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Picoprobe elevates probe cards to a higher level...

(...110 GHz to be exact.)

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

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

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

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

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

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

Nol only do you get all the attractive 
features mentioned, but you get personal, 
professional service, rapid response, and 
continuous product support—all at an 
affordable price so your project can be 
completed on time and within budget.

Specs 10GHz 20GHz 40GHz 
dB 0.8 dB 1.3 dB 

18 dB 15 dB

mailto:email@ggb.com
http://www.picoprobe.com


TH£ WORiD'S LAUGEST SEIECTION

POWER

2kHz to 10GHz

SPLITTERS I

iR n °SS r°m °Ver standard off-the-shetf models from 2way and 3way to 48way; 0°, 90°, and 
1 8 0 ,5 0  and 75 ohms covering 2kHz to 10GHz, Mini-Circuits will also supply your special needs and custom 
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog 
prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized.,, 
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent 
Solutions in cellular Communications, cable Systems, and countless wireless applications. And all units come with a 
1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run.
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today!

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



see  u s on the web
http://www. minicircuits. com

C3Mini-Circuits
X j5C ’ 66. Brooklyn. New

http://www


I TECHBIOLOGIES COMPANY

1  rimary loop delay filter assemblies 
integrate high power cavity delay filters, 
couplers and isolators into a single comp 
module for performance improvement, - 
savings and cost reduction.

S econdary  loop miniature delay filters utilize a P a te n tta j  
Pending topology to provide delay equalization.The filters 
exhibit excellent delay and phase flatness in a miniature 9  
surface mount package. The 3G model measures a mere 
1.5”L x 0.60”W  x 0.4” H and can be mounted directly onto 
your PWB with pick and place machinery.

EUROPE
Phone: 44-(0)-I262 60SS00 
FAX: 44-<0)-l262 605504

USA
Phone: 410-749-2424 
FAX: 410-749-2788

www.klmicrowave.com

M ICRO W AVE INCORPORATED

E-maif: wirelessfgWmicrowave.

http://www.klmicrowave.com


Innovative M ixers

■smaller size.beiter performance.lower cost 5 0 k H z  to 4 2 0 0 M H z
99

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

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

an ultra-slim, patent pending package with a profile a s 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 e r cosf...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 f l™

ADE Mixers...Innovations Without Traditional Limitations!

Component mountiny area or

C3 Mini-Circuits
P.O.Box 350166, Brooklyn, New York 11235-0003 (718) 
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Proven.

Now entering our fourth 
decade, JFW Industries is a 

in the design 
and production of innova­
tive RF Solutions. Whether 
your project calls for fixed 
attenuators and termina- 
tions, manually and electron- 
ically controlled attenuators, 
RF switches, power dividers 
or programmable RF test 
Systems and switch 
matrices; JFW's dedicated 
customer service and engi­
neering personnei can pro- 
vide application specific 
components and sub-systems 
at catalog prices with an off- 
the-shelf attitude. For more 
information, please contact 
us or visit our web site at 
www.ifwindustries.com

I C l J l f  i r t r i l i c f r i o c  I n r  Tel (317) 887-1340 Toll Free 1 (877) 887-4539
j r v u  m U U d U l » ,  I I I I . .  Fax (317) 881-6790
Specialists in Attenuation and RF Switching

5134 Commerce Square Dr. • Indianapolis, Indiana 46237

Internet- http://www.jfwindustries.com  
E-mail- sa les@ jfw industries.com  
ISO 9001 Certified

________________________________________________________________________________CIRCLE 70 ON READER SERVICE CARD_________________
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utom ate are a powerful
combination of precision laboratory instruments and advanced application
software that can dramatically reduce costiy device characterization and

MT925A

VSWR >150:1 
Z < 0.5 ohms

MT981D

MT982B01 0.8-18.0 GHz 
Automated Tuners

MT999A Automated 
Harmonie Tuner

M1986B02B

measurement time.

FEATl BES
250 MHz to 1 10 GHz 
High Repeatabi lity 
High Stability 
High Matching Range 
High Power >100W CW 
GPFB Compatib le Tuner  Control ler  
Harmonie Tuners

c ïiv e  L o a d  P u l l  S y s te m
Windows® NT Compatible 

• Highest 
Gamma 
Attainable 
Absolute 
Loop Stability' 
(Proprietary 
design) 
Independent 
Control of 
Harmonies

D y n a m ic
P r e -M a tc h in g  
S o ftw a re  ë

I  M T 9 8 1 D  P r e -M a tc h in g  
* A u to m a te d  T u n e r

SOFTWARE FEATURES
• Windows® 95/98/NT Compatib le
• Power Characte r iza t ion
• Noise Characte r iza t ion
• Dynamic P re -m a tc h in g  for High 

Power, Low Im pedance  Devices
I • Swept Power /C urren t Load Pull

• Harmonie  Load/Source  Pull
• In d ep en d e n t  Contro l of Harmonies  

(Phase A N D  Magnitude)
• IMD/ACP M easurement
• Dynamic S-Paramete r  Blocks
• Signal Synthesis  Formats  

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

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

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

M AURY M ICRO WAVE
C O R P O R A T I O N

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

• ADS/ATS Load Pull Data Module
For more Information contact 

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

Email: maury@maurymw.com

Visit us on the World W ide  W eb  a t
http://www.maurymw.com
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0l8to6.7GHz
■low conversion loss ’ thin profile •superb temperature stability • lowcost

$ R 9 5
from (10-49)

Unleash extra performance from your higher frequency designs b j  
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 cost per unit. This 
p rocess also results in a phenomenally thin package standing only 
0.070 " high! Sc o o p  the competition and upgrade to the next level 
of performance in your higher frequency products...contact 
M ini-Circuits for Blue C e ll™  mixers today.

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

B BLUE CELL

Protected by US. patents 5.534.830 5.640,132 5,640,134 5,640.699

P.O. Box 350166, Brooklyn, New Y<

t e t T  7teD“ * " E"s

C J  M in i-C ir c u its
k 11235-0003 (718)934-4500 Fax (718) 332-4661 For quick access to produc 
neers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.

MINI-CIRCUITS CATALOG &
E READER SERVICE CARD

http://www


► STAFF

microwave
m W

JOURNAL
1 FEATURES

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

124 Acronyrm and Abbrevfations Used by the RF/Microwave 
Industry
Frank Bashore, Microwave Journal staff
A handy reference of acronyms and abbreviations used in Microwave Journal 
technical articles

P R O D U C T  F E A T U R E S

166 RF Digital Attenuators in Plastic MLP Packages
M/A-COM
A family of digital attenuators that produce five- and six-bit formats with least 
significant bit weights of 0.5 and 1 dB

178 High Efficiency L- and S-band Transmitters
Emhiser Research Inc.
Miniature airbome telemetry transmitters that use a proprietary approach to 
amplifier design and feature previously unattainablc DC-to-RF efficiencies

184 A 6 GHz Dual Fractional-N Frequency Synthesizer
Conexant Systems Inc.
A frequency synthesizer IC that offers a 6 GHz (max) operating frequency, 
-80 dBc/Hz phase noise floor and 400 Hz or less step size

190 Multistage Depressed Collector Klystrons
Communications (r Power Industries Canada Inc. (CPI Canada)
Multistage depressed collector klystrons developed for C- and K-band commercial 
satellite service that feature a collector efficiency of 60 percent or greater

194 A High Power LDMOS Transistor for Broadcast Transmitter 
Applications
Philips Semiconductors
A unique ultra-high frequency lateral double-diffused metal-oxide semiconductor 
(LDMOS) that cuts the cost of upgrading terrestrial transmitters for digital Operation

DEPARTMENTS

15 . . . .Coming Events 152 . . .Catalog Update

18 .. . .Workshops & Courses 202 . . .New Products

45 . . . .News from Washington 226 . . .New Literature

49 .. . .International Report 228 . . .The Book End

53 . . . .Commercial Market 230 . . .Ad Index

56 . . . .Around the Circuit 232 . . .Sales Reps

Press run for this issue is 58,605 copies Printed in the

Pubusher/Eduor: Harian Howk, Jk. 
Associate Pubusher: E dward Johnson 
Managing Editor: Amy E. NORCROSS 

Technical Editor: Frank M. Bashore 
Staff Eduor: James T. Wai.sh 

Editorial Secretaries.- Allison Greco

Consulting Editor: Howard I. Ellowitz 
Consulting Editor: Theodore S. Saad 
Consulting Editor: Peter Staecker 

Int'l Correspondent: Martin Streetly 
Int'l Staff Editor.- Steve McClelland 

Assistant to the Publisher: Kristen Dednah 
Traffic Manager: Edward Kiessling 

Traffic Administrator: Michelle Cari.etti 
Production Manager: Robert Bass 

Production Assistant: Jennifer Johnson 
Design Director: R.A. Pike 
Art Director: Bill Haff 

DTP COÖRDINATOR: jANET A. MACDONALD 
Graphic Designer: SaCHIKo Stiglitz 

Graphic Design Group:
Sandra Deneault • Andrew Ross 

Amanda Ruppert

E U R O P E

Deputy Publisher: Sam Baird 
Office Manager: Eugente Hardy 
Sales Manager: Gahktii Watson 

C O R P O R A T E  S T A F F  

Chairman & Executive Officer: William Bazzy 
President: William M. Bazzy 

VP Finance & Operations: Charles A. Ayotte 
VP Group Publishing: William Waller 
Corporate Vice President.- Jüan B. Egan

Editorial Review Board:

Dr. S.F. Adam Dr. G.L. Matthaei
Dr. I.J. Bahl W.G. Matthei
Dr. R.C. Baird Dr. D.N. McQuiddy
D.K. Barton Dr R.L. Metivier
Dr. E.F. Belohoubek C.K.S. MÜlor
Dr. C.R. Boyd Dr. F.R. Morgenthale
K.J. Button Dr. N.S. Nahman
Dr. K.L. Carr Dr. J.M. Osepchuk
H.F. Chapell
N.R. Dietrich Dr. W.L Pritchard
G. DiPiazza Dr. L.J. Ricardi
Dr. Z. Galani Dr. U. Rohde
Dr. F.E. Gardiol Dr. G.F. Ross
Dr. A. Gilardini Dr. J.A. Saloorn
Dr. R Goldsmith Dr. P. Staecker
Dr. M.A.K. Hamid H. Stmehelfer
J.L. Heaton Dr. H.E. Stockman
E.E. Hollis J.J. Taub
Dr. W.E. Hord Dr. J.G. Tenedorio

G.D. Vendelin
Dr. J.C. Lin Dr. W.A.C. Voss
Dr. Stephen Maas Dr. B.O. Weinsehel
Dr. R.J. Mailloux Dr. P. Weissglas
S. March Dr. J. WÜtse

12 MICROWAVE JOURNAL ■ OCTOBER 2000



haèieen dei 
that ccntms to bttpzrfoni the cctn- 
petitan. Whitematfcoispamshave 
m i the

- teittijitance de-, 
hasperfected Treufh Lite ■ ■ ahighlf

that easures e»treae/fiovitsertion 
loss mdauari 

B i

We mre recentlfpui to'the te st 
-hfaóuttomer iith pimpii applicpt 
1m thatrequireda 20 feariife spon. • 
This customr atfachkda ssrmnotor: •
te mphppe shi/tém d'im edi't 
tbr the ipjuivatett ó f 2(ffiats "
The diépe rèachéd tM pari tt/fh m. _.. 

, eföctöhperfomdice;StähLWfor\T 
' h>ss Thisaitéded'the pm'toméffa - \ 
paüaelQihiafdipeidaMitfthatotlf. 
\a superior eièctrorteeêmicald&me ■’

YQU COULD PUSH THIS 
PHASE SHIFTER TO THE LIMIT. 

BUT WHO'S GOT THAT MUCH TIME?
Electromechanical Phase Shifters from Sage offer today's test 

engineers and. system designers several advantages over solid-state 

technology. These rugged and precise devices are capable of the highest 

stability, lowest loss, broadest bandwidth, and highest power handling 

performance. OEMS around the globe are using them to adjust doek 

and data phase in optical networks, to compensate for component errors 
in system architectures, to time final-phäse in radar Systems, and for 
testing stability of DUT's in production test environments. Products are 

offered independently or in the new TestKitz™ line where they are bun- 
dled with a directional coupler, a 90° hybrid, a 2-way power divider, a 

lowpass filter, and a manual SPDT toggle switch in a single box.

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

Sage —  a legacy of proven results.

www.phaseshifters.com

fisaqe
L A B O R A T O R I E S , IN C .

A Filtronic plc Company

11 Huron Drive, Natick, MA 01760 • 508-653-0844 • Fax 508-653-5671 
www .sagelabs.com

______________________CIRCLE 157 ON READER SERVICE CARD____________________
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YOU’BE PAYING FOR 100°lo Y l ™ .  
WHY NOT MAKE SURE YOU’RE GETTING IT?

No matter where you buy your 
cable assemblies, you're paying 
for 100% yield. Sow hynotget 
it? Only Dynawave tests ALL of 
its RF and microwave cable 
assemblies, delay lines, har- 

nesses, and connectors for yield 
and reliability, so you get what 
you payfor. 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 this testing, tracking, and 
bar coding would cost more. It 
doesn’t. In fact, overall you pay a 
lotless.

Why take chances? When you do 

business with Dynawave, you get 
better product, better customer 
service, and on time delivery for a 
better price. Contact your rep for a 
brochure, or call one of our cable 
distributors listed below.

RG402 RG405
Conformable

.085
Conformable

.141
Flexible Jacketed

.085
Flexible Jacketed

.141

S M P X X X X X X
S M P  R ight Angle X X X X X X
B M A X X X X X X
B M A  Right Angle X X X X X X
TNC X X X X X X
Type N X X X X X X

1 - 8 0 0 - 8 8 6 - 7 7 6 6 1- 800- 755-6012

Distributed by ATSM  (949) 240-7783 | A SA P  Electronics (800) 477-1272

135 W ard  Hill A venue, Haverhill, M A  01835 U S A  
Internet: w w w .d ynaw av e .com  | E -mail: con n e c t@ d yn aw av e .com

CIRCLE 44 ON READER SERVICE CARD
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COMING EVENTS

Eighth IEEE International Symposium 
on Electron Devices for Microwave and 
Optoelectronic Applications (EDMO 2000) 
November 13-14, 2000 
Glasgow, Scotland

Sponsors: The University of Glasgow, IEEE 
UK&RI MTT-S, Electron Device Society, An- 
tcnnas & Propagation Society, Lasers and Elec- 
tro-Optic Society joint chaptor and the Seottish 
chapter of die IEEE Lasers and Electro-Optics 
Society. Topics: Advances in 1II-V transistors for 
mm-wave applieations; liigli speed laser diodes, 
optical modulators and photodetectors; Si- and 
SiGe-based deviees for RE and optoelectronics 
applieations; modcling of microwave and opto­
electronic deviees; vvide bandgap deviees for mi­
crowave and optoelectronic applieations; novel 
material optoelectronic and microwave deviees; 
low distortion microwave deviees for efficiënt 
mixer and power amplifier applieations; optical 
control of microwave and mm-wave deviees; mi­
crowave and optoelectronic photonie ciystal de- 
vices; and components for fiber radio appliea­
tions. Contact: lain Thaync or Karen McDvaney, 
University of Glasgow, Department of Electron­
ics and Electrical Engineering, Glasgow G12 
8LT, Scotland, UK +44 (0)141 330 3859/6674, 
fax +44 (0)141 330 6010 or e-mail: cdmo@elec. 
gla.ac.uk. Additional infonnation is available at 
www.elec.gla.ac.uk/edmo2000.

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

Topics: Fundamental microwave measurements 
and microwave metrology, with a focus on wire- 
less RF telecommunications. Contact: Kate Rcm- 
lev, National Institute of Standards and Technol­
ogy (NIST) (303) 497-3652 or e-mail: 
remley@boulder.nist.gov. Additional infonnation 
is available at www.arftg.org.

2000 Asia-Pacific Microwave Conference 
(APMC2000)
December 3 -6 , 2000 
Sydney, Australia

Sponsors: CSIRO Telecommunications and In­
dustrial l’hysics, IEEE South Wales and South 
Australia scetions and IEEE MTT-S. Topics: 
Computational electromagneties, CAD, elec- 
trom agnetic field theory, guided waves, 
EM C/EM l, ferrite and solid-state deviees, 
MMIC technology, medical/biological appliea­
tions of microwaves, microwave superconduc- 
tivity, high speed digital circuits, microstrip 
and planar antennas, microwave acoustics and 
measurements, optical deviees and Systems, 
optoelectronic techniques, microwave-optical 
interactions, phased- and active-array tech­
niques, mobile Communications Systems and 
remote sensing. Contact: ICMS Pty Ltd. +61 2 
9290 3366, fax +61 2 9290 2444 or e-mail: 
apmc@icms.com.au. Additional infonnation is 
available at www.icms.au/apmc.

2000 IEEE International Electron Devices 
Meeting (IEDM)
December 11-13, 2000 
San Francisco, CA

Topics: Research breakthroughs in semiconduc- 
tors and other electron deviees. Contact: Phyllis 
Mahoney, IEDM 2000, 101 Lakeforest Blvd., 
Suite 400B, Gaithersburg, MD 20877 (301) 527- 
0900, ext. 103, fax (301) 527-0994 or e-mail: phyl- 
lism@widcrkchr.eom. Additional infonnation is 
available at www.ieee.org/conference/iedm.

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

Sponsor: Assistant Secretary of the Army (Ac- 
quisition, Logistics and Technology). Topics: 
Advanced materials and manufacturing, rnicro- 
electronics and photonics, advanced propulsion 
technologies, engineering Sciences, environ-

havioral Sciences, force protection, high perfor­
mance cornputing and Simulation, soldier sys-

F L O R I D A

C o a xia l \
R em ote
Term inations
A Patented 
Technology

• Horizontal 
& Vertical

• Signal Sampling

• Temp Sensing

• Up to 150 Watts

•  Low VSWR  t

U Up to 2 4 Gm?f?

1I ißBtykum Oxide (BeO)  +  *  

{ Almiiwm Mtnde (AIN) i ‘ | |
Vfatt our Website: www.rflabs.coi

Nobody has as many 
Cellular & PCS re­
mote termination 

solutiotis.

Passive Power 
Solutions,

Voice: (800) 544-5594 
Fax: (888) 544-5594
PO Box 899, Stuart, Florida 34995-0899
A Smiths Industries Company
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It’s Simple. TestMart 
wmmfAeans Business.

[ Buy, seü, rent or lease.
It works for me.]

Get the test and measurement equipment you need when you need it. Test­
Mart—the industry’s leading infonnation and commerce service— 
is redefïning the test and measurement marketplace.

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

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

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

www.testmart.com
toll free 1-888-665-2765
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tems, and sensors and infonnation processing. 
Contact: Army Science Conference Registra- 
tion Desk (757) 357-4011, fax (757) 357-5108 
or e-mail: asc2000info@aol.com. Additional 
conference Inform ation is available at 
www.asc-2000.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 Technology Society; 
and the Packaging Research Center, Georgia 
Institute of Technology. Topics: adhesives, 
bumping materials and processing, consumer 
electronic material issues (cellular phones), in­
tegral passive materials, interfacial adhesion, 
manufacturing proccss control, mcchanics of 
materials, microwave materials, on-chip inter- 
connect materials, optoelectronics Substrates, 
HEI and dielectries, thennal management ma­
terials, and underfills and encapsulant materi­
als. Contact: IMAPS, 1850 Centennial Park 
Dr., Suite 105, Rcston, VA 20191 (888) 464- 
6277 or (703) 758-1060, fax (703) 758-1066. 
A dditional Inform ation is available at 
www.imaps.org.

IEEE Sarnoff Symposium 
March 21, 2001 
Trenton, NJ

C all fo r p apers . Sponsors: IE EE  MTT-S, 
IEEE Frinceton section, The College of New 
Jersey (TCNJ) student branch and TCNJ engi­
neering department. Advances in wired and 
wireless Communications. Send abstracts as 
hard copy, electronically or via fax. Deadline: 
O c to b e r  31 , 2000 . Contact: Bcrnard 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

Topics: Active/passive microwave components; 
antennas/feeding networks/filters; MMICs; 
new scmiconductor technologies and materials; 
modern CAD tools; simulation/linear and non- 
linear modeling; field theory; integration/ 
assembly and interconnect; microwave mea­
surements; reliability; electromagnetic compat- 
ibility; commercial/industrial subsystems/sen- 
sors; MEMS; biological/medical applieations; 
quasi-optics; microwave, millimeter-wave and 
tcrahert/. photonics; optically controlled 
phased-array antennas; optical Communica­
tions; optical sensors; optical measurements; 
and microwave/optics. Contact: Christine 
Vesche, NETWORK-OSE GmbH +49 (0) 50 
33 70 57, fax +49 (0) 50 33 79 44 or e-mail: 
vescho@networkgmbh.de.
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COMING EVENTS
2001 IEEE MTT-S International Microwave 
Symposium and Exhibition 
May 2 0 -25 , 2001 
Phoenix, AZ

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

mation, can be found at the site. D eadline: 
November 27, 2000. A microwave exhibition 
and historical exhibit, the RFIC Symposium 
and the ARFTG Conference will also be held
during Microwave Week 2001. For symposium 

gram chair,’ Motorola Inc. (408) 413-5922Pfax

nah, Horizon House Publieations, 685 Canton 
St., Norwood, MA 02062 (781) 769-9750 or e- 
mail: kdednah@mwjoumal.com.

Tri-Band P lus I
M D C  is the leading supplier of Tri-band wave­

guide components in the industry. O u r custom. 

high power W R D  580 components include 

couplers, adapters, terminations. and assemblies 

which are used on most military and commercial 

SATCO M  platforms that transmit.C.X,and Ku 

frequency bands.

We have also

pluS the ' 
extended D B S  (. '"a .vA

band. W R D  584 covus 58-184 • f

Please contact M D C  for more Information.

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

Switches

RF-Microwave Components

•  Immediate Delivery 
High Performance 
Low Cost
Superior Selection------

Power Dividers 
Couplers 
Switches 
Hybrids
Isolators/Circulators
Attenuators
Terminations
Osciliators
Filters JSS°L
Amplitiers C o p / ‘TO(’
Wavesuide 

K  Cuslom Designs

See Online Catalog at: 
http://Wwtw.mcli.com

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

Microwave 
Communications 
Laboratories Inc.

7255 30th Avenue North 
St. Petersburg, FL 33710 

http://www.mcli.com

- u . W ORKSHOPS & COURSES
RF a n d  W ireless M ade S imple

■  Topics: RF waves and their charac- 
teristics, converting numbers to deci­
bels, RF deviees and how they work, 
the block diagram of a complete wire­
less system, how voice and video Sig­
nals are digitized and multiple aceess 
technology in lay terms. Fee: $895.
■  Site: Mountain View, CA
■  Dates: November 14-15, 2000
■  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.

P hased-array  Radar

■  Topics: Principles and technology 
of the phased-array antenna as well as 
overall system significance, design 
and performance. Fee: $1470.
■  Site: Stockholm, Sweden
■  Dates: November 14-16, 2000
■  Contact: Research Associates of 
Syracuse (RAS), 6780 Northern Blvd., 
Suite 100, East Svracuse, NY 13057 
(315) 463-2266, fax (315) 463-8261 or 
c- mail: sc minars @ras. co in.

G uidance , N avigation 
an d  C ontro l:
Theory an d  A pplication

■  Topics: Principles of Inertial Navi­
gation Systems (INS), how INS errors 
arise and grow with time, and how 
other navigation Systems are integrat- 
ed with an INS. Fee: $1195.
■  Site: Atlanta, GA
■  Dates: November 14-17, 2000
■  Contact: Continuing Education, 
Georgia Institute of Technology, At­
lanta, GA 30332 (404) 385-3502 or 
e-mail: conted@gatech.edu.

D igital C ellular 
COMMUNICATION SYSTEMS:
GSM, CDMA, TDMA
■  Topics: Digital Systems, with em- 
phasis on GSM and related Systems 
based on TDMA, such as IS-54, and 
the evolving personal Communications 
Systems, such as DCS1800. Fee: $1195. 
É  Site: Tempe, AZ
■  Dates: December 4-7, 2000
■  Contact: Arizona State University, 
College of Engineering and Applied 
Sciences, Center for Professional De­
velopment, PO Box 877506, Tempe, 
AZ 85287 (480) 965-1740, fax (480) 
965-8653 or e-mail: asu.cpd@asu.edu.

H igh Speed Interconnect 
M odeling  U sing TDR
■  Topics: Operation and accuracy is­
sues for Agilent and Tektronix TDR 
instruments, interconnect probing 
and fixing, and interconnect modeling 
and model validation. Fee: $395.
■  Site: Portland, OR
■  Date: December 11, 2000
■  Contact: TDA Systems Ine., 11140 
SW Barbur Blvd., Portland, OR 97219 
(503) 246-2272, fax (503) 246-2282. 
A registration form is available at 
www.tdasystems.eom/training.htm.

Frequ en cy  Synthesis 
T ech n o log y  a n d  A pplications 
in W ireless Systems

■  Topics: PLL circuits and their com­
ponents and phase noise profiles; basie 
phase noise theory; integer-N and frae- 
tional-N circuits; direct digital, direct 
analog and DSP principles; and test 
procedures and updated parts.
■  Site: Mountain View, CA
■  Dates: December 11-13, 2000
■  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@bessereourse.com.

P ractical D esign 
o f  Integrated a n d  D iscrete 
W ireless C ircuits

■  Topics: Finding the best circuit ap- 
proacli and technology for transceiver 
applieations; comparing very compact 
passive inductor, transformer, auto- 
transformer and balun designs with 
their aetive counterparts; and the effec- 
tiveness of MOS and bipolar deviees.
■  Site: Copenhagen, Denmark
■  Dates: December 11-15, 2000
■  Contact: CEI-Europe, PO Box 
910, S-612 25 Finspong, Sweden +46 
122 175 70, fax +46 122 143 47 or 
e-mail: cei@cei.se.

C eramic Technologies 
for M icrowave

Topics: The most recent advances in 
ceramic interconnect technology, ma­
terials and processes for wireless and 
other microwave applieations.
Site: Denver, CO 
Dates: March 26-27, 2001 
Contact: Samuel J. Horowitz, DuPont 
Microcircuit Materials (919) 248-5752 
orsamuel.j.horowitz@usa.dupont.com.
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Ensemble
planar electromagnetic 

field simulator

Symphony
Ansoft 's Serenade Design Environment wireless & wired

System Simulation
...delivering system, circuit, electromagnetic Simulation,
synthesis, and physical design in a single software suite. Streamline your product development 
process using integrated schematic capture, Simulation, layout, IC package modeling, and links to 
third-party tools from Companies such as Cadence®, Mentor Graphics and EEsof.

Handshaking between modules allows engineers to focus on.critical components at any stage of 
development. Each simulator can be used as a powerful, stand-alone tool, or in concert with others 
for end-to-end high-frequency design. The Serenade Design Environment is built on Ansoft's core 
electromagnetics technology; and offers accuracy, an easy-to-use Windows® interface, advanced 
design Utilities, and superior value.

For a free evaluation copy of any of the tools in Ansoft's Serenade Design Environment 
call 412-261-3200 or send e-mail to info@ansoft.com.
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B O O S

U L T R A - L O W  L S R

Lowest ESR in class -
TYPICALLY 80 iïlü @ 1 GHZ

Highest Working Voltage 
For 0603 NPO

Broadest Value range

L O W  C O S T ,  W IT H  T H E  S U P E R I O R  

P E R F O R M A N C E  A N D  R E L IA B I L I T Y  
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C E LL U LA R  B A S E  ST AT IO N  E Q U IP M EN T
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SATCO M
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WVDC: 250 V
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C e r a m i e s
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CIRCUIT DESIGNERN NOTEBOOK
Effective Capacitance vs Frequency

It is generally assumed that the capacitance vaiue 
seleded from a vendor's cataiog is constant over 
frequency. This is essentialiy true for applieations 
with applied frequenties that are well below the ca- 
padtors self-resonant frequency. However as the 
operating frequency approaches the capacitors self- 
resonant frequency, the capacitance vaiue will ap- 
pear to increase resulting in an effective capaci­
tance (G) that is larger than the nommal capaci­
tance. Th is article will address the details of 
effective capacitance as a function of the application 
operating frequency. In order to illustrate this phe- 
nomenon, a simplified iumped element model of a 
capacitor connected fo a frequency source operat­
ing in a network will be considered, as depicted in 
Figure 1.

Frequency (GHz)

Figure 1
ium ped Elem ent Equ ivalen t Mode\

This model fräs been selected because the effective 
capacitance is largely a function of the net reac- 
tance developed between the capacitor and its par- 
asitic series inductance (Ls>. The equivalent series 
tesistance 'E SR ' shown in tliis illustration does not 

; have a significant effect on the effective capacitance.

Effective Capacitance:
The nominal capacitance vaiue (Co) is established 
by a measurement performed at 1MHz. In typicai 
RF applieations the applied frequency is generally 
much higher than the 1M H z measurement fre­
quency, hence at these frequenties the inductive re- 

, actance (Xt) associated with the parasitic series in- 
j ductance (Ls) becomes significantly large as com- 

pared to the capacitive reactance (Xc). Figure 2 
. illustrates that tliere is a disproportionate increase 
5 in X i as compared to Xc with increasing frequen­

ties. This results in an effective capacitance that is 
greater than the nominal capacitance. Finally at the 
capacitors series resonant frequency the two reac-~ 
tance's are equal and opposite yielding a net reac- 
tance of zero. The expression for Ce becomes unde- 
finedat this frequency.

Figure 2
Net tm pedance vs. Frequency

As illustrated in figurè 1, the physical capacitor 
can be represented as C 0 in series with Ls. the 
impedance of the series combination of Co and L s 
can then be set equal to Ce, which may be re- 
ferred to as an "ideal equivalent" capacitor. This 
will yield the following equation:

This will yield the following equation: 

j(co Ls-1/cüQ = -j1/cöC£ 
co2 Ls -  1/C0 =  -  1/C,
The relationship between the operating frequen­
cy Fo and the effective capacitance G  can then be 
statedas:

c(= c 0/ ( i - fö 2i sg
C£ = C0/1 -(2jtF0H sC0
Where:
C, =  Effective Capacitance

at the application frequency, (F„)
C„ =  Nominal Capacitance at 1 MHz 
G  =  Parasitic Inductance, (Q) 

i F„ =  Operating Frequency, (Hz)

Effective capacitance (Ce) 
vs. frequency vs Fa

From this relationship it can be seen that as the 
applied frequency increases the denominator b e  
comes smaller thereby yielding a larger effective 
capacitance. At the capacitors series resonant fre­
quency the denominator goes to zero and the ex­
pression becomes undefmed. The relationship of 
CE vs frequency is a hyperbolic function as illus­
trated in Figure 3.

Example:
Consider an ATC100A  series 10OpF capacitor. 

Calculate the effective capacitance (G) at 10MHz, 
100MHz, 500MHz, 900MHz, 950MHz.

Solution: Calculate by u s ing  the relationship 
Ce =  Co/1 -  [27t Fo)2 Ls C0. Refer to Table 1.

Impedance, (£2)

0.069- j 0.337
0070 - j 0.168

Table 1
R elationsh ip  between F0 Ct and Z

Application Considerations:
Impedance matching and minimum drift appliea­
tions such as filters and oscillators require special 
attention regarding C t. For applieations below the 
capacitors self-resonant frequency the net imped­
ance will be capacitive (-j) whereas for applied 
frequenties above resonance the net impedance 
will be inductive (+j). Operating above series res­
onance will correspondingly place the impedance 
of the capacitor on the inductive side of the Smith 
chart (+j). When designing for these applieations 
both Ce and the sign of the net impedance at the 
operating frequency must be carefully considered. 

ln contrast, the majority of coupling, bypass and 
DC blocking applieations are usually not sensitive 
to the sign of the impedance and can be capaci­
tive or inductive, as long as the magnitude of the 
impedance is low at the applied frequency. The 
effective capacitance will be very large and the net 
impedance will be very low when operating dose 
to resonance. At resonance the net impedance will 
be equal the magnitude of ESR and the capaci­
tance will be undeftned.

Richard Fiore
Sr. RF Applications Engineer 

: American Technical Ceramics Corp.

t o  l e a r n  m o r e  
Click h e r e
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JONE: 631-622 4700- FAX: 631-622-4748 • E-MAIL: SALES@ATCERAMICS.COM
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SPECIAL REPORT

C D  Radio Promises 
Data and Audio 
Listening Relief

If while driving on the interstate you ean- 
not elude Hank Williams’ laments about 
cheatin’ love and bis long-dead hound, or 

are trapped in New York, Chicago or San 
Francisco, irritated by bad reception when 
trying to listen to your favorite radio station, 
relief is on the way. It is coming in the form of 
digital audio broadcasting (DAß), popularly 
called CD radio, which, in its two incamations

_22_

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

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

According to Ben Benjamin, senior vice 
president of product management at Lucent 
Digital Radio (LDR), Warren, NJ, ever since 
the merger of LDR and USA Digital Radio 
(USADR) into iBiquity Digital, everything has 
been going very well. “The merger is good for 
us and the consumer, who we envision will 
benefit from this type of radio,” he said, 
adding that the technology can now be 
brought to market faster and more cost-effec- 
tively: “Faster, because now a Standard will be 
adopted in the US much earlier than it would 
have if we were competing. Cost-effectively, 
because we’11 get to higher run rates and bring 
economies of scale to bear faster than if we 
were competing.”

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

[Continued on page 24]

E rn e st  R ejman
Contributing Editor
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2 to 32 Way • 0.01 to 26 GHz • Wide Bandwidths 
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SPECIAL REPORT
tion for XM, “We’11 provide all this 
technology license-free to our part­
ners to build AM/FM/XM radios so 
that when you want to listen to us in 
your car you just punch the XM but­
ton, and if you want to listen to an 
FM radio station you punch the FM 
button.”

Ken Erickson, product director of 
North America Audio Business for 
Delphi Delco, Kokomo, IN, is confi- 
dent receiver developm ent and 
broadcast schedules will converge as 
expected. “Sirius already has one of 
its satellites up, and XM will get at 
least one up this fourtli quarter, and 
the rest of their launch Schedule is set 
up,” he said. “We’re at the point of 
getting first physical hardware on the 
receiver side in two months. Every- 
thing’s reasonably on Schedule, close 
to the timing stated by both XM and 
Sirius.”

DISPLAYS AND RECEIVERS
D elphi Delco is working with 

General Motors and “others” it is not 
yet prepared to name on a remote 
box that will feed the audio Signals

into the radio head. “From the user 
interface viewpoint its transparent — 
just another band on the dial,” ex- 
plained Erickson. Although this new 
technology’s first application will be 
focused on music, there are a number 
of data applieations. “Newer radios 
today typically have larger displays 
with more text capability, so messages 
will be shown tljere. If you had a sta­
tion panel such as ’80s Oldies, that 
could be on the first line, the song or 
artist on the seeond.” In fact, depend- 
ing on the service provider, there is a 
string of messages tha t could be 
shown on the display, ineluding 
where to buy the CD that is playing.

Over the last few years the trend 
has been to increase display content, 
particularly in the case of cellular 
phones. In  the navigation world, 
some displays are com parable to 
cathode ray tubes in their capabili- 
ties. This improvement has spilled 
into personal digital assistants (PDA) 
and, now, to radios. Ten years ago, a 
typieal display had a 3.5-figure capa­
bility, showing time and frequency, 
and perhaps four icons at best. “Now

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

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

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

[Continued on page 28]

CONDOR SYSTEMS
ANTENNAS

EVERYWHERE YOU 
WANT TO GO

SPACE
Launch Vehicle to Satellite

AIRCRAFT 
Helicopter to Super Sonic

LANDBASED
Quick Reaction Mobile to Large Fixed Site 

SH3P
Fast Patrol Boat to Aircraft Carrier

SUBSURFACE 
Submarine to Deep Submersible

CONDOR
SYSTEMS

2133 Samaritan Drive, San Jose, California 95124 
Tel (408)879-2236, Fax (408)377-6892 www.condorsys.com
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Introdudng High Power 
Linear Power Amplifier Modules

Typical perform ance @ +25° C

fSSSÊÊÊÊM PA1186 PA1166 PA1182

Frequency (MHz.) 800-960 1930-1990 2300-2400

Gain (dB.) 29.0 26.0 23.0

Pout @ 1 dB. comp. (dBm.) 38.0 38.0 37.5

Noise Figure (dB.) 2.4 2.7 3.0

ACPR (30kHz BW)* -50.0 -54.0 -47.0

VSWR (Input/Output) 1.5:1/2:1 l.5:l/2:l 1.5:1/2:1

IP3 (two tone)** +56.0 +54.0 +53.0

Supply Required +28/1000 +28/1000 +28/1000

* ±850kHz from fc at powe:r level of 30 dBm. (IS-95)
** IP3 measured with 2 tone;s @ +25dBm. per tone

In today’s competirive wireless environment “Time to Market” is a 
very crucial factor for the success of a new product.

For Cellular, PCS, and WLL cell sites, Stellex Phoenix Microwave 
offers the largest selection o f linear amplifier modules to accelerate your 
multi-carrier power amplifier designs.

With our unmatchedperformance and delivery you not only reduce 
your design time but also enhance your Systems capability.

ln addition, our applieations staffis ready to develop new cost 
effective linear amplifier modules customized to your requirements.

So from your initial design concept to high volume production, 
make Stellex Phoenix Microwave your linear amplifier module partner.

Call today: 215-723-6011 or e-mail us at info@phnixmw.com
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OF N O N L I N E A R  S I M U L A T I O N  P E R F O R M A N C E

Power, Äccuracy and Speed.
That's what you  get with Eaglew are 's new  

harmonie balance simulator, H A RBEC ™ . From 

real-time tuning, to application of artificial 

inteiligence techniques, to co-sim ulation with 

electromagnetics, H A R BE C  d oes it all ... with a 

powerful set of features that includes:

Robust Simulation

• unlimited, arbitrary circuit topo logy 

w ide range of nonlinear device m odels 

(diodes, JFET, BJT, M O SF E T S , M E SF E T S ) 

w ide range of sou rces (voltage, power, 

current, waveform)

DC  ana lysis and optimization 

unlimited tone harmonie balance analysis 

and optimization 

High Performance Design
A I performance optimization 

fast tuning 

EM Co-simulation 

Spiee Model Import 
Extensive Parts Library 
Equations and Post Processing

An d  it's fully integrated into the G E N E S Y S  suite 

of synthesis, S-parameter, electromagnetic and 

physical design  tools.

So Grab a Seat and Hold On!
With nonlinear m odu les priced at $4990, they ' 

go ing  fast. And  so  will your design.

www.eagleware.
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978/452-9061 Fax: 978/441-0004 
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http://www.mcn-mmpc.com

M C N / M P C
Your ONE Source 
for Microwave ClRCUflS

For Fine Line Etching 

with tolerances to .0003', 

Complex Rating/ 

Machining, Laser Cutting, 

Multilayer/Hybrids, 

or Metal-backed Boards 

including Plated thru Holes - 

Modular Com ponents National/ 

Maryland M PC  is your 

one source for M icrowave 

Circuit Boards.

M ODULAR CO M PO NENTS 
NATIONAL, INC.

2302 Indnstry Court, PO Box 453,
Forest Hill, MD 21050 ’Pß, 

410/879-6553 Fax: 410/838-7629 
E-mail: sale.s@mcn-mmpc.com 
http://www.mcn-mmpc.com
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views, peers reviews and progress 
m ade, the proof of the pudding 
should come out during the next 
quarter, when real-life testing begins. 
As Erickson put it, “Then the satel- 
lites get tumed on and we start dri- 
ving ears to see whether we have a 
saleable product, then do further de­
velopment.” There Ls still a list of mi­
nor action items being followed, such 
as getting the right type of decoding 
through software adjustment. How- 
ever, as Erickson views it, “The proof 
is when I tum that switch and hear 
the music and get the data.”

THE STANDARDS QUESTION
There were three proponents for 

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

iBiquity will develop and commer- 
cialize digital broadeasting technolo- 
gy Solutions, including Lucent s per- 
ceptual audio coder (PAC) audio 
compression technology, to enable ra­
dio broadcasters to send audio and 
data content via digital Signals. These 
Signals will allow existing radio sta­
tions to transmit CD-quality audio 
with crystal-clear reception plus wire- 
less data for a variety of consumer ap- 
plications, such as station and pro­
gram content, stock and news infor- 
mation, local traffic and weather, and 
much more, over existing radio fre- 
quencies w ithout degrading the 
transmission of current analog pro- 
gramming.

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

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

they can move forward quickly; at 
least there will be no Opposition from 
the marketplace — it’11 be just like 
digital TV, which only became reality 
when a heavyweight consortium was 
formed. The USADR alliance with 
Lucent brings in the 600-pound goril­
la that creates the de facto Standard 
which then everyone foliows.”

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

IBOC allows digital to co-exist 
with analog. The listener still receives 
the Standard analog AM/FM Signal, 
so if he buys a new receiver and in- 
stalls it in his car, there will be no dif- 
ference as far as the analog stations 
are concerned — he will get them as 
he always has. When he switches to 
the digital station format, audio quali- 
ty will be improved but, more impor- 
tantly, he will acquire the capability 
to receive a powerful data channel 
that can provide all sorts of cus- 
tomized Information — from real­
time traffic to stock quotes and news. 
As it is defined now, the business 
model shows that the Standard audio 
and news and conventional broad- 
casting will continue being free. Not 
so with the valuable, nationwide data 
channel that provides a wireless data 
link into your car as well as to hand­
held devices.

TWO-WAY DATA
Although the downlink is one way, 

it would be easy to couple it with an 
uplink using cellular technology. 
From a business model perspective 
this works well because users down­
load data in a 10:1 ratio compared 
with what they upload; therefore, us­
ing the more expensive cellular infra- 
strueture as an uplink would not be 
prohibitive. The view is that down- 
loading more data than needed is ex­
pensive. For instance, the service 
supplier would pump out a flood of 
stock or traffic information, and the 

[Contimed on page 30] 
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Ai. Fig. 2 LDR’s approach to hybrid IBOC transmitter Implementation.

user would program his receiver, 
whether radio or PDA, to pick up the 
stocks of interest or the traffic zones 
he wants. Such a low cost, real-time 
data download like this is ideal and, if 
something more specific is required, 
the user can always reach for his cel­
lular phone. The radio link for low 
cost downloading could be networked 
to work side-by-side with a cellular 
link for uplinldng.

SÄTE LUTE REPEATERS AND IBOC
Satellite digital radio has two pro­

ponents: XM and Sirius. The FCC 
has granted them licenses to use the 
2.5 GHz frequency. However, satcl- 
lites still need to be orbited and earth 
stations set up for the System to work.

On the otlier hand, IBOC uses the 
current broadcast infrastructure — 
approximately 14,000 radio stations in 
the US divided 50/50 between AM 
and FM. These stations already have 
towers and transm itters and are 
broadcasting Signals. Converting over 
to IBOC is not an expensive proposi- 
tion and, practically ovemight, it en- 
ables these broadcasters to acquire a 
digital terrestrial network across the 
country. (Lucent Technologys ap­
proach to CD radio, shown in Figure 
2, lies in adding an IBOC module to 
existing AM or FM transmitters in 
operating commercial radio broadcast 
facilities, providing them with digital

capabilities for audio as well as a data 
channel.)

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

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

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

[Continued on page 35]
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ICA008-303 .01-8.0 32 *5 . .2 .5 » 20 2.0:1 350
CA00I0-201 .31-10.0 24 *5 1 -2 .0 4 10 2.0:1 175
CA0010-202 .31-10.0 22 '*5 - 2 0 5 15 2.0:1 200
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CA0010-302 .01-10.0 32 2.5 5 . .151 2.0:1 325
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CA0012-203. .01-12.0 20 *5 2.0 10 20 12.0:1 225
CA00I2-301 .01-12.0 33 2*5 2 5 0 10 2.0:1 300
CA0012-302 .01-12.0 31 • *5 2.5 ■' 5 I t 15 2.0:1 325
CA0012-303 01 1 2 0 30 2 ‘ 5 ' . 2 .5 10 Q 20 2.0:1 350
CA0118-201 .1-18.0 2 t **5 ‘ 2.5 3 i f 13 2.0:1 200 .
iC AOn 8-202 .1-18.0 23 1  **5 2.5 5 If. 15 2.0:1 250 1
IC Ä 0H 8-203 .1-18.0 20 2.5 7 a : m 2.0:1 300.1
ICA0118-301 .1-18.0 31 ■ 2 . 5 ' t i m ■ -" 1 3 2.0:1 250 7
ICAÖ118-302 .1-18.0 20 « 5 . 2.5 5 15 2.0:1 300
ICA0118-303 1-18.0 28 " 5 2.5 7 17 2.0:1 350
*  Noise Figure is specified above 300 M hz I  
**  N o ise  F igure is specifierf afaove 500 M hz |
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paying $9.95 a  m onth for CD-quality 
music from being annoyed by a Signal 
tlia t keeps fading in and  o u t w nile 
they are driving, as is sometimes the 
case with some FM  stations. This ad- 
d ition  increases cost b u t makes the 
System viable, assuming you are with- 
in range of a repeater. I t also brings 
up the  issue o f how many repeaters 
are needed for cities like Los .Ange­
les, New York, San Francisco, Detroit 
o r Chicago.

IBOC’s overwhelming advantage is 
its low im plementation cost, and that 
makes possible a digital data network 
covering the US, capable of providing 
valuable wireless data links into PDAs

tage of true terrestrial digital radio.
F o r  AM sta tions especially , the  

IBOC conversion cost is relatively low
— in the $ 10 ,000  range —  because 
m ost b ro a d c a s te rs  have re la tiv e ly  
m odern transmitters. It just requires 
an IBOC genera to r that is plugged 
into the transmitter. The digital signal 
is fed through the box into the main 
transmitter as with subcarriers, where 
a subcarrier box is put into the trans­
mitter, which already has a subcanier 
feed . F M ’s case is som ew hat m ore 
complieated because IBOC requires a 
linear amplifier, and many of the older 
FM amplifiers are extremely nonlinear

IBOC’s overwhelming advantage is 
its low implementation cost, and that 
makes possible a digital data network 
covering the US, capable o f providing 
valuable wireless data links into PDAs 
and car radius. I le re  is the real advan- 
tage o f true terrestrial digital radio.

F o r  AM sta tions especially , th e  
IBOC conversion cost is relatively low
— in the $ 10 ,000  range —  because 
m ost b ro a d c a s te rs  have re la tiv e ly  
m odem  transmitters. It ju s t requires 
an IBO C genera to r th a t is plugged 
into the transmitter. The digital signal 
is fed through the box into the main 
transmitter as with subcarriers, where 
a subcarrier box is pu t into the trans­
mitter, which already has a subcarrier 
feed . F M ’s case is som ew hat m ore 
complieated because IBOC requires a 
linear amplifier, and many o f the older 
FM amplifiers are extremely nonlinear

iBO C’s overwhelming advantage is 
its low implementation cost, and that 
makes possible a digital data network 
covering the US, capable of providing 
valuable wireless data links into PDAs

Approximately 40 million o ther radios 
are consum ed in the  US, ratcheting 
this num ber up to a 50 to 60 million 
yearly consum ption . Clearly, some 
are cheap, giveaway radios, bu t with a 
m arket like ca r radios, boornboxes 
and stereo tuners, a US 40-million-ra- 
dios-per-year m arket is reasonable. 
Obviously there  is no question o f vol­
ume —  it  exists.

