
microwave

JOURNAL
EURO-GLOBAL EDITION

APRIL 2000 

VOL. 43, NO . 4

AMPLIFIERS 
AND  OSCILLATORS

A 2.45 GHz
Low Cost, H igh 
Performance VCO

Increasevg 
M llutone Power 
N ear Saturation

A D igitale*' 
C O M PE N SA TED  

TCXO W IT H  Low 
Phase N oise

CONTENTS, p. 10



Someone once said, “I want a cel! phone that costs 

less." And you've been paying for it ever since. TheV expect
you to cut costs without cutting corners. Easy for them to say, right? Here's where Agilent 

Technologies can help. We've already designed the next-generation wireless mobile 

manufacturing test Solutions. We call it doing our job. You'll call them a lifesaver.

Why? For starters, these Solutions are from the industry leader in cellular manufacturing 

test. And they're faster than ever. So you can speed through test. Plus improve test margins 

and yield with greater accuracy. Which means you'll get more phones out the door— at a 

lower cost than ever before. Not to mention being able to reconfigure tests quickly and easily 

for all your new designs.

Want to start reducing your test costs right away? Visit our web site. Or give us a call at 

one of the numbers listed below. And we'll help make it happen. Suddenly that dream of 

cutting costs looks like a reality.

w w w .a g ile n t.com /find /w ire less Agilent Technologies
Innovating the HP Way

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


Picoprobe elevates probe cards to a higher level...

(...110 GHz to be exact.)

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

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

GGB INDUSTRIES, INC. P.O. BOX 10958 NAPLES, FL 34101

Through unique modular design tèch- 
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 suppliés, and Current sources on a 
single probe qard.

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
si stance, custom 
product designs, or 
o f f - t h e - s h e l f  
delivery, call GGB

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

Te leohone (9411643-4400 • Fax (941)643-4403 • E-mail em ail@ ggb.com  • ww w.p icoprobe.com

mailto:email@ggb.com
http://www.picoprobe.com
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G hoose  from over 5 50  Standard off-the-shelf m odels trom 2way and 3way to  48way; 0°, 90°, and 

180°; 5 0  and 75  ohm s covering 2kHz to  10G H z. M ini-C ircuits will a lso  supp ly  your specia l needs and custom  
des igns such  a s  w ider bandwidths, higher isolation, lower insertion lo ss and phase  m atched ports...all at catalog 
p rices  with rapid tum around time. C a s e  sty les include surface mount, plug-in, flat pack, and coaxial connecto rized ... 
and custom  ca se  styles are no problem! Super-m iniature and ultra-low profile surface mount units provide excellent 
Solutions in cellular Communications, cab le  Systems, and countless w ire less applications. And all units com e  with a 
1 year guarantee and skinny 4 .5  s igm a performance repeatability unit-to-unit and production run to  production run. 
A d d  fast delivery, unsurpassed applications support and value pncing, and the decision  is easy, Ca ll M in i-C ircuits today!

M in i-C irc u its .. .w e ’re  rede fin ing  w hat V A LU E  is  a ll ab ou t!
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1  rimary loop delay filter assemblies j  i
integrate high power cavity delay filters, M j  
couplers and isolators into a single compact ; 
module for performance improvement, space 
savings and cost reduction.

vJ econdary loop miniature delay filters utilize a Patent i j  
Pending topology to provide delay equalization.The filters j 
exhibit excellent delay and phase flatness in a miniature ;J 
surface mount package. The 3G model measures a mere 
|.5”L x 0.60”W  x 0.4”H and can be mounted directly onto 
your PWB with piek and place machinery.

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

EUROPE
Phone: 44-(0)-l262 605500 
FAX: 44-(0)-1262 605504

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

MICROWAVE INCORPORATED

E-mail: wireless@klmicrowave.i



NEW

'AMPUfBo
DCto8GHz

(up to +18.5dBm output) Fr° m  # < 1000 W -

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

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

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

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

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

P.OI
C3 Mini-Circuits US# INTL| | )

CIRCLE READER SERVICE CARD
: 350166, Brooklyn, New 
all Mini-Circuits products i

York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET Mp-J/wvm. minicircuits.com
refer to • 760- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM

~ rwr



C n n o v a tio n
JFW  has designed and manufactures over 1200 different 

programmable attenuators. Features include wide attenuation 

ranges, optional step sizes, various package styles and 

connector options to  provide System designers the flexibility 

required in today’s global market.

• New DC-2500 MHz Low Cost/High Performance series

• Solid-State, wide band models

• Models with frequency ranges up to 5Ghz

• GPIB controlled models available

• 50 and 75 ohm impedances available

JFW Industries, Ine.
5 134 Com m erce Square Drive • Indianapolis, Indiana 46237 

Tele. (3 17) 887-1340 Fax (317) 8 8 1 -6790

In te rn e t-  http://www.jfwindustries.com 

E -m a il-  sales@jfwindustries.com
ISO 9001 C e rtifie d_____________________________________

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


f  8006Q1
G uide  Sfeeve

• 80Ö6E11. 
3/8" Nut

No Nirt sw*

ELECTRICAL SP ECIFICATIONS
VSWRIGtfe)FREQ RANGE (GHz) R E P E ATABILITY

REPEATABILITV PC-18.0 GHz
Push-OnMode >40 dB
Torque Mode
Hand Torque

Other ava ilab le  configurations inc lude: • 7mrti
• TYPE N (f& m )

NMD3.5mm (f) 
NMD2.4mm (0

*Slightty reduced VSWR specifications to 34 GHz.

QT3.5mm™ Quick Test 
Connectors & AdaptersExcellent Repeatability/ 

Low VSWR

Quick & Easy Push -On/ 
Pull-Off Design

Guide Sleeve M
Design For JÊ m
Automated 
Applications J P

MODEL FROM TO
8Ö06E1 QT3.5mrn™ (m) with no nut 3.5mm{f)
8006E11 QT3 örnm™ (m) with 3/8” dia nut 3.5mm (f)
8006E21 QT35mm™ (m) with 9/16' dia nut 3.5mm(f)

8006Q1 QT3.5mm™ (m) with guide sleeve 3.5mm (f)

ALSO AVAILABLE FROM MAURY

In-Series Precision Adapters
• Low VSWR / Low Loss

• DC to 50 GHz

• Minimize VNATest PortWear

• Phase Matched / Minimum Length

• Bulk Head & Panel Mount 
Configurations Available

• Between-Series Adapters 
Are Also Available

ELECTRICAL SPECIFICATIONS
MODEL FROM TO FREQ RANGE & MAX. VSWR
7921A 2,4mn Q (D 2.4mm Q (f) DC -  26.5 GHz. 1.06

26.5 -  40.0 GHz, 1.10
26.5 -  34.0 GHz, 1.15

7921B «mmOID 2.4mm Q (m)
7921C 2.4™ 0(1) 2.4mm Q (m)
8714A1 2.92mm K (f) DC -  4.0 GHz, 1.05 

4.0 -  20.0 GHz, 1.08 
20.0 -  40.0 GHz, 1.12

8714B1 2.92min K (m) 2.92mm K (m)
8714C1 2.92mm K (m)
8021A2 3.5mm (f) 3.5mm (1) DC — 18.0 GHz, 1.05 

18.0 -  26.5 GHz, 1.08 
26.5 -  34.0 GHz, 1.12

8021B2 3.5mm (m)
8021C2 3.5mm (!) 3.5mm(m)

Between-Series configurations include:

^U.S. Patent Pending

• 2.4mm to 2.92mm (K)
• 2.4mm to 3.5mm

MAURV MICROWAVE
G O F * F > O F * / X - r i O r s l

For more Information contact 
our SALES DEPARTMENT at 

Tel: (909)987-4715 • Fax: (909) 987-1112 
Email: maury@maurymw.com

V is it us o n  th e  W o rld  W id e  W e b  a t
http://www.maurymw.com

mailto:maury@maurymw.com
http://www.maurymw.com
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2 2  A 2.45 GHz Low Cost, High Performance VCO
Jim Carlini, Detection Systems
Perform ance and cost issues associated with voltage-controlled oscillator 
design

70 A GSM EDGE Error Vector M agnitude Estimation Platform 
for RFIC/ASIC Evaluation
Ashkan Mashhour and Assaad Borjak, Nokia Networks 
E rror vector m agnitude m easurem ents for E nhanced Data Rate for GSM 
Evolution (E D G E ) designs and the n eed  to  perform  such evaluations 
according to the  Standard specifications

▼
ON THE COVER

A  d ie lec tr ic  re so n a to r  f ilte r  
c ap a b le  o f  a ch iev ing  ve ry  low  

p a ssb an d  in se r tio n  loss a n d  h igh  
n e a r-b a n d  re je c t io n  is fe a tu re d  

o n  th is  m o n th ’s  cover 

Cover a r t courtesy o f Trilithic

136

8 4  The Effect of Im perfect Antenna Cross-polar Performance 
on the Diversity Gain of a Polarization-diversity 
Receiving System
Brian S. Collins, CSA Wireless
A statistical technique that simulates coupling betw een channels and 
quantifies the  effect o f cross-polar coupling as a function of the intrinsic 
correlation o f received signals and the  coupling introduced by an antenna

T U T O R I A L

96 RF Ceramic Chip Capacitors in High RF Power Applications
Richard Fiore, American Technical Ceramics Corp.
Some o f the m ost essential e lem ents requ ired  for selecting capacitor 
p roducts suitable for high RF pow er applications tha t necessitate the  use 
o f  high quality, specialized ceramic chip capacitors

T E C H N I C A L  F E A T U R E S

1 1 0  A Digitalfy Compensated TCXO with Low Phase Noise 
Characteristics
Eric Jacquet, Jean-Pierre Bardon and Olivier Bignon, Temex Components 
A digitally com pensated technology tha t can be utilized to produce less 
expensive high perform ance quartz ciystal oscillators com pared to  those 
built in application-specific ICs due to the  lower cost o f investment and 
m ore flexibility in  com ponent choice

118 Selecting a Pedestal for Tracking LEO Satellites a t  Ka Band
Keith Willey, University of Technology, Sydney (UTS),
Cooperative Research Centre for Sateüite Systems
T he issues involved in selecting a pedestal for tracking low earth  orbit
(LEO ) satellites

[Continued on page 12]

offices.

<• Journal (USPS 396-250) I

Pbotocopy Rights: Permission to photocopy for internal

Copyright Clearance (lenterprovided tiiat the base fee of 
$5.00 per copy of the article. plus $1 per page, is paid di-

Drive, Dansers. MA 01923 USA (978) 750-8400. For gov-

Clearancc Center ihould hc contacted. The rato for this 
use is 0.03 cents per page. Please speeiiy ISSN 0192-6225 
Microicave Journal International or ISSN 0192-6217 Mi­
crowave Journal Euro-Global. Microwave Journal can

filins, Periodic Enriy Department, 300 N. Zeeb Rd-, Ann

scription Information (847) 291-5216. This journal is is-

deals with VHF through liglit frequenties. Other sub- 
scriptions are: domestic, $110.00 per year, two-year sub-

subscriptions, 8340.00; ij*  issues (if alailablc) and single 
copies, $10.00 domestic and $20.00 foreign.

BPA
w

Horizon House ako publishes 
Telecommunkations ®

Journal of Electronic Defense

agreement #0738654 P

10 MICROWAVF. fOTIRMAI ■ APRII



In n o vative  M ix e r s

■smaller size -beller performance -lower cost 50kHz Io 4200MHz
'99

•  j  Searching high and low for a better frequency 
M m / iu nnixer? Then take a closer look at the 

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

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

ADE Mixers...Innovations Without Traditional Limitations!

ACTUAL SIZE

ADE* TV PI CAL SPECIFICATIONS:

<J midband. •Patent P

□□Mini-Circuits’■ ■ ■ ■ CIRCLE READER SERVICE CAffl
i.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 

Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com

I M  1 1  I I  II  l i ' i l i  — H l  « W B - J

http://www.minicircuits.com
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128 Increasing M ultitone Power Near Saturation
Allen Kotz, Linearizer Technology Ine.
T he  relationship betw een single-tone and  m ultitone saturated pow er 
o f  traveling-wave-tube amplifiers

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

156 High Performance, Low Cost, Surface-m ount 
Microwave Mixers
Blue Cell Technology, afarnily member of Mini-Circuits 
A series o f  high perform ance passive mixers developed using pa ten ted  Blue 
Cell™  technology tha t exhibit good conversion loss and excellent L O -to-R F 
and  L O -to-IF isolation

160 Klystron High Power Amplifiers for SATCOM Applications
Communications 6- Power Industries (CPI)
C-, Ku- a nd d irect broadcast satellite-band pow er amplifiers, which 
incorporate a unique multistage depressed-collector klystron tha t allows for 
a smaller, m ore efficiënt and cooler running amplifier

170 A Web-based Test Equipment Locator
Test Mart
A new online service tha t lists m ore than 13,000 products from 200 
m anufacturers in more than  90 test e quipm ent categories and provides a 
means for side-by-side comparisons
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QMI Semi-Rigid Replacement Assemblies

Semi-Flex

Available in 
.047, ,086, ,141,250 

(Cable types)

Semi-Flex Plus
(Jacketed - Polyurethane) 

Available in 
.047, .086, .141; 
(Cable Types)

Semi-Flex II
(AJummum) 

Available in 
.086. .141. 

(Cable Types)

Q-Flex
(Jack« FEP Blue) 

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

Tensolite - QMI
Tensolite-QMI is an advanced manufacturer 
of 50£2 and 75Q  RF and Microwave 
Interconnects and Cable Assemblies. 
Including Flexible, phase matched, 
delay lines and cable harnesses.

Data sheets available at 
www.qmiinc.com

1-800-362-FLEX
Tensolite

A liüJüL Company

__________jj>B!
RF/Microwave
Interconnects

A \  Richardson
Electronics «

E n g in eered  S o lu t ion s *****

1-800-RF-POWER É*i

Low Insertion Loss 
Optimized VSWR 
Excellent Shielding Effectiveness 
High Power Capability
Excellent Phase Stability over Flex and Temperature

Standard configuration and Custom applications  
Tensolite-QMI RF/Microwave has an engineering staf! 
ready and able to provide an interconnect solution

nrtnFR SERVICE CARD

tw is ted  p a ir  c a  

blies c a b le  as;

m ic ro w ave  c o a x

s 2 m m  H M  2mm H 

u ltra so un d  p ro b e s  

7m m  2.4mm ty p e

www.tensolite.com

RF/Microwave Coaxial Cables

Interconnect Solutions - DC to 40Ghz

http://www.qmiinc.com
http://www.tensolite.com
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GaAs RF ICs
• Power Amplifiers

• Switches

• Attenuators

• Directional Couplers

• Power Dividers

DISCRETE SEMICONDUCTORS
• Varactor Diodes 

•PIN  Diodes

• Receiving/Schottky Diodes

• Attenuators 

• FETs

• Chip Capacitors

MILLIMETERWAVE PRODUCTS
• Amplifiers (LNA, Power)

• Mixers

• Attenuators

• Switches

• Control Products

GaAs RP ICs
Discrete Semiconductors 
Millimeterwave Products

on our web site or call 
today for your Alpha catalogs!

CIRCLE 7 ON READER SERVICE CARP

http://www.alphaind.com


COMING EVENTS

2000 International Conference 
on GaAs Manufacturing Technology 
(GaAs MANTECH)
May 1-4, 2000 
Washington, DC

Topics: Compound semieonduetor manufactur­
ing; 150 mm conversion; cycle time reduction; 
CIM tools for manufacturing environmental 
impact and cost management; processing; litho- 
graphy; gate form ation; low capacitance 
crossovers; high and low dielectric constant ma- 
terials; failure mechanisms and module integra- 
tion issues; test and reliability; liigh speed, high 
volume and low cost testing; device technolo­
gies; yield enhancement and thermal enhance­
ment; optical devices; and materials and pack- 
aging. Contact: Wes Mickanin, TriQuint Semi- 
conductor (503) 615-9253, fax (503) 615-8903 
or e-mail: wesm@tqs.com. Additional Informa­
tion is available at www.gaasmantech.org/.

Southern California's Regional IM APS 
Symposium and Exhibition (SoCal 2000) 
San Diego, CA 
May 23, 2000

Sponsors: San Diego Chapter of the Interna­
tional Microelectronies and Packaging Society 
(IMAPS). Topics: Low temperature co-fired 
ceramics, integrated passive components, flip- 
chip technology, quality  m anagem ent, 
telecommunications, chip-scale packaging and 
copper wire bonding. For registration Informa­
tion, contact Mike Grosse (858) 536-4733. For 
exhibition Information, contact Marty Green­
field (619) 461-1060. Additional Information 
is available at w w w.im aps.org/chapters/ 
sandiego.htm.

24th Workshop on Compound 
Semieonduetor Devices and Integrated 
Circuits (WOCSDICE 2000)
May 29 - June 2, 2000 
Aegean Sea, Greece

Topics: Compound semieonduetor devices and 
integrated circuits for microwave, millimeter- 
wave and opto-electronic applications; material 
growth and charaeterization; active device tech­
nology for MMIC applications (MESFET, 
HEMT and HBT); power devices; novel device 
technologies and quantum electronics; and reli­
ability and charaeterization. Contact: Dimitris 
Pavlidis, University of Michigan, Department of 
Electrical Engineering and Computer Science, 
1301 Beal Ave., Ann Arbor, MI 48109 (734) 
647-1778 or e-mail: pavlidis@umich.edu. Addi­
tional inform ation can be obtained at 
www.eecs.umich.edu/dp-groupAVocsdice.html.

2000 IEEE Radio Frequency Integrated 
Circuits (RFIC)  Symposium 
June 11-13, 2000 
Boston, MA

Sponsor: IEEE MTT-S. Topics: Highly inte­
grated ICs and System IC Solutions in the

RF/microwave frequency range (Si, SiGe, SOI, 
CMOS, BiCMOS, RFCMOS, GaAs and InP); 
mixed-signal, cellular/PCS/ISM, receiver, 
transmitter, and microwave and mm-wave ICs; 
multifunction ICs and multichip modules; 
RF/microwave Subsystems; integrated filters 
and antennas; and packaging, testing and 
reliability. Contact: Christian Kermarrec, Ana­
log Devices (781) 937-1217 or e-mail: 
christian.kennarrec@analog.com. Additional 
symposium inform ation is available at 
www.ims2000.org.rfic.htm.

2000 IEEE MTT-S International 
Microwave Symposium and Exhibition 
June  11-16, 2000 
Boston, MA

Sponsor IEEE MTT-S. Topics: Analysis and de­
sign; components and assemblies; passive and ac­
tive microwave technology’; frequenties greater 
than 30 GHz; fabrication, Integration and test; 
phased array design and applications; quasi-optie 
techniques and Systems; broadband terrestrial
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[ I need impartial 
com parisons and a way 

to buy right away ]
Tough test and measurement equipment ehoices? When you need to 
compare apples to apples to make a purchasing decision, TestMart-a unique 
Web-based service where you can buy or seil with confidence-is just a 
click away.

• Unbiased product comparisons with advanced parametric search tools
• 750,000 comprehensive specifications on over 12,000 products
• Application Engineers are available online or toll-free
• All of your test and measurement equipment requirements, 24/7 

Gone are the hassles of piecing together inadequate information from 
one-dimensional sources. Our integrated Compare Specs tooi and secure 
commerce areas allow you to determine whether to buy, lease or rent new 
and refurbished equipment and to seil your underutilized equipment online. 

Finally, the power to make timely, cost-effective decisions is in your hands 
from research through delivery.

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

www.testmart.com

http://www.testmart.com


COMING EVENTS
and satellite communication; biological and med­
ical applications; wireless and cellular Communi­
cations; and sensor and sensor Systems. For syim 
posium information, contact Peter Staecker, 
technical program chair (781) 861-7643, fax (781) 
863-5751 or e-mail: p.staecker@ieee.org. For ex- 
hibition information, contact Kristen Dednah, 
Horizon House Publications, 685 Canton St., 
Norwood, MA 02062 (781) 769-9750 or e-mail: 
kdednah@mwjoumal.com. Additional informa­
tion is available at www.ims2000.org.

2000 IEEE-APS Conference on Antennas 
and Propagation for Wireless 
Communications (APWC 2000)
November 6-8 , 2000 
Waltfiam, MA

Sponsors: IEEE Antenna and Propagation So­
ciety and IEEE Boston section. Topics: Mili­
tary to commercial technology transition, ar­
chitecture trends, base station and satellite an­
tenna developm ents, adaptive and active

wireless Communications arrays, novel anten­
nas and passive array configurations, multiband 
Operation and polarization characteristics, mo­
bile antennas and vehicle modeling, packaging 
integration and portable devices, antenna 
CAD, human in terac tion  with antennas, 
MEMS, and indoor/outdoor propagation and 
channel models. For additional information, 
contact the conference office at (781) 890- 
5290, fax (781) 890-5294 or e-mail: 
bostonieee@aol.com. Additional information is 
available at www.eece.unm.edu/apwc2000/.

55th ARFTG Conference 
June 15-16, 2000 
Boston, MA

Sponsors: Automatic Radio Frequency Tech- 
niques Group (ARFTG) and IEEE MTT-S. 
Topics: Coherent charaeterization, modeling and 
Simulation techniques quantifying large-signal 
behavior of RF devices, circuits and Systems; cal- 
ibration of large-signal measurement Systems; 
definition of large-signal network parameters; 
creation of large-signal models; and Simulation 
and measurement of high frequency, large-signal 
behavior. For additional information, contact 
Michael Fennelly, R<xis Instruments, 328 Forest 
St„ North Andover, MA 01845 (978) 258-1101, 
fax (978) 258-4102 or e-mail: m .fennelly 
@ieee.org. Additional conference information is 
available at www.arftg.org.

Topical Meeting on MEMS 
for High Q Filters 
July 17-18, 2000 
University o f Surrey, UK

Sponsors: IEEE UK and Republic of Ireland 
MTT/AP/LEO/ED Joint Chapter Administrative 
Committee, University of Surrey and IEEE 
MTT-S. Topics: High Q filter design; microma- 
chined electromechanical Systems (MEMS); ap- 
plication-specific ICs; MMICS; flip-chip, hybrid 
and multichip module boards; ultraminiature 
transmit and receive Systems; and commercial 
Simulation tools. Contact: Stcve Marsh, Marconi 
Casswell Ltd. +44 (0) 1327 356 426, fax +44 (0) 
1327 356775 or e-mail: steve.marsh@ieee.org. 
Additional information is available at www. 
surrey.ac.uk/Where/index.html.

2000 IEEE International Symposium 
on Electromagnetic Compatibility 
August 2 1-25 , 2000 
Washington, DC

Sponsor: IEEE EMC Society. Topics: Electro­
magnetic compatibility management, certifica- 
tion and accreditation, testing, shielding and 
grounding, electrostatic discharge, spectrum 
efficiency and monitoring, product and envi­
ronmental safety, international govemment 
Standards and certification news, new product 
designs, commercial and military trends, new 
personnel and laboratory ideas for electromag­
netic compatibility corporate management. For 
symposium information, contact William Duff, 
Computer Sciences Corp. (703) 914-8450 or 
e-mail: wduff@csc.com.

G u n n  Ho!
MDC is charging forward. and our 

customers are “Gunn Ho' about 

our line of high frequency Gunn 

oscillators. Applications include 

18.23.38. and 50 GHz PCN radio 

frequencies as well as 60 and 765 

collision avoidance bands.

Microwave :

Development „J Je-
Company. Ine. also , Ä  ,

offers filters, Circtilators *—■— i

shutter switches, couplei s ' M

and related waveguide 

components at competitive 

prices to help you be more 

competitive in today's 

commercial and military market:

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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MITEQ’s JS SERIES AMPLIFIERS
• High Performance/Price Ratio
• Superior, Rugged Technology
• Low Phase Distortion Design
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For additional information or technical support, please contact either 
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RF-Microwave Components

•  Im m ed iate  D elivery
•  High Perform ance
•  Low Cost
•  S uperio r Selec lion

Switches

W O RKSHOPS  *  COURSES
A dvanced W ireless 
and  M icrowave Techniques

■  Topics: Advanced RF and mi­
crowave design techniques, VCO and 
stable oscillator design, small antenna 
and filter limitations, and passive and 
active mixers. Fee: $1895.
■  Site: Mountain View, CA 
m Date: May 8-12, 2000
■ C on tact: Besser Associates, 201 
San Antonio Circle, Bldg. E, Moun­
tain View, CA 94040 (650) 949-3300 
or e-mail: info@bessercourse.com.

D igital Signal P rocessing: 
Theory,  A lgorithms 
and Implementation 
I  Topics: Core theory and algo­
rithms of digital Signal processing 
(DSP), and implementation of DSP 
strategies through laboratory sessions. 
Fee: $1695.
■  Site: Los Angeles, CA
■ Date: May 15-19, 2000
■ Contact: UCLA Extension, Dept. 
of Engineering, 10995 Le Conte Ave., 
Los Angeles, CA 90024 (310) 825- 
3344, fax (310) 206-2815 or e-mail: 
mhenness@unex.ucla.edu.

CMOS A nalog 
Integrated C ircuits

Fiber- o ptic  N etworks

■ Topics: Optical Communications, 
access and transport technologies, op­
tical fibers and fiber-optic amplifiers, 
SONET and SDH, wavelength divi- 
sion multiplexing, and network de- 
ployment and management.
■ Site: Cambridge, UK
■ Date: May 22-25, 2000
■  C o n tact: Continuing Education 
Institute (CEI)-Europe, PO Box 912, 
S-612 25 Finspong, Sweden +46 122 
175 70 or e-mail: cei.europe@cei.se. 
Additional information can be ob- 
tained at www.cei.se.

A ntennas: P rinciples,  Design
AND MEASUREMENTS
■ Topics: A n te n n a  fu n d a m e n ta l ,  ar- 
ray s, w ire  a n d  b r o a d b a n d  a n te n n a s , 
h o rn s ,  r e f le c to r s ,  S ystem s a n te n n a s , 
e le c tro m a g n e tic  c o m p a tib ility  to p ic s  
a n d  m e asu re m en ts .
■ Site: Orlando, FL
■  Date: May 22-25, 2000
■  Contact: Kelly Brown, Northeast 
Consortium for Engineering Educa­
tion, 1101 Massachusetts Avenue, St. 
Cloud, FL 34769 (407) 892-6146, fax 
(407) 892-0406 or e-mail: stcloudofl 
@aol.com. Additional information is 
available at www.usit.com/antenna.

■  Topics: CMOS and BiCMOS ana­
log IC fabrication processing/design, 
large- and small-signal modeling, high 
performance operational amplifiers, 
comparator analysis design and ana- 
log-to-digital Converters. Fee: $1295.
■  Site: Milpitas, CA
■  Date: May 15-19, 2000
■  C o n ta c t:  Georgia Institu te of 
Technology, Continuing Education, 
Atlanta, GA 30377 (404) 385-3501 or 
e-mail: conted@gatech.edu.

WlDEBAND CDMA 
C ommunications

W ireless Receivers,  Signals 
and N oise

■ Topics: C o m m u n ic a tio n s  th e o ry ; 
c h anne ls , Signals a n d  no ise; e r ro r  con - 
t r o l  a n d  p r o p a g a t io n ;  a n d  s p r e a d  
sp e c tru m  a n d  d ivers ity  te ch n iq u e s .
■ S ite : G arm isch-Partenkirchen, 
Germany
■ Date: June 8-9, 2000
■  C o n ta c t: CEI-Europe, PO Box 
912, S-612 25 Finspong, Sweden +46 
122 175 70 or e-mail: cei.europe@ 
cei.se. Additional information can be 
obtained at www.cei.se.

■  Topics: Third-generation wide- 
band CDMA and IMT2000 require- 
ments, advanced signal processing 
techniques, wireless propagation 
channels and multipath channel miti- 
gation techniques. Fee: $895.
■  Site: New York, NY
■ Date: May 18-19, 2000
■  C on tact: Besser Associates, 201 
San Antonio Circle, Bldg. E, Moun­
tain View, CA 94040 (650) 949-3300 
or e-mail: info@bessercourse.com.

Self- study Radar C ourse

■ Topics: Radar principles, functions 
and parameters, the radar equation, 
target detection, tracldng and track- 
while-scan, radar hardware, signal 
processing and case studies. Textbook 
included. Fee: $384.
■  Contact: IEEE Customer Service 
Dept., 445 Hoes Lane, PO Box 1331, 
Piscataway, NJ 08855 (800) 678-4333 
or e-mail: customer-service@ieee.org.
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Design microwave transitions, connectors, waveguides, IC packaging, on- 

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

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

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

electromagnetic Simulation to extract electrical parameters is the right solution 

for tough design challenges. Ansoft HFSS is preferred because the intuitive 

interface simplifies design entry, the field solving engine automatically converges 

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

insight into electrical performance. ^

And now with Optimetrics™, the new

parametric analysis and optimization

module, Ansoft HFSS is the most

powerful electromagnetic design tooi

on the market.

For a free evaluation copy of Ansoft HFSS

Ansoft's Serenade

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

calculate and optimize 
fields and s-parameters

send e-mail to info@ansoft.com.

CIRCLE 18 ON READER SERVICE

Specs are what you are given...

brilliance is w h a t you give back,

begin with Ansoft HFSS

mailto:info@ansoft.com


K p  T EC H N IC A L F E A T U R E

A 2.45 GHz Low Cost, 
High Performance VCO
This article addresses perform ance a n d  cost issues associated w ith  
voltage-controlled oscillator design. A lthough  the exam ple design is application  

specific, th e  m ethods dem onstra ted  ap p ly  to  m icrow ave oscillator design  in  
g en e ra l C A E  a n d  on-the-bench  techniques are u sed  fo r  a  com prehensive  
approach  to  th e  designing  o f  m icrow ave oscillators.

E ngineers are under constant pressure to 
reduce the cost of microwave designs 
without sacrificing their performance. 

At 100 K volumes, oscillators can be produced 
at a fraction of the cost when compared to 
that of small-quantity purchased oscillators. 
This article presents a design procedure along 
with a practical example. An attempt is made 
to clarify some of the concerns associated with 
low cost, high performance microwave oscilla­
tor design. Performance considerations in­
clude low phase noise, linear monotonie tun- 
ing, low harmonie emissions and adequate 
output power.

INITIAL TOPOLOGY SELECTION
All oscillator circuits require a gain block 

and a feedback method. The topology used 
here is based on the Barkhausen criteria for 
oscillation. Figure 1 shows that the design re- 
quires a network to provide the gain, a fre­
quency selcction network (resonator) and 
enough phase lag so that the overall phase for 
the loop is equal to 2n radians. A small-signal 

scattering parameter approach 
is used to evaluate the design. 
This method enables the use of 
a network analyzer for the 
bench evaluation.

Before proceeding with the 
design, Lesson’s equation for 
single-sideband phase noise 
££P1VI is examined.1 The various 
factors concerning single-side­

band phase noise can be considered using this 
equation:

£6pM(dBc /  Hz) = 10 log 1
2

p U 2+1
U Q fm J

(  C A T  NkïA 2kTRvK j]

V  + T l ^ -J ' fm2 J

where

k = Boltzmann’s constant 
T = temperature in Kelvin 
F = frequency of oscillation 
fm = offset frequency 
Q = loaded Q
P = RF power at amplifier input 
N = noise factor
C = flicker noise corner frequency 
Rv = tuning diode noise resistance 
Kv = tuning gain (MHz/V)

(The equation has been modified to include the 
effects of varactor tuning.) Practical reduction 
of the oscillator’s noise sidebands is addressed 
by increasing the loaded Q and signal-to-noise 
ratio (SNR) and decreasing both the flicker 
and varactor modulation noise contributions.

[Cmtinued on page 24]

J im  C a rlini
Detection Systems 
Fairport, NY
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Band Pass, Low Pass, High Pass, Band Reject & Diplexers • DC to 40 GHz
Spurious Free • Low Insertion Loss • Low VSWR • High Rejection

RLC ■ / cCcy'-) as<e cdeaC/C/’ Wedccdw CCCf, fT/C/èCC
. C/j / y / y w y v y :  . S T J & A L -, c y y id m ^ o ^ -

C C e d o a /sy  / Y - y //'//■ )//•/■  / r y c v / / '  y / y y y / ) .

2  to 2 0  Sections
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M illiw atts to Kilowatts 
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N E W E -Z  FILTER FINDER DISK  
Complete Product Catalog to assist 

with selection and ordering
(Disk is DOS/Windows compatible)

ELECTRONICS, INC.
83 Radio Circle, M ount Kisco, New York 10549 •  Telephone: 914-241-1334  •  Fax: 914-241-1753 

e-m ail: sales@rlcelectronics.com •  www.rlceIectronics.com

R1.C is your complete Microwave Component source...
Switches, Couplers, Power Dividers, Terminations, Attenuators, D C  Blocks, Bias Tees &  Detectors.
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TEC H N IC A L FE A T U R E

Qhgese REMfC Mag®» s part i f  wur Total Microwave Solution

From VCOs to  synthesizers, REMEC Magnum offers Microwave Sources 
c re a te s  custom  sofutions to  m eet the  

3 of th e  rapidly evolving m arketplace. REMEC has 
shipped thousands of VCOs and DROs for Point-to-Point Radio links, VSAT 
terminals, SONET and SOH clock recovery.

N ew . IO G bit O p tic a l C lock  VCOs

Take advantage  of REMEC M agnum 's 15 years experience  producing 
highly reliable hybrid microcircuit VCOs for your SONET/SDH optical 
clock recovery circuit. Consistent low phase  noise over a  broad 
Spectrum insures low jitter.

► Frequency 9.95328 GHz, 10.664 GHz, 12.4 GHz
► Tuning Range ± 100 MHz
► Power Output *9 to +13 dBm «***»»»*■•'
► Phase Noise (1O0 KHz offset) -80 dBc/Hz

18 '
N B » .

i/hether you a re  using harmonie conversion, multiplying a  PLDRO 
r need  a  fundamental oscillator for an LMDS ODU, REMEC Magnun 
a s  the solution REMEC offers phase-locked DROs using an oven 
tabilized internal crystal oscillator or locking to  your externa! refere 
h ese  units a re  designed  for high production a t low cost.

lility (inter 
er Output

T h e  T o ta l  M ic r o w a v e  S o lu t io n

Email mquiries to sales@remecmagiium.com 
Visit our website at www.remecmagnum.com 
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R E M E C

Building Solutions
through teamwork.

RESONATOR DESIGN
The unloaded Q of the resonator ul- 

timately limits the oscillators loaded Q. 
The relationship between the loaded Q 
and noise sidebands can be written as 
-10log(Q]OiiCjC(j)2. This relationship 
holds true until the ratio of the loaded 
Q to unloaded Q exceeds 2/3. To 
aehieve a high unloaded Q the design 
must maintain the lowest possible se­
ries resistance and aehieve the lowest 
possible L/C ratio for the components 
used in the tank. A fast change in the 
reflection phase on either side of the 
resonant frequency indicates a high 
unloaded Q. Figure 2 shows three 
2.45 GHz tanks used in the Simulation. 
The Simulation results shown in Fig­
ure 3 clearly indicate that the 1.65 nH 
11 2.558 pF tank circuit produces a 
rapid change in the reflection phase on 
either side of the resonant frequency, 
making it the best L/C combination for 
the proposed resonator.

A novel design approach was taken 
that uses a Coilcraft microspring air- 
eore coil. (This coil is available at great- 
ly reduced cost when compared to that 
of a typical distributed ceramic or 
Teflon resonator.) It was estimated that 
the 1.65 nH coil could maintain a Q of 
at least 180 at 2.5 GHz. This Q value 
was determined to be high enough for 
the intended resonator design. The air- 
core inductor is a primary component 
in lower frequency RF oscillator de­
signs. The problem at microwave fre- 
quencies is that the inductor Q de- 
grades with frequency, particularly as 
the coil approaches its self-resonant 
frequency (SRF). The SRF for the 1.65 
nH inductor is greater than 10 GHz, 
thus eliminating this concern.

---1.65 nH I 2.558 pF TANK
---3.30 nH ! 1.279 pF TANK
---6.60 nH 0.640 pF TANK

A  Fig. 3 Simulation results fo r  the three 
tank circuits.

[Continued on page 26]
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SURFACE MOUNT VOTsJB*
The big news is Mini-Circuits miniature family of 50 to  1600M Hz  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 working within the 245 to 1600MHz 
band. The series also features wide band 12V models optimized for 50 to 
1410MHz 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 SPECIFICATIONS:
Model Freq. Range Vmne Phase Harmonies**

(MHz) (V) Noise* (dBc) Voltage 
Max. Typ. Typ. V

R0S-285PV 245-285 5 -100 -20 5
ROS-900PV 810-900 5 -102 -25 4.5
ROS-960PV 890-960 5 -102 -27 5
ROS-1000PV 900-1000 5 -104 -33 5
ROS-1600PV 1520-1600 5 -100 -26 5
ROS-100 50-100 17 -105 -30 12
ROS-150 75-150 18 -103 -23 12
ROS-200 100-200 17 -105 -30 12
ROS-300 150-280 16 -102 -28 12
ROS-400 200-380 17 -100 -24 12
ROS-535 300-525 17 -98 -20 12
ROS-765 485-765 16 -95 -27 12
ROS-1410 850-1410 11 -99 -8 12
»Phase Noise: SSB at 10kHz offset, dBc/Hz. **Specified to fourth.

For quick;

□  Mini-Circuits
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 
s to product information see MINI-CIRCUITS CATALOG &

934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.c 
WEB SITE * EEM « MICROWAVE PRODUCT DATA DIRECTORY • V 
"  L ~ ’1 — 1 1 ■■_____ __

IRCLE READER SERVICE CAR0 

tf.RFGLOBALNET.COM

http://www.minicircuits.c
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►  C u s to m  M M IC  A s s e m b ly  a n d  T e s t

►  X -B a n d  C o m m e rc ia l R a d a r  

A s s e m b lie s  (3 0 W  - 120W )

►  S a tc o m  P o w e r  A m p lif ie rs

►  P a s s iv e  M iliim e te rw a v e  D e v ic e s

• H ig h  D e n s ity  C o u p le rs
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Care must be used in the selection 
of the tank circuits capacitive element. 
As the capacitors reactance is reduced, 
its potential to reduce the unloaded Q 
of the intrinsic tank resonator is in- 
creased. A new line of high Q RF ca­
pacitors made by American Technical 
Ceramics was investigated. It was de- 
termined that these RF capacitors dis- 
played an equivalent series resistance 
(ESR) similar to that of most mi­
crowave capacitors at 2.5 GHz but with 
a substantial reduction in cost. Figure 
4 shows the circuits used in the Simula­
tion. As the ESR of the capacitors used 
in the tank increases, the overall Q of 
the tank will decrea.se. As the tanks un­
loaded Q is reduced, its 3 dB band- 
width increases. This characteristic is 
shown in Figure 5  using single-port Z 
parameters. The 0.707 point of the Z 
parameters magnitude response repre- 
sents the tank circuits 3 dB bandwidth. 
Note how the band edges move out in 
frequency as the capacitors ESR in­
creases from 0.2 to 0.8 Q.

RESONATOR DECOUPLING
The resonator is now evaluated as a 

two-port network. Decoupling ele- 
ments are used to improve the res­
onators loaded Q. This configuration 
provides valuable insight conceming 
the design of the intended oscillator. 
One method used to study the loaded 
Q for a two-port network is to evaluate 
the rate of change in the phase slope, 
which can be expressed as d<|)/dcü or 
group delay GD. The group delay dif- 
ferentiation process eliminates the lin­
ear portion of the phase response and 
transforms the deviations from linear 
phase into deviations from constant 
group delay. It can be shown that the

A l Fig. 5 Effects o f the capacitors ESR 
on the tank circuit ’s Q.

[Continued on page 28]
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ULTRA BRÓAD BAND
Fnq.Range Gain Hlï Gain IdBComp, Mörder VSWR DCCvrer-j 

GHz dBrnin dBmtx Ftot ptdBmmin KP typ WOtdmax mA 1
0.5-18,0 20 5.0 2.5 7 17 2.0:1 250
0.5-18.0 25 4.0 2.5 10 20 211 300

MULTI OCTAVE AMPLIFIERS
tafel FnegRarge Gain KP Gail IdBComp. SnlDrdef VSWR DCCurent

GHz dBmin ifflnaz flaUMB ptdemmin EPtH WOgln« mA
JCA04-403 0.54.0 27 5.0 V  1.5 17 11 2.0:1 550
JCA08-417 05-8.0 32 4.5 1,5 17 27 2.0:1 550
;CA28-305 2 0-8.0 22 5.0 1.0 20 30 211 550
JCA212-603 2.0-12.0 32 5.0 30 14 24 2.0 1 550
/CA618-406 6.0-iaO 20 6.0 20 25 35 201 60C
JCA61B-507 6.0-18.0 25 SO 20 27 37 2.0:1 8ffi

MEDIUM POWER AMPLIFIERS
Model Freq Range G »  i  S »  1 tfiComp. Mörder VSWR DCQirer

GHz dBrnin iffina* Rä̂ -dB ptdBmmin KPtyp WOutmax mA I
JCA12-P01 1.35-105 35 4.0 1.0 33 41 2.0:1 100C |
JCA34-P02 3.1-3.5 40 4.5 1.0 37 45 2.0:1 2200 I
JCA56-P01 5.96.4 30 5.0 1.0 34 42 231:1 120C ]
,:AS12-P03 8.0-120 40 5.0 1.5 33 40 20:1 170C j
JCA1218-P02 12.0-18.0 22 4 0 : ; 2.0 25 35 2.0:1 70C

LOW NOISE OCTAVE BAND LNA'S
Ms« Frag Bange Gain HIF Gain IdBComp. 3tfOn*r VSWB DCG

GHz dBrnin d8mw Ftal+/-dB ptdBmmin KPtyp WOutmaz m
JCA12-3Ö01 1.0-2.0 40 0.8 1.0 10 20 2.01 21
;CA24-3001 2.D-4.0 32 1.2 1.0 10 20 2.0:1 2
JCA48-3001 4.0-8 0 40 1.3 1.0 10 20 20:1 2
JCAB12-30O1 80-12.0 32 1.8 1.0 10 20 20:1 2
JCA1218800 12.0-18.0 45 2.0 1.0 10 20 2.0:1 2!

NARROW
tafel F *  Range Ga» W

GHz dÈrai.1 ZBimi
7012-1000 1 2-1.6 25 0 75
7023-302 2.2-23 30 0.8
JCÄ34-301 3.7-42 30 1.5
JQSIIOl 5.4-5 9 40 1.0
7CÄ78-30O 7 25-7.75 27 1 2
70910-3080 9 0-9.5 25 1 2
JCA910-3001 95-10.0 25 1.2
707112-300011.7-12.2 27 H
.*13-3001122-127 25 1.1
JÖ8415-30Q114.4-15.4 7 35 V
JCW9-3001181-186 25 II
JÖÖ321-300120.2-21.2 3 25 20

T E C H N O L O G Y

/ DELIVERY IN 2-4 WEEKS ARO
4000 W p igd ac lp r. Camarillo, CA 93012 
/  ( ® 5 ) M 3 M  tax; (805) 987-6990 

email: jcafrjtéécffcom • wwwjcatech.com  •

j  I j JGA's Catalog can now be etewiÉMried from the Web at i»'(»'iy.yĉ gĉ .c<7/77

Features:
•_ jtemable SMA Connectcrs 
• CrpeiiM !m e

Options:
• Altemale Gain, Noise. Power. VSWR levels H required 
■ Temperature Compensatiqî

Gain Control
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Fig. 6 The decoupled resonators
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loaded Q is related to the group delay 
by Qioaded = Jtf0GD. Group delay is the 
rate of change in the phase of the for- 
ward transmission coëfficiënt vs. fre­
quency. The nice thing about using 
group delay as a figure of merit in res­
onator design is that it can be evaluated 
with a simulator such as Microwave 
Harmonica and also measured on the 
bench with a network analyzer. Note 
that the end coupling capacitors used 
increase the capacitive loading on the 
tank resonator. This effect requires the 
capacitor(s) in the tank circuit to be 
tweaked in order to re-center the res­
onators center frequency.

To examine the trade-offs concem- 
ing insertion loss and loaded Q, a 
swept display of several decoupled 
resonators Ls shown. Different degrees 
of decoupling were used, as shown in 
Figure 6. The 1.65 nH inductor is 
held constant while the tanks capaci- 
tor is adjusted to center the frequency 
at 2.5 GHz. The Simulation results 
shown in Figure 7 clearly display the 
increase in both group delay and in­
sertion loss as the amount of decou­
pling is increased. The degree of de­
coupling used in the final oscillator is a

---0.2 pF DECOUPLING
---0.4 pF DECOUPLING

FREQUENCY (GH*)

Ak. Fig. 7 Decoupled resonator 
performance; (a) group delay and 
(h) insertion loss.

[Continued on page 30]

mailto:sales@remecq-bit.com
http://www.remecq-bit.com


a Wide Range of
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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

m

■  Step-Rotary Attenuators

■  Fixed Coaxial Attenuators are available
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TECHNICAL FEATURE
trade-off between the goals of ade­
quate start-up gain and maintaining 
the resonators loaded Q.

GAIN BLOCK DESIGN
Often a discrete transistor can pro- 

vide a much more cost-effective Solu­
tion than a MM IC. Although a little 
more work is involved in designing an 
oscillator using a discrete solution, it 
is well worth it if low cost is a primary 
design concern. It is also advisable 
(although not necessary) to use a de- 
vicej that presents a reasonable de- 
gred of match at the intended fre­
quency of oscillation. The device’s 
close match helps to ease the oscilla­
tors gain requirements.

A network that can provide for 
good spurious suppression should 
surround the transistor and usually 
produces unconditional stability at 
low RF frequencies. At lower fre- 
quencies, simple resistor biasing can 
be used to accomplish this goal. As 
the frequency increases, it is advis­
able to use choke biasing networks in 
order to avoid degrading the gain of 
the transistor any more than need be. 
A useful method for preventing mod- 
ing is to use resistive loading at out- 
of-band frequencies. This configura- 
tion is used so as not to degrade the

NE696M01

JÊL Fig. 9 The initial oscillator schematic.
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gain at the desired frequency. A resis­
tor in the DC biasing network also 
can be used for the prevention of 
spurious moding. This goal is accom- 
plished using a 51 resistor. Figure 
8 shows the intended gain block.

The required biasing current has a 
strong effect on the oscillators close­
in noise performance. As the bias 
curren t is increased, the close-in 
phase noise that results from the de­
vice transposing low frequency base­
band noise is degraded. This low fre­
quency AM and PM noise is convert- 
ed into frequency fluctuations at the 
carrier by a nonlinear mixing process. 
This type of noise is referred to as 1/f 
noise. In addition, as the bias current 
is increased the devices noise figure 
also increases, further degrading the 
oseillator’s noise performance. This 
result is due to a decrease in the os- 
cillator’s SNR. Contrasting the goals 
of minimizing the transistors bias 
current to reduce noise is the fact 
that the signal portion of the oscilla­
tors SNR is improved with increased 
bias current. This effect occurs be- 
cause the absolute value for the noise 
sidebands does not vary with the Sig­
nal level produced by the oscillator. It 
has been noted that both noise figure 
and low frequency 1/f noise (flicker 
noise) are not affected significantly 
by an increase in the bias voltage.

After evaluating cost and perfor­
mance for various families of transis­
tors, an NE6X6-type device was cho- 
sen. These transistors are reasonably 
priced, and data from the manufacturer 
show that the NE6X6 devices have 
both low noise figure and low 1/f noise 
characteristics. The transistors VCEO 
(collector to emitter breakdown voltage 
with the base held open) is 6 V DC. 
With VCE set to 3 V, there is ample 
margin for peak-to-peak variations in 
the steady-state signal.

It was decided to 
use the simple bias­
ing network shown 
previously to  re ­
duce circuit com- 
plexity and cost. A 
DC bias current of 
approximately 10 
mA was used to de- 
term ine a balance 
for the various 
noise-related bias 
concerns. In addi­
tion, S-param eter

data with 10 mA bias are available 
frorn the manufacturer for the entire 
6X6 family of transistors.

SUBSTRATE CONSIDERATIONS
Since the design frequency is 2.45 

GHz, the PCB material is a significant 
consideration. In this application it is 
considered preferable that the utilized 
material be very inexpensive and pro­
vide a well-controlled dielectric con­
stant. This characteristic is required 
because the printed portion of the cir­
cuit is used to control the amount of 
phase lag between the transistor and 
resonator. Since the printed portion of 
the Circuit exhibits only a relatively 
minimal effect on the resonators 
loaded Q and loop gain, the attenua- 
tion resulting from the Substrates di­
electric losses was not considered over- 
ly critieal. After evaluating several op- 
tions, including various sources of FR4 
material, it was decided to use a low 
cost material available from GIL Tech­
nologies with a dielectric constant of 
3.86 ±0.08. In addition, the Substrate 
material Ls available for approximately 
the same price as FR4.

