for Cellular and PCS applications

BIRD COMPONENT PRODUCTS, INC.
10950 72nd Street North, Suite 107 Largo, Florida 33777-1527
Phone: 727-547-8826 Fax: 727-547-0806 www.birdfla.com E-mail: sales@birdfla.com
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Control Products
FOR WlRELESS 
AND BrOADBAND
Applications

S witches, attenuators, directional detec­
tors, phase shifters and other GaAs and 
Silicon devices are shrinldng dramatically 

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

Alpha Industries is responding to these mar­
ket demands. As a leading manufacturer of 
GaAs ICs and Silicon discretes used in current 
wireless, broadband and tliird-generation (3G) 
designs, the Company is integrating multiple 
functions into components that cost less and 
take up less space on a PCB. For example:, the 
new 25 mm2 model AA107-310 digital attenua- 

I'ig. 1 AS196-307 imertion (-or replaces two separate components previous- 
ly requiiing over 100 mm2 of board space. This 

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

This article describes some of 
the innovations resulting from 
combining the Companys core 
competenties in circuit design, 
Silicon and GaAs semiconductor 
manufactming, process integra- 
tion and packaging. It also 
touches on products under de­
velopment to demonstrate the

loss and Isolation 
frequency.

Companys ability' to pro vide the technology 
needed to support the next generation of wire­
less and broadband applications.

BASE STATION INNOVATIONS 
RF GaAs IC Switches

Significant package size reduction has been 
achieved on many RF GaAs IC switches. The 
model AS 196-307 high isolation GaAs SP DT 
switch with integrated Silicon ASIC 1:2 de­
coder (shown in the photo above) is packaged 
in a 4 x 4 mm leadless plastic chip carrier 
(LPCC-16) exposed-pad package. Very high 
isolation is achieved by soldering the exposed 
paddle directly to the PCB ground. Lead in- 
ductance is reduced from 2 nH (1 nll/lead) to 
approximately 0.4 nH (0.2 nH/lead).

The AS 196-307 requires only a positive sup- 
ply voltage (Vcc = 3 to 5 V) and one CMOS- 
compatible control line (VCTL = 0 to 3/5 V). A 
logic 0 is equal to 0 to 0.5 V while a logic 1 is 
equal to 3.5 to 5 V with V(x; = 5 V. Insertion 
loss is approximately 1 dB, I/O SWR <1.4 and 
isolation 55 dB up to 2 GHz, 40 dB at 4 GHz 
and 30 dB at 6 GHz, as shown in Figure 1.

[Continued on page 122]
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From the Leader in VCO Technology>
Comes The Latest in PLL Technology•

M odel
Num ber

Frequencv
(MHz)

Integrated <J>n  
(100 Hz-100kHz)

SSB  <|>N
(dBc/Hz @ 100 kHz)

Frequencv Range
800 1200 1600 2000 2400 2800

PLL0930A 900-960 0.75° -130 |  G SM

P IX 1260A 1230-1290 0.75° -123 |  T errestrial R ad io

PLL1456A 1420-1490 0.75“ -125 |  W ireless L ocal Loop

P IX 2710A 2670-2740 1.25° -117 M M D S /L M D S  1

Your Next PLL Only A Phone Cal/ Awayl ■ b h h h h h m

Using our patented ultra-low noise technohgy, Z-Communications has established a brand new 
technology base fo r  our customers in the growing wireless market. The PLL fltm tly o f  phase 
locked loop Solutions employ the latest in packaging technology coupled with superior SSB  
phase noise performance. Take a look at our innovative Solutions fo r  the GSM, terrestrial 
radio, WLI. and LMDS/MMDS markets to see how easy designing in a Z-COMM PLL solution 
fo r  your next product can be. We ’re not ju st about VCOs anymore **!■ we 're all about Solutions!

Com e to.t h e S o u rce ..,
-COMM.

Z-Communications, Ine. Learn more about Z-COMM’s PLL product 
line by visiting our website: www.zcomm.com 
for datasheets, outline drawings, tape & reel 
specifications and application notes as weil as 
our complete product catalog.

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

http://www.zcomm.com
http://www.zeomtn.com
mailto:sales@zeomtn.com
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These characteristics make the 
AS 196-307 switch ideal for applica- 
tions requiring high isolation such as 
in 2G, 3G, base station LO switching, 
U-NII time division duplex trans-, 
ceivers and WLL radios.

Digital Attenuators
New packaging is also reducing 

the size of voltage variable digital at- 
tenuators. For example, a Silicon 
AS IC serial-to-parallel Converter has

been integrated with a GaAs attenua- 
tor IC in a single micro lead frame 5 
x 5 x 1 mm exposed-pad package 
(MLF-32). Figure 2 shows the atten- 
uator’s pinout diagram. The model 
AA107-310 attenuator takes up just 
25 mm2 on a PCB. Older designs re- 
quired two separate packages taking 
up over 100 mm2.

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

K Ü fn r§ 3 n g i0 % - R E S I S T O R  F t o P o c W tI ^ S i p ' j

, has the POW ER of a renewed FOCUS on Quality. -Service and 
Innovation.*ynabling it to SuppJy a wkie variety of POW LR devices 
to meet 3iic cballenges of today’s evjrchqngüig technology \* \  -

has the POWER ro offer Ahimmum Nitride fÄlN) resistors,; % 
tefmmations, and attenuators. in all «populär sizes and configurattons. 
asan alternative to Beryllium Oxide (BeO) ccramie* •%#**■•

bas the POWER to design and manufacture custpm products inclnding 
cabk Joads; press firterminations. and*termtnating attenuators.

ffa% thé PÓ&ËR of technica! Srid inanufaeturing capSdTty to 
support high volume-prodncts fora widc ar-ray of wireless and J 
OFM requirements. ?*«,£**

For more details contact our Resistor Products Group (a
Phonê: 973-887-8100 exti514. Fax: 973-384-0445 '
email: hfshinn(i:èkJ|fpipgle.coni, freb: www.kditnangfosom

i MCE Companyl  C  O  R  P  O  R  A T I

M f lf c S K O  9001 C e r t if ie d

tion loss and high bit accuracy, as 
shown in Figure 3. It is designed for 
use as a gain control element in the 
IF sections (< 500 MHz) of base sta­
tion radios and is to be used with a 
reverse path amplifier in broadband 
Systems. Insertion loss is 1 dB, bit ac­
curacy is < ±0,3 dB and SWR is < 1.4 
below 500 MHz

The Silicon ASIC performs serial- 
to-parallel data conversion ehminatmg 
the need for individual bit control. 
Only three inputs are required: serial 
clock and data, and latch enable. The 
reset pin can be tied high for truth 
table control or low for master reset to 
the insertion loss state. A single posi­
tive supply voltage (Vcc = 5 V) and 
three extemal eapacitors are required, 
one for Vcc  bypassing, one for a 
charge pump (CT, C2) and one for 
negative voltage holding. An on-chip 
negative voltage generator (f = 600 
kHz) allows direct control of a Stan­
dard GaAs attenuator IC ehminatmg 
the need to float ground connections.

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

, n  §

—

k Fig. 2 AA107-310 pinoul diagram.

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

[Continued on page 124]
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You don't any surprises when the part that performed so well during

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

or unaccounted spectral regrowth...and certainly no oscillations.

Successful amplifier designs demand optimal ACPR, power, IP3, nonlinear 

stability and yield That's why many engineers are turning to 

Harmonica, the most powerful high-frequency circuit design solution 

available for the PC desktop. With physics-based distriouted 

models and a time-tested 

Harmonie Balance engine, 

Harmonica delivers superior 

speed, accuracy, power and 

functionality. And as a part of 

Ansoft's Serenade Design 

Environment, Harmonica 

offers seamless links to 

layout, System Simulation, 

electromagnetics, and third-party tools.

After all, every dBm counts.

the difference Harmonica makes in the 

design of amplifiers, mixers, oscillators, filters, 

matching networks and other components in 

your wireless design.

For your free evaluation copy of Harmonica or 

any of the tools in Ansoft's Serenade Design 

Environment call 412-261-3200 

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

mailto:info@ansoft.com


Azimuth (deg)

...providing totally new ways 

of steering beams of 

millimeter waves...
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Millimeter Wave Scanning Antennas
• Frequencies: > 94 GHz, 77 GHz, 60 GHz...
• Beamwidth: 0.3 deg - 5.0 deg
• Gain: 30 dB - 40 dB
• Scan angle: up to ± 45 deg
• Scan speed: up to 100 frames per second

77 GHzjScanning Antenna

Measured data @ 77 GHz
Key Features
• Scan (Az): continuous & linear * VSWR: 1:1.2
• Scan speed: 20 frames/sec « Gain: 34 dB
• Az side lobe level: < -15 dB * Weight: 1.6 lb
• Az beam width: 1.4 deg « Size: 9" x 4" x 2.5"
• El beam width: 4.5 deg • Scan range: 20 deg

WaveBand Corporation Tel: 310-212-7808
375 Van Ness Ave., Suite #1105 Fax: 310-212-7726 
Torrance, CA 90501 email: LSadovnik@aol.com

http://www.waveband.com
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TABLE I

AV111-12 ELECTRICAL SPECIFICATIONS At 25*C

Min. Typ. Max.

Frequency (GHz) 0.80 1.0

Insertion loss (0 mA control current! (dB) 1.0 1.5

Attenuation at 1.2 mA control current 
<900 MHz) (dB) 17.5 2 ,.3

SWR all ports 1.5 1.8

Input th ird-orde r i ntercept (d Bm) +37 +40

Relative phase shift up to 20 dB 
attenuation” (°) 7 10

Group delay (ns) 0.4 0.9

'W hen huilt with externa! components.

er with a GaAs attenuator IC. It is a 5-bit device with 1 dB 
steps to 31 dB total with low Insertion loss and high bit ac­
curacy. It is designed for use as a gain control element in the 
RF sections (> 500 MHz) of base station radios. Insertion 
loss is 2 dB, bit accuracy is < ±0.5 dB and SWR is < 1.8.

The Silicon ASIC perfonns the same function for this 
device without the negative voltage generator. The GaAs 
IC is floated on-chip eliminating the need for a negative 
voltage. The package is the same as the AA 1.07-310 device. 

High Dynamic Range 
Voltage Variable Attenuators

A family of GaAs FET-based low cost, low current, 
high dynamic range voltage variable attenuators (WA) has 
also been developed. Applications are as gain control d e ­
ments in low power, wireless and broadband Systems. 
They are controlled with a single positive voltage (3 to 
5 V) with linear attenuation vs. voltage. Dynamic range is 
greater than 35 dB. Models AV105-12, AV109-73 and 
AVI 10-73 are typical of these devices.

Low Distortion
Voltage Variable Attenuators

The distortion performance of the traditional GaAs 
FET-based WA is a primary limitation in large Signal han- 
dling at base stations. The Companys solution is based on 
its GaAs passive IC quadrature hybrid structure technolo- 
gy, low distortion Silicon PIX diode design and the small 
footprint SOIC-8 package. The new HIP3™ attenuator 
product line comprised of models AVIO.1-12 and AVI 11- 
12 (0.8 to 1.0 GHz), AV102-12 and AV112-12 (1.7 to 2.0 
GHz), and AVI 13-12 (2.1 to 2.3 GHz) covers the wireless 
bands.

For example, the AVI 11-12 WA operates at between 
0.8 to 1.0 GHz, integrates two Silicon PIXT diodes and a 
quadrature hybrid, and operates with an IP3 guaranteed 
better than 37 dBm. This performance is approximately a 
20 dB improvement over a GaAs MMIC-based WA. Oth- 
er performance specifications are equally impressive, with 
an attenuation range higher than 20 dB and a 1.5 dB in- 
sertion loss. The AVI 11-12 is actually a current-controlled 
attenuator, but it achieves its specified dynamic range 
with no more than 1.2 mA. Table 1 lists the AVI 11-12

[Continued on page 126]
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5 to 2500MHz from (1 -24 qty.)

The popularity of wireless communication services is soaring, but when 
Signal overcrowding creates intermodulation distortion... Mini-Circuits has 
the solutionl Our füll range of low distortion, high IP3 SYM mixers provide the 
muscle it takes to suppress noisy intermods and unwanted Signals. At the 
same time, these affordable surface mount Solutions achieve low conversion 
loss and excellent L-R, L-l isolation. Developed for both analog and digital 
use, applications include airphone, cellular and 
cordless phones, radar, satellite, FM Broadcast,
ISM, PCS, and PCN. Achieve the high performance 
your customers expect. Specify low loss. high IP3 
SYM mixers from Mini-Circuits. It’s the clear choice!

Mini-Circuits...we’re redefining what VALUE is all about!
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0.80 0.85 0.90 0.95 1.00
FREQUENCYfGHz)

A Fig.4 AV101-12 typical attenvation

TABUE II
PERFORMANCE TRADE-OFFS

Part No.
Insertion Loss 

a t 900 MHz (dB)
Isolation 

a t 900 MHz (dB)
H2, H3 a t 900 MHz
V cn = 2 .7  V (dBc)

AS 190-73 0.37 18 70 to 75

AS 191-73 0 45 28 65

AS193-73 0.35 26 67 to 70

Pik = 34.5 dBin

BREAKTHROUGH
TECHNOLOGY

New Single Layer Capacitors
• Higher Cap • Smaller Size
•  Higher Q •  Border is Standard

•  Patent Pending

W As electrical speeifications. Fig­
ur  e 4 sliows the AVI02-12 VVA’s 
typical attenuation vs. frequency 
charaeteristics.

HANDSET INNOVATIONS 
RF GaAs IC Switches

Device Integration and packaging 
are critical in handset switches. The 
AS 190-73, AS 191-73 and AS193-73 
family of PHEMT SPDT switches 
provide extremely high linearity at 
low control voltages for handset ap- 
plieations. Table 2 lists the perfor­
mance trade-offs for each part. These 
parts all have the same package, 
pinout and truth table.

The model AS198-306 is a new 
high power PHEM T SP4T switch 
with integrated Silicon 3:5 decoder in 
a MLF-16 4 x 4  mm exposed-pad 
package. The switch has excellent lin­
earity performance at low voltages. 
Typical second- and third-order har­
monies are 65 dBc at 900 MHz and 3 
V. Designed for dual-band handset 
applications, the AS198-306 has low' 
TX path insertion loss (0.6 dB at 900 
MHz) and good RX isolation (25 dB 
at 900 MHz), as shown in Figures 5

ISO 9001 Registered 
MIL-PRF-55681 Qualified at ‘S’ Level 

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

Quality and Innovation Since 1980

[= J  P R E S ID IO  C D M P O N E N T S ,  INC.

7169 Construction Court, San Diego, CA 92121 
Voice:858-578-9390 Fax:800-538-3880
www.presidiocomponents.com

▲  Fig. 5 AS198-306 insertion loss 
vs. frequency.

126 CIRCLE 106 0N READER SERVICE CARD

[Continued on page 128]

MICROWAVE IQüRNAL ■ DECEMBER 2000

http://www.presidiocomponents.com


W H Y  NOT M AKE SURE YOU'RE GETTING IT?
No matter where you buy your 
cable assemblies, you're paying 
fo r 100% yield. So why not get 

it? Only Dynawave tests ALL of 
its RF and microwave cable as­
semblies, delay lines, har- 

nesses, and connectors for yield 
and reliability, so you get what 

you pay for. What's more, bar 
codes insure that the proper tests 
are conducted and that your 
production specs are met. We

even track every piece. You'd think 

that all th istesting, tracking, and 

bar coding would cost more. It 
doesn't. In fact, overall you pay a 
lotless.

Why take chances? When you do 
business w ith Dynawave, you get 
better product, better customer ser­
vice, and on tim e delivery fo r a bet­
ter price. Contact your rep fo r a 

brochure, or call one o f our cable 
distributors listed below.