In  addition, there will be low cost 
receiver chip sets im plem ented  for 
PDAs, laptops and  others as add-on 
modules. Those numbers are also sig­
n ifican t. C o n sid e r th e  case o f th e  
PalmPilot, for instanee, already a fair- 
ly p ow erfu l co m p u ta tio n a l dev ice

G etting a small plug-in unit with an 
FM  d e c o d e r  th a t —  w h e th e r  it  is 
used for audio or not is immaterial — 
provides a low cost data link capable 
o f  feed in g  in fo rm ation  in to  it be- 
cornes very attractive. I t  w ould be 
possible to go a step further and add 
a Global Posi Honing System (GPS) 
chip to the module to prove location 
inform ation as well, perm itting  the 
in co m in g  d a ta s tre a m  to  b e  cus-

5DAs, laptops and others as add-on 
modules. Those numbers are also sig­
n ifican t. C o n sid e r th e  case o f  the  
PalmPilot, for instanee, already a fair- 
ly po w erfu l com p u ta tio n a l device 
w ith rnemoiy and processing pow'er. 
Getting a small plug-in unit with an 
FM  d ec o d e r  th a t —  w h e th e r  it  is 
used for audio or not is immaterial — 
provides a low cost data link capable 
o f  feed in g  in fo rm ation  in to  it be- 
com es very attractive. I t  w ould be 
possible to go a step further and add 
a Global Positioning System (GPS) 
chip to the module to prove location 
inform ation as well, perm itting  the 
in co m in g  d a ta s tre a m  to  b e  cus-

3DAs, laptops and others as add-on 
modules. Those numbers are also sig­
n ifican t. C onsider th e  case o f  the 
PalmPilot, for instanee, already a fair- 
ly p ow erfu l co m p u ta tio n a l device

tage of true terrestrial digital radio. Getting a small plug-in unit with an

tomized for the user’s location, en- 
abling him, for example, to find out 
when the next bus wall arrivé at the 
Street corner where he is standing.

D R E  has an a llian ce  w ith  C ue  
Networks, Los Angeles, CA, and this 
fall will bring in a digital carrier Sys­
tem  based  on  its IBOC technology 
using the subcarrier spectrum, which 
ean be taken to market now w ithout 
any fu rther FC C  approvals. The fo­
cus will be on digital subcarriers, and 
D RE is designing with them  a plug- 
in for the Handspring PDA, which is 
e x p e c te d  to  b e  a v a ilab le  b e fo re  
C hris tm as. T h e  basic  H an d sp rin g  
unit costs abou t $150 and  the  user 
ean buy p lug-in m odules from inde - 
pendent suppliers that eonvert it into 
a GPS unit or a cellular phone. Some 
seven modules are available for it al­
ready. The module that Cue will de- 
liver is a sm all FM  rad io  w ith  an 
IB O C -based digital subcarrier unit, 
and Cue will provide a host o f datas- 
tream s for the unit.

Digital radio —  w hether satellite 
o r te rrestria l —  will b ring  a robust 
wireless datalink to the mobile envi-

DKE is designing with them  a plug- 
in for die Handspring PDA, which is 
e x p e c te d  to  b e  a v a ilab le  b e fo re  
C h ris tm as. T h e  basic  H an d sp rin g  
un it costs abou t $150 and  the u ser 

-ean buy p lug-in modules from inde- 
pendent suppliers that eonvert it into 
a GPS unit or a cellular phone. Some 
seven modules are available for it al­
ready. The module that Cue will de- 
liver is a sm all FM  rad io  w ith  an 
IB O C -based digital subcarrier unit, 
and Cue will provide a host o f datas- 
treams for the unit.

Digital radio —  w hether satellite 
o r te rre stria l —  will b ring  a robust 
wireless datalink to the mobile envi-

DKL is designing with them  a plug- 
in for the Handspring PDA, which is 
e x p e c te d  to  b e  av a ilab le  b e fo re  
C h ris tm as. T h e  basic  H an d sp rin g  
unit costs about $150 and  the  user

pendent suppliers that eonvert it into
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ÉL Fig. 3 Audio strearn block diagram 
for DAB, data tracking and control modes.

ronm ent, as shown in Figure 3. Many o f the problems 
with wireless are related to the mobile environment-par- 
ticularly in the case of a vehicle traveling at 60 or 70 mph. 
P resen t Systems work well if  the u ser is sta tionary  or 
moves slowly, bu t that is not a true mobile environment. A 
moving automobile is a very demanding environment, and 
few wireless datalinks are capable o f feeding reasonable 
amounts of information into it. W ith digital radio using the 
broadcast infrastrueture  across the  US, the  technology 
with which to provide a robust datalink in the mobile envi­
ronm ent will be available.

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

LOOKING FOR COMMITMENT
The LDR/USADR merger came up with a unified de­

sign —  a System developed at Bell Labs that uses a high 
quality audio coder called perceptual audio coder (PAC). 
According to L ucent’s Benjamin, PAC will be used be­
cause it aflows efficiënt bandwidth use, always a challenge 
w hen attem pting to communicate through digital means. 
PAC allows transparent CD  quality at 120 kb. The chan- 
nel consists o f  bo th  the  analog and digital signal in the 
sideband, which Lucent refers to as a hybrid IBOC imple­
m entation because it contains both the analog and digital

signals. In  that configuration, the digital signal is 25 dB 
down from the analog signal a t the cen ter o f the  channel. 
This provides an interesting challenge to receive the  Sig­
nal in the same coverage area as the analog signal requir- 
ing a m odicum  o f  processing, w hich m ust b e  accom - 
plished while maintaining CD  quality.

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

I t  appears no one is willing to  com m it or allocate re­
sources until there is a Standard in place and some sort of 
service has begun —  production lines are expensive things 
to keep idle. Receiver manufacturers will not get involved 
until after having identified the production tim e and the 
num ber o f units that will be manufactured. All o f this action 
will be triggered by the  FCC im plem enting a Standard. 
“Our expectation was that the Standard would be adopted 
by year’s end,” said Benjamin. This may not happen due to 
purely political and bureaucratie reasons. One way or anoth- 
er, there is going to be a ehange o f administration in Wash­
ington and, as an industry insider confided, “We’re  seeing a 
num ber o f people from the FCC Commission already begin- 
ning to look for, and Unding, other jobs.” A realistic appraisal 
indicates it would be surprising if a Standard is in place be­
fore well into the first quarter of 2001 .

Once the FCC adopts a Standard, three major require- 
ments must be fulfilled before service ean begin on a com­
mercial scale. Obviously, the first one is getting a number of 
digital stations up. Because of the relatively small costs in­
volved, it is likely they will appear in sufficiënt numbers, at 
least in major markets, with large, readily available listening 
audiences. According to Lucent, this ehange should take 
place around the third or fourth quarter of 200 1 .

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

Lucent is working with “three o f the major consumer 
IC manufacturers,” which it declined to identify until that 
a rran g em en t can  b e  disclosed . “T hey  will d e te rm in e  
costs,” said Benjamin. “O ur assessment o f  the incremental 
cost for such a System is that it will fit within the construct 
o f a $100 increm ent a t the retail price level.” (This means 
that, whatever its price is now, you will have to pay an ad­
ditional C-note for the  boombox or tuner o f  your choice.)

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

[Continued on page 38]
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dcvcloping a brand following associ- 
a te d  w ith  th e ir  call signs. P eop le  
know their favorite stations’ call signs 
and  w ith  IB O C  th a t w on’t  ehange. 
They’11 find the signal w here its  al- 
ways been. W ith Eureka 147, the E u­
ropean  listener m ust m igrate  to an 
entirely d ifferent band and familiar- 
ize himself all over again with where 
to find the stations he wants.”

Wliile volume will certainly bring 
costs down in IBOG’s case, the Euro­
pean receivers design elem en ts are 
d iffe ren t b ecause  it o p e ra te s  in S 
band. As one elimbs up in frequency, 
equipm ent tends to be more expen- 
sive. “This is an advantage that has 
m ade the proposed  US System s in- 
crem ental cost smaller —  we’re oper- 
ating in the  sam e frequency  b and ,” 
pointed out Benjamin.

It now appears that the European 
and American System s will be incom- 
patible, b u t Lucent expects that once 
its System  begins service in the US, 
th ere  will b e  offshore applications. 
Lucent is prescntly dealing with Eu­
ropean autliorities, who, according to 
the Company, are acüvely considcring 
IBO C’s adoption.

THE DATASTREAM
As m e n tio n e d  p rev io u sly , i f  a 

broadcaster has upgraded its equip­
m en t over the  years, or th e  eq u ip ­
m ent is five years old or less, only a 
small modification is required. F o r an 
FM  station, the upgrade cost would 
m ostly  be a high  pow er com biner. 
The signal leaves the power amplifier 
and is delivered into the  an tenna to 
transm it; with today’s analog pow er 
amplifier, the com biner is used to  es- 
sentially sum tho analog and digital 
pa ths , the  la tte r  be in g  th e  second  
path that would be com ing into the 
combiner. F o r an AM station, there  
a re  re la tiv e ly  inexpensive  d ig ita l- 
ready exciter boxes for the transm it­
te r. B ecause  o f  l in e a r ity  re q u ire -  
rnents, modern AM equipm ent is al­
ready  d esigned  to  accep t a dig ita l 
System.

“C ru c ia l d a ta  ap p lic a tio n s  a re  
linked to th e  m ore effic iën t use of 
time,” said Benjamin. “There are sit- 
uations related  to traffic and down- 
loadable  m aps. We see th e  System 
working as an adjunct to w hat is out 
th ere  already, in term s o f GPS-type 
guidance  Systems. W e see  in GPS 

[Continued on page 40]
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that people need maps of very wide areas and often local 
municipalities need to redirect traffic due to construction 
or other factors such as traffic flow situations where a two- 
way road becomes a one-way road.” This information 
would be automatieally updated in the System as the dri- 
ver enters the vicinity.

Today, as com m uters crawl to work, traffic reports 
come in maybe every 15 minutes and emphasize heavily 
traveled roads that may not be of interest. A driver who 
inight want to know about traffic that is bevond his or her 
area could program the  reeeiver to profile his or her inter- 
ests, and it would only pick up information specific to the 
route o f interest, avoiding ha ving to listen to all the  other 
broadcasts. T hese  functions w ould n o t necessarily  be 
available as part o f a subscription service, bu t ra ther be 
m ad e  av a ilab le  f re e  by p re s e n t  b ro a d c a s t se rv ice  
providers. Ilowever, o ther data such as Sports scores and 
stock quotes tha t people want instantaneously wherever 
they may be, might be provided on a subscription basis.

These data could reach the user in audio or visual for- 
mat. Ilowever, there are concerns linked to providing too 
much visual input. Work is under way with the Consum er 
Electronics Association to set boundaries on what to  pu t 
on a dashboard without dangerously distracting the driver. 
A usage etiquette is being developed around how data can 
be displayed w ithout encum bering the driver.

SATELLITE RADIO GEARS UP
XM’s developm ent p lan  is typical o f  digital satellite 

broadcasting. “First you have to get a signal source pro- 
gramming center,” said Wormington. “That is already un­
der construction at our new Facility in Washington, DC. 
Eighty-twe Studios, all modular, all digital, all ticd togeth- 
e r  by fiber opties —  everything will be operational by 
years end.” (Figure 4  shows an example o f a state-of-the- 
art facility under construction by XM.)

Xext comes satelhte transmission capability. In  XM’s 
case, this means 15 kW Hughes 702 satellites, the biggest, 
m ost pow erfu l com m ercial C om m unications satellites 
ever made. The first was orbited in the first quarter of 
this year, and the next one launches the first quarter of 
next year.

Then come the repeaters to cover urban canyons. “We 
have 1500, and the ir test deploym ent has begun,” said

Wormington. “Theres a network set up in Pittsburgh that 
we’re running tests on, and full deployment wäll begin by 
the first quarter of 2001. These wäll go in 70 cities to cover 
the  top 70 Arbitron markets. The num ber o f repeaters 
ranges from 200 in New7 York, dowm to four or five for a 
place like Albuquerque. It is directly dependent upon the 
urbanization level, and  th e  am ount o f acreage tha t w7e 
need to cover.”

All of this preparation is useless w ithout fielded radio 
receivers. “We don’t produce radios,” said Wormington, 
“but have a num ber of partners —  people like Pioneer, 
Sony, Alpine, Delco, Sharp, M itsubishi and others. We 
have a group in Florida wliose sole purpose Ls building the 
hardware reference platform: antenna, tuner, an ASIC for 
channel decode and a DSP housing the software for the 
service layer decode, decompression and encryption.”

XM is doing the engineering for a prototype radio ca­
pable of tuning into its System. The Company has a werk- 
ing lab radio: satellite and repeater Signals in, music out. 
It is now' in what it describes as the “chip fabrication 
mode,” leading to Converting the lab radio prototype into 
chips. According to XM, these should be eommercially 
available during the second q uarte r of 2001, with 
transmission beginning commensurate with reeeiver 
availability.

SYSTEM SPECS
The signal is divided into an A and B side. The output 

is 4 Mb, which can be thought of as 2 Mb per side, plus 
padding and error-correction bits; thus, it is no t a 4 Mb 
signal when it is sent, bu t the data content is 2 Mb. The A 
and B sides go to the satellites via an X-band uplink, re- 
tum ing  as an S-band downlink. Both links are tim e divi- 
sion multiplex quadrature phase-shift keying (TDM QP- 
SK)-modulated, going di rectly to the car. I f  the signal goes 
through a repeater, the repeater does an in-band receive 
and  transrnit w ith an am plification and  ehange in  the  
moduiation scheine, from TDM QPSK to coded orthogo­
na l freq u en cy  division m ultip lex  (G O FD M ). T h e  re ­
peaters aet as a single network, and the signal then  is re- 
peated out to the car.

The same information content comes over each o f  the 
tw7o satellites and through the  repeater. The radio can re­
ceive all three signals and is indifferent to which one it re- 
ceives. The reeeiver is smart enough to select the  best Sig­
nal on a BER  basis. This process is transparen t to  the 
user, who is unaware o f which signal is being processed. 
In  fact, the radio may switch back and forth rapidly, de- 
pending on signal quality.

The repeaters are mostly 2 kW, wäth approximately 10 
percen t o f them  slightly h igher in pow7er. In  general, 
about 70 p e rcen t o f th e  repea te rs  will b e  on a tower, 
monopole o r building. Range is heavily dependent on en ­
vironment. Placed on M ount Wilson in Los Angeles, a re­
peater might cover 20 miles. The same unit in New7 York 
City might reach five blocks. XM has already signed leases 
for 500 of the 1500 locations it needs, and the Company 
indicates the remaining leases are coming in at a rate of 
200 to 300 per month.

The 4-M b d atastream  is divided into 8 -kb prim ary 
channels, with every application werking in some multiple

[Continued on page 42]
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o f  a p r im a ry  channe l. T h e re  is an 
overhead allocation o f 2  kb for each 
channel, providing a way to do things 
like sending information on stocks in 
parallel with, and transparent to, lis- 
ten in g  to  m usic. This capability  is 
used as what is ealled “program-asso- 
ciated data” so that, for instanee, the 
artist and song title o f the piece being 
played appear on the  display. W hat- 
e v e r can be d ig itiz ed  can  be dis- 
played.

A digital System has many capabili- 
ties, but ju st because they are avail­
able, it does not follow that they wäll 
be u sed . As W o rm in g to n  p u ts  it, 
“W e’re  a broadcast System —  what 
we send, we send to everybody. We 
could  use th e  System for p o in t-to - 
point applications, b u t it’s an ineffi­
ciënt way o f using it, because it is like 
taking a message and broadcasting it 
over evers7 radio station. Digitally it 
can do a lo t o f  th ings; b u t from  a 
business point o f view there are only 
a few things we will concentrate on. 
Right now, we’re putting out 4 Mb of 
data, and the bit doesn’t care what it 
translates to. In this case, we’re hav- 
ing it translate to music and talk. We 
ean do a lot w ith it; the  question is 
w hat we can  m ake m oney on, and  
righ t now  m usic and  ta lk  are it — 
that is our business plan.”

As for GPS or any o ther aneillary 
data source, XM is not considering it. 
“GM and H onda are very interested 
in telem atics, bu t ou r system is de- 
signed to  be a 4-M b pipe to the car 
and that’s it.” W ormington added that 
a car radio manufacturer like Delphi 
D elco  m igh t choose to  im p lem en t

o th e r  data  sources such as GPS or 
cellular, and in teg rate  th e  Systems. 
“W e’11 be a part o f it, bu t aren’t  plan­
ning on doing the whole package. We 
don’t make the radios, just facilitate 
their manufacture.”

L ike o th e rs , w h ile  a d m irin g  it, 
W orm ington believes th e  value lies 
not in the technology, b u t in the im- 
provem ent in programming. “People 
are going to hear radio like they think 
radio ought to be. Because we are na- 
tionwide, we don’t have to appeal to a 
b ro a d  a u d ie n c e  in  a n a rro w  geo- 
graphic area and  can focus on very 
narrow  listener niches and  provide 
the music that they love. Before, vou 
could never have focused so exclu- 
sively on specific dem ographic sec­
tors. People can make a business out 
o f p ro v id ing  fo r narrow ly  focused  
musical tastes for S9.95 a m onth.”

O f course, the big question is what 
the timeline is for an actual launch of 
services, and there  does no t vet ap ­
pear to be a definitive timeframe. Ex­
perts like D R E ’s M iller believe that 
by the time Systems are finally ratio- 
nalized, field-tested, fine-tuned and 
taken to the  reeeiver m anufacturer 
(who then, and only then , will gear 
up fo r p roduc tion ), it  m ay take as 
long as two years. Figure 5  shows a 
milestone chart for LD R’s IBOC re- 
alization program.

BUT WILL THEY COME?
The movie 2001: A Space Odyssey 

has one of the most inspired scenes in 
film history. In  it, m ans distant ape 
aneestor tosses into the air in triumph 
the  bone tooi that has given him su-

prem acy over his environm ent and, 
as it spins skyward, it transmutes into 
a space vehicle in Eartli orbit — an 
elegant encapsulation o f hurnanity’s 
m illion-year arduous clim b tow ard 
civilization.

The concept of digital radio brings 
to mind the culmination o f that diffi- 
cult evolution. While there is nothing 
technologically revolutionary about it, 
the ingenuity and application o f  exist- 
ing technologies — the m arriage o f 
satellites, high frequency, terrestria l 
repeating networks, large-scale Inte­
gration on the IG side, decoding and 
eneryption techniques — to o ffer a 
capability that did not exist before is 
mind-boggling.

Some in the business wax poetical 
about it, like D elph i D elco’s Erick- 
so n , “ I f re q u e n t ly  d r iv e  to  th e  
foothills in Tennessee and Kentucky, 
and go through several hours during 
which its  impossible to  get a single 
radio station. Now, for the first time, 
people everywhere will be able to lis­
ten to the music and talk they want. 
They’11 have more choices and relia- 
bility, as weil as nationwide informa­
tio n  se rv ice s . T h e  te c h n o lo g y ’s 
promise is its message.”

As H am let m u tte red , albeit in a 
som ew hat d ifferen t context, “’Tis a 
co n su m m a tio n  d e v o u tly  to  be 
w ish e d .” M v s a te ll i te  TV se rv ice  
boasts 220 channels. W hen channel- 
surfing, I am often awed by the  in- 
credible progress mankind has made 
since th a t long-gone ape c re a tu re  
tossed  th a t bone on its way to  the  
stars. We have acquired the ability to 
casually speed a radio signal off on a 
46-thousand-m ile journey, enabling 
me to receive anywhere on the planet 
and in the comfort o f my own home, 
two channels tha t regale m e w ith I 
Love Lucy  in g lo rio u s  b lack  and  
w hite, as well as Roseanne and  The 
Love Bont. It gives me three channels 
th a t try  to  sell m e th ings I do not 
w an t o r n e e d , 2 0  th a t  show7 me 
movies th a t w ere o ld  befo re  I w7as 
born, five that urge me to redecorate 
my b u d o ir and  p re p a re  a g ou rm et 
meal, 16 that carry sports (often the 
same event) and so on, ad nauseam.

GD radio promises enorm ous po­
tential, as did television and the In ter­
net. However, if  past performance of 
the use given to these resources is any 
indication, the promise should be tak­
en with an extra hefty pinch of stilt. ■
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NEW S FROM W ASHINGTON
THAAD System n  aytheon Co. has been  

■ \a w a r d e d  a c o n tra c t  
Development from Lockheed M artin Co.

to  d e s ig n , d e v e lo p  and  
Contract Awarded m an u fac tu re  th re e  E ngi- 

neering and M anufacturing 
® * ® ^ ® * ® *  D e v e lo p m e n t rad a rs  fo r 

the  Theater H igh Altitude 
A rea D efen se  (TH A A D ) 
System. T he aw ard is val- 
ued in excess o f $1.4 B and 

includes the hardware design, development and manufac­
ture o f six Battle Management/Command, Control, Com­
m unications and Inform ation  Tactical/Shelters G roups 
and related engineering support.

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

The THAAD program is an integrated System consist- 
ing o f  launchers, missiles, battle managem ent and control, 
and radars, and is the  upper tier o f the Armys two-tier 
theater missile defense concept. The higher altitude and 
wide area protection furnished by the THAAD system in­
terface with the lower tier Patriot Air and Missile Defense 
system to pro vide a com plete missile defense o f critical 
and high value assets.

The UK D efence Secre- 
ta ry  h as  n o tif ie d  th e  

U Ks European partners in 
th e  M edium  R ange Anti- 
tank  G uided  W eapon Sys­
tem  (MR TRTGAT) eollab- 
oration that the UK has de- 
cided not to  proceed with 
th e  In dustria liza tion  and  
P ro d u c tio n  p h ase  o f  th e  
p ro g ra m . T h e  lack  o f  

progress on the program since the UK indicated a willing- 
ness to proceed  last sum m er is c ited  as ev idence that 
there  w il be further and unacceptable delay and uncer- 
tainty in the program  whose service date  is already 10 
years later than originally planned. The D efence Depart­
m ent has decided that the UKs operational requirem ents 
for a m odern an ti-tank w eapon will be best m et by an 
alternative national program  and is investigating such a 
possibility.

MR TRIGAT is a crew-portable Medium Range Anti- 
tank Guided Weapon system planned to replace MILAN in 
the armed forces of the UK, Franco, Germany, the Netlier- 
lands and Belgium. UK collaboration on the TRIGAT pro­
grams began in the mid-1970s, and the* Full Development 
phase started in 1988 with an in-service date (ISD) of 1995. 
The most recent ISD is 2005.

UK to Seek 

Alternative to MR 

TRIGAT Anti-tank 

Guided Weapon

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

The US Army has award­
ed  the Raytheon-Loek- 

heed  M artin  Javelin Joint 
Venture a $1.2 B multiyear 
contract for the production 
of Javelin anti-tank weapon 
Systems. T he con trac t ex- 
tends over four years be- 
g in n in g  in 2 0 0 0 , an d  in ­
c lu d e s  th e  d e liv e ry  o f  
11,805 missiles, 2968 com- 

mand launeh units (CLU), 1990 student and field tactical 
trainers, and o ther associated equipm ent. Javelin is cur- 
rently in full-rate production under a multiyear contract 
awarded in 1997, and is in service with US Army and US 
Marine Corps units.

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

Raytheon, the  leader of the joint venture, will provide 
system engineering and support for the joint venture and 
produce the  CLU, missile guidance electronic un it and 
system software. Tts Missile Systems business unit in Tuc- 
son, AZ will be the primary Javelin work site. Lockheed 
M artin wil! provide missile engineering and production 
support in its Orlando, FL  facilitv; produce missik; seek- 
ers in Ocala, FL; and perform  missile all-up-round assern- 
bly in Troy, AL.

Multiyear 

Javelin Anti-tank 

Weapon System 

Contract Awarded

of AirCell Airborne 

Cellular Service

FCC Decision I n  a recen t deeision, the 
I Federal Communications 

Extends Approval Com m ission (FC C ) sided 
with AirCell Ine. and its 21 
cellular carrier partners and 
en d e d  a eon ten tious pro- 
ceeding  b etw een  the  A ir­
Cell group and seven o f the 
US’ largest cellular services 
carriers. T he F C C ’s dee i­
sion rea ffirin ed  A irC ell’s 

public safety benefits and the viability o f its comrnunica- 
tion technology. In  addition, the Commission extended 
AirCells operating authority by an additional two years.
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The dispute between AirCell and the group o f cellular 
carriers began in 1997 when the FC C ’s Office o f Experi­
mental Technology (OET) in terrupted  AirCells experi­
mental operations after appeals from several o f the carri­
ers. Subsequent extensive FCC-supervised tests in July 
1997 verified the non-interfering nature o f AirCells tech­
nology, and the FC C  O E T  lifted its restriction and per- 
m itted AirCell to resurne operations.

In late 1998, the  FC C ’s Wireless Technology Bureau 
granted AirCell and its partners a two-year exemption of 
the FCC’s prohibition on the use o f cellular phones in air- 
bom e aircraft. U nder that exemption, AirCell was able to 
provide airborne cellular service to mobile terminals in- 
stalled on general aviation aircraft using 800 M Hz cellular 
frequencies in Cooperation with licensed carriers. In  its 
recent decision, the FCC found that there  was no avail­
able evidence to support the claim that AirCell service is 
lilcely to cause harm ful in terference with ground-based 
cellular Systems and m ied  that the public safety benefits 
associated w ith the  AirCell system were substantial. The 
mling effectively extends the life o f AirCell's authority to 
provide air-to-ground cellular service.

AirCell presently operates 84 cellular sites nationwide 
and has partnerships w ith 21  cellular service providers. 
The Company plans to expand its network to approximate- 
1y 150 sites and 25 service partners so that it can offer full 
nationwide service.

NEW S FROM W ASHINGTON
G l o b a l  H a w k  A  report from the Gener- 

/■ V tl  A ccoun ting  O ffice 
A d v a n c e d  C o n c e p t  (G A O );"P ro g re ss  o f  th e  

G lobal H aw k A dvanced  
T e c h n o lo g y  Concept Technology Dem-

_  . onstration” (GAO/NSIAD-
D e m o n s t r a t i o n  00_78)j reviews the resu]ts 0f

R e v ie w e d  t lle  H ig’1 A lt it u d e  U n ' 
manned Aerial Vehicle Ad- 

m m i  vance Concept Dem onstra­
tion with respect to the per­

formance and cost objectives of the program. To assess the 
military utility of the Global Hawk, the US Air Force has 
been demonstrating prototype aircraft since June 1999. To 
date, the aircraft has demonstrated basic flying capabilities 
but has not had sufficiënt testing to determine whether it ean 
successfully conduct reconnaissance missions on a regulär 
basis. In  October 1999, the Air Force reported prototype 
flights at altitudes over 66,000 feet for more than 27 hours. 
At die end of January, however, only 260 of 1200 planned 
flight test hours had been completed. While it appears possi­
ble that the aircraft may meet its performance goals, its esca- 
lating cost is a real concern. Neidier the Department of D e­
fense nor die Global Ilawk contractor expects to achieve die 
$10 M flyaway price goal for the second group of 10 produc- 
tion vehicles. A July 1999 projection places that cost at $15.3 
M, S500 K higher than the July 1998 estimate. ■

R e in ven tin g  Rubidium
Beyond 0CX0 Performance with Our New Rb Clocks

liiith improved performance, higher stab ility, and lower 

power consumption, our new Rubidium Atomic Clocks mark 

another R&D breakthrough from TEÏÏEX. The patented Rb 

physics package minimizes volume while maintaining 

short and long term s ta b ilit y  performance. 

Perfect for Communications, navigation & 

Instrumentation uses. Plus, our RHO 

series i s  pin-compatible with 

OCXOs for easy Upgrades.

1.623.780.1995
sales@temex-az.com
www.temex.ch

Only TEMEX makes it happen.
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W E R L A T O N E  since i 965

2 0 9 5  Rout e  22 
PO Box  47
B r e ws t e r ,  NY 1 0509  
845 . 279 . 6 1 8 7 
FAX.  279 .74 04

Directional CoupLers |Combiners |Dividers 190 "/180‘ Hybrids

WHY S a c r i f i c e  
P e r f o r m a n c e  

F o r  B a n d w i d t h ?

1000 MHz ‘Werlatone’s Mismatch Tolerant ™ Couplers are designed to operate continuously into an infinite load VSWR.

w ww .werlatone.c om
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□  Mini-Circuits®
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P.0. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

2 t o 3 2 W a y
Looking for a “perfect fit” power divider for your 

50 or75  ohm design ...fas t?  Just call Mini-Circuits!
Our quick response and wide variety can provide 
on-target performance to match your needs exactly. 
That’s  because we’ve developed a vast inventory 
of low cost/high value SMA, BNC, and Type-N connector- 
ized units covering cellular, G SM , ISM, PCS, and satellite 
bands. Select from 2 to 32way models, wide band units 
and microstrip designs going down to 470MHz. And 
Mini-Circuits power dividers are built tough to handle high 
matched power with good VSW R, low insertion loss, and 
high Isolation between ports. For even lower frequency 
applications, check out our family of torroidal 
transmission line power Splitters and combiners with 
frequencies as low as 500Hz. If you’re looking for a 
better blend of usability and affordability, put the power 
of Mini-Circuits to work for you today! 
Mini-Circuits...we’re redefining what VALUE is all about!

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

\ h * r  Thé Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.cor.

http://www.minicircuits.cor


EADS Wins The European Aeronau- 
titic, Defence and Space 

US Radar Contract (EA D S) C o .’s U lm , G er-
_____________  m any-based Airborne Sys-
* ® * ® ® ® * ®  tem s unit has been award­

ed  a US$11.9 M con trac t 
by the US Navy (USN) that 
covers the supply o f com- 
ponents for its AN/APG-65 
radar program m e. EA D S’ 
connection with APG-65 is 

based on the form er DaimlerChrysler Aerospace’s licence 
production o f the  radar for use in the  Luftwaffe’s (G er­
man Air Force) F -4 Phantom  upgrade program m e that 
began during 1987. Work on the USN contract is expect­
ed to be com pleted during 2 0 0 2 .

Ge rm a n  c o n tra c to r
R o h d e  & Schw arz  

(R&S) has en te re d  in to  a 
jo in t m arketing agreem ent 
with US contractor Honey- 
well that covers the prom o­
tio n  o f  its  M 3AR (series  
6000) military radio in the 
N o rth  A m erican  m arke t. 
R&S describes the M ulti- 
band , M ultim ode, M ulti- 

role Airborne Radio (M3AR) as a software-driven device 
th a t o p e ra te s  in  th e  30 to  40 M H z freq u en cy  range 
an d  can  tra n s m it  d ig it is e d  vo ice  an d  d a ta  a t h igh  
data rates. The equipm ent is further described as light- 
weight and available in cockpit or separately controlled 
configurations. E q u ip m en t contro l is by m eans o f  an

R&S Signs 

with Honeywell 

on Joint Radio 

Marketing Venture

M IL-STD bus.

South African 

Contractor 

Re-brands

Sta r t in g  1 S e p te m b e r , 
South  A frican d efence 

electronics contractor GST 
was ex p ec ted  to  tra d e  as 
Grintek EWATION follow-
ing  G r in te k ’s a g re e m e n t 
w ith  the  form er D aim ler­
C hrysle r A erospace w ith  
regard  to  th e  m erg ing  o f 
th e ir  re sp ec tiv e  g ro u n d - 
based  signals in telligence 

(SIGINT) and Communications jam m ing business lines. 
Now a p art o f EADS, D aim lerC hrysler is understood  
to  have h iv ed  o ff  its  g ro u n d -b a se d  e le c tro n ic  w ar- 
fare  (EW ) line  in to  th e  new  Ew ation  G m bH  EADS 
subsidiaiy. As currently structured, Ewation G m bH has a 
s ta f f  o f  500 , a n d  th e  c o m b in e d  E w a tio n /G r in te k  
EWATION product line (which includes power amplifiers 
and HFA 7H F  Communications jam m ers as well as SIG­
IN T  equipm ent) will be intem ationally tradem arked  as 
M RCM R (M onitoring, R econnaissance, C ounterm ea- 
sures) products.

INTERNATIONAL REPORT
Martin Streetly, International Correspondent

Australia Buys A  s part o f the US-Aus- 
^ ^ t r a l i a n  govemment-to- 

SIRFC govem m ent Advanced In-
_____________  te g ra te d  A irc ra ft Surviv-

™ 1 ability Technology (AIAST) 
program m e, Australia has 
p ro c u re d  an  ex am p le  o f  
IT T ’s AN/ALQ-211 Suite 
o f  In te g ra te d  R adio F re ­
quency  C oun term easu res  
(S IR F C ) w ith  w h ich  to  

conduct ongoing systems-related, co-operative research, 
developm ent and engineering with the US Army ALQ- 
211 was selected for AIAST because it represents a next- 
generation modular, open arch itecture , in tegrated  EW  
system. As part o f the effort, a digital model o f SIRFC has 
already been  in tegrated  into a U H -60 Blackhawk heli- 
copter simulator by the Australian Defense Science and 
Technology Organisation. The integrated model allows pi- 
lots and engineers to work with SIRFC technology in the 
areas of sensor fusion, th reat waming, situational aware- 
ness and electronic counterm easures. L aunched during 
1998, AIAST is expected to run until 2004.

The UKs Ministiy o f De­
fence has issued  a re ­

quirement for a new fast jet 
defensive aids suite (DAS) 
package  ( th e  In te g ra te d  
M u lti-P la tfo rm  C o u n te r ­
m easures (IM PC) system) 
b ased  on th e  Royal A ir 
Force s (RAF) recent opera­
tio n a l e x p e rien ce  in  th e  
B alkans an d  th e  P e rsian  

Gulf. Analysts have suggested that a key driver in the IMPC 
programme is the services switch from predominantly low 
level operations to those at medium altitude. Expressions of 
interest in the programme were due by 29 September, with 
the tight time scale reflecting the urgency being placed on 
the effort and the likelihood o f any IMPC solution selected 
being based on off-the-shelf equipment. The new DAS will 
inelude on- and off-board countermeasures (possibly includ- 
ing towed active decoys) and a missile approach wamer.

As its nam e suggests, IM PC  will be applicable to a 
num ber o f airframes (effectively, the RAF’s Tornado, Har- 
rier and, possibly, Jaguar strike aircraft) and is, therefore, 
required  to be m odular to facilitate mission-specific fits 
and maximum utilisation o f com m on system elem ents. 
Likely bidders inelude BAE Systems, N orthrop Grumman 
and Thomson Racal Defence. The RAF’s strike Tornados 
are currently  fitted w ith the Skyshadow radar jam m ing 
pod, a BAE Systems radar homing and wam ing reeeiver, 
and a BOZ 100 series counterm easures dispensing system 
(CMDS) pod; its H arriers are fitted with a BAE Systems 
Zeus in tegrated  radar jam m ing and w arning system to- 
gether with a CM DS. T he Jaguar light strike aircraft car- 
ries the  Phim at CM DS pod and an updated variant o f  the 
form er W estinghouse ALQ-lOl(V) radar jammer.

UK Looks 

for New Fast 

Jet IMPC



INTERNATIONAL REPORT

The European Telecom- 
m u n ica tio n s S a te llite  

(E U T E L S A T ) O rg an isa- 
tion’s W1 fixed and broad- 
cast Communications satel­
lite  was sch ed u led  to  be 
launched aboard an Ariane 
ro c k e t on  6  S e p te m b e r . 
D ev e lo p e d  by  E u ro p e ’s 
m u ltin a tio n a l A striu m  
space c o n g lo m era te , W1 

has a launch mass of‘ 3250 kg and is equipped with a pay- 
load comprising 28 transponders that operatc in the 10.95 
to 11.2 G H z and  11.45 to 11.7 G H z frequency bands. 
T ransponder applications inelude business Communica­
tions, Intem et-based services and television transmission 
services, and the devices can be switched between fixed 
(up to 20  transponders) and steerable (up to 12) coverage. 
T he fixed-coverage (te rm ed  fixed widebeam ) foo tprint 
takes in Europe, North Africa and d ie Middle East from a 
10° E ast orbital location. Available channel bandwidths 
are 40 M ilz  (four transponders), 54 M H z (eigh t), 62 
M Hz (four) and 72 MHz (12), and the vehicle utiliscs a 32 
m solar array that will still offer DC spacecraft power of 7 
kW at the end  o f the satellites 12-year design life. The 
W 1 bus is based  on a variant o f A strium ’s EUROSTAR 
design, 31 examples o f which have been procured to date.

Greek  ae ro sp ace  co n ­
tractor Hellenic Aero­

space In d u stries  (H A I) is 
being encouraged to devel- 
op an EW  capab ility  fol- 
lowing the G reek M inistry 
o f  D e fe n c e ’s d ec is io n  to 
procure a DAS for its F-16 
Block 50 Plus aircraft from 
n a tio n a l so u rc e s  r a th e r  
than from the international 

defence industry. Prior to this decision, Thomson-CSF, 
Elisra and Raytheon were known to have been bidding for 
the S200 M programme. Alongside this effort, HAI is also 
involved in the upgrading of 10 existing G reek M irage 
2000 combat aircraft to the Mirage 2000-5 Mk 2 Standard. 
Here, the national contractor will undertake the necessary 
work, which involves modifications to bo th  the aircraft’s 
radar and DAS. Sources suggest that the EW  equipm ent 
to  b e  in s ta lle d  m ay in c o rp o ra te  e le m e n ts  from  th e  
eq u ip m e n t package Thom son-G SF , M atra  BAc D y­
namics France and Italian contractor E lettron ica have 
deve loped  for th e  M irage 2000-9 a irc ra ft be ing  sup- 
p lie d  to  th e  U n ited  A rab E m ira te s . E x is ting  G reek  
M irage 2000s are fitted with a variant of the Thomson- 
GSF/M atra BAe Dynamics Integrated C ounterm easures 
Suite, ■

VV1 Communications 

Satellite Set 

for September 

Launch

HAI Encouraged 

to Develop 

EW Capability

N T K  TECHNICAL CERAMICS
PACKAGING RF AND MICROWAVES

Customer
Satisfaetion

witk

Reliakility

Call or 
write 

to Any 

of Our 
Local 

Sales 

Offices

SANTA CLARA SAN DIEGO
(408) 727-5180 (760) 747-8843

Fax (408) 727-5076 Fax (760) 747-0689

BOSTON NEW JERSEY
(508) 820-0220 (973) 376-6070

Fax (508) 820-3463 Fax (973) 467-5794

PHOENIX DALLAS
(602) 470-9898 (972) 404-1180

Fax (602) 470-9797 Fax (972) 458-0270
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in stock and
you'll get our
stock ansuuer:

It’s  easy for u s to be so positive. Our 

sheives are overflowing with the largest 

number of stocked electromechanical 

(SEM) sw itches in the industry. With more 

than 40  different top quality switch types, 

Narda covers everything from satellite, 

cellular and wireless Communications to 

avionics, ATE and military applications.

Narda gives you the best of both worlds: 

the convenience of off-the-shelf availability 

and lower cost. Along with this, you’ll 

benefit from the wide range of innovative, 

proprietary features w e’ve incorporated 

into Narda switches, many of which 

are patented.

In addition, you get more than an 

assurance of Narda’s  quality and reliability. 

You get our guarantee. Narda guarantees 

Operation of one-million to two-million 

cycles per switch Position with virtually no 

performance degradation.

Beyond all this, Narda has stocked up 

on something eise that’s  quite valuable. 

Experience. Over the last 50  years, we’ve

satisfied thousands of Customers.

Shouldn’t you be the next one? Call us at

©  2000 L-3 Communications, Inc. 
www.nardamicrowave.com

narda
microwave-east

an Communications Company

i t ’s  N a r d a  to  b e  p r e c i s e .

rißri F ON RFADFR SFRVIfF CARD

631-231-1700,

http://www.nardamicrowave.com


e BeO alternatie 
ie environmerr

eFinally, a reliafr 
well-suited for

Anaren is proud to introducé its new RF Power family of Aluminum Nitride (AIN) 

resistors and terminations.

Armor rugged. The innovative RF Power line offers armadiUo-tough protection. Our unique 

approach to thick-film AIN construction yields a reliable and safe component designed as 

an alternative to the Beryllium Oxide (BeO) ceramic widely used today.

Multifunctional. RF Power resistors and terminations are available in a variety 

of package styles and in most cases can directly replace our BeO products. Package 

styles available inelude: surface mount, chip, flangeless, and flanged. These versatile

■~ J j M  packages are well-suited for a number of RF and microwave applications including:

_____ f ü r  _ CT,._ high-power amplifiers, isolators, absorptive filters, antenna feeds, and

power combiners.

Fit to perform. All RF Power components are 100% tested so you 

know you are getting the performance and protection you need for all 

your applications. And all are backed by Anaren's comprehensive technical 

and customer support.

For more information, contact us by phone: 1-800-544-2414 or e-mail: rfpower@anaren.com. 

RF Power AIN —  a BeO alternative at a competitive price. Developed by RF Power 

Components subsidiary. Exclusively from Anaren.

800-544-2414 > www.anaren.com 
RF Power Components subsidiary, call 631-563-5050 
In Europe, call 44-2392-232392 
Visa/MasterCard accepted (except in Europe)

Dinaren

mailto:rfpower@anaren.com
http://www.anaren.com


THE COMMERCIAL MARKET

Mic ro so ft  C o rp ., D I- 
R E C T V  In c . and  

T H O M S O N  m u ltim e d ia  
have announced an alliance 
to  b ring  a new  advanced  
RCA® DIRECTV™ system 
w ith  th e  new  M icrosoft® 
U ltim a te  T V “ serv ice  to 
market. The RCA DS429Ö- 
RE  system w ith U ltim ate 
TV and DIRECTX7 service 

is the first direct broadcast satellite (DBS) television plat­
form  th a t in teg rates DIRECTX 7 program m ing, digital 
video recording, interactive television and Internet aceess 
in one package. The package will perm it viewers to watch 
two shows on DIRECTX7 at the same time (picture-in-pic- 
tu re ) , w atch one show w hile reco rd ing  a second and  
record more than 30 hours o f  digital-quality programming 
for la ter viewing in the ir own personal lineup. Viewers 
will be able to clioose from more than 500 hours per week 
o f interactive television, respond to promotions with a re- 
mote control, and send and receive e-rnail.

The DS4290RE reeeiver incorporates two DIRECTX7 
satellite tuners  and a hard  disk drive for digital video 
recording. In addition, it provides a digital audio output, a 
Standard V.90-capable m odem  for In te rne t Communica­
tions and two USB ports th a t are  p lanned  to  support 
printers as well as keyboards and broadband network in­
terfaces such as DSL modems. The reeeiver package in- 
ciudes a digital satellite reeeiver, an 18-inch dish antenna 
w ith dual-output LN B and a universal rem ote control. 
The reeeiver with the two television services was expected 
to be available for retail purchase by the  last quarter of 
this year.

New Consortium 

Aims to Make TV 

More Personal 

and Interactive

Fo rd  M o to r C o . and  
Q U A L C O M M  Inc . 

have ann o u n ced  the  cre- 
a tion  o f  X\7ingcast, a new  
Com pany to dcvelop  and 
d e liver w ire less  m obility  
and  in fo rm a tio n  services 
th a t w ill e q u ip  cars and 
trucks w ith voice, e n te r ­
ta in m e n t and  sa fe ty  s e r ­
vices and In te rn e t access. 

Ford cars and trucks will be the initial recipients of these 
newly developed products and services. Ford expects that 
more than one million o f its vehicles will be so equipped 
by the end of 2002, more than three million by 2003 and 
virtually all of its cars and trucks by the end o f 2004.

XX7ingcast expects to combine QUALCOMM s CDMA 
wireless technology with F ords telematics and consumer 
experience to provide consumers with seamless access to 
applications and services in their vehicles such as Commu­
nications, information, navigation, entertainm ent, safety 
and security. The Companys first offerings are scheduled 
for introduction in late 2001. Nissan is also working with 
Ford and QUALCOM M  to bring XVingcast services into

MICKOWAVE IQIHN VI ■ OCTOBt .K 2000______________________

New Venture 

to Provide 

Vehicle Telematics 

Services

some o f its luxury vehicles and  may extend their applica­
tion to a broader selection o f Nissan and Infiniti vehicles 
in the future.

Ford and QUALCOMM each own equity in XVingcast 
under undiselosed terms. Cartell, a Michigan-based supplier 
of telematics equipment to automakers, is a minority stake- 
holder in the Company Initial XVingcast services will be avail­
able in North America over cdmaOne™ digital wireless net- 
works. Advanced offerings requiring high speed wireless data 
will becom e available as third-generation cdma200 0  and 
wideband CDMA networks are implemented.

A irC e ll  Inc . a n d  M o­
to ro la  In c . have a n ­

n o u n c e d  th e  su c c e ss fu l 
com pletion  o f the  w orld’s 
first in-flight test o f Blue- 
too th  w ireless technology. 
C u rren t Federal C om m u­
n ic a tio n s  C o m m issio n  
(F C C ) ru les p ro h ib it the 
u se  o f  p e rs o n a l c e llu la r  
phones while airborne due 

to  po ten tia l in te rfe ren ce  w ith te rrestria l w ireless n e t­
works, b u t AirCell has developed an FC C-approved in- 
flight cellular link that avoids interference with terrestrial 
cell sites. The Systems rely on hard-wired handsets within 
the aircraft that are vvidely deployed in commercial fleets. 
T he test com bined B luetooth technology links betw een 
personal Communications devices like w ireless phones 
and laptops with the fixed AirCell air-to-ground link witli­
jn the aircraft. The system is expected to drastically re- 
duce the cost o f phone calls made while airborne and, at 
the same time, provide a variety of advanced services such 
as fax, e-mail and Internet access.

Glo b a ls ta r  has in tro -  
duced its satellite tele- 

p h o n e  serv ice in R ussia , 
bringing wireless telecom - 
munications service to vir­
tua lly  th e  e n tire  co u n try  
a n d  in tro d u c in g  it  in to  
nearlv 40,000 communities 
that presentlv have little or 
no  access  to  w ire le ss  o r 
wireline telephone service. 

GlobalTel, the exclusive provider of Globalstar service in 
Russia, will use its gateway in Moscovv to offer basic tele­
phone services including voice and short messaging ser­
vice (SMS) and, in early 2 0 0 1 , will offer fax and data ser­
v ice. L a te r  th is  year, ga tew ays in  X o v o sib irsk  and  
Khabarovsk will be on line to provide service to central 
and eastem  Russia, respectively, expanding G lobalstars 
coverage to virtually the en tire  country from the Baltic 
Sea to the Pacific Ocean. In addition to covering nearlv all 
of Russias land areas, Globalstar will provide service up to 
200  miles off of the country’s coastlines to commercial and
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THE COMM ERCIAL MARKET
private maritime vessels as they travel outside the cover- 
age area o f traditional cellular and radio services.

GlobalTel will m arket Globalstar products and services 
through its regional providers and distribution network as 
well as through its sales office in Moscow. Phone units are 
being offerecl at prices starting at US$999, and call rates 
within Russia range from US$1.19 to $1.99 per minute.

Areport from the G ähn­
e rs  T n-S tat G ro u p , 

“Tow ers, T ow ers, E very- 
w h e re : 2000  W o rld w id e  
Base Station Forecast,” es- 
t im a te s  th a t  th e  g lobal 
count o f 800 and 900 MHz 
cellular and 1800 and 1900 
M H z PCS, PD C base sta­
tions will g row  at a com ­
pound annual growth rate  

(CAGR) o f 30.4 percent through 2004. During that peri- 
od, the report predicts that CDMA-800 and PCS-1900 in- 
stallations will grow at rates o f 48.9 and 35.3 percent, re- 
spectively, to lead the market. TDMA-1900 is expected to 
be very close to the leaders in third place.

The report forecasts that the; num ber o f US base sta­
tions will grow 17.5 percent this year and, at that level, ac-

CDMA-800 

and PCS-1900 

Expected to Lead 

Base Station Growth
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count for the majority o f new installations in the Americ­
as. Canada’s base station count is also expected to grow 
this year bu t, since its high population cen ters already 
have good coverage, no significant additional growth is 
forecast. D u rin g  th e  next four years, South A m ericas 
share o f  the  Americas market is expected to  increase from 
its current 21.8 percent to 50.2 percent. In  Europe, the 
current dominanee o f  GSM/DCS-1800 is expected to lim­
it growth. E u ropes m arket share at. the  end  o f 2004 is 
forecast to decrease by 10 percent. The report notes fur­
th er that the significant year-to-year decline o f analog in 
Europe is likely to  take it to the point o f non-existenee by 
the end  o f 2001 and that DCS-1800 will be growing at a 
faster rate than GSM-900.