THE FINAL CONFIGURATION
Having chosen the topology, a lin­

ear Simulation was performed. This 
procedure allows for precise adjust- 
ments in the phase for the intended 
design. A 2 pF  capacitor Iocated at 
the collector is used to couple the Sig­
nal to the 50 Q load. The initial 
schematic for the oscillator is shown 
in Figure 9. A break in the circuit is 
produced in order to enable a two- 
port analysis technique to be used. It 
is best to make the break at a point in 
the Circuit where a reasonable degree 
of match exists. The goal is to adjust 
the decoupling capacitors C2 and C3 
to allow enough gain for the start-up 
condition while minimizing the degra- 
dation to the loaded Q. The desired 
gain margin for the open loop in this 
design is between 3 and 4 dB. A mini­
mum of 3 dB is suggested for ade­
quate start-up gain. The 4 dB maxi­
mum is recommended to prevent the; 
transistor from hard limiting any more 
than necessary. As the transistor is dri- 
ven harder into limiting, it will tend to 
increase the production of undesired 
harmonies. Reducing the loop gain 
also helps reduce the change in the 
transmission phase during the oscilla- 

[Continued on page 32]
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TECHNICAL FEATURE
b r in g  th e  tran sm iss io n  p h a se  to  0 °  at 
2.45 GHz. T h e  g ain  response  is p e ak e d  
a t  2.45 GHz. A gain of 2.63 d B  is a  b it 
low  b u t  c on sid ere d  e no u g h  fo r s ta rt-up  
concerns. The sim ulator show s th a t th e  
g ro u p  de lay  is 4.67 ns. T h e  lo a d ed  Q 
fo r  th e  sm a ll-s igna l S im ula tion  is a p ­
p ro x im a te ly  36. (T his Q v a lu e  show s 
th e  p o te n t ia l  f o r  lo w  n o is e  p e r f o r ­
m ance .) The goals fo r th e  initial Simu­
la tio n  s ta g e  o f  th e  o s c illa to r  d e s ig n  
have b e en  achieved.

TUNING CONSIDERATIONS
Tuning of the oscillators center fre­

quency is accomplished by using a var­
actor tuning diode. Since the cost of 
the components becomes a critical con­
cern the tolerance used is often not as 
tight as that of more extensive compo­
nents. As an example, a 0.2 pF capaci- 
tor nearly doublés in price as the com­
ponent tolerance is increased from ±0.1 
to ±0.05 pF. It is advisable to allow for 
deviation in the center frequency as a 
result of component variations when 
evaluating tuning options. This design 
is intended for use in seeurity sensor 
applications and is required to tune 
from 2.435 to 2.465 GHz. The oscilla­
tors tuning bandwidth must extend far 
enough on either side of these band 
edges to account for all of the compo­
nent tolerance variations. This concern 
must be juggled with the fact that the 
tuning diodes noise contribution is 
magnified as its tuning gain is in-
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tor’s transition from small-signal to 
large-signal conditions.

It is critical for the transmission 
phase to be 0° at the peak of the res­
onator magnitude response. It has 
been shown that degradation in the re- 
sulting noise sidebands due to nonopti­
mal transmission phase is related by 
40log(cos 6).8 The microstrip transmis­
sion lines are used to adjust transmis­
sion phase. After simulating the in­
tended oscillator design with various 
transistors from the NE6X6 family it 
was determ ined that the model 
NE696M01 device would produce the 
required start-up gain. The ft for the 
NE696M01 transistor is 14 GHz with a 
3 V, 10 mA bias. This ft is somewhat 
higher than desired for a 2.45 GHz os­
cillator and is typical of the type of 
trade-offs involved in oscillator design. 
The Simulation of the intended oscilla­
tion is shown in Figure 10. A 50 £2, 
0.61 X lcngth of microstrip is used to

A  Fig. 10 The open-loop Simulation.

creased. The tuning gain is simply 
dl/dV. The tuning diode is decoupled to 
reduce its tuning gain by using a capac- 
itive series combination in the res­
onator tank circuit. One of these capac­
itors is the tuning diode.

The tuning diodes effect on the 
oscillators phase noise performance 
can vary greatly depending on the 
type of tuning diode used, its tuning 
gain and its Q. The modulation noise 
produced by the t uning diode is 
summed with the noise sidebands of 
the oscillator and can degrade the os- 
cillator’s phase noise performance. 
Much of this noise is due to the mod­
ulation of the tuning diode junction 
capacitance by baseband noise. Re- 
ducing the baseband biasing resis- 
tance helps to reduce varactor modu­
lation noise. In this design the varac­
tor biasing resistor is only 200 Q. In 
addition, using a varactor with a less 
abrupt tuning curve reduces the tun­
ing diodes nonlinearity. Ilowever, as 
the tuning curve becom es less 
abrupt, tuning linearity may be sacri- 
ficed. F urtherm ore , the tuning 
diodes series resistance degrades the 
oscillators loaded Q. It is suggested 
that samples of various tuning diodes 
be evaluated on the test bench prior 
to final selection.

THE FINAL PROTOTYPE
The final schematic is shown in 

Figure 11. The rest of die microstrip 
has been added, and provisions for 
the tuning diode have been made. 
The phase has been tweaked to adjust 
for various distributed discontinuities 
and parasitic reactances. Low indue- 
tance microwave grounding is main- 
tained by using 31-mil-diameter vias 
to decouple all lumped components.

Ilaving established a promising 
design with the simulator, the proto­
type VCO was constructed. An HP 
8720B vector network analyzer 
(VNA) was used to evaluate the open­
loop oscillator. The number of test 
frequency points determines the min­
imum resolution when recording 
group delay data on the VNA. This 
resolution is then increased from 
minimum by varying the VN A’s 
smoothing aperture. In this way the 
best possible display of group delay is 
obtained. A display of the oscillator 
group delay and insertion loss is

[Conlinued on page 36]
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n n o v a t i o n  # 5

f i r s t  C / N  g e n e r a t o r

a n d  M u l t i - P a t h  F a d i n g  S i m u l a t o r  i n t e g r a t e d  

i n t o  a o n e - b o x  s o l u t i o n

S im p lifïed  te s t in g  for CDMA.

Until now: Testing n o is e  a n d  c h a n n e l  S im u la t io n  
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-7 0 .0
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o Input 0 us 
o Input 2.0 us 
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i  C D M A

Com m un ica tions 

equ ipm ent testing, 
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in r e d u c e d  t e s t  t im e  a n d  d e v e lo p m e n t /  m a n u f a c ­

t u r in g  CO StS . If you ’re look ing for an a lternative in no ise  

and  fad in g  testing , take  a  look  at M ic rone tics. For m ore 

in form ation, ca ll (603) 883 -2900  ext. 3 12  o r v is it ou r w eb  

site, w w w .m ic rone tics.com .
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E r i c s s o n  D e l i v e r s  G Ü L D U M S S T  F E T s

Product
Number

Frequency
Mhz

pOUT
Watts

Gain
dB

Supply
Voltage

Package
Number

Internal
Matching

To 1. 0 G H z  --  G O L D M O S  F E T

PT F 10136 1000 6 18.0 28 20244 N

PT F 10147 1000 10 15.0 26 20244 N

PT F 10137 1000 12 13.0 28 20244 N

PT F 10007 1000 35 12.0 28 20222 N

PT F 10052 1000 35 12.0 28 20235 N

PT F 10015 1000 50 12.0 28 20235 N

PT F 10031 1000 50 12.0 28 20222 N

PT F 10139* 1000 60 12.0 28 20235 N

PT F 10138* 1000 60 12.0 28 20222 N

PT F 10009 1000 85 12.0 28 20230 N

PT F 10049 4 7 0 - 8 6 0 85 12.0 32 20240 I

PT F 10159 4 7 0 - 8 6 0 120 12.0 32 /28 20240 I

PT F 10019 8 6 0 - 9 0 0 70 13.0 28 20237 I

PT F 10133 8 6 0 - 9 0 0 85 13.0 28 20237 I

PT F 10100 8 6 0 - 9 0 0 165 12.0 28 20250 I

PT F 10162 8 6 0 - 9 6 0 18 14.0 26 20222 N

PT F 10036 860 -  960 85 11.0 28 20240 I

PT F 10160* 8 60  -  960 85 15.0 26 20248 I/O

PT F 10020 8 6 0 - 9 6 0 125 11.0 28 20240 I

PT F 10149 9 2 1 - 9 6 0 70 15.0 26 20252 I

1 . 0 - 2 . 2  G H z -  G O L D M O S  F E T

PT F 10111 1500 6 15.0 28 20222 N

PT F 10107 2000 5 11.0 26 20244 N

PTF 10135 2000 5 11.0 26 20249 N
PT F 10041* 2000 12 10.0 26 20249 N

PTF 10053 2000 12 10.0 26 20244 N

PT F 10021 1 4 0 0 -1 6 0 0 30 11.0 28 20237 I/O

PT F 10125 1 4 0 0 -1 6 0 0 135 11.5 28 20250 I/O

PT F 10045 1 6 0 0 -1 6 5 0 30 10.0 28 20222 N

PTF 10112 1 8 0 0 -2 0 0 0 60 11.0 28 20248 I/O

PTF 10153* 1 8 0 0 -2 0 0 0 60 12.5 28 20248 I/O
PT F 10120 1 8 0 0 -2 0 0 0 120 10.0 28 20250 I /O

PT F 10043 1 9 0 0 -2 0 0 0 12 11.0 26 20222 I
PTF 10035 1 9 0 0 -2 0 0 0 30 11.0 28 20237 I/O

PT F  10123* 2 1 0 0 - 2 2 0 0 5 11.0 28 20244 N

PT F 10119 2 1 0 0 - 2 2 0 0 12 10.0 28 20222 I
PT F 10048 2 1 0 0 - 2 2 0 0 30 10.0 28 20237 I/O
PT F 10122 2 1 0 0 - 2 2 0 0 50 10.0 28 20248 I/O
PTF 10134* 2 1 0 0 - 2 2 0 0 100 10.0 28 20250 I/O

Note: An * next to the product pan number indicates the specifications are preliminary and subject to chang;e without notice. Please contact your
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TECHNICAL FEATURE

A  Fig. 12 The oscillator’s (a) insertion loss 
and (b) group delay.

Fig. 13 The oscillator’s (a) input 
and (b) output retum losses. ^

Fig. 14 The oscillator’s phase noise 
at 2.45 GHz in a 1 kHz RBW  with 20 dB 
input attenuation.

shown in Figure 12. The magnitude 
of both transmission responses is 
peaked at the intended frequency of 
oscillation. The input and output re­
turn loss of the resonator is shown in 
Figure 13. The low reflections mea- 
sured at the resonant frequency vali- 
date the VNA analysis technique. 
Having analyzed the group delay, the 
actual loaded Q is determined to be 
26. This value is 25 percent lower 
than the original simulated value and 
is attributed to slightly tighter cou­
pling in the actual circuit. However, a 
loaded Q of 26 is considered re- 
36

A  Fig. 15 The oscillator’s harmonies.

Fig. 16 The oscillator’s output frequency os. 
tuning voltage. ^
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spectable for such a low cost design 
and justifies the resonator selection.

After evaluation of the oscillator 
with the network analyzer, the elosed- 
loop analysis is performed and the 
complete circuit is assembled. The 
output power and phase noise were 
m easured. Figure 14 shows the 
phase noise to be -95 dBc at 10 kHz 
offset using a 1 kHz resolution band- 
width. This noise level is considered 
more than adequate for most eom- 
munication receiver applications. The 
output power is 5.2 dBm at 2.45 
GHz, which is a respectable signal 
level. The resulting RF-to-DC effi­
ciency is greater than nine percent. 
The VCOs harmonies are shown in 
Figure 15. It is apparent by the fact 
that the second harmonie is down by 
approximately 20 dB that the emis- 
sion s performance is quite satisfacto- 
ry. By varying the tuning voltage be­
tween 3.3 and 5.9 V the frequency 
changed linearly from 2.41 to 2.49 
GHz. Figure 16 shows the output 
frequency vs. applied tuning voltage. 
Across this tuning span the output 
power varied by only 1.3 dB and vari­
ations in phase noise were measured 
to be less than 2 dB. Tuning was ac- 
com plished using a low cost 
SMV1234-079 tuning diode from Al­
pha Industries. A second oscillator 
was built and tested in order to verify 
the design. (The test results were 
nearly identical.) Using typical high 
volume pricing this circuit was built 
for less than $1.30.

CONCLUSION
A design technique for using a 

commercially available simulator (Mi­
crowave Harmonica) to evaluate low 
cost options for a 2.45 GHz oscillator 
has been demonstrated. The design 
was later analyzed on the bench using 
a VNA and spectrum analyzer and 
was shown to display low phase noise, 
linear tuning and low harmonie emis- 
sions. The output power was verified 
to be more than adequate for many 
applications. The only on-the-bench 
optimization was to the tuning diode 
used. A practical microwave oscillator 
design has been demonstrated.
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A ccording to a report is- 
sued by the Pentagon, 

Lockheed M artin Corp., 
manufacturer of the F-16 
and other military aircraft 
and weapons Systems, 
ranked first among US mili­
tary contractors in 1999, re- 
ceiving $12.7 B vvorth of 
prime contracts from the 
D epartm ent of D efense 

(DoD). Boeing Co., manufacturer of the F-15 fighter, 
placed second in the rankings with prime contracts totaling 
$10.9 B followed by Raytheon Corp., General Dynamics 
Corp., Northrop Grumman Corp. and United Technolo­
gies Corp. The top six 1999 defense contractors held the 
same positions in the 1998 rankings. Advanced electronic 
System provider Litton Industries Ine. jumped from eighth 
to seventh place with contracts totaling $2.1 B in 1999, 
compared to $1.6 B in 1998. General Electric Co. finished 
eighth ($1.7 B) followed by TRW Ine. and Textron Ine. 
who tied for ninth place with $1.4 B in contracts. Overall. 
DoD contracts awarded in 1999 to US contractors totaled 
$125 B, compared to $118.1 B in 1998.

Pentagon Releases 

Leadlng US M ilita ry 

Contractor Rankings 

fo r 1999

A ccording to the Associ­
ated Press, the Nation­

al Aeronautics and Space 
Administration (NASA) is 
attempting to produee new 
topographical maps of the 
earth by extending a radar 
an tenna boom from the 
Endeavour space shuttle. 
The 197-foot radar antenna 
boom will be the longest 

rigid structure ever deployed in space, allowing seientists 
to measure the highs and lows of the earths terrain with 
exceptional accuracy for environmental and military pur- 
poses. Once fully deployed, NASA expects that seientists 
will be able to map more than 70 percent of the earths 
terrain, collecting enough data to occupy 13,500 compact 
discs. A 200-foot steel, titanium and plastic mast, with the 
radar antenna boom anchored to the shuttles cargo bay, 
will be deployed to capture more complete global snap­
shots of the earth. The mast comprises a series of stiff, 
stacked cubes measuring 1.05 m (3.5 ft) in diameter and 
can be folded up inside a 2.7 m can. The radar equip­
ment, including the billboard antenna, weighs 13 tons and 
will scan the earth in 225 km swaths with radar return Sig­
nals received by the cargo bay and boom antennas. By 
combining images acquired 59 m apart in space, seientists 
expect to capture three-dimensional snapshots of the 
earths surface, providing nine times more topographic 
data than currently available to seientists. Topographic 
measurements are expected to be taken every 29.4 m (98 
ft) with elevation readings accurate to approximately 15.6 
m (52 ft). A smaller, simpler version of the radar system 
was launched twice on the Endeavour in 1994.

Space Mission 

to  Produee 

New Topographical 

Earth Map

R ockwell Science Cen­
ter, Thousand Oaks, 

CA, has successfully dem­
onstrated micromachined 
Silicon relays and wireless 
networking technologies 
during the space flights of 
the two smallest satellites 
ever released into orbit. 
(The picosatellites weighed 
less than one-half pound 

each and measured 4.0" x 3.0" x 1.0") The micro relays 
and networking technologies are expected to significantly 
reduce the size, power and cost of future satellites used 
for applications such as telecommunications and weather 
imaging. The picosatelütes were launched into space from 
the Stanford University Orbiting Picosat Automated 
Launcher, a satellite platform that flew aboard an Air 
Force rocket launched from Vandenberg AFB on January 
26. With funding from the Defense Advanced Research 
Projects Agency (DARPA), Aerospace Corp. acted as the 
system integrator for the picosatellite mission; DARPA 
also sponsored the creation of many of the underlying 
technologies.

As part of a series of unique experiments, the pi­
cosatellites communicated with each other via a low pow­
er RF link and a ground station to exchange information 
obtained from a series of simple onboard circuits. The cir­
cuits, which were developed with DARPA funding, tested 
the reliability of micro-electromeehanical Systems in space 
and probed the low earth orbit environment. The satellite 
networking technologies employed low cost digital cord- 
less telephone technology modified for data Communica­
tions and networking. Technologies derived from Rock- 
well’s wireless integrated networked sensor (WINS) de­
velopment programs also were utilized for the first time. 
WINS Systems combine digital cordless telephone tech­
nology with data processing capabilities, multihopping 
networking protocols and actuation devices in order to 
aehieve scalable networks for automation monitoring 
and control.

New Wireless 

Networking 

Technologies 

Demonstrated

US Navy Selects ÊkM otorola Ine. has been 
f V I  aw arded a $48 M 

Motorola D igital contract by the US Navy 
Space and Naval Warfare 

Modular Radio Command (SPAWAR) for 
the manufacture of an all- 

lillllllllll! UUlHi software-program-
mable radio under the Dig­
ital Modular Radio (DMR) 
program. The Navy select- 
ed the Motorola DMR for 

shipboard and shore installations after the successful com- 
pletion of competitive field trials at the Navy SPAWAR 
Systems Center in Charleston, SC. The Motorola units 
demonstrated the key features of reprogrammability, Op­
eration with existing radios and mechanical endurance for 
challenging environments aboard surface ships and sub-
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NEW S FRO M  W ASHINGTON
marines. Their fully software-reprogrammable capability 
enables radio operators to point and click via an interface 
that is similar to a commercial PC, allowing the setup and 
alteration of characteristics such as bandwidth, modula- 
tion, error control, security and waveforms.

The Motorola DMR will allow the Navy to train opera­
tors on one platform, replacing numerous existing Systems 
that are designed specifically to communicate with other 
armed services, the US Coast Guard and NATO allies. An- 
other key feature of the DMR is the embeddable Advanced 
INFOSEC Machine, whch recently received Type 1 certifi- 
cation from the National Security Agency. An onboard Se­
cure Operating System allows simultaneous Operation on 
multiple channels using different algorithms, potentially re­
placing many Standard encryption functions with a single 
device. The Motorola DMR also will offer the Navy the ex- 
panded capability of communicating with civilian public 
safety and law enforcement agencies by simply download- 
ing and installing appropriate frequency and waveform 
sofWare, and will be compliant with the DoD’s Joint Tacti- 
cal Radio System once the architecture is defined. The 
DMR is part of the Motorola Wireless Information Trans­
fer System product line and employs commercial Standard 
processors and software to ensure low cost of ownership 
and extended product life. The agreement is valued at ap­
proximately $368 M if the Navy exercises all of its options 
in the Indefinite Delivery Indefinite Quantity contract.

Naval Solid-state I  ockheed Martin Corp.
L a n d  Alenia Marconi Sys- 

Radar Development tems SpA of Italy have en- 
tered into a teaming agree- 

to  be Examined ment to study joint develop- 
m ent of an active solid- 
state S/C-band phased-array 
radar for applications in the 
worldwide surface ship mar- 
ketplace. The agreement is 
expected to initiate a four- 

month-long feasibility study in which the two Companies 
will collaboratively identify top-level requirements and ar­
chitectures for a single-faced active solid-state rotating 
phased-array radar and project a basic configuration for fu­
ture development. In addition, the study will evaluate the 
use of S/C-band active solid-state phased-array radars for 
other applications. Pending the results of the study and sub- 
sequent extensions of the agreement to follow-on phases, 
the Companies intend to explore potential domestic applica­
tions of the radar as well as its possible use by foreign navies. 
In addition, the feasibility of a four-fixed-face active solid- 
state S/C-band phased-array radar design to support the 
Anti-Air Warfare and theater ballistic missile defense mis- 
sions will be examined. The joint study is considered the 
first step in the development and production of next-gener- 
ation radars. ■

RJR P o l y m e r s , I n c .
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Earth Observation I n  unrelated moves, Fran- 
Ico-British contractor Ma- 

Efforts Advance tra Marconi Space (MMS) 
____________ has acquired National Re-
*®®®®**®* mote Sensing Centre Ltd.

(NRSC) and US contractor 
Ball Aerospace and Tech­
nologies is expected to pro- 
pose a free-flying, space- 
based synthetic aperture 
radar (SAR) to the US Na­

tional Aeronautics and Space Administration (NASA). 
The NRSC business, with annual turnover of £6.5 M, is 
based in Farnborough, Hampshire and Barwell, Leices- 
tershire. Considered one the worlds largest commercial 
suppliers of aerial and satellite earth observation data and 
products, MMS’s acquisition of NRSC is expected to com­
plement its core business, improving the overall scope of 
the Companys space services. (In related news, MMS is in 
the process of joining with DaimlerChrysler Aerospace to 
create the ASTRI UM Organisation.)

The Ball Aerospace campaign kicks off in the wake of 
Februarys successful Shuttle Radar Topography Mission 
(SRTM) and will build upon the Companys experience in 
producing SRTM antennas. Dubbed the LightSAR con­
cept, the new proposal is a revision of a previous space- 
based radar mapping concept that was denied NASA 
funding in 1999 in favour of the Franco-American 
Pathfinder Instruments for Cloud and Aerosol Space- 
bome Observations effort. The most recent LightSAR ve- 
hicle is expected to fly in a low earth orbit to collect earth 
Science data in the areas of geology, geophysics and agri­
cultural survey. When compared with the SRTM System, 
the LightSAR concept features a primary antenna that is 
larger than the outboard unit and electronics with lower 
volume and power requirements. Prior to SRTM, Ball 
Aerospace was responsible for the antennas used in the 
Spacebome Imaging Radar-C System that was launched in 
1994. For the SRTM radar, Ball Aerospace developed an 
auxiliary reception array that was mounted on a telescopic 
60 m mast and used as part of the Systems ability to gen- 
erate necessary data for three-dimensional imagery.

Australia Acquires "ff"he Royal Australian Air 
I  Force (RAAF) has 

Danish and Israeli awarded contracts valued at 
approxim ately $34 M to 

EW Systems Danish contractor TERMA 
Elektronik and Israeli Com­
pany Elta Electronics In­
dustries for the installation 
of electronic warfare (EW) 
equipm ent aboard its F- 
111C strike aircraft. The 

TERMA contract, which is valued at $4.2 M, will cover 
the supply of the Companys AN/ALQ-213(V) EW Man­
agement System (EWMS). Forming part of an interim de­
fensive aids upgrade, the F-11 IC EWMS application will 
combine the aircraft’s radar waming receiver, counter-

INTERNATIO NAL R EPO R T
Martin Streetly, International Correspondent

measures dispensing system and newly procured Elta 
EL/L-8222 jamming pod into a single control architec­
ture. The acquisition of the L-8222 pod composes the sec- 
ond segment of the F-11 IC effort and will be acquired in 
a $30 M programme that involves Australian Company Vi­
sion Abell acting as Elta’s in-countiy subcontractor. In ad- 
dition to the acquisition of the radar jammers, the paek- 
age includes logistical support, test equipment and soft­
ware manipulation tools. On a global scale, Australia is the 
eighth customer to purchase the EWMS since its intro- 
duction into service in 1992.

The development of an interim EW fit for the RAAF s 
F-11 IC strike aircraft resulted partly from the suspension 
of the service s Echidna programme, which initially was 
supposed to develop a modular, integrated EW capability 
that could be applied across a range of Australian front- 
line aircraft. A major factor in the failure of the first 
Echidna iteration was the US State Departments restric- 
tion on access to US-sourced EW data, which, in turn, 
caused Australia to effectively preclude US industry from 
the bidding process. A resolution to the access problem 
emerged at an Australian-US Ministerial Acquisition 
Council meeting in Januaiy. Using EW interoperability as 
the lever, both countries are expected to establish a mem­
orandum of understanding that covers the exchange of 
EW threat data and the development of an EW co-opera- 
tion mechanism. Accordingly, US participation is expected 
when the Australian Department of Defence releases a 
restructuring plan of the Echidna effort.

Siemens Showcases / " e r m a n  contractor 
\ ï S i e m e n s  showcased 

New Technologies the SIMpad wireless Web 
pad, the In ternet-con- 

fo r the Future trolled C-LAB Pathfinder 
robot dem onstrator, the 
Voice Butler voice recogni- 
tion remote control capa­
bility, the Bluetooth multi- 
device automated voice and 
data exchange interface, 

and a prototype wireless local area network (WLAN) at 
the CeBIT 2000 exhibition held in February in Hanover, 
Germany. The SIMpad wireless Web pad allows users to 
access the Internet at any time from any location. The 
prototype weighs slightly more than two pounds and func- 
tions as a Communications terminal with a graphical inter­
face. The unit can be operated at ranges of up to 150 m 
from a base station that is connected to a telephone net­
work or a local area network. The SIMpad demonstrator 
communicates via GMS with the possibility of using Gen­
eral Packet Radio Service or Universal Mobile Telecom- 
munication System links in the future. Developed by 
Siemens Switzerland, the unit operates from a Windows 
CE, allowing existing Communications capability to be 
supplem ented by third-party  software. The C-LAB 
Pathfinder demonstrator is a small robotic device capable 
of controlling equipment via commands input into an In­
ternet Web page. Operator feedback takes the form of a
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RUGGED PORCELAIN DESIGN

Ultra-High Q (Q = 10,000) 
SUPPORTING CRITICAL
RF Applications

-  Power Amplifiers

-  Filters

-  Oscillators

FOR ATC'S 
EUROPEAN 

SALES OFFICES,

SEE OUR WEBSITE

:t ROM HANDLING EXTREME RF POWER LEVELS TO SUPER-SENSITIVE SMALL-SIGNAL APPLICATIONS.. .FROM Hl GH POWER

Base-Station amplifiers to high q Filter and oscillators-ATC’s 100 series capacitors have supported

THE RF AND MlCROWAVE INDUSTRY FOR OVER 30 YEARS.

ATC’S SELF-ENCAPSULATED PORCELAIN CONSTRUCTION HAS EVOLVED AND IMPROVED TO OFFER AN UNPARALLELED 

LEVEL OF MATURITY, M AK ING THEM THE MOST REQUESTED CAPACITORS THROUGHOUT THE RF/MlCROWAVE INDUSTRY.

Ameri can  
T e c h n i c a l  

C e r  a m  i c s

A C a s e .0 55  x .055 5 6 m L2( 1) 1.0 A 150V

B Ca s e .1 10 X .1 10 3 9 m Q (  1 ) 3 .3 3  A 5 00 V

C Ca s e .2 50  X .2 50 10 m Q (2 ) 19 .58  A 1000V

e  Ca s e .3 8 0  X .380 18 m £2(2) 16.71 A 1000V

( 1 ) 10 PF, ) GHZ ESR (2 ) 1 000  PF. 3 0  MHZ ESR



CIRCUIT DESIGNERN NOTEBOOK
Piezoelectric Effect in Ceramic Capacitors

The Creek root of the word piezo means "to press". In 1880, Jacques and 
Pierre Curie discovered that pressure applied to a quartz crystal creates an 
electrica! potential on the crystal. Likewise, they also discovered that an 
electricai potential impressed on the crystal creates a deformation of the 
crystal. They referred to this phenomenon as the piezoelectric effect.

The piezoelectric effect can be readily defined as the generation of an elec­
tricai potential as a result of applying pressure or by mechanically deform- 
ing a piezo crystal lattice structure. This deformation causes the molecules 
in the material to become electricai generating dipoles resulting in a 
potential difference across the crystal.

The piezoelectric effect occurs in crystals that have no center of symmetry. 
This lends itself to a net polarization of the crystal. The most widely 
known piezoelectric material is quartz. Others include various polycrys- 
talline ceramics that are frequently used in capadtor dielectric formula-

am ic
ment *
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Example ofa Perovskite Ceramic - Barium Titanate (BaTi03) 

tions. One such group of materials is known as perovskites. Perovskites 
are one of the most abundant minerals on earth and are used in a large 
family of crystalline ceramic formulations such as barium titanate, calcium 
titanite and lead zirconate titanate. These crystals have some inherent 
piezoelectric properties that require careful processing to minimize the 
piezoeledric effect when used in capacitor fabrication.

Piezoelectric Ceramics:
Because of the anisotropic nature of many ceramics materials, piezoelectric 
effects are dependent on direction of mechanical excitation. This concept is 
illustrated by the ceramic element shown in the following figure. The axes 
labeled x, y, and z follow the classica! right hand orthogonal axial set. The 
orthogonal coordinate System shown here is commonly used to describe 
piezoeledric properties. The reference diredion is conventionally chosen as 
the z axis. A mechanical or electricai response in any of the three diredions 
will produce a response in its corresponding orthogonal axis. For example, 
an eledric field in the z  diredion causes a mechanical deformation in the x 
diredion, and conversely a mechanical deformation in the x  diredion will 
result in an eledric field in the z diredion. The piezoeledric effed along any 
axis is dependent on a mechanical exdtation of an orthogonal axis.

Circuit Application Considerations:
Stability: Issues regarding the generation of microphonics due to the 
piezoeledric effed can lead to a myriad of performance issues in many Cir­
cuit applications.

Some examples are:

• Produdion of extraneous (unwanted) Signal voltages due to strudure 
bome Vibration that can de-tune high Q circuits.

• Oscillator instability, espedally where tuning is accomplished with pas­
sive components.

• Ringing in pulsed circuit applications.
• Generation of erroneous data in digital drcuits.

Mechanical Stress:
Mechanical stress on the capacitor due to Vibration can disrupt the termi- 
nation-ceramic interface. The shearforces that exist in piezoeledric ceram­
ics can lead to unreliable ceramic-termination interface. This condition 
may gradually reduce performance by progressive  ̂degrading the loss 
tangent (DF).

When RF voltage is applied to the capacitor, the microstrudure will grow 
and shrink at the same frequency as that of the applied voltage. This can 
lead to shear forces that can cause deformations leading to reduced relia- 
bility or catastrophic failure.

Phase Sensitive Applications:
Capacitors exhibiting piezoeledric effects should not be used in filter net­
work designs. Phase shifters, filters, oscillators, or any design where 
phase stability is essential, should avoid the application of piezoeledric 
dielectric materials, because phase variations in accordance with the 
mechanical excitation may occur.

Coupling Applications:
Interstage coupling applications are frequently sensitive to capacitors 
exhibiting piezoeledric effed. The designer should avoid using these 
capacitors in sensitive applications as they can pass along non-linear dis- 
tortions to succeeding stages.

Richard Fiore
Sr. RF Applications Engineer 

American Technical Ceramics Corp.

to  le a r n  m o re  
Click  here



INTERNATIONAL R EPO R T
video stream generated by an onboard camera. Potential 
applications include plant automation, home automation 
and telemedicine. The designation C-LAB is taken from 
the Systems developer, Siemens Innovation Centre at 
Paderborn University, and the prototypes interface with 
the Internet makes use of Apples Quicktime 4 software. 
The Voice Butler prototype is a general-purpose, remote 
control capability that is bascd on voice recognition and 
designed to replace current household infrared remote 
control devices while providing voice activation for do- 
mestic Iighting, heating and Ventilation Systems. The 
Voice Butler is capable of Controlling up to 13 discrete de­
vices, handles instruetions from up to four different 
speakers and accepts commands in English, French, Ger­
man, Italian, Portuguese and Spanish. The WLAN is de­
signed to provide mobile access to personalised network 
services and Information from any device anywhere in the 
world. Using WLAN technology, users can access person­
al e-mail accounts, centrally organised schedulers and/or 
addresses from any mobile terminal compatible with 
GSM, Bluetooth or similar technology. The Bluetooth in­
terface is a joint effort by Siemens and Fujitsu Siemens 
Computers, which makes use of a plug-in, cordless Com­
munications module that works with a WLAN server. 
Bluetooth has the capability to seamlessly connect cellular 
phones, notebooks and desktop personal computers and is 
expected to be commercially available by this summen

_52____________ rifffl F ft ON READEB SFBVirr rann

N etherlands contractor 
Philips Semiconduc- 

tors has introduced a small- 
er-sized FlipChip variant of 
its model TEA1207 DC-to- 
DC Converter IC. The 3.9 
mm model TEA1207UK 
devices chip-scale package 
can be easily mounted on a 
PCB using existing surface- 
mount equipment. If  se- 

cured to  the  PCB with solder bum ps or balls, the 
TEA1207UK will eliminate the need for wire bonding and 
intermediate-level packaging. Other advantages of the 
FlipChip variant include improved thermal and electricai 
performance, the use of Standard body sizes and pin 
counts, and the potential lower cost of ownership. The 
TEA1207UK is capable of downconverting to 1.25 V while 
maintaining a 90 percent conversion efficiency for output 
currents between a few milliamps and 0.5 A. In upconvert 
mode, the IC can generate an output voltage between 2.8 
and 5.5 V from an input voltage greater than 1.8 V with a 
Switching ffequency from 220 to 330 kHz (275 kHz (typ)). 
Designed specifically for applications where low voltage, 
low power CMOS logic is used to minimise battery drain, 
the device also features a digital control circuit that uses 
output voltage level as its control input. ■

Philips Introducés 

FlipChip Variant 

o f DC-to-DC 

Converter IC
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From 0603 RF chip inductors to 16 Amp 
power inductors, only Coilcraft offers so many 
types of surface mount magnetics.

And only Coilcraft sells factory-direct and 
stocks most parts for immediate shipment.

For free evaluation samples or to order our 
handy Designer's Kits, visit our web site at 
www.coilcraft.com.

See why Coilcraft is your most attractive 
source for surface mount magnetics!
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ntroducing the Xinger® Crossover from Anaren —  a simple solution for 
e a9e-old problem of "getting to the other side."

IT  ôu can now cross an  ̂^  ar|d ^  n̂e combination and avoid dangerous intersections within 
i n y S - -  l°w* an<̂  hi9h-frequency applications such as NMT, GSM, UMTS, MMDS and HiperLan.

J r  The Xinger Crossover's multilayer-stripline packaging provides optimal line-to-line

Isolation to ease signal transmission and is a low-cost alternative to bulky, multilayer boards. RF-DC and 

RF components are available — each with a tiny footprint of 0.2n x 0.2", a frequency range of 0 to 6GHz, and 

an Insertion loss of less than O.ldB and a return loss of less than 20dB at 6GHz. The RF-RF version also maintains 
an isolation higher than 25dB.

The Xinger Crossover is designed for surface mounting via tape or reel for quick circuit board assembly.

So, whether you want DC current capability or RF performance, the Xinger Crossover is the safest —  and 

soundest —  way to get to the other side.

Call today to find out more about the Crossover and the entire line of Xinger* products, including the balun 
and the mini-Xinger — exclusively from Anaren.

Questions? Contact Anaren at crossover@anaren.ee 

800-544-2414 > www.anaren.com 
In Europe, call 44-2392-232392 
Visa/MasterCard accepted (except in Europe) Anaren

What'll we think of next?" 
CIRCLE 16 ON READER SERVICE CARD

mailto:crossover@anaren.ee
http://www.anaren.com


THE CO M M ERCIAL M ARKET

A ccording to a recent re­
port from Electroni- 

Cast, the global consump- 
tion of fiber-optic couplers 
is projected to increase to 
$1.75 B by 2008 as a result 
of rising quantity growth 
(partially offset by a contin- 
uing decline of average 
prices). The report also pre- 
dicts that global coupler 

consumption will be driven by the increasing demand for 
high capacity transport Systems used in a variety of applica­
tions, ineluding long-haul submarine networks, local loop 
networks, cable TV networks, test instruments and sensors. 
In 1999, North America led global coupler consumption 
with $149.7 M, followed by Europe with $108.9 M. (Ger- 
many, the UK, France and Italy represented the majority of 
fiber-optic deployment in Europe.) By 2008, global fiber- 
optic coupler consumption is expected to reach to $664.3 
M in North America and $491.9 M in Europe.

Telecom munications fiber-optic coupler applications 
represented 59.3 percent of the global market consumption 
in 1999 with $233.5 M. The report predicts, however, that 
this consumption share is expected to decrease to 56 per­
cent but increase in value to $980.1 M by 2008. Other ap­
plications for fiber-optic coupler consumption include ca­
ble TV, which represented 14.3 percent of the market share 
in 1999 with $56.3 M and is expected to increase to $143 M 
by 2008. The military/aerospace segment, which accounted 
for 11.6 percent with $45.6 M, is expected to increase to 
$273.5 M while specialty applications (ineluding test instru­
ments and automotive) are expected to increase to $249.8 
M by 2008. Premise data networks, which consumed $19.1 
VI in 1999, are expected to increase to $103.8 M by 2008. 
For additional information, contact Theresa Hosking, Elec- 
troniCast (650) 343-1398, fax (650) 343-1698.

Global Fiber-optic 

Coupler Market 

to Reach $1.75 B 

by 2008

Intelligent 

Mobile Units 

to  be Installed 

in Service Vehicle 

Fleets

J^ ig h w a y M aster Con
nunications Inc., 

provider of wireless voice 
and data Communications 
services to the commercial 
trucking and service vehicle 
industries, has been select- 
ed  by SBC Communica­
tions Inc. to supply 
Ameritech and other SBC 
member Companies with 

more than 28,000 HighwayMaster series 5005S intelligent 
mobile units as well as enhanced proprietary software and 
services. The Systems will provide service vehicle fleets 
with event-based location tracking, mobile voice Commu­
nications and a location-based panic alarm device using 
both terrestrial-based wireless Communications capabili- 
ties and the Global Positioning System (GPS) satellite 
network, thereby increasing effective utilization of service 
fleets and providing a safer work environment for service 
technicians. Installations are expected to occur through-

out this year. The enhanced cellular network utilizes more 
than 70 cellular providers in the US and Canada, offering 
coverage in essentially all of the available US markets and 
neighboring Canadian markets. The newest installations 
are expected to create one of the largest GPS-based fleet 
service management Systems in the US. To date, High­
wayMaster has installed more than 43,000 mobile units at

F ord Motor Co. has an- 
nounced plans to equip 

next years model vehicles 
with voice-activated telem- 
atics Systems that offer ad- 
vanced security features 
and inform ation access. 
The Systems will be Stan­
dard on select Lincoln lux- 
ury vehicles and optional 
on Ford Focus vehicles in 

Europe. The telematics System will include a voice-acti­
vated access Option to personalized Internet information 
ineluding news, stock quotes and weather. Additional fea­
tures that will enhance passenger safety and security in­
clude automatic collision notification, which sends a mes­
sage identifying the vehicle and its location to an operator 
whenever the air bags are deployed; an emergency assis- 
tance button, which connects a vehicle to an operator 
when police, fire or medical assistance is needed; and a 
roadside assistance button, which provides information 
about nearby roadside assistance.

An optional satellite radio service that offers 100 chan- 
nels of radio programming throughout the US will be 
available beginning in 2001. In the near future, optional 
equipment that enables passengers to surf the Web and 
download material and remotely monitor the vehicle s op- 
erating Systems are expected to be made available. Passen­
gers also can expect to control the onboard Systems with 
their own computing equipment. The application of Blue­
tooth technology is predicted to permit wireless control of 
car Systems from digital devices and, ultimately, provide 
communication of real-time traffic information between 
vehicles. The telematics Systems are expected to be in­
stalled on most Ford vehicles over the next several years.

various SBC Companies.

Ford to  Bring 

Internet Features 

to the Automotive 

Industry

Cellu lar Base 

Station Deployment 

in Europe 

Expected to Triple 

by 2005

mid-1999 to more than 500,( 
subscriber growth and wirek

T he Strategis Group 
Inc.’s recent analysis, 

“Strategis dataBank™: Eu­
ropean Cellular Network 
Infrastructure,” projects 
that cellular base station 
deployment across Europe 
will nearly  trip le  over 
the next five years, increas­
ing from approxim ately 
210,000 base stations in 

>00 base stations in 2005. As 
iss phone usage continue to



THE CO M M ERCIAL M ARKET
grow significantly in Europe, wireless operators are scram- 
bling to improve both population and territorial coverage 
to maintain and improve their competitive position in the 
European market. In mid-1999, Germanys T Mobil was 
the leader among European cellular operators with 18,500 
base stations deployed. (E-plus, Mannesman, France Tele­
com and SFR (France) rounded out the list of top-five op­
erators.) While Germany is predicted to maintain a high 
base station density (in terms of square kilometers), the 
Netherlands and Belgium are expected to lead the Euro­
pean market with a projected 450 base stations per 1000 
square kilometers by 2005. The report projects that five 
markets will account for approximately 60 percent of Eu­
rope’s base station deployment by 2005, ineluding Ger­
many (24 percent), Italy (10 percent), the UK and France 
(eight percent) and Spain (seven percent).

The report, which is a Compilation of interviews with 123 
cellular operators who represent 160 networks across 39 
countries in Eastem and Western Europe, also provides data 
for base stations by country and technology from 1997 to 
2005, population and territorial coverage, network Iaunch 
dates (ineluding Iaunch dates for dual-band GSM 900/18(X) 
networks), infrastrueture vendors, infrastructure vendor 
market shares and average base station density and popula­
tion penetration. For additional information, contact Eliza­
beth Harr Bricksin, The Strategis Group (202) 530-7505 or 
e-mail: ehbricksin@StrategisGroup.com.
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High Speed T he Yankee Group has 
released a report,

to  Reach 

16.6 M illion  

Subscribers by 2004

Internet Service which forecasts that the US 
market for residential high 
speed Internet services will 
reach 3.3 m illion sub­
scribers by the end of this 
year and 16.6 million sub­
scribers by 2004. At the 

■ m H B  end of 1999, the installed 
base of dom estic high 

speed Internet subscribers totaled 1.4 million with nearly 
80 percent of these subscribers using cable modems for 
access. While the cable industry is expected to continue to 
lead the market over the next five years, its total share of 
high speed Internet subscribers is expected to shrink to 
42 percent by the end of 2004 as local telephone Compa­
nies make digital subscriber line (DSL) service more 
widely available. In addition, approximately 41 percent of 
US households are expected to have access to cable mo­
dern service by the end of this year, while only 24 percent 
will have DSL access. Nearly two-thirds of PC-equipped 
homes expressed interest in high speed Internet service 
and 40 percent of those indicated a willingness to pay up 
to $40 a month for service. For additional information, 
contact Kim Vranas, The Yankee Group (617)-880-0214 
or e-mail: kvranas@yankeegroup.com. ■

Q uasar
l E k  i l i  M ü l Dll'J:

For Microwave point to point radio, LMDS, 
UMTS & Satellite Communications
Quasar has developed a family of microwave 
waveguide components for Communications 
applications where precision, quality and reliability

® Directional Couplers, Splitters and Combiners 
# Fitters and Diplexers 
s  Power Combiners
Quasar can combine these products into single 
integrated assemblies which are ideally suited to ‘Hot 
stand by” or 1+1 applications this eliminates the need 
for flexible waveguide. Designs and prototypes for 
specific customer requirements can be made within 
weeks from Quasar’s high quality factory in the UK.

radio or a satellite transmitter/receiver Quasar can 
help you. Call us today or take a look at our website.

Quasar
Quasar Microwave Technology limited
Battle Road, Heathfield, Newton Abbot, 
Devon TQ12 6XU, England 
Tel: +44 (0)1626 834222 
Fax: +44 (0)1626 832994 iJUtU! 
Email: sales@qmtl.com

See our NEW WEBSITE www.qmtl.com

mailto:ehbricksin@StrategisGroup.com
mailto:mfcsales@microwavefilter.com
http://www.microwavefilter.com
mailto:kvranas@yankeegroup.com
mailto:sales@qmtl.com
http://www.qmtl.com


Introduring High Power 
Linear Power Am plifier Modules

Typical perform ance @ +25° C

PA1162 PA1163 PA1151 PA1157 PA1159

Frequency (MHz.) 800-960 1810-1870 1930-1990 2000-2200 2300-2400

Gain (dB.) 35.0 27.0 26.5 24.5 23.5

Gain Flatness (dB.) ±0.4 ±0.5 ±0.5 ±0.5 ±0.5

Pout @ 1 dB. comp +36.2 +36.5 +36.8 +36.0 +36.2
(dBm.)

IP3 (dBm.) +52.0 +52.0 +54.0 +50.0 +52.0

Noise Figure (dB.) 2.3 2.4 2.4 3.0 3.2

Vcc/lc (v/mA.) +10/1350 +10/1350 +10/1350 +10/1350 +10/1350

VSWR 2.1:1 2.0:1 2.0:1 2.0:1 2.0:1

| * CDMA and TDMA test data ai/ailable upon request

In today’s competitive wireless environment ‘Tim e to Market” is a 
very crucial factor for the success o f a new product.

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

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

In addition, our applicadon’s staffis ready to develop new cost 
effective linear amplifier modules customized to your requirements.

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

Call today: 215-723-6011 or 
(.-mail us at infof' phnixnm.com
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ARO UND  THE CIRCUIT

INDUSTRY NEWS
■ Alcatel lias entered into a definitive agreement to ac- 
quire wide area networking solution designer and manufac- 
turer Newbridge Networks Corp. The acquisition is sub­
ject to Newbridge shareholders’ approval of a merger agree­
ment that will allow for the ultimate conversion of each 
Newbridge share into 0.81 Alcatel ADS. The transaction is 
valued at $7.1 B. In related news, Alcatel has entered into 
an agreement with STMicroelectronics Inc. whereby Alca­
tel will adopt the STMicroelectronics ST100 digital signal 
processor core that is designed specifically for Communica­
tions applications where a powerful, high end embedded 
core is required. Under the terms of the agreement, Alcatel 
intends to embed this core in a variety of system-on-chip So­
lutions for digital subscriber line, voice-over-Intemet proto­
col and other leading-edge technologies.

■  Specialty optical fiber and fiber-optic product designer 
and manufacturer SpecTran Corp. nas been acquired by 
Lucent Technologies. Lucent’s Specialty Fiber Tech­
nologies division will offer customers integrated Solutions 
for industrial, telecommunications, medical, transporta- 
tion, aerospace and geophysical applications.

■  Telaxis Comm unications Corp., South Deerfield, 
MA, has completed the sale of its Millitech Division to 
Millitech LLC, an entity formed by private investors. In 
connection with the sale, Telaxis received $1.75 M in cash 
payment, a subordinated note and a minority equity inter­
est in Millitech LLC as well as a seat on the Millitech 
management advisory board for at least three years. The 
purchase price is subject to post-closing adjustment.

■  Varian Inc., Palo Alto, CA, has acquired the Poway, 
CA-based electronics manufacturing Operation of Inter-Tel 
Inc. Under the terms of the acquisition, Varian is expected 
to receive inventoiy and fixed assets for a net book value of 
$6.6 M and the assumption of the lease for a 112,000- 
square-foot facility. In addition, Varian is assuming respon- 
sibility for the Operation’s computer telephony products as 
well as procurement, assembly, test and depot repair.

■  Electron tube manufacturer Burle Industries has cre- 
ated Burle GmbH, a new European subsidiary to market 
and support all of the Companys power tube and electro- 
optic products, ineluding high energy power tubes, Silicon 
target imaging devices, scientific detectors and spec- 
troscopy products.

■  Wyle Electronics, a member of the VEBA Electron­
ics Group, has created RF Vision, a new subsidiary busi­
ness unit that will provide technical distribution Solutions 
to manufacturers in the wireless and electro-optics indus­
tries. The new Company, which will be located at Wyle’s 
Northern California facility in Silicon Valley, will special- 
ize in advanced RF/microwave and fiber-optic technology.

■  Thermal management solution provider Aavid Ther­
mal Products Inc., a wholly owned subsidiary of Aavid

Thermal Technologies Inc.. has ehanged its name to 
Aavid Thermalloy LLC to reflect its recent acquisition of 
Theramalloy Inc.

■  Pulse, a Technitrol Company, San Diego, CA, has 
formed a group dedicated to developing and supporting a 
broad range of off-the-shelf electronic components for the 
cable market. The Cable Products Group will focus de­
velopment efforts on products that support the accelerat- 
ing deployment of hybrid fibcr-coax networks as well as 
cable access equipment.

■  Tektronix Inc. has formed a new group within its 
M easurem ent Business Division to focus on meeting 
the ever-increasing customer desire to access information 
and conduct business online. The In te rn e t Business 
Group is expected to develop a more interactive and col- 
Iaborative Web environment with expanded information 
on products, applications, technologies and other services.