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

SMP • . .  • . ,

SMP R ight Angle 

BMA

BM A R ight Angle

TNC__________
Type N

1-800-886-7766 1-800-755-6012

D istrib u te d  by ATSM (949) 240-7783 | ASAP E le c tro n ics  (800) 477-1272

H u n Q u u Q w e ,
v /  —S I N C O R P O R A T  E D  W

135 Ward Hill Avenue, Haverhill, MA 01835 USA
Internet: www.dynawave.com | E-mail: connect@dynawave.com

CIRCLE 31 ON READER SERVICE CARD

http://www.dynawave.com
mailto:connect@dynawave.com


COVER FEATURE
and 6, respectively. The integrated 
Silicon decoder reduces the number 
of positive control Iines to three. If 
used in the 2:4 configurations two 
control lines can be used.

Directional Detectors
Another innovation combines pas­

sive circuit design and semiconductor 
technology in a monolithic structure 
that integrates a GaAs directional 
coupler with GaAs Schottky diodes 
for use as a broadband detector used 
as an automatic gain control element. 
The model DDÓ1-92 directional de­
tector is packaged in a single minia­
ture SC-88 (six lead SC-70) plastic 
package and operates from 650 MHz 
to 2.4 GHz. The DDO 1-92 may be 
conveniently temperature compcn- 
sated due to the closely matched pair

FREQUENCY (GHz)

Ék Fig. 6 AS 198-306 Isolation vs. frequency.

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

Figure 7 shows the detectors cir­
cuit con Figuration, and Figures 8 and 
9 show the deviees differential de- 
tected voltage, and insertion and re­
turn losses vs. frequency, respectively.

IN DEVELOPMENT
A variety of new control products 

are currently in development to meet 
market demands for smaller, more re- 
liable deviees. These new products 
include RF diodes in chip-scale pack- 
aging, vector modulators, amplitude 
phase slufters and low distortion digi­
tal attenuators.

Chip-scale Packaging
of RF Diodes and GaAs RF ICs

To meet the market demand for 
smaller components, the Company is 
developing the technologies to pro- 
duce virtual ly package-less deviees 
that will be compatible with current 
piek-and-place insertion techniques. 
Using cost-eflicient, batch-seale pro­
cessing, which eliminates the need 
for wire bonding, chip-scale technol­
ogy creates surfaee-mountable diodes 
with dimensions of less tlian 30 mils

▲  Fig. 7 DD01-92 circuit configuration.

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

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

The Companys smallest present 
GaAs RF IC switch package is the 2.2 
x 2.0 mm footprint of the SC-70. The 
chip-scale version reduces this area to 
1.5 x 1.0 mm. This package is lead- 
less with backside land grid contacts. 
The lower package inductance yields

20 dßm

/ 15

/
/ 10

5

0 —3_I-- --- ------ --- ------ ---
0.5 0.9 1.3 1.7 2.1 2.5

FREQUENCY (GHz)

▲  Fig. 8 DD01-92 differential detected 
voltage vs. frequency.

A  Fig. 9 imoi-m Insertion loss 
and return loss.

É l Fig. 10 Chip-scale package diagram.
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High Performance and Control. That'swhat you get with Eagleware's new direct synthesis'
filter program, S/FILTER M. From arbitrary transmission zero placement, to unequal termination impedances, to optimized 
custom designs, S/FILTER does it all ... directly from your specified design criteria.

You're in control of response shape, element values and topology. So break free from normal filter design limits and:

* synthesize multiple Solutions per design * apply transforms to create custom designs
maximize realizability based on your goals maximize economy: place zeros where needed

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

So Grab a Seat and Hold On With modules priced at $2490, they're flying fast. And so will your design.



COVER FEATURE

A  Fig. 12 Amplitude and phase sh f ie r  circuit diagram.

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

VECTOR MODULATOR
A series of vector modulators are 

in development to cover the wireless 
bands. These deviees utilize existing 
monolithic quadrature hvbrids, pow­
er dividers, FETs and PIN diode 
chips to ereate deviees designed to 
adjust the phase and amplitude of an 
RF signal. This results in a very small 
(1 cm2) BGA module. Vector modu­
lators are similor to I & Q modula­
tors, but unlike sotne basic monolith­
ic I & Q modulators, they provide a 
linear patli for the RF signal. With a 
vector modulator, the RF signal is not 
amplitude-limited because the output 
RF power is always proportional to 
the input RF power. This feature is

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

Amplitude and Phase Shifter
An amplitude and phase shifter 

(APS), shown in Figure 12, is also in 
development. This small (1 cm2) ball 
grid array module will accomplish the 
same task as a vector modulator, but is 
less complex and operates with less 
loss (9 dB). Amplitude Variation is 
1 dB over 360° of phase shift. The APS 
is controlled by separate phase and 
amplitude signals whereas the vector 
modulator is controlled by separate in- 
phase and quadrature control signals.

Low Distortion Digital Attenuator
Six-bit attenuators for both the 

wireless infrastructure and broad­

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

CONCLUSION
Due to manufacturers looking for 

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

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

Alphas capabilities go beyond man- 
ufacturing highly reliable RF GaAs 
ICs, discrete semiconductor deviees 
and passive components. Working 
with leading handset and base station 
equipment manufacturers, the Compa­
ny is creating the innovative Solutions 
needed to implement a new genera­
tion of wireless deviees and has 
demonstrated its ability to integrate 
multiple components and fimetions in 
ever-smaller packages. With its proven 
high volume, low cost production ca­
pabilities, innovative products to meet 
the growing dem and for ultra-high 
speed, high capacity, data and voice 
wireless Communications are being 
developed. For additional information, 
visit the Companys Web site at 
www.alphai nd.com.

Alpha Industries Ine.,
Woburn, MA 
(781) 935-5150.
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Let PST's Innovative capability 
in Solid State Power Amplifiers 
provide you with the versatile
solution to your high power

jEE f o r  yo urself , s e n d  f o r  o u r  p r o d u c t  d a t a  s h eet  c o n t a in in g  a c t u a l  test results .

105 Baylis Road, Melville, NY11747 
Tel: 631-777-8900 Fax: 631-777-8877 

E-mail: info@comtechpst.com Web: www.comtechpst.com 
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Broadband 
Power Amplifiers 
for 600 MHz 
to 4.5 GHz System 
Applications

A new Iine of medium and high power 
broadband amplifiers has been intro- 
duced that covers the 600 MHz to 4.5 

GHz frequency bands. All of the power ampli­
fiers (PA) offer medium to high gain with ex­
cellent linearity and moderate noise figures. 
These units are designed to be used in any 
commercial or military System where high re- 
liability and excellent performance are re- 
quired. In addition, the amplifiers are ideal for 
laboratory testing. The Iowest output power 
amplifier, model SSPA-0.8-4.5-5.0, has use- 
able gain and power from 800 MHz to 4.5 
GIIz, making it one of the only compact 
broadband amplifiers on the market that of­
fers this type of performance. There are five 
amplifiers in the series and they vary in output 
power from 1 W to greater than 100 W. The 
smallest bandwidth covered is 500 MHz with 
a typical output power of greater than 100 W.

All of the amplifiers are packaged in very 
rugged and compact housings. The medium 
and high power units operate from 12 V DC 
power supplies. These units can be configured 
with an external shutdown as a separate Op­
tion. Standard options on all models includc 
internal input and output short circuit and 
open Circuit protection, reverse polarity pro­
tection, internal over-current protection and 
SMA female conneetors.

Proprietary circuit design techniques are 
used to achieve die amplifiers broadband gain

and power responses. The design methodolog $ 
utilized in the power amplifiers cnables con |  
pact housing sizes that fit eonveniently on 
beuch top or in a Systems shelter. One comi 
pact amplifier can now be used for all lowe] 
microwave frequency testing needs. The thrc' 
model SSPAO.8-4.5-5. SSPA0.6-2.0-20 anj 
SSPA0.8-3.2-10 medium power amplifiers an 
all multi-octave amplifiers that standout be 
cause of their pricing, bandwidth and compac 
size. The two model SSPA1722-80 an 
SSPA2227-80 high power amplifiers cover tl 
frequency ranges of 1.7 to 2.7 GHz in 5('| 
MHz increments. These units are unique 1> 
cause of their high power and broadband ga [ 
in such a compact unit. What further sets the;; 
amplifiers apart from other PAs is the fact th 
they can be used as linear amplifiers for d 
manding multi-carrier applications or they c; 
be used as pulsed power amplifiers for high c 
ficiency data transmission. Their meehanic 
enclosures utilize heat sinks that are integj. 
with the housings to ensure excellent heat fk 
that in tum ensures long-term reliabilitv.

The first amplifier in the series, moc 
SSPA-0.8-4.5-5.0, has useable gain and pow 
across an 82 percent bandwidth. This PA 1 
the broadest bandwidth of any amplifier in tl | 

[Continued on page J.3-I
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Are you seein g  red?

I f  you've ever spent hours w ith a torque 

wrench, checking connection after connection, 

try ing  to  find th a t single System disabling 

culp rit, you were tikely le ft seeing red.

Well, our TRU-QDS'M series will put an end to 

that. These super quick change connectors en- 

sure a perfect connection every time.

But just in case the connecter has not been 

completely engaged, the TRU-RedLine™ will 

be visible at a glance.

So keep th a t torque wrench in  the to o l box and 

see how Tru-Connector designs connectors th a t 

make i t  easy to  manage your System.

www.tru-con.com

f  : T

a n t .

TRU-CO NNECTO R CORPORATION
I t  pays to be well connectedT“

245 Lynnfield Street, Peabody, MA 01960 •  978-532-0775 •  800-262-9878 «

rs  o f  RF C o a > i l  Cc ) d C a b l e

http://www.tru-con.com


F PRODUCT FEATURE
TABLE I

SSPA-0.8-4.5-5.0 
TYPICAL PERFORMANCE 

FROM 1.0 TO 4.5 GHz AT 25°C

! Small-signal gain (dB) : 20 22 26

Saturated output
power (W) 1.35 3 5

! Input SWR 
1 (1.4 to4.5 GIIz) 1.15 1.5 2.0

1 Input SWR 
(0.8 to 1.4 GHz) 1.5 2.0 3.0

Output SWR 
(1.4 to 4.5 GHz) 1.15 1.5 2.0

Output SWR
(0.8 to 1.4 GHz) 1.5 2.0 3.0

Supply voltage (VDC) 10 12 13.5

Quiescent current (A) 2.0 2.2 2.5

OIP3 at 2.5 Gllzwith 
a 1 MHz, two-tone 45 46 48
sparing (dBm)

Fig. 1 SSPA-0.8-4.5-5 small-signal gain 
and saturated output power 
vs. frequency at 25°C. ^

I --- SATURATED POWER I
----SMALL-SIGNAL GAIN

FREQUENCY (GHZ)

series. The am plifier is ideal for 
bench top testing because it covers 
rnany of the populär military and 
commercial bands. It can; be used as a 
linear or saturated amplifier in most 
medium power applications. It is 
competitively prieed and meets virtu- 
ally all medium power testing needs. 
This amplifier is unique because of 
the very wide bandwidth it achieves 
at a very competitive price. The am­
plifier delivers a minimum output 
power of 1 W from 1 to 4.5 GHz with 
a maximum output power of 5 W. 
Typical gain is greater than 20 dB. 
The output third-order intercept 
(OIP3) at 2.5 GHz with a 1 MHz 
two-tone spacing is 46 dBm at 25°C. 
Input/output SWRs are typically less 
than 2.0 from 1.5 to 4.5 GHz. This 
unit is offered in a housing that is 4" 
X 6" x 2" including the heat sink with 
four through holes in the bottom cov­
er for mounting. Table 1 hsts the am- 
134

TABLE II
SSPA-0.6-2.0-20 

TYPICAL PERFORMANCE 
FROM 1.0 TO 2.0 GHz AT 25° C

[ Small-signal gain (dB) 48 50 52

Saturated output 
power (W) 8 20 26

Input SWR 1.10 1.25 1.5

Output SWR 1.10 1.25 1.5

Supply voltage (VDC) 10 12 13.5

Quiescent current (A) 6.5 7.0 7,3

OIP3 at 1.5 GHz with a
1 MIIz, spacing at Pou 
SCL -  39 dBm (dBm)

t 50 52 54

Noise figure (dB) 4 5 6

I --- SATURATED POWER I
I —  SMALL-SIGNAL GAIN |

A  Fig-2 SSPA-0.6-2.0-20 small-signal gain 
and saturated output power 
vs. frequency at 25°C.

plifïers typical performance and Fig­
ure 1 shows the units small-signal 
gain and saturated output power vs. 
frequency at 25°C.

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

TABLE III
SSPA-0.8-3.2-10 

TYPICAL PERFORMANCE
FROM 1.0 TO 3.2 GHz AT 25c’C

; Small-signal gain (dB) 28 32 35

I Saturated output 
| power (W) 9 12

1 Input SWR 1.10 1.20 2.0

j Output SWR 1.10 1.20 2.0

j Supply voltage (VDC) 10 12 13.5

f Quiescent current (A) 6.5 6.7 7.0

j OIP3 at 1.5 GIIz with a 
1 MHz, spacing at Pout 

j SCL = 39 dBm (dBm)
45 46 48

1 Noise figure (dB) 4 5 6

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

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

[Continued on page 136]
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10M H z  to  7G H z A M P
From amateur radio to cellular to satellite applications, 
with medium output power up to 17dBm, 
Mini-Circuits versatile ZJL and ZKL connectorized 
amplifiers offer the broad range of choices 
designers demand for achieving high system 
performance goals. U ltra-wideband models 
deliver ga in ranging from 9 to 40dB and IP3 
up to  +32dBm. But beyond the performance 

and reliability built into these miniature 12V amplifiers lies 
anotherim portant feature, the low price...from  only $99.95! 
Call now  fo r fa s t de livery .

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

Typ @2GHẑ ) $sa.
NF(d3) IP3(dBrn) l(mA)3 (1-9)

P.O. Box 350166, Brooklyn, 
For quick access to product information se

\
ZJL Ö®11

O  Mini-Circuits
New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://wWW.minicirCUitS.COm 
e MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 
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PRODUCT FEATURE

.0

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

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

Model SSPA-2227-80 is a high 
power, S band solid-state power am­
plifier (SSPA) with 500 MHz of band­
width. This PA delivers a minimum 
output power of 100 W from 2.3 to
2.7 GIIz and has a small-signal gain 
of 30 dB minimum across the full 
band. The OIP3 at 2.5 GHz with a 1 
MHz two-tone spacing at a 47 dBm 
SCL is 58 dBm at 25°C. Input/output 
SWRs are less than 2.0 from 2.2 to
2.7 GHz. What rnakes this PA unique 
is that it can be operated as a pulsed 
amplifier or GW amplifier. In the 
pulsed mode, the amplifier has a typi­
cal efficiency of 35 percent. In the 
CW mode, the amplifier has out- 
standing linearity that makes it ideal 
for rnulti-carrier Systems or demand- 
ing complex modulation schemes. An 
added feature of this amplifier is that 
all of the power and bandwidth is 
available in a very compact size. Ver- 
sions of this amplifier are flying on 
NATO and US fightcr aircraft utiliz- 
ing its excellent pulsed characteris- 
tics. Other versions of this amplifier 
are being used in m ulti-carrier 
ISM2400 Systems. This unit is offered 
in a housing that is 4.00" x 8.25" x 
2.50", including the heat sink. The 
amplifiers typical performance is list- 
ed in Table 4 and its small-signal 
gain and saturated output power vs. 
frequency is sliown in Figure 4.

The last amplifier in the series is 
model SSPA-1722-80, a high power 
PA with 500 MHz of bandw idth. 
Again, this amplifier stands out be­
cause of its ability to operate either 
CW or pulsed. In the CW mode, this 
PA is an extremely linear amplifier 
with an OIP3 of 60 dBm typical. In

TABLE IV
SSPA2227-80 TYPICAL PERFORMANCE 

FROM 2.2 TO 2.7 GHz AT 25°C

A  Fig. 4 SSPA2227-80 small-signal gain 
and saturated output power 
vs. frequency at 25° C.