In o ther areas, the; study finds that Japan, with 8 .6  pe r­
cent o f  total worldwide base stations in 2 0 0 0 , is likely to 
see that share drop to 3.7 percent in 2004. Russia is iden- 
tified as one o f the few geographic areas to enjoy signifi­
cant analog growth, which is expected to peak in 2004 and 
begin a moderate decline as digital technology begins to 
replace it. T he anticipated surge in new  subscribers in 
third-world nations is also expected to eontribute to the 
dynam ic growth in base stations through 2004 and be- 
yond. China, in particular, is expected to eontribute heavi­
ly to this growth. F o r additional in form ation , contact 
Kirsten Skedd, Cahners In-Stat (480) 609-4534 or e-mail: 
kskedd@instat.com.. ■

leaders in high technology microwave PCBs

visit our technica l forum at 
www.labtechnica l.com
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looking, cutting-edge telecommunications m easuring 
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Marion E. Hines. a pioneer in microwave semiconduc- 
tors and one o f the “Grand Old Men” of the industry, 
died on August 25. H e was 82 years old.

M arion was born in Bellingham, WA and received 
his BS and MS degrees in electrica! engineering from 
the  California Institute o f Technolog)'. After serving in 
the US Army Air Force during W orld W ar II, he  was 
employed on the technical staff at Bell Laboratories un­
til 1960, w hen  he jo ined  Microwave Associates Inc. 
(now M/A-COM). H e was still employed as a consul­
tant to M/A-COM when he passed away.

M arion was a prolifie con tribu to r. H e  pub lished  
more than  50 technical papers and was awarded more 
than  40 pa ten ts . H e pub lished  landm ark  papers on 
semiconductor theory and circuits, ferrite devices, time 
dom ain theory  and  analysis, mixer theo ry  and many 
practical circuit designs and devices. H e was a Life Fel­
low  o f  th e  IE E E  and  w inner o f  th e  IE E E  L am m e 
M edal, as w ell as th e  E lec tron  D evices Society J.J. 
Ebers Medal, the IE E E  Centennial Medal and the  Mi­
crowave Theory and T echniques Society Microwave 
C areer Award. H e w on the MTT-S Microwave Prize 
for best paper of the year in 1972 and again in 1978. H e 
is the only person to win it twice.

I am fortunate to have worked w ith M arion for 23 
years. Over that time, he continually amazed me with 
his intelleetual curiosity, inventiveness and creativity. 
He was responsible for many o f the developments and 
produets that m ade the Company successful, from so­
phisticated sem iconduetors to practical, low cost d e ­
signs for police radar detectors. D uring all o f this, he 
was a patiënt m entor to many o f us. Above all, he  was a 
wonderful gentleman. H e is already missed.

Harlan Howe,Jr.

AROUND THE CIRCUIT

INDUSTRY NEWS
■  Anaren Microwave Inc., Syracuse, NY, has acquired 
substan tia lly  all o f  th e  assets o f  O cean Microwave 
Corp., a privately held New Jersey-based m anufacturer of 
ferrite isolators and circulators. Anaren will operate the 
Ocean Microwave business through its newly formed sub­
sidiär)', Anaren Power Products Inc. The acquisition 
wall be accounted for as a purchase acquisition.

■  VoiceStream Wireless Corp. has en tered  into a de­
finitive agreem ent to  acquire Powertel Inc. The transac- 
tion will substantially  expand V oiceStream \s all-digital 
GSM wireless coverage in the southeastem  US.

■  The Laird Group Plc (parent o f APM Inc.) has an- 
nounced plans to acquire Instrument Specialties Co. 
Inc. for $257 M plus debt. The acquisition was condition- 
al on Laird Group shareholders’ approval at a m eeting 
scheduled for August 25.

■ Frequency Electronics Inc. (FEl), M itchel Field, NY, 
has signed a definitive agreem ent to purchase Gilliam 
S.A., a privately held Belgian Company that develops and 
rnanufactures wireline telecom synchronization, network 
monitoring and power supply produets. F E I will pay ap- 
proximately S8.5 M in cash and 200,000 shares o f F E I 
stock for the stock of Gilliam. The transaction was expect- 
ed  to close by the end of September.

■  Illinois Superconductor Corp. (l5C) has consum- 
m ated its acquisition o f Spectral Solutions Inc., pur- 
suant to a m erger agreem ent executed and announced in 
May. Richard Herring, C EO  o f Spectral Solutions before 
the merger, has been  added to ISC’s board o f directors.

■  Spirent Communications, Eatontow n, NJ, has ac­
q u ired  InfoSOFT Technologies Inc., Ft. W orth, TX. 
W ith the acquisition, Spirent now' offers a  full range of 
w ire le ss  te s t  and  d ep lo y m en t Solutions th a t  e n ab le  
CDM A handset m anufacturers and network operators to 
quickly develop and roll-out next-generation produets and 
services.

■  Alamosa PCS Holdings Inc. has signed definitive 
ag reem en ts  to  rnerge Sprint PCS affilia tes Roberts 
Wireless Communications LLC and Washington Ore­
gon Wireless LLC into its operations. T he com bined  
transactions wdll result in a new entity  nained  Alamosa 
Holdings Inc. and are expected to close by D ecem ber 31.

■  SandCraft Inc. Las changed the Company’s business 
model to manufacture, market and distribute produets for 
the high perform ance needs dem anded by the Communi­
cations, consum er and  office autom ation m arkets. The 
company’s ultra-high performance MIPS-compatible cen­
tral processing units will be manufactured and m arketed 
under the SandCraft brand name. Previously, SandCraft 
licensed intelleetual property and designs.

[Continuecl on page 58]
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AROUND THE CIRCUIT

■ TEMIC Semiconductors lias changed its name to 
Atmel W ireless & Microcontrollers to emphasize the 
name of its European shareholder. Along vvith the new 
name, the Company has introduced a new logo.

■  Stratos Lightwave Inc. has acquired additional manu- 
facturing spaee adjaeent to its Chicago headquarters. The 
60,000-square-foot building will be used to increase the 
space dedieated to m anufaeturing gigabit-speed optical 
transceivers and fiber-optic produets.

■  R F  and microwave filter designer and m anufacturer 
K&L Microwave Inc.. a division of Dover Corp.. has ex-
panded its manufaeturing facilities to inelude a new build­
ing that will make available 64,000 square feet of addi­
tional space.

■  Superconducting RF product supplier Illinois Super- 
conductor Corp. will open a new office in Japan. The of­
fice will be headed by D erek Schneideman, form er presi­
dent and representative direetor of Gateway Japan KK.

■  Space Electronics Inc. (SEi) has com pleted its aequi- 
s ition  o f  Shason Microwave Corp.'s Instruments 
Group. The addition provides SEi with the ability to offer 
RF/microwave components and modules for satellite ap­
plications. The acquisition also includes a unique product 
hne o f autom ated test equipment.

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

I  Advanced RF technology developer Silicon Wave 
Inc.. San Diego, CA, has formed an advisory board of 
wireless Communications experts to consult wdth the com- 
pany’s executive management team on such matters as 
business strategy, technical trends and regulatory devel- 
opments.

■ Bartley RF Systems Inc.. Amesbury, MA, has created 
a new corporate logo to reflect its growth and curren t po- 
sition in the wdreless netw ork equ ipm en t m arketplace. 
The new identity coincides with the Company s move to a 
78,000-square-foot facility, which houses more than 250 
employees, up from its original nine in  1995.

■  Motorola Inc. has moved its largest volume assembly 
and test m anufaeturing facility for high powrer RF prod- 
u c ts  f ro m  S e re m b a n , M alaysia  to  K uala  L u m p u r, 
Malaysia. The move provides grow'th opportunities for

[Continued on page 60]
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AROUND THE CIRCUIT

m anufaeturing RF pow er devices tha t are req u ired  to 
continue to m eet the needs of Customers and the wireless 
market.

I  IFR Systems Inc. has signed major distribution agree- 
ments with LeCroy Corp.. Geneva, Switzerland, for dis­
tribution o f test produets in Europe. U nder the partner­
ship, IF R  will be the  exclusive distributor for LeCroy s 
test and m easurem ent produets in Spain and Portugal, 
while LeCroy will become a key distributor for IFR ’s test 
and m easurem ent produets in Italy.

■ Richardson Electronics Ltd. has signed a worldwide 
distribution agreem ent with ANADIGICS Inc. U nder the 
te rm s  o f  th e  a g re e m e n t, R ich a rd so n  w ill b e c o m e  
ANADIGICS’ first distribution channel to market and seil 
the company’s wireless, fiber, and cable and  broadcast 
RFIC product lines.

■ E* TRADE Group Inc. has form ed an alliance w ith 
Sprint PCS to  p ro v id e  c le a r , m o b ile  access  to 
E°TRA D E’s wireless trading capabilities and applications 
via Intem et-ready Sprint PCS phones and the Sprint PCS 
Wireless Web.

■ RF Micro Devices Inc., Greensboro, NC, has collaborat- 
ed with Atmel Corp., San Jose, CA, to produce reference 
designs based on the IEEE802.11b 11 Mbps wireless local 
area network Standard. Together, the Companies are provid­
ing complete reference designs to qualified Customers, in- 
cluding schematics, layout files and bills o f materials.

H Rogers Corp. has captured more than 90 percent of 
the market in Taiwan for high frequency circuit materials 
u sed  in th e  m anufac tu re  o f  K u-band  low noise  block 
downeonverters (LNB) in direct satellite TV Systems. Tai­
wan has eight major LNB m anufacturers who supply a 
significant portion o f the LNBs needed worldwide.

■ SSB Technologies Inc.'s Stealth Microwave division 
has received ISO 9001:1994 certification for the design, 
developm ent and m anufacture o f  microwave amplifiers 
for the  wireless Communications industry.

■  Universal Voltronics Corp., M t. Kisco, NY, has 
achieved full ISO 9001 certification.

■  According to the recently published “Broadband-to-the 
H om e Services, E qu ip m en t and  C om ponents M arket 
F orecast,” residentia l broadband services revenue will 
reach $175 B in 2009. The revenue obtained from provid­
ing all types o f residential b roadband services to North 
America will grow from $48.1 B to $174.8 B during the 
same period. This increase is in addition to  narrowband 
residential Communications services revenue, which is ex­
pected  to advance from $52.4 B to $130 B during the fore­
cast period.

■ ANADIGICS Inc., Warren, NJ, has shipped more than 
100 million broadband RFICs for cable Systems and fiber- 
optic networks. The increased development o f fiber-optie 
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infrastnicture to support rising demand for Internet band­
width as well as emerging two-way digital cable services 
have resulted in a strong demand for broadband Solutions.

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

FINANCIAL NEWS
■  Molex Inc. reports record sales o f $614.6 M for the 
fourth quarter, ended June 30, com pared to $445.9 M for 
th e  sam e p e r io d  la s t year. N e t in co m e  w as $65 M 
(330 /share), compared to S50 M (260 /share) for the fourth 
quarter of 1999.

■  Andrew Corp. reports record sales o f $259.2 M for 
the third quarter, ended June 30, com pared to $186.1 M 
for the same period last year. N et income was $20.9 M 
(260/diluted share), com pared to $14.7 M (180/diluted 
share) for the third quarter o f 1999.

■  REMEC Inc. reports sales o f $63 M for the  second 
quarter, ended July 28, compared to $47.3 M for the same 
pe rio d  last year. N et incom e was $3.2 M (70 /d ilu ted  
share), com pared  to a n e t loss o f $2.8 M (7 0 /d ilu ted  
share) for the second quarter of 1999.

■  ANADIGICS Inc. reports record sales o f $47.5 M for 
the second quarter, ended July 2, com pared to $30.5 M 
for the  sam e period  last year. N et incom e was $6 .6  M 
(2l0/diluted share), compared to $2 M (80 /diluted share) 
for the second quarter of 1999.

■  Cree Inc. repo rts  reco rd  sales o f $33.4 M for the  
fourth quarter, ended June 25, com pared to 818.3 M for 
th e  sam e p e rio d  last year. N e t incom e was $11.4 M 
(300 /d ilu ted  sh are), co m p ared  to  $4 M (1 2 0 /d ilu ted  
share) for the fourth quarter of 1999.

■  Norsat International Inc. reports sales o f  $27.5 M 
for the  second quarter, ended June 30, com pared to $13.5 
M for the same period last year. N et loss was $5.3 M (210/ 
share), com pared to a ne t loss o f $493 K (20/share) for the 
second quarter o f 1999.

■  Robinson Nugent Inc. reports sales o f $25.1 M for 
the fourth quarter, ended June 30, com pared to $18.9 M 
for the  sam e period  last year. N et incom e was $1.7 M 
(320/share), com pared  to  $1.2 M (2 4 0 /sh are ) for the 
fourth quarter of 1999.

■  Alamosa PCS Holdings Inc. reports sales o f $17.2 M 
for the  second quarter, ended June 30, com pared to $35.1 
K for the sam e period last year. N e t loss was $12.9 M 
(210/share), com pared to a ne t loss o f $4 M (80 /share) for 
the second quarter o f 1999.

■  SEMX Corp. reports sales o f $12.67 M for the second 
quarte r, ended  June 30, com pared  to  $11.8 M for the 
same period last year. N et income was $609 K (80 /diluted 
share), com pared to  $991 K (160/diluted share) for the 
second quarter o f 1999.

[Continued on page 62]
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AROUND THE CIRCUIT

■ Ansoft Corp. reports sales of $8.7 M for the  first quar­
ter, ended July 31, compared $6.9 M for the same period 
last year. N et income was $202 K (2q/diluted share), eom- 
pared to a net loss o f $311 K (30/diluted share) for the 
second quarter of 1999.

■ Merrimac Industries Inc. reports sales o f S5 M for
the second quarter, ended July 31, com pared $5.1 M for 
the same period last year. Net income was $40 K (20/di- 
Iuted share), com pared $82 K (5c7diluted share) for the 
second quarter o f 1999.

■  RF Micro Devices Inc. intended to offer, subject to 
market and other conditions, $250 M of convertible sub- 
ordinated notes due 2005 (plus an additional amount of 
up to S50 M at the Option of the purchasers) in a private 
placement. T he notes will be convertible into the Compa­
ny s common stock at the Option o f the holder, at a price 
to be determ ined. The offering was expected to close in 
August.

■ Silicon Wave Inc. has com pleted its fourth round of 
financing with nearly $52 M infused into the Company. 
The round includes new Investm ents from  3Com Ven- 
tures, Access Technology, Alps Electric Co. Ltd., GTG 
Ventures, Intersil Corp., JMG Triton, Nexus Capital Part­
ners, Sands Brothers V enture Capital, Senvest In te rna­
tional and SIDUS, and allows Silicon Wave to continue its

innovations, including highly in tegrated  chips, Systems 
and software for Bluetooth wireless technology.

■  MediaQ Inc. has completed its third round of venture 
Capital financing, securing $23.4 M. N ew  investors in- 
clude W eston Presidio Capital, El Dorado Ventures, Infi­
neon Technologies, Summit Accelerator F und and ViVen- 
tures. MeidaQ intends to use the Capital to fund the de­
ve lopm ent o f  ICs for W eb term inals/pads, hand-held  
persona l d igital assistants, com m unica to rs and  sm art 
phones.

CONTRACTS
■  Raytheon Co., Lexington, MA, has been aw arded a 
contract valued in excess of $1.4 B by Lockheed Martin 
Co. to design, develop and m anufacture three engineer­
ing and manufaeturing development radars for the The­
ater High Altitude Defense System. The contract also in­
cludes the  hardware design, developm ent and manufac­
tu r e  o f  six b a t t le  m an a g e m e n t/c o m m a n d  c o n tro l,  
Communications and information tactical/shelters groups 
and related engineering support.

■  Cree Inc., Durham , NC, has received contracts from 
several Asian and European customers totaling $70 M for 
shipm ents th rough Septem ber 2001. Included  in these 
contracts is a one-year purchase agreem ent with Osram 
Opto Semiconductors GmbH and Co. for Standard bright- 
ness, high brightness and small chip Silicon Carbide light- 
em itting diodes and w afer produets. T he Osram agree-

[Contmued on page 64]
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AROUND THE CIRCUIT

m e n t is th e  la rg e s t p ro d u c t c o n tra c t s ig n e d  in  th e  h is to ry  
o f  th e  Com pany.

■ Andrew Corp., Orland Park, IL, has received an ini­
tial $3 M order as part o f  a $23 M letter of agreem ent for 
the  d ev e lopm en t and  supply  o f  s ing le -channe l PCS- 
TDM A linear pow er amplifiers to Lucent Technologies 
Inc. Andrew was expected to deliver the first consignment 
o f prototype amplifiers to Lucent in Septem ber and will 
move into full production at the beginning of 2 0 0 1 .

PERSONNEL
■  Applied Epi Inc. has nam ed Brett D. Heffes chief fi­
nancial officer. M ost reeently, Heffes was VP o f corporate 
development and treasurer for D epartm ent 56 Inc.

■  Silicon Wave Inc. has e lected  Bruce Edwards and 
Dave Rickey to its board of directors. Edwards currently 
serves as p residen t and C E O  and is a  m em b er o f the 
board  o f directors a t Powerwave Technologies, Irvine, 
CA. Rickey is currently  president and C EO  o f Applied 
Micro Circuits Corp., San Diego, CA.

■ Yahya Rahmat-Samii and  Anand Gopinath have 
joined Altra Broadband Ine.’s board o f technical directors. 
Rahmat-Samii is the chairman of UCLA’s electrical engi­
neering departm ent; Gopinath is a professor o f electrical 
engineering at the University of Minnesota.

■  A lam osa PC S H o ld in g s Inc. has a p p o in te d  Tony 
Sabatino senior VP o f engineering and  network opera­
tions, and Loyd Rinehart senior VP of corporate finance. 
Previously, Sabatino was the national RF engineering di- 
rector a t Sprint PCS; Rinehart was chief financial officer 
at Affordable Residential Communications.

■ Lars JehHander has been appointed head of business 
area Allgon Systems. Previously, Jehrlander was VP of the 
mobile communication business at Ercisson in ßrazil.

■  G IL  Technologies has p ro m o te d  Jerry Moran to the 
new ly  created position o f  VP, global sales and marketing. 
Previously, Moran was the regional sales manager for the 
Com pany.

■ Bernard C ahlander has b e e n  
nam ed  VP and  g en e ra l m anager o f  
VertexRSTs Santa Clara, CA facility. 
Cahlander will be responsible for the 
overall direction  o f  the  facility’s Sys­
tem s business.

■  GHz Technolog)- Ine. has appointed 
Charles Leader VP, operations. Previ­
ously, Leader held senior positions in 
manufaeturing and engineering at Agi-

lent Technologies and Avantec Inc.

■  In preparation for its initial public offering, American 
Microsystems Inc. has appointed Michael C. Reilly to

the newly created position o f treasurer. Reilly joins the 
Company from Anacomp Inc. and has more than 12 years 
o f experience in treasury management.

■  L in d g re n  R F  E n c lo su re s  Inc . has n a m e d  Bob 
P iem o n te  sa le s  m a n a g e r  fo r  in d u s tr ia l  p ro d u e ts .  
Piemonte, a former Lindgren employee, brings 15 years 
of sales and marketing experience to the Company.

■  S tellex C o m m u n ica tio n s has ap ­
pointed Bill Nickiin international sales 
manager. Nickiin assumes responsibili- 
ty for the sales o f Stellex R F and mi­
crowave com ponents th rough  a n e t­
work o f  representatives and distribu- 
tors in Europe, the M iddle East, India 
and Africa.

■  Marconi Applied Technologies has 
appointed Hai Spooner director, Sat-

com Operations. Previously, Spooner was the  acting di­
rector o f sales and marketing, regional sales m anager and 
product marketing manager at L itton Electron Devices.

■  Stanford Microdevices has appointed Norm Hilgen- 
dorf director of marketing for Standard produets. Prior to 
jo in ing  th e  Company, H ilgendorf was VP and  general 
m anager o f  Richardson Electronics’ solid-state division 
and business unit manager for wireless produets.

■  ITT Industries, Cannon has nam ed 
Lisa G. Blais general m anager o f  its 
C&K C o m p o n en ts  sw itch  p ro d u e ts  
b u sin ess . M ost ree e n tly , Blais was 
C&K’s VP, sales and marketing.

■  N EC Electronics Inc. luis prom oted 
Omid Milani to assistant general m an­
ager o f th e  Displays and E nergy D e­
vices Strategie Business Unit. P revi­
ously, M ilani was sen ior m anager o f

the Flat Panel Displays Group at the Company.

■  Q uad  System s C o rp . has nam ed  
Brent A. Fischthal APS product m an­
ager. Previously, F ischthal served  as 
p roduct m arketing specialist for U ni­
versal Instrum ents Corp.

■  Wyle Electronics has nam ed Dave 
Hartman and Chuck Kunai division 
m an ag e rs  fo r th e  co m p a n y ’s M in- 
neapolis and  H ouston  divisions, re- 
spectively. H artm an joined the Compa­

ny as division m anager in Houston in 1999; Kunai most 
reeently  served as th e  com pany’s south  cen tra l region 
strategie business manager.

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

[Continued on page 66]
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AROUND THE CIRCUIT
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Small, but better performance and 
lower cost will save your money. 

We deliver quick applications to your 
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■  Features
Low Noise Figure 
High Linearity 
Single Bias
Temperature Compensation Circuit 

*  Size : 49. 8 x57. 0 x 19.1 (mm)

■  Also Available Power Amplifiers,
Up/Down Converters, 
RF Integrated Modules

Parameter MLA-13-775BR/T MLA-23-775AR/T

Frequency Range 
Gain
Gain Flatness (dB) 
Noise Figure(typ) 
In/Output VSWR(max) 
ldB Compression Point 
IMD3 (typ)
DC Power(typ)

21 dBm
55dBc (@+5dBm) 
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1.2 dB 
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Microwave Communications & Component
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Tel: 82-2-3424-0800 Fax: 82-2-3424-0. 
www.mcck.com e-mail: sales @mcck.cc

vangjin-Gu, Seoul. Korea

■  Aeroflex Laboratories has added James R. Guinaw to 
the  m arketing and  sales Staff for In strum en t Products. 
G uinaw  has h e ld  sen io r positions w ith  H assir C orp., 
Grum m an Corp. and Telephonics Corp.

■  BTC Electronic Components has nam ed Kerry Hath­
away account executive in its Apopka, F L  sales office. 
Previously, Hathaway was with PC D  as an inside sales 
manager.

NEW MARKET ENTRY
■  Universal Microwave Corp. (UMC) is a new Company 
form ed to  design  and  m anufacture  high perfo rm ance  
VCOs, ceramic resonator oscillators and synthesizers for 
the wireless market. UMC is located at 2339 Destiny Way, 
Odessa, F L  33556 (877) 375-9.332, fax (727) 376-7271.

REP APPOINTMENTS
■ Sprague-Goodman Electronics Inc., W estbury, NY, 
has appointed Soquelec Telecommunications M ontre­
al, Quebec, Canada, to represent its produets in Quebec, 
O ntario  and  the  M aritim e Provinces. In  addition , the 
Company added  Diamond Advanced Components. 
Norcross, GA, and Integra Electronics, Orange, CA, to 
its franchised distributor network.

■  Universal Microwave Corp. has nam ed three firms to 
rep re sen t its  VCOs and  synthesizers in th e  US. dBm 
Technical Sales will cover New England, Youngewirth 
& Oienick will cover Arizona and New Mexico, and Tri- 
onic Associates will cover Long Island, New York City 
and New Jersey.

■ mm Wave Technologies Inc., Ottawa, Ontario, Cana­
da, has signed a vendor contract with Karl Suss America, 
add ing  to its com m uniea tion  te s t  a n d  m e a su re m e n t 
line card.

■ Coleman Microwave Co., Edinburg, VA, has made 
several new rep appointments, including Applied Tech­
nical Sales and Marketing. San Juan Capistrano, CA, to 
co v e r S o u th e rn  C a lifo rn ia ; E. Reid M iller Corp., 
Saratoga, CA, to cover N orthern  California; and  Lear 
A sso cia tes , R ic h a rd so n , TX, to  c o v e r  T exas and  
Oklahoma.

WEB SITE
■  Murata Electronics North America has made avail­
able a free EM I filter selection simulator on its W eb site 
at w w w .m urata.com . The noise suppression-m easuring 
service aids design engineers in the process o f  selecting 
EM I filters by replicating the conditions of their circuit to 
evaluate the perform ance o f various filters.
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TECHNICAL FEATURE

A High Order 
Frequency Multiplier 
for Low Power 
Applications

|  irec t frequency m ultipliers are com- 
monly used in applications where the 

v added phase noise or circuit complexi- 
ty o f  a phase-locked loop is undesirable. At 
power levels above 1 mW, varactors or step re­
covery diodes can supply the needed  power 
directly, b u t generally require RF drive power 
levels that are incompatible with the low cur- 
rents and voltages in m odern portable prod- 
ucts. An injection-locked oscillator (ILO) can 
supply the desired harm onie efficiently, bu t it 
will continue to  deliver ou tpu t pow er at the 
wrong frequency if the tuning is incorrect due 
to aging, or if the input level becomes insuffi- 
cient to lock the oscillator a t the desired mul- 

m u l t lp Z u Z Z Z “'Wy ö Pk  There is 110 “ m p^rable threshold prob-

SOURCE
Hz SQUARE WAVE

lern if  an overdriven amplifier is used as a har­
m onie generator; however, bo th  the ou tpu t 
pow er and DC-to-R F efficiency are likely to 
become impraetically small for large values of 
multiplication N.

The circuit shown in Figure 1 , along with 
its conceptual model, avoids these problems. 
Since no DC bias is provided for Q 1; there  is 
no m easurab le RF ou tp u t pow er w hen  the 
fund am en ta l freq u en cy  in p u t signal is re- 
m oved. T h e  o u tp u t is a d am ped  sinusoid; 
hence, the output power can be concentrated 
in a few spectral lines c lustered  around the  
desired harmonie, rather than in the wideband 
com b spectrum  characteristic o f an impulse 
generator o r overdriven amplifier.

B A C K G R O U N D
It is assumed that the input to a broadband 

(impulse) frequency multiplier is a GW input 
signal A0cos(27tFRt + <|)0) and that the output is 
observed only after the DC bias terms at all in­
ternal nodes have reached their steady-state val­
ues. W hen the multiplier output is sampled at a 
rate F SAMP > 2FR, its output frequency compo­
nents will be aliased down to the  frequency 
band from DC to F R. The sampler output will

[Continued on page 70]
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TECHNICAL FEATURE
be limited to F R provided the multiplier output consists of 
only integral multiples of the input frequency and is free of 
spurious (nonharmonically related) components. Stated an- 
other way, the phase offset values <j>n in the multiplier output 
spectrum AjjCosfNSTCFRt + <|>n) must be stationary between 
successive cycles of the input reference signal.

An ILO  consists of a (generally) narrowband oscillator, 
which has an intrinsic or unlocked frequency F U{ close to 
the desired, locked output frequency F 0 . The ILO Ls pro­
vided with an additional input port for insertion of a refer­
ence signal F r = Fq/M. W hen M = 1, the  s truc tu re  is 
term ed an injection-locked amplifier (ILA). W hen an ILO 
is used as a multiplier, the reference frequency is injected 
into the oscillator feedback loop with sufficiënt amplitude 
to reset the <|>n term s between input cycles, and the ILO 
output effectively consists only of F 0  =  M FR. Numerous 
papers describe the design and adjustm ent of ILO s .1

T he m ultiplier input signal at Fr is nominally a square 
wave from a CM OS or equivalent logic buffer used as a 
low im pedance voltage source. Since the  du ty  cycle of 
most system reference clocks is close to 50 percent, this 
value is used in the analysis. The DC com ponent of the 
clock signal is blocked, and R3 allow's forward bias of Q j 
only during the  negative-going half o f the reference cycle. 
No general significance is claimed for the choice of the 
collector for the grounded terminal o f Q j. At the operat- 
ing frequency used in  the original design, this configura- 
tion required a smaller load admittance transformation ra­
tio than alternate topologies evaluated.

The initial design procedure parallels that of any one- 
port oscillator. The circuit elements are adjusted to m eet 
the minimum requirem ents for oscillation at F q as

ang[rD] = -ang[rL] (2)
w here r D and TL represent the reflection coefficients of 
the oscillator and load, respectively.

Next, the effects of the active and passive com ponent 
variations weithin the oscillator and load are examined to 
verify that no reasonable combination of TD and TL near 
F 0  violates the Kurokawa criteria for steady-state oscilla­
tor stability.4’5 These criteria are sufficiënt bu t not neces­
sary for steady-state stability at a specific frequency and 
power level. W hen TD can be accurately represented as 
impedance RD ± jXD (series resonant oscillator), the first 
criterion is

r SXL(a>)TSRD(A) S R , . H t K d (a )1 

5(0 ö A  8co 5 A  I

Two empirically based simplifying assumptions generally 
apply:
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ÖA
(active device gain comprcssion) (5)

Therefore,

and

8 X l (co) S R d (a ) 

Sm ’  SA >
(6)

8Xl ((b)

6(0
> 0 for stable oscillation (7)

W hen Td can be represented as an admittance ± 
jBD, the shunt resonant counterpart of Equation 3 applies 
such that

SBL(a>)

6co
0 for stable oscillation. (10)

The criterion of Equation 3 is, for example, sufficiënt to 
ensu re  th a t w hen  an in itia l o p e ra tin g  po in t [P0 (ZL), 
F 0 (Zl )] migi-ates to a new point [Pq IZ ^). F0 (Zl2)| due 
to a cliange in load im pedance ZIj2 = ZL + 8Z, the oscilla­
tor will re turn to [P0 (ZL), F 0 (ZL)] when 5Z = 0. (For ex­
ample, the oscillator tuning will not exhibit hysteresis or 
moding.)

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

8C.,,((o) _ 6Bn (A) 8B, (co) _ 6Gp(A) 

5(0 8A 8(0 8A

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

and the admittance form o f the  result o f Equation 7 is

ZD = R D +jX L - jX c  

Q a =  * r -

8Bd(a ) -Rd

>= 0
8A (8) Yl = GL-j

5Gd (a ) Qb =
b l

(9) -Gd
8A

Bc



TECHNICAL FEATURE

TABLE I
MODEL S SMALL-SIGNAL S PARAMETERS

raagfSuJ RMS error 0.0505 0.0141 0-1280 0.0731

anglSH jR M ScrorH  7.36 2.83 20.20 13.30

Frequency range for S-parameter matching = 0.2 to 4.0 GHz, 0.1 GHz steps
At eacb frequency. the contrihution to the 1iet EMS value is:

mag[S]A] error = ({model magfSyJ -  mca:iured magtS^D/ineasored magtS^Jir
angtSül error . feiwk migfStt] -  measu,'■ed ang[% l)2

Now Yy is defined as the admittance o f the  previously 
described network, measured at the  shunt end, with only 
G| removed. It is easy to  verify that for arbitrarily closely 
spaced frequencies F , and F2, QA and Q B (QA > Q ß) can 
be determ ined such that YUF1 -  YUF2; that is, oscillation is 
possible on both frequencies. W hen QA < QB, the  slope of 
8Bu ((o)/8co is dom inated by the  shunt c lem ents and no 
frequency am biguity exists. I f  the  above exereise is re- 
peated with a shunt resonant oscillator term inated with a 
series resonant load, where ZI; is the im pedance looking 
into the load end  w ith R L rem oved and QA and Qß are as 
previously defined, then  frequency am biguity exists for 
Qb > Qa , and conversely. An example o f a series topology 
oscillator ineorrectly  term inated  w ith a shun t resonant 
load (and its resulting undesirable timing behavior) is pro- 
vided by Ham ilton .6

The following design procedure is for a multiplier cur­
rently used in volume production for equipm ent qualified 
over the -40° to +65°C environment. F o r this design, F ß — 
72 MHz, N =  20 and P0  > -1 5  dBm at F 0  = 1440 MHz, 
and the nominal current demand is 6  mA at +5 V. In the 
e n d  application, an inexpensive surface acoustic wave 
(SAW) bandpass filter was used to suppress the N < 19 and 
N > 21 harmonies. The SAW filter port impedance ZL is 
poorly defined outside of a narrow bandwidth centered on 
the desired N = 20  harmonie.

Since th e  Spiee p aram eters  o f  the 
MMBR901 b ipolar junc tion  transistor 
(BJT) were not readily available, a modi- 
fied hybrid-pi bipolar m odel,3 shown in 
Figure 2 , was created. ln  this model, 
both D] and D 2 are ideal Si diodes with 
negligible ju n c tio n  capacitance. W ith 
both the base resistance and the dynam- 
ic resistance of D 1 replaced by RA, ele- 
m ent optimization is used to force the 
m o d e ls  sm all-signal S p a ram e te rs  to 
m atch the published device S param e­
te rs  to  an accuracy  su ffic iën t fo r the  

time domain Simulation. Figure 3 shows the BJT's linear 
model. The m odels small-signal S param eters are listed in 
Table 1.

W ith C4 omitted, r D is quite aceurately represented by 
a shunt topology. A one-port Touchstone linear analysis of 
the m ultiplier circuit verified that Re[Yn ] > 0 from 100 
M H z to  10 G H z (excluding th e  op era tin g  b and) and 
Re[YD] + Re[YTi] < 0 within the operating band (1440 ± 
100 MHz) after optimization o f TLIN , C5, C4 and G3. As 
with any active circuit, failure to verify that potentially un- 
stable regions are confined to the desired frequency band 
creates a risk o f spurious signal generation. Although the 
decision to insert C4 a t this port appears to  he a  violation 
o f the criterion in Equation 10, the specific broadband in­
put im pedance of the SAW filter transform ed through C4 
was sufficiently close to the  required  shun t topology T 
that stability was ensured.

Next, the m ultiplier is m odeled using a tim e domain 
simulator (such as PSpice) to verify ou tput level, biasing 
and drive margin. The negative-going transition o f V§ at 
the start o f the on period defines the initial am plitude and 
phase offset term s An and <j)n for th e  sinusoidal burst. 
D uring the off period, Q] is inactive and undesired contri- 
butions to the stationary values o f  bn are minimized to the 
extent that the harmonie amplitudes An decay to negligi­
b le levels betw een reference cycles. T he n e t series im ­
pedance o f  C2, R2 and L2 is made large enough that the 

[Continued on page 75]
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TECHNICAL FEATURE
effect on ZD is negligible, C2 and R2 
are adjusted so that the average cur­
rent through Q] does not exceed the 
desired supply limit and the combina- 
tion of C2 and L>2 detennines the RF 
pulse width. Small changes (20 per­
cen t or less) in the  du ty  cycle have 
very httle effect on output power. For 
the  fractional pulse w id th  ratio Tpw 
u sed  (0.27), th e  m u ltip lie r o u tp u t 
spectrum  is wide enough that no tun- 
ing or selection o f TLIN or C5 is re- 
quired. Some suggested limiting val- 
ues of remaining components are list- 
e d in  Table 2.

Figure 4 shows the  o u tp u t o f  a 
PSpice Simulation for the 1440 M Hz 
m ultip lie r using the  non linear BJT 
model. F o r practical cases, modeling 
the output burst envelope as a damped 
exponential function is consistent with 
bo th  tim e dornain sim ulations and  
physical measurements. Equations 11 
to 21 and Figure 5  define the parame­
ters used in the Fourie r representa- 
tions o f bo th  the baseband  and RF

TABLE II
MULTIPLIER COMPONENT VALUES

; r2 vdy (4 iPRAK)

r3 ^Uß/IPKAK

I t,;j ' Lj > 5R,/(27tFR)

C2 Ca a4 T TOJ PEiKA'Ä

I l 2.. L2 < R2/(2tiFh)

I L3; L3 > 5Zd/(2wFh)

C5, TLIN F0 s  1 /  27cJ c 5Z0 tan0/2«Fo

170 180 190 200

Fig. 4 PSpice Simulation o f the 1440 MHz 
multipler using the nonlinear model

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

burst exponential function. If  the avail- 
able tim e dornain sim ulator has dis­
crete Fourier transform capability, the 
spectral output amplitudes can be eval- 
uated  directly. I f  not, the am plitude 
and width of the RF output pulse en­
velope can be visually estim ated and 
Equations 11 to 21 applied to obtain 
the harmonie amplitudes.

Tpw/Tj = ß •  2.4464 =
pulse width ratio at Vmax/2 (11)

ß = Tpw/(T1 * 2.4464) (12)

Baseband pulse:

Vmax = 1/(2 • ß •  exp(l))

Burst pulse:

Vrnax = l/(ß  •  exp(l)) (13)

Xm = r n . 2 . 7 T . ß  (14)

Magm = 1/(1 + ( X J A2) (15)

Angm =  2 • ATAN2(1,X J  (16)
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TECHNICAL FEATURE
| —  MEASURED -  SIMÜLATED |

HARM ON IC (N* 72 MHz)

Fig. 7 Measured vs. simulated output 
spectrum.

TABLE III
MEASURED SIDEBAND LEVELS

100 -so

300 -82

1000 -101

3000 -109

10000 -114

30000 -114

100000 -116

BIm = Magm • cos(Angm) (17)

BQm = Magm •  sin(Angm)

m = 1, 2, ... P, Fo > P (18)

w here Fo is in units of cycles per T I period 

and t <= T j .

Exponential burst waveforin amplitude =

XBIm • cos((t -  Td) •  (Fo +  m) •  2k/T{)

+XBIm •  cos((t -  Td) •  (Fo -  m) •  2k/T})

-X B Q m •  sin((t -  Td) •  (Fo -  m) •  2n/T{)

+XBQm •  sin((t -  Td) •  (Fo + m) •  2k/T])

+1.0 •  cos((t -  Td) •  Fo •  2jc/Ti) (19)

Exponential baseband waveform am plitude =

0.5 + XBIm •  cos((t -  Td) •  m •  2nFÏ^}

+XBQm •  sin((t -  Td) •  m •  2n/Ti) (20)

T he scaling constan t 2.4464 in th e  fractional pulse 
w id th  expression is the  d iffe rence  be tw een  th e  two t 
param eter values for which the pulse am plitude is half the 
maximum value such that 

0.500 =[exp(l)t! •  exp(-tj)]
=[exp(l)t2 •  exp(-t2)j 

where

t9 =2 .67834... 
t* =0.2.3196...

and

t2—t1= 2.4464...

Assuming RL = 50 Q, the power levels of the ±1#  side- 
bands are dien com puted directly as 

P(dBm) =  10log10(1000°(Vpeak/Vmax)A2
• (BImA2 + BQmA2)/(50e2)) (21)

w here Vpeak = 0.5 •  (the m easured or simulated peak-to- 
p eak  R F o u tp u t m agn itude) and  Vmax is de fin ed  by 
Equation 13.

Note that Equations 11 to 21 are listed in a format that 
is directly insertable into a spreadsheet such as Excel. An 
example of the  burst waveform is shown in Figure 6.

Both the calculated spectrum of the time dornain Sim­
ulation and the measured spectrum are plotted in Figure 
7. The measured spectrum includes both the aetive m ulti­
plier contribution and the harmonies due to the  square 
wave reference waveform coupled directly th rough C 2, 
C4, and R2.

The phase noise o f the above multiplier was evaluated 
by comparing its perform ance with that o f a 1440 MHz 
b ru te  force m ultiplier utilizing limiting diodes and gain 
stages. Both multipliers were driven by the same 72 MHz 
phase-locked crystal oscillator reference source; no signif­
icant difference betw een the output phase noise spectra 
o f the  two multipliers was observed. The sideband levels 
m easured for both multipliers are listed in Table 3.

c o n e m s m n
A direct frequency multiplier has been described that 

is suitable for high order, low power m ultiplier applica- 
tions. A modified model using PSpice was used to opti- 
m ize the required circuit com ponent values and analyze 
the m ultip liers perform ance. T he resulting m ultipliers 
phase noise performance com pared favorably with a brute 
force multiplier at 1440 MHz. ■
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TECHNICAL FEATURE

SOLR Calibration 
for Grounded Coplanar 
Waveguide Lines
This article exam ines short-open-line-reciprocal (SO L R ) calibration o f  g rounded  
coplanar w aveguide (G C P W ) lines. The calibration is m ade possible b y  using  the  

W inC al™  software. The  Standards used  f o r  th e  calibration, in c lud ing  a knee  typ e  
o f  d iscon tinu ity , w ere  m easured  a n d  th e  resu lts are described. The m easured  

Standards are show n a fte r  th e  calibration process, and. a m easured  90° b e n d  is 

com pared  with predic tions m ade b y  th e  Sonnet™  E M  sim ulator. The  results 

confirm  th a t S O L R  is a valid calibration procedure.

T he first step in any vector network ana- 
lyzer (VNA) probe measurem ent is the 
calibration process. There are several 

well-known m ethods to calibrate the instru­
m ent to the tip o f the probes or to some refer­
ence plane away from the probes. Calibration 
types such as thru, reflect, line (TRL); short, 
open, load, th ru  (SOLT); and  line, reflect, 
match (LRM) have proved to be accurate and 
relatively easy to perform, bu t with one com­
mon restriction: The probes m ust be in line. 
The SOLR calibration makes no assumptions 
about the transm ission Standard used  o ther 
than that it must be reciprocal (S12 = S2i). A 
significant advantage o f this perm utation  of 
the SOLT calibration is that it is applicable to 
orthogonal probing  Systems w here th e  th ru  
Standard is difficult to  im plem ent. In an or­
thogonal probing environment, a transmission 
line with a 90° bend suffices for the reciprocal 
Standard. The SOLR technique was suggested

by F e rre ro 1 and  lias b e e n  im p lem en ted  in 
Cascade M icrotech’s WinCal software.2 Basu 
and Hayden3 pro vide a good OverView o f the 
basics o f this technique.

This article presents an effort to achieve an 
acceptable SOLR calibration on GCPW  lines 
using the WinCal software. Some basic theory 
is given for those individuals interested in the 
concepts behind the SOLR m ethod, and the 
definitive process of Standard definitions is de­
scribed. A fter each calibration process, the 
Standards were m easured and examined to ex- 
plore calibration accuracy.

[Continued on page 80]
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A. Fig. 1 GCPW SOLR calibration Standards.

Fig. 2 The GCPW line’s
(a) characteristic impedance
and (b) effeclive dielectric constant. V

REAL
IMAGINARY
LINECALC

' Fig. 3 SOLR Standard models.
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TECHNICAL FEATURE
CALIBRATION 

i f c  STANDARDS
4° STRUCTURES
o b T he ca lib ra tio n

f |° |p  Standards structures
used in this research 
(and shown in Fig­
ure 1) are the same 

' as those previously 
presented by the au- 
th o rs .4 T h e  fou r 
Standards are GCPW 

lines fabricated on an FR-4 Substrate 
with an effeetive dielectric constant of 
2.57 and a characteristic impedance of 
92 Q. The actual characteristic imped­
ance of the lines was m easured using 
M ultiCal™  and  Cap™  softw are by 
N IS T  and  is show n in  F igure 2 . 5 
Those results showed a good compari- 
son to  p red ic tio n s  m ade  using  
Linecalc™ software.6

O ne  o f  th e  im p o rta n t issues o f  
SOLR calibration using the  WinCal 
software is to know exactly the eapaei- 
tance in troduced  by the open  Stan­
dard, the inductance in troduced  by 
the short Standard and the inductance 
introduced by the load Standard. The 
models utilized for the three Standards 
are shown in Figure 3. The model el­
em ent values were found through op- 
tim ization to data m easured using a 
re liab le  TR L  calibration. The opti- 
m ization process was accom plished 
using E E Sof Series IV,6 and the  re ­
sults are shown in Figures 4, 5  and 6.

RESULTS
The calibration param eters were 

c o m p u te d  a n d  d o w n lo a d e d  to  a 
Wiltron 360 VNA using WinCal, and 
the  various Standards w ere re-m ea- 
sured, this tim e with SOLR calibra­
tion. The calibration process was re- 
p ea ted  a num ber of tim es until the 
results were consistent. No two cali- 
brations can ever be identical due to 
repeatability errors, noise and drift in 
the system, b u t the results appeared 
to be consistent and reliable.

The best way to examine the valid- 
ity of a calibration is to measure the 
same device under test using an addi­
tional calibration m ethod  and com- 
pare the results. Since special struc­
tures that are required for any addi­
tional calibration m ethods w ere not 
available, an alternative way to check 
the validity of the SOLR calibration is 
simply to observe the results and ex­
am ine them  with regard  to  th e  ex-

| —  MEASURED —  MODELEd ]

A  Fig. 4 Phase cómparisons 
fo r  the open Standard.

Fig. 5 Phase comparisons 
fo r  the short Standard.

—  MEASURED MODELED |

1 —^

V

660 1 2 3 4 5 6
FREQUENCY (GHz)

Fig. 6 Magnitude and phase comparisons for 
the load Standard. ▼

—  MEASURED MODELED

FREQUENCY (GHz)

pected/calculated values. This way it 
can be detenn ined  if the calibration 
is fairly accurate, b u t no t how accu­
r a te  it is c o m p a re d  to  any  o th e r  
method.

[Continued on page 82J
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TECHNICAL FEATURE

A  Fig. 7 The open Standard’s 
Sjj measurement.

Ä  Fig, 8 The short Standards 
Sjj measurement.
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Sk. Fig. 9 The load Standards 
Sjj measurement.

First, by looking at the measured 
open Standard data, as shown in Fig­
ure 7, it can be seen that the reflect - 
ed signal is less than ±0.005 dB with a 
phase of less than 5°, eom pared to an 
ideal case o f  0 dB/0°. The sam e trend 
is observed w hen the short Standard 
is examined. Figure 8 shows that the 
reflected signal is less than  ±0.011 dB 
with a phase o f 12°. T he results are 
not as good as in the case o f the open; 
th e  p h ase  seem s to  b e  so m ew h a t 
higher than expected, bu t is still in an 
acceptable range.

Next, th e  load Standard is exam­
ined. Looking at the Smith chart rep- 
resenting Sn  o f the load, as shown in 
Figure 9, it is clear that the  load re­
sembles a 50 £1 resistor w ith a para- 
sitic series inductance. By selecting a 
single set o f m easured data from the 
load, w ith a known frequency and the 
normalized imaginär)7 value, it is pos- 
sible to calculate the value o f the par- 
asitic inductance such that 

f  = frequencv at sampled data point 
= 10 GHz

L oad  im p ed an ce  a t sam p led  d a ta  
point:

Resistor = 50 (1.00756 + jl.52283) £2 
=  50.378 + j76 .141Q  

(unnormalized) 
jX = jcoL (cd = 2Tcf) 

where

X = Im(resistor)

L = — => L =  1.212 nH
©

Note that the m easured resistance 
o f the load is 50.378 £2 eom pared to 
50.4 Q, which was measured directly 
on th e  resistor using an ohm m eter.

ƒContinued on page 84]
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TECHNICAL FEATURE

Ak. Fig. 10 Sjj o f a knee structure.

V  Fig. 11 S2] o f a knee structure.

MEASURED
—  SONNET SIMULATED

FREQUENCY (GHz)

F u rth e rm o re , th e  m easu red  reac- 
tance is 1.212 nH  com pared to 1.210 
nH , th e  value o f  th e  series induc- 
tance used in the  loads model. The 
m odel for th e  load was based  on  a 
TRL m easurem ent and an optimiza- 
tion process; the fact that both reac- 
tances agree increases the  confidence 
in the SOLR calibration.

Perhaps the most interesting results 
are those shown in Figures 10 and 11.

Using the Sonnet Suite EM simulator/ 
the knee type o f die previously shown 
stru c tu re  was sim ulated. T he sam e 
knee was m easured with the  SOLR 
calibration and compared to the simu­
lated results. The Sjq results are in a 
good agreement dirough 6 GHz, with 
some noticeable phase deviation above 
that. The S2i results show tracking in 
shape through  the  sam e frequency; 
however, diere is more loss in die mea­
sured data. I t is surmised that the loss 
is due to radiation and conductor loss- 
es that were not accounted for in the 
EM  Simulation.