■  Rockwell Collins. Cedar Rapids, IA, has created an 
electronic business unit that will offer expanded e-busi- 
ness Solutions to its customers. The Company intends to 
consolidate its information technology, enterprise re­
source planning and e-commerce departments to form a 
strategie working group that brings together business unit, 
customer and supplier requirements.

■  Taiyo Yuden Inc. of Japan has announced plans to 
open Taiyo Yuden (Guangdong) Company Ltd., a new
42,650-square-foot manufacturing plant located in the 
People’s Republic of China, in an effort to upgrade exist- 
ing manufacturing processes and dramatieally increase 
production of high frequency, multilayer chip inductors 
and multilayer ceramic capacitors. The $8.4 M facility is 
expected to begin operations in July.

■  EMP TrexCom has moved to a new 85,000-square-foot 
facility located at 900 Enchanted Way, Simi Valley, CA 
93065 (805) 581-7868, fax (805) 581-7821 or e-mail: 
info@emptrexcom.com. The new facility is equipped with 
state-of-the-art engineering, manufacturing and testing 
Systems ineluding near- and far-field test ranges for ae- 
commodating antennas up to 13 m in diameter.

■  E m erson  & C um ing M icrow ave P ro d u c ts  has
opened a new 6000-square-foot, state-of-the-art process­
ing center for carbon-loaded foam microwave absorber 
products in Randolph, MA. The new facility has the ca- 
pacity to produce 10,000 to 20,000 square feet per week 
of both sprayed and dipped carbon foam products.

■  RFIC solution designer and manufacturer ANADIG- 
ICS Inc. has announced plans to expand its state-of-the- 
art six-inch InGaP IIBT, pHEMT and MESFET manu­
facturing facility to include additional dass 10 cleanroom 
space and equipment installation. The $10 M expansion, 
which is scheduled for completion by the middle of this

[Continued on page 60]
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year, is expected to approximately double current produc- 
tion capacity. In related news, ANADIGICS has shipped 
high volumes of power amplifiers for use in Ericsson T- 
class, dual-band mobile phones. The amplifiers were de­
signed specificaUy to meet Ericsson’s requirements for a 
low cost device that combines the high performance and 
functionality of two power amplifiers in a single, small 
package.

■  Brush Wellman Inc.'s Electronic Packaging Prod­
ucts Group. Newburyport, MA, has formed a strategie 
partnership with RJR Polymers, Oakland, CA, to supply 
the wireless industry with a complete electronic packaging 
solution. The partnership is expected to reduce cycle 
times for the design of new packages and enable cus­
tomers to have packages and lids that are optimized to 
work together.

■  RF Micro Devices Inc. (RFMD) and QUALCOMM 
Inc. have entered into an alliance to provide advanced 
power amplifiers for the CDMA market. The Companies 
have agreed to cooperate on the development of CDMA 
power amplifiers for inclusion in existing and future 
QUALCOMM CDMA chipsets. Under the terms of the 
agreement, QUALCOMM will market and seil the jointly 
developed CDMA power amplifiers using RFMD’s wafer 
foundry manufacturing process. In related news, QUAL­
COMM has entered into an agreement with Ericsson Mi- 
croelectronics to jointly develop and market the world’s 
first wireless technology solution that supports both the 
Bluetooth Standard and the CDMA digital wireless Stan­
dard. Under the terms of the agreement, Ericsson will de­
velop a Bluetooth-compatible radio unit and QUAL­
COMM will develop the Bluetooth digital baseband pro­
cessing to be integrated into its future Mobile Station 
Modem (MSM™) chipset and software Solutions. Both 
Companies will work together to optimize the RF and dig­
ital designs for Operation within a CDMA handset envi­
ronment to create the most complete, high performance 
solution available for CDMA-based wireless data applica­
tions.

■  RF power semiconductor designer and manufacturer 
UltraRF has entered into a strategie alliance with GHz 
Technology Inc. for the supply of LDMOS RF power 
transistor technology. Under the terms of the agreement, 
UltraRF will supply UltraGOLD Silicon LDMOS wafers 
to GHz Technology for inclusion in devices that target 
avionics, broadcast and other nonwireless applications. 
The alliance is part of a strategy that will allow GHz Tech- 
nology to reach an expanded market while building on its 
core design and manufacturing competencies.

■  Chomerics, a division of Parker Hannifin Corp.,
Wobum, MA, and Nypro Inc., Clinton, MA, have formed 
a strategie alliance to provide telecommunications cus­
tomers with an efficiënt and integrated manufacturing re­
source for obtaining conductive gaskets. The alliance will 
streamline the production of insert-molded conductive

[Continued on page 62]
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products against electromagnetic interference in cellular 
phones and other electronic devices. As a result, cus­
tomers can expect simplified ordering, faster deliveries 
and better-quality parts. ln related news, Chomerics’ 
Hudson, NII facility has received QS-9000 certification. 
The Hudson, NH facility designs, develops and manufae- 
tures thermal interface materials, EMI shielding lami- 
nates and the SOFT-SIIIELD™ 4000 and 5000 lines of 
EMI shielding gaskets.

■  A gilent T echnologies Inc. has signed a licensing 
agreement with SyntheSys Research Inc. for its error- 
analysis technology, which enables engineers to locate the 
causes behind errors in digital components and system 
hardware. Under the terms of the licensing agreement, 
Agilent will develop and market bit error ratio products 
that incorporate Synthesys’ BitAlyzer technology.

■  Calibre Inc., San José, CA, has entered into an agree­
ment with Infineon Technologies Corp. under which 
both Companies will dual-source selected products in 
their IrDA-compatible data transceiver product lines. The 
Companies initially are expecting to dual-source a fast in- 
frared IrDA-compatible transceiver with an innovative 
power architecture that will prolong batten7 life in IR-en- 
abled personal digital assistants, digital still cameras, 
portable printers and other battery-powered electronic 
applications.

■  Mitel Sem iconductor (a division of Mitel Corp.). 
Philsar S em iconductor and M atsushita E lectronic 
Components Co. Ltd. have entered into an agreement 
to co-develop a module for next-generation Bluetooth Sys­
tems. The Companies will combine a Silicon chipset de­
signed by Mitel and Philsar with Matsushita’s Panasonic 
high density packaging and RF expertise to provide a high 
performance and power-efficient route to Bluetooth 1.0- 
compliant Systems. The agreement is expected to acceler- 
ate the adoption of Bluetooth technology in personal 
wireless Connectivity Solutions.

■  M icrocosm  T ec h n o lo g ie s  Inc .. Cary, NC, and 
Cronos Integrated Microsystems Inc., Research Trian- 
gle Park, NC, have entered into an alliance to offer Jump- 
Start,™ a design kit that provides a low risk, inexpensive, 
efficiënt tumkey method for developing and prototyping 
microelectromechanical Systems (MEMS) devices. The 
unique MEMS design solution will comprise Microcosm’s 
Catapult™ MEMS design tooi with integrated lavout gen­
erators, an engineering design kit for the Cronos certifïed 
multi-user MEMS processes (MUMP™) and a reserved 
slot on a Cronos MUMPs fabrication run.

■  KCA Electronics. Anaheim, CA, has purchased a model 
9098 universal double-density grid test system from Everett 
Charles Technologies, Pomona, CA. In related news, 
Adaptive Circuits. San José, CA, has purchased the A2/16 
flying probe test system from Everett Charles Technologies. 
The A2/16 flying probe test system has the capability to Ioad 
and test multiple boards at the same time.

[Continued on page 64]

rem  <sf

m v B e 'p u
SHOULPHWE
C flU SPT H E
SO W V 0H 5

v te u s e m e  
, LAe&!

iUBU^ dfiP .,, A T L E f l ïT
mFouNüA use 
f ö e  y o u r  j u m  u m  

\ e i è c m D p e ^ ! . . .

; wow;
T'M s i

l&UP jfe i

© 2000 Dielectric Laboratories,

ß a s e  metal electrodes robbing your circuits? Call the 

S o lu t io n s  E x p e r t s  at D ielectric Laboratories. W e use
high purity Palladium to form continuous electrodes to ensure 

the low ESR and high Q  that you need.

Dielectric Laboratories Inc.
2777 Rte 20 E„ Cazenovia, NY 13035 

Phone: 3 15.655.8710 Fax: 315.655.8179 

http://www.dilabs.com

62 riRfi i pranrp srpvirr

http://www.dilabs.com


Contactless Phase Shifters:

World-First 'Contactless' Brings 
Better Reliability under All Conditions

Designed by KMW for low insertion loss and good stability under hard environmental conditions, these 
Contactless Phase Shifter (:CPS) will provide the linear characteristic of phase and low IMD performance

■  Standard Connectorized CPS

13131 East 166th Street, Cerritos, CA 90703-2202 
1 -800-8320-KMW • www.kmwinc.com 
tel: 562-926-2033 • fax: 562-926-6133

http://www.kmwinc.com


■  EPCOS Inc. (formerly Siemens), Iselin, NJ, has se- 
lected Eastem Components Inc., West Conshohocken, 
PA, as an authorized distributor of the company’s ferrites 
and aecessories.

■  Deltec Telesystems lias entered into a distribution 
agreement with Huber + Suhner of Switzerland. Under 
the terms of the agreement, Huber + Suhner will distrib- 
ute Deltec’s Teletilt™ and omni range of telecommunica- 
tions antennas and antenna m anagem ent Systems 
throughout Europe.

■  Essential process management tooi supplier Electro- 
glas Inc. has licensed essential measurement technology 
from Cascade Microtech Inc. The licensing agreement 
is expected to reduee noise and measurement settling 
times in probers for wafer productions, thereby enabling 
faster and more accurate testing of advanced semiconduc­
tor devices, ineluding high speed telecommunications and 
computing devices.

■  Signal Technology Corp .'s Arizona O peration has
received ISO 9001 registration by AOQC Moody Interna­
tional Inc.

■  Digital video compression system provider Enerdyne 
Technologies Inc., a subsidiary of Advanced Remote 
Communication Solutions, has received ISO 9002 certi- 
fication.

■  Times Microwave Systems has announced that its 
LMR-900 LLPL series 50 Q flexible, low loss plenum ca- 
bles have qualified for in-building applications according 
to Underwriters Laboratories Standards. The LMR-900 
LLPL series complies with fïre spread and smoke emis- 
sion requirements, w7hich allow cables to be installed 
within buildings directly in air-retum plenum spaces such 
as dropped ceilings wnthout the need to be installed in 
metal electricai conduit.

■  ARINC Inc. has received a Supplemental Type Certifi­
cate (STC) for its KC-10 aircraft, a DC-10-30 commercial 
airframe modified to a tanker and passenger-carrying air­
craft for the US Air Force. The STC was issued by the 
Los Angeles Aircraft Certification Office for a series of 
safety-related modifications, which include an AlliedSig- 
nal Traffic Alert and Collision Avoidance System and an 
Enhanced Ground Proximity and Waming System.

■  RF component and subassembly manufacturer RF 
Monolithics Inc. (RFM), Dallas, TX, has received the 
Delphi Automotive Systems Division Delphi-Delco Ab­
solute Zero Defect Aŵ ard. The award is presented to ven­
dors who delivered units with zero failures or defects dür­
ftig the previous year. RFM is one of eight vendors out of 
671 suppliers who received the award.

■  Superconductor Technologies Inc. (STl) h a s  r e ­
ce iv e d  a  p u rc h a se  o r d e r  fo r  27  SuperF ilter®  System s from  
a n  u n n a m e d  c e llu la r  se rv ice  p ro v id e r, in c re as in g  its  back- 
lo g  to  5 6  System s. S T I  h a s  s h ip p e d  a n d  d e liv e re d  m o re  
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than 200 SuperFilter Systems during the past two years. 
The Company is expected to announce a new line of Su­
perFilter products for third-generation high bandwidth 
networks for wireless Communications and wireless Inter­
net access.

■  JDS Uniphase Corp. has delivered its first shipment of 
10 Gbps transmitter and receiver modules to meet the 
growing demand for higher functionality modules. The 
modules provide customers with a low cost solution for 
error-free data transmission for distances over 2 km.

■  Crosspan, a newly named telecommunications division 
of Raytheon Commercial Electronics, has announced 
that its active antennas, which are integrated into Erics- 
son’s GSM Maxite™ 1900 system, were successfully de- 
ployed in Powertel’s Jacksonville, FL PCS network. As 
the first North American PCS operator to use micro base 
stations with macro coverage capability, Powertel has 18 
Maxite cell sites currently in Operation.

■  The Center for the Study of Wireless Electromagnetic 
Compatibilitv (EMC) at the University of Oklahoma has 
announced that EMI gasketing solution provider Instru­
m ent Specialties has become a charter member of the 
centers Industry Advisory Board. The Oklahoma EMC 
Center is chartered to work with the wireless and medical 
device industries as well as government agencies to re- 
solve inter-industry EMC issues.

FINANCIAL NEWS
■ Signal Technology Corp. reports sales of S20.3 M for 
the fourth quarter, ended December 31, 1999, compared 
to $23.4 M for the same period in 1998. Net income was 
$1.6 M (20c'/diluted share), compared to $371 K (50/dilut- 
ed share) for the same quarter in 1998.

■  Ansoft Corp. reports sales of $8.4 M for the third 
quarter, ended January 31, compared to 86.1 M for the 
same quarter last year. Net income was $458 K (40/dilut- 
ed share), compared to a net loss of $356 K (3c/diluted 
share) for the same period last year.

■  Superconductor Technologies Inc. reports sales of 
$2.2 M for the fourth quarter, ended December 31, 1999, 
compared to $1.8 M for the same period in 1998. Net loss 
was $3.0 M (420/share), compared to a net loss of S2.6 M 
(350/share) for the same quarter in 1998.

■  Cascade M icrotech Inc. has completed a $10 M 
round of equity financing from the Teachers Insurance 
and Annuity Association of America. The funds will be 
used to aecelerate the company’s marketing and manufac­
turing capabilities in support of its new Pyramid Probe™ 
technology, which provides advanced testing capabilities 
for the development and production environments as well 
as today’s sophisticated semiconductors.

■  Iridium LLC has secured interim financing in an effort to 
expedite the transidon of its assets and personnel to a new 
operating Company. The financing, wliich was approved by 
the US Bankruptcv Court for the Southern District of New 
York, is valued at $5 M with Investments from Eagle Rivers

[Continued on page 66]
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Investments LLC, Craig McCaw’s Investment Company and 
Motorola. Iridium expected to file a motion to establish pro­
cedures for a sale under Section 363 of the Bankruptcy Code 
and to secure additional debtor-in-possession financing to 
cover the period extending until the middle of this month, 
when a sale was expected to be completed.

■  RangeStar Wireless has entered the final stages of its 
mezzanine round of financing. The private placement of 
funds will allow the Company to fully capitalize on imme- 
diate marketing opportunities and generate additional 
embedded antenna technological developments. The In­
vestment is expected to accelerate the scheduled initial 
public offering date to early fall.

■  REMEC Inc. has flled a registration statement with the 
Securities and Exchange Commission for a public offering 
of 4.31 million shares of common stock. Of the offered 
shares, 3.5 million will be sold be the Company; 250,000 will 
be held by one shareholder; and 562,000 shares will be held 
by certain selling shareholders, if tlie Underwriters exercise 
their over-allotment Option. A copy of the prospectus relat- 
ing to the offering may be obtained from Needham & Com­
pany Inc., 445 Park Ave., New York, NY 10022.

CONTRACTS
■  REMEC Inc. has entered into an agreement with a ma­
jor mobile telecommunications network equipment rnan- 
ufacturer for the production of base station products, in- 
cluding integrated assemblies that provide signal condi- 
tioning and RF filtering functions. The agreement is 
valued at approximately $27 M with deliveries forecast 
over the next 12 months.

■  Signal Technology Corp., Danvers, MA, has been 
awarded a contract by Raytheon Systems Co. for the sup- 
ply of microwave oscillators in support of low rate initial 
production of the Brilliant Anti-armor (BAT) Submuni­
tion Program. The BAT Submunition Program employs 
passive acoustic and infrared sensors to locate, attaek and 
destroy moving tanks and other armored vehicles deep in 
enemy territory. The contract is valued at $276 K. Future 
contracts for production hardware could exceed $4 M.

■  Robinson N ugent Inc. has received a contract to sup- 
ply the backplane connector for the newly released MAX 
TNT multiprotocol wide area network access switch. The 
switch enables carriers, ISPs, corporations and major net­
work providers to offer a variety of access services, inciud- 
ing analog, integrated services digital network, leased 
T l/E l and frame relay. Financial details of the contract 
were not released.

PERSONNEL
■  ANADIGICS Inc. has elected Dennis F. Strigl to the 
company’s board of directors. Strigl is currently president 
and CEO of Bell Atlantic Mobile and Bell Atlantic Global 
Wireless.

■  American Microwave Technologies (AMT) has ap- 
pointed P ete Manno president and CEO. Manno brings 
to the Company more than 30 years of experience in the 
RF industry and, most recently, was an independent con­
sultant. Also, John Carollo has been named VP and gen­
eral manager of the company’s Wireless Business Unit. 
Carollo was director of marketing at Hewlett-Packard 
Co.’s power amplifier division prior to joining AMT.

■ Ken W adors has been appointed 
president and CEO at RF Vision, a 
subsidiary of Wyle Electronics. Most 
recently, Wadors was senior VP and di­
rector of RF/small-signal business at 
Avnet Inc.

■  M artin  S. M cD erm ut has been 
named CFO and VP of finance and ad- 
ministration at Superconductor Tech­
nologies Inc. Most recently, McDer­

mut was VP of finance and administration at International 
Remote Imaging Systems Inc.

■  Edwin K. W alters has been named CFO at Larus 
Corp. Walters brings to the Company more than 19 years 
of management responsibility in financial services.

■  ■  Andrew Corp. has promoted Guy 
Campbell to president and director. 
Campbell joined the Company one year 
ago as group president, Wireless and 
In-Building Products Group. Prior to 
that, he held numerous executive posi- 
tions at Ericsson.

■  Rockwell Collins 
has appointed John-▲ Ouy Campbell _  . ,  r_Paul B esong \  P,

Electronic Business. Besong has been 
with the Company for 20 years and, most 
recently, was executive, enterprise re­
source planning.

■  STMicroeleetronics Inc. has promot­
ed Enrico Villa to corporate VP, direc­
tor of European region and Carmelo 
Papa to corporate VP, region five. Most recently, Villa was 
corporate VP, region five and Papa was director of product 
marketing and customer service for transistors and Stan­
dard ICs.

■  EPI MBE Products Group, St. Paul, MN, has re­
ceived an order for a GEN2000 multiwafer production 
molecular beam epitaxy (MBE) System from RF Micro 
Devices. The GEN2000 will be utilized for mass produc­
tion of epitaxial wafers used in the fabrication of high per­
formance GaAs circuits. Financial terms of the contract 
were not disclosed.
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■ Cascade Microtech Inc. has appointed Marie Oien VP 
and general manager, Pyramid Probe Division and Ken 
Smith VP, corporate technology and Pyramid Probe oper- 
ations. Most recently, Oien was VT of sales and marketing 
at Fluence Technology Inc. and Smith was director of op- 
erations at Cogent Research.

[Continued on page 68]
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H Trompeter Electronics Inc. has ap­
pointed Adolf Cheu 
ing and Garry Hev- 
erly regional sales 
manager for the 
eastern  US. Most 
recently , Cheung 
was director of en­
gineering at Dow- 
Key Microwave 
Corp. and Heverly 

was direct sales manager at Robinson 
Nugent Inc.

■  Tektronix Inc. has made several new personnel ap- 
pointments, including Bob Agnes as VP and general 
manager, Video Business Unit; S cott Bausback as VP 
and general manager, Communications Business Unit; 
K arsten B eutnagel as VP, human resources; David 
Churchill as VP and general manager, Instrumentation 
Business Unit; David Coreson as VP, central operations; 
Richard McBee as VP, global marketing and strategie ini­
tiatives; and Craig Overhage as VP and general manager, 
Digital Systems Business Unit.

■  Otis E. Hayes has been named director of quality at 
CTS Corp. Most recently, Hayes was the director of qual­
ity assurance at Coto Technology.

■  Robinson Nugent Inc. has appointed Dennis Frischkom 
district sales manager for the Pacific Northwest. Frischkom 
brings to the Company more than 20 years of sales experi- 
ence and, most recently, was area sales manager for the San 
Francisco Bay area at FCI Berg Electronics.

WEB SITES
■  iA1ark.com Inc., a husiness-to-business Internet mar- 
ketplace for used equipment, has added three new ser­
vices to speed the buying and selling processes. Ac- 
tiveSearch,™ ActiveLead™ and ActiveTransfer™ allow 
customers to access more than 1 0 0 ,0 0 0  pieces of used 
equipment and complement the company’s existing ser­
vices, which include transportation, financing, spare parts, 
maintenance supplies, inventory, appraisal and data entry.

I  M icro N e tw o rk s  C o rp ., W orcester, MA, has 
launched a new Web site that enables design engineers to 
search for products and information by product family, 
application, part number or keyword. The site, which is 
located at www.micronetworks.com, includes current 
product information, specifications, data sheets and the 
company’s short-form catalog.

■  SearchMil.com, a MaxBot.com Internet search en- 
gine that covers US military Web sites, has reached the 
one millionth mark in the number of unique publicly ac- 
cessible Web pages indexed. SearchMil.com specializes in 
military targeted scarches, combining in-depth coverage 
of the .mil domain with powerful search engine technolo- 
gy that ranks results in order of popularity.

VP, engineer-

A Garry Heverly
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A GSM EDGE Error 
Vector Magnitude 
Estimation Platform 
for RFIC/ASIC
Evaluation
The Enhanced Data Rates for GSM Evolution (EDGE) air interface requires new 
components in current CAD tools to evaluate the performance o f the IF/RF 
System. Analog integrated circuit designers in particular need to assess the 
linearity o f their designs, expressed hy the error vector magnitude (EVM) 
speciflcations for EDGE. This article describes an implementation o f such a 
platform using an analog circuit design simulator, and compares the results with 
a mathematical package.

T he evolution of GSM (EDGE) and the 
linear modulation used (8 -PSK) with 
both am plitude and gain variations 

come with new specification requirements re- 
garding System linearity. The relatively new 
Standard means that current CAD tools lack 
libraries and blocks to support this recent 
specification. Although most major electronic 
design software players are actively working 
along with their customers to create those 
needed libraries, designers, in the meantime, 
must build their own to evaluate their designs. 
Such a need arises for integrated circuit de­
signers who want to assess the performance of 
their circuits against EVM specifications in 
the European Telecommunication Standard 
Institute (ETSI) Standards in addition to their 
usual device characterization parameters. The 
main hurdle for them is to incorporate base- 
band digital blocks (EDGE modulation, EVM 
calculation) into an analog circuit Simulation 
environment that works at IF/RF frequencies.

EVM
The calculation of the RMS EVM is de- 

scribed in the ETSI Standards.1 This quantity 
assesses the modulation accuracy of the trans- 
mitted Signal, which gives an indication of the 
linearity of the transmitter. Such information 
is in addition to the spectrum due to modula­
tion and wideband noise requirements, which 
do not necessarily provide information on the 
linearity of the system. Under specified mea- 
surement conditions, the EVM calculation de- 
termines the error vector between the trans- 
mitted waveform and the ideally transmitted 
waveform at time kT (where T is the Symbol

[Continued on page 72]
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TECHNICAL FEATURE
time keZ), as shown in Figure 1, through the measuring 
receiver filter.

The Standards specify the measuring receiver filter for 
EDGE as a 90 kHz single-sideband bandwidth raised-co- 
sine filter with a 0.25 rolloff factor.1 Its impulse response 
and transfer function are defmed as

0  elsewhere

where

Note that the receiver measurement filter is intended 
solely for measurement purposes and does not allow con- 
stellation recovery.

The Standards do not define a receiver filter for 
EDGE; hence, a measurement receiver filter must be se- 
lected such that its time and frequency domain character- 
istics match those of a practical receiver filter. The EVM 
measurement using such a measurement receiver filter 
will then reflect actual System performance. The 90 kHz 
single-sideband raised-cosine filter defined earlier is a 
good candidate and has presumably been selected for its 
passband characteristics, which are dictated by EDGE 
channel spacing (200 kHz). However, the infinite impulse 
response of such a filter is somewhat impractical and, 
hence, EVM results may vary from one measurement in­
strument to another (depending on the implemented 
Iength of the measurement filter). In addition, depending 
on the arbitrarily chosen Iength, this filter may settle be- 
yond the tail Symbols in a GSM burst and therefore artifi- 
cially degrade the EVM at either end of the useful part of 
the burst. As a way to overcome these problems, several 
proposals and change requests have been submitted to 
the Standards body in order to define a universal filter.3

Referring to the ETSI Standard, 1 the RMS vector error 
is defined as

a  = 0.25 (the rolloff factor)

180 kHz

MICRO WAVE CONNECTORS  
& CABLE ASSEMBL1ES...

FROM STOCK

Reformable Semi Rigid 
Standard Lengths

where

I K k)f
k________

 ̂X M k f

Sideal(k) = ideal transmitted Signal at Symbol time kT 
E(k) = Stx(k) -  Sij ea|(k) (the residual error on sample 

Sideal(k))
The current specifications define EVM measurements 
at symbol times only (keZ), that is, the error for other 
samples (between symbols) is not accounted for. Whether 
or not all samples should be used in the EVM computa- 
tion is a controversial issue and remains so far an open 
question. Likewise, note that poor spectral performance 
far from the carrier may have little impact on the EVM.

^  Fig. 1 The error vector between ideal and transmited Signals.

[Continued on page 75]
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■ TECHNICAL FEATURE
EVM is a digital domain characterisa- 
tion parameter but it is used to evalu­
ate analog circuits. The GSM EDGE 
Standards, listed in Table 1, indicate 
several EVM specifications for both 
mobile and base station use.

SYSTEM IMPLEMENTATION
The platform described here Ls tar- 

geted at IC or board-level designs. 
Hence, widely used Simulation pack- 
ages have been chosen to perform the 
simulations. The analog circuit Simu­
lation environments are Affirma™ 
Analog Artist0' and Spectre RF7 Cus- 
tom blocks are implemented using 
proprietary programming languages 
(Verilog-A (AHDL)); postprocessing 
uses OCEAN. The analog simulators 
results are benchmarked with MAT- 
LABVSimulink® simulations.

The evaluation of EVM is para- 
mount to IC designers who require 
both EDGE modulation generating 
blocks and EVM calculation blocks in 
their Simulation environment. It is 
quite convenient to be able to perfoim 
all of the simulations in a single envi­
ronment rather than simulating the 
circuits and exporting results data to 
another package for postprocessing. 
Integrating all the tools into the analog 
circuit simulator has been the driving 
idea behind the presented platform.

The System setup Ls shown in Fig- 
ure 2. The transmitted waveform path 
consists of a PRBS 8 -level first block 
that generates a pseudorandom se- 
quence of numbers ranging from 0  to 
7. This configuration is followed by an 
offset 8 -PSK block that generates the 
eorresponding complex offset 8 -PSK 
signal (rotated by 371/8). These two 
blocks are clocked by a reference 
clock set at the symbol rate for GSM 
EDGE (T = 3.69 ps). The resulting 
complex waveform Ls then filtered by 
the Gaussian-like pulse shaping trans- 
mitter filter (EDGE pulse shaping fil­
ter) specified in the ETSI Standard2. 
Next, the device under test (DUT) 
(here, a RFIC/ASIC) is placed in the 
path, and the output signal is fed 
through the receiver measurement fil­
ter (raised cosine). Optionally, an up- 
conversion/downconversion stage with 
adequate filtering can be fitted to 
bring the baseband signal up to the 
DUT working frequenties. The ideal 
waveform path is identieal without the 
DUT. It is essential to incorporate into 
this ideal transmitted path all the ideal
MIT ROW A\ I UH KVM ■ APRIL 2000

V  Fig. 2 Ideal and trunsmitted waveform pathsfor EVM measurement.
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TECHNICAL FEATURE

A  Fig. 3 Baseband Implementation o f the ideal and transmitted paths.

A  Fig. 4 Ideal pulse-shaped GSM EDGE 
constellation diagram.

characteristics of the DUT (such as 
gain, phase and delay) so that those 
characteristics are compensated for 
when compared to the transmitted 
path (calibration/normalization). In 
other words, only the nonidealities of 
the DUT will affect the EVM (gain 
compression, phase shift, nonconstant 
group delay, etc.).

The receiver measurement filter 
(referred to as the ETSI_Filter) block 
uses the raised-cosine filter described 
previously. However, a finite number 
of taps has been used to represent it 
(finite-duration impulse-response 
(FIR)), with Tm = 1/180 ms, 10 sam- 
ples/Tm and FIR Iength of [-10Tm; + 
10Tin]. The output and input imped- 
ances of the blocks, respectively, at 
the input and output of the custom 
coded blocks should be carefully 
matched to the DUT.

ANALOG SIMULATION 
ENVIRONMENT RESULTS

The Simulation environment is 
shown in Figure 3. The DUT is a 
simple RC network where R = 4 kQ 
and C = 200 pF. The delay intro- 
duced is accounted for in the EVM 
calculation (reference signal delayed).

A  Fig. 5 Transmitted constellation afier FC 
filter DUT.

However, it should be noted that the 
EVM calculation was performed on 
all sampled values as well as on sam­
ples spaced at every symbol time T. 
The source code for these blocks is 
given partially in Appendix A; some 
Simulation results are provided in 
Figuren 4, 5, 6 and 7.

The all_points (all samples) calcu- 
lated error is EVM « 6.61 percent. It 
is necessary to estimate the delay in- 
troduced by the DUT in order to 
compare the ideal and transmitted 
path waveforms. A first-order approx- 
imation of this delay is the average 
group delay over the frequency band 
of interest. A simple zero Crossing 
m ethod was used here; however, 
more accurate methods such as cor- 
relation can be used.

Mixing baseband and IF/RF Sig­
nals in a Simulation is computational- 
ly greedy and time consuming. In 
time domain Simulation mode 
(transien t + steady state), short 
time steps and long Simulation times 
to represent both IF/RF and base­
band Signals, respectively, make 
the Simulation inefficiënt timewise. 
However, there is no alternative to 
this approach.

A  Fig. 6 Ideal and transmitted 
constellation diagrams öfter raised-cosine

A  Fig. 7 Delay introduced by the RD 
network DUT.

MATHEMATICAL SIMULATION 
ENVIRONMENT RESULTS

Benchmarking of the results pro- 
duced by the analog simulator is 
achieved with MATLAB/Simulink. 
The simplicity of the DUT used here 
easily allowed it to be represented in 
Simulink. For a real IC, this easy rep- 
resentation may not be possible. The

[Continued on page 78]
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TECHNICAL FEATURE
Simulink Setup is shown in Figure 8. 
The same results are obtained as with 
the analog simulator and are shown

in F igures 9, 10  and 11. The
alLpoints (all samples) calculated er­
ror is EVM ~ 6.73 percent. Note that

the Variation is a result of variable 
time steps taken in Simulink being 
different from those in Analog Artist.

CONCLUSION
This article has discussed EVM 

measurements for GSM EDGE de­
signs and the need to perform such 
evaluations for analog RFIC/ASIC de­
signers according to the Standard speci- 
fications. It also described a Simulation 
platform useful for evaluating EVM for 
analog ICs designed for GSM EDGE. 
Additional information on the present- 
ed material and source code can be ol>- 
tained from the authors.
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Ak, Fig. 8 The Simulink setup.
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öfter the DUT.
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APPENDIX A

SIMULATION FILES SOURCE CODE (ANALOG ARTIST):
Veiüog-A code for the PRIISSIevel cnstom coded block
/ /  VerüogA for Aug4, PRBSSLevel, s^eriloga 

'include "constants.h"
'include “discipline.h” 

module PRBS8Levcl(Iin,Iout);
Input Iin; 
electrical Iin; 
outpul Iout; 
electrical Iout;

parameter integer start_range = 0;

integer seed, end_range;
real rrandnum;
real rrandnum2;
integer rrandnum 1;
integer count;
analog begin

@(initial_step) begin 
seed = 0; 
end_range = 7; 
count = 0; 
end

@(cross( V(Iin)-0.5,1,0.1 n, 1 e-6))
beg»
rrandnum = $dist_unifonmsecd,start_range,eiid_rangc); 
rrandnum 1 = rrandnum:
rrandnum2 = rrandnuml; 
end

V(Jout) < + rrandnum2; 

endmodulc

Verflog-4 code for the OfTsetSPSK eustom coded block
// VerilogA for demo, Offset8PSK, veriloga 

'include "constants.h”:
'include “discipline.h"

module Offset8PSK(Im,Iout,Qout,clk);
input Iin.;
electrical Iin;
output Iout;
electrical Iout;
output Qout;
electrical Qout;
input elk;
electrical clk;

real D atalnl, Dataln2, edgetime; 
parameter real pi = 3.14159265358979; 

real iin_int; 

analog begin 

@iinitial_step; 
betjn

Datalnl =pi/2;
Dataln2 = 0;

(«Keross(Vtclk)-0.5, l.O.ln. le-fi))
Ix.pil

counter = counter + 1: 
edgetime = Srealtime; 
iin_int = V(lin);
Datalnl = 2® pi/8® iinJnt-f 3 “pi/S^counter:
Dataln2 = 2api/8“iin_int+3°pi/S“counter;

if ($realtime > (edgetime+10e-9)) begin 

Datalnl = pi/2;
Dataln2 = 0;

end

V(Iout) <+ cos(Datalnl);
V(Qout) <+ sin(DataIn2);

endmodulc

Verflog-A code for the EdgeTransmit Filter custoni coded 
block
// VerilogA for EdgeEVM, EdgeTransmitFilter, veriloga 

'include “constants.h”
'include “discipline.h”

module EdgeTransinitFilter(Iin,Qsn,Iout,Qout);
input Iin;
electrical Iin;
input Qin;
electrical Qin;

electrical Iout; 
output Qout; 
electrical Qout;

parameter real T =  1.846153846153846e-06; 

real Min, VQin; 

analog begin 
Min = V(Iin);
VQin —V(Qin); 

if (Srealtime < T) begin 
Min = 0;
VQin = 0; 

end

V(Iout) <+ /i_nd(VIin,
[0,7.1853e-4,0.03146,0.2604,0.70566,0.9268,0.70574,0.26052, 

0.03155,7.50673e-4,3.85144e-6],
[11.
T,le-8,le-9);
Y(Qout) <+ zi_nd(VQin,
f0,7.1853e-4,0.03146,0.2604,0.70566,0.9268,0.70574,0.26052,

0.03155,7.5067.3e-4,3.85144C-6],
m.
T,Ie-8,le-9);

endmodulc

Verilog-A code for the ETSIjFilter custoju coded block
/ / VerilogA for Aug4, ETSI_Filtcr, veriloga 
'include "constants.h"
'include "discipline.h”

module ETSI_Filter(lin,Qin,Iout,Qout);
input lin;
electrical lin:
input Qin;
electrical Qin;
output Iout;
electrical Iout;
output Qout;
electrical Qout;

parameter real T = 5.5556e-07; 

analog begin
V(Iout) <+ zi_nd(V(Iin),

//  Measurement filter coefficients, not included

[l],T,le-8,0);

[Continued on page 82]
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APPENDIX A (e o n t)

V(Qout) <+ a_nd(V(Qin),
// Measurement filter coeffieients, not included

[l],T,le-8,0);
eml

endmodule

OCEAN script for EVM post-processing calculation

, PÖST-PROCESsiNC FILE oceanScriptocn 
; This file should be Joaded at the ;
: end ol Simulation using loadroceanScript .ocn“ ! ;
; in the comxnand window “icms" ;

siinulator( 'spectreS)
design(7uscrs8/l)orjaka/simulation/BB_EY'M ETSI/spectreS/ 
schematic/netIist/BB_EVM_ETSI.C”)
resultsDir( 7users8/burjaka/siniu]alion/BB_EVM_ETSI/spectreS/
schematic” )
analvsisftran ?stop “10m” ) 
save( V 7Io” 7Qo" “/Ia” 7Qa”)
Option (‘temp “25”) 
temp( 25)
openKesults('7users8/boijaka/siirmlation/BB„E\’.Vl_ETSI/specö«S/
schemattc/psf“)
selectResultsi, ‘trän )

; Delay between the reference (ideal' and the measured Signals

D = cross(v('71a”) 0 I “rising”) - cross(v("/Io”) 0 1 “rising”) 
printfi“ Delay = %.8e\n” D )

T = 6/1625e3 ; lli is  is the syrnbol rate
ent -  roundt 1 Om / T) . N umher of Samples taken
ent = ent - 10 ; diseard samples to account for the delay

, This code fragment cakolates the EVM
: i _o and (j_o: the original reeeived signals without the RC filter ; 
I .a and Q_u: the actual received signals undergoing the RC filter ;

èvni n = 0
cvm_d = 0 
for( k 0 ent

t_o =  valuc(v(7Io”) k°T)
Q_o = va!ue(v(7Qo”) k°T) 
l_a =  value(v("/Ia”) k°T+D)
Q_a = valne(v(7Qa”) k°T+D)

evm_n = evm_n + ( pow(I„o-i_a,2)+pow(Q_o-Q_a.2)) 
evm_d = evui_d + ( pow(I._o,2)+ pow(Q_o,2))

)
evm = sqrt(evm_n/evm_d) 
printf(“EVM = %.8e\n” evm )

APPENDIX B

SIMULATION FILES SOURCE CODE (MATLAB):
Raised Coslne function
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Raised Cosine function - time-doniain impnlse response %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function out = rcos(t,aIplia,T)

indiccs_0 -  find(( 1 -4”alphaA2°t. A27TA2)=fl);
indices_notO = find((l-4°aJphaA2,,t.A2/TA2)~=0);

t_not<)=t(indices_notO);
RGos(indiccs_notO)=sinc'(t_.notü/T).0eos{pi0a]pha°t_notü/T)V
(l*40alphaA26t_uotO.A2/TA2);
t_0=t(indices_0);
RCos(imUcesJ))=-pi/20siuc(t_0/r).8sinc(V2e(l-20alpha0U)/T))y
U+20alphit*t_(VT):
out=[RCos(end:-l: I ),RCos(2:end)J;

Loads data  for Simulation
%%%%%%%%%%%%%%%%%%%%%%%%%%
% Loads Simulation data, parameters to workspace % 
%%%%%%%%%%%%%%%%%%%%%%%%%%
% measurement receiver filter determination
US=10;
alpha=0.25;
Tm* 1/I80e3;
t*0:Tm/ns: iO°Tm; % Ff R for measurement receiver filter 
[-10Tm,+l()Tmj

% ns=10 samples/Tm
etsi=rcos(t,alpha,T m)’;

% load GSM EDGE data with timing 
/. l=load(‘data 1 .dat'):

Compotes EVM at all points
%%%%%%%%%%%
% EVM calculation %
%%%%%%%%%%%
dt=Tm/ns;
delay=5.60658559e-7;
%delay=Ó; #delav introduced by DUT (RC network here)
ts=0:dt:(length(Ir)-1 )8dt;
td*delay+ts;

xr=Ir+j'Qr;
xm = Im+fOm;
xm_interp = interpl(ts’1xm,td70ncaresl j; 
xm_interp=xm_interp( 1 :end-10); 

xr_new=xr(l:length(xmjnterp));

% EVM ealculated with all samples (NOT at kT, differs from 
specifieations)
EVM_aöpoints = sqrt(suin(abs(xm_interp-xr_new).A2))./ 
sqrt(sum(abs(xr_new). A2))
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TECHNICAL FEATURE

The Effect of Imperfect 
Antenna Cross-polar 
Performance on the 
Diversity Gain of a
POLARIZATION-DIVERSITY

Receiving System
The achievement o f diversity gain relies on the realization o f two Signal branches 
with low Signal correlation. A Statistical technique is used to simulate the 
coupling between the channels and quantifies the effect o f cross-polar coupling as 
a function o f the intrinsic correlation o f the received signals and the coupling 
introduced by the antenna. The definition o f polarization orthogonality is 
examined, and both rigorous and approximate methods o f measurement are 
described.

T he use o f diversity reception in mobile 
radio Systems relies on the  realization 
of two receive signal paths in which the 

Variation o f Signal level with tim e is to some 
extent uncorrelated. T he dependence o f  the 
achieved diversity gain on the  correlation ex- 
isting between the  two paths has been estab- 
lished by a num ber o f  investigators.1 In polar­
ization diversity Systems the  signal paths are 
differentiated by the use o f  two receiving an- 
tennas, which respond to orthogonally polar- 
ized com ponents of the  received signal. It is 
clear that imperfect cross-polar discrimination 
at the receiving antennas forms a mechanism 
that couples the polarization components and 
increases th e  co rre la tion  b e tw een  th e  two 
branches of the diversity System. This imper- 
fection will reduce the achieved diversity gain

com pared with that realized when using a per­
fect antenna. T he diversity gain of the System 
is a function o f the correlation betw een the 
signals presented to the receivers; their corre­
lation is a function o f the transm ission path  
and the finite cross-polar coupling introduced 
by the receiving antennas.

MODELING THE SIGNAL BRANCHES
The method used in this article utilizes two 

signal branches earrying uncorrelated pseudo­
random signals with equal mean levels. Two 
mixing processes are then introduced, one

[Continued on page 86]
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TECHNICAL FEATURE

A . Fig. 4 The reduction in diversity gain 
as a function o f antenna XPD and the 
correlation o f the incoming orthogonal 
signal components.

A F i g .5  The relationship between diversity 
gain and the relative leveLs and correlation of 
the signals in a two-branch diversity System 
with maximal-ratio combiningß

For the purpose of Simulation the 
two signal paths contain initial uncor­
related signals a and b. At the end of 
the first mixing process the signals 
have a correlation coëfficiënt deter- 
mined by the mixing fraction r, which 
is chosen to establish the required 
path correlation Cp. The second 
process represents the receiving an­
tenna in which some fraction s of the 
orthogonal signal is coupled into the

ÉL Fig. 3 The relationship between diversity 
gain and signal path correlation.

corresponding to the transmission 
path and the other to the receiving 
antenna, as shown in Figure 1. To 
model the arriving signals a mixing 
process is used to increase the corre­
lation between channels to the extent 
required to model a real transmission 
environment. The objective is to cre- 
ate a pair of signals with a correlation 
Cp that can be adjusted to accomo- 
date values typical of a transm is­
sion path (not to model the actual 
processes in a real transmission path, 
which are entirely different).

A  Fig. 1 The two mixing processes.

A  Fig. 2 Correlation o f incoming signals 
and the resulting output from  a dual-polar 
antenna with finite XPD.

---11 = 1.0 (ONE PATH)
—  r| = 0.9
— 11 = 0.8 
—  Tl = 0.5
--- 11 = 0 (TWO PATHS)

co-polar output. The parameter s is 
the cross-polar discrimination (XPD) 
of the antennas with respect to the or­
thogonal reference polarization pair 
and is assumed to have die same value 
for both channels — a correct as- 
sumption for any antenna with sym- 
metrical elements for the two polar- 
izations. (It would be simple to extend 
the present method to any chosen un- 
symmetrical pair of coupling factors.)

The Simulation was run on a Mi­
crosoft Excel spreadsheet using two 
sets of 1000  pseudorandom numbers 
to represent the signals on each path 
and making use of the correlation 
function provided by the program. 
The mixing ratio for the first process 
was adjusted to achieve successive 
output correlations of 0.1, 0.2, 0.3... 
0.7. For each of these values of the 
signal correlation over the transmis­
sion path the second mixing fraction 
was given values representing anten­
na XPDs of 5, 10, 15...30 dB. Each 
trial was run with 10 sets of 1000  ran­
dom signal values. The values of path 
correlation, XPD and resulting out­
put signal correlation were plotted, as 
shown in Figure 2. The slight scatter 
of the data points results from the 
Statistical nature of the approach 
used and can be reduced by increas- 
ing the number of trials or the num- 
ber of data points in each trial.

RESULTS
The dependence of output signal 

correlation on path correlation is es- 
sentially linear; the output correlation 
is always greater by an amount that 
depends on the XPD of the receiving 
antenna and the initial path correla­
tion. The form of the result is not sur- 
prising since three lines could be 
drawn by examining extreme situa- 
tions. If  the input correlation is 1 
then the resulting correlation will be 
1 for any antenna XPD, establishing a 
point of convergence for all curves at 
1,1. If the antenna has 0 XPD then 
die output correlation is 1 for any in­
put correlation, establishing the line 
forniing the top of the plot as the re­
sult for XPD = 0 dB. Finally, if the 
antenna has perfect XPD, then the 
resulting correlation of the output 
signals will be the same as the corre­
lation of the signals in spaee. Given 
that all results will be contained with- 
in these straight lines, die simple de­
pendence of input and output corre-
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lation coefficients is not surprising. 
When the input signals have low cor­
relation the effect of antenna XPD is 
large, but as the signal correlation in- 
creases the effect of finite antenna 
XPD diminishes.

The diversity gain of a two-branch 
system is not a linear function of the 
correlation of the signals in the two 
branches. For a signal reliability of 90 
percent the diversity gain of a two- 
branch system begins to fall rapidly 
only when the branch signal correla­
tion rises above approximately 0.7. To 
determine the effect of antenna XPD 
on diversity gain it is necessaiy to de­
termine the diversity’ gain associated 
with each value of input and output 
correlation coëfficiënt. This analysis 
has been done using the curves pro- 
vided by Ling1 as shown in Figure 3, 
which displays two correlated paths 
for a matched filter used for quadra- 
ture phase-shift keying and biphase- 
shift keying applications. The coëffi­
ciën t o f correlation x\ = Cov(x,y)/ 
VVar(x)Var(y). The change in diversity' 
gain for a signal reliability of 90 per­
cent produced by the imperfect XPD 
of the receiving antenna is plotted as a 
function of the XPD and the incoming 
signal correlation shown in Figure 4.

For the saké of completeness, the 
füll rela tionship  betw een signal 
branch amplitude inequality and cor­
relation is shown in Figure 5. In a 
Situation in which there is a large sig­
nal in one channel and a small signal 
in the other, no effective loss of com- 
munication results if some of the 
large signal is mixed into the low am­
plitude channel, even if the result is 
complete cancellation of the lower 
signal. When the larger signal fades, 
the existence of channel coupling has 
little effect on the low level signal. 
For this reason, the consideration of 
the effect of finitc XPD on diversity 
gain contained in this article concen- 
trates on the Situation in which com- 
parable signal amplitudes are present 
in both diversity branches.

THE EFFECT OF XPD 
O N  DIVERSITY GAIN

The imperfect XPD of a practical 
dual-polar receiving antenna will 
cause a small reduction in the diversi­
ty gain, which could potentially be 
obtained by exploiting the partially 
uncorrelated nature of the signal 
components received with orthogonal 
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polarizations. A typical loss of diversi­
ty7 gain of 0.5 dB is produced by an 
antenna XPD of approximately 17 
dB, and a loss of 1 dB is produced by 
an antenna XPD of 12 dB. On bore- 
sight a typical dual-polar antenna will 
provide an XPD of 20 dB; at the sec­
tor edge (60° from boresight) the 
XPD will have fallen to approximately 
12 dB. The consequent 0.5 dB de- 
crease in diversity gain between the 
center and edge of the sector is com-

parable with that of a typical space- 
diversity system where the lateral 
spacing of the receiving antennas de- 
creases as the received signal moves 
off the axis of the antennas.3 The ex- 
ten t of lost diversity gain is only 
weakly dependent on the correlation 
of the incoming signal: As the signal 
correlation increases from 0  to 0 .6 , 
the effect of finite XPD typically re- 
duces the available diversity gain by 
approximately 0.3 dB.

E B  T  T T"» 7Ea Lab-Flex
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TECHNICAL FEA TÜRE
E-45 E-.5

Ev

-----------------------► Eh

A  Fig. 6 The polarization components 
o f an electromagnetic wave.

DEFINITIONS
AND MEASUREMENT METHODS

In the previous analysis the term 
XPD was used without careful defiui- 
tion of its method of measurement. 
The polarization performance of a 
base station receiving antenna varies 
as a function of the angle of arrival of 
the received signal; an aetual antenna 
radiates (or optimally receives) an el- 
liptically polarized wave with a partic- 
ular Orientation and eccentricity. The 
polarization ellipse of the signal 
changes as a function of frequency 
and of direction in azimuth and eleva- 
tion. For most types of slant-polar 
base station antennas the polarization 
angle is close to 45° on boresight. 
However, as the observer moves from 
boresight, the antenna polarization 
moves toward the vertical, thus the 
polarizations received by the two 
ports converge.