TABLE V
S5PA1722-80 TYPICAL PERFORMANCE 

FROM 1.7 TO 2.2 GHz AT 25°C

| —  SATURATED POWER —  GAIN |

50
1 3 «

l f  35 
30 
25 
20 

1
FREQl ENCY (GH.)

A  Fig. 5 SSPA1722-80 small-signal gain 
and saturated output power 
vs. frequency at 25°C.

the pulsed mode, this model func- 
tions as a high efficiency amplifier. 
An extra bonus is that all of this band­
width and power com es in a very 
compact assembly. The amplifier de­
livers a minimum output power of 80 
W from 1.7 to 2.2 GIIz. Typical out­
put power from 1.8 to 2.1 GHz is 
greater than 110 W, and its small-sig­
nal gain is 30 dB minimum across the 
full band. The OIP3 at 2.0 GHz with 
a 1 MHz two-tone spacing at a 47 
dBm SCL is 60 dBm at 25°C. 
Input/output SWRs are less than 2.0 
from 1.7 to 2.2 GHz. This unit is of­
fered in a housing that is 4.00" x 8.25" 
x 2.50" including the heat sink. Fig­
ure 5  shows small-signal gain and sat- 
urated output power vs. frequency at 
25°C and Table 5  lists its typical 
performance.

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

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

Aethercomm Inc.,
San Marcos, CA (760) 598-4340.

Circle No. 301  
C heck out our W eb site at
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M Ó KOMElectronics

New i n t e g r a t e d  m u i t i - c h i p  
s w i t c h  m a t r i x  p r o d u c t s .

P a t e n t e d  SMT " r o b u s t  l e a d  
c i r c u l a t o r  a v a i l a b l e  f o r  
p i e k  & p l a c e  a u t o m a t i o n . V

New PHEMT s w i t c h e s  an d  
C o n v e r t e r s  f o r  h i g h  
l i n e a r i t y ,  l o w  c u r r e n t  
a p p l i c a t i o n s .

A d v a n c e d  g l o b a l  a u t o m a t i o n  
t e c h n o l o g y  a n d  f a b  c a p a c i t y  
t o  m e e t  t o d a y ’ s m a r k e t  demand

B r o a d - b a s e d  t e c h n o l o g i e s  
p r o v i d i n g  r e l i a b l e  an d  
h i g h  p e r f o r m a n c e  i n t e g r a t e d  
S o l u t i o n s  f o r  t h e  a e r o s p a c e  
a n d  d e f e n s e  i n d u s t r i e s .

A fo C C M

Designing for the future of.

.Wireless Infrastructure

N o r t h  Ame r i  ca 
T e l :  8 0 0 . 3 6 6 . 2 2 6 6  
F a x :  8 0 0 . 6 1 8 . 8 8 8 3

A s i a / P a c i f i c
T e l :  8 1 . 4 4 . 8 4 4 . 8 2 9 6

F a x :  8 1 . 4 4 . 8 4 4 . 8 2 9 8

E u r o p e / M i d d l e  E a s t / A f r i c a  
T e l :  4 4 . 1 3 4 4 . 8 6 9 . 5 9 5  
F a x :  4 4 . 1 3 4 4 . 3 0 0 . 0 2 0



PRODUCT FEATURE

A Low Loss 
D ielectric for 
High Frequency 
HDI Substrates 
AND PCBS

T he wireless telecommunications market 
eontinues to require denser circuitry 
and higher I/O count chip packages to 

meet ever growing perform ance require- 
ments. These new requirements can only be 
satisfied with multilayer PCBs incorporating 
RF and microwave, as well as digital signal 
processing circuitry on the same high density 
interconnect (HDI) multilayer circuit board. 
These multilayer PCBs are used in applica­
tions from Bluetooth modules to base stations 
and consist of thin dielectric layers intereon- 
nected with microvias. The dielectric layers 
are sequentially laminated on FR-4 or other 
Convention al cores to make up the mixed Sig­
nal multilayer PCB. One dielectric that has 
been proven in the industry as a high speed 
prepreg is now seeing significant growth in 
IIDI applications. Speedboard® C prepreg is 

„ „ , _ being used as a low loss HDI dielectric that
tig. 1 bpeeaboara C °  . . r r
prepreg with FR-4 core. ▼ improves the performance of

these controlled impedance, 
high speed digital, RF and mi­
crowave PCBs by making them 
thinner, lighter and faster. The 
product is com prised of ex- 
panded polytetrafluoroethylene 
(ePTFE) that has been impreg- 
nated with a modified BT resin. 
The air space inside the ePTFE 
is replaced with resin and the 
ePTFE m em brane becomes

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

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

MATERIAL PROPERTIES
Speedboard C material features a low di­

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

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

[Coniinued on page 145]

W.L. G o re  & Associates I n c .
Newark, DE
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0 i8 to 6 .7 G H z  J 5 ? S ,
•low conversion loss ‘thin profil e • superb temperature stability •lowcost

Unleash extra performance from your higher frequency designs by 
upgrading now to Mini-Circuits level 0 to level 17 (LO) Blue Cell™ mixers. 
State-of-the-art automated manufacturing using multilayer thick film 
ceramic construction delivers superb temperature stability, low 
conversion loss, high repeatability, and very low  oost per unit. This 
process also results in a phenom enally th in package standing only 
0.070” high! Scoop the com petition and upgrade to  the next level 
of perform ance in your higher frequency p ro du c ts ...con tac t 
M in i-C ircuits fo r Blue Cell™ m ixers today.

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

Protected by US. patents 5,534,830 5,640,132 5.640,134 5.640,699

CP Mini-Circuits
)003 (718) 934-4500 Fax (718) 332-4661 For quick access to product informati

u s #  nn.st? ;
CIRCLE READER SERVICE CARD 

! MINI-CIRCUITS CATALOG & WEB SITE 
v. minicircuits.com



>ur design software so complex 
tech support can't figure it out?

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

Microwave
im port existing Agilent EEsof Series 

IV o r ADS designs, so you won t  lose all the valuable data 
that you worked so hard to  create. For more Information, 
visit www.mwoffice.com or call us at 310-726-3000.

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

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


PRODUCT FEATURE

TABLE I
SPEEDBOARD C PROPERTIES

Dielectric onstant* (1 MHz to 10 GHz) 2.6

Loss tangei t° (1 MHz to 10 GHz) 0.0036

Dielectric trength (V/mil) >1000

Glass trans tion temperature (°C) 220

CTF, (X, Y, Z) (-55 to 125°C) (ppm/°C) 58

Thermal cc ïductivity (W/m°C! 0.29

Flannnabil ULVO

Outgassing NASA approved

Presset! thickness (pm) 38,56,86

Resin conti ut (%) 70

“Stable ovc temperature range 20° to 200°C

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

THE LAMINATION PROCESS
The Standard hydraulic Iamination 

recom inended for cyanate resin Sys­

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

J k  Fig. 2 Speedboard C (shoivn white) 
with a 2 mil laser drilled blind via.

Speedboard prepregs are excellent 
materials for via processing in HDI- 
type PCBs, as shown in Figure 2. 
Reliable laser microvias as small as 25 
lim (1 mil) have been drilled using 
harmonie YAG, C 0 2 and excimer 
lasers. The thin, uniform, all organic 
nature of the prepreg allows for rapid 
and clean lasing of vias. No plasma 
treatment of the via is necessary prior 
to copper metallization. Ilowever, if 
meehanical holes are drilled, plasma 
or sodiiim etching is recommended 
for those holes.

[Continued on page 146]

CONDOR SYSTEMS
A N T E N N A S

E VERYWHERE YOU 
WANT TO GO

SPACE
Launch Vehicle to Satellite

AIRCRAFT 
Helicopter to Super Sonic

LANDBASED
Quick Reaction Mobile to Large Fixed Site 

SHIP
Fast Patrol Boat to Aircraft Carrier

SUBSURFACE 
Submarine to Deep Submersible

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

http://www.condorsys.com
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PERFORMANCE BENEFITS
Several distinct performance ben- 

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

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

CONCLUSION
Mixed dielectrics are becoming 

populär in today’s microwave and 
high speed digital PCBs. The use of 
Speedboard C prepreg, whether as a 
prepreg or an outerlayer II D l dielec­
tric, for critical signal routing while 
using low cost FR-4 for non-critical 
layers in multilayer PCBs provides a 
good solution for these applications. 
Additional information may be ob- 
tained from the Companys Web site 
at www.gore.com.

W.L. Gore & Associates Ine., 
Newark, DE (800) 445-4673.

Circle No. 302

W hat can  you  find at 
http://www.mwjoumal.com? 
FREE On-Line Manufacturer's 
Product Directory. Use this 
i nvaluable reference source for 

■ Iocating Companies, their products 
and services. Is your Company 

in the directory?

http://www.gore.com
http://www.mwjoumal.com


www.us.anritsu.com
1-800-ANRITSU

Technology 
So Far Advanced, 

You May Need 
A LittleH elp  

FindingAnything 
Close.

Anritsu’s Lightning VNAs:
The Next Generation.
Go ahead, look around out there. 
You’ll be hard pressed to find anything 
like Anritsu’s “C” Series WAs. 
Covering 40 MHz to 65 GHz, their 
technology is simply unmatched 
anywhere in the VNA universe.

Featuring sleek, single-unit, 
bench-top designs. A faster power 
sweep that accelerates distortion and 
gain compression measurements. 
Plus, an internally controlled AutoCal 
system designed to simplify instru­
ment setup, speed calibration and 
enhance measurement accuracy. All 
backed with a no-questions-asked, 
3-yearwarranty.

For a closer look at the new 
Lightning “C” Series, including our 
new 50 GHz and 65 GHz units, call 
1 -800-ANRITSU or check out our 
website at www.us.anritsu.com.

Anritsu’s New VNAs.
Light years ahead.

linkinjf'̂ Vy 
\Vbritl / /  
% ) '/

Lightning V ector N etw ork Analyzers
©2000 Anritsu Company Sales Offices: United States and Canada, 1-800-ANRITSU, Eur 
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://*

Dpe 44(01582)433200,

/Inritsu

pranr» ^pwvirr riim

http://www.us.anritsu.com
http://www.us.anritsu.com
http://*


WEB UPDATE

•  RF and Microwave 
Components

This Web site offers a broad range of cate- 
gories from which to browse: Einployment 
Opportunities, Block Diagrams and Associated 
Productions, Parametric Search Capability, 
New Information, Application Notes, Product 
Data Sheets and View by Market. The site will 
be continually updated, adding technical mar­
ket data and application notes du ring the next 
phase of site cónstruction.
Alpha Industries Ine.,
20 Sylvan Rd., W obum , MA 01801

www.alphaind.com

•  Antenna Products
and Services

This Web site contains Information on EMC 
products, digital Communications, RF and 
antenna Systems, HF products, GSA prod­
ucts and antenna accessories. In addition, 
new press releases, literature requests, prod­
uct inquirics/spocifications, tradeshow Infor­
mation and employinent opportunities are 
featured.
Antenna Research Associates (ARA). 
11317 Frede riek Ave.,
Beltsville. MD 20705

www.ara-inc.com

«5

M m
iü  :wa.
H r

0  Digital Broadband Test
This Web site spedalizes in test and mea- 
suremeut cquipment offering state-of-the- 
art broadband, dcep memoiy signal genera- 
tion and analysis. Instrumentation is provid- 
ed to the w ireless, spacc and defense 
markets.
Celerity Systems,
an I-r3 Communications Company
10411 Bubb Rd., Cupertino, CA 95014

www.csidaq.com

O 3-D EM Simulation Software
This Web site details software products for 
the Simulation of’ 3-D EM fields in the time 
domain. The Companys simulators use the 
proprietary PBA and FI methods and spe- 
cialize in accurate Simulation of high fre­
quency problems on a PC in a Windows- 
based environment.
CST o f America Ine.,
123 Mount A ubum  St., Suite 200X, 
Cambridge, MA 02138

www.cst-america.com

148

#  Cost-effective
RF and Microwave Products

Visit this Web site to leam more about this 
leader in the design and manufacture of 
cost-effective RF and microwave cable as- 
semblies, delav lines and hamesses for die 
wireless, commercial Communications and 
military defense markets. Get Information 
on die Companys state-of-the-art mauufac- 
turing facilidcs, product reliability and Cus­
tomer satisfaction.
Dynawave Ine.,
135 Ward Hill, HaverhiU, MA 01835

www.dynawave.com
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Application Profile

How Do I Make Bluetooth Wireless Products Small and Inexpensive??
Use the Integrated ASIC LTCC Modules from National Semiconductor 

Using DuPont Green Tape and Fine-Line Technology.

An integrated ASIC? 
Inexpensive??

Teil me more!!!

National Semiconductor 
leads the way in Bluetooth,
Cell Phone and other wireless 
applications in applying 
LTCC to integrated wireless 
modules. National's latest 
advances in LTCC 
manufacturing technology, 
combined with DuPont’s 
advances in Green Tape ",
Fodel" Composilions and thick 
film conductor materials, have 
established a new low-cost 
Standard for wireless modules.

LOW-COST LTCC

LTCC is the least expensive 
alternative for your RF wireless 
design. Consider that the LTCC 
raw material is inorganic (earth 
oxides) versus the alternatives — 
organic (oil). Also, the process 
is scalable in panel size as the 
manufacturing volume increases, 
therebv drastically reducing cost 
per square inch.

LTCC has the highest passive 
integration capability of any 
active/passive component 
board-level system. More passive 
components in the LTCC and 
not on top of the module, 
resulting in less space utilized 
and the lowest system cost 
solution.

THE INTEGRATED ASIC

With the capability of DuPont’s 
Fodel’ fine-line technology, 
active components can be flip- 
chip mounted to the LTCC 
module. The high frequency 
characteristics of the entire 
vertical struclure can be modeled, 
and performance optimized. Also, 
results have shown higher- 
yielding DC interconnects, 
improved Q on edge-coupled, 
edge-sensitive structures, and 
more consistent electromagnetic 
results in RF structures. The 
resultant module performance is 
optimized, space minimizcd, and 
the resultant cost 25% to 50% 
below competing technologies.

LTCC has come to lead the 
wireless revolution, and offers 
the lowest-cost, smallest-size,

and highest-performance solution 
to your wireless design. National’s 
LTCC foundry technology offers 
you the fastest design-to-volume 
format. Proto cycle times in less 
than seven days, flexible manu­
facturing lines accommodating 
design and capacity changes 
without delivery interruption, 
30-day ramp to volume — all this 
plus complete assembly and test 
services that support the füll line 
of DuPont Green Tape“ products.

National: Doing «hat we do 
best —  prototype tums in 7 days; 
state-of-the-art technology; and 
low-cost/high-volumc QS9000 
manufacturing.

For more information. 
call National at 

(949) 380-2054 or visit the 
National LTCC website at 

http://www.national.com/ltcc.