CONCLUSION
T h e m easu rem en t resu lts  show  

that a good SOLR calibration using 
GCPW  lines is feasible. O rthogonal 
on-w afer m easu rem en ts  w ere suc- 
cessfully com pleted  w ith  an SOLR 
right-angle calibration. T he use of a 
b e n d  in th e  o rthogonal calib ration  
does no t appear to cause significant 
error. In  th e  case w here W inCal is 
used  for the SOLR com putation, an 
im portant step is to make sure that 
accurate models for d ie Standards are 
in hand; otherw ise, the  calib ration  
will not succeed. I t  is crucial to make 
su re  th a t th e  o p tim iz e d  S tandard  
models rely on an accurate reference 
calibration to guide the process.
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TECHNICAL FEATURE

Effects of a D river's 
ACLR on Total ACLR
The e ffects o f  a drive f s  adjacent-channel leakage ratio  (A C L R ) on th e  to ta l 
A C L R  have  been  tes ted  to  investiga te th e  rela tionship  betw een  th e  A C L R  o f  a 
d r iver  a n d  a device a n d e r  test (DU T). The A C L R  tes t results show  th a t the  
degradation  in  A C L R  is 4.1 to 4.5 dB  w h en  bo th  A C L R  values are the  same. I f  

th e  d ifference in  A C L R  values betw een  a source a n d  a D U T  is 12 to  12.5 dB , then  
there  is n o  degradation  in to ta l A C LR .

T he capacity of a CDM A System is deter- 
m ined in part by System noise and in- 
te rfe rence . The System perform ances 

are linked to adjacent-channel interference ra­
tio (ACIR) values. ACIR is defined as the ratio 
o f the total power transm itted from a source 
to the total interference power affecting a vic- 
tiin receiver, resulting from both  transm itter 
and receiver imperfections. The imperfections 
o f the receiver and transm itter are adjacent- 
channel selectivity (ACS) and ACLR, respec­
tively. ACS is a measure o f  a receiver s ability 
to receive a  signal a t its assigned channel fre­
quency in the presence o f a m odulated signal 
in the adjacent channel. Therefore, ACS is the 
ratio o f the receiver filter attenuation on the 
assigned channel frequency to the receiver fil­
te r  a ttenuation on the; adjacent-channel fre­
quency. A C LR  d e te rm in es  how  m uch th e  
transm itted power is allowed to  leak into the 
first and second neighboring carriers. I f  the 
ACLR is low, the  efficiency o f the  spectrum  
and the capacity o f the System are decreased.

All transm itters contain nonlinear compo- 
nents, such as amplifiers and mixers. The out­
put Signals o f a transm itter consist o f ampli- 
fied input Signals and distortion Signals caused 
by th e  non linear characteristics o f com po- 
nents in th e  transm itter. D istortion  Signals 
generated in nonlinear components are called 
interm odulation distortion (IMD). ACLR di­

rectly relates to the linearity o f a transmitter. 
Even though the linearity of a transm itter is 
high, if the  purity  of the input signal o f the 
transm itter is low, the purity o f the output Sig­
nal o f the transm itter becomes low. In  this ar- 
ticle, the effects of an input sign als ALCR on 
the ACLR of the output signal o f a transm itter 
are p resen ted . ACLR test results show how 
the ACLR of the output Signals of an amplifier 
can be determ ined by the ACLR o f the input 
signal and amplifier.

T h e  linearity  o f  an am plifie r for analog 
transm itting Systems is sufficiently represent- 
ed  as IM D  an d  m easu red  w ith a tw o-tone 
IM D  test. However, the real signal in a digital 
mobile System has a different cumulative dis- 
tribu tion  function from that o f  tone Signals. 
Therefore, the linearity o f an am plifier for a 
digital mobile System should be tested  using 
an actual. signal g en e ra ted  from  th e  signal 
source for the digital m obile System o r the

[Continued on page 89]
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TECHNICAL FEATURE

Ék Fig. 1 Baue station output power spectrum mask.

transm itter o f the digital mobile Sys­
tem  in order to exactly m easure the 
linearity.

R ecently , th e  a d jacen t-ch an n e l 
power ratio (ACPR) o f a transm itter 
has been used for describing the lin­
earity o f the  transm itter in a digital 
mobile System. The measured ACPR 
values are dependent on the  resolu­

tion bandwidth. Therefore, ACPR is 
a meaningful value only with regard 
to  re s o lu tio n  b an d w id th  (R B W ). 
ACPR does no t rep re sen t th e  real 
power leaked into adjacent channels 
because it does not include the per­
formance o f the  receiving filter o f a 
victim receiver. However, ACLR in- 
cludes the performance o f the receiv­

ing filter o f a victim receiver. There­
fore, ACLR is used for describing the 
linearity o f a transm itter in the Third- 
g e n e ra t io n  P a r tn e r s h ip  P ro je c t 
(3GPP) specifications.

F ig u re  1 show s th e  sp e c tru m  
m ask o f  a transm itter, described  in 
the  3G PP specificatie>n, according to 
the  ou tput pow er o f the transmitter. 
The Simulation results that com pare 
th e  A C L R  m e a s u re m e n t u s in g  a 
raised-root cosine (RRC) filter with a 
0.22 ro llo ff facto r (w ith th e  ACPR 
m easurem ent using a 30 kHz RBW) 
show th a t th e  d iffe ren ce  b e tw een  
each m easurem ent is 5.6 dB for a 5 
M H z o ffse t and  1.52 dB fo r a 10 
M H z offset. T h erefo re , th e  A CLR 
m easu rem en t is p e rfo rm ed  w ith  a 
proper instrum ent equipped with an 
RRC filter with a  0.22 rolloff factor.

The ACLR requirem ents o f a base 
station described in the 3GPP specifi­
cations are 45 dB for ACLR1 (m ea­
sured at ±5 M Hz offset from the cen­
te r  frequency o f the  assigned chan­
nel) and 50 dB for ACLR2 (measured 
at ±10 M H z offset from the  cen te r 
frequency o f the assigned channel).1’2
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TECHNICAL FEATURE

ÉL. Fig. 2 Block diagram fo r ACLR testing.

TABLEI
THE AMPLIFIERS 

ELECTRICAL PERFORMANCE

Frequeney range (MHz) 2000 to 2200

Poeta t ld B  
corapression (dBni) 32

OIP3 (dBin) 47

Cuin (dB) 20+0.3

NF (dB) 3

c = -67.56 d 
= -63.21 dE 
-62.34 dBc

n

j ! L

FREQUENCY SPAN = 25 MHz

T he ACLR requirem ents are derived 
from the  ACIR, causing a one p e r­
ce n t capac ity  loss in th e  System .3 
However, AOLR2 has less o f an e f­
fec t on system  p e rfo rm a n c e  th an  
ACLR1; therefore, this work focuses 
on the relationship betw een the dri- 
ver’s and the D U T’s ACLR1.

T he high pow er am plifier mainly 
determ ines th e  linearity  o f  a trans­
mitter. The ACLR specifieations de­
sc r ib e d  in 3 G P P  re q u ire  a l in e a r  
pow er amplifier. Even though a lin­
ear power amplifier has high ACLR, 
the ACLR of the  input signal o f the 
linear power amplifier is low, thus the 
ACLR of the output signal of the lin­

A  Fig. 4 ACLR1 at the amplifier’s output 
port at +5 MHz öffnet.

Fig. 5 ACLRl at the amplifier’s output port 
at -5  MHz offset. ▼

e a r  a m p lif ie r  also  b e c o m e s  low. 
Therefore, the effect o f the transm it­
te r  s input signal ALCR on the output 
Signals ACLR must be considered to 
im plem ent the transm itter. In addi- 
tion, it m ust be determ ined that the 
required ACLR o f a signal generator 
does not affect the ACLR o f the am­
plifier in testing the ACLR o f a pow­
er amplifier.

TEST RESULTS
Figure 2  shows the block diagram 

for the ACLR test. The signal genera­
to r and  transm itte r tes te r m eet the 
requirem ents o f 3GPP specifieations. 
T h e  e lec trica l p erfo rm an ce  o f  th e  
am plifier used in the  ACLR te s t is 
listed in Table 1.

ÉL Fig. 6 ACLR degradation 
as afunction o f the difference between 
an input signal and an amplifier’s ACLR 
(input ACLR > amplifier ACLR).

Figure 3 shows the  spectrum  of 
th e  w ideband  C D M A  (W -CDM A) 
signal used for the amplifiers ACLR 
test. ACLRl of the signal is 62.34 dB 
for +5 M Hz offset and 63.21 dB for 
-5  MHz offset. Figures 4 and 5 show 
A C LR l values at the ou tput port of 
th e  a m p lif ie r  w ith  re sp e c t to  th e  
ACLR value of the  input signal and 
am plifier at ±5 M Hz offset, respec­
tively. In  general, the nonlinear char- 
acteristics of components are not sym­
metrie to the center frequency o f out­
p u t Signals in the spectrum  domain. 
Therefore, measurements of the non- 
linear characteristics are perform ed at 
low and high frequency offsets from 
th e  cen te r frequency  o f o u tpu t Sig­
nals. The am plifiers A C LR l is con- 
trolled by adjusting the bias voltage of 
the amplifier. The controlled ACLRl 
value o f the amplifier for 5 M Hz off­
set is 55.67, 50.55, 47.95 and 45.10 
dB, respectively. In  th e  case w here 
th e  am plifiers A C LR l is 55.67 dB, 
the ACLRl of the  input signal m ust 
be 47 dB above to m eet th e  45 dB 
A CLRl requirem ent. I f  the  amplifi­
e r ’s A C L R l is 47 .95  dB , th en  th e  
A CLRl o f the input signal m ust b e  51 
dB  above to  k eep  th e  A C L R l r e ­
qu irem ent in 3GPP. The controlled 
ACLRl amplifier values for - 5  M Hz 
o ffse t a re  56 .55 , 51.50, 48.45 and 
45.72 dB, respectively.

T h e  d eg rad a tio n  in A C L R l ac- 
cording to the difference between the 
A C L R l o f th e  inpu t signal and the 
am plifier is p resented. T he data are 
obtained using the ACLRl values giv- 
en  in the previous two plots. Figure 6 
shows the degradation in the amplifi­
e rs  ACLRl w hen the A C LR l of the

[Continued on page 92]
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TECHNICAL FEATURE

A  Fig. 7 ACLR degradation 
as afunction o f the difference between 
an input signal and an amplifier’s ACLR 
(amplifier ACLR > input ACLR).

input signal is better than the A CLRl 
o f the amplifier; Figure 7 shows the 
case w here  th e  in p u t signal is less 
than  the A C LR l o f the amplifier. In 
general, the ACLR of the input signal 
is b e tte r  th an  th a t o f the  amplifier. 
The degradation from the amplifiers 
A C L R l is ~  4 .5  dB  w h en  b o th  
A C L R l values are the  same. I f  the 
A C L R l o f  the  input signal is 12 dB 
above or b e tte r  than  the  A C LR l of 
the amplifier, then  there is no degra­
d a tio n  in  th e  a m p lif ie r’s A C LR. 
Therefore, the A C LR l requirem ent 
of a signal generator used to measure 
the ACLRl of an amplifier is approxi- 
mately 12 dB greater than the A CLRl 
of the  amplifier. The data show the 
d e g ra d a tio n  in  th e  in p u t  s ig n a l’s 
ACLRl when the A CLRl of the am­
plifier is better than that o f the input 
signal. In this case, the degradation in 
the  signal’s ACLR is approxim ately 
4.1 dB when the ACLRl o f the input 
signal is the same as that of the ampli­
fier. I f  the ACLRl of the amplifier is 
12.5 dB greater than that of the input 
signal, then there  is no degradation 
from the ACLRl of the input signal. 
Thus, how much the ACLR degrada­
tion occurs in trans m itters or ampli­
fiers can be predicted.

CONCLUSION
The effects of the ACLR charac- 

teristics o f a driver and amplifier on 
to ta l ACLR have been  tested . T he 
A C L R  te s t  re su lts  show  th a t th e  
degradation in A C LR l is 4.1 to  4.5 
dB when the ACLR o f the input sig­
nal is the same as that o f an amplifier. 
I f  the A CLRl o f the input signal is 12 
to  12.5 dB greater than that o f an am­
plifier, then  the  total A C LR l is the 
same as that o f the amplifier. There­

fore, to m easure the  A CLR l o f  an 
amplifier, a  signal source that has an 
ACLR 12 to 12.5 dB higher than that 
o f  the am plifier m ust be used. Test 
results p resen ted  in this artie le  are 
useful for determ ining  the  required 
ACLR specificatiën o f  base station 
tran sm itte rs  th a t com pose  a base- 
band  m odulator, frequency  upcon- 
verte r and pow er am plifier to m eet 
3G P P  ACLR req u irem en ts . T hese 
ACLR test results also can be useful 
for user equipment. ■
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TECHNICAL NOTE

Asymptotic Behavior 
of Cosine W indows
The a sym pto tic  behav ior  o f th e  even-cosine series W indow s p resen ted  here  reveals 

th a t the  series has an asym pto tic  decay  6 dB /octave  h igher th a n  the  odd-cosine  
series. The coeffieients o f  th e  series are d e te rm in e d fo r  th e  condition  o f  m a x im u m  

asym pto tic  decay, a n d  th e  fre q u e n c y  response p lo ts o f  th e  series are given.

It is well known that an ideal rectangnlar 
Bandpass filte r requ ires  an im pulse re ­
sponse of infinite duration, wliich is unreal- 

izable in practice. Tmneating this infinite im­
pulse response after a certain tim e duration re ­
sults in undesirable ripples (known as G ibbs 
ripples) in the passband and stopband. W in­
dows (finite even tim e funetions), when multi- 
plied with the infinite impulse response of the 
ideal rectangn lar filter, ten d  to  sm ooth the 
G ibbs ripples in the frequency response; how- 
ever, this improvement is at the cost of widen- 
ing the transition width. A window is charac- 
terized in the frequency domain in tenns o f its 
mainlobe width, peak sidelobe response and 
asym ptotic decay. T he w idely used w indow 
funetions are the Dolph-Cliebyshev window, 
kaiser window, Gaussian window and eosine 
Windows. An exliaustive discussion on Windows 
has been provided by Harris1 and Nuttall.2

The cosine Windows comprise a wide range 
o f window funetions, including the Hanning, 
Hamming and Blackman Windows,1 the cosine 
temporal weightings,2 and the odd- and even- 
cosine series.3 N uttal2 discusses the  c riteria  
for maximizing asymptotic decay and minimiz- 
ing the  sidelobe peaks, along with the trade- 
off in achieving one characteristic at the  ex- 
pense  o f th e  o ther. T he odd-cosine series 
funetions p resen ted  by Malocha and Bishop3 
are the same as the cosine tem poral weight­
ings,2 with the coeffieients of the series deter- 
mined by minimizing the sidelobe peaks. The

coeffieients o f the even- and odd-cosine series 
funetions are further refined in Kulkami and 
L ahiri4 to o b ta in  im proved  sidelobes. T he 
even- and odd-cosine series have an even and 
odd num ber o f kemels in their respective fre­
quency  responses as described  by M alocha 
and Bishop.3

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

ASYMPTOTIC BEHAVIOR 
WHEN DECAY IS MAXIMIZED

The asymptotic behavior o f the odd-cosine 
series (or the cosine temporal weightings) has 
been explained in p;ist literature.2 The asymp­
totic behavior o f  the even-cosine series has not 
been  discussed previously and is p resen ted  
here. For this purpose, the even-cosine series 
is expressed in the tim e and  frequency  do ­
rn ains as 4

[Continued on page 98]
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TECHNICAL NOTE

sin^ïïfT -
(2n + l)n '|

2 J
i t f r -

(2n + 1)^ )̂

2 J

(2n + l)lt

(2n + ljrc

where the time domain function, hN2, 
exists only in the interval from -T/2 
to T/2. The coeffieients bn are real 

(2 ) and positive and are determined by 
the criteria applied on the sidelobes 
of the frequency function H ^-

The function H -̂2 is rearranged in 
a convenient form for this discussion

J u l  1 Eleeironics Inc.
PROVIDING INTERCONNECT SOLUTIONS

>- From GPPO™ to 7/16 and every type in between — 
JSM Electronics stocks: SV Microwave, Telegärtner, 
Radiall & Gilbert Engineering.

>■ From RG-6 to RG-405 JSM Electronics stocks:
EZ Form Cable & Beiden.

>- JSM Electronics also stocks:
Fixed Attenuators GPO™, SMA and N Types, 
Terminations-GPO™, SMA and N Types, 
Adapters-In-Series and Between Series,
Cable Assemblies-6 " increments

980 NORTH COUNTY ROAD 427 
LONGWOOD, FLORIDA 32750

P H O N E :  8 8 8 - F O N E J S M  

F A X : 4 0 7 - 8 3 1 - 0 0 8 7

11=0

(2n + l f  (2n + l )4
• 1 + A------- ’— + ±------- >— +

4T2f 2 16T4f 4
(3)

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

N-i

the function decays as 1/f2, resulting 
in a 12 dB/octave decay. Note that 
the minimum asymptotic decay that 
can be obtained with the even-cosine 
series is 12 dB/octave; for cosine tem­
poral weightings2 it is 6  dB/octave. 
However, if

£ ( - l ) " +1bn(2n + l) = 0 (4)
n=0

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

X ( - i r 1b„(2n + l ) ^ 0
n=0

the function will decay as 1/f4, giving 
a 24 dB/octave decay. In the same 
way, if the first two terms in the pow­
er series vanish such that

X ( - 1)°+'b„(2 n + 1) = 0
n=0

N - l  +

£ ( - l ) "  b„(2n + l) = 0  (5)
n=Ö

and the third term  is not equal to 

[Continued on page 102] 
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TECHNICAL NOTE
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Peak Asymptotic
Sidelobe Decay Coëfficiënt

(dB)  (dß/O ctave)

' £ ( - l ) " +1b „ (2 n  +  l ) % 0

even-cosine series 
up to four terms are 
determ ined  and 
listed in Table 1 
along with mainlobe 
width, peak side­
lobe level and as­
ymptotic decay. The 
frequency domain 
plots of H 12 to H42 
are shown in F ig­
ure 1. Comparing 
the asymptotic de- 
cays of the even- 
and odd-cosine se­
ries from the table, 
note that for a given 
N, the even-cosine 
series has a 6 dB/oc­
tave higher decay of 
sidelobes than the 
odd-cosine series. 

With the condition of maximizing 
asymptotic decay, the odd- and even- 
cosine series together can be repre- 
sented by a single expression as

n=0

then the function will decay as 1/f5, 
resulting in a 36 dB/octave decay.

From the discussion on unique co- 
efficients,4 note that b0 = 1 and only 
bx can be determined, leading to a 
two-term even-cosine series. From 
Equation 5, only bi and b2 can be de­
termined, and a three-term cosine se­
ries results. The coeffieients of the

h k( t)  =  c o s1j y j  (6)

w here k assumes in teger values. 
When k is odd, the even-cosine series 
is obtained; when k is even, the odd- 
cosine series results. The window 
function given in Equation 6 is called 
the cosine powered window, or Han- 
ning window.1

Fig. 1 Frequency response o f even-cosine series fo r  maximum asymptotic delayfor (a) N  = i,
(b )N  = 2, (c)N  = 3 a n d (d )N  = 4 . Y
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bench because it's too slow? Why not try our 

new Vector Network Analyzer ZVM, with 

measurement times down to 500 (j s  per point 

or a dynamic range of more than 130 dB. 

After all, it performs measurements on any 

kind of frequency-converting devices like syn­

thesizers, mixers and receivers 

at little effort. lts versatile han- 

dling of swept harmonies, 

intermodulation and spurious 

measurements on amplifiers

<$>
ROHDE&SCHWARZ

and mixers will amaze even the seasoned 

professional.
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TECHNICAL NOTE
ASYMPTOTIC BEHAVIOR 
OF SIDELOBES 
WHEN THE SIDELOBE PEAKS 
ARE MINIMIZED

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

fied and the inequality expression 
governing the coeffieients

S ( —J - r 'M a n + l ) * 0
11=0

prevails. The coeffieients bn are given 
in the literature.4 With these coeffi- 

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

TABLE II
PARAMETERS RESULTING FROM MINIMIZING SIDELOBE PEAKS 

OF ODD- AND EVEN-COSINE SERIES

Function Mainlobe
Width

Peak
Sidelobe

(dB)

Asymptotic

(dB/O ctave)

Odd Series

H u ± i / r -13.2 -6

Hn ±2<T -41.1 -6

H31 ±3/T -67.7 -6

Eren Series

Hj£ ±1.5/T -23.0 -12

H22 ±2.5/T -52.7 -12

II32 ±3.5/T -80.6 -12

A ttenuators Frequency
Model 40A/AH DC-40 GHz 
Model 40EH DC-40 GHz 
Model 50EH 

Terminations 
Model TS400 
Model TE400 
Model TE500 

A dapters 
5151 Series 
5170 Series 
5148 Series 

DC Blocks 
8141 Series 
8177 Series 
8180 Series

DC-50 GHz

DC-40 GHz 
DC-40 GHz 
DC-50 GHz

DC-40 GHz 
DC-40 GHz 
DC-50 GHz

10 MHzto 40 GHz 
10MHzto50GHz 
10 MHzto50 GHz

inm el
C O R P O R A T IO N

C onnectors
2.9mm
2.4mm
2.4mm

2.9mm
2.4mm
2.4mm

2.4mm to 2.9mm
2.9mm
2.4mm

2.9mm
2.4mm
2.4mm to 2.9mm

M anufacturer o f A ttenuators •Adapters • DC B locks • Equalizers • Terminations 
300 Dino Drive • Ann Arbor, Ml 48103 USA • Phone 888-244-6638 or 734-426-5553 • FAX 734-426-5557 

Vlsit us on the Web at www.inmetcorp.com
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and odd-cosine series for the condi­
tion of minimizing sidelobe peaks. The 
values of peak sidelobes are obtained 
using the results in the literature.4

CONCLUSION
The asymptotic behavior of an 

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

D istortions in Cascaded 
MMIC Power Amplifiers
This article presents an experimental investigation o f the influence o f a second 
harmonie phase delay between tivo cascaded GaAs MESFET MMIC power 
amplifiers (PA) on the total distortion characteristic. Two-tone intermodulation 
distortion (IMD) products may vary by several decibels through the Saturation 
region, depending on the value o f the series feedback source inductance used in 
both stages. In addition, an improvemènt o f several decibels in ACPR values at 
moderate output power levelsfor digitally modulated Standards may be reached 
with the proper choice o f a phase delay.

Fig. I The analyzed

Many methods exist for the lineariza- 
tion of RF/microwave PAs. 1- 4 In 
most cases, these methods are ap­

plicable to high power amplifiers taking into 
account their cost, size, weight and power 
consum ption. F or low- and mid-power 
portable PAs, these issues can play a decisive 
role in the choice of the required circuit. 
Tims, PA circuit-level Iinearization techniques 
may be more attractive to achieve low distor­
tion characteristics. 3 5-7 It is known that the 
niain source of IMD in a PA is typically the 
cubie term of the PA transfer characteristic. 
These distortions may be compensated for by 
utilizing a second harmonie adjustment.3’4-8 

This goal may be quite easily 
achieved with discrete compo- 
nents. However, purchased 
MMIC utilization complicates 
the task. This article describes a 
simple way to adjust distortions 
in a set of cascaded MMIC PAs.

PHASE-DELAYED 
INTERSTAGE ADJUSTMENT

Figure 1 shows the interstage circuit be­
tween cascaded MMIC FET PAs. The only 
transmission line length in the circuit may be 
adjusted. It is known4 that the PA output sig­
na! spectral purity may be improved by careful 
adjustment of the gain and phase shift of the 
second harmonie path. For maximum im- 
provement the power required for the second 
harmonie should be high enough (7 dB below 
that of the fundamental in the example4). It is 
also known that the series source inductance 
can decrease IMD in the PA and simultane- 
ously faeilitate alow noise ainplifier (LNA) in-

[Conlinued on page 108]
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TECHNICAL NOTE

”  IM3 : "  IM5 IM7

^  Fig. 2 IMD products 
fo r  the low inductance circuit.

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

put and noise matehing condition8 
with increased in-band stability. Tak- 
ing these issues into account, it can 
be conciuded that a drive MMIC PA 
with bad linearity must be utilized 
and the line length adjusted to 
achieve the best total distortion char- 
acteristics of the complete MMIC 
set. The power produced by the final 
stage of the drive PA and the gain of 
the first stage of the  second PA 
should have sufficiënt values to 
achieve this performance.

108

Ék Fig. 4 ACPRfor the high inductance

MEASUREMENT RESULTS
M easurem ents have been per- 

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

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

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

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

explained by an im provem ent of 
matching conditions for the input 
port of the power stage elevating 
PldB. (As a reference, the input re­
turn loss value is 5 to 6  dB.) In the 
second case, the Variation of IMD 
products is perceptibly high at mid- 
power levels with clearly observed 
sweet spots.6’7 At power levels close 
to PldB and at the Saturation region, 
the Variation noted is very small. At 
some power levels, the IMD product 
d ifference reaches 5 to 7 dB. It 
should be noted that the circuits have 
different bias conditions. For both 
cases, the gate voltages were adjusted 
to achieve a maximum PldB value.

Mid-power levels are important 
for operating within digital ly modu- 
lated communication Standards. Fig­
ure 4  shows the calculated results of 
ACPR10 for the 4.096 Mchips wide- 
band CDMA Standard. Calculations 
have been carried out taking into ac­
count only the IM3 (solid line) and 
IM3 + IM5 (dashed line) influence. 
The Statistical drive signal has a loga- 
rithmic-normal distribution with a 2 
dBm RMS power value (a close ap- 
proximation of a one-user channel). A 
2.5 dB improvement in ACPR value 
is observed through a wide range of 
output powers. This value corre­
sponds completely to the gain differ­
ence between the extreme cases. For 
case 1 , the analysis does not show any 
difference in ACPR value with the 
same output power back off. Corn- 
paring case 1 and case 2 , a larger dif­
ference between adjacent IMD prod­
ucts for case 2 and more perceptible 
sweet spots due to the frequency-de- 
pendent negative feedback circuit 
(out-of-band harmonie termination 
adjustment611) are observed.

The drive stage for the set in case
2 was substituted for the Iow induc­
tance stage for the set in case 1 (with 
less linearity). Improvements of 2 to
3 dB for IM3 and 5 to 7 dB for IM5 
and IM7 w ere achieved at wide 
enough power levels close to Satura­
tion. Thus, the proposed MM IC set 
has perceptibly improved the distor­
tion characteristics and spectral puri- 
ty for CDMA signals without any ad­
ditional filtering  and amplifying 
stages for the second harm onie.4 
Note that no attempt was made to 
reach the highest linearity by adjust-

[Continued on page 110]
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TECHNICAL NOTE
ing the input and output matching 
networks. The Operation of the com­
plete set is similar to using predistor- 
tion.1 By using this approach, it was 
determined that the first stage of a 
power MMIC should have fairly low 
gain to achieve better results. This 
fact is in contrast to commonly used 
design rules when the first stage of a 
multistage PA is usually tuned for 
high gain.

CONCLUSION
The method of adjustment of the 

second harmonie phase delay be­
tween two cascaded MMIC PA stages 
has been investigated. It was shown 
that the choice of a drive stage with 
bad linearity and a simple inductive 
feedback circuit at the input of the 
power stage allows the complete am- 

lifier set to have an ACPR improved 
y 2 to 3 dB through a wide range of

the output power for digitally rnodu- 
lated signals. This approach can be 
used for portable low cost circuits in 
different wireless communication 
Systems. ■
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TECHNICAL NOTE

A Dual Polarization, 
Phase-compensated 
Waveguide Bend System

T h i s  a r t i c l e  d e s c r i b e s  a  w a v e g u i d e  b e n d  

S y s t e m  t h a t  p r e s e r v e s  a m p l i t u d e  a n d  

p h a s e  f o r  a l l  p o l a r i z a t i o n s  o v e r  a  v e r y  

w i d e  f r e q u e n c y  r a n g e .  A l t h o u g h  t h e  i d e a  f o r  

t h i s  S y s t e m  a p p e a r s  t o  b e  v e r y  s i m p l e ,  t h e  a u -  

t h o r  h a s  n o t  s e e n  a  d e s c r i p t i o n  o f  i t  p u b l i s h e d  

i n  t h e  m i c r o w a v e  l i t e r a t u r e .

BEND SYSTEM APPLICATIONS
T h i s  b e n d  S y s t e m  f i n d s  a p p l i c a t i o n s  i n  d u a l -  

o r  c i r c u l a r - p o l a r i z e d  m i c r o w a v e  S y s t e m s  w h e r e  

i t  i s  i m p o r t a n t  t o  p r e s e r v e  t h e  r e l a t i v e  p h a s e  o f  

a l l  f i e l d  c o m p o n e n t s  t h r o u g h  t h e  b e n d  S y s t e m .  

F o r  e x a m p le ,  i n  a  r e f l e c t o r  a n t e n n a ,  t h e  b e n d  

F ig .  1 Three configurations Sy S (-e m  c a n  g n a b l e  t h e  o r t h o m o d e  t r a n s d u c e r  
of the waveguide bend '
System.

o r  p o l a r i z e r  t o  b e  l o c a t e d  a w a y  f r o m  t h e  f e e d -  

h o m .  T h i s  c o n f i g u r a t i o n  i s  a n  a d v a n t a g e  i n  c e r -  

t a i n  a n t e n n a  S y s t e m s .  U t i l i z i n g  t h i s  b e n d  S y s ­

t e m ,  c i r c u l a r  p o l a r i z a t i o n  c a n  b e  p r o p a g a t e d  

w i t h  g o o d  a x i a l  r a t i o  t h r o u g h  t h e  S y s t e m ,  d u a l  

l i n e a r  p o l a r i z a t i o n s  c a n  b e  p r o p a g a t e d  w i t h  

g o o d  c r o s s - p o l a r i z a t i o n  i s o l a t i o n  a n d  c o m p l e x  

w a v e g u i d e  r u n s  c a n  b e  a c c o m m o d a t e d .

DESIGN DESCRIPTION
A waveguide with a square, circular or 

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

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

[Continued on page 114]
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TECHNICAL NOTE

I

I
“■ 6 7 8 9 10 11 12 13 14 15 16 17 18

FREQUENCY (GHz)

Ék Fig. 2 Differential phase 
o f orthogonaUy polarized fields.

shows examples of three waveguide 
bend configurations.

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

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

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

iMPEDANCE MATCHING 
AND MODiMG

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

also must be designed to have a good 
im pedanee m atch and to  control 
higher order mode generation. This 
capability requires swept or mitered 
bends using good design practices.1 If 
the individual bends are poorly 
matched or generate higher order 
modes, amplitude and phase degra- 
dation can oceur.

POSSIBUE CONFIGURATIONS
This System can enable the wave­

guide run to change direction in 
many ways. Possible structures in- 
clude tlie use of fonr 90° bends with 
the input on the +z-axis and the out­
put on a translated +z-axis (or -z-axis) 
(Figure lb), the use of four bends of 
any angle for a general rotation of the 
input on the +z-axis to any other 
compound output angle and the use 
of only two bends of any angle with 
the input on the +z-axis and the out­
put at any compound angle above the 
x-y plane (Figure lc).

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

CONCLU5ION
A little-known, but interesting, mi­

crowave geometry has been presen t- 
ed, which can be used in dual-polar- 
ized or circular-polarized waveguide 
runs. The waveguide bend system 
can preserve amplitude and phase for 
all polarizations over a wide frequen- 
cy bandwidth. ■

Reference
I \  Mart- ivit/. Wnuguide Handbook, M< 

( In«v- Hill. I05 I. pp. 312-322 and 333-335.
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ISM vs. Spread Spectrum 
— Avoiding the FCC

T he Federal Communications Commis­
sion (FCC) recognizes two types of de- 
vices that intentionally emit RF energy: 

Communications equipment and everything 
eise. The First category includes AM/FM, TV, 
point-to-point, satellite, cell phones, taxi ra- 
dios, CB, garage door openers and anything 
eise that uses radio waves to convey intelli- 
gence, broadly construed. The everything-else 
category is properly called industrial, scientific 
and medical (ISM) equipment. It includes de- 
vices used for heating, ionization of gases, me- 
chanical Vibration, partiele acceleration, hair 
removal and any other noncommunicalions 
application of radio waves. Household exam- 
ples inelude microwave ovens, jewelry clean- 
ers and ultrasonic humidifiers. Industrial ap- 
plications cover a wide range of cooldng, heat­
ing and ionization devices.

CONTENDING FOR SPECTRUM
Both ISM and radio Communications require 

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

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

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

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

[Continued on page 118]
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have long allowed unlicensed com- 
munications transmitters to operate 
at low power throughout the spec­
trum, except for certain restricted 
bands. Early examples included 
garage door openers and remote-con- 
trol toys and, later, cordless tele- 
phones. Traditional Part 15 devices 
operate at a few microwatts, with a 
useful range of only a few meters.

The main benefit of Part 15 O pera­
tion is flexibility. W here licensed

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

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

SPREAD SPECTRUM ARRIVÉS
In 1985, the FCC approved 

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

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

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

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

[Continued on page 120] 
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tions on the New York Stock Ex­
change are m ediated by spread 
spectrum wireless terminals. Spread 
spectrum  In te rn e t access offers 
broadband speeds across 40 km dis- 
tances. In consumer markets, spread 
spectrum cordless phones arc com- 
monplace, and in-home video and au­
dio distribution Systems will soon fol- 
low. The Bluetooth spread spectrum 
protocol will be incorporated into 
rnost wireless phones, laptops, com­

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

SPREAD SPECTRUM V$» ISM
Although relegated to last priority 

in the band, spread spectrum design­
ers achieve respectable levels of relia­
bility. Some of the applications listed 
above demand it. Hospitals, stock ex- 
changes and wireless phone Compa­
nies (among others) are sophisticated

Leading-edge ATE Companies use 
PTS Frequency Synthesizers in 
their complex testing Systems.
For clean Signals, 0.1 MHz to 
microwave with low jitter/ 
low noise and ps switching.

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

“PTS has been a key vendor to 

Teradyne for years, with highly 
successful products that have 
allowed us to become the leader 
in wireless ATE. PTS products 
have superior specifications and 
fast settling times, helping to 

enable our test Systems to have 
the fastest throughput and best 
test economics in the industry.”

i TEST SOURCES, INC,

iedtest.1
e-mail: sales@programmedtest.com
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users who do not knowingly risk ser­
vice interruptions.

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

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

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

COMMON INTERESTS
Both ISM and Part 15 voll benefit if 

they can resolve the technical incom- 
patibilities and competitive issues be­
tween tliem. However, they should do 
it in private, away from the FCC. Part 
15 has Iittle to gain at the FCC, whose 
rules make it unambiguously subordi-

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

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

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

In short, customers should not be 
forced to choose between the two 
types of products. Both industries 
come out ahead if customers can buy 
and use both successfully. ■
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Acronyms
AND A b BREVIATIONS
U sed by the
RF/M icrowave Industry

Tihis list represents rnost of the acronyms 
and abbreviations used in Microwave 
Journal technical articles and editorial 

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

A C C  adaptive cruise control
A C IR  adjacent-channel interference

ratio
A C LR  adjacent-channel leakage ratio
A CM PA  aperture-coupled microstrip

patch antenna
A C P  adjacent-channel power
A C PR  adjacent-channel power rejection
A C P R  adjacent-channel protection ratio
A C P W  asymmetrical coplanar

waveguide
A C W  autonomous collision waming

(system)
A D C  analog-to-digital Converter

A D EO S  advanced Earth obsenation
satellite

A D P C M  adar )tive differential pulse-code
modulation

A D S  automatic debiting system
(auto toll collecting)

ADSL  asymmetrie digital subscriber
loop

A EG IS  airbome early warning ground
Integration system

AFP  automatic frequency planning
A G C  automatic gain control
A iC C  autonomous intelligent cruise

control
A M  amplitude modulation
A M E  average model error
A M F  automated module fabrication
A M L  amplitude modulated link
A M PS  Advanced Mobile Phone Service
A M R  adaptive multirate codex
A N A  automatic network analyzer
A N S I American National Standards

Institute
A O  acoustic-optical
A P C  American Personal

Communications system 
A P I  application programming

interface
APL  airport pseudohtes
A R  axial ratio

[Continued on page 126]
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A R B F  adaptive radial basis fimction
A R M  antiradiation missile
A R M A  autoregressive moving average
A R D IS  Advanced Radio Information Service
A R F C N  absolute radio frequency channel number
A R O  active resonator oscillator
A SA P  Airbome Shared Aperture Program
A SC II  American National Standard Code for

Information Interchange
A S IC  application-specific integrated circuit
A SH  amplifier-sequenced hybrid
ASK  amplitude-shift keying
ASTM  American Society for Testing and Materials
A SV  advanced safety vehicle (system)
ATC  air traffic control
ATDE  adaptive time domain equalizer
ATE  automatic test equipment
ATM  air traffic management
ATM  asynchronous transfer mode
ATPC  automatic transmit power control
A U C  authentication center
A V I automatic vehicle identification
AVL  automatic vehicle location
A VLN  automatic vehicle location and navigation

System
AW G  arbitrary waveform generator
AW G  American Wire Gauge (Standard)
AW G N  additive white Gaussian noise
A W N V  all weather and night vision system
BA W  bulk acoustic wave

• Wireless M/W R/F Circuit Board Applications
• FR4 to Ceramic Board Materials
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• In-house Photo Plottiqg/Testing

PCB
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1478 Glaiiding Court Milpitäs'. CA 95035 
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( pcbenginefering.com)

B C D  binaiy-coded decimal
B C H  broadcast channel
B C M  block-coded modulation
BER  bit error rate
BERT  bit error rate tester
BEM  boundary element method
BFL buffered field-effect transistor logic
BFN  beam-forming network
B iCM O S  bipolar complementary metal-oxide

semiconductor
BIFO DEL  binary fiber-optic delay line
BJT  bipolar junction transistor
BLOS  bevond line-of-sight
BO M  bilt of materials
BO R  body of revolution
BPSK  biphase -shift keying or binary phase-shift

keying
BSC  base station controller
BSS  base station system
BSS  broadcast satellite service
BT  bandwidth-time product
BTS base transceiver station
BZ  Brillouin zone
C/A clear and aequisition code (GPS)
C-AFM  calibrated atomie force microscope
CAE  computer-aided engineering
CALLU M  combined analog locked-loop universal

modulator
CATV  community antenna television

[Continued on page 128]
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C BC PS conductor-backed coplanar stripline C O H O
CCA circuit card assembly COM
C C D charge-coupled device C O M IN T
C C D F complementary cumulative distribution C O N U S

function CO PS
C C K complementary code keying COTS
CC M T computer-controlled microwave tuner C PC I
C C P R co-cnannel power ratio CPFSK
CD F cumulative distribution function CPM
CDM A code division multiple access CPS
C D P D cellular digital packet data C P U
CE Conformite Europeene C PW

(European EMC Standard) CQFP
CEPT Conference on European Posts and C R C

Telecommunications administrations CREAM
CFC chloroflouroearbon
CFR Code of Federal Regulations CRTSSDA
C/l carrier-to-interference ratio
C/l carrier-to-intermodulation ratio CSL
C IC controller in charge CSM
C IM computer integrated manufaeturing CSM A/CD
C M O S complementary7 metal-oxide semiconductor
CM R F combined mode resonator filter CSO
CM S combined Symbol matching CSP
C/N carrier-to-noise ratio CT
C N C computerized numerical control CT-2
C N R carrier-to-noise ratio CTB
CNS/ATM Communication and Surveillance/Air Traffic CTE

Management CTM
COFDM coded orthogonal frequency division multiplex

coherent oscillator
Component Object Model
Communications intelligenee
Continental United States
complex operations per second
commercial off-the-shelf
compact protocol control information
continuous phase frequency-shift keying
continuous phase modulation
coplanar stripline
central processing unit
coplanar waveguide
ceramic quad flat pack
cyclic redundancy check
cosmic radiation effects and activation
monitors
cascaded reactively terminated single-stage
distributed ampiifier
coupled-slot antenna
combined Symbol matching
carrier sense multiple access/collision
detection
composite second order 
chip scale paekage 
cordless telephone
cordless telephone-second generation 
composite triple beat 
coëfficiënt orthermal expansion 
conformal transformation method

[Continued on page 130]
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A re  y o u  s e e in g  re d ?

I f  you've ever spent hours with a torque 

wrench, checking connection after connection, 

trying to find that single system disabling 

culprit, you were likely left seeing red.

Well, our TRU-QDS™ 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 that torque wrench in the tool box and 

see how Tru-Connector designs connectors that 

make it easy to manage your system.

w w w . t r u - c o n . c o m

TRU-CONNECTOR CORPORATION
I t  pays to be well connected™

245 Lyn nfield Street, Peabody, MA 01960 •  978-532-0775 •  800-262-9878 •  www.tru-con.com 

M a n u f a c t u r e r s  o f  RF Co a x i a l  C o n n e c t o r s  a n d  Ca b l e  A s s e  mb  l i e s  S i n c e  1 9 5 1

http://www.tru-con.com
http://www.tru-con.com


SPECIAL REPORT
CTR common technical regulations D M R dual-mode resonators
CVD chemical vapor deposition 

continuously variable delay line
D M U X demultiplexer

CVDL D N L dynamic nonlinearity
C W continuous wave D Q P SK differential quadrature phase-shift keying
CW SA
D A ß

constant width slot antenna 
digital audio broadcast

D PH EM T double heterojunction pseudomorphic high 
electron inobility transistor

D A C digital-to-analog Converter DPLL digital phase-locked loop 
differential phase-shift keyingDAM A demand-assigned multiple access 

Digital Advanced Mobile Phone Service
DPSK

D -A M PS DRFM digital radio frequency memory
DAQ data acquisition D R O dielectric resonator oscillator
DAW S Digital Advanced Wireless Service D R R S digital radio relay system
DBF digital beamforming DS direct sequence
D B S direct broadcast service D SC differential scanning calorimetry
D B S direct broadcast satellite DSO digital storage oscilloscope 

digital signal processingDCFL dircct-coupled field-effect transistor logic D SP
D C O M Distributed Component Object Model DSSS direct sequence spread spectrum
D C R downeonverting rect iver DTF distance-to-faiilt
D C S1800 digital communication system at 1800 MH/ DTMF dual-tone multiple frequency 

digital test oscilloscopeD C XO digitally compensatod crystal oscillator DTO
D D S direct digital synthcsis DTO digitally tuned oscillator
D EBS dynamic electronic bias System DTX discontinuous transmission
D EC T Digital European Cordless

Telecom munieations (1880 to 1900 MHz)
D U T
DVB

device under test 
digital video broadeasting

D EC T Digital Enhanced Cordless Telephony 
(new name)

DW C
EBL

digital wireless Communications 
electron beam lilhography 
electron backscatter diffractionD ESC Defense Electronic Supply Center EBSD

DF direction finding EC European Community
DFB distributed feedback ECB enhanced cellular base station
D FD digital frequency discriminalor ECC error eorrection code
D-FET depletion-mode field-effect transistor ECC embedded communication channel
DFT discrete Fourier transform ECL emitter-coupled logic
DG PS Differential Clobal Positioning System ECM electronic countermcasures
D H B T double-heterojunction bipolar transistor 

dual in-line memory module
ECSD enhanced circuit switched data

D IM M ED electrodeposited
D IN Deutsche Industrial Norms 

(German Standards agency)
E/D
EDA

enhanceinent/depletion (mode) 
electronic design automation

D LR U decoy launch/recovery unit EDFA erbium-doped über ampiifier
DLVA detector log video ampiifier EDGE Enhanced Data Rate for GSM Evolution
D M O direct-mode Operation

diffused metal-oxide semiconductor
Defense Meteorological Satellite Program

EDM electronic discharge machining
D M O S
D M SP

EEA EU and EFTA merge unit
[Continued on page 13:
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O ur new line of C O M B L IN E  Rx/Tx band pass filters and 

||§J|PLEXERS adds to our wide range of high performance 

Low Pass, Band Pass and High Pass filters.With its high rejection 

of greater than 70dB and an insertion loss of less than I dB,

' these Filters and Duplexers are the perfect choice for your 

cellular and PCS band requirement.Varying from model to model, 

Hfèfpower handling capacity of these new line of filters ranges 

from 20 watts to 100 watts. »aa

For additional information^Ä^ ̂ jj^g! 
contact Synergy's Sales anotApplicatión team *
201 McLean Blvd., PatersorSlfSjï^Jersey 07504p^ *i 
Phone:(973)881-8800 Fax: (97<3) 881-8361 
E-mail: sales@synergymwave.com 
V isj^ur web site at http://www.synergymwave.com

■ B  *  i i h i i u  m

WCRONN M E  C0RP0RM \0H
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SPECIAL REPORT
EEC  European Economic Community FDTD
EEPROM  electrically erasable programmalle read-only FEC

memory FEM
E-FET  enhancement-mode field-effect transistor FEP
EFIE electric field integral equation FER
EFTA European Free Trade Area FET

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

EG I embedded global positioning satellite inertial FH
navigation system FH M A

EGPRS Enhanced General Packet Radio System FHS5
EGSM  European Digital Extended Group Special FIR

Mobile FIT
EHF  extremely high frequency (30 to 300 GHz) FLC
EHTPS extra high tension power supply FLOP
E IA /T IA  Electronics Industry Association/ FLR

Telecommunications Industry Association FM
E IN  equivalent input noise FM C
EIR  equipment identity register FM C W
EIR P  enective isotropic radiated power
E L IN T  electronic intelligence Systems FO
EM  electromagnetic FOBP
E M C  electromagnetic compatibility FPLMTS
EM F  electromotive force
E M I electromagnetic interference FPGA
EM R  electromagnetic radiation FRA
EN  European Norm (EMI regulations) FS
EN G  electronic news gathering FSCS
ENR  excess noise ratio FSK
EPFD  equivalent power-flux density FSS
EPRO M  erasable programmable read-only memory' FSS
ERMES European radio message System G A M
ERP effective radiated power GBAS
ESD electrostatic discharge GBR
ESL equivalent series inductance G C PW
ESM  electronic support measure GEO
ESMR  extended specializcd mobile radio GFSK
ESR electron spin resonance GLONASS
ESR equivalent series resistance GMDSS
ETACS Extended Total Access Communications G M SK

System (British cellular) GNSS
ETC  electronic toll collecting G PIB
ETL embedded transmission line GPR
ETRF electronically tuned RF (filter) GPRS
ETS European Telecommunications Standard GPS
ETSI European Telecommunications Standard GSM

Institute G S M -90 0
ETTM  electronic toll and traffic management GSO
EU  European Union G /T
E U T  equipment under test
EUTELSAT  European Telecommunications Satellite G U I
E U V  extreme-ultraviolet H A R M
EVM  error vector magnitude H B T
EW  electronic warfare HDSL
FANS  future air navigation system H D T V
FAR  false alarm rate H E M T
FBW  fractional bandwidth H EO
FCA  flip-chip assembly HFC
FCC  Federal Communications Commission HFET
FD D  frequency-division duplexing HFSS
FD D l  fiber-distributed data interface H G A
FDFD  finite difference frequency domain H IP E R LA N
FD M  frequency division multiplex HJFET
FD M A  frequency division multiple access H LR
FDR  frequency domain reflectometry

finite dif ference time domain
forward error correction
finite element method
fluoroethylene propylene
frame error rate
field effect transistor
fixed-frequency oscillator
fast Fourier transform
frequency hopping
f requency hop multiple access
frequency-hopping spread Spectrum
finite-duration impulse response (filter)
failures in time
ferroelectric liquid crystals
floating octal points
forward looking radar
frequency modulation
fixed mobile convergence (service)
frequency-modulated continuous wave
(radar)
fiber optie
fractional out-of-band power 
Future Public Land Mobile 
Telecommunication Systems 
field-programmable gate array 
fixed radio access 
free space
frequency-selective conducting surface 
frequency-shift keying 
fixed satellite service 
frequency-selective surface 
Global Positioning System-aided munitions 
ground-based augmentation Systems 
ground-based radar 
grounded coplanar waveguide 
geostationary earth orbit 
Gaussian frequency-shift keying 
Global Navigation Satellite System (Russian) 
Global Maritime Distress Signal System 
Gaussian minimum shift keying 
Global Navigation Satellite System (US) 
general-purpose interface bus 
ground-penetrating radar 
General Packet Radio Service 
Global Positioning Systern/Satellite 
Global System for Mobile Communications 
Group Speciale Mobile (European GSM) 
geostationary7 orbit
receive antenna gain divided by7 noise
temperature
graphical user interface
nign speed anti-radiation missile
heterojunction bipolar transistor
high bit-rate digital subscriber line
high definition television
high electron mobilitv transistor
high elliptical orbit (satellite)
hybrid nber/coax
heterostructure field-effect transistor 
high frequency structure simulator 
high gain antenna
high performance local area network 
heterojunction field-effect transistor 
home location register

[Continued on -page 135]
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A soaring market, an RF S Hyper Europe 2001 harte show testitying to 
tts grnwlng European scope: just enough to otter a concentrate of skills in 
meeting again this year the main players in the fields of components, 
Instrumentation, test, software...