There are several different methods 
for measuring the polarization perfor­
mance of a base station antenna. Com­
plete characterization can be accom- 
plished only by measuring the complex 
components of the field radiated/re- 
ceived by the antenna (Ev and EH) 
and computing the polarization ellipse 
for each spacial direction and frequen­
cy. Experiments conducted by others 
to establish the usefulness of polariza­
tion diversity have assumed that the re­
ceiving antenna responds to orthogo­
nal linearly polarized signal compo­
nents with polarization angles of +45° 
and -45°. For this reason — and be- 
cause of the simplification of the re­
quired measurements —- all measure- 
ments in this analysis are performed 
using plane-polar illumination with po- 
88

larization angles of +45° and -45°. 
Measurements of radiation pattems in 
which the antenna under test is illumi- 
nated with these two orthogonal polar­
izations provide a description of polar­
ization behavior that is sufficiënt to 
allow the effect of polarization perfor­
mance on diversity gain to be defined. 
This method is simple to carry out and 
requires no complex assumptions or 
calculations.

The use of XPD in this article dif- 
fers slighdy from its general use. The 
reference polarizations are considered 
to be a fixed orthogonal pair of linear 
polarizations (not the exact co- and 
cross-polar planes for the two paris of 
the antenna under test as the two co- 
polar planes may not be mutually at 
right angles). The result is a simple 
and self-consistent set of definitions 
and parameters, which, as is demon- 
strated, relate easily to the propaga- 
tion studies carried out by others.

Some antenna specifications in- 
clude diversity gain as an antenna pa­
rameter. This specification is not ap- 
propriate since diversity gain is a func­
tion of the signal transmission path 
(and a defined level of signal reliabili­
ty) as well as antenna performance 
and the combining method. Separate 
definitions of orthogonality are not re­
quired if the polarization behavior is 
measured using orthogonal fields as 
described previously. Measurements 
of radiation pattems using linear refer­
ence polarizations of +45° and -45° 
generally provide adequate data to 
characterize the cross-polar perfor­
mance of base station antennas.

THE PHENOMENON 
OF POLARIZATION

Most radio engineers are familiar 
with the concept of polarization as 
describing the plane of the electric 
field of an electromagnetic wave. In 
general, the waves are perceived as 
essentially linearly polarized (with a 
few special applications in which the 
wave is circularly polarized). By con­
trast, radio astronomers (and many 
HF radio engineers) deal with re­
ceived signals with polarizations that 
are often entirely arbitrary and from 
which no single real antenna can ab­
stract all of the energy incident on 
the effective aperture of the antenna.

Any electromagnetic wave can be 
envisioned as having polarization 
components, as shown in Figure 6.

(In the mobile radio environment the 
two field components are relatively 
independent of one another in ampli­
tude and phase. In general, it is not 
possible to sum the vectors into a sin­
gle direction containing the entire 
signal power because the vectors are 
not mutually in phase. The magni­
tude and phase relationship of the 
vectors changes rapidly with time, so 
the sum vector tracés out an ellipse 
whose eccentricity and orientation 
depend on the relative magnitudes 
and phases of the components.) To 
simplify the notation imagine a wave 
traveling parallel with the surface of 
the ground and the electric field 
characterized by two components Ey 
and E h mutually at right angles. 
These components have a phase dif- 
ference 0 , which can be determined 
by measurement. Because of this 
phase difference the two field com­
ponents cannot be summed simply by 
drawing the usual simple vector sum.

Special Cases

There are two special cases of po­
larization state that are familiar to 
eveiyone. When describing polariza­
tion the Standard convention is to 
look at the signal in the direction of 
propagation (as if the observer is 
standing behind the transmitting an­
tenna). When 0 = 0° the two compo­
nents are in phase and the compo­
nents can be summed in the usual 
way. This condition is the special case 
of linear polarization. The plane of 
polarization is determined by the rel­
ative magnitude of the two compo­
nents Ev and EH and a polarization 
angle is defined as (J) = tan_1(Ev/E H).

If Ev = 0, then the signal polariza­
tion is described only by EH, thus the 
signal is horizontally polarized. Simi- 
larly, when EH = 0 the signal is verti- 
cally polarized. If Ev = EH (and at the 
same time 0  = 0 °), the signal is polar­
ized at 45°; if Ev = -E h (that is, 0 = 
180°), the polarization is -45° If Ev = 
Eh and the two vectors are in phase 
quadrature (±90°), the resulting signal 
is circularly polarized (CP). (The 
sense of rotation depends on the + or 
-  sign.)

The General Case

Apart from the linear and circular­
ly polarized special cases, all other 
signals are elliptically polarized, hav-

[Continued on page 90]
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TECHNICAL FEATURE
ing some relation EV/E H and phase 0 
between them, as shown in Figure 7. 
As the wave propagates, the electric 
vector tracés an ellipse around the 
axis of propagation having a maxi­
mum value Emax and a minimum val- 
ue EmiT1 one-quarter period later. The 
ellipse is inclined at a polarization an­
gle \|/ to the vertical. When the sense 
of rotation of the electric vector is 
clockwise (viewed in the direction of 
propagation), the polarization is re-

ferred to as right-hand. It may be 
noted that the components Ev and 
Ejj reach their maximum values at 
two points, which are not located on 
the same diameter of the ellipse; in 
this example they are approximately 
one-third of a period apart.

The Polarization Ellipse

As an alternative to defining a 
wave by EV/E H and 0, an entirely 
equivalent description is obtained by
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specifying the polarization ellipse by 
its ellipticity — the ratio of major to 
minor axes — and the physical Orien­
tation of the major axis in space. The 
equations relating the two descrip- 
tions are set out in the textbooks and 
the conversion between them can be 
made graphically using a C arter 
chart.4 The two representations of 
the polarization of a wave described 
previously are simply alternative de- 
scriptions of the same phenomenon. 
Any polarization can be described in 
terms of two superposed linear (H/V) 
components or two superposed circu­
lar (RH/LH) components, or by ex- 
plieit reference to the ellipticity (axial 
ratio) and polarization angle.

R E C E IV IN G  A  S IG N A L  W ITH 
A R B IT R A R Y  P O L A R IZ A T IO N : 
O R T H O G O N A L IT Y

All that must be done to receive a 
linearly polarized signal is oriënt the 
receiving antenna so its polarization is 
aligned with that of the incoming 
wave. All of the energy in the wave (as 
defined by the Poynting vector) then 
will be received and nothing is wasted.

A CP signal is used in two ways. 
All the energy can be received using 
a CP antenna with the correct Orien­
tation. Altematively, a randomly ori- 
ented linear antenna can be utilized 
and half the incident energy will be 
received. If a vertically polarized re­
ceiving antenna is placed in a hori- 
zontally polarized incident field noth­
ing will be received. Similarly, a right- 
handed  CP antenna placed in a 
left-hand CP field receives nothing 
(assuming in each case that the fields 
and antennas have pure polarization). 
The combinations of linear polariza­
tions that are mutually at right angles 
in space (and Ieft/right CP) are or-

Fig. 7 The general case of eüiptical 
polarization. ^
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TECHNICAL FEATURE
thogonal, a mathematical term implying independence. 
Clearly, in the linearly polarized case this mathematical 
orthogonality is related to the spacial orthogonality of the 
two polarizations. In the CP example a spacial meaning of 
orthogonality is less obvious.

How is orthogonality defined in the general case of arbi- 
trary elliptically polarized waves and antennas? A polariza- 
tion-matched antenna can be designed using two crossed 
linearly polarized antennas such as dipoles feeding the two 
elements through an adjustable power divider and phase 
shifter. With the correct settings of the power divider and 
phase shifter, the polarization of any incoming wave can be 
matched exactly and all the power carried by it extracted; 
no power at all may be received by some other setting.5-6

When a signal is transmitted by one antenna and re­
ceived by another, the ratio of the received signal to that 
which would be received by an antenna that is exactly po­
larization matched is given by the following equation in 
which all field components are complex quantities:

_________ I EI+45E2+45+ E 1^ 5E2 ^ 5 1_________
(VE I+45E I+45 + E 1 4̂,5E 1°45) (VE2+45E2+45 + E2_45E2°_45)

(1)
where
E l+45 = +45° field component from port 1 
E2+45 = +45° field component from port 2 
E l_45 = -45° field component from port 1 
E2_45 = -45° field component from port 2 
E° = complex conjugate of E
This equation is essentially unchanged for any pair of or­
thogonal signal components whether H/V linear, ±45° lin­
ear or right/left CP. (For H/V, simply substitute E H for 
E+45 and Ev for E ^ ;  for CP, substitute ER for E ^  and 
El for E^45-) In the special case in which the polarization 
of the receiving antenna is such that zero power is re­
ceived, its polarization is said to be orthogonal to that of 
the incoming wave.

Care must be taken when referring to the polarizations 
radiated and received from any specific antenna. The 
sense of the polarization angle is reversed when the radi­
ated wave is viewed from the position of the receiving an­
tennas, so antennas transmit and receive signals with this 
sign change. Only in the special cases of vertical, horizon­
tal and circular polarizations does this sign change not 
make a difference, so an antenna transmits and receives 
with the same polarization.

APPLICATION TO MOBILE RADIO 
BASE STATION ANTENNAS

In the mobile radio base station environment the re­
ceived signal is radiated by some (generally randomly ori- 
ented) linearly polarized antenna and scattered and reflect- 
ed in transmission. The received signal has a time-varying 
polarization. Experiments have shown7 that if the receiving 
antenna is arranged to respond to linear components of the 
field resolved in the ±45° planes, the two resulting signals 
will have sensibly equal mean amplitudes and a correlation 
that is low enough to provide useful diversity gain.
92__________________________________________________________

A m easure­
ment is required 
to show the quali- 
ty of the polariza­
tion response of 
the receiving an­
tenna. The anten­
na port labelled 
+45° must re­
spond to the +45° 
field component 
and not (or at least 
substantially less) 
to the -45° field 
component. This 
i n d e p e n d e n c e  
must be main- 
tained to a useful extent over the 120° azimuth sector cov- 
ered by the antenna. The simplest test is to measure the re­
sponse of the +45° antenna to the +45° component of the 
incoming wave and compare the result with its response to 
an incoming wave with ^45° polarization. This measure­
ment is effectively an XPD measurement in which the ±45° 
axes are fixed as the nominal polarization axes. It measures 
(correctly) the relative response of the antennas to two spe­
cific orthogonal field components but, especially off-axis, 
the ±45° test polarizations may not correspond to the 
matched polarizations of the antenna, so the result is less 
than the true orthogonality.

A more complex and rigorous measurement establishes 
the mathematical orthogonality of the responses of the two 
halves of the antenna using Equation 1. To obtain the data 
needed to calculate orthogonality at various hearings from 
the antenna, the relative phases and amplitudes of E+45 
and E_45 must be measured for both ports of the antenna 
at various directions in space over the sector of coverage. 
This objective is most conveniently achieved using a near- 
field measurement system and the results are computed 
using a suitable spreadsheet. This method allows for the 
ellipticity of the polarization response of the antenna. In a 
typical dual-polar base station antenna, the elements for 
the two polarizations are generally mirror-symmetrieal and 
have opposite orientation in their polarization responses. 
For this reason the numerical value of rigorously measured 
orthogonality is usually determined to be larger than the 
relative response measured by the simpler ±45° test.

Figure 8 shows a typical orthogonality measurement 
for a 65° sector antenna. The orthogonality exceeds 20 dB 
over much of the sector, falling to approximately 12 dB at 
±60°. The two received polarizations fold slowly toward 
vertical polarization as the angle from boresight reaches 
90° and the orthogonality tends toward zero.

LESS ADEQUATE DEFINITIONS
Other definitions of polarization orthogonality have 

been encountered with correspondingly different results 
and methods of measurement. Some groups measure the 
angle between the major axes of the polarization ellipse 
characteristics of the two antennas. This technique is relat­
ed to the simpler method previously described but is less 
direct and requires additional measurements to correctly 

[Continued on page 94]
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TECHNICAL FEATURE
pair of orthogonal components, and it 
is the relative response of the receiv- 
ing antenna to the best-resolved pair 
that is significant to System Operation.

CONCLUSION
The effects of imperfect polariza- 

tion response of a dual-polar base sta­
tion antenna typically cause a redue- 
tion in the diversity gain that could be 
achieved by a perfect antenna. In a 
typical environment the available di­
versity gain is reduced by 1 dB only as 
the orthogonality of the antennas falls 
below 10 dB. A full definition and 
measurement of polarization orthogo­
nality requires measurements of four 
complex field components radiated/re- 
ceived by a typical ±45° base station 
antenna. Because of the relatively 
small effect of orthogonality on diver­
sity gain, a simpler measurement of 
the relative response of a base station 
antenna to ±45° linearly polarized Sig­
nals is usually adequate. ■
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define the resulting cross-polar cou- 
pling effects. Polarization orthogonali­
ty is a power ratio, not an angle. Defi­
nitions relating to the dot-product of 
simple time-invariant vectors are not 
correct because they do not account 
properly for the phase difference be- 
tween the polarization components. 
The only complete expression is that 
shown in Equation 1 and equivalents 
derived from it in which the reference 
axes have been changed.

The discrimination of the receiving 
antenna to most other pairs of orthog­
onal polarizations will be less than that 
for the ±45° test polarizations de- 
scribed previously. For example, dis­
crimination to orthogonal H and V Sig­
nals is zero. (If die intention had been 
for the antenna to respond to and dis- 
criminate between H and V polariza­
tions, its design would have been dif­
ferent.) The incoming real-world Sig­
nal can be resolved into any chosen

A.) HCMC manufactures and stocks 
fully tested Standard straight semi-rigid 
and flexible assemblies which can be 
hand forrned. We also provide cable 
assemblies to customer specification.

B.) HCMC has design and engineering 
capabilities to produce custom delay 
lines to meet specific packaging and 
performance requirements

C.) Utilizing our manufactured 
cable HCMC is providing miniature 
interconnect components to meet 
customer specified requirements for 
surface mount applications on printed 
circuits and microwave Substrates.

94

mailto:briancollins@csauk.com


The MPD Multi-Carrier Power Amplifier Solution. 
Creating A Whole New World Of Wireless 

Base Station Performance.

Now you can have 
the best of both 
worlds. With MPD 
m u lt i-c a r r ie r  feed  
f o r w a r d  p o w e r  
amplifiers, you can 
add capacity and 
expand coverage -  
so you can handle traffic 
distance in the suburbs.

The bottom line? Fewer dropped calls. Less churn. 
More revenue opportunities.

MPD power amplifiers are designed for just about 
any base station and they can be integrated 
seamlessly to easily upgrade your growing analog 
network to your growing digital network.

the cities and go the

Thinking long-term? 
No problem. Just add 
d ig ita l carriers as 
needed. Even expand 
to  2.5G and 3G 
for the ultimate in 
flexibility.

Versatile  MPD 
amplifiers can transmit multiple analog or digital 
Signals simultaneously. And a single amplifier can 
produce 120 watts of output power. In addition, by 
combining multiple amplifiers you can achieve up to 
400 watts.

For further Information about increasing your 
capacity and coverage with high-performance 
MPD multi-carrier power amplifiers, call today.

MPD TECHNOLOGIES, INC.
CIRCLE 78 ON READER SERVICE CARD

a subsidiary of Microwave Power Devices, Inc.

49 Wireless Boulevard, Hauppauge, NY 11788 • Phone: 516-231-1400 x452 • Fax: 516-434-1725 • E-mail: sales@mpd.com • Web site: www.mpd.com. 
MPD is an EEO employer (M/F/D/V). For career opportunities, please visit our web site.

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


TUTORIAL

RF Ceramic Chip 
Capacitors in High RF 
Power Applications

In today’s world of wireless Communica­
tions Systems there are a myriad of high 
RF power applications that necessitate the 

use of high quahty specialized ceramic chip 
capacitors. These demands require the de­

signer to carefully ac­
count for factors such 
as device power dissi- 
pation and maximum 
curren t and voltage 
ratings as well as ther­
mal resistance and 
temperature rise dur- 
ing normal circuit Op­
eration. This article 
highlights some of the 
most essential ele- 
ments needed for se- 
lecting capacitor prod- 
ucts suitable for these 
applications.

POWER 
DISSIPATION

In order to deter- 
mine the device power 
dissipation of a ceramic 
capacitor operating in 

an RF power application the circuit designer 
must consider several critical factors. Among 
the most prominent are the equivalent series 
resistance (ESR) and maximum operating cir-

"To ensure the highest Level of 
reliability in high RF power 
design applications, factors 
such as maximum device 
power, maximum voltage and 
current ratings, thermal 
characteristics of all circuit 
devices and various ways that 
heat is removed shauld be 
taken into account bef ore 
being incorporated into the 
e n d  product design. "

cuit current (Iniax). The thermal resistance of 
the capacitor (0 C) as well as the thermal char­
acteristics of the mounting surface are also key 
factors that should be taken into account while 
attempting to establish the power rating for a 
given capacitor. All of these areas are ad- 
dressed in this article.

The actual power dissipated by a capacitor 
(Pcd) an HF power application is readily 
determined by calculating the product of the 
rms circuit current squared (Ic2) and ESR 
such that

PCD = Ic 2 • ESR

The ESR takes into account all of the Josses 
incurred by the dielectrie material, electrodes, 
terminations and termination to electrode in­
terfaces. It is interesting to note that capaci­
tors that exhibit ultra-low ESR as well as high 
voltage breakdown characteristics (such as 
porcelain types) are especially well suited for 
high RF power applications.

A Capacitor Power Dissipation Example

Consider the following example consisting 
of a 51 pF RF porcelain chip coupling capaci­
tor used in the power output stage of a cellu-

[Continued on page 98]
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a capacitor with series loss element.

Fig. 2 The relationship between current Ic, 
capacitance and frequency fo r  an ATC series 
100 case B capacitor. ▼

V  Fig. 3 Voltage vs. dielectric thickness.

lar base station operating at 900 
MHz, as shown in Figure 1. The RF 
power is 60 W in a 50 Q System; the 
coupling capacitor has an ESR of 
0.061 Q at 900 MHz. The total RF 
current in this application is deter- 
mined using

j ë ö

V 50
= 1.09A

Therefore, the total power dissipated 
in the capacitor is

PCD = Ic2 • ESR
= (1.09)2 x (0.061)
= 0.072 W (72 mW)

This example illustrates the impor- 
tance of the relationship between 
ESR and the total power dissipated 
by the capacitor. Here, the power dis- 
sipated by the capacitor due to its in­
ternal losses represents 72 mW or 
0.12 percent of the total power ap­
plied to the capacitor. This low loss is 
achieved by utilizing low ESR RF ce­
ramic capacitors in these applications. 
Recent advances in materials technol- 
ogy have enabled the realization of 
lower ESR, fu rther reducing the 
power dissipated by the capacitor.

CURRENT RATING
The maximum current rating as- 

signed to a capacitor by the manufac- 
turer is stated in one of two ways: 
voltage limited or power dissipation 
limited. The rating that applies de- 
pends on the capacitance value and 
operating frequency for a given appli­
cation. If the capacitors current rat­
ing (Ic ) in a particular application is 
limited by voltage it can be calculated 
using the relationship between the 
rms voltage rating of the capacitor 
and the capacitive reactance. Accord- 
ingly, the maximum current for the 
voltage limited operating condition is 
directly proportional to the capacitor 
rms voltage rating and inversely pro­
portional to its reactance:

l = W V D O  0.701
CV "  Xc

where
Xc = l/27ifC

Therefore, Icv — Vrms • 2jifC.
As the operating frequency or ca­

pacitance is increased, a region on the 
current curve is entered where the nu- 
merical value of the voltage limited 
current is equal to that of the current 
limited by power dissipation. This con­
dition occurs at the intersection of the 
dotted and solid lines as shown in Fig­
ure 2. At frequencies above this inter­
section point the current rating is de- 
termined solely by the power dissipa­
tion limit. In this region the maximum 
current is calculated using

where

P(hnax = maximum power dissipation 
of the device as defined in 
reference to a given 
mounting surface with 
known thermal 
characteristics

Hence, in this region the maximum 
current is now limited by the capaci­
tors power dissipation limit. Regard- 
less of the specified power rating (a 
somewhat relative term), a capacitor 
exhibiting low ESR is always desir- 
able for providing an optimum device 
current rating.

VOLTAGE RATING
Maximum voltage ratings are de- 

termined predominantly by the di­
electric strength or voltage break­
down characteristics of the dielectric 
material. As an example, porcelain di- 
electrics exhibit a breakdown voltage 
that typically exceeds 1000 V/mil of 
dielectric thickness and is virtually 
constant over the specified operating 
temperature range. Other dielectrics 
fabricated from barium  titan iate 
(BaTi03)-based materials for example 
will exhibit lower breakdown voltage 
characteristics due to differences in 
their chemical and microstructural 
compositions, as shown in Figure 3.

A voltage breakdown also may oc- 
cur on the outside of the device pack- 
age. In this instance, the applied volt­
age is large enough compared to the 
length of the extemal path (termina- 
tion to termination) in air to produce 
a flashover. Other factors that may 
promote an external breakdown are 
surface contamination as well as envi­
ronmental factors such as humidity 
and sharp edges, especially in the im- 
mediate areas of the terminations. 
One method of testing for dielectric 
strength is to submerse the test sam­
ple in an insulating oil bath, thereby 
eliminating the incidence of extenial 
flashover failure.

THERMAL RESISTANCE
The thermal resistance o fa  ceram­

ic capacitor operating in a given ap­
plication is a key factor that must be 
known in order to establish the de­
vice power rating P(]max. Knowing the 
length of the heat flow path, the ther­
mal gradiënt and the perpendicular

[Continued on page 100]

98



The new generation of SUHNER QUICK-FIT connectors: 
quick and easy assembly, absolutely waterlight.
•  Absolutely watertight (IP 68) even under extreme conditions, 

thanks to our three-stage sealing concept
•  Very easy, reliable and quick assembly
•  Rugged mechanical design -  stable electrical characteristics
•  Excellent intermodulation performance, betterthan -155 dBc

^HvHUBER+SUHNER
HUBER+SUHNER AG 
RF Interconnection Division 
9100 Herisau, Switzerland 
Phone +41 (0)71 353 41 11 
Fax +41 (0)71 353 44  44 
www.hubersuhner.com

AFFIUATED COMPANIES (Phone+4o): Australia: 0061 2 9905 0000; America Latino: 0055 12 323 413 Canada: 00
613 271 9771; China: 00852 28 66 66 0C Shanghai: C086 21 5298 5008, France: 0033 1 30 68 37 60 Germany 
0049 89 6 12010 Singapore/Malaysia: 0065 861 81 86. Sweden: 0046 8 447 5200; United Kingdom: 0044 186' 
364 100; USA: 00' 802 873 0555, AGENTS: Austria: Tomek-Electronics GmbH 0043 1 61003; Belgium: HUBER+SUHNEI 
0032 2 735 51 61; Denmark: Crimp A/S 0045 48 100 500 Finland: Orbis Oy 00358 9 478 830, India: Rashmi Enterprise 
0091 80 668 77 4? Israel: E I.M. International Electronics Ud. 00972 3 921 50 0 Italy: Al Hof di A. Hoffmann SRI 0039 01 
261 42 500; Japan: Rep.c Corporation 0081 3 3918 51 I Netherlands: Simac Electronics B.V. 003 ' 416 376 900: Nev 
Zealand -"E.:.:y Norway: Philippines: .
Technologies Ine. 0063 2 812 3207 South Africa: Dortcom (Pty ] Ud. 0027 I 1 907 9520 Spain: Redislogar Internacionol S.A 
0034 91 413 91 11 Taiwan: Ring-Une Corporation 0088 62 2709 4520, Turkey: Elnox SA 0041 |0|24 466 54 61

http://www.hubersuhner.com


Coaxi-Forrn
Cables & Cable Assemblies
Coaxi-Fórnrt. Coax, a hand-formable cable sweep tested to 
20 GHz, is ah alternative for semi-rigid coaxial cable.

To learn more, call us or visit our website.

P R E C I S I O N  T U B E
C O A X I T U B E  D I V I !
A Mueller Industries Company 

62Ü Naylor Mill Rd., Salisbury, MD 21801 
Tel: (410) 546-3311 • Fax: (410) 546-3913 
www.precisiontube.com • coaxsale@voicenet.c

the FÜLL 
SPECTRUM

m Select trom the
V  widest array of

ƒ  high-quality, high
i  performance
I coaxial cables:
I  Semi-Rigid,
] Conformable, 

Flexible Cables 
and Assemblies.

• Copper, aluminum, 
stainless steel 

• Impedances 
10 to 100 ohms 

• Diameters 
0.020" to 0.500” 

Military qualified

i y  { I j
f  i j
§ f

i i  m m r  i
L J f  /

p -  ± a M j  1
/  r

S M m i I  /

TUTORIAL

area, as shown in Figure 4, makes it 
possible to determine the thermal re­
sistance 0.

The thermal resistance for a given 
capacitor structure with length L and 
cross-sectional area A can be ex- 
pressed by the relationship

4.186 AA

_ 0.2389L f°_c]
A A  [ w j

Thermal conductance X is expressed 
as

W

W H

-  ( » « o n )

where

X = coëfficiënt of thermal
conductivity for the subject 
material

L = length of the thermal path (cm)
A = cross-section area perpendicular 

to the heat path (cm2)

Note that multiplying [W/(°C)(cm)] 
by 0.2389 converts the units to 
cal/(°C)(sec)(cm). In addition, the 
thermal conductivity X is essentially 
constant over the normal tempera- 
ture range of 25° to 125°C.

From this expression it can be 
readily seen that the thermal resis­
tance is proportional to the length of 
the heat flow path and inversely pro­
portional to the thermal conductivity 
and the cross-sectional area perpen­
dicular to the heat flow path. This re­
lationship suggests that the aspect ra­
tio of the capacitor, that is, the ratio 
between width and length, plays an 
important role in the determination 
of the thermal resistance. The power 
dissipation of the device can be de- 
termined from the thermal resistance
Fig. 4 Heat flow path, thermal gradiënt and 
termination area o f a ceramic capacitor. ^

[Continued on page 102]
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expression by establishing the tem- 
perature differential across the heat 
flow path and dividing by 0. Hence, 
the maximum power dissipation is ex- 
pressed as

_ T 2-T 1

where

Pj = power dissipated at area A (W) 
T2 = temperature of cross-section 

area A (perpendicular to heat 
flow) (°C)

T l = temperature at a cross-section 
area at a distance L from area A
(°C)

L = length of path between areas 
(cm)

0C = thermal resistance of path across 
capacitor length L (°C/W)

The thermal model used for calcu- 
lating the maximum power dissipa­
tion of a ceramic capacitor typically 
takes into account the thermal resis­
tance of the capacitor and its mount- 
ing surface. This model assumes that 
heat is removed mainly by conduc- 
tion through the capacitors termina- 
tions and extemal leads. Since heat 
removal by radiation and convection 
is disregarded in this model, a safety 
factor for maximum power dissipa­
tion therefore is established. The 
model further assumes that the ther­
mal resistance of the capacitors ter- 
minations is insignificant compared 
to the ceramic body and, hence, is 
disregarded. The effects of the 
mounting surface also are disregard­
ed and an infinite heat sink is as- 
sumed for the temperature rise caleu- 
lation shown in Figure 5.

TEMPERATURE RISE
The maximum change in tempera­

ture along the heat flow axis is re- 
ferred to as the temperature rise or 
thermal gradiënt. The hypothetical 
determination of temperature rise as 
a function of RF current is not always 
straightforward. To get a reasonable 
handle on this value the designer 
must account for the ESR and ther­
mal resistance of the capacitor as well 
as its mounting surface.

Given the ESR and current in an 
application, the capacitors power dis­

sipation PCD as well as the heat gen- 
erated in the capacitor can be calcu- 
lated. The thermal resistance of the 
capacitor and its extemal eonnections 
to a heat sink also can be ascertained 
and, hence, the tem perature rise 
above the am bient can be estab­
lished. Assuming an infinite heat sink 
and a capacitor with zero manufac- 
turing flaws, the temperature rise can 
be calculated using

AT = T l -  T2
= 0 (Ic2 • ESR)
= 0 . P CD (0°C)

Figure 6 shows the relationship be­
tween the capacitors power dissipa­
tion and the change in the capacitors 
case temperature.

HEAT TRANSFER METHODS
Heat may transfer either to or 

from the boundaries of a ceramic ca­
pacitor structure in several ways. 
Heat transfer occurs only when a 
tem perature difference exists be­
tween the capacitor and its immedi- 
ate surroundings. Heat is transferred 
by conduction, convection and radia­
tion, which may occur separately or 
in combination.

HEAT
SOURCE
PLANE

J

9t = THERMAL RESISTANCE OF CAPACITOR 
6hs = THERMAL RESISTANCE OF HEAT SINK

JÈk. Fig. 5 The thermal model o f a capacitor 
mounted on a heat sink.

TEMPERATURE ( C)

A . Fig. 6 PCD as a function o f temjyerature.

[Continued on page 104]
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Thermal Conduction
Heat energy transferred by con- 

duction takes place in ceramic capaci­
tor structures essentially at the termi- 
nation areas. In this case, heat trans­
fer takes place because th ere  is 
physical contact between the capaci­
tor terminations and the points of 
connection on the board surface. En­
ergy transfer by conduction occurs in 
the direction of decreasing tempera­
ture and is due to the temperature 
gradiënt along the length of the heat 
flow path.

On the molecular level, conduc­
tion can be thought of as the transfer 
of energy from a more energetic 
thermal state to a less energetic ther­
mal state. Therefore, as molecules 
collide with each o ther energy is 
transferred in the form of heat from 
the more energetic to the less ener­
getic molecules. This heat transfer is 
due to the random movement of mol­
ecules and the interactions between 
them within the two thermal gradi- 
ents. As the temperature increases, 
the activity or interaction between 
the molecules also increases. These 
molecules collide with each other 
and, hence, transfer energy in the 
form of heat.

From Fourier’s law of heat con­
duction the conduction process can 
be quantified as a heat flux rate equa- 
tion. The law States that the rate of 
heat flow through a solid homoge- 
neous structure is directly propor­
tional to the area of a section at right 
angles to the direction of heat flow 
path and to temperature differences 
per unit length along the path of heat 
flow, as shown in Figure 7. Thus,

dQ _ AAdT 
dt dx

A  Fig. 7 Heat flow through a solid 
homogeneous structure.

[Continued on page 1()6]
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TUTORIAL

Thermal Radiation

Thermal radiation is energy emit- 
tetl by m atter and transported by 
electromagnetic waves or photons. 
While the transfer of energy by con­
vection or conduction requires the 
presence of a medium, electromag­
netic waves do not require a medium 
to propagate and will transfer heat 
energy most efficiently in a vacuum. 
The total energy at which radiation 
may be em itted from a surface as 
photons per second by a square cen­
timeter of an ideal black body radia­
tor is equal to the temperature raised 
to the fourth power. This energy 
emission results from changes in the 
electron configurations of the atoms 
or molecules of the radiating object.

Stefan-Boltzmanns law gives the 
maximum heat flux at which radiation 
may be emitted from a surface. The

[Continued on page 108]

where

dQ/dt = rate of heat flow per unit 
time

A = cross-sectional area at right 
angle to the direction of 
heat flow path

dT/dx = temperature gradiënt per 
unit length along heat flow 
path

X = thermal conductivity of the 
material

Note that the negative sign associated 
with X indicates that the heat flows 
conductively from high to low tem- 
peratures, or against the temperature 
gradiënt.

Thermal Convection

Energy transfer between a solid sur­
face and moving air in the immediate 
surroundings is commonly referred to 
as convection. The heat transfer due to 
convection is au interactive combina- 
tion of diflusion or molecular motion in 
the dielectric material and the bulk 
movement of the surrounding air. 
There are basically two types of con­
vection heat transfers: natural (free)

and forced. Natural convection cur- 
rents are indueed by forces due to dif- 
ferences in variations between the de- 
vice surface temperature and the sur­
rounding ambient temperature; that is, 
heat is directly picked up by the air and 
transported away. Natural or ffee con­
vection is caused by air movement due 
to thermal gradients between an object 
(in this case a ceramic capacitor) and its 
surrounding ambient environment.

Forced convection heat flow is in- 
duced by extemal means, such as a 
cooling fan. Heat transfer coefficients 
due to forced flow are generally greater 
tlian that of natural convection flow. In 
most cases the free convection may be 
neglected when there is forced airflow, 
hence forced convection provides the 
greater effect for convection cooling.

Newtons law o f cooling is used to 
model the tem perature change o f an 
object that is at some initial elevated 
tem p era tu re  p laced  in an environ­
m en t o f  a  low er tem p era tu re . T he 
law States th a t th e  ra te  a t which a 
w arm  bo d y  cools is approxim ately  
proportional to the tem perature  dif- 
ferenee betw een the tem perature of

the warm object and the temperature 
of its immediate surroundings. Thus,

f=k(T-Td
where

T = temperature of the object at 
time t

Ta = temperature of the surrounding 
environment (ambient 
temperature)

k = constant of proportionality 
t = time variable (s)

Solving the differential equation for T 
means placing T on one side and t on 
the other, such that

Integrating both sides produces 
ln(T -  Ta) = kt + C 

and solving for T gives
T = ekt+C + T a

From this expression it can be seen 
that the cooling process is exponen- 
tial, that is, rapid at first, then levels 
off. Hence, this characteristic may be 
thought of as the thermal time con­
stant of an object. The temperature of 
the object T now can be directly ex- 
pressed at time t (s). In Newtons law 
of cooling, t is the variable where TA, 
k and C are constants. In order to de- 
termine the temperature of the object 
at a given time, all of the constants 
must have numerical values.

Model
X02000
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TUTORIAL
—  REFLECTED RADIATION
—  INCIDENT RADIATION 
----TRANSMITTED RADIATION

BLOCK

A/k Fig. 8 Thermal radiation dispersion.

law takes the form

E = o T 4

where

T = temperature 
c  = a constant

From this equation it can be seen 
that a small increase in temperature 
produces a very large increase in 
emitted radiation energy. If the tem­
perature is doubled, the energy emit­
ted increases by a factor of 16. The 
surface emissivity indicates how effi- 
ciently the surface of a given object

will emit radiation energy relative to an 
ideal black body radiator. The ideal 
black body has an emissivity reference 
equal to 1.0. Just as surfaces emit ener­
gy, another surface can absorb a por- 
tion of that energy. The surface prop- 
erties of various materials will affect 
the amount of heat radiated.

The intensity of radiation is defined 
as the rate of emitted energy per unit 
of surface area through a unit solid an­
gle. The radiation from a surface has 
different intensities in different direc- 
tions. The intensity of radiation along 
the normal to the surface is known as 
the intensity of normal radiation.

When thermal radiation strikes a 
solid object, portions of the energy 
can be absorbed, reflected or trans- 
mitted through the object. This ener­
gy is dispersed in various proportions 
depending on the surface emissivity 
and density of the material, as shown 
in Figure 8. The portion of the inci­
dent radiation that is absorbed by the 
object is its absorptivity (X. Another 
portion of the incident radiation en­
ergy will be reflected and is referred 
to as reflectivity p. Lastly, the portion

of the radiated energy that is trans- 
mitted though the object is referred 
to as transmissivity T. The sum of all 
of these portions of the radiated en­
ergy is unity and, therefore,

0C+p + i  = l

APPLICATION CONSIDERATIONS
This article has highlighted several 

major factors to consider while de- 
signing circuit elements for high RF 
power applications. Some of the most 
important considerations relate di­
rectly to such things as ESR, thermal 
resistance of the device(s), mounting 
surface characteristics and heat re- 
moval. These factors are associated 
with the overall thermal management 
of die entire design and should neces- 
sitate careful assessment of all circuit 
elements and their contribution to the 
overall thermal load on the design. 
Some of the guidelines for these con­
siderations are summarized below.
• It is always prudent to select capac­

itor products with ultra-low ESR 
and dissipation factor characteris­
tics, especially conceming thermal
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m anagement considerations o f  high 
RF power designs. This choice will 
ensure the most efficiënt Operation 
and  minim ize th e  am ount o f heat 
generated in the application.
The thermal resistance of the ca­
pacitors mounting surface and heat 
sink should be as low as possible. 
Since the heat is primarily conduct- 
ed by the capacitors terminations 
to the metallic contact points on 
the board, it is important to evalu- 
ate characteristics such as thermal 
conductivity of all materials in- 
volved as well as board tracé di- 
mensions and material thickness at 
the points of contact.
Since the greater part of the heat 
transfer is predominantly through 
the terminations of the capacitor, 
the thermal path of a ceramic chip 
capacitor may be further improved 
by the use of extemal leads such as 
silver microstrip ribbon. The rib­
bon leads wall serve to bleed heat 
away from the capacitor more effi- 
ciently. The leads alsp may serve as 
a mechanical strain relief, especial- 
ly in situations where the coëffi­

ciënt of thermal expansion between 
the capacitor and the board materi­
al is significantly mismatched. The 
silver lead stock is tailored to the 
width of the capacitor body, making 
it suitable for this purpose.
The overall thermal management of 
the entire design must be judiciously 
evaluated. Devices such as power 
FETs and active gain blocks as well 
as other passives in an application 
will provide additional sources of 
heat during Operation and thereby 
add to the overall thermal load of the 
design module. Care must be taken 
to account for the impact of all of the 
heat sources in the final design. 
Using capacitor assemblies that 
employ several capacitors in paral­
lel will serve to greatly extend the 
current and power rating over a 
single capacitor. Assemblies that 
utilize ruggedized porcelain capaci­
tor building blocks in various com- 
binations will greatly extend the ca- 
pacitance, voltage and current han- 
dling capabilities. For example, two 
equal value capacitors in parallel 
will yield approximately one-half

the ESR of one capacitor and 
thereby afford virtually twice the 
current handling capability, an ad- 
vantage that is difficult to ignore.

CONCLUSION
To ensure the highest level of relia- 

bility in high RF power design applica- 
tions, factors such as maximum device 
power, maximum voltage and current 
ratings, thermal characteristics of all 
circuit devices and various ways that 
heat is removed should be taken into 
account before being incorporated into 
the end product design. In addition, 
when seleeiing ceramic chip capacitors 
for these applieations it is prudent to 
first evaluate the ESR of the particular 
capacitor(s) at the application operating 
frequency. Knowang the ESR along 
with the network impedanee will allow 
the designer to perfonn quick calcula- 
tions of die power dissipated by the ca­
pacitor. This consideration is equally 
important for all other circuit elements 
in the application. Proper design with 
emphasis on thermal management will 
help to ensure efficiënt and trouble- 
free Operation. ■
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TECHNICAL FEATURE

A  D ig it a l l y  C o m p e n s a t e d  

T C X O  w it h  L o w  P h a s e  

N o is e  C h a r a c t e r is t ic s

The phase noise level o f a digitallij compensated temperature-compensated 
crystal oscilbtor (DTCXO) is strongly degraded due to the numerical System of 
compensation. The requirements ofhigh stability, low power consumption and 
low phase noise for these oscillators have increased during the last couple of 
years. This article explains which parameters must be taken into account and the 
methods required to reduce the noise induced by the quartz crystal design, 
layout, component choices and electrical conflguration. The aim of this analysis is 
to provide a new high performance oscilbtorfor satellite Communications 
(SATCOM) applications and low phase noise Instrumentation equipment and to 
demonstrate that digitally compensated technology can be utilized to produce 
potentially cheaper high performance oscillators compared to built-in 
application-specific ICs.

u

OFFSET FREQUENCY (Hx)

The growing demand for portable appli­
cations and high performance oscilla­
tors such as in telecommunications or 

SATCOM applications leads to the design of 
DTCXOs with a very low phase noise that can 
replace oven-controlled crystal oscillators 
based on cost/consumption criteria. The main 
parameters are frequency stability and phase 
noise over the temperature range and aging.

The eompensation of a TCXO can be either 
analog or digital. A DTCXO is an interesting 
compromise between stability, power con­
sumption and low labor cost. The analog 

TCXO offers lower perfo r­
mance in terms of frequency 
stability over tem perature 
range. The main feature of a 
TCXO is b e tter phase noise 
when com pared to the 
DTCXO, especially near the 
carrier and up to 10 kHz offset. 
The phase noise degradation of 
a Standard DTCXO is mainly 
due to the digital compensa-

tion. Figuren 1 and 2 show the phase noise 
levels of both types of oscillators.

In order to aehieve these noise perfor­
mance goals, the different noise sources must 
be considered.1 The various types of phase

i
$ V T

NT5»

V “

100 1k 10k 100k 
OFFSET FREQUENCY (Hx)

A Fig 2 Phase noise o f a Standard DTCXO.

[Continued on page 113]
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TECHNICAL FEATURE
noise associated with a low noise os- 
cillator are shown in Figure 3. The 
oscillators resonator is the primary 
noise source close to the carrier; the 
oscillator circuitry is the primary 
source far away from the carrier. Fre­
quency multiplication by N increases 
the phase noise by N2 (20logN in 
decibels). In addition, vibration-in- 
duced noise can dominate all other 
sources of noise in many applications.

The oscillators loaded Q affects 
noise when the oscillator circuitry is a 
significant noise source. The noise 
floor is limited by Johnson noise, that 
is, noise power kT = -174 dBm/Hz at 
290 K. A higher Signal level improves 
the noise floor but not the close-in 
noise. Thus, in this article, two ways to 
improve the performance of DTCXOs 
will be investigated. The target specifi- 
cations are a frequency stability of 
±0.2 ppm over -30° to +75°C, 1.5 
ppm aging over 10 years and a noise 
floor phase noise of -150 dBc/Hz and 
-105 dBc/Hz at 10 Hz offset.

CRITSCAL ELEMENTS
FOR NOISE GENERATION DUE
TO THE QUARTZ RESONATOR

The theoretical phase noise para­
meters are

and

where

Af = bandwidth at -3  dB points 
Q = quality factor of the resonator

Slopes of -30 dB/decade at -105 dBc/ 
Hz for 10 kHz offset and -20  dB/ 
decade at -145 dBc/Hz for 1 kHz off set 
are typical. The intersection of the two 
lines dictates a resonator bandwidth of 
200 Hz. In a numerical example,

Q  = i 5 _ i o « . i o 5 
200

=>Q = 100,000

The resonator Q is a 
critical factor and 
the optim ization 
will be based on a Q 
»  100 K.

The various pos- 
sibilities of a quartz 
resonator design are 
listed in Table 1. A 
third-overtone AT- 
cut crystal is chosen 
based on good aging 
and oscillator stabil­
ity. The oscillator 
has been designed

TABLE 1
QUARTZ RESONATOR DESIGN COMPARISON

Parameters

AT
fundamental 

10 MHz

AT
Third Overtone 

10 MHz

AT
fundam en ta l

20 MHz

AT
Third Or ertöne  

20  MHz

Q(average 150,000 350,000 75,000 175,000
value) to 200,000 to 500,000 to 100,000 to 250,000

Oscillator stability medium good low good

Tendancy for too low —
extemal pulling gpod no available good good
(±8 ppm) eompensation

Phase noise N/A N/A -6  dB -6  dBimprovement

Aging low high low good

Best choice 2
1

[Continued on page 114]
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TECHNICAL FEATURE

***-..... »  Cable Corp.
. R e lia b te  • ■ 

l « i % e r c o i i « t o c ; t « o f f v s
j  f o r

/  C o  in ?  iT€ï f 3 !  ' • '

L j  ™mÊrV ‘J%
o i i^ A p i ï i S ^ - S s t i o s t s »

/  A L U M I N U M , :

J- ■ , C O P P E R  &  '  %

F L E X I B L E  C A B L E S .  

P H A S E  M A T C H E D  

D E L A Y  L I N E S  

> W I R E L E S S  P R E P S  

W IR E  H A R N E S S E S  V -

A l Fig. 4 The DTCXO’s block diagram.

to work with a third-overtone AT 
quartz resonator at 20 MHz, which 
increases the self-resonant frequency 
and the quality factor. The quartz res­
onator is fabricated using a high qual­
ity quartz with an optical quality > 2.4 
milhon. The crystal blank then is pol- 
ished to reduce the quartz resistance 
and to increase the quality factor. 
Gold metallization and a primary lay- 
out of chromium then are applied 
and manually frnished to a high quali­
ty. A bura-in of the metallic Iayouts 
completes the crystal fabrication 
process. AU of these procedures im- 
prove the electrode stability and, 
therefore, the long-term aging. Final- 
ly, a specific sealing paste is used that

contributes to good aging; vacuum 
sealing reduces the quartz resistance 
in the final packaged resonator. A fast 
thermal cycling between -55° and 
+125°C over five days is utilized on 
the eompleted resonator.

THE OSCILLATOR 
LAYOUT DESIGN

F igure 4  shows the DTCXO’s 
block diagram and the ground Sepa­
ration. The power supply utilizes an 
integrated low band filter and isola- 
tion stages, which separate the impe- 
dance and amplify the current. The 
digital compensation section is iso- 
lated from the oscillator and out­
put buffer.

A  Fig. 5 Filtering o f the phase noise due to digital compensation.
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REGULATOR

MICROCONTROLLER

Figure 5  shows the Integration of 
a low band filter prior to the varicap 
diode of the oscillator using tempera- 
ture-stabilized components. This con- 
figuration strongly decreases the fast

JL  Fig. 6 The resonator’s phase noise 
vs. bandwidth.

V  Fig. 7 Phase noise at -30°C.

frequency variations due to the digital 
compensation and, therefore, de­
creases the noise. The low noise out­
put thus is stabilized as a result of the 
temperature-stabilized components 
used for the filter. However, this fil­
tering procedure has a strong influ- 
ence on the start-up  tim e of the 
DTCXO, which is calculated using

T = RC 
= 4.7 s

where

R = 1 MD 
C = 4.7 pF

PERFORMANCE RESULTS
After manufacturing the 20 MHz 

AT th ird-overtone crystals in an 
HC46 cold weid package, a batch of 
20 completed resonators was mea- 
sured. The measurements indicated a 
crystal resistance of 15 O, an induc- 
tance of 28 mH and a capacitance of 
2.3 fF with a Q of 206,000 to 252,000. 
The resonators phase noise at 25°C is 
shown in Figure 6. As a result, the 
actual experim ental phase noise 
(green profile) is improved compared 
to the first theoretical approach (red 
profile). This conclusion can be veri- 
fied using the formula

where

f0 = 20 MHz
Q =  200,000

The result is Af = 100 Hz. If f  repre- 
sents the Crossing point of the two 
slopes, the graph indicates approxi- 
mately 45 Hz as the f  value (45 Hz 
x 2 = 90 Hz, which is very close 
to 100 Hz).

Phase noise vs. temperature range 
is shown in F ig u res  7, 8 and

▼  Fig. 8 Phase noise at 70°C.

[Continued on page 116]
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TEC H N IC A L  FE A T U R E

a n d  PUBCISE

^ LM D S  Phase Locked DRO’s

A Fig. 9 Phase n

Fig. 10 Typical capacitance change 
vs. temperature fo r  a tantalum 
dielectric capacitor. ^

s  15

X ‘

-75 25 0 25 75 12 
TEMPERATURE (°C)

9. T he technical problems relating to 
phase  no ise vs. tem p era tu re  range 
were described  at the  beginning  o f 
this article. Raised noise close to the 
carrier was observed as shown on the 
th ree curves at +25°, +70° and -30°C. 
T he excessive noise was due  to the 
increased cutoff frequency o f the fil­
te r  used to  reduce noise on the cor- 
rection Signal coming from the digital 
System.

The -40 dBc/Hz filter slope was 
shifted above 10 Hz and influenced 
the previous -30 dBc/Hz slope from 
10 to 100 Hz. The implemented ca­
pacitors were responsible for this ef­
fect. Initially, Y5V-type capacitors 
were used; these components were 
subsequently replaced by tantalum 
dielectric types. Thus, capacitor sta- 
bility vs. temperature range is an im­
portant criterion to talce into account. 
Figuren 10 and 11 show the change 
in capacitor vs. temperature for both 
capacitor types.

As shown previously, the phase 
noise specification has been met. In 
addition, the use of a third-overtone 
AT-cut crystal has provided an aging 
of ±2.10-7/year and the digital com­
pensation has produced good results 
(±0.10 to ±0.15 ppm over the -30° to

-40 -20 0 20 40 60
TEMPERATURE ( C)

A Fig. 11 Capacitance change
vs. temperature fo r  a multilayer ceramic
Y5V capacitor.

+75°C temperature range). The only 
detrimental effect seen on the oscilla­
tor is the start-up time slow down 
due to filters with high x (a few sec- 
onds). However, for the applications 
addressed by this DTCXO this para­
meter is not a major consideration. In 
addition, a higher level of physical In­
tegration of such a device could be 
difficult considering the 20 MHz AT 
third-overtone crystal design. Lastly, 
care must be exercised in the phase 
noise m easurem ent method. The 
bandwidth of the analysis filters on 
the test bench must be set up very 
tightly to observe the noise near the 
carrier.