N a tio n a l
S e m i c o n d u c t o r *

€ P ®
G R E E N  TA P E ™  FODEL® B IR O X ®  D IF F U S IO N  P A T T E R N IN G ™  L U X P R IN T ®

CIRCLE 30 ON READER SERVICE CARD

http://www.national.com/ltcc


WEB UPDATE

9  RF to Millimeter-wave
Integrated Circuits

This Web site indudes the füll line of Stan­
dard product data sheets in .pdf format, S- 
paramcters of selected products, a mixer 
spur chart calculator, as weil as application 
uotes and other topics of interest. Over 100 
MMIC die, ceramic packaged die and plastic 
packaged die products are featured covering 
DC to 40 GHz.
H ittite Microwave Corp.,
12 E lizabeth Dr., Chelmsford, MA 01824

www.hittite.com

#  Waveguide Components
and Subassemblies

Visit this Web site to discover how the Com­
pany became the largest independent pro­
ducer of waveguide components and sub­
assemblies in the microwave industry. In ad- 
dition, learn more about waveguide bends 
and tw ists, d irectional couplcrs and 
monopulse comparators, rotary joints, mi- 
crowave filters, rotary switches, and wave­
guide shutters and waveguide pressure Win­
dows.
MDL Ine.,
135 Crescent Rood,
Needham Heights, MA 02404

W W W .
micro-dev-labs.com

•  DDS and Communication
Subsystems Products

This redesigned Web site features Informa­
tion on a new, innovative synthesizer that has 
been added to the Companys growing line of 
DDS and Communication subsystems prod­
ucts. The MS-2000 is a high performance, 
dual channel synthesizer designed for the 
wireless market. This Ku-band excitcr fea­
tures low phase noise and spurious, and is 
ideal for LMDS Systems.
ITT  Microwave Systems,
59 Technology Dr., Lowell, MA 01851

www.ittmicrowave.com

9  Precision Microwave
Instruments and Components

This Web site showcases a product line of 
over 4000 microwave Instruments and com­
ponents, including the Maury/PAF Active 
Load Pull Svstem, Automatcd Timer Systems 
(ATS) and Windows-compatible system soft­
ware. Product infonnation and technical data 
is found throughout the site. A large library of 
downloadable (.pdf) application notes and 
frequenth' asked questions (FAQs) are among 
the most populär site areas.
M aury Microwave Corp.,
2900 Inland Empire Blvd.,
Ontario, CA 91764

www.maurymw.com

W W W .
phasedetectors.com

•  Sampling Phase Detectors
This new Web site was launched to comple­
ment the Companys main Web site. The site 
allows designers to review data, outline 
drawings and electrical specs on sampling 
phase detectors, a series of resin encapsulat- 
ed products ideal for phase lock VCO and 
DRO designs.
MicroMetrics Ine.,
136 Harvey Rd., Building C. 
Ixmdonderry, NH 03053

www.mdc-inc.net

#  Custom Microwave 
Components

This Web site includes information on the 
Companys waveguide products and capabili- 
ties. including filters, diplexers, circulators, 
Gunn oseillators, double-ridge components 
and comparators, as well as custom applica­
tions and Standard product infonnation. De- 
scriptions and photograplis are displayed for 
manufacturing proecsses, design capabilities 
and test facilities.
Microwave Development 
Company Ine. (MDC),
41 Northwestern Dr., Salem, NH  03079
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patience w ith an instrum ent on your 

bench because it's too slow ? W hy not try our 

new  Vector N etw ork Analyzer Z V M , with  

m easurem ent times dow n to 500 p s  per point 

or a dynam ic range of more than 130 dB. 

A fter all, it performs m easurem ents on any 

kind of frequency-converting deviees like syn­

thesizers, mixers and receivers 

at little effort. lts versatile han- 

dling of sw e pt harm onies, 

interm odulation and spurious 

m easurem ents  on am plifiers

and mixers will am aze even the seasoned  

professional.

Thanks to spec ia l calibration techniques for 

w afers and test fixtures, together with de- 

em bedding functions, Z V M  offers undream ed  

of advantages in design and production of 

am plifiers and filters. Highlight m inimum  cost 

and m aximum precision in the 

w ay you develop and produce  

your com ponents and System s -  

try Z V M .

Ju st ask for füll details.

< ^ >

ROHDE&SCHWARZ D iscover m ore: www.rohde-schwarz.com

http://www.rohde-schwarz.com


WEB UPDATE

•  Electronicaliy Scanning
Antennas

This Weh site features new infonnation on the 
recently debuted DRWiN™ (Dynainically Re- 
configurable Wireless Networks) antenna, the 
first commercially available, electronicaliy 
scanning antenna. These revolutionary anten­
nas cnahle increased capacity and data ratos 
for wireless networks. Electronicaliy Tu nable 
RF components are also featured.
Paratek Micfowave Ine.,
6935N Oaldand MMs Rd.,
Columbia, MD 2104.5

www.paratek.com

•  High Frequency Laminates
This Web site provides infonnation about 
high frequency laminates for RF and mi­
crowave applications such as cellular and 
PCS basestations, power amplifiers, low 
noise blocks for direct broadcast Systems, 
patcli antennas and high perfonnance, high 
speed digital circuits.
Rogers Corp.,
Microwave Material# Division.
100 S. Roosevelt Ave.,
Chandler, A l  85226

www.rogers-corp. 
com/ mwu/index. htm

•  High Reliability Coaxial BNC
Connectors

This Web site features the Companys line of 
RF coaxial, triaxiaJ and twinaxial intercon- 
nect products, cross-connects, patch panels, 
cable assemblies and related t<x>ls. It offers 
electronic commerce capabilities such as on­
line quotations and direct order placement, 
as well as product line drawings, specifica- 
tions and pricing.
Trompeter Electronics,
31186 La Baija Drive,
Westlake Village, CA 91362____________

www.trompeter.com

DESIGNERS AND MANUFACTURERS OF HI-REL 
MICROWAVE COMPONENTS AND ASSEMBLIES

4 Powder Horn Drive, Warren, NJ 07059-5105 
Tel: 732.560.3800 Fax: 732.560.9570 

http://www.astrolab.com Email: sales@astrolab.com

I  Call for Book and Software Authors

You can enhance your professional prestige and eam 
substantial royalties by writing a  book or a software 
package. W ith  over 400 titles in print, Artech H ouse is a 
leading publisher o f  professional-level books in microwave, 
radar, and telecommunications. We are seeking to  publish 
new microwave engineering b o o b  and software in such areas 
as wireless Communications, microwave and RF device 
design, advanced radar and antenna design, semiconductors, 
electromagnetic analysis, and more.

We are currently seeking potential authors among engineers 
and managers w ho feel they can make a contribution to 
the literature in their areas o f  expertise. I f  you have 
published technical papers, conducted professional seminars, 
or solved im portant real-world problems, you are an 
excellent candidate for authorship.

We invite you to  submit your manuscript o r software 
proposal for review. For a complete publications catalogue 
and A uthors Questionnaire please contact

Dr Julie Lancashire 
A r te c h  H o u se  B o oks
46 Gillingham Street 
London SW1V 1 AH UK 
Tel: +44 (0)20 7596 8750 
j lancashire @ artechhouse.co.uk

0H Artech House Books . <,,,<>« . . „ .o i

http://www.paratek.com
http://www.rogers-corp
http://www.trompeter.com
http://www.astrolab.com
mailto:sales@astrolab.com


SLS SERIES

Frequency

Frequency step size
Up to half octave

Switching speed

Output power Variation

Harmonies
Phase noise

Internal or externalReference 

External reference 
Frequency 
Input power

Frequency control 
DC power requirement

Operating temperature

SPECIFICATIONS

WARRANTY

Acquire time depends on step size (low as 25 ps).

SYNTHESIZERS
• Operating Bands 

From 1 - 1 5  GHz
• Ideal for Wireless 

Applications

• 1 2  volt Operation
Optimized Banduvidth/Tumng 
Speed Combination

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

RnV

www.miteq.com

For 
additional 

Inform ation, 
p le a se  c o n ta c t  

Stan  Eisenmesser a t  
(631 ) 439 -9152  o r  

s e is e n m e s s e r @ m ite q .c o m

W I I T E q
1 0 0  Davids Drive  

Hauppauge, IMY 1 1 7 8 8  
TEL.: (6 3 1 )  4 3 6 -7 4 0 0  

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

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


COMPONENTS
■ Surface-mount Voltage 

Variable Attenuator
The model AV850M2-A2 18 to 40 GHz broad­
band millinicter-wave voltage variable attenua- 

to r (WA) offers 
.33 dB attenuation 
rangt; and low in­
sertion loss It is 
designed for use

wave communica-

■-Systems as a vari­
able attenuation 

stage in the rcceivcr or transmitter ehain when 
wide dynamic range and high linearity are re­
quired. In addition, the attenuator is ideal for 
high volume millimeter-wave applications sueh 
as point-to-point and point-to-multipoint wire­
less Communications Systems. The mggcl, ro- 
bust packaging provides excellent electrical 
performance and a high degree of environ­
mental protection for long-tcrrn reliability. 
Price: $14.13 (10,000).
Alpha Industries Inc.,
Woburn, MA (781) 935-5150.

Circle No. 216

■  Solid State Transfer Switch
The model SWN-218-TRA Optious 160M, 
LVT10MV, PAM solid state transfer switch 

works from DC to 
-■ ■  > (.»!.' ’iO h  . . 

4
pvA] sertion loss

W B ,  < 0.8 dB at 40
C I  M 11/ and 1 5

j dB at 3 GHz.
Switching sm-.-d

~“. l ü L .~ i ü ü n B  "  11 " 'MX i"'1
■  : l<> OFF.

Video transient is 
< 37 mV7 peak to peak at .300 MHz and < 5 mV 
peak to peak at 20 MHz. Isolation Ls > 70 dB at 
40 MHz and > 40 dB at 3 GIIz. Phase and am­
plitude are matched to within ±0.1 dB and ±4° 
respectively, between port to port from 40 
Milz to 3 GHz. SWR is 1.6 (typ), power supply 
is -5  V DC at 2.6 mA, with other supply volt­
ages available. Wcight: 2.5 oz. Size: 1.50" x 
1.50" x 0.75"
American Microwave Corp.,
Frederick, MD (301) 662-4700.

Circle No. 217

■  Low Loss Porcelain
RF/Microwave Capacitors

The AQ series of low loss porcelain capacitors 
is designed for RF/microwave applications 

ranging from I0 
MHz to 4.2 GIIz, 
and includes an 
0603 size chip for

are characterized by a fine grain, high density, 
high purity dielectric material, which is imper- 
vious to moisturc and features internal palladi­

um electrodes. The AQ series is ideal for appli- 
eations in the microwave range requiring high 
current carrying capabilities, low ESR, high se­
ries resonanee and stability under the stress of 
ehanging voltage, frequency and temperature. 
They feature capacitance values from 0.1 to 
5100 pF, rated voltage Ls from 50 to .500 V DC, 
with a tem pera ture  coëfficiënt of 90 ±20 
ppm/°C or 0 ±30 ppm/°C. Operating tempera­
ture is -55° to +125°C.
AVX Corp.,
Mtjrtle Beach, SC (843) 946-0414.

Circle No. 218

■ High Power Coupler

The model 100-AC-FFN-20 100 W coupler 
features a frequency range of 800 to  2500 
MHz, coupling at 20dB and 20 dB (min) di- 
rectivity making it ideal for cellular and PCS 
applications. Insertion loss of 0.25 dB (cxclud- 
ing power coupler) and 0.3 dB thruline. SWR 
is 1.15 (max) for the primary and secondary 
line, wliile frequency scnsilivity is ±1.0 dB 
(max), and refleeted power depends on the cx- 
temal load used. The operating temperature is 
up to 105°C. Weight: approximately 8 oz. 
Price: S175 (1 to 10). Delivery: four weeks 
(ARO).
Bird Components Products (BCP),
Largo, FL (727) 547-8826.

Circle No. 219

■ Six-way Broadband Wilkinson 
Power Divider/Combiner

The model P6W-10-1 six-way broadband 
nbiner was specifi- 
cally developed to 
rneet industry de- 
lnands for greater 
perform ance in 
the Companys in­
tegrated assem- 
blics. The device 
offers a multi-oc- 
tave bandwidth 
and high reliabili­
ty to meet strin­
gent requirements 

for test equipment. It is designed to cover pre­
sent and future wireless frequency ranges, offers 
excellent RF performance and has veiy low IM 
proporties (-100 dBc). It operates over a 0.8 to 
4.0 GHz frequency range, with insertion loss of 
1.45 dB (max). isolation of 18 dB (typ) and am­
plitude balance of 0.5 dB (max).
Dow-Key Microwave Corp.,
Ventura, CA (805) 650-0260.

Circle No. 221
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■  High Responsivity

10 Gbps Optical Receiver
The model R402HR low noise PIN+T1A opti­
cal receiver lias a conversion gain of 475 WW 
(at 1550 nm). This fiberroptic pigtailed compo­
nent serves the  Standard OC-192/STM 64 
telecommunications market with sensitivity of 
-20 dBm and bandwidth of 30 kHz to 8 GHz. 
Featuring low ripplc, low group dclay and low 
electrical return loss, the de vice provides de­
signers of telecommunications Systems with 
the signal level needed for driving filter, AGC 
or limiting amplifier stages. With a circuit 
board footprint of 13 x  18 mm, it saves consid- 
erable space over discrete photodiode and am­
plifier models.
Discovery Semiconductors Inc.,
Princetoii Junction, NJ (609) 275-0011.

Circle No. 220

■  High Performance 
Coaxial Cable

The model RG393 1MAX high performance 
coaxial cable has a stranded silver-plated copper 
center conductor, solid PTFE dielectric, two 
silver plated copper braids and an FEP jacket. 
The cable is manufactured with great consider- 
ation given to performance over the intermedi- 
ate frequenties from 400 MHz to 3 GHz. It is 
swept for SWR with improved performance 
and attenuation is lower than maximum levels 
allowed in the MIL-C-17 speeification. 
H arbour Industries,
Shelbum e, VT (802) 985-3311.

Circle No. 222

■ Wire Matrix
The model 10046 wire matrix operates over the

control programming. It has solid state contacts 
and features RS-232C and IEEE-468 inter­
faces. Typical switching applications include RS- 
232C serial data lines, IEEE-4888 parallel data 
lines, modem to computer data lines, twisted 
pair for Kelvin measurements in ATE, audio in­
tercom switching and computer to peripheral 
switching. Size-: 8.75" x 19.00" x 17.00"
Matrix Systems Corp.,
Calabasas, CA (818) 222-2301.

Circle No. 224

■ Unequal Power Splitter
The model DC-54FN unequal way power Split­
ter is designed to split a Signal Imtween two Out­
puts in a 4:1 ratio, covering all frequenties from 
800 to 2200 MHz. ln addition, unlike direction­
al couplers and capacitivcly coupled deviees, it 
also provides DC continuity to both Outputs. 
This allows the powering of remote amplifiers

[Continued on page 156]
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PRODUCTS
tennas and Leaky-Line, where low loss and 
complete reliability are essential. An input SWR 
of less than 1.25, passive intermodulatioii below 
-140 dBc and insertion loss below 0.1 dB will 
appeal to system designers trying to meet tough 
performance criteria. When eompared to most 
conventional power dividers, the DG-54FN is 
more ruggedly constructed, has no resistors to 
bum out and reflects less power back to the 
transmitter. The shape allows simple attaehment 
to pole or wall using the clip provided, and the

NEW
hex-style N connectors allow consistent tightcn- 
ing to a specified torque.
Microlab/FXR,
Livingston, NJ (973) 992-7700.

Circle No. 267

■  Low Cost Termination
The model 50T-19 covers a frequency range of 
DC to 2000 M ilz and has a SWR of 1.2 (min). 
This unit will handle 1 W (average) power at 
25°C and 1000 W peak. The operating temper- 
ature range is -20° to +100°C. It is availablc 
with BNC male RF connectors.
JFW Industries Inc.,
Indianapolis, Indiana (877) 887-4539 
or (317) 887-1340.

Circle No. 223

■  High Power Two-way Splitter

The model 3151 low cost, type-N directional 
coupler for PCS and cellular applications of fers 
high directivity and extremely low intermodu- 
lation. It is availablc in 10, 20 and 30 dB cou- 
pling valnes and offers exeeptionally low inser­
tion lass. Price: $89. Delivery: stock'.
Narda,
an L-3 Communications Company, 
Hauppauge, NY, (631) 231-1700.

Circle No. 226

■ Adaptive Differential Pulse 
Code Modulation Codec

The model ML7029 single-rail adaptive differ­
ential pulse code modulation (ADPCM) codec 
is designed to serve high volume, eordless 
phone and wireless local loop handset applica­
tions. It is a good fit for this market segment as 
it allows design engineers to partition for opti­
mal cost without sacrificing value-added func- 
tionality while maximizing battery life. The 
ML7029 operates from a 3 V power supplv, 
complies with 1TU-T G.711 and G. 726 with 
parametrically specified enhanced frequency 
sampling ratcs of 16 and 21 kHz. The codec is 
available in a 30-pin plastic SSOP with tight 
0.65 mm pin pitch. Price: S2.S0 (100,000).
Oki Semiconductor,
Sunnyvale, CA (408) 737-6347.