THE PROGRAMME FEATURES 3 CONFERENCE CYCLES :

Get the hot t es t  news

Organltad by

• 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 innavation in 2001, high level conferences in partnership with the 
magazines Microwave Journal® and Telecommunicabons®, covering such 
technologies as microwaves, wireless and optical Obres applicaOons in 
the fields of Telecommunications.

Birp/RF 4 Hyper Europa 2001 -17, avenue Ledru Rollin ■ 75012 Palis - Franco • Phone: + 33 1 53171140 • Fax: +33153171145* E-mail: hypar@blrp.fr

Request tor 
Information

I wish to receive : □ My tree 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:

e-mail:

mailto:hypar@blrp.fr


SPECIAL REPORT
H M IC  hybrid microwave integrated circuit
H PA  high power amplifier
H P B W  half power beam width
HSCSD  high speed circuit switched data
HTS high temperature superconductor
IB IC  interface' nus intcractive control
IB O C  in-band on-chaimel
IB W  instantancous bandwidth
IC  integrated circuit
ID E C M  integrated defense electronic

countermeasures
ID F T  inverse discrete Fourier transform
ID T  interdigital transducer
IE C  International Electrotechnical Commission
IE P  ideal electric plane
IF  intermediate frequency
IFB  indirect feedback
IFF  identification friehd or foe
IFM  instantaneous frequency measurement
IG B T  insulated gate bipolar transistor
IGFET  insulated gate field effect transistor
I IR  infinite impulse response (filter)
IL A  injection-locked ampl i fier
IL O  injection-locked oscillator
IM  intermodulation
IM D  intermodulation distortion
IM D N  Intelligent Mobile Data Network
IM E I international mobile equipment identity
IM FET  internal ly matched field-effect transistor
IM P  intermodulation products

IM PA TT impact avalanche and transit time
IM R intermodulation rejection 

international mobile subscriber identityIM S I
IN M A R S A T International Maritime Satellite consortium, 

London
INS iiicrtial navigation System
INTELSAT International Teleeommunieation Satellite 

consortium, Washington
IP Internet Protocol
IP B O input power backoff
IP C Institute for Interconnecting and Packaging 

Electronic Circuits
IPS integrated power Systems
IQ in-pn ase/< juadratu re
IR infrared
IR A impulse radiating antennas
IR M image reject mixer
IS -9 5 North American cellular Standard
ISAR inverse synthetic-aperture radar
IS D N integrated services digital network
ISI intersymbol interference
ISM industrial, scientific and medical 

(frequency bands)
ISO International Standards Organization
ITS intelligent transportation Systems
IT M -2 0 0 0 International Mobile Teleeommunieation 

2000
IT U International Teleeommunieation Union
IT U -R ITU Radio Communications Sector

[Continued on page 137]

A digits and waves converge at increasingly higher

processing speeds you need an expert to handle the 

transition. As part of a new team of professionals, with a 

heritage as a world power in engineering and manufacturing, 

ITT Microwave Systems (formerly a division of Stanford Telecom) 

has bolstered its Standard products and capabilities to include 

next generation DDS and DDR products. We support all 

your emerging synthesizer and communication Subsystem 

requirements and maintain a solid design library for general 

purpose through high performance applications.

To tap into our latest Solutions,

* •  us . ca„, or vis* our wei, ™ U S t r i e S

siteat www.ittmicrowave.com Enxinnredforhfe

http://www.ittmicrowave.com


V E C T R O I M
I N T E R N A T I O N A L

TECHNOLOGIES COMPANY

CIRCLE 199 ON

166 Glover Avenue, Norwalk, CT 06856
Tel. 1-88-VECTRON-1 • Fax. 1-888-FAX-VECTRON
e-mail: vectron@vectron.com
w w w .tcxo .co m www.vectron.com
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SPECIAL REPORT
IVHS Intelligent Vehicle Highway System
J D C Japanese Digital Cellular System
JED EC Joint Electron Device Engineering Council
JFET junction field effect transistor
JPE G Joint Picture Expert Group 

(compression Standard)
K G D known good die
LA N local area network
LAAS local area augmentation Systems
LA O LaAl03 (substrate)
LB C linked boundary condition
LC inductor/capacitor
LC C leadless chip carrier
LC D liquid-crystal display
LD laser diode
LDM OS laterally diffused metal oxide semiconduetor
LEC liquid encapsulated Czochralski 

(semi-insulating Substrates)
LEO low earth orbit (satellite)
LEP lumped element prototype 

left-hand circular polarizationLH C P
LIDAR light direction and ranging 

linear amplification with nonlinear 
components
local multipoint Communications System

L IN C

LMCS
LM DS local multipoint distribution System
LMS location and monitoring services
LN A low noise amplifier
LN B low noise block
LN B F low7 noise block feed
LO local oscillator
LOS line of sight
LPE lowpass equivalent
LPF lowpass filter
LP ! low probability of intercept
LRL line-reflect-line (ealibration)
LRRM line-rcflect-reflect-inatch (ealibration)
LSB least significant bit
LSG large-signal gain
LSI large-scale integration
LTCC low temperatu re co-fired ccramic

LTC C -M low temperature co-fired ceramic 
on rnetal core

LTI linear time invariant
LTSA linear taper slot antenna
LTP Iong-term predictor
LU T look-up table
LVDS low voltage differential Signal
M A C medium access control
M AFET Microwave and Analog Front End 

Technolog)7 project
M B A multi-bearn antenna
M BE molecular beam epitaxy
M BPA multi-beam pliased array
M C E manufacturing cycle efficiency
M C F message communication function
M C L microstrip constrained lens
M C M multichip module
M C M -C multichip module with co-fired Substrate
M CPA multicarrier pow7cr amplifier
M C P W microstrip coplanar w'aveguide
M C T metal-oxide semiconductor-controlled 

thyristor
M DS multipoint distribution systern
MEADS medium extended air defense System
M EM S microelectromechanical System
MESFET metal-semiconductor field effect transistor
M EO medium earth orbit (satellite)
M IC microw'ave integrated circuit
M IC monolithic integrated circuit
M ID AS multiple integration and defense 

Communications satellite network
M IM metal -i nsulator-metal (capacitor)
M IM IC Millimeter-wave and Microwave Integrated 

Circuit (R&D program)
M IPS million instnictions per second
M IR microwave impulse radar
M LA microwave Unk analyzer
M LB multilayer board
M LC main lobe dutter
M LC M multilevel coded modulation

[Continued on page 139]

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

A  1 GHz update rate and 32-bit resolution give the STEL-2375A the highest 

performance of any digital synthesizer available. Originally designed for creating 

high fidelity, long duration chirp waveforms in radar and guidance Systems, its 

uses are limited only by your imagination —  particularly when coupled with our 

stand alone 2375STF interface module and PC

compatible control software. Visit our web site In d u str ie s
Microwave Systems

for all the details. W W W .ittm ic rO W aVe .com  Engineeredftrlilt

1-441-0200
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Microwave aConnectors
Spectrum  S0905 Munich,Germany

*  P.O. Box 45 05 33
Fax:{ 49 }-(89 >354-804-90, Telephone:{ 49 }-( 89 >354-804-0
http://www.spectrum-et.com, e-mail:specelek@CompuServe.com

http://www.spectrum-et.com
mailto:specelek@CompuServe.com


SPECIAL REPORT
M LD D
M M C
M M C A
M M D S
M M I
M M I
M M IC
M M W
M O C V D
M O C T
M O D E M
M o M
M O S
M PEG
M PIE
M P M
M Q W
M Q W -FP

MS
MSB
M SBV W
M SC
M SFVW
MSI
MSK
M SM T
M SOP
MSS
MSSW
M SW
M TA
M TBF
M TD
M T I
M TTF
MTTR
M U
M U N D I

M U X

matched-liné directional divider M VD S
mctal-matrix composite N A D C
microwave multichip assembly 
inultichannel multipoint distribution System N A
man-machine interface N -A M P S
multimedia interface
microwave mönolithic integrated circuit NAVSTAR
millimeter wave
metal-organic Chemical vapor deposition N EC
multi-order cancellation technique N EM A
modulator/demodulator
method of moments NFA
metal-oxide semiconductor N G A
Motion Picture Experts Group N GSO
mixed potential integral equation N IC
microwave power module N IST
multi-quantum well
multi-quantum well Fabiy-Perot optical N M C
transmitter N M O S
mobile station N M R
most significant bit NMSE
magneto-static backward volume waves N M T
mobile switching center N O D S
magneto-static forward volume waves N PR
medium scale integration N P R M
minimum-shift keying N Q R
micro surface-mount technology N R Z
mini(micro) small outline package NSA
mobile satellite system (service) N SO M
magneto-static surfaee waves NSSN
magnetostatic wave NTSC
microwave transition analyzer O  A D
mean time between failures OATS
moving target detection O B U
moving target indicator O C D M A
mean time to failure OCPAR
mean time to repair O C XO
minimum stability factor O EIC
multiplexed network for distributed OEM
and interactive services (UK) O FD M
multiplcxer

multipoint video distribution system 
North American Dual-Mode (or Digital) 
Cellular
numerical aperture
Narrowband Advanced Mobile Phone
System
Navigational Satellite Timing and Ranging 
system
numerical electromagnetic code 
National Electrical Manufacturers 
Association
noiseless feedback amplifier 
noise gain analyzer 
nongeostationary orbit 
network interface card (WLAN)
National Institute o f Standards and 
Technolog)'
network management center 
n-ehannel metal-oxide semiconductor 
nuclear magnetic resonance 
normalized mean square error 
Nordic Mobile Telephone system 
near obstacle detection system 
noise power ratio 
notice o f proposed rule maldng 
nuclear quadruple resonance 
nonretum to zero 
nonnalized site attenuation 
near-field scanning optical microscopy 
National Standards System Nctwork 
National Television Systems Committee 
optical admittance diagram 
open area test site 
onboard unit
orthogonal code division multiple access 
optically cont rolled phased-array radar 
ovcn-cont rolled ciystal oscillator 
optoelectronic integrated circuit 
original equipment manufacturer 
orthogonal frequency division multiplex

/Continued on page 141]

MICROWAV E TOURNAL ■ OCTOBER 2000 CIRCLE 67 ON READER SERVICE CARD 139



PRODUCT RANGE: FOR:

•  TRAVELING WAVE TUBES AVIONICS

m MAGNETRONS " DEFENSE

•  PASSIVE COMPONENTS COMMUNICATIONS |

■ LOW NOISE AMPUFIERS MEDICAL

m INTEGRATED MICROWAVE INDUSTRIAL
ASSEMBLIES

•  COMPLETE FRONT ENDSMicrowave
Components •  CUSTOM DESIGN PRODUCT DEVELOPMENT 

WORLD CLASS CUSTOMER & PRODUCT SUPPORT

S hopp ing  fo r m icrow ave p roduc ts  co u ld n ’t  be easier. M arconi is w o rld  renow ned as 

the  Com pany w ith  a w ide  range o f co m ponen ts  across the  entire  m icrow ave spectrum . 

N ow  w ith  the in tegra tion  o f so lid -s ta te  ac tiv ities  M arcon i can o ffe r even m ore 

innova tive  in tegra ted  Solutions fo r you r requirem ents.

CANADA 
i riiciii. inro@ee

FRANCE 
Émail: info

arcorn

M N

CIRCLE 83 ON READER SERVICE CARD



SPECIAL REPORT
O FH C oxygen-free high conductivity (copper) (portable computing)
OFS operational fixed service P D C personal digital cellular
O H I one-hom interferometer PDF probabilitv distribution function
O M C operations and maintenance center P D H plesioch ronous-digital hierarchy
O M T orthogonal-mode transducer P D IP plastic dual-in-line package
O O K on-oft keying P D O packet data optimized
O P BO output power backoff PEBB power electronic building blocks
O P IP output power intercept point PEC perfect electrical conducting
OPLL optical phase-locked loop PECL positive/pseudo emitter-coupled logic
OQPSK offset quadrature phase-shift keying PECVD plasma-enhanced Chemical vapor deposition
OS1 open svstems interconnection PEEC partial element equivalent circuit
OTDR optical time domain reflectometer PEP primary entrv point
O TH over the horizon PEP peak envelope power
PA power amplifier PFD phase/frequency discriminator
PAA phased-array antenna PH E M T pseudomorphic high electron mobility
PABX private automatic brancli exchange transistor
PAC perceptual audio coder P H P personal handvphone, JPHP
PACS personal access Communications system (Japan,1895.15 to 1905.15 MHz)

(US version o f PHS) PHS personal handvphone system (Japan)
p A C T personal air Communications technology P H Y physical layer (WLAN.)
PAE power-added efficiency PIC photonic integrated circuit
PAL programmable array logic P IM passive intennodulation
PAL phase-altemation line (video) P IN positive-intrinsic-negative (diode junction)
PAM pulse amplitude modulation PLC C plastic leaded chip carrier (molded plastic)
PAM R Public Access Mobile Radio PLD programmable logic device
P A N public access network PLD pulsed laser deposition
PBG photonic bandgap PLF polarization loss factor
PBX private branch exchange PLL phase-locked loop
PC I peripheral component interconnect (bus) P L M N private land mobile network
PC IA Personal Communication Industry PM phase modulation

Association PM polarization-maintaining (optical fiber)
P C M pulse code modulation P M C perfect magnetic conducting
P C M process control monitor P M D polarization mode dispersion
P C M C IA Personal Computer Memory Card PM L perfectly matched layer

International Association PM OS positive metal oxide semiconductor
P C N personal Communications network PM R Private Mobile Radio
PCS personal communication service P N pseudorandom noise
P C U power conditioning unit PN F planar near-field (range)
PD predistortion P O N passive optical network
PD pulsed Doppler POCSAG Post Office Code Standardization Advisory
PDA personal digital assistant Group (paging)

Modular DDS Concept Cuts Delivery Time on 
High Performance Wideband Synthesizers

[Wideband DDS

lf you're looking for a synthesizer with super fast Switching, high tuning resolution, 

and ultra high spectral purity, but ca nt 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. v y  Microwave Systems

w w w .ittmicrowave.com

, Lowell. MA 01851 • 978-441-0200
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SPECIAL REPORT
PO F plastic optical fiber
POFS private operational fixed service
POS Post Office Protocol
POTS plain old telephone service
PP M periodic permanent magnet (focused)
PPM pulse position modulation
PPS precise positioning service (GPS)
PQFP plastic quad flat pack
PR pseudorange
PRBS pseudorandom binary’ or bit sequence
PRF pulse repetition frequency
PR N pseudorandom noise
PR O M programmable read-only memory
PR T planar resistor technology
PSA polysilicon self-aligned (bipolar transistor)
PSD power spectral density
PSK pliase-shift ke)ing
PSM M pilot strength measurement message
PSTN public switched telephone network
PTFE polytetrafluoroethylene
PTH plated-through hole
PTO public telecommunications operator 

post, telephone and telegraph (Europe)PTT
P W M pulse width modulation
P I  dB power 1 dB compression point
Q A M quadrature (quatemary) amplitude 

modulation
Q IFM quadrature intermediate frequency' mixer
QPSK quadrature pliase-shift keying
QRNS quadratic residue number system

QSOP  quality small outline paekage
Q W IP  quantum well infrared photodeteetor
QW R  quarter-wave rule
R A C H  random access channel
R AD AR  radio detection and ranging
RA IM  receiver autonomous integrity monitoring

(GPS)
R AM  radar-absorbing material
R AM  random access memory
R AP  radar-absorbing paint
RAS radio astronomy synthesis
R BC  radiation boundary conditions
RBER  residual bit error ratio
R B W  resolution bandwidth
RCS radar cross section
RDS  radio data system
RELP  residually excited linear predictive coder
RF radio frequency
RFID  radio frequency identification
R FM U  radio frequency’ monitoring unit
RFS radio frequency simulator
R H C P  right-hand circular polarization
R IE  reactive ion etch
R IN  relative intensity noise
RISC  reduced instruction set computing
RL rotating linear (antenna pattem)
RLL radio local loop
RMS  root mean square
RNSS radio navigation satellite service

[Continued on page 144]

Contact Information:
Mr. Bob Alongi

Tel: (781) 890-5290 -  Fax: (781) 890-5294  
e-mail: bostonieee@aol.com

For more details, please vlsit th e  conference website at: http://w w w.eece.unm .edu/apwc2000/^

The Conference will feature twenty-minute presentations, 
invited papers and an exhibition. The exhibition will in- 
clude manufacturers of antennas and related components 
for wireless Systems and applications.

The following Short Courses will be offered:
Sunda tjj N o v e m b e r  5 : 1  pm  to  5  pm  

• Microstrip Antennas
Dr. Rod Waterhouse
Practical Considerations in the Design 
of Antennas for Wireless Communications
Dr. Naftali Herseovici
Tutorial on IE3D and Fidelity b y  T e la n d  S o ftw a re  
Dr. Jian Zheng

T O P IC S s
° Snu irt A n ten n a s  
°  M icrostr ip  A n te n  nas f o r  W ire less  
o A n te n n a s  f o r  P C S , W L L , W L A N , R F ID , L M D S , G F S  
° M obile  A n te n n a s  a n d  V ehicle M o d e lin g  
° H u m a n  In tera c tio n s  w ith  A n te n n a s  
° In d o o r /O u td o o r  P ropagation  
0 B ase S ta tio n  A n te n n a s

M o n d a y , N o v e m b e r  6: S  a m  to  12 pm

• Modern Topics in Personal Communications 
Antennas: Design and Analysis Techniques 
Including Human Interaction
Prof. Yahya Rahmat-Samii

• Smart Antennas
Prof. Christos Christodoulou

• UHF Propagation for Modern Wireless Systems
Prof. Henry Bertoni
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vvww.us.anritsu.com 
1 800-AN RITSU

Technology 
So Far Advanced, 

You May Need 
A Little Help 

FindingAnything 
Close.

Anritsu’s Lightning VNAs:
The Next Generation.
Go ahead, look around out there.

You 11 be hard pressed to find any thing 

like Anritsu’s “C” Series VNAs. 

Covering 40 MHz to 65 GHz, their 

technology is simply unmatched 

anywhere in the VNA universe.

Featuring sleek, single-unit, 

bench-top designs. A faster power 

sweep that accelerates distortion and 

gain compression measurements. 

Plus, an internally controlled AutoCal 

System designed to simplify instru­

ment Setup, speed ealibration 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.

Iinking-;iPi
VVforid //

L ightn ing V ector Ne tw ork  A na lyze rs
©2000 Anritsu Company Sales Offices: United States and Canada. l-800-ANRITSU.Eur 
Japan 81(03)3446-1111. Asia-Pacific 65-2822400, South America 55(21)527-6922, http://v

ope 44(01582)433200,

/inritsu
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SPEC IAL REPORT
ROTHR relocatable over-the-horizon radar SGLS space ground link system
RP range processor SHF super high frequency
RRC raised-root cosine S l semi-insulating
RRE radar range equation SIC selectively implanted collector
RSSI received signa! strength indicator SIG Special Interest Group
RSU roadside unit (auto toll eollecting) S IG IN T Signal intelligence
RTD resistance-temperature detector (probe) SIM subscriber identity module
RTD roundtrip delay SIN A D signal-to-noise and distortion (ratio)
R w oH reliability without hermeticity SIP single inline package
RWR radar warning receiver SIR steppee! irnpedance resonator
RX reeeiver/receive SIS Signal in space
R Z return to zero SLE satellite link emulator
SA seleetive availability SLM spatial light modulator

(GPS error introduetion/eorrection) SM I sample matrix inversion
SAR synthetic-aperture radar SM P subminiature push-on (connector)
SAR search and rescue SM P surface-mount package
SAR specific absorption rate SMR specialized mobile radio
SAT supervisory audio tone SMS snort message service
SATCOM satellite Communications SM T surface-mount technology

(Satellite Communications Agency, SNA scalar network analyzer
Department of Defense) SNIR signal-to-signal plus interference ratio

SAW surface acoustic wave SNR signal-to-noise ratio
SBAS satellite-based augmentation system SO I Silicon on insulator
SB N single-sideband phase noise SO IC small outline integrated circuit
SCFL source-coupled field effect transistor logic SOLR short-open-line-reciprocal (ealibration)
SC PI Standard Commands for Programmable SOLT short-open-load-thru (ealibration)

Instruments SO NET synchronous optical network
SCR semiconductor-controlled rectifier (US telecommunications)
SCSI small Computer standard/system interface SOT small outline transistor
SDD symbolically dcfined de vice SP3 third-order Suppression
SD H synchronous digital hierarchy SPC Statistical process control

(European telecom m unicati on) SPI serial peripheral interface
SDLA successive detection log amplifier SPRE satellite position reporting equipment
SDM A spatial division multiple access SPS Standardpositioning service (GPS)
SDR software-defmed radio S P U D T single-phased unidirectional transducer
SD R AM synchronous dynamic random access SRAM static random access memory

memory SS spread spectrum
SEAD Suppression of enemy air defenses SSB single sideband
SEM scanning electron microscope SSBW surface-sldmming bulk wave
SES severely errored seconds SSD simultaneous Signal detection
SFDR spur-free dynamic range SSG small-signal gain

COMMUNICATIONS ANTENNAS
SEAVEY ENGINEERING offers: 51,000 Sq. Ft. Manufacturing Facility
• Manufacturing • Currently Ship 5,000 Antennas/Month
• Design/Development
• Antenna Testing Services
Testing Facilities:
• 100 - 4500 Ft. Outdoor Test Range
• Two Indoor Anechoic Test Chambers

CAD/CAM
Manufacturing Engineering 
J.I.T. Delivery
Fabrication & Machining 
C N C  Machine Centers

• Heliarc Weiding
• Waveguide Bending

MANUFACTURING & DEVELOPMENT
Contact us tor your antenna manufacturing requirements.

SEAVEY ENGINEERING ASSOCIATES, INC.
28 Riverside Drive, Pembroke M A  02359

| E-Mail: info@seaveyantenna.com • Web Site: http://wwwseaveyantenna.c

Optimum 
Front/Back Ratio 

Subscriber Antenna

Phone (781) 829-4740 • FAX (781) 829-4590
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SSI small-scale integration phase-shift keying
SSOP shrink small outline package TDW R terminal Doppler weather radar
SSOT shrink small outline transistor TE transverse efectric
SSPA solid-state power amplifier TEC thermal electric cooler
SSPE single solicf-phase epitaxy TEM transverse electromagnetic
SSR sunace search radar TETRA trans-European tninked radio (old name)
STALO stable local oscillator TETRA terrestrial tninked radio (new name)
STM synchronous transport module 

(1 STM = 155 Mbps)
TFT
TFTS

thin-film transistor/technology 
terrestrial flight telephone system

STOVL short takeoff, vertical landing (aircraft) TLM transmission line matrix
STW surface transverse wave TM transverse magnetic
SW AP shared wireless access protocol TM A thermomechanical analysis
SWR standing wave ratio TM N teleeommunieation management network
TAB tape-augmented bonding TO I third-order intercept (point)
TAC AN tactical air navigation system T /R transmit/receive
TACS
TAG

Total Access Communications System 
technical advisory group

TRAG Technical Regulations Application 
Committee (of ETSI)

TARD towed active radar device TRAM transimpedance amplifier
TBC C O thallium barium calcium copper oxide TRP Technolog)' Reinvestment Program (NIST)
TCAS Traffic Alert and Collision Avoidance System TRL thru-reflect-line (ealibration)
TCC temperature coëfficiënt of capacitance TRX transceiver
TCE thermal coëfficiënt of expansion TS timeslot
TC H traffic channel TSA tapered-slot antenna
TCM trellis-coded modulation TSOP thin small outline package
TCR temperature coëfficiënt of resistance TSS tangential Signal sensitivity
TCXO temperature-compensated crystal oscillator 

time division duplex
TTD true time delay

TD D TTL transistor-transistor logic
TD D time domain duplex TVR O television receive only
TD M A
TD M Q PSK

time division multiple access 
time division multiplex quadrature

TWTA traveling-wave-tube amplifier
[Continued on page 14

i tm ß S  i% p i #  Um‘t  p r e t t y
i our filter performance, looks aren't important.

TRAK's TX/RX diplexers provide stable performance with minimum 
' loss under all combinations of temperature and power. Whether 
! supplied as a stand-alone filter or part of a combiner sub-system, 
TRAK's diplexers are custom designed for h igh volume production 

’ for major wireless Standards including:

D A M  PS 
PC S1900 
D C S1 800  
EG SM  
G3

TRAK's 900  M Hz diplexer has less than 1 dB insertion loss and better than 20 
dB return loss with up to 90 dB rejection at the diplexing junctions. 
Maintaining an intermodulation of better than -105 dBm, while handling 
200  Watts average power, these diplexers will satisfy your most demanding 
requirements.

performance getting pretty ugfy with your filter applications? 
Call TRAK today. Let's talk about Solutions.

W e are experienced.
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Stay current with the 
titles in I E

0H rtech House Books

EW 101: A First Course in 
Electronic Warfare
D a v id  L. A d a m y

■  B r in g s  together a  sough t-afte r 
se r ie s  o f  tu torials, f ro m  the  Journal 
of Electronic Defense, in one  
c om pre he n siv e  vo lum e

■  Inc lu d e s n e w  in troductory  a nd  
sup p le m e n ta ry  m ateria l fro m  the 
author, g iv in g  you  clear, c o n c ise  a nd  
w e ll- illu s tra te d  e xa m in a t io n s  of 
c rit ica l to p ic s  su c h  a s  an te nna 
pa ra m e te rs, rece ive r sensit ivity , 
p ro c e s s in g  ta sk s,  a n d  sea rch  
stra te g ie s,  LP I S ign a ls,  jam m ing , 
com m un ica tio n  l inks, a n d  S im u lation

■  D e f in e s  key  te rm s, e xp la in s  h o w  
and  w h y  pa rt icu la r  t e ch n o lo g ie s  are 
re levan t to  e le ctron ic  de fe n se , and 
con ta in s  de ta iled  cha rts, d ia g ra m s  
and  fo rm u la s  th a t o ffe r the practical 
k n o w le d ge  n e e ded  to  a p p ly  spec if ic  
te ch n iq ue s  in the  field

Hardcover. A pp rox.  3 9 0  pp.
A va ila b le  D e ce m b e r  2 0 00
IS B N :  1 -5 8 0 5 3 -1 6 9 -5
O rder Bo o k  N o. M W 0 0 1 6 9 9  £61

0nly£51 when you order 
be f ore November 30,2000!

Multisensor Data Fusion and 
Target Tracking
T E C H  R E A C H ,  Inc.

■  Fe a tu re s  a  se lf-c o n ta in e d  da ta 
fu s io n  sho r t  c o u r se  on  C D -R O M  that 
is  su ita b le  fo r  s e if  in stru ction  o r  a 
c la ss ro o m  sett ing, and  is  b a se d  on  
th e  t e a c h in g s  o f  in ternational ly 
recogn ize d  expert Dr. D a v id  Hall

■  S ta rts  w ith  funda m e nta l m ateria l 
and  b r in g s  y ou  to  the  lead ing -ed ge  of 
m u ltise n so r da ta  f u s io n  a n d  ta rget 
track ing  w o rk  c urrently  u nde rw a y

■  P rov id es an  in troduction  to  da ta 
fu s io n  and  ta rg e t track ing; e xam p le s  
o f  d a ta  fu s io n  Sy ste m s; an  ove rv ie w  
o f  s e n so r  t e ch n o lo gy  and  s in g le  
s e n so r  p ro ce s s in g ;  a n  e xam inat ion  
of s e n so r  m an age m e nt;  a  look  at 
the  role  o f  m an/hum an -in -the -loop ; 
and  a n  a s s e s s m e n t  o f  the  sta te  of 
the  art

C D -R O M
A va ila b le  J a n u a ry  2001 

^  IS B N :  1 -5 8 0 5 3 -1 4 0 -7  
O rder S o f tw a re  N o .  M W 0 0 1 4 0 9  
£ 3 4 0

Only £289 when you order 
be f ore December31,2000!

Electronic Warfare in the 
Information Age
D. C u r t is  S c h le h e r

■  D e liv e rs  the  la te st c once p ts  änd 
th rea ts  a s so c ia te d  w ith  
e lectron ic  w arfa re  (EW ) 
e xam in e s  the 
Com m un ica tion s  th rea ts

■  G ive s  you  practical, "h ow  
in form ation  on  d e s ig n in g  and 
im p le m e nt ing  E C M  and  E C C M  
Sy ste m s

■  G u id e s  in the  d e ve lopm e nt 
state -o f-the -art E S M  S y ste m s  
d e s ig n e d  spe c if ic a lly  to  exp lo  
v u lne ra b il it ie s  o f  m odern  
id e nt if ie s  and 
E S M  rece iv in g

B  ■  th an  2 0  
he lp  yo u  so lv e  the 
d e s ig n  p rob lem s p resented 
o f  e ach  chapter. O ne  3.5" 
com pa tib le  diskette.

Hardcover. 6 1 4  pp. 19 99  
IS B N :  0 -8 9 0 0 6 -5 2 6 -8  
O rder B o o k  M W 0 0 5 2 6  £ 7 2



SPECIAL REPORT
TX transmit/transmitter VSB VMEbus Subsystem bus
U A V unmanned aerial vehicles VSWR voltage standing wave ratio
U FM O P unintentional frequency modulation W A voltage-variable attenuator

U IM
on pulse
uniform impedance resonator

VXIbus
W AAS

VMEbus extension for instrumentation 
wide area augmentation system

U M
UM TS

unintentional modulation 
Universal Mobile Telecommunications WADSP

(GPS ground based) 
wideband acquisition/digital signal

U -N II
System (Europe)
Unlicensed National Information W AN

processing 
wide area network

U P T
Infrastructure
universal personal telecommunications

W AP
W BM CS

Wireless Application Protocol 
wireless broadband multimedia

URE
USAT

user range error 
ultra-small apertu re terminals W -C D M A

Communications Systems
wideband code division multiple access

U TC Universal Time, Coordinated W D M wavelength division multiplexing 
wavelength division demultiplexingU W B ultrawideband W D D M

VANA vector automatic network analyzer W EP wired equivalent privacy 
wireless local area networkVB W video bandwidth W LA N

VCO voltage-controlled oscillator WLL wireless local loop
V D U video display unit XFCB extra-fast complementary bipolar
VH D L very high speed IC description language XP D cross-polarization discrimination
VISA virtual instrument software architecture X P IC cross-polar interference canceller
VLR visitor location register XP O L cross-polarization level
VLSI very large scale integration YAG yttrium aluminum garnet
VM Ebus versa module Eurocard computer bus YBCO yttrium barium copper oxide
VNA vector network analyzer YIG yttrium iron garnet
VP N virtual private networks YTO YIG-tuned oscillator
VSAT very small aperture terminal 3G third generation
VSB vestigial side band modulation 3G PP Third-generation Partnership Project

D A M  PS 
PC S1900 
G3

1TË J A  4 *

Wsb r l l N « n t .
lts performance will make you shine too.

TRAKS compact delay lines offer stable performance with minimum 
loss under all combinations of temperature and power. Custom 
designed for high volume production, TRAK's delay lines are used in 
linear, multi-carrier, feed forward amplifiers for wireless Standards

induding: G3 Delay üne Curve |^crtion Loss Over Delay

TRAK's 12 ns delay line has an msertion loss of less than 0.5 dß and a 
phase linearity of +/- 0.5\ while handling up to 2000 Watts peak power 
and sustaining a better than 20 dß return loss With user specified delays 
between 6 and 25 ns. TRAK's delay lines meet your most demanding 
requirements.

IR A K  M ic ro w ave  Ltd.
United States.: 813.901.7450 
International: 44 1382 833411 
www.trak.com

So...do you want to put a shine on your performance? 
Call TRAK today. Let's talk about Solutions.
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COVER FEATURE

A Broadband B ias 
T ee for Optical 
N etworking 
Applications

T he explosive growth o f the Internet has 
created an insatiable Jemand for Com­
munications bandwidth by everyone, 

from the W eb-brow sing individual in the 
home office, to the multibillion-dollar Corpo­
ration that is at a severe competitive disadvan- 
tage without it. Although several broadband 
access methods are now available, fiber opties 
is still the primary veliicle for broadband Con­
nectivity, particularly for Communications traf­
fic over long distances. Even with the large 
imrnber o f fiber-optie links already in place, 
over 90 percent o f  the commercial buildings 
in the US are still not served. Tliis market rep- 
resents an enormous opportunity for optical 
networking system, module and component 
manufacturers, and is the reason for the.un- 
precedented growth rates that are expected in 
this market segment, some o f which have al- 
ready started to take shape.

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

amount o f voice traffic. In order to support 
the necessary data applieations, 40 Gbps (OC- 
768) Systems are already being developed and 
prototyped for use in several long-haul and 
transoceanic Communications links.

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

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

[ConUnued on page 150]

I n m e t  C o r p .
A n n  A rb o r , M l
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From the Leader in VCO Technology,
Zornes The Latest in PLL Technology!

Model
Number

Frequencv
(MHz) *

Integrated <j>jv 
(100 Hz-100 kHz)

SSB <j>N
(dBc/Hz @ 1Ö0 kHz)

Frequency Range
800 1200 1600 2000 2400 2800

PLL093ÖA 900-960 0.75° -130 |  GSM

PLL1260A 1230-1290 0.75° -123 |  Terrestrial Radio

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

PLL27I0A 2670-2740 1.25° -117 MMDS/LMDS |

Your Next PLL OttlyA Phone Call Awayl

Using our patented ultra-low noise technology, Z-Communkations has eslablished a brand new 
technology base for our customers in the growing wireless market The PLL family ofphase 
locked loop Solutions employ the latest in packaging technology coupled with superior SSB 
phase noise performance. Take a look at our innovative Solutions for the GSM, terrestrial 
radio, WLL and LMDS/MMDS markets to see how easy designing in a Z-COMM PLL solution 
for your next product tan be. lle 're not just about VCOs anymore —  we 're all about Solutions!

Come t the Source...
S B C O M M .

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 well as 
our complete product catalog.

9939 Via Pasar • San Diego, CA 92126 • TEL: (858) 621-2700 • Fax: (858) 621-2722 • www.zcomm.com • sales@zcomm.com
CIRCLE 196 ON READER SERVICE CARD

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


COVER FEATURE

Fig. 1 Insertion loss and return loss 
vs. frequency on a Standard log scale. ▼

FREQUENCY (Hz)

Ék Fig. 2 Expanded high frequency detail.

dem and for broadband R F /m i­
crowave components used in higher 
data rate optica! networking applica- 
tions. The 8810EF bias tee utilizes 
2.4 mm connectors and is targeted to 
operate over the 100 kHz to 50 GHz 
frequency band. Since a low cost de­
sign approach was the focus from the 
beginning o f  product development,

TABLE I
BIAS TEE SPECIFICATIONS

Frequency 100 kHz to 50 GHz

ïmpedancc (ß) 50

Insertion loss (<1B) 
KX) kHz 0.5 (typ)
50 GHz <3.0

SWR
f<  12 GHz 1.3 (max)
f> 12 GHz 1.8 (max)

DC voltage (V) 16 (max)

DC current (mA) 250 (max)

Isolation (dB) 
f<  14 GHz >40
f > 14 GHz >30

RF power (W) 5 (max)

RF connectors 2.4 mm

Dimensions (") 0.63 x 1.20 x 0.50

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

CTT is delivering!
■  900 MHz -  80W
■  1.9 GHz-80W
■  2.S-2.7 GHz -  40W
■  Designs For:

• AMPS • TDMA
• CDMA • GSM
3005 Demoeraey Way 
Santa Clara, CA 95054 

Phone: 408-988-8521 • FAX 408-986-9097 
B H  e-maiS: sales@cttinc.com

Visit our web site: www.cttinc.com
’T  M B i n M m a s m m
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A  Fig. 3 DC-to-RF Isolation performance.

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

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

Although the 8810EF bias toe con- 
sists o f two female 2.4 mm connectors, 
other sex configurations are available 
(for example, male/female combina- 
tions). There are also plans to offer 
this bias tee with 2.9 mm connectors 
for 40 GHz applieations, as well as 
with a variety o f connectors used for 
injecting the D C  bias. The model 
8810EF uses an SMA connector for 
the DC bias; however, an SMC con­
nector can also be provided in addi- 
tion to the Option o f two terminals for 
voltage and ground. Additional infor- 
mation on broadband bias tees and 
other broadband components such as 
DC blocks, DC bloeking terminations 
and attenuators can be obtained via e- 
mail from chndberg@inn1etcoq3.com. 

Inmet Corp.,
Ann Arbor, Ml (734) 426-5553.

Circle No. 302
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QM ini-C ircuits

■ . .m u ß

RF—II-

Easily combines RF+DC Signals 

test requirements
-DC

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

ß/AS



CATALOC UPDATE

A  Antenna Catalog
This 114-page catalog describes several anten­
nas, including omnidircctional, sector, dual po­
larization, patch, parabola, Yagi, inverted, cel­
lular phone, ceramic, retractable, dual-band, 
CT2 base station, half-wavelength sleeve di- 
pole, dual-band magnetie and GPS. Product 
photographs, characteristics, and electrical and 
mechanical specifications are included. An en­
vironment tost engineering report, glossary and 
Company profile are also provided.
ACE Technology,
C hatw orth , CA (818) 718-1534.

Circle No. 310

A  Electronics Manufacturing 
Functional Test Products 
and Services Catalog
This 68-page catalog contains detailed informa- 
tiori on the Companys test system components, 
accessories and support services, which can 
help test engineers reduce the oost of building 
test Systems. Product descriptions, specifica­
tions and photographs are included.
Agilent Technologies Ine.,
Palo Alto, CA (800) 452-4844, ext. 6494.

Circle No. 311

A  RF/Microwave/Millimeter-wave 
Selection Guide
This brochure includes all of the Companys 
products from DC to 40 GHz, including thou- 
sands of high performance, low cost RF, mi­
crowave and millimeter-wave products designed 
for telecommunications applieations. The guidc 
is designed so the customer can quieldy find the 
rigl it product for any requirement.
Alpha Industries,
W obum , MA (781) 935-5150.

Circle No. 312

A  Product Catalog
This 752-page catalog is a complete reference 
source for the Companys products and ser­
vices. Detailed product descriptions, specifica­
tions, planning guides, technical data and Sys­
tem planning software informatica are provid­
ed. New sections cover broadband antenna 
products, PerforMax™ base station antennas, 
ValuLine* antennas and ISM, MMDS and 
UN11 band passive products.
Andrew Corp.,
(Irland Park, IL  (800) 255-1479.

Circle No. 313

A  Component Catalog
This 40-pagc catalog provides complete fea­
tures, specifications and applieations for the 
Companys full lino of adapters, attenuators, ter- 
minations and connectors. Components, includ­
ing instrumentation-gradc adapters, precision 
attenuators, high return loss connectors from 
DC to 65 GHz and precision terminations, as 
well as microwave detectors, power duiders, RF 
limiters and bias tees, are highlighted.
Anritsu Co.,
Microwave Measurements Division,
Morgan Hill, CA (800) 267-4878.

Circle No. 314

A  Test and Measurement Solution 
Product Guide
This full-lcngth product guidc details power 
meters, peak power meters, RF Voltmeters, 
VXT products and power sensors that can be 
used in many Commercial and military applica- 
tions. Included are descriptions and specifica­
tions of the Companys family of peak power 
meters/analyzers, including the model 4400A, 
model 4500A and 4530 series.
Boonton Electronics Corp.,
Parsippantf, NJ (973) 386-9696.

Circle No. 315
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AMPLIDYNE, INC.
“ Amplifiers... Meeting the Demands 

of Todav’s Wireless Industry”

Multicarrier Linear Power Amplifiers 
Amplidyne’s multicarrier amplifiers operate in the 
NMT450, PCS 1900 and DCS1800MHz bands.

Features:
• Plug-in Modular Construction
• Very Low Intermodulation Distortion
• High Efficiency 

Amplidyne’s Products:
PCS/Cellular Communications
• NMT450 - 65W Modules
• Cellular - 50W Modules
• PCS - 40W Modules
• Single Channel
• TDMA
• Bi-directional Tower Top Amplifiers

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

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

For additional information call Amplidyne today.

A M P L ID Y N E , INC. W ireless Communications

59 LaGrange St, Raritan: New Jersey 08869 • Tel.: 908.253.6870 • Fax: 908.253.6875 • email: sales@amplidyneinc.com • Web: www.amplidyneinc.c

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


CATALOG UPDATE

A Wireless and Microwave Filter 
Product Brochure
This eight-page brochure features trans mit fil­
ters, reccive filters, duplexers, 2.475.8' GIIz ra­
dio products, dclay filters, integrated assem- 
blies, combline cavity filters, interdigital cavity 
filters and waveguide filte r products. An 
overview of the Company, product descriptions 
and photos, and ordering and shipping infor- 
mation are included.
ClearComm Technologies Ine.,
Salisbury, MD (410) 860-0500.

Circle No. 316

A Frequency Control 
Product Catalog
Tliis 96-page catalog features detailed inform a- 
tion on the Companys recently expanded line 
of products. A complete listing of distributor 
stocking Standards is provided, with a policy 
that none of the Standards is noncancellable 
and nonretumable (NCNR) to distributors or 
OEMs.
Fox Electronics,
Fort Myers, FL (888) 438-2369.

Circle No. 319

154

A Microwave Switch Catalog
This 16-page catalog features the Companys 
various SMA, N and TNC connectorized 
switches. Specifications, available options, 
schematics, outline drawings and product pho­
tos are given for eaeh component. General 
specifications, instructions on constrncting a 
part number, definitions and notes are also 
provided.
DB Products Ine.,
Pasadena, CA (626) 449-3790.

Circle No. 317

A Filter and Subsystem Catalog
This 96-page catalog features filters and Sub­
systems from 30 kHz to 40 GIIz. With a strong 
emphasis on the wireless market, the products 
include filters, duplexers, combiners, power di- 
viders, couplers and subassemblies. Product 
photos, clectrical and mechanical specifica­
tions, performance curves and an engineering 
rcference section are included.
FSY Microwave Ine.
Columbia, MD (410) 381-5700.

Circle No. 320

A Miniature Voltage-con trol led 
Oscillator Catalog
This 32-pago catalog describes various ELGO 
and EVCO series VCOs. Information on care, 
soldering techniques and assembly is included, 
as well as features, outline drawings and notes. 
Specifications, common questions, instructions 
on creating a model number, and quote and or­
der information are also provided.
Emhiser Micro-Tech (EMT),
Verdi, NV (775) 345-0461.

Circle No. 318

A Custom Microwave 
Cable Assembly Catalog
This eight-page catalog features SMA-M. 
TNC-F bulkhead and SMA-M 90° cable as- 
semblics. In-depth product descriptions, draw­
ings, specifications, qualifications, performance 
characteristics, applieations and “insertion loss 
vs. frequency” graphs are included. A Company 
overview is also provided.
Kaman Aerospace Corp.,
Colorado Springs, CO (719) 635-6954.

Circle No. 321
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pcopr-ietary ports for lugaoy System s wh. 
addr ess. ,g the newisst third general,on j 

21 _ base stations. Com m Unk multi-nharmel c
Converters are specifically designed to e 
the oerlormance of all base stations 

' i  • - ■ The Com m Unk up-converler provides tht
dynamic range lor the maximum numbei 
signols simplifying overall system  design 
use of a single DAC. The quad down-eon 
provides improved signal processing for i 
receiver sensitivicy and seiectivity.

Com m Unk Global flcxibihty.
Enhartced performance Simpler designs
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CATALOG UPDATE

A Isolator and Circulator Catalog
This 38-page catalog details a variety of isola­
tors and circulators available in coaxial, wave- 
guidc, drop-in and surface-mount configura- 
tions covering the 300 MIIz to 40 GHz fre­
quency range. General Information, elcctrical 
specifications, incchanical specifications and 
schematics are provided. A mail-back “request 
for quote” form is included.
M2 Global Technology Ltd.,
San Antonio, TX (210) 561-4800.

Circle No. 322

A Automated Tuner System 
Brochure
This 16-pag« brochure details the latest fca-
tures is and applieations available with
the t'ompam,'s automated tuner system. Fea-
tures includt• Windows* 95/98/NT-compatiblc
softw.'are, dvnamie prematching, interpolated

ig and '«iptimum parameter search. Also
feati.ired ar e the  prem atch and harmonie
tuneirs, Sigmil Synthesis and post-analysis soft-
ware, and tlu3 harmonie tuner controller.
M aury Microwave Corp.,
Ontario, CA (909) 987-4715.

Circle No. 323

A S i02 Cable System Brochure
This six-page brochure features RF coaxial and 
multiconductor transmission lines and Si02 ca­
ble and conncctor systems for nuclear applica- 
tions and Si2400 fireproof cables. Product pho­
tos and graphs are provided, as well as fea­
tures, specifications, applieations and füll 
descriptions. Installation and customer support 
infonnation is also provided.
Meggitt Safety Systems Ine.,
Simi Valley, CA (805) 584-4100.

Circle No. 325

A Waveguide Subsystem 
and Component Catalog
This 45-page catalog features various wave- 
guidc subsystems and components, including 
flexible waveguide; E-plane bends; flange 
adapters; tapered transitions; bulkhead flanges; 
low, medium and high power terminations; E- 
and Il-plane tees; hybrid tees; coaxial adapters; 
Standard gain homs; shorting platos; pressure 
Windows; waveguide flanges; and alloys.
Mesa Microwave Ine.,
San Diego, CA (800) 739-9173.

Circle No. 326

A RF, Microwave 
and Millimeter-wave 
Product Brochure
This brochure features information on DML 
Microwave Ltd., inm et, KDT/Triangle, 
Metelics and Weinschel. Product offerings and 
photos are included for each Company. A cor­
porate profile and description are also fca- 
tured, as well as a worldwidc design and manu- 
facturing map.
MCE Companies lnc.,
Ann Arbor, M I (734) 426-1230.

Circle No. 324

A Hand-formable Microwave 
Cable Brochure
This six-page brochure features the UHFORM 
family of tin-dipped, hand-formable microwave 
cables. economical alternatives to semirigid 
and flexible cables. All mechanieal and electri- 
cal eharacteristics of the cables are provided in 
easy-to-read charts. Graphs are also included 
to illustrate the cables’ insertion loss, shielding 
effectiveness and power handling.
M ICROCOAX,
Coüegevitte, PA (800) 223-2629.

Circle No. 327
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Y in  a n d  y a n g .  L ig h t  a n d  d a r k n e s s  T e c h n o lo g y

and the knowledge to use it While the latter m a y  not s e e m  c ru c ia l  to  tne a v e ra g e  

person, to you it is life Which is why we will b e  there. W it h  the right te c h n o lo g y  The 

right insight At the right time. You'll get the attention y o u  n e e d  to  g iv e  y o u  the 

freedom you w a n t .  The commitment. frankly, y o u  d e se r v e .  T h e  s u p p o r t  th a t,  w h e n  

eombined w it h  technological innovation. yieids b a la n c e  B e c a u s e ,  a s  w e  a l l  k n o w . ; 

without balance, you cannot stand alone.