CONCLUSION
This article has described two im­

portant points that must be addressed 
to comply with the required DTCXO 
specification. The crystal units quali­
ty factor must be g rea ter than 
200,000 as a target to improve phase 
noise near the carrier and aging, and 
the electronic circuit design must re­
duce noise due to the power supply 
and implement active filters to re­
duce noise induced by digital com­
pensation. ■
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S e l e c t in g  a  P e d e st a l  

f o r  T r a c k in g  LEO 
Sa t e l l it e s  a t  K a  B a n d

This article discusses the issues involved 
in selecting a pedestal for tracldng low 
earth orbit (LEO) satellites. LEO satel­

lites offer several advantages over their geosta- 
tionary earth orbit (GEO) cousins. Compared 
to a GEO, a LEO satelhte has lower launcli 
costs, reduced power requirements and a sig- 
nifïcantly reduced roundtrip transmission de- 
lay. While a constellation of GEOs can only 
see earth stations with latitudes less than 81°, 
the use of polar orbits allows a LEO constella­
tion to communieate with all points on the 
globe.1 The disadvantages of a LEO satellite 
are that the earth station must spatiaQy track 
the satellite across the sky and compensate for 
Doppler frequenties that are quite large.

The popularity of LEO satellites is increas- 
ing rapidly. The advent of constellations such 
as Iridium (66 satellites), Teledesic (228 satel­
lites), Skybridge (80 satellites) and Globalstar 
(48 satellites) suggests that LEO constellations 
could become the basis of future two-way 
wireless Communications systems. This possi- 
bility makes the tracking of LEO satellites an 
important issue for today’s earth station de­
signer. Of the systems discussed here both 
Iridium and Teledesic use Ka-band links in 
some form.

The tracking of LEO satellites at Ka band 
provides new ehallenges in designing and 
manufacturing earth stations. The high fre- 
quencies of the Ka band mean even a medi­

um -sized antenna produces a narrow 
beamwidth, resulting in stringent antenna 
pointing requirements. For example, a 1.2 m 
parabolic antenna has a 3 dB beamwidth of 
0.58° at 30 GHz and 0.88° at 20 GHz. The 
combination of the uplink and downlink 
beamwidths requires a pointing accuracy on 
the order of 0.3° to minimize attenuation 
caused by pointing errors.

Only the fastest and most expensive az- 
imuth-elevation pedestals are able to continu- 
ously track LEO satellites on high elevation 
passes. The problem occurs when the satelhte 
approaches and départs from its highest eleva­
tion. At this point the pedestal must make 
high speed azimuth movements in order to 
track the satellite. Insufficiënt azimuth speed 
results in the earth station being unable to 
track the satelhte continuously for passes that 
exceed a particular maximum elevation.

Several methods have been suggested to 
overcome this problem, including trajectory 
optimization where the antenna trajectory is 
modified to minimize antenna pointing losses 
on or near zenith passes.2 However, a narrow 

[Continued on page 120]
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TECHNICAL FEATURE
beamwidth precludes the use of this 
technique. Other Solutions include 
the use of either an azimuth-eleva- 
tion-tilt pedestal or an X-Y pedestal. 
Both of these pedestals allow zenith 
pass tracking.

AZIMUTH-ELEVATION PEDESTALS
For azimuth-elevation pedestals, 

the pedestals azimuth speed is usual- 
ly the limiting factor that prevents 
zenith tracking of a LEO satellite, as 
shown in Figure 1. For example, a 
pedestal with a maximum azimuth ve- 
locity of 4°/sec would be unable to 
continuously track a satellite with a 
780 km sun-synchronous orbit 
(UoSAT-3) for passes with a maxi­
mum elevation greater than 82°. In 
the case of a zenith pass there would 
be a loss of Communications with the 
satellite for a minimum of 45 sec- 
onds. This down time is significant 
when you consider that during an 
overhead pass a satellite of this type is 
only at elevations > 20° for approxi- 
mately 7.4 minutes.

Figure 2 shows the minimum time 
lost in seconds for passes of a satellite

with a 780 km orbit with different max­
imum elevations for an azimuth-eleva­
tion pedestal (which is azimuth limited) 
with maximum azimuth speeds of 2, 4, 
6 and 8°/sec. The Situation is even 
more critical when communication is 
via a single LEO satellite. In this case, 
it is not uncommon that during a signif­
icant period of time the only usable 
satellite pass may have a maximum ele­
vation that requires azimuth move- 
ments in excess of the earth station’s 
pedestal capability. This condition oc- 
curs because all of the other available 
passes may have low peak elevation an- 
gles. Figure 3 shows an example of this 
scenario involving passes of a UoSAT-3 
satellite over an earth station in May 
1998. In an urban environment, Ka- 
band Communications for such passes 
is almost impossible due to multi- 
pathing.3 Even when communication is 
via a constellation of LEO satellites, 
these same urban environment restric- 
tions may dictate the use of high eleva­
tion satellite passes.

It is important to utilize these high 
elevation passes as much as possible

m
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to-noise ratio and, hence, allow com­
munication at the highest possible 
data rates to take place. In addition, 
the maximum elevation of a particu- 
lar pass is directly related to the 
amount of time that the satellite is 
visible to the earth station. The high­
er the maximum elevation the longer 
die satellite is visible.

An additional problem occurs if 
closed-loop tracking is being used to 
follow the satellite on a near-zenith 
pass and the pedestal approaches its 
velocity limits in either azimuth or el-

MAXIMUM ELEVATION OF PASS ( )

ÉL Fig. 2 Time the pedestal will be unable 
to track a 780 km satellite fo r  passes with 
different maximum elevations and pedestals 
with various azimuth speeds.

J k  Fig. 3 Passes o f a UoSAT-3 satellite over 
an earth station at -33.9° lat/I51.8° long 
on May 10,1998.
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evation. At such a point there is little 
or no spare capacity left to make off- 
boresight movements to track the 
satellite. Thus, the tracking process, 
should it be required, would have to 
be suspended until the satellite 
reaehed a lower elevation.

AZIMUTH-ELEVATION-TILT
PEDESTALS

An azimuth-elevation-tilt pedestal, 
shown in Figure 4 , is an azimuth-ele­
vation pedestal with the addition of a 
third axis. The tilt axis is perpendicu- 
lar to the elevation axis. This type of 
pedestal is sometimes called a three- 
axis pedestal. At high elevations the 
elevation and tilt axes are used to- 
gether to allow full hemispherical 
tracking of the satellite (including 
zenith passes); that is, the required 
elevation-pointing angle is obtained 
using a combination of the elevation 
and tilt axes. This capability reduces 
the elevation axis component of the 
required pointing angle and, thus, al- 
lows sufficiënt time for the azimuth 
axis to rotate without exceeding its 
maximum azimuth drive velocity.4

While the azimuth-elevation-tilt 
pedestal allows full hemispherical 
tracking it does have some disadvan- 
tages. The addition of the third axis 
increases the units weight, complexi- 
ty and manufacturing cost compared 
to either an X-Y or azimuth-elevation 
pedestal. In addition, the interaction 
of the elevation and tilt axes increases 
the complexity of the required Con­
trol electronics. Premission orbit de- 
termination is required to predict 
whether the tilt axis will be needed to 
allow the satellite to be tracked for 
the entire pass.5 In addition, preposi- 
tioning the tilt axis prior to a pass in­
creases the setup time.5 This increase 
may become significant if an earth 
station is being used to sequentially 
track more than one satellite.

X-Y PEDESTALS
As shown in F igure 5, an X-Y 

pedestal has two orthogonal axes: the 
first is a horizontal fixed primary axis; 
the second is perpendicular to and 
mounted on top of the first axis.4 This 
configuration allows the pedestal to 
provide zenith pass tracking even
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A  Fig. 6 Pedestal velocity requirements for  
an 84° elevation pass o f a UoSAT-3 satellite.

with the use of relatively low speed 
motors. Figure 6 shows the pedestal 
velocity requirements for an 84° ele­
vation pass of a satellite with a 780 
km sun-synchronous orbit over Syd­
ney for both the X-Y and azimuth-el­
evation cases. An X-Y pedestal design 
offers several advantages over its az­
imuth-elevation-tilt and azimuth-ele­
vation counterparts.

For an X-Y pedestal design the re­
quired angular velocities of both axes 
remain within a small range for all

but the lowest elevation satellite pass­
es. This condition is not the case for 
an azimuth-elevation pedestal where 
the required angular velocity in az­
imuth increases rapidly as the maxi­
mum elevation of a satellite pass ap- 
proaches 90° For an overhead pass of 
a LEO satellite with an 800 km orbit, 
the maximum angular velocity re­
quired by either axis is only a fraction 
of a degree per second. This low ve­
locity produces improved pointing ac- 
curacy5 compared to the three-axis 
System where the angular velocity re­
quired is significantly higher. Another 
advantage is that the X and Y axes are 
identical, which means that the re­
quired spare parts can be kept to a 
minimum.6 In addition, the pedestal 
can be built from high quality, off- 
the-self components, which allow 
economical designs to be con- 
structed6 for a wide range of operat- 
ing conditions and antenna sizes. Off- 
the-self components also mean low 
cost maintenance. The X-Y pedestal 
uses brushless DC motors, which 
eliminate the need for expensive ro­
tary joints and slip rings.6 Finally, the

X-Y pedestal is a low cost solution 
where the simplicity of the design 
compared to a three-axis pedestal in­
creases the mean time between fail- 
ures (MTBF).5

A Standard PC can be used to con- 
trol the X-Y pedestal, allowing soft­
ware adjustment of parameters such 
as tracking speed and tracking range 
to be set by the user. Two resolvers 
(one mounted on the shaft of each of 
the two motors) provide feedback on 
the antenna pointing angles. Note 
that an X-Y pedestal is still not capa- 
ble of full hemispherical tracking but, 
unlike the azimuth-elevation pedestal 
that is unable to continuously track 
high elevation passes, the X-Y pedes­
tal has its limitations at low elevation 
angles (< 2°) around 90° and 270° in 
azimuth. At these elevations the 
satellite moves slowly with respect to 
the earth station and even small ca­
pacity motors (6°/sec) are sufficiënt 
to minimize the tracking loss. In any 
event, it is difficult to imagine a prac­
tical application in which such low el­
evation passes would be required.

CONCLUSION
Azimuth-elevation pedestals, with 

the exception of the fastest and most 
expensive, are unable to continuously 
track LEO satellites on high elevation 
passes. This drawback results in loss 
of Communications with the satellite 
at high elevations, which is the time 
when the Signal should have its high- 
est signal-to-noise ratio. It also causes 
reduced capacity to perform closed-

[Continued on page 126]
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for expensive rotary joints and slip 
rings.6 The X-Y pedestal provides im­
proved tracking accuracy for over­
head passes compared to three-axis 
pedestals,5 and offers an improved 
MTBF compared to other pedestals 5
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loop tracking at higher elevation and 
creates the possibility of having only 
limited ability to communicate with 
LEO satellites, especially when the 
earth station is located in an urban 
environment.

While an azimuth-elevation-tilt 
pedestal allows full hemispherical 
tracking, the addition of the third axis 
increases its manufacturing cost and 
the complexity of the required con- 
trol electronics. The least expensive

and most elegant solution to this 
problem is to use an X-Y pedestal. An 
X-Y pedestal allows zenith pass track­
ing even with relatively low speed 
motors. Additional advantages of an 
X-Y design include identical X and Y 
axes, which keep spare part require­
ments to a minimum,6 and the ability 
to use high quality7, off-the-self com­
ponents, which allow significant sav- 
ings.6 In addition, the use of brush- 
less DC motors eliminates the need
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I n c r e a s in g  M u l t it o n e  
P o w e r  N ea r  Sa t u r a t io n

Microwave high power amplifiers (HPA), particularly traveling-wave-tube 
amplifiers (TWTA) and klystrons, are increasingly being used for the 
transmission ofmultitone Signals. Such Signals are frequently in the form of 
complex digitally modulated waveforms as orthogonal frequency division 
multiplex or CDMA. Some systems require multitone Operation at or near 
Saturation. This article investigates the relationship between single-tone and 
multitone saturated power. It is demonstrated that the two-tone and multitone 
(> 4) saturated power o f TWTAs and similar amplifiers can be increased by more 
than 1 and 2 dB, respectively, through the use of a limiter-linearizer combination.

The need to transm it greater amounts of 
inform ation has greatly  increased  the 
use o f microwave HPAs with multitone 

Signals. Many o f these Systems require only 
moderate linearity. In some cases the  HPA can 
he operated at or very near Saturation and still 
provide the  specified bit error rate and/or in- 
termodulation distortion (IM D) performance. 
In such systems m ultitone saturated  pow er 
becomes a key parameter.

The choice between solid-state and vaeuum 
technology (TWTAs and klystrons) is often 
made by the required saturated power. At low 
power levels almost all factors favor a solid- 
state approach. However, as the required 
power increases, the trade-offs move to favor 
a TWTA and, eventual ly, a klystron solution. 
For example, at C-band a 400 W TWTA is ap- 
proximately a quarter of the size, draws half 
the DC power and costs about 50 percent less 
than a comparable solid-state power amplifier 
(SSPA). SSPAs are considered to provide lin­
earity superior to TWTAs, but modern lin-

earized TWTAs (and klystrons) have compara- 
ble or better linearity.

One problem not solved by a linearizer is the 
issue of multitone saturated power. It is general- 
ly known that power amplifiers saturate at a low­
er level with multiple carriers than with a single 
carrier. TWTAs typically provide a lower multi­
tone Saturation level than SSPAs. However, little 
has been written to quantify these differences. 
Multitone power levels are frequendy measured 
with a conventional power meter during HPA 
testing. This approach yields satisfactory results 
at higher output power backoff (OPBO), but can 
be in error by 1 dB or more near Saturation. This 
discrepancy occurs because power meters re- 
spond to both carrier and IMD power. (A low- 
pass filter is commoiily used to eliminate har­
monie, but not IM D, power).

[Continued on page 130]
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TECHNICAL FEATURE
MULTITONE SATURATED POWER

The multitone (or carrier) saturat­
ed power (P.mtsat) can be related to 
three factors

PMTSAT =
PSTSAT ” APENV -  Pi MD “ APßP

(1)
where

PSTSAT = single-tone saturated power 
APENv -  power loss due to the

changing envelope of the 
multitone Signal

Pjmd = power converted to IMD 
AP dp = power loss due to any 

decrease in power as an 
amplifier is driven beyond 
Saturation

TWTA output power decreases with 
input power beyond Saturation as 
shown by the TWTA transfer curve in

RELATIVE INPUT POWER (2 dß/div)

Ak Fig. 1 Input/outpul power transfer 
characteristics o f a TWTA and L/TWTA 
showing the elimination o f postsaturation 
power decrease using a Ümiter-WTWTA 
comhination.

Figure 1. The APm> term is the prin- 
cipal cause for the lower Pmtsat dis- 
played by TWTAs in comparison to 
SSPAs. Generally, SSPAs maintain a 
constant output level beyond Satura­
tion. (Some SSPAs also drop in power 
beyond Saturation. In the SSPA case, 
the drop is usually due to thermal ef- 
fects and not a result of inherent de- 
vice physics.)

The value of Pmtsat was investi- 
gated both experimentally and by 
Simulation. Special care was taken to 
measure only signal (carrier) power 
during testing. An HP 8720C vector 
network analyzer was used both as a 
signal source to generate one of the 
test carriers and as a tuned power 
meter to precisely measure carrier 
power, as shown in Figure 2.

The amount of power loss depends 
not only on the transfer characteristics 
of the amplifier, but also on the char­
acteristics of the signal. Generally, the 
greater the peak-to-average ratio of 
the signal, the greater the loss in pow­
er. Figure 3 shows the envelope of a 
two-tone signal (3 dB peak-to-average 
power ratio), the same signal after 
passing through an SSPA-like amplifi­
er (no power drop beyond Saturation) 
driven to near Saturation and the 
same signal after passing through a 
TWTA-like amplifier driven to near 
Saturation. (Note the dimple in the 
third plot.) Even though the average 
power has not quite reached Satura­
tion, the instantaneous input power is 
at times well beyond the level for Sat­
uration and must cause a power drop 
at these times. As the peak power in­
creases, the power drop becomes 
greater and the corresponding dimple 
becomes deeper.

The difference between Pmtsat 
and PSTSAT decibels can be ex-
pressed as

Fig. 2 A vector network analyzer used as a tuned power meter 
to measure carrier power independent o f IMD. V

AOPBOsat = lOlogf pMT5iTl  (2) 
A PSTSAT )

For a typical TWTA with two-tone 
excitation, AOPBOsat is approxi- 
mately 1.6 dB.

THE EFFECT OF LINEARIZATION
ON PMtsat

Linearizers are used to increase 
amplifier linearity. They allow HPAs to 
operate doser to Saturation for a given 
level of IMD. Predistortion-type (PD) 
linearizers have been used al most ex- 
clusively with TWTAs.f2 PD has been 
employed because of its excellent per­
formance, relative simplicity and abili­
ty to be added to an existing amplifier 
as a separate, stand-alone module. PD 
linearizers generate a nonlinear trans­
fer characteristic, which equalizes the 
amplifiers transfer characteristics in 
both magnitude and phase.

The gain of the linearizer must in­
crease with input level to cancel the 
TWTAs corresponding decrease in 
gain. An increasingly greater change 
in gain is required for distortion com­
pensation as Saturation is approached. 
This gain increase should cease at the 
point where the TWTA is driven to 
Saturation. However, such a response 
is very difficult to achieve in practice. 
Most linearizers cannot tum off their 
increasing gain immediately. Conse- 
quently, the TWTA is driven further 
into Saturation by the linearizer, as il-

Ék Fig. 3 Effect o f amplification near 
Saturation on the signal envelope;
(a) two-tone signal envelope, (h) two-tone 
signal after passing through an SSPA-like 
amplifier driven into Saturation and 
(c) two-tone signal after passing through a 
TWTA-like amplifier driven into Saturation.

[Continued on page 132]

130



REITEL, INC.

will custom build
RT MO EXTRA COST

A n y  Sw itch  Filter Bank in the 

smallest package, and  füSfGSf
solid-stote smiTches In The indusffii,
cove ring  the  frequency range 

from  10 MHz. to 18 Ghz.

O u r business is custom  bu ild ­

ing o f RF & m icrow ave filters, 

d iplexers, multiplexers, sw itch  

filter banks, and  mixers at nt)
ISO 9001 Certified ccrtification #960161

K E i lC T lü L ,  I N I ! .

Address 8031 Cessna Ave. Gaithersburg, MD 20879  

Phone 301 .519 .3660  Fax 301 .519 .2447  

Email reactel@reactel.com 

W eb Site www.reactel.com

Talk to any o f ou r experienced 

eng ineers abou t you r require­

m ents o r vif our nieb site, and

see som e o f the actual per­

form ance curves, and  spec's 

for sim ilar units.

mailto:reactel@reactel.com
http://www.reactel.com


TECHNICAL FEATURE

----SIMULATED —  MEA5URED

\
\

v

PEAK POWER DECREASE 
DUE TO OVERDRIVE (dB)

ÉL Fig. 4 The loss in saturated power due

Fig. 5 PEP (overdrive) and AOPBOsxr 
reduction hy preceding the TWTA with 
a limiter.

lustrated by the linearized TWTA 
(L/TWTA) curve shown previously. 
This growth in overdrive causes a fur- 
ther decrease in P mtsat- The result- 
ing A O P B O sat for a L/TWTA can be 
greater than 2  dB.

Figure 4 shows how AOPBOsat 
varies with the instantaneous peak 
decrease in power, beyond Saturation, 
due to overdrive for a typical TWTA. 
(This decrease can be obtained from 
the input/output power transfer char­
acteristics by entering the peak enve­
lope power (PEP) of the multitone 
signal.) The displayed curves were 
calculated and measured for a two- 
tone signal, but appear to also apply 
for cases involving a higher number 
of tones.

THE ADVANTAGE OF LIMITING
Preceding the TWTA with a limiter 

can reduce the PEP overdrive. If the 
limiting point is made to coincide with 
the point of TWTA Saturation, as 
shown in Figure 5, overdrive and the 
consequent APpd can be prevented. 
Unfortunate ly, real limiters tend to 
have a soft transition into limiting. This 
gradual change in gain degrades TWTA 
linearity and increases IMD. Combin- 
ing a limiter with a linearizer can pro- 
duce a near-ideal transfer characteris- 
tic. The linearizer compensates for the 
limiters gain change while the limiter 
prevents the linearizer from overdriv- 
ing the TWTA. The input power/out- 
put power transfer characteristics of a 
limiter-LVTWTA combination with the 
limiter adjusted for different levels of 
PEP overdrive were displayed previ­
ously. The AOPBOsat of a two-tone 
signal can be reduced to less than 0.9 
dB without any sacrifice in IMD per­
formance at higher baekofflevels when 
the limiter is set for a 0 dB PEP over­
drive. Carrier-to-IMD (C/I) perfor­
mance can actually improve close to

----L/TWTA
__LIMITER-L/TWTA

ä  35

X  25

I  15
-  10

0 1 2 3 4 5 6 7 8 9 10 
CARRIER POWER OUTPUT 

BACKOFF (dB)

J k  Fig. 7 The increase in near-saturation 
carrier power and NPR with the addition 
o f  a limiter.

Saturation. The advantage of eombining 
a L/TWTA with a soft limiter was first 
recognized by G. Satoh and T. 
Mizuno.3 Actually, the more rapidly a 
limiter can switch from a constant gain 
to a constant power state, the more ef- 
fective it will be in this application.

The effect o f a lim iter with a 
L/TWTA was also exarnined for single­
tone (with and without quadrature 
phase-shift keying (QPSK) modula- 
tion), four-tone and infinite-tone (noise 
power ratio (NPR)) excitation. As ex- 
pected, the use of a limiter was deter- 
mined to not affect single-carrier satu­
rated power. However, it should be 
noted that limiters can produce har­
monies that may in some cases be 
phased to increase TWTA power and 
efficiency.4 A lowpass filter was used to 
prevent harmonies from affecting carri­
er power measurements in these tests.

Interestingly, it was found that for a 
single-carrier QPSK modulated signal, 
the addition of the limiter had a negli- 
gible impact on the saturated power 
and L/TWTA-induced speetral re- 
growth (SR). Even very close to Satura­
tion, the advantage of adding a limiter 
to improve SR appears to be negligible. 
This result is likely an outcome of the 
relatively small amplitude ripple dis­
played by single-carrier QPSK in com- 
parison to multicarrier and other high­
er PEP digitally modulated Signals.

In general, the greater the number 
of carriers, the greater the advantage 
of adding a limiter. Table 1 lists the 
improvement in AOPBOSÄX achieved 
by adding a limiter to a TWTA and 
L/TWTA for different forms of exci­
tation. Figure 6  shows the enhance- 
ment in C/I near Saturation provided 
by the addition of a lim iter to a 
L/TWTA for two- and four-tone Sig­
nals. Figure 7 shows the enhance- 

[Continued on page 134]
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TECH N ICAL
FE A T U R E

rnent for an infin ite-tone signal 
(NPR). The two- and four-tone C/I 
values shown are based on the high- 
est individual IMD term .1 In the case 
of the NPR data, the equivalent carri­
er power cannot be measured direct­
ly because of the inability to separate 
the IMD from signal (noise) power. 
Consequently, the signal power was 
estimated from the NPR level and to­
tal noise power.

CO N C JLU S IO N

The use of a limiter in conjunction 
with a L/TWTA (and some SSPAs) 
can increase m ultitone saturated 
power from 1 to 2 dB, depending on 
the number of carriers and postsatu- 
ration transfer characteristics. It can 
also provide several decibels of C/I 
im provem ent near Saturation (at 
OPBO < 3 dB). However, the addi­
tion of a limiter to a L/TWTA appears 
too be of little or no value for single- 
carrier QPSK m odulated Signals, 
where no significant reduction in SR 
was observed. ■
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A Low Loss 
Dielectric 
Resonator Filter 
for Cellular and 
PCS Applications

B ecause of the growing need for in­
creased capacity in cellular and PCS 
networks, low insertion loss and high 

out-of-band rejection are critical parameters 
for service providers to deliver cost-effective 
coverage. The use of complex digital modula- 
tion Scheines to increase capacity also requires 
that a transmit filter exhibit a wide dynamic 
range; that is, it must be capable of handling 
moderate to high power levels while simulta- 
neously maintaining high near-band rejection. 
Dielectric resonator filters are attraetive for 
their low passband insertion loss. Through 
careful design and fabrication, a dielectric res­
onator filter has been designed that is capable 
of achieving very low passband insertion loss 
and high near-band rejection.

At present, three types of bandpass filters 
are typically employed in cellular, PCS and 
satellite  Communications base stations: 
combline cavity/waveguide, high temperature 
superconducting (HTS) and dielectric res­
onator. Combline eavity filters are the most 
widely used in cellular base stations because 
they are relatively inexpensive and easy to 
manufacture. At cellular frequencies, these fil­
ters are capable of achieving unloaded quality 
factors (Q) between 2000 and 9000. The high 
unloaded Qs translate into highly selective fre­
quency responses with low passband insertion 
loss and high rejection. Combline eavity fil­
ters, with fractional bandwidths of 0.5 to five

percent (typ), exhibit typical insertion losses of 
1 dB or less at cellular frequencies with out- 
of-band rejection of better than 60 dB and 
spurious performance of -60 dBc or better. 
Depending on the filter size and housing, it is 
not uncommon for a combline eavity filter to 
handle input power levels of 500 W (avg). Al- 
though a waveguide filter can be used for 
those applications requiring extremely low 
passband insertion loss, combline eavity filters 
can be housed in smaller enclosures (as in- 
creasingly required for PCS and microcellular 
applications).

HTS filters have been used for several 
years at both cellular and PCS frequencies. 
Fabricated with superconducting films on spe­
cial Substrates rather than with conventional 
metal conductors on ceramic or polytetrafluo- 
roethylene (PTFE) Substrates, these filters are 
capable of unloaded Qs exceeding 50,000. 
Originally developed by IBM for possible use 
in supercomputers, supereonductors initially 
required extremely cold temperatures (typi­
cally the 4.2 K temperature of liquid helium) 
to achieve proper Operation. Below' a certain 
critical temperature (Tc) the resistance of a 
superconductor approaches zero. However, 
above that temperature, the resistance of the 

[Continued on page 138]
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CO VER FEATU RE
superconductor tends to be even 
higher than that of conventional 
room-temperature conductors.

In recent years, improvements in 
HTS materials have made it possible 
for high performance HTS bandpass 
filters to operate at temperatures 
equal to that of liquid nitrogen (77 K) 
or higher using solid-state cryocoolers 
to maintain the critical temperature. 
Because of the limitations of HTS 
films for handling high current densi-

ties, the power-handling capabilities 
of HTS filters are generally confined 
to receiver applications. HTS band­
pass filters are capable of impressive 
selectivity performance since their di­
electric losses can be reduced to neg- 
ligible levels by the use of low loss, 
single-crystal Substrates.1 Packaging 
losses and spurious coupling must be 
controlled; nonetheless, HTS band­
pass filters have been realized with 
out-of-band rejection of better than

40 dB at cellular frequencies, spuri­
ous performance approaching - 1 0 0  
dBc and passband insertion loss of 
less than 0.5 dB. For receiver appli­
cations, HTS bandpass filters offer 
the best electiical performance of the 
three filter types with unloaded Qs 
approaching 50,000. These filters can 
be designed with fractional band- 
widths ranging from 0.1  to two per­
cent, althöugh the power-handling 
capability is typically limited to a 
maximum of 25 W average power.

Dielectric resonator filters are con- 
structed of resonators comprising 
cylindrical rods or tubes of dielectric 
material usually mounted on a dielec­
tric Substrate in the proximity of sup- 
porting microstrip circuitry. The size 
of the dielectric structure relative to 
the wavelength of the signal of inter­
est determines the frequency cover- 
age. As the number of resonators (or 
poles) in the filter increases, the skirts 
of the filters frequency response be- 
coine steeper and the out-of-band re­
jection increases. However, the pass- 
band insertion loss also increases with 
the number of resonators, especiallv 
in narrowband designs.

In a dielectric resonator, the EM 
field for a resonant mode is largely 
confined to the ceramic resonator 
material. The field strength outside 
the resonator falls off rapidly (approx- 
imately exponentially) at distances 
much shorter than the free-space 
wavelength of the resonator. The pri­
mary loss mechanism in a dielectric 
resonator is the friction loss of the 
electronic dipoles at each lattice of 
the dielectric material and is charac- 
terized by the dielectric resonators 
loss tangent. Nevertheless, dielectric 
materials are currently available with 
unloaded Qs of several thousand for 
resonator frequencies up to and ex- 
ceeding 20 GHz.

The new low loss dielectric res­
onator filter developed for cellular 
and PCS applications employs careful 
materials selection and circuit match- 
ing to achieve electrical performance 
approaching that of HTS filters, but 
without their power-handling limita­
tions. With unloaded Qs between 
5000 and 50,000, these dielectric res­
onator filters can be fabricated with 
fractional bandwidths between 0 .1  
and two percent at cellular and PCS 
frequencies.

[Continued on page 140] 
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CO VER FEATU RE

A  Fig. 1 The dielectric 
filter’s frequency response.

The new filters are designed for 
typical operating temperatures of 
-55° to +80°C and can handle aver­
age power levels exceeding 1 kW at 
room temperature. The measured in­
sertion loss at 1900 MHz is less than 
0.8 dB, as shown in Figure 1, with 
rejection of better than 60 dB at 40 
MHz from the carrier and spurious

TABLE 1
DIELECTRIC RESONATOR 
FILTER SPECIFICATIONS

Passband frequency (MHz) 2300

Bandwidth (®) 0.2

Passband insertion loss (dB) 0.8

Stopband rejection (dB) 60

Spurious levels (dBc) -100

Power-handling capability
(avg) (kW) 1.5

Operating temperature 
range (°C) -55 to +80

Size (") 1 3 x 7 x 3

Weight (Ib) < 10

levels exceeding -100 dBc. A filter 
fabricated with 1.5 kW average pow­
er-handling capability at PCS fre­
quencies exhibits a 3-to-60-dB shape 
factor of 1.4:1 and a fractional band­
width of 0 .2  percent, making it ideal 
for both receiver and transmitter ap­
plications. Table 1 lists the dielectric 
resonator filter specifications.

These dielectric resonator filters of­
fer the performance of HTS filters 
with enhanced pcnver-handling capa- 
bility at a fraction of the cost. They are 
comparable in size to combline cavity 
filters and considerably smaller than 
HTS filters with the low insertion loss 
and high near-band rejection required 
by modem Communications systems 
based on complex digital modulation 
schemes such as wideband code divi- 
sion multiple access. Additional Infor­
mation is available at the Companys 
Web site at www.trilithic.com or via 
e-mail at sales@trilithic.com.

References
1. Theodore Van D uzer and Charles W. 

Turner, Prindples o f Supereonductive De­
vices and Circuits, Second Edition, Pren- 
tice-Hall, Upper Saddle River, X'J, 1999, 
pp. 150-151.

2. Charles A. Harper, Passive Electronic Com­
ponent Handbook, Second Edition, Mc- 
Graw-Hill, New York, 1997, pp. 556-561.

Trilithic,
Indianapolis, IN (800) 344-2412 
or (317) 895-3600.

Circle No. 302

Allow us to Propose Another 
Solution

O THOMSON-MICROSONICS 399, route des Crêtes. BP 232 - 06904 Sophia-Antipolis. FRANCE
http://www.microsonics.thomson-csf.com Té! (+33) 04 92 96 40 00 Fax (+33) 04 92 96 30 25
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CATALOG UPDATE

A  Precision RF and Microwave 
Component Catalog
This 40-page catalog details instrumentation- 
grade adapters, precision attenuators and ter­
minations, and high return loss connectors as 
well as die K Connector* which offers coverage 
up to 40 GHz. Measurcmcnt components are 
also featured. Product photographs, specifica- 
tions and application notes are provided.

Microwave Measurement Division,
Morgan H ill, CA (800) 267-4878.

Circle No. 310

A  Aluminum Nitride Catalog
This catalog introducés Iii-Therm™ aluminum 
nitride, a high purity ceramic with superior mi- 
crostructural and Chemical unifomiitv tiiat re­
sults in very consistent properties. Iii-Therm is 
best suited for heat sink, power transistor mod­
ule, high frequency device and laser diode sub- 
mount applications. Key speeifications and a 
thermal conductivity graph are provided. 
Carbo rundum Corp.,
Sanbom , N Y  (716) 731-9200.

Circle No. 313

142

A  Waveform Generator Catalog
This 113-page catalog provides information on 
samplers, laser diode drivers, constant current 
pulsers, frequency dividers, transformers, pow­
er splitters, bias insertion units, scope probes 
and low impedance cables as well as pulse, im- 
pulsc, monocycle, delay and function genera­
tors and pulse, CW and transinipedance ampli­
fiers. Application notes, photographs and key 
speeifications are included.
Avtech Electrosystems Ltd.,
Ottawa, Ontario, Canada (800) 265-6681 
or (613) 226-5772.

Circle No. 312

A  Vacuum Electron Device 
Catalog
This brochure contains information on the 
Companys Standard communication vacuum 
electron devices and traveling-wave tube prod­
ucts for satellite communication uplink ampli­
fiers. A cross-referenec guide is provided. Key 
speeifications and graphs also are included. 
Communications 
6" Power Industries (CPI),
Polo Alto, CA (650) 846-3900.

Circle No. 315

MICROWAVE IQURNAI ■ APH1I -2000

A  Satellite Communications 
Component Brochure
This brochure highlights the Companys output 
assemblies, filters, couplers, diplexers and mul- 
tiplexers, circulators and isolators, termina­
tions, switching and combining nctworks, and

vice, support and partnership agreements also 
are discussed.
Apollo Microwaves,
Pointe-Claire, Quebec, Canada 
(514) 426-5959.

Circle No. 311

A  Digital Broadband Catalog
This six-page brochure contains information on 
the Companys mixed-signal test sets, arbitrarv 
waveform generators and digital vector genera­
tors, analog and digital recorders, microwave 
and RF distortion measurement test sets, and 
broadband signal analyzers. Key speeifications 
also are included.
Celerity Systems, 
a division o f  L-3 Communications, 
Cupertino, CA (888) 274-5604.

Circle No. 314



AI AML, SIZE REALLY 
DOESN'T MATTER.

We have the capacity to handle product volume & design 
complexity requirements of any dimension...at astonishing speed.

AML Communications has an announce- 

ment of significant proportions. We are 

now re-engineered and specially 

equipped to accommodate the 

varying wireless production 

requirements of OEMs. By com- 

bining effective MRP with lean 

manufacturing techniques and 

unmatched technological innovation, 

we have the flexibility to handle custom 

and Standard product runs . . .  low and

high volume run rates. . .  and uneven 

delivery requirements. Partnering with 

AM L Communications gives 

you the freedom to be highly 

responsive to continually 

changing market requirements. 

Plus you'll have the assurance 

of dealing with an ISO 9001 

certified Company.

Whether your requirements are big 

or small -  from a first article pilot run

to large volume production -  we're 

ready when you are.

Ask for our white paper, Lean 

Manufacturing Optimized for Wireless 

Amplifier Production. 805.388.1345 

www.amlj.com • e-mail: sales@amlj.com

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


CATALOG UPDATE

A  RF and Electronic 
Specialist Brochure
This brochure provides information on the 
Companys three clivisions: RF Products, which 
manufactures adapters, connectors and cable 
assemblies; Fiber Optie, which supplies con­
nectors, custom patchcords and accessories; 
and Distribution, which offers supply manage- 
ment, kitting, purchasing and stoddng. A list- 
ing of products is included.
Delaire USA,
Manasquan, NJ (732) 528-4520.

Circle No. 316

A  Product Reference Guide
This cight-page brochure describes RF and 
microwave Silicon power transistors, transpon­
ders, cellular base stations and emitters for 
PCS/cellular, broadcast, SATCOM and radar 
applications. The Companys capabilities in 
product design, wafer and die fabrication, as- 
sembly and test are discussed. A CD-ROM 
also is included.
GH z Technology Ine.,
Santo Clara, CA (408) 986-8031.

Circle No. 317

A  Signal Processing Product 
Catalog

r-*b' uescnDcs me Companys
analog-to-digital Converters, function-specifie 
digital signal processing and (Ügital radios, RS- 
p 2  interface circuits, analog switches, HF 
buildmg blocks transistor arrays and linear Op­
eration amplifiers. Key speeifications and pho­
tographs are included.
Interuil Corp.,
Melbourne, F L (888) 468-3774.

Circle No. 318

A  Microwave and RF Circuit 
Board Brochure
This six-page brochure describes the Compa­
nys manufacturing capabilities in microwave 
and RF circuit board design as well as double- 
sided and multilayer PTFE laminates. Preci­
sion etching, chemieal milling and drilling also

Micro-Chem Ine.,
Santa Clara, CA (408) 970-9777.

Circle No. 319

A  Telecommunication Solution 
Catalog
This 20-page catalog describes Solutions for 
next-generation mobile phones; high perfor­
mance, surface-mount diode technology; elec- 
trostatic effects on microchips and mitigation 
methods; personal digital assistants; and power 
management concepts for mobile phones. New 
products, application notes and a CD-ROM 
catalog are included.
Microsemi Corp.,
Garden Grove, CA (800) 713-4113.

Circle No. 320

A. Filter and Diplexer Catalog
This 32-page catalog contains information on 
filters and diplexers from DC to 40 GHz, in- 
eluding L/C surface-mount and ceramic dielec­
tric filters and cellular/GPS/PCS diplexers and 
filters. Key speeifications, outline drawings and 
photographs are included.
Microwave Circuits Ine.,
Washington, DC (800) 642-2587 
or (202) 829-3030.

O rd e  No. 321



lobalnet.com gives people in the

wave industry everything they need:

Y* Instant IwvtaR « * « to thousands of vendors 
and suppliers the world over

• i'n iim ited sales opportunities through 

.cusfetnized Storefronts, E-Commerce
m  ( enters and other services

* l in k s  to the world's largest business-to-business 
marketplace for electronics: NECX

www.ifglobalnet.com
• Breaking news—ineluding regulatory info— 

and the iatest technology

• Hot job  postings and career opportunities

• And much, much more!

All delivered on time, on target, and totaily FREE. 

Become a  p a r t of the online community that’s 

100% focused on the RF/microwave industry.

CtRCIE 137 ON READER SERVICE CARD
C >003030 MJU

http://www.ifglobalnet.com


CATALOG UPDATE

Quality & Dependability

VCO'S
0.2" x 0.2” x 0.075"

Super miniature VCO'S 
for existing and 

emerging wireless 
applications.

• Over 300 Standard models.
• 29 package styles to select 

from.
• No setup charges for custom 

VCO'S.
• Available on tape and reel.

Volume Production

Modco, Ine. offers a complete 
line of Voltage Controlled 
Oscillators, from 5 MHz to 7 GHz 
at very low competitive prices. 
Call the VCO hotline toll free at 1- 
800-672-4552.

www.modcoinc.com

TWodcb, yptc.
808 Packer Way - Sparks, Nevada 89431 

Phone (775) 331-2442 
Fax (775) 331-6266 

Sales 1-800-672-4552 
E-mail: sales@modcoinc.com 

http://www.modcoi nc. com

A  Planar Scanner Brochure
The six-page brochure describes the Companys 
M1-6900 planar scanners, which are designed 
to perform repeated measurements at critically 
accurate Standards to match current and future 
RF and microwave measurement challenges. A 
custom scan area can be ordered to m eet 
unique scanning requirements.
Microwave Instrumentation 
Technologies LLC,
D uluth, GA (800) 848-7921.

Circle No. 323

A  Component, Network 
and Instrument Catalog
This 648-page catalog contains information on 
couplers, power combiners and dividers, atten­
uators and terminations, adapters, stocked and 
matrix switches, hybrids, phase shifters, wave- 
guide components, custom passive products, 
GaAs amplifiers, oscillators, and instruments 
and monitors. Product photographs and out­
line drawings are provided.
Narda Microwave-East, 
a division o f  L-3 Communications, 
Hauppauge, N Y  (631) 231-1700.

Circle No. 324

A  Precision RF/Microwave 
Component Catalog
This 152-page catalog details power dividers, 
couplers, detectors, hybrids, adapters, termina­
tions, attenuators, filters, isolators and circula- 
tors, oscillators, switches and amplifies. Speci- 
fications and mechanieal outlines are listed.

Laboratories Ine. (MCLI),
St. Petersburg, FL (727) 344-6254.

Circle No. 338

▲  High Volume Interconnect 
Solution Design Guide
This new design guide outlines an available 
toolkit for the design of cost-effective, high vol­
ume interconnect Solutions. Substrate proper- 
ties, Standard metallization, solder mask and 
insulator parameters, and thick-film cross-un- 
der design parameters are provided. Capabili- 
ties and speeifications are included.
MIC Technology, an Aeroflex Company, 
North Andover, MA (800) 746-4642 
or (978) 687-9625.

Circle No. 322
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ln a m odern e ra  one Company has been 

at the fo re fron t o f advanced e lectron ics 

system s fo r the defense, aerospace. 

and Com m unications industries: Zeta. 

Doing business fo r ove r 30  years!

When your System calls fo r a  level of 

perform ance th a t’s beyond prevailing 

Standards you need m ore than a product, 

you need a solution.

At Zeta we provide  Solutions tha t include

a full range o f m icrow ave products  and 

Subsystems spec ifica lly designed fo r use 

in m issile guidance, ground support 

equipm ent, radar, sate llite  Communica­

tions, da ta  links and o ther demanding 

applications. Our custom ers include 

United S tates governm ent agencies, 

fo re ign  governm ents, as well as m ajor 

m ilitary and com m ercia l con tracto rs.

So, when you are called on to  perform , 

place your tru s t in a name you know , , . 

Zeta.

Z E T A
a n  I n t e g ra t e d  D e f e n s e  T e c h n o lo g ie s  C o m p a n y  
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Connectors
and
Mounting
Holes

im iters from
Advanced Contro l Com ponents 

are designed and built 
to handle h igher power demands 

than any other available 
in the marketplace today!

Type N
Connectors
Seif
Supporting

Whether the application 
is Ce llu la r/PCS, M ilitary or 

Com m ercial... Re liab ility  is  our key 
ingrediënt in every component.

Contact one of our 
sa le s  representatives

Advanced with your sPecitications-

Control
Components
20 Meridian Road, Eatontown, NJ 07724, U.S.A.
7901ARn.noAO CA Y• 790//Icn.no 1/1 —,J—-+—I  



CATALOG UPDATE

A  2000 Measurement 
and Automation Catalog
This 880-page catalog features products for 
computér-based measurement and automation, 
including digitizers and oscilloscopes, digital 
multimeters, switches, waveform generators, 
dynamic signal analyzers, and temperature and 
voltage loggers. Tips are provided on how to 
build a system and select hardware/software as 
well as measurement and OEM Solutions. 
National Instruments,
Austin, TX (512) 794-0100.

Circle No. 325

A  Filter and Crystal Catalog
This 32-page catalog highlights LC, crystal, 
lumped element and dielectric resonator de­
sign products, including crystals, TCXOs and 
voltage-controlled TCXOs that cover the 450 
kHz to 3 GHz frequency range. Products are 
offered in surface-mount and through-hole 
packages. Key speeifications are included. 
Networks International Corp. (NIC), 
Overland Park, KS (913) 685-3400.

Circle No. 326

“Howabouta
wülaSMiVCO

fora cable modem 
project?”

fromZ-COMM.

Frequency Output Power
1100-1900 MHz 6.5±2.5 dBm

Phase Noise 10kHz Vtune
-102 dBc/Hz 0.8-20 V

Sensitivity Package
65 MHz/V MINI-14S

A  VCO Short-form Catalog
This four-page short-form catalog introducés 
the Companys low noise 5 and 3 V VCOs, 
which offer -112 dBc/Hz at 10 kl Iz offset. 
Princeton Electronic Systems Ine. (PES), 
Princeton, NJ (609) 275-6500.

Circle No. 327

A  Product Catalog
This catalog provides information on cavity fil­
ters, duplexers, isolators and loads, and receive 
equipm ent and transm it combiners. Pho­
tographs, key speeifications and ordering Infor­
mation also are included.
REMEC, WACOM Products Ine.,
Waco, TX (254) 848-4435.

Come l?hE source ...
Z-COMM.

1 ■ _Z-Comiminications, Ine.
9939 Via Pasar 

San Diego, C A  92126 
(619) 621-2700 • Fax (619) 621-2722 
http://www.zcomm.com/solutions.html
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Plain And Simple Fact

High Q RF Capacitors Without The High Cost 
For Todays Consumer Driven RF / Microwave 

Wireless Designs
Vendor: A  
Part T y p e : 100A 
Price @10pcs $ 1.83 
Price ©lQOpcs $ 1.23 
Price @ l,000pcs $ 0.66  
Price @10,000pcs $ 0.46

TEMEX COMPONENTS  
Part Type: CHA  

Price @10pcs $ 1.09 
Price @100pcs $ 0.79 
Price @ l,000pcs $ 0.48 
Price @10,000pcs $ 0.32

Vendor: A  
Part T y p e : 100B 
Price @10pcs $ 2.19 
Price @100pcs $ 1.62 
Price @1000pcs $ 1.06 
Price @10,000pcs $ 0.79

TEMEX COMPONENTS  
Part Type: CHB  
Price @10pcs $ 1.49 
Price @100pcs S 1.21 
Price @ l,000pcs $ 0.82 
Price @10,000pcs $ 0.54

The Other Leading RF Amplifier Companies Have 
Already Made The Switch To TEMEX Components ..

So What Are You Waiting For ?

Call Today Toll Free In The USA And Canada 
( 8 8 8  ) 5 8 8 - 3 8 0 0

On The Web : http://www.hdcom.com/rfcaps.html

NEW 0505 And 0603 High Q  Series Products Now Also Available For Low Cost 
High Volume Applications

«D$

HD Communications Corp. 
Components Group 

1 Comac Loop Ronkonkoma, N. Y. 
11779

Communications Corp. Partnership RF / Microwave
connecting The wireless worid Technical Sales And Distribution

Available From Stock In North And South America • Tel. ( 631 ) 588-3877 • Fax. ( 631 ) 588-3879
J PFAHFP CFPX/irC TAPH

http://www.hdcom.com/rfcaps.html


CATALOG UPDATE

▲  RF and Microwave Device 
Catalog
This six-page brochure contains information on 
KI' and microwave devices, power semicon- 
ductors and related components, including am­
plifiers, attenuators, up- and downconvertors, 
interconnect and passive devices, and capaci­
tors. Customer service and support capabilities 
also are discussed. 1 1
Richurdson Electronics,
LaFox, IL (800) 348-5580 
or (630) 208-2200.

Circle No. 329

▲  RF/Microwave and Fiber-optic 
Technology Catalog
This four-page catalog describes the Companys 
manufacturing capabilities in small-signal com­
ponents, RF power devices, RF/IF passives 
and interconnects, and fiber-optic components. 
Value-added services, including parametric 
testing, tape-and-reeling, solder dipping, 
screening and special cabling, are described. 
RF Vision,
Santa Clara, CA (877) 450-4441.

Circle No. 330

UflCWgJ!

▲  Short-form Catalog
The short-form catalog features high perfor­
mance SMA, extended power SMA and 2.92 
mm connectors for nberostrip and stripline cir­
cuits up to 40 GHz. The low loss connectors 
are rugged enough to withstand severe envi­
ronmental conditions such as high tempera- 
tures. All of the companvs products are avail- 
able off the shelf.
Southwest M icrowave lnc.,
Microwave Products Division.
Tempe, AZ (480) 783-0201.

Circle No. 331

▲  RF and IF Signal Processing 
Capability Catalog
This eight-page catalog features IQ modulators 
and demodulators. voltage-variable phase 
shifters and attenuators, high dynamic range 
mixers, power splitters and combiners, and di- 
rectional couplers. A listing of model numbers 
and key speeifications Ls provided.
SV Microwave,
Commercial Products Group,
Largo, FL (727) 541-5800.

“Ora
super low  
noise WGO

Vouguessedit:
fromZ-COMM.

Frequency
734-804 MHz

Output Power
2.5±2.5 dBm

Phase Noise 10kHz Vtune
-112 dBc/Hz 1-4 V

Sensitivity Package
40 MHz/V MINI-16

Come %  source ...
■ iJMWM&COMlVI.

/ C Z
f ■ B Z-Commiinications, Ine.

9939 Via Pasar 
San Diego, C A  92126 

(619) 621-2700 • Fax (619) 621-2722 
http://www.zcomm.com/solutions.html
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CATALOG UPDATE

A  Plenum Cable Catalog
This 20-page catalog covers the LMR® LLPL 
high perform ance, 50 Q, low loss, flexible 
plenum coaxial cables, connectors, accessories 
and tools designed for indoor use in wireless 
systems. Technical infonnation and specifica- 
tions are provided.
Times Microtcave Systems,
Wallingford, CT (203) 949-8489.

Circle No. 333

A  Product Selection Guide
This four-page product selection guide de- 
scribes high performance RF components and 
integrated assemblies including amplifiers, 
mixers and repeaters for todays Communica­
tions. Speeifications and a listing of sales of­
fices and distributors are included.
Watkins-Johnson Co. (WJ),
Palo Alto, CA (800) 951-4401.