Circle No. 227

[Continued on page 158]

The model ZAPD-20 10 W power Splitter is 
designed to split a signal two ways with 0° in 
the 700 to 2000 MHz frequency ränge. Band 
wade, insertion loss is very low, 0.3 dB (typ, 
above 3 dB) and isolation is excellent at 30 dB 
(typ), while maximum amplitude and phase un- 
balance is 0.4 dB and 3° respectively. This 
50 ß  coaxial unit is housed in a tough mctal 
case cqiiipped with SMA-female connectors. 
Price: $59.95 (1 to 9).
Mini-Circuits,
Brooklyn, NY (718) 934-4500.

Circle No. 225

■  Low Cost, Type-N 
Directional Coupler
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PRODUCTS
■ Band Reject Filter

NEW
plies and other filtering requircmcnts. Price: 
$1.43 (5000, for models with inductance values 
up to 470 pH), $1.53 (5000, for higher induc­
tance values). Delivery: 10 to 12 weeks. 
Sprague-Goodman Electronics Inc., 
Westbury, N Y  (516) 334-8700.

Circle No. 230

The model MR143DD multi-octave band re­
ject filter consists of eight stages covering the 
frequency range of 2 to 8 GHz. At 2 GIIz, the 
30 dB rejection bandwidth is 9 MHz, at 5 GHz 
the 50 dB rejection bandwidth is 20 MHz and 
at 8 GHz the 60 dB rejection bandwidth is 30 
MHz. The out of band insertion loss is 1.5 dB 
(typ) and the tuning sensitivity is 24 MIIz/mA 
(typ). The unit is integrated with a 12 bit digi­
tal driver to tune the full frequency range. The 
operating temperature is -54° to +85°C and 
the filter is built to MIL-E-5400 specifications. 
Size: 1.7" x 1.7" x 1.7'!
Omniyig Inc.,
Santa Clara, CA (408) 988-0843.

Circle No. 228

■ Specialized Interface 
Adapters and Connectors

This line of specialized interface adapters and 
in response to re­
quirem ents of 
FCC Part 15.203 
and comp ly in 
th rce  ways: re- 
verse polarity, or 
gender; reverse, 
or le ft-handed 
threads; and the 

Unified Standard 
threads. The RT-1227, TNC Male to TNC be­
male right-angle adapter, is one of these coin- 
pliant parts. It features left-hand, or reversed, 
threads at botli ends; nickel-plated body; gold- 
plated contact and pin; and Teflon industries. 
RF Connectors, a division o f RF Industries, 
San Diego, CA (800) 233-1728 
or (858) 549-6340.

Circle No. 229

■  Surface-mount Toroidal-core 
Compensated Chokes

The military filter and input attenuator module 
(M-FIAM) is a modular, DC input front-end 
providing transient protection, inrush current 
limiting and EMI filtering in a single, minia­
ture package. The M-FIAM enablcs designers 
to meet the conducted emissions requirements 
of MIL-STD-461E, the transient requirements 
of MIL-STD-704E and the environmental test 
requirements of MIL-STD-810. It also pro- 
tects system hardw’are from potentially damag- 
ing effects of inrush current. The M-FIAM ae- 
cepts an input voltage of 180 to 375 V DC, and 
delivers output current up to 3 A. Size: 2.28" x 
2,20" x 0.54". Price: $105 (100).
Vicor Corp., Andover, MA (800) 735-6200.

Circle No. 232

■ Directional Coupler
The model CPL/17BE-08S7 directional cou- 

can be used to monitor or match power, 
establish branch 
signals, feedback

pling. The device 
has good phase 
Inversion with re­
spect to input and 
low insertion loss 
at 1.0 dB (max). 

In addition, the coupler has directivity of 12 
dB (min) at 4 to 740 MHz and 8 dB at 750 to 
1000 MHz, return loss of 16 dB (min), imped- 
ance of 75 Q, and a coupling fiatness above 8.2 
dB. Size: 0.30" X 0.31"
TRAK Microwave Corp.,
Tampa, FL (813) 901-7200.

Circle No. 231

■  Military Filter and Input 
Attenuator Module

These surtace-inormt toroidal ccm- tr.msfonn- 
; come in a pick-and-placeable liquid ( rvstal 

•r plastic

ab Je for reflow 
and vapor phase 
soldering, and are 
supplkxl on earri- 
er-and-reel. The 

series is characterized as current compensated 
chokes with inductance values fron.' I I to 4700 
pH, but RF or pulse transformer models can
be provided. The chokes operate from ^ 0 °  to 
125°C, and are well suited for applications 
such as EMI isolation in switching power sup-

■ Miniature Diplexer
The model W2446D miniature IM D free 
diplexer has two Standard +43 dBm input test 
signals and produces < -100 dBm of IMD Sig­
nals. It offers 60 MHz DCS/UMT bandwidth 
and insertion loss is 1 dB. Return loss is better 
than -17 dB and Tx-to-Rx isolation is > 65 dB. 
Type-N connectors are Standard, but SMA 
connectors are optional for low power applica­
tions. The operating temperature is from -40° 
to +70°C. Size: 1.0" x 2.0" x 5.0'!
Wireless Technologies Corp.,
Springdale, AR (501) 750-1046.

Circle No. 233

AMPLIFIERS
■  IPTelephony

Reverse Path Amplifier
The model ARA3000 reverse path amplifier is 
targeted specifically for residential gateway and 
IP telephony applications, and compeifsates for 
noisy reverse paths that can plague typical ca­
ble Systems and allows cable operators to re- 
motoly diagnose and isolate noise ingress Prob­
lems. It is also capable of amplifying Signal lev- 
els from the house insuring highly reliable 
upstream data transmission, even over a lossy 
cable system. Price; $7.75 (1000).
ANADIG1CS Inc.,
Warren, NJ (908) 668-5000.

Circle No. 234

■ Driver Amplifier
The model CMM3020-BD increased data rate, 
30 GHz, driver amplifier is designed for exter­

nal fiber-optic 
modulators tar- 

VgetiT.g higher 
bandwidth appli­
cations and data 
rates greater than 
13 Gbps. Tt gives 

fiber-optic system designers a unique combina- 
tion of wideband frequency coverage along 
with an improved eye diagram, flat response 
and very low internal jitter. I t  is a precision 
PHEMT GaAs MMIC, medium power, +23 
dBm amplifier and operates from 30 kHz to 30 
GIIz with a linear 10 dB gain response. Low 
internal jitter rnakes it especially well suited for 
high speed digital data applications. Output 
voltage is 7.5 V (typ) peak-to-peak.
Celeritek Inc.,
Santa Clara, CA (408) 986-5060.

Circle No. 235

■ 500 W VHF Radio Booster
The model BHE27157-500 VHF radio booster 
operates over the 20 to 150 MIIz frequency 

range with 500 W 
(min) o f outpu t 
power. This rug- 
gedized pow er 
amplifier is pow- 
ered from vehicu- 
lar 22 to 32 V DC 
pow er and can 

operate over the -20° to +55°C temperature 
range with 100 percent condensing humidity. 
Output power is mcasured and controlled re- 
motely, as are the AM and FM automatic level 
Controls. Weight: 150 Ib. Size: 12.25" x 19.00" 
x 26.00".
Comtech PST,
M elville,NY (631) 777-8877.

Circle No. 236

■  Tri-band Power Amplifiers
This family of global Standard for mobile Com­
munications (GSM) power amplifiers (PA) are 
designed to enable mobile phones that can lx; 
used around the world. They operate in the 
900, 1800 and 1900 MHz bands, providing a 
singulär solution for all networks using GSM. 
Also, the PAs process twice as much infonna­
tion as traditional GSM PAs to support emerg- 
ing data services, such as Internet browsing, 
online shopping, video messaging and other in-

[Continued on page 160]
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PRODUCTS
teractive high bandwidth applications. Size: 9" 
x 11’! Price: $4.85 (10,000).
Conexant Systems Inc.,
Newport Beuch, CA (800) 854-8099.

Circle No. 237

ANTENNAS

NEW
transmission line filters and type-N connector 
ports. This advancod interface unit offers the 
user the capability of providing multiple ser­
vices including all municipal operations on a 
single antenna system with the ability to add 
bands as their system grows. The DAI features 
a maintenance friendly modular constrüction 
in a rugged, field proven NEMA-4 environ­
mental enclosurc, roquires no AC power and 
supports power levels up to 50 W per band. 
The operating temperature is -30° to 60°C. 
Weight: 120 lb. Size: 36" x 30" x 12'! 
Aerocomm,
Englewood Cliffs, NJ (201) 227-0066.

Circle No. 238

■ Distribution Antenna Interface

The model 502S9-DAI distribution antenna in-
tcrfacc i,s des igned tor frequent;y bands from
FM broEideast: (88 to 108 MHz) to PCS (1800
to 2000 MH:z). Thi rfaec enables
multiple com:municatiön device;; for radiating

The DAI is 100 pcrceiit passive, luis

Need Switching?
■  SYSTEMS ■  MODULES

■  MATRICES ■  COAXIAL ■  AUDIO

■  DIGITAL ■  SOLID STATE

■  HARD CONTACT

Matrix Systems' 
Model 10693 32x32 
RF Matrix

■ T- M A T R I X
SYSTEMS CORPORATION
Calabasas. CA 9Ï3Q2

3  F R E E  C A TA LO
R h on e  (818)  222-2301 o r  
FA X Ï 818)  222-2304, o r i

G

E-Mail: tecfi@ m atrix system s.c om

We Specialize In Specials

■ Dynamica!ly Reconfigurable 
Wireless Networks 
Family of Antennas

The DRWiN™ family of antennas for the wire­
less Communications markets includes the first
commercially a\'ailable electronically scanning
ante:ima. This u:nique antenna, withi the ability'
to be reconfigiired from a very tjroad 120°
bearn to a narro'w 2° beam that can be scanned
acro:ss the full st:etor, enables dramtïtic increas-
es in, netwerk capacitv, reliability and noise dis-
crimination. Tilti DRWiN antennas focus aU of
theii■ power intc> a smaller volume directed at.
the :selected suliseriber to prtmde .higher data
rates greater th roughput or longer
bearii can then l.e refocused on eacli subscriber
requiring service in any random st;quence. It

iltemately r evert bat:k to broad coverage to
acquire subscrihers requesting new:service. An-
othei- benefit t:if the family is tinït multiple
bearns mav be <iperated independtïntly at the
samt- fioquency within the same sec1:or.
Paratek Microwave Inc., 
Columbia , MD (443) 259-0140.

Circle No. 239

DEVICE
■  GaAs PHEMT
The model MRFC35010 unmatched, 3,5 GHz, 
10 W, 12 V7, GaAs discrete transistor is designed 
for broadband wireless access infrastrueture 
applications in the S-band frequency range. It 
is available in a bolt-down, non-hermetic pack­
age suitablc for use as a driver stage in a broad­
band wireless local loop basestation amplifier. 
Non-hermetic packaging is utili/.ed for cost 
savings, and the use of a non-hermetic package 
has been validated by performing a highly ac- 
celerated stress and temperature test on bare 
GaAs die under normal operating voltages. 
Price: $75.
Motorola SPS Inc.,
Tempe, AZ (480) 413-5383.

Circle No. 240

INTEGRATED
CIRCUITS
■ 3GPP Solution
The model MSS608A is a single instrument 
that combines a transmitter tester, power me­
ter and spectrum analyzer for the analvsis of 
3GPP WCDMA signals. With the ability to 
perform modulation analysis, and measure

code domain power, transmit power, adjaeent 
channel power, occupied bandwidth and spuri- 
ous emissions, the unit is designed for measur- 
ing bascstations and mobile and basestation 
amplifiers at both the research and develop­
ment and production stages. The MS8608A's 
transmitter tester covers the 9 kHz to 7.8 GHz 
frequency band and features an analysis band­
width of 20 MHz and measures transmit power 
to an accuracy ±0.4 dB. Adjaeent channel pow­
er is -68 dBc at 5 MHz offset and -75 dBc at 
10 MHz offset. The built-in power meter mea­
sures a frequency range of 10 MHz to S GIIz, 
and power levels of +40 to -20 dBm. Ampli­
tude measurements can be made down to -60 
dBm at +0.6 dB accuracy. Frequency/modula- 
tion measurements are made with 1 percent 
(typ) modulation accuracy and origin offset ac­
curacy of +0.5 dB. Code domain analysis is 
conrlucted with power measurement accuracy 
of ±0.1 dB and error measurement accuracy 
±0.5 dB. A transmitter power control measure­
ment function allows relative power per slot 
and Go/No Go evaluatie® to be made.
Anritsu Co.,
Richardson, TX (800) 267-4878 
or (972) 644-1777.

Circle No. 242

■  Quadrature Digital 
Upconverter

ïighly integrated 200 
re digital upconverter 

(QDUC) features 
b r e a k th r o u g h  
funetionality and
:upen

pe.

d

broadband Com­
munications and

structure applica- 
mixed-sigual QDUC in­

direct digital synthesizer, 
filter, clock multiplier cir­

cuitry and user programmability in an 80-lead 
LQFP. It acccpts complex I/Q input data, up- 
samples the data. quadrature-modulates the 
data onto a carrier and Outputs a frequency-ag- 
ile modulated carrier in the analog domain. Su­
perior dynamic performance makes the unit 
ideal for broadband/cable modem return path 
modulation and cellular basestations. Generat- 
ing a DC to 80 MHz digital output from a sin­
gle 3.3 V supply, its 80 dB narrowband spuri- 
ous free dynamic range provides the speetral 
performance needed to upconvert GMSK, 
CD MA. spread spectrum, OFDM, 256-QAM 
and any other complex modulation formats. 
The AD9857 operates over the -40° to +85°C. 
Price: 815.40 (10,000).
Analog Devices Inc.,
Wilmington, MA (800) 262-5643.

Circle No. 241

■ WLAN Chipset
The model AR5000 fast, low powered chipset 
delivers true radio-on-a-ehip (RoC) capabifities 
and provides the first two-chip, all-CMOS end- 
to-end solution for next-generation 5 GHz 
wireless LANs. Operating at speeds up to 72 
Mbps, the chipset enables ubiquitous. econom- 
ical Connections in the home and office be­
tween deviees such as personal computers, 
printers and access points. It is eompliant with 
the IEEE’s new 802.11a 5 GHz wireless LAN

[Coniinued on page 162]
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and price! From wide band transformers with low droop and 
fast risetime capabilities for pulse applications, to a particular 
impedance ratio from 1:1 through 1:36 specified for a wide 
range of impedance coverage, we will work with you on your 
design challenges. Tangible benefits such as very high 
dielectric breakdown voltage, excellent amplitude and phase 
unbalance for balanced to unbalanced applications, and 
easy to use surface mount package styles make Mini-Circuits

surface mount transformers a great value. Our new ADT 
transformers are changing the face of RF transformer design 
with patent pending H  " Innovative Technology delivering 
small size, low cost, and better performance. This same 
leading edge transformer expertise can also develop your 
custom designs at catalog prices. So, simplify your transformer 
search...Big Time! Capitalize on the quality, design know-how, 
and off-the-shelf variety from Mini-Circuits. Call today!
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PRODUCTS
Standard, and includes an enhanced turbo 
mode. Price: $35.
Aetheros Communications Inc.,
Sunntjvale, CA (408) 773-5200.

Circle No. 243

NEW
ment, thus are less sensible to assembly disper- 
sion. The MMICs operate over -40° to +1(X)°C 
and are optimized to work together and be an 
overall cost-effective solution.
United Monolithic Semicondutors (UMS), 
Orsay, France 33 1 69 33 02 11.