Agilent Technologies
’’ ■ *' Innovating the HP Way
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CATALOG UPDATE

A Voltage-controlled Oscillator 
Short-form Catalog
lhis liye;Pa8e catalog features a full voltage- 
coiltrolled oscillator selection guide, wliicli lists 
cach products full specifications by model mim- 
ber. Information on product applieations, design 
and performance, assembly and testing is pro­
vided, as well as paekage outline drawings. 
Modco Inc., Sparke NV (800) 072-4552.

Circle No. 328

A  Radar and RF Product Catalog
This 28-page catalog contains infonnation on 
radar Systems and RF products, including the 
AN/MPS-19 S-band mobile tracking system 
designed for precision in Strumentation track­
ing and drone control. Also featured are many 
radar Systems RF packages and microwave 
tubes, fest and engineering capabilities an; de- 
scribed. Product photos and specifications are

Radio Research Co. Inc.,
Waterbury, CT (203) 753-5840.

Circle No. 331

158

A Component, Network 
and Instrument Catalog
This 648-page catalog offers the latest in high 
performance components, networks and In­
struments. The Companys complete product 
line appears in the catalog, and is presented in 
six prim ary categories: wireless products, 
electromechanical RF switches, passive com­
ponents, active components, RF radiation safe- 
ty products and power meters/monitors. 
Narda-an L-3 Communications Company. 
Hauppauge, NY (631) 231-1700.

Circle No. 329

A  Microelectronic Packaging 
Solution Catalog
This catalog deseribcs the Companys Plated 
Copper on Thiek Film (PCTF)™ proprictary 
manufacturing process, which combines pat- 
terned coppcr-plated images with air-fireable 
thiek films on ceramics for the manufaeture of 
mctallized Substrates, chip carriers and pack­
ages. Special features, compatible assembly 
methods and typical packaging solution exam- 
ples are also described.
Remtec Inc.,
Norwood, MA (781) 762-9191.

Circle No. 332

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

Circle No. 330

A  Coaxial Connector Catalog
This 120-page catalog features a full range of 
Standard and RF custom coaxial connectors, 
including 400 new items. More than 2000 
coaxial products, including cable assemblies, 
connector kits, Unidapt* universal adapter 
products, cellular products and hand tools, are 
described. Product specifications and pho­
tographs are included.
RF Connectors,
San Diego, CA (800) 233-1728 
or(858) 549-6340.

Circle No. 333 
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new
breakthrough surface mount solution

2GHz-10GHz Performance!
Now, for the first time, you can use 
tape-and-reel production for microwave 
applieations using 2GHz-10GHz PIN and 
Varactor diodes. The secret is 
Microsemi’s breakthrough Microwave 
Monolithic Surface Mount (MMSM) 
package. It’s patent-pending flip-chip 
design saves precious board space, too. 
MMSM dimensions are near microscopie: 
0.020 X 0.040 X 0.015 inches!

Call us at (978) 442-5600, or visit our web 
site, for complete MMSM specs as well as 
information on the full range of Microsemi’s
microwave PIN, M M SM ™  package

Varactor and Schottky 
diodes. Ceramic.
Glass. Chips.

Surface Mount.
Your choice.

You’ll be impressed.

www.Microsemi x
a network of semiconductor technology
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CATALOG UPDATE

A  Speclalty Materials Catalog
This 16-pagc catalog details the Companys line 
of specialty materials such as urethauc foams, 
electroluininescent lamps and inverters, indu- 
flex laminates, PÜRON silicone materials, 
R/flex flexible circuit materials, RT/duriod and 
TMM high frequency circu it m aterials, 
R04000 and R03000 liigli frequency circuit 
materials, elastomcr components and compos- 
ite materials. Applications, markets, material 
details and key properties are listed for cach 
product.
R ogen Corp., Rogers, CT (800) 774-9605.

Circle No. 335

A  Coaxial Connector Catalog
Tliis catalog details a wide rangt* of RF coaxial 
connectors and a line of adapters and custom- 
designed cable assemblics. It features quick- 
diseonnect connectors that corrcspond to LC, 
C, SC, BNC and TNC types, supcr-quick de­
signs for sputtering, wafer processing and high 
power applieations, and quick-change types for 
use with Wattmeters and other high power test­
ing and monitoring equipinent.
Tru-Connector Corp.,
Peabody, MA (800) 262-9878 
or (978) 532-0775.

Circle No. 338

A  Antenna Design
and Development Catalog

A Product Catalog
This catalog features solid-state ampMers, fra 
quency Converters, power dividers and instrn 
mcQtation Systems. Specifieatious, electrica 
charactcmt.cs, product oi.tlines, descriptions 
photographs, applications aud features are in 
emded. Corporate informaHon aud descriptor 
of tlic Company facilities are also provided. 
Shmon Microwave Corp.,
Webster, TX (281) 526-0536.

Circle No. 33 t

This catalog presents hundreds of now anten­
nas along with Standard products that arc avail­
able from stock or for near-term deliveiy. Sec- 
tions feature antennas, antenna feeds, special- 
ized microwave com ponents, microwave 
Subsystems and testing'services.
Seavey Engineering Associates,
Pembroke, MA (781) 829-4740.

Circle No. 334

A  RF/Microwave Component 
Catalog
This 90-pagc catalog features the Companys 
complete line of RF/microwave components, 
including bandpass filters, diplexers, coaxial 
resonators and dielectric resonators. Product 
specifications, application notes and tcchnical 
drawings are included.
Trans-Tech Inc.,
Adamstown, M D (301) 695-9400.

Circle No. 337

A  Th in-film Circuit Device 
Catalog
This 12-page catalog features thin-film circuit 
devices. Included in the catalog are Substrate 
materials used for the devices, metallization 
schemes, sheet resistor designs, plated thru 
holes/slots, filled via products, layout and de­
sign guidelines, and a checklist. Product speci­
fications, applications and outline drawings arc 
included. A “request for quotation" form is also

VltraSource Inc.,
Hollis, NH (603) 881-7799.

Circle No. 339
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IN  F I LTER S Y N T H E S I S  P E R F O R M A N C E

That's what you get with Eagleware's new direct synthesis 

filter program, S/FILTER™. From arbitrary transmission zero placement, to unequal termination impedances, to optimized 

custom designs, S/FILTER does it all ... directly from your specified design criteria.

You're in control of response shape, element values and topology. So break free from normal filter design limits and:

synthesize m u ltip le  Solutions per design app ly  tran s fo rm s to  create custom  designs
m axim ize rea lizab ility  based on you r goals m axim ize econom y: place zeros w here needed

And it's fully integrated into the GENESYS suite of synthesis, nonlinear, S-parameter, electromagnetic and physical design tooi

With modules priced at $2490, they're flying fast. And so will your design.

sales@eagleware.com

E
w ww.eagleware.com

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


CATALOG UPDATE

A 2 0 0 0  P ro d u ct C atalog
This 16-page catalog features voltage-controlled 
oscillators, ceramic resonator oscillators, phase- 
locked loops, fixed-frequency oscillators and 
synthesizers. An engineers notebook, applica­
tions notes, definitions, and tape-and-reel infor- 
mation are included. Complete product descrip­
tions, specifications, applications, features and 
photographs are provided.
Universal Microwave Corp.,
Odessa, FL (877) 375-9332.

Circle No. 340

A M icrowave and  RF C o m ponen t 
and  Subsystem C atalog
This 224-page catalog features microwave and 
RF components and Subsystems, including 
coaxial fixed attenuators, tenninations and loads, 
phase shifters, programmable attenuators, 
SmartStep components and Subsystems, power 
splitters/dividers, directional couplers and coaxi­
al adapters. Product descriptions, specifications 
and photographs are included.
Weinschel Corp.,
Frederick, MD (800) 638-2048 
or (301) 846-9222.

Circle No. 343

A C om m ercial Special Assembly 
C atalog
This 13-page catalog features special frequen­
cy conversion and frequency generation mod­
ules. Product photographs, diagrams, schemat­
ics, performance specifications, performance 
graphs, programming calculations and outline 
drawings are included. Packaging and installa- 
tion infonnation is also provided.
Vari-L, Denver, CO (303) 371-1560.

Circle No. 341

A M icrowave P ro d u ct C atalog
This 12-page catalog features a Company intro- 
duction, business focus description, technology 
overview and product descriptions, including 
comb generators, crystal stabilized sources, 
multi-channel sources, frequency multipliers, 
frequency synthesizers and Converters, re- 
ceivers and microwave Subsystems. Product 
photographs, specifications and key features 
are also provided.
Zeta, San Jose, CA (408) 434-3600.

Circle No. 344

A 2 0 0 0  P ro d u ct C atalog
This 525-page catalog covers telecom and en- 
terprise networks, multimedia and wireless. It 
describes test Solutions for development, man- 
ufacture, installation, maintenance and repair 
of Systems and networks for transm itting  
speech, data and images. A Company overview 
as well as product photographs, specifications, 
applications and full descriptions are included. 
Wavetek Wandel Goltermann,
Eningen, Germany +49 7121 86 1616.

Circle No. 342

A Engineer'* Survival Kit
This survival kit is intended for use with inter- 
ference control and includes a variety of prod­
uct samples such as foam absorbers, MA- 
GRAM and new EMI materials, as well as a 
new capabilities brochure. These samples can 
be used in prototyping the user’s next design. 
ARC Technologies,
Ameshury, MA (978) 388-2993.

Circle No. 345
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4 to 18 GHz {in bands) 
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'Spurtous: -80 dBt 
Harmonies; -40 dßc

! * Phase Noise .1: I?  ! GHz (Ty
100 Hz 8} dB*-Hz 

- ' ■ ■ : ■ I k --lOOdBc/Hz
10 k -H O d Bc/H z  

: :r : 100k -t i3 d B c /H z
' ■ ; ■ i M  -128 dBc/Hz

9 Whippany Rd. • Whippany, N) 07981 
TEL: 973-884-2580 • FAX: 973-887-6245 
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Performancethat lives up to your icieas.
' 7  : < t '4- 7"

CT! PDROs are guaranteed to give 
you the performance and reiiabiiity 
you had in mind. And. we make 
sure its deüvered when you neeri iti 

CTI Series PDRO has been designed 
speyificallv fof use ircEMPS. SDH/SÖNET _ ms where 
Digital Radio and other wired and wireless sv̂ > 
performanc.e as wet! as oost is critical. , . w ti7«

, hiöh powef and smal! siz
Features such as ultra low phase noise. " 'S  parket today.
make C P  5 PDRO product iine the best value o

U  a n d  vou need ri now 
So remember-when you need a PDRO, rv 
Call CT!. We deliver.



CATALOG UPDATE

A  High Frequency Electronic 
Design Automation Brochure
This 10-page brochure features Microwave Of­
fice 2000 design automation software, which 
combines an aclvaneed IC layout editor with 
state-of-the-art Simulation technology. Screen 
shots, features, capabilities, characteristics and 
ordering infonnation are included.
Applied Wave Research Inc.,
El Segundo, CA (310) 726-3000.

Circle No. 346

A  High Performance Synthesizer 
Datapack
This datapack eontains Information on several 
frequency synthesizers. The data sheets include 
performance specifications, and meehanical and 
block diagrams. Products covered include the 
STEL-2375 DDCS chirp synthesizer hybrid, 
the STEL-9953A DDS synthesizer with internal 
clock and the MS-2000 LMDS synthesizer.
ITT  Industries,
lAjwell. MA (978) 441-0200.

Circle No. 347

A  High Performance 
M ini-OCXO Catalog
This 23-page catalog eontains several innovative 
OCXO designs, including the 205 series, which is 
the most compact OCXO in the industry The 
hermetic package lneasures 0.815" x 0.515" x 
0,394’! The 220 series performs to STRATUM 
III, Ille Standards and is ideal for applieations rc- 
quiring low power consmnption.
MTI-Milliren,
Neii'bunjport, MA (978) 465-6064

Circle No. 348

Allow us to Propose Another
Solution

<5> THOMSON-MICROSONICS 399, route des Crêtes. BP 232 - 06904 Sophia-Antipolis. FRANCE
http://www.microsonics.thomson-csf.com Tél (+33) 04 92 96 40 00 Fax (+33) 04 92 96 30 25
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Manage Your 
Broadband Signal 

Environment With A 
Dow-Key Microwave 

Switch Matrix

DowKey Microwave
4822 McGrath Street, Ventura, CA  93003 
Tel: (805) 650-0260 * Fax: (805) 650-1734 

Visit at www.dowkey.com.

; [ t jÉ jë l  A DOVER COMPANY
CIRCLE 41 ON READER SERVICE CARD

D o w -K e y  M ic ro w a v e ’s  Coaxial Switch 
Matrices m ake  it e a sy  fo r you  to  m eet the  
d e m an d  fo r h igh  sp e e d , m u lt i-s o u rc e  
in fo rm ation sw itch ing . O u r Non-Blocking 
Switch Matrix p ro d u c t line  w ill en ab le  you  to  
c a p tu re  a n d  re d ire c t S ig n a ls  w ith  
m in im um  d isto rtion  and  m ax im um  ease.

D o w -K e y  e n g in e e rs  f o c u s  on  
p r o v id in g  o p t im iz e d  r o u t in g  
d e s ig n s  a n d  u se  o u r  o w n  low  
insertion lo s s  sw itch e s  to  d e live r the 
c le a n e s t S ignal from  inpu t to  ou tpu t 
o ve r the D C  to  26.5  G H z  range. 
W he the r you r sys tem  requ ires the 
h ighest level o f  re liab ility  o r m ust 
m eet the  p rice  d em a n d s  o f the 
c om m erc ia l m arket, D o w -K e y  w ill 
d e s ig n  a c u s to m iz e d  Switch 
Matrix to  m eet y o u r n e ed s  w ith  a 
con tro l in te rfa ce  to  m a tch  you r 
sys tem  w heth er it be a  C A N  bus, 
R S -232 , R S -422 , o r G P IB .

O u r e xp e rt ise  and  exp e rie n ce  in 
sup p ly in g  m a t r i c e s  to  s e c u r e  

n e t w o r k s ,  S a t C o m ,  d ire c t io n  f in d in g , 
e a v e s d r o p p in g ,  b r o a d c a s t ,  a n d  A T E  
p ro v id e s  yo u  w ith  a  b ro a d  lin e  o f 
p ro d u c ts  and  o p tim ized  d es ig n s . W e offer 
re m o te  c o n t r o l  i n t e r f a c e  o p t io n s  a n d  
p r e m iu m  c o m p o n e n t s  a ll c a re fu l ly  
a ssem b led  in a rugged , ra ck  m ount ch a ss is .

F o r un iq ue ly  and  su p e rb ly  en g in ee re d  
d e s ig n s  th a t m ee t and  e x c e e d  m a rke t 
d e m a n d s , fo r  u n p re ce d e n te d  c u s to m e r 
se rv ice  and  on -tim e  delivery, fo r the h ighest 
qua lity  p ro d u c t w ith  u n su rp asse d  re liab ility  
a t th e  right p rice , Dow-Key Microwave 
is your solution.

http://www.dowkey.com


PRODUCT FEATURE

RF D igital 
Attenuators 
in Plastic 
MLP Packages

Broadband digital attenuators have been 
used to set power levels in RF and mi­
crowave circuits for many years. The 
concept is to electronically switch resistive T 

and TT networks to attenuate and control Sig­
nals. In doing so, attenuators must have low 
insertion loss, generate accurate (flat with fre­
quency) attenuation levels, maintain low input 
and output SWR for all attenuation levels, 
produce low spurious Signals, consume low 
DC power and switch very quickly. Although 
the basic “switched pad” circuits are well 

known and very useful, recent 
developments in GaAs MMICs 
and plastic packaging technolo­
gies have expanded operating 
frequencies while reducing 
physical size and costs.

Using this GaAs MMIC 
base, a family of digital attenua­
tors producing five- and six-bit 
fonnats with least significant bit 
(LSB) weights of 0.5 and 1 dB 
have been developed in various 
package platforms. Initially the

product line consisted of m ultichip GaAs 
MMICs and silicon-based CMOS apphcation- 
specific IC (ASIC) drivers packaged in ceram- 
ic flatpacks. For example, the model AT-263 
attenuator utilizes a five-bit, 1 dB LSB MMIC 
in the RF path and two quad drivers to per­
form the interface for the TTL control Signals. 
Its sister component, the model AT-283, has 
the same structure except the MMIC has a 0.5 
dB LSB. The six-bit attenuators (models AT- 
106 and AT-107) employ five-bit MMICs with 
an additional dual-bit 16 dB MMIC connect­
ed in series to create the sixtli bit. The 16 dB 
MMIC can be wirebond configured to pro­
duce a most significant bit (MSB) of 16 or 32 
dB as the application requires. F igure 1 
shows the interior views of five- and six-bit ce- 
ramic attenuators. For reference, the AT-106 
attenuator with its four semiconductor chips 
occupies a total package area (bodv and leads) 
of 0.450" x 0.650" (11.4 x 16.5 mm).

[Continued on page 168]
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PRODUCT FEATURE

SOW PACKAGE

Two important aspects for high frequency performance 
are maintaining the impcdance match for series (I/O) ports 
and minimizing the shunt (GND) inductance. Unless the 
MMIC designer specifically knows the final package in 
which the MMIC will be placed, MMICs are designed as 
stand-alone components. That is, the I/O ports are designed 
to look into 50 Q. networks while the dies base and the Sub­

strate it sits on 
should be a low in­
ductance to 
ground. For exam- 
ple, F igure 2 
shows the cross- 
sectional view of 
the effective

ceramic package. This path effectively be- 
gins at the end vvirebond and ends at the 
PCB ground. Ceramic packages, with 
their electrically gromided base and short 
EGP lengths, produee excellent RF per­
formance up to 2.5 GHz. However, diese 
packages have higher costs compared with 
plastic small outline integrated circuit 
(SOIC) devices, and that has resulted in 
limited demand in high volume, low cost 
applications.

To pursue the low cost attenuator 
market, the family of attenuators was ex- 
panded to include SOW-16 and 24-lead 
plastic packages. The AT65 series atten­

uators have reduccd costs compared to the ceramic atten­
uators. However, the downside of transitioning to plastic 
packages was an increase in insertion loss and SWR. The 
additional lead inductance reduced the upper frequency 
limit to 2 GHz. The 0.300"-wide SOW package has an 
EGP that is approximately three times that of the ceramic 
(0.143" vs. 0.500"), as shown in Figure 3. While the SOIC 
plastic packages are perfectly acceptable for today’s GSM 
and PCS teleeommunieation Systems, they cannot support 
tomorrow’s higher frequency appheations or denser pack­
aging objectives.

PACKAGE SELECTION
To realize a low cost plastic attenuator for frequencies 

bevond 2 GHz, the miniature leadless package (MLP) of- 
fered by various package vendors was investigated. This 
package platform offers low inductance I/O pads on a 0.5- 
mm pitch. In addition, an exposed conductive center die 
paddle provides improved RF grounding, which pennits 
Operation at higher frequencies. Aside from the size re- 
duction, the packages main feature is that its cost is only 
slightly higher than that of the plastic SOIC packages. 
Figure 4 shows the ceramic, plastic SOW and MLP pack­
ages of the digital attenuator family

The MLP package, with its ability to have the lead- 
frame and paddle soldered directly to the PCB, can pro- 
duce an EGP that is 82 percent shorter than that found in 
the referenccd ceramic package. As shown in Figure 5, 
the EGP is limited to the thickness of the 0.008" copper 
leadframe. The outline for the 6.0 x 4.0 mm MLP pack­
age is shown in Figure 6.
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i PRODUCT FEATURE
DIE DEVELOPMENT

Once the package forrriat was se- 
lected, developing ASICs and MMICs 
to accommodate the MLP platform 
became the next step. With typical 
package footprints at 10 to 30 percent 
of the SOIC packages, a total die 
shrink for all internal components was 
in order. The two drivers had to be 
combined into a single hex driver, and 
the single six-bit MMICs had to be de-

veloped to replacc the two MMICs in 
the six-bit attenuators. Because new 
MMICs were required, it was deter- 
mined that they should be designed to 
support much higher frequencies than 
the previous devices. For this effort, 
the upper frequency goal was in- 
creased to 4 GHz. This range would 
produce a respeetable margin to en- 
sure that the MLP attenuators would 
operate to a minimum of 3 GHz.

ASIC DRIVER
The MLP design effort began with 

the development of the hex channel 
ASIC driver, which meant increasing 
the number of channels while reduc- 
ing the die size. Adding two driver 
channels was not an issue; however, 
reducing the size of the die to the re­
quired area meant minimizing output 
drive capability. Specifications were 
reduced from ±25 mA to ±1 mA with 
the ability to drive 4 pF loads vs. the 
original specification of 25 pF. By us- 
ing smaller output FET junctions, the 
hex driver was realized  at a re- 
spcctable die size of 2.33 x 1.22 mm.

RF M M IC  DEVELOPMENT
Four new MMICs were designed 

using patented compensation tecli- 
niques.1 Two five-bit, 1 dB LSB at­
tenuators were designed — one used 
the Standard 10-mil GaAs proccss, 
while a second device was designed 
with the advanced 4-mil GaAs via 
process. Two six-bit MMICs (0.5 and 
1 dB) were also designed with the 10- 
mil process.

The main difference between the 
two GaAs processes is the method 
used to connect the MMIC with cir­
cuit ground. In the 4-rniI via process, 
the ground re tu rns are plated- 
through vias. This configuration al- 
lows the designer to use vias at spe­
cific ground points in the layout. In 
the Standard 10-mil process ground 
points must be routed to I/O pads at 
the edge of the die and wirebonded 
to ground. The upside of the 4-mil 
process is the extension of the upper 
frequency limit. However, downsides 
include lower yields associated with 
tliinner wafers and higher processing 
costs due to the vias and backside 
metallization process steps.

All of the GaAs MMICs were de­
signed with the aide of HP EEsof Se­
ries IV software and the C o m p an y s  
GaAs MMIC design manual. Exten­
sive modeling was performed on all 
designs to minimize insertion loss and 
optirnize the attenuation flatness of 
the individual bits and their summa- 
tion. During this process it was deter- 
mined that the physical order of the 
bits is very important to bit accuracy, 
and must be optimized to rninimize 
sensitivity to extemal loading and bit 
errors. For exainple, the optimum

[Continued m  page 172]
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PRODUCT FEATURE

A  Fig. 7 The five-bit, 1 dB, 4-mil. GaAs 
MMIC layout.

physical order for the bits in the 4- 
mil, five-bit attenuator is 16, 1, 2, 4 
and 8 dB.

Another technique that lessened 
the interaction of the bits was to add 
0.25 pF decoupling capacitors to the 
control lines on the larger bits. This 
addition minimizes coupling between 
the RF signals and control lines, 
which improves the accuracy of the 
bits. In addition, using the single 
Standard series FET cell for the in­
sertion loss path in the 16 dB bit lim­
ited the frequency performance. The 
isolation of the single FET is too

close to the desired attenuation at 
high frequencies. While a very small 
FET could be used, its on resistance 
would significantly inerease the inser­

tion loss of the bit. To overcome this 
dilemma, a series/shunt/series config- 
uration was implemented. This struc- 
ture allows the insertion loss to re- 
main low while, at the same time, in- 
ereasing the isolation aeross the 
series-switching FET elements. The 
result is an extrcmely flat 16 dB bit.

In an effort to keep the die size as 
small as possible, the impedance of 
the internal transmission lines was in- 
creased to 70 £1 This change allowed 
the width of RF lines to be reduccd 
from 73 to 30 pm while the SWR re- 
mained less than 2 over most of the 
band. The resultant die size was es- 
sentially limited by the number and 
position of the I/O bond pads, and 
not the internal circuitry. Figure 7 
shows the die layout; Figure 8 shows 
the measured results.

ASSEMBLY
Both the driver and MMIC dice 

are attached to the grounded paddle 
with epoxy. Unlike the ceramic and 
SOW plastic devices that contain in­
ternal circuitry, interconnections be­
tween ASIC and MMIC dies utilize 
direct die-to-die wirebonds. Exten­
sive testing  has shown that this 
method is an effectivc and reliable as­
sembly technique for interconnecting 
die in small packages.

[Continued on page 174] 
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PRODUCT FEATURE

TABLE I
MLP ATTENUATORS

PRODUCT DESCRIPTION
Table 1 lists the characteristics of 

the AT90-XXXX attenuator family. 
The initial product operates with +5

and -5  V supplies at +6  and -1 mA 
(max), respectively. Logic inputs are 
TTL compatible. A logic 0 sets the 
bits to reference loss while a logic 1

selects the attenuation levels. Typical 
switching speed is 35 ns with rise and 
fall times of 5 ns.

The AT90-0001 attenuator contain- 
ing the 4-mil via process die exceeded 
expectations and is specified to oper- 
ate to 6  GHz. While DC blocks are 
not needed on the RF ports, 0.01 pF 
decoupling capacitors are required on 
each power supply line to ensure 
switching speed performance. The 
plastic MLP package measures 6.0 x 
4.0 x 0.9 mm. Thirty-two 0.25 x 0.40 
mm I/O pads are set at 10 per long 
side, six per short side on a 0.5 mm 
pitch. The 2.8 x 4.8 mm center die 
pad must be soldered to the PCB to 
ensure good RF performance.

To accommodate single powér 
supply Systems, four single-supply 
(+5 V at 10 mA) attenuato rs are 
presently in development. These de­
vices will use an in ternal GaAs 
DC-DC Converter to produce the re­
quired negative voltage. The two pre- 
viously referenced decoupling capaci-

[Continued on page 176]
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PRODUCT FEATURE

TABLE II
AT90-0001 PREUMINARY SPECIFICATIONS

V  Fig. 10 The AT90-0001 attenuator’s measured performance on a test hoard.

tors must be increased to 0.1 jiF, and 
a third 0.01 jiF coupling capacitor is 
required between pins 23 and 2 1 .

Sample attenuators (AT90-XXXX) 
and/or test boards (AT90-XXXX-TB) 
are available upon request. Table 2 
lists the AT90-0001 31 dB, five-bit at­
tenuators preliminary specifications. 
A test board for the device is shown 
in Figure 9. Figure 10 shows mea­
sured results. Full data sheets con- 
taining suggested PCB layouts are 
available on the Companys Web site 
at www.macom.com.

References
1. Shmuel Ravid, Alan R. Olsen and Gary E. 

St. Onge. “E lectronic A ttenuator,” US 
Patent 5,281,928.

M /A-CO M ,
Lowell, M A  (800) 366-2266.

Fig. 9 A lest board fo r the AT90-0001 
attenuator.
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PRODUCT FEATURE

High Efficiency 
L- AND S-BAND
Transmitters

Anew line of miniature airborne teleme- 
try transmitters has been introduced 
that uses a proprietary approaeh to am- 

plifi(*r design and features previously unattain- 
able DC-to-RF effieieneies. The breakthrough 
design utilizes GaAs FETs in a eonfiguration 
that eliminates the usual transmitter design 
trade-off of a linear regulator (very poor effi­
ciency) vs. a switching regulator (electromag- 
netic/RF interference problems).

In many telemetiy applications, the trans­
mitter represents the major portion of the cur­
rent draw and becomes the determining factor 
in flight time, range, battery sizeAveight, heat 
dissipation and other flight parameters. By 
dramatically lowering the current draw re- 
quirement, the new transmitter completely re- 
sets this trade-off equation.

Another common Situation requiring design 
compromises is an existing Systems increased 
data rate specification. For example, a require- 
ment to double the data rate of an existing Sys­
tem requires the pre-detect bandwidth of the 
receiver to double. A 3 dB gain in received 
power is needed for the link to maintain the 
original range and bit error rate.

Since lowering the low noise amplifier 
(LNA) noise figure by 3 dB is probably impos- 
sible, the system designer is usually left with 
the choices of increasing the gain of the trans- 
mit and/or receive antenna(s) or increasing

the transmitter power. Assuming the existing 
telemetiy pack system represented an optimal 
design prior to the introduction of this series 
of transmitters, the designers choices are nar- 
rowed even further to increasing the transrnit 
antenna gain (difficult due to flight con- 
straints) or increasing the receive antenna gain 
(usually very expensive).

The new line of u ltra-high efficiency 
(UHE) transmitters effectively solves this Sys­
tem design dilemma. For example, doubling 
the transrnit power from 5 W (conventional 
design) to 10 W (UIIE) actually lowers the 
current draw requirement and heat dissipa­
tion. Other link elemeiits, including the trans- 
mit antenna, receive antenna and LNA, as 
well as system elemeiits, such as battery size 
and heat radiators, remain unchanged.

Yet another Situation posing a design 
dilemma is one where higher RF power is not 
needed, but more current is required for addi­
tional processing circuitry and, of course, no 
additional supply current is available. In this 
case, changing from a conventional 5 W trans­
mitter to a new UHE model frees up nearly 1 
A of supply current.

[Continued on page ISO]
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Ék Fig. 1 Block diagram of a conventional L-/S-band transmitter.

▼ Fig. 2 Block diagram of the UHE L-lS-band transmitter.
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PERFORMANCE COMPARISON
Most conventional telem etry  

transmitters are configured similar to 
the block diagram shown in Figure 
1. A phase-locked exciter generates 
the RF carrier and determines the 
modulation characteristics. This ex­
citer drives several cascaded linear 
(dass A) amplifier stages, which, in 
turn, drive the power stage(s) operat­
ing in dass C. The power stage(s) is 
typically a Silicon bipolar transistor.

In contrast to high power bipolar 
transistors, high power GaAs FETs 
are optimized for dass A or AB rather 
than dass C Operation. While a dass 
C stage is more efficiënt than a dass 
A or AB stage in terms of DC-to-RF 
power conversion, the Situation re- 
verses when taking into account the 
much higher gain S2j of GaAs FETs.1 
Typical L- and S-band GaAs FET 
gains are 16 tol8 dB, as opposed to 
apprqximately 8 dB for Silicon bipolar 
transistors. Therefore, the power- 
added efficiency (PAE) of GaAs 
FETs far exceeds the efficiency of a 
dass C Silicon bipolar device.

A block diagram of the new UHE 
transm itter is shown in Figure 2. 
The multiple dass A bipolar driver 
stages (two stages minimally, three 
typically) and dass C power stage are 
entirely replaced by the new GaAs 
FET amplifier. The high gain of the 
GaAs FETs permits the removal of 
several amplifier stages and their at- 
tendant DC power losses.

The elimination of amplifier stages, 
the increased GaAs FET RF power 
out/DC power in efficiency (up to 70 
percent) over Silicon bipolar transis­
tors and the GaAs FET amplifier con- 
figuration significantly reduce the total 
current draw. In addition, the overall 
transmitter efficiency increases as the 
RF power output of the transmitter 
increases since the overhead current 
of the exciter represents a smaller per­
centage of the total current draw.

Performance comparisons between 
the UHE line of telemetry transmitters 
and conventional designs dramatically 
demonstrate the advantages of the new

[Continued on page 182]
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Mini-Circuits. ..we’re redeftning what VALUE is all about!

C3 Mini-Circuits ,-t.ïjL
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



PRODUCT FEATURE
WM UHE TRANSMITTER 
m  CONVENTIONAL TRANSMITTER

A  Fig. 3 Transmitter current comparison.

transmitters. Figures 3 and 4 show the 
decreased current draw and power dis- 
sipation, respecüvely, while Figure 5 
shows the increased transmitter effi­
ciency. Using these figures, the follow- 
ing examples evaluate the replacement 
of conventional telemetry transmitters 
with the Companys new UI IE line.

A change from a 10 W conventional 
transm itter to a 10 W UHE series 
transmitter with the same data rate re-

WM UHE TRANSMITTER
CONVENTIONAL TRANSMITTER

RF OUTPUT POWER (W)

A Fig. 4 Transmitter potoer dissipation 
comparison.

sults in no reduction in range, a 60 per­
cent reduction in current and 67 per­
cent less power dissipation. Changing 
from a 5 W conventional transmitter to 
a 10 W UHE series transmitter with 
the same data rate provides 41 percent 
additional range with a 22  percent re­
duction in current draw and a 35 per­
cent reduction in power dissipation. A 
similar change from a 5 W Convention-

Drop-in Isolators-Circulators

I AMP. GSM, DCS, PCS, UMTS (3G) and 
other fiequencies available

I Low Insertion Loss < 0.25 dB 

I High Isolation and Return Loss - better than -27 dB 

I Power Handling > 100 watts (forward direction)

I Solid bodies with screwed-in lids

c e  D e p e n d a b i i i t y  P e r f o r m a n c e

m  UHE TRANSMITTER 
Wt CONVENTIONAL TRANSMITTER

A  Fig. 5 Transmitter efficiency

al transmitter to a 10 W UHE series 
transmitter with double the data rate 
produces no range change but a 22  
percent reduction in current draw and 
35 percent less power dissipation. A fi­
nal example is a change from a 2 W 
conventional transm itter to a 5 W 
UHE series transmitter with the same 
data rate. This replacement results in a 
58 percent increase in range, a 25 per­
cent reduction in current draw and a 38 
percent reduction in power dissipation.

With Standard input voltage levels 
of +28 V ±4 V, the frequency-agile 
UHE 2 W design draws 400 mA 
(max), the 5 W draws 750 mA (max) 
and the 10 W draws 1.4 A (max). 
Conventional frequency-agile telemc- 
try transmitters draw 1.0, 1.8 and 3.5 
A for 2, 5 and 10 W, respectively.

CONCLUSION
A new line of UHE telemetry trans­

mitters offers designers new choices for 
System optimization. The transmitters 
are available in 2 ,5  or 10 W RF power 
levels in the Standard nine- or 11-cubic- 
inch packages (2.5" x 3.5" x 1" or 2.5" x 
3.5" x  1.3"), and in 2 and 5 W RF pow­
er levels in the five- or six-cubic-inch 
packages (2" x 3" x 0.8" or 2" x 3" x 1").

Reference
1. Tim Bambridge, “High Efficiency 5 W 

S-band Telemetry Transmitter Using Galli­
um Arsenide Field Effect Transistors,” 
Proceedings o f  the 1995 International 
Telemetering Conference, Volume XXXI, 
Las Vegas, Nevada, 30 Oct. 1995 to 02 
Nov. 1995.

Emhiser Research lnc.7 
Verdi, NV  (775) 345-2705.
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Showcase your Company 
for 12 full months with 
an online Storefront... 

compliments of 
Microsoft and VerticalNet! 

\ S e e  site for details! ^

rfglobaInet.com gives people in the 

RF/microwave industry everything they need:

• Instant buying access to thousands of vendors 

and suppiicrs the world over

• l  »limited sales opportunities through 

customi/ed Storefronts, E-Commerce 

■ Centers and other serv ices

• l in k s  to the vvorld's largest busincss-to-business 

marketplaceforelectronics: N E C X

everything you need to know about 
the RF/microwave indu§try...online

www.ifglobalnet.com
• Breaking news—-including regulatory info— 

and the latest technology

• Hot job postings and career opportunities.

All delivered on time, on target, and totally FREE. 

Become a part of the online Community th a t’s 

100% focused on the RF/microwave industry. And 
while you’re there, check out our sales-building, 

no-cost Storefront solution.

©2000 VerticalNet,IiK. All rights reservecl. k io m «  miu

■ ’ ■ . ; ■ 1 ' ' ■ :v

http://www.ifglobalnet.com


PRODUCT FEATURE

A 6 GHz Dual 
Fractional-N 
Frequency 
Synthesizer

T oday’s high performance radio Systems 
require low power and fine Step sizes as 
well as the usual low phase noise, fast 

switching and small size that have become 
prevalent in modern portable Communications 
equipment. The model CX72302 direct digital 
modulation fractional-N frequency synthesizer 
has been designed to provide all of these char- 
acteristics while featuring ultra-fine frequency 
resolution and an on-chip crystal oscillator. 
The new frequency synthesizer IC features a 6 
GHz (max) operating frequency, -80 dBc/Hz 
phase noise floor and 400 Hz or less Step size, 
making it ideal for very narrowband wireless 
applications. This performance is a direct re- 
sult of the on-chip low noise dividers and low 
divide ratios provided by the IC ’s high 
fractionality.

The IC’s ultra-fine step size is capable of 
compensating for crystal oscillator drift or IF 
filter drift using the proper temperature sens- 
ing. As a result, a simple crystal oscillator may 
be used as a reference as opposed to the 
bullder and more costly temperature-compen- 
sated or oven-controlled crystal oscillators, 
thus reducing parts count, size and associated 
component costs. The IC’s fine step size can 
also be used for Doppler shift corrections.

The crystal frequency is divided down by one 
to 32 independent programmable dividers for 
the main and auxiliary synthesizers. As a result,

reference crystals or oscillators up to 50 MHz 
may be used with the CX72302 synthesizer.

The phase detectors operate at a maximum 
speed of 25 MHz, thus permitting better phase 
noise due to the lower division value. In addi­
tion, with the high reference frequency, the 
loop bandwidth also is increased, resulting in 
improved settling time and reduced in-band 
phase noise. The lower in-band phase noise per- 
mits the use of lower cost VCOs in the system.

The CX72302 synthesizer features a 
patent-pending Frequency Power Steering™ 
circuit that assists the loop filter in steering 
the VCO when the frequency is too fast or too 
slow. In this configuration, acquisition times 
up to five times faster than conventional 
phase/frequency detectors can be achieved. 
Typical switching times of less than 100 ps are 
possible with a 10 MHz reference.

A combination of wide bandwidth, fine fre­
quency resolution and a three-w ire, high 
speed serial interface permits direct phase and 
frequency modulation of the VCO. This capa- 
bility supports any constant envelope or con- 
tinuous phase modulation, meaning any ana­
log FM or digital FM, and can eliminate the

[Contimied on page 186]
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Actual Size: 0.2” x 0.2" x 0.063' 
(5 mm x 5 mm x 1.6 mm)

VCOs are our Business!

World’s Sm allest VCO!

USSP23
(u lt ra  smal! scale  packag®

frequency output
2300-2360 MHz

control voltage
0.5-2.5 vdc

supply b ias
2.7 vdc @ 8ida, typ.

power output
0 + 3  dBm

Z~Communications, Inc.
CIRCLE 197 ON READER SERVICE CARD

phase noise
-85 dBc/Hz @ 10 kHz (typ .)

second harmonie
-15 dBc, typ.

r  i o r n / ,  TI i • / vee,  a) ; ? -/



PRODUCT FEATURE

A  Fig. 1 The CXT23M Mock diagram.

YOU DON’T HAVE TO REINVENT THE WHEEL! 
Compac has the largest selection of:

/  High Quality Low Cost 
/  Full Custom Manufacturing 

/  Off the Shelf Shielded Enclosure 
/  Shielding Capabilities to 80 dB @ 20 GHz

Front Prototype Thru Production

COMPAC
Shielding Specialists

Tel: (631) 585-3400 • Fax: (631) 585-3534 
Visit our Website: www.compac-rf.com

need for in-phase and quadrature 
digital-to-analog Converters, quadra­
ture upconverters and IF filters from 
the transmitter portion of the system. 
Figure 1 shows the CX72302 IC’s 
block diagram.

PERFORMANCE SPECIFICATIONS
The CX72302 synthesizer is de­

signed to operate over a -40° to 
+85°C temperature range from a 3 V 
DC supply and consumes 51 mW 
(typ). Under power down Operation 
the device draws typically 10 pA of 
current. The main VCO output fre­
quency range is from 800 MHz to 6 
GHz, while the auxiliary VCO output 
has a range of 400 to 1100 MHz. The 
reference oscillators frequency can 
be up to 50 MHz. The main fraction­
al-N timing step size is Fref mail/2 16 
or Fref_main/28 (Hz), while the auxil­
iary step size Ls Fref aux/210 (Hz). Both 
the main and auxiliary phase detec­
tors have a maximum operating fre­
quency of 25 MHz. The charge pump 
output source current is in the range 
of 125 to 1000 pA, and the sink cur­
rent is -125 to —1000 pA. The synthe- 
sizer’s phase noise within the loop 
bandw idth is -128  + 201og(N)

[Continued on page 188] 
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MINIATURE

S U R F A C E  M O U N T  V W s J W
The big news is Mini-Circuits miniature family of 50 to 2500MHz ROS 
voltage controlled oscillators! Each unit is housed in a shielded 
0.5”x0.5”x0.18” non-hermetic industry Standard package for highly 
efficiënt wash-thru capability, reliability, and cost effectiveness. Models 
with “PV” suffix typically operate from a 5 volt power supply and 
require 5V tuning voltage to cover the frequency range. This makes 
them ideal for integration with monolithic PLL chips and commercial 
synthesizers in the 180 to 1605MHz band. The series also features 
braad band 12V models optimized for 50 to 2500MHz linear tuning, up 
to one octave band widths, and low phase noise.
Support your customers demands for smaller size and 
better performance, switch to ROS VCO's today!

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

ROS-285PV 245-285 
ROS-660PV 640-660 
ROS-725PV 710-725

ROS-1435PV 1375-1435 5 
ROS-1600PV 1520-1600 5 
ROS-1605PV 1500-1605 5

200-380 16

ROS-1410 850-1410
ROS-1720 1550-1720
ROS-2500 1600-2500

ROS-2150VW 970-2150

12 20 12 
12 20 12

12 25 19
12 25 19
12 25 21

28 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 

1b ä  The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: \

CIRCLE READER SERVICE CAPO
ii-ciRCurrs catalog & web site



PRODUCT FEATURE

A  Fig. 2 The synthesizer’* typical phase

Fig. 3 The synthesizer’s speclral purity 
at 5.185 GHz. ’f ’

Picosecond Pulse Labs P.0. Box 44 Boulder, Colorado 80306 USA 
Tel: + 1.303.443.1249 Fax: + 1.303.447.2236 

Email: info@picosecond.com www.picosecond.com

eONCLUSION
A 6 GHz dual fractional-N fre­

quency synthesizer IC is now available 
that features ultra-fine step sizes, a 
high reference frequency, low phase 
noise, and fast switching and settling 
times. The new de vice can greatly 
simplify a digitally modulated trans­
mitter by implementing direct digital 
modulation, and its use of an on-chip 
crystal oscillator significantly reduces 
component cost and system complexi- 
ty. Additional infonnation on this de- 
vice and others in the synthesizer fam­
ily may be obtained from the Compa­
nys Web site at www.conexant.com.

Conexant Systems Inc., 
Nepean, Ontario, Canada 
(613) 274-0922.

A  Fig. 4 Direct modulation vs. conventional modulation.

supplied in a 28-pin EP-TSSOP plas­
tic package that measures 9.7 x 6.4 x 
1 .1 mm high and is designed for sur­
face mounting to a PCB.

APPLICATIONS
The CX72302 dual fractional-N fre­

quency synthesizer is part of a family 
of similar devices that ineludes the 
CX72300 (2.1 GHz) and CX72301 (1.1 
GIIz) synthesizers. The CX72302 de- 
vice is targeted for wireless local loop

(WLL) and wireless local area network 
applications, as well as local multipoint 
distribution system, multichannel mul­
tipoint distribution system and mi­
crowave radio applications. Its features 
are particularly usefiil in providing di­
rect digital modulation that significant­
ly simplifies a Communications trans­
mitter by eliminating D/A Converters, 
RF and IF filters, mixers, buffer ampli­
fiers and costly temperature-controflcd 
crystal oscillators. Figure 4 shows an 
example of a simplified transmitter 
block diagram iitilizing the CX72300- 
series synthesizer as a direct digital 
modulator. The other two models in 
the family are targeted tow'ard two-way 
radios and pagers (CX72301) and mul- 
timode cellular phone satellite hand­
sets, tuners, receivers and 3G/cellu- 
lar/PCS base station applications 
(CX72300).

40 Gb/s Low-Pass SON ET Filter 

• 40 Gb/s 14 and 20 dB Pick-Off Tees

•*-c 40 Gb/s 6 dB Power Divider 

- r  40 Gb/s Bias Tees and DC Blocks

Call us for your 10 and

40 Gb/s design needs f I f  fl ̂  P f  H Fl fl

FREQUENCY (2 kHz/div)

(dBc/Hz), while the total spurious 
power is -70 dBc. Figures 2 and 3 
show the devices typical phase noise 
and close-in spectral purity, respec- 
tively. The CX72302 synthesizer is

mailto:info@picosecond.com
http://www.picosecond.com
http://www.conexant.com


For More Intelligent 3G Wireless Amplifier and Digital Radio Testing

The CS2010 Wireless Test Set delivers an entirely new 
level of power, speed and flexibility for power amplifier 
and digital radio design. Essentially three products in 
one, the modular CS2010W is an off-the-shelf 'Virtual" 
test instrument that offers multi-carrier signal capability 

at three levels of functionality:

CS2010 Vector Signal Generator RF, IF, baseband, 
digital output. Performance exceeds any instrument on 
today's market - 50 times more memory (4,000MB), 5 
times better resolution via 14 bit D/A's, and 9 dB 
improvement in dynamic range.

CS2Q10 Vector Signal Analyzer RF, IF, baseband and 
digital input. Delivers the deepest acquisition memory 
available - 4,000MB of seamless 14 bit capture.

CS2010 Vector Signal Generator/Analvzer All the 

capability of the CS2010 VSA  and the CS2010 VSG in 
one package. By simply adding hardware and software

modules, the VSA or VSG can be upgraded to provide 
multi-path fading, smart antenna testing, bit error rate 
testing and protocol testing.

Utilizing a unique architecture, the CS2010W offers a 
completely open test environment with selection of 
functions (spectrum analysis, oscilloscope, digital pattern 
generation/analysis), along with a series of digital and RF 
multi-carrier waveform generation capabilities.

The CS2010W allows you to replace an assembly of 
stand-alone test instruments with one box that does 
everything, faster and better. At a price that makes you 
market-competitive today and grows with your needs in 
the future.

Whatever level you're involved at, your test capabilities 
should be match your technology. Let us show you how 

we can help. Check out the details at www.csidaq.com 
or call 888-274-5604 for more information.

C eler it y  T est  I n s t r u m e n t s  T a k e  Y o u  T h e r e .

Celerity Systems
an Communications Company

10411  Bu b b  Road, Cupe rtino, C A  9 5 0 1 4  • Phone  (888) 2 7 4 -5 6 0 4  • w w w .csidaq .com
___________________________________ CIRCLE 79 ON READER SERVICE CARD________________________________

http://www.csidaq.com
http://www.csidaq.com


PRODUCT FEATURE

M ultistage
D epressed
Collector
Klystrons

F inding ways to operate satellite Commu­
nications (SATCOM) high power kly- 
strons more efficiently has a double- 
edged benefit. The SATCOM transmitter uses 

less prime power, saving unintemipüble pow­
er supply capacity, and the klystron runs cool­
er, significantly improving its reliability. The 
multistage depressed collector (MSDC) high 
power klystron has been specifically designed 
for SATCOM uplink applications and features 
a collector efficiency of 60 percent or greater. 
This improved efficiency permits a prime 

Fig. J MSDC prime power r  savings 0 f  ^  to three k ^ a t t s  when
operating at tuil power. 
For low operating 
powers vinder clear-sky 
conditions, the prime 
power savings could 
am o unt to five to six 
kilowatts.

Figure 1 shows the 
prime power savings 
vs. RF output power of 
the MSDC klystron 
com pared to a Stan­
dard klystron design.

Since most klystrons operate at low RF oper­
ating powers for intermodulation considera- 
tion, tlie MSDC has the capability to provide 
maximum savings at the most likely set of op­
erating conditions. Thus, the MSDC tube 
runs cooler with the potential of a longer life- 
time than its Standard klystron cousins.

MSDC klystrons have been developed for 
both C- and Ku-band commercial satellite ser­
vice and feature a small, compact design and a 
four-stage depressed collector configuration 
specifically intended for satellite earth station 
use. Utilizing collector depression the collec­
tor heat dissipation is much reduced, tlius 
lowering the required air flow for cooling. 
This reduced air flow permits the use of small­
er AC power Systems, especially in hot, humid 
environments. Lower collector temperatures 
are key to enhancing the klystron’s lifetime.