Circle No. 335

A  Satellite Component 
and Integrated Microwave 
Assembly Brochure
This eight-page catalog highlights space-quali- 
fied ferrite cireulators, isolators, waveguide 
switches and sources as well as high frequency 
synthesizers for the wireless Communications 
and defense industries. An overview of the 
Companys manufacturing capabilities and divi- 
sions is included.
IR A K  Communications Inc.,
Tampa, FL (888) 283-8444.

Circle No. 334

A  Coaxial Cable, Connector 
and Accessory Catalog
This 36-page catalog contains infonnation on 
HELIAX* coaxial cable, assembües, connec­
tors and accessories. Product photographs and 
speeifications are provided. A Company history 
and description of the Andrew' Institute are 
also included.
Andrew Corp.,
Orland Park, IL  (708) 349-3300.

Circle No. 351
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The 100 Series of synthesized frequency convert- 
êrs is designed for both single and redundant 
Operation in an outdoor environment. An internal 
synthesizer provides frequency tuning. All units 
are fully compliant with IMTELSAT requirements 
HESS 308/309.

In addition to an RS422/485 remote monitor 
and control port, each unit has an RS232 local 
control port. A robust feature set is provided 
with the local control software that communi- 
cates with the Converter via a COM port on an 
IBM compatible PC.

I FEATURES:
Compact outdoor unit 
Low phase noise 
□uai conversion

/ intermodulation distortion 
| No spectral inversion

nple control via RS232 remote 
| Monitoring of the SSPA detected DC 

output level (upconverter only)
| Monitoring of the supplied LNA power 

(downconverter only) 
limple installation

I Temperature compensated gain 
Separate up/down converter summary 

alarm Outputs
Remote reference oscillator adjust 
Time stamped alarm history 
System temperature monitor 
Rack-Mount System Controller 
Hand-Held Outdoor System Controller

For additional inform ation o r technical a ss is tan ce , 
p lease  co n tac t Chris Alfenito a t  (6 3 1 ) 4 3 9 -9 1 0 8 , 
fax (6 3 1 ) 4 3 6 -7 4 3 1 ,  o r e-mail 
<ca!fenito @ m iteq . co m>
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CATALOG UPDATE

A  Commercial Diode Catalog
This catalog describes new diodes designed 
specifically for high volume commercial appli­
cations, including abrupt, hyperabrupt and 
wideband varactors; voltage-controlled crystal 
oscillator and temperaturc-compensated crys­
tal oscillator hyperabrupts; SMT PINs; mix- 
crs/detectors; and ceramic MELFs. These di­
rect Alpha replacements are available in a vari- 
ety of surface-m ount or Standard MELF 
packages on tape and reel.
Micrometrics Inc.,
Ijontlonderry, NH  (603) 641-3800.

Circle No. 347

A  Automatic Distortion 
Measurement System Brochure

e'ght-pagc brochure describes the model 
'  automatic distortion measurement 

System, a tumkey System for making accurate, 
repeatable measurements of any cable tele­
communications frequency plan in minutes 
without limitation. Features are described. 
Screen shots illustrating the Systems capabili- 
tics are provided.
RDL Inc.,
Conshohocken, PA (610) 825-3750.

Circle No. 353

A  High Frequency Circuit 
Material Portfolio
This product folder includes product data 
sheets, physical property guides, electrical de­
sign data and fabrication guidelines on the 
Companys complete line of circuit board mate­
rials for wireless Communications over high 
frequencies, including microwave and RF. 
Roger» Corp.,
Microwave Materials Division,
Chandler, AZ (480) 961-1382.

Circle No. 350

A  High Quality, Low Cost 
Ceramic-based Component 
Brochure
This eight-page brochure decribes dielectric 
and magnetic materials and RF/microwave 
components. Company capabilities, including 
applications engineering assistance and state- 
of-the-art processing, are detailed.
Trans-Tech Inc.,
a subsidiary o f  Alpha Industries, 
Adamstown, MD (301) 695-9400.

Circle No. 352

A  High Voltage Coaxial 
Connector Catalog
This 12-page catalog describes the LC series 
RF coaxial connectors used in high voltage, 
high power applications. The connectors are 
designed to meet the LC interface Standard 
per MIL-STD-348 and MIL-C-3650. Detail 
drawings of cable plugs, jacks, bulkhead or 
panel receptacles, and in- and between-series 
adapters are included.
Tru-Connector Corp.,
Peabody, MA (800) 262-9878 
or (978) 532-0775.

Circle No. 349

A  Signal Switching and 
Distribution Subsystem Catalog
This catalog contains information on new 
notch filters for enhaneing a receiver’s dynamic 
range. Switch matrices feature a füll fan out, 
nonblocking architecture and can be designed 
with more than 100 inputs/outputs in a single

Signal Technology Corp.,
Systems Operation.
Webster, MA (508) 943-7440.

Circle No. 348

154



Communications 
m anufacturing p, 
the new centui™| 

lf your compttèM  
area netw orkm $ 
CATV, vehidö  sei 
We're helping tb

" : . . ' . - : ' ■
Ï preparöd to remajn the leader in wireli

cellular tel,

IfM reli

CIRCLE 67 ON READER SERVICE CARD w w w . m a c o m . c o m

We're Shaping the Future of Wireless

M/A-COM, headquartered in Lowell, MA, is a leading supplier of radio frequency (RF), microwave and millimeter

industries. M/A-COM’s products include semiconductor devices, RF integrated circuits, passive control devices, 
antennas, subsystems and systems. Employing more than 2,800 péople,

t i f c a  Electronics j M/A-COM

M foCOM
#RF & Microwave Products

Since its founding in 1950 M/A-COM hos led the wond in developing and monufaeturini 
RF and microwave devices, components and subsystems for wireless Communications, 

■ fite M/A-COM years have been an era of explosive growth and change in 
conüimunications technologies. Yet, through these changing times, M/A-COM has 
remained at the cutttng edge, offering its customers innovative and Creative products ; 
that help them to keep pace with the Communications revolotion.

We've held our lead by investing substantially in research and development of new 
products, and by employing the industry's most advanced manufacturing techniques. 
We've learned that just developing and marketing products that set the industry - 
Standard for quality and innovation isn't enough. You've also got to offer great - 
customer service, backed by design and manufacturing support.

WHh this proud history behind us, our commjtmenfe to innovotion, quality and service 
and our faith in the future of wireless are strongér thanctyer. Today, M/A-COM« 
helping to shape the future by laying thefoundations #or global wireless

http://www.macom.com


PRODUCT FEATURE

High
Performance,
Low Cost, 
Surface-mount 
Microwave Mixers

A s communication bandwidth require- 
ments increase, industry is demanding 
higher performance in passive devices 

as well as smaller footprints. Although at- 
tempts are being made to utilize semieonduc- 
tor technologies, they are Capital intensive 
and, hence, the selection is limited. Blue 
Cell™ technology lends itself to low cost mix­
er designs for moderate to high volume mar­
kets and utilizes Standard thick-film technolo­
gy. A series of high performance passive mix­
ers has been developed that uses patented 
Blue Cell technology. Each mixer exhibits 
good conversion loss from 2.5 to 6.7 GHz with 
excellent LO-to-RF and LO-to-IF isolation. 
The finished part has an ultra-low height of 
0.07" and its footprint measures 0.25" x 0.30'!

THE MIXER DESIGN
The design for the mixer series was accom- 

plished using the HP Momentum 2.5D elec- 
tromagnetic simulator; the nonünear analysis 
was performed with HP Microwave Design 
System software. Because the grounding is 
through inductive leads, the actual high end 
performance of the mixer was slightly lower 
than the computer predicted. However, excel­
lent performance was achieved with just one 
design iteration.

ASSEMBLY DETAILS
The mixer is fabricated in multilayer thick 

film using materials and processes chosen to 
optimize their high electrical performance. 
Strict Controls are placed on both the materi­
als and the processes to ensure repeatable 
performance from part to part. The diodes are 
attached using automatic die attach and as- 
sembled using automatic wire bonders. The 
package consists of 10 leads attached to the 
Substrate with high temperature melting point 
solder. The leads are solder plated, have good 
solderability and are shaped to provide strain 
relief to account for variations in the tempera­
ture coëfficiënt between the host PCB and the 
mixer. A proprietary epoxy eure process has 
been used to protect the diodes and tracés, 
ensuring a part rugged enough to withstand 
repeated high tem perature reflows while 
maintaining good moisture resistance.

PERFORMANCE
The model MBA-671 mixer operates from 

2400 to 6700 MHz. Typical conversion loss is 
[Continued on page 158]

B l u e  C e l l  T e c h n o l o g y ,
A FAMILY MEMBER OF MlNI-ClRCUITS 

Brooklyn, NY
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Q8to6.7GHz J 59i
-lowconversion loss -thinprofile •superb temperature stability -lowcost

Unleash extra performance from your higher frequency designs by 
upgrading now to Mini-Circuits level 0 to level 17 (LO) Blue Cell™ mixers. 
State-of-the-art automated manufacturing using multilayer thick film 
ceram ic construction delivers superb temperature stability, low 
conversion loss, high repeatability, and very low cost per unit. This 
p rocess  a lso results in a phenom enally thin package standing only 
0 .070” high! S co op  the com petition and upgrade to the next level 
of perform ance in your higher frequency products ...con tact 
M in i-C ircu its  for B lue C e ll™  m ixers today.

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

| * J  BLUE CELL

Protecled by U.S. patents 5,534.830 5,640,132 5.640,134 5,640.699

□  Mini-Circuits
P.O.Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com

£ READER SERVICE CARD

.

http://www.minicircuits.com


has been in the business of producing quality 
custom antennas for over 30 years. Our 
50.000 square foot manufacturing facility is 
equipped to handle all phases of development 
including design, fabrication and testing. 
MSC is capable of producing a vide variety of 
antenna types for various commercial and 
military applications.

* Reflector Antennas
• Radomes
•  Ilorn Antennas
* Omni Antennas
* Helix Antennas
• Log Periodic Antennas
• Arrays

(including microstrip)
* Auto-Tracking Antennas

F or m o re  in fo rm atio n , 
call o r  v is it o u r  w ebsite  at:

www.microivavespeciulty.com

^ MICROWAVE 
SPECIALTY 
CORPORATION

Designers and Manufacturen 
of Microwave Antennas 

and Related Components
5 20  E. C arm el S treet 

S an  M arcos, C A  9 2 0 6 9 -4 4 9 9  

(760)744-1544 
fax (760 )7 4 4 -1 5 6 5

PRODUCT FEATURE

TABLE 1
MIXER SPECIFICATIONS

Frequencv range (MHz) 
LO/RF'
IF

2800 to 5900 
DC to 1000

2400 to 6700 
DC to 1000

Average conversion loss 
at center band (dB) 6.5 6.5

LO-to-RF isolation (dB) 36 (typ), 20 (min) 36 (typ), 20 (min)

LO-to-IF isolation (dB) 26 (typ), 17 (min) 26 (typ), 17 (min)

IP3 at center of band 
(typ) (dBm) 10 10

Price (10 to 49 pieces) (S) 6.95 8.95

less than 6.5 dB from 2600 to 5000 
MHz and increases to 8.2 dB at 6700 
MHz. LO-to-RF isolation is typically 
greater than 30 dB across the entire 
range, while LO-to-IF isolation is typi­
cally greater than 22 dB. Figure 1 
shows the mixers conversion loss with a 
4, 7 and 10 dBm LO drive. Figure 2 
shows the port-to-port isolations at a 7 
dBm LO drive. Figure 3 shows the 
RF, LO and IF port SWRs. Perfor­
mance is dependent on the quality of 
the printed ceramic substrate. High 
performance materials with ground vias 
placed less than an eighth-wavelength 
apart are employed. A recommended 
footprint is provided in the mixer data 
sheet and can be downloaded from the 
Companys Web site at www.minicir- 
cuits.com in the online catalog. Table 1 
shows the mixers speeifications.

APPLICATIONS
The mixer is a 

Standard double-bal- 
anced design and 
can be used both as 
an upconvertor and a 
downeonvertor. The; 
IF is DC coupled so 
the mixer can be uti- 
lized for balanced 
modulator applica­
tions. The broad IF 
range allows the mix­
er to be used in sat­
ellite applications for 
multichannel Com­
munications. The 

low conversion loss results in lower 
noise figure. For applications requiring 
higher dynamic range, higher level mix­
ers that improve IP3 performance are 
offered.

CONCLUSION
A new series of microwave high 

performance surface-mount mixers has 
been presented. These mixers are very 
low height and are suitable for Person­
al Computer Memory Card Interna­
tional Association computer card appli­
cations. The MBA-series products are 
designed for demanding low cost, high 
quality; high volume applications.

Blue Cell Technology, 
a family member of Mini-Circuits, 
Brooklyn, NY (718) 934-4500.

Circle No. 303
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First CD, DVD and noiv Synthesizers 
for Digital RWRs

Signal Technology, Arizona Operation has released its newest, full band, 2-18 GHz synthesizer for 
Electronic Warfare/Radar Warning Receiver Upgrades requiring digital front ends. Our new Standard 
Synthesizer has been designed for production to exceed Customer performance expectations at a remark- 
able low price. This synthesizer offers excellent switching speeds and low phase noise. Customization is 
available to meet our customers value expectations and special applications.

To team more about the Series 6458 synthesizer product line, visit our website at 
www.sigtech.com or call (480) 961-6230.

- -- T E C H N O L O G Y  C O R P O R A T IO N

ARIZONA OPERATION •  340 N. R00SEVELT AVENUE •  CHANDLER, AZ 85226 •  TEL. 480.940.1655 •  FAX 480.961.6297 

-------------------------------------  ta a m a j iL m ii ia a B fl tL a m ____________________________________

http://www.sigtech.com


PRODUCT FEATURE

Klystron High 
Power Amplifiers 
for SATCOM 
Applications

A new family of C-band, Ku-band and di­
rect broadcast satellite (DBS)-band 
compact GEN IV klystron power am­

plifiers (KPA) has been introduced. The new 
amplifiers incorporate a multistage depressed- 
collector (MSDC) klystron that allows for a 
smaller, more efficiënt and cooler running am­
plifier than other KPAs on the market. The 
unique design translates into lower power 
costs and longer lifetime for the klystron and 
other electronic components. ln addition, a 
built-in power saver function provides even 
greater power savings. The new amplifier fami­
ly comprises the C-band series, Astra series 
(13.25 GHz), K4U64 series (14.5 GHz) and 
K4D62/4 series (18.4 GHz).

KPA DE5CRIPTION
The GEN IV series KPAs feature 2.4 kW of 

RF output power at the klystron, which is tun- 
able over the 5.850 to 6.725, 12.75 to 13.25, 
13.75 to 14.50 or 17.30 to 18.40 GHz frequen- 
cy ranges, depending on the klystron used. 
Options exist for other frequency ranges as 
well. The amplifiers compact, two-drawer de­
sign provides state-of-the-art modularity for 
ease of use and maintainability.

The GEN IV KPAs RF chain is housed in 
the RF drawer and comprises a solid-state inte­
grated power amplifier (IPA), the MSDC kly­
stron, a high power output isolator, and associ- 
ated couplers and isolators. The klystron blow­

er, front control panel and embedded con­
troller also are contained in this drawer. A me- 
chanical channel tuner mechanism permits the 
operator to change any of up to 24 preset fre­
quencies. An optional channel selector (< 1 s 
per change) with remote controllability is also 
available.

The power supply drawer houses the AC in­
put filtering, monitoring and high voltage pow­
er supply. This supply provides regulated 
beam, heater and collector voltages for the kly­
stron. The GEN IV amplifier is adaptable to all 
primary three-phase voltages available world- 
wide. The KPA is protected from damage 
caused by AC/DC/RF faults and insufficiënt 
cooling, and will automatically recycle after a 
prime; power interniption or transient fault.

The control panel contains a large color 
thin-film technology liquid crystal display 
(TFT-LCD) with a wide viewing angle, light- 
emitting diodes and a long-lasting membrane­
style keypad. The Controls directly interface 
with the earth Station computer System; a re­
mote control panel with identical funetions 
and configuration is available as an Option.

[Continued on page 162]

C om m u n icatio ns &  P ow er  
I n d u stries  (C PI),
Satcom  D ivision

Palo Alto, CA
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As reliable as a sunrise,

CPI always comes through.

W hether it's the shipment of a JETSAT" klystron 

w ith guaranteed 24-hour on-site deiivery, or a 

brand new design project, CPI's Veteran klystron 

team is just a hot line phone call away.

Satcom uplink klystrons are our business.

We are the world's largest and m ost experienced 

klystron manufacturer, and we're committed to 

be the best: In quality! And in customer service!

CPI offers the widest range of uplink klystrons 

in the world. Our design team responds to new  

application needs in incredibly short tim e frames—  

always the first to serve you and always w ith CPI's

the right source.

renowned klystron reliability and dependability. 

To top it oft, we now give you subsecond channel 

changing with digital precision, for all our C- and 

Ku-band klystrons.

You can always count on us. Come to CPI for all 

your klystron needs.

Communications & Power Industries Canada, Ine.
45 River Drive | Georgetown, Ontario | Canada L7G 2 J4 
TEL: 1-905-877-01611 FAX: 1 -905-873-74161 SERVICE: 1-800-267-JETSAT 
E-MAIL: marketing@cmp.cpii.com | www.cpii.com/cmp 

formerly varian

mailto:marketing@cmp.cpii.com
http://www.cpii.com/cmp


PRODUCT FEATURE
INTEGRATED HIGH POWER

Ék Fig. 1 The KPA’s RF block diagram.

THE RF CIRCUIT app lied  th rough  an  isolator to  th e  IPA, isolators, a n d  d irec tional couplers. T h e
Figure 1 show s th e  R F  circu it b lock  w h ic h  in c lu d e s  a  v o l ta g e -c o n tro l le d  a t t e n u a to r  p e r r n i ts  t h e  o p e r a to r  to

d iag ram . T h e  low  level in p u t  signal is P IN  d iode  a ttenua to r, in p u t an d  o u tp u t [Contimedon page 164]

RF/MICROWAVE

SOFTWARE DEVELOPERS 
SALES AND MARKETING PROFESSIONALS

ATLANTA, GA
Eagleware Corporation, located in NE Atlanta, is seeking experienced engineers, software develop- 

: ers, and marketing and sales professionals to accommodate the company’s rapid growth. We offer a 
competitive salary and exceptional benefits.

PO S IT IO N S  A V A IL A B LE :

• Application/Testing Engineer * System Simulation Developer
• Model Engineer • Windows Developer
• Electromagnetic Simulation Developer * International Sales Manager

• Marketing Communications Manager

Eagleware, founded in 1985, is a successful, entrepreneurial software firm that develops, distributes, 
and supports RF and microwave design software. Complete job descriptions are available on our 
web site, www.eagleware.com i or. send a résumé to jobs@ eag lew are.com ,

4772 Stone Drive • Tucker, Georgia 30084 
m  FAX: 770-939-0157

R F and M ic ro w a v e  D e s ig n  S o ftw a re  E-mail: jobs@eagleware.com
CflGUUJflRC
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O ur le ft brain
f ig u r e d  you c o u ld  use a
to t a l ly  passive attenuator 
th a t  u i 11 compensate fo r  
changes in  your a m p l i f ie r  
gain over temperature.

Our Thermopad* surface mount attenuators provide temperature 

compensation. Replace complicated active control circuits that are 

expensive, less reliable, produce distortion and eat up valuable 

P C  board space. Thermopads can be used in place of a Standard 

chip attenuator to combine level setting and temperature 

compensation in one chip, reducing your component 

count, increasing reliability and saving you money.

CIRCLE 42 ON READER SERVICE CARD

Call us at 856-429-7800,
and ask about Thermopad, 

another brainstorm from EMC.
Or visit www.emct.com

U B EMCTECHNOLOGY, INC.
föghi Bruin Components.

http://www.emct.com


^TECH
Q u i n S t a r

Y o u r  R e l i a b l e  S o u r c e

F o r M illim eter-W ave 
P ro d u c ts  and GaAs 

FET & MMIC A m p lifie rsS T

0.5-60.0 GHz (octave/multi-octave)

0.8-29.0 GHz (octave/multi-octave) 
Up to 20W output power @P1dB

0.5-110 GHz
Multiplication factors up to x12

30-100 GHz
High millimeter wave power output

Gunns, FETs, IMPATTs, PLOs, ILOs and VTOs

Harmonie Mixers, LOs, Up/Downconverters, 
PIN Switches, Detectors

Homs, Feeds, lens Reflectors, OMTs, 
Polarizers, Filters, Diplexers

Isolators, Circulators, Couplers, Power Dividers/ 
Combiners, Waveguide Bends, Twists, Transitions

We almays do the right things 
at the right price. 

call us today 
for a quotationi

QuinStar Technology, Ine.
24085 Garnier Street, Torrance, CA 90505 
Tel: (310) 320-1111/Fax: (310) 320-9968 

sales@quinstar.com 
www.quinstar.com

PR O D U CT  FEATU RE
T A B L E  1

KPA SPECIFICATIONS

Frequencyrange (GHz)

5.850 to 6.725 
6.700 to 7.025
13.75 to 14.50
12.75 to 13.25
17.30 to 18.10
17.30 to 18.40

Klystron rated power (min) (kW) 
C hand 
Ku band 
Astra band 
DBS band

3.35
2.4
2.2

2.4 (1.7 for 18.4 GHz)

Preset chaiméls up to 24

Gain (at rated output) (min) (dB) 
C, Ku and Astra bami 
DBS band

80
75

Power adjustability O tö -23 dB (of output)

Input SWR (max) 1.20 (C,Ku, Astra) 
J .25 (DBS)

Output SWR (typ) 1.2.5 (C,Ku) 
1.30 (DBS)

Residual AM' (max) (dBc)
-50 up to 400 Hz 

-B0,400 Hz to 2 kHz 
-80, 2 kHz to 500 kHz

AM/PM conversibn (max) (°AïB) 4 (at rated output)

Harmonie output (dBc) 
Ku and Astra band 
DBS band

-80 (—35 without harmonie filter) 
-70 1-30 without harmonie filter!

J’luLse noise*
exceeds requirements o f ï E S $-308/309 by 10 dB 

at 10 dB backoff;
C band inerts INMARSAT requirements

bitcrmodulation (dBc) —28 with two equal carriers at total output

Primaiy power (47 to 63 Hz, three-phast 
with neutral and ground) (VÄC)

208
380 to 415 

480
200 w/ö neutral (Japan)

Power consumption (max) (kW) 8
8.5 (C band)

Ambient temperature (?C) 

RF input connection

-10:to+5Qoperating;
-40 tó +80 iKHioperaling

Type N femalc (C, Ku, Astra) 
SMA type female (DBS)

RF output connection
CPR 137F flange (C) 

WR-75 grooved flange (Ku, Astra) 
WR-62 grooved llange (DBS)

Dimensions (w x h x,d) (") 
RF drawer 
power supply drawer

19 X 17.5 x 28, not including fans 
19 X 8.75 x 24, not including fans

“Prime power AC line unl)alance not to xcced three percent.

quickly ad ju st th e  R F  drive  level w itliin 
a 25  dB  lin ear range w ith  a  resolution 
o f  0.1  dB . A n  in te rnal m em ory  function  
re tu rn s  th e  am p lifie r to  th e  previously 
se t level in  case o f  a  po w er  ou tage. T h e  
IPA  also inc ludes an R F  in h ib it func­
tion  to  rem ove  th e  drive signal d u ring  
faults, channe l changes, tran sfe r sw itch 
ope ra tions o r  e x tem al interlook actions.

T h e  IPA  is tr a n s p a r e n t  to  m o s t f inal 
a m p lifie r  p a ra m e te rs  a n d  is te m p e ra ­
tu re  com p en sa te d  to  m in im ize  drift. As 
a  result, th e  overall KPA gain  is s tab le  
to  w ith in  1 d B  o v e r  a  20 °C  te m p e r a ­
tu re  change an d  w ith in  2.5 dB  over th e  
0° to  + 50°C  opera tin g  range. Table 1 
lists th e  KPAs speeifications.

[Continued on page 166]
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1 watt amplifier family, 10 MHz to 4.2 GHz... from $895

incredible!

Now is the time to rethink your design decisions— if you 
require up to 1 watt output for low-distortion intermodulation 
testing... broadband isolation.., flat gain over wide 
bandwidth— or if you need much higher output level from 
your signal/sweep generator or frequency synthesizer— 
you can now specify Mini-Circuits’ new ZHL Series, 
power amplifiers... from only $895.

Using ultra-linear Class A  design, these state-of-the-art 
amplifiers provide up to 40 dB, flat (±1 .OdB), are 
unconditionally stable, include overvoltage protection, and 
can be connected to any load impedance without 
amplifier damage or oscilation.

One week delivery... and, of course, one year guarantee.

SPECIFICATIONS ZHL-42 ZHL-4240 ZHL-42W

Frequency, GHz................ 0.7 to 4.2 .........0.7 to 4.2 .......0.01 to 4.2
Gain, dB min...............................30   40   30
Gain Flatness, dB..................... ±1.0  ±1.5  ±1.5
Power Out @ 1 dB CP, dBm min ..±29 ............... ±29  ±29*
VSWR in/Out, max.....................2.5:1   2.5:1  2.5:1
Noise Figure, dB typ................10.0 ................. 4.0  8.0*'
Power Supply, V/ma.........±15/690 ..........±15/700  ±15/750
Third Order Intercept, dBm min...... 38 ..................38  38
Second Order Intercept, dBm min... .48 ................ 48  .48
Size, in......................7 x 3V4 x 2'/a h. .. 7 x 3V4 x 2'/8 h. .. 7 x 3’/4 x 2'/« h.
Price................................$895.00  $1395.00  $1095.00
* + 28dBm, 10MHz to 700MHz, 3500 MHz to 4200 MHz 
"Below 100MHz increases to 15dB at 10 MHz

ZHL-W240W

......0.01 to4.2
.................40
..............±1.5
............. ±29*
..............2.5:1

*..................8.0**
....... ±15/850
.................38
.................48
.. 7 x 314 x 2'/s h. 
....... $1495.00

C3 Mini-Circuits
P.0 Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuils. com 

For detailed specs on all Mini-Circuits products refer to • 760 -pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT I

s 104 int 105
:LE READER 3EFMCE CARD
, DIRECTORY • EEM
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PRODUCT FEATURE
THE MSDC KLYSTRON

T h e  k ly strons u se d  in  th e  C -, Ku- 
a n d  D B S -b a n d  G E N  IV  am plifiers in- 
c o rp o r a te  a n  a d v a n c e d  d e s ig n  u s in g  
M S P C s th a t de liver u p  to  2 .4  k W  (3.35 
kW  in C  b and ) o f  o u tp u t p o w er  across 
th e  sp e d f ie d  fre q u en c y  band . T h e  in- 
s ta n ta n e o u s  ( -1  d B ) b a n d w id th  is 45 
M H z  (80  M H z  o p tiona l)  fo r C  ba n d , 
a n d  85  M H z (80 M H z  for A stra) and  
50  M H z  (85 M H z  o p tio n a l u p  to  1.7 
kW ) in  th e  K u an d  D B S bands, respec-

tively. A  S tandard  in teg ral m echan ica l 
c h a n n e l tu n in g  m e c h a n ism  p ro v id es  
p rec ise  tu n in g  a n d  re tiiev a l o f  u p  to  24 
c h a n n e ls  a n d  a llow s fo r  m a n u a l f r e ­
q u e n c y  c h a n g in g  in th e  f ie ld . P re se t 
f requenc ies  a re  factory tu n e d  in  accor- 
d a n ce  w ith  a  Standard  f re q u en c y  p lan  
un less o the rw ise  specified.

THE O U TPU T CIRCUIT

T h e  o u tp u t o f  th e  k ly stron  is fe d  to  
th e  in te g ra te d  o u tp u t  w a v e g u id e  as-

IN V ES TIG A TIN G
D E T E C T O R S ?
Inspect Cougar's new line of analog and 
threshold detectors. On the strength of our 
engineering expertise, we developed a complete 
line of high performance detectors suitable to 
commercial and hi-rel applications.

broad bandwidths 
(10 MHz-6 GHz)

low VSWR 
(1.4:1)

0.5 flatness

high
dynamic
range

Signal Processing Components & Subsystems

ISO 9001 & 
MIL-PRF-38534 

Certified

384 Santa Trinita Avenue, Sunnyvale, CA 94086 
408-522-3838 fax: 408-522-3839 web: www.cougarcorp.com 

e-mail: cougar.amps3@cdugarcorp.com
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sem bly, w h ich  c o m p rises  tw o a re  d e ­
te c to r  po r ts , a  c irc u la to r a n d  loads, a  
h a rm o n ie  f ilte r  a n d  a  th r e e - p o r t  d i-  
r e c tio n a l c o up ler. T h e  op tica l a re  s e n ­
so r  is a t ta c h e d  to  a  w a v e g u id e  b e n d  
th a t is lo c a te d  n e a r  th e  o u tp u t  o f  th e  
k lystron . I f  a n  a rc  o c cu rs  in  th e  w ave­
g u id e , th e  lig h t is d e te c te d  a n d  th e  
p ro te c tio n  c irc u it rap id ly  tu rn s  o ff  th e  
IPA  to  in h ib i t  th e  R F  d rive, th e re b y  
q u e n c h in g  th e  arc.

T h e  h ig h  p o w e r  iso la to r p ro v id es a  
lo w  S W R  s o u r c e  t o  t h e  e x t e r n a l  
w avegu ide  a n d  a n te n n a  fe e d  a n d  p ro -  
te c ts  th e  k ly s tro n  f ro m  excessive  r e ­
f lec te d  p o w er  r e su l tin g  from  e x te rn a l 
fau lts. T h e  iso la to r  w ill c o n tin u o u s ly  
d iss ip a te  th e  r e f le c te d  p o w e r  f ro m  a  
2:1 lo a d  (11 p e rc e n t  o f  d ie  r a te d  p o w ­
e r) ,  a n d  s a fe ly  w ith s ta n d s  r e f le c te d  
p o w e r  e q u a l  to  th e  fu ll  r a t e d  K PA  
o u tp u t  u n t i l  t h e  p r o te c t io n  c irc u i ts  
sh u t o ff  th e  R F  signal. T h e  op tio n a lly  
rem o v a b le  h a rm o n ie  f ilte r  a tte n u a te s  
th e  se co n d  h a rm o n ie  to  levels a t le as t 
80  d B  be lo w  th e  fu n d a m e n ta l o u tp u t.

T h e  o u tp u t d iree tio n a l c o u p le r  in - 
c lu d es tw o fo rw a rd  p o r ts  a n d  o n e  re ­
f le c te d  p o r t.  O n e  fo rw a rd  p o r t  p r o ­
v ides an  R F  sa m p le  a t a  no m in a l - 5 0  
dB c. T h e  se co n d  fo rw ard  p o r t  a n d  th e  
r e f le c te d  p o w e r  p o r t  a re  c o n n e c te d  
d iro u g h  th e  d e te c to r  a ssem b ly  to  th e  
C ontro ller. T h e  m e te r in g  Signals a re  
also u se d  to  ac tiva te  th e  n igh /low  R F  
p o w e r  a la rm  a n d  th e  h ig h  re f le c te d  
p o w e r  f a u l t -p r o te c t io n  c ir c u i t .  T h e  
S tandard  o u tp u t R F  in te rfa ce  Ls C P R - 
137F  (C  b a n d ), W R -7 5  (K u b a n d )  o r  
W R -62  (D B S  b a nd ) w avegu ide  w ith  a 
g ro o v ed  flange.

THE POW ER SUPPLY ASSEMBLY

T h e  A C  in p u t  p o w e r  is  r o u t e d  
th ro u g h  an  E M I filte r  an d  m a in  circu it 
b re a k e r  a n d  p a sses  th ro u g h  th e  s te p  
sta rt c ircu it th a t is u se d  to  lim it in -rush  
c u r r e n t  t o  < 1 80  p e r c e n t  o f  s te a d y  
sta te  d u rin g  high  vo ltage tu m  on . T h e  
A C  p o w e r  is th e n  c o n v e r te d  to  D C  
a n d  p a s s e d  to  th e  p o w e r  p ro c e s so r , 
w hich  converts th e  D C  voltage to  a 50  
kH z  A C  voltage  th a t is ap p lied  to  th e  
h igh  voltage tran s fo rm e r a n d  rec tifier. 
T h e  r e c t i f ie d  o u tp u t  is f i l t e re d  a n d  
p rov ides th e  c a th o d e , h e a te r  a n d  co l­
le c to r  vo ltages fo r th e  k ly stron . S am ­
ples o f  th e  ca th o d e  a n d  h e a te r  voltages 
a re  fed  to  th e  p o w er  p ro ce sso r as p a rt 
o f  th e  regu la tion  sc hem e . T h e  e m b e d ­
d e d  c o n tro l system  m o n ito rs  c a th o d e  

[Continued on page 168]
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The Cable Assembly Standard for Connecting a Wireless World
QMI’s proven LOW LOSS “301” assembly, ends the 

3-way compromise users face when defining insertion 

loss for higher frequency, with flexible cable assemblies. 

Historically, low loss meant high price or reduced 

flexibility. “ 301” cable is a microporous PTFE design in 

.200” diameter that offers all three advantages: Low 

Loss, Low Price and Excellent Flexibility.

Signals 
Transmit/ 

Receive Systems 
Performance 

Upgrades 
Cost Reduction 
Reolaeement 

for Semi-Rigid

“301 ’’ LOW LOSS assemblies help the designer achieve 

System performance goals while retaining the flexibility 

of braided cables. Alfernatively, “301” cables may be 

used to replace .141” diameter semi-rigid or .250" 

diameter corrugated copper cables. And for those test 

applications that require low loss measurement, try 

our new Low Loss Workhorse Test Cables.

Tensolite

A E S E E  Company

Microwave
Interconnects

1-800-362-FLEX
301 Ballardvale St. Wilmington, MA 01887 
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PR O D U CT  FEATURE
v o ltage , b e a m  c u rre n t , b o d y  c u rre n t , 
h e a te r  vo ltage an d  h e a te r  cu rren t.

T h e  c a th o d e  a n d  h e a te r  v o lta g es  
a re  m ic ro p ro c esso r  c o n tro l led  a n d  se t 
fo r th e  p a rtic u la r  k lystron . T h e  p o w er  
sa v e r  fu n c tio n  u se s  th is  flex ib ility  to  
s e t th e  b e a m  vo ltage  w h e n  less th a n  
ra te d  R F  p o w e r  is req u ire d . I n  a d d i­
tio n , th e  k ly stron  h e a te r  vo ltage  is se t 
a c c o rd in g ly  to  e x te n d  th e  k ly s t ro n s  
life. A  s ta n d b y  m o d e  is availab le  to  a l­
low  e x te n d e d  k ly stron  life  w h e n  th e  
a m p lif ie r  is n o t  u se d  fo r lo n g  pe rio d s 
o f  tim e  b u t  is r e q u ire d  to  b e  available 
a t a  m o m e n t s no tice .

MONITORS A N D  CONTROLS

T h e  c o n tro l a n d  m o n ito r  sy stem  is 
d e s ig n e d  to  a s su re  c o rre c t  a m p lif ie r  
O peration  a n d  e asy  m a in te n an c e  w ith  
m in im a l o p e ra to r  tr a in in g  a n d  activi- 
ty. A  system  o f  e m b e d d e d  c o n tro lle rs  
p r o v id e s  a u to m a t ic  s e q u e n c in g  a n d  
c o n tin u o u s  m o n ito rin g  o f  c ritica l p a ­
ram e te rs . All o p e ra tio n a l in fo rm atio n  
is c lea rly  d isp lay e d  on  th e  la rge  co lo r 
T F T - L C D  p a n e l .  T h e  m e m b r a n e  
k e y p ad  p ro v id e s  c o n v e n ie n t c o n tro l 
from  th e  f ro n t p a n el.

U p o n  p o w e r  o n , t h e  e m b e d d e d  
c o n tro l le r  se lf-te sts  th e  in te m a l func- 
t io n s  a n d  b e g in s  h e a t e r  w a r m - u p .  
O n ce  w arm -u p  is com p lete , th e  trans- 
m it key  initiates n o rm al O peration. A u­
to m atic  leveling  th e n  can  b e  keyed  to  
m a in ta in  a  s e t  p o w e r  o u tp u t  le v e l  
against R F  in p u t variations. T h e  a m p li­
f ie rs  fau lt h and ling  circu it is to le ran t o f  
tran s ien t faults, re tu m in g  th e  am p lifie r 
to  th e  s ta te  it was in  w h en  th e  fau lt oc- 
eu rred  ( if  app rop ria te) . In  th e  ev en t o f  
a fau lt w arran tin g  a  p e rm a n e n t  sh u t-  
d o w n , t h e  f a u l t  w ill b e  c le a r ly  d is ­
p layed  w ith  tim e a n d  d a te  stam ps. T h e  
fau lt th e n  m u s t b e  c lea re d  a n d  th e  can- 
c e l key d e p re ssed  in o rd e r  to  rese t th e  
am plifier. T h e  S tandard  KPA p e rm its  
c o m p u te r  c o n t r o l  a n d  m o n i t o r i n g  
th rough  an  RS-422/485 (four-w ire) se r­
ial d a ta  b u s . T h is  c a p a b ility  p ro v id es 
th e  o p e ra to r  w ith  a  c o n ven ien t a n d  re- 
lia b le  m e a n s  to  m o n ito r  a n d  c o n tro l 
th e  p o w er a m plifiers a t  a  r em o te , unat- 
te n d e d  e a r th  station.

M ECH AN ICAL DESIGN

T h e  G E N  IV  K PA  is p a ek a g ed  in  
tw o  s tu rd y  a lu m in u m  en c lo su re s  th a t

o ffe r  c o n v en ie n t fro n t access fo r se r­
v ic e  a n d  m a in te n a n c e . B o th  p o w e r  
su p p ly  a n d  R F  boxes a re  d e s ig n e d  to  
b e  m o u n te d  in  S tandard  19 - in ch  racks 
u s in g  c h a ss is  s lid e s . W ith in  th e  R F  
box  th e  k ly stron , R F  c o m p o n e n ts  a n d  
R F  c o n tro l p a r ts  a re  m o u n te d  On a  
s lid e -o u t d raw er.

M e a s u r in g  26 .2 5 "  h ig h  (1 5  R U ), 
th e  K PA  is d e s ig n e d  fo r  sp a c e -c o n -  
s tra in ed  locations. All e lec trica l in te r ­
face  C onnections a n d  exhaust duc tin g  
for th e  klystron cooling  a ir a re  located  
a t th e  rea r  o f  th e  un it. N early  all m a in ­
te n an c e  activities can b e  accom plished  
from  th e  f ro n t o f  th e  e q u ip m en t . Two 
in d e p e n d e n t cooling  c ircu its a re  used  
in  th e  K PA, o n e  fo r th e  k ly stron  co l­
le c to r  a n d  o n e  f o r  th e  p o w er  supply.

OPTIONS A N D  ACCESSORIES

A m o n g th e  available o p tions a n d  a c ­
cesso rie s  a re  a  d ig ita l fa s t-tu n in g  sys­
te m  th a t p rov ides an  au to m atic  c h an ­
n e l se lee to r com pris ing  a  m o to r  d rive  
a n d  con tro l u n it as a n  in teg ral p a r t o f  
th e  klystron. T h is  m otorizecl e lec tron ic  
c h anne l c h an g e r ach ieves a  m axim um  
1 s channe l chang ing  tim e. In  add ition , 
a  p e ak  p o w er  m e te r  is available fo r use  
w hen  th e  KPA is u se d  in  a T D M A  sys­
te m . T h e  c ircu it responds to  b u rs t Sig­
na ls  o f  5  jxs (m in ) p u lse  w id th  a n d  a 
m ax im um  rep e titio n  o f  100 m s. W ith  
th is  Option th e  m e te r  reads e ith e r  peak  
o r  C W  p o w er  in acc o rd a n ce  w ith  th e  
signal be in g  tran sm itted .

A remote control panel is available 
that duplicates all of the Controls and 
indicators o f the main panel and com- 
municates with the KPA via the serial 
interface. Also available is a 1:1 switch- 
ing Subsystem that comprises an out­
p u t w aveguide sw itch  and  dum m y 
load. The circuit provides 1:1 redun­
dant protection with automatic transfer 
o r manual Operation. A  power phase 
combiner consisting o f a coaxial input 
divider network, phase shifter and out­
put waveguide combining system pro­
vides four operating modes when two 
KPAs are used in combination. A  lin­
earizer is also available that provides an 
improvement in A M /P M , third-order 
intermodulation spectral regrowth and 
noise power ration performance.

CPI, Satcom Division,
Palo Alto, C A  (650) 846-3700.

Circle No. 301
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g S l E R S g i v i l X E R S  .  M U LTIPLIER*

AMPLIFIERS

Higher output power options available

ŷ * Higher output power options available

3 also offers custom designs to meet your specific requirements. iïjgj 
For further information, please contact David Krautheimer |S0

at (516) 439-9413 or e-mail dkrautheimer@miteq.com 1..C
________ 100 Davids Drive • Hauppauge, NY 11788

TEL.: (516) 436-7400 • FAX: (516) 436-7430

MULTIPLIERS

Model Number
Frequency

(GHz)
Gain

(dB, Min.)

Gain 
Flatness 

(+dB, Max.)

Noise 
Figure 

(dB, Max.)

I/O
VSWR
(Max.)

Output Power 
at 1dB Comp.* 
(dBm, Typ.)

JSW4-18002600-18-5A 18-26 28 1.0 1.8 2.0:1/2.0 1 5

JSW4-26004000-25-5A 26-40 25 2.5 2.5 2.0:1/2.0 1 5

JSW4-18004000-32-8A 18-40 21 2.0 3.2 2.0:1/2.5 1 8

JSW4-30005000-45-5A 30-50 21 2.5 4.5 25:1/2.5 1_ 5

JSW4-40006000-65-0A 40-60 16 2.5 6.5 25:1/2.5 1 0

Model Number

Frequency (GHz) | Input
Level

(dBm, min.)

Output 
Power* 

(dBm, min.)

Fundamental 
Feed Through Level 

(dBc, min.)

DC current 
@+15VDC
(mA, nom.)Input Output

MAX2M260400 13-20 26-40 10 12 18 160

MAX2M200380 10-19 20-38 6 14 18 200

MAX2M300500 15-25 30-50 10 8 18 160

MAX4M400480 10-12 40-48 10 8 18 250

MAX3M300300 10 30 10 10 60 160

MAX2M360500 18-25 36-50 10 8 18 160

MAX2M200400 10-20 20-40 10 10 18 160

TD0040LA2 2-20 4-40 10 -3 30 N/A

Frequency (GHz) Conversion
Gsin/Loss

Noise 
Figure 

(dB, Typ.)
Image Rejection 

(dB, Typ.)

L0-RF
Isolation

Model Number RF LO IF (dB, Typ.) (dB, Typ.)

LNB-1826-30 18-26 Internal 2-10 42 2.5 20 45

LNB-2640-40 26-40 Internal 2-16 42 3.5 20 45

ARE3436LC1 34-36 15.5-16.5 27-3.3 25 4 20 60

SBW3337LG2 33-37 33-37 DC-4 -7.5 8 N/A 25

TB0440LW1 4-40 4-42 .5-20 -10 10.5 N/A 20

DB0440LW1 4-40 4-40 DC-2 -9 9.5 N/A 25

\JSBE0440LW1 4-40 2-20 DC-1.5 -10 10.5 N/A 20

mailto:dkrautheimer@miteq.com


PRODUCT FEATURE

A  W e b -b a s e d  

T e s t  E q u ip m e n t  
L o c a t o r

O n e  o f  th e  m o s t f ru s tra tin g  jo b s an  eng i-  
n e e r  m u s t face  is se le c tin g  a n d  lo c at-  
in g  a  p ie e e  o f  te s t  e q u ip m e n t to  m e e t  a 

sp e cific  d e m a n d  a m o n g  th e  m y ria d  o f  o ffe r-  
ings b y  h u n d re d s  o f  e q u ip m e n t m a n u fa c tu re rs  
a n d  th e  m a n y  va ry ing  p e rfo rm a n c e  specifica-

tio n s . I t  w as in e v ita b le  th a t  th e  n o w  u b iq u i-  
to u s  W o rld  W id e  W eb  w o u ld  u ltim a te ly  p ro -  
v id e  th e  so lu tion  to  th is  tim e-co n su m in g  p ro b -  
le m . T es tM art™  is a  u n iq u e  n e w  o n lin e  s e r ­
v ice  th a t  lists m o re  th a n  13 ,000  p ro d u c ts  from  
2 00  m a n u fa c tu re rs  in  m o re  th a n  90  c a te g o ries  
o f  te s t  e q u ip m e n t  a n d  p ro v id e s  a  m e a n s  fo r  
s ide -by -side  c o m p ariso n  o f  t h e ir  p e rfo rm a n c e  
specifica tions, p r ic e  a n d  availability. T h e  u se r  
c a n  n o w  u s e  th is  in f o r m a tio n  to  d e te r m in e  
w h e th e r  to  buy, r e n t  o r  lease  new , u se d  o r  re-  
f u rb ish e d  e q u ip m e n t in  a n  ex tra o rd in a rily  e ffi­
c ië n t  m anner.

T h e  T es tM art s ite , show n in  Figure 1 , p ro ­
vides answ ers in  seconds to  q uestions th a t p rev i- 
ously req u ire d  h o u rs  o r  e v en  days to  research . 
In  a dd ition , th e  service offe rs  a pplica tion  assis- 
ta n c e  f ro m  e x p e r ie n c e d  e n g in e e rs  to  a n sw e r  
m any  o f  th e  u se rs  questions. W h en  th e  decision  
is m a d e  to  acq u ire  th e  sou g h t-a fte r  e q u ip m en t, 
th e  site  p rov ides in fo rm atio n  o n  w h ich  m a n u ­
fac tu rers  m ake  w h ich  e q u ip m e n t in side-by-side  
view s a n d  w hat p r ice  trade -o ffs a re  available. I t

[Continuedonpage 172]
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Now up to 500mA DC current 100kHz-6GHz
With Mini-Circuits Bias-Tees, you can DC comect to the RF port of an active 
device without effecting its RF properties...modulate a laser, apply DC to an 
amplifier output, and more! Using statistica! process contro! plus combining 
magnetics and microstrip, large DC currents may pass 
through the Bias-Tee without Saturation and 
degradation of performance. At 1/3 to 1/4 the 
price of competitive units, these new Bias-Tees ' 
are available in surface mount, pin, and 
connectorized models. So why wait, solve your 
connection problems with Mini-Circuits Bias-Tees.

Mini-Circuits... 3 redefining what VALUE is all about!

C3 Mini-Circuits' E READER SERVICE CARD
= 0. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information s 
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PRODUCT FEATURE

A  Fig. 2 Results o f a product search.

e v en  allow s th e  u s e r  to  p u rc h a se  th e  
ite m  o n line  in  m any  cases.

O b v io u s ly , th is  ty p e  o f  u n iv e rs a l 
d a tab a se  is on ly  as goo d  as th e  d a ta  it 
con ta in s . T es tM art m ain ta in s a n  u n b i-  
a se d  s ite  fo r  a ll e q u ip m e n t m a n u fa c ­
tu r e r s .  (T e s tM a r t c o v ers  th e  c o s t o f  
m a in ta in in g  th e  s i te  b y  n e g o tia t in g  
a g re e m e n ts  w ith  v a rious m a n u fa c tu r­
e rs  th a t allow  th e  s ite  to  m a in ta in  n e u -  
trality. T h ese  a g re em e n ts  m ay  inc lu d e  
co m m iss io n s , a c tin g  as a  v ir tu a l d is- 
t r ib u to r  o r  w a re h o u s in g  so m e  T es t-  
M a rt-o w n ed  stock. H ow ever, th e  cost 
is n e v e r  p a ssed  on  to  th e  buyer.) T h e  
b u y e r  is o ffe re d  fre e  m e m b ersh ip  a n d  
reg is tra tio n  is n o t  re q u ire d  u n til h e  o r  
s h e  m a k e s  t h e  a c q u i s i t i o n .  O n c e  
m e m b ersh ip  has b e e n  e s tab lish ed  th e  
u se r  has th e  ab ility  to  se arch  th e  d a ta  
a t  w ill, r e q u e s t  a d d itio n a l l i t e r a tu re  
a n d  q u o te s  from  lis ted  m a n u fa c tu re rs  
a n d  ev en  p u rc h a se  o n lin e  from  pa rtic-  
ipa ting  supp liers . In  m a n y  cases d irec t 
links a re  p ro v id ed  to  th e  m a n u fa c tu r­
e r s  ow n W eb  site.