Circle No. 246

MATERIALS
■  Low Current Downconverter
The model MD59-0049 low cost, highly linear 
integrated circuit downconverter Ls designed 
for use in PCS band RF Systems. It integrates 
an on-board I.NA, mixer, LO buffer, RF ampli­
fier and output buffer in a miniature 4 mrn 
MLF package. The unit meets stringent linear- 
ity and low current requirements of PCS-band 
CDMA handsets, as well as the IS-9S CDMA 
linearity requirements for the US and Korean 
PCS bands. The MD59-0049 offers continuous 
control of current and gain by application of a 
control voltage, whicli enables the unit to oper­
ate over a wide range of input signal power and 
further niinirnize current draw and maximize 
battcry life using real time gain control. It 
operates with an RF output frequency be­
tween 1.8 and 2.0 GIIz and has a low noise fig­
ure of 2.3 dB, veiy low current draw7 (20 mA in 
high gain mode) and an input IP3 of -8  dBm 
(typ). The device requires an LO Signal of onlv 
-10 dBm.
M/A-COM, Ijowell, MA (800) 366-2266.
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■  High Power Amplifier MMICs

production proecss t 
both provide the sma 
per watt output powe:

products cover the 
18 to 32 GHz 
frequency band. 
Through the use 
of advanced 0.25- 
micron gate lengdi 
PHEM T GaAs 

bnology, these deviees 
ailable physical size

d lowe sp e rv
of output power in this frequency range. Thase 
units provide equipment designers with an effi­
ciënt, one-watt source of milhmeter-wave power 
for use in wireless communication products such
as point-to-point or point-to-multipomt radios, 
satellite communication earth stations and space- 
craft payloads. Frequency bands include tlie 18, 
23 and 26 GHz microwave bands and 24, 28 and 
31 GIIz LMDS bands, as weh as die 18 and 30 
GIIz Ka-band satellite Communications bands. 
Price: $49 TCAI135B (1000); S50 TGA1172 
(1000). Delivery: 12 weeks (ARO).
TriQuint Semiconductor Inc.,
Ilillsboro, OR (503) 615-9000.
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■  77 GHz FS Radar Chipset
The chipset includes two m ultifunction 
MMICs: a 19 GHz VCO including a 18 to 38 
GHz frequency multiplier and a 13 dBm 77 
GHz pow'er amplifier including a 38 to 76 GHz 
frequency multiplier. The deviees have been 
developed taking inte account the industrial 
and environmental constraints of Automated 
ACC radar manufacturers. They provide inter­
nal self-biasing with only two voltages to apply, 
+4.5 V and -4.5 V, and are designed for auto­
matic pick and place and wire bonding equip­

■  Thermal Vias

The refined PowerPlug™ technologe1 consists 
of solid, copper plated via fills used in die fab- 
rication of metallized ceramic Substrates, chip 
carriers and paekages. This development al­
lows circuit and package designers to signifi- 
eandy improve die thermal and electrical para­
meters of microelectronic paekages. Thermal 
resistance as low as 2°CAV can be achieved, 
expanding maximum operating temperature 
and power Iimits. The solid via plugs have liigh 
thennal conductivity (200W/CxM) as well as an 
electrica] resistance as low as 0.38 mQ.
Remtec Inc.,
Norwood, MA (781) 762-9191.
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■  Silicone Press Pads
BISCO™ Silicone press pads are designed to be 
used in the Iamination of multilayer printed

cjrcujt |lo a rj s
flexible circuits 
and liquid crystal 
display (LCD) 
modules. These 
pads offer 25 to 
100 times longer 

life than traditional pacis and save time at the 
press. They consist of a reinforcement layer 
made of fiberglass cloth diat is cncased between 
two layers of calendared silicone rubber. Stan­
dard thickness is 1/16" and the material is sup- 
plied in vvidths up to 36" The pads are offered in 
two grades: BISCO IIT-15(K) Solid Silicone and 
BISCO HT-1510 Solid Silicone. The former is a 
genera] purpose material that can be used at 
temperatures of 300° to 350°F and pressures of 
250 to 400 psi, vvhile the latter is a high perfor­
mance material designed for temperatures up to 
550°F and pressures of 250 to 400 psi.
Rogers Corp., Rogers, CT, (800) 237-2068.
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■  High Frequency Circuit Material
The CoinClad™ HF high frequency circuit 
material consists of Noryl* plastic material as 
the base dielectric and has excellent electrical 
performance for use in microwave and RF ap­
plications. Tt has a dielectric constant of 2.6, a 
dissipation factor of .0025 and Ls rated at a con- 
tinuous operating tem perature o f -40° to 
+85°C. The material uses a common plastic as

the base dielectric, designers and fabricators 
can form, mold, bond and even insert-mold it 
in a plastic injcction process. The flexible man­
ufacturing also allows for custom designs of 
panel size, thickness and copper clad. I t is 
availablc in Standard circuit board panel sizes 
of 12" x 18" and 18"x24".
Sheldahl Inc.,
Northfield, M N (507) 663-8477.

Circle No. 249

SOFTWARE
■  Design and Simulation Tool
APLAC Version 7.6 design and Simulation tooi 
includes a fast RFTC module, wkich is useful 
when the designer has to deal with hundreds of 
active components, along with few passive 
components. A variety of new and improved 
semiconductor and passive component models 
are included as well. In addition, a Simulation 
Definition Wizard has been added in order to 
simplify the creation of analysis definitions. 
Nonlinear simulations eau be specified even 
without any knowledge of APLAC language

AP IA C Solutions Oy,
Helsinki, Finland +358 9 5404 5010.
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■  EM Simulation Software
CST MICROWAVE STUDIO™ Version 2.1 
includes over 250 new features, options and 
improvements which have been implemented 
over the past six months. The palette of solver 
modules has also been extended to include a 
frequency domain solver availablc as abeta test 
version. Among the new features are adaptive 
mesh refinement, SAR calculation, improved 
import options, extended healing capability' ex­
tended dynamic SPIC extraction, surface im­
pedance, plane waves, 2D profile editor, multi- 
pin port modes, human data set interface, 
anisotropic materials, RCS calculation and 
many newVBA funetions and commands. 
Computer Simulation Technology (CST), 
Darmstadt, Germany +49 (0) 6151 7303 0.
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■  Microwave Design Software
Concerto Version 2 combines the universally 
accepted Finite D ifference Time Domain 
method with a unique couforming mesh tcch- 
nique, and has already proven to be a success 
converting increasing numbers of customers 
from the older, slower paekages. Version 2 in­
cludes a nurnber of new features to increase 
this paekages capabilities in EMC and radar 
cross sections. In addition, enhancements to its 
already impressive capabilities in microwave 
component and antenna design have been in­
corporated. Tilt' new version includes plane 
wave excitation, enabling the user to define a 
plant; wave and study the reflections and dif- 
fractions due to complex objects in its path. 
The main advantage of tliis new feature is in 
EMC Simulation, where a plane wave can be 
directed at a structure from a distance to de- 
termine the radiation reaching sensitive pares 
of the device.
Vector Fields Ltd.,
Kidlington, Oxford, UK 
*44 (0) 1865 370151.
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Imagine the possibilities.
Introducing our new est NGA 
InGaP HBT am plifie r fam ily w ith  
low  therm al resistance for higher 
re liab ility  and improved linearity  
w ith  broader bandw idth.
Stanford Microdevices introducés the NGA-100 through 

_  #  600 Series InGaP HBT amplifiers designed for 
today’s and tomorrow's advanced communication 

% infrastructure equipment. Design and fabricated 
with state-of-the-art InGaP/GaAsHBT technology for 
higher reliability, these deviees are ideal for use as 
driver stages for higher power applications. Available in 
small-form factor plastic paekages, the NGA series are

biased with a single voltage and provide wide 
bandwidth, high gain and exceptional linearity.
For more information on these new InGaP amplifiers, 
visit our website today. Imagine the possibilities with 
RF innovation from Stanford Microdevices.

Model Fr*GHzT9 (V) (mA) (dB) (dBm) (dBm) Resistance ("CW)
«CA 8»
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£ STRNfORD
MICRODEVICES

www.stanfordmicro.com • 800-764-6642

http://www.stanfordmicro.com


NEW
PRODUCTS

SOURCES
■ SMD Voltage-controlled 

Crystal Osclllator

The EV series o f  ccram ic surface-m ount 
VCXOs is ideal for applications such as digital 
subscriber line (DSL), cable modems and 
ATM/SONET/SDH. It is available for 3.3 or 5 
V Operation with a frequency ränge from 1.024 
to 52.000 MHz. Features include absolute pull 
range up to 100 ppm, tri-state function, com- 
mercial or industrial temperature ränge and 
linearity up to 10 percent. Tube or tape and 
reel packaging is available. Size: 5.00 x 7.50 x 
1.95 mm. Delivery': stock to 12 weeks.
Ecliptek Corp.,
Costa Mesa, CA (800) 325-4783.
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without distortion, crosstalk or beating. The re­
center operates with dual carrier inputs from 
20 to 500 MHz and produces the choice of 
four Outputs, the dominant signal, the subdom­
inant Signal, the linear addition of the two 
modulations and the Standard FM output. 
Multipath and quasi-synehronous signals sim- 
ply add up and improve the reeeption. Separa­
tion starts when one carrier is ±1.0 dB (typ) 
different from the other. The sub-dominant 
carrier can be recovered down to -20 dB be­
low the stronger carrier. Power supplies are +6 
V DC at 160 mA. Size: 160 x 100 x 10 mm. 
Ampsys Electronics Ltd.,
Paisley, Scotland +44 (0) 141 848 3444.
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■  IIQ Vector Modulators
The 73/74 Series of 1/Q vector modulators are 
designed for today’s more demanding System 
applications. The modulators feature 6Ó dB dy­
namic range of attenuation and 360° phase 
control in three broadbands, covering the 2 to 
24 GHz frequency range. The 73-Series öfters 
12-bit I and Q digital control for high resolu- 
tion and the 74-Series units offer analog con­
trol with com parable RF perform ance. 
All models incorporate multiple bi-phase 
attenuator sections to provide in excess of 
60 dB attenuation range at any frequency7. 
They are capable of die full 360° phase ränge 
at any attenuation level. The units operate over 
die -54° to 100°C range. Weight: < 12 oz. Size: 
4 "x3"x l '!
General Microwave, 
a H erley Industries Inc. Company, 
Farmingdale, N Y  (631) 630-2000.
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■ Voltage-controlled Oscillator
The model SMV1679A surface-mount, low 
profile package VCO is designed for demand- 

ing wireless locat- 
. This

t will gern

ing systci

_ d deviC' 
becn spccially en- 
gineered to pro­
vide quiek inte- 
gration into 

frequcncics between
1678 and 1680 M ilz within a control voltage 
range of 0 to 3 V DC allowing the error voltage 
to be taken directly from the TCs charge pump 
circuitry. Drawing only 6 mA of current from a 
2. 7 V DC supply, the unit saves valuable PCB 
space through its subminiature size. It exhibits 
spectral purity o f-87  dBc/Hz (typ), at 10 kHz 
from the carrier and is specified to operate 
over the extended commercial temperature 
range of-30° to +85°C. Furthermorc, this de- 
vice provides the end user -5  ±2 dBm of out­
put power into a 50 Q load and suppresses the 
second harmonie to better than -9  dBc. Size: 
0.3" x 0.3" x 0.8'! Price: S15.95. 
Z-Communications Inc.,
San Diego, CA (858) 621-2700.
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SUBSYSTEMS
■ Co-channel FM Demodulator
The Platinuni III demodulator is a new con­
cept to FM Communications whercby two co- 
channel transmissions can be demodulated si- 
multaneously and separated from each other

I AC-DC Switching 
Power Supplies

profile  SC 150 series o f AC-DC 
•< r supplies is a reliable source of 

power for com ­
puter peripher- 
als, telecommuni- 
catinns, point-of- 
s’dle and test and

equipm ent in a 
package that fa- 

cilitates multiple sourcing. In addition, tliou- 
sands of other models arc easily eonfigured de- 
livering up to four output voltages of 1.8 l.o 
48 V. Additional flexibility is provided through 
the low profile height of the unit that enables 
the SC 150 to easily fit in 1U racking applica­
tions. The series meets UL 1950, CSA950 and 
E .\60950 regulations, and accepts DC inputs 
from 130 to 360 V. Price: S129 (100).
Lambda, an Invensys Company,
San Diego, VA (800) 526-2324.
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m MMIC LMDS Receiver
The model MM25-6LNA integrated receiver 

ifier, mixer and LO 
doupler-amp. The 
RF frequency 
range is 20 to 30 
GHz, the LO fre­
quency range is 
10 to 15 GHz at 
-4  to 0 dBm and 
the ÏF  range is 
DC to 5 GHz. 

SSB noisc figure is 3.0 dB (typ), 3.5 dB (max). 
RF to ÏF gain is 20 dB (typ), DC bias is +8 to

+12 V at 200 mA (max). This receiver can be 
used for narrowband LMDS or full-band mul- 
ti-channel radiometer applications.
Spacek Labs Inc.,
Santa Barbara, CA (805) 564-4404.
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SYSTEM
■  Wireless LAN LMDS Solution
The model PPC-10/37000-L basestation for 
wireless point-to-multipoint LAN Connectivity 
is a 40 GHz wireless building-to-building link 
for multiple Ethernet DAN Connectivity'. It is a 
transparent, software-free wireless transceiver, 
designed to conneet two or more Ethernet 
LANs. Used in conjunction with the model 
PPC-10/37000-B LAN-to-LAN bridges, the 
System provides a true LMDS wireless solution 
for wide area Ethernet network Connectivity'. 
The network will pass all Ethemet-type proto- 
cols, including IP, IPX and ApplcTalk with full 
duplex throughput at Standard Ethernet 10 
Mbps in each direction. The network is rnuch 
more cost-effective than using equivalent mul­
tiple point-to-point links, and easily resolves 
last mile issues such as prohibitively-prieed op- 
tical cable installation or bandwidth limitations 
of copper pairs. The wireless system can be 
quiekh' deployed to cost-effectively deliver any 
kind of trafific, such as data, Internet, voice, 
video or multimedia services.
ELVA-1 Millimeter-wave Division,
St. Petersburg, Russia 
+7 812 325 58 58 ext. 282.
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TEST E Q UIPM ENT
Bellcore SmartRack

m p l i u i
15?

is a 19" rack that 
itors used to test to 

Belloore GR- 
1089-CORE that 
permits multiple- 
phenomena test­
ing with the press

Software and a

pling matrix allow

to be sequenced 
and executed 

' s i j J s H i n S  without engagiiig
i t t t  *ï3 and disengaging

liiMlol tiic eut- ()ther
V options include

configuring the 
system for ESI) 

testing for Section 2, Section 9 frame, surge 
and EFT tests. It can bc operated from a front 
panel or remotely from a W indows-based 
computer. The software operates on Windows 
95, 98, 2000 or NT and it generates complete 
reports.
Amplifier Research (AR),
Souderton, PA (215) 723-8181.
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Our engineering, sales and applications 
team w ill answer technical questions and 
help with your custom designs.

S y n e r g y  o f f e r s  a l a r g e  
o ff- th e -s h e lf  s e le c t io n  o f 0 °, 
(2-way to N-way), 90° and 180° 
splitters/com biners...with frequency 
ranges covering 10 Khz to 2.5 Ghz. 
Avatiable in 50 or 75 ohms, they come in a 
varlety of non-hermetic and hermetic 
styles ncluding surface mount.

ntonnation, contact. Synergy's
Saies andApplications Team;

Synergy Microwave Corporation 
201 McLean Boulevard. Paterson. NJ 07504 
Phone: (973)861-8800 : . '  . . • i*
Fax: (973)881-8361 . •

World Wide Web: \Y\^.syoiergymwavè.<*^

Most importantly, when you spocify 
b e n e f i t  fro m  anS yn e rg y , 

uncompromlsing dedication to the best 
p r ice ,p e rfo rm a n ce  ra tio  p o s s ib le ,
consistent high qualtty and fast deli veries.