[Continued oh page 192]

C o m m unications & P o w er  
In d u stries  C anada I n c .
(C P I C anada)

Georgetown, Ontario, Canada
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MIXED SIGNALS

Get wireless devices that speak both analog 
and digital.

When your products have to do analog and digital 
on a single chip, Samoff IC design expertise can keep 
everything clear. No crosstalk, no misunderstandings, 
just open lines of communication.

Look to Sam off s 50 years of innovation in  wireless for

•  A/D, D/A, DSP, and ASP macroblocks

•  System-on-a-chip approaches

•  High-density IC design

Choose macroblocks to embed in  your own circuits 
or have us do a complete, fab-ready IC design. We'11 
support you from concept to foundry and bevond.
Our ESD protection know-how will help you keep 
yields up and failures down.

We can supplement your in-house skills or execute the 
complete project. Look to Samoff for superior technology’, 
fast tumaround, and a  track record for designs that 
work on the first cut.

Get straight talk on mixed Signals at 609-734-2507 . Or 
check out our web site at www.sarnoflf.coin/ad/wireless

201 Washington Road
Princeton, New Jersey 08540-6449
© Copyright 1999 Samoff Corporation. All rights reserved.

iS A R N O F F
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PRODUCT FEATURE

TABLE 1
MSDC KLYSTRON TYPICAL CHARACTERISTICS

Model VKC2503B VKC2500B VKU2501B VKU2502Ä

Frequency ränge (GHz) 5.850 to 6.425 5.725 to 6.725 13.75 lo 14.50 12.75 to 13.25

Instantaneous bandwidth (Milz) 45 45 85 85

Output power (W) 3350 3350 2500 2500

Gain (dB) 41 41 49 49

Beam voltage (kV) 8.7 8.7 8.6 8.6

Beain current (A) 1.09 1.09 1.06 1.06

Body current (mA) 5 5 7 7

Ileater current (A) 6.1 6.1 4.2 4.2

Heater voltage (V) 6.0 6.0 6.5 6.5

Table 1 lists the various MSDC 
klystron models and their typical op­
erating characteristics. Both the C- 
and Ku-band klystrons are momited 
with the collector up and use perma­
nent magnet focusing. The C-band 
klystrons’ RF input connector inates

with a type-N plug, YG-21 D/U or 
equivalent, and the RF output con­
nector is a CPR 137 waveguide 
Range. The Ku-band units’ RF input 
and output ports mate with UG- 
419/U waveguide flanges. All models 
require external air flow cooling.

Communications 
& Power Industries Canada Inc. 
(CPI Canada),
Georgetown, Ontario, Canada 
(905) 877-0161.

Circle No. 301

TECHNICAL EDITOR
Microwave Journal has an opening for a part-time Technical Editor. 

Candidate should be an experienced microwave engineer 
with good writing skills.

Contact: Harlan Howe, Jr. -  Publisher 
e-mail: hhowe@mwjournal.com 

Phone: (781)769-9750
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685 Can ton  Street, N o rw ood , M A  02062
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With the right softwa 
Integration Problem Wher desigr teams ean't communicate across design 

disciplines, ifs a recipe for trouble. Today's compehtive maiketpiace demands that engineers work 

together using the same platform across DSP. analog and RF Agilent Technologies' Advanced 

Design System Software helps optimize your design process by Setting you de just that.

Advanced Design System Software allows multiple design teams to co-simulate and co-design 

in an integrated environment-using the same nterface and database. Design collabpration 

decisions happen easily and.early in the development.process. Plus, design data can be shared 

between vendors, customers, and design partners; enab.ing seamiess data Transmission.

Ali of this will nelp eliminate problems at integration time. That's no smal! benefit, considering 

■ you'l! reöuce iterations. time to market, costs and grief. Because we know yoü’re always hungry for 

ways to be more competitive.

CIRO.E 9 ON READER SERVICE CARD

Agilent Technologies
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A High Power
LDMOS
Transistor 
for Broadcast 
Transmitter 
Applications

Digitization in the broadcast world is 
paving the way for major new markets, 
such as high speed Internet access and 

mobile multimedia in-car entertainment, as 
well as high definition TV and a liuge expansion 
in program choiee. With Standards now in 
place, as well as an increasing number of com­
mercial services and rapidly maturing technolo- 
gy, broadcasters and service providers are keen 
to push forward the move to digital transmis­
siën. A unique ultra-high frequency (UHF) 
power lateral double-diffused metal-oxide 
semiconductor (LDMOS) transistor has been 
developed that cuts the cost of upgrading ter­
restrial transmitters for digital Operation.

Digital technology enables terrestrial 
broadcasters to simultaneously increase rev- 
enues and reduce costs; however, transmitter 
equipment first must be adapted. The key re- 
quirement is sufficiënt RF power — a need 
addressed directly by the model BLF861 pow­
er LDMOS transistor. Designed specifically 
for terrestrial transmitters, this new device of­
fers gready improved output power and gain 
over existing bipolar technology, dramatically 
reducing the number of amplifiers required 
and signifieantly reducing the cost per watt of 
output power for transmitter manufacturers.

The BLF861 transistor also provides excel­
lent ruggedness and linearity. In addition, un- 
like competing devices the unit covers the en- 
tire spectrum of bands IVA7, which are used 
for TV transmission worldwide (470 to 860 
MHz). This unique feature allows transmitter 
manufacturers to offer maximum flexibility for 
service providers, with transmission capability 
for all broadcast channels. Overall, the 
BLF861 transistors many advantages meet all 
transmitter manufacturers’ needs for reliable, 
eost-effective Solutions. Currently , the 
BLF861 is in volume pnxluction and is being 
used by major broadcast transmitter manufac- 
turers.

PRODUCT PERFORMANCE
The BLF861 device uses the Companys 

LDMOST technology, which utilizes gold 
metallization for reliable performance. Due to 
the nature of LDMOST, no insulator is re­
quired; therefore, toxic materials (such as 
BeO) are not used.

[Conlinued on page 201 /
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L D M O S  P r o d u c t  R a n g e  fo r  A v io n ic s  A p p l ic a t io n s

G-olden
Innovations in 
LDMOS Transistors 
for Avionics
Philips Semiconductors, one of the world’s 
leading manufacturers of LDMOS 
transistors, offers the world’s first complete 
line up of LDMOS parts designed and 
tested for Avionics applications.

The use of Philips Semiconductors 
LDMOS transistors in Avionics amplifiers 
improves design architecture by reducing 
the number of transistors and surrounding 
circuitry,

“  5  PHILIPS
cost savings.
Philips LDMOS transistors show an 
excellent thermal behavior, and an all-gold 
metallization system ensures superb 
reliability. LDMOS transistors from Philips 
Semiconductors also ensure device 
consistency in large volume production by 
using automated die attach and wire 
bonding equipment.

Plus, with a dedicated RF/microwave 
business group, local market resources, and 
the largest RF inventory in the world,
Avnet Electronics Marketing is uniquely 
positioned to be your source for LDMOS 
transistors.

Call Avnet Electronics Marketing to learn 
more about using Philips Semiconductors 
LDMOS transistors in pulsed Avionics 
applications, 1-800-332-8638. Or visit the 
Avnet Electronics Marketing gateway page 
at www.em.avnet.com/rfm/avionics.html.

Philips Semiconductors

MTNET
E le c tro n ic s  m a rket ing

M o r e  P o w e r  t o  Y ou
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i i t i i mIs.your design software so co 
glln tech support can't figure it ou

In the time it takes to get an answer, you could download the real solution. 

i  :jfea*a8  M icrow ave Office 2000. Th is high-frequency design suite was built from

, ;jPp l i B  the ground up with an interface so  intuitive you may never have to talk to 

ou r technical support representatives. And  if you ever do, you ’ll get an 

i H H  experienced engineer w ho know s the software inside out and can answer

you r questions quickly. Best of all, o u r  schematic data r r ^ --------------
Microwave

translators can even im port existing Agilent EEsof Series 

IV  o r  A D S  designs, so  you w o n ’t lose all the valuable data « f y l j L  .o . 

Download a fully-functional 30-day trial (just 20MB) that y ° u w orked  so  hard to  create. For m ore Information, »V
at ) .̂mwofficexom and stan designing today. visit www.mwoffice.com o r  call us at 310-726-3000. O ff ice  2 0 0 0
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The BLF861 transistor was de- 
signed specifically for band IV/V 
UHF transmitter applications, thus 
placing severe pressure on the tran­
sistor design to aehieve real broad­
band performance. By applying inter­

nal input and output matching, the 
broadband performance is rcalizcd. 
F urtherm ore, the target was to 
aehieve an output power of at least 
150 W in CW Operation. F i g u r e  1 
shows the unit s output power over 
the entire  UHF band. F i g u r e  2  
shows the broadband circuit used 
with the BLF861 device to aehieve 
the described performance. Apart 
from output power, other important 
requirements for an RF power tran­
sistor for TV transmitters are efficien­
cy, gain (shown in F i g u r e  3 )  and in- 
term odulation d istortion (IM D) 
(shown in F i g u r e  4).

THE NEXT STEP
The BLF861 transistor demon- 

strates exceptional performance for 
UHF transmitters. However, another 
RF power LDMOS transistor, the 
model BLF861A, is being introduced 
for two compelling reasons. First, 
LDMOST technology development is 
an ongoing process that leads to signif­
icant improvements. One of these ma­
jor improvements is the 1^ drift re- 
duetion — a well-known phenomenon 
related to LDMOST devices. New 
process improvements have signifi- 
cantly reduced this 1^  drift. Second, 
the devices ruggedness was able to be 
further improved. The existing 
BLF861 is able to withstand mismatch 
conditions of an SWR of 10. However, 
there may be failure situations in a 
transmitter where abrupt source/load 
mismatch conditions occur (for exam- 
ple, a disconnected antenna). The new 
BLF861A device can withstand these 
source/load failures under füll power 
conditions for a short period of time 
with no thermal damage. This feature 
has been implemented using an extra 
process change.

From an applications point of 
view, the differences between the 
BLF861 and BLF861A are minimal. 
This means that the BLF861A tran­
sistor can be substituted in a BLF861 
application with only minor changes. 
The Company is now in the process of 
industrializing the BLF861A device 
and plans to start volume production 
in December.

Philips Semiconductors, 
Eindhoven, The Netherlands 
(8 0 0 )2 3 4 -7 3 8 1 (US) 
or +31 40 27 82785.

C i r c l e  N o .  3 0 4

WAFERS
AVA1LABLE

For consistent tuning varactor 
performance at commercial 
prices, turn to Micrometrics. 
Our SOT-23 devices are per­
fect for VHF/UHF channels. 
Working above 1 GHz? Try 
one of our new HFSM (high 
frequency) devices. They fea­
ture rugged epoxy/alumina 
packaging and performance 
up to 8 GHz.
Visit www.micrometrics.com
to request more information 
and samples.

O
MicroMetrics

MicroMetrics, Ine.
136 Harvey Road, Building C 

Londonderry, NH 03053 
603-641-3800 • Fax: 603-641-3500 

www.micrometrics.com
8 8 8 -6 4 1 -SEMI

7 3 6 4
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COMPONENTS
■  SPDT RF Relay

The model RF 2X1 SPDT RF relay is designed 
for remote switching of VHF signals. The unit 
provides high isolation and low loss in the fre­
quency range from DC lo 900 MHz, and isola­
tion is approximatoly 60 dB with an insertion loss 
of approximately 0.5 dB. The switch is ideal for 
broadband or 1F contrei switching in cable and 
wireless Systems. Three F  connector ports are 
mounted on ene side for case of eonncction and 
placement. Eight-foot leads are provided for con­
trei voltage, and the power requirement is 30 mA 
at 12 V DC (approximately 300 mW).
Alaun Electronics,
Im  Canda, CA (888) 810-0333.

Circle No. 216

■  SP6T Radial Solid-state Switch
The model SWN-1140-6DR-DEC-SP reflec- 
tive SP6T radial solid-state switch works from 

0.5 to 18.0 GHz 
with an insertion 
loss of < 1.0 dB 
(typ) at 0.5 GHz 
and < 2.45 dB at 
18.0 GHz. Video 
transient is < 320 
mV at 300 MHz 
bandwidth and 

< 100 mV at 20 MIIz bandwidth. SWR is bet- 
ter than 2, and isolation is > 90 dB at 0.5 CIIz 
and > 40 dB at .1.8 GHz. Switching speed is < 
60 ns delay ON and < 40 ns delay OFF. Supply 
voltages for the switch are +5 V at 31.3 mA and 
-12 V at 44 mA. Weight: 2.0 oz. (typ). Size: 
1.25" x 1.25" x 0.4"
American Microwave Corp. (AMC), 
Frederick, MD (301) 662-4700.

Circle No. 217

■ SMA Phase-adjustable 
Adapters and Connectors

The Coaxieom 3993 phase adjusters offer a 
s of phase adjustment

ranges up to 18 
Gllz. A phase ad­
justment nut tliat

place after setting 
provides the user 
with incremental 
changes in elec- 
trical length at 

offered as an in-line
direct solder SMA plug for

semirigid cable. All models can also be speei- 
fied for 4.0, 8.0 or 12.4 GHz Operation. The 
units eliminate cable trimming and allow phase 
matching to be done at the final production 
stages. The 3993-1 adapter operates to 18 
GHz, with an adjustment range of 180° (min) 
and a maximum SWR and insertion loss of 1.30 
and 0.42 dB, respectively. The 3993A adapter 
operates at 4 GHz with an SWR of 1.10 (max) 
and an insertion loss of 0.2 dB. The 3993-2 and 
3993-3 phase-adjustable connectors have SMA 
plugs for 0.141" and 0.086" semirigid cables, 
respectively. Their performance is essentially 
the same as the adapters.
Coaxial Components Corp.,
Islandia, NV (800) 583-9954 
or (631) 234-4447.

Circle No. 220

■ High Power Termination

The model 150-WT-FN high power termina- 
tion was designed utilizing thermal imaging 
photography to ensure even heat distribution. 
It offers a power rating of 150 W (avg) at 25°C 
and an impedance of 50 Q (nom). The fre­
quency range and SWR are DC to 1 G llz at 
1.10 (max) and 1 GHz to 2.4 GHz at 1.25. N 
female connectors are included, and the oper- 
ating position is horizontal or vertical. Size: 
4.850" x 5.400" x  4.30". Weight: 2.5 lb.
BCP (Bird Component Products),
Largo, FL (727) 547-8826.

Circle No. 219

■ Mini Coax Connector System

The har-pak® mini coax connector system is a 
high contact density modular connection Sys­
tem using cutting-edge back plane wiring tech- 
niques. Excellent crosstalk characteristics make 
the connectors ideal for many applications in 
the wireless telecom market. N oted for its 
rugged, compact board-to-board interconnec- 
üons, the system is flexible and can accommo- 
date a wide variety of cable assemblies, such as 
SMA, SMB and N-type. The modules are 
available in various sizes, offering two to 10 
coax lines per module. Both the straight and

NEW PRODUCTS
anglcd connectors feature blind mating board- 
to-backplane RF connection and are press-fit- 
ted with flat rock tooling. The system also fea­
tures board-to-cable RF interconnection and 
float plate Solutions for blind mating of heavy 
subassemblies. Price: $28 (100).
Harting Ine. o f North America,
Eigin, 1L (877) 741-1500.

Circle No. 223

■  Miniature Monolithic 
Crystal Filter

The model ATFN6024A monolithic crystal fil­
ter offers a miniaturized package size that does 

not compromise 
the performance 
of the three-pole 
crystal filter 
housed within. It 
is specifically de­
signed for usc in 
m u l t i m  o d e 
phone, digital 
TDMA, two-way 

radio and telecommunieations infrastructurc 
applications. In addition, the filter offers in- 
creascd functionality and operates in the 73 to 
135 MHz frequency range. I t can be cus- 
tomized to operate at higher frequencies. Size: 
3.8 x 3.8 mm.
CTS Corp., E lkhart, IN  (800) 757-6686.

Circle No. 221

■ 14-position Coaxial Switch
The model 5E1J-5808 14-position coaxial 
switch developed specifically for the automat- 

ed test equipment 
m arket is best 
used as a  building 
block to provide 
various switching

tions are  switch 
matrices and 

switchable filter banks. The SPI4T switch is 
normally open and has an operating voltage of 
24 V DG over the DC to 13 GHz (upgradable 
to 18 GHz) frequency range. SWR is 1.6, inser­
tion loss is 1.6 and isolation is 50 dB (min). 
Dow-Key Microwave Corp.,
Ventura, CA (805) 6.50-0260.

Circle No. 222

■  30 A Power Relays
The AZ2700 series power relays have the ca- 
pacity to handle up to 8310 VA plus 4 kV di-

them ideal for a 
wide variety of 
applications from 
HVAC to UPS 
Systems to mi­
crowave ovens. 
Mounting options 

include PCB, E bracket, screw' and panel 
mount. Connections are PCB or 0.250" quick- 
connect. Price: $3.79 (1000).
American Zettler Ine.,
Aliso Viejo, CA (949) 831-5000.

Circle No. 218 
[Continued on page 204]
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-  V a s i a y

with Focus-M icrowaves Instrum ents and equipment.

■' _■ : .. ^  ' -c;- -
i rt f ire na re inciuded in evéfy Focus 

product.

Fo m ore info matio a s / I a s  technic i ra ur 
related to Focus-M icrowaves and its products, visit 

adsite at:

iwaves.com

0.2 to  50 G H z C o ax ia l M u ltio c tave  
26 .5  to  110 G H z W av e g u id e  
A ccu ra te  and  R e liab le  
SW R to  2 0 0 :1
S e le ct iv e  H arm on ie  Tu n in g  - up to  60 GHz! 
H igh P o w er

Th e M ost A dva n ce d  T e st S o ftw a re  A v a ila b le  
In c lu d e s  S -p a ra m e te rs , IV  cu rve s , TRL, 
Plo ts , and M ore...
W in d o w s Load Pu ll and  H arm on ie  Te stin g  
S o ftw a re , C a lïb ra tio n s , G ra p h ics , H PV ee , 
L ab V ie w , A D S ...

0.1 to  50 GH z  
A PC -7 , N, 7 /1 6 , 3 .5 , K, 2.4  
A ccu ra te  and  R e liab le  
V ery  Easy  to  u se

M u ltioctave, 0 .4  to  50 GH z  
High S W R  w
H ig h ly  R e p e atab le  
P re m atch in g  C a p ab ility

M odular, T R L  C a lib ra tïo n  
S u p p ort M ost T ra n s is to r  P a ck a g e s  
Ex tre m e ly  Low  Loss  
H igh P o w er

970 Montee-de-Liesse, Ville St-Laurent, Quebec, H4T 1W7 
Tel: (514) 335-6227 Fax: (514) 335-6287

E-mail: info@ focus-microwaves.

F o c u s  o n  th e  F u tu r e  o f  M ic r o w a

The Future is com ing into Focus.
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The incxlol 12321 32 x  32 output solid-state 
matrix switch features a DC to 24 MHz fre­
quency bandpass, crosspoint verfication, and 
RS 232C and IEEE-488 interfaces. Typical ap­
plications o f the  non-blocking full fanout 
switch include routing NTSC video, HF anten­
na Switching and automatic tesüng. Size: 5.25" 
x 19.00" x  25.00'!
M atrix Systems Corp.,
Calabams, CA (818) 222-2301.

Circle No. 226

■ Low Cost Coaxial 
Power Interconnect

The PowerDireet™ low cost coaxial power in­
terconnect delivers high currents as close to

Haverhlll Cabie and Manufacturing

SBDBS

B.) H CM C  has design and engineering 
capabilities to produce custom delay 
lines to meet specific packaging and 
performance requirements.

Haverhlll Cable and Manufacturing Corp.

TEL (978) 372-6386 - FAX J978) 373-8024

R O. BOX 8222, Haverhlll, MA 01835

Q u a l i t y  C r a f t e d ,  

F u l l  S e r v i c e

M a n u f a c t u r i n g

A.) H C M C  manufactures and stocks 
fully tested Standard straight semi-rigid 
and flexible assemblies which tan be 
hand formed. We also provide cable 
assemblies to customer specification.

C.) Utilizing our manufactured 
cable H CM C  is providing miniature 
interconnect components to meet 
customer specified requirements for 
surface mount applications on printed 
circuits and microwave Substrates.

204 CIRCLE 49 ON Hi AOi R SFRVICF FARH

resistancc path 
from the power 

} its des-
t. The current carrying capacity is 50 A, 

providing transients (slew rates) as high as 400 
A/jis with a miniuial required board area of 
only 0.11 square inches. PowerDireet tcchnol- 
ogy combines a high performance coaxial inter- 
connccl wiih an optimal PCB layout patteru to 
provide a cost-effective solution for power de- 
livery directly to high performance sernicon-
ductor devices. Benefits include low PCB sur­
face and interplane area and improved PCB 
routability. There are scvcral intcrcormcct 
methods for the PowerDireet including plate- 
through-bole screw and surface-mount tech-

INCEP Technologies lnc.,
San Diego, CA (858) 547-9925.

Circle No. 224

■  50 and 75 Q
Rotary Step Attenuators

The models MDC2017 (50 U) and MDC2717 
(75 fl) lotary step attenualors offer the user a 

sclcclion of fre­
quency covorage, 
step size and <ly-

Dual concentric 
a ttenuators are 
also available, 
w here the outer 
control knob 
steps in either 0.1 
or 1.0 dB steps, 
depending on the 

model. All units are available for panel mount- 
ing, or two or more units can be supplied cas- 
caded for bench-top Operation. Connector op- 
tions include SMA, N, BNC, TNC and F  (75 Q 
units only).
M1DISCO,
Islandia, NY (800) 637-4353.

Circle No. 228

■ Japanese Band CDMA Duplexer

The model WSD-00179 high perform ance 
Japanese band CDMA duplexer offers low in­
sertion loss and excellent selectivity in a small 
size. It is configured with a transmit passband 
of 832 to 870 MHz and a receive passband of 
887 to 925 MHz, and features 1.5 dB (max) in­
sertion loss and 15 dB (min) return loss within 
each passband. The unit offers chaiincl-to- 
channel isolation of 70 dB (min), with trans- 
mit-to-antenna rejection of 20 dB (min) from

[Continued on page 206] 
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DC to 810 MHz, 70 dB (min) from 887 to 925 
MHz and 50 dB (min) from 925 to 2775 MHz. 
Antenna-to-rcccivc rejcetion is 70 dB (min) 
from DC to 870 MHz and 50 dB (min) from 
1000 to 2775 MHz. Applications include filter­
ing for pico, micro and macrocell base station 
installations, and general-purpose handset or 
equipment test Systems. Size: 4.65" x 4.20" x 
2.75", cxcluding type N-F connectors.
KirL Microwave Ine.,
Salisbury, MD (410) 749-2424.

Circle No. 225

M International C-band
Bandpass Filter

The model 11383 international C-band vvave- 
guidc bandpass filter is installed between a

RF JUMPER CABLES

Molded Boots for Superior Environmental 
ihanicai Protection 

dßc P IM  (Dynam ic Test M ethod) Factory 
Tested/Guaranteed per IEC  SC46.WG6 
1 0 0 %  Factory Tested (VSWR/ Insertion Loss) 

meter, 7 -1 6  to  7 -16 ,1 /2” Super Flexib le Jum per 
( q iy iQ p ie c e s )

M M

6611 BayCircle,Suite 100,Norcross,GA 30071 Tel:770-263-6326 - 'Fax:770-263-6329 
www.spinnema.com * e-mail: sales@sprnnerna.com
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telovision roceivo-only foedhom and the low 
noisc amplificr or low noise block to suppress 
stroug out-of-band interference caused by ma­
rine or airpori radar Systems. The filter lias an 
insertion loss of 0.5 dB (typ) at the center fre­
quency and 1.25 dB (max) (1.0 dB typ) at 3.6 
and 4.2 Gllz. Suppression is 25 dB (min) at 
3.55 and 4.25 GHz. The Hanges are rectangu- 
lar CPR229G (grooved) and CPR-229F (flat). 
The unit measures 5.375 inches long (flange to 
Hange) and is also available in lightweight alu- 
minum construction (model 11383AL). 
Microwave Filter Co. (MFC),
East Stjracuse, N Y  (800) 448-1666 
or (315) 438-4700.

Circle No. 227

■ Ultra-thin Frequency Mixers
The model ADE-1MH ultra-thin 0.108" fre­
quency mixers cover the 2 to 500 MHz fre­

quency baud. At 
midband,

' low

" S nd
5.2 dB convi 
loss (typ) 
good 50 dB L-R, 

^  45 dB L-T isola­
tion (typ). The 

mixers are patent-pending and level 13 (LO). 
Price: 85.95 caeh (10-49).
Mini-Circuits,
Brooklt/n, N Y (718) 934-4500.

Circle No. 229

■  Low Intermodulation Isolator
The model INA-0808 isolator operates over the 
869 to 894 MHz frequency range with an 

insertion loss of 
0.2 dB (max), Iso­
lation of 25 dB 
(min) and SWR of 
1.2 (max). In ter­
modulation is < 
- 1 10 dBc and the 
operating tetnper- 

ature range is —40° to +60°C. SMA female con- 
ncctors are prorided. Size: 1.50" x 1.50" x 0.75" 
Narda-an L-3 Communications Company, 
Folsom, CA (916) 351-4550.

Circle No. 231

H Miniature Transformers
Uns new family of miniature RF transformers is 

/ of impedance ratios and 
— operates over wide 

frequency band- 
widtlis from 500 
kHz to 1.5 GHz 
while maintaining

________ __ ___________ a flat ftcquciicy re-
sponse, These small, surface-mount transformers 
are used to match impedanees, step-up/step- 
down voltages and create DC isolation, as well as 
couvert Hie circuit from balauced to siugle end- 
ed. The miniature package makes diese trans- 
fonners ideal for space-constrained RF appliea- 
üons, including cable modems, sel-lop boxes, 
wireless and cable network infrastructuro equip­
ment, and otlier liigh frequency communieation 
Systems and Internet devices. The transformers 
are available with and without centertaps in both 
DC-isolating and non-DC-isolating configura- 
tions. Size: 0.15" x 0.15" (3.81 x 3.81 mm). Price: 
99e (10,000).
Pulse, San Diego, CA (858) 674-8100.

Circle No. 232

[Continued on page 208] 

MICROWWK JOURNAL ■ OCTOBER 2000

http://www.spinnema.com
mailto:sales@sprnnerna.com


AßCCMElectronics

New i n t e g r a t e d  m u l t i - c h i p  
s w i t c h  m a t r ix  p r o d u c t s .

P a t e r 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 c k  & p l a c e  a u t o m a t io n .

New PHEMT s w i t c h e s  and 
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 , lo 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 io n  
t e c h n o l o g y  and  f a b  c a p a c i t y  
to  meet t o d a y ’ s  m a rk 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  and  
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and  d e f e n s e  i n d u s t r i e s .
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Designing for the future of.
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■  IMD-free Diplexer
The model W1840D diplexer was designed 
free of iiiteruiodulation distortion (IMD). 
Standard dual +43 dBm input Signals produce 
less tliau 140 dBc of IMD. The unit covers 
full PCS bauds with < 1.2 dB insertion loss. 
Band centers RX/TX Isolation is > 90 dB. Re­
turn loss on the W1840D is > -16 dB and pow­
er capability is > 50 W. SMA or typc-N connec- 
lors are available. Size: 2.0" x 2.0" x  9.0" 
Wireless Technologies Corp.,
Springdule, AB (501) 750-1046.

Circle No. 239

■ Single Junction Isolators
These isolators are designed for high perfor­
mance, AMP, GSM, DCS 1800 and PCS 1900 

frequency bands, 
and provide bet­
te r than 25 dB 
isolation, < 0.25 
dB insertion loss 
and 25 dB (min)

the -10° to +85°C

range. The units 
are ideal for use 

in base station combiiiers, amplifiers and other 
filter Subsystems, and can handle up to 70 W 
reverse power. They are designed using strip 
line teehnology and have a solid body with a

|p**9*^ High isolation 
fp^performance UTSi* CMOS p ro c e s s* ^  

2X Bulk CMOS speed for same geometry 

Low voltage Operation— 1 Volt or less 

High quality passives— R, L, and C  (Qs>20) 

Low cost, high density EEPROM

! SCT23 
sMSOP

Ultra-Low Power Frac-N Dual P L L s
PE3291-PE3293

ad TSSOP

Peregrine Semiconductor 
Corporation

W orld 's Best S ing le  Supp ly  CM O S RF Sw itches 
P E 4 2 K  (+7dBm) PE4220 (+2ldBm ) PE4230 (+31dBm)

Industry ’s Lowest Pow er RF P resca ler 
r'1 3 5 0 1 - 3.5GHz D ivide by 2

U ltra-Low Phase N o ise  Integ-N P LL s  
PE3236 (2.2GHz) (2.2GHz) PE4336 (3GHz)

U ncom prom ised R F  perform ance on CM OS and 
High perform ance mixed Signal Integration

SCrewed-in lid. Designs are free of NdFeB 
magnels. Large quantities are available on 
short notice and at eompetilive prices.
SDP Component» Ine.,
Pointe-Claire, Quebec, Caiuula 
(514) 428-8749.

Circle No. 233

■  Bulk Cable Products
The Vital links™ series flexible cablcs offer a 
wide range of options specifically designed to 

provide extra per­
formance margins 
for applications 
with demandiug 
sp e c if ic a tio n s . 
The DB and SI

nomical perfor­
mance upgrade 
over Standard 
RC178, RG316 
and KG142 ca­
blcs. The SVV se­
ries is a cost-effee- 

tive, microporous PTFE cable group offering 
much better flexibility and performance than 
solid TPFE cables. The KW series is a  flexible, 
high power and ultra-low loss cable group. 
KW800 lias a loss factor of only 2.2 dB/100 feet 
at 1 GHz and can be formed by band into a 
four-inch-diameter loop without using special 
mandrcls or bending apparatus. The IIP series 
offers excellent SWR performance and low loss 
for applications up to 50 GHz.
Semflex Inc., Mesa, AZ (800) 778-4401.

Circle No. 235

■  Multilayer Chip Inductors
The HK series liigh Q-value multilayer chip in- 
ductors rcducc EMI, increase battery life and 

improve overall 
efficiency in cell 
phones, pagers, 
notebook PCs 
and o ther prod- 
ucts em ploying 
high frequency 
circuits. The in- 
ductors also fea­
ture 100 percent 

silver internal conductors, advanced dielectric 
ceramics and unique fabrication techniques to 
aehieve superior price/performance character- 
istics in small case sizes. They offer extremely 
low DC rcsistance values, from 0.04 to 1.10 Q 
(typ). The series is surface mountablc and 
available on tape and reel for liigh speed man- 
ufacturing. Price: 3c to 8c per piecc (depend- 
ing on part) in OEM quantities.
Taiyo Yuden (USA) Inc.,
Schaumburg, IL (847) 925-0888.

Circle No. 238

■ RF Coaxial Connectors
Tliis line of C-series coaxial connectors handles 
up to 3000 V peak and is designed for liigh 

voltage semicon- 
ductor. wafer pro­
cessing, sputter- 
ing and research 
applications. The 
connectors fea­
ture overlapping 
Teflon dieleetrics 

to provide a longcr electrical leakage path.

I

[Continued on page 210]
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NEW
PRODUCTS

w hich allows them  to  h an d le  up  to  3000 V 
peak. Male and female designs for both sem i­
r ig id  an d  f le x ib le  c a b le s  a re  av a ila b le  in  
straight, right-angle and bulkhead configura- 
tions. M anufactured in accordance with M IL- 
STD-348 and M IL-C-39012 specifications, the 
connectors can be m ade with Tm Lustre, silver- 
or nickel-plated brass or aluminum shells, and 
silver- or gold-plated brass, phosphor bronze or 
b ery lliu m -co p p er c e n te r  conductors. P rice: 
$19.95 each , dep en d in g  upon configuration 
and quantity.

Tru-Connector Corp.,
Peabody, MA (800) 262-9878 
or (978) 532-0775.

Circle No. 237

■ High Power Stripline 
Mountable Circulators

These high power, low loss tab-m ount circula- 
to  p ro te c t solid- 

sta te  c ircu its  are 
av a ila b le  o v er a 
10 p e rc e n t m in i­
m um  b an d w id th  
in the 1 to  3 G Hz 
frequency  range. 
V arious m o d e ls  
c o v e r  IF F , PC S

tors and  isolators designed

M I C R O W A V E
C O R P O R A T I O N

"Solid State of the Art" Satellite Microwave Technology

SSPA MICROWAVE CORPORATION is a recognized leader in the microwave so lid  
state p o w e r a m p lif ie r  industry.

We have over 23 years experience in designing and manufacturing SSPAs for 
telecommunications, aerospace and military applications worldwide.

S S P A  M i c r o w

✓  Available frequency range of 1 GHz 
to 18 GHz

✓  C-band SSPAs: Output power up to 
300 W

✓  Ku-band SSPAs: Output power up to 
125W

✓  Single o r  re d u n d a n t Systems.

a v e  F e a t u r e s

✓  SSPAs available as modules, indoor 
raclc-mount assemblies, or outdoor hub- 
mount assemblies.

✓  Standard product line or customized 
units for your particular specifications 
and needs

✓  Competitive prices!

Put our expertise and experience to work for you. 
Call us today for a quotation!

SSpQ MICROWAVE CORPORATION
7420 Pacific Circle, Mississauga, Ontario, Canada L5T 2A4 

Tel.: (905) 565-0558 4* Fax: (905) 565-0588 
e-mail: marketing@sspamicrowave.com 

Website: http://www.sspamicrowave.com

and radar bands. The units are rated  at 300 W  
CW  and 3 kW peak power, and typically p ro ­
vide greater than 20 dB isolation, 0.2 dB loss 
and 1.25 SWB. SMA connectors are an Option. 
Size: 1.25" x  1.33" x  0.75".
UTE Microwave Inc., Asbury Park, NJ 
(732) 922-1009.

Circle No. 266

■ High Frequency Coaxial 
EMI Filters

T he dual-polar series solder-in style high fre- 
quency coaxial EM I filters are available in C- 

a n d  L -se c tio n s  
a n d  o f f e r  E M I 
suppression from 
1 M H z to  10 
G H z . T h e y  a re  
id e a l  fo r  th e  
satellite construc- 
tio n  m ark e t, fo r 

high volum e usage in te s t and  m easurem ent 
equipm ent and for microwave repeater appli­
cations. The dual C- and L-section filters re- 
place two individual filters, decreasing the size 
and weight o f the Systems in  w hich they  are 
used, thereby reducing overall costs. The series 
m eets M IL-PR F-28861 Standards an d  is of- 
fered with a working voltage o f either 50, 100 
or 200 V DC and a m inim um  capacitance of 
10,000; 2700 and 5000; or 100, 500 and 1000 
pF, respectively. Price: $3 to  $5 (1000). 
Sierra-KD Components,
Carson City, NV (775) 887-5700.

Circle No. 236

Ü

AMPLIFIERS
■  S-band, Solid-state 

RF Amplifier
T he model SSPA 2227-80 high power, S-band,

■
 (SSPA) covers in 

ex cess  o f  500 
M H z o f  b a n d ­
width from 2.2 to 
2 .7  G H z . T h is  
dass AB SSPA of­
fers g re a ter than  
30 dB of gain and 
a m inim um  o f 70 
W  a c ro ss  th e  

band . Typical o u tp u t pow er from  2.3 to  2.7 
G Hz is greater than 100 W. T he am plifier of­
fers 35 percent efficiency (typ) across the band 
with a noise figure of < 5.0 dB. Input/output 
SWR is b e tter than 2.0, and the unit operates 
from+12 V DC over a  -40° to  +85°C tem pera- 

tu re range. Size: 4.00" x  8.25" x  2.50". 
Aethercomm Inc., San Marcos, CA (760) 
598-4340.

Circle No. 240

1 3 V  GaAs PA Driver Amplifier
T h e  m o d e l R F 2 3 6 7  low  n o ise  C D M A / 
TD M A /G SM  PA d riv er am plifier has a fre ­
quency range of 150 to  2500 M H z and is opti- 
m ized  fo r O peration  in  th e  D C S an d  PCS 
ban d s fo r ap p lica tio n s  w h e re  low  tra n sm it 
noise pow er is o f concern. In  addition to its use 
as a DCS/PCS driver amplifier, the new  IC  can 
also be used  for a  variety  o f  applications in- 
cluding W LAN or o ther wireless Systems in the

[C o n tin u e d  on  p a g e  212]
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We know your 

control and test 

requirements: 

Fast, Accurate, 

Cost effective.

For more than 40 years our customers have placed their confidence in our instruments, Systems 
and software for reliable, accurate and fast test and control performance.

From satellite and wireless Communications to industrial Controls, energy, transportation and 
medicine, Ml Technologies' instruments and software provide fast, accurate and cost effective 
Solutions across the test and measurement spectrum.

Want Proof?

• Our MI-1797 Microwave Receivers handle data at 10,000 measurements per second with more 
than 90dB dynamic range

• Our MI-4190 Position Controllers are the most precise control units for any motor-driven device you can buy

• Our MI-3100 Synthesized Sources offer a wide range of Signal generation capabilities from .01 GHz to 
more than 100 GHz

• Our open architecture MI-3000 Data Acquisition and Analysis Workstations lead the industry 
in speed, accuracy, and flexibilrty

• Our MI-3610 Amplitude Measurement Systems offer the fastest, most economical Solutions for design 
and production testing of PCS and Wireless antennas available today

For fast, accurate, cost-effective control, test and measurement Solutions contact Ml Technologies.

T e s t  w i t h  C o n f i d e n c e

T i  M T ~ T

Technologies
1 Y 1 X ,

Ml Technologies 1-800-848-7921 iS
e-mail: sales@mi-technologies.com

intnirmtive• C o m p o n e n t s  • C u s to m e r  S u p p o r t  • E M I/ E M C  • In d u s t r ia l  C o n t r o ls  • R C S  • R a d o m e s

mailto:sales@mi-technologies.com


NEW PRODUCTS

APPLICATIONS

L o w  N o i s e  B l o c k ( L N B )

Broadcast Satellite Communications 
Ka-band Military Applications 
Ka-band VSAT Terminal

Typical Specifications
Input Frequency Band; 19.7 to 20.2 GHz
L.O. Frequency: 18.75 GHz
Output Frequency Range: 950-1450 MHz
Noise Figure: 1.5 dB at +25°C
Input Return Loss: 18 dB
Conversion Gain: 58-62 dB
Gain Flatness: <1 dB
Output VSWR: <2.0:1 into a 75 Ohm
Power Requirements: +10-20V DC, 200mA
Operating Range: -40°C to +55°C

Feature
* Superior low noise figure 
» Waterproof guaranteed
*  Low gain flatness
» Superior input return loss
*  Environmentally protected
*  Single & dual mode possibility

Noise Figure Data

C ustom  specifications w elcom ed

y s  <

SPA G I KoSPACE Co., Ltd.
San 136-1 Ami-ri, Bubal-eub, Ichon-si, 
Kyonggi-do, 467-860, South Korea 
Tel: +82-31-637-8395 
Fax: +82-31-637-7792 
E-mail:sales®kospace.com

visit our website at www.kospace.com

B ést Quality 
Low est Price 
F astest Delivery

ISO9001
R e g is t e r e d

2.4 GHz ISM band. Operating front a single 3 V power supply, the 
RF2367 features adjustable bias current, a high intercept point and pow­
er down control. The devices performance at 1880 Milz includes 21.5 
dB gain, +24 dBm ouput IP3 and 2.2 dB noise figure.
RF Micro Devices, Greensboro, NC (336) 664 1233.

Circle No. 241

ANTENNAS
■ Indoor/Outdoor Antenna
The model DB794CM5N-KU indoor/outdoor ceiling-mount, single- 
monopole, corner reflector antenna features high direetional gain with 
reliable coverage of up to three bands, including GSO1800, PCS 1900 
and UMTS frequenties in the 1710 to 2200 MHz range. The antenna 
was specifically designed for high capacity pedestrian yenues that re- 
quire reliable mass voice and/or data Communications. Typical applica­
tions include walkways, concert halLs and convention centers. lts light 
weight and compact size allow the DB794CM5N-KU to be inconspieu- 
ously situated indoors with minimal disruption to its surroundings. 
Weight: 0.5 lb. Size: 5.0" x 5.0" x 5.0'!
Decibel Products, Dallus, TX (214) 631-0310.

Circle No. 242

■ High Gain Direetional Panel Antenna
The model PCW24-01518-BFL 18 dBi panel antenna covers the 2.4 to
2.5 GHz frequencies and provides 15° of horizontal and vertical 
beamwidth. Size: 15.75" x 15.75" x 4.00".
IID  Communications Corp.,
Systems Croup, Ronkonkoma, NY (631) 588-9661.

Circle No. 265

■ Microwave Heater Horn
The model 0023-800 high power hom for

mple dimensions c; 
avey Engineering 
mhroke, MA (781) 829-4740.

use in industrial microwave 
2450 MHz and features a special throat 

geometiy that creates waveguide modes for 
ver)7 uniform near-fiek! power density. In 
use, materials to be heated or dried are 
placed a short distance from the hom aper- 
ture and heating occurs mueh more uni- 
forrnly than with a Standard hom, elirvnnat- 
ing hot spots and optimizing process con­
trol. The 0023-800 is designed for sample 
dimensions up to 12" square, thongh other 
commodated on order. SWR is 1.08 (max).

■sim

Circle No. 234

DEVICES
■  Miniature Ultra-flat Schottky Detectors

ultra-flat detectors utilize a zero-bias Schottky design.
: extremely small compo- 

nents, reducing pack- 
age parasitics and tran- 
sition mismatches. The 
design results in a very 
low SWR and a flat, 
smooth output over a 
wide bandwidth. Op- 
tions available include 
negative o r positive 
output, choice of three 
output connectors and 
Operation to 26.5 GHz. 
The detectors operate 

L5 GHz frequency range with 100 mW input power

2T2 PFAhFP «ircvirr. \ iin tf> w ,m .' OPTORFR

http://www.kospace.com


(max). Tim operating temperature range is 
55° to +100°C with video resistance of 5000

RLC Electronics Inc.,
Mt. Kisco, VY (914) 241-1334.

Circle No. 244

High Voltage

40 V, 0.6 pF RF 
for use as a level 
detector in wire- 
less handsets and 
for general-pur- 
pose sw itching 
applications. I t is 
packaged in the

miniature SC-79 package, and is designated for 
low cost, high volume applications. Price: 170 
(100,000).
Alpha ltidustriex,
W obum, MA (781) 935-5150.

Circle No. 243

■  Low Capacitance, 
Schottky Diode

The model SMS3925-079 
Schottky diode is designed

■  Detector

The model STZ500 detector for telecommuni- 
eations and wireless applications operates over 
the 0.01 to 18.0 G llz frequency range. It lias a 
positive output polarity and a video load of > 1 
MQ. In addition, the STZ500 handles an input 
range of 0 to 20 dBm over a temperature range 
o f-55° to +125°C.
Signal Technology California Operation, 
Sunnyvale, CA (408) 773-3744.

Circle No. 245

HARDWARE
■  Crimp Tools

cables size 400 
and smaller. The 
C T - 4 0 0 / 3 0 0  
works with all 
LMR-400 and 
LMR-300 cables 
and crim p-stvle

connectors while the CT-240/200/100 is com­
patible with all LMR-240, LMR-200 and 
LMR-100 cables and crimp-style connectors. 
Crimp dies are integral with both tools. LMR 
cables are flexible, non-ldnidng low> loss RF 
transmission line cables that utilize easy-to 
-install connectors and are suitable for use as 
antenna feeders, system jumpers and intercon-

Times Microwave Systems,
Wallingford, CT (203) 949-8424.

Circle No. 246

INTEGRATED
CIRCUIT
■  Common Mode Logic IC

The model SY5581 AnvCatc™ Common Mode 
Logic (CML) IC can bc coufigured as any of the 
nine most common tvvo-input logic functions, 
providing unparalleled flexibility for designers of 
ultra-high speed Systems. It is capable of being 
configured as either AND, NAND, OR, NOR, 
XOR. XNOR, DELAY, NEGATION or 2 MUX. 
Operating from a wide voltage range of 2.3 to 5.7 
V, die Outputs are guaranteed to toggle to at least
2.5 GHz. The part uses CML logic leveLs for all 
I/Os and is compatible with legaey PECL and 
LVDS interfaces. Price: $10.80 (lOOOf). Deliv- 
eiy: stock to eight weeks (ARO).
Micrel Inc., San José, CA (408) 944-0800.

Circle No. 247

PROCESSING
EQUIPMENT
■ Integrated Assembly

and Manufacturing System

The model 7323 integrated assembly system 
provides a comprehensive all-in-one solution 
for the precision manufacturing of microdis- 
plays and liquid-ciystal displays (LCD). With 
LCD dimensions as large as 2" square, it is weU 
suited to the manufacturing of personal and 
projection microdisplays and LCDs for person­
al clcctronics displays, wearable computers, 
head-mounted displays and mobile plumes. By 
performing parallel operations, die system pro- 
duces throughputs as high as 250 units per 
hour (material presentation and process de- 
pendent). The 7323 tightly integrates tacldng, 
alignment, bonding and unloading operations. 
Designed for use as either a complete stand- 
alone production cell or as part of an overall 
autornated production environment, the Sys­
tem uses a flexible Windows NT*-bascd pro- 
gramming and control environment. 
Microjoin, Poway, CA (858) 877-2100.

Circle No. 249  
[Continued on page 214]
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PRODUCTS
H Solder Stencil Capability 

for PCB Production
A solder stencil capability lias been added to 
the company’s environmentally fricndly Sys­
tems for the production of prototype circuit 
boards. Stencils ensure the.' application of pre- 
cisely defined amounts of solder paste to PC 
boards for optimum SMD connections, replac- 
ing compressed air techniques that often result 
in bubbles and bridges. A typical stencil can bo 
produeed in less than 10 minutes, which allows

NEW
it to be used for short run prototyping work in 
design labs. Stencils accommodate pads as 
small as 10 mils in diameter with a minimum 
pitch of 20 mils between pad centers. Stencil 
thickness can be selected in the range from 3 
to 5 mil. To complete the assembly, a ZelFlex 
Stretching frame is included to mount the sten­
cil for precise positioning. A low cost pick-and- 
place system is also available to automate com- 
ponrnt a s s c Ä  ..
LPKF Laser ér Electronics,
W üsonviüe, OR (800) 345-5753.

Circle No. 248

■  Automated Installation System
The CRESCENDO™ installation system is de­
signed for automatic, rapid and accurate in-

When you need to satisfy
the radst critica! . ' :
performance,
size/wéight and
reliabiüty requirements,
our complex IMAs can combine
all the components you need to
complete your subsystem.

Send for our 
* newlMA 
brochure todayl

1  GENERAL MICROWAVE
M B  a /h e r i e y j  C om pany

General M icrow ave  Corporation 
425  Smith Street • Farmingdale, N Y  11 735-1198 

TEL: 631-630-2000  • FAX: 631-630-2066 
http://www.GeneralMicrowave.com

slallalion of 
CORE-SHIELD® 
EMI gaskets. It is 
iutended for high 
volume application 
of EMI shielding 
gaskets, protective

and 'the'rmal'inter­
face products used 
in hand-held 

portable devices. The system is the lastest tech- 
nique avtiilable for EMI gasket application, with 
installation ratos of up to 12 cycles per minute. 
With a compact design, it can be integrated with 
automated assembly lines to fmnimize or elimi-

W.L. Gore Associates, 
Newark, DE (302) 738-7880.