M ain ta in ing  such  a c om prehens ive  
da tabase  is a  da u n tin g  task. T h e  d a ta ­
base  is c onstan tly  u p d a te d  a n d  expand- 
e d  as ne w  p a rtic ipa ting  C om panies sign 
on  an d  n e w  d a ta  be co m e  available. In ­
f o rm a t io n  is p r o v id e d  o n  p r o d u c ts  
from  all m a nu factu re rs  w h e th e r  o r  no t 
th e y  have chosen  to  affiliate. P ow erfu l 
se a rch  en g in es e n ab le  th e  u se r  to  ac- 
cess all sources in  th e  da tabase  a n d  lo- 
c a te  p r o d u c ts  th a t  m e e t  h is  o r  h e r  
specifications quicldy. Figure 2 shows 
th e  resu lts  o f  a  search  fo r a  pa rtieu la r 
ty p e  o f  s p e c tru m  analyzer. D e ta i le d  
specifica tions a re  p r e se n te d  in  a  n o r-

A  Fig. 3 A  product comparison.

m alized  form at, p rov id ing  fo r  c lea r a n d  
c o m p le te  s id e -b y -s id e  c o m p a r iso n s . 
Figure 3  show s a  typical p ro d u c t c om ­
parison  fo r a  series o f  p o w er  m eters.

All d a ta  a re  c o n ta in e d  w ith in  th e  
site, thus e lim inating  th e  tim e-consum - 
ing  process o f  ga thering  a n d  p iec ing  to - 
g e th e r  in c o m p le te  in fo rm atio n  in  d is­
sim ilar fo rm ats  from  m u ltip le  sources. 
I n  a d d itio n , u se rs  c an  p e rfo rm  p a ra -  
m e tric  searches specific to  eac h  p ro d ­
u c t category. T h e  C o m p areS p ec s fea ­
tu r e  p r e s e n ts  s id e - b y -s id e  p r o d u c t  
c o m p a riso n s . T e s tM a r ts  p r o p r ie ta ry  
Sim ilar P roduc ts  search  function , F ind - 
L ike, retr ieves p ro d u cts  th a t a re  eng i­
n eering  equivalen ts b a sed  on  key  tech - 
n ic a l  p a r a m e t e r s .  T h e  B u y O n L in e  
function  o ffers on line  shopp ing  w ith  se­
c u re  tran sac tion  p rocessing  an d  o rd e r  
confirm ation  for new, d e m o  a n d  refu r-  
b ish e d  e q u ip m en t . T es tM art a lso acts 
as a  d is tiib u to r  an d  sales rep resen ta tive  
for m any  m a n u fa ctu re rs  o f  n ew  p ro d ­
uc ts  an d  m ain ta ins a  large  in ven to iy  o f  
refu rb ish ed  te s t e qu ipm en t. C ustom ers 
can  trad e  in  o r  seil th e ir  u n u se d  eq u ip ­
m e n t  u s in g  T e s tM a r t ’s S e il O n lin e  
fu n c t io n . T h e  T e s tM a r t  E q u ip m e n t  
W an t L ist gua ran tees  Custom ers a  m a r­
k e t price  o n line  in  rea l tim e.

O n e  o f  th e  a d d e d  fe a tu re s  o f  th e  
site  is th e  A ctive P a r tn e rsh ip  P rog ram , 
w h ich  m akes available fu ll-tex t a rticles 
f ro m  le ad in g  p u b lish e rs  a n d  in d u s try  
analysts. In  add ition , exclusive te s t a n d  
m e a s u r e m e n t  m a rk e t  r e p o r t s  f ro m  
F r o s t  &  Sullivan  a p p e a r  o n  th e  s ite . 
T h e  W e b  s ite  a lso  f e a tu re s  c o m p re ­
hensive  re fe ren c e  tools, inc lu d in g  cali- 
b ra tio n  in te rval in fo rm ation  a n d  p ro d ­

u c t  in tr o d u c tio n  a n d  o u t- o f -s u p p o r t  
d a tes  fo r m ore  th a n  10,000  te s t  p ro d ­
ucts. T h e  In d u s try  D irec to ry  p rov ides 
in fo rm ation  on  m o re  th a n  500  m a n u ­
fa c tu re rs  w h ile  th e  C a lib ra t io n  L abs 
D ire c to ry , s h o w n  in  Figure 4, lis ts  
m o re  th a n  1600 c a lib ra tio n  la b o ra to - 
ries  w orldw ide. A  se arch a b le  lib ra ry  o f  
h u n d r e d s  o f  a p p lic a tio n  n o te s  f ro m  
m a jo r m a n u fa c tu re rs  is a lso  availab le  
o n lin e . F inally , th e  G lossa ry  co n ta in s  
t h o u s a n d s  o f  d e f in i t i o n s  a n d  
acronym s.

In  s h o r t ,  th e  T e s tM a r t  W e b  s ite  
sh o u ld  b e  th e  firs t s to p  fo r a n yone  try- 
i n g  to  s e l e c t  t h e  p r o p e r  p i e c e  o f  
e q u ip m e n t  f ro m  a  lo n g  lis t o f  avail­
a b le  c h o ic e s  o r  lo c a te  in f o r m a t io n  
p e r ta in in g  to  a  sp e cific  p ie c e  o f  te s t  
e q u ip m e n t ,  i t s  s p e c i f ic a t i o n s ,  u s e ,  
p r ic e  a n d  d e liv e ry . F o r  t e s t  e q u ip ­
m e n t  m a n u f a c t u r e r s  a n d  v e n d o r s  
T es tM art p ro v id es e q u a l access to  an  
e f f i c i ë n t ,  n e u t r a l  m a r k e tp l a c e  f o r  
th e ir  p ro d u c ts  th a t  can  a u g m e n t th e ir  
e x is tin g  m a rk e t in g  e ffo r t s  a n d  W eb  
in itiatives. U sing  T es tM art, m a n u fa c ­
tu r e r s  c a n  in c re a s e  t h e i r  e x p o s u re  
w h ile  avo id ing  th e  co sts  tr ad itio n a lly  
a ssocia ted  w ith  se lling  th e ir  p ro d u c ts  
th r o u g h  d i r e c t  m e a n s  a n d  th r o u g h  
m a n u fa c tu re rs ’ rep rese n ta tiv e s.

T es tM art is lo c a te d  on  th e  W eb  a t 
w w w .testm art.com  a n d  is o ffe re d  fre e  
o f  c h arge  fo r  in te re s te d  use rs . L oea t- 
in g  a n d  se lec tin g  te s t e q u ip m e n t have  
n e v er  b e e n  easier.

TestMart,
San Bruno, C A  (650) 624-0525.

Circle No. 305
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W A T  hen your wireiess Communications system cails for 
W w  very low intermodulation distortion and enhanced 
W W  dynämic range, look into Synergy's new line of 

HIGH IP3 MIXERS Standard models are available in 
specialized fréquency bandwidths covering UHF, Cellular PCS 
and ISM bands. Additional features are low eonversion loss and 
high interport IsolationI Most models óperate at 417 dBm.of 
local oscillator drive level and exceed +30 dBm of input third 
order intercept poinl Higher L O. drivo lovol modeis with higher 
third order intercept points are also available.

Don't compromise performance.
specify Synergy's HIGH IP3 MIXERS. >  _



NEW  PRODUCTS

COMPONENTS
■  Chip on Board IC 

Control Switch
The model AS006M2-93 single-polc, double- 
throw switch is manufactured in small pack- 

ages for greater 
freedom in layout

and features' re- 
duced parasitics, 
enabling the same 
package to be 
used for applica- 
tions from DC to 
6 GHz without 

degradation in performance. The switch offers 
higher isolation performance than traditional 
multiple plastic-packaged devices. Typical ap- 
plications include low frequency, broadband 
test equipment, 5 to 6 GHz wireiess data ra- 
dios, electronic toll collection and wireiess lo­
cal loop Systems operating above 2 GHz. 
Prices: start at $5.75 (1000). (Priees vary de- 
pcnding on product and quantity.)
Alpha Industries,
W obunt, M A (800) 290-7200, ext. 306 
or (508) 894-1904.

Circle No. 215

■  Miniature PIN Diode Switch

below 1 GH;
isolation vcurrent of +35 mA, : 

between 45 dB below 1 GHz, 85 dB at 10 GHz 
and 70 dB at 20 GHz. The switch provides fast 
Switching delay of 10 ns and SWR is 2.1 (max). 
Sizc: 0.79" x 0.88" x  0.48". Weight: 1.1 oz. 
American Microwave Corp.,
Frederick, MD (301) 662-4700.

Circle No. 216

■  Ultra-low ESR
Microwave Capacitors

The 60(X) series microwave capacitors offer a 
typical low equivalent series resistance (ESR)

B
of 80 m ß  at 1 
GHz with capaci- 
tance values rang­
ing from 0.1 to 
100 pF. Designed 
for cellular base

ment, high Q fre-

and broadband 
wireiess service applications, the NPO capaci- 
tor supports requirements where low loss and 
high performance are critical. Packaged in a 
0603 case size, the capacitors arc designed to 
mect and exceed requirements of EIA-198, 
MIL-C-55681 and MIL-C-123. All units are

available laser marked and in tape-and-reel. 
Delivery: stock.
American Technical Ceramics (ATC), 
Huntington Station, NY (613) 622-4700.

Circle No. 217

■  869 - 894 MHz Circulator

The model BU122 circulator for multicarrier 
power amplifiers operates over the 869 to 894 

M ilz Ireqiiuncv

lator provides 
-75 dBc (min) of 
intermodulation 
distortion perfor­
mance a t eight 
tones at 120 W 
average pow er 

level. Isolation is 23 dB (min), insertion loss is 
< 0.2 dB and SWR is 1.15 (max). Other power 
levels and frequency ranges also are available. 
Channel Microwave Corp.,
Camarillo, CA (805) 482-7280.

Circle No. 218

■  Miniature High Power 

Coaxial Remote Terminations
The model 12-5021 miniature high power 
coaxial rem ote term inations are designed 

specifically for 
a p p l i c a t i o n s  
where high pow­
er term inations 
are required  to 
bc rem otely lo-

nected to an RF 
system via a coaxial cable. The terminations 
feature integral cable inputs and are well suit- 
ed for isolator, eoupler and dummy load appli­
cations. Average power handling is 150 W CW 
and operating temperature range is -55° to 
+100°C (full power). The units decrease the 
number of intercomiections in Systems at re- 
duced costs over a discrete cable and termina- 
tion approach. Coaxial cable lengths from 1" to 
100" are available.
Florida RF Labs Inc.,
Stuart, FL (800) 544-5594 
or (561) 286-9300.

Circle No. 219

m SP8TPIN Diode Switch

The F9180 series low cost, broadband SP8T 
PIN diode switches operate over the 1 to 18 
GHz frequency range with a ±5 or +5 V DC 
and -12 to -15 V DC power supply. For the re- 
flective design, insertion loss varies from 60 dB 
at 1 GHz to 50 dB at 18 GHz and correspond- 
ing values for the nonreflective designs are 2.0

and 4.2 dB, respectively. Isolation varies from 
60 dB at 1 GHz to 50 dB at 18 GHz and SWR 
limit ranges from 1.7 to 2.0 depending on fre­
quency. Switching speed is less than 200 ns and 
operating temperature ränge is -55° to +110°C 
withstanding power levels as high as 75 W  (pk). 
Individual port TTL logic control and power 
supply Connections are made by means of a 
DA15P connector. Sizc: 4.65" x 1.50" x  0.75" 
Weight: 8.5 oz.
General Microwave Corp.,
Farmingdale, N Y (631) 630-2000.

Circle No. 220

■  Parallel Board-to-board 

SMT Connectors
The FX10 series parallel board-to-board surface- 
mounted connectors offer increased transmission 

speeds at only 4 to 
5 mm between 
boards via ground 
plenums on both 
mating assemblies. 
Ground stability is 
achieved with di­
rect Connection of 
the ground plen­

ums to the board; signal contacts are 0.5 mm 
spacing with ground plenum contacts every 10 
contact positions. (Additional stability is provided 
with board solder brackets.) Ground plenums 
and contacts have effective wipe lengths of 1 
inm/min, thereby assuring a reliable interconnec- 
tion. Designed specifically for portable and 
miniature electronic applications, the connectors 
arc available in a variety of contact positions (with 
or without positioning posts) and sizes of 80, 100, 
120 and 140. Price: $2.42 (100-position OEM 
lots). Delivery: six to eight weeks.
Hirose Electric (USA) lnc.,
Simi Valley, CA (805) 522-7958.

Circle No. 221

■  Between Series Adapters
The GPO™/S\1A between series adapters pro- 
vidc a convenient and efficiënt transition be-

lar connector de­
signs. The GPO is 
a populär push- 
on connection 
m ethod where 
harsh mechanical 

environments of shock and Vibration exist. The 
models 5190 through 5193 provide a maximum 
SWR of 1.20 from DC to 18 GHz.
Inmet Corp.,
Ann Arbor, M I (888) 244-6638.

Circle No. 222

■  DCS Fullband Duplexer

174



The model WSD-00064 high performance, dig­
ital communication System (DCS) fullband du­
plexer is configured with a receive passband of 
1710 to 1785 MHz and a transmit passband of 
1805 to 1880 MHz. Insertion loss within the 
passband is 1.3 dB (max) and passband return 
loss is 15 dB (min). Antenna to receive rejec- 
tion is 60 dB (min) from DC to 1620 MHz, 25 
dB (min) from 1620 to 1690 MHz, 85 dB (min) 
from 1805 to 1880 MHz, 45 dB (min) from 
1880 to 3800 MHz and 30 dB (min) from 3800 
to 12,750 MHz. Transmit to antenna rejection 
is 85 dB (min) from DC to 1780 MHz, 60 dB 
(min) from 1970 to 3800 MHz and 30 dB (min) 
from 3800 to 12,750 MHz. Passband to pass­
band isolation is 8 dB. The unit is well suited 
for macro or micro DCS base stations, re- 
peaters and systems, or handset DCS test Sys­
tem applications. Operating temperature range 
is -20° to +70°C. Connectors are DIN 7/16 fe- 
male at the antenna port and N-F at the re- 
ceive/transinit ports. Size: 8.36" x 5.75" x 1.77'! 
exeluding connectors.
K&L Microwave lnc.,
Salisbury, MD (410) 749-2424.

Circle No. 223

■  Contactless Phase Shifter
The models KPH900SCL000 and KPH900- 
SCL001 contactless phase slufters (CPS) cover 

frequency ranges 
up to 3 GHz and 
provide 90° of

m ental phase 
shifting at 2 GHz 
and maximum 
electrica] delay of 
125 picoseconds. 
Insertion loss is 

0.15 dB at 1 GHz, 0.25 dB at 2 GHz and 0.35 
dB at 3 GHz and SWR is 1.25. The model 
KPH200SCL000 drop-in type CPS provides 
30° of minimum incrernental phase shifting at 
2 GHz and maximum elec trica l delay of 
41.7 picoseconds. The phase shifters reduce 
time and complexity in production, making 
them well suited for applications that require 
phased Signals.
KM W lnc., Cerritos, CA (562) 926-2033.

Circle No. 224

■  Drop-in Isolators 
and Circulators

The model DNF1900-T003SA miniaturized 
isolator operates over the 935 to 960 MIIz fre­

quency band and

ed circuit board 
space, lowering 
the overall cost of 
cellular base sta­
tions. (Miniatur­
ized c irculators

able.) Available in 
either surface-mount (gull wing) or drop-in 
configurations, the units offer isolation of 23 
dB, insertion loss of 0.4 dB and SWR of 1.15. 
The units are housed in 0.750-inch packages 
without jeopardizing performance, as com- 
pared to the Standard one-inch packages. Op­
erating temperature range is -40° to +85° with 
processing temperatures up to 235°. Delivery: 
stock to 30 davs.
Mica Microwave Corp.,
San José, CA (408) 363-9200.

Circle No. 226

■  Drop-in Isolator

The model DSW1042-A drop-in isolator for 
mplifier applications is 

available in PCS 
1900, DCS 1800, 
EDSM, AMPS 
and UMPTS fre- 
quencies. The 
isolator offers 
good pe rfo r­
mance specifica­
tions and includes 
integrated termi- 

nation, reverse power detector with TTL out­
put compatibility and high torque SMA con­
nectors. The DSW1042-A is factory-config- 
urable to meet custom specifications.

TRAK Communications Ltd., 
a TRAK Communications Company, 
Dundee, Scotland +44 (0) 1382 833 411.

Circle No. 263

■  High Performance 

Cable Assemblies
These high perform ance, semi-rigid, pre- 
formed build-to-print cable assemblies main- 
tain electric parameters, including SWR of 
< 1.25 to 18 GHz. Phase and amplitude match- 
ing are available. The Company offers competi- 
tively priced products as well as a large con­
nector inventory, reducing lead times. 
RFCircuits lnc.,
Hatboro, PA (215) 675-8003.

Circle No. 266

Seeusat MTTT h e

F u t u r e

Of
T u n e r s  June 13-15, Boston, M A

I  PMT is a new family of programmable tuners,
I uses two independent RF probes to generate verv high 
I  VSWR (~200:1). PMT allows load pull testing of high power 
I transistors without using quarter wavelength transformers.

Programmable Prematching offers 
several advantages, such as:

I Adjustable target tuning area

1* ' High calibration accuracy 
’ High power handling

• High instantaneous bandwidth



PRODUCTS
■  A M  PS Band Transmit Filter

NEW
The model AFB-21A-8689-01 AMPS band 
transmit Filter provides highly selective receive 
hand filtering while delivering more than 75 
dB of isolation in the 824 to 849 receive band. 
Passband insertion loss is 1.0 dB (max) and 0.7 
dB (typ). Designed to pass through the full 869 
to 892 MHz AMPS transmit band, the filter 
has power ratings of 500 W CW, 10 kW (pk) 
with multicarrier power capabilities of 20 carri­
ers at 25 W  each. Type-N connectors are Stan­
dard, and 7/16 DIN connectors are available as 
an Option.
Nur da Microwave-West, 
a division o f L-3 Communications,
Folsom, CA 
(916) 351-4500.

Circle No. 231

EMF System s, Ine. designs, develops, a n d  m anufac tu res  So l­
id S ta te  O scilia tors fo r bo th  the  m ilitary and  com m ercial 
m arke ts . O ur expertise  h as  been  app lied  to s b m e  o f th e  
m ost advanced electron ic  S y s te m s  in p re se n t u se . P lease  call 
ou r eng ineers  w ith your iëchnical specifications in th e  a rea  
of Solid S ta te  M icrowave and  A ssociated  C ircuitry . At EMF, 
your call g e ts  a  quick response.

* ■■ a " t  v : \ ;
VCO’s Dietectric Resonator Osc.

:*3«3£!0<s£Nt:

: : :
JSSüfiüJ

SPECIAL CUSTOM PRODUCTS include:
Multiple Frequency Sources, Up/Down Convertors, Radar Simulators, 
Multipliers, Broadband Linearized VCO’s, Receivers and More.

120 S C IE N C E  P A R K , STATE  C O L L E G E ,  PA 16803 
PHONE 814-237-5738 • FAX 237-7876 - WEB emfsystems.com

■  High Power Reactive 
Signal Sampler

The model HX- ION 500 W  sampler-detector 
consists of a low loss coaxial Transmission line 
to which a reactive probe is loosely coupled. A 
small portion o f the RF energy in the main line 
is coupled by the probe loop to the auxiliary 
output via a detector diode. The coupling be­
tween the probe and the main line is continu- 
ously adjustable and can be lockcd at any con- 
venient position. A common Application is to 
connect the sampler-detector to the load port 
of the transmit isolator. When reflected power 
exeeeds a predetermined level, the pre-set de- 
tected output will sound the alarm. 
Microlab/FXR,
Livingston, NJ (973) 992-7700.

Circle No. 227

m  1 .0 -  18 GHz
SPST Nonreflective Switch

^ g j j l

This broadband 1.0 to 18 GHz SPST nonre­
flective switch features -60 dBm in band video 
transients, a 9-PTN mini D connector and two 
nonreflective ports with 1 W of hot switching. 
Switching speed is 30 ns and voltage supply Ls 
+5 V at 90 mA and —15 V at 70 mA. Isolation is 
60 dB and insertion loss is 3.5 dB. The switch 
is best suited as a pulse modulator for test 
equipment, a  robust bench-top switch for auto­
matic testing equipment or a high Iinearity 
switch for electronic warfare applications. Size: 
1.10" x 1.10" x  0.42'!
Micronetics Wireiess lnc.,
Hudson, NH  (603) 883-2900.

Circle No. 228

■  Channel Filter Assembly
The Merrimac 14 channel filter assembly oper- 
ates over the  2.53 to 5.26 GHz frequency 
range and contains 14 seven-pole, stripline 
Chebyshev hairpin resonator filters. Phase 
match between odd and even filters is ±45° at 
+50 MHz crossover points with a power supply 
of 1.0 W. Input/output return loss is 10 dB 
(min) and input/output impedance is 50 Q 
(nom). Operating temperature range is -65° to 
+125°. Size: 1.50" x 2.90 x 0.13'!
Merrimac Industries lnc.,
West Caldwell, NJ (888) 434-6636.

Circle No. 225



■  Single-channel ENG  

Bandpass Filter
The model 12861 single-channel electronic 
news gathering (ENG) handpass filter operates 
over the 1990 to 2110 MHz frequency range 
and has an 8 MHz bandwidth, providing less 
than 3.5 dB of insertion loss at center frequen­
cy. The unit offers greater than 25 dB of rejec- 
tion at ±7 MHz from center frequency, thereby 
providing selectivity to remove undesired or 
interfering frequencies. (For greater out-of- 
band frequencies, the unit offers either 8 or 16 
MHz bandwidths and additional sections.) De­
signed for indoor apphcations, the unit also can 
be modified for outdoor use. Connectors are 
50 Q type-N female, but other connectors are 
available upon request 
Microwave Filter Company Ine. (MFC), 
East Syracuse, N Y (800) 448-1666 
or (315) 438-4747.

Circle No. 229

■  Ultraminiature 
Switch Connector

This ultraminiature SWD switch connector is

ing it well suited for use in troubleshooting RF 
c ircuits or perform ing autom ated System 
checks in a high speed process in factories. In­
sertion loss is 0.1 dB (max) without adapter. 
Available on tape-and-reel, the unit offers the 
capability of easy measurement of radio board 
characteristics from outside of the portable de- 
vice’s case. Price: 450 to 550 in moderate quan- 
tities (10,000 to 25,000).

North America Ine. (MENA),
Sm ym a, GA (770) 433-5782.

Circle No. 230

■  Biphase Modulator/Shifter
The model PS-90-0612 miniature, single-bal- 
anced biphase modulator/shillcr provides ±90°
....... or 180° of phase

shifting (±10) 
r the 6 to 12 

GHz frequency 
range. (Double- 
balanced options 
also are available.) 
O ther frequen­
cies from 2 to 18 
GHz are available 

in octave bandwidths. Insertion loss is 2.5 dB 
and SWR is 2.0 (typ). The biphase modulator/ 
shifter operates from +5 V DC at +75 mA and 
-5  V DC at —20 mA (max), and offers rise and 
fall times of 20 ns and 10 ns, respectively, and 
60 ns delay on and 45 ns delay off. (High speed 
25 ns units also are available.) Output logic is 
TTL, but ECL also is available. Size: 2.00" x 
0.79" x 0.54"
Planar Monolithics Industries lnc. (PM1), 
Frederick, MD (301) 662-4700.

Circle No. 232

■  Microwave Assembly

The model MP4269 switch filter bank inte- 
grates seven switched bandpass filters that op- 
erate over the input frequency range of 0.45 to 
20.1 GHz and a passband range of 0.45 to 8.05 
GHz. Passband insertion loss is 5.5 dB (max), 
passband-to-passband Variation is 1.5 dB (max) 
and differential group delay is 10 ns. Channel- 
to-channel isolation is 60 dB (min), SWR (at all 
ports) is 1.8 and input third-order intercept is 
+30 dBm (min). Logic is CMOS compatible. 
Operating temperature range is 0° to 70°C 
with power supply voltages of +5 or -15 V. 
Size: 5.00" x 4.00"x 0.50", excluding SMA field- 
replaceable connectors.
Robinson Laboratories Ine.,
Nashua, NH  (603) 880-7880.

Circle No. 233

■  Dual-band Quadrature Hybrid

The model FH6370-1 dual-band quadrature 
hybrid handles 200 W CW of power while op­
erating over the 800 to 2400 MHz frequency

MDC offers a vast line of 
coaxial diplexers and filters for 

PCS base stations and other 
wireiess applications.
Our extensive Simulation and 

optimization tools. coupled 

with our state-of-the-art 
largc volume manufacturing 

facility. allow MDC to produce: 
the optimum in performance 

and price.

üÉ tó iuN

Let MDC customize your 
next diplexer requirement.

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

mailto:microwav@mdc.usa.com
http://www.mdc-inc.net


I  D C - 3 GHz GaAs SPDT Switch

PRODUCTS
range. Insertion loss is 0.2 dB (typ), SWR is 
1.22 (max) and isolation is 20 dB (min). Typical 
applications for the quadrature hybrid include 
antenna feeds and am plifier combing in 
telecommunication base stations. Type-N fe- 
male connectors are Standard, but altemate 
connector requirements are available upon re- 
quest. Size: 5.60" x 1.50" x  1.00'!
Sage Ixiboratories lnc.,
Natick, MA 
(508) 653-0844.

Circle No. 234

NEW The model IS-2103 GaAs SPDT switch covers 
the DC to 3.0 GHz frequency range with isola- 

tion of 50 dB. 
Switching speed 
is 2 ns, insertion 
loss is 0.7 dB and 
typical third-or- 
der in tercep t is 
+49 dBm. The 
switch is well 
suited for next- 

generation applications where package size and 
performance arc critical. Housed in a SOIC-8 
plastic surface-mount package, the unit is avail­
able on tape-and-reel for automated assembly. 
Price: $1.48 (1000-2499).

sspa MICROWAVE
CORPORATION

"Solid State of the Art" Satellite Microwave Technology

SSPA MICROWAVE CORPORATION is a recognized leader in the microwave solid 
state pow er am plifier 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 a v e  F e a t u r e s

✓  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 or redundant Systems.

✓  SSPAs available as modules, indoor 
rack-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!

SSPO MICROWAVE CORPORATION
7420 Pacific Circle, Mississauga, Ontario, Canada L5T 2A4 

Tel.: (905) 565-0558 ❖  Fax: (905) 565-0588 
e-mail: marketing@sspamicrowave.com 

Website: http://www.sspamicrowave.com

Signal Technology Corp.,
Olektron Operation,
Beverly, MA (978) 524-7444.

Circle No. 235

■  Connector and Ground Kit 

Attachment

The LMR® flexible coaxial cables now inch 
prep (strip) tools, which simplify preparation 
the cable end for connector attachment by e 
ily removing the cable jacket a 
center conductor to the exact 
quired; deburring tools, which remove burrs or 
sharp edges remaining on the end of the center 
conductor; heavy duty precision crimp tools 
and interchangeable dies for years of reliable 
service; and midspan strip tools, which prepare 
the cable for attaching the ground kit by care- 
fully removing the outer polyethylene jacket 
without damaging the underlying shield. The 
LMR cables are well suited for use as antenna 
feeders, System jumpers and interconnects.

■  Precision Trimmer Capacitors
The model V6152 sapphire dielectric has been 
added to the Companys line of dual-tracking 

~~ precision trimmer

have one common 
term inal. The 
V6152 measures 
0.48" long, tunes 
from 0.5 to 3.5 pF 
and can be used 
over 2 GHz. At 
250 MHz, Q is 
over 1500. The 
un it also can be 
fine-tuned with 
more than 10 full 
turns. Price: $16 
(1000). Delivery: 
four weeks.

Circle No. 238

■  Miniature 75 Q. SMB
Edge-mount PCB Connectors

These 75 £2 SMB matched-impedance connec­
tors feature an air-dielectric interface that al- 
lows the envelope dimensions to conform to 
the miniature size of MIL-PRF-39012 SMB 
series connectors. The convenient snap-on 
mating and small size make them ideal for use

mailto:marketing@sspamicrowave.com
http://www.sspamicrowave.com


in applications requiring dense paekaging. The 
connectors fit on the edge of a PCB up to 
0.062”” thick and are soldered directly to the 
board circuitry without drilling. The connec­
tors also can replace more expensive conven- 
tional right-angle types, and are constructed 
with brass bodies and contacts and Teflon insu- 
lators. All metal parts are gold plated to meet 
MIL-PRF-39012 requirements.
Applied Engineering Products (AEP),
New Haven, CT (203) 776-2813.

Circle No. 270

■  RF Coaxial Panel Jack
The model 7-16 EL RF coaxial panel jack fea­
tures a connector body that measures 1.25- 

“  inches from the 
Hange to easily at- 
tach cables and a 
large center con­
ductor access hole 
to simplify solder­
ing. Available for 

0.141-inch and 0.250-inch semi-rigid cable, the 
panel jack has a direct solder inner and outer 
center conductor with a solid outer ring. The 
panel jack is manufactured with silver-plated or 
Tru-Lustre™ tri-metal brass bodies, silver-plat­
ed beryllium copper female contacts, and silver- 
or gold-plated brass male contacts. Designed 
specifically for cellular base station antenna, 
telecoinmunication and related equipment ap­
plications, the 7-16 EL offers -155 clBc typical 
intermodulation and Ls rated up to 2700 V rms 
with 50 Q impedancè. Price: $12.95 (1000), 
Tru-Connector Corp.,
Peabody, MA (978) 532-0775.

Circle No. 237

■  Low Intermodulation 

50 W  Load
ie  model 50-T-FN 50 W  load offers low in- 
rmodulation for cellular and PCS applica­

tions. Typical in­
termodulation for 
the cellular band 
is -116 dBc when 
te sted  at +43

the PCS band is -121 dBc when tested at +43 
dßm. The load has a frequency range of DC to 
4 GHz with SWRs of 1.10 (DC to I GHz) and 
1.25 (DC to 4 GHz). Conncclor options are 
BNC, 1EC 7/16, N type and TNG.
BCP, Largo, FL (727) 547-8826.

Circle No. 271

■  Programmable Attenuators 
and Interfaces

The model 8210A SmartStep™ interface pro­
vides a flexible, low cost solution for the con- 
trol and Operation of electroinechanical switch­
es and programmable step attenuators using 
Standard Communications interfaces. The 
8210A is designed specifically to interface with 
SmartStep programmable attenuators, provid­

ing a high level interface from various industry 
Standard Communications interfaces, including 
IEEE-488 and RS232/RS422/RS485. The 
SmartStep technology streamlines System de­
sign and device integration by providing a flexi­
ble bus interface as well as components that

Frederick, MD  
(800) 638-2048 
or (301) 846-9222.

Circle No. 239

■  Improved Cables
HELIAX® cables now provide enhanced elec­
trica! performance due to improvements in the

closed cell foam 
dielectric design 
and refinements 
and advances in 
the Companys ca­
ble manufactur- 
ing process. For 

;LIAX LDF7-50A 
(1-5/8") cable now has 0.71 dB/100 feet attenu- 
ation, a 0.6 dB improvement. At 2 GHz, the 
cable offers 1.17 dB/100 feet attenuation, a 
0.08 dB improvement.
Andrew Corp.,
(Irland Park, IL  (800) 255-1479.

Circle No. 269

[Continued on page 181]

Tracking

Auxiliary
Input

4510 B lo ck  D iagram

■  Hold-over stability without GPS Signal 1 x 10 1
compliant to ITU-T G.812 type I - VI and ANSI 
Stratum 2, 3E, 3 SSU

U  Meets ITU-T G.811 with GPS Signal available
■  UTC locked output of 1 pps and 10 MHz output
■  Supports 1 +1 redundant configurations 
m G. 703-2/6/10 frequency input optional
m Sirnultaneously tracking of up to 8 satcllites
■  Dimensions (WxHxD): 61 x 129 x 172 mm

Oscilloquartz is leadmg world-wtdc in quartz oscillator technology for 
more than 60 years. It offers a large choice of OCXOs for a wide field of

1  OSCILLOQUARTZ
BWÄTCH oboup

Oscilloquartz S.Ä. Rue des Srevards 16 CH-2002 Neuchätel 
Switzeriand Tel. +4132 722 5555 ■ Fax+41 32 722 5556 
e-mail: osa@oscilloquartz.com ■ http: //www oscllloquartz.com

mailto:osa@oscilloquartz.com


i tR L T R W
10651 NW 19,h Avenue 
Miami, Florida 33172 U.S.A 
Tel: 305-593-6033 
Fax: 305-594-3973 
e-mail: sales@raltron.com 
Internet: http://www.raltron.com

Frequency Range to 2.48 GHz 
Tolerance and Stability to ± 10 PPM 
Temperature Range -55°C to 125°C 
+3.3 Volt Option (HCMOS)
Enable / Disable Option
Through Hole and SMD Configurations

Frequency Range to 100 MHz 
Frequency Stability to ± 1.0 PPB 
Temperature Range -40°C to 85°C 
Excellent Short and Long Term Stability 
Enable / Disable Option 
Through Hole and SMD Configurations

A  W o r ld w id e  M a n u f a c tu r e r  o f:

3  Microprocessor Crystals
4 Oscillators
4 Crystal Filters 
4 Ceramic Resonator 
4 Saw Devices 
V VCO Products

Frequency Range to 160 MHz 
er md ib tj i  0 PPM 

Temperature Range -55°C to 125°C 
+3.3 Volt Option (HCMOS)
Enable / Disable Option
Through Hole and SMD Configurations

Frequency Range to 160 MHz and Higher 
Stability to ± 0.3 PPM 
Wide Temperature Range 
Low Phase Noise
Through Hole and SMD Configurations

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


NEW
PRODUCTS

■  High Performance Transformers

These HDSL2 transforrners are optimizéd for 
level one SK70740/-41/-42 and other 11DSL2 
transceiver chip sets. The model H27650-A 
and siirfaee-mount model H27695-A trans- 
forrners are among the smailest available with a 
footprint of 0.650" x 0.675" x 0.350" (16.5 x 
17.2 x 8.0 mm). 'Hie Companys HDSL2 mag- 
neties are engineered for minimum DC resis- 
tance (1.5 to 5 f l) and very low leakage induc- 
tance (15 p ll, typ). Primary inductance with 
and without bias is stähle from -40° to +85°C. 
Return loss is 13 to 15 dB at 320 kHz and typi­
cal longitudinal balance at 40 kHz is rated at 65 
dB. All parts are designed to meet UL 1459 
and UL1950 requ irem ents . Price: $1.80 
(10,000). Delivery: stock.
Coilcraft, Cary, IL  (847) 639-6400.

Circle No. 272

■  Coaxial Relay

The model 76A00 coaxial relay incorporates a 
built-in RF or video amplifier that is conve- 
nient when assembling nonblocking matrices 
or when a gain block is needed in conjunction 
with a coaxial relay. The module is self-termi- 
nating, allowing it to mate with power Splitters 
(which always nced to be terminated). In addi­
tion, the unit can be used independently or in­
corporated in the Companys model 11600 con­
troller chassis, which provides RS-232, RS-422, 
1EEE-488 and keypad control. The relay’s fre­
quency response of DC up to 800 MHz makes 
it ideal for Switching wideband RF/IF or fast 
rise video/pulse Signals.
Matrix Systems,
Calabasms, CA (818) 222-2301.

Circle No. 275

■  Low Loss, High Linearity 
MOSFET Quad Mixer

The model PE4J20 high linearity MOSFET 
quad mixer is a passive broadband device that 
performs functions ranging from frequency con- 
version to phase detection at up to 2.5 GHz. A 
conversion loss of only 6 dB across its entire op­
erating frequency range of 500 MHz to 2.5 GHz 
makes the unit ideal for such applications as cel-

lular/PCS telephone network base stations and 
cable modems. The device mixes a received RF 
Signal without the output of a LO to produce an 
IF. Similarly, it mixes IF and LO Signals to pro­
duce an RF output. Power loss during the con- 
version process is only 6 dB at any frequency, 
with a 20 dBm LO drive. Linearity is 36 dB and 
LO-RF isolation is 34 dB over the temperature 
range of-40° to +85°C. Price: $1.00 (10,000). 
Peregrine Semiconductor Corp.,
San Diego, CA (858) 455-0660.

Circle No. 278

■  6 -  18 GHz
I & Q  Vector M odulator

The model M2L-68N-5 360720 dB PTN diode 
I & Q vector modulator operates from 6 to 18

GHz and offers 
s im u l ta n e o u s  
phase and ampli­
tude control. To­
tal phase error 
access across the 
en tire  band is
< ±10° and am ­
p litude  erro r is
< ±1.5 dB. SWR 
is b e tter  than 2

and insertion loss is < 12 dB. The device 
demonstrates a linear control input slope with 
output voltage and Ls packaged to form, fit and 
function as an industry-recognized Standard. 
With monotonie performance, the device is 
digitally controlled via two sets (I & Q) of 12- 
bit, TTL-compatible, binary logie inputs and

■ s iv E R s a m —

VC0 3 -2 4  GHz

Ultra wide band oscillators
VO3260S VO3260C VO3260X VO3260P VO3260K 
V03262S V03262C VQ3262X VQ3262P VQ3262K

The oscillators cover the range within 3-24 G H z  with a guaranteed 
frequency overlap. They are all fundamental frequency versions and have 
built-in regulators, buffers ampiifiers and an output filter.

Typical applications are microwave Instruments, cellular test instruments, 
measurements sensors, military EMC, mine detection sensors and special 
test set.

Sivers Ima AB
Box 1274 Phone: +46 (0)8 703 68 07
Torshamnsgatan 9 Fax: +46 (0)8 751 92 71
SE-164 29 Kista/Stockhoim
Sweden w w w .siversima.se

http://www.siversima.se


PRODUCTS
the Switching speed is < 500 ns. A device 
with a frequency range of 2 to 18 GHz is also 
available.
G.T. Microwave Inc.,
Randolph, NJ 
(973) 361-5700.

Circle No. 273

■  Low Cost SMT
Directional Couplers

The GLSN series surface-mount directional 
couplers provide a selection of coupling values

NEW
from 6 to 16 dB 
and the compact 
design (5.7 x 5.7 
x 4.0 mm) uses a 
dual-aperture fer-

ramic base. The 
model GLSN16D152 16 dB coupler offers a 
maximum loss at 20 MHz of 0.6 dB and 3 dB 
band limits of 0.5 to 1500 MHz. All models 
have an operating temperature range of ^10° 
to +125°C. The couplers are suitable for auto­
matic insertion into circuits assem bied using 
refiow or vapor phase soldering. Terminals arc 
formed from the ends of the coil windings, 
eliminating solder joints between the coil and 
the terminals that could open from the heat of 
circuit assembly. Price: 990 (production quanti-

Applications include

• Waveguide components

• Antennas

• Resonators

• M icrostrips

• Microwave heating

For further information contact:

V  VECTOR FIELDS

Vector Fields Inc
1700 North Farnsworth Avenue, Aurora, II 60505, USA 
Tel: (630) 851 1734 Fax: (630) 851 2106 
Email: info@vectortields.com 
Web: http://www.vectorfields.com

ties). Delivery: eight to 10 weeks. 
Sprague-Goodman Electronics Inc., 
Westbury, N Y (516) 334-8700.

Circle No. 280

■  1 8 -2 6 .5  GHz 

Eight-way Power 
Divider/Combiner

The model PS8-116 eight-way power 
divider/combiner operates from 18 to 26.5 

GHz and offers a 
high isolation of 
17 dB (min) and 
low insertion loss 
of 2.8 dB (max)

loss). SWR is 1.6. 
The unit cxhibits a 

±0.5 dB amplitude and ±12° phase balance. It is 
housed in a rugged aluminum material with 
type SMA female connectors. Delivery: stock. 
Microwave Communications 
Laboratories Inc. (MCLI),
St. Petersburg, F L (727) 344-6254.

Circle No. 276

■  Me tal Oxide Varistors
These inetal oxide varistor transient voltage 
surge suppressors are offered in seven model 

sizes from 5 to 20 
mm (dia) and 
have a VM (AC/ 
RMS) voltage 
range from 10 to 
1000 V. Energy 
absorption capa- 
bilities are up to 
560 joules. These 

radial Ieaded devices are ideallv suited for op­
erating continuously across the line (AC) for 
protecting expensive, sensitive electronic com­
ponents. Prices (1000): 5c, 5 mm size; 300, 20 
mm size. Delivery': stock to eight weeks.
Ixmbe Technology,
Camarillo, CA (888) 355-2823.

Circle No. 274

■  Surface-mount LC Filter

The model 8623 lullv herrnetic sealed surface- 
mount I .(. filter lor wireiess applications is ca- 
pable of surviving high temperature refiow and 
aqueous cleaning requirements. The unit is 
centered at 6 MHz with a 1 dB passband of 
300 kHz and a 40 dB stopband of ±1 MHz. 
The filter also features outstanding group delay 
performance and 50 Q input/output resistance. 
Piezo Technology lnc. (PT1),
Orlando, FL (407) 298-2000.

Circle No. 279

■  Lumped Element VHF 

Circulators
The models 3C100, 3C101 and 3C102 drop-in 
circulators are designed for 200 W GW input 

[Continued on page 185]
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50 TO 200MHz MAGIC-TEE 
OPERATES WITH LOWLOSS 
Mini-Circuits has introduced a versatile 
2way-0°/180° power Splitter and combiner 
for the 50 to 200MHz band. Model AMT-2 
typically has low insertion loss (0.25dB S-1 
and S-2, 0.8dB J-1 and J-2), very good 
1.10:1 input/1.12:1 output VSWR, plus 
excellent 0.1 dB amplitude and 1 degree 
phase unbalance. Designed for 50 ohm 
Systems, this 4 port hybrid covers IF 
receiver and satellite applications. 
Maximum power input as a splitter is 0.5W.

3000 TO 4000MHz M IXER  
IS  TEMPERATURE STABLE
Higher frequency designs will benefit 
from Mini-Circuits patented family of 
MBA model Blue Cell™ mixers, which 
deliver a unique combination of low conversion 
loss, superb temperature stability, thin 
0.07” profile, and low cost. This level 13 
(LO) MBA-35MH model spans 3000MHz 
to 4000MHz with 22dB L-R, 14dB L-l 
isolation and low 5.1 dB midband conversion 
loss (all typ). Operating temperature is 
-40°C to +85°C (max.) and applications 
include satellite and PCMCIA._________

824 TO 849MHz COAXIAL AMPLIFI­
ER FEATURES LOWNOISE 
This 824 to 849MHz cellular band ZQL-900LN 
low noise amplifier from Mini-Circuits typically 
p rovides high 1 6.5dB  gain (±0.2db 
flatness), ultra-low 1.0dB noise figure, 
and 22.5dBm  maximum power output 
at 1dB com press ion. High +35dBm 
IP3 helps suppress noisy intermodulation 
products, and operating temperatures range 
from -40°C to +70°C maximum. Equipped 
with 50 ohm SM A -Fem a le  connectors.

/ fromN 
V $ 4 .4 5 /

RF TRANSFORMERS HAVE 4H  ^  
IMPEDANCE 200 TO 1400MHz 
Broad band TCM4-14 surface mount RF 
transformers from Mini-Circuits operate in 
the 200 to 1400MHz band with 4:1 impedance 
ratio. Referenced to midband loss (0.8dB 
typ), insertion loss is 1dB from 800MHz to 
1000MHz, 2dB in the 300 to 1300MHz 
range, and 3dB band wide when operated 
within -20°C to +85°C (max.). Open 
case design has plastic base with solder 
plated leads, and applications include 
impedance matching and baluns. RF 
power is 250mW  (max.).

FROM
U 1 9 .9 5 J

1550 TO 1720MHz VCO 
HAS UNEAR TUNING 
The ROS-1720 voltage controlled oscillator 
from Min i-Circuits operates within the 
1550MHz to 1720MHz band targeting 
P C S  and D C S  a p p lic a t io n s  w ith  low 
-1 41 d B c /H z  S S B  phase  no ise  typ ica l 
at 1M H z offset, w ide  3 dB  m odula tion  
bandw id th  ty p ica l at 18000kH z , and 
28-34MHzA/ (typ) linear tuning sensitivity. 
Housed in a m iniature 0 .5 ”x 0 .5 ”x0 .18 ” 
industry  S tandard package , typ ica l 
power output is 7dBm .

2WSMA ATTENUATORS AVAILABLE 
IN DESIGNER’S KIT 
Six different D C  to 18GHz fixed attenuators 
from Mini-Circuits “BW" series are now 
available at a special evaluation price in 
designer’s  kit form. Kit number K-BW2 
contains units that display nominal attenuation 
values of 3dB, 6dB, 10dB, 20dB, 30dB, 
and 40dB. Built tough to handle 2W average, 
125W peak power, these miniature stainless 
steel precision attenuators are ideal for 
matching, test set-ups, and instrumentation 
applications. Available from stock.

□  Mini-Circuits
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information i 

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

S Ä
CIRCLE READER SERVICE CARD 

l-CIRCUITS CATALOG & WEB SITE



W ITH A LITTLE

TLC “O” MMIC Chip
The W orlds M ost Versatile 

M M IC Chip

2 to 79 GHz Operation

MULTIPLIER, VCO, ILO, DRO,

> 16 dBm  @ 38 GHz 

8 dBm @ 77 GHz

-100 dBc/H z @ 100 KH z @ 77 GHz

The TLC  “O ” chip  is a g en e ra l p u rp o se  M M IC  o sc illa to r w ith  
an o u tp u t b u ffe r am plifier. The c e n te r fre q u en cy  is vo ltage a n d  
m ec h a n ic a lly  tu n ab le  b y  p lu c k in g  a irb ridges. Versatile  Option  
a llow s fo r h ig h e r Q res tora tio n , in jec tion  locking, h arm o nie  
m u ltip lication , s u b -h arm o n ic  m ix  up a n d  dow n.

The versa tility  o f th e  TLC O 01981 “O ” ch ip  o sc illa to r m akes  it an  
e x ce llen t cand idate  fo r  use in ra d a r o r com m u n ica tio n  System s  
fro m  2 to 79 GHz.

P aten ts  P en d in g

... YOUR P R O D U C T CO M ES TO LIF E
TLC PRECISION WAFER TECHNOLOGY, INC. 
1618 WEST RIVER ROAD N.
MINNEAPOLIS, MN 55411 
(612) 341-2795 FAX (612) 341-2799 
Web: www.tlcprecision.com  
E-mail: sales@tlcprecision.com

OUR MISSION IS TO GIVE OUR CUSTOMERSA COMPETITVE ADVANTAGE!

MIXER, A M P

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


PRODUCTS
power and operate over the 132 to 174 MHz, 
132 to 154 MHz and 150 to 174 MHz frequen­
cy ranges, respectively. AU models offer 18 dB 
(min) isolation, 0.6 dB (max) insertion loss and 
1.3 (max) SWR. Return loss is 18 dB (min). 
Size: 1.99" x 2.54" x 0.75" (50 x 65 x 19 mm). 
Deliveiy: two weeks.
Alcatel, Ferrocom Ferrite Products,
San Jose, CA (408) 229-8171.

Circle No. 268

NEW

AMPLIFIERS
■  High Isolation

Distribution Amplifiers

The model FE-7923A low cost.lO-channel 
sinewave distribution amplifier operates from 1 
through 10 MHz. Designed to meet stringent 
satellite ground station requirements, the am­
plifier offers low phase and amplitude noise 
bursts with isolation greater than 100 dB. The 
unit operates from a 115 V AC line or +15 V 
DC power supply. SWR of the input does not 
exceed 1.5 (refcrcnced to 50 Q). Various me- 
chanical configurations and connector types

are available, including 19-inch rack-mounting. 
FEI Communications Inc., 
a subsidiary o f  Frequency Electronics Inc., 
Mitchel Field, N Y  (516) 794-4500.

Circle No. 241

■  GaAs MMIC
Low Noise Amplifier

The models HMC262, HMC263, HMC281 and 
HMC282 low noise amplifiers (LNA) are well 
suited for microwave and miUimeter-wave point- 
to-point radios, LMDS, VSAT and other SAT- 
COM applications. The HMC262 features gain 
of 25 dB from 15 to 24 GHz, a single bias supply 
of +3 V at 36 mA with noise figure of 2 dB. The 
HMC263 provides gain of 23 dB from 24 to 36 
GHz, a single bias supply of+3 V at 46 mA with 
noise figure of 2.3 dB. The HMC281 offers gain 
of 22 dB from an output PldB of +9 dBm and 
noise figure of 2.5 dB. The IIMC282 provides 
gain of 26 dB from 36 to 40 GHz and an output 
PldB o f +9 dBm with noise figure of 3.5 dB. 
Operating temperature range is -55° to +85°C. 
H ittite Microwave Corp.,
Chelmsford, MA (978) 250-3343.