■  V I  1 ' i k l l W  « I

M\CRO\N PNE CORPORATION j



ALUMINIUM DIP BRAZING

► i x / 1 1  c =  r = i

COMPLEX WAVEGUIDE 
ASSY, TUNING AND TESTING 
PASSIVE W/G COMPONENTS 
TEE, TWIST, TERMINATION 

CUSTOM ENCLOSURES 
LIGHTWEIGHT THIN WALL 

EMI/RFI/PRESSURE SEALED 
HEAT EXCHANGERS 

THIN FIN, AIR & LIQUID

TEXAS 
BRAZING 
INC.
400 E. HWY 80 
Forney, TX 75126 

FAX 972-552-3706 PH 972-226-9724
E-mail: tbi.sales@usa net

a n a im asai m

Microwave Filter Co., Inc.
£ t s a t

Ku to L-band Transceiver, 2 W

CIRCLE 68 CIRCLE 136

LOW NOISE AMPLIFIERS

nSATELLINK, INC.
A  3525 MILLER PARK DR 

GARLAND, TEXAS 75042 
FAX (972) 487-1204 PH (972) 487-1434 

E-mail: info@satellink.com

WAVEGUIDE & COAXIAL 
SWITCH SPECIALISTS

SWITCH OVER TO:

© SECTOR MICROWAVE 
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 117229 
(516)242-2300 Fax: 516-242-8158

Request your “R-F Switch slide Guide” today!

NEW
PRODUCTS

■  Noise Figure Analysis Tool
The models N8974A and 8975A additions to the 

analyzers simplify 
measurement set 
up and improve 
accuracy. Thev of­
fer a flexible, intu­
itive user interface 
that makes it easy 
to characterize 
amplifiers and fre­
quency converting 

deviees. Measuring 6.7 to 36.5 GHz in a single 
instrument eliminates the need for a separate 
downconverter, and accurate and repeatable re­
sults allow tightcr speeification of device perfor­
mance. The- N8974A operates over the 10.0 
MHz to 6.7 GHz range with noise figure uuccr- 
tainty of’ < 0.15 dB, while the N8975A operates 
from 10 MHz to 26.5 GIIz with < 0.15 dB noise 
figure uncertainty.
Agilent Technologien Ltd.,
Amstelveen, The Netherlands 
020 547 7225.

Circle No. 260

■ Wireless and Satellite
Spectrum Analyzer

The model PSA-86A wireless spectrum analyzer 
includes the Companys proven microprocessor 
frequency control technology, attractive multi- 
function backlit LCD and automatic digital fre­
quency lock (DFL). It covers a frequency range 
between 5 and 7 GIIz in spans of 1000MHz 
(typ), in accordance with Option selected and cus- 
tomer speeification. The spectrum analyzer. with 
Option 001 covers the 5.5 to 6.5 GHz frequency 
range for economical analysis of satellite uplink 
band. The model witli Option 002 covers the 5.1 
to 6.1 GHz band for wireless Communications. 
The choice of frequency coverage, amplitude and 
frequency accuracy, and high sensitivity (-95 
dBm) of the PlSA-86A combined with its low cost 
make these analyzers an ideal choice where 
portability and economy are required. Price: 
$2975. Delivery: stock to 2 weeks.
AVCOM o f  Virginia Inc.,
Richmond, VA (804) 794-2500.

Circle No. 262

■ Test Set for Wireless Amplifier 
and Digital Radio Test

The model CS2010W virtual test instrument for 
power amplifier, software-defined digital radio 
and digital signal encoder applications has mem- 
ory of 4000 MB, resolution via 14-bit D/As and 
an excellent dynamic range. It essentially offers 
three products in one with various functions, 
which may include multi-carrier, multi-standard 
signal generation through VSS software, digital 
IF and IQ transmit and receive with interface

[Conttmed on page 168]
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PHONE
Call +44 (0)20 7596-8750 
9:00 a m - 5:30 p.m.

E-MAIL
ailech-ukCg

INTERNET

CRISP: Complex Radar Image 
and Signal Processing - Soft­
ware and User's Manual
August W. Rihaczek, Stephen J. 
Hershkowitz, Richard L Mitchell, 
Robert H. Mitchell

■ Helps you quickly apply the tech­
nology of Complex-Image Analysis 
in solving any radar problem involv- 
ing high resolution of man-made 
targets

■ Allows you to form a focused im­
age of a radar target and to measure 
the locations and characteristics of 
scatterers on the target

■ Features a user-friendly graphical 
interface with a built-in help Utility, 
and can be used with one-dimen- 
sional or Doppler profiles

System Requirements: Windows 95, 
NT, or 98; 200 MHz proces- 

ÊuÊsor, 32 MB RAM; 100 MB 
disk space: CD-ROM drive.

User's Manual 100 pp. 2000 
ISBN: 1-58058-054-0 
Order Software No. MW00Q549 
£168

1  
.iJ m Ê È È m  p ro ft

: liim
Theory and Practice of Radar 
Target Identification
August W. Rihaczek, and Stephen J.:
Hershkowitz

■ Examines target identification: ; 
technology and practices designed to i *  
solve today's real-world radar cfipp 
lenges, and describes improvedtech- ?. ; '  
nology and methods for implementipg;“ " 
target identification Solutions appfic-£ ?■ 
able to complicated man-made | | | | :«

■ Details practices that utilizereal l  
rather than only simulated, data for I 
more accurate identification ó f é if-:!  
craft, ground vehicles, and ships;; ;  |

■ Includes examples taken entirely |  
from real target data, and teachg?- ; 
an approach to complex targetiratisäC 
that improves resolution by a factor: 
of two in each dimension, e rè fijjg  : 
more accurate measurementé 
radar applications »*

Hardcover. 762 pp. 2000 
ISBN: 1-58053-081-8 

f  Order Book No. MW000819

Stay on Target with
E

Radar Systems Performance 
Modeling
G. Richard Curry, Consultant

■ Explains how to evaluate the per­
formance of radar in system tasks, 
and helps you quantify the impact of 
radar Operation on system perfor­
mance

■ Presents equations, computation 
methods and data for modeling radar 
Operation and performance at the 
system level, provides systems-level 
radar modeling tools for both the an- 
alyst and programmer, and furnishes 
insight on how to use the models in 
system analysis

■ Focuses on ground-based pulsed 
monostatic radars, including phased 
array, reflector dish, and hybird con- 
figurations, and discusses other 
types of ground, air and space-based 
radars

n Software Included! One
3.5" diskette featuring Visu­
al Basic modules and equa­

tions that can be used for calculating 
manyof the parameters discussed in 
the book. These can be used for 
radar analysis in Excel spreadsheets, 
or form the basis for program mod­
ules.

Hardcover. 353 pp. 2001 
ISBN: 1-58053-095-8 
Order Book No. MW000959 
£68

EJH Artech House Books



It's not about WHETHCR 
broadband wireless is taking o ff...

But HOW.

nBand Communications is fueling the future 
of the multi-billion dollar broadband 
wireless Communications market. How? With 
a revolutionary programmable architecture that is 
light years ahead of fixed-function ASICs.

Join our New San Diego Design Center to 
lead a revolution.

As a Prindpal RF Systems Engineer, you will 
lead an RF product development team from 
concept through production, hire a team and 
puttogether an RF laboratory for prototype 
development and production test of wireless 
products in the 2:30 GHz range. Seeking MSEE, 
proven track record, 8+ experience with 
wireless Systems including transceiver design 
and performance evaluation and technical " 
agility in all phases of RF design. Strang: 
Communications background is desired.

Please visit our website for more details.
www.nband.com
Email: jobs@nband.com.

Sen Inc
APPLICATIONS ENGINEER

This position reports to VF of Sales/Marketing. 
Position supports sales/marketing and works 
closely with engineering. Must possess welt- 
developed personal, technical and salcs skills, and 
3-5 years experience in Microwave market. 
Monitors Microwave markot, develops designs, 
and works with all departments, and with our 
supplier and customer base. Position is aware of

Strategien.
Position perfonns design mods. on cable assem- 
blies, and may asseinble prototypes, He/slie also 
addresses customers' technical inquires. i.e., 
product training, product applications and prob­
iere resolution,

REGIONAL SALES MANAGER

Applicants will have 5+ years experience in sales 
of passive microwave deviees such as cable as­
semblies. Should have technical Knowledge. Un- 
dergrad tlcgroo required. Position will manage 
sales rep. force in Eastem US. Position reports to 
VP of Sales/Marketing. Requires domestic travel.

HR Manager,
PO Box 20463, Mesa, AZ 85277-0463, 
or E-Mail to: customer.servdce@semflex.com

W h a t  c a n  y o u  f in d  a t
www.mwjournal.com?

Use this invaluable 
reference source 

for locating Companies, 
their products 
and services.

Is your Company 
in the directory P

NEW
PRODUCTS

capabilities to proprietary back planes. The 
201 OW is an off-the-shelf solution that offers 
multi-domain generation and analysis at differ­
ent levels of funetionality to meet different bud­
get and performance requirements.
Celerity Digital Broadband Test,

Cupertino, CA (888) 274-5604.
Circle No. 264

■  Synthesized ln-circuit 
LCR/ESR Meter

The model 885 lightweight, battery powered, 
handheld, synthesized in-circuit LCR/ESR me­

ter can be used to 
test eomponents 
at frequencies up 
to 10 kHz. It of- 
faa largpvarie ty

parameters such 
as Z, L, C, OCR. 
ESR, D, Q and è 
and a wide range 
of test conditions 
including 100 and 
120 II/, I and 10

kHz, 1 Vrms. 0.25 Vrms and 0.05 Vrms. It fea­
tures DC resistance measurement, reeharge- 
able battery/AC power, 0.5 percent basic accu- 
racv. a large, easv-to-read dual LCD displav. 
fully auto/m-anual seleetion and very quiek re­
sponse. The model 885 comes complete with 
instruction manual, battery, SMD surface- 
mount probe and carry case. Price: S549.
BK Precision Corp.,
Placentia, CA (714) 237-9220.

Circle No. 263

Transponder Test Set
The model IFF-701T1

friend or foe 
(IF F) transpon­
ders and IFF in- 
teregators. I t is 
also capable of 

testing enhanced traffie alert collision avoid- 
ancc Systems (ETCAS). The lFF-701Ti allows 
user control of pass/fail parameters using RS- 
232 Communications port and provides capa­
bility for storing IFF Mode 4 codes for use 
during transponder testing. Price: S19,995. Dc-
liverv: 4 weeks.
1FR Systems Inc., Wichita, KS (800) 835- 
2352 or (316) 522-4981.

Circle No. 278

■  Protocol Analysis Solution
The model K1297-G20 is one of the first tools to 
support the Universal Mobile Telecommunica- 
tion System (UMTS) and already- supports test-

[Continued on page 170]
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U-f lex .086 Q-Flex“ .141”  Q-Flex® .250”
Q-Flex® Plus .086’' Q-Flex Plus .141” Q-Flex® Plus .250”

High Performance Low Loss Stahle Flexible Coaxial Cable
microwave coax coax e m i-r ig id  tw isted pair c 

ib lies fp d  a s s e m b lie s  cab le a: 

pbes 2m m  HM 2 m m  HDM de 

b a x  ultrasound probes se m i- f 

im  7mm 2 ,4 m m  ty p en  ty p e

Tensolite Builds in the Quality

There is no sorting or special price 
for excellent performance during flexure 
and Vibration.

Tensolite Provides One Great Price

The value is in the cable with all the features 
for one great price.

Q-Flex' and Q-Flex® Plus Coaxial Cable, Connectors and Cable Assemblies Available From:

Tensolite

A G3SE Company

RF/M icrow ave
In terconnects

1-800-362-FLEX
301 Ballardvale St. Wilmington, MA 01887 

FAX: (978) 988-9393 www.qmiinc.com Email: sales@qmiinc.com

f IRC1 F n o  ON READER SERVICE CARD

Data sheets available at 
www.qmiinc.com

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


NEW PRODUCTS
ing and monitoring of diverse second generation equipment. UMTS sup­
ports die combination of voiee, video and data in next-gencration mobile 
coimnunication infrastructures. Adding the UMTS Standard to its K1297- 
G20 protocol analyzer allows telecommunications equipment designers to 
develop and test, and network operators to deploy features such as global 
roaming and Internet access. This feature puts this analyzer in the main- 
stream of 3C development and deployment. The instrument delivers full 
support of the UMTS lu interface signaling protocols towards the dreuit- 
switched and packet-switched domain. Among other duties, it can simulate 
the Radio Network Controller via the lu interface while verifying the func- 
tions of the UMTS mobile switching center (and vicc versa), allowing inde­
pendent development of the two clements. Price: 8188,000, including 
hardware and software for the Simulation, emulation and monitoring pack- 
ages; $123,000 for the monitoring package option.
Tektronix Inc., Beaverton, OR (503) 627-2001.

Circle No. 265

TUBE
M Miniature Traveling-wave Tube
The model TH 3968 traveling-wave tube (TOT) for modem electronic 
countermeasure Systems offers a very wide bandwidth, meeting all re­
quirements for equipment operating in the 6 to 18 GHz frequency range 
at an average power of 100 W. The TOT uses a helix delay line, the only 
technology capable of providing the necessary bandwidth. The signal is 
modulated by a dedicated Wehnhclt beam-forming electrode and it uses 
a single-stage collector. The TH 3968 is conduction-cooled, and satisfies 
the demanding requirements of the harsli countermeasures environ­
ment, in particular for temperature and vibrations.
Thomson Tubes Electroniques, Cedex, France +33 (0) 1 30 70 35 00.

Circle No. 266

i .  .

WE’RE LOOKING FOR 
TOMORROW’S TALENT TODAY!

MMIC DESIGN
We’re looking for top notch, highly qualified candidates to take on 
exciting challenges involving development of Monolithic Microwave 
Integrated Circuits (MMICs) for next generation radar and communi­
cation Systems. Requires a degree in Electrical Engineering or 
Physics and specific background in modeling, simulating and laying 
out MMIC chip components covering everything from low noise and 
power amplifiers to switches, mixers and phase shifters. Must have 
experience with CAD tools such as Agilent Eesof’s Libra/ADS, 
Cadence, Sonnet and HFSS.

MICROWAVE TEST ENGINEERING
We have excellent opportunities for individuals able to generate soft­
ware programs to control test equipment and design automated test 
equipment (ATE) for Microwave Integrated Circuits (MICs) and 
Transmit/Receive Modules.

For consideration, fax résumé to (310) 647-4012.
Or email résumé to: mriabucha@west.raytheon.com, or mail to: 
Raytheon, Human Resources, 2000 E. El Segundo 
Blvd., MS: E0/E01/C111, El Segundo, CA 90245.

We are proud to be an Equa! Opportunity Employer. f63SOD  
Proof of U.S. citizenship required.

Raytheon
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Wireless
Portable ry™p?s-mi &  E x h ib it io n

The power of a wireless world lies in the ability 
to take Information out of the air, effortlessly, 
with just a click. That's how you're designing it. 
And the marketplace wants even more of it, 
right now. This demand for more features and ap­
plications forces you to keep pace with the 
possibilities. Where can you go to test your 
theories, see the latest engineering, design and 
development resources, and make the contacts you 
need to stay on-schedule and under budget?

Get Connected.
Conference: February 12-16, 2001 

Exhihits: February 13-15,2001 
San Jose Convention Center •  San José, CA 

ww w.W ire lessPortable.com

“ ‘v sgifeiton

Wireless/Portahle 
Symposium 8 Exhibition.
You'll make 5,000 live connections with colleagues 
who think and imagine as you do. With over 170 
conference sessions and 400 leading vendors — 
Wireless/Portable is your chance to link up with 
the brightest design and development minds.
The tools you need to influence the next phase 

of wireless Connectivity are here for the taking.

http://www.WirelessPortable.com


ERRATUM

In “Stabilizadon of RF Parameters 
of Injection-locked Pulsed IM PATT 
Oscillators,” a technical feature by 
L.V. Kasatkin and N.F. Karushkin 
that appeared in the September issue 
of Microwave Journal, there were 
several typographical errors. The text 
describing F igure 1 should have 
read: For a diode temperature 0 = 
500 K the bias current density is J() = 
16 kA/cm2 and current compensation 
in the described temperature interval 
is achieved by decreasing the current 
density in the limits of 12 < J0 < 16 
kA/cm2; the different colors in the 
data plot correspond to fixed voltage 
amplitudes at the diode terminals of 
Um = 10, 15 and 20. Also, the correct 
Figuren 2 and 4 appear below:

A  Fig. 2 Time dependenties o f the diode’s 
(a) pulse bias current Iq(1), (b) diode voltage 
U Jt) and (c) pulse perheating current I.,r(t) 
defined fo r  constant bias current pulse width 
and pulse period.