Circle No. 258

SOFTW ARE
H Harmonie Balance Simulator

, •

s: r  je* ” ■ Eaĝleware

frszfy ~ 1 HC > - -i’ >'£|̂
Ä  JÉ I __*

1 j f iF ’i i
The IIARBEC harmonie balancc nonlincar 
simulator allows the designer to specify any 
number of fundamental tones for analysis and 
to co-simulate EM, linear and nonlinear cir­
cuits. The engine also uses artificial intclli- 
gence techniques to find and incorporate the 
best convergence strategy. In the GENESYS 
design environment, EM, linear and nonlinear 
circuit co-simulation is nearly transparent. Bc- 
hind the sccncs, GENESYS automatically rec- 
ognizes the lumped components, removes 
them, adds internal ports and runs the EM 
Simulation. The multiport data are transparent- 
ly included in a circuit tlieory Simulation. Once 
the initial design is complete, the lumped com- 
ponents can be interactivcly tuned or aütomat- 
ieally oplirnizcd at high speed. This capability 
brings the accuracy of EM Simulation to the 
design of nonlincar circuits. Price: $4990. 
Eagleware, Norcross, GA (678) 291-0995.

Circle No. 250

I Guided Scalar 
Measurement Software

This guided scalar measurement software al­
lows tlie 6800 series scalar and system micro­

be configurcd so 
that unskilled op­
erators can simply 
and precisely per- 
form complex or 
repetitive  mea- 
surements. It al­

lows the instruments to be customized for 
short-run production rneasurements on com- 
p ts sse nblies and subsystems, for cable 
and waveguide installation rneasurements in 
aircraft and ships and for radio link feeder test-

MTCRnWAVI.' 1 ■  nr-Tniii n o

http://www.GeneralMicrowave.com


ing. The software also allows for sensitive mca- 
surement parameters, such as frequency, to be 
suppressed. Once set up, the software uses a 
series of sereens to guide the operator in: se- 
lecting the pre-defined measurement or test 
such as insertion loss, return loss or fault loca- 
tion; setting the relevant measurement options 
for accessories; calibrating the instrument; con- 
nccting the device under test; and carrying out 
the desired measurement. Price: $990.
IFR Systems Inc.,
Wichita, KS (800) 835-2352 
or (316) 522-4981.

Circle No. 251

■  RF Analysis Softw are

SpurFinder 2.02 helps a designer to evaluate 
various frequency conversion schemes and 
provides a quick idea of the pre-selection and 
post-selection filter rejection requirements for 
the conversion scheme. It also draws a mixer 
spur chart showing the output frequencies of 
all mixer spurious products for a given range of 
frequencies. The latest version includcs many 
improvements, such as the new Shder Bar, 
which Iets the user slidc a cursor across the in­
put frequency range, and a table displays the 
output mixer spurious products and tlieir fre­
quencies in real time. The designer can also 
use this program  to piek the conversion 
schcmc with the best spurious performance. 
Price: $129 or S29 for an upgrade to Version 2. 
R.A. Wood Associates,
Vtica, NY (315) 735-4217.

Circle No. 252

SOURCES
■  M in iature  O C X O s

The 270 double oven controlled ciystal oscillator 
(OCXO) series rivals rubidium clock per­

form ance and 
drops into a Stan­
dard European 
CO-08 footpnnt. 
Available with an 
output frequency 

between 4.8 and 90 MHz and utilizing a fuD-size 
TO-8 qüartz resonator, the oscillator performs to 
the stability required for Stratum II and He, 
GPS and TDMA PCS applications. The device 
operates over a -30° to +70°C temperature 
range with steady-state power consumption of
5.5 W (typ). Typical HF output is +9 dBm ±2 dB 
sinewave (into a 50 f2 load) with < -30 dBc har­
monies and -80 dBc spurious levels. The 270 se­
ries is also ideal for phase noise related issues, 
delivering -100 dBc/Hz at a 1 Hz offset and 
-155 dBc/IIz at a 10 kHz offset for a 5 MHz 
unit. Size: 1.423" x 1.071" x 0.765'! 
MTI-Milliren Technologies Inc., 
Newburyport, MA (978) 465-6064.

Circle No. 253

■  Surface-m ount D T C X O

The QED 110-AH/BH digital compensation 
tem pera ture-contro lled  crystal oscilla- 

(DTCXO)

-pack and handset militar

radios, the unit operates with a supply voltage 
of 3.3 V DC (5 V upon request). It is available 
in a frequency range from 1.25 to 110 MHz, 
and current compensation is as low- as 4 mA for 
the 3.3 V models, depending on frequency. 
The phase noise door is -150 dBc/IIz and the 
overall phase noise performance is matched to 
the  frequency stability achieved. The 
QED 110-AH/BH has a low aging rate, which 
in the first year is < ±1 PPM (typ) and ±4 PPM 
(typ) total aging in 10 years. Size: 0.79" x 0.51" 
x 0.39'!
TEMEX Components.
Phoenix, AZ (623) 780-1995.

Circle No. 254

SUBSYSTEMS
■  l -Q  V ecto r M odu la to r

The model 732811 I-Q vector modulator oper­
ates over a frequency range of 6 to 18 GHz and 
includes an enhanced modulation rate of > 50 
MHz via 12-bit ECL control inputs for both I 
and Q channcls. In addition, its high perfor­
mance eharacteristics include an attenuation 
range exceeding 60 dB, with Variation of ampli­
tude vs. temperature of 0,04 dB/°C (max). Op-

+70°C, the unit provides a füll 360° of phase 
shift, absolute insertion phase accuracy vs. 
frequency of ±15° and a Variation of phase vs. 
temperature ±2°C (max). Size: 6.00" x 3.12" 
x 0.50".
General Microwave Corp.,
Farmingdale, NY (631) 630-2000.

Circle No. 255

■  Low  Cost, H igh Perform ance  
Synthesizers

The CFS IIP series synthesizers feature phase 
noise of -100 dBc/Hz at 10 kHz offset at C 
band, as well as a tunable C band or Ku band 
and a fixed L band. The units are built with a 
low profile construetion and can be fitted with 
a parallel or serial interface. Applications in­
clude use in dual-conversion up- and down-

Miteq Inc.,
Hauppauge, N Y  (631) 436-7400.

Circle No. 256

[Continued on page 216]

H ighly Integrated Solution 
Linear Efficiënt Power 
5 0  Ohm M atch

S ingle, Positive Supply 
Operation as Low  as 3 .2 v

InGap HBT Technology 
6 m m  Square Package 
V 2 The B oard Space

F f s q j e r c y  3 2 4 - 8 4 9  M H z  '. 8 5 - 1 . 9 1  G H z  
O u ‘pu ’ P p w e r  2 8  5  d B m  2 8  0  d B m  

?  L  n e3 r E ffic ie ncy
A n a lo g  6 0 %
D igita l 4C °- 3 5%

|| Q u ie s ce n t  Cu rren t 5 0  m A  5 0  m A
H  G a in  3 0  d B  3 0  d B

3236 Scott Boulevard 
Santa Clara, CA  95054 

Ph: (408) 986-5060 • Fax: (408) 986-5095 
e-mail: truetrlangle@ celeritek.com  

www.celeritek.com
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PRODUCTS
SYSTEM
■  D ig ita l M icrow ave Radio

The 3000 series SONET/SDH digital m i­
crowave radio features the XPIC (cross-polar- 
ization interference eancellor) teclmology that 
allows transmissiën on both the horizontal and 
vcrticäl polarity of any given frequency pair, 
making it possible to transmit up to 16 155 MB

NEW
OC-3s in the 6 GHz band. Tins makes the ra­
dio one of the highest capacity long-haul mi­
crowave products on the market and offers 
network operators a complete solutkm by ac- 
commodating OC-3 needs with the llexibility 
to transport up to 48 DS3s or 1344 DSls. The 
radio also features a modular design, various 
Systems applications, excellent threshold/inter- 
ference ratio and Standard automatic transmit­
te r  control, synchronization flcxibility, ad- 
vanced Operation, administration, maintenance 
and provisioning, as well as low power con-

NEC America Inc.,
Irving, TX (888) 632-9283.

Circle No. 257

Find the right RF 
connector, right now.

See new and featured products. 

Find what you need with the 
Connector Finder— search by 
characteristic with interactive help.

D ownload catalog information.

Learn RF connector terms 
and functions.

Go to
all this and more. Z ) E L m

P.O. Box 53, Beverly, MA 01915 

I S O  9 0 0 1  C E R T I F IE D

TEST EQUIPMENT
■  RF V ector N e tw ork  Analyzers
The PNA series RF vector network analyzers 
combines fast measurement speed, low noise, 
dynamic rangt; and eomprehensive automation 
and Connectivity. It is an entirely new family of 
instruments designed to exploit state-of-the-art 
technologies and incorporate the Windows® 
2000 Professional operating system, which 
links the measurement environment with the 
PC environment. The instruments combine 
fast sweep speeds, wide dynamic range, low

direct acccss and 9 GHz frequency coverage. 
The Windows operating system provides die 
full power of network Connectivity and allows 
designers to use a variety of tools for automat­
ed test, such as COM/DCOM and program- 
rriing languages, as well as MicrosoftT applica­
tions for the post-processing of measurement 
data.
Agilent Technologies,
Polo A lto, CA (800) 452-4822, ext. 7127.

Circle No. 259

I  D irect Receiver Access M ode ls

The models MS4622C and MS4623C direct rc- 
ceiver aecess (DRA) models are members of the 
Companys Seorpion® family of vector network 
measurement Systems (VNMS). Both allovv in- 
creased flexihility in testing amplifiers not con- 
veniendy handled by other models and can use

[Continued on page 218]
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TOOLS
O F F  T H E  SH E LF  

D E L IV E R Y  F R O M  
O U R  V A ST  

IN V E N T O R Y
HIGH POWER MODULATORS 

HIGH POWER RF SOURCES 
HIGH VOLTAGE POWER SUPPLIES

R A D IO  R E S E A R C H
IN S T R U M E N T  C O ., IN C .

584 N. MAIN ST., WATERBURY, CT 06704

CIRCLE 147



RF/IF MICROWAVE COMPONENTS

“D O -IT -Y O U R S E L F ” lO d B  C O U P E E R  
L O W E R S C O S T S
Mini-Circuits TCD-10-1W -75 needs only a 
commercially available extemal chip resistor, 
and a complete 10 to 750M Hz 75 ohm 
direetional coupler is realized. Designed for 
automated manufacturing to lower costs, 
this rugged “do-it-yourself” SM  coupler 
provides 10.5dB ±0.5dB nominal coupling 
(±0.7dB max. flatness) with 1.4dB mainline 
loss and 18dB directivity typical midband. 
The 50/75 ohm TCD  family contains 9  units 
with 9 to 20dB coupling for 5 to 1000MHz.

U L T R A -T H IN  0 .0 7 ” M IX E R  
P E R F O R M S  1 6 0 0  T O  3 2 0 0 M H z  
The M BA-18L level 4 (LO) frequency mixer, 
part of Mini-Circuits patented family of 
Blue C e ir  mixers, operates over 1600MHz 
to 3200M H z with 2 4dB  L-R, 16dB L-l 
isolation and low 6.5dB midband conversion 
loss (all typ). The Blue Cell™ mixer series 
delivers a unique combination of performance 
repeatability, low conversion loss, superb 
temperature stability, thin profile, and very 
low cost. This model is ideal for satellite, 
G P S, WLAN, and P C M C IA  applications.

5 W  T Y P E - N  A T T E N U A T O R S  
F O R  D C  T O  1 8 G H z  
Mini-Circuits family of broadband DC to 
18GHz precision fixed attenuators contain 
15 models with nominal attenuation values 
from 1 to 10dB plus 12, 15, 20, 30, and 
40dB. Built tough to handle 5W  average 
with 125W  peak power, these small 
1.90” units exhibit high temperature 
stability, outstanding phase linearity, and 
excellent VSW R. Equipped with stainless 
steel Type-N Male/Female connectors. 
Model number is BW -NXW 5 substituting 
X  with desired value.

C E L L U L A R  B A N D  A M P L I F I E R  
I S  L O W  N O I S E  S O L U T I O N
Mini-Circuits announces a new 25dBm 
(typ. output at 1dB comp.) medium high 
power 50 ohm amplifier ideal for cellular 
applications in the 800 to 900MHz band. 
The ZQ L -900M LN W  typically displays 
ultra-low 1.2dB noise figure and high 
+41 dBm IP3 to suppress intermodulation 
products. Gain is 27dB (±1.8dB flatness) 
and VSW R  is 1.3:1 in/1.4:1 out (all typ). 
This tough built coaxial amplifier is 
equipped with SMA-Female connectors 
and operates within -40°C to +70°C (max.).

L I N E A R  T U N IN G
Mini-Circuits ROS-1200W  voltage controlled 
oscillator performs in the 612 to 1200MHz 
band targeting cellular and test equipment 
applications with low -139dBc/Hz S S B  
phase noise typical at 1 MHz offset, wide 3dB 
modulation bandwidth typical at 20MHz, 
and 26-68MHz/V (typ) tuning sensitivity. 
Housed in a miniature 0.5”x0.5”x0.18” 
industry Standard surface mount package, 
typical power output is 10dBm. Harmonies 
is -28dBc typical (specified to the fourth).

B R O A D B A N D  2  W A Y  S P L IT T E R  
S P A N S  2 0  T O  3 0 0 0 M H z  
Designed to split a  Signal 2ways 0°, the 
1 watt (max. input as Splitter) ZA P D -30  
power splitter from Mini-Circuits covers 
the broad 20 to 3000M H z frequency 
band. This SM A-Fem ale  coaxial unit 
d isplays 0.1 dB  amplitude and 1 degree 
phase unbalance (typ), plus low 1.1 dB 
insertion loss (above 3.0dB) and 16dB 
isolation typical at midband. Housed in a 
rugged metal case, applications include 
UHF TV/DTV, aircraft radio navigation, 
and PCS/Cellular/GSM. Value priced.

C 3  Mini-Circuits*
New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product Information see MINI-CIRCUITS CATALOG & WEB SITEP.O.Box 350166. Brooklyn. I



PRODUCTS
an extemal test set selected by the user. In addi- 
tion, they have the ability to measure nonlinear 
effects in mixers, enhaneed antenna mcasure- 
ments over the GPIB and high power ampli- 
fiers, inaking them both complete high perfor­
mance measurement Solutions. The MS4622C 
provides measurement capabilities from 10 
Milz to 3 GHz and the MS4623C provides the 
same measurement capabilities from 10 MHz to 
6 GHz. Both can include a second synthesizer 
for ease in intermodulation distortion and multi­
ple test port rneasurements. Price: $28,500 for

NEW
the MS4622C and $33,500 for the MS423C. 
Delivery: six to eight weeks (ARO).
Anritsu Co.,
Microwave Measurement Division, 
Richardson, TX (800) 267-4878.

Circle No. 260

I  Handheid M icrow ave Oven  

Leakage M eter

The model HI-1801 microwave oven survey 
meter provides an easy and inexpensive way for 
public health agencies and services technieians 
to check for microwave leakage. Durable, com­
pact and portable, the instrument is not sus- 
ceptible to damage caused by excessive fields. 
The HI-1801 provides 2450 MHz frequency 
response with 0 to 10 mW/cm2 and +1 dB ac-

H i g h  R e s o l u t i o n  T e l e c o m  

C u s t o m  C o m p o n e n t s

Need STclIer mrcroärcuttry er... 

micron-leve! meral parts? W e  cen ée'pü!

'Öreuitry, Coiis and Inducfors with 5-m icror trace: 

High aspeef-ratio micromechcnicol parts with... 

2-micron features.

HfMETRIGRAPHICS’
D R C j DIVISION OF DYNAMICS RESEARCH CORPORATION>IV<S!ON OF DYNAMICS RESEARCH CORPORATION

»VATJVE SOLUTIONS TbROUGH ?EOP:E AMD TECHNClOGT

50 CONCORD STREET, WUMINGTQN, MA 01887 

978/658-6100 • FAX: 978/657-7765 * 800/261-2557 

E-Mail: metsales@dre.com • WEB: http://www.drc.com

curacy. Response time is 2 to 3 seconds and 
maximum power density 2 W/cm2 continuous. 
Size: 2.87" x 4.2" X2.21:'
Holaday Industries Inc.,
Eden Frairie, M N  (877) 465-2329.

Circle No. 271

■  Photodiode M eter

The model 2500 photodiode meter is designed 
for testing of laser diode modules (LDM), and 
has the capability for very fast low lcvcl current 
measurement, optica! power measurement and 
extended voltage output. It also provides more 
targeted functionality for testing and Control­
ling LDM than any comparable instrument. 
The model 2500 has a space-saving footprint 
and has been fine-tuned to provide the essen­
tial features, high speed and repeatable perfor­
mance nceded for efficiënt production testing 
in the rapidly growing LDM industry. The 
built-in picoammeter can resolvc currcnts as 
low as 10 femtoamps, which supports more 
prccisc dark current measurement. The archi­
tecture of the model also supports greater 
measurement flexibility and includes a built-in 
±10 V/±100 V voltage source that offers the ex­
tended ränge needed lo power a variety of 
user-selected photodetectors, including large- 
area and avalanche types. Software drivers for 
Lab VIEW™ and LabWindows™CVI are avail­
able with the model 2500 for easier develop­
ment of test programs and test software pack- 
ages. Price: $7995. Delivery: four to six weeks. 
Keithley Instruments Inc.,
Cleveland, OH (888) 534-8453.

Circle No. 261

I Pow er M e te r
model 9000B low cost, high perfor

• Jäi

m easure power 
levels from -39 to 
+20 dBm and

from 100 kHz to 
40 GHz. The 
pow er m eter is 

ïplctely port­
able and can be used for swept measurement. 
It is designed to offer excellent measurement 
speed at all power levels, auto zero and dB rel­
ative mode, and Operation on internal re- 
chargeable batteries that offer 
hours of Operation, and inclut 
fast batten7 charger. The 9000B has a built-in 
50 MHz, Ó dBm reference oscillator and V/dB 
output port for swept scalar measurement Sys­
tem and auxiliary display and bus reading when 
used with aDVM.

Sunnyvale, CA (408) 734-5999.
Circle No. 262

[Conlinued on page 222]
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a Wide Range of
Q uality  A tte n u a to rs

Step-Rotary / Continuously Variable / Fixed Coaxial

Designed by KMW for consistency and stability, these Attenuators will be your first choice for 
building wireless communication system applications

Step-Rotary Attenuators
Product Code No.

Insertion Loss (Max.)

Nominal Impedanc«

Average Power Handling

Temperature Range

KAT 2D04S AOOO KAT1D04SA002

M a ke-Before-B reak

SMA(F) / Right Angle SMA(F)

1.925*1.567*2.224

KAT1304CA001

Continuously Variable Attenuators

Product Code No.
Atype : KAT13O4CA000 
B type : KAT1304CA001

Frequency Range DC - 1GHz 1 ~ 2GHz 2 - 3GHz

Insertion Loss (Max.) 0.15dB 0.3dB 0.35dB

VSWR (Max.) 1.25:1 1.25:1 1.25:1

Attenuation Range (Min.) 13dB @ 2GHz

Nominal Impedance 50 ohm

I/O Port Connector SMA(F) / SMA(F)

Average Power Handling 2W @ 2GHz / 25°C, without Heat-Sink

Temperature Range -55"C -  +85°C

Dimension (inch) A type : 1.496*1.102*0.457 
B type : 1.224*1.102*0.457

■  Fixed Coaxial Attenuators are available
N-type, SMA-type Connectors

13921 Artesia Blvd., Cerritos, CA 90703-2202 
1 -800-8320-KMW • www.kmwinc.com 
tel: 562-926-2033 • fax: 562-926-6133

Y%. IWl W
& Microwave Products

http://www.kmwinc.com
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J R  Stea/th Microwave
A Dtvtslofi of SS8 Techndoglas inc.

1007 Whitehead Road Ext Trenton, NJ 08B38 
Tel: 809-538-858B ♦ Fax: 609-538-8587 

Email: sales@ssbtBch.com 
Visit us on the Web: www.ssbtech.com

CIRCLE 171

SLHCL AKKfSTKK

ICITEL,

CIRCLE 158

Microwave Filter Co., inc.

■  _ I  2.0-2.3 GHz

■  - 1  Drop-in w/
W  Internal Loadm 20dBisolation 

0.5dB ins.loss

100 MHz-19.5 G H z C O A X/D R O P -IN  

IS O L A T O R  / C IR C U L A T O R

JAPAN: Amtechs Corp. 81-3-5450-5311

CIRCLE 2

(T S A T
Ru to L-band Transceiver, 2 W

• Microcontroller 
Two cables Interface:

• Rx IF, 10 MHz ref and 24 DC
• Tx, HPA on/off

For more Information:
Tel: +47 23 03 73 60 • Fax: +47 23 03 73 6l 

e-mail: info@tsai.no

CIRCLE 188

FILTERS A N D  DIPLEXERS

SPEC IALISTS  IN 
CUSTO M  DESIGNED  

SATELLITE  SW ITCHES

WR137 WR112 WR75
U P  T O  4 0  G H z

High Performance, High Quality 
at Low Cost

FILÏ1L MICROWAVE INC.
342 Aimé Vincent,

WeiureuiFDorion, ®ueb©c, Canada, J7VSV5 
TEL (450) 455-6032/FAX: (450) 424-5819

SECTOR MICROWAVE 
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 11729 
(516) 242-2300 • FAX: (516) 242-8158 • Telex: 673-2151 

• Coax & Matrix Switch Assemblies Available

Personal
Probe

Station

V ery  Low  C o st  
H igh  Fu n ct io n

A Probe Station On Every Bench
CIRCLE 71

mailto:sales@ssbtBch.com
http://www.ssbtech.com
mailto:info@tsai.no


M C f i o w x J Z
R F  C o n n e c to rs  •  C a b le  A ssem b lie s  * R esisrive P r o d u c ts

As a le a d e r  in  t h e  m ic ro w a v e  in d u s try , o u r  
RF C o n n ec to r , C ab le  A ssem bly  a n d  R esistive 
P roducts Division has  over 40 yea rs  of proven 
h ig h -q u a l i ty  p e r fo rm a n c e . We d e s ig n  a n d  
m a n u fa c tu re  RF c o a x ia l  c o n n e c to r s ,  c a b le  
a s s e m b l ie s ,  a t t e n u a to r s  a n d  te rm in a t io n s .  
From custom  designs to  S tandard  o ff-the-shelf 
p ro d u c ts , w e ca n  m e e t th e  m o s t d e m a n d in g  
re q u ir e m e n ts  o f t h e  a e r o s p a c e ,  d e f e n s e  
electronics, satellite an d  w ireless com m unication 
m arkets. Call us a t  561 -840-1800.

$vj Micflow/iJfc
Commercial Products Group
O ur C om m ercia l P ro d u c ts  G ro u p  sp e c ia liz e s  
in "h ig h -v o lu m e , c u s to m - d e s ig n e d ” p a s s iv e  
m icrow ave c o m p o n e n ts  fo r th e  w ire le ss  an d  
b ro a d b a n d  m arkets. O ur com petitively  p r ic e d  
p ro d u c ts  in c lu d e  m ix ers , IQ m odu lato rs an d  
d e m o d u la to r s ,  d i r e e t io n a l  c o u p le r s ,  p o w e r 
S plitters, p h a s e  sh ifte rs , a t te n u a to rs , h y b r id s  
a n d  tra n s fo rm e rs . Let our experienced team  of 
e n g in e e r s  fu lfill a ll y o u r c o m p o n e n t  d e s ig n  
requirem ents. Call us a t 727-541-5800.

www.svmicrowave.com

http://www.svmicrowave.com


NEW PRODUCTS
■  C e llu lar Phone Production  

Test System

The TS7100 cellular phone production test system is a ready-to-go solu- 
i of mobile phones to both present and up- 
coming Standards. The integrated open Sys­
tem platform TSVP has 31 slots for test 
cards based on CompactPCI and PX1 in- 
dustiy Standards. The software library with 
GSM, CDMA and AMPS scqucnccs covers 
all common mobile radio production tests. 
The TS7100 is compact and easily integrat­
ed into existing production lines.
Rohde <1? Schwarz GmbH and Co., 
Munich, Germany 
+49 89 4129-13779.

Circle No. 263

I  R ugged  Tem perature Probe
This rugged temperature probe provides high accuracy temperature 
sensing under the harshest conditions. The integrated stainless-steel sen- 

“ * sor weU/hermetically sealed connector is
resistant to molsture, Vibration, mechanical 
shock, temperature shock and eonosive en­
vironments. It is available in both thermis- 
tor and Pt RTD element versions; several 
options are available for connector type and 
probe style.
Sensor Scientific Inc.,
Fairfield, NJ (973) 227-7790.

Circle No. 264

XEMOD, INC.
Xemod, Inc is a dynamic, closely-held, pre-IPO designer/manufacturer of semiconduc- 
tors for the wireless industry, with needs in Tempe, AZ and in Sunnyvale, CA. They seek 
Engineers with this experience:

SR. RF/RF DESIGN ENGINEERS
To design/develop amplifier circuitry to 3.5GHz. Senior Engineers need a BSEE and 8 +  
years, including extensive RF/Microwave circuit design experience, and should be famil­
iär with various modulation formats used in commercial wireless applications. RF Engi­
neers need a B SEE  and 2 +  years related experience, with LD M O S a plus. Both levels re- 
quire knowledge of RF CAD tools, good analytical skills and solid bench experience.

SR. RFIC DESIGN ENGINEER
To take a  hands-on role leading the development of a  new line of RFIC products for the 
wireless infrastructure market, covering baseband processing to RF power am pie rs. 
BSEE, or equivalent, and 5 +  years related experience is required, which must include 
knowledge of RFIC CAD tools; experience with LD M O S is a plus.

SR. DEVICE ENGINEER
Experienced with process/device Simulation software (Suprem, Pisces, etc), and who 
can perform device layout utilizing layout software (L-Edit preferred). You should be able 
to work with foundries to provide support with parameter extraction of the devices, and 
be able to write technical documentation of newly developed test chips. B S  in Engineer­
ing or Physics (M S  preferred), with 3 +  years related experience and good communica- 
tion skills required.

SR. PACKAGING ENGINEER
To lead the effort to develop new, cost-effective, high performance packaging for high 
volume commercial manufacturing. This will involve: defining new materials, mechanical 
design, analysis, and testing of the packages. BSME, or equivalent, and 8 +  years related 
experience, including RFIC/hybrid packaging design, and familiarity with common analy­
sis tools and CAD packages.

For more on these great job opportunities at X EM O D, or to apply on-line, visit 
www.aztechjobs.com, or send your resume to:

^  - T c r u  4131 N.24th St, Phoenix, AZ 85016 
I  £ V . I 1  email: resumes@aztechjobs.com. 

Recruitment Co. Call 800.790.8710 • Fax 602.955.9639

www.aztechjobs.com
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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 tom orrow ’s 
advanced communication infrastructure equipment.

^  With pow er to spare, giving you freedom from 
B r “"* design constraints, this amplifier was designed and 
WL-* manufactured using state-of-the-art Gallium Arsenide 

heterojunction bipolar transistor (GaAs HBT) 
process technology. These devices are ideal for use as a 
driver stage for power amplifiers installed in cellular PCS 
infrastructure equipm ent and conform to TDMA,
CDMA and PCS 1900 modulation Standards. The SXT-289 
operates from a single 5VDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89 
with backside ground.

For more information on the SXT-289 or any o f our 
o ther products, visit our website today and experience 
RF Innovation from Stanford Microdevices.

L *  STRNfOHD  
E l MICRODEVICES

www.stanfordmicro.com • 800-764-6642

http://www.stanfordmicro.com


In  “The Design o f  Interm ediate L inear Phase Band­
pass Crystal Filters in Semilattice Form ,” a technical fea­
ture by Mark Mell that appeared in the August issue of 
Microwave Journal, Tables 2 and 3 contained several er- 
rors. The corrected tables appear below. In  addition, in 
Appendix C a j term  was missing in the first Ya(s) equa- 
tion. I t  should read

, s 1.730769s2 + 0.4267183 -  j0.8875740s
Ya s = -- -----------------------------------f ----------------

s'5 + 1.331361s -  j0.5769231s- -  p.4267183

ERRATA
crowave Low Xoise Amplifiers and Systems” by Maurice 
Toolin, the  defmitions for S± and S2 on page 82 should 
read

51 = voltage amplitude of P2outA normalized to PA
52 = voltage am phtude of P3imA normalized to PA

Also, P2outA(P1out -  P2out) is recorded as 30.5 dB. On 
page 90 in Appendix A, the final equation should read

Kp(°/dB) = 13.2 log 1[ Flill + ° ~ Pintj

In  the same issue in the  article “A Simplified Approach 
to D eterm ining AM/PM Conversion C oëfficiënt in Mi-

IMPLEMENTATION OF THE PARTIAL SYNTHESIS PROCEDURE

Pole Locations
-0.335733689 + j0.90131941 
-0.335733689 -  jO.90131941 
-0.646039867 + jO.49841682 
-0.646039867 -  j().49841682 

-0.748995671 + j0.174020484 
-0.748995671 - j0 .174020484

Ya = -

Sdected Pole Locations 
-0.335733689+ J0.90131941 
-0.646039867 -  jO.49841682 

-0.748995671 + j0.174020484

-  jO.90131941) (s + 0.646039867 + j0.4!
(s + 0.748995671 -  j0.174020484)

{1.730769 -  jO.57692311) s2 + (1.331361 -  j0.SS757401) s 
+ 0.4267183 -j0.42671831 

M+jN

wkere N denotes all odd real terms, jN all odd iniaginary terms,
M all even real terms and jM all even imaginarv terms

M = 1.730769s2+ 0.426718 jN = -j0.8875740s 
N = s3 + 1,331361s jM = -jO.57692311 s2 -  j0.4267182

1.730769s- +Ü.4267133-P-8875740S 

+1.331361 s-j0.5769231s2-j0.4267183 

0.59518825 0.75378601 0.38179497
(s-jl.33483227) (s+jl .05960567) (s-jO.30169648)

_ -jl.3348322 
’ 0.59518825 

xb_  jl-0596056 
0.75378601 

_ - p ,30169648 
'  0.38179497

Xa = -

Xc=~—

TABLE III

Low-pass Valncs from Tablc 2
$, = 21.4 MHz La = 1.680141 Xa = -j2.242706
BW = 100 kHz Lb = 1.3266:37 Xb = jl .4057114
R = 2000 ß  Lc = 2.619207 Xe = -j0.7902054

fa = f(.
BW Xa 

’ ~2~ jLa

w u . , , , -  1 • .
2 jl .680141

Thcn: 
r R U
Lta = -------

itBW

f  ̂ _ (2Q0ü)*(l.68014l)

Ti 100* 10'"

Lta = 0.010696 fa = 21.46674*106

Siibstituting Lb/Lc for La and Xb/Xc for Xa yields 
Ltb =  0.0084456 fb = 21.34702 • IO6
Ltc = 0.016674 fc = 21.41585 •  106
Fmally, Cta, Ctb and Ctc are determined as 

Cta = ’

|4 | (o.o 10696)^21.46674*10®)' It2 JJJ
Cta = 5.139* IO-15 Ctb = 6.582 *10-45 Ctc = 3.312* 10-15

W hat can you find at www.mwjournal.com?

FREE FREE
i x

O n - L W F  M A N ü m C l J Ü J ^ ^ S  \

Use this invaluable reference4ou^:e for locating Companies, 
their products and serviCesdfcyéur Company in the directory?
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0.25  ( 0 0 1 0 )  

0 .5  (0.020 )

3.20  (0.125 )

3.20  (0.125 ) 

6 .3 5  (0.250 ) 

9 .5 0  (0.375 )

12 .7 0  (0.500 )

3.20  (0.125 ) 

6 .3 5  (0.250 ) 

9.50  (0.375 ) 

12 .7 0 (0.500 )

3.20  (0.125 ) 

6.35  (0.250 ) 

9 .5 0  (0.375 ) 

12 .70 (0.500 )

6.35  (0.250 ) E n g ïn e e re d  S o lu t io n s

Thickness 

mm ( inch)

Width 
mm ( inch)

Looking for EM I gaskets 
that conform to your needs 

but won't stretch your budget?

GORE
/4v Richardson 
W  Electronics

Richardson Electronics has cost-effective, off-the-sheif Solutions for your 

ÈM I shielding needs - Gore-Shield 'tEMj gaskets.

Gore-Shield™ EM I Gaskêts are soft, conformabfe, and 

provide a dust and water tight seal. These gaskets 

feature an integral coflductive adhesive. taut 

remain easyto appiy. Gore-Shletd™ 

are field repairable, 

cannot be damaged by 

over coróRression and 

öfter reliable/consistent 'v 

performance with no change 

in shietóing over time.
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cost savings.
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re q u e s t  it o n lin e . It's a s  
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■ P rod uct  B rochure

This six-page brochure features EMI shielding 
products, such as EMI gaskets, conductive sili- 
cones, conductive yam over elastomer gaskets, 
wire mesh gaskets, elastomer gaskets, combi- 
nation gaskets, EMI shielding tape, shielded 
Windows, air vent panels and metallized fab- 
rics. Product photographs, descriptions and 
contact Information are included.
Advanced Performance M ateriah (APM),
St. Louis, MO (800) 843-4556 
or (314) 344-9300.

Circle No. 200

■ M icrom achined  Integration 
Technology  B rochure

This brochure on pmlntegration™ (microma­
chined integration) technology sliows the ben- 
efits and applications of the latest technology 
and products being released. It includes infor­
mation on the (imlsolation™ (micromachined 
isolation) IC-based approach to digital isola­
tion, as well as the [IinRelay™ (micromachined 
relay) technology.
Analog Devices Inc.,
Wilmington, MA (800) 262-5643.

Circle No. 201

■  RF D esign  M odule B rochure

This four-page brochure describes the compa- 
ny’s RF design module, which extends model- 
ing capabilities to high frequency analysis. 
Screen shots, characteristics, features and a list 
of supported operating Systems are included. 
APLAC Solutions Corp.,
Helsinki, Finland +358 9 5404 5000.

Circle No. 202

■ Electronic C omponent S upplier 
B rochure

This brochure features the Companys new logo 
and contains a list of its product line, suppliers, 
MIL specs and clients. A Company profile, cat- 
alog request form, contact information and a 
distributor update are also included.
BTC Electronic Components,
Raleigh, NC (800) 526-2828.

Circle No. 203

■ C ompany  B rochure

This four-page brochure provides an OverView 
of the newly formed Company and its products. 
Focused on providing various semiconductor 
system Solutions for Communications clectron- 
ics, the Company offers wireless Communica­
tions Solutions, network access Solutions, digital 
infotainment Solutions, personal imaging Solu­
tions and personal computing Solutions. Con­
tact information is included.
Conexant Systems Inc.,
Newport Beach, CA (800) 854-8099.

Circle No. 204

■ P rod uct  Data Sheet

This two-pagc data sheet describes a variety of 
procurement products for distribution, purchas- 
ing, outsourcing supply management and kitting. 
Product photographs and overviews and a listnig 
of the Companys product line are included. 
Delaire USA,
Manasquan, NJ (732) 528-4520.

Circle No. 205

NEW UTERATURE
■ Crystal O scillator D ata Sheet

This two-pagc data sheet features the model 
FE-101A OCXO subminiature oven-controlled 
commercial quartz crystal oscillator. The unit 
warms up to stabilized frequency in less than 
two minutes with temperature stability of 5 x 
10-8 at 50°C. Füll specifications, technical 
highlights, available options and an outline 
drawing are included.
Frequency Electronics Inc.,
Mitchel Field, NY (516) 794-4500.

Circle No. 206

■ Sem iconductor Data Sheet

This data sheet provides information on the 
eompany’s S- and L-band radar products as 
well as its avionics and MOSFET products. 
Part number, frequency band, ouput power, 
voltage and pulse width/duty factor are Üstcd. 
The sheet also includes the Companys mission 
statement and quality policy.
Integra Technologies Inc.,
E l Segundo, CA (310) 606-0855.

Circle No. 207

■ R eference G uide

This 12-page reference guide (Conneciing Mulü- 
ple Converters, PowerPage™ 44) describes how 
to connect multiple DC-to-DC Converters to 
makc complete power supply Systems. The guide 
also details some cautionary areas such as switch­
ing frequency synchronization and controlhng 
multiple power Systems with a single switch. 
Powercube,
Chatsworth, CA (800) 866-3590.

Circle No. 208

■ Pro d uct  B rochure

This four-page brochure features dielectric res­
onators, ferrite materials and dielectric Sub­
strates. Product photographs, descriptions, and 
a Company and facilities overview are included. 
Product applications and contact information 
are also Üsted.
TBAK Ceramics Inc. (TCI),
Hagerstown, MD (301) 766-0560.

Circle No. 209

■ R F  C onnector C atalog

This 12-page catalog features the company's 
full line of QDS series quick-disconncct RF 
connectors for use with telecommunications, 
semiconductor and test equipment. The prod­
uct line combines the performance of type-N 
connectors with a fast on/off capability that 
mates securely without bayonets or threaded 
nuts. Technical drawings, product descriptions 
and specifications are included.
Tru-Connector Corp.,
Peabody. MA (800) 262-9878 
or (978) 532-0775.

Circle No. 210

■ Prod uct  B rochure

This six-page brochure features devices, build­
ing blocks, jammer amplifiers, command trans- 
rriit systems, Communications products, replace- 
ment amplifiers and special applications. Prod­
uct photographs, descriptions and specifications 
are included, as well as a Company overview.

San José, CA (408) 434-3600.
Circle No. 211
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Over 150,000 Shipped Thermal Performance

Cost Competitive

100% RF Tested

High Linearity 

In Stock Now

T eledyne has been 
manufacturing GaAs 

MMIC power amplifiers for 
over 2 decades. These U- 
Nll and Hiperlan amplifiers 
have been in production 
for several years and 
over 150,000 hove 6 0 0 7  5 .2 5  - 5 . 3 5  18
already been shipped. We _________ 5 . 7 2 5 - 5 . 8 2 5  21
offer competitive prices,
immediate delivery from stock and outstanding service.

If this is the kind of value you've been looking for contact 
Teledyne today via our Web site, e-mail or telephone. Find out how

2 0  3 0  4 .7 5  6 0 0
25  3 8

we can provide the Solutions you need.
Teledyne Wireless, 1274 Terra Bella Avenue, Mountain View, CA 

94043, Phone: 800.832.6869, Fax: 650.962.6845.

6 0 0 1  5 . 2 5 - 5 . 3 5  23
6 0 0 2  5 . 2 5 - 5 . 3 5  2 0

6 0 0 3 5 .7 2 5  -  5 .825 22
6 0 0 4 5 .7 2 5  -  5 .825 22
6 0 0 6 5 .7 2 5  -  5 .8 2 5 22

28 .5 4 3 7 .0 0
2 7 41 7 .0 0
23 37 7 .0 0

3 4  4 .7 5  6 0 0
3 0  4 .7 5  6 0 0

Don't be fooled 
by others. 

Teledyne has MMICs 
for U-NII in STOCK!

TELEDYNE
WIRELESS
A Teledyne Technologies Company

ForJ^ster Information e-mail: amplifiers@teledyne.<om
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THE BO O K  END
■ Handbook of CDMA System Design, 

Engineering and Optimization
Kyoung II Kim 
Prentice Hall PTR 
252 pages plus CD ROM; $80 
ISBN: 0-13-017572-2

■ Advanced Techniques for Digital 
Receivers

Phillip E. Pace 
Artech House Inc.
430 pages plus software; $119, £82 
ISBN: 1-58053-053-2

Code division multiple access (CDMA) has becom e a 
preferred ehoice o f the wireless telecommunications 

industry. This book is the  result of recent efforts by many 
m em bers o f th e  technical staff o f Bell Labs at L ucent 
Technologies Inc. to study CDM A technology as it applies 

to cellular or PCS. T he text 
sum m arizes  th e  w ork  th a t 
has been developed and ap­
plied to the  design and de- 
p loym en t o f  IS -95  C D M A  
Systems, and provides an in- 
dep th  discussion o f various 
engineering guidelines for a 
m u ltitude  o f  real-w orld  is­
sues involved in the design, 
d ep loym en t and  op tim iza­
tion o f IS-95 CDM A Systems 
and networks. The goal is to 
a id  th e  r e a d e r  in u n d e r -  
standing the types o f  issues 
involved in engineering suc- 

cessful CDM A mobile com m unication Systems and the 
guidelines required to deal with those issues.

To malte the book more useful for those readers inter- 
ested in cell planning, a demonstration version o f Cellular 
Engineering 4 (CE4), a CDMA coverage prediction soft­
ware tooi developed at Bell Labs, has been included. Us­
ing this software, readers can obtain hands-on experience 
in CDM A cellular engineering techniques as well as in 
the design and analysis of CDM A networks. The N orth 
American PCS CDMA system operating at 1800 M Hz is 
the example used for the discussions. However, almost all 
of the discussions are equally applicable to both 1.8 C H z 
and 850 M ilz  Systems if appropriate modifications for fre- 
quency-related values are made.

T he book begins with a CDM A overview and a sum- 
mary o f CDM A coneepts and  operations, th en  covers 
spectrum  coordination, pilot assignment, mobile station 
access and paging, and handoff issues. I t  continues with 
discussions o f link budgets, capacity, coverage, traffic en­
gineering and antennas. The appendices provide a sample 
RF design process, an outline of RF optimization proce­
dures and RF coverage predictions using CE4.

T he book is easily  und ersto o d , w ith  clear, he lp fu l 
graphies and minimal complex math. It provides practical 
guidelines for individuals interested or engaged in the en­
gineering and optimization o f CDM A networks.
To order this book, contact: Prentice Hall, PO Box 
11073, Des Moines, IA 50336 (800) 947-7700.

"[The book 
provides] practical 
guidelines for 
individuals 
interested or 
engaged in the 
engineering and 
optimization of 
CDMA networks.''

This book presents new  electronic, electro-optie and su- 
perconducto r digitization m ethods and  em phasizes 

high resolution, symmetrical num ber system (SNS) tech­
niques that can be applied to a variety o f receiver compo­
nents, architectures and receiver Subsystems. The book is 
appropriate for senior undergraduate and first-year gradu- 
a te  s tu d e n ts ,  an d  c o n ta in s  a d isk  w ith  M A TLA B/ 
SIM ULINK programs that may be used for problem ex- 
ercises that appear at the end  o f each chapter.

Chapter 1 presents the coneepts of time domain and fre­
quency domain Signals and Systems. I jn ea r time-invariant 
Systems are discussed and filtering coneepts are introdueed. 
Chapter 2 presents a brief overview of analog receiver archi­
tectures. New digital receiver techniques are investigated, 
and radar, inffared, satellite ground Station, Global Position- 
ing System and electronic warfare receivers are described. 
Chapter 3 explains the Signal conversion process. Both elec­
tronic and optieal circuits are tü*».*.........
em phasized , as well as th e  faoofe
co n c e p t ol c o h e re n t sam - 
pling. Chapter 4 describes the presents new 
param eters used to measure j j f f f l ? - »»*:.';;: 
the  dynamic perform ance of ^tectromc, 
the Signal eonversion process. eUctro-optic and 
Transfer iunetions ot the digi- § | f f | §$%%%%'**■**: • ~. ‘ 
tal-to-analog and analog-to- super conductor 
digital Converters (ADC) are . . . . .  
presented. digitization

C hapter 5 provides a de- methods..." 
tailed overview o f high per- '
form ance Signal conversion
architectures, including full-flash, tw o-step and folding 
ADCs, electro-optical digital antennas, tim e interleaved 
digitizers and pipelined  ADC architectures. C hap te r 6 
discusses Oversampling theory and  sigm a-delta modula- 
tion, and describes first- and second-order modulators. 
C hapter 7 presents the  theory of digital RF memories; 
C hapter 8 covers the application of superconductor tech­
nology to amplitude-analyzing and sigma-delta ADCs.

C hapter 9 offers a complete discussion of SNS theory, 
and C hap te r 10 discusses SNS undersam pling d iscrete 
Fourier transfonn receivers and their advantages. The final 
chapter presents phase-sample, direction-finding antenna 
theory. A two-channel example Ls shown and experimental 
results are demonstrated.
To order this book, contact: Artech House Inc., 685 
Canton St., Norwood, MA 02062 (781) 769-9750, 
ext. 4002; or 46 Gillingham St., London SW1V 1HH, 
UK +44 (0) 20 7596-8750.

rnber c f  the Mic e Journal staff.
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S P A C E B O R iy F il IE R S

L O  F R E Q U E N C Y : 1 0  G H z

10-12

R F  F R E Q U E N C Y  (G H z )

For further information, please contact Mary Becker 
at (631) 439-9423 or e-mail mbecker@miteq.com

100 D av ids D rive • Hauppauge, NY 11788 
TEL.: (631) 436-7400 ■ FAX: (631) 436-7430

www.miteq.com

FEATURES:
• Broadband Operation

• Minimal Variation in 
conversion loss

• High IP3 and 1 dB 
compression versus LO 
power

CONVERSION LOSS/SPURIOUS

TYPICAL OPERATING BANDS

r  SPECIFICATIONS - Model TBR0618HA1/TBR0618HA1-S

R F/L O  Inp u t  F re q u e n cy  R a n g e 6  to  18  6 H z

IF  O utp ut F re q u e n cy  R a n g e 0 .0 5  to  5  G H z

C o n v e r s io n  L o s s 6  d B  T yp ica l

S p u r io u s -5 5  d B c

T h ir d  O rd e r  In te rce pt P o in t + 2 3  d B m  T yp ica l

1 d B  C o m p r e s s io n  P o in t + 1 3  d B m  T yp ic a l J
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RF and Microwave Probes

behind 
Solutions.

On-wafer rneasurements 
(Jemand the best 
performance from a 
probe. Unlike general- 
purpose probes that 
tradeoff etectrical 
performance for 
production ruggedness, 
Cascade Microtech 
probes deiiver metrology 
grade measurement 
accuracy combined with 
precise probe mechanics.

So nothing 
will stand 
between 
you and your 
rneasurements.

The probe you buy is only as reliable as rhe Company that stands behind it.
Cascade Microtech is not just the world's largest manufacturer of 

probes; we also produce probe stations, probe cards, accessories, and 
software used in analytical testing and R&D charactcrization of 
semiconductor devices on-wafer.

All of our probes have one thing in common, our no-compromisc 
Air Coplanar “ probe technology. This innovation plus our years of 
extensive probing experience and superior manufacturing techniques, 
guarantees you accurate rneasurements...the first time...every time. What's 
more, our probes are available in the industry's most comprehensive range 
of tip configurations and mounting styles to fit your needs.

Most important, when you need answers, Cascade Microtech is 
there for you with leading-edge Solutions to your tough probing challenges 
and the superior application support you just can't get from a probes-only 
discounter.

Find out more at www.cascademicrotech.com.
Or call 503-601-1000 or 1-800-550-3279 (USA & Canada).
Japan: 03-5478-6100. Europe: +44 1295-812828.

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 29: HAVE A SALES ENGINEER CONTACT ME 
CIRCLE 30: SEND INFORMATION ON ACP PROBES

http://www.cascademicrotech.com


New Daico Wireless Amplifier
High performance in a small package.

We listened, we’re delivering
You asked for it: an advanced high performance, high power, 

high efficiency amplifier for wireless infrastructure that handles 

DCS 1800 and PCS 1900. Our answer is the first in a series of new 

generation amplifiers that work with a whole scheme of modern 

modulations: CDMA, W-CDMA, GSM, TDMA and TETRA. These 

new high performance Daico amplifiers are not only the smallest 

on the market, we guarantee their extraordinary reliability and 

environmental stability.

Commercial price, military quality
We know the wireless infrastructure and short of doing a custom 

job for you, our new amplifier demonstrates how we can 

apply award winning military expertise to commercial market 

economics. Daico's new amplifier is e xc lu s iv e  to  w ire le ss , 

uring advanced multi-tasking components that make its 

dimensions the smallest available. The smaller number 

f components not only shortens assembly and testing times, 

it lowers the costs. If you need a military quality amplifier 

priced for your competitive environment, check us out. Find 

out how we will work with you during system integration 

by caliing or faxing your requirements. You've never seen an 

amplifier so small, with such high performance, reliability and 

efficiency. And yes, w e 're  de livering .

W e 'v e  G o t  Y o u r  B a s e s  C o v e r e d "

1070 East 233rd Street Carson, CA 90745 
Tel: 310-507-3242 Fax: 310-507-5701 

Web: www.daico.com
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http://www.daico.com