Circle No. 242

■  40 W  RF Power Amplifier

The model GRF2030DC high power, solid- 
state RF power amplifier utilizes linear power 
devices that provide good linearity, high gain 
and wide dynamic range. Designed for linear 
applications in the PCS frequency ränge, the 
amplifier also features a built-in, voltage-regu- 
lated bias supply and electromagnetic and RF 
interference filters. High efficiency Operation 
is achieved by employing unique microstrip 
networks and advanced GaAs FET devices. 
Ophir RF, Los Angeles, CA (310) 306-5556.

O rd e  No. 243

m CD M A  Amplifier
The model AMT-1930-016 dass A/B amplifier 
is designed as a single carrier amplifier for use 
in base stations. The fully integrated amplifier 
features alarms and cooling while delivering 
16 W  of average power and 31 dB of gain. Size: 
10.2" x 10.3" x 8.80".

[Continued on page 187]

A n te n n a  R ese a rch

Antennas
and
Accessories

ÄfmNHÄ
RESEARCH

11317 Frederick A ve., B eltsville , M D  20705 ; Phone: 3 01 -937 -8888  * Fax: 301 -937 -2796  

F or a free brochu re  o r  a quote, p lease  contac t u sa t: 1 -877-ARA-SALE o r  sales@ ara-inc.com 
m V isit oiir w ebsite  at: http://www.ara-inc.com

Global
m m u n ic

Radio Monitoring 
Radio Location
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niCRO-ADS ◄
ALUMINUM DIP BRAZING

COMPLEX WAVEGU1DE 
ASSY, TUNING AND TESTING
PASSIVE W/G COMPONENTS 
TEE, TWIST, TERMINATION

CUSTOM ENCLOSURES 
LIGHTWEIGHT THIN WALL 

EMI/RFI/PRESSURE SEALED
HEAT EXCHANGERS 

THIN FIN, AIR & LIQUID

TEXAS 
BRAZING 
INC.
400 E. HWY 80 
Forney, TX 75126 

FAX 972-552-3706 PH 972-226-9724
E-mail: tbi.sales@usa.net

FILTERS
High Performance Filters and Diplexers

FILTEL MICROWAVE INC.242 JUmé Vlneont, Ou«b«c, Canada, J7VSVS TEL: (430) 4S9-4M2/MX: (430) 4244419

www.labtechcircuiis.com

leaders in high 
technology microwave PCBs 
email: sales@labtechcircuits.com

Stea/th Microwave
A DMslon ol SSB Technologie« Inc.

1007 Whitehead Road Ext. Trenton, NJ 08638 
Tel: 609-538-8586 • Fax: 609-538-8587 

Email: sales@ssbtech.com 
Visit us on the Web: www.ssbtech.com

W A V EG U ID E & C O A X IA L 
SW ITCH S PEC IA LIST S

SWITCH OVER TO:

®  SECTOR MICROWAVE 
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 117229 
(516)242-2300 Fax: 516-242-6158

Request your “R-F Switch slide Guide" today!

t JS"
K u  t o  L - b a n d  T r a n s c e iv e r ,  2 W

Completely Integrated, total weight 2 kg
• HPC, OMT, FRF, LNC,
• 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 61 

e-mail: info@tsat.no
_________ www.tsat.no ____

ORCLE170

mailto:tbi.sales@usa.net
http://www.labtechcircuiis.com
mailto:sales@labtechcircuits.com
mailto:sales@ssbtech.com
http://www.ssbtech.com
mailto:info@tsat.no
http://www.tsat.no
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American Microwave Technologien (AMT), 
Anaheim, CA (714) 456-0777.

Circle No. 240

■  Medium Power 

GaAs FET Amplifiers
The models PA2010/SMP2010 low cost, medi­
um power GaAs FET amplifiers operate in the 

200 to 2000 MHz 
frequency range

hng
up to +25.5 dBm 

| for 1 dB compres- 
sion point. Third- 
order intercept is 
+33 dB and small- 

signal gain is 10 dB. Hermetic packaging is 
available in both TO-8 and surface mount. An 
SMA connector version is available as an Option. 
Stellex Microwave Systems Inc.,
Palo A lto, CA (800) 321-8075.

Circle No. 244

■  36 - 40 GHz
High Power Amplifier

The model CHA5094 high gain, three-stage 
monolithic high power amplifier is designed 
for a range of applications, including military 
and commercial cornmunication Systems. 
Available in chip form, the circuit is manufac- 
tured with a pHEMT process, 0.15 gm gate- 
length via holes through the Substrate, air

bridges and electron beam gate lithography. 
The backside of the chip is both RF and DC 
grounds, thereby simplifying the assembly 
process. Output power is 28 dBm with 11 dB 
±1 gain. DC power consumption Ls 1.3 A at 3.5 
V. Chip size: 4.51 mm x 2.60 mm x 0.05 mm. 
United Monolithic Semiconductors (UMS), 
Orsay, Cedex, France 
+33 (0) 1 69 33 03 35.

Circle No. 265

■  C-band and Ku-band 
Power Boosters

These C-band and Ku-band power boosters in­
clude control and protection functions and 

consist o f three 
major Subsystems: 
the RF amplifier, a 
power supply unit 
and a cooling Sys­
tem. The amplifier 
section contains all 
o f the  neccssary 
DC power condi- 
tioning circuitry 

for bias and sequendng of the RF amplifier de­
vices as well as ovcr-temperature protection, RF 
power detection, mute control and gain drop de­
tection. Cain flatness is ±1 dB (max) and SWR is 
1.5 (max). Designed specifically for use in very 
small aperture terminal applications, the units in­
novative mechanica! design features high thermal 
dLssipation efficiency with 12° to 15°C rising tem­
perature, resulting in a higher MTBF number. 
Wavesat Telecom lnc.,
Viüe St-Laurent, Quebec, Canada 
(514) 956-6300.

Circle No. 245

ANTENNAS
■  Millimeter-wave 

Sector Antennas
The WavShapr™ antennas are available for 24, 
26, 28,31 and 38 GHz Operation with ultra-low 
cross-polarization. Designed using intemaUy 
developed genetic optimization techniques 
that result in good antenna performance, the 
antennas offer extremely flat amplitude within 
the azimuth coverage region and extensive 
sidelobe suppression outside the sector. The 
WavShapr antennas are low profile, nigged and 
significant^ outperfonn traditional sector an­
tennas. Uniform power density is provided by a 
highly controlled cosecant elevation pattem 
throughout a 45° down tilt. Available in hori­
zontal or vertical polarizations, the antennas of­
fer SWR of 1.5 and maximum RF input power 
of 10 W.
Endgate Corp.,
Sunnyvale, CA (408) 737-7300.

Circle No. 261

■  300 MHz - 3 GHz 

Log Periodic Dipole 
Array Antenna

The model EM-6946 log periodic dipolc array 
antenna offers an exceptional combination of 
frequency coverage and high power handling 
eapability without compromising the consistent 
performance vs. frequency that makes the log 
periodic antenna so desirable for test applica­
tions. The rugged antenna is powder coated,

[Continued on page 188]



NEW  PRODUCTS
not raw or painted aluminum, ensuring that the unit will not corrode or 
otherwise change its electrica! characteristics over time. The wideband 
technology used in the unit allows the convenience of a single antenna 
for tests that previously would have required two or more antennas. 
Electro-Metrics, Johmtotcn, NY (518) 762-2600.

Circle No. 282

■  GPS Antennas
The GPS series anten nas feature a low profile microstrip patch design 
and provide higher gain and versatility than previous GPS antennas sup-

■
 plied by the Company.

Two basic model are 
available according to 
the user’s mounting re-

ordered in 26 or 31 dBi 
versions. The models 
AGPS26 and AGPS31 
antennas are available

or adhesive tape mount options and feature a built-in ground plane. The 
M mount-compatible units provide 360° azimuth and 0° to 90° elevation 
coverage with right-hand circular polarization. A low profile housing and 
electrically shielded LNA PCB with bumout protection is provided. In 
addition, the antennas are supplied with 15 feet of RG174/U cable and 
various connector choiees.
MAXRAD lnc., Ilanover Park, 1L (800) 323-9122.

Circle No. 283

■  High Power Trihedral Corner Reflector

The model 9887-800 high power trihedral corner reflector conslsts of a 
high power radome-enclosed monopole element placed into a trihedral

Dl RECTOR,
SALES ARD  MARKETING

J We are seeking a Sales and Marketing professional with experience I 
{ in the passive electronic components field to join our Senior 
I Management team. As a member of our team, the Director of Sales j
• and Marketing will be responsible for sales and marketing of our I 
I existing thick and thin film high reliability resistive products. In
■ addition, the Director will work closely with Engineering and R&D j
• to develop and market new products.
I This posrtion will report directly to the President/CEO.
I Responsibilities will include the management of routine operations ] 
| for the Sales and Marketing departments, contract negotiation and J 
j review, market research, selection of Manufacturers 
! Representaties, and control of the distribution channel.The 
f Position will required extensive domestic and foreign travel.

Candidates should have a minimum of 10 years experience in Sales I 
and Marketing of passive electronic components, a BS in business [ 
or engineering, strong communication skills, and a technical 
background. Experience in the military, medical or microwave 
markets is a plus.
State of the Art, Inc. is a small business wrth a casual work |
atmosphere. We offer excellent benefrts, competitie salaries and I 
opportunrties for personal growth. For further information |
conceming State of the Art visit our Website at resistorcom. I
Résumés can be mailed to:

Director, Sales and Marketing 
State of the Art, Inc.
2470 Fox Hill Road 

State College, PA 16803

814-355-2714

^  i



corner reflector. 
The unit operates 
over the frequen­
cy range from 
150 to 300 MHz 
and pow er han- 
dling is 325 kW at 
a 0.01 duty factor. 
Polarization is lin­
ear (rotatable for 

horizontal or vertical). Gain is 8 dBi (min); 
SWR is 2 (max); sidelobes are 13 dB (min), E 
and H planes; and cross polarization is 10 dB 
(min). The RF port os 3-1/8" 50 ü  coaxial line. 
Seavey Engineering Associates Inc., 
Pembroke, MA (781) 829-4740.

Circle No. 284

INTEGRATED
CIRCUITS
■  Integrated Data Tuner Solution
This low power, high performance integrated 
data tuner solution consists of an integrated 
upconverter widi a surface-acoustic wave filter 
and an integrated downconverter with a dual- 
synthesizer. The tuner conserves printed cir­
cuit board real estate while enabling high 
speed data, video and voice-over-cable and fea­
tures the lowest power eonsumption for cable 
set-top, cable modem and cable telephony ap­
plications.'Designed specifically to support the 
latest 256 quadrature amplitude modulation 
digital formats, the tuner solution reduces

component count, minimizes power consump- 
tion and offers DOCSIS-compliant perfor­
mance essential for next-generation cable de- 
viccs. Price: S7.50 (10,000).
ANADIGICS Inc.,
Warren, NJ 
(908) 668-5000.

Circle No. 246 

■  LNA/Mixer 900 MHz 
Downconverter

The model RF2461 low noise am plifier 
(LNA)/mixer 900 MHz downconverter is a 
complete receiver front-end that provides good 
noise figure and linearity performance for 
dual-mode CDMA/FM cellular applications. 
In addition to its digitally controlled LNA gain, 
mixer gain and power-down mode, the RF2461 
also features adjustable IIP3 of the LNA and 
mixer bias current using an off-chip current- 
setting resistor. The unit can be digitally con­
trolled between two levels, reducing current 
draw in CDMA standby and other situations 
that do not require high IIP3 while offering a 
30 dB stepped gain control range as it ampli- 
fies and downeonverts RF signals. Typical 
noise figure is 1.8 dB (RF246I), 1.8 dB (LNA) 
and 5.7 (mixer). Designed specifically for 
CDMA/FM cellular Systems and general-pur- 
pose downeonversion for various battery-pow- 
ered  equipm ent applications, the unit is 
housed in an LPCC-20 package that measures 
4 mm x 4 mm. Price: $1.87 (in quantities ex- 
ceeding 10,000).
RF Micro Devices Inc. (RFMD), 
Greensboro, NC  
(336) 664-1233.

Circle No. 247

■  Single-chip, Zero-IF,
ISM-band Transceiver

The model NT2903 Chip-Geiver™ is report- 
edly the world’s first fully integrated, single- 
chip, FM/FSK transceiver utilizing a unique, 
direet-conversion, zero-IF architecture. This 
approach allows a 30 to 40 percent reduction 
in total component count compared to a super- 
heterodvne receiver. The Chip-Ceiver offers 
füll duplex Operation in any 26 MHz band 
from 400 to 1000 MHz on a 2.7 to 3.3 V supply 
and integrates on-chip, dual VCOs, dual phase- 
locked loops, a reference oscillator, a quadra­
ture mixer, baseband filters, AGC and a patent- 
ed tankless discriminator. In addition, the de­
vice utilizes a direct modulation scheme, which 
can accept either analog or digital signals. Tim­
ing is accomplished via a three-wire serial in­
terface. Power output is 1.5 dBm. The device 
is fabricated as a monolithic BiCMOS IC and 
is available in a TQFP-48 (7 mm) package. 
Price: 84.63 (10,000). A fully functional evalua- 
tion board is also available for $199,
NL’MA Technologies Inc.,
Naples, FL (941) 591-8008.

Circle No. 285

SOURCES
■  Dielectric Resonator Sources

The company’s dielectric resonator sources are 
designed with the lowest phase noise at the

[Continued on page 191]

SPECIAL HERMETIC PRODUCTS, INC.
Hi-Rel By Design

Provides  50 co m b in ed  ye a rs  o f 
qua lified  E ng ineering  E xperience  
in  g la ss to  m e  tal se a l design , 
m anu factu ring  a n d  A p p lic a t io n .

D eveloped  th e  “A lum inum  
C om patib le” seal, w h ic h  en joys 
u n p re c e d e n te d  reliability.

Provides  füll rev iew  o f  yo u r 
p ro d u c t to  a ssu re  th e  op tim um  
se lec tio n  o f  feed th ru  design .

Assures  d e p e n d a b le  delivery  
th ro u g h  a  co m p le te  line  o f 
S tandard  p ro d u c ts  tha t w ill be  
read ily  availab le  w h e n  y ou  n e e d  
them .

Supports  y o u r n e e d s  w ith  
ancilla ry  item s, su c h  as: So lder 
P reform s, Fix tures, D ielectric 
B ush ings a n d  C apacitive  D evices.

Riverview Mill • P.O. Box 269 * Wilton, NH 03086 
TEL: (603) 654-2002 • Fax: (603) 654-2533 

url: www.shp-.seals.coin e-mail: sales@shp-seals.com

mailto:sales@shp-seals.com


Z I0 7
We already make 1,786 Standard 
connectors and cable assemblies...

microstripline, bulkhead. panel 
mount, field replaceables, her- 
metic, stripline and radius right 
angles.

-4 i.iII M l  * *33 u iC*B
Type "N” Connectors: cable 
types, bulkhead, panel mount 
and field replaceables.

replaceables and radius nght 
angles.

é t * '

replaceables, radius right angles

7mmS3S5m m ^nm ^dK'K-’''.

Special Connectors: build to 
print, design to cost, high tein- 
perature, high power, special 
hermetks and special radius 
right angles.

~ ^  (L. - -gl •* *

-bu t if you need something 
2 2 2  special, let's talk."

_ Walt Carpenter
C a n n e c t i n g  D b v Ic B S ,  I n c .  COI Sales Manager

(562) 498-0901 • FAX: (.562) 494-0955 •  E-mail: sales@connectingdevices.com • Hom epage: http://www/.connectingdevices.com

mailto:sales@connectingdevices.com
http://www
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lowest cost. Inter­
nal reference 
models are avail­
able up to ±5 pprn 
stability. (Phase- 
locked sources 
over 27 GHz also 
are available.) 
Special options

:i a separate reterence module to mini- 
ze. The Company also offers special 

units and surface-mount synthesizers as well as 
voltage-controlled oscillators.
RADITEK, San Jose, CA (408) 266-7404.

Circle No. 249

■  Crystal-controlled Oscillators

The X02000 series crystal-controlled oscilla­
tors cover the output frequency range from 80 
to 120 MHz with frequency stability of ±5 
ppm. RF output power is 13 dBm (typ) with a

power supply of +12 V DC at 35 mA. Phase 
noise at 10 Hz is -85 dBc/Hz and at 100 Hz is 
-122 dBc/Hz. Supply ripple sensitivity is 50 
mV, -76 dBc at 400 MHz and Vibration sensi­
tivity is < 5 x 109/G. Operating temperature 
range is 0° to +50°C. Size: 1.00" x 1.00" x 0.50'! 
Techtrol Cyclonetics Inc. (TCI), 
Cumberland,  PA 
(717) 774-2746.

Circle No. 250

■  OCXOs
The OX-2000 series oven-controlled ciystal os­
cillators (OCXO) are available in frequencies 

from 1 to  160 
MHz with a cen­
te r  frequency of 
+0.1 ppm (from 
0° to 50°C). The 
oscillators meet 
ANSI Stratum-3 
requirements, in- 
cluding ±4.6 ppm 
total stability over 

a Iifetime and +0.37 ppm over a holdover peri- 
od as well as variations in temperature, supply 
voltage, load variations and 24 hours of aging. 
The oscillators utilize a Contemporary semicon- 
ductor heating design, ensuring that the units 
reach thermal stability and specifications with­
in 1.5 minutes (typ) and fhree minutes (max). 
The OCXOs consume less than 2.5 W during 
warm-up and less than 1 W steady-state at 
25°C. The OX-2000 series are available in 
small 14-pin DIPs with package height of less 
than 10 mm from .1 to 60 Milz and less than 
12.7 mm for frequencies up to 160 MHz, 
which include SONET and asynchronous

transfer mode applications. Prices: start at $50 
(10,000). Deliveiy: 12 weeks (ARO).
Raltron Electronics Corp.,
Miami, FL (305) 593-6033.

Circle No. 264

PROCESSING
EQ U IPM EN T
■  Laser Stencil

The LPKF StencilLaser/Polymer enables the 
production of polymer SMD stencils while 
drastically reducing print rejects due to better 
paste release, especially in fine pitch technolo­
gy. The SMD stencils offer superior board con-

When it comes to testing 
your antenna products and
SyStemS, Micromve Instrumentation 
Technologies is thepetformn.ee leader. 
More thanforty-five years ago we helped 
define the concept of antenna measure- 
ment with the introduction of the first 
microwave antenna pattem ecorder.
Over the years, as a division of 
Scientific-Atlanta, lnc., we became the 
leading global supplier of microwave 
measurement products and Systems.
We introduced the first commercial 
planar scanner, the first compact range, 
the first automtic measurement system 
and the first spherkal near-field 
measurement system.

And our customer senke -  whether 
for smll repairs, tttmkey instaMM 
calibrations or range relocations -  
is second to none.

For more information on 
Ml Technologies, call us at 
1-800-848-7921, or visit our web 
site at www.mi-technologies.com 
Phone: 678-475-8328 
Fax: 678-475-8391
4500 River Green Parkway, Suite 200 
Duluth, Georgia 30096-2580

you need the best performer.

Uk 4T T
Technologies
J L Y X J L ™
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tact during printing process as 
Speeds up to three timcs faster than metal s 
cils. The stencils also offer a longer lifespan 
better memoiy effect of polymer stencils tlia 
metal stencils. In combination with the compi 
n\ 's TurboCut, the Stencil Laser

■  High Power Pulse Modulator
The PowerMod™ HVPM solid-state, high

A) at up to 30 kHz and insertion loss of less 
than 0.2 dB. Nominal pulse width is 1 to 100 gs 
and nominal pulse frequency is 0 to 30 kHz. 
Offcring full internal self-protection against 
over-voltage and over-current conditions, the 
PowerMod is well suited for upgrading switch 
tubes or thyratron/PFN Systems. The 19-inch 
rack-mountable unit is fully air-eooled and in- 
sulated and measures 19.0" x 30.0" x 24.0". 
Price: $50,(KM).
Divernified Technologies Inc.,
Bedford. MA (781)275-9444



SYSTEM S
■  Programmable Digital 

Downconve rter

The CommLinlc™ HSP50216 programmable 
digital downconverter (PDC) for cellular base 
stations delivers multiple channel processing of 
high dynamic range cellular protocols. The 
PDC contains four channels that can support 
up to four different protocols simultaneously, 
including TS-136 TDMA, GSM, EDGE, IS-95 
CDMA, 3G and legacy protocols such as 
AMPS, enabling cellular operators to eflicient- 
ly support multiple transmission protocols 
within the confines of one base station. The 
unit features on-board digital automatic gain 
drcuitry, which, when used in conjunction with 
on-board digital filtering, provides gain to a 
low level signal while simultaneously attenuat- 
ing out-öf-band interfering signals. A small 
outline BGA package that reduces required 
board space is included. Price: S60 (1000). 
Interuil Corp.,
Melbourne, FL (888) 468-3774, ext. 7976.

Circle No. 262

i Spread Spectrum 
Data Transceiver

er is a true plug-and-play radio modem with 
built-in self-adjusting power control to ensure 
good Communications.
RF Neulink, a division o f  RF Industries, 
San Diego, CA (800) 233-1728 
or (858) 549-6340.

Circle No. 253

■  2 W Ku-band Transceiver
This 2 W transceiver comprises a solid-state 
power amplifier, a low noise amplifier, Ku- 
hand to L-band Converters and an orthogonal- 
mode transducer with waveguide filters. (An 
externa! reference oscillator is available.) Nom-

cro controller and fault monitoring. Operating 
temperature ränge is -20° to +55°C.
TSAT, +47 23 037360, fa x  +47 23 037361 
or e-mail: info@tsat.com.

Circle No. 286

TEST E Q U IPM E N T
■  M ultiport Test System
The Agilent 87050E in ultiport test sets can 
dramatically improve tliroughput and aecuracy

.......... when evaluating
the performance 
of 50 Q RF com­
ponents on high 
volume produc- 
tion  lines. The 
multiport test sets 
are designed to 
work with the Ag­
ilent 8712E series 
network analyzers 

to offer a complete solution up to 3 GHz for 
measuring devices with up to 12 ports. The Ag­
ilent 87050E allows all transmission paths and 
port reflection characterisücs of a multiport 
device to be completely characterized with a 
smgle sei of connections to a devices ports, 
substantially reducing typical test times by 
eliminating the need to constandy connect and 
re-connect components. An integrated local 
area network interface allows the measurement 
system to become part of a factory-wide Ether­
net network using Standard protocols. Prices: 
$8250 to $14,250 (87050E) and $9750 to 
$22,250 (8712E). Delivery: eight weeks (ARO). 
Agilent Technologies,
Palo A lto, CA
(800) 452-4844, ext. 6849.

Circle No. 254

[Continued on page 199]
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Want to know the secret of success in the land of Linux and Nokia? It’s APLAC. An industrial-strength 

Simulation technology that combines the functionality of Spiee with the utility of an advanced RF simulator. 

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

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

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

3G, Bluetooth, and beyond.

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

All you do is supply the three ingredients mentioned above.

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

from our website www.aplac.com and contact us at APLAC Solutions. F *  L*

APLAC Solutions Inc
320 Decker Dr, Suite 100, Irving, TX 75062 

tel. 972-719-2562
www.aplac.com e-mail: sales@aplac.com

APLAC Solutions Corporation
Tulkinkuja 3, FIN-02600 LSPOO, Finland 

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

The Freedom To Do Things Right.

CIRCLE 21 ON READER SERVICE CARD

http://www.aplac.com
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The model MMT-4006-2II rnanual microwave
tuner covers the 0.4 to 50 GHz frequency
range in several medium and large bandwidth
model types. Best suited for use in critical RF
impedance nnatching operations, such as load-
pull and noi: manual mi-
crowave tun<ir provides independent timing of
the harmonie impedance at 2 f0. The tuner also 
allows for fundamental timing at frequencies 
between 6 and 40 GHz and second harmonie 
timing at any user-defined frequency between 
12 and 44 GHz.
Focus Microwaves Inc.,
St-lMurent, Quebec, Canada 
(514) 335-6227.

The model CS29010 fully integrated distortion 
■i high performance 

arb itrary  wave-

conversion and 
wideband record- 
ing capability 
with the  deep 
memory via a 600 
MHz Pentium II 
process with a 
W indows NT™ 
operating system. 
Designed specifi-

;rating in complex 
muiticnannei and muitisignal environments, 
the test set can determine key performance 
characteristics such as noise power ratio, third- 
order intennodulation distortion and adjacent- 
channel power ratio. The test set, which in- 
cludes the company’s unique and easy-to-use 
LabVIEW™ configured measurement and 
control software that provides initiation and 
scroll of test routines, is well suited for a vari- 
ety of wideband, complex mixed-signal design 
and development for components, Subsystems 
and Systems.
Celerity Systems, 
a division o f L-3 Communications, 
Thousand Oaks, CA 
(805) 523-7464.

Circle No. 256 Circle No. 255

■ Microwave Analyzer

The 6800 series microwave system analyzers 
now have expanded capabilities that include 
the addition of a high output power source Op­
tion. The Option provides a minimum +10 dBm 
of leveled power up to 24 GHz, allowing for lo­
cal oscillator Substitution in mixer and Convert­
er measurements. The inereased output power 
also increases the dynamic range in scalar and 
tuned input modes by 5 dB, yielding up to 90 
dB for filter and passive component testing. 
Other features of the 6800 series include fre­
quency versions of 3, 8.4, 20 and 24 GHz, pre- 
cision scalar network measurements, real-time 
transmission line fault location with 0.1 per­
cent accuracy and modular design for rapid 
service. Price: S1620 to $4050, depending on 
series model. Delivery': four weeks (ARO).
IFR Systems Inc.,
Wichita, KS (800) 835-2352 
or (316) 522-4081.

Circle No. 257
[Coniinued on page 201 ]

earth station by choosing a competitive tube. And we do mean __
competitive. Tubes from Thomson Components and Tubes are 
compatible with commercial Standards. And they incorporate a whole -----

T h e  t a b le  s h o w s  e q u iv a le n ts .  #Thomson components
S o m e  tu b e s  a re  m o re  e q u a l th a n  o th ers . We g iv e  y o u  a  c h o ic e . AND T^BES Corp.

spectrum of key advantages. Including the latest techndogical advances You need i t ' we 11 supply
in the field. All of which makes them the most cost-effective solution 
you can get. Which means now you've got a real choice. Make the 
most öf it. For rhore information, e-mail us at: info@tctus.com
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NHIGH POWER
Microwave Amplifiers

Milmega’s strength is the flexibility to design and build Standard and 
custom products and Systems for high quality solid state microwave amplifiers. 

This has created the Company’s global reputation as being the experts 
in the field of high power microwave engineering.

Milmega's capability to custom build for a 

comprehensive range of leading edge market 

applications include:

Physics research, where amplifiers provide high 
levels of energy to pump electrons up into required 
cnergy orbits.

For Electromognetic Compatibility (EMC) testing,
where wide frequency ranges are essential, Milmega 
amplifiers can be found generating field strengths 
over 200V/m.

For defence applications, the ability to operate 
over wide temperature ranges with high reliability, 
allows Milmega amplifiers to be built into 
sophisticated jamming systems, opcrated from 
extemal pods suspended bclow aircraft wings.

In hospitals, microwave cnergy is used in many 
processes to eliminatc unwanted tissue and many 
other specialised applications.

MILMEGA
A Therm o V o lte k  Company

Designers and Manufacturers 
of High Power Microwave Amplifiers and Systems

Milmega Ltd, Ryde Business Park, Nicholson Road, Ryde, Isle of Wight, P033 1BQ, UK 
Tel: +44(0) 1983 616863 Fax: +44(0) 1983 616864 

E-mail: sales@milmega.co.uk Web: www.milmega.co.uk 

A division of Thermo Voltek, a Thermo Electron Company 
CIRCLE 81 ON READER SERVICE CARD

Thermo 1 oltek |EB»lBwrrnf

mailto:sales@milmega.co.uk
http://www.milmega.co.uk
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■ Interference Analyzer
The BaseStAR™ interference analyzer is de­
signed to protect specific licensed uplink/rc- 

' : verse telecommu-
nications channcls 
(for example, 805 
to 821 MHz, 824 
to 849 MHz and 
1850 to 1910 
MHz) by simulta­
neously monitor- 
ing the protected 
band and poten­
tial interference 
sources located 
between 50 Milz 

and 2 GHz. The device can identify interfer­
ence generated by a single emitter or the inter- 
action of two independent emitters. The ana- 
lyzer provides information about the source of 
emission, including the offending Companys 
name and location, transmitter charactcristics 
and the interference mechanism.
Summitek Instruments,
Englewood, CO (303) 768-8080.

Circle No. 287

■ Automated Noise Power 
Ratio Test Set

The model UFX-NPR-22 automated noise 
power ratio (NPR) test set is a single, self-con-

tained unit that provides accurate NPR mea­
surements and return path laser testing charac- 
terization, eliminating the need for a spectrum 
analyzer or other extemal hardware. At the 
push of a button or remote command via a 
general-purpose interface bus, the unit can 
perform up to 25 NPR measurements at differ­
ent input levels, and store on-going measure­
ment results in memory. Noise power output is 
-60 to 0 dBm and impedance is 50 or 75 Q 
while operating over the 5 to 42 MHz frequen­
cy range. (The unit uscs industry recommend- 
ed test procedures for characterizing NPR over 
dynamic range.)
Noise Com, Paramus, NJ (201) 261-8797.

Circle No. 258

D EV ICE
■ 4  W Plastic-packaged 

GaAs Power FET
The model AM144MX-TF plastic-packaged 
GaAs power FET has a total gate width of 14.4 
mm and is designed for high power microwave 
applications up to 8 GHz. The plastic package 
is provided with straight leads in a drop-in 
mountiug style. The bottom of the package 
serves sim ultaneously as DC ground, RF 
ground and thermal path. The unit features 
high gain and saturated power of 36.5 dBm at 
2 GHz. Three heat sink paths are provided for 
effective heat removal.
AMCOM Communications lnc.,
Clarksburg, MD (301) 353-8400.

Circle No. 281

TU BES
M  EHF-band

Traveling-wave Tubes

The models T il 3760 and TH 3971 traveling- 
wave tubes (TWT) are designed specifically for 
the  m ilitary SATCOM market as weil as 
emerging multimedia requirements in the 42.5 
and 47.5 GHz band. The TH 3760 uses a helix 
delay line and conduetion cooling while the 
TH 3971 utilizes a coupled cavity delay line 
and forced-air cooling. Designed for integra- 
tion in ground transmitters handling satellite 
uplinks for military transmissions, the T il 3760 
and TH 3971 generates 250 W of power, re- 
spectively, over the 43.5 to 45.5 GHz band. 
Thomson Tubes Electroniques, 
Meudon-La-Foret, France 
+33(1) 30 70 36 43.

Circle No. 259

MICROWAVE JOURNAL ■ APRIL 2000 CIRCLE 166 ON READER SERVICE CARD 201



D e s ig n  f e a t u r e s  sh o u ld  
c o n ta in  n e w  a n d  in n o v a t iv e  | 
tech n ica l ideas o f  practical use 
and in te r e s t  t o  ou r  p red o m i-  
n a n t ly  e n g in e e r in g  r e a d e r s .  
Papers should be 14 to  16 dou-  
ble-spaced pages and conta in  8 
to  12 visual aids in th e  form o f  
sk e tc h e s , graphs, p h otograp h s  
or tables.

To see  one's work in print 
is th e  rïghtful reward o f  every  
Creative en gin eer and scien tist. 
The edïtors o f  M icrow ave Jo u r­
n a l  in v ite  you t o  su b m it your  
tech n ica l m anuscripts for  co n -  
s id e r a tio n  t o  b e  p u b lish ed  in 
o n e  o f  our u p co m in g  issu es . 
T echnical a r t ic le s , ap p lica tio n  
notes and tutorial articles based  
on  th e  m onthly editorial them es  
a r e  e n c o u r a g e d .  E d ito r ia l  
th em es  in c lu d e  w ire iess, radar 
and a n ten n as; RF co m p o n en ts  
and Systems; te s t  and m easure­
m ent; amplifiers and oscillators; 
s e m ic o n d u c to r s  a n d  M MICs; 
com m ercia l ap p lica tion s; IVHS 
and ITS; dual technologies; Com­
m u n ica tion s and PCN; passive  
co m p o n e n ts ;  an d  c o n tr o l d e ­
vices, m odulation and DSP.

Papers shou ld  b e  subm it-  
t e d  t o  t h e  a t t e n t io n  o f  th e  
Technical Editor and will be re- 
view ed prom ptly by our Editori­
al Review Board prior to  accep -  
ta n c e .  A rtic les  o u ts id e  o f  th e  
m onthy them es also will be con -  
sidered.

S end  all material t o :
M icrow ave Jou rn a l 
6 85  C anton Street 

Norw ood, MA 0 2 0 6 2  
(7 8 1 )  7 6 9 -9 7 5 0  

Fax (7 8 1 )  7 6 9 -5 0 3 7

NEW  LITERATURE
■ A dvanced Filter Solution Brochure

This four-page brochure contains information 
on the Companys 300 to 35(X) MHz ceramic or 
dielectric resonator filters, DC to 5 GHz LC fil­
ters and 500 MHz to 40 GIIz cavity filters. An 
overview of the companv’s manufacturing capa- 
bilities and a facility description are included. 
Advanced Filter Solutions (AFS),
Frederick, MD (301) 698-0114.

Circle No. 200

■ C rystal Product Data Book  2000
This 284-page data book provides specifica­
tions for hundreds of Standard and custom fre­
quency control devices, including the CFPT- 
9100 Stratum III surface-mount TCXO and 
the CFPV-2365 low' voltage VCXO. Customers 
can order components using the specifications 
and eontrolled issue numbers provided. A CD- 
ROM version also is available.
C-MAC Frequency Products,
Durhatn, NC (919) 941-0430.

Circle No. 201

■ Frequency D istribution System 
Data Sheet

frequency distribution system designed specifi­
cally for satellite ground station and shipboard, 
mobile and laboratory applications. Füll technical 
specifications for primary and secondary models 
FE-798A and FE-799A are included.
Frequency Electronics lnc.,
Mitchel Field, N Y  (516) 794-4500.

Circle No. 202

■ U ltrawideband P ersonal M onitor 
Data Sheet

This data sheet introducés the Companys 8846 
and 8848 series Nardaleif® RF personal moni­
tors, which offer 300 kHz to 45 GHz of detec­
tion. Product descriptions, photographs and 
key specifications are provided.
Narda Microwave-East, 
a division o f  L-3 Communications, 
llauppauge, NY (631) 231-1700.

G rcle  No. 204

■ H igh P ower M icrowave 
A mpufier Catalog

This 12-page catalog provides information on 
high pow er amplifiers that cover the 80 MHz 
to 10 GHz frequency ranges and an overview 
of the Companys capabilities in communica- 
tioas testing, medical products, electronic war- 
fare, EMC and liigh energy physics.
Milmega Lid., Ryde,
Isle o f Wight, UK *44 (0) 1983 616 863.

Circle No. 204

■  DAQ Designer™ 2000 CD
This CD helps engineers and scientists interac- 
tively configure custom measurement Systems 
by recommending real-time data aequisition 
and motion control hardware and software; in 
addition to signal eonditioning, computer- 
based instruments and instrument controllers, 
and image aequisition hardware and software 
National Instruments,
Austin, TX (800) 258-7022.

Circle No. 206

■  ENCLOSURE AND PACKAGING 
Capability Brochure

This 20-page brochure highlights the Compa­
nys range of Standard, modified and custom 
enclosure Solutions and packaging system capa­
bilities for telecommunications, data Communi­
cations, test and measurement, computer, 
broadband, military and aerospace applica­
tions. The Companys Prototype to Production 
process also is described.
Pentair Electronic Packaging,
Plymouth, M N (888) 550-9543.

Circle No. 207

■ Surface-m ount Frequency 
Synthesizer Data Sheet

This four-page data sheet describes the Compa­
nys surface-mount synthesizers, w'hich consist 
of a miniature VCO integrated with a high per­
formance PLL chip, resulting in a low phase 
noise programmable or fixed-frequency synthe­
sizer for RF Operation up to 2.5 GHz. Key spec­
ifications and outline drawings are included. 
Pritieeton Electronic Systems lnc. (PES). 
Princeton, NJ (609) 275-6500.

Circle No. 208

■ 2000  Designer's Handboor

The 2000 Designers Handbook features more 
than 150 products from the Companys power 
amplifier, digital cellular, Silicon system and 
broadband product lines. Technical information, 
performance test data, specifications, schemat­
ics and application notes also are provided.
RF Micro Devices Inc. (RFMD), 
Greensboro, NC (336) 664-1233.

G rcle  No. 209

■  RF and  M icrowave Solution 
Brochure

This four-page brochure describes the Compa­
nys integrated microwave products, including 
oscillators. multipliers, comb generators, fre­
quency synthesizers and microwave assemblies 
as weU as ferrite isolators and frequency and 

Systems. Product photographs are in- 
A Company overview and a facility de­

scription also are provided.
TRAK Microwave Corp.,
Tampa, FL (813) 901-7200.

G rcle No. 211

■  EMF Report

This 28-page report provides information on 
electromagnetic exposure and its potential neg­
ative effects as well as H-field measurements 
based on personal specialists’ knowledge, Orga­
nization background and national environment. 
Price: S20.
Wandel ir Goltermann GmbH & Co., 
Eningen, Germany +49 71 21 86 1616.

G rcle No. 212

■ Capability Brochure

This eight-page brochure describes the capa­
bilities and product offerings of 10 specialized 
divisions of Vertex Communications Gorp., a 
designer and manufacturer of satellite earth 
station subsystems. Photographs are included 
and a listing of sales offices is provided.
Vertex Communications Corp.,
KUgore, TX (903) 984-0555.

G rcle No. 213
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THE BOOK END
■ Feedback Control Systems 
Charles L. Phillips and Royce D. Harbor 
Prentice Hall 
658 pages; $100 
ISBN: 0-13-949090-6

'...practicing 
engineers will find 
this book very 
useful for 
referenee and 
instruction."

This fourth edition has been updated to include the 
SIMULINK™ Simulation program, a block diagram 

program used with MATLAB™ for the Simulation of both 
continuous (analog) and discrete Systems and nonlinear 

continuous Systems. Most of 
■ ■ tlilff:?;:;;::: the examples in the book

now contain short MATLAB 
programs. The material has 
been organized into three 
principle areas: analog con­
trol Systems, digital control 
Systems and nonlinear ana­
log control Systems.

After a brief introduction, 
a short history of feedback

______ __ control Systems is presented
■■■miulT.l-3»2ï * ••* and mathematical models of
some common control system components are developed. 
The section on the analysis and design of linear analog Sys­
tems (control Systems with no sampling) begins by develop- 
ing the transfer function and state-variable models of linear 
analog Systems. Typical responses of linear analog Systems, 
including the concept of frequency response, are present­
ed. Important control system characteristics are developed 
and some applications of ciosed-loop Systems derived from 
these characteristics are noted. The concept of system sta­
bility is presented along with the Routh-Hurwitz stability 
criterion. An analysis and design using root locus (time-re- 
sponse) procedures are presented next, and the equally im­
portant frequency response analysis and design procedures 
are described. Modem control system design is covered in 
the final chapter of this section. Pole-placement design is 
developed and the design of state estimators is introduced.

Digital control Systems are covered in the next section. 
All of the previously presented techniques are developed 
again for digital Systems. The final section deals with non­
linear system analysis. These methods include the describ- 
ing-function analysis, linearization and state-plane analysis. 
Three appendices include reviews on matrices and Laplace 
transforms as well as a table of Laplace and z transforms.

Many examples are offered, primarily limited to illus- 
trating one concept at a time for die benefit of the begin - 
ning students who use this text in course work. A Solutions 
manual is available for teachers for classroom work using 
this text. Although written as a classroom textbook, prac­
ticing engineers will find this book very useful for refer- 
ence and instruction.
To order this book , con tact: Prentice Hall, PO Box 
11 0 7 3 , Des M oines, IA 5 0 3 3 6  (8 0 0 ) 9 4 7 -7 7 0 0 .

■ Wireiess Technician's Handbook 
Andrew M ice li 
A rtech House Inc.
256 pages; $59, £41 
ISBN: 1-58053-005-2

Atext aimed at technicians is somewhat unique. How- 
ever, a book with information more detailed than 

needed for business professionals, but less complex than 
engineering texts without the baffling formulas and 
graphs can be quite refreshing. The primary purpose of 
this book is to train technicians in wireiess system funda- 
mentals. However, it is also a great reference text for 
those engineers who are not directly in the field and de- 
sire a cursory look at the subject.

As expected, the book begins with an introductory 
chapter on basic RF and digital principles, including RF 
propagation and modulation formats. Cellular radio con- 
cepts are covered next, with a review of the history of cel­
lular radio Communications and a discussion of cellular 
networks and multiple access techniques. The technical 
aspects of the AMPS system are also presented along with 
an explanation of the many terms and abbreviations 
associated with the service and its formats and Standards. 
In addition, N orth American-TDM A (NA-TDMA) 
and CDM A-ONE dual- 
mode Standards are ex- 
plained. Separate chapters 
cover the details of NA- 
TDMA (strong in the Ameri­
cas), GSM (primarily in Eu- 
rope) and CDMA system ar­
chitecture and Operation.

The basics o f field testing 
are introduced next. This sec­
tion is designed to give a 
technician and technical 
manager a basic understand- 
ing of many of the tools avail­
able as well as an overview of 
the primary tests that are per- 
formed in the field for each 
of the discussed technologies. The building blocks of a 
common cellular transceiver are presented and typical Sys­
tem measurements are discussed. The final three chapters 
are devoted to testing procedures for AMPS, TDMA and 
CDMA Systems.

Much of the information in this book is useful for any- 
one seeking a simple understanding of todays wireiess 
cellular and PCS Communications Systems. Technicians 
will find the section s on testing of particular interest.
To order this book , con tact: A rtech House Inc., 6 85  
Canton St., N orw ood, MA 0 2 0 6 2  (7 8 1 ) 0 7 6 9 -9 7 5 0 ,  
ext. 4 0 0 2 ; or 4 6  Gillingham St., London SW1V 1HH, 
UK + 44 (0) 2 0  7 5 9 6  8 7 5 0 .

"...this book is 
useful for anyone 
seeking a simple 
understanding of 
today's wireiess 
cellular an d  PCS 
Communications 
Systems. "

Frank Bashore
Frank Bashore is a memher o f the Microwave Journal staff.
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1 Advanced Control Components Inc. ....... 148 . . . . ....... 732-460-0212 732-460-0214 www.advanced-control.coii
24 Advantest Corporation.................. ....... 112........ .. .+81-3-3342-7500 vw.advantest.co.jp/index-c.1
2 Aerocomm Satellite Technology . .. ....... 192 . . . . . . .  .+662-693-8300 +662-693-8304 www.aerocommthailand.coi

3,4,5,6 Agilent Technologies...................... . .COV 2,77 . ....... 800-452-4844 415-857-5518 www.agilent.com
7 Alpha Industries ........................... ....... 14........ ....... 781-935-5150 617-824-4579 www.alphaind.com
8 Amcom Communications Inc. ...... ....... 52....... ....... 301-353-8400 301-353-8401 www.amcomusa.com

14 AML Communications.................. ....... 143 . . . . ....... 805-388-1345 805-484-2191 wwwamtjcom
15 Amplifier Research ........................ ....... 79........ ....... 215-723-8181 215-723-5688 www.ar-amps.com
16 Anaren Microwave......................... ....... 54....... ....... 800-544-2414 315-432-9121 www.anaren.com
17 Anritsu Company......................... ....... 105 . . . . . . .  ,800-ANRITSU 972-671-1877 www. us.anritsu .com

18,19,20 Ansoft Corporation ....................... . .21,65,127.. ....... 412-261-3200 412-471-9427 wvw.ansoft.com
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28 ATN Microwave Inc........................ ....... 15......... .......978-667-4200 978-667-8548 wwvatnmicrovvavc.com
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119 Dept26.com .................................. ...108-109
37 Dielectric Laboratories.................. ....... 62......... . . .  ,315-655-8710 315-655-8179 wwwdilabs.com
38 Dow-Kev Microwave Corp............... .......135........ . . .  .805-650-0260 805-650-1734 www.dowkey.com
39 Dupont ......................................... .......107........ . . .  .800-284-3382 919-248-5770 www.dupont.com/mcin/
40 Dvnawave.............................................121 ........ . . .  .978-469-0555 978-521-4.589 vvvvvv.dviiawave.com
41 Eagleware Corporation.................. ...38-39.162 .. . . .  .770-939-0156 770-939-0157 wwv.eaglew'are .com
42 EMC Technology........................... .......163........ . . .  .856-429-7800 856-429-6814 www.emct.com

44 Ericsson RF Power Products........... .34-35,35ab.. . .1-877-GOLDMOS www.ericssou.com/rfpower
45 Filtel Microwave............................. .......186........ . . .  .450-4,55-6082 450-424-5819
46 Florida RF Labs ........................... ....... 87......... . . .  .800-544-5594 888-544-5594 wvvvvrflabs.com
47 Focus Microwaves Inc...................... . . .  .175....... . . .  .514-335-6227 514-335-6287 www.focus-microwaves.coir
48 631-630-2066 WWW gpnpralmiomwav-p mrr
49 GGB Industries lnc.......................... 941-643-4403 www.picoprobe.com
50 H.D. Communications.................... . . .  .150....... . . .  .631-588-3877 631-588-3879 www.hdcom.com/rfcaps.btm
51 Havcrhill Gable ............................. ....... 94......... . . .  .978-372-6386 978-373-8024 www.haverhiHcable.com

52,53 HerieyMDI .................................. ...68,97 . . . . ....781-729-9450 781-729-9547 www.herleympg.ajm
54 Hittite Microwave......................... ....... 61......... . . .  .978-250-3343 978-250-3373 wvvvvhittite.com
55 Huber + Suhner AG ...................... ....... 99 ......... ..+41-71-353-41-11 •+41-71-3.53-44-44 wwvvhubersiihner.com

IEEE MTT-S 2000 ......................... ....117 www.ims2000.org
Infineon Technologies .................... ....111 www.infineon.com/SiGe

57 Inmet Corporation ........................ . . .  .104....... . . .  .888-244-6638 7.34-426-5557 www.inmetcoip.com
58 JCA Technology............................. 805-987-6990 www' jcatech.com
59 JFW Industries Inc........................... .......8 ......... . . .  .317-887-1,340 317-881-6790 www.jfwindustries.com
61 JSM Electronics Inc......................... . . .  .138....... .. .888-FQNEJSM 407-831-0087
62 K&L Microwave Inc......................... ....... 6 ......... . . .  .410-749-2424 410-749-2788 www.klmicrowave.com

63,64,65 KMW............................................. 562-926-6133 www.kmwinc.com
66 Labtech Ltd..................................... ....186 ....... ..+44-1544-260093 ■+44-1544-260310 www.labtechdrcuits.com
67 M/A-Gom ...................................... . . .  .800-366-2266 800-618-8883 WWW', m aco m .com
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71 Micronetics/Test Equipment ..................33......... . . .  .603-883-2900 603-882-8987 www.micronetics .com
72 Microwave Circuits. ..................... . . .  .186....... . . .  .202-829-3030 202-829-2639 www.inicckts.com
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74 Microwave Communications
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Miniature Voltage Controlled Oscillator Modules 
Miniature PLL Synthesizer Modules

High Performance Voltage Controlled Oscillator Modules 
High Performance PLL Synthesizer Modules

• High Performance Wideband RF Transformers
• High Performance Power Dividers and Couplers
• High Performance Double Balanced Mixers
• High Performance RF Chokes
• High Performance Bias Tees

1 Ruggedized High Performance Hybrid 
■ Voltage Controlled Oscillators
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Ruggedized Wideband RF Transformers 
Ruggedized Power Dividers and Couplers 
Ruggedized l/Q Modulators and Demodulators

Ruggedized Special Frequency Generation Assemblies 
Ruggedized Special Frequency Conversion Assemblies 
Ruggedized Special RF Distribution Assemblies
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Theirs you dorn

Introducing Cascades New High 
Performance Characterization Probes
Take a good look at our HPC Probe.
Cascade Microtechs new High Performance Characterization 
probe is clearly ahead of the competition. The HPC40 has half 
the insertion loss, 2x better crosstalk, and the best tip visibility 
in the industry. That means you see better measurements.
And that makes you look good.

Probe Tip, Know Thyself.
Unlikc any other probe tip, each HPC Probe comes with its own indi­
vidual set of fully deembedded data. Add our custom ISS and WinCal 
calibration software, and you can fine-tune your test environment and 
make high quality S-parameter measurements in record time.

Don’t just believe your eyes, here’s our introductory FREE probe öfter.
For a limited time, when you buy a pair of HPC40 probes, you’11 get 
your 3rd probe FREE! Visit the Cascade website for complete product 
specifications and offer details.
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