A Fig. 4 The required additional average 
power Par and pulse power Ppfo r diode 
prehealing as afunction o f preheating pulse 
width X and pulse bias current duty factor 
D j = X,/T.

NEW UTERATURE
*  Flexible M icrowave Cable A ssemblies 

Catalog

■  Product Brochure

This six-page brochure deseribes integrated as­
semblies, Converter assemblies, log IFs, filter 
banks and switch filter banks. Product plio- 
tographs are provided. Descriptions of the 
cprnpany’s manufacturing and engineering 
proccsses are included, as well as a Company 
mission statement.
AKOX, San José, CA (408) 432-8039.

Circle No. 200

■  Cellular/PCS Catalog

This 48-page catalog, CF.L-6006, details vcliieu- 
lar. fixed station and low power in-building rc- 
peater lots. It features many new products for 
dual-band/PCS and dual-system cellular/ 
GPS applications, as well as the rccently ro- 
leased EAC-50™ in-building repeater kit. Mo­
bile antenna additions includc the “On-Glass“* 
cellular/PCS 3 dlid/unity gain antenna,
Antenna Specialists, 
an Allen Telecom Company,
Cleveland, OH (440) 349-8400.

Circle No. 201

■  RF Feedthrough Brochure

This four-page brochure features the Compa­
nys full line of RF leedthroughs, botli single 
and dual conductor. The feedthrough ratings 
are elassified by frequency and amperage in or­
der to meet all of the various parameters for 
different applications.
Ceramaseal,
New Lebanon, NY (800) 752-7325.

Circle No. 202

■  Product Datasheet

This data sheet features the model 6150 laser 
trimming system, whieh offers small spot size, 
flexible configuratiou and easy use, along with 
the speed and precision needed for linear de- 
vices, mixed signal deviees and sensors. The 
data sheet includes a photograph and product 
dcscriplion, as well as a speci iieations suminary. 
Electro Scientific Industries Inc., (ESI), 
Portland, OR (503) 641-4141.

Circle No. 203
■  Master Sourcebook Catalog

This 300-page catalog features thousands of 
products from leading manufacturers, includ­
ing many items that are new to the industry. Tt 
features an extensive selection of tooi kits, cas­
es and carts, lest equipment, hand, power and 
specialty tools, wire and cable, soldering equip­
ment, computer and LAN products.
Jennen Tools Inc.,
Phoenix. AZ (800) 426-1194 
or (602) 453-3169.

Circle No. 204

■  PC-BASED M easurement and Control 
Solution Brochure

This six-page brochure details manufacturing 
test and measurement, OEM, and factory au­
tomation and machine control Solutions. Prod­
uct descriptions, photographs and applications 
are provided, along with a chart eomparing 
each product s price, general functions, electri­
cal measurements and physieal measurements. 
Keithley Instruments Inc.,
Cleveland, OH (888) 534-8453.

Circle No. 205

This 21-page catalog features UTiFLEX* minia­
ture low loss, low loss, ultra low loss and ultra- 
light cable assemblies. Product descriptions, 
photographs, performance graplis, mechanical 
cliaracteristies, electrical eharacteristics and en­
vironmental characteristics ave included. 
MICRO-COAX,
Pottstown, PA (610) 495-0110.

Circle No. 206

■  Product Catalog

This 16-page catalog, Aiialytical Test Stations 
and Accessories, provides product photos and 
short, summaries of the Companys more popu­
lär products. The 300 mm probe station, the 
9000 Series, 8000 Series, 6000 Series, 4000 Se­
ries and RF/Microwave systems are featured. 
The Micromanipulator Co.,
Carson City, NV (800) 967-4358.

Circle No. 207

■  Product Line Catalog

Tliis 96-page product line catalog featiuing test 
and measurement products can lx1 downloaded 
from the firm’s Web site, www.bkpnxision.com, 
or is available by contacting au authorized dis- 
tributor. It features over 50 new and luvst selling 
products, and is an ideal source document for 
use by electrical and electronic field service, de­
pot service and enginecring/R&D personnel.
RK Precision Corp.,
Placentia, CA (714) 237-9220.

Circle No. 208

■  Product Data Sheet

This data sheet details the 28 dBi gain DRWiN1M 
electronicaliy scanning antenna. The antenna fea­
tures adaptive beam pattems, rapid beam hop- 
ping, software control and low power consump- 
tion. The data sheet provides a photograph, prod­
uct features, benefits, applications and 
spedfications, as weil as performance graphs. 
Paratek Microwave Inc.,
Columbia, MD (443) 259-0140.

Circle No. 209

■  EMC Components Catalog

This 256-page EMC components catalog pro­
vides detailed technical data on a broad range 
of filters, chokes and feedthrough components. 
Product information includes current ratings, 
IEC compliance, differential and common 
mode attenuation, optional versions and instal- 
lation instructions. Insertion loss diagrams and 
mechanical schematics are also provided. 
Schaffner EMC Inc.,
Edison, NJ (732) 225-9533.

Circle No. 210

■  Product Brochure

This 15-page brochure deals with applications 
of the ANT-20 advanced network tester in 
SON'ET networks up to the OC-192 hierarchy 
level. I t provides product descriptions, pho­
tographs, sample test sequences and results, 
and screenshots, as well as somc Solutions to 
typical test probleins using the AN T-20. 
Wavetek Wandel Goltermann 
Eningen GmbH and Co.,
Eningen, Germany +49 7121 86-1616.

Circle No. 211
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the trade show dedicated to radio freooeocies, oiicrowam, wireless, optioal lihre aod their applioatioos.

A soarlng marint, an RF & Hyper Europa 2001 trade show tnttfying to 
ris growing European scope just enough to offer a concentrate of skills in 
meeting again this year the main players in the fields of components, 
Instrumentation, test, software...

Get  t he h o t t e s t  news

w w w J t f n 7, z v m /h y p m r

THE PROGRAMME FEATURES 3 CONFERENCE CYCLES :
• A cycle on EMC to keep abreast of the latest advances in the 

Standards and regulations.

• A cycle of conferences animated by the exhibitors.
• An Innovation in 2001, high level conferences in partnership with the 
magazines Microwave Journal® and Telecommunications®, covering such 
technologies as microwaves, wireless and optical fibres applications in

Organlsed by the fields of Telecommunications.

Birp/RF S Hyper Enrape 2001 • 17, avenue Ledm Rollin ■ 75012 Paris ■ France •  Phone: + 33153171140 •  Fax +33153171145» E-mail: hyperabiip.tr

Request for 
Information I i wish to receive : □  My free invitation and the Programme of the 3 conference cycles.

□  A documentation to exhibit at RF & Hyper Europe 2001.

Company :...................................................................................  Zip Code : ............................. City :.........
First name: Surname:....................  Country:.................................................
Function : Business actiyity;......................................

Address:....................................................................................  Phone:........................................... Fax:



THE BOOK END
■  Electromagnetic Simulation Using the  

FDTD M ethod

Dennis M. Sulfivan 
IEEE Press 
165 pages; $89.95 
ISBN: 0-7803-4747-1

This book is not a theoretical explanation of finite-differ- 
ence-time-domain (FDTD) Simulation. Instead its main 

purpose is to enable the reader to leam how to do three-di- 
mensional electromagnetic Simulation using the FDTD 

. method. II is aimed at those 
engineers and students that 

"...how to do  wonld likc to learn to do
. . . .  . . FDTF Simulation in a re&son-three-dim ensional .. .ablc amount of tune.
electrom agnetic The book is struetured as

| | ! •  • a tutorial where even- chap-
Simulation using ter addresses an additional
th e  FDTD level of complexity. That is,

iMi f Ef i p »WWW' the text starts with one-di-
m ethod."  mensional Simulation and

: r' progresses to two- and
* ***** three-dimensional examples.

Also, the analysis starts with free space, then progresses to 
dielectric material, lossy dielectric material and, finally, 
frequency-dependent material.

The first chapter covers one-dimensional Simulation in 
free-space. A step-by-step introduction to the FDTD 
method is provided with appropriate example problems to 
be solved. Chapter 2 presents some advanced concepts 
within the one-dimensional Simulation framework. The use 
of flux density in the Simulation is described, providing ad- 
vantages for later simulations involving frequency-depen­
dent materials. Chapter 3 introducés two-dimensional Sim­
ulation, beginning with a simple point source for an exam­
ple. Then absorbing boundaries are described, along with 
their implementation into the FDTD program.

Chapter 4 covers three-dimensional Simulation. Here, 
the Simulation becomes considerably more difficult. Chap­
ter 5 provides two examples to illustrate the use of FDTD, 
the characterization of a stripline antenna and the calcula­
tion of the far field of an aperture antenna using a time do­
main transformation. The final chapter describes using 
FDTD for other types of Simulation (other than electro- 
magnetics). Examples are pro\ided for acoustic Simulation, 
and Simulation of the Schroedinger equation, the heart of 
quantum mechanics. Appendix A describes the use of the Z 
transform when dealing with digital signals.

The book is written as a tutorial for either course work 
or seif study. Each chapter contains a concise explanation 
of an essential concept and instruction on its implementa­
tion into computer code.
To order this book, contact: (The Institute of 
Electrical Engineers) Inspec Dept., IEEE Operation 
Center, P.O. Box 1331, Piscataway, NJ 08855-1331 
(908) 562-5553.

■  Microwave Materials and  Fabrication 
Techniques

Thomas S. Laverghetta 
Artech House Inc.
287 pages; $83, £57 
ISBN: 1-58053-064-8

This third edition of the book provides much needed up­
dates with regard to microwave materials, computer- 

aided fabrication tools, plating processes and other areas 
driven by the recent boom in commercial wireless mi­
crowave applications and the advances in materials and 
processes resulting from that effort. The intention remains 
die same: to educate the microwave circuit designer in ma­
terial and fabrication techniques, so as to avoid problems in 
converting theoretical designs to practical hardware.

Following a brief introduetory chapter, Chapter 2 de­
scribes the latest laminate and Substrate materials and 
their properties. This area has seen some of the most dra­
matic changes with the development of new materials to 
meet the commercial demands of the wireless market. 
Chapter 3 discusses metals used in fabrication and re­
mains largely as before.

Significant changes have been made to update the 
chapter on microwave artwork. Here the methods used to 
generate the artwork have improved significantly and 
Chapter 4 describes the lat- : .
(‘st computer-aided methods « ood
to go from Circuit design to ***
board fabrication automati- reference te x t for
cally. Chapter 5 covers etch- WSt
ing and plating, and contains designers involved
n.-w m aterial on p lated- £  fh e
through-hole tabricution S|2S9fft
techniques with regard to developm ent o f
the newer materials. Chap- h j ;
ter 6 on bonding techniques p rd c t i c a l
lia- rem ained largely .in- m U r o y , ^  c ir c u it
changed except lor the aridi- «»»•.:;".
tion of some newer solders products."
and epoxies in use today. :
The final chapter on m i­
crowave packaging primarily deals with stripline, mi- 
crostrip and suspended Substrate circuit configurations, 
and describes the techniques used to implement effective 
extemal packaging of those circuits.

The many appendices have also been updated where 
appropriate, and provide useful reference data for design­
ers including selected data sheets for some of the circuit 
material referred to in the text. In general, the book is a 
good reference text for designers involved in the develop­
ment of practical microwave circuit products.
To order this book, contact: Artech House Inc., 685 
Canton St., Norwood, MA 02062 (781) 769-9750, 
ext. 4002; or 46 Gillingham St., London SW1V 1HH, 
UK +44 (0)20 7596-8750.

Frank Bashore is a memlxtr o f the Mic c Journal Stoff.
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New Daico Wireless Amplifier
High performance in a small package.

We listened, we’re delivering
You asked fo r  it: an advanced high perform ance, high power, 

high efficiency am plifie r fo r w ire less infrastructure tha t handles 

DCS 1800 and PCS 1900. Our answer is the firs t in a series o f new 

generation am plifie rs that w ork w ith  a w ho le scheme o f modern 

m odulations: CDMA, W-CDMA, GSM, TD M A and TETRA. These 

new high perform ance Daico am plifie rs are no t on ly  the sm allest 

on the market, we guarantee the ir extraordinary re liab ility  and 

environm ental stability.

Commercial price, military quality
We know the w ire less infrastructure and sho rt o f do ing a custom 

job  fo r you, ou r new am p lifie r dem onstrates how we can 

apply award w inn ing  m ilita ry  expertise to  com m ercial market 

economics. Daico's new am p lifie r is exclusive to  w ireless, 

featuring advanced m ulti-tasking com ponents tha t make its 

X-Y dim ensions the sm allest available. The sm aller num ber 

o f com ponents not on ly shortens assem bly and testing tim es, 

it  lowers the costs. If you need a m ilita ry  qua lity  am p lifie r 

priced fo r your com petitive environm ent, check us out. Find 

ou t how  we w ill w ork  w ith  you during system Integration 

by calling or faxing your requirements. You've never seen an 

am p lifie r so sm all, w ith  such high perform ance, re liab ility  and 

efficiency. And yes, w e're delivering.

d> D A I C O  I n d u s t r i e s

W e 'v e  G o t Y o u r Bases C overed™

1070 East 233rd Street Carson, CA 90745 
Tel: 310-507-3242 Fax: 310-507-5701 

Web: www.daico.com

ators /  Phase Shifters /  MMICS /  Detectors /  Couplers /  M odulators / Amplifiers /  Subassemblii

http://www.daico.com


RF and Microwave Probes

behind our 
Solutions.

On-wafer measurements 
demand the best 
performance from a 
probe. Unlike general- 
purpose probes that 
tradeoff electrical 
performance for 
production ruggedness, 
Cascade Microtech 
probes dellver metrology 
grade measurement 
accuracy combined with 
precise probe mechanics.

So nothing 
will stand 
between 
you and your 
measurements.

The probe you buy is only as reliable as the Company that stands behind it.
Cascade Microtcch is not just the world's largest manufacturer of 

probes; we also produce probe stations, probe cards, accessories, and 
software used in analytical testing and R&D characterization of 
semiconductor deviees on-wafer.

All o f our probes have one thing in common, our no-compromise 
Air Coplanar™ probe technology. This innovation plus our years of 
extensive probing experience and superior manufacturing techniques, 
guarantees you accurate measurements...the first time...every time. W hat’s 
more, our probes are available in the industry's most comprehensive range 
of tip configurations and mounting styles to fit your needs.

M ost im portan t, w hen you need  answers, Cascade M icrotech is 

there for you w ith  leading-edge Solutions to  your tough  p robing  challenges 

and  the  superior applica tion suppo rt you just can 't ge t from  a  p robes-only 

discounter.

Find out more at www.cascademicrotech.com.

O r call 503-601-1000 or 1-800-550-3279 (USA & Canada).
Japan: 03-5478-6100. Europc: +44 1295-812828.

Agilent Technologies
Innovating the HP Way

Channel Partner CASCADE Innovating Test 
Technologies

©2000 Cascade Microtech, Inc. The Cascade Microtech logo and 
Air Coplanar are trademarks of Cascade Microtech, Inc. CIRCLE 21: HAVE A SALES ENGINEER CONTACT ME 

CIRCLE 22: SEND INFORMATION ON ACP PROBES 
SEE US AT WIRELESS SYMPOSIUM, SAN JOSE, B00TH 1214

http://www.cascademicrotech.com